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A Broad-Band Second-Harmonic Mixer
Covering

RYOJI KAWASAKI AND

Aibwwct--A broad-bared second-harmonic millimeter-wave mixer has
Lreernlcorrstroeted. The cirersitconsistsof a siregfe smencapsutated

Selsottky-barrier diode and MSembedding network which includes a wave

absorber in the fF output termirmf. The conversion 10ss of the mixer fs
14.6 t 0.9 dB over a frequency range of 76-106 GHs. The mixer is

pumped by a Ioeaf oseiflator that is tuned over the raoge of 37.15-52.15

GHx. The [F is kept eonstaot at 1.7 GHs. The new mixer looks attractive
for use in broad-band Wlmeter-wave measrering eqeeipmen~ such as

speetnurr analyzers.

76-106 GHz

MASAMI AKAIKE, MEMBER, IEEE

I. INTRODUCTION

I

T HAS BEEN SHOWN by several workers that the

technique of subharmonic pumping (or harmonic

nixing) is very useful at millmeter-wave frequencies where

fundamental local-oscillator power sources may be too

costly, or not practical for a particular system [ 1]–[7]. The

study of such mixers involves the following two areas of

irrvestiga.tion: 1) minimizing the mixer noise temperature

and conversion loss, and 2) obtaining a broad RF band-

width. A, large bandwidth is very important if the mixer is

used for broad-band measuring purposes, such as for

spectrum analyzers. In previous reports on harmonic

mixers, :major effort has been directed toward minimizing

mixer noise temperature and conversion loss over the

relatively narrow bandwidth. Achieving full waveguide

band operation was not addressed.
In a previous report [8], one of the authors has proposed

a new broad-banding technique using a wave absorber in

the IF circuit and has proved its practicability with a

60--9O-G,Hz fundamental mixer. It is the purpose of this

paper to describe how this broad-banding technique has

been extended to harmonic mixers in the higher frequency

region, and to demonstrate the broad-band characteristics

with an experimental mixer. The mixer is operated in the

1OO-GHZ band, pumped by a tunable 50-GHz-band local

oscillatclr. The IF is fixed at 1,7 GHz. A single unen-

capsulateci GaAs Schottky-barrier diode is used. The di-

ode mount has a crossed-waveguide configuration. Circuit

construction, conversion loss versus bias voltage, and

frequency response of the experimental mixer are de-

scribed in detail.
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Fig. 1, Cross-sectional view of the harmonic mixer. @ Two wave-

guide-taper transitions. @ A diode mount. @ Two waveguide
shorts. A crossed-waveguide configuration is used. A single unen-
capsulated diode is mounted directly in the waveguide. A wave ab-
sorber is embedded in the IF coaxial circuit. Afl dimensions are
presented in millimeters.

II. CIRCUIT DESCRIPTION

A. Outline

The inside structure of the mixer is shown in Fig. 1, and

a photograph of the complete mixer is shown in Fig. 2.

The mixer circuit consists of three major parts @ two

waveguide-taper transitions, ~ a diode mount, and @

two waveguide shorts. The taper transitions provide im-

pedance matching between the standard- and reduced-

height waveguides. The diode mount is located at the

intersection of the input-signal and local-oscillator wave-

guides. The respective widths of the two waveguides are

the same as the standard-size WR- 10 and WR- 19 wave-

guides (Table I). The waveguide shorts are used for

matching the diode to the waveguides.

The IF circuit is made of a coaxial line with a char-

acteristic impedance of 50 !2. A wave absorber is em-

bedded in the IF circuit, A coaxial filter is not used.

B. Wave Absorber Insertion

The wave absorber is used in the IF line to prevent the

harmful effect caused by the reflection of the input-signal

and local-oscillator powers leaked into the IF coaxial line

from the waveguides. The absorber used is a material
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Fig. 2. Photograph of the harmonic mixer. @) A mixer mount includ-
ing two waveguide-taper transitions and two waveguide shorts. @ A
waveguide wafer in which a diode is mounted. The waveguide wafer is
embedded in the mixer mount when the mixer is operated.

TABLE I

Waveguide The standard frequency band Inside dimension

The WR-10 waveguide 75 GHz – 110 ~Z ~ 2.540 mm x 1.270 mm

The WR-19 waveguide 40 GHz – 60 GHz 4.775nm X 2.38s ran

made by solidifying carbonyl-iron powder with epoxy

resin, The amount of carbonyl iron is 85 percent by

weight percent, and its grain diameter is about 2 pm. The

measured loss of the absorber material is 5–10 dB/cm.l

The dimensions of the absorber material used in the

experimental mixer are shown in Fig. 1.

C. Diode Fabrication

The GaAs Schottky-barrier diode used has a honey-

comb structure, and its junction diameter is 3 pm. Ap-

proximate series resistance and zero-voltage junction

capacitance of the diode are 13 !J and 0.015 pF, respec-

tively. (Excess series resistance due to the wave absorber

is not included.) The contact to the diode is made by

pressing a spring-loaded whisker using a short AuGa wire

against one of the small junctions on the surface of an

oxide-protected chip. The whisker is 25 pm in diameter,

and is electrolytically sharpened to a tip radius of about 1

pm. For easy fabrication, the metal post supporting the

diode chip is used as a common center-conductor to the

two coaxial lines, i.e., one is the IF coaxial line and the

other is the coaxial line through which the two reduced-
height waveguides are coupled to the diode.

