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LOOP CONTROL DETECTION CIRCUIT AND
METHOD FOR DETECTING CURRENT FEEDBACK

IECHNICAL FIELD OF THE INVENTION

This invention relates generally to the field of

control circuitry and more particularly to a loop control
detection circuit and method

for detecting current
feedback.
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BACKCROUND OF THE INVENTION

Control loops are used extensively in electronic

circuits to monitor and control various values by

controlling or regulating electrical quantities, such as
currents and voli:ages . For example, the current through
the stator windings of 'a polyphase direct current ("dc")
motor may be controlled using various control loops that
regulate the current through the windings during

a
particular state or commutation.

At certain times and during certain conditions,
control loops may lose control and can no longer regulate

or control a particular electrical quantity such as a

current or voltage. This loss of control may result in

undesirable or unpredictable circuit behavior that
prevents a circuit from operating as desired. Sometimes,
this loss of control can cause a system to completely fail
if corrective action is not taken. Problems are .furt'_.her
increased when the loss of controi of a control loop goes
undetected for a period of time. \

Oftentimes, the loss of control by a particular
control loop, if known, wmay signify the end of a
particular state or event and trigger the initiation of
é.nother circuit or control loop. to further control or
regulate an electrical quantity. If this loss of control
is not quickly detected or goes undetected for too long a
period of time, overall system performance suffers as

other circuits, such as control circuits, cannot be timely

implemented. For example, when a commutation occurs in

the stator windings of a polyphase direct current wotor,

current is switched off through one coil and switched on

in another coil. The current through the stator winding

coils is controlled using control loops having current
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feedback. Once a current through a coil is switched off,

the control loop loses control and the current should be
maintained at zero to enhance overall motor performance.

Problems arise when the control loop attempts to further
control the current through the coil resulting in an

undesirable current through the coil.



SUMMARY OF THE INVENTION  *

: From the foregoing it may be appreciated that a need
has arisen for a loop control deteceion circuit and method
for detecting current feedback in a control loop to
determine whether and when a control loop has lost control
or can no longer control or regulate a particular
circuitry parameter. In accordance with the present
invention, a loop control detection circuit and method for
detecting feedback in a control loop are provided which
substantially eliminate or reduce the disadvantages and
problems encouﬁtered when the loss of control by a control

loop goes undetected.

According to the present invention, a loop control

detection circuit is provided for detecting feedback

values in a control loop to determine when a control loop

has lost control. The loop control detection circuit

includes_a comparison circuit and a register circuit. The
comparison circuit compares a feedback control loop signal
from the control loop to a reference signal and generates,
in response, a comparison output signal in a state

indicating whether the reference signal is larger than the
feedback control loop signal.
additionally,

Alternatively or
the comparison circuit compares a feedback
control loop signal from the control loop to a second
reference signal and generates, in response, the
comparison output signal in a state indicating whether the
second reference signal is less than the feedback control
loop signal. The register circuit receives a timing

signal, such as a commutator control signal, in an enabled

state and generates, in response, a loop control detection

signal in a state indicating that the control loop is in

control. The register «circuit also receives the
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comparison output signal and generates the loop control

detection signal in a state indicating that the control
loop is out of control in response to receiving the
comparison output  signal in a state indicating that the
reference signal is larger than the feedback control loop
signal or in a state indicating that the second reference
signal is less than the feedback control loop signal.

The present invention provides various technical

advantages. A technical advantage of the present
invention includes the ability to determine when a
control

loop has lost control or can no longer control a
circuit parameter. Another technical advantage of the

present invention includes the ability to disengage a

control loop in response to detecting that the control

loop has lost control. This results in improved overall

performance and enhanced reiiability. Yet another

technical advantage of the _present invention includes more
consistent circuitry performance. Still another technical
advantage is the ability to implement additional
circuitry, such as additional control .circuit;y, in
response to determining that a control loop has lost
control.

