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Considerable interest has recently been shown in the use of the epitaxial

Schottky barrier (E SBAR) diode as a microwave frequent y down- converter.

For the first time it has become possible to surpass the performance of the

redoubtable point- contact diodes , through the use of photo resist techniques

to achieve small areas and epitaxial material to achieve low series resis-

tance . The new diodes are also more reproducible, have much lower re-

verse current leakage, lower I/f noise, and can be designed for much

higher dynamic range . Herein we calculate that they should exhibit overall

calculated noise figures as low as 3 dB at X-band when the image is short-

circuited and the following i-f amplifier has a 2 dB noise figure.

Mixer Noise and Gain Formulae . The theory for calculating mixer gain has-—-————....——
been established for a number of ye~rs and has been applled to mixers using

point-contact diodes by Herold et al and others. The gain and Impedance

formulae used in this paper are identical to those used by Herold but this

paper differs in that he did not develop the noise theory, nor did he consider

an exponential I-V characteristic.

The basic noise th~ory for diode mixers has been developed by Struttz

and summarized by Klm . This theory neglects thermal noise generated In

the diode series resistance and expresses the results in terms of ratios of

the Fourier coefficients of conductance (g) and equivalent shot noise current

(Ieq) where these quantities are time varying due to the application of some

arbitrary local oscillator voltage waveform across the diode.

The theory also neglects the effect of diode parasitic reactance , transit

time phenomena, and conversion from frequencies near the higher harmon-

ics of the local oscillator. The comparatively simple formulae presented

below for minimum noise figure and conversion loss are for the case of the

short-circuited image; more complicated formulae are available for cases

where the image conductance is either zero or equal to the signal source .

The short-circuited Image gives noise and loss figures approximately half

a dB higher than those obtainable with an open circuit.

Application to the Schottky Barrier Diode . The equation relating current—-——————.-——--——.-———-
and voltage in the Schottky Barrier diode 1s:

i = io(eav.l)
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hence , (1)

Also, the mean square shot noise current is given by:

T
lSh = 2qI Af

eq
whe re

I ~ = (i+2io) ~ i (2)

Throughout this paper it w1ll be assumed that the forward current (i)

greatly exceeds the reverse saturation current (io) and that the current vs

voLtage characteristic 1s purely exponential. Figure 2 shows that this will

lead to errors in the noise calculations when the peak diode voltage is

smaller than O. 1 volts but this case is of little interest because of the high

noise figure .

Since g and Ieq are simply related through the constant

easy to show

gcl _ Iel
—-

L?. ~

If a sinusoidal oscillator voltage is assumed, it is possibl

press V as:

v= Vo+ Vlcos d

Q), it is

(3)

> to ex-

(4)

where V. is the DC bias voltage. Substkutlon m Eq. (1) then gives:

CYv Qvlcos tit
g = aioe 0-e

ffv
= aioe ‘[IO%) + 211(avl)c0s ‘t + “ “ “ 1

(5)

where l., Ii, etc. are modified Bessel functions with argument ( ~Vl).

Hence from (3) and (5.)

gcl Iel I1(~vl)

—=~=qqgo
(6)

Applying the results of Eq. (6) to the mixer gain and noise formulae, it is

possible to show

G = l/L= (ll/Io) 2
av(min noise) p+my

F min = (L+ 1)/2

g2(optimum source) = g~ut = g: - g~l

Hence the noise ratio is given by

NR=F. Gav=}+~
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(8)

(9)

(lo)



Note that the gain and noise figure are functions of (c! VI) only and are in-

dependent of bias V. and reverse current l.. The mixer LOSS, noise figure

and noise ratio are plotted as functions of peak local oscillator voltage in

Figure 1. As the local oscillator voltage increases, the available gain,

noise figure and noise ratio all approach unity.

Figure 3 shows the optimum source conductance and absorbed power

for the case where the peak instantaneous current is 10 milliamperes.

Effect of Spreading Resistance and Large L.O Voltages. When the diode
——-——-_-______________ ti ______
has finite series resistance rs , then both the forward and also the reverse

impedance at microwave frequencies are affected.

In the forward direction, increasing voltage lowers the junction resis-

tance until it is finally limited by the serie s re sistance . Beyond this point

further drive only widens the effective relative conduction interval t/T

(Fig. 4), which reduces the relative conversion conductance gel/go .

If the forward excursion is limited to the point where the diode resis-

tance becomes comparable to rs (~ 10 mA for the GaAs ESBAR diode in

Fig. 2), the only way to reduce the loss and noise figure with increased

sinusoidal pumping is to use reverse bias. It should be emphasized, how-

ever, that the loss will also increase rapidly if the voltage swings too far

in the negative direction; in particular, the series resistance leads to a
22

residual diode conductance rso c
J

which should be one or two orders

of magnitude smaller than go If this effect is to be avoided, i.e. ,

Io(avl)

()

2

>100+ . Typically for a diode with a 500 GHz cutoff frequency

~ co

operating with a peak current of 10 mA at 10 GHz, the maximum peak local

oscillator swing calculated from this equation is found to be about one volt

and from Fig. 1 the noise figure should be 3 dB overall, including a 2 dB

i-f amplifier .

Note that large voltage excursions require the largest possible ratio

of reverse to forward diode resistance (f Co/f). In general at microwave

frequencies, this switching ratio is far lower than the low frequency switch-

ing ratio (r reverse /rs) and it is mainly for this reason that the capacitance
of mixer diodes has always been kept very low. From this point of view

mixer diodes should have very high cutoff frequencies; values in excess of

500 GHz have been obtained In the best GaAs varactors made by J. C. Irvin.
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