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DESCRIPTION

[0001] The present invention relates to a utility meter according to the preamble of claim 1.

[0002] Such a utility meter is known, for example, from US 4 782 341 A.

[0003] A utility company delivering utilities, such like water, gas, electricity, or district heating to 
customers uses utility meters to determine the delivered quantity of the utility.

[0004] Data obtained by the metering section must be transmitted to the outside of the utility 
meter, for example to a sending equipment with which the data can be sent to the utility 
company. Such a sending equipment can be, for example, connected to the communication 
interface or the communication interface can directly send the data to the utility company. In 
many cases a galvanic isolation is necessary.

[0005] Such an electrically isolated external communication is often very restricted in terms of 
how often communication to and from external equipment can take place. This is because the 
communication consumes a relatively high amount of power which is a disadvantage if the 
utility meter uses a battery as energy source. The power consumption will shorten the available 
battery life time significantly.

[0006] The communication path is often implemented with opto couplers where the transmitter 
LED is driven either statically with pulsating DC (direct current) or dynamically with dual LED's 
driven through coupling capacitors where only short pulses around the edges are transferred 
through the opto coupler. Because such a communication path normally runs at relatively low 
bit rates of 300-9600 bits/s, the associated microcontroller needs to be powered up for a 
relatively long time where it consumes power. In case of a statically driven LED, the LED 
consumes a relative high amount of power due to the LED being turned on for relatively long 
times - especially at low bit rates. In case of the dynamically driven LED this is not the case, but 
the amount of charge that needs to be transferred per bit is relatively high. In both cases, 
aging of the opto coupler needs to be taken into account - which further increases the power 
consumption.

[0007] US 3 430 125 A shows an isolating circuit for making electrical measurements which is 
used to isolate a circuit located between electro-chemical cells and an electrical measuring 
apparatus, wherein the circuit comprises a transformer for galvanic separation of the electro­
chemical cells and the measuring apparatus.

[0008] FR 1 175 184 A shows a circuit for transferring data from a measuring location to a 
frequency meter. The circuit comprises a transfer line which connects a secondary side of a 
first transformer to a primary side of a second transformer and to a voltage source. The 
frequency meter is connected to the secondary side of the second transformer.
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[0009] FR 2 942 063 A3 shows a possibility to connect a portable computer to a measuring 
equipment by means of a plug in form of RS 232, USB or ethernet connection. A transformer is 
provided in the computer to protect the computer when a user connects a connector to a 230 
V-grid.

[0010] WO 2013/079043 A1 shows a flow meter for sanitary fitting which transmits measuring 
data by means of a radio signal from a sender to a receiver.

[0011] The object underlying the invention is to operate a utility meter with low power 
consumption.

[0012] This object is solved with a utility meter as defined in claim 1.
The use of a transformer to provide the galvanic isolation leads to a very low coupling 
capacitance which is comparable to that of an opto coupler. By transferring data bits inductively 
the energy associated with each bit transferred can be reduced significantly compared to the 
energy needed when using an opto coupler. The small amount of transferred energy per bit 
also promotes high speed. Preferably the primary side is connected to the metering section 
through a modulator circuit and the secondary side is connected to the communication 
interface through a demodulator circuit. Usually the data sent from the metering section are in 
form of a primary input signal in form of a pulse train having pulses and pauses. The 
complementary signals double the voltage swing to the transformer and hence decreases the 
necessary drive currents correspondingly.

[0013] In a preferred embodiment said primary side is connected to said metering section by 
means of an input modulator circuit having a symmetrical design.

[0014] Such a symmetrical design promotes immunity towards common mode EMC 
interference.

[0015] Preferably said secondary side is connected to said communication interface by means 
of an output modulator circuit having a symmetrical design. Such a symmetrical design 
promotes immunity towards common mode EMC interference (Electromagnetic compatibility 
interference).

