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The first term on the right-hand side of (55) equals zero.

Combining (53) and (55), for the integral of (50) we

obtain

1
– y(~o X no). (in- X fi+) . (56)

However, if we use (38), we find that the integrand of

(56) reduces to a total differential

@Zo .; (m. x m+) – y(mo x 770) ~(m. x ?%+)

= up; (mom- x %+).

The integral over one period in ~ of a total derivative

with respect to ( is zero. Thus, we have proved the cor-

rectness of (49). Finally, we have to prove (48). First,

we note that El!! is parallel to ~0. Thus it is possible to

write Z1ll in the form

77111= Eo(L)j(t, n),

where ~(~, q) is an arbitrary scalar function

Thus,

: (m,) 77,11 = : (Zr,.mo)f(g, q) .

However, from (32) and (28), we have

(39)

of ~ and q.

(57)

32,.2WO+7FI.320= –@wIxno+7zox77J.Eo

– -/(370x 770).Z?l = o. (58)

Thus, for every ‘(process-line” originating at the source

of the ~-q plane, we have

i—)_
Wj-pao) +W&mzro)=o. (59)

Therefore ml oEO is constant along every process line.

At the origin, all process lines have the same value of

ml o~o. Hence, ml. ~. is constant throughout the en-

tire ~-q plane and

8(EI . mo)
o.

6’71 =

Accordingly, (57) equals zero. This proves the correct-

ness of (48).
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One Aspect of Minimum Noise Figure Microwave
Mixer Design*
SAUL M. BERGMANN~

Summary—A theory is derived which enables a direct measure-

ment of the optimum RF impedance for minimum noise figure. This

is achieved by an extension of Pound% method for loss measure-
ments. Also, an analysis is made of the relation between minimum
noise figure and maximum gain of the mixer represented as a two-

port network.
The procedure consists of first matching the RF signal input

terminals with short-circuited IF terminrds. Next open-circuited IF
terminal condkions are obtained by a circuit used by Pound. Then

* Manuscript received by the PGMTT, February 5, 1958; revised
manuscript received, April 3, 1958.

f Laboratory for Electronics, Boston, Mass.

a reference plane is determined coinciding by preference with the
plane of a maximum in the standing wave pattern of VSWR = r. A
discontinuity is Iinally introduced that would have a VSWR of
~ = ~~ and have its maximum or minimum at the plane of reference.

INTRODUCTION

M

I CROWAVE mixer performance has been

treated in the literature [1 ]– [3 ]. In this paper

the mixer is represented by a two-port network.

It is assumed that the network has been optimized on an

image-frequency termination basis. The aspect treated
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is that of determining the optimum mismatch value for

the RF signal source. This is done by an extension of

Pound’s analysis of loss measurement. Minimum loss

conditions are first determined. The relation between

minimum loss and minimum noise figure is then taken

up. Finally an outline is given of the determination of

optimum mismatch.

MINIMUM Loss REQUIREMENT

Mixer behavior can be represented by a three-termi-

nal pair network. The terminals are the signal input, IF

output, and image frequency load. This representation

has been confirmed experimentally and is considered

adequate for practical purposes. The same nomenclature

as with some treatments made elsewhere [4]– [5 ] will be

used throughout.

It can be shown that the expressions [5] for signal

source admittance giving minimum loss correspond to

the conjugate-image impedances as developed by Rob-

erts [6], and hold for any two-terminal-pair network.

It is advantageous to choose RF and IF terminals so

that (1 11) and (112) in Torrey and Whitmer [5] can be

considerably simplified. For this the following conditions

must be fulfilled.

1) With the IF terminals short-circuited, the RF in-

put is matched to satisfy

Y,. = Ye = G.. = G...

2) The capacitor of the IF resonant circuit in

Pound’s apparatus [7] is adjusted to set up maximum

signal reflection. This is equivalent to an addition of a

susceptance, bB to the IF terminals, which resonates out

the imaginary part of Y_8P. This corresponds to open-

circuited IF terminals.

3) With a standing-wave pattern resulting from con-

dition 2 a choice of RF terminals is made so that Y.

= Yo. is real and equal to GO..

These terminals would lie in a plane of a maximum or

a minimum in the standing-wave pattern.

It may be shown that with this choice of RF termi-

nals, ( Y.p YE.) is real and equal to GaPBa.

Further, the loss

(1)

This is the underlying theory of Pound’s apparatus

for loss measurements.

We now write the value of (1 11) and (1 12) of Torrey

and Whitmer [5], and (14) of Pound [9] under fulfill-

ment of conditions 1–3. These equations become re-

spectively

(2)

If (3) is put into (4) for yd, the resulting equa~ion

becomes equal to (2).

Furthermore, since

G.. = G.. = Go

where Go is the characteristic conductance of the guide,

(5)

‘z 41-%;11’2 ‘6’4GG=G

which is identical to (2).

Since the network is purely resistive with these proper

terminals this result means that (6) is an image im-

pedance of the network looking into the RF side. Thus

if an RF signal source of impedance equal to (6) were

connected to the network, it would correspond to mini-

mum loss (or maximum gain). For this to be achieved

it is seen from (5) that

G.e < G,.

and GJGO, = T, where r is the VSWR as measured u nclei-

condition 2. It follows that G~c corresponds to a plane of

maximum in the standing wave pattern.

