BJT current mirrors

BJT simple current mirror
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BJT simple current mirror: parameters
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BJT simple mirror: impact of base currents
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BJT simple mirror: impact of base currents
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Simple mirror with emitter degeneration
to increase the output resistance
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BJT current mirror with emitter degeneration: parameters
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The Widlar current source

VBEl = Vpgy T RE2IE2

Iinl llom AVBE = Vier = Vg = Rpol ) E Ryl )
{ ] J Y (y Var I
Q1 Q@ I.=Ile" [1+-2|~]e" V..~V In|-<
o M V, S U &

R I, I, I, I

% 2 OAV, 2V In|-< |-V, In| 2 |=V,In|-& ]

é ISI IS2 ISl IC2

Ref I I _RE21C2

fQ1=Q2 (Ig=lsy)  AVy =V, In|—<-| =R, 1, %ge i

Icz Cl

P. Bruschi — Microelectronic System Design



The Widlar current source: A non-linear current mirror

llom

Q2

Iinl

1

R, 1., <<V,

 Rpoles Since the /.1, ratio is not constant, but
2~ M depends on /-, (and then on the input
c1 current), the behavior is non-linear
Slope < d.c gain
AIout AIm
A <<
— Iout ga|n=1 . Iout Ijn
7 gain<i
=i The Widlar source
P e was used to produce
. o-
- s ? I yooan almost constant
/- e2lc2 2> Ve current (I, from a
I’ ~ ] variable current |,
C1l — %in

P. Bruschi — Microelectronic System Design 8



BJT cascode current mirror
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BJT cascode current mirror: R,
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BJT cascode current mirror: effect of base currents
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BJT cascode current mirror: summary of parameters
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47 h./2, which is paid with an increase of both V and
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Due to the mentioned drawbacks of the BJT cascode current mirror, other solutions,
such as the emitter degenerated mirror and Wilson mirror are often preferred.
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Methods to reduce the impact of the base currents: the "beta helper"

i
I,=1,+1, =I,+—"-
beta helper o r “! B, +1
| Vcc | IE3:IB1_|_IB2
ml ' lOU1 L IBl_|_IBz _ 1 [ICI kMIC1
‘ J Cl ﬁ3+1 Cl1 ﬁ3+1 6 6
Q1 Q2 Iout _ IC2 _k 1
T M
rA }\W I I 41, 1+k, m 1+k,
47 (6, +1)8 (8, +1)8
Ref 1+ k 1
Er — — 5 ~ 5 VIN:2V'y
(B +1)8 B

P. Bruschi — Microelectronic System Design

13



Iinl
Q1

E1

cC

Simple mirror with emitter degeneration
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This mirror offers a
good output
resistance and small
base-current related
error.

This made it a
popular choice for
the design of BJT
op-amps.

Its large V| prevents
its use in low supply
voltage circuits
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Widlar
Current source:
Bias current
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Wilson current mirror

Target: to obtain the same output resistance of a cascode mirror, but with smaller
impact of base currents on the current gain accuracy.

Operating principle Note: the Q2-Q1 mirror transmits the output
current (/,,,) back to the input branch
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Wilson current mirror: start-up transient
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Wilson current mirror
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Wilson Current Mirror: effect of base currents
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Wilson current mirror 1 1 1
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Wilson current mirror

In the Wilson current mirror the relative error due to

Ioutl | the base current is of the order of 1/32 only when it
H Is designed for ky,=1. For current gains different from
¢ Q4 one, the relative error becomes of the order of 1/p.
C‘éﬂ Vi Other characteristics: .
+ Y
o1 N Q2 % Viv =V =V, + Vi = 2‘/7
same as
fA j Viay = Viea +Versars > (the cascode
h due to mirror)
el R ~r,[1+-2L2| feedback from
2 l,itonode H _

Ve =2V, >V, =V, Thereis alarge systematic error between /o, and I,
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4-transistor Wilson current mirror

The 4-transistor Wilson
Vi =Viey ¥ Vips =2V Vg =V, =V, =V Mirror is the optimal choice
when an accurate mirror
Ve =V, with k,~1 is required.
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