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Broadband RF Power Standard for 7 mm Coaxial Waveguide
in the Frequency Range of 10 MHz-18 GHz
O Design and Fabricatiorid

Takemi INOUE

An automatic calibration system for a broadband RF power meter was developed
in the frequency range from 10 MHz to 18 GHz for the APC 7 connector with a 7 mm
coaxial waveguide. This system is composed of an isothermal control type dry calo-
rimeter, a broad band stabilized signal source and a controller. The measurement are
easily performed by a graphic programming method. RF power is measured directly
by the calorimeter and the calibration factor is determined by connecting a device
under test at the measuring port. The design, fabrication, basic characteristics and cali-

bration experiments are described.

81 Introduction In the field of RF power standard, many countries in
which the leaders of such as Europe, United State and

With recent development of the radio frequency (RF)also the advanced Asian countries have been develop-
utilization technology, the necessity of precise broad4ng broadband RF power standards, and are aggressively
band measurement technique has increased in micrgarrying forward to expansion of the range. On the other
wave and millimeter wave area. Following these needshand, the scheme of the Mutual Recognition of Arrange-
various RF measuring instruments have been develope@ent (MRA) of the calibration results among the na-
and come commercially available. tional standard laboratories has begun in last autumn.

One of the basic quantity in the calibration of theseVarious international comparisons are planed for kinds
instrument is RF power. At ETL, we have been engage®f measurables by the Consulting Committee of Elec-
in development of RF power standard. As the micro-tricity (CCE), Radio Frequency Working Group (GT-RF)
wave power standards (the specific standard of the me®f the International Metrology Committee (CIPM) and
surement law) so far, those of the 14 mm coaxialthe Asian Pacific Metrology Program (APMP).
waveguide for 1 and 3 GHz, and that of the X band In many standard laboratories, a microcalorimeter
rectangular waveguide for 10 GHz were establishedmethod is often used to realize a RF power standard.
They have been used for calibrations of the secondaryhe method makes a bolometer (thermistor mount or
standards of Japan Quality Assurance Organizatiofparretter mount) as a calorimetric load and measures its
(JQA) and Communications Research Laboratorysubstitution characteristics(effective efficiency) using
(CRL) in each point frequency. JQA is doing calibra- detection of temperature change of the moUntUs-
tions to accredited laboratories and general users. Wi@g the mount of which effect efficiency is beforehand
have also developed a standard at the frequency of 3#etermined by the microcalorimeter, calibration factor
GHz" and 94 GHZ to the waveguide power but broad- of a device under test (DUT) can be obtained easily by
band RFpowerstandardsreremained as to be developed. a comparison measurement. The standard of ETL above-
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mentioned is based on this method. factor is a ratio of measured RF power to the incident
Besides, there is a way of measuring directly inci-RF power into a DUT.
dent power and calibrating a DUT. As the part of new Fig. 1 shows the block diagram of the developed
broadband power standard development, we did anglystem. Firstly, setting a signal source to the measure-
reported so far researches of broadband power measureent frequency, RF power measurement is made for
ment for the 2.9 mm coaxial waveguide with K connec-ncident power at the measuring port. At the same time
tor 7. the system records the monitor power which is propor-
Here, aiming at a broadband calibration of RF powetional to it. Then, changing the frequency of the signal
meter with a APC 7 connector of 7 mm coaxial source one after another, the system executes these
waveguide, a power standard system has been newlgeasurements in all the frequencies. Thus, we obtain
developed using a broadband calorimeter in the frethe power splitting ratio that is the RF power divided
qguency range from 10 MHz to 18 GHz. The system haby the monitor power.
been developed in the viewpoint especially of high ac- Next, outer three jackets, the temperature reference
curacy. The overview of the design, the fabrication ofblock and the RF load are removed, and then DUT is
the system, calibration experiments are described. connected at the measuring port. Measurement of the
DUT and the monitor power at each frequency are car-
§2 Broadband power meter calibration ried out and the calibration factor of the DUT is calcu-
system lated.
The substitution coefficient and RF power measure-
This system measures the calibration factor of thénent are made by connecting RF load and, the cooling/
DUT at each frequency by direct measuring method oflétection part to the measuring port as in the figure.
RF power described in the beginning. The calibrationT he cooling/detection part comes in thermally contact
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Fig. 1 Automatic calibration system for a broadband power meter



with the rear surface of the RF load. The reason whysuch as N type), an adapter becomes necessary. Also,
the calibration of a DUT is done at the output port ofan extension line with the suitable length is necessary
the adiabatic line is to make the uncertainty due to thevhen a DUT is too big to connect directly to the mea-
line loss as small as possible. The structure of the calguring port. Including these case, calibration fator
rimeter is a twin-type calorimeter using an isothermabf the DUT is expressed as follofis

control method with thermoelectric elements. For the

input line, two adiabatic lines of the same type are used = B,
2
. p . ’ . . yp . . Cd Pmurllna l_ I_gl_u (1)
in series and the calorimeter body is covered with triple '
jackets to improve the temperature stability. Where,P, is the measured power of DUCT, is the

