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Research Background

Analog ICs require

Reference current / voltage source

Stable against PVT variation

P: Process

V: Supply voltage

T: Temperature

Bandgap reference circuit

Complicated

Large chip area

Nagata current source

Simple

 Insensitive to supply voltage 
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Research Objective

Development of reference current source 

insensitive to temperature and supply voltage

with simple CMOS circuit.

North 

Pole

system

reference 

current

Reference current

Iref

Iref
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Our Approach

● MOS peaking current sources

- Self-bias - Insensitive to wide range of supply voltage

- No need for large input resistor

- Focus on cross-point gate voltage (VCP) 

in drain current temperature characteristics

Insensitive to temperature

NMOS drain current

Current source insensitive to 

temperature and supply voltage 
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Original Nagata Current Source

MOS Nagata 

Current Source

𝐼𝐼𝑁

𝐼𝑂𝑈𝑇

Peaking current characteristics

Peak

At  peak vicinity

Small IOUT change 

against IIN change

Simple        Widely used.    Ex: in DC-DC converter ICs



9/34

Japanese Invention

Peaking current source

(Nagata current mirror)

was invented by

Dr. Minoru Nataga, 

Japanese,

worked for Hitachi Ltd.

In 1964.

[1] Chris Mangelsdorf,

“Stupid FET Tricks: The Zero-Gain Amplifier”,  

IEEE Solid-State Circuits Magazine 

(Aug. 2021)
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Circuit Configuration and Operation (1)

𝐼𝐼𝑁: small

𝑅𝐼𝐼𝑁: small

𝐼𝐼𝑁 = 𝐼𝑂𝑈𝑇

Nagata current source
Current Mirror
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Circuit Configuration and Operation (2)

𝐼𝐼𝑁: large

𝑅𝐼𝐼𝑁: large

𝑉𝐺𝑆2 becomes smaller
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Need Care for Temperature

Insensitive to supply voltage

Sensitive to temperature

Layout by

ASO Corp.

Our first prototype chip

[2] M. Hirano, N. Kushita, Y. Moroshima,

H. Harakawa, T. Oikawa, N. Tsukiji, T. Ida,

Y. Shibasaki, H. Kobayashi,

“Silicon Verification of Improved Nagata

Current Mirrors”, IEEE ICSICT(Nov. 2018)

Our previous work

https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2018/2018 ICSICTshibasaki-pre.pdf
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NMOS drain current temperature characteristics

● For VGS = VCP, IDS Insensitive to temperature.

Drain Current Temperature Characteristics

● At high temperature,

For VGS < VCP, IDS larger

For VGS > VCP, IDS smaller.
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VCP and Small Channel Length L 

NMOS drain current temperature characteristics

W/L

SPICE simulation

with BSIM3v3 model parameters

L → small          VCP → increase

Explained by  short channel effect

0.5V

5μm

small

increase
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VCP and Small Channel Width W

NMOS drain current temperature characteristics

W/L

SPICE simulation result

with BSIM3v3 model parameters

W → small          VCP → decrease

Explained by  narrow channel effect

0.5V

0.18μm

small

decrease
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VCP and Drain-Source Voltage VDS

NMOS drain current temperature characteristics

W/L

SPICE simulation result

with BSIM3v3 model parameters

VDS → small          VCP → increase

Explained by  

drain induced barrier lowering (DIBL)

0.18μm

1μm

increase

VDS

small
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Multiple-Peak Circuit Design

Use of multiple peaking current sources

Current source design  → relatively easy

+

Multiple peaks

⇒ Total output current : Insensitive to supply voltage and temperature
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NMOS Multiple-Peaking Current Sources

Total output current

→ Constant over wide range of supply voltage
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Temperature Characteristics

Insensitive temperature characteristics

Need large resistor to generate μA-order input current
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Self-Bias Configuration 

Use self-bias configuration No need for large resistor
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Start-up Circuit

Start-up circuit is working
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PMOS Multiple-Peaking Current Sources

Improve

Also in PMOS case,

No need for large input resistor by self-bias configuration
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Self-Bias NMOS Single-Peak Current Source

Self-bias configuration VDD insensitivity range   → Widened
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Single-Peak Current Source with Startup Circuit

Start-up circuit is working
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Why Self-Bias Configuration ?

Because

 Not need very large input resistor

Obtain wide range of VDD insensitivity easily

and temperature insensitivity
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R1 Variation Effects

● In all cases, supply voltage and temperature insensitive

● IOUT → Inversely proportional to R1 value
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Effects of MN1 Channel Length

● In all cases. supply voltage insensitivity

● As MN1 channel length exceeds 0.2 μm,

IOUT ⇒ increase

⇒ sensitive to temperature.

Reason:  MN2 gate voltage increases
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Effects of MN2 Channel Length

● In all cases, supply voltage insensitive

● Temperature insensitivity holds for L= 2μm, 3μm and 4μm           

⇔ Sensitive as L decreases below 2μm
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Conclusion

Simple CMOS reference current sources

● Both NMOS and PMOS types

● Insensitive to supply voltage and temperature

● Multiple and single peaking current sources 

● Self-biasing configuration

● No need for large input resistor

● Simple start-up circuit works well.

● Resistor temperature coefficients can be 

positive, zero or negative if  a priori known.
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Thank you very much

Gunma

Japan


