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Basic Current Mirror → Chp #7
- MOS Based

Iref

Vdd

Iout

Vy

M1 M2

DC Behavior

* Remember 𝑰𝑫 =
𝑲𝒏

′

𝟐

𝑾

𝑳
𝑽𝑮𝑺 − 𝑽𝒕𝒉

𝟐 𝟏 + 𝝀𝑽𝑫𝑺

* Assume 𝝁𝟎𝟏 = 𝝁𝟎𝟐
𝑽𝒕𝒉𝟏 = 𝑽𝒕𝒉𝟐

M1 & M2

matched transistors!

AC Behavior

Rout
Rin

𝐼𝑜𝑢𝑡
𝐼𝑟𝑒𝑓

=
 𝑊
𝐿 2

 𝑊
𝐿 1

1 + 𝜆𝑉𝑑𝑠2
1 + 𝜆𝑉𝑑𝑠1

Gain error due to channel 
length modulation!

𝐼𝑜𝑢𝑡
𝐼𝑟𝑒𝑓

≈
 𝑊
𝐿 2

 𝑊
𝐿 1

= 𝑁

𝜆 = 0

𝑅𝑖𝑛 =
1

𝑔𝑚1

𝑅𝑜𝑢𝑡 = 𝑟02

𝐴𝑖 ≈
 𝑊
𝐿 2

 𝑊
𝐿 1

 𝑾
𝑳 𝟐

= 𝑵 ∙  𝑾
𝑳 𝟏
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MOS Current Mirror

Iref

Vdd

Iout

Vy

M1 M2

Rout
Rin

Iout

Iref

Iout

Vy

Iref

Vin

Vy(min)

Vin(max)

Iref

Avnon-ideal

 𝟏 𝑹𝒊𝒏
= 𝒈𝒎𝟐

 𝟏 𝑹𝒐𝒖𝒕
=  𝟏 𝒓𝒐𝟐

𝑨𝒗𝒊𝒅𝒆𝒂𝒍 ≈
 𝑾
𝑳 𝟐

 𝑾
𝑳 𝟏
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Basic Current Mirror
- BJT Based

* Remember 𝑰𝑪 = 𝑰𝑺𝒆
𝑽𝑩𝑬
𝑽𝑻 𝟏 +

𝑽𝑪𝑬

𝑽𝑨

Iref

Vdd

Iout

Vy

Q1 Q2

𝑰𝑺 ∝ 𝑨𝑬

DC Behavior AC Behavior

𝐼𝑜𝑢𝑡
𝐼𝑟𝑒𝑓

= 𝑁 ∙
1

1 +
𝑁 + 1
𝛽

Gain error due to non-zero 
base currents

𝐼𝑜𝑢𝑡
𝐼𝑟𝑒𝑓

≈
𝐴𝐸2
𝐴𝐸1

= 𝑁
𝛽 = ∞

𝑅𝑖𝑛 =
1

𝑔𝑚1

𝑅𝑜𝑢𝑡 = 𝑟02

𝐴𝑖 ≈
𝐴𝐸2
𝐴𝐸1

𝑨𝑬𝟐 = 𝑵 ∙ 𝑨𝑬𝟏
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BJT Current Mirror
- 𝜷 Compensation

Iref

Vdd

Iout

Vy

Q1 Q2

Vdd

Q3

DC Behavior

𝐼𝑜𝑢𝑡
𝐼𝑟𝑒𝑓

= 𝑁 ∙
1

1 +
𝑁 + 1

𝛽 𝛽 + 1

Beta effective is  
much larger!

𝐼𝑜𝑢𝑡
𝐼𝑟𝑒𝑓

≈
𝐴𝐸2
𝐴𝐸1

= 𝑁
𝛽 = ∞

Comparison

Iout/Iref

β

𝜷 compensated

Basic CM


