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is situated 5 Ad beneath the main line a and 1 Ad beneath the

secondary line b. If the plane of observation is nearer the main

line a, the edge effect along the main line a will appear clearly.

In Fig. 8(c), the main wave has passed over the crossing region.

The wave reflected from the crossing appears on the left part

of the secondary line b. The wave has the opposite phase because

of the reflection by the conductor, but its magnitude is very

small. The characteristics of these figures relate to the Poynting

vector in Fig. 4 and the magnetic field in Fig. 6. The spatial

spread of the distribution of the electric field EY is not as wide as

that of the magnetic field.

For 45 Degrees Crossing Angle: Fig. 9 shows the instantaneous

time variation of the electric field ~, for the crossing angle of 45

degrees. Fig. 9(a) is the same as Fig. 8(a) because the wave has

not reached the crossing area in both cases. Comparing Fig. 9(b)

and (c) with Fig. 8(b) and (c), it is observed that the coupling

characteristics of the 45 degrees case is more complicated than

that of 90 degrees. This is caused by the different coupling

process of each part of the crowd to the secondary line in space

and time.

IV. CONCLUSIONS

In this paper the coupling between two crossing lines is de-

scribed qualitatively. It is noted that the spatial spread of the

fields of the propagating wave about the line causes complicated

coupling characteristics. This also has importance in the analysis

of the coupling characteristics of other configurations of lines,

such as parallel lines. The quantitative evaluation of various

coupling parameters is being studied now, and the results will be

reported in a later paper. The importance of the Poynting vector

corresponding to the power flow in the coupling characteristics

should be investigated more rigorously. The coupling of more

complex line configurations may be treated by the present method.
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A Method for Measurement of Losses in the

Noise-Matching Microwave Network While

Measuring Transistor Noise Parameters

GIOVANNI MARTINES AND MARIO SANNINO

Abstract —A new method for measuring the loss of a tuner network used

as the noise-source admittance transformer in a noise parameter test set is

presented. Since the method is based on noise figure measurements, the

tuner losses are determined on-fine while performing measurements for

determining transistor noise parameters.

Experiments carried out on a coaxiaf slide-screw tuner by means of a

computer-assisted measurement setup are reparted.

I. INTRODUCTION

Modern techniques for the determination of the four noise

parameters which characterize the noise behavior of microwave

transistors, i.e., minimum noise figure, optimum reflection coeffi-

cient of the input termination (magnitude and phase), and noise

resistance, require measurements of the noise figure F( I’s ) of the

transistor under test for some (redundant, i.e., more than four)

values of the reflection coefficients r, of its input termination.

These measurements are made in conjunction with a computer-

aided data-processing procedure based on the least-squares

method [1]. This procedure furnishes good results, provided that,

in selecting the values r., well-established criteria are followed

[2], [3].

The same procedure yields the four available gain parameters

of the transistor under test after carrying out measurements of

transistor power gain G=(1?.) for some (redundant) r, through a

gain-measuring setup [1]. These parameters and the scattering

parameters can also be derived when determining transistor noise

parameters if a proper experimental procedure for measuring

F(I’,) is followed [4]-[7].

The essential component of the noise-parameter-measuring

setup is a coaxial or waveguide double-stub or slide-screw tuner

inserted between the noise source and the device under test

(DUT), in order to transform the noise source reflection coeffi-

cient rm$ to the desired value I’s of the DUT input termination.

The DUT output noise powers are then detected, through a

receiver, by a meter which measures the noises figure Fm of the

whole measuring setup. This figure is given by Friis’s formula for

cascaded networks, i.e.

Mw2)-1

Fm ( r..) = %.( rn$ )( F(rS)+ ~a(r,)

)

(1)

where ar represents the tuner loss, which depends on the tuner

configur&on; F, G., and Sj2 are the noise figure, the available

power gain, and the output reflection coefficient of the DUT,

respectively; and F, is the receiver noise figure.

From (l), it appears that in order to determine F(I’~) from the

measured noise figure FM, previous measurements of the tuner

10SS ar (17.,) are needed. Very little has appeared so far in the

Meratu;e concerning this measurement.
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Alternative measuring methods based on the use of a low-loss

tuner as a reflecting input termination (e.g., sliding short) have

been proposed [8], [9] and applied recently [10] to the character-

ization of the noise behavior of receivers. In current practice,

however, the former methods are preferred for characterizing

microwave transistors in terms of noise parameters, especially

when there is interest in the direct determination of the optimum

parameters using only the input-tuning procedure.

