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(57) ABSTRACT 

An electronic circuit has an output driver for providing a 
driving signal. The output driver has a transistor With a ?rst 
main terminal, a second main terminal and a control terminal 
coupled to receive a control signal, a poWer supply terminal, 
an output terminal for providing the driving signal that is 
coupled to the second main terminal, and a sensing resistor 
coupled between the poWer supply terminal and the ?rst main 
terminal. The output driver further has means for temporarily 
disabling the coupling between the control terminal and the 
control signal during a peak voltage across the sensing resis 
tor. The means may have a circuit that has a unidirectional 

current behavior, such as a diode, in series With the control 
terminal of the transistor. 
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OUTPUT DRIVER EQUIPPED WITH A 
SENSING RESISTOR FOR MEASURING THE 

CURRENT IN THE OUTPUT DRIVER 

[0001] The invention relates to an electronic circuit com 
prising an output driver for providing a driving signal, Which 
output driver comprises a transistor With a ?rst main elec 
trode, a second main electrode and a control electrode 
coupled to receive a control signal, a supply terminal, an 
output terminal to provide the driving signal, Which output 
terminal is coupled to the second electrode, and a sensing 
resistor Which is coupled betWeen the supply terminal and the 
?rst main electrode. 
[0002] Such an electronic circuit is knoWn from the general 
state of the art, as shoWn in FIG. 1 and FIG. 2. FIG. 1 shoWs 
an output driver DRV. Said output driver DRV receives a 
supply voltage betWeen a supply terminal VSS and a further 
supply terminal VDD, and provides an output voltage UO to an 
output terminal OUT. The output driver DRV comprises an 
output transistor T and a further output transistor TF, Which 
are controlled by, respectively, a control circuit CNTRL and a 
further control circuit CNTRLF. The output transistor T and 
the further output transistor T F are arranged in series betWeen 
the supply terminal V SS and the further supply terminal V D D. 
The control circuit CNTRL supplies a binary control signal 
VCNTRL. The further control circuit CNTRLF similarly sup 
plies a control signal to the gate of the further transistor TF 
Which is in phase With the control signal VCNTRL. As a result, 
the transistors T and TF are alternately conducting or non 
conducting. For certain applications it is desirable to knoW the 
current through the output driver DRV. For this purpose, in the 
general state of the art as shoWn in FIG. 1, a sensing resistor 
RM is arranged in series With the source of the ?eld effect 
transistor T. If the ?eld effect transistor T carries a current, a 
voltage is applied across the sensing resistor RM, Which is a 
measure of the current through the ?eld effect transistor T, 
Which current canbe calculatedusing Ohm’s laW. The voltage 
across the resistor RM has the adverse effect, hoWever, that it 
causes the gate-source voltage of the ?eld effect transistor T 
to be reduced. As a result, the maximum driving poWer of the 
driver DRV is reduced. In accordance With the general state of 
the art, this problem is frequently solved by the circuit as 
shoWn in FIG. 2. This means that the sensing resistor RM is 
arranged in series only With the supply terminal VSS, While the 
full control voltage VCNTRL is available betWeen the gate and 
the source of the ?eld effect transistor T. On the assumption 
that the further supply terminal VDD receives a positive volt 
age With respect to the supply terminal V SS, the voltage across 
the resistor RM is negative With respect to ground, or With 
respect to the substrate if an integrated circuit is used. This is 
undesirable, in particular, When the resistor is used in an 
integrated circuit because signal processing of the measured 
voltage becomes much more complicated. 
[0003] Therefore, it is an object of the invention to provide 
an electronic circuit With a driver, Which is provided With a 
sensing resistor for measuring the current through the driver, 
Wherein the available control voltage of the output transistor 
is reduced hardly, if at all, by the voltage across the sensing 
resistor, and Wherein signal processing of the measured volt 
age is possible in a simple manner. 

