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CURRENT ZERO CROSSING DETECTING 
CIRCUIT 

DESCRIPTION 

[0001] The present invention relates to a current Zero 
crossing detecting circuit, particularly to a driving half 
bridge circuit of Pulse Width Modulation (PWM) type for a 
brushless motor. 

[0002] A brushless motor is a synchronous motor the 
rotation of Which is obtained by means of a sWitching of the 
currents in the Windings synchronously With the rotor posi 
tion. It is necessary, therefore, knoWing exactly the rotor 
position so as to obtain the best precision for the motor 
Working and this position is usually deduced by means of 
tWo approaches: 1) by means of Hall effect position sensors; 
2) by means of a counter electromotive force signal 

(BEMF). 
[0003] In this last embodiment the driving current curve 
must coincide With the curve of BEMF to obtain the maXi 
mum ef?ciency of driving. 

[0004] In the driving of brushless motors, therefore, the 
current Zero crossing in the motor Windings has to be 
identi?ed so as to realiZe a synchroniZation With the BEMF 
Zero crossing. 

[0005] Presently, in order to establish the current Zero 
crossing in the PWM driving half bridge circuits a resis 
tance, disposed in series to a single motor Winding, con 
nected With a speci?c comparator, so as to detect the voltage 
Zero crossing, as shoWn in FIG. 1, is used. 

[0006] The draWback of this embodiment resides in the 
use of an eXternal component, in the speci?c case a resis 
tance, for reading the voltage value. 

[0007] In vieW of the state of the art described, it is an 
object of the present invention detecting the current Zero 
crossing information Without the necessity of the presence of 
an eXternal component. 

[0008] According to the present invention, such object is 
achieved by a current Zero crossing detecting circuit includ 
ing a PWM driving half bridge circuit, Which generates an 
output signal and a signal synchronous With the high imped 
ance condition of said PWM driving half bridge circuit, 
characteriZed by comprising detecting means synchronous 
With said signal synchronous With the high impedance 
condition of said PWM driving half bridge circuit and said 
output signal, and said detecting means generating a direc 
tion signal shoWing the current direction ?oWing in said 
pulse Width modulation circuit. 

[0009] Thanks to the present invention it is possible mak 
ing a circuit adapted to detect the current Zero crossing 
Without the help of any devices external to the PWM driving 
circuit. 

[0010] Moreover, thanks to the present invention it is also 
possible obtaining a detecting circuit of easier realiZation. 

[0011] The features and the advantages of the present 
invention Will be made evident by the folloWing detailed 
description of an embodiment, thereof, Which is illustrated 
as not limiting eXample in the anneXed draWings, Wherein: 
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[0012] FIG. 1 shoWs a current Zero crossing detecting 
circuit according to the prior art; 

[0013] FIG. 2 shoWs a ?rst embodiment of a current Zero 
crossing detecting circuit according to the present invention; 

[0014] FIG. 3 shoWs a second embodiment of the current 
Zero crossing detecting circuit according to the present 
invention; 
[0015] FIG. 4 shoWs the trend of some signals in rela 
tionship With the circuit of FIG. 2. 

[0016] In FIG. 1 a current Zero crossing detecting circuit 
according to the prior art is shoWn, Wherein it is to be noted 
a ?rst sWitch S1, controlled by a logic gate A1 of AND type 
and connected to a voltage supply Vcc, and a second sWitch 
S2, controlled by a logic gate N1 of NOR type, connected to 
the ground GND. 

[0017] The sWitches S1 and S2 can be made for eXample 
by DMOS poWer transistors or by Whichever sWitching 
device. 

[0018] Said sWitches have a point in common, called 
OUT, that represents the out terminal of the circuit in eXam. 

[0019] It is to be noted also the presence of a shifting or 
delaying circuit, called delay, that has in input a signal In and 
outputs said signal Din. 

[0020] The delay circuit has the characteristic of shifting 
in the time by a ?Xed and a priori knoWn quantity an 
incoming signal and therefore the signal Din is shifted (or 
delayed) in the time of a ?Xed quantity With respect to the 
signal In. 

[0021] In fact the structure of the circuit, shoWn in Figure, 
foresees that the drivers of said sWitches S1 and S2, that is 
the driving circuits of said sWitches S1 and S2, have in input, 
for the logic gate A1, a ?rst signal In and a second signal Din 
so as to provide an output signal A1out adapted to control 
said sWitch S1 and for said logic gate N1, they have in input 
said signal In and said signal Din so as to provide an output 
signal N1out adapted to control said sWitch S2. 

