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Lecture 27: Mixers. Gilbert Cell

Mixers shift the frequency spectrum of an input signal. This is
an essential component in electrical communications (wireless
or otherwise) if we wish to use RF signals to convey audio or
data signals over long distances, for example.

The circuit symbol for a mixer has three ports (Fig. 12.1):

RF IF

LO

Notice that all three ports have signals at different frequencies!

“Mixing” has a couple of connotations. One is that of combining
(by summing) signals from different channels (or sources), as in
the recording industry. Fig. 15.1 from the ARRL Handbook on
the next page illustrates this principle.

Clearly, this is not the type of “mixing” that’s needed in
communications. We need to shift the frequency. This type of
mixing is the result of multiplying signals in the time domain, as
shown in Fig. 15.2 of the ARRL Handbook.
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Flg 15.2—Muitiplying two sine waves of different frequencies produces a new

Fig 15.1—Adding or summing two sine waves of ditferen rf nqueﬂciu (11 and 12) output spectrum. Viewed with an oscillo s:opo the result of multiplying two
their atfectin. g"‘ ' f equencies. Viewed with a signals is a compo it & wave tha Isnmsl ha lltu l n comman with its

oscilloscol p (a llmea aph 0"""9'“ “-‘ “""'1 “‘ !i““'-‘*’ﬂ"a" ; A spect lyzer view of tne same wave reveals why: The
appears a I""P' superimposition of o ‘0 '.. the other. :"0"‘0‘1"'"‘3 original signals disa ppea entirely and are repracea by two new signals—at the
spectrum arral'yl r (a real-time gr Ph of l|9l‘|9| p versus freq sum and difference of the original signals’ frequencies. Drawing B diagrams a
adding two slgn-lslust sums their spectra. The signals merely coexist on a sin 9" multiplier, known in radio worl n s a mixe Tn J(umph | s the stage's

cable or wire, All frequencies that go Into the adder come out of the mm.. d n mathematicaloperauon (The 1 d Xis of several s ymbol you may
news g als are generated. y i see used to represent mixer: sl brock g es Fig 15 3 I

D g B, a block diag of a summir eireuit, ; 1he stage's Drawing C shows a very simple multiplier circuit. ‘l'h diode, D doonherni:inn,
mathematical operation rather than g circuit g C Because this circuit does other mathematical functions and adds them to the sum
shows a simple ! mml g circuit, su r.has might be us d“-““""‘“ signals from and ditference products, its output is more complex Ih 1 + 12 and 1 - 12, but
two microphones. In audio work, a “ like this is often called a mixer—but it lhlu can be extracted from the output by filtering.
does not perfo rm the nmll‘ nction n RF mixer.

There are two general types of mixing circuits, those involving:
1. Nonlinear components, such as diodes, etc.
2. Linear, but time-varying circuits. These circuits can shift
the frequency spectrum of a signal, in contrast to linear and
time invariant circuits (which cannot).

Gilbert Cell

All mixers in the NorCal 40A are based on the Gilbert cell. The
Gilbert cell uses a linear, time-varying circuit to achieve time-
domain multiplication, and hence, frequency shifting.
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A Gilbert cell is shown in Fig. 12.2. The RF signal is input to a
long-tailed differential amplifier, which we studied in Sec. 9.8.
The collectors of Q1 and Q2 have a cross connected set of four
transistors, which are driven by a local oscillator (LO).

To see how the Gilbert cell operates, first consider what
happens when the voltage Vo is large enough so that Q3 and
Q5 turn on and Vo, is small enough, that Q4 and Q6 turn off;

VCC

R1 %I\ %I\ R2
IF1 © IF2

LO1 o—s Q3 4;%{/{ Q5 F»»—o LO2

RF1 o—— Q1 Q2 ——o RF2

I

é

Here we see that Q3 and Q5 act as closed switches so that:

e Q1 isconnected to R1, and

e Q2 is connected to R2
as in a “typical” differential amplifier configuration with the
output taken at, what we will call here, the “IF” terminals.
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Second, consider what happens when the opposite input occurs.
Specifically, suppose Vo, is large enough so that Q4 and Q6 are
on while V| o, is small enough that Q3 and Q5 are off:

R1 % R2

IF1 © >< IF2

LO1 o—s Q3 Q%{ Q5 Q6 —e—o LO2

RF1 ﬂ. % RF2
é

Now we see that Q4 and Q6 act as closed switches so that

e Q1 is connected to R2, and

e Q2 is connected to R1.
This also is a differential amplifier configuration, but with the
outputs interchanged wrt to the previous case. In other words,
the output (the IF) is almost the same as before. It has just been
multiplied by the factor —1.

