-LOOP CONTRCL DETECTI ON Cl RCU T AND METHOD FOR DETECTI NG q?pSSQﬂ_:
CURRENT FEEDBACK TECHNI CAL FI ELD OF THE | NVENTI ON Thi s i nvent+&f8
rel ates generally to the field-of control circuitry.and nore particularly
to a loop control detection circuit and nethod for detecting current
f eedback. - ' 2 BACKGROUND OF THE | NVENTI ON

Control |oops are used extggsi vely in_el ectlrc‘ni ¢ clrcuits to nonitor and
control various val ues by Pr(ﬂml-bpqr@&ﬂrllm F&RQUJ& A guantities,
such as currents and vol t p®fiop FER' DEYBRPING Wrmnﬁﬂéﬁugh the-
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stator w ndings of a pol yphase direct current

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.



Ll

Jrotor may be controlled using various control |oops that regulate the
‘current through the windings during a particular state or commutation.

At certain tinmes and during certain conditions, control |oops may | ose
control and can no longer regulate or control a particular electrical
gquantity such as a current or voltage. This loss of control may result in

undesirabl e BE¥KGE Ln%'ﬁ@ EN"WE 2pehavi or t hat prevents a circuit
SOTT ,

from operating as destred : this loss of control can cause a
systemto conpl etedntdcll | lidopsor beet | ¥SedCldtensivdly t deneleBEPBhERT are
further increased when the loss of control of a control |oop goes

undet ect ed fHFrEME | otoof mohgbor and(f tanmtineds, vamwidusss valwestrby by a
particul ar c

trol.d00p, if _kno .may signif, he _end .of, a particul ar
state or eveﬁﬁ%ﬁﬁ%%*?%ggr Fﬁ%m&%FPPHtéiéaﬁrf 812 '#ﬁﬁﬁ%’cﬁuﬁ%nPFm
| oop to furtBefr&d ' 8haoOkoigaybal € a2l Sedmh @l ehéntllb¥ent! fth%'u?h' 0SS
of ,control is not quickly deteCted or goes undetected for too |ong peri od
of time, ovethe| stasoenwiadingsnwte supdbkyshase odhrecti canireat J¥de"as
control circuits, cann?%%be tinmely inplenmented, For exanple, when_ a
commut at i on BREIF sTRK QR LRch HHRY oY2BL s yBRBEECH; LeePsc ihadnt
notor, curre i it d ou COif.and.: S ed .L.p anot her
coil. The cﬁ%?%%?é%%rgﬁgh ?&%réﬁgtogﬁﬁﬁﬁangE%SiIglﬁgi%égtro égaus%hg
control | ooppahticularust®td or commutation. 3 feedback.

Once a current through a coil is switched off, the control |oop |oses
control and the c8Frefersadn| dtbmes 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.further
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
énother 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 wmotor,
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



maintained at zero to enhance overall notor perfornmance. Problens arise
when the control |oop attenpts to further control the current through the
coil resulting in an wundesirable current through the coil.

SUMVARY OF THE | NVENTI ON Fromthe foregoing it nay be appreciated that
a need has arisen for a |oop control detection circuit and nethod for
detecting CulegbabfCUDUeS! B THYUOlHAR & LIS NG deIogd when
a _control |oop has [ost control —~0Or can no lIFonger control or regulate a
particul ar citheuidontrdlaribsty Eloses | SonBESDI dAAC & heWdutreniie shpdsebe
invention, a |loop control detection circuit and method for detecting

f eedback in dd@reised @6p 28xe 0 BSIBENGH| RYETELib SIRERY PeXfAMMandtt e or

reduce the digadvant ages. and .probl.ens _encount er ed n the l.oss.of. .control

by a control PSIP%%‘S“EO fitde egn® contx Ep;pﬁpngktet(?m‘fé prr':’esgr‘l’ft_:her

invention, addiirdionthel Eeesit ORMidugi { the PESYI dedaiQic il e¢hi Ngn

f eedback values in a control |oop to determ ne when a control |oop
undesirable current through the coil.



