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The basic circuit cr.terla for deslgnmg efflclent narrowband harmonic multipliers are well es-

tablishe d. For the case of the shunt-tonne cte d diode, Ideal falters are usually specified that pass

desmed harmomcs, re~ect others by having an mfmlte input Impedance, and provide zero Impedance

paths for Idler harmomcs. As the bandwldtb of allowable input frequencies m increased, Lt m desm -

able to maintam these ,deal conditions. The stopband input Impedance of most falters M entirely

reactive and must change continuously with frequency. Since the Ideal falter condltmns call for the

input impedance to be either mfmlte or zero, the optimum conditions can be obtained only at discrete

frequencies. As in any practical sltuatxon, the Ideal conditions can be approximated but, m general,

bandwidths m excess of 10 percent become dlfflcult to achieve. A common procedure for obtammg

wider bandwidths w, to use bandpass filters that have sharp cutoff characteristics. This guarantees

that the real part of the stopband input Impedance IS small, but does not provide the Ideal input con-

dit mm requme d. In fact, for most designs, mteractmn between the falter input Impedances results

m undeswable loading of the varactor and m a bandwidth-llmltmg factor.

In order to achieve w,deband operation, it becomes apparent that the Ideal filter conditions must

be compromised. Tbm should be accomplished m a manner that does not s,gmf,cantly reduce the ob-

tainable effmlency. The two primary obyectlves m wldeband multiplier design are (1) obtammg ap-

propriate filter networks that do not adversely load the varactor and (2) de s,gmng matchmg networks

that reduce the effect of varactor parasltlc elements and impedance var,atlon with frequency.

Before proceeding wltb a de scrlptlon of a cwcult that accomplmhes the above ob~ectlves, a num -

ber of Important points WI1l be discussed. Frost, only doublers WI1l be considered. Hlghe r order

multipliers requu-e low loss dler cmcuits for efflc lent operation, and these dlers are sub~ect to the

input Impedance restrmtlons discussed previously. In general, the use of a number of wldeband Idler

and matchmg cmcults leads to very complicated network configurations. Second, only networks m-

revolving a single varactor WI1l be consldere d. Various cmcult con f,guratlons mvolvmg more than one

varactor offer the poss?blllt y of wldeband operation, but are umm.lly dlfflcult to reallze at mzcrowa~e

frequencies. Thmd, the max,mum spurmus-free bandwld.ti for single varactOr dOublers ,S 40 Percent.

This arises from the fact that, for a 40 percent bandwidth, the thmd harmomc of the lowest input fre-

quency M the same as the second harmomc of the highest input frequency. For w,der bandwidths,

spur,ous outputs w1ll he obtained due to dmect generation of the th~rd harmomc. If this thud har-

momc can be tolerated, the maximum bandwidth becomes 2:1 or 67 percent.

A cmcult that has been used to achieve wldeband harmomc doubling consists of a complementary

or pseudo-complementary (Reference 1) filter pair and associated matching networks. The con flgura-

tmn contains two parallel-connected falters whose common input M well matched over theoretically

mfinlte bandwidths. The particular falters used are construct d of distributed quarter wavelength

lines and are designed on an exact basin (References 1 through 3). A diagram of the cwcult M shown

m Figure 1. If the filters are constructed using lmelengtbs that arc a quarter wavelength at the input

frequency, the network has the property that all odd harmomcs pass through the input falter and all
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even harmonics pass through the output filter,,:; If constructed using quarter wavelengths at the out.

put frequency, the input filter passes all harmonics but the 2nd, 6th, 10th, etc. The complementary

filter pair provides a constant load for the varactor and thus el~minates undesirable filter interac-

tion. This constant load property also results in a decrease in efficiency d“e to the loss of any power

generated at higher harmonic frequencies. However, analysis and experimentation has shown that the

amplitude of directly generated harmonics drops rapidly for harmonic numbers greater than two and

the absence of low-loss idler paths tends to keep higher harmonic generation to a minimum. If very

high spurious re~ection is required, relatively simple complementary f,lter pairs can be added at the

multiplier input and output ports to eliminate the unwanted harnmmcs, A suitable matchmg network

is used between the filter pair input and the varactor to obtain a low input VSWR. For very wide

bandwidths, additional matching networks can also be used at the input and output ports,
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Figure 1. Block Diagram of Wideband Multiplier Circuitry

Using the network configuration described, an S-bandto C-band doubler havinga20 percent band.

width was constructed. Preliminary calculations indicated that tbe dmde ~mpedance would be approx.

irna.tely 10 ohms res,stive and would contain a series capacitive reactive component. A quaz-ter -

wave transformer was used as a matchmg network. The performance characteristics are shown in

Figure 2 and the multiplier is shown in Fi~re 3. The multiplier has an average efficiency of 50 per-

cent, an output flat to unthin +0.5 db, and an input VSWR of less than 1.6 throughout the hand,

*This is a consequence of the periodic response of distributed quarter-wave TEM lines.
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Figure 2. Twenty Percent Bandwidth Doubler Characteristics

Figure 3. S-Band to C-Band Multiplier with 20 Percent Bandwidth
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Another multiplier was constructed using a more complm.ated falter pair (Reference 3). Matching

was accomplished in a manner similar to that described above with the addition of a section of lowez-

impedance line on the input port. The performance characterist~cs over a 35 percent band are shown

in Figure 4 and the unit m shown in Figure 5. The multiplier has an average efficiency of 43 percent,

an output flat to within *0.75 db, and a maximum input VSWR of 1.6.
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Figure 4. Thirty. Five Percent Bandwidti Doubler Characteristics

Figure 5. S-Band to C -Band Multiplier with 35 Pe~nt Bandwidth
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The efflclencles obtained m each multiplr?r compare favorably with those to be expected for nar -

rowband designs, and slmllar performance was obtained for input power levels of from 100 mw to

800 mw. Self bias was used for input power levels below 400 mw with flxe d bms being re qumed for

hlgber input power levels. Different varactors of slmdar types were substituted with no cwcult ad-

justment* and with almost ,dent,cal re suits.

MultLpllers of the type descmbed are useful m obtammg high devlatlon wldehand FM signals, wlde-

band local oscdlators, and m the extension of the frequency range of teSt equipment.
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