The signal source is composed of a leveling loopcoupling ratio of measured RF powgrand the moni-
using a power splitter and a monitor power meter tdor powerP,. Py, is the measured monitor powEy.is
reduce a source mismaftISplitting RF output of the the reflection coefficient of the signal source &ipis
synthesizer, one part is supplied to the RF load througthat of the DUT i, andn, is the power transmission
the adiabatic line and the other part is supplied to thefficiency of the adapter and the extension line, respec-
monitor power sensor. The output of indicator of thetively.
monitor power sensor is fed back to the level control In Eq. (1),014, [O%will be evaluated separately as
terminal of the synthesizer. This leveling loop reducesan uncertainty factor. In the case of no use of an adapter
the source mismatch. The monitor power is measurednd an extension line, botfy andn, equals unity.
by a digital voltmeter (DVM) and the data is read by  On the other hand, is determined by the follow-
the computer through GP-IB. The broadband RF syning equatiofi.
thesizer is also connected with the computer through P,

GP-IB. The computer programs of the control and mea- Cy = P_ . 2)
surement are developed using a graphic programming.

The principle and the procedure of measurement is as "+ 'S obtained from the following equation by a calo-
follows rimetric measurement.

At first, constant cooling current is applied to the k qa
, . , P = 2 g_ gphl - th) 3
thermoelectric cooling element and the temperature dif- 1- \FS\ l1-a ]

ference is fed back to the built-in heater through the
: . Where P, andP,, are the heater power for RF power
power controller. The amount of the cooling current is

. ) turned off or on, respectivell.is the substitution coef-
pre-determined so that the bias power comes to 1.2~§I P ¥

. I:ﬁcient of RF and DC. It is defined as the ratio of the DC
times of RF power level. The temperature of the R ] ) )
eRower input to RF load and the calorimetric measured

load is controlled so to equal the temperature of the th

. ower. To compensate the incident DC current polar-
mal reference block. Under this isothermal control, RI‘—P P _ P _
'([ey, k should be determined as a mean value for the posi-

o . ive or negative DC currefitd I,Cis the reflection co-
heater while it is turned off and on. Simultaneously, the ] )
efficient of the RF loadj is the ratio of heat transferred

power is determined as the change of bias power of thI

monitor power is measured. Then, the power splittin

. . . 0 RF load to the heat generated by the loss of the adia-
ratio of the RF power and monitor power is calculate

: : atic line.a is the rate of the attenuation by the adia-
at each frequency. For a calibration of a DUT, the RIP e ! uati y !

load is exchanged to the DUT, and both DUT and monipatlc line.

tor power meter are measured at all the frequencies.

- load due to the RF loss in the adiabatic line.
When the DUT connector type is different from APC 7

ga /(1-a) means the rate of the excess heating of RF



83 Components of the system

figure. This is used for the correction of RF power mea-

sured.

In the development of the broadband coaxial calo-

characteristics

capacity
# A low noise and highly sensitive temperature dif-load. The reflection coefficient of the RF load is illus-
trated inFig. 5.

ference detector and a refrigerator
$ Temperature stabilization jackets
The cross sectional view of the calorimeter is shown g0

in Fig. 2 but this illustrates a part with only single port

and single adiabatic line. 2

As for the adiabatic line, the outer conductor calibeg 0010
is 7 mm, the outside diameter of inner conductor i§
3.04 mm and the length of line is 37.9 mm. To make the

t

ficient

To minimize thermal capacity of the RF load, it has

rimeter, the following items are especially considereda special coupling nut which was separately manufac-
I An adiabatic line having excellent RF transmissiontured, not using for the standard parts of the connector.

The absorber (RF load) of RF power is a miniature ter-

" An RF load with low reflection and small thermal mination with a built-in wire resistor (heater). It is of
Manganin wire of about 1k wrapped around on the

0.015

0.005

heat resistance high, the outer conductor is made from 0.000

stainless steel of 0.5 mm thickness and the inner con-

ductor is made from ceramic to heighten thermal insu-
lation. Both of the surface is plated with Gold to Nickel

base plate. As for the both edges of the inner conductor,
a spring type contact mechanism of the APC 7 connec- 0040
tor is used. The measuring port has no coupling nut to 00%

0.030

decrease the thermal capacity. The RF characteristigs 0025

of the adiabatic line are as follows.
The reflection coefficient of the adiabatic line was

measured using a network analyzer and is showigir3.
Fig. 4 shows the RF loss measured by power meter