has lost. control. The loop control detection circuit includes a
conparison circuit and a register circuit. The conparison circuit conpares
a feedback control |loop signal fromthe control |oop to a reference signal

and generates, in response, a comnparison output signal in a state
I ndi cati ng whether the reference signal is larger than the feedback
contr ol | oo ' Fraki velyw or additionally, the

conparison circult corrbares a teedback control loop signal fromthe control
| oop to a second rd@remerde forggelingand mayerss aiEsSrecidted NAEIONSneed he |

conpari son ouéput si.gnal in a state indicating whether the second reference
signal is les at%a?ﬁ"’%‘?é‘ f£O&dBadROPoROREFOLoEptest §anl circuitcand cyeshed

circuit recei e Wals) | , Such as a.comutator control signal,
in an enabl ed ﬁséfizlt f&r‘?&"‘%@ﬁer%’%@n feé% B (?opCBBFiFPgI é@?@ct 3n

signal in a stddtenmidiec alietterhahdt fReAOA! E8htF82P168p! Ra&ONbEL! contrdile
register circuit also receives t he 5

conmpari son outfut AWndro antongerer tentrdl |oop regulate dedaecpapbigulaal in
a state indi caéixqg_‘itthat the coptrol loop is out_of control in response to
recei ving t he conparisonPEFEREESEt gnal 17 n 3FRTHANGS dWd&H n§henapregent

reference signavdrticH, 0 1dp) dohe rbeedeeltiBh! b2rch®PPand method for

detecting feedback in a control loop are provided which
substantially eliminate or reduce the disadvantages and
problems encountered 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 1loop signal. Alternatively or
additionally, 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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signal or in a state indicating that the second reference signal is |ess

than the feedback control |oop signal. The present invention provides
various techni cal advantages. A technical advantage of the present
invention - includes the ability to determne when a control |oop has
| ost control or can no longer control a @rcuit paraneter. Anot her

techni cal adv . th resent |nventi.on inc S e Lt Q

di sengage a cgﬁﬁgflgo%poﬁﬁ M sp%Jf%%arht oaagt &ﬁr}%r#ga%t%%at&?%eiggkt r%?&tlio(}op
has | ost cont Betectibhs gigmallt Sin Nal HYa@eCdi ¥ Béal ind CEhQE Nehee cartd-ol
enhanced reliability. Yet another technical advantage of the
present inveniPeR kel s wff ecobhrpit el cfesnAngey per f seaakving Sttld
anot her techniggl advantggi IS _the abi it pent _.additiona

coRbafs8l Fitonss sidian 3R '4.i Seate, snalPal g ) sheE" o

circuitry, su
determini ng t halfe?enPB! KAbnhd0Q A%t 3R MHe FAdMcH CSMESR 1oop
advantages are readily apparent to one skilled in the art fromthe

fol |l owi ng fi gwigpaldescrimpta ostatendindidatsing that the second reference

6 BRI EF DESCRI PTI ON QF THE DRAW NGS For a nore conpl et.e under st andi ng
of the presentigi@dnifolegfdthae Bhsafe ¥ eenrol decl &igRals now nmde

to the fo!lomﬁng b@h%f %%%%EEEFiQ%weBE&SB i%rsgeasstiQHrﬁéﬁE tEgchnical
acconpanyi ng drawi ngs a e

etail
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. Anbther technical advantage of the
present invention includes the ability to disengage a
control léop in response to detecting that the control
loop has lost control. This results in improved overall
performance and enhanced reiiability. Yet another
technical advantage éf 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.



description, wherein like reference numerals represent Iike parts, in

‘whi ch: FIGURE 1 is a circuit and bl ock diagram of a | oop control
detection circuit coupled to a control |oop; FIGURE 2 is a circuit
di agram of the |l oop control detection circuit; and FIGURE 3 is a

timng and current diagramillustrating ¢he relationship between I[err]

o Tal Lo PERIARLDRSCRUPITON| OF Al tikia | |
7 DETAI LED O ERGRUINGS [ o oe 1 s circuit and bl ock

di agram of a | oop Foant 40| msied eebmplete! Chhdeddhrrdinen oFUpthd (Presdnt rent
f eedback control |oop that uses current feedback to Q\f}gul ate or control .
t he current tlﬁW@EFQHOQ sand oth®i mivaptagss therepfiorr Eﬁiﬁm‘{f cdB| 1BW may
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connectlon with the accompanying drawings and detailed

description, wherein 1like reference numerals represent
like parts, in which:

FIGURE 1 is a circuit and block diagram 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.