Other technical advantages are readily apparent

to one skilled in the art £from the £following figures,

description, and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention and the advantages thereof, reference is now
made to the following brief description, taken in
connection with the accompanying drawings and detailed

description, wherein 1like reference numerals represent

like parts, in which:
FIGURE 1 is a circuit and block dia_tgram of a loop
control detection circuit coupled to a control loop;

FIGURE 2 is a circuit diagram of the 1loop control
detection circuit; and

FIGURE 3 is a timing and current diagram illustrating

the relationship between Ippemarz and a loop control

detection signal.
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DETAILED DESCRIPTION OF THE INVENTION

FIGURE 1 is circuit and block diagram of a loop

control detection circuit 100 shown coupled to a current

feedback control 1loop that uses current feedback to

regulate or control the current through a stator winding
coil 32. Stator winding coil 32 may be one phase or coil
of a stator winding used in a polyphase dc motor. Loop
control detection circuit 100 couples to the gate of a low
side driver (LSD) 24 and a sense FET 26 and controls the
operation of a disconnect switch 122 and a grounding
switch 124 through a loop control detection signal 120.

Loop control detection circuit 100 provides disconnect
switch 122 in a closed state and grounding switch 124 in
an open state when the control 1loop is controlling or
regulating the current Ippguare through stator winding coil

32. Whenever the control loop loses control or ceases to

control Ipggyars, loop control detection circuit 100
provides loop control detection signal 120 in an unenabled
state such that disconnect switch 122 is provided in an
open state and grounding switch 124 is provided in a
closed state resulting in the gate of LSD 24 and sense FET
26 being coupled to ground. This effectively disengages
the control loop from controlling the current Ipgeyare bY
forcing the gate-to-source voltage of LSD 24 to zero and
turning off LSD 24. '

;I‘he control loop is used to regulate the current
Ipecurare through stator winding coil 32 by controlling the

gate-to-source voltage of LSD 24. The gate-to-source

voltage of LSD 24 is established by the output of a

reference amplifier 28. LSD 24, while operating in the

saturation region, regulates the currerit Iggnarg flowing

through the drain, source, and channel of LSD 24. The
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control loop functions by first sensing or mirroring the

current Igegpareg Which is provided from stator winding coil

32 and through LSD 24. Ipggyare iS mirrored through sense

FET 26 and is denoted by the current Igys;: as shown in

FIGURE 1. This is accomplished through the coupling

together of the gates of sense FET 26 and LSD 24, and the
coupling of their sources to ground. The drains of LSD 24
and sense FET 26 are coupled through a voltage follower
arrangement that includes an amplifier 25 and a FET 27.

This voltage follower arrangement ensures that the voltage
at the drain of "LSD 24 and sense FET 26 is maintained at
about the same level to ensure that Igg,; is proportional

to Ipegurate: Isense May be referred to as a current feedback
value.

Igense 18 provided at some proportional or scaled value
Of Ippgare t© minimize overall power consumption. This may
bé accomplished by providing a relatively high ratio
between the channel width-to-length ratio of LSD 24 and
the channel width-to-length ratio of sense FET 26. For
example, a ratio of 1000:1 may be used. Furthermore,
although the current feedback control loop shown in

FIGURE 1 is implemented using n-channel FETs, such as

n-channel MOSFETs, the control loop may be implemented

using any of a variety of circuit technology and

transistor technology such as p-channel FETs and bipolar
junction transistors.

The output of reference amplifier 28, which controls

the gate-to-source voltage of LSD 24, is generated in the

following manner. Reference amplifier 28 receives Iggmge at

its inverting terminal and a reference current I, at its

non-inverting terminal. Ixr is generated by a reference

current source 30 which is controlled through an external
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control line, denoted as Iy, Control, which is provided by
circuitry not shown in FIGURE 1. Iger Control may be
provided by a commutator control circuit that controls the
commutation in the stator windings of a polyphase dc
motor. Once a commutation occurs, it is often desirable
to reduce and maintain a current being provided through a
stator winding coil to zero.

