DIFFERENTIAL AMPLIFIER MIXER SUPPLEMENT

The differential amplifier to be used in Lab #6 functions as a mixer because it essentially
multiplies the RF and LO input voltages together. To provide you with some guidelines for
mixer the following document develops a simple mixer model for Lab #6 and suggests some
values for your mixer circuit.

To begin with consider the simplified differential amplifier circuit shown below.
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Several important assumptions about this circuit must be made for a simple analysis to yield
meaningful results. First, the emitter current source which produces Igg is assumed to have
infinite parallel resistance, i.e. the emitter current source is a perfect current source. Second,
the output impedances of Q1 and Q2 are also assumed to be infinite, i.e. to be perfect current
sources. Finally, the base resistances of Q1 and Q2 are assumed to be negligible. These
assumptions will yield a model that can roughly predict the mixer performance but is not
adequate to accurately predict small-signal mixer performance.

The first step of the analysis is to apply Kirchoff's Voltage Law to the base loop formed by
transistors Q1 and Q2. Specifically,

Vi1-VBE1+VBE2-Vi2 =0 (1)
We can use the Ebers-Moll equations (this is what most of the above assumptions affect) to
write a general expression for the emitter current of Q1 and Q2.
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where I is the collector current, o is the common base current gain, VgE is the base emitter
voltage, VB is the base collector voltage, Igs is the emitter saturation current and Ics is the
collector saturation current. Basically, the first term represents the diode equation for the
forward biased base-emitter junction and the second term represents the diode equation from
the reverse base-collector junction. The second term represents a reverse biased diode and is
very small; consequently, we will ignore it in the following calculations. The common base

current gain o is related to the more normally used common emitter current gain by
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Neglecting the current contribution from the reverse biased junction and assuming that the
exponential is much greater than one we can re-write Equation (2) as

e

Ic = aplgsel v, (4)
Equation (4) can be solved for VBE to give

Vag = V- ln( Ic ) 5

BE~ Vrin| (5)

The term apIgs is effectively a constant saturation current which we can define as Ig. Using
this definition we can write Equation (5) as
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The two base-emitter voltages can then be written as
VBE1 = VT ICI (7a)
and
VBE2 = V'rln(IC2 (7b)
Substituting Equation (7) into Equation (1) we get 52
Vi VT“‘(IICI Isz}v 2=0 (8)
If we assume that Ig1=Ig2=Ig and solve for the d1fferent1al voltage Vj1-Vi2 we get
Vit-Vi = Vil If;l) Vi I—Icsl) %‘C?;) (10)
which can be inverted to give
Vi1-V;j AV;
%=e li/T125¢VT1 (11)

where AVj is Vj1-Vi2.

The sum of the emitter currents of Q1 and Q2 must be equal to the bias current Igg, i.e.

Igg = -(Ig1+1E2) = a—lF(IcﬁIcz) (12)
Equations (11) and (12) may be combined to give
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These equations are the fundamental differential amphfier mixer equations. We can make two

observations about Equation (13). First, that the collector currents saturate to OIgE as a
function of the diffewrential input voltage; second, that making Igg larger will make I¢ larger.

The output voltage is Vc less the collector current times the collector load resistance, i.e.

Vo2 =Vcc - IcoRc= Ve - —aﬂ%,— Rc (14)
l+evy



The ac output voltage AV(y, is then, approximately,
AV, = - QFIEERC _ _OpIEERc _ _ OflgeRe _ alEERC| 14+ AVi (15)
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Note that the first term contains only Igg whereas the second term contains the product term

IggAV; which is the desired mixer term. Examination of the second term reveals that the mixer

term is proportional to Igg, Rc and AV;. Unfortunately, the first term is also proportional to

Igg and R and making these terms too large will lead to saturation of the mixer output by the
unwanted first term. In practice, optimizing your mixer output will require a careful adjustment
of the bias current and load resistance.

The current Igg is actually an ac current source controlled by the local oscillator. A mixer

design I tested used a relatively small nominal Igg of about ImA and collector resistances of
1kQ. [Actually, one collector load resistance was 1kQ and the other was a 42IF104 if.
transformer.] The local oscillator voltage was approximately 500 mV and the rf input voltage
was estimated to be about 100iV. The voltage out of the i.f. amplifier was on the order of one

volt.
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