[0004] To achieve this object, the output driver further com 
prises means for rendering ineffective said coupling betWeen 
the control electrode and the control signal during a peak 
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voltage across the sensing resistor. Most of the time substan 
tially no current ?oWs through the transistor. Only for a com 
paratively short period of time, i.e. When the driving signal 
changes from a high logic value to a loW logic value, a current 
of signi?cant value ?oWs through the transistor, thereby caus 
ing a peak voltage across the sensing resistor. During this 
peak voltage, the control electrode, or the gate if a ?eld effect 
transistor is used, is decoupled from the control circuit that 
controls this control electrode most of the time. The ever 
present intrinsic capacitance betWeen gate and source of the 
transistor makes sure that the voltage difference betWeen gate 
and source of the transistor remains substantially constant 
during this peak voltage across the sensing resistor. The 
potential on the gate of the transistor consequently exhibits a 
peak that corresponds to the peak voltage across the sensing 
resistor. 
[0005] In an embodiment of an electronic circuit compris 
ing an output driver in accordance With the invention said 
means comprises a unipolar circuit that is arranged in series 
With the control electrode of the transistor. This unipolar 
circuit makes sure that the coupling betWeen the gate of the 
transistor and the control circuit is automatically interrupted 
as soon as the potential on the gate of the transistor approxi 
mates the maximum potential that can be supplied by the 
control circuit as a result of the peak voltage across the sens 
ing resistor Which also affects the gate of the transistor via its 
gate-source capacitance. 
[0006] In an embodiment of an electronic circuit compris 
ing an output driver in accordance With the invention the 
unipolar circuit comprises a diode. Said diode is a very simple 
implementation for the unipolar circuit. 
[0007] In an embodiment of an electronic circuit compris 
ing an output driver in accordance With the invention the 
output driver further comprises current means Which are 
coupled betWeen a further supply terminal and the control 
electrode of the transistor. The current means can be used to 
compensate for the possible sloW leaking aWay of the gate 
source voltage of the transistor during the time that the gate of 
the transistor is decoupled from the control circuit. The value 
of the current to be supplied by the current means is very 
small. Consequently, a signi?cant increase in poWer dissipa 
tion of the output driver does not take place. As the value for 
this small current may easily be chosen to be slightly too high, 
the potential on the gate of the transistor can become imper 
missibly high. This can be precluded by providing the output 
driver With limiting means for limiting the potential on the 
control electrode of the transistor. Said limiting means can be 
equipped, for example, With a Zener diode that is coupled 
betWeen the gate of the transistor and the supply terminal, or 
betWeen the gate and the source of the transistor. 
[0008] These and other aspects of the invention are appar 
ent from and Will be elucidated With reference to the embodi 
ments described hereinafter. 

