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Design and Performance Analysis of an Octave
Bandwidth Waveguide Mixer

LLOYD T. YUAN

Abstract—A new broad-band mixer capable of operating over two

full adjacent waveguide bands (18 to 26.5 GHz and 26.5 to 40 GHz) is

described. Witbin the octave bandwidtb from 20 to 40 GHz, tbe
maximum conversion loss is 6.5 dB with a corresponding average

DSB noise fignre of 5.7 dB. A theoretical analysis is given to treat

quantitatively the performance of the octave bandwidth waveguide
mixer.

I. INTRODUCTION

RECENT TRENDS in millimeter-wave activities have

shown increasing interest in broad-band receivers for

use in communications, meteorology, and electronic warfare

systems. One of the major requirements for a broad-band

receiver design is that its front-end mixer be sufficiently

broad-band. The need for an ultra-broad-band mixer design

becomes more obvious when used in an ECM environment

where maximum probability of intercept is required. Full

waveguide bandwidth mixers with respectable performance

have been reported recently [1], [2], but their operating

frequency band is limited to that of the waveguide band.

This paper describes a new approach for the design of a

waveguide mixer which has an operating frequency band

exceeding an octave bandwidth. The novel approach 1utiliz-

ing a crossbar mixer configuration in a double-ridge wave-

guide mount, hereafter referred to as the double-ridge

crossbar mixer, provides both low-noise and broad-band

characteristics [3].

This paper describes the design and performance of an

octave bandwidth mixer covering the frequency range from

18 to 40 GHz. Following a general discussion on the

requirements for achieving more than full waveguide band-

width performance, a theoretical analysis is given to treat

quantitatively the performance of the double-ridge crossbar

mixer over a broad range of operating frequencies. Finally,

the detailed design and performance results of the octave

bandwidth mixer are presented.

11. GENERAL DISCUSSION

In a conventional waveguide mixer design, the usable

bandwidth is generally restricted by the bandwidth-limiting

elements, such as the mixer diodes, RF choke sections,

impedance matching sections, etc., but ultimately it is

limited by the operating frequency range of the waveguide

used. Ordinarily, mixer performance degrades considerably

when operating with a bandwidth exceeding 10 to 15

percent. It becomes totally unusable when operating near
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the waveguide cutoff frequency because of unacceptably

high losses. In order to achieve a low-loss octave bandwidth

mixer design, a new configuration utilizing a crossbar mixer

together with a double-ridge waveguide mount was evolved.

This mixer design eliminates practically the critical

bandwidth-limiting elements. Fig. 1 shows the pictorial

representation of the mixer design. As shown, the two mixer

diodes are connected across the ridges of the waveguide

mount and the IF signal is extracted via a center crossbar

through the sidewall of the ridged waveguide mount where

the RF fields are at a minimum. This virtually eliminates the

requirements of RF chokes. In addition, the double-ridge

waveguide mount provides a relatively low waveguide im-

pedance to match the diode impedance. No bandwidth-

limiting quarter-wave impedance transformers are required,

thus further enhancing the broad-band performance of the

mixer design.

For the design of a broad-band mixer with a bandwidth

exceeding the operating frequency range of a standard

waveguide, it is necessary that the waveguide cutoff limita-

tion be removed. As an example, for an octave bandwidth

(e.g., 18 to 40 GHz) mixer design, the operating frequency

range covers two adjacent waveguide bands; i.e., K-band (18

to 26.5 GHz) and K=-band (26.5 to 40 GHz). It is not

possible to use the standard K.-band waveguide (WR28) for

the mixer design since the theoretical cutoff of the WR28

waveguide is at 21.08 GHz. The use of a double-ridge

waveguide mount extends the cutoff frequency for the TE ~0

mode to below 18 GHz. Specifically, for the standard

double-ridge waveguide (WRD 180 C24), the cutoff

frequency is lowered to 15.25 GHz. The crossbar mixer

design approach utilizing a standard WR28 waveguide has

demonstrated excellent RF performance covering the full

K.-band waveguide bandwidth [4]. A conversion loss as low

as 4 dB and an instantaneous RF bandwidth of over 13 GHz

(from 26.5 to 40 GHz) was achieved. The present design,

combining the advantages of the crossbar mixer and that of
a double-ridge waveguide mount, exhibits both low loss and

extremely broad-band characteristics.

