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Optimization parameters of broadband tripler diodes

of 75...110 GHz frequency

We optimized the parameters of the broadband tripler diodes of 75...110 GHz frequency according to the
proposed method of calculation and design in order to increase the conversion efficiency.
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Introduction

Broadband diode frequency multipliers are wide-
ly used as output wave-shaping stages in SHF
and EHF signal sources. Most modern domestic
and foreign-made solid state measuring genera-
tors and synthesizers operating in the frequency
band over 20 GHz are based on the principle of
frequency amplification.

The study objective is to improve the effi-
ciency of the 75...110 GHz frequency tripler, be-
cause this parameter defines the output power level
of a signal source if there is no output amplifier.

One of the problems in design of SHF
and EHF devices based on non-linear elements
is the lack of efficient automated calculation
methods based on a computer-aided design (CAD)
system, combining electrodynamic methods
of waveguide structure analysis with results of
calculation of non-linear semiconductor element
characteristics.

Despite a variety of methods (analytical and
numerical) of analysis of SHF devices (mixers,
frequency multipliers, etc.), the design problem
is rather difficult and usually requires an iterative
solution, including very important experimental
studies and further development of the imple-
mented circuit.

The performance of SHF and EHF frequen-
cy band multipliers depends on optimally selected
circuit-structural elements of the device, and, to
a great extent, on parameters of non-linear ele-
ments (diodes) being used. First and foremost,
it depends on stray parameters, non-identity de-
gree, non-linearity of volt-ampere (VAC) and ca-
pacitance-voltage (CVC) characteristics, overall
dimensions, etc.
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The diode frequency tripler calculation
and design procedure proposed in [1] allows to
determine requirements for basic parameters
of frequency multiplication diodes with an ac-
curacy sufficient for applications in practice in
order to ensure the required characteristics of
the device.

Design features of frequency tripler

The frequency tripler with optimized parameters
of diodes is designed as two series-connected
waveguides of different cross-sections: input
WR-28 and output WR-10 [2]. 0.2 mm thick
metal plates forming an H-shaped waveguide are
inserted into the cut in the center of wide walls of
waveguides (Fig. 1).

In the input segment, the cross-section
of the output waveguide is narrowed to
2.14x1.27 mm in order to make it evanescent
for the output signal second harmonic frequency
range. Diodes with self-bias circuits are symmet-
rically installed on different sides of the plate,
near the area where waveguides of different
cross-sections are interconnected. On the input
side, at distance Aut ave/4, there is a polyimide
plate (1x0.5%0.05 mm with one-side bonding)
acting as a matching and short-circuiting ele-
ment for the third harmonic. Immediately after
the diodes there is a plate (0.5x0.25x0.05 mm)
installed for output matching (Fig. 1). Fig. 2
shows the frequency tripler.

The top-priority technical characteristics of
broadband frequency multipliers are as follows:
conversion efficiency (loss), maximum available
output power, output power ripple in the frequen-
cy range and the level of spurious components in
the output signal spectrum.

According to experimental data, the best
performance characteristics of a 75...110 GHz
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Fig. 1. Sketch of 75...110 GHz frequency tripler:
1 — resistor; 2 — polyimide plate; 3 — capacitor; 4 — diode; 5 — regular section

Fig. 2. 75...110 GHz frequency tripler

broadband tripler (minimum conversion loss,
maximum output power of ~2...3 mW) can be
achieved by using frequency multiplication chip
Schottky diodes with beam leads, type A92220-2
(manufactured by NPO “Salyut”, Nizhny Novgo-
rod) [3, 4].

Typical characteristics of diodes are as fol-
lows: zero bias capacitance Cy = 0.07 pF; loss re-
sistance R, =5 Q.

Diodes can be selected with the non-identity
of VAC and CVC characteristics of around 10 %.
Calculation results
With the help of the broadband tripler calculation
and design procedure [1], the tripler design was
optimized using the A92220-2 diodes with iden-
tical characteristics.

The obtained results are shown in Fig. 3.

The difference between the experimental
characteristic averaged by 10 tripler specimens
and the calculated characteristic is not more than
1...4dB.

Let us analyse the dependence of the
tripler’s output power level on the variation of
main diode parameters.
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Fig. 3. Frequency tripler output power level
at Pi, = 100 mW:
—o— — calculation; —— — experiment

Fig. 4 shows calculated characteristics of
the output power level for different values of
diode Cj at fixed R, = 5 Q; Fig. 5 shows these
characteristics for different R;at Cp = 0.07 pF.