The overall function of the Gilbert cell is to multiply in the time
domain the input RF signal (at the RF frequency) by a square
wave with value +1 or -1 at the LO frequency! This is mixing.
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The Gilbert cell is also an active mixer in that the IF output
signal is amplified because of the differential amplifier gain.
(Active mixers are very nice in the sense that they accomplish
two jobs at once: they mix and they amplify.)

A Gilbert cell is the active mixer inside the SA602AN IC used
in the NorCal 40A (see the datasheet on p. 415). As we’ve
already seen, this IC also has part of an oscillator circuit built
inside. What a versatile IC!

From Fig. 4 of the SA602AN datasheet we can see that certain
subsystems are internally biased. Consequently, we don’t need
to construct an external bias circuit. However, we must
capacitively couple to the SA602AN so we don’t disturb this
biasing (examples of this are C4, C5, C13, C15, C31 and C33).

Mixer Mathematics

It is helpful to study the mathematic basis behind the Gilbert
cell. This will help us understand this circuit better, as well as
develop an appreciation of the mixing process in general.

Let’s define the RF input voltage as
Vy (t) =V, cos(wyt) (12.2)
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and define the mixing signal (which is not the LO signal, as is
stated in the text) by the square wave:

Vmix(t)
A

+1

——

TLO

Since this mixing signal is a periodic waveform, we can expand
it in this Fourier series
cos(3w,t) cos(5m,t)

V. (t):% cos(m,t)— T (12.3)

as derived in Sec. 2 of Appendix B.

The Gilbert cell effectively multiplies both of these signals
(12.2) and (12.3) in the time domain as

v (t) :Vrf (t) 'Vmix (t) (124)
giving
2V [ _
T 3 5
- 1 (12.5)
s cos(a)t)—icos(a) t)+1cos(a) t)—---
T | * 3 3+ 5 5+ |
where

@, = 1), + Wy w_ = ‘a)lo — W



Whites, EE 322 Lecture 27 Page 7 of 9

w3, =30y, + Wy W3 = ‘36% — Wy

W, = 5a)lo T Wy W5 = ‘SG)IO — Wy

Note in (12.5) that we have the sum and difference signals
present in the output (IF) voltage signal:

2V
V, (t)=—"cos(w,t) (12.6)
T
2V
and V_(t)=—"-cos(m.t) (12.7)
T
as well as the third-harmonic terms:
V,, (t)= il cos(@,,t) (12.10)
3+ - 3” a)3+ .
2Vrf
and V, (t)=- ; cos(m, t) (12.11)
7T

and the fifth-harmonic terms:

Y
V. (t) = 57; cos(ws,t)
2V
and V, (t)=—"-cos(w; t)

o
and all higher-ordered odd harmonics.

Observe that the amplitudes of these harmonics are decreasing
with increasing harmonic number.
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Also note that the RF signal, the LO signal and the even mixer
harmonics are not present in the output. Nice! This occurs
because the Gilbert cell is a balanced mixer. However, in reality
some (or all) of these signal components will be present in the
output since we won’t have a perfectly balanced mixer.

NorCal 40A Mixers

There are three mixers in the NorCal 40A. You’ll install the:
1. RF Mixer in Prob. 28,
2. Product Detector in Prob. 29, and
3. Transmit Mixer in Prob. 30.

In addition, using the measured spectrum from the output of the
Transmit Mixer shown in Fig. 12.15, you will identify the
various harmonics using

f . =mf. tnf, (12.46)

There is a misprint of this equation in the text.

Conversion Gain

Gain (or loss) of a mixer is characterized with a power gain
expression similar to any amplifier
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+

where G is called the conversion gain, P is the output IF power
and P. is the available power from the RF source.

Here, however, the input and output frequencies of the two
signals are different.