Reference current Ig; represents the desired or
targeted value of Igng: SO that Iggeyarg Will ultimately be
provided at a desired value. Reference amplifier 28
subtracts Iggy from Igg and multiplies this error value by
a gain A to generate an output control signal. Generally,
referencé amplifier 28 senses the difference between Ipg
‘and Ismse and generates a corresponding output 'signal that
is used to control ﬁhe gate-to-source voltage of LSD 24
and ultimately Igggmare- By adjusting the gate-to-source
voltage of LSD 24, the current Ipequzare Chrough stator
winding coil 32 is controlled. - Thus, reference
amplifier 28 adjusts the gate-to-source voltage of LSD 24
SO that Ipgguare iS proportional or related to the reference
current Igg..

While the control loop continues to regulate current
Immm,. loop control detection circuit 100 continues to
monitor the gate-to-source voltage provided to LSD 24 and
sense FET 26. As long as the control loop is continuing
to regulate or control Igguarer 1O0OP control detection
circuit 100 generates loop control detection signal 120 in
an enabled state. When loop control detection signal 120
is provided in an enabled state, disconnect switch 122
couples the output of reference amplifier 28 to the gates
cI LSD 24 and sense FET 26 thus allowing the control loop

continue to control the current Iggguare- Grounding



10
switch 124 is provided in an open state while receiving

loop control detection signal 120 in an enabled state.

Once loop control detection circuit 100 determines
that the control ioop can no longer control Igegyars, 10OP
control detection circuit 100 provides 1loop control
detection signal 120 in an unenabled state. As a
consequence, disconnect switch 122 1is opened and the
output of reference amplifier 28 is no longer coupled to
the gates of LSD 24 and sense FET 2.6. The gates of LSD 24
and sense FET are coupled through grounding switch 124 to
ground resulting in a gate-to-source voltage of zero.
This tﬁrns off LSD 24 resulting in Iggumarz 90ing to zero
and staying at zexro and effectively decoupling or
disengaging the current feedback control 1loop and
preventing it from controlling Iggeyarg- If the output of
reference amplifier 28 remained coupled to the gate of LSD
24, unpredictable and undesirable Iggguarg Currents may be
generated. | _

Loop control detection circuit 100 determines whether
the control circuit can continue to control Ippgmare DY
determining if the gate-to-source voltage of LSD 24 is
below its threshold voltage or if the gate-to-source
voltage is provided near or above the supply voltage V.
One embodiment of loop control detection circuit 100 is
shown in FIGURE 2 and described below.

FIGURE 2 is a circuit diagram of a loop control
detection circuit 100. Loop control detection circuit 100

includes a first comparator 102 coupled to the clear input

of a first flip-flop 104, and a second comparator 106

coupled to the clear input: of a second flip-flop 108.

First comparator 102 and second comparator 106 may be

referred to as a comparison circuit while first
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flip-flop 104 and second flip-flop 108 may be referred to
as a register circuit. First flip-flop 104 and second
flip-flop 108, in the embodiment shown in FIGURE 2, may be

implemented using delay or D-type flip-flops. The outputs

of first flip-fiop 104 and second flip-flop 108 are
provided as inputs to an enabling circuit 110 implemented
as an "AND" gate. . Enabling circuit 110 provides loop
control detection signal 120. Loop control detection
signal 120 indicates whether the current' feedback control

loop, shown in FIGURE 1, is still regulating a particular

circuitry value such as Ipggpare- Loop control detection
signal 120 may be used to take a desired or appropriate
action in response to the detected loss of control as
discussed above with respect to disconnect switch 122 and

grounding switch 124 of FIGURE 1.

First comparator 102 couples to the control 1loop
being wmonitored at its negative terminal while the
positive terminal couples to a reference voltage such as
0.6 volts. In the embodiment of FIGURE 2, the negative
terminal of first comparator 102, along with the positive
terminal of second comparator 106, couple to the gate of

LSD 24 and sense FET 26 which provides the gate-to-source

voltage of both of these ' FETs. This voltage may be

referred to as a feedback control loop signal. The 0.6
volt reference voltage is designed to correlate to the
gate-to-source threshold voltage of LSD 24 such that when

the gate-to-source voltage drops below the threshold

voltage, LSD 24 is turned off and ceases to control the

current Ipgourare- Similarly, the negative terminal of

second comparator 106 couples to a reference voltage, such

as 4.8 volts, that corresponds to the supply voltage Vec.