[0022] Therefore the logic gate A1 and N1 are controlled 
by the signal In and by the signal Din, this latter shifted (or 
delayed) With respect to said signal In. 

[0023] The displacement of the sWitches S1 and S2 With 
the respective logic gates and the delay circuit provide What 
is commonly knoWn as PWM type driving half bridge. 

[0024] Such a nature of circuits provides, in fact, a suitable 
shifting or delaying circuit, so as to avoid the cross conduc 
tion phenomenon, that is the simultaneous turning on of the 
high-side and loW-side poWer stage With the consequent 
?oWing of high values of current during the output sWitch 
mg. 

[0025] It is to be noted also that in the output point OUT 
of the PWM circuit a resistance R1 is connected, placed in 
series With an inductor L. 

[0026] The inductor L is the load of the driving half bridge 
circuit of PWM type and it can represent, for eXample, a 
single Winding of a brushless motor. 

[0027] Said resistance R1 is also placed in parallel With a 
comparator CMP, adapted to identify the voltage Zero cross 
ing at the terminals of said resistance R1. 
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[0028] Said comparator CMP provides an output signal 
CMPout showing the direction of the ?owing current in said 
resistance R1. 

[0029] Such a nature circuit allows to identify the current 
Zero crossing thanks to the presence of said resistance R1, 
but it has the remarkable disadvantage of adding an eXternal 
device (the resistance R1) to read the direction of the 
current. 

[0030] In contrast, in FIG. 2 a circuit according to the 
present invention is shoWn, Wherein, further the circuit 
elements described in FIG. 1, it is to be noted the presence 
of a D type ?ip ?op, called DFLIP, having a ?rst input pin, 
called CLK, connected to said signal Din, a second input 
pin, called D, connected to the point OUT of the PWM 
driving circuit, a third input pin, called R, adapted to reset 
the instantaneous value stored in said DFLIP, a ?rst output 
pin, called Q, adapted to provide a direction signal shoWing 
the current direction, called direction signal DIR_COR, a 
second output pin, called QN, adapted to provide the 
inverted signal being to the pin Q. 

[0031] The proposed solution makes use of a characteristic 
of the driving half bridge circuits of PWM type to deduce the 
information of the current Zero crossing. 

[0032] In fact the delay circuit, or Whichever type circuit 
adapted to avoid cross conduction phenomena, Whichever is 
its implementation, for eXample by means of a ?xed delay 
betWeen the turning off of the high-side sWitch S1 and the 
turning on of the complementary sWitch S2, or by means of 
a couple of comparators that, by monitoring the voltage on 
the gate electrodes of the tWo DMOS poWer transistors, that 
is of the sWitches S1 and S2, alloW the turning on of the 
complementary stage once detected the turning off of the 
controlled stage, provides alWays a signal synchronous With 
the condition of high impedance that derives during the 
commutation. 

[0033] In high impedance condition the voltage value of 
the point OUT Will be forced in function of the current 
direction ?oWing in the circuit itself or toWard the supply 
voltage value Vcc or toWard the ground value GND. 

[0034] The Applicant has noted that, by measuring the 
voltage value of the point OUT by suitable detecting means 
synchroniZed With the high impedance signal, it is possible 
detecting the current direction and therefore detecting the 
current Zero crossing. 

[0035] A?rst embodiment in FIG. 2 is shoWn, Wherein the 
detecting means is, for eXample, the DFLIP or the embodi 
ment shoWn in FIG. 3, Wherein the detecting means is, for 
eXample, a comparator COMP. 

[0036] In FIG. 3 it is to be noted that the comparator 
COMP has the non inverting input connected to a reference 
voltage Vref, for eXample Vref=Vcc/2, the inventing input 
connected to the output OUT of the PWM driving half 
bridge and the output connected to a latch device D1, 
synchroniZed by means of the signal Din, adapted to provide 
a direction signal DIR_COR shoWing the current direction. 

[0037] Both the embodiments have the characteristic of 
detecting the voltage at the point OUT, voltage approaching 
the supply voltage Vcc or approaching the ground voltage, 
and providing the signal shoWing the current direction. 
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[0038] In FIG. 4 the trend of the signals In, Din, OUT and 
DIR_COR according tWo successive sWitching of the output 
stage betWeen Which there is a change of the current 
direction, is shoWn. 