III. THEORETICAL ANALYSIS

In a mixer design, the performance parameters of primary

concern are the operating bandwidth and the conversion

loss. Basically, the requirement for a broad-band mixer

design is that its frequency response be uniform and, more

particularly, its conversion loss be uniformly low over a wide

range of frequencies. For the purpose of analysis, the

conversion loss of a mixer is considered to consist of three

losses, namely:
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Fig. 1. Schematic diagram of the crossbar mixer.

mismatch loss due to impedance mismatches at the

RF and IF ports

loss due to the diode junction capacitance and its

series resistance

junction loss—the “intrinsic” loss at the diode junc-

tion which is dependent on the characteristic of the

mixer diode and its terminating conditions.

Mathematically, these losses can be expressed as

L1 = 10 log (1 – lr~~lz)(l – lr,~lz) dB (1)

where r~~ and rI~ are the reflection coefficients at the RF

and IF ports.

[ 1
Lz = 10 log 1 + # + (~Cj)2R,Rj dB (2)

J

where

R,

Cj
Rj

co

The

diode series resistance

diode junction capacitance

diode junction resistance

operating frequency.

“intrinsic” junction loss of a mixer del]ends on the

terminating cond~ions of the image frequen~y and is not

dependent on frequency. As an example, fclr the image

matched condition, the junction loss is given as [5]

‘3=[’+r+7fTT(1+~)~$
where go, g ~,and g ~ are the Fourier coefficients of the diode

conductance. As seen from (1 F(3 ), the frequency-dependent

losses are L1 and Lz, while L3 is frequency-independent. To

achieve broad-band performance, i.e., low and uniform

conversion loss over a wide range of frequencies, it is

necessary that losses L ~ and Lz be minimized and be

uniformly low over the frequency range of interest.
For the purpose of analysis, a simplified equivalent circuit

for the double-ridge crossbar mixer is developed, as shown

in Fig. 2, assuming that the crossbar structure is transparent

to the RF signals. The crossbar mixer is treated as two

single-diode mixers connected in series with respect to the

RF signals, except biased under different conditions.
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L
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Fig. 2. Simplified equivalent circuit of the crossbar mixer.

Included in the equivalent circuit is a backshort section

which is considered as an ideal contacting short located at a

distance 1 from the diode pair.

The following abbreviations are used in Fig. 2.

z backshort section impedance

= jZO tan (27cl/&)

z. double-ridge waveguide characteristic im-

pedance

A, wavelength in the double-ridge waveguide

1 distance from diode pair to the backshort

section

L whisker inductance

R, diode series resistance

Cjl,CJz junction capacitance for diode 1 and diode 2

under different bias conditions

Rjl,Rjz junction resistance for diode 1 and diode 2

under different bias conditions

For convenience, the whisker inductance and series resist-

ance of the two diodes are considered to be equal.

The equivalent circuit of the crossbar mixer at plane B-B

can be simplified by the impedance transformation as shown

in Fig. 3.

By combining the equivalent circuit of Fig. 3(d) with the
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backshort section, a new equivalent circuit for the crossbar
mixer is obtained as shown in Fig. 3(e). It is seen that for

impedance matching, the following conditions should hold.

R,= ZO (4)

and

2nl
mLP= —ZO tan —.

A,
(5)

It is recalled that the frequency-dependent losses are the

impedance mismatch loss Ll, and the diode parasitic loss L2,

while the junction loss L3 is frequency-independent. For

the calculation of bandwidth limitation of a mixer design,

only the frequency-dependent losses L1 and Lz will be

considered.