D. Minimization of Parasitic and Impedance Matching

The factors which restrict the RF bandwidth are: 1)

shunt capacitance of the diode mount, and series induc-

l~i~ is ~ ~ea~ured value of insertion loss for the absorber materi~

mounted in rectangular waveguides in a 40-90-GHz range [9].
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Fig. 3. Conversion loss versus bias voltage for various values of local-
oscillator power. At the s ecified bias voltage and local-oscillator

bpower marked with a sign . in the figure, the two waveguide shorts
of the input-signal and local-oscillator waveguides are adjusted before-
hand to the optimum point that gives a minimum conversion loss.
Then these waveguide shorts are fized for other values of bias voltage
and local-oscillator power. (Input-signal frequency = 100 GHz. Local-
oscillator frequency =49. 15 GHz. IF= 1.7 GHz.)

tance due to the whisker, and 2) reactance due to tuners

and filters. It is apparent that the excess capacitance and

inductance increase the circuit Q and decrease the RF

bandwidth accordingly. In order to minimize parasitic

parallel capacitance and series inductance, an unencapsu-

lated diode is mounted directly in the waveguide, and the

whisker is shortened to the practical fabrication limit of a

total length (the expanded length) of 300 pm. The calcu-

lated whisker inductance is approximately 0,2 nH [10].

Moreover, the diode-holder structure is made as simple as

possible, that is, no stub tuners or waveguide filters are

used.

The impedance matching between the diode and the

waveguides is obtained by reducing the waveguide height

to 400 pm and adjusting the two waveguide shorts.

III. EXPERIMENTAL RESULT

A. Measuring Setup

The mixer is operated as an upper sideband downcon-

verter pumped by the second harmonic of the local-oscil-

lator frequency. The IF is fixed at 1.7 GHz. Two reflex

klystrons are used as the input-signal source and the

local-oscillator source. The mixer is supplied with dc bias

through the IF port. A dc block tee separates the IF

circuit from the dc circuit. Thermocouple power meters

are used in the RF and IF power measurements.

B, Conversion Loss Versus Bias Voltage

Measured conversion loss versus bias voltage for vari-

ous values of local-oscillator power is given in Fig. 3. At

the specified bias voltage and local-oscillator power indi-
cated in the figure, the two waveguide shorts of the

input-signal and local-oscillator waveguides are adjusted

beforehand to the optimum point that gives a minimum

conversion loss. Then these waveguide shorts are fixed for

other values of bias voltage and local-oscillator power.

Two minimum values of conversion loss are observed

for a given local-oscillator power. (No such phenomenon

has been observed in the fundamental mixer previously
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reported by one of the authors [8].) The smallest values of

conversion loss are obtained at a forward bias voltage of

about 0.7 V. The bias dependence is more critical when

the mixer is forward biased. As the local-oscillator power

increases, the second minimum point moves in the nega-

tive bias direction. Thus the conversion loss characteristics

versus bias voltage of harmonic mixers show fairly com-

plex curves. Consequently, careful bias adjustment is re-

quired for a given local-oscillator power in order to obtain

efficient and broad-band characteristics.

C, Frequency Response

Fig. 4 shows the frequency response for the two differ-

ent bias voltages which give the minimum value of con-

version loss in Fig. 3. In this measurement, the input-

signal and local-oscillator frequencies are changed simul-

taneously so as to keep the IF constant at 1.7 GHz. The

two waveguide shorts of the input-signal and local-oscilla-

tor wavcguides are adjusted beforehand to the optimum

point that gives a minimum conversion loss at 100 GHz.

Then th:se waveguide shorts are fixed for other frequen-

cies. The spacing between the diode plane and the short

plane is 0.25–0.40 & (~ is the guide wavelength) for both

the input-signal and local-oscillator waveguides. The bias

voltage and local-oscillator power are kept constant at the

values g wen in Fig. 4 over the measured frequency range.

130th bias voltages 0.68 and – 0.5 V give similar

frequency responses. The forward bias voltage, however,

gives a smaller conversion loss over the measured

frequency range than the backward one. The conversion

loss is 114.6f 0.9 dB over a frequency range of 76106

GHz for a bias voltage of 0.68 V and a local-oscillator

power of 8 dBm.

IV. CONCLUSION

Circuit construction and experimental results of a

broad-b,mded millimeter-wave second-harmonic mixer

using a wave absorber in the IF circuit have been dis-

cussed. The broad-band frequency response covering

76–106 GHz has been measured. This type of harmonic

mixer will be useful in millimeter-wave instrumentation,

such as spectrum analysis.
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Fig. 4. Frequency responses. The input-signal and local-oscillator
frequencies are simultaneously changed to keep the IF frequency
constant at 1.7 GHz. The two wavegnide shorts of the input-signal and
local-oscillator waveguides are adjusted beforehand to the optimum

point that gives a minimum conversion loss at 100 GHz. Then these
waveguide shorts are fixed for other frequencies.
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