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0 An electronic circuit configured to emulate an impedance, the electronic circuit comprising:
a first inverting amplifier comprising a first feedback circuit;
a second inverting amplifier comprising a second feedback circuit; and
a component having an input connected to an output of the first inverting amplifier and an output 
connected to an inverting input of the second inverting amplifier, wherein the component is configured to 
convert a voltage to a current which is adjustable by modification of a setting of the component;
.wherein the emulated impedance of the electronic circuit is defined between an inverting input of 
the first inverting amplifier and an output of the second inverting amplifier and adjustable by modification of the 
setting of the component.
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Deze publicatie komt overeen met de oorspronkelijk ingediende stukken.
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ELECTRICAL CIRCUIT FOR EMULATING VARIABLE ELECTRICAL CHARACTERISTICS

BACKGROUND

Field of the invention

[0001] The invention relates to electrical circuits configured to emulate variable electrical impedance 

of a component. The impedance maybe complex valued and hence a variable resistance, inductance 

or capacitance may be emulated.

Related Art

[0002] In many occasions, it is desired to provide an electrical circuit with a component configured to 

be able to adopt a variable resistance, variable inductance or a variable capacitance. A typical 

variable resistance component for example comprises a plurality of accurately manufactured 

resistors, one contact of each resistor is connected to a central reference and a switch providing 

selection of the current to run through a selected resistor out of the plurality of resistors. In other 

words, the plurality of resistors forms a parallel network of resistors, in which an electrical current 

may be diverted through a selectable resistor out of the plurality of resistors. In a similar fashion, 

switchable parallel networks of capacitors and inductors may be used to provide a variable 

capacitance or inductance component. A disadvantage of currently variable resistors (circuits) is 

that the number of selectable resistance values is generally limited as typically constraints apply to 

the number of components (resistors, switches) that can be placed on a printed circuit board (PCB). 

Additionally, such a variable resistance circuit may be expensive to manufacture when the desired 

resistance value needs to be within a narrow range. In the latter case, a potentially high amount of 

expensive low tolerance resistors need to be utilized.

SUMMARY OF THE INVENTION

[0003] The invention aims to provide a circuit configured to be able to simulate a selectable electrical 

characteristic out of many selectable electrical characteristic values, the circuit utilizing low cost 

components, many of which are utilized frequently on standard PCB's. It is a further objective to 

utilize standard component, to keep costs low and ensure compatibility with existing circuits of 

components applied to the PCB for which the variable electrical characteristic functionality needs 

to be provided.

[0004] In a first aspect of the invention an electronic circuit configured to emulate an impedance is 

disclosed, the electronic circuit comprising: a first inverting amplifier comprising a first feedback 

circuit; a second inverting amplifier comprising a second feedback circuit; and a component haring 

an input connected to an output of the first inverting amplifier and an output connected to an 

inverting input of the second inverting amplifier, wherein the component is configured to convert a 

voltage to a current which is adjustable by modification of a setting of the component, wherein the 
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emulated impedance of the electronic circuit is defined between an inverting input of the first 

inverting amplifier and an output of the second inverting amplifier and adjustable by modification 

of the setting of the component.

[0005] In a second aspect of the invention an electronic circuit configured to emulate an impedance is 

disclosed, the electronic circuit comprising: a first inverting amplifier comprising a feedback 

circuit; and a Pulse Width Modulation DAC having an input connected to an output of the first 

inverting amplifier and an output, wherein the Pulse Width Modulation DAC is configured to 

convert a voltage to an adjustable voltage by modification of a setting of the Pulse Width 

Modulation DAC, wherein the emulated impedance of the electronic circuit is defined between an 

inverting input of the first inverting amplifier and the output of the Pulse Width Modulation DAC 

and adjustable by modification of the setting of the Pulse Width Modulation DAC.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Embodiments of the invention will now be described, by way of example only, with reference 

to the accompanying schematic drawings in which:

[0007] Figure 1 illustrates a schematic circuit of a variable resistor according to the state of the art. 

