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Abstract

A practical method for calibrating a coaxial
noise source with a waveguide standard has been
developed by extending the adaptor-changing method
reported before, and a practical equation to give
its noise temperature, the measurement procedure
and the error analysis are described.

Introduction

Microwave noise sources are requisite to the
quantitative measurements of receiver powers and
receiving systems in radio astronomy, earth-space
communication, and remote sensing.

As the primary standard, would be preferable
thermal noise sources of the waveguide type rather
than the coaxial type from the simplicity of their
configurations and the ease of the evaluation of
their noise temperatures. Meanwhile, those of the
coaxial type are widely used as the secondary
standard since they are small-sized and 1light-
weighted. Therefore, there will occure the case
where the coaxial noise source should be
calibrated as to noise temperature with the
waveguide standard by placing a coax-waveguide
adaptor in front of its output port as shown in
Fig.1. In this case, the relationship between the
noise temperatures of the coaxial noise source and
at the output port of the adaptor, Tx and Txw, is
expressed as

Txu=aqux+(l_axw)T° (1)

where O xw is the ratio of the available power at
the adaptor input to that at its output, and Ta is
the ambient temperature of the adaptor. Then, in
order to determine Tx by using this relationship,
axw has to be accurately measured together with
Txw and Ta. However, it is very hard to determine
precisely the magnitude of @ xw through measuring
directly its S-parameters and the reflection
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Fig.1 Coaxial noise source whose output nort 1is
changed to the waveguide system with a
coax-waveguide adaptor.
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coefficient of the source to be connected at the
input port. On the other hand, a method to avoid
the direct measurements of such parameters was
proposed by Engen, which can provide the easy
measurement of its temperature; i.e. an adaptor-
changing method [1].

By extending this idea, we have developed a
practical method providing easy determination of
its temperature.

TheorX

A schematic diagram depicting the measurement
procedure and system is shown in Fig.2 with the
symbols representing the relevant parameters. We
consider a case where the coaxial connectors are
of sexless type such as APC-7 and G-900. The
measurement procedure consists of two steps [ and
I corresponding to the waveguide and the coaxial
system, respectively. Each step employs two
standard noise sources whose temperatures are
different from each other.

First, in the step I, the output port of the
unknown source is changed to a waveguide systen
with a coax-waveguide adaptor and the waveguide
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Fig.2 Schematic diagram depicting the measurement

procedure and system for a coaxial connector
system of sexless type.
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unknown is compared with the two standards. Next,
in the stepIl, the adaptor is reversely connected
to the waveguide standard to change its output to
the coaxial system. And the coaxial unknown is
compared with those two standards likewise.

The radiometer output indication is expressed as

[2]

Ji=G{Kcei(Ti~Te)+ Tha} @

Kri=1- ]Fra]? (3
ri—r&*

|r“'=’1—rirr @

where I'i andT'r are the reflection coefficients of
a noise source and a radiometer, respectively; G,
Tr and Tn are respectively the conversion
coefficient of  noise temperature to  output
indication, the effective temperature when looking
into the radiometer at its input port, and an
effective temperature due to noises generated
within the radiometer. Hereafter, owing to the
simplicity, let |I"rl= 0, i.e., [Fril="i),Kri=Ki.

Here, we introduce the following parameters Rp
and Ru for the respective steps, which are

directly measurable from the radiometer
indications:
Jaw = Jui
Ri= T 5
! J ug - J u{ 5
L )¢
Jdx = Jule
Ryp= SH—=lt . 6
JcK‘lecn ()

For the two noise sources to which the adaptor is
connected, the following relationships exist:

wa_Ta=axu(Tx'"Ta) (7)
Twlc—Ta=aw1c<Tu]—Ta) (8)

where Ta 1s the ambient temperature of the adaptor
yand Oxw and®@wlc are available power ratios for

the adaptor in the respective steps.
Also we introduce the following relationship for
axw and Owlec:
O xw
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Fig.3 Equivalent circuit of a sexless coax-
waveguide adaptor expressed by the modified
Wheeler’s network.