Side driver (LSD) 24 and a sense FET 26 and controls the operation of a

di sconnect s
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witch 122 and a grounding switch 124 through a | oop contr
gnal 120. Loop control detection circuit 100 provides
switch 122 in a closed state and grounding switch 124 in

open state when the control loop is controlling or regulating the cur

I[[err] throu
control or c
100 provides

and sense FET. 26
control | oop ?é%)

t | the control |oop | ose
ea trol detection circ

ol

an
rent
S

ui t

( | oop RIBURED| 1dei£cicligbustdnghd 120 dok agiageamblerd astBbspsuch
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The

Is used to regulate the current [I[err] through stator a?nding
coil 32 by cotribl32ng Stetoyavindingowwik 32| magebe obné SPhadd. orTheil

SD 24 is  established by the output of _a
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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 Iggguare 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



8 control loop functions by first sensing or mirroring the current I[err]
Wwhich is provided fromstator winding coil 32 and through LSD 24. |I[err].
is mrrored through sense FET 26 and is denoted by the current I[err] as

shown in FIGURE 1. This is acconplished through the coupling together
of the gates of sense FET 26 and LSD 24, jand the coupling of their sources

to ground. T akns of D 24 and sepse FET 26.are coupl ed t.hroygh a
vol tage foll %\%"@?’l’!‘ rl'lr g’r?é’é’néﬁfmﬁ?ﬁnq &@f ug% BhnSEREMPR &F i@rﬁglggF#G?Z?.
Thi s vol t age dudirep¢e T Al LANGAIRHE SNSPFSrddaifidie MUldRIarldife i n of
LSD 24 and sense FET I'S mai ntai ned at about the sane |evel to ensure

that I1[err] 32 mrsborthiosgh LSD | 241 r ] Ipdehaed |igrayitseoresd cthoenighy sense
current feed lue., . I[err].is provided at sone proportiona] or
scal ed val ueq%ﬁkl%{gr ARS: ot ﬁ?ﬂﬁ["i%‘goxl?éfra e hGRETSRbnJemst | BR. E%%l e be
acconpl i shed vhdin | atd v L gk [ &ﬁ@pn e Q@gf
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sense FET 26.togdthrere)afiimilee gatdsitod sndd IET 2@yarid LS4, &mnd t Eies nor e,
al though the current feedback control | oop shown in FIGURE 1 is inplenented

usi ng n- chanRAVURERg of ghedsr soyrsssecovasrEnd. t Keecdraing PHobSHEY4 be
us ghanm? ! VRS t .
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ion Ors.
The out put ofarrdwyermas: athdt f il ddes Wh CAMPRRNEL@LS25 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: Ismse 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-channél 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. Ixer is generated by a reference

current source 30 which is controlled through an external



the gate-to-source voltage of LSD 24, is generated in the follow ng
manner. Reference anplifier 28 receives I[err] at its inverting term nal

and a reference current I[err] at its non-inverting termnal. I[err] is
generated by a reference current source 30 which is controlled through an
ext er nal 9 9 control line, denoted as

I Contr ol ' ded.b tr t h Fl
o] Contr oF g Obel HBPOVIEROTH) 3 kRGP ONRER Oif AR BY
controls the ceeauuERy Hbt NghBEnStal OF é@wﬁ gs ofra p hase ,gg? fgat or .

Once a commutation occurs, it Is often desirable tcfm’f:e uce and nHl ntain a
current bei ngpp‘pwddédbyhaougimnatasmatomntvmwlmmmd tlatz erantrols the
Ref erence current gerr represents the desired or target ed val ue of

I[err] so thafoMMEFAFLRR iRy ttlhﬁat gkptee  windings °§t a5 Pelyrkass aldse.
Ref erence a er sub r I Lerr I this
error val ue g@bgggal n %o %eﬁéﬁga%%g%u%c P%on @ SI gnaelm-I &één%aﬁ)
reference anpltiof iredu2® rws e iriteidi ff Qf&&@ltbﬁé&ﬁ@ ﬁﬂcﬂfﬂded 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 the 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

