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Carsten Vieland, DJ4GC

A Sensitive
Thermal Power Meter

A measuring Instrument is 1o be described
that has seven measuring ranges from
100 #W to 300 mW, and whose upper fre-
quency limit is way up in the X-band! Con-
struction should not be ditficult for those
readers having adequate mechanical skill,
and a magnifylng glass; only a few special
parts are required which are easily avail-
able.

1
POWER MEASUREMENT PROBLEMS

For radio amaleurs, power measuremeni 1S
probably one of the most difficull areas in
radio (requency measuring technology. The
various types of diode volimeters, see Fig. 1,
have three disunct disadvaniages:

1. The junction capacilance of the 1es diode

érJ

(1-4 pF) represents a parallel capacitance lo
the load resistance. For instance, the amount
of the capacitive reaclive impedance will be
less than the 50 Q load resistor when using a
Schottky diode HP 2800 even at 1.6 GHz. In
conjunction with the inavoidable circuil induc-
twvity, (his will lead to noticeable resonance
eflects, which limit this type of power measure-
menl 10 frequencies up 1o approximately
1 GHz, if a special scale calibraton is nol
used.

2. The non-linearity ol the diode characlen-
stic will be noticeable at low AC-voliages. This
lsads 10 a non-consent mathemalical scale
calibration inspite of subsequent amplifica-
tion and deloganthming. If one 1s to avoid the
very exiensive comgpensation methad, i will
be necessary for (he scales 10 be calibrated
point by pont, for instance by calibrating 1
againsi a precision meler.

Fig. 1:
A dlode vol as power mel
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Fig. 2:
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Principle of a thermo-power
meler operaling according
lo the bolometer principle

O

3. The calibralion ol the diode volimeler is
made in AMS-values, however, the measure-
menls are made wilh peak voliages. In the
case of subsequenl measurements on ama-
leur equipment, the required sinewave signal
will be superimposed with harmonics, subhar-
monics, conversion producls. and unwanted
oscillanons. When the maximum values of the
individual vollages coincide, peak vollages
are provided lo the diode, which have no rela-
tonship 10 the RMS-value. The outpul power
of oscillating slages can be even higher than
the power consumption from the power line.

The described disadvantages ol diode voll-
melers can be avoided or al leasl reduced
when using the bolomeler principle (see
Figure 2), since the load resistance s only 1o
be found in the RF-circuil. The heating is a
linear function of the RMS-value of the RF-
power, al least at low lemperatures. The tem-
peralure increase is measured with the aid of
a NTC-resistor, which will lead lo a power-
linear scale calibration. Calibration and accu-
racy measuremenis on such a unit can be
made wilh the aid of DC-voliages.

Fundamenial considerations were made in (1),
(2). (3) ang (4). A suntable conslruction was
described in (1) Higner sensitivines can be
achieved with the aid ol thermo-elemens
using 1hin-film technology (5).

The described meter has seven measuring
ranges from 100 xW 10 300 mW (FSD). lis
upper frequency limit 1s in the X-band. One
disadvaniage is lhe somewhat long ransienl
time of Ihis method (S0% ol full scale afier 1 s),
which means thal no modulation measure-
menls can be made
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2.
COMPONENT SELECTION

The 50 Q load resislor should be as small as
possible. A small mass resulis in a short ther-
mal Iransient ime, as well as a high lempera-
lure coellicienl (meler sensilivily), and has a
posilive ellect on the upper limil frequency
The smallest, inexpensive, and available resi-
stor (51 Q) uses a flat melal-glazed conductor
and is somenmes designaled as micro-rminia-
wure resislor (62.5 mwy). 1t is in the form of a
bead-lype microchip resisior thal has been
dipped inlacquer, and lhey are usually used In
layer circuils. Alier carefully removing the lac-
quer, ong will obtain a ceramic chip whose di-
mensions are 2.2 mm x 12mm x 0.8 mm.

