Sub-1V power supply CMOS
Bandgap reference
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Power supply limitation of
conventional design

The operation principle of conventional bandgap referenceisto
sum the forward-biased junction voltage with a negative
tempco (Vbe in CMOS) with the amplified thermal voltage
with a positive tempco. The minimum power supply voltage
Ishighthan 1V dueto:

« Thereferenceisabout 1.25V whichislarger than 1V

« ThePTAT current generation loop islimited by VBE
and the input common mode voltage of the amplifier
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Low power supply design
principle

Two principles for low power supply design:

e summing two current with opposite tempco,
then reference generated by controlled resistor.

e summing two attenuated voltage with opposite
tempco (using resistive voltage divider).
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Current-summing mode [1]
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Voltage-summing mode [1]
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A simple circuit based on resistive
divider network [2]
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Voltage reference value
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R1=92.5 KOhms, R2=142.5 KOhms, VBG=0.67 V
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Bandgap reference based on
resistive divider network [3]
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The current of the controlled source is proportional to
vbel+ R2avpe Which isexactly what is needed for
atemperature independent reference

Vref = 1,R4 = (12a+| 2b)R4 = Ra(2E . AVDE,
R2  R3
R4 R2
Vref = bel +— AVbe
R2 - R3 )

Vbel + ':—2 AVDbe is the convertion al bandgap reference (~ 1.25V)

Thus the reference voltage can be freely changed from
the conventional bandgap reference of 1.25
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Reterence voltage & resistor values

For the original design:
R1=R2=2063K Ohms
R4=884K Ohms,

Vref = 564 1.25=0.53V

2063
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Improved version by Waltar1 [4]
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Improvements

Larger output impedance of the current source by cascoding device;

V1and V2isabout 0.7V; V3 and V4 intherange of 0.15t0 0.2V.
Better input range for the opamp.
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Opamp and start-up circuit [4]
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Start-up circuit
Note that the opamp is self-biased from the bandgap
core. Good design!
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Difterential reference driver circuit
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Improved version by Leung [5]
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Complete schematic [5]
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 Forward-bias the source-bulk junction to reduce the threshold voltage of the pMOS
» Low-V amplifier with DC level-shifting current mirror
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Using transimpedance amplifier [6]
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Transimpedance amplifier circuit
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