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Conventional Differential Pair

e[y = f(V1,—V) and
I, = f(Vo,—V), where
f(+) is an expansive WL R
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Conventional Differential Pair

e[y = f(V1,—V) and
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e V' adjusts itself so that J¢ I
I + 1, — 1y VbA{ Mb
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Conventional Differential Pair
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Conventional Differential Pair

e[y = f(V1,—V) and
I, = f(Va,=V), where
f(+) is an expansive
nonlinearity.

e V' adjusts itself so that
I + 1 — I,

o V follows V., with an
offset.

e If I; and I, are disparate,
max(I1,Is) — I, and so
Iout — Il
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Inverted Differential Pair

oI = f(V1,V) and
I, = f(V5, V), where
f(-) is an expansive T
-

nonlinearity.
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Inverted Differential Pair

Iy = f(V1,V) and
I, = f(V5, V), where
f(+) is an expansive ul
-

nonlinearity.

e V' adjusts itself so that
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Inverted Differential Pair

Iy = f(V1,V) and
I, = f(V5, V), where
f(+) is an expansive
nonlinearity.

e V' adjusts itself so that
Il + IQ — Ib.

e VV Is inverted with respect
to V..
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Inverted Differential Pair

Iy = f(V1,V) and
I, = f(V5, V), where
f(+) is an expansive

nonlinearity.
e V' adjusts itself so that e,
I + 1Is — I — %
Ch
e VV Is inverted with respect Vi
to V..

e If I; and Iy are disparate,
max(I1,Is) — I, and so
Iout = 11 IQ limits at :Elb
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Inverted Differential Pair

e Add M1b and M2b to make
mirror copies of I; and I.
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Inverted Differential Pair

e Add M1b and M2b to make
mirror copies of I; and I.

e (/1 sets the linear range Vbﬂ{ Mb
and transconductance gain. —H I
Lyl ¢, le Ll o v
Mib == M1a M2 |[[-==—| M2
Cl Cl
— Vi — = Ve, =
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Inverted Differential Pair

e Add M1b and M2b to make
mirror copies of I; and I.

o (/1 sets the linear range VbAC{ Mb
and transconductance gain. —H I

e (5 sets the AV needed oyl ¢, |J¢ L 12¢L| o, |J¢Iz
to Compensate a A‘/Cm or M1b ‘ C:: ‘ Mla M2a ‘ ::C ‘ M2b
a Aly, — 1v1 — — W 1 —
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Inverted Differential Pair

e Add M1b and M2b to make
mirror copies of I; and I.

o (1 sets the linear range
and transconductance gain.

o (5 sets the AV needed Lyl ¢

to compensate a AV, or  Mib |———
d Afb

e Input and output voltage
ranges are both rail to rail.

— |2

( Olin College
of Engineering

J\Lfl 12\LL Co ze

Mo2a { — { M2b

)= 4 MAD VLSI

ssssssssssss Lab



Inverted Differential Pair

e Add M1b and M2b to make
mirror copies of I; and I.

o (1 sets the linear range
and transconductance gain.

o (5 sets the AV needed Lyl ¢

to compensate a AV, or  Mib |———
d Afb

e Input and output voltage
ranges are both rail to rail.

— |2

e Transconductance gain is
nearly constant with V.
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Inverted Class-AB Transconductor

What would happen if we
arranged M1a and M1b in

series rather than in parallel? j
Vb# Mb
AL
oyl ¢, | I3 Cs
M1b I — I Mia — I
01 Cl
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Inverted Class-AB Transconductor

® Il — f(Vl, V) and
I, = f(V5, V), where

f(+) is an expansive T
nonlinearity. wa{ Mb
v v
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Inverted Class-AB Transconductor

® Il — f(Vl, V) and
I, = f(V5, V), where

f(+) is an expansive T
nonlinearity. wa{ Mb
. . I
e V' adjusts itself so that 4 y b
I Il\LL C \LI C J\sz
13 — [b, where [3 IS | 2| | 3 | V2 |
set by min(/y, I5). Mib 0T | Mila e | M2p
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Inverted Class-AB Transconductor

® Il = f(Vl, V) and
I, = f(Vo,V), where
f(+) is an expansive
nonlinearity.

e V' adjusts itself so that
Is — Iy, where I3 is
set by min(]l, IQ)

e V' Is inverted with respect
to Viepy.
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Inverted Class-AB Transconductor

® Il = f(Vl, V) and
I, = f(Vo,V), where
f(+) is an expansive
nonlinearity.

e V' adjusts itself so that
Is — Iy, where I3 is
set by min(]l, IQ)

e V' Is inverted with respect
to Viepy.

e If I; and I, are disparate,
min(/1,Is) — I, and so
Iout — Il
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Inverted Class-AB Transconductor

e Add M1c and M2c to sym-
metrize for Iy, in MI/SI .

Ly, ¢ Jwg o, e I

M1b I — ) (— I M2b

|
|
=
5
S

( Olin College % MAD VLSI

of Engineerng {7 Cifcuits & Systems Lab



Inverted Class-AB Transconductor

e Add M1c and M2c to sym-
metrize for I, in MI/SI .

e (7 sets the linear range Vb%{ Mb
and transconductance gain. —H I
Ly, ¢ Jwg o, e I
Mib [ == M1a M2 |[r==| M2
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— Vi — Vs —
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Inverted Class-AB Transconductor

e Add M1c and M2c to sym-
metrize for I, in MI/SI .

o (1 sets the linear range wa{ N
and transconductance gain. _H I
o (5 sets the AV needed Lyl ¢, J¢ I INL o, v
to compensate a AVpy or  Mib |==¢—|| Mia M2c |-t== | M2b
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Inverted Class-AB Transconductor

e Add M1c and M2c to sym-
metrize for I, in MI/SI .

o (1 sets the linear range VbAC{ A
and transconductance gain. —H I

o (5 sets the AV needed Lyl ¢, J¢ I INL o, v
to compensate a AVpy or  Mib |==¢—|| Mia M2c |-t== | M2b

AT “ <

s = W — Ve —

e Input and output voltage % Mlc M2a F
ranges are both rail to rail.
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Inverted Class-AB Transconductor

e Add M1c and M2c to sym-
metrize for I, in MI/SI .

o (1 sets the linear range Vb‘# A
and transconductance gain. —Hlb
o (5 sets the AV needed Lyl ¢, JW?, INL o, v
to compensate a AVpy or  Mib |==¢—|| Mia M2c |-t== | M2b
AT “ <
3 25 = v I
e Input and output voltage % Mlc M2a F
ranges are both rail to rail.

e Transconductance gain is
nearly constant with V.
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Measured Transconductor Characteristics
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Measured Transconductor Characteristics
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Measured Transconductor Characteristics
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Measured Transconductor Characteristics
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Measured Transconductor Characteristics
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Transconductance Gain vs. Common-Mode
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