In order to simplify calculations, we assume that the

impedance mismatch at the IF port is a negligibly small

constant. Thus L1 becomes

L1 = –lo log (1 – lrRF12). (6)

Using the equivalent circuit of Fig. 4, it can be shown that

the reflection coefficient is given as

1/2

(7)

The mismatch loss L1 is given as

L1 = – 10 log

R, -(l+:]’+& +tm;z1,,j2- “

(8)

The diode parasitic loss L2 not only is frequency-dependent

but also depends on the values of R., Rj, and CJ For

minimum losses, the following condition exists

aL2 1
~=0 or Rj=—

J WCj “

(9)

By substituting (9) into (2), we have

[1
L2~i~=1010g 1+21

L
(lo)

where

~=J_
2CjR,

where ~ is the operating frequency.

Based on the equivalent circuit model developed for the

crossbar mixer, the mismatch and parasitic losses are

calculated over an octave bandwidth of operating frequency

range, i.e., 18 to 40 GHz as shown in the Appendix. The

calculated results are tabulated in Table I.

For the fully conducting diode having the parameters as

described in the Appendix, the average “intrinsic” junction

loss L3 for a mixer under an image matched condition is

approximately 3.8 dB over the frequency range of interest

[6]. Assuming that the IF mismatch loss is 0.5 dB, the total

conversion loss L of the mixer (i.e., L = L1 + L2 + L3 + 0.5
dB) is plotted against frequency as shown in Fig. 7(a). It is

seen that the frequency response of the mixer is remarkably

uniform over an octave bandwidth frequency range, clearly

indicating the broad-band characteristic of the mixer design.

IV. OCTAVE BANDWIDTH MIXER DESIGN

In the design of a low-noise broad-band mixer, careful

consideration must be given to reducing parasitic losses in

the circuit components and eliminating critical bandwidth-

limiting elements. The key components of primary concern

in a broad-band mixer design generally include the mixer
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requency

(GHz)

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

TABLE I
MIXER MISMATCH AND PARASITIC Loss

Mismatch Loss, I

(dB)

1.2414

.8478

.5718

.3767

.2398

.1455

.0828

.0431

.0200

.0083

.0039.

.0037

.0050

.0062

.0061

.0043

.0016

.0000

.0033

.0183

.0556

.1317

.2710

Parasitic Loss, L, (dB)

Oiode 1

.6946

.695o

.6955

.6960

.6965

.6970

.6975

.6981

.6987

.6993

.7000

.7006

.7013

.7020

.7028

.7035

.7043

.7051

.7060

.7068

.7077

.7086

.7095

Oiode 2

.0811

.0860

.0913

.0968

.1025

.loa6

.1148

.1214

.1281

.1352

.1425

.1500

.1578

.1659

.1742

.1827

.1915

.2006

.2099

.2194

.2291

.2391

.2494

—
Total Loss (d8

L, + L2

2.0171

1.6288

1.3586

1.1695

1.0388

.9511

.8951

.8626

.8468

.8428

.8464

.8543

.8641

.8741

.8831

.8905

.8974

.9057

.9192

.9445

.9924

1.0794

1.2299

diodes, the impedance matching elements, and the RF choke

section for the extraction of the IF signals. The lperformance

of these components is frequency-limited-particularly the

stepped impedance transformer and the RF choke section

ordinarily used in the conventional mixer design, which

seriously degrades the bandwidth performance of the mixer.

In the present mixer design approach, a crc)ssbar mixer

together with a double-ridge waveguide mount is utilized.

This eliminates the bandwidth-limiting circuit elements,

such as the stepped impedance transformer and the RF

choke sections, and provides an inherent impedance-

matching condition for both the RF and the IF signals,

resulting in a mixer design with octave bandwidth

performance.

The basic requirements for designing a mixer with an

operating frequency range over an octave bandwidth areas

follows .

1) The waveguide components used for the fabrication of

the mixer must have an effective usable bandwidth well

exceeding an octave bandwidth.

2) The circuit elements, such as the mixer diode and its

embedding network, must be sufficiently broad-band and

must be properly matched to the waveguide impedance over

the octave bandwidth frequency range.