[0008] Figure 2 illustrates an embodiment of the invention; a circuit configured to emulate a variable 

impedance.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0009] Typically, variable resistors are used for calibration and/or electrical testing puiposes. The 

response of the variable resistor to, for example a measurement device (multimeter) configured to 

measure an Ohmic resistance, may be used to determine an exact value of the resistance for a certain 

setting of the variable resistor. In general, the measurement device (when configured as an Ohmic 

measurement device) measures a current (Ampere) and a voltage across two contacts connected to 

the circuit or component of interest. Using Ohm’s law, the resistance is then determined (Resistance 

=V/L V being the voltage and I being the current). A variable resistor according to figure 1 

comprises a parallel network of resistors, wherein the network is switchable (switches SI, S2, ... 

Si) between a plurality of resistors, each of the resistors in general having an accurately designed 

resistance value. The contacts between which the resistance is measured are denoted by ‘CL’ and 

‘CO’. The voltage ‘V’ delivered by the measurement device is normally fairly constant, hence 

switching between the various resistors ‘R1’, ‘R2’, ,.,’Ri’ leads to a change in the measured current 

T which is then used to determine the resistance. From figure 1 it is understood that a known 

variable resistor circuit potentially may comprise many components (resistors, switches).

[0010] A variable resistance circuit is proposed being adjustable to a wide range of resistance values 

without using many components. Figure 2 illustrates a variable resistance circuit according to an 

embodiment of the invention. A first pole of the measurement device is connected to the inverting 
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input ‘CO” of a first Operational Amplifier (Opamp 1). The first Opamp forces the first pole ‘CO’ 

to a zero potential (virtual ground, the second pole ‘P’ of the first Opamp is grounded). The voltage 

at the output ‘00’ is proportional to the current provided by the measurement device multiplied by 

the reference resistance R “REFERENCE” which is incorporated within the feedback circuit (00- 

CO’) of the first Opamp. The utilized configuration of the first Opamp is commonly referred to as 

an “inverting amplifier” as the voltage at the output of the Opamp is basically inverted (reversed 

sign) with respect to the input voltage. The output voltage at the output ΌΟ’ is further scaled in a 

controllable manner using a DAC second Opamp tandem. The output ΌΟ’ is connected to the 

input ‘Vref_in’ of the DAC, which typically provides a current T_out’ at the output of the DAC 

which is scalable by adjusting a setting of the DAC (“setpoint" of the DAC).. In case the DAC 

requires a certain polarity of the input (Vref_in) a voltage inverting component (not shown) may 

need to be placed between the output ‘OO’ and the input ol' the DAC.

[0011] The DAC output is buffered with a second Opamp “Opamp 2". Opamp 2 has a gain = 

“fixed_GAIN" and the second pole ‘Q’ is grounded (in analogy to Opamp I, hence Opamp 2 is also 

an inverting amplifier). The gain is controlled by the resistance of the resistor R “GAIN” which is 

incorporated within the feedback circuit (D0-CL’) of the second Opamp. When connecting the 

second pole of the measurement device to CL’ it will measure a voltage “V_out” between the 

contacts ‘CO” and ‘CL” proportional to its own measurement current, the reference resistance of 

the resistor R “REFERENCE”, the DAC setting “setpoint” and the GAIN “fixed_GAIN”. A 

measurement device operated to determine an Ohmic resistance and connected to the contacts ‘CO’ 

and ‘CL’ will then measure a resistance ‘R_out’ provided by the variable resistor circuit.

