Mixer IFETT.mcd. Mixer model with a JFET. Series shown is for a J310. The total current in maA,
15
1235 + 1123+ 2505 °

where U is the voltage relative to the bias value of -2, This was the
expansion paint for the Taylor series above, which we derived far
the measured J310 with %p=-4 .2 and [dss=45 mA.

Let's now put some sinusaids into this. Consider a sum of two sine waves as the input, u.

fq=10 f5:=14 t:=0,.002..1 fMHz and microseconds.
@y =2mfy i =21 fq k:=2305 L:=1 «¢:=02 k is coef of quadratic term.
w(t) =sinfw 1 1) + 2sinfe 5] The LD is 1 volt, with an RF of 0.2 volt.

Mow we put the voltage inta the terms of
the current model.

0
b 1235 + 1120+ 2505 14°
1 The first term is just the hias current.
| There iz no dependance an voltage.
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The second term is the linear one. The linear current s then

iy(t) ::11.2-51'11({-.1 1 -t) + 2.24-51’11(-1: 2-1;:] Define G as 11.2, a transconductance.
i1(t) = GLsin(w 1)+ Grsin{e ;1) G:=112
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With k=2.505, the coefficient of the 2nd order term, L=1, and =02, the second order term
becomes

- (Lesinfw | 4) + rsinfow 34))°

k-Lj-sin({.-_J 1-t]|2 + E-k-L-sin(m i -t) -r-sin(-:-.l E'tj' + k.ﬁ.sm(m 2"‘]'2 The first and last terms yield
harmonics and dc.



The viable trig idendity for the middle term i=s

sin( %) sin(y) = cos(X— ¥) — cos( X+ ¥)

Thiz will eventually produce the sum and
E difference frequencies.

And, for the end terms, Sm(:{jz _ (1- .:.:.;[:2-:-:))

kL sin(w 1 1) + 24 Losin(w | 1) vsin(w 1) + ket sinw 5 )

1=z 039

k-LE-[l - cns[z.(m l't:l]] +2.k-L.r.ch(m1.t— mz.t:] ; cns(ml-t+ {dz.t]] b 2

%-lc:-L2 - %-k-Lj-cns(E-{d l't\,l + 1=:-L-r-n:|:|s|:- @yt E'tjl - k-L-r-cns(m |+ E-tjl + %-1{-1‘2 - %-k-rj-cns(lm E-tjl

%-Ic:-L2 - %-E-LE-EDE(E-{-:J l't]l + k-L-r-cns[ (-:u 7= @ 1j| -t] - k-L-r-ch[ (m 7+ & 1\,' -t] + %-k-r2 - %-k-rz-cns(i-w E-tjl

This is the result of just the 2nd arder term in the expansion and shows outputs at DC,| the second
harmaonic of the BF, second harmonic of the LO, difference frequency, and sum frequency.

The linear terrn contributes  iy(t) = G-L-sm(ml-tj+G-r-sm|(m E-t) .

The original bias was 12.35 mA. o, the current spectra becomes:

D 1235+ l-lcc-L2 + l-lc:-r2 =136526 (A slight change, a "detection” of the LO and RF.)
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_ _ Mow that we have a current spectra, let's put a load in the
4 MHz deLr=0501 -8 dBm drain of the FET. We will start with 50 Ohms, but use a
10MHz: GL=112 18.9 dBm ferrite transtormer with a turns ratio of 5.1, This will

_ _ create a drain load of 50725 = 1.25K-0hms. The current
14 MHz  Gr=224 5 dBm in the load will be 5 times that shown (except for DC.)
0 MHz: l.k_L: =13525 0.1 dBm Mo, we will calculate the powers in dBm.

4 Mote that the output at the LO frequency i1s nearly
24 MHz:  kLr=0301 -8 dBm enough to drive the device into saturation.
1, 2 _ . : :
28 MHz- E-lc:-r =(0.0501 -28 dBm Assume that the input gate was terminated in 50

Ohms and that the LO and RF were applied to that.
Then, there is a net canversion loss. The RF signal
was 0.2 v peak, or-4 dBm. The conversoin gain is
then -4 dB. Moreover, the conversion gain is about
13 dB below the linear gain.  This is less than our
earlier 12 dB rule of thurmb, but this LO drive 1s less
than optimum. Maore LO of 2 v peak would produce
higher canversion gain with no change in linear gain.