¢I LSD 24 and sense FET 26 thus allowing the control loop

- -
[

continue to control the current Iggguare- Grounding



and I[err] and generates a correspondi ng out put signal that is used to

‘control the gate-to-source voltage of LSD 24 and ultimately I[err]. By
adjusting the gate-to-source voltage of LSD 24, the current - I[err] through
stator winding coil 32 S controll ed. Thus, reference

anplifier 28 adjusts the gate-to-sourcejpyoltage of LSD 24 so that I[err]
i's proportionglich I t ef.er ence rr I [ . Ll e

t he control Ioolp conﬁ%ugg {P%&}"}eigﬁfiatlg{ c%t(rirgﬁ’tgi‘l ﬁec{éerer]v,%ﬁoeopr%%ﬁ%‘r’%é
detection ci rlcog chitrednideseesibn signal o120 hin gai eerableaist@ateql t age
provided to LSD 24 and _ sense FET 26. As long as the control loop is
continuing to ré&Yifieat éoBP CoMtasl qekeetion| gdgcuibnt¥Q) desterwines c
rcuit 100 ge o] re etection.siana i n enabl ed state.
Waen | oop coﬁ%} e%é% ec ?(E)Iggislglﬁgg %gﬁ n%I &9 l=\}Jl a%bé&rr?rlanﬂ‘éwwfg?gte,

di sconnect swdrdrcdl?2 deeedtesnt heieehPdt 100 r ¢ vades anbdd | ebchdBrb® the
gates of LSD 24 and sense FET 26 thus allowng the control 1oop to

continue to 4efFRetHion hesignalentl20l [ dov] an Gnepaliled state. As a
10

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 turns off LSD 24 resulting in Iggemare 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



switch 124 is provided in an open state while receiving | oop control

‘detection signal 120 in an enabl ed state. Once | oop control
circuit 100 determines that the control |oop can no | onger control

| oop control
signal 120

switch 122 is
coupled to t

detection «circuit 100 H&ovides | oop coritrol detecti

In an wunenabled state. As a consequence, disconnect
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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 voltgge 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.

IZ reference amplifier 28 loses control and provides an



shown in FIGURE 2 and descri bed bel ow. FIGURE 2 is a circuit diagram
of a |loop control detection circuit 100. Loop control detection circuit
100 includes a first conparator 102 coupled to the clear input of a first
flip-flop 104, and a second conparator 106 coupled to the clear input of a
second flip-flop 108. First conparator 102 and second comnparator 106 may

be rerferretbutht AS thd QAP $0Bp1yCVbEthge v ls@conkl b8k t
flip-flop 104 aﬁ% second flip-flop 1%@ y be %gfe??eg fgnas a ?gafs?gr

circuit. Fi¥@8 Yillp-ddtmectl®hchndnsevend. flip-flop 108, in the enbodi ment

shown in FIGURE 2,_ymy be inplenmented using delay _or D-type flip-flops. The
outputs of first ¥3% -fFB‘BSgﬁﬁt%dlgéc fFFﬁggﬁoﬁmrg‘lt@rprﬁ% dédeas

i nputs to an | L 00354 | | a . : e bl i ng
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cont rol detecchcrbbigﬁaﬁslﬁﬁinaﬁgaﬁ<ﬁbndﬁaﬂrmhgthﬁmﬁuﬂhﬁﬂhufeaggggg.
control loop, shown in FIGURE 1, is still regulating a particula

:
circuitry val b8 SuSPREeAUEsce). laoporarsmalol dekeateiomnsignghal2020iddy be
used to take | oL _apnrQpriate, action in.resoonse to .t det.ect ed
| oss of contrg?'gg@éél usgsee%%fjeeaqtm th ngp'é% n%%feacfsggﬁﬁsctmgﬁﬁa%ﬂ'n?zz
and 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 monitor 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

Ilrst comparison output signal that is generated and



grounding swtch 124 of FI GURE 1. First conparator 102 couples to the
control |loop being nonitored at its negative termnal while the positive
term nal couples to a reference voltage such as 0.6 volts. In the

enbodi nent of FIGURE 2, the negative ternginal of first conparator 102,
along with the positive termnal of seCcond conparator 106, couple to the
gate of LSD Prcaridiegente RBET @fendbled psvateewhife gche- gateetoesountée age

of both of these FETs. This voltage may be referred_to as a_feedback
control |oop'da e OofThbSB g4yote [Reatercethant Ay | YIS -gnedFipst

correlate to O our, ol.d4. vol of 4 ch when
the gate-to-sou cag%&gxi g'é% dr%eg’sé{ggl%%\?v the t hfr eshol dcvo ,algse&IILS?)ﬁgﬁﬁFs
turned of f armigredsein tan camibldd tStateuwhed thel gatlke-to-Sbtkrtar Yyltagde
negative ternminal - of second conparator 106 couples to a reference

vol tage, suctPasl@Pa24oies lagmtthan respongdtee t HEDeuBrHt vePMRgEinpRrr].