Based on these requirements, an octave banciwidth mixer,

utilizing a crossbar configuration in a double-ridge wave-

guide mount, was designed, fabricated, and tested. This

mixer is capable of operating over the frequency range from

18 to 40 GHz. Fig. 4 shows the mechanical configuration of

the mixer design where the mixer mount is built from the

standard double-ridge waveguide mount (WRD 180 C24).

The octave bandwidth crossbar mixer consists of a

double-ridge waveguide mount, a ridged waveguide-to-

coaxial line transition, two Schottky-barrier diodes, and a

low-pass filter, as shown in Fig. 1. The double-ridge wave-

guide mount also serves as the backshort housing of the

mixer mount.

The heart of the mixer is a pair of low-noise GaAs

Schottky-barrier diodes connected in series across the broad

walls of the ridged waveguide. As shown in Fig. 1, one of the

electrodes of each diode is connected to a metal crossbar

which serves as a mechanical support for the diodes and also

as a transmission line for the incoming LO power and the IF

output signals. In actual operation, the RF signal is fed

directly to the ridged waveguide port. On one end of the

crossbar, LO power is fed via a ridged waveguide-to-coaxial

line transition and capacitively coupled to the diodes. The

IF output is extracted from the opposite end of the crossbar

via a microwave integrated-circuit low-pass filter (LPF).

The LPF was fabricated on sapphire substrate with a cutoff

frequency exceeding 12 GHz. The use of the LPF at the IF

port is to prevent LO power leaking to the output. Elec-

trically, the two mixer diodes are connected in series with

respect to the RF signal and in parallel with the IF output.

This provides a higher impedance level to the RF signal and

a lower impedance level to the IF signal than a single diode

mixer. Therefore, an inherent impedance match condition

for both the RF and IF signals is achieved for broad-band

performance. In addition, the relatively low impedance of

the ridged waveguide further improves impedance matching

of the mixer diodes. This results in an extremely broad-band

mixer design with uniformly low losses over an operating

frequency range exceeding an octave bandwidth.

The other microwave circuit components essential for the

octave bandwidth mixer design are the double-ridge wave-

guide mount and the ridged waveguide-to-coaxial line tran-

sition. These components must provide sufficient bandwidth

to cover the operating frequency range, e.g., 18 to 40 GHz.

The double-ridge waveguide used for the 18 to 40-GHz

mixer design has the dimensions shown schematically in Fig.

5.

The key parameters essential for a ridged waveguide

design are:

1) the effective usable bandwidth defined by the cutoff
frequencies of the TEIO and TEZO modes
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Fig. 5. Double-ridge waveguide (all dimensions in inches).
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Fig. 6. Double-ridge w“aveguide impedance versus frequency.

2) the waveguide attenuation

3) the waveguide impedance.

According to Hopfer [7], with the dimensions shown in

Fig. 5, the double-ridge waveguide has a usable bandwidth

from 15.25 to 44.8 GHz, which is more than adequate for the

18 to 40-GHz operating bandwidth. The attenuation of the

double-ridge aluminum waveguide is approximately 0.6

dB/ft at 18 GHz and 0.2 dB/ft at 40 GHz, clearly insignificant

for this application.

The characteristic impedance for a double-ridge wave-

guide is given by Chen [8] as

z~ =
z

TTT~_“m&2
f

(11)

where

Zo~ the characteristic impedance at infinite frequency
for the TEIO mode

f: the TE lo mode cutoff frequency of the double-ridge

waveguide

f the frequency of operation.

Fig. 6 shows a plot of the double-ridge waveguide im-

pedance versus frequency. It is seen that the impedance level

of a double-ridged waveguide is substantially lower than

that of a standard K.-band (26.5 to 40 GHz) waveguide

(WR28), which varies from 443 to 623 fl.

The ridged waveguide-to-coaxial line transition used in

the 18 to 40-GHz mixer is a double-ridge aluminum

waveguide construction (Model R45, MRC). This transition

provides acceptable performance for the present design.