[0009] In the draWings: 
[0010] FIG. 1 shoWs a knoWn electronic circuit comprising 
an output driver equipped With a sensing resistor for measur 
ing the current through the output driver; 
[0011] FIG. 2 shoWs an alternative, knoWn electronic cir 
cuit comprising an output driver equipped With a sensing 
resistor for measuring the current through the output driver; 
[0012] FIG. 3 shoWs a ?rst embodiment of an electronic 
circuit comprising an output driver equipped With a sensing 
resistor for measuring the current through the output driver in 
accordance With the invention; 
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[0013] FIG. 4 shows a second embodiment of an electronic 
circuit comprising an output driver equipped With a sensing 
resistor for measuring the current through the output driver in 
accordance With the invention; and 
[0014] FIG. 5 shoWs a third embodiment of an electronic 
circuit comprising an output driver equipped With a sensing 
resistor for measuring the current through the output driver in 
accordance With the invention. 
[0015] In these Figures, like reference numerals refer to 
like parts or elements. 
[0016] FIG. 3 shoWs a ?rst embodiment of an electronic 
circuit including an output driver DRV comprising a supply 
terminal VSS, a further supply terminal VDD, an output ?eld 
effect transistor T, a further output ?eld effect transistor T F, a 
control circuit CNTRL, a further control circuit CNTRLF, a 
diode D, a sensing resistor RM, and an output terminal OUT 
for supplying a driving signal U0. The control circuit CNTRL 
supplies a control signal VCNTRL Which can be supplied via 
the diode D to the gate of the transistor T. The further control 
circuit CNTRLF directly supplies a control signal to the fur 
ther transistor T F. The sensing resistor RMis coupled betWeen 
the source of the transistor T and the supply terminal VSS that 
is also connected to ground. Like the drain of transistor TF, 
the drain of transistor T is coupled to the output terminal 
OUT. The source of the further transistor T F is connected to 
the further supply terminal VDD. Next, a description Will be 
given of the operation of the circuit. On the assumption that 
no signi?cant DC load is coupled to the output terminal OUT, 
the transistors T and TF Will not carry current if the driving 
signal UO has a high logic value or a loW logic value for a good 
length of time. The transistor T only carries current in the 
transition phase from the high to the loW logic value of the 
driving signal U0. As a result, the control signal VCNTRL 
Would diminish in the knoWn circuit in accordance With FIG. 
1. This does not occur hoWever in the circuit shoWn in FIG. 3. 
This can be attributed to the fact that at that instant the diode 
D is turned off. At said instant, the voltage VP betWeen the 
gate of the transistor T and the supply terminal VSS is 
decoupled from the control voltage VCNTRL. As a result, the 
potential on the gate Will folloW the potential on the source of 
the transistor T, so that the gate-source voltage of the transis 
tor T remains substantially constant. This has the advantage 
that the maximum output current that can be draWn from the 
output terminal OUT in the transistor T is not limited. 
[0017] FIG. 4 shoWs a second embodiment of an electronic 
circuit comprising an output driver DRV. The control circuit 
CNTRL is equipped With a conventional inverter comprising 
an N-type ?eld effect transistor and a P-type ?eld effect 
transistor, With the diode D of FIG. 3 being arranged, in this 
case, in series With the drain of said P-type ?eld effect tran 
sistor. The terminal 1 receives the input signal, and terminal 2 
receives a supply voltage. The operation of the circuit is 
similar to that of the circuit shoWn in FIG. 3. Most of the time, 
i.e. When there is no peak voltage across the sensing resistor 
R M, the voltage betWeen the gate and the source is determined 
by VCNTRL, Which is fully imposed by the control circuit 
CNTRL. During a peak voltage across the sensing resistor 
RM, the diode D is reverse biased, as a result of Which the 
signal betWeen the gate and the source is not dictated by the 
control circuit CNTRL but by the transistor T itself. In this 
period, the voltage VP thus corresponds to the voltage VP as 
indicated in FIG. 3. 

[0018] FIG. 5 shoWs a third embodiment of an electronic 
circuit comprising an output driver DRV. During the peak 
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voltage across the sensing resistor RM, the gate-source volt 
age of the ?eld effect transistor T remains relatively constant 
as a result of the gate-source capacitance. HoWever, the volt 
age decreases gradually as a result of leakage. This can be 
compensated for by using current means Which, in FIG. 5, are 
implemented using the current source I that is coupled to the 
gate of the ?eld effect transistor T. The current value supplied 
by the current source I must be very small. If the current value 
is too large, the potential on the gate of the ?eld effect tran 
sistor T may become impermissibly high. To preclude this, a 
Zener diode may be coupled betWeen the gate and the supply 
terminal VSS, or a Zener diode may be coupled betWeen the 
gate and the source of the ?eld effect transistor T. The latter 
solution is preferred as it leads to a direct limitation of the 
gate-source voltage. 
[0019] The electronic circuit in accordance With the inven 
tion can be applied in an integrated circuit or implemented in 
a discrete manner. Although ?eld effect transistors are applied 
in all embodiments, it is alternatively possible to substitute, 
for example, the output transistor T With a bipolar transistor. 
In that case, the current value to be supplied by the current 
source I must be much higher in general. It is also possible to 
substitute all P-type transistors With N-type transistors, pro 
vided also all N-type transistors are replaced by P-type tran 
sistors, the diode’s polarity is reversed, and the supply voltage 
polarity is reversed. 

1. An electronic circuit comprising an output driver for 
providing a driving signal, the output driver including: 

at least tWo transistors, each transistor having a ?rst main 
electrode, a second main electrode and a control elec 
trode, the second main electrode of each of the at least 
tWo transistors being coupled together, and the control 
electrode of one of the transistors being coupled to 
receive a control signal; 

a supply terminal; 
an output terminal to provide the driving signal, the output 

terminal coupled to the second main electrode; 
a sensing resistor coupled betWeen the supply terminal and 

the ?rst main electrode of the one transistor; and 
means for rendering ineffective said coupling betWeen the 

control electrode and the control signal during a peak 
voltage across the sensing resistor, said means being a 
unipolar circuit arranged in series With the control elec 
trode of the one transistor. 

