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tance changes in excess of that predicted from

the inverse-cube-root variation of the deplc-

tion-fayer capacitance. This is attributed to

stored charge carriers under conditions of

forward bias. Thus the harmonic generation

efficiency of these diodes is above that pre-

dicted for cube-root capacitance variation.
However, it is interesting to note that agree-

ment between experiment and theory can be

obtained for at least one published result

using these diodes,s using Fig 4 of Hyltirr

and Kotzebue which is for square-root capac-
itance variation. The result is that of Lowell

and Kiss w-ho reported on a fifth-harmonic

and eighth-harmonic generator. Using their

data on the diodes used, and assuming that
the effecti~-e diode capacitance at operating

bias is 0.6 the zero bias values, we obtain
predicted efficiencies of about 5 db for the
fifth harmonic circuit and about 19 db for
the eighth harmonic circuit. The values re-

ported by Lowell and Kiss are aout 5.5 db
and 19 db, respective y.
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Double-Layer Matching

Structures*

In the millimeter wavelength region, as

in other regions, the design of matching lay-

ers for dielectric surfaces is limited by the
lack of suitable dielectric materials. Arti-
ficial dielectric layers, formed by periodic
perturbations of the boundary surface, are
not practical because of the small physical

dimensions required. The following approach

uses two layers of materials whose relative
dielectric constants are given. The thicknesses

of the layers are chosen to eliminate reflec-
tions at the desired center frequency. A

broad-band match is obtained because the
layers can be made less than an eighth wave-

length in thickness.
In the case of normal incidence upon

Iossless dielectric layers, transmission line
theory may be used to determine the match-
ing conditions. Refering to Fig. 1, and as-
suming that the first section is matched,

Correspondence

2 23 Z2 z’ 21

t

Fig. l—Cascadecl transmissmn hne system.

DIELECTRIC CONSTANT OF REGION 3

Fig. 2—.Mlowed values of relative dielectric
constants o{ regions 2 and 3.
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Fig. 3—Reflected power as function of
normalized frequency.

Equating real and imaginary parts of

(1) gives two equations which may be solved
for O, and 6$

[
?Z3W22-W24) (;14— m) 1

1/2

f% = tan–l
(n,n,–ti,’) (n,’z,-n,na’)

. (3)

The re~ractive index of the jth layer is

n, = tik-,, where A“J is the relative dielectric

constant of the layer.
In a typical problem, h’, and K-4 are

specified. It may be shown that for KI >A-l,
the values of K: and h“? that yield real Values

of h and os lie in the shaded regions shown
in Fig. 2. A practical design can usually be
found using only available low-loss dielec-
tric materials.

AS an example, consider the problem of
matching a polystyrene-air interface. Let-

Z2(Zl+jZ, tan@ +jiZstan f?,(Z, +jZ, tan OJ
z, = Zz ———~—–-

ZJ(Z2+jZ1 ian@ +jZjtan 6’S(Zl+jZ2 tan@
(1)

at the center frequency. The characteristic ting Kl=2.56for polystyrene and A”4=l for
impedance and electrical length of the jth air, it is seen that one solution is

section are Zj and O,, respecti~.el y.
K,= 1.00

* Received MaY 17, 1962. This research was h’, = 2.56
supported by the Air Force Systems Command,
TJnited States Air Force. oz =0, = 29.1°.

Fig. 3 sho~vs ratio of reflected power to

incident power for this solution and for a

quarter-wa~-elength layer designed for the
same center frequency. The bandwidths of

the two structures are comparable.
Since thin films of most plastics are com-

mercially available, the double layer match-
ing structure is feasible at millimeter wave-

lengths. One such structure using polysty-
rene tihn and polystyrene foam sheet on

polystyrene has proved successful at 70Gc.
lWICHAJJL ~. KOTT

Radiation Lab.
The Johns Hopkins University

Baltimore, Md.

Microwave Noise-Figure

Measurement for Small

Noise Output*

The purpose of this commnnicatiou is to

propose a new method of noise-figure meas-
urement for a microwal-e amplifier of small

noise output. The new method is helpful
when the accuracy of a conventional method
is not satisfactory.

In conventional measurements, when
the noise output of the microwave amplifier

is too small for direct noise power measure-

ment, an auxiliary receiver is used after the

amplifier under test. The noise figure of the
amplifier, Fl, is given byl

F, –-l

‘1 = ’12 – G,— “
(1)

In this equation,

FU = noise figure of over-all system,
Fz = noise figure of the auxiliary receiver,

GI = gain of the amplifier under test.

It is possible to express FI, F,, GI, and F12 in

the following manner:

where O<(jl, .fj, .fK or g) >10 and ~1, % w
and n~? are positive integers. Then, w-hen
Fl>>l, ( 1) can be rewritten as

* Received April 2, 1962; revised manuscript l:e-

ceived, MaY 18, 1962. This M a part of research which
IS jointly supported by Frederick Gardner Cottlell
Grmt and Marauette University Committee on
Research Grants.

L H. T. Friis, “Noise figures of radio receiver.%”
PROC. IRE, VOI 32, Pp. 419–422; July, 1944.
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when physically realizable ~-alues are con-

sidered, it is known that

( )0< f,, – ~ x lo”z-~-”lz <10. (4)
~

Note that the accuracy of F, is dominated

by the factor 10WZ and it is difficult to obtain

accurately in con~,entioual measuring tech-
niques.