[0016] In a preferred embodiment said inverter arrangement comprises a first inverter 
connected to said first terminal of said primary side and to an input of a second inverter which 
is connected to said second terminal of the primary side. This is a relatively simple way to 
realize the inverter arrangement.

[0017] Preferably a DC path is provided between said first terminal and said second terminal of 
said primary side, respectively, and ground. Such a DC path helps to prevent charge build-up 
capacities at the terminals of the primary side. The two DC paths can have a symmetrical 
design towards ground.
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[0018] Preferably said secondary side is connected to a Flip-Flop arrangement. A Flip-Flop 
arrangement is a simple way to restore the original pulse train signal.

[0019] Preferably said Flip-Flop arrangement comprises a Schmitt-trigger Flip-Flop. Due to the 
hysteresis of the Schmitt-trigger Flip-Flop, a wider portion of the pulses are used, and hence 
narrower pulses with less transferred energy can be utilized.

[0020] In a preferred embodiment said secondary side comprises a first secondary terminal 
and a second secondary terminal, said first secondary terminal and said second secondary 
terminal being connected to a secondary ground potential via a capacitor arrangement. A 
capacitor arrangement, for example a condenser at each of the terminals of the secondary 
side, ties the terminals to the secondary ground potential to improve EMC performance.

[0021] Alternatively or additionally said secondary side comprises a secondary midpoint 
connected to a secondary supply voltage potential. This as well improves EMC performance.

[0022] In a preferred embodiment said metering section is battery powered. Since only low 
energy is used for transmitting the information from the metering section to the outside, a 
battery is sufficient for energy supply.

[0023] In a preferred embodiment said transformer is implemented as copper track coils on 
separate layers of a substrate. The substrate can be, for example, a printed circuit board. In 
this way the transformer is implemented as a PCB-track transformer allowing for an efficient 
utilization of the PCB copper layers. Preferred embodiments of the invention will now be 
described in more detail with reference to the drawing, wherein:

Fig. 1
shows a schematic illustration of a utility meter,

Fig. 2
shows a more detailed illustration of the utility meter,

Fig. 3
shows a first embodiment of a communication path,

Fig. 4
shows signal wave forms at various points of the circuits shown in Fig. 3,

Fig. 5
shows a second embodiment of the communication path,

Fig. 6
shows a third embodiment of the communication path, and

Fig. 7
shows a fourth embodiment of the communication path.

[0024] Fig. 1 schematically shows a utility meter 1 comprising a metering section 2 and a 
communication path 4 between the metering section 2 and the communication interface 3. The 
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communication path 4 provides a galvanic isolation between the metering section 2 and the 
communication interface 3.

[0025] The metering section 2 is battery powered so that the energy consumption of the 
metering section 2 should be kept low. The requirement of low energy consumption is valid 
also for the transmission of data from the metering section 2 to the communication interface 3. 
The communication interface 3 itself could be provided with either its own battery or a power 
supply via, for example, a bus, for example an M-bus.

[0026] The communication path 4 comprises a transformer 5, a modulator 6 and a 
demodulator 7.

[0027] Fig. 2 shows the communication path 4 in more detail. Output can be derived from 
ground, plus, TX of the metering section 2 or the heat meter. The communication module 4 is 
operated with either its own battery or power supply via, for example, M-bus. The 
communication path 4 comprises two communication routes each having a modulator 6, a 
transformer 5 and a demodulator 7, however, the two communication routes are arranged in 
reverse direction so that it is possible to both transmit and receive data to and from the 
metering section 2.

[0028] Fig. 3 shows a first embodiment ofthe communication path 4.