Los

with low reflection. From these data, an approximate

curve of 5 th polynomial formula was derived by a
least square method shown by the fitting curve in this
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Fig.2 Construction of the calorimeter
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The cooling/detection part is fixed on the tempera-Pre-amplifier amplifies the output of the thermoelec-
ture reference block through a thermoelectric coolingric detecting element with 30 V full scale ( gain
element and two thermoelectric detecting elements3.3x10" ) and feeds back the output into the heater of
These elements are the same type of so called Peltitrte RF load through the control amplifier. The control
elements of 4 mm square and 3 mm height. amplifier consists of an AD and a DA converter (12

The stabilized signal source circuit consists of a synbits ), an adder/main amplifier and a filter. The relay
thesizer of 10 MHz -18 GHz, a power splitter and aswitch is used as a switch which controls data from the
monitor power meter. The signal source reflection isAD converter. The data is transferred to the DA con-
calculated from the following equation. verter and is halt. This timing can be controlled by in-

ternal or external signal and the isothermal control comes
(4) toextremely stabilized
These component were found to be sufficient to

_ S5
S S,

Each S parameter was measured using the netwodalorimetric RF power measurement and calibration of

\r

ge

analyzer. The reflection coefficient of the signal sourcea DUT.

was calculated from the equation as showfidn 6. It The parametesr andq in the equation (3) is deter-

can be used for the uncertainty evaluation of the sourc@ined by experiments. In order to determine the pa-

mismatch for RF power measurement and DUT calitameterg, it is necessary to make precise correction

bration. considering the effect due to the excess heating of the
The block diagram of the power control circuit to adiabatic line. The results are showTable 1 Evalu-

use for the calorimetric measurement is showFigry’. ation of them is scheduled to present in other r&hort

Table 1 Basic characteristics of the calorimeter
0.0300

P Substitution coefficient k 1.0060
0.02500 / o/ Excess heating ratio q 0.165
- 00200 . \ VARV RF load resistance 49.875Q
< 0.0150 S/ \ Heater resistance 1.006 Q
0.01000 - . / Responsivity for heater power 73.2 uyWimw
0.00500 - S \\ / Responsivity for RF power 71.9 pv/imw
00000 AT b Responsivity for cooling power 61.0 pV/mw
0 2 4 6 e Time constant for heater DC power 280s
__Frequency (GHz) Time constant for RF power 290 s
Fig.6 Source reflection - ;
Time constant for cooling power 40s

84 Measuring program

Control

! Three steps of the measurement are necessary.

o " Y o e 1 o [ | aiming They are the measurement of the substitution coeffi-

port L opt  Cientk in the equation (3), the coupling ra@gin the

0 Preanp [ ﬁ Filter ein ar?wns P equation (2) and the calibration fackoof a DUT. The
J—— computer controls and measures each part automatically

through GP-IB and processes the data. The measure-

Fig. 7 Power control circuit
9 ment procedure and the computer program of these pa-



rameters are as follows. # Calibration factor of a DUT

I Substitution coefficienk The calibration of a DUT is performed as follows.

Connecting a DC constant current source to the RRemoving the jacket, RF load and the cooling/detec-

input port of the first adiabatic line, we measki#e tion part, we connect the DUT to the measuring port.
andk- to the positive and negative DC current. At first On the front panel we set the frequency and the signal
we perform the isothermal control using the internallevel as the same of the step andC, for each fre-
control function and wait until the control becomes suf-quency. Then we execute the comparison program.
ficiently stable. Then we execute the program from the In the stept and" , P, is measured before and
front panel of the program. The mean vadlwé them is  after either of the signal input ( DC or RF ) to compen-

used in the next step. sate for the drift. These measurement results are recorded
" Coupling ratio to either of the specified files.
On the front panel dfig.8, measuring times, fre-

qguency, synthesizer output set letgland other pa- 85 Measurements

rameters are input includirgandqg. Where, “Load A

VS” means the VSWR of the RF load of port A. The  The basic characteristics of calorimetric port A is

program executes the isothermal control and measurgsown in Table 1. It is expected that the substitution

RF power and monitor power, and determine the pacoefficient has no level dependence following the

rameterC,. theory’. To confirm thisk was measured from 1 mW
to 10 mW and is shown irig.9. As shown in this fig-
ure, k of the mean value kft andk — is considered as
constant in the whole area. The paramgtef the ex-

APC 7 Calotimeter Cd Measurement cess heat transfer ratio was determined by calorimetric

