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Therma Wattmeter with Direct Power Conversion

L. Grno

Abstract-A thermal wattmeter with a-novel method of direct
power to voltage conversion is described. The conversion is
based on power substitution by a three-terminal thermoconverter
(TTTC). The TTTC is principally a thermally isolated heater
with dynamically controlled impedance enabling simultaneous
application of mutually independent current and voltage. The
power dissipated in the heater is directly converted into output
voltage or current in dual self-balancing thermal bridge circuit.

I INTRODUCTION

XTENDED exploitation of high-speed switching com-
ponents in industrial electronics like power converters
and inverter power sources has evoked an increasing de-
mand for a broed frequey rage of ponve messremats
High-frequency noise in a power system may significantly
affect classical measuring equipment. we have developed a
novd mehod of dred broedbend power messramat  bessd
on ac-dc substitution by a three-terminal thermoconverter
(TTTC). The TTTC is principally athermally isolated heater
with dynamicdly contralled impedence The  impedance  con
trd eddes dmutaneous guplication of mutudly  independent
auret through ad vdtege aoross the hester. A Smple red-
izetion of TTTChessd on an opediond amplifie-contrdled
FET with its dransource chand as the heder is prindpely
down in Fg 1
The TTTChes three teminds the vdtage termind VT, the
aurant temind CT, and the common tamind GND. An opa-
diond amplifie having the FET in a negaive fesdbedk loop
keps zeo potetid dfference between the curat temind
ad the GND tamind ad this wey enres the votage aoross
the sourcedran dhannd of the controlled FET to be equd to
the votage gpplied acoss the VT and GND  tamird

Usd = Uwvt-gnd (@D)

and the current through the sourcedrain channel of the
controlled FET to be equd to the curent foroed into the CT
termind

Isd = Ict . ]

The dsipeted pove Psd = Usdid hedting the FET s fully
deemined by the exend vdtage and curent sources tha
is ‘the dedricd parandes of the tranagor do not expliatly
dfect the disSpaed powe.

The structure shown in Fig. 2 consists of two controlled
FET's Qa ad Qb ad tempaaue sasx TS on a themdly
isolated common substrate. Thermal symmetry of Qa and
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Fig. 2. Principd diagram of dud TTTC

Qb, referred to the temperature sensor TS, enables mutual
sbdituion of disspeted pove oignding in two indegpendat
ourcss If the tampaaure of the subdrate is kept condtant
by controlling the power dissipated in Qb, then, supposing
condant evironmetd  tempedure we ootan

DPa = -DPb @)

Contrdling the power by means of contrd of the voltage Ub a
condant current |b or by contrdl of the current 1b & condant
vatage Ub and udng the controlled quantity as output quantity
we have a powve-tovdtege conveter o a power-to-current
converter,  respectively.

The compele Hfbdandng themd bridge draut, the bedc
unit of the TTTChesd powamder, is sown in FHg 3. The dc
vdtage and aurat Ugs ad los produce de offsgt ensuning
the correct working point for the multiplying FET at al
possible combinations of the four-quadrant input signal Uac
ad lac vdues The thamdly symmericd supports SL ad
aede a themd hridge suppressng influence of  environmentd
temperature fluctuations. The support S2 is heated by an
axiliay pove souce aeding a rdfaence tempaaue for
the thamd lidge Zeo tempadue dffeence bawen S
and S2 means equality of power dissipated on Sl and S2;
thus constant auxiliary power on Sl keeps constant sum of
dsipded pove on 2

The bedc bdance equation of the dralit aoccording to FHg. 3
is

1 T
L[ oo Vg L+ Ul = const.
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Fig. 3. Automatic self-balancing thermal bridge.

which for zero mean values of Ug and l5c signals for
increments of Ugy Yyields

AUOUT =

1 T

Il1. MEASUREMENT UNCERTAINTY SOURCES

For precise power measurement, the following mgor TTTC
measurement uncertainty sources have to be conddered:

1) therma asymmetry of heater transistors referred to the

temperature  sensor;

2) power disspation in therma isolation section;

3) power disspation due to transistor control.

The thermodectric effects which are the most important
sources of adde  differences in dassc thermoconverters affect
the messurement by different temperature distribution aong
the heater for ac and dc dgnds. Due to the negligible size
of the drain-source channd of the FET (a few micrometers)
cregting the heater of the TTTC and its location on thermaly
isolated support the thermd gradients causng ad/dc  difference
ae expected to be negligible

The sources 1) and 2) can be easlly determined by externd
evdudion and then corrected. The power disspated in the
FET due to its control is directly determined by eectrica
parameters of the FET. The vaue is nonlinearly dependent on
vaues and the rdation of gpplied voltage and current signas
SO it cannot be directly diminated but it can be minimized
and kept on a negligible levd by an agopropriate transistor
congtruction and its working point sdection.

We have implemented very smple experimenta monalithic
TTTC power sensors based on S MOSFET to verify the prin-
ciple and the dectronics. The sensors condsting of thermally
isolated chips with dandard MOSFET trandstors achieved
therma resistance approximately 1400 K/W.

A Gas MESFET sensor based on especidly designed
tranastors and nove circuit topology is being developed in
cooperation with the Inditute of Electricd Engineering of the
Sovak Academy of Science [3]. The therma resistance of the
laes verson of these MESFET sensors has exceeded 5200

SENSORS

KW, that is, the working point approximately 100 K above
the environmental temperature can be excited by less than
20 mW of disspated power. The on-chip integrated Shotky
diode as temperature sensor with sendtivity 2 mV/K yidds
respongvity over 10 V/IW. The vaue of transconductance of
the implemented MESFET's is gpproximatdy 4 mA/NV  and its
open resgtance is 150 W.

IV. EXPERIMENTAL RESULTS

We have tested the linearity (only voltage input varied) and
Quadraticity (voltage and current inputs varied smultaneoudy)
of the Si MOSFET TTTC by comparison with DATRON 4808
cdibrator a 1 kHz. The deviaions from linear and quedratic
regresson function did not exceed 50 ppm.

S MOSFET TTTC wired as a squarelaw converter by
driving the current input with a low-inductance resistor from
the voltage input was used to measure the output voltage of
a FLUKE 5700A cdibrator a condant voltage settings and
varied frequencies The measured deviaions from the best
fitting linear regresson function in the frequency range from
100 Hz to 500 kHz did not exceed 70 ppm.

A commercid three-phase power andyzed based on Si
MOSFET TTTC equipped with broad-band dectronicaly
compensated glassmetd current  transformers and  differentia
voltage inputs having. 01% maximum measurement error
specification has been evduated in PTB, Braunschweig. The
evdudtion results a 220 V, 5 A, 53 Hz, and cos(j) vaues
from 0.25 to 1.00 both inductive and capacitive, showed error
vaues from 0.0026% to 0.060%.

V. concLusion

The basic evauations show the therma power converter to
be capable of providing exactly defined power measurement
up to the megahertz range. The broad frequency range and the
trangparency of the power conversion predestine the TTTC
for precise power measurements not only of harmonic signas
but dso of digorted current and voltage waveforms. Exten-
sve gpplications of the TTTC as an accurate multiplier are
expected.

Further work is amed a the improvement of accuracy
and rdiability of the sensors for broadband power standards
and devdopment of commercidly available dl-purpose pre-
cison multipliers for power and energy meters’ synchronous
rectifiers, phase sendtive detectors, etc.
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