[0029] In Fig. 3 the transformer 5 is a transformer having a primary side P and a secondary 
side S. The transformer 5 has a first primary terminal 8 and a second primary terminal 9 on the 
primary side P. Furthermore, the transformer 5 comprises a first secondary terminal 10 and a 
second secondary terminal 11 on the secondary side S. The modulator 6 connected to the 
primary side P of transformer 5 comprises an inverter arrangement G1, G2. Inverter G2 is 
connected to input, e.g. to the metering section 2. A resistance R8 is used to pull up the input 
of inverter G2 in the case where the output driving of inverter G2 is "tri-stated". The output of 
inverter G2 is connected to the second primary terminal of the primary side P of transformer 5 
and furthermore to an input of the other inverter G1, the output of which is connected to the 
first primary terminal 8 of transformer 5.

[0030] In each connection between the output of the respective inverters G1, G2 and the 
primary terminals 8, 9 a capacitance C1, C2 and a resistance R1, R2 is shown. The 
capacitances C1, C2 and the primary inductance of transformer 5 determine the amount of 
energy transferred per bit and the resistances R1, R2 provide the necessary damping of the 
resonant circuit made up by the capacitances C1, C2 and the primary inductance. The relation 
between R1, R2, C1, C2 and the primary inductance thus determines the pulse width and 
amplitude ofthe pulses transferred through the transformer 5.

[0031] The implementation ofthe complementary input drivers with inverters G1, G2 as shown 
in Fig. 3 is just one of many possible ways of implementing the drivers. Another possibility 
would e.g. be using 2-input XOR gates - implemented in various other ways.
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[0032] The primary terminals 8, 9 are connected to a primary ground potential GND_P to 
prevent charge-up on the capacitances C1, C2. The connection between the primary terminals 
8, 9 and a primary ground potential GND_P can be made by two equal resistors R3, R4 to 
achieve a symmetrical design.

[0033] As mentioned above, the input signal is set to the inverters G1, G2, which provide 
complementary drive signals for the transformer 5 to double the drive voltage for the 
transformer 5.

[0034] The capacitances C1, C2 and the resistances R1-R4 form an input circuit for the 
primary side of transformer 5. It can be seen that this input circuit is of fully symmetrical design. 
Such a symmetrical design promotes immunity towards common mode EMC (Electromagnetic 
compatibility) interference.

[0035] The first secondary terminal 10 on the second side S is connected to a first Flip-Flop 
gate G3. The second secondary terminal 11 of the secondary side S of the transformer is 
connected to a second Flip-Flop gate G4. Terminal 10 is connected to a secondary supply 
voltage VCC _S via a first diode D1 and a resistance R5 connected in parallel to each other. 
The other terminal 11 is connected to the secondary supply voltage VCC_S via a second diode 
D2 and a resistance R6 connected in parallel to each other. Furthermore, the first terminal 10 
is connected to a secondary ground potential GND_S via a capacitor C3 and the second 
terminal 11 is connected to the secondary ground potential GNG_S via another capacitor C4.

[0036] The output of the second Flip-Flop gate G4 is connected to a second input of the first 
Flip-Flop gate G3. The output of the first Flip-Flop gate G3 is connected via a capacitance C5 
to a second input of the second Flip-Flop gate G4. Furthermore, this second input is connected 
to the secondary ground potential GND_S via a resistance R7.

[0037] The resistance R7 and the capacitance C5 provides power-on reset and reset in case 
the Flip-Flop G3, G4 unintentionally end up in the wrong state. The resistances R5, R6 
between the terminals 10,11 and the secondary supply voltage VCC_S provides pull-up for the 
Flip-Flop.

[0038] The diodes D1, D2 are used for clamping positive going pulses on either transformer 
terminals 10, 11 to the secondary supply voltage VCC_S. In the embodiment shown in Fig. 3 
this causes the opposite terminal to generate negative going edges for triggering the SR-Flip- 
Flop built around the Flip-Flop G3, G4. The RS-Flip-Flops restores the original signal from the 
negative going SET/RESET pulses on the respective inputs. It is advantageous to use a 
Schmitt-trigger Flip-Flop. Due to the hysteresis of the Schmitt-trigger Flip-Flop a wider portion 
of the pulses can be used, and hence narrower pulses with less transferred energy can be 
utilized.