Te

o

reference amplifier 28 loses control and provides an
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output at the rail or supply voltage V., second comparator
106 will detect such an event.

First comparator 102 and second comparator 106 are
used to determine when the control loop of FIGURE 1 loses

control or is no longer controlling the current Ipegmare-

As a consequence, loop control detection signal 120 will

ultimately be provided in an unenabled state indicating
the loss of control by the monitored control loop. This

is accomplished in the following manner.

Initially, £lip-flop 104 and secona flip-flop 108
receive a commutator comtrol signal at their clock inputs
and Ve at their inputs. The commutator control signal may
be referred to as a timing signal and, in this embodiment,
indicates whether a commutation has occurred in the stator
windings and, as a result, the control loop of FIGURE 1

should be enabled to control the current Iggguarg through

the stator winding coil 32. As a consequence of receiving

the timing signal in an enabled state, first flip-flop 104
and second flip-flop 108 provide the input signal V, at

their output Q which is then provided to enabling circuit

110. As a consequénce of both of the outputs of first

flip-flop 104 and second flip-flop 108 being provided in

an enabled state, enabling circuit 110 initially provides

loop control detection signai 120 in an enabled state.
First comparator 102 and second comparator 106

continue to wmonitor the status of the control 1loop by

continually comparing the gate-to-source voltage of LSD 24

to their respective reference voltage values. It should

pe understood that, although reference voltage values are

used in the present embodiment, other embodiments may use

reference currents. First comparator 102 generates a

first comparison output signal that is generated and
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provided in an unenabled state while the gate-to-source

voltage of LSD 24 is greater than 0.6 volts. First

comparator 102 generates the first comparison output

signal in an enabled state when the gate-to-source voltage

of LSD 24 is less than 0.6 volts. The first comparison

output signal is provided to the clear input of first

flip-flop 104. Thus, when the first comparison output

signal is provided in an enabled state, the output Q of

first flip-flop 104 is cleared. Consequently, loop

‘control detection signal 120 is provided in an unenabled
state.

Similarly,'if second comparator 106 detects the gate-

to-source voltage of LSD 24 at a value greater. than the

supply voltage Vg, such as 4.8 volts, second

comparator 106 provides an enabled second comparison
output signal to the clear input of second flip-flop 108.
Consequently, the output Q of second flip-flop 108 is
cleared and provided in an unenabled staﬁe. This will
also result in enabling circuit 110 providing loop control
detection signal 120 in an unenabled state which results
in the gate of LSD 24 being coupled to ground and Igggyrare
going to zero.

FIGURE 3 is a timing and current diagram indicating
the relationship between Ipggpare and loop control detection
signal 120. At the top of FIGURE 3, the current Ipggyarg 1S
shown along with loop control detection signal 120. This

diagram is intended to illustrate the result of the

operation of first comparator 102 and first flip-flop 104

if the gate-to-source voltage of LSD 24 drops below the

threshold voltage. Igecuiare 1S shown initially being

provided at a steady state value and then declining to a

lower and lower value as the gate-to-source voltage of LSD
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24 is reduced which reduces the current Igggparz- AS soon

as the gate-to-source voltage of LSD 24 drops below the
threshold voltage level, first comparator 102 detects this

and clears the output Q of £first £flip-flop 104
response.

in
This causes loop control detection signal 120
to transition from an enabled state to an unenabled state.
Loop control detection signal 120 then causes grounding
switch 124, shown in FIGURE 1, to close which reduces the
gate-to-source voltage of LSD 24 to zerc and turns off the
control loop circuitry. .

