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Outline

* Research Objective
* Temperature Insensitivity
Reference Voltage Generator Core
» Supply Voltage Insensitivity
Bias Current Generator
* Whole Circuit
« Conclusion
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Outline

* Research Objective
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Research Background

Analog ICs require
Reference voltage source

‘ P: Process

Stable against PVT variation V- Supply voltage
T. Temperature

Bandgap reference circuit A

» Complicated
L » Large chip area y
~N

Proposed voltage source

@ » Simple

» Insensitive to temperature,
supply voltage )
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Research Objective

Development of reference voltage source
Insensitive to temperature and supply voltage
with simple CMQOS circuit.

reference
voltage

Vref
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Our Approach: Temperature Insensitivity

Utilize of

MQOS drain current
temperature
characteristics
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Vcp > Vgs — Negative TC

TC: Temperature Coefficient
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Our Approach: Supply Voltage Insensitivit

Utilize of MOS Nagata Current Mirror Circuit
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Outline

« Temperature Insensitivity
Reference Voltage Generator Core
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Drain Current Temperature Characteristics
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NMOS drain current temperature characteristics

e For VVGs = Vcp, IDs Is Insensitive to temperature.

e At high temperature,

For VGs < Vcp, Ibs becomes larger

For Vas > Vcp, Ibs becomes smaller.
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Voltage Source and Temperature
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SPICE simulation result
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Vgs > Vcp —  Positive TC Vcep > Vgs —  Negative TC

TC: Temperature Coefficient
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Temperature Insensitive Voltage Source
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- Cancel temperature

Vcp > Vgs4=Vgs5 —  Negative TC dependency
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Outline

» Supply Voltage Insensitivity
Bias Current Generator




Nagata Current Source: 13/29
Supply Voltage Insensitivit
MOS Nagata Current Mirror Circuit
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MOS Nagata Current Mirror

SPICE simulation result
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Circuit Configuration and Operation(1)
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Circuit Configuration and Operation(2)
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Temperature characteristics should be also considered.
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Outline

 Whole Circuit
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Proposed Voltage Reference

VOUT
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Voltage Reference Configuration

Supply voltage insensitive
Bias current generator

Temperature insensitive
Reference voltage core
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Voltage Reference Core
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Vout » Insensitive to temperature
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Bias Current Generator

Nagata current mirror

Whole circuit



Bias Current Generator: 21/29
Temperature Characteristics

IOUT (A) Tem p(°C)
Vi —r— TuA IS(MD) 120
] 60
§Rl Mp) I-_l MPZ 5uA- | 30
§ R",I 4“A‘ | 0
) lout I -
i I gg
_I M . -
-l EMM Vout 1uA- : Vep
= —_— E OpA+ T T T T T T T T 1
0.0v 0.5V 1.0V 15V 20v 25V 3.0V 35V 4.0V 45V 50V

Vo (V
Nagata current mirror pp(V)

* Mountain shape with a peak point
* VCP can be confirmed
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Whole Circuit Simulation Result
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Whole circuit

Output voltage Vourt

— Constant over wide range of temperature
— Constant over wide range of supply voltage
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Whole Circuit Simulation Result (Enlarged)
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Supply voltage Voo @2.5V = Most stable
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Outline

 Conclusion
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Conclusion

Proposal of simple CMOS reference voltage source

e \/oltage reference core
Temperature insensitivity
e Bias current generator
Supply voltage insensitivity
e Need for only standard CMOS
TSMC 0.18um CMOS parameter
SPICE simulation
e No need for start-up circuit
e Resistor temperature coefficient can be
positive, zero or negative, if they are known a priori
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Thank you very much

Reference and standard are important
to suppress manufacturing variation !
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