[0039] Fig. 4 shows signal wave forms at various points of the circuit shown in Fig. 2.
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[0040] Fig. 4a shows the wave form at the input. This wave form is a sequence of pulses 12, 
each pulse having a rising edge 13 and a falling edge 14.

[0041] Fig. 4b shows the signal wave form at first primary terminal 8 of transformer 5. It can be 
seen that a rising edge 13 of the signal of Fig. 4a produces a positive peak and a falling edge 
14 produces a negative peak.

[0042] Fig. 4c shows the wave form ofthe signal on the line nSET between the first secondary 
terminal 10 and the first Flip-Flop gate G3 and Fig. 4d shows the wave form on the line 
nRESET between the second secondary terminal 11 and the second Flip-Flop gate G4. Fig. 4e 
shows the output nQ.

[0043] It can easily be seen that the wave forms in Fig. 4a and 4e are identical.

[0044] In the embodiment shown in Fig. 3 the capacitances C3, C4, the diode D1, D2 and the 
resistances R5, R6 form an output modulator circuit which is of fully symmetrical design. This 
as well promotes immunity towards common mode EMC interference.

[0045] Fig. 5 shows a second embodiment ofthe communication path 4 of Fig. 1.

[0046] In this case the transformer 5 is a transformer having a dual secondary winding. The 
primary side P is identical to that ofthe embodiment shown in Fig. 3.

[0047] The secondary side S, however, has a secondary midpoint 15 connected to the 
secondary supply voltage VCC_S.

[0048] The secondary terminals 10, 11 are connected to a Schmitt-trigger Flip-Flop G3, G4 (or 
other Flip-Flop) in the same way as in Fig. 3.

[0049] Fig. 6 shows a circuit similar to that of Fig. 5. However, the secondary side of 
transformer 5 is split into separate windings. The split midpoint terminals 16, 17 of these 
windings are connected to the Flip-Flop Q and nQ outputs. These active pull-up/pull-down 
connections have the advantage that voltages above Vdd are avoided.

[0050] If the transformer is implemented at PCB-track transformer, i.e. copper track coils on 
separate layers of a substrate, like a PCB, it furthermore allows for an efficient utilization of the 
PCB copper layers.

[0051] Fig. 7 shows a fourth embodiment of a communication path.

[0052] The primary side of transformer 5 is the same as in the embodiment of Fig. 3, 5, and 6.

[0053] The secondary side of transformer 5 has a dual secondary winding with a secondary 
midpoint 15 connected to the secondary supply voltage VCC_S.
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[0054] The first secondary terminal 10 is connected to one input nSET of the first Flip-Flop 
gate G3 via a diode D1 which is arranged in reverse direction blocking a current from the first 
secondary terminal 10 to the Flip-Flop gate G3.

[0055] The second secondary terminal 11 is connected to an input nRESET of the other Flip- 
Flop gate G4 via as diode D2 which is again arranged in reverse direction blocking a current 
from the second secondary terminal 11 to the Flip-Flop gate G4. Both inputs nSET, nRESET 
are connected to the secondary supply voltage VCC_S via equal resistors R5, R6.

[0056] The transformer 5 can be implemented in connection with an extra module which can 
be attached or connected to the heat meter or utility meter. With the attached communication 
module on the utility meter a very fast data transfer from the utility meter to the communication 
module can be used with the aid of the transformer. In this case the heat meter power is only 
used in very little time and the data is then transferred to the communication module and this 
communication module has either its own power supply or is powered by the attached bus 
connection.

[0057] Thereby, it is possible to transfer the data very fast from the battery driven apparatus 
(to limit the power consumption) and the transferred data is then transferred from the module 
(which is operated with its own power supply or is powered from the outside) to "outside" the 
metering section 2 with a slower transfer speed.