[0039] Particularly in such a Figure it is to be noted that 
the signal In is the input signal of the logic gates A1 and N1 
and to the delay circuit, the signal Din is the shifted signal 
With respect to the signal In, the signal OUT is the voltage 
trend at the output terminal of the PWM circuit connected to 
the load L, and ?nally the direction signal DIR_COR is the 
status of the signal at the output pin of DFLIP. 

[0040] It is to be noted that the DFLIP is synchroniZed 
during the rising edge of the signal Din. 

[0041] Referring to the circuit of FIG. 2, but similar 
considerations state also for the circuit of FIG. 3, and taking 
into account What is shoWn in FIG. 4 and assuming that the 
voltage of the point OUT is loW, segment 1, the sWitch S2 
has to be necessarily turned off, and assuming that the load 
L requires current With a direction equal to that shoWn in 
FIG. 2 by continuous line, on the rising edge 2 of the signal 
In the gate N1 opens S2, Whilst S1 is still open. 

[0042] This happens because the input of the gate A1, that 
drives the S1, has still at its input pin a loW value 3 of the 
signal incoming from the delay circuit, that is Din. 

[0043] The output OUT doesn’t sWitch because the current 
I ?oWs totally in the re-circulating diode of the loW-side 
DMOS transistor, that is the driving circuit is in a condition 
knoWn as three-state, Wherein the output OUT is going 
beloW the ground value. 

[0044] The output OUT sWitches When the rising edge 4 of 
the signal Din incomes, approaching to the supply voltage 
Vcc, because the sWitch S1 has been turned off. 

[0045] The signal OUT is connected to the DFLIP that 
consequentially stores on its output pin a loW logic level 5, 
as shoWn by the direction signal DIR_COR. 

[0046] By assuming that for every variations the load L 
provides a current, that is the direction of the current I is 
changed and it has a direction as that shoWn in FIG. 2 in a 
dash line, on the second rising edge 6 of the signal In, the 
sWitch S2 Will sWitch from an off condition to an on 
condition, and the output OUT sWitches immediately to the 
supply voltage value Vcc. 

[0047] The output OUT sWitches immediately because the 
current ?oWs in the re-circulating diode of the high-side 
DMOS, that is the output sWitches due to the current I (of the 
load) ?oWs into the diode of S1, that is also in this situation 
the driving circuit is in a condition knoWn as three-state, 
Wherein the output OUT is over the supply voltage value 
Vcc. 

[0048] The sWitch S1 is turned off When the rising edge 7 
of the signal Din incomes and the output is still at a high 
value until the signal Din is off. 

[0049] The output OUT is connected to the DFLIP and 
therefore it stores at its output pin a high logic level, as 
shoWn by the direction signal DIR_COR, rising edge 8. 

[0050] The information of the direction inversion of the 
current direction I is therefore available in a synchronous 
Way With the commutation of the PWM driving stage. 
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1. Current Zero crossing detecting circuit including a 
PWM driving half bridge circuit, Which generates an output 
signal (OUT) and a signal synchronous With the high 
impedance condition of said PWM driving half bridge 
circuit, characteriZed by comprising detecting means 
(DFLIP, COMP) synchronous With said signal synchronous 
With the high impedance condition of said PWM driving half 
bridge circuit and said output signal (OUT), and said detect 
ing rneans generating a direction signal (DIR_COR) shoW 
ing the current direction ?oWing in said pulse Width rnodu 
lation circuit. 

2. Detecting circuit according to the claim 1, character 
iZed in that said detecting means is D type ?ip ?op logic gate 
(DFLIP). 

3. Detecting circuit according to the claim 1, character 
iZed in that said logic gate (DFLIP) has in input said output 
signal (OUT) of said PWM driving half bridge circuit and it 
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has in input a shifting signal (Din) and it provides said 
direction signal (DIR_COR). 

4. Detecting circuit according to the claim 3, character 
iZed in that said shifting signal (Din) by a delaying circuit 
(delay) is provided. 

5. Detecting circuit according to the claim 1, character 
iZed in that said PWM driving half bridge circuit and said 
delaying circuit (delay) have in input said input signal (In). 

6. Detecting circuit according to the claim 1, character 
iZed in that said detecting means is a comparator (COMP). 

7. Detecting circuit according to the claim 6, character 
iZed in that said cornparator (COMP) has in input at the non 
inverting terminal a reference voltage (Vref), has in input at 
the inverting terminal said output signal (OUT) and its 
output is connected With a latch device (D1) adapted to 
provide said direction signal (DIR_COR). 

* * * * * 


