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Last Lecture → Current Mirrors
- 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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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

Last Lecture → Current Mirrors
- BJT Based
- β Compensation

𝑨𝑬𝟐 = 𝑵 ∙ 𝑨𝑬𝟐
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Cascode Current Mirror 

Iref

Vdd

Iout

Vy

M1 M2

Rout

Iref

Vdd

M1 M2

Iout
Vout

M3 M4 Cascode
Transistors

Rout

DC Behavior

* Assume matched transistors!

∴
𝐼𝑜𝑢𝑡
𝐼𝑟𝑒𝑓

=
 𝑊
𝐿 2

 𝑊
𝐿 1

 𝑾
𝑳 𝟐

= 𝑵 ∙  𝑾
𝑳 𝟏

𝐼𝑜𝑢𝑡
𝐼𝑟𝑒𝑓

=
 𝑊
𝐿 2

 𝑊
𝐿 1

1 + 𝜆𝑉𝑑𝑠2
1 + 𝜆𝑉𝑑𝑠1

AC Behavior

𝑅𝑜𝑢𝑡 = 𝑟04 1 + 𝑔𝑚4𝑟02

𝑅𝑖𝑛 =
1

𝑔𝑚1
+

1

𝑔𝑚3

 𝑾
𝑳 𝟒

= 𝑵 ∙  𝑾
𝑳 𝟑

𝑉𝐺𝑆3 = 𝑉𝐺𝑆4

∴ 𝑉𝐷𝑆1= 𝑉𝐷𝑆2
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Iref

Vdd

Iout

Vy

M1 M2

Iref

Vdd

M1 M2

Iout
Vout

M3 M4

BASIC CM

𝑰𝒐𝒖𝒕
𝑰𝒓𝒆𝒇

=
 

𝑾𝟐
𝑳𝟐

 
𝑾𝟏

𝑳𝟏

𝟏 + 𝝀𝑽𝒚

𝟏 + 𝝀𝑽𝒙

𝑰𝒐𝒖𝒕
𝑰𝒓𝒆𝒇

=
 

𝑾𝟐
𝑳𝟐

 
𝑾𝟏

𝑳𝟏

CASCODE CM

nMOS Current Mirrors 

Iout

VyVy(min)

Vy_cas(min)

CM

cascode

𝑹𝒐𝒖𝒕 = 𝒓𝟎𝟐

𝑹𝒐𝒖𝒕 = 𝒓𝟎𝟒 𝟏 + 𝒈𝒎𝟒𝒓𝟎𝟐
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Problem P7.60
For the circuit below, assuming matched transistors, |Vbe| = 0.7 and β =∞, find I, V1, V2, V3, V4, and V5 for 

a) R = 10kΩ

b) R = 100kΩ.
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Problem P7.71
For the circuit below, assuming all transistors to be matched with current gain β,

a) Assuming β =∞ find I01 and I02 in terms of Iref

b) Use this idea to design a circuit that generates currents of 01.mA, 0.2mA, and 0.4mA, using a reference
current source of 0.7mA.

c) What are the actual values of the current generated for β =50?


