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A Practical M(ethod for Calibrating a Coaxial
Noise Source with a Waweguide Standard

YOSH IHIKO KATO ANJ) ICHIRO YOKOSHIMA

,4fi.vtract —A practicaf method for calibrating a ca,axisd noise source with

a wavegnide standard has been developed by extending the adaptor-chang-

ing method proposed by Engen. A practical equation for its noise tempera-

ture, the measurement ‘procedure, and the error analysis are desenbed.

I. INTRODUCTION

M ICROWAVE NOISE sources iare required for

quantitative measurement of receiver power and

receiving systems in radio astronomy, earth–space com-

munication, and remote sensing.

A primary standard would preferably be a thermal noise

source of the waveguide type rather than the coaxial type

from the simplicity of its configuration and the ease of

evaluation of its noise temperature. Meanwhile, those of

the coaxial type are widely used as the secondary standard

since they are small and lightweight. Tjlerefore, the case

will arise where the coaxial noise source should be

calibrated as to noise temperature with “the waveguide

standard by placing a coax-waveguide aclaptor in front of

its output port, as shown in Fig. 1. In this case, the

following relationship exists between the noise tempera-

tures of the coaxial noise source and the source at the

output port of the adaptor, TX and TXW:

TXW= aTX + (1 – a)Ta (1)

with

p2112(l-lrx12)

~= II - s11rx12(l - tqwt) (2)

where a is the ratio of available power at the adaptor

input to that at the output, i.e., the absorption loss in the

adaptor; T. is the ambient temperature of the adaptor;

and S,J is the i – j element of the S matrix. Then, in order

to determine TX with this relationship, a must be accu-

rately measured together with TXW and T.. However, it is

very hard to precisely determine its magnitude by measW-

ing its S parameters and the reflection coefficient of the

sotu-ce. On the other hand, a method to avoid the direct

measurement of them was proposed by Engen which can

provide an easy measurement of its temperature, Le., the

adaptor-changing method [1]. However hk expression for

noise temperature would be impractical because the radi-

Manuscnpt received April 9, 1987; revised July ICI, 1987.
The authors are with the Electrotechrricaf Laboratory, 1-1-4 Umezono,

%kura-mura, Niihari-gun, Ibaraki-ken, 305 Japrru.
IEEE Log Number 8717114.

To

L“ UNKNOWN” ‘x COAX- Txw

COAX ~ WAVEGUIDE
NOISE SOURCE I

ADAPTOR

-1 a!

rx -i
rxw

Fig. 1. Coaxial noise source whose output port is changed to the

waveguide system with a coax-waveguide adaptor.
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Fig. 2. Schematic diagram depicting the ,rneasurement procedare and
fjysterp for a coaxial connector system of the sezless type.

ometer noise temperature is not taken into account in the

derivation of it,

By e~tending Engen’s idea, we have developed a practi-

cal method providing easy determining of its temperature.

II. THEORY

A schematic diagram depicting the measurement proce-

dure 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 I and II, corresponding to the waveguide and the
coaxial system, respectively, Each step requires two differ-

ent standard noise sources. And one of the, waveguide

standards in step I is used again in step H. ‘
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First, in step I, the output port of the unknown source is

changed to a waveguide system with a coax-waveguide

adaptor, and the waveguide unknown is compared with the

two standards. Next, in step II, the adaptor is reversely

connected to the waveguide standard to change its output

to the coaxial system. The coaxial unknown is then com-

pared with these two standards in similar fashion.

The radiometer output indication is expressed as [2], [3]

~,=G[(l- lr,,12)~+ lrrr\2Tr +2 Re{rrtTm}+Tn] (3)

with

r =rl–r:

“ 1– rlrr
(4)

where the subscript i designates each of the sources wI,

w2, XW, WIC, c, and x; ri are rr are the reflection

coefficients of a noise source and a radiometer, respec-

tively; G is the conversion coefficient of noise temperature

to output indication; Tr, T~, and T. are, respectively, the

effective temperature when looking into the radiometer at

its input port, i.e., the radiometer noise temperature, the

complex correlation coefficient of the radiometer ex-

pressing the degree of correlation between the direct and

reflected wave components of noises generated within the

front end, and the effective temperature due to noises

generated within the radiometer.

This indication can be rewritten as

K,, =1– lrrz12 (6)

Tfi, =7’’+ 2Re{rrzT~}+Tn (7)

where T, and TM can be measured with a method that uses

a sliding short [3].