[0012] Controlling the voltage may be done electronically, while the components are standard and 

often already present on circuit boards (PCB) in case the variable resistor circuit is intended to be 

placed on existing electrical circuitry. The described circuit provides an accurately controllable 

voltage between the contacts ‘CO’ ’ and ‘CL’ ’ which scales exactly with the current provided to the 

circuit. In case of a resistance measurement the measurement device will register a controllable 

voltage “V_out”, which will be interpreted as the accurately controllable resistance R_out:

[0013] R_out = R “REFERENCE” * setpoint * fixed_GAIN

[0014] A wide range of R_out tire selectable by controlling the DAC value (setpoint of the DAC): 

[0015] Of 0Ω: (setpoint * Fixed_GAIN) = 0

[0016] Far below R reference: (setpoint * Fixed_GAIN) « 1

[0017] Around R reference: (setpoint * Fixed_GAIN) = 1

[0018] Far above R reference: (setpoint * Fixed „GAIN) » 1

[0019] The key part of the circuit is the first Opamp which is connected in such a way that it generates 

a virtual-ground on the input terminal ‘CO1. This subtracts the measurement offset voltage in R 

reference (due to the measurement current), that otherwise always would be present, and would 

force a value equal to R reference into the equation:
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[0020] R_out_without_first_Opamp = R reference + (R “REFERENCE” * setpoint * Fixed_GAIN) 

[0021] Next, the subtracted voltage (equal to measurement current * R “REFERENCE”) is fed to the 

reference voltage input of a DAC. Depending on the setting of the DAC (0..full scale) that reference 

voltage is scaled. The final GAIN is done with an 1 to V converter (needed for the DAC), which 

functionality is provided by the second Opamp circuit.

[0022] The final gain may be done with 2 amplifiers (instead of one second Opamp), for extra buffering 

for example.

[0023] In case the feedback circuit(s) of the first Opamp and/or second Opamp have no known values 

the variable impedance circuit may still be utilized to emulate a (relative) impedance change. Hence 

the minimum configuration of a variable impedance emulating circuit would comprise two 

inverting amplifiers having a feedback circuit, both inverted amplifiers connected by a component 

converting the output voltage of the first inverting amplifier to a current which is provided to an 

inverting input of the second inverting amplifier. The emulated impedance is then defined between 

the inverting input CO' of the first inverting amplifier and an output of the second inverting 

amplifier, wherein the impedance may be changed by modification of a setting of the component 

(in case the component is a DAC, the DAC setting would scale the output current), in practical case 

such a variable voltage to current converting component is typically a Digital to Analog Converter 

(DAC).

[0024] In addition to providing variable resistance values the circuit of figure 2 may be adapted to also 

provide variable capacitance or variable inductance values. The reference resistor R 

“REFERENCE” may then be replaced by a reference capacitor or reference inductor. The current 

provided by the measurement device must then have an appropriate frequency in order to have the 

capacitor or inductor behave like a resistor. In general the variable resistance circuit may then be 

configured as a variable impedance circuit in case the reference resistor R “REFERENCE” does 

not have a real valued impedance but a complex valued impedance (the imaginary component of 

the impedance value associated with a capacitance and/or inductance). When providing an 

alternating current (by the measurement device) to the variable impedance circuit a resistance 

“R_out” will be measured which may be converted to a value of a resistance, capacitance or 

inductance.

[0025] The component providing the (adjustable) conversion of the voltage to a current may for 

example a traditional DAC. Alternatively a PWM (Pulse Width Modulation) DAC may be utilized, 

preferentially in a configuration that converts a (bipolar) voltage to an adjustable voltage (instead 

of a current) removing the need to provide additional means to convert the current to a voltage, for 

example by using the second inverting Operational Amplifier.

[0026] The PWM DAC design may be according to any suitable layout for adjusting a voltage in an 

adjustable manner. Figure 3 depicts a configuration of a PWM DAC according to an embodiment 

of the invention, the component comprises:
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a. two electronically controlled switches S1, S2

b. a pulse generator P providing input to the electronically controlled switches SI and S2, 

wherein a Phase Shift (PS) module is provided to assure that both switches are not 

exactly operated in phase with each other. The pulse generator P can provide adjustable 

pulse characteristics (in particular the duty cycle ‘DC’ of the pulse train).

c. a resistor Rl.

d. a capacitor C1.

e. The output OO of the first inverting amplifier is connected to the point OO of figure 3 

and the point V_out depicted in figure 3 may be connected to CL (figure 2), CL being 

at an adjustable output voltage V_out which, in this configuration depends linearly on 

the voltage at OO and the pulse width (PW) / Duty Cycle (DC) of the pulse train 

provided by the pulse generator P. By adjusting the Pulse Width (PW) provided by the 

pulse generator P the voltage at the output can be controlled and the emulated 

impedance is controlled accordingly.

f. In this basic configuration a second inverting operational amplifier is not needed.