It is possible to set up an impedance /G,GGoc at the
——

plane corresponding to G~c.

The VSWR p corresponding to this impedance is

given by

Thus, in order to satisfy the condition of minimum

loss a real impedance of magnitude p = v’; has to be set

up at the plane of G~.. This can be readi’ly done since p

and the plane of dG,CG~. are given.

MINIMUM NOISE FIGURE CONDITION

In an unpublished paper, Haus and Adler [8] have

studied the noise behavior of a network whose internal

noise contribution can be considered thermal of tem-

perature T.

A relation

F–1 T

T.
1–+

is then found where F is the noise figure of the network,

G is the gain of the network, and T. is the absolute ref-

erence temperature, i.e., 290”K.



326 IRE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES July

An analysis of F as a function of G for the case of a

passive network shows that F is a monotone decreasing

function of G. Therefore it follows that the condition of

maximum gain would correspond to that of minimum

noise figure of the network. Consequently, if the mixer

can be considered as a network whose noise contribution

is of thermal nature, one would be interested in mini-

mum loss for minimum noise figure.

SIGNAL-SOURCE IMPEDANCE SETUP FOR

MINIMUM NOISE FIGURE

On the bask of the foregoing analysis an outline is

given of the experimental setup for minimum noise

figure source impedance.

1)

2)

3)

4)

General precautions should be taken as outlined

by Wheeler and Dettinger [3].

The IF output is terminated by Pound’s IF cir-

cuit [7]. With the switch in the short-circuit po-

sition, the VSWR is measured on the RF side and

matched.

With the switch in the open-circuited position,

tune the circuit to provide maximum VSWR = r

on the RF side which was previously matched,

and measure r.

The plane corresponding to a maximum or mini-

mum in the standing wave whose VSWR = r is

recorded and p k calculated.

5) A discontinuity k introduced in the line to set up

a real impedance of magnitude p = ~~ at the

recorded plane.

Circumstances did not permit supplementing these

considerations with experimental data.

[1]

[2]

[3]

[4]

[5]

[6]

[7]
[8]

[9]

BIBLIOGRAPHY

Pound, R. V. Microwave Mixeys. New York: McGraw-Hill Book
Company, Inc. (1948), pp. 61-68.

Strum, P. D. “Some Aspects of Mixer Crystal Performance, ”
PROCEEDINGS OF THE IRE, Vol. 41 (July, 1953), pp. 875–889.
See Fig. 4, p. 879.

Wheeler, H. A., and Dettinger, D. Measuring the Ejiciency of a
.Skperheterodyne Converte? by the Input Im@edame Circle Diag~am.
Wheeler Monographs, Wheeler Laboratories, Inc., Great Neck,
N. Y., pp. 33-38; March, 1949.

Torrey, H. C., and Whitmer, C. A. Crystal Recti$ers. New York:
McGraw-Hill Book Company, Inc. (1948), pp. 115-116.

Ibid. Eqs. (111) and (112), p. 138.

Roberts, S. “Conjugate-Image Impedances, ” PROCEEDINGS OF
THE IRE, Vol. 34 (April, 1946), pp. 198P–204P.

Torrey and Whitmer, op. cit. Fig. 7.5b, p. 208.

Haus, H. A., and Adler, R. B. “Optimum Noise Performance of
Linear Amplifiers, ” to be published.

Pound, op. cit. Eq. (14), p. 63.

ACKNOWLEDGMENT

Thanks are extended to Drs. J. Shekel, and H. A.

Haus and to P. D. Strum for helpful criticisms and com-

ments. The disclosure by Dr. Haus of part of his un-

published paper k gratefully acknowledged.

A Broad-Band High-Power Vacuum Window for X Band”

H. J. SHAW~ AND L. M. WINSLOW~

Surnmarg-Recent developments in high-power tubes for the

3-cm wavelength region have created a need for waveguide output
windows which are capable of transmitting peak power in excess of

1 megw and average power in the neighborhood of 1 kw, and which

have frequency bandwidths of about 15 per cent. This paper de-

scribes a structure which is designed to meet these electrical re-

quirements, and which also has desirable physical and fabricational

properties. A dielectric plug, which forms the vacuum seal, is used

as one element of a three-element filter. The design procedure and

experimental results are discussed.

* Manuscript received by the PGMTT, March 1.3, 1958; revised
manuscript received, April 11, 1958. The work described was done
under the sponsorship of Signal Corps Contracts DA 36(038)-SC
63189, and DA 36(039)-SC 731’78, and Air Force Contract AF
33(600)-27784.

t Microwave Lab., Stanford University, Stanford, Calif.
$ Raytheon Manufacturing Co., Santa Barbara, Calif.; formerly

with Microwave Lab., Stanford University, Stanf oral, Cal if.

INTRODUCTION

v

ACUUM windows present one of the major prob-

lems at present in the design of practical high-

power microwave tubes. In the 3-cm wavelength

region, recent developmental in high-power tubes have

created a need for output windows which are capable of

transmitting peak power in excess of 1 megw and aver-

age power in the neighborhood of 1 kw, and which have

frequency bandwidths of about 15 per cent. Such

windows are used in the output waveguides of high-

power tubes to allow transmission of RF power from the

I M. Chodorow, E. L. Ginzton, J. Jasberg, J, V. Lebacqz, and
H. J. Shaw, “Development of high-power pulsed klystrons for prac-
tical applications, ” to be published.