12 out put ot TP FLgfaL b y reaveage e Phe ina " toRB: ffor TLEOE w1
detect such aflfpyefiop 104. Fi r'BhusONpdkal Ofhd 0Zigad SesHbdkLaiPabatpur 106
o sed 10 LI IS st S Lx enibbed stcer the wusput @ of
' =P o
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 Vee: 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



control or is no longer controlling the current I[err]. As a consequence,

100p control detection signal 120 will ultimately be provided in an
unenabl ed state indicating the loss of control by t-he nonitored control
|l oop. This is acconplished in the follow ng manner. Initially,

flip-flop 104 and second flip-flop 108 naceive a commutator control signal

t thei I ' I Lyl h t at I
i gnal my oet rSPoreaqtRd YEh) mRaubog kR en e ot meRer

i ndi cat es whedsiethe crauaHtai-senrtas wddgeebf NLEDE 24t ad¥dps belbwJdshand, .
as aresult, the control |oop of FIGURE 1 should be enabled to control the
current |[errthreshol® vottagsitkeved ndimptc siammsratey 30208esgcsmcshas
recei ving the_jm Lgn in an .enabl ed ate, _fir flip-flo 04 ., and
second fli p-f?%% 18ge%%%via%%et h%uq-r%%t cgl gqséll ts[régrtr] Sft&t’lp [fﬁ-é’ r g&%‘putan
whi ch is thenrgspyhded tongnabtdiesi 168Ht céhbrol Adet @RISR0 UARER10R 2ot h

of the outputs of first flip-flop 104 and second flip-flop 108 being
provi ded in ahoehzBhadtiont Eromnam| émapled ctiatel td ian tundnablmdosted= . | oop

control detection signal 12Q in apn enahl ed_state. First co ator
102 and secon °88np%‘%£h’iﬂl lgﬁte'EBh‘P‘T‘ n§EIFndaPt Jhethe CaEEREs FrowEng

control 100p ByiteRANtRaYaldhbwhOTRA §, 02°-iouR0yhAe YddifiesldeD 24
to their respective reference voltage values. It shou e under st ood
t hat, alt hougbgatefépesourvel valheagal of SLSD 24 usedzexo tdred pruagentoff the

enbodi nent, other e diments may use reference currents. First
conpar ator 105°N§EREr 4PER CATXCSYIFEY- conpari son out put -signal that is

generated and 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 ix;creases in wvalue untii such time as the gate-to-
source voltage of LSD 24, which regulates IREGUU;TE, 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 cont:rol‘
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



13 provided in an unenabl ed state while the gate-to-source voltage of

LSD 24 is greater than 0.6 volts. First conparator 102 generates the
first conparison output signal in an enabled state when the gate-to-source
voltage of LSD 24 is less than 0.6 voltgs The first conparison output
signal is provided to the clear |nput of flrst flip-flop 104. Thus, when
the first co ut nal__i.s an t he
output @ of  Prrercipf' Stk d7and MeHicEy £or " REEkEHgS Bbrehtl

control det eclfeedbatﬂnﬁﬁhal-:ZOSatSl@I}ﬂVtﬁéd ald'\ra%{tdg@‘abéﬁd foxitH Cabove.
Simlarly, if second conparator 106 detects the gate- to-source vol tage of

LSD 24 at a véllﬁéoggbatté?e Pt@ﬁﬁxm smppﬂymenbl tage bees] edeberibedh in as

4.8 vol ts, nd conp ratar V|des nabl ed second  conpari son
output si gnal 4 f‘ é c+%ar’s h‘é t}qch F?‘&ﬁ 158rL %?lséal?é{‘% t he
out put Q of sg@%dli:hwoﬁgopaﬁe8anee££6%ﬁg 89 BeOYiadRd HdreAn wrs]%ﬁ!ﬂted
state. This will also result in enabling circurt 110 providing | oop

control detecﬁﬁ@anRQQaEruM)uheaacqpenaﬁlmmenpteseﬁuchnvenuiﬁn 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
c;rcuits without départing from the scope of the present
invention. 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.