[0058] Each of the embodiments shows a low energy consumption per bit, virtually 
independent on the communication speed. In both embodiments a wide range of 
communication speeds are supported: from virtually 0 bit/s to several Mbits/S - depending on 
implementation. No performance degradation over time occurs, as may be the case with opto 
couplers. There is the possibility of achieving a very high common mode impedance and a very 
low capacitive coupling at a low price.
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PATENTKRAV

1. Forbrugsmåler (1), omfattende en målesektion (2), et kommunikationsinter- 

face (3) samt en kommunikationsbane (4), som danner en galvanisk isolation 

mellem målesektionen (2) og kommunikationsinterfacet (3), hvorved kommu­

nikationsbanen (4) omfatter en transformer (5) med en primærside (P) med en 

første primær-terminal (8) og en anden primær-terminal (9), der er forbundet 

til målesektionen (2), samt en sekundærside (S), som er forbundet til kommu- 

nikations-interfacet (3), kendetegnet ved, at der er tilvejebragt midler i form af 

et inverter-arrangement, som er forbundet til primærsiden (P), og som leverer 

komplementære signaler til transformeren (5).

2. Forbrugsmåler ifølge krav 1, kendetegnet ved, at primærsiden (P) er for­

bundet til målesektionen (2) ved hjælp af et input-modulatorkredsløb (01, C2, 

R1, R2, R3, R4) med en symmetrisk udformning.

3. Forbrugsmåler ifølge krav 1 eller 2, kendetegnet ved, at sekundærsiden 

(S) er forbundet til kommunikationsinterfacet (3) ved hjælp af et output- 

modulatorkredsløb (D1, D2, R5, R6), som har symmetrisk udformning.

4. Forbrugsmåler ifølge et hvilket som helst af kravene 1 til 3, kendetegnet 

ved, at inverter-arrangementet (G1, G2) omfatter en første inverter (G2), der 

er forbundet til den anden terminal (7) på primærsiden (P) og til et input på en 

anden inverter (G1), som er forbundet til den første terminal (6) på primærsi­

den (P).

5. Forbrugsmåler ifølge et hvilket som helst af kravene 1 til 4, kendetegnet 

ved, at en DC-bane (R3, R4) er tilvejebragt mellem henholdsvis den første 

terminal (6) og den anden terminal og jordpotentiale på primærsiden (P).

6. Forbrugsmåler ifølge et hvilket som helst af kravene 1 til 5, kendetegnet 

ved, at sekundærsiden (S) er forbundet til et flip-flop arrangement (G3, G4).
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7. Forbrugsmåler ifølge krav 6, kendetegnet ved, at flip-flop-arrangementet 

(G3, G4) omfatter en Schmitt-trigger flip-flop.

8. Forbrugsmåler ifølge et hvilket som helst af kravene 1 til 7, kendetegnet 

ved, at sekundærsiden (S) omfatter en første sekundær-terminal (8) og en 

anden sekundær-terminal (9), hvilken første sekundær-terminal (8) og anden 

sekundær-terminal (9) er forbundet til et sekundær-jordpotentiale (GND_S) via 

et kondensator-arrangement (C3, C4).

9. Forbrugsmåler ifølge et hvilket som helst af kravene 1 til 8, kendetegnet 

ved, at sekundærsiden (S) omfatter et sekundær-midtpunkt (13), der er for­

bundet til et sekundær-forsyningsspændingspotentiale (VCC_S).

10. Forbrugsmåler ifølge et hvilket som helst af kravene 1 til 9, kendetegnet 

ved, at målesektionen (2) er batteri-energiforsynet.

11. Forbrugsmåler ifølge et hvilket som helst af kravene 1 til 10, kendetegnet 

ved, at transformeren (5) er implementeret som kobberbanespoler på separa­

te lag af et substrat.
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DRAWINGS

Fig. 2
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Fig. 4
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