The lemperature-probe resisior should also
have a low mass and 1hus a shorl lransient
ume. In addition 10 1his, high-impedance resi-
stors are preferable, since these exhibil the lo-
wesl inirinsic heating as result of the conneci-
ed lest vohage. The Siemens Thernewid-NTC
resistor lype K 19 is very suitable. This compo-
nenl comprises a glass bead of 0.4 mm diame-
ler and possesses virtually invisible connec-
non wires. This component is so sensitive that
it will react 1o Lhe radiation heal ol one's hand
withoul delay, even ata spacing of 1 meter. Un-
forlunately, this resistor, which can also be
supphied in pairs, is not inexpensive, bul it 1S
also offered by several other manufaclurers,

Expennments made with the thermoprobes
SAK 1000 and KTY 11 resulled in an inferior
limit sensitivily, and the transient lime was al
least ten limes longer.
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3
CONSTUCTION
OF THE RF-CIRCUIT

Of course, the NTC-resistor mus! be directly
glued 10 the load resistor (with very hitle two-
component adhesive). However. due 10 ils
high sensitivity, it should be thermally decou-
pled from the 1npul conneclor. For this reason.
in1s not recornmended for the load resistor 1o
be directly soldered 1o the RF-connecior, since
the mechanical tension passed via the inner
conductor could destroy the chip resistor A fa-
vorable solulion was found by using a 50 Q
stripline in conjunclion with a heal sink (brass
plate) lor inlerconnecling the load resistor 10
the inpul connector. This lype ol construction
is shown in Figure 3.

In order 10 ensure a high culol! frequency, the
stnpline should be ideally on a PTFE-malerial
(double-coated) A stripline width of 23 mm
will resull when using 0.8 mm thick RT/duroid
5870 material In the author’s prototype. the
stripline is 12 mm in lenglh. Of course, epoxy
PC-boards can be used up 1o several GHz
withoul problems due 10 the non-resonan!
conduclor lane. When using 15 mm thick
epoxy PC-board material, the striphne width 1s
31 mm,

DJ4GC Fig. 3
Sultable construction of the
bolometer

Feeathrouph cap

Brass plale

Special care musl be 1aken in the transition
between the coaxial connector and the sirip-
hine. Although N-connectors have mare lavor-
able RF-characierislics than BNC-conneclors.
the lormer will exhubit are more nohceable In-
conlinuly at the transition Professional users
specily SMA-conneclors up lo 18 GHz.

In order 1o achieve Ihe shorlesi possible (ran-
sient bme of the bolometer, a good heal dissi-
paton is oblained al the cosl of maximum sen-
sitivily. Heal-conduclive pasle should be pro-
vided between Ihe slriphne board and the
brass heat sink, which i1s also placed around
the chip resisior. Temperature (luctualions
coming from the inpul conneclor are compen-
saled for with \he aid of a second brass plate
(Figure 4). Since the thermal probe slill reacls
1o the radialion beal reaching lhe case, lhe
whole bolometer is surrounded in a melal
case.

Any excessive solder on Ihe stripline should
be removed wilh a lile in order 1o ensure a low
heat delay. The NTC-resisior should be glued
inlo posilion only after this has been carrned
oul,

The fragile conneclion wires ol the K 19 are
supporied on Lhe RF-side with the aid of
leedthrough capacilors, and on Ihe lower side
wilh the aid of a small board (hal has been
glued into place.
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Fig. 4:
RAF-circult with bolometer and heat
sink

The author's prololype is mounled in a com- 4
pacl, standard metal box whose dimensions E
are 111 mm x 73mm x 50mm (see Figure5). MEASURING AMPLIFIER

In order 10 maimain the zero-poinl stability,
and the calibraled meler sensitivity, il is re-
commended that a brigde circuil be used to-
gether with a second K 19 (paired lo hbave the
same lemperature coefficient), in order 10

Fig. &:

Photograph of the author’s
prototype; RFportion under the
metal cover.
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Fig. 6: Circull of the thermo-power meler

compensale for ambient lemperalure fluciua-
lions, (see Figure 6).

The first operational amplifier maintains a
constani curren! via the test NTC resistor,
which allows a linear transfer of ils resistance
value lo the aclual test amplifier. The zero-
point should be adjusted before commencing
the measurement with the aid of a low-impe-
dance, shunied, ten-turn helical potenlio-
meler. If a larger case is used. it is also posss
ble for less-expensive coarse and fine conltrols
o be used.

The reference vollage is provided by a LED,
which is connected as zener diode. Higher vol-
tagesthan 1.5 V will, however. improve the sen-
sitivily of the reading, however, will lead 1o con-
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siderable intrinsic heating ol the 1thermal
probe

In order (0 change 1he measuring range. the
feedback resisiors of the second operational
amplifier are swilched.