The maximum and the minimum value of g are
approximately given by (see Appendix)
efmaxy Z4r T« +|Twic])

min. s (T« -|Twre £2[S11l) $1))
The parameters in this expression corresponéd to
the symbols shown in Fig.3 illustrating an
equivalent circuit of the adaptor for the steps |
and 0 expressed by the modified Wheele’s network:
the |S11|and 7 are can be measured by the sliding

short method[3]. The magnitude of & is represented
by the mean value from both of the limits as

‘5247‘(“—‘)(!2 —lru1c|2 ) av

Using (2) to (9), we can derive Tx as follows:

~(1+ & Y{E(Te-Ta)4F(Tr-Te)I+/ H
2(1+e)D

Tx=Ta+ 12

where

H=(1+ £ YZ{E(Tc-Ta +F(Tr-Tad}2+4(1+ & )D(Tu1 -Ta)
* {A(Tw2-Ta)+B(Tw1-Ta MHC(Tr-Te)}

(13
Kw2
A= Ko R Qs
B= K"‘.(1—Rl) (15)
K xuw
C=1-A-B (18)
K« 1
D= .
Kwie 1-Rg an
Ke Ry
= - —_— — 8
E Kee T-R (18)
F=1-D-=E . (19)

This equation (12) is complicated but can be
simplified, if Tw2=Te=Tr=Ta and|{['rw|=|Crc|=0 ,
as follows:

_ 1 Kul Kuic
Tx—Ta+ 1+£ wa Kx (1 R])(l Rn) (Tw] Ta)'
(20)
At the same time, ®xw is given by
— Kul Kx 1-R
axu-—}l"‘&)' —_— i .
Kxw Kulc I'Rl (21)

Namely, we must use noise sources of the room-
temperature type as two standards (Twl and Tc) and
a radiometer whose front stage has an isolator at
the room temperature.

In a case vwhere the connector system is of
sexual type, e.g., the output connector of the
unknown 1is of female type, the measurement
procedure consists of three steps as shown in
Fig.4: the first step uses a coax(male)-waveguide
adaptor for the unknown; the second step uses the
same adaptor placed reversely in front of the
waveguide standard(NS.1), and at the same tinme,
two coax(male-male) adaptors are placed in front
of the coaxial standard and the  unknown,
respectively; and the third step uses a
coax(female-female) adaptor in front of  the
waveguide standard changed to the coaxial type.
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Fig.4 Schematic diagram depicting the measurement procedure and
system for a coaxial connector system of sexual type.

Here, we assume that the adaptors of coax(male-
male) and (female-female) are almost the same in
electrical characteristics. If Twl=Tefm=Tcf=Tr=Ta,
and |Tr|=0, Txf is

Kwi
Tut=Tat K—“—‘<1-R,><T.1-Ta)»
xfw

1+u
. Kwin Kxt I‘Rn 1
Katm Kwit 1-Rg 1+v (22)
where
1
Jxtu — Jui
= Jxtw 7wl 23
Ry Jwet—Jutt 2%
fomn_Jw]m]I
R, = —mmi— 24
L chrn“—lemn ( )
Jafm— Juil
Rpgy= ————r——
= chm'—Julfm (25)
Axfw
M= Awim -1 (26)
y = m —1 . (27)
O wnt

The limits of # and ¥ are respectively given by

u(max.)347(|Fxf]+|Fxfu|)(|Fxc|-|Fxfu|
min. +2{S11]) (28)

£

v(max.)ﬂ?’m{(ImSHl:'ISHIZ)’r(IFXf'2 1T winl?)
min. £2(S1lIT e |+ PS11 0 wia )}

+4'Tm'7'f”r‘afi2 ' (29)

The parameters assoclated to the expressions
correspond to the symbols shown in Fig.4 and Fig.5
which illustrates the equivalent circuits of the
coaxial adaptors (male-male and female-female) in
the second and third steps.