On the problem of determining the losses ar of the tuner

versus setting, a recent paper of Strid [11] is o! interest. This

suggests a unique procedure to determine the losses of a tuner by

characterizing it by its scattering parameters. For any r,, the loss

ar: is &en computed as the inverse of the tuner available power

gain. Unfortunately, this method is very time consuming and also

not convenient from an experimental viewpoint, particularly when

the tuner is used in a transistor noise parameter test set, This is

because it requires

a) carrying out two experimental procedures at different times

by means of two different measuring systems, one to

measure noise figures Fm( I’, ), the other to measure the

tuner S-parameters; and

b) setting and resetting the tuner accurately in performing the

above experimental procedures for each r,,

The above drawbacks are avoided by the method proposed in

this paper, which allows tuner losses to be measured with the

same setup used for noise figure measurements. The tuner losses

ar can be determined on-line while performing the measure-

m&ts of Fm ( r. ) intended to derive noise (gain and scattering)

parameters of transistors. The method has been devised in order

to be easily embodied in a system for computer-assisted measure-

ments for transistor characterization.

II. ANALYSIS OF TIfE METHOD

To illustrate the principle of the method, let us first refer to a

setup dedicated to measurements of tuner loss only. In Section

III its application using a noise parameter test set is discussed.

In the measuring system shown in Fig. 1, the noise source is

alternatively switched ON and OFF “to” inject two diff&rent noise

power levels to the tuner under test; the noise powers are then

detected by a single sideband receiver equipped with an input

isolator and a noise figure indicator.

Supposing that the noise source is a well-matched one, i.e.,

r., = O, the noise figure F, of the tuner-receiver cascade (Fig.

l(b)) is given by

Es(o) = ~r,~( r,) (2)

from which

ar=ld~ = F,.(O) 1~~– F,(r, ) ]~~ (3)

which furnishes the tuner loss ar, if F. ( r, ) is known.

To compute ~ (r.), we need in general the four noise parame-

ters of the receiver. In the case of an input-isolated receiver,

however, we have, more simply, [6], [7], [12]

(4)

The receiver noise figure E(O) in the input-matched condition is

then measured by directly connecting the source to the isolator,

and II’, I is measured through a reflectometer. Relationship (4) is

valid if TU s TO and r, ~ O, where T. and TO are the (isolator)

tiOISE
++ RECEIVER

SOURCE

‘R ‘ rN~
‘R(rNS)

NOISE

sOURCE
++ RECEIVER

FRa(rf4s)

Fig. 1. The two different configurations of the measuring system for de-
termination of tuner loss through noise figure measurements.

ambient temperature and the reference temperature (290”K),

respectively, and r, is the input reflection coefficient of the

receiver.

If these hypotheses do not hold, we have (see the Appendix)

(’ )($-1) (,)Mrs) =%(0)+-j-l
P’

where

(6)

Let us consider finally the case in which the noise source is not

well matched and consequently F,a (0) and F,(0) cannot be mea-

sured. If r.$l and 17.,2 are the values of the nominal source

reflection coefficient r., in the OFF and ON conditions, respec-

tively, we can compute F,.(0) and F,(0) by means of relation-

ships similar to (5). Thus (see also the Appendix)

(7)

and

with

1 – K.212

‘;= [p- rn$2r,12”

I

(9)”

From (7), (8), (5), and (2), the tuner loss ~r, is determined by

computer-aided processing of measured noise figures ~m (r., )

and F,(rU, ).

Compared with gas-discharge noise sources, modem solid-state

sources offer differences between mismatches in ON and OFF

conditions which are usually neglected. In this case, obviously,

the above relationships hold with r.,l - 1“,2 = r... On the other

hand, different ON–OFF mismatches, i.e., r.~l + r.,2, are not

acceptable when characterizing transistors through a noise

parameter test set, because this implies that the value r, is

ambiguous while measuring F( ~, ) of (l).

For this reason, the mismatch difference is to be reduced to a

negligible value. To this end, an isolator (or attenuator) can be

connected to the source output, provided that the attenuation so

introduced is accurately measured in order to determine the

actual noise levels furnished by the equivalent noise source so

obtained [13], [14].
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The method presented here is suitable for this, using the same

setup shown in Fig. 1 where the two-port under test is now the

isolator–(or attenuator)- ttmer cascade.