in the gate of LSD 24 being coupled to ground and I[err] . going to zero.
FIGURE 3 is atimng and current diagramindicating tThe relatTonship
between I[err] and | oop control detection signal 120 | GURE
3, the current I[err] is shown along with | oop contrulmmﬂmllﬂmﬂ”mal
120. This diagramis intended to illustrate the resuft of 4he epefati-on .
of first- conp

Wflip-ﬂl@ 104 I f the gate-to-source

vol tage of LS threshold voltage. I[err] is shown
initially being provigetogh zonteady ddtdict ival Ueivddit hesrdaekieBtifgt 0 a
| ower and | ower value as the gate-to-source voltage of LSD

14 24 is reduc¥denhi&h qutads tieepculerems | fentiol, Asthmorioaps chptrol

gate-to-source,_voltage of L 24 draps below the threshold voltage.level,
first conpar atg?tiﬁ?%ét%%f%u%!?mwl&%ars the output Q of first
flip-flop 104 in rgspeRplrisdli TiGANILS JRARHIANES! cdRbEFE | AN fiedBalk120
to transition froman enabled state to an unenabl ed state. Loop control
det ecti on si gnepnt20lt heppcaigeslgrfmonditi;e 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.



switch 124, shown in FIGURE 1, to close which redﬂeeS—uw_galﬂJ_oi)urce
vol tage of .LSD 24 to zero and turns off the contr rcuit

The bottom portion of FIGURE 3 illustrates the mul mﬁ' ﬂ'IlIII" ation of
second conparator 106 and second flip-flop 108 d

gat e-t o-source vol tage of LSD 24 exceedi ng7 a suppl y. val tage Jer rj_ As is

h I t ded I
norohses: | n val u unt FReS R | TEGEO) nAGATELD. Cidgeke Yol LABENO} LSD

24, whi ch regitleedn II:.RérIrengQHéIrs ciFofiCeeds ddurauiRp! YoV PdcalseVlSh ] -
At such tinme, reference anplifier 28 provides its output signal at or above

the rail or ¥t ]siaghak. andTHis pmctwcd&esthé]aﬂobpe cunttrall Hebpctbas | ost
control and can _na | onger ef ectlvel con I[e %4 Second, conpar at or

106 and secortdF3p-fFof 1B et €8Fr fipen %%?et&ndt ot FBET RIBRIputnof
second flip-flpld | BoaNedERAL I}Igpadtﬁé ol Jgi shighg -lghlﬁﬁzéﬁ?ﬁ%ﬁ in

enabling circuit 110 prOV|d|ng I contro ection signal _
unenabl ed st agteatwdhi ch further results in disconnect switch 122 openi ng and
grounding switch 124 closinng so that the gate-to-source voltage of LSD 24
and sense FET 26 is provided at zero volts or ground. Thus, it i's

apparent that therg hasyfieefygy ogblede: | et BREAHANESHA L RLERET

i nvention, a | oop contro
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 thé

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.



15 detection circuit and method for detecting current feedback that
satisfy the advantages set forth above. Alt houghmnmmlmm" ﬂml mIbodi ment
has been described in detail, it should be under _ s changes,
substitutions, and alterations can be made herein*wi fhout "defarfing from
the scope of the present invention. Fag exanpl e, although the present
I nvention has been ilkgftrated and descgri bed with respect to detecting

the current feedfack iMR€a YR rePREER) A8LEEELPRi FdraHes He EHRIMROP/ | oop
s out of co ; r@g@?%? | wy, i i ! CL} nly
current feedyg{:él%let)lﬁ% h‘ﬁ}\és)t ea ouef}'@q%g %eftg%?%%1§g|%§%‘g§$gn%i%’?%%
circuitry parshietsring Ttieatci 4 coursefesehohitd &ed prdvisiddt Erdugh hehe

