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Figure 1: Circuit schematic for simple current mirror.
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Figure 2: Icy and Iy versus Vo for the current mirror of Fig. 1.

Shown in Fig. 1 is a simple current mirror. Assume that the two transistors are identical, i.e.,
their device parameters as well as operating temperatures are the same. Since the base-emitter
voltage (Vpg) for the two BJTs is the same, the reference current Iy of @ is “mirrored” on
the transistor ()s, i.e., Ioo is made equal to Iy (if we ignore the base currents). This allows us
to change Iy irrespectively of the voltage Voo by simply changing the resistance Ry, since

Vee =07V
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If the base currents Ig; and I, are taken into account, we get

Ien
o= T @ )
In practice, the output current Ioo is not quite independent of Vo because the transistor
()2 has a finite output resistance due to the Early effect. Thus, I is found to increase slightly
with Voo (see Fig. 2). We can think of the slope 0I¢e/0Veo as an important figure of merit
(smaller the better) for a current mirror. The behaviour of I with respect to Vi can be
described in terms of the Early voltage as

Vi
oz = I e'm2/Vr (14 2622 (3)
Va

where V is the Early voltage. Equivalently, we can say that the output resistance of the current

mirror is

Ro= 1%, g
Ieo
which is the same as 7,9, the output resistance of ()s.
Finally, for the current mirror to work as desired, the transistors must remain in the active
region. When V5, is not sufficiently large, this condition does not hold any more, resulting in

a drop in Ic9, as seen in Fig. 2.

Exercise Set
1. What do you expect to happen if R; is reduced by a factor of 27 Verify with simulation.

2. How would the o9 versus Vo plot change if the value of the Early voltage (V) of Qs is
doubled. Verify with simulation.
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