III. APPLICATION OF TEIE METHOD WI.HLE PERFORMING

COMPUTER-CONTROLLED MEASUREMENTS OF THE NOISE

(GAIN AND SCATTERING) PARAMETERS OF

MICROWAVE TRANSISTORS

The method proposed requires that the measurements be pre-

ceded by a calibration procedure for both the receiver and the

noise source employed.

The calibration procedure is (for each frequency):

a)

b)

c)

measure the receiver input reflection coefficient I’, through

a vectorial reflectometer;

measure the noise source reflection coefficient rnf; if the

hypothesis 17u~= r.,l z 17~,2 does not hold, I’.,z must be

measured; in the case of transistor characterization, how-

ever, the ambiguity must be reduced, as stated above,

through an isolator or an attenuator;

measure the noise figure F, ( rn, ) using the setup of

Fig. l(a).

The measurements to carry out on the tuner under test for each

setting and frequency are:

a) measure the noise figure F,a ( 1’,,$) using the setup of Fig.

l(b);

b) measure the reflection coefficient I’, of the tuner output,

From this it appears that, as previously stated, the method has

been conceived with the objective of conveniently solving the

problem of measuring the loss of a tuner when it is used as a

source admittance transformer in a transistor noise figure mea-

suring system. Actually, we note that the measurement a) is

performed through noise figure measurements and step b) is

already part of the experimental procedure for the determination

of the noise (and gain) parameters of the transistor. In other

words, the main advantage of the method is that it requires

measurements of noise figure and reflection coefficient, which

can be added to those already required by experimental proce-

dures for computer-aided determination of transistor noise and

gain parameters [1], [4], [5]. No further experimental effort is

needed, the tuner loss being taken into account when cafrying

out computer-aided data processing.

The method can be easily implemented in a system for com-

puter-assisted measurements. To this end, the setup of Fig. 1 is

assembled by employing computer-controlled instruments and

computer-driven microwave switches to realize the instrument

connections. This can be accomplished using a test setup for

complete characterization of transistors shown in Fig. 2, where

the computer-assisted version of the system described in [6] is

reported.

IV. EXperimental RESULTS

The losses of the coaxial slide-screw tuner have been measured

through a computer-assisted implementation of the measuring

system of Fig. 1. ‘

As instrument system controller (via HP-IB), an HP 9836

computer with a HP 6942A multiprogrammer, is used. To switch

ON and OFF the solid-state noise source HP 346B and to actuate

the microwave switches and the receiver programmable step

attenuator HP 8494H, the multiprogrammer is equipped with

relay card HP 69730A. Narrow-band (spot) noise figures are

,, m ‘“

J./

bus ICC m

Fig. 2. Implementation of the tuner loss measuring method in the
computer-controlled version of the transistor noise, gain, and scattering
parameter measuring system proposed in [6].

measured with the known Y-factor method by a HP 436A power

meter with a HP 8484A (0.1 nW–O.01 mW) probe through a

30-MHz filter (l-MHz bandwidth). Reflection coefficient mea-

surements are carried out by using as the vectorial reflectometer a

network analyzer in the reflection mode only and an A/D

converter card HP 69751A of the muhiprogrammer. The tuner

tested is the 2–18-GHz slide double-screw Maury Microwave

2640D.

The tuner losses have been measured at 8, 10, and 12 GHz for

four different spacings of one screw from the inner conductor of

the tuner and for 57 positions of the carriage, as shown in Fig. 3.

The other screw (the left and larger) was fully extracted. The

relevant values of the VSWR are reported in Table I.

V. CONCLUSIONS

The model of the tuner tested through the method presented

here is the same as that previously characterized by Stnd through

S-parameter measurements [11]; qualitative comparisons between

the two methods show that the results are in good agreement.

This does not hold, however, when measuring the loss of a tuner

employed as a noise source admittance transformer in a noise

parameter test set. The main advantage of the method proposed

here is that it requires measurements which are part of the

experimental procedure already required for characterization of

noisy two-ports.

This is valid in particular for determining noise, gain, and

scattering parameters with the noise parameter test set recently

proposed [6], [7]. It is thus becoming an accurate and convenient

method for the complete characterization of microwave tran-

sistors.

