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Extending the Common-Mode Input Range of the Differential Pair

• The humble differential pair is used widely
in many analog integrated circuits.

• The secret of its success lies in its ability
to keep I1 + I2 equal to Ib via direct series
feedback.

• This venerable cirucit starts to have head-
room problems as the power supply voltage
shrinks.

• The nMOS diff pair has a lower limit on
Vcm of about a diode drop plus a saturation
voltage.

Vbn

V1 V2

I2I1

Ib

V

V1 V2

ORNELLC



1

Extending the Common-Mode Input Range of the Differential Pair

• The humble differential pair is used widely
in many analog integrated circuits.

• The secret of its success lies in its ability
to keep I1 + I2 equal to Ib via direct series
feedback.

• This venerable cirucit starts to have head-
room problems as the power supply voltage
shrinks.

• The nMOS diff pair has a lower limit on
Vcm of about a diode drop plus a saturation
voltage.

Vbn

V1 V2

I2I1

Ib

V

V1 V2

ORNELLC



1

Extending the Common-Mode Input Range of the Differential Pair

• The humble differential pair is used widely
in many analog integrated circuits.

• The secret of its success lies in its ability
to keep I1 + I2 equal to Ib via direct series
feedback.

• This venerable cirucit starts to have head-
room problems as the power supply voltage
shrinks.

• The nMOS diff pair has a lower limit on
Vcm of about a diode drop plus a saturation
voltage.

Vbn

V1 V2

I2I1

Ib

V

V1 V2

ORNELLC



1

Extending the Common-Mode Input Range of the Differential Pair

• The humble differential pair is used widely
in many analog integrated circuits.

• The secret of its success lies in its ability
to keep I1 + I2 equal to Ib via direct series
feedback.

• This venerable cirucit starts to have head-
room problems as the power supply voltage
shrinks.

• The nMOS diff pair has a lower limit on
Vcm of about a diode drop plus a saturation
voltage.

Vbn

V1 V2

I2I1

Ib

V

V1 V2

ORNELLC



2

Extending the Common-Mode Input Range of the Differential Pair

• Suppose that we sum I1 and I2 and compare
the sum to Ib at the drains, as shown.

• Here, the value of V ′ will encode the result
of a comparison between I1 + I2 and Ib.

• Next, suppose that we connect V ′ to Vbn,
as shown, thereby creating a negative
feedback loop that adjusts Vbn so that I1 +
I2 = Ib, even if V ≤ VDSsat.

• We call this circuit the flipped differential
pair after Ramírez-Angulo et al.
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Extending the Common-Mode Input Range of the Differential Pair

• We can generate output currents by adding
another pair of transistors to the circuit, as
shown.

• If the central pair of transistors remains
saturated, this circuit functions as does the
conventional diff pair, even if V ≤ VDSsat.

• As Vcm increases, V hits Vbn, driving the
central pair out of saturation. Beyond this
point, the circuit behaves as that shown.

• Nonetheless, this diff pair is useful when
VDD is less than about two diode drops.
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Extending the Common-Mode Input Range of the Differential Pair

• If this upper limit on Vcm is undesirable, we
can use the flipped diff pair core to bias a
normal diff pair adaptively, as shown.

• For high Vcm, the flipped diff pair behaves
effectively as a diode connected transistor,
and the normal diff pair behaves as ususal.

• For low Vcm, the central pair is saturated,
V = V ′, and Vbn adjusts itself to keep I1 +
I2 = Ib, even if V = V ′ ≤ VDSsat.
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Experimental Common-Mode Characteristics
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Experimental Common-Mode Characteristics: Ib = 1.00 nA
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Experimental Common-Mode Characteristics: Ib = 10.0 nA
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Experimental Common-Mode Characteristics: Ib = 100.nA
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Experimental Common-Mode Characteristics: Ib = 1.00µA
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Experimental Common-Mode Characteristics: Ib = 10.0µA
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Experimental Common-Mode Characteristics: Ib = 100.µA
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