The second term in (29) may be neglected since
usually |Taf|2<<1 and YuZ 7f.

Error Analysis

We consider the major sources of error to
temperature calibration by this method when the
coaxial connector is of sexless type.

1) Errvor due to approximation of € to €

The maximum value of the error is
|AelZ87|St1](ITx}+ | wic]) - (30)

Its contribution to the calibration error is given
when £<<1 as

~ 1
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STEP.IT [ms,,"‘szz] [o o] ["‘s;g“s;]
™S, g7’m S2
\\Xu
COAXF—=¢— LL 4+ 1A —— LL [—
NS
- - - -
Tyt Tam Qyim Tom Txfm
STEP.II [fs“ fsn] [o o] {fslzzfsql1]
fSes gt fSar
“STD"| ADAPTOR
r‘\:JSG —»— LL 1 1A e <
!
g
Twim Tyt Tps Dwit

Qwmf

Fig.5 Equivalent circuits of two coaxial adaptors
(male-male and female-female) used for the
sexual coaxial connector system.



Fig.6 shows an example of the calculation results
expressing the relationships of JA gland JATx | to 7
in a case where the unknown source is of 1liquid
nitrogen type.

2)

Error due to deviation of Tw2, Tc and Tr from

Ta

Their contributions to the calibration error are

A(Ty1-Ta)

ATx|uz,e = Te2-Ta] (32

A Tx]uz.s 20T -ToITECTeToy| T *2 ol )
~ E(Tx-Ta)

laTulers & | pararecrey| TeTel - (39
~ | CCTu1-To)-F(Tx-To)

ATx|r,e = Te-T

S ryrcie | USRS

where A,C,D,E and F correspond to those in (14)

and (16) to (19), respectively, and the magnitudes
of C and F in (34) are considered much less than
unity.

Error due to neglection of “ﬂrl

3)

When I'r|=0, the maximum difference between|rilt

and |Til* for each of X’s in (20) is
[Tei]2-ITil2l 2|01 -IT il D|ITel=21T ]|
Then, (35)

~ 1
IATx[riE Enrrilz -ID 12 ITw-Ta)-  (36)

For example, if Tx= 80K, and Ilrl=0.01 and
IlCil=0.1, the contribution to the calibration
error due to each of X’s is about 0.21K, so this
2
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Fig.6 Error due to approximation of € to £ and
the calibration error of the unknown
versus 7 .

294

Therefore,
coefficients

may become one of significant errors.
the magnitudes of the reflection
should be as small as possible.

4) Measurement errors of Ry and Ry
Their contributions are written as
[ATxlRtE 0.12 ] Tx—Te|l Ral] AR (dB)] (37
| ATx|rx= 0.12 | Tx—Tall Rg|| ARg(dB)| -  (38)
Conclusion
A practical method has been given capable of

calibrating easily a coaxial noise source with a
waveguide standard without directly evaluating the

electrical characteristics of the coax-waveguide
adaptor. It has been shown that the measurement
equation can be simplified when one of  the
standards 1s of room temperature type and the
effective temperature of the radiometer  when
looking inside at the input port is equal to the
room temperature, and that the errors due to the
deviation of these temperatures from the room
temperature can be less influenced as the noise
temperature of the waveguide standard is close to
that of the unknown.
Appendix
o xw and ®wic shown in Fig.3 are given by
e~ 2¥(1 ",Faclz)
o = .
XwW l "8-41'Fac'2 (A 1)
g 2¥(1 "“_‘awl‘?)
Awic= (A-Z)

1-¢ '4Y|Fawlz

where ¢ 1s a monotonously decreasing function to

|| + By adopting the lossless condition to the LL
circuits, these |acl and |Caw]| is given by
S -
Pack | Sif=Tx r", (A.3)
1 =Sy I'« ’
X
Si1i” ~Tw

Taws [—F—F— .

T av} T-si7 o (A.9)
Using these equations and (9), (10) can be
derived approximately.
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