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Most analog ICs require

reference current/voltage source

2.Background
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P ： Process

V ： Supply voltage

T ： Temperature

Focus on supply voltage (V)

Original Nagata Current Mirror Circuit

MOS Nagata Current 

Mirror Circuit

Peaking current 

characteristics

✔ Simple

✔ Constant current for supply voltage variations

✔ Widely used in analog ICs

✔ Peak vicinity is very narrow

Narrow

Room for improvement :

Increase the range in which 

the output current becomes 

constant

Wide

✔ Simple design

✔ Using multiple current mirror circuit

with different current peaks
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𝒙: 𝒚 = 𝟏: 𝟑

Establish design guideline using this ratio

Collinear 

approximation

6.Fabricated Chip

𝑊1[𝜇𝑚] 1.5

𝑊2[𝜇𝑚] 0.42

𝑊3[𝜇𝑚] 1.7

𝑊4[𝜇𝑚] 6.8

𝑊5[𝜇𝑚] 25.5

𝑊6[𝜇𝑚] 25.5

𝑅1[𝑘Ω] 3.2

𝑅2[𝑘Ω] 3.2

𝑅3[𝑘Ω] 6.4

𝑅4[𝑘Ω] 22.4

𝑅𝐼𝑁[𝑘Ω] 400

Parameters

𝐿 = 0.35[𝜇𝑚] in all cases

SPICE simulation result

TSMC 0.35[𝜇𝑚] CMOS

Wide
・ 5 chips (#1, … , #5)

・ 4 sets (A, … , D) per one chip

・ 5 circuit (T1, … , T5) per one side

20 samples per circuit type

・Fairly constant with the input voltage from 2 to 5V

・The variation is relatively small for T2 and T3

𝑰𝑶𝑼𝑻 measurement results (#1) 𝑰𝑶𝑼𝑻 measurement results (side A)

Measurement method

✔ Output voltage 𝑽𝑶𝑼𝑻 = 𝟏𝑽, 𝟐𝑽, 𝟑𝑽

✔ Input voltage 𝑽𝑰𝑵 = 𝟎~𝟓. 𝟎𝑽

→ Measured the total output current
Photo of prototype chip

Conventional : Peak vicinity is 

Proposed : 

very narrow

＜ Reference current source ＞

Using multiple current mirror circuit 

with different peaks

✔ Simple

✔ Fairly stable current reference

✔ insensitive to wide range  of

power supply voltage variation