The resislance values and lhe measuring
ranges (full-scale dellection) are:

R, = 22 MQ (0} mw)
R, = 680 kQ (0.3 mW)
R, = 220 kQ( 1 mW)
R, = 68 kQ( 3 mW)
Ry = 22 kQ (10 mW)
R, = 6.8 kQ (30 mw)
Ry = 1.4 K (300 mw)
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The- ineler cannot be overloaded since the
operational amplifier possesses an inlernal
current hmiting. Since an oflset alignment 1s
nol required, 11 is advisable 10 use a low-drill
dual-operational ampliber in an eight-pin
case. such as the TL082. In Ihe most sensilive
range. the llicker noise of Ihe operational am-
phhier will cause a cenian fluclualion of the
meler reading.

The operating currenl 1s only in the order ol
5 mA, which means thal lwo 9 V-baileries can
be used as power supply. The meter will also
operale perfeclly alt + 5V.

5.
ALIGNMENT

The calibralion ol the meler is made wilth

direct currenl. Itis advisable 1o adjust he cur-
rent 10 the lull-scale deflection of the appro-
priate range with the aid of a digilal mullimeter

The feedback resisiors R, 10 R; of the 1est am-
plilier are selecled 10 have the highesl accura-
cy Irom alarge selection of resistors. Since 1he
sensivily of the bolometer 1s greaily depen-
denl on the mechanical consiruction, lhe
given values are anly lor orienlation.

Due lo Ihe non-linear relationship beiween the
temperature and the resislance value ol the
NTC-resistor, il is necessary far the highesl
range of 300 mW to be calibraled indepen-
dently on the scale. (see Figure 7). In the
30 mW-range. the deviation is slill only a maxi-
mum ol 4%, and should thus be accepiable
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Fig. 7:

This pholograph shows
the scale calibration with
the 300 mW scale al the
bottom



6.
MEASURED VALUES

It was possible belore manufaciuring the
power meler 10 measure the inpul return loss
of \he RF-circuil with the aid ol a network ana-
lyzer It was lound 1hat a return loss of 20 dB
(corresponding o approx. 1.2 VSWR) can be
achieved up lo a Irequency of 2 1 GHz. The re-
turn loss of 10 dB (approx. 2 VSWR) 1s only ex-
ceeded al 11 GHz.

A 3 GHz oscillator having an outpul power of
25 mW with an accuracy of + 01 dB was now
connecled 10 the meter and this power was in-
dicated with an accuracy of the meter-needle.
The Gunnplexer manulaciured by Microwave
Associates (15 mW al 1036 GHz) provided
12 mW of heat after being adapled Irom wave-
guide to BNC.

The meler reaches 50% of the lull-scale value
afier approximately 1 second; 90% of the hinal
value s passed after 3.4 5. The lransient lime r
(63% ol the final value) is in the order of 15 s.

7:
PRACTICAL EXPERIENCE

Due 10 the short length of the sinpline used. a
cerfain lemperalure sensilivily exisis via 1he
inner conductor of the inpul conneclor. since
both NTC-resistors are nol heated simullane-
ously. In the very low power range. i1 is advis-
able 10 work togslher with an nlermediale
cable which remains connecied 10 the meter,
Otherwise, (he zero-point siability is so high
thal 1l is possible 10 carry oul measuremenis
direcily afier swilching on. In the case ol the
Iwo mosl sensilive ranges, it is advisable to
leave a warm-up hme ol appoximately three
minuies

The calibration was made at 20°C. A (uriher
test in a relrigeraior al 5°C did not show large
devialions,

The speed of the reading is approximately as
migh as Ihat of a dampened laboratory meler.
Taking all advanitages of this measuring
system 1n1o consideration, st will not be found

X

1hat alignment work is made more difficull due
100 slow an indication

The dynamic range of the power meler can be
increased by adding wideband amplifiers (e g
as described by DJ7VY). allenuaiors, or di-
recional couplers. However. the frequency
range wall be imited by this. l1 is possible, lor
insiance, (o use a direchional coupler wilh an
attenuation of 40 dB 10 increase the measur-
ing range up o 3 kW. The exac! value of the
loss can be measured previously using Lhis
meter.

The high sensuivily ol this meter (the resolu-
tion is in the order ol 1 uW) allows one l0 also
measure the frequency. or allenuation charac-
leristics of (iliers, bandpass fillers, directional
couplers, frequency multipliers, mixers, low-
signal ampliiers, elc., in addinon o purely
power measuremenis, and its high dynamic
range can be used right up 1o X-bands.
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