(0027] Further embodiments of the invention are disclosed in the list of numbered embodiments below:

1. An electronic circuit configured to emulate an impedance, the electronic circuit comprising: a 

first inverting amplifier comprising a first feedback circuit; a second inverting amplifier comprising 

a second feedback circuit; and a component having an input connected to an output of the 

first inverting amplifier and an output connected to an inverting input of the second inverting 

amplifier, wherein the component is configured to convert a voltage to a current wliich is adjustable 

by modification of a setting of the component, wherein the emulated impedance of the electronic 

circuit is defined between an inverting input of the first inverting amplifier and an output of the 

second inverting amplifier and adjustable by modification of the setting of the component.

2. An electronic circuit according to embodiment 1, wherein the first feedback circuit has a 

reference impedance.

3. An electronic circuit according to embodiment 1 or 2, wherein the second feedback circuit has 

a resistance configured to provide a desired gain of the second inverting amplifier.

4. The electronic circuit according to embodiment 2, wherein the values of the emulated 

impedance and the reference impedance are real valued numbers, the emulated impedance and 

reference impedance associated with values of an Ohmic resistance.

5. The electronic circuit according to embodiment 2, wherein the values of the variable impedance 

and the reference impedance are complex valued numbers, the emulated impedance and reference 

impedance associated with values of a capacitance.

6. The electronic circuit according to embodiment 2, wherein the values of the variable impedance 

and the reference impedance are complex valued numbers, the emulated impedance and reference 

impedance associated with values of an inductance.
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7. The electronic circuit according to any preceding embodiment, wherein the component is a 

digital to analog converter (DAC).

8. The electronic circuit according to any preceding embodiment, wherein the second inverting 

amplifier comprises at least two inverted amplifiers in cascade.

5 9. The electronic circuit according to any preceding embodiment, comprising a voltage inverting

circuit between an output of the first inverting amplifier and an input of the component.

10. An electronic circuit configured to emulate an impedance, the electronic circuit comprising: a 

first inverting amplifier comprising a feedback circuit; and a Pulse Width Modulation DAC having 

an input connected to an output of the first inverting amplifier and an output, wherein the Pulse 

10 Width Modulation DAC is configured to convert a voltage to an adjustable voltage by modification

of a setting of the Pulse Width Modulation DAC, wherein the emulated impedance of the electronic 

circuit is defined between an inverting input of the first inverting amplifier and the output of the 

Pulse Width Modulation DAC and adjustable by modification of the setting of the Pulse Width 

Modulation DAC.

15 [0028] The descriptions above are intended to be illustrative, not limiting. Thus, it will be apparent to

one skilled in the art that modifications may be made to the invention as described without departing 

from the spirit and scope of the claims set out below. In addition, it should be appreciated that 

structural features or method steps shown or described in any one embodiment herein can be used 

in other embodiments as well.
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Conclusies

1. Een elektronische schakeling geschikt voor het emuleren van een impedantie omvattende:

een eerste inverterende versterker omvattende een eerste terugkoppelingscircuit;

een tweede inverterende versterker omvattende een tweede terugkoppelingscircuit; en 

een component waarvan een ingang is verbonden met een uitgang van de eerste 

inverterende versterker en waarvan een uitgang is verbonden met een inverterende ingang van 

de tweede diverterende versterker, de component is geconfigureerd om een voltage naar een 

stroom om te zetten welke instelbaar is middels aanpassing van een instelling van de 

component, waarin de geëmuleerde impedantie van de elektronische schakeling is 
gedefinieerd tussen een inverterende ingang van de eerste inverterende versterker en een 

uitgang van de tweede inverterende versterker en waarvan de waarde afhankelijk is van de 

instelling van de component.