preferred enbodi nent as_discrete or separate circuits may be conbined into

one circuit dtaay windid®aSeparate circuits wthout departing fromthe
scope of the present invention. Furt her nore, t he di rect
connections illustrated herein could be altered by one skilled in the art

such that two devip®s ambeMlicdp)y deHHHAd déraitaigiotiesuidr 889b1aim 1,
i nternedi ate device or devices without being directly connected while

still achi evi¥Rp¥ein debe reempanisions cdawwd st st epeppblehsopgesenate the
I nventi on. exampl es qf changes, substitut.ions, .and alterations are
readily ascer%ﬁ%%*%o%yo“g?%u 5184 i tahg:z?rtte a"ﬁ’gﬂ‘(?@ﬁllﬁgbg g‘ rv\ng?‘ﬁ

?ﬁga][ g : lng W}‘ L gf%fé;il.eenriéé rsigRar $§0R8rghrt RBaR @Fedqidl epsi eaeaffe@abgaﬁgu}ay
" control loop signal, and the register circuit is operable
to generate the loop control detection signal in a state
indicating 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 comparison output
signal in a state indicating that the first reference

signal is larger than the feedback control loop signal.



VWHAT IS CLAIMED | S: 16 1. A loop control detection circuit for

det ecting when a control |oop l-oses control, the Iojﬂlmnwuwumwm'l on
circuit conprising: a conparison circuit oper I

f eedback control loop signal fromthe control |oop to a ‘eferénctd 'signal
and to generate, in response, a conparisod9output signal in a state

I ndi cating whether the reference signal, s |larger than the feedbac

control |oop signall2-andhe 1oop ‘F%’g?"é‘?leré%‘l"?%‘iﬁ?n opEr At ?% (?ﬂ%’é?be]"a o
timng signal Ja,R0-8naphed SldhRaAbd 0 02986aEe %AOAREPN 6Ol sdl@impti on
signal in a staté 1ndicating t the contro oop Is In control in
response to reepipdragdrheopdrible 5o gbeipape athendideibasiat @onttdvd rbopst er
circuit operable to receive the conparison output_signal and to generate

the | oop cont redigrddt etei oh segand inefezangce Phaneht iy PRaCNRELENt R ol
loop is out Ofséscoor}}c{ Olcolmrf)arrggggnsgutglg)ut 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 signé.l 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.



receiving the conparison output signal in a state I ndicating that

the reference signal is larger than the feedbac Imm'mumlﬂ] gnal .

2. The loop control detection circuit of Claim "ﬂ‘ﬂ" onpari son
Is a conparator. 3. The loop confrof detdctifon*circuit of

circuit
Claima1l,

control detection thcwfhéﬁ
delay flip-flop.

control

wherein the register circuit is2m flip-flop. 4.

det ectwheredinr chiet enbblingntidrcuwder s rar PND egitd.er circuit

The | oop

18368 BBritrol ML EL L £d}E é:‘;:%iﬁter%g E%M if a

[ S

operable to receive an input signal and to provide the | oop control
detection signal at a val ue corresponding to the input signal in response

to receiving the t| n in _an,e state. . e, Io
control detection C|rCU|?hgf§898 n° ftrﬁﬁ %ﬁqﬁﬁ?nféﬁﬂﬁﬁgﬁ'éﬁﬁtgg? Wo
signal and t hayHefeareneRe Sictdhrodr elcﬂf;PVhQEda agu¥Pehtdefeedback c&nt:?l?f

| oop control

detection circuit of Clam
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 circui; 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
190p is in control in response to receiving 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 compariéon output signal in a state

indicating that the reference signal is larger than the

feedback control loop signal.



wherein the control 1loop controls the current— Dy controlling the
gate-to-source voltage of a field-effect transi | “t“ edback
control loop signal is the gate-to-source vol té‘mﬂ‘m\mm\m ffect
transi stor. 8. The loop control detection cireuit of Claimi,

wherein the control |loop is designed to2aontrol a current through the
stator windings in a poI*ghase di rect .current

t - .
18 9. The | oop7cont TB® GEPEEPLoFirMAGEY (rgf% %lrlzfilm &6 WHEISHSET Hehe
o ol g S o™ eI '
A e A T

rough t or W ndi oop

control det ectgaye-Gio-@dhircef ¥dkiagel, ofher ef ieldrefifentartsams tstran,i t and
operabl e to generate the conparison output signal in a state indicatin

; . g
whet her the r@dter §pedbarkngontsralar §eppt RFITHHL cdFalth® SRESrELIBEIUKCE
control |oop sj and .the Jg.eqister _circuit i erable to generate the
| oop control (Sj%%qe orkd'té}?alflgﬁ‘dae?tfgfg g E?é{asié%&?,

on 'si rcatrng that the reference
signal is larger than or equal to the feedback control |oop signal.