Over the frequency range of 18 to 36 GHz, the typical VSWR

is 1.3:1, with a maximum insertion loss of 1 dB within the 18

to 36 GHz range and 2 dB from 36 to 40 GHz. The higher

insertion loss at the high end of the frequency band is not

important for the present application because it is at the LO

port. It will not affect the conversion loss of the mixer except

that higher LO power is required to drive the diodes.

V. MIXER DIODE CHARACTERIZATION

The Schottky-barrier diode plays the key role in the

performance of the mixer. In fact, the ultimate bandwidth

and noise performance of a mixer is determined by the

quality of the diodes. It is, therefore, essential that

the Schottky-barrier diodes be fully evaluated prior to their

use in the mixer circuits. Evaluation is generally performed

by measuring the “n-factor,” R, and ~, of the mixer diode.

The n-factor and R. are defined by the I–V characteristics of

a forward-biased diode as follows:

1 = 10 exp
q(V – IR,)

nkT
(12)

where

I diode current

V applied voltage

10 diode saturation current

q electron charge

k Boltzmann’s constant

T absolute temperature

n diode ideality factor

R, diode series resistance.

It is seen from (12) that the n-factor and R, can be

determined by the I-V characteristic of the diode. The

values of the n-factor and R, are used to determine the dc

quality of the mixer diode. Generally, for a good quality

mixer diode, the n-factor and R, should be less than 1.1 and

100, respectively.

The cutoff frequency fC of a mixer diode is defined as

fc=_!_
27cCjR,

(13)

where Cj is the diode junction capacitance. The cutoff

frequency sets the ultimate limit of the mixer for use at high

frequencies. It is desirable that the cutoff frequency be high

for high-frequency applications. As can be seen from (13), for

high f., both the C jand R~must be minimized. Minimization
of Cj requires a small diode junction area as well as the use of

low carrier concentration semiconductor materials.
However, both of these (small junction area and low concen-

tration material) increase the series resistance of the diode,

which in turn lowers the cutoff frequency [see (13)]. To reach

a compromise, an extremely thin epitaxial layer of

moderately low carrier concentration is used. As an exam-
ple, GaAs epitaxial layers with a carrier concentration of

6 x 1016 cm-3 and a thickness of less than 0.3 ,um have been

used successfully for the fabrication of Schottky-barrier

diodes of 4-pm diameter. These mixer diodes have typical

C~s and R,’s of 0.01 pF and 5 Q, respectively, under zero-bias

conditions. This type of mixer diode has been used over the

frequency range from 20 to 75 GHz with excellent

performance.
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VI. l%RFORMANCE EVALUATION AND RESULTS

The bandwidth performance of a mixer is primarily

restricted by the frequency-dependent elements associated

with the mixer as well as its embedding network. In order to

achieve ultra-broad-band and low-loss performance, con-

siderations must first be given to minimizing the parasitic

inductances, capacitances, and loss elements. These include

the whisker inductance, the junction and package (if any)

capacitances, and the series resistance. However, for a given

mixer diode (i.e., Cj and R, fixed), the ultimate broad-band

performance of the mixer can be achieved by proper selec-

tion and implementation of the following critical

bandwidth-limiting elements:

contact whiskers

adjustable backshort section

crossbar geometry.

An octave bandwidth mixer (Fig. 4) was designed and

fabricated using GaAs Schottky-barrier diodes having

Cj = 0.01 pF and R, = 5 fl. In the mixer design, perfor-

mance optimization was achieved by precision design and

fine tuning of every single element in the mixer circuit. The

length of the contact whisker must be properly selected so

that sufficient inductance will be provided for tuning out the

parasitic capacitances of the mixer. A whisker length of

approximately 0.02 in using a 0.00 l-in diameter wire was

used in the present design. In addition, a contacting short of

the plunger type was used to provide external tuning for the

mixer. Ideally, the metal crossbar embedded in the wave-

guide should be transparent to the microwave signal and be

lossless. In fact, for a properly designed crossbar, it can be

considered as a microwave circuit with reactive elements

only. It is, therefore, essential that the geometry and dimen-

sions of the crossbar be properly designed such that its

resonances do not occur within the operating frequency

band of interest. In the present design, a 0.025-in diameter

cylindrical crossbar of full waveguide width is used.