Owing to the simplicity of analysis, we assume T,M,= TrC

= Tr and neglect the factor relevant to the correlation since

Tn is made negligibly small by using a circulator of good

isolation at the input and Ir., I is usually small. And let

Irrl = O, i.e., r,,= 1’1 and then K,, = K,.

Here, we introduce the parameters RI and R ~1for the

respective steps, which are directly measurable from the

radiometer indications:

(8)

(9)

These are rewritten by applying (5) to each indication as

follows:

KXW(TXW- T,)- KW1(TW1- T,)
R,=

K.2(L2 – Z)– K.I(G –?)

(lo)

KX(TX– Tr)– KWIC(TWIC– T,)
(11)

‘II = KC(T, – T,)– KWIC(TWI.– T,) “

[s’’st”] [“e-:)[s%?]
rX r rb~ rXw
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Fig. 3. Equivalent circuit of a sexless coax-waveguide adaptor ex-
pressed by the modified Wheeler network.

By applying (1) to the two noise sources with the adap-

tor, the following relationships can be obtained:

TXW– Ta=al(TX– Ta) (12)

T –Tti = all(TW1– T.)W1c (13)

where aI and aII are the available power ratios for the

adaptor in the respective steps.

These four independent equations, (10)-(1 3), have five

unknown parameters: TXU, TWIC, TX, al and aII. So we

cannot derive T, from only these four equations.

Then we introduce the following relationship for aI and

a~~:

~=?—l. (14)
aII

The maximum and the minimum value of c are approxi-

mately given by (see the Appendix)

~(~~)=4~(irxl+lrw1cl)(irxi-,rwlcl*2,~111). (15)

The parameters in this expression correspond to the sym-

bols shown in Fig. 3, which illustrates an equivalent circuit

of the adaptor for steps I and II by the modified Wheeler

network: the ]S1~I and y can be measured by the sliding

short method [4]. The magnitude of t is represented by the

mean value from the maximum and the minimum value,

i.e.,

:=4y(lrx12 –lrwlc12). (16)

Using (10)–(14). we can derive

-(l+t){E(Tc- Ta)+F(Ty-T=)}+@
~Y=T~+

2(1+c)D

(17)

with

H=(1+c)2{E(TC- T.)+ F(T, -T=)}2

+4(l+6)D(Tw, –Ta){A(Tw2– Ta)

+B(TW1– Ta)+C(Z– T.)} (18)
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where

K
A=~R1

K
Xw

(19)

B= ~(l-R1) (20)
Xw

C=l– A–B (21)

~i COAX- WAVEGUIOE AOAPTOR STD STANOARO

&~ COAX ( male male) AOAPTOR X UNKNOWN

>< COAX {female f,mo!e) ADAPTOR

Fig. 4.

Fig. 5.

Schematic diagram depicting the measurement procedure and
system for a coaxiaf connector system of the sexual type.

KX 1
D=——————

KWIC 1 – R1l
(22)

K R1l
E=–~—————

KWIC 1 – R1l
(23)

and

F=l– D–E. (24)

Equation (17) is complicated. But if TW2, TC, and ~ = T=, it

can be simplified as follows:
‘—a, ($’5) [“e-l] ($i$”)!$TEP.lh

[>

%TD” ADAF’TOR

K
4 ‘LL&lAb+LLti‘x=Tu+k=i3===”w-Qr w4m rw{f

(25)

At the same time, aI is given by

Equivalent circuits of two coaxiaf adaptors (male–male
female-female) used for the sexuaf coaxial connector system.

and

where

(28)

That is, we must use a noise source of the room-tempera-

ture type as one of the two standards in each step for

TW2= TC= TU and a radiometer whose front stage has an

isolator at room temperature for T. = T..

In the case where the connector system is of the sexual

type, e.g., the output connector of the unknown is of the

female type, the measurement procedure consists of three

steps, as shown in Fig. 4: step I uses a coax(male)-wave-

guide adaptor for the unknown; step 1I uses the same

adaptor placed reversely in front of the waveguide stan-

dard (NS.1). At the same time, two coax (male-male)

adaptors are placed in front of the coaxial standard and

the unknown, respectively, and step III uses a coax

(female-female) adaptor in front of the waveguide stan-

dard changed to the coaxial type. Here, we assume that the

adaptors of coax (male–male) and (female-female) are

almost the same in electrical characteristics. If TW2, TC,

Tc~, and T,= T., TX can be expressed as

J:; – Jn

R1l=
,Wlm

J;; – Jn
WIm

(29)

(30)

~=%1 (31)
~11

and

amII
~= —–1. (32)

afIII

The maximum and the minimum values for p and v are,

respectively, given by

P(~:)=4Y(lrxl+lrxwl)(lrxl-,rxwl*2,~l,l) (33)

~(%;)=4ym{(lm~1112 -1’~1112)+(irx1’- lrw,m,’)

TX=Ta+ S(1- R,)(TW, - Ta)
Xw

)

*2(l~~1111rxl+ lfsllllrwlml)} +41Ym – yfllrafi’.