Port A Measurering times  Date Time . .
vl measurements with a short at the RF load input connec-
Paramenter set .
LR tor and introducing AC or RF as described abtve
O Frequency dependence parameter
. S —————— In the measurement &f,10 minutes are necessary
0.165 0.010 12.380 1.005 . .
@walie) GG Y, ggzg 113?8 1332 for the bias measurement interval. For example, mea-
2009 0100 |1L660 | 1004 surement of 18 points need about 6 hours. An example
SUES e 0300 | 11.370 | 1.005 GPIB Address . : :
coefficient 0500 11370 1006 GPIB of the front panel which measured 39 points in the fre-
Heater Lo 1070 1o s quency range of 10 MHz-18 GHz is showrfig.10
resistance(kOhm) 2.000 12.930 1.008 R
1.0060 2.450 12.830  |1.004 GPIB
Meas interval(min) 3.000 12.930 1.001 HP438A Monitor PM
10.00 4.000 12.790 1.010 13
Control interval(sec) 4.200 12.740 1.012 GPIB
20.00 5.000 12.780 1.020 W6814B SG 1.007 -~
— : 6.000 12.790 1.030 18 L k-

Setting time(min) 7.000 12.630 | 1.036 1006 \
1.00 8.000 12.680 | 1.030 : [ _

9.000 12.660 | 1.019 r K o T

10.000 12.590 1.023 _\C_ 1.005 ~

11.000 12.770 1.040 ~ L o — ® —— e — * —— o
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12400 |12510 | 1.051 =~ . © —
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14000 |12690 |1.030 1003 -
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16.000 12.820 1.024 1.002 - L — L — - |

17.000 12.780 1.044 0 2 4 6 8 10

18.000 12.560 1.044

Input power (MW)

Fig. 8 Front panel for gmeasurement Fig. 9 Example of measurement of the substitution coefficient



Where P, andP,, is the heater bias power and the moni-the source mismatch, the adiabatic line and so on. Evalu-
tor power, respectivel\R,; andP,, is the calorimetric  ation of the uncertainty of the measurement is described
measured power and monitor power compensated fan another paper of this bulletin.
drift, respectively. RT and HUM is the room tempera-
ture and humidity, respectively. 86 Conclusion
An example ofC; measurement and calibration of
thermo-type power meter were done and the results are  An automatic calibration system for a broadband
shown inFig.11 The measuring interval of tii& mea-  RF power meter was developed in the frequency range
surement was 10 minutes and thaKakas 1 minute. of 10 MHz -18 GHz for the 7 mm coaxial waveguide
The standard deviation @f obtained by four times re-  with APC7 connector. This system is composed of a
petitive measurements was 0.0006-0.0013 and that @fvin type dry calorimeter, a broadband stabilized  sig-
theK was 0.0001-0.002 . nal source and a controller. It measures the calibration
In the uncertainty of measurement, there are varifactor of a DUT for the full band by direct measuring
ous factors such as due to the substitution coefficieninethod of RF power. The design, fabrication, basic char-
acteristics and calibration experiments were described.
This system will be used as the standard for CCE GT-

156303 |0.0000 |00001 |00000 |00000 | 236426 |39.2169 RF inter-comparison, JCSS and other calibrations.
5.4445 10.1837 10.0230 10.0228 1.0205 23.6530 |39.2163 - . .
156200 00000 locoos 00000 00000 23,6400 387708 We appreciates Mrs. Keiko Sato and Mr. Kyouhei
54856 |10.1384 1100233 1100231 10159 1236228 |38.9675 Yamamura of the Japanese Quality Assurance Organi-
15.6223 0.0000 0.0000 23.6175 |39.0876
55312 209761 |10158 1236537 |363675 zation who cooperated with the development of this
LAEZoLs X 3 9.102'/"-~.Q.9900 23.6373 |38.9905

0.0000 |15.5724 ] 0.0000 |0.0000 "|22A527 |38.2376..- system.

14.0000 [4.9995 10.5701 . 9.9722 1.0601 24.1160 |34.5638

0.0000 15.5668 0.0000 X 0.0000 0.0000 24.1368 |33.9036

15.0000 |4.9867 10.5784 . 9.9763 1.0599 24.1870 |34.0452

0.0000 15.5635 0.0000 . 0.0000 0.0000 24.1877 |33.3242 R efe re n C es

16.0000 4.9844 10.5764 . 9.9787 1.0593 24.2105 32.7773

0.0000 15.5580 0.0000 X 0.0000 0.0000 24.2029 |32.9975

17.0000 [4.9820 10.5715 X 9.9824 1.0587 24.2133 |32.3915 1) T. |noue’ K. Yamamura and T. Nemoto: "Automatic

0.0000 15.5490 0.0000 . 0.0000 0.0000 24.1974 |32.3700 i . .

18.0000 |4.9693  |10.5779 09844 |1.0505 |24.1870 |32.9800 calorimeter system for the effective efficiency measure-

0.0000 15.5454 0.0000 0.0000 0.0000 0.0000 24.2022 |32.5796
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