For example, if

F, = [5 db] = 3.1 X 10° (5)

FZ = [40 db] = 1 X 104 (6)

and

G, = [10 db] = 1 X 10’
(7)

then

= [30.013 db] = [30 db] = 1 X 10’. (8,)

Hom-e\,er, when (6)–( 8 ) are substituted back
into (3)

Thus in practical measurement, it is very

difficult to obtain F,= 0.0031X103=5 db
in this way.

The following new method is proposed

to eliminate this kind of problem. According
to the definition of noise figure ~,2

No
F, = ——

kTOBIGl
(10)

where

No= available noise output of the ampli-
fier under test when the input is term-
inated by a reflectionless termination,

k = Boltzmann’s constant,
To= input noise temperature of the am-

plifier, and
Bl = noise bandwidth of the ampliiier.

If the auxiliary receiver of gain GZ, noise

bandwidth Bz, and noise figure Fz is con-
nected after the microwave amplifier, the

available noise output of the auxiliary re-

ceiver NI isl

()N1 = No; G* + (F, – l)kTOB,G,

(when B, > B,)

NI = NoGt + (F2 – l)kT@2G~

(when B, < B,).

]

1(11)

The available noise output of the auxiliary
receiver alone with its input terminated by a

2 N. Houlding, “Nolse factor, ” Microwave J., d.
5, PP. 74–78; January, 1962.

reflection less termination is

N2 = k ToBzG~Fk (12)

Therefore, when BI > Bz,

N, NO
— & ———

N, kTOB,Fa
+ 1 (”~ F,>> 1, in this case)

or

‘~O=k~OBMH’13)
Substituting (13) into ( 10) yields the result,

F=:”(+) ’14)
For the case of BI <Bz,

N,
—.
N2

—Nfl— + 1
kTOB,F,

or

’70 = ‘T’B’F’(%l) ‘1’)

Substituting ( 15) into ( 10) yields the result,

~’=%xH ’16)
. Advantages of this new method are:

1)

2)

3)

4)

Since this method does not include a

complicated subtraction of measured

values as seen in ( 1 ) but mostly mul-
tiplications and divisions, there is no

problem of poor accuracy as shown
in (9).
This method is simpler than conven-

tional methods as seen from the com-
parison of ( 14) with (1).
This method does not require meas-

urements of F12 which is required in
the conventional method.
1% power measurement is required.
The ratio of N, /Ng is reauired which

is generally easier than measuring the

power. In conventional methods, if

the “small signal method” was em-
ployed to measure F~z, the power
measurement is required,

There is a limitation in this new method.
This method requires measurements of BI

and B2 when B1 < B!. These measurements
are, however, required also in the con\, en-
tioual method when F1! and FZ are measured

by the “small signal method. ” The conven-
tional “noise lamp method” does not require

the noise bandwidth measurement.

The author thanks A. L. Brault, Jr., P.

Vilmur, C. C. Hoffms and D. E. Schumacher
for discussion of this problem and help in
preparing the manuscripts.
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On Voltage and Current

Continuity in the Youla-

Weissfloch Circuit*

Any Iossless 2n-port can be represented

as a cascade of three 2n-ports:1 an all-pass
network, a set of n uncoupled ideal trans-

formers, and another all-pass network. The
2n-port may be either a physical 2ti-port

[i.e., a device with an even number of ports
considered as a device mapping the scatter-
ing (impedance) matrix of a device con-
nected to one half of the ports into the input
scattering (impedance) matrix ], or it may

be a multimode transmission line. In the

latter case the network may be a set of uni-

form lines with a discontinuity, and there
may be a condition that the mode voltages

or currents are continuous across the dis-
continuity. If al, az, bl, and ba are the inci-

dent and reflected wave vectors, the voltage

continuity requires al +bl = aj +bz, while
current continuity requires al —bl = a~ —bz.
If the device is represented by a transfer
scattering matrix,

AB
T= [1CD’

the voltage continuity may be stated as:

[1 1] [: ;]= [1 1]; (la)

where 1 is the n X n identity matrix.

For current continuity,

[-1 11[: :] = [1 -l]. (lb)

Eq. (la) requires .4+C=l and B+D=l,
while ( lb) would require that C—A = 1 and
B –D = 1. The close similarity between

voltage and current continuity is noted, and

the detailed results that will be developed
for voltage continuity will hold for current

continuity with some changes of sign.

The transfer scattering matrix of the

I-oltage continuous 2n-port is written as:

[
.4

T=
I–D

1I–A D “
(2)

The conditions for a lossless 2fi-port are

T*uj T = u2, where * is a complex conjugate
transpose and

10

[1“’= o–1
This leads to the following relationships:

A*+A =2, (3)

A –D*=O, (4)

D’+~ =2. (5)

(The primes are transposes and bars signify
complex conjugates. )

* Received June 13, 1962. The work reported UL
this paper was performed in connection with Con-
tracts No. AF-19 (604)-7486 and AF-19 (604)-4143
with the Electronic Res. Dir., Air Force Cambridge
Res. Labs., Bedford, Mass.

1 D. C. Youla, “Weissfloch equivalents for Iossless
Zn-ports, ” IRE TRANS. ON CIRCUIT THEORY, vol.
CT-7, pp. 193–1 99; September, 1960.


