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1 Notation

In most electronic circuits both DC and small-signal voéiagre applied simultaneously. The
DC voltage is applied to set the bias and small-signals &eties which are generally ampli-
fied or processed by electronic circuits. A little attenttomnotation helps immensely in the
analysis of all electronic circuits.

Vpe — DC voltageonly of node B with respect to nod&’ (all upercase letters)
me — Small-signal voltagenly of nodeB with respect to nodé’ (all lowercase letters)
vgg — total voltage of nodd3 with respect to nodé’ (v lowercase, subscript uppercase)

Note that the total voltagezr = Ve + v.. When there is just one subscript, as compared
to double in the preceding discussion, the uppercase-tagemotation is the same but all the
voltages are referred with respect to ground. The sameiootit used for currents. In the
following the total curreni. is the sum of the DC currerdt and small-signal currerit.

ic = Ic+i.

2 Differential Amplifier with Base Resistance
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Figure 1: Differential Amplifier withRg g

The bias currents are (assuming that the transistors angadh:

(VB=Vx)/Vr _ Vx + Vi

Io =10, =1, =1
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Equations to work out v, and v,

We need two equations to work out andvy.

The first equation We first write the KCL at the node wherex z and both the emitters meet,

[Se(VB‘i’U'L*VX*Uz)/VT _|_[S€(VB+vb*VX*vz)/VT =21+ Uz ) (1)
REE

Equation (1) can be rewritten as:

Toe®—v/Vr 4 [elv=w)/Ve = 9f, 4 12 )
REE
Vi — Uy Vp — Uy (0
Io (1 )+ 10 (1 ) = 21 3
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v; — 20, + Ub> Uy
Io [ —=212) = 4
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The step from equation (3) to equation (4) is valid when- v,| << Vr and|v, — v,| << V.

The second equation Next we see that the collector and base currents in the rayid Bide
transistor are related as:

Ve Ve + v
I (VBtop—Vx—vz)/Vr  _ B 5
s€ B s (5)
Telt—va)/Ve _ﬁVB + vy 6)
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Io(1 = — 7
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Note thatlc: = — (2 and definingy,, = {£ we obtain from (7)

ngB

Vp = ——— 8
’ ﬁ + ngB ( )

Putting them together Substituting the above expression (8ygin equation (4), we get

Vi
Vg = 2 _ gm BB 1 (9)
B+gmRB gmREE

For( << g,Rp andRgg — oo,
vy, = v, andu, = v;
and when3 — oo andRgp — oo,

(%

v, = 0 andv, = E)