It is obvious that simultaneous reduction
of Cpand R; to increase the efficiency of tripler
conversion is not possible without a decrease
in the available diode dissipation power; there-
fore, optimal values of Cy and R for a given fre-
quency range of the tripler and optimal values
of the maximum output power level of 100 mW
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Fig. 4. Output power level at Pi, = 100 mW, R, =5 Q
and different C, pF:
——001;, = -0.07;, ———-0.15; ————-0.25
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are to be selected based on the following compro-
mise: Co =0.07 pF and Rg=5 Q.
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Fig. 5. Output power level at P, = 100 mW,
Co=0.07 pF and different R, Q:
— —0.1; —=— — 1.0; «erveem -5.0; —o——10; ———-20

A detailed analysis of the requirements for
non-identity of diode parameters in terms of Cy
and R,, which causes spurious components in
the tripler’s output signal spectrum, is given in
[1]. It is shown that at the minimum practically
available identity of Cy and R, equal to 10 %, the
second harmonic is suppressed by 25 dB rela-
tive to the third one, while the fourth harmonic
is suppressed by 35 dB. The level of the second
harmonic is more sensitive to the non-identity of
diodes by R;, while the level of the fourth one
is more sensitive to the non-identity of diodes
by Cy. We should mention that the 75...110 GHz
broadband frequency tripler cannot filter the
second and fourth harmonics, because they are
within, or in close proximity to, the operating
frequency range. That is why, the requirements
for the non-identity of diode parameters are very
tough.

The conversion efficiency largely depends
on the behaviour of the variable CVC slope of
frequency multiplication diodes. We analysed
three different CVCs: nominal characteristic cor-
responding to real A92220-2 diodes, flat and steep
characteristics (Fig. 6).

Fig. 7 shows output power level characte-
ristics depending on the CVC slope.

Comparison of the results shows that a
steeper CVC allows to increase the conversion
efficiency by about 2 dB.
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Fig. 6. Diode CVC family:
—— —nominal; —— — flat; —— — steep
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Fig. 7. Output power level depending on CVC slope:
—o— — steep; —— — nominal; —— — flat

Conclusion

According to completed calculations, para-
meters of diodes and the degree of diode CVC
non-linearity have a considerable effect on the
frequency tripler’s output power level. Optimal
selection of diode parameters allows to design
a 75..110 GHz frequency tripler with output
power of at least 5 mW at Pi,= 100 mW (conver-
sion loss of no more than 13 dB with non-uni-
formity of £1 dB) and with the level of spurious
component suppression in the output signal spec-
trum of at least 25 dBc.

Comparing the obtained results with the
parameters of the equivalent WR10X3 frequen-
cy tripler model developed by Virginia Diodes,
Inc., one of the leading foreign manufacturers,
we should mention that this model has the con-
version loss of 12...15 dB in the frequency range
of 75...110 GHz.

Taking into account a good agreement of
calculation and experimental results regarding all
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the basic characteristics of the frequency tripler,
we may conclude that the proposed procedure
allows for a priori determination of appropriate
characteristics of a non-linear device without
expensive and labour-consuming experimental
studies.
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OnTumMu3anus NapaMeTpoB JUO0A0B IIUPOKONOJOCHOTO YTPOUTEJIA
gyacTtoTrhl 75...110 I'T'x

I'Ipose,u,eHa onTnMmn3aunda napameTpoB AMO0L0B LLUMPOKOMOITOCHOIO YTPOUTENA YacCTOThbl 75...110 Ty Ha ocHoBe
I'IpeﬂJ'IO)KeHHOﬁ MEeTOAMKN pacHeTa N NPOEKTUPOBAHUA C LIENbIO NMOBbILLEHUA Gd)d)eKTMBHOCTI/I npeo6pasoBaHMﬂ.
Knroyesbie criosa: yTpouTerb 4acToThbl, CBq-yCTPOVICTBO, Boan-cbapap,Haﬂ XapaKTepucTunka, BbiIxogHasa MOLL-
HOCTb.

Bepe3nn Burannii BuranbeBnd — acnupanT kadepbl 2IEKTPOHUKHA HIKETopoacKoTro rocy1apcTBEHHOTO YHUBEPCHTETA
nm. H. U. Jlobauesckoro, nmkenep 1-it kareropun AO «PHIIL « HHUWPT», r. Hiwkunit Hosropon.
OOnacTp HayYHBIX HHTEPECOB: IINPOKOIIOIOCHBIE TpeoOpazoBaresn yactoTel CBY- 1 KBY-nnamna3oHos.

IutoB Apkaanii MakCHMOBHY — JOKTOP TEXHHUYECKHX HayK, CTapIINil HAy4HBIH COTPYAHMK, BEIyIIUN HAy4HBII
corpyaauk OAO «OHIIL «HHUIIN «KBapy umenu A. I1. Topmkosay, r. Huxuauit Hosropon.

OOnacTh HayYHBIX HHTEPECOB: MPEOOpa30BaHME YAaCTOTH B IIPHEMO-TIEPEAIONIEH U PaJMON3MEPUTEIBHON ammapaTrype
CBY- u KBY-nnana3oHoB.
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