Output stages: specifications

A low output impedance is desirable, but not essential for operational amplifiers since
they are designed to be used in closed loop configurations. where negative feedback
strongly reduces the output impedance of the overall circuit.
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Output stages - characteristics

_ION—max < Iout < IOP—max
Sink Source
Vout—max :Vdd _AVH ! Vout—min :Vss +AVL
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Output stages: main specifications

The real specifications concern the maximum output currents and
voltages.

Vdd | AVOUt |
' "AAV
Vdd-AVHT___ ___|_¢ H
. | | IOP-max
V4o | source \/
7 d
il IO_Ut’ ) _ION-maxl sink out
V. +AV, |
y load _Vout dd [ !__ =2 AVL
ss* VSS ' |

Dual power supply
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Single supply case

[Tr77

Single power supply
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Oputput stage classes
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By subtracting two unipolar

currents, we obtain a bi-
directional output current
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Low power efficiency of class A output stages

A A

dev 1 I

ezl /\ /) /
/ /\/ % /\ / dev 2

current Wlth t
signal of max amplltude \/

The maximum symmetrical current coincides with the Idev 2,
which is a constant bias current.

Therefore, the maximum output current is smaller of the
guiescent current absorption.

_Idev 2
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Class — A source followers

Limits:
Vdd
Vout :Vin _VGS
Mn
DV Vout <Vdd _VGS
out /
v | Margin to Vdd
0 (too large for typical supply
V/ voltages used in modern
A\ SS CMOS processes)
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p-type source follower

Vdd
V =V. +\V
IOC‘D out in ‘ GS‘

—>
Vin - Vout VOUt > VSS T ‘VGS ‘
D—{ M, /‘
Margin to Vss
(too large for typical supply

V voltages used in modern
A SS CMOS processes)
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Class AB — push pull source follower

¢ Vo

EM / Vour <Vag —Vas

.—[;)Ut/VOUt > Vss T ‘VGS ‘
Practically useless for the

low supply voltages used
In modern analog circuits:
Vi —Ves <3.3V
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Common source output stages: class A case

Vi V.,
1 V Margins to the rails are
lo » Mp V. much smaller than a V.
V 0 Vout
. /

output stage has a

practically rail-to-rail output

V swing

SS

—0
V.
n n out
D—{ M. D_{[/LMn u The common source
VSS

But ... it is a class A stage

and lop_max=lo -
Vss T |VDSATp‘ < Vout < Vdd -V o °

DSATnN
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Class —AB common source output stage

Vdd The difference from the class-A common source output stage is the
fact that also Mp is driven by the input signal. This is obtained by
driving the gate of Mp with a shifted version of the input signal. The

V voltage shifter is represented by battery Vg. For obvious reasons, a

| real battery is not used and a voltage shifter is used. There are
o—e M several different way to implement the voltage shifter to be used to
| P V replace the battery Vg.

Depending on the architecture of the preceding stage and of the
' _,D voltage shifter, the VGS of Mp and Mn can reach a maximum value
I that, together with the device size, determine the maximum output

S s | M out current. In particular:
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Class-AB common source: Quiescent current

Voo~ Wofregon V-
dd”
|(Voso Vo)l
Ve gsp~ Vtp
Ve
Ve
gn i (Vgsn'vn) v
V ~ M,offregion ss
SS
'\
P, 2
on Q — 7(VGSnQ _th)
>
B, 2
lopo = o (‘VGSP—Q ‘ - ‘th D
/

Vdd
Vel v |
ap | D-Q
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long = lppg = Ipgto have a zero output
current in quiescent conditions.

Since f, and 3, have been already
determined to set the maximum output
currents, here, once the value of |5 has
been chosen, we find the quiescent values
of Vs and Vg,
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Class-AB common source stage: large signals
1 2 3

1: M, off, M on

2: Both M and M, are on

3: M, on, M, off
M, off
%_[ [ g Note: for small signals the stage remains in
‘PUSH” “PULL” region 2, then M, and M, do not turn off

|
|
+
—— during the whole signal cycle.
EM,? off Vgnzvin M | :
n
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