(34)

The parameters associated to the expressions correspond

to the symbols shown in Figs. 4 and 5, which illustrate the
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equivalent circuits of the coaxial adaptors (male–male and

female-female) in steps II and III.

The second term in (34) may be neglected since usually

Irdj I <1 and y,. = yf.

III. ERROR ANALYSIS

We consider the major sources of error to temperature

calibration by this method when the coaxial connector is

of the sexless type.

1) Error Due to Approximation of c to <: The maximum

value of the error is

lAcl = 8ylSlll(lTXl+ ITWICI). (35)

Its contribution to the calibration error when ( <<1 is

given as

IA7’X], ==&“- T.IIAcI. (36)

Fig. 6 shows an example of the calculation results ex-

pressing the relationships of IAcI and IATXI to y in the case

where the unknown source is of the liquid nitrogen cooled

type.

2) Error Due to Deviation of TW2, TC and Tp from T.:

Their contributions to the calibration error are

A(T.I–T.)
IATXIW2,. =

2D(Tx– Ta)+E(Tc– Ta)
lT~z - T.1 [37)

E(T’– T~)

‘*TX’’”” = 2D(Ty– Ta)+E(Tc– Ta)
ITC- Tal (38)

and

C(TW1– T=)– F’(TX– T.)
]ATYI.,. =

2D(TX– T=)+ E(TC– T=)
IT - Tal (39)

where A, C, D, E, and F correspond to the quantities in

(19), (21), (22), (23), and (24), respectively, and the magni-

tudes of C and F are considered much less than unity.

3) Error Due to Neglect of Irrl: The maximum dif-

ference between lrrZ12 and 117,12for each of the K‘s in (25)

is

I l~r,lz – Irtlzl = Irrl(l– lrzla)llrpl-21r,ll. (40)

Its contribution to the calibration error is

lA’i”’l,Z, = : ITX– Tall p,,12 – lri121. (41)

For example, if TX= 80K, 11’,1= 0.01, and II’il = 0.1, the

contribution to the calibration error due to each of the K‘s

is about 0.21 K, so this may become one of significant

errors. Therefore, the magnitudes of the reflection coeffi-

cients should be as small as possible.
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Fig. 6. Error due to the approximation of c to i and the calibration
error of the unknown versus y.

4) Measurement Errors of R ~ and R ~1: Their contribu-

tions are written as

lATXl~l ==;

]ATXl~l, = ;

5) Error Due to Approximation of T,W= ~C: Using (10)

and (11), we can have

(lrxw12- p=w112
lARIl,w,. =lRIl - ~ _Twl +

Xw

. lT,W -- Tcl

(

p7x12- Irwllz
lARIIlrW. C=lRIIl

TX – TW1 +

.lqw--~l.

lrw2r-ml
TW2– TW1

1

(44)

wY – lrwlclz
T=– TWIC

)

(45)

Inserting these into (42) and (43), respectively, we can

know their contributions to the calibration error.

6) Error Due to Neglect of Factors Relevant to the

Correlation: In fact, (10) and (11) should have the
factors relevant to the correlation; i.e., the former

has 2 Re { r,W,Tnl } – 2 Re { rWITml} in the numerator and

2 Re { r. ~Tn, } – 2 Re { rWIT~ } in the denominator, and the
latter 2 Re { 17XTm,} –‘2 Re { rWICT~ } in the numerator and

2Re{r, Tnl} –2Re{rwlcTfil “} m the denominator. Then we
have
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Inserting these into (42) and (43), respectively, we can

know their contributions to the calibration error. [1]

7) Errors Due to Connector Insertion .Loss and its Repro-

ducibility: Much consideration should be taken to reduce ,21

them since the errors may possibly become dominant in

coaxial system, and their effect is more pronounced as the

difference between the noise temperature of a noise source ‘3]

and the room temperature become larger.
[4]

IV, CONCLUSIONS
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A practical method has been given that is capable of

easily, calibrating a coaxial noise source with a waveguide

standard without directly evaluating the electrical char-

acteristics of the coax-waveguide adaptor. It has, been

shown that the measurement equation can be simplified

when one of the standards is of the room-temperature type

and the effective temperature of the radiometer when

looking inside at the input port is equal to the room
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