
III-3. FREQUENCYMULTIPLICATIONWITHTHE STEP

RECOVERYDIODE

Robert D. Hall

Hewlett-Packard Associates, Palo Alto, California

The step recovery diode has been discussed m several papers (References 1 and 2). Recently,

dmdes have become avahble with attractive combinations of short transition time, long llfetlme,

low serlee resistance, and high breakdown voltage. These parameters are all related to the effi-

ciency and power handling capability of frequency multipliers using these diodes. SpeclaI frequency

multipliers were com.tructe d to explore the relatlons among the diode characteristics and the per-

formance of multipliers. To make multipliers suitable for such study, the circuits were constructed

to elimmate resonances except at the input and the output frequency even for high order multlplma -

tmn. Diode current was measured by budding mto the multlplmr a current sampling resistor im-

mediately adjacent to the diode. The value of the resistance is kept small, and the voltage developed

across It IS observed with a Hewlett-Packard samplmg oscdloscope having a bandwidth of 5 gc. The

output cmmuts of these multlpllem were tunable casutles coupled to the dmde so that operation could

be observed at many different multiples of the input frequency.

The operation of these multipliers IS characterized by substantial independence of input and output

cmcult tumng. The input cmcult re senates at the input frequency with the self bias resistance adjusted

for the input power level. The diode stores charge on the forward part of the drive cycle and gives

back the charge to the circuit during negatme drive. At some point on the negatme cycle, the charge

stored m the dmde m exhausted, and the current which flowed through ,t up to that time is diverted

through the output tank cmcult. The sudden pulse of current with rise time equal to the diode transi-

tion time excrtes the output tank cmcuit causing oscdlatlon at Its natural frequency. The voltage de-

veloped by this oscdlatlon drives the d.ode once again mto forward conduction so that It stores

charge. Therefore unless the hfet,me of the diode is too short, the charge m It IS not exhausted,

even though the voltage impressed upon It osctilates, until the same point on the input cycle comes

around again, The diode therefore remams a low unpedance most of the time except for a fractmn

of one output cycle per input cycle. It is essential that the series resmtance be low to avoid exces -

mve d,sslpation in the diode. For input power levels of one watt, currents of one ampere or more

peak cwctdate through the diode.

A fourier analysis of representative waveforms shows that the current generated at the nm har -

momc can be at most l/mI of the current cmculatmg through the diode. Thus to obtain high efficiency

the cmculatmg current must be large compared to the input current from the drive generator. This

imphes that the diode must be part of a resonant cmcult which multlphes the current. Thus even for

a lossless dmde, effmlency and handwldtb are related m the input circurt, Umt efficiency would re -

quu-e, m addition to lo fmless dmdes and cmcults, that the output Impedance seen by the diode be

Vznz times the input impedance. From the discussion above, the diode input Impedance is nearly

equal to Its series resistance. The loaded Q requmed m the output cmcult can be determined from

the output pumty desu’ed. Adjacent harmorucs are essentially equal in available amphtude to the de-

sire d output frequency so the output tuned cmcult must be sharp enough to reduce these neighboring

side bands to an acceptable level.
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Multipliers des,gned according to the reformation given are producing 20 mw m X-band and 200

mw m L-band. Best operatmn so far M m the lower band where overall efficiencies are approach-

ing 30 percent for multiplication orders of 10 to 20. Investlgatlon IS continuing to obtain better

diodes and Improved performance.
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