Evaluation of the octave bandwidth mixer was carried out

using K-band (18 to 26.5 GHz) and K.-band (26.5 to 40

GHz) test equipment with appropriate ridged waveguide-

to-standard waveguide transitions. Fig. 7 shows the mixer

conversion loss and noise figure performance over the 18 to

40-GHz range, measured with the mixer fixed tuned at 35

GHz. Also shown in Fig. 7 is the calculated conversion loss

of the mixer obtained by the method and the equivalent
circuit shown in Section 111. It is seen that the measured

conversion loss is in good agreement with the calculated

value over the operating frequency range. The uniform

distribution of the conversion loss over the frequency band

fully demonstrates the broad-band characteristics of the

mixer design. The double-sideband noise figure of the mixer

was measured using an IF amplifier with a 1.5-dB noise

figure. Over the octave bandwidth from 20 to 40 GHz, the

measured minimum noise figure was 4.8 dB and the maxi-

mum 7 dB. It should be noted that from 22 to 40 GHz,

the minimum and maximum noise figures are 4.8 and 5.7 dB.

A differential of only 0.9 dB over a bandwidth of 18 GHz

clearly indicated the exc~llent broad-band performance of

the mixer design.

9
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Fig. 7. (a) Octave bandwidth mixer conversion loss versus frequency.
(b) Noise figure versus frequency.

VII. CONCLUSION

The performance of the octave bandwidth mixer is ex-

tremely encouraging, particularly, the bandwidth perfor-

mance which exceeds an octave bandwidth. It was found

that the most critical bandwidth-limiting parameter is the

junction capacitance of the mixer diode which ultimately

limits the operating bandwidth of the mixer design. An

equivalent circuit model for the double-ridge crossbar mixer

was developed, which treats quantitatively the bandwidth

performance of the mixer over a wide range of frequencies.

This circuit model provides a guideline for selecting the

essential circuit parameters of the mixer design to achieve

broad-band performance.

The design principle of the octave bandwidth mixer can

definitely be extended to other frequency ranges by proper

scaling. It is possible that the same design approach maybe

used for the design of mixers operating from 40 to 80-GHz

and 80 to 160-GHz regions. This offers the technical feasi-

bility of covering the 20 to 160-GHz frequency range with

just three mixers.

APPENDIX

CALCULATION OF MISMATCH AND PARASITIC LOSSES

OF THE CROSSBAR MIXER

To calculate the mismatch and parasitic losses of the

mixer, we need to know the parameters, R,’s, R;s, and C/s of

the mixer diodes. The exact values of these parameters

cannot be determined without knowing the bias and local-
oscillator drive conditions on the mixer diode. Since the

local-oscillator drive level on the diode is not precisely
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known, in order to get an estimate of the value of these

parameters, we make the following assumptions.

1) At each half cycle of the LO frequency, one of the

diodes is fully conducting while the other one is partially

conducting and being biased with a dc bias only.

2) Both of the diodes are operating under a small-signal

condition such that

(i81 -1 nkT
Rj= — =—

av
for V > IR,

qI ‘

29

= l(ma)’
for n = 1.1, T = 298 K. (A-1)

Equation (A-1) is derived from the I-V characteristic of a

mixer diode [see (12)].

The junction capacitance of the diode can be determined

as follows [9]

JCj=Cj” (m:v)
where

C’jo zero bias junction capacitance

(A-2)

[1&qN~ 112
=/4 —

20

A junction area

& semiconductor permittivity
—— 1.11 x 10-12 F/cm for GaAs with & = 12.5

q electron charge

N~ donor concentration

assuming that GaAs Schottky-barrier diodes are used for

the fabrication of the crossbar mixer operating over the

frequency range from 18 to 40 GHz. The Schottky barrier

diode has the following characteristics:

carrier concentration N~ = 6 x 1016 Cm-3

barrier potential @=o.9v
diode area (4 ~m diameter) A = 1.25 x 10-7 cm2

series resistance R~=5L2.

