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Abstract

The performance of several octave-bandwidth diode clipper/limiters having uniform suppression characteristics

over the 2.0 to 4.0 GHz octave is discussed.

Suppression over the band is 4.0 dB or greater for a structure using

Silicon diodes and 3.5 dB or greaver for a similar structure using GeAs diodes.

The design of a low power, high speed, octave band-
width clipper/limiter is complicated if in addition to
the large signal (PL) to be compressed (CL = PLi/PLo)'
other small signals (Ps) are present and must be com-

pressed (CS = Psi/Pso) even more, i.e. Cs > CL. Define
suppression (S) = Cs/CL' It is apparent that a high

speed diode must be used as the clipper, but unfortun-—
ately such a diode is also an efficient generator of
harmonics of the large signal (me) and mixing products

of the simltaneously present large and small signals
(mf & nf_).

It has been shown that an anti-parallel diode pa:'l.r1 hav-

ing input frequencies of fL and fs can only generate outputs

me _-x;ni‘s whenm+ nis anodd inteéger., Ifthe two diodes of

the anti-parallel pair were identical then all odd harmonics
and mixing products forwhich m+nis aneven integerwould
be constrained to Flow only withinthe loop formed by the
pair of diodes. Finite unbalance betweenthe two diodes

will of course lessenthe suppressionof these odd integer
oubtputs. The effect of diode unbalance in this structure

has been analyzedz. Figure 1 illustrates the output spec—
trum of the limiterto be described whenthe input is asig -
nal at 3 GHz at + 1 dBm, Fundamental mixing products

(fL + i‘s) are suppressed as are half of the normally pres—

ent higher order intermodulation products of which enly
2fL—i‘s is both significant and in band.
For the ideal (hard) limiter, it can be shown that

the maximum suppression is 6 d83 ok when there is one inter-
fering signal. This may easily be seenby using the ortho-
gonal nature of AM and FM (low index) to decompose the pair
of signals into AM and FM characteristics. The elimina ~
tion of the AM sidebands by the limiting actionwillthere-
fore result in a pair of FM sidebands of equal amplitude

(but out of phase by 180°), each of which is recuced fromthe
original by 6 dB.

A sketch and photograph of the structure to be
discussed are given in Figures 2 and 3, respectively.
It consists of two amti-parallel diode pairs shunt -
mounted across a 50 ohm transmission line and two
capacitances whose values and exact locations relative
to the diode locations are chosen to achieve the
required broad-band performance. The present struc-
ture was designed to operate over the 2.0 to 4.0 GHz
range on microstrip using a 0.025" thick alumina
(Er = 9.6) substrate. This particular choice of

circuit is based on the requirement of operation over
an octave band.

Tests were conducted on a single - palr version of
the limiter using both Si and GaAs (Schottky) diodes of
approximately equal junction diameters. A comparison
of the two is given in Figure 4. Note that the onset
of compression is differemt because of the different
junction potentials. The maximum suppression for the
silicon diode limiter is 2 dB, and for the GaAs diode
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limiter it is 3.5 dB, The input power level abt which
the onset of compression occurs can be varied through
the use of dc bias but at the expense of a somewhat
more complex circuit structure.

Measurements of compression and suppression were
made on the double anti-parallel pair limiter which is
schematically illustrated in Figure 2. Silicon diodes,
manufactured by Microwave Assoclates, Burlington,
Massachusetts, were used, The diodes were mounted
across a .010 inch gap between a 50 ohm transmission
line and a metallized pad which was grounded over the
edge of the substrate. Compression and suppression
characteristics for fL = 3.00 GHz and f_ = 2.95 GHz are

plotted in Figure 5. Similar curves were generated for
fL = 2,00 and 4.00 GHz. The maximum suppression in all

three cases was 4 dB or greater. The input power range
over which suppression was 3 dB or better was 9 dB in
all cases.

The input return loss at a power level of + 1 dBm
was greater than 10 dB over the 2.00 to 4.00 GHz band.
The small signal insertion loss was 1.0 + .5 dB and the
small signal return loss was greater than 13 dB over
the band.

Using a similar double anti ~parallel pair struc -
ture, a limiter was constructed using GalAs Schottky
barrier diodes mamufactured by Westinghouse. The diodes
have a junction diameter of 10 microns and a cuboff
frequency in the range of 600 - 800 GHz. Tuning of the
device was accomplished by placing lumped capacitances
across the 50 ohm transmission line on both the input
and output sides of the structure. The tuning criterion
was to obtain minimum variation of suppression across
the 2 GHz to 4 GHz band at an input large signal power
level of + 11 dBm.

Measurements were made of the P vs P._ charac-
out in

teristic at 2.0, 3.0, and 4.0 GHz. Swept frequency
measurements were then made of the small signal trans ~
mission through the device over the 2.0 to 4.0 GHz band
with the large signal (at several levels) at each of
the sbove three frequencies. The swept measurements
therefore resulted in cs(f), as defined earlier, for

each frequency and power level of the large signal.
The suppression [S(f) = Cs(f)/CL] was then computed

using the appropriate value of CL’ the large signal

compression. Figure 6 illustrates the variations of
suppression across the band for several large signal
levels with I = 3.0 GHz., The drop in suppression at

the high end of the band for large signal levels may be
attributed to the de-~tuning effect of the large average
capacitance of the diodes under large drive conditions.

The variation of suppression with input power level

at a fixed fL = 3,0 GHz and fs = 3,0 GHz is illustrated

in Figure 7.2 The P vs Pin characteristic at that

out
frequency is also shown.



Conclusions

The double anti-parallel diode pair limiter has A
been shown to have characteristics which may be bene- l-_-.. _g_.'
Ticial in applications where broad band limiting and 4

suppression are required. The particular structure
discussed here mskes use of two design criteria. First,

it approaches the hard limiter ideal by presemting a ZO =50 ohm 1
higher input admittance at a given RF voltage than FC
would be the case with a single diode or a single anti -

parallel pair, Second, the spacing of the pairs is Oumm

chosen to resonate the diode parasitic capacitance and
thus increase the total RF voltage across the diodes.
The tuning capacitors are used to broad band this
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resonance.,
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Figure 1 - Limiter output for an input signal of +1 dBm
at 3.0 GHz., Lines correspond to 3.0, 6.0,
9.0, and 12.0 GHz. Iog ref = + 20 dBm, =
10 dB/div,
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Figure 3 ~ Photograph of double amti - parallel pair
limiter (tuning capacitances not shown).
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Figure 4 - Comparison of Si and GaAs diode single arti -

parallel pair limiters at 3.0 GHz,
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Figure 6 - Suppression characteristic as Function of
frequency and power level of GaAs device for
large signal at 3.0 GHz.

Figure 5 - Double amti-parallel pair limiter using
Silicon diodes. fL = 3.00 GHz, fs=2.95 GHz.
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Figure 7 - Suppression andP
P. at 3.0 GHz.
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