APPENDIX

COMPUTATION OF THE NOISE FIGURE ~ ( I’,) OF A RECEIVER

WITH ISOLATED INPUT FOR ANY INPUT l%@fINATION

REFLECTION COEFFICIENT r. AS FUNCTION OF THE

NOISE FIGURE Fr{O) IN INPUT MATCHED CONDITION

The noise temperature (noise power) of a receiver with an

input isolator depends on the effective noise temperature of the

isolator, which varies as I’s varies, and on the noise temperature

(constant versus r,) of the stages following the isolator. The

isolator noise temperature is given by T. ( CXi( r, ) – 1) [14], with

al ( r. ) = l/Ga, (r,), where a, and G., are the attenuation and the



74 IEEE TRANSACTIONS ON M2CROWAVE THEORY AND TECHNIQUES, VOL. MTT-35, NO. 1, JANUARY 1987

TABLE I

APPROXIMATEVALUESOFTHEVSWR OFTHETUNER OUTPUT
VERSUSSETTINGAND FREQUENCY

-—----
P1
P2

P3
P4

8 GHz
-- —-----

7.14
3.76
2.09
1.38

10 GHz

--------

8.33
4.31

2.25

1.44

12 GHZ
--------

9.67
4.74

2.43

1.51

available power gain, respectively. Thus, the receiver noise tem-

perature is given by

~,(r,) =~(a,(r,)–l)+a,(r,)r

=a, (r, )(~a+r)–~a “(AI)

where [12]

II- rrr,l’
(A2)~,(r,) =~t(o) ~_jr,12

as can be derived from the relationship of the available gain

p2112(l-lr,12)
(A3)G.,(r,) = ,l_~llr~lZ(l- lS&(r,) 12)”

Recalling that Slz = O for an isolator and, consequently, Sll = r,

and Sjz ( r. ) = S22, the measured Y-factor is given by [13]

y=~z[~z+w.z)l
ml+ml)l

(A4)

where r~z and 1’~1 tie the reflection coefficients of the isolator

input termination when the noise source is in the ON and OFF

conditions, respectively, and rz and rl are the corresponding

values of the mismatch factor given by

(1- m’)(1- tr..v)p=
ll-r,rrlz “

(A5)

From (A4) and (A5), we have

y=~2(~2- L)+~i(Wq+T )(l-Pr 12)

~l(~l-E) +~z(O(q+7)(l-F’rV) “

(A6)

From (A6) and (Al), the effective noise temperature of the

receiver in the input matched condition is derived in the form

K,(O) =az(o)(q -T)-q

_ P’2T2-YPIZ _ (P; -1)- Y(M-1)
—

Y–1 Y–1
~ (A7)

where pi and p> are given by

Recalling that

1– lr.zl’

‘“= 11- r~2r~12 “

F=:–l
o

(A8)

(A9)

(A1O)

from (A7) we obtain the receiver noise figure

p~T2-Yp~Z” _ (P’2-1)-Y(P; -1) T +1 (All)

‘(0) = (Y-1) (Y-1)~ a “

tif4URY mod. 2640D (SZN: 1455)
LOSS
[dB3 : 8.0 G&

carri.lJe POS1*1O”

(a)

MFIURY mod . 264BD (SZN: 1455)
LOSS
[ dBl

1.20

.90

.60

.30

0.001 I

4.50 6.2@ 7.90 9.60 11.30 Ccm3

carriage Po. itien

(b)

MRURY mod 264@D (SZN: 1455)
LOSS
[dBl

1.20

.90

.60

.30

L3.B8
4.50 6.2a 7.90 9.60 11.30 [.”3

C.. ri. q,. Pe. &*, c.”

(c)

Fig. 3. Loss of the Maury Microwave 2640D tuner versus carriage position
for four spacings PI- Pd of one screw from the inner conductor with the
other screw fully extracted. here F’l = 0.050, P2 = 0.150, P3 = 0.350 and

Pd = 0.650 in. The frequencies are (a) 8.0 GHz, (b) 10.0 GHz, and (c) 12.0
GHz.

If T1 = T., (All) becomes

q(o) =
P’2T’-(/–l)TYqYq

(Y-1)~ ‘1
(A12)

which, after some algebra, can be written

where

T2 – YT1

~@’) =( Y-l)h+l
(A14)
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represents the receiver noise figure corresponding to the nominal

value l?, of the input termination reflection coefficient, whose

actual value is r,l or r,2.
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