Under the condition of minimum conversion loss, the

measured bias currents were typically 1 mA for the fully

conducting diode and 50 PA for the partially conducting

diode. Based on the I-V characteristic of the GaAs

Schottky-barrier diode used, this corresponds to a bias volt-

age of 0.75 V for the fully conducting diode and 0.6 V for

the partially conducting diode. Using the preceding bias

conditions, the parameters of the two diodes are calculated

as follows:

HcqN~ 112
Cjo=A ~ = 9.6 X 10-15 F.

For the fully conducting diode,

rcjl=c’” (m:v) = 9“6x10-15K
= 2.35 X 10-14 F

R, =y_29Q
J1 1–”

For the partially conducting diode,

J.Cj2 = 9.6 x 10-15 0 9°~906 = 1.66 x 10-14 F

Rj2 =
29

so x ~o_3 = 580 Cl

By substituting R., Rjlj Rjz, Cjl, and Cj2 into the equation

shown in Fig. 3 at a fixed tuned frequency of 35 GHz, we

have

R; = 28 !2, C\ = 1.07 x 10-12 F

R; = 106 Q, C: = 2.03 x 10-14 F.

Using the impedance match condition, RP = 2., (4), where

20 is the double-ridge waveguide impedance at 35 GHz, and

solving for L, we have L = 6.66 x 10– 10 h. Then, we calcu-

late coLP using the equation shown in Fig. 3, i.e., coLP = 386

f2. The backshort distance 1can be obtained by solving (5)

for 1 as follows:

~9

where

A,=
A“

[ = 0.94 cm at 35 GHz.
lff\2

Thus 1= 0.298 cm.

Now with the mixer fixed tuned at 35 GHz, i.e., the

backshort position is fixed, the mismatch and parasitic

losses from 18 to 40 GHz are calculated. The calculated

results are tabulated as shown in Table I. The parasitic loss is

the sum of the losses contributed from the two diodes under

different biased conditions.

ACKNOWLEDGMENT

The author wishes to thank Dr. J. S. Honda and Dr. J. E.

Raue for their support and many helpful discussions during

the course of the work. Appreciation is also due to F. M.

Garcia for carrying out the microwave measurements.

REFERENCES

[1] A. Hislop and R. T. Kihm, ‘CA broad-band 40-60 GHz balanced
mixer; IEEE Trans. Microwave Theory Tech., vol. MTT-24, pp.
63-64, Jan. 1976.

[2] N. Kanmuri and R. Kawasaki, “Design and performance of a 60-90
GHz broad-band mixer,” IEEE Trans. Microwave Theory Tech., vol.
MTT-24, pp. 256-261, May 1976,

[3] L. T. Yuan, “Low noise octave bandwidth waveguide mixer,” pre-
sented at the 1977 IEEE MTT-S Int. Microwave Symp., June 21–23,
1977.

[4] — “Millimeter wave technology and EHF recewer development;
TRW Defense and Space Systems Group, Redondo Beach, CA, 1975
IR&D Final Report, Sec. 5, pp. 45-70, Feb. 1976.

[5] M. R. Barber, “Noise figure and conversion loss of the Schottky bar-
rier mixer diode,” IEEE Trans. Microwave Theory Tech., vol.
MTT-15, pp. 629-635, NOV. 1967.

r61 L. E. Dickens and D. W. Maki, “An integrated-circuit balanced mixer,
image and sum enhanced,” IEEE Trans.-Microwaue Theory Tech., vol.
MTT-23, DR. 276-281, Mar. 1975.

[7] S. Hopfer~’;The design and ridged waveguide~ IRE Trans. Microwave
Theory Tech., vol. MTT-3, pp. 20-29, Oct. 1955.

[8] T. S Chen, “Calculation of the parameters of ridge waveguides~ IRE
Trans. Microwave Theory Tech,, vol. MTT-5, pp. 12-17, Jan. 1957.

[9] H. A. Watson, Ed., Microwaue Semiconductor Deuices and Their Cir-
cuit Applications, New York, NY: McGraw-Hill, 1969, ch. 11.


