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PMC.1 YHMBepCallbHblh AaTLfMK n p O X O A R ~ e h  MOWHOCTM 
Fig.1 Universal passing power sensor 

qT06bl 06eCneclMTb MMHMManbHYto WCTOTHyD 3aBM- 
CMMOCTb KO3@@luMeHTa npe06pa30BaHMR AaTWlKa 

WEIR CTeHKa. 

neHHblh B Tpy6y BHelllHerO npOBOAHMKa KOaKCManbHOrO 
BOnHOBOAa, AaT’iMK npOXOARu(eh MOUHOCTM BblAaeT Ha 

B MeCTe er0 yCTaHOBKM. flpOTeKa5l fl0 n0BepXHOCTM no- 

npMMeHReTcR crieuManbHasl AeyxcnohHaR nornoqato- 

A a n m  p a 6 o ~ a e ~  cne,qytoWvlM 06pa30M. YcTaHoe- 

HY pasae~e  3p,C, nponopumoiianbHyto KBanpaTy nom 

rnouatoqero a f i i e ~ e ~ ~ a ,  CBcl TOKM Harpeeam ero. B 
C B R ~ M  c TeM, WD nornoqatoqMh 3 f l e ~ e ~ ~  no nepM@e- 
PMM npmpennen K MaccmHoMy Kopnycy, TO Tenno OT 
~ T O A  qacm s n e t ~ e ~ ~ a  6blc~pee YXOFIMT Ha Kopnyc Eon- 

Homb TeMnepaiyp npeo6pasye~cs B ~ e p ~ o 3 A C  c no- 

ropslwe cnan KOTOPO~ p a 3 ~ e u e ~ b i  B o 6 n a c ~ ~  uew 
TpanbHoR clacni nornowalowero a n e ~ e ~ ~ a ,  a xonoa- 
Hbie - B 06naCTmi ero nepM@epw. 

B C B R ~ M  c T ~ M ,   TO K O S @ @ M ~ M ~ H T  n p e o 6 p a 3 o ~ a ~ ~ ~  

HOBOAa ‘-EM, OT UeHTpaIlbHOfi WCTM 3neMeHTa. Pas- 

MOqbto KOnbueEiMflHOfi 6aTapeM IlneHOClHblX TepMOnap, 

AaNMKa B LUMPCIKOh IlOflOCe ‘iaCTOT TpaKTa IlPaKTMWCKM 
He M3MeHReTCR. rpaAyMpOBaTb er0 AOCTaTO‘lHO TOflbKO 

mR flpOBeAl2HMR nepMO#lWCKOh KanM6pOBKM B UeH- 
iiacpeAHehqac~o~eAnana3o~a. 

Tpe nornoqatotuero 3 n e ~ e ~ ~ a  npMKpenneH nposoAHMK 
W R  BHewHero rioaorpesa nocneAHero qepes Hq p a s a e ~  
OT MCTOrlHMKa rlOCTORHHOr0 MJlM HM3KO%CTOTHOTO TOKB, 
KOTOPblh neW0 I13MePMTb C Tpe6yeMOh TO‘4HOCTbto. 

I 1  t 1 

mv V, 
PMC. 2 CTl2YklJ‘PHaR CXeMa MHOr030HAOBOrO 

MMKPOBOJlHOBOrO MyJlbTMMeTpa 

Fig. 2 Multiprobe microwave multimeter 
structure 
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Abstract - The report is devoted to the analysis built-in mul- 
tiprobe microwave multimeter of a large level with absorbing 
wall sensors. The one-frequent and broadband measurement 
devices are considered. 

I. Introduction 
The multiprobe microwave multimeter was designed for an 

automated remote signal and transmission line mode checking 
for high level power in the wide frequency range and incident, 
reflected, passing to antenna power, reflection coefficient 
modulus and phase measurement and emergency situation 
prevention. The main technical characteristics are: frequency 
range - one-two octave, power measurement level - 0.5-50 W 
and more, reflection coefficient modulus - 0-1, main measure- 
ment error k(3-5)% (without verification error) . 