The bottom portion of FIGURE 3 illustrates the
effects of the operation of second comparator 106 and
second flip-flop 108 detecting the gate-to-source voltage
of LSD 24 exceeding a supply voltage V. As is shown,
Irecurare 18 initially provided at a low or zero value and
then increases in value untii such time as the gate-to-
source voltage of LSD 24, which regulates Immm#m, equals
or exceeds the suﬁply voltage Vgc. At such time, reference
amplifier 28 provides its output signal at or above the
rail or V. value. " This indicates that the contxol loop
has lost control and can no longer effectively control‘
Irecurare - Second comparator 106 and second flip;flop 108
detect this state and provide the output of second
flip-flop 108 in an unenabled or cleared state. This
results in enabling circuit 110 providing loop control
detection signal 120 in an unenabled state which further
results in disconnect switch 122 opening and grounding
switch 124 closing so that the gate-to-source voltage of
LSD 24 and sense FET 26 is provided at zero volts or

ground.

Thus, it is apparent that there has been provided, in

accordance with the present invention, a loop control
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detection circuit and method for detecting current
feedback that satisfy the advantages set forth above.

Although the preferred embodiment has been described in
detail, it should be understood that various changes,
substitutions, and alterations can be made herein without
departing from the scope of the present invention. For
example, although the present invention has been
illustrated and described with respect to detecting the
current feedback in a control loop to determine when the
control loop'is out of control, the present invention is
not limited to detecting only current feedback but instead
could be used to detect voltages and other circuitry
parameters. The circuits described and illustrated in the
preferred embodiment as discrete or separate circuits may
be combined into one circuit or split into separate
circuits without départing from the scope of the present
iﬁvention. Furthermore, the direct connections
illustrated herein could be altered by one skilled in the
art such that two devices are merely coupled to one
another through an intermediate aevice or devices without
being directly connected while still achieving the desired
results demonstrated by the present invention. Other
examples of changes, substitutions, and alterations are
readily ascertainable by one skilled in the art and could
be made without departing from the spirit and scope of the

present invention as defined by the following claims.
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WHAT IS CLAIMED IS: 16

1. A loop control detection circuit for detecting

when a control loop loses control, the 1loop control
detection circuit comprising:

a comparison circuit operable to compare a feedback
control loop signal from the control loop to a reference
signal and to generate, in response, a comparison output
signal in a state indicating whether the reference signal
is larger than the feedback control loop signal; and

a register circuit operable to receive a timing
signal in an enabled state and to generate a loop control
detection signal in a state indicating that the control
loop is in control in response to re.ceiving the timing
signal in an enabled state, the register circuit operable
to receive the comparison output signal and to generate
the loop control detection signal in a state indicating
that the control loop is out ‘of control in. response to
receiving the- comparison output signal in a state
indicating that the reference signal is larger.than the

feedback control loop signal.

2. The loop control detection circuit of Claim 1,

wherein the comparison circuit is a comparator.

3. The loop control detection circuit of Claim 1,

wherein the register circuit is a flip-flop.

4. The loop control detection circuit of Claim 3,

wherein the register circuit is a delay flip-flop.
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5. The loop control detection circuit of Claim 1,

e

—— ——

wherein the register circuit is operable to receive an
input signal and to provide the loop control detection
signal at a value corresponding to the input signal in

response to réceiving the timing signal in an enabled
state.

6. The loop control detection circuit of Claim 1,

wherein the feedback control loop signal and the reference

signal are provided as 'voltages.

7. The loop control detection circuit of Claim 1,

wherein the control loop controls the current by
controlling the gate-to-source voltage of a field-effect
transistor, and the feedback control loocp signal is the
gate-to-source voltage of the field-effect transistor.

8. The loop control detection circuit of Claim 1,
wherein the control loop is designed to control a current

through the stator windings in a polyphase direct current
motor.
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9. The loop control detection circuit of Claim 8,
wherein the timing signal is a commutation control signal

indicating that a current should be provided through the
stator windings.

10. The loop control detection circuit of Claim 1,

whérein the comparison circuit is operable to generate the
comparison output signal in a state indicating whether the
reference sighal is larger than or equal to the feedback
control loop signal, and the register circuit is operaﬁle
to generate the loop control detection signal in a state
iJuiicating that the reference signal is larger than or

equal to the feedback control loop signal.