2. The electronic circuit of claim 1, Wherein the unipolar 
circuit comprises a diode. 

3. The electronic circuit of claim 1, Wherein the output 
driver further includes current means coupled betWeen a fur 
ther supply terminal and the control electrode of the one 
transistor. 

4. An electronic circuit as claimed in claim 1, Wherein the 
output driver further includes limiting means for limiting the 
voltage on the control electrode of the one transistor. 

5. The electronic circuit of claim 1, Wherein the output 
driver further includes limiting means for limiting the voltage 
betWeen the control electrode and the ?rst main electrode of 
the one transistor. 

6. The electronic circuit of claim 4, Wherein the limiting 
means comprise a Zener diode. 

7. The electronic circuit of claim 1, Wherein the control 
signal is a binary signal. 

8. The electronic circuit of claim 7, Wherein the output 
driver further includes a control circuit to supply the control 
signal, the control circuit including an inverter having an 
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N-type ?eld effect transistor and a P-type ?eld effect transis 
tor, the unipolar circuit being arranged in series With a drain of 
the P-type ?eld effect transistor. 

9. The electronic circuit of claim 8, Wherein the output 
driver further includes a further control circuit to supply a 
further control signal to the control electrode of the other one 
of the transistors. 

10. The electronic circuit of claim 1, Wherein the output 
driver further includes a control circuit to supply a further 
control signal to the control electrode of the other one of the 
transistors. 

11. An electronic circuit comprising an output driver for 
providing a driving signal, the output driver including: 

a supply terminal; 
a control circuit coupled to the supply terminal and con 

?gured and arranged to apply a voltage to a transistor 
control electrode; 

at least tWo transistors, each transistor having a ?rst main 
electrode, a second main electrode and a control elec 
trode, the second main electrode of each of the transis 
tors being coupled together, the control electrode of one 
of the transistors being coupled to receive a control 
signal from the control circuit, and the ?rst main elec 
trode of said one transistor being coupled to the supply 
terminal; 

a sensing resistor coupled betWeen the supply terminal and 
the ?rst main electrode of said one transistor; and 

an output terminal to provide the driving signal, the output 
terminal coupled to the second main electrode; 

a unipolar circuit betWeen the control circuit and the con 
trol electrode of said one transistor to decouple the con 
trol electrode from the control circuit during a peak 
voltage condition across the sensing resistor, Wherein 
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the supply terminal is coupled to the control circuit 
during the peak voltage condition. 

12. The electronic circuit of claim 11, Wherein the control 
signal is a binary signal. 

13. The electronic circuit of claim 12, Wherein the control 
circuit includes an inverter having an N-type ?eld effect tran 
sistor and a P-type ?eld effect transistor, the unipolar circuit 
arranged in series With a drain of the P-type ?eld effect 
transistor. 

14. The electronic circuit of claim 13, Wherein the output 
driver further includes a further control circuit coupled to the 
control electrode of the other one of the transistors and con 
?gured to supply a further control signal to the control elec 
trode of the other transistor. 

15. The electronic circuit of claim 11, Wherein the unipolar 
circuit is a diode. 

16. The electronic circuit of claim 11, Wherein the output 
driver further includes a further supply terminal and a current 
source coupled betWeen the control electrode of said one 
transistor and the further supply terminal, Wherein the current 
source supplies a current to the control electrode of said one 
transistor. 

17. The electronic circuit of claim 11, Wherein the output 
driver further includes a Zener diode coupled betWeen the 
control electrode of said one transistor and the supply termi 
nal, Wherein the Zener diode limits a voltage betWeen the 
control electrode of said one transistor and the ?rst main 
electrode of said one transistor. 

18. The electronic circuit of claim 11, Wherein the output 
driver further includes a further control circuit coupled to the 
control electrode of the other one of the transistors and con 
?gured to supply a further control signal to the control elec 
trode of the other transistor. 

* * * * * 


