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Basic mirror



For low currents: Widlar mirror



Imperfections of the basic mirror

• Gain error: IOUT = IIN – 2 IB
• the relative error is around 2/b

• Q2 must not saturate, i.e. VCB ≥ 0

• VCB1=0 is different from VCB2  (and VCE1 ≠ VCE2)

• for the Early effect, IC2 ≠ IC1 and dependent on VCB2

• Rout ≠ ∞

• it may be found that

• Rout can be improved by adding

an RE on the Q2 emitter



Improved current mirrors: emitter follower 

augmented CM 

The current gain of Q3

reduces the gain error



Improved current mirrors: Wilson CM 

Advantages:

• base current mismatch (and so 

gain error) virtually eliminated

• very high output impedence

• Q3 has a current source at its

emitter!



Improved current mirrors: full Wilson 

VCE1=VCE2=VBE



◼ If IREF is generated using a resistor, it depends on VDD

Current mirrors: how to have Iref not dependent on VDD ?

◼ The idea is that the circuit has to bias 
itself

 IREF is a replica of Iout

◼ here, Iout = K IREF

◼ Since each diode-connected device
feeds from a current source, both
currents are (almost) independent on 
VDD



Current mirrors: how to have Iref not dependent on VDD ?

◼ The circuit is governed only by Iout = 
K IREF

◼ hence can support any current!

◼ To uniquely define a current, we add
another constraint

◼ here, Rs decreases ID2, while ID4=ID3

as they have the same dimensions

◼ from VGS1=VGS2+RSID2 it may be found

◼ Iout independent on VDD (but not on 
process and T)!!