11. The loop control detection circuit of Claim 1,

wherein the comparison circuit includes a first comparator
operable to compare the feedback control loop signal from
the control loop to a first reference signal and to
generate a first comparison output signal in a state
indicating whether.the first reference signal is larger
than the feedback control loop signal in response, and the
register circuit includes a first flip-flop operable to
receive the timing signal and to generate a first loop
control detection signal in a state indicating that the
control loop is in control in response to receiving the
timing signal in an .enabled state, thé first flip-flop
operable to receive the first comparison output signal and
to generate the first loop control detection signal in a
state indicating that the control 1loop is-out of control
in response to receiving the first comparisoﬁ output
signal in a state indicating that the first reference

signal is larger than the feedback control loop signal.
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12. The loop control detection circuit of Claim 11,
‘wherein the comparison circuit includes® a  second
comparator operable to compare the feedback control loop
signal to a second reference signal and to generate a
second comparison output signal in a state indicating
whether the feedback control loop signal is larger than
the second reference signal in response, and the register
circuit includes a second flip-flop operable to receive
the timing signél and to generate a second loop control
detection signal in a state indicating that the control
loop is in control in response to receiving the timing
signal in an enabled state, the second flip-flop operable
to receive the second comparison output signal and to
generate the second- loop control detection signal in a-
state indicating that the control loop is out of control
in response to receiving the second comparison output

signal in a state indicating that the feedback control

loop signal is larger than the second reference signal.

13. The loop control detection circuit of Claim 12,
furthef comprising:

an enabling circuit operable to receive the first
loop control detection signal from the first flip-flop and
the second loop control detection signal from the second.
flip-flop and td generate the loop control detection
signal in a state indicating that the control loop is out
of control in response to receiving the first loop control
detection signal or the second loop control detection

signal in a state indicating that the control loop is out

of control.
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14. The loop control detection circuit of Claim 13,

wherein the enabling circuit is an AND gate.

15. The loop control detection circuit of Claim 1,

wherein the control loop is a current feedback control
loop. '

le. A control circuitry, comprising:
a control loop using current feedback for controlling
a current; and
a loop control detection circuit including:
a comparison circuit; operable to compare a
feedback control loop signal from the control loop to a
reference signal and to generate a comparison output
signal in a state indicating whether the reference signal
is larger than the feedback control 1loop signal in
response; and
a register circuit operable .to receive a timing
signal in an enabled state and to generate a loop control
detection signal in a state indicating that the control
loop is in control in response to receiving the timing
s.i;gnal in an enabled state, the register circuit operable
to receive the comparison output signal and to generate .
the loop control detection signal in a state indicating
that the control loop is out of control in response to
receiving the compariéon output signal in a state

indicating that the reference signal is larger than the

feedback control loop signal.



L

17. The control circuitry of Claim 16, wherein the

21

control 1loop controls the current by controlling the
gate-to-source voltage of a field-effect transistor, and
the feedback control loop signal is the gate-to-source

voltage of the field-effect transistor.

18. The control circuitry of Claim 17, wherein the
loop control detection circuit is operable to open and
close a switch to disengage and engage the control 1loop
from the field-effect transistor, the switch operable to
engage the control loop when the loop control detection
signal is provide in a state indicating that the control
loop is in control, and to disengage the control loop when
the loop control detection signal is provided in a state

indicating that the control loop is out of control.
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19. A method for detecting current feedback in a

control loop, comprising the steps of:

comparing a feedback control loop signal related to a
current feedback parameter from the control loop to a
reference signal; _

generating a comparison output signal in a state

indicating whether the reference signal is larger than the

feedback control loop signal;

receiving a timing signal in an enabled state and
generating a loop controi detection signal in a state
indicating that the control loop is in control; and _

generating the loop control detection signal in a
state indicating that the control loop is out of control
in response to the generation of the comparison output
signal in a state indicating that the reference signal is

larger than the feedback control loop signal.

20. The' method of Claim 19, wherein the feedback

control loop signal is the gate-to-source voltage of a

field-effect transistor.

21. The method of Claim 19, further comprising the

step of:

disengaging the control loop from the circuitry being

controlled in response to the generation of the loop.

control detection signal in a state indicating that the

control loop is out of control.



