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Constant current source (Current Mirror)

A constant current source makes use of the fact that for a transistor in the active mode
of operation, the collector current is relatively independent of the collector voltage. In the

basic circuit shown in fig 1 and collector characteristics of a CE Transistor as in fig.2
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Current source output current characteristics

Transistors Q:&Q; are matched as the circuit is fabricated using IC technology. Base and
emitter of Q:& Q; are tied together and thus have the same VBE. In addition, transistor Q; is
connected as a diode by shorting its collector to base. The input current I flows through the
diode connected transistor Q; and thus establishes a voltage across Q. This voltage in turn
appears between the base and emitter of Q; .Since Q; is identical to Q, the emitter current of
Q2 will be equal to emitter current of Q; which is approximately equal to I As long as Q; is
maintained in the active region ,its collector current Ic,=I, will be approximately equal to I .
Since the output current lo is a reflection or mirror of the reference current I, the circuit is

often referred to as a current mirror.
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Analysis:

The collector current Ic; and I, for the transistor Q; and Q, can be approximately expressed
as

161(“:(( lESeVBEl/VT' """"""""""""""" (l)

lCZ“‘l;a IESC‘VBEZ’/ VT ---------------------------- (“)

Where Igs is reverse saturation current in emitter junction and VT is temperature equivalent
of voltage.
From equation (1) & (2)
Since Vee1=Vee2 We obtain lc=lci=1\c=lo
Also since both the transistors are identical, Ici= lc2
KCL at the collector of Q; gives
Irer= lc1tlgitls2
Iref =1C1+IB1+IB2
=l +5+ 2=y + 22 Whenlgy =gy =lc =1y =-mrmmeeemes (4)
Solving Eq (4)
lrer=(Vee —Veeon) /R
Irep=ley + 280 = I, (1 + %)

Ief B ’
Ie = Iex = e, ='1_+‘_'z:g‘ = B4z (Vec = Veeon))/R ~ ==-mmmmmmmmmmme- (3)
B

lp = lref

From Eq.5 for B/ [B +1] >>1, is almost unity and the output current 10 is equal to the
reference current, ref which for a given R; is constant. Typically |, varies by about 3% for 50
< B <200.

The circuit however operates as a constant current source as long as Q remains in the active
region.
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Widlar current source:

Widlar current source

Widlar current source which is particularly suitable for low value of currents. To
overcome the limitations of constant current source connect Re to the emitter terminal of
Q2. The circuit differs from the basic current mirror'only in the resistance Re that is included
in the emitter lead of Q.. It can be seen that due to Re the base-emitter voltage Vige; is less
than VBEL and consequently current lo is smaller than I¢;

The ratio of collector currents lc;&Ic; using

I VBEL~VBE2
— G Vr - (l)
Ica
Taking natural logarithm of both sides, we get
Icy

Vger — Vgez = Vrln Yo ==rkZ)
Writing KVL for the emitter base loop
Veei=Vap g Hlp)Rg ---mememmeemee- (3)
Or  Vgg-Vep=(1/B +DIRE —=--mmamm- 4)
From eqn. (2) & (4) we obtain =
VrIn fc%: (/B 1) IoRg o (5)

A relation between I¢; and the reference current I+ is obtained by writing KCL at the
collector point of Q1

Iref = lc1 + Ip1 + Ip2

lret = lc1 + lca/B + Ico/P

Neglecting Ic2/p,

et = lca (1 + 1/P)

ler = [ VCC - Ve ] /R;
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When B>> 1, IC]_ = Iref

Wilson current source:

The Wilson current source shown in figure
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Wilson current source

It provides an output current lo which is very nearly equal to Vrer and also exhibits a very high output
resistance.

Analysis

Since VBE1=VBE?2
Ic1=Ic2 and Ig1=1p2=ip

At node ‘b’ ;
[g3=2Ig +l= (E + Dlgg---mmmemmmmmmee- (1)
[E3 is equal to
Ig3=lc3tga=lcs (1 + 1/B) =--emmmcmmmccaaee (2)

From (1) and (2)
lea(1+ 1/B) =le2 (1 + 2/B)
From Eqn. (1) & (2) we obtain

IC.\: IO= l(‘z (B 2)1’”(“4‘ I )= lCl(B 2)/([}-{’-] ) glnCe IC[=IC2

Atnode ‘8’ [n=Iq + Iz =E%L i3 5

; B+2 &
. _ B*+2p+2 vu.—gv p 2 . A £ :
Iref = 578 lo and Iref = T.'i‘i i lo—Iref = FIrETIT) I ref 1s very small for modest f.

But output resistance 1s greater than Widlar source.

But output resistance is greater than Widlar source.

Current sources as Active loads

The current source can be used as an active load in both analog and digital IC*s. The active load realized
using current source in place of the passive load (i.e. a resistor) in the collector arm of differential amplifier
makes it possible to achieve high voltage gain without requiring large power supply voltage. The active load

so achieved is basically RO of a PNP transistor.
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