11. Device and the Action Concept 
The action concept is 6ased on standing wave exploration 

in the wavequide between termination and generator with an 
aid of the universal broadband passing power sensors, built on 
absorbing wall principle. The amplified signals from the sensors 
are transformed to measuring quantity of incident, reflected, 
passing power, reflection coefficient modulus and by means of 
the microprocessor system. There is opportunity to check a 
wave length, if necessary. The microprocessor implements the 
synthesized algorithms in accordance with program in real-time 
scale. Due to this it is possible to make up for many systemati- 
cal and random errors. The main multimeter and sensors ad- 
vantage are a high accuracy, wide frequency range and dy- 
namic range, a high speed of response, an electrical, thermal 
and radiation stability 

111. Signal and Transmission Line Parameters 
Definition Algorithm 

There are two emergency situations, giving restriction: 
when a wavelength increases and an adjacent sensors read- 
ings unintelligible and when a wavelength decreases, so a 
wave period placed between an adjacent sensors and their 
readings became equal one. In occasion, when an adjacent 
sensor readings are equal or closely spaced quantity, to pre- 
vent zero in the denominator, the sensors commutation has to 
be executed in the microwave multimeter, shifting to the right or 
left side on distance equal to phase distance between a sen- 
sors. It requires one more sensor. Besides this, an expression 
gives information about wavelength as arccos &The device 
operates in a continuous frequency range. There are five sen- 
sors operate in the given subrange. There are three of them 
enough to define passing power on the fixed frequency, the 
fourth one is necessary to calculate correction coefficient 
(phase distance between adjacent sensors, calculated on the 
basis of sensor readings, for frequency change monitoring. The 
fifth one supplies uncertainty exception. So an algorithm fre- 
quency independence is maintained in the given frequency 
range. In case when working wavelength approaches to two 
time distance between an adjacent sensors, the sensors com- 
mutate, so a working sensors became that ones, distance be- 
tween which is two time less than first distance. 

IV. Universal Sensor for Passing 
Power Measurement 

Each sensor consists of a cylinder frame with absorbing 
element as a flat metal plate attached to working end of frame, 
a ring thermocouple battery sprayed on the dielectric base. The 
battery is placed in the inner side of an absorbing element, so 
that its hot junctions are placed in the center of the ring. The 
cold ones are situated in the perimeter. There is a conductor in 
the center. There is a thread on the outer side of frame to screw 
the sensors into the pipe of an outer coaxial conductor and to 
fix its situation by a nut. The frame working end increases heat 
exchange. The little weigh, a better heat exchange and a cold 
junction offset increases speed of response. The sensitivity 
increases at the expense of great amount thermocouples in the 
battery. The high electrical stability is maintained due to a sen- 
sor screwing in the inner coaxial pipe or wavequide, so that the 
inner absorbing element surface and the inner wall surface are 
at the same level. It achieves by an end sensor frame curve 
follows an inner coaxial pipe, so increases thermal stability 
during high and very high power level measurement. To obtain 
minimal transformation coefficient frequency dependence, apply 
two layers absorbing wall. 

The sensors operate in such a way: installed in the outer 
coaxial pipe, passing power sensor outputs a voltage at LF 
plug, the voltage is proportional to field intensity in its installa- 
tion place. Running on absorbing element surface, VHF cur- 
rents heat absorbing element. As well as the absorbing element 
perimeter is connected to a massive frame, the heat from this 
element part goes to waveguide faster than from central part. 
So the center temperature will be higher than one at the 
perimeter. The temperature difference converts into voltage by 
the ring film thermocouple battery, that hot connections are 
situated in the central absorbing element part, the cold one is in 
its perimeter. 

It is enough to calibrate only at the middle frequency due to 
a transformation coefficient in wide frequency range stability. 
The reference calorimeter is used for this purpose. There is a 
conductor attached in the absorbing element center for its ex- 
ternal heating through LF plug from DC or RF current source for 
periodical calibration, that it is easy to measure with needed 
accuracy. 

V. Multiprobe microwave multimeter structure 
The measurement unit has to maintain preliminary analog 

signals from sensors processing and signal transmission to the 
indicators. The input signal amplitudes are 0.01 -1OmV. 
MMM consists of a computing device, sensor, indicator, power 

supplies. The computing device is carried out on base of 8-bit 
microcontroller MCS-51 of the Intel corporation. The primary 
measurement converter is realized on base of the microcontrol- 
ler PIC14000 of the Atmel corporation, it includes on-chip ana- 
log-to-digital converter, the universal passing power sensor 
connected to microcontroller PIC14000. The connection be- 
tween the master microcontroller MCS-51 and primary convett- 
ers is carried out through a serial bus of 12C type. The meas- 
urement parameter calculated values are mapped on the liquid- 
crystal indicator. The given measurement device can be used 
as autonomous one in control, measurement, diagnosis auto- 
matic systems. The serial interface of RS-232 type is used for 
connection with equipment. 

VI. Conclusion 
The practical value of obtained outcomes is that they are a 

basis for creation of a new class MMM with improved metrologi- 
cal characters and an extended frequency and dynamic range. 
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