2. De elektronische schakeling van conclusie 1, waarin het eerste terugkoppelingscircuit een 

referentie-impedantie heeft.

3. De elektronische schakeling van conclusie 1 of 2, waarin het tweede terugkoppelingscircuit 

een weerstand heeft die zodanig is dat de tweede inverterende versterker een gewenste 

versterkingsfactor heeft.

4. De elektronische schakeling van conclusie 2, waarin de waarden van de geëmuleerde 

impedantie en de referentie-impedantie reële getallen zijn corresponderende met 

respectievelijk een geëmuleerde Ohmse weerstand en een referentie Ohmse weerstand.

5. De elektronische schakeling van conclusie 2, waarin de waarden van de geëmuleerde 

impedantie en de referentie-impedantie complexe getallen zijn corresponderende met 

respectievelijk een geëmuleerde capaciteit en een referentie capaciteit.

6. De elektronische schakeling van conclusie 2, waarin de waarden van de geëmuleerde 

impedantie en de referentie-impedantie complexe getallen rijn corresponderende met 

respectievelijk een geëmuleerde inductie en een referentie inductie.

7. De elektronische schakeling van een van de voorgaande conclusies, waarin de component een 

digitaal naar analoog omzetter (DAC) is.
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8. De elektronische schakeling van een van de voorgaande conclusies, waarin de tweede 

inverterende versterker tenminste twee in cascade geplaatste inverterende versterkers omvat.

9. De elektronische schakeling van een van de voorgaande conclusies omvattende een voltage 

omzettende schakeling welke tussen een uitgang van de eerste inverterende versterker en een 

ingang van de component is geplaatst.

10. Een elektronische schakeling geschikt voor het emuleren van een impedantie omvattende:

een eerste inverterende versterker omvattende een terugkoppelingscircuit; en

een pulsbreedtemodulator omvattende een uitgang en een ingang welke is verbonden 

met een uitgang van de eerste inverterende versterker, de pulsbreedtemodulator is 

geconfigureerd om een voltage naar een instelbaar voltage om te zetten welke instelbaar is 

middels aanpassing van een instelling van de pulsbreedtemodulator, waarin de geëmuleerde 

impedantie van de elektronische schakeling gedefinieerd is tussen een inverterende ingang 

van de eerste inverterende versterker en de uitgang van de pulsbreedtemodulator en instelbaar 

is door aanpassing van de instelling van de pulsbreedtemodulator.

11. De elektronische schakeling van conclusie 10, waarin de pulsbreedtemodulator de volgende 

componenten omvat:

a. Twee elektronische gestuurde schakeaars (SI, S2);

b. Een pulsgenerator (P) omvattende een faseverschuivingsmodule (PS), de 

pulsgenerator is geconfigureerd om de twee elektronisch gestuurde schakelaars 

(S I ,S2) aan te sturen en elektrische pulsen aan te bieden waarvan de pulsbreedte 

instelbaar is om het voltage aan de uitgang van de pulsbreedtemodulator zodanig 

instelbaar te maken dat dc geëmuleerde impedantie van de elektronische schakeling 

naai' een gewenste waarde kan worden gebracht;

c. Een weerstand R1 geplaatst tussen een schakelaar en de uitgang van de 

pulsbreedtemodulator; en

d. Een condensator C1 welke de uitgang van de pulsbreedtemodulator verbindt met de 

aarde.
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Figure 1

Variable emulated impedance circuit

Figure 2
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Pulse width modulator

Figure 3



ABSTRACT
An electronic circuit configured to emulate an impedance, the electronic circuit comprising:

a first inverting amplifier comprising a first feedback circuit;
a second inverting amplifier comprising a second feedback circuit; and

5 a component having an input connected to an output of the first inverting amplifier and an output
connected to an inverting input of the second inverting amplifier, wherein the component is configured to 
convert a voltage to a current which is adjustable by modification of a setting of the component;

, wherein the emulated impedance of the electronic circuit is defined between an inverting input of 
the first inverting amplifier and an output of the second inverting amplifier and adjustable by modification 

10 of the setting of the component.