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.



11. The loop control detection circuit of Caim 1y wherein the conparison
Circuit includes a first conparator operable to co m ﬁm) “u
control loop signal fromthe control loop to a fi rrsnfi)mmmuﬁ ﬁ E | and
to generate a first conparison output signal in a statec¢ ihditatind whet her
the first reference signal is |arger tha(_r%\?the f eedback control | oop signal
I n response, and t regjster.circuit i.n€fudes a first fljip-flop operable
to receive the tin?ﬁg Si ngpqgﬁétt#ﬁeﬁEFﬁFElﬁgfFF§FeH&n#%§#H4$% t&tion
signal in a staherbhdigshi e t R is in control in
response to receiving tﬁ% r]?ci)m ngsisri{%ngfwi%\t%?# g%abl ed state, the first
flip-flop operabl ecowmparingve foedbaclktcomypel i kesp mignil sedztledand tz0
generate the first |loop cqntrol detection signal in a state indicating that
the control | GYFTEEEoUkeRHPAGKt PRFaMRteEs frde ther ceeitFoly dRepfikat a
conparison outrglfgréhggahi&?af; state indicating that the first reference
signal is larger than the teedback control | oop signal. :

19 12. The | geperabtingl aetewigaaison coutpat Gignalllinwhgr eitacd he
conpari son circuit includes a second conparator operable to conpare
the feedback do¥dfcgtingopyheshgratheorgferenne pigraknie Laxgey than tthe

generate a sem%b%%ﬁpgghﬁggloﬂjggtsféggfj In a state indicating

receiving a timing signal in an enabled state and

generating a loop control 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.
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13.. The lOOE contr ol detection circuit of Clain112,

ircuit operable to receive the first

fromthe secon
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| oop is out of control in rezfonse to receiving the_first
det ection si gré®neFok Hoaredeéh
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I ndi cating thq&ft'E%‘€¥83ﬂ°' lfﬁ%"f%éﬂ“ control detection circuit (100)

includes a comparison circuit and a register circuit. The
comparison circuit includes a first comparator (102) and a
second comparator (106) that receive a feedback control
loop signal from a current feedback control loop that is
provided as the gate or gate-to-source voltage of a low
side driver (24). The first comparator (102) compares the
feedback control loop éignal to a first voltage reference
signal that corresponds to the threshold voltage of the
low side driver (24) and generates a first comparison
output signal in response. The second cbmparator (106)
compares the feedback coptrol loop signal to a second
voltage reference signal that corresponds to the rail or
supply voltage of a reference amplifier (28) of the
current feedback control 1loop and generates a second
comparison output signal in respoﬂse. The register
circuit includes a first flip-flop (104), a second
flip-flop (108), and an enabling circuit (110). The first
flip-flop (104) and the second flip-flop (108) receive a
timing signal in an enabled state, such as a commutator
control signal, at their clock inputs and, in response,
generate a first loop control detection signal and a
second loop control detedtion signal, respectively, in a
state indicating that the current feedback control loop is

in control. The first flip-flop (104) and the second

oop

gtegpisentidfolthgecontired 1opgnae iR STrsPHte



of control

20 14. The
detecti-on circuit of Claim13, wherein the enabling=ci Sl AND gate.
15. The loop control detection circuit of O ai '

il . A
is a current feedback control | oop. 16} A coREPBACEY rcuithy,
conpri si ng: a control | oop using cuedent fleseiFack Tor controlling a
current; and Ioogpcontrol detectiqgn circuit includi

conpari son C|F3&Erf668ré 8) t seesipar Ehg £4EabaCRMEBRL PR ?BgBuEI +§Ra%ron1
the control (he? Jef g&rde%ﬁﬁ’%?%%h%@ ? 9308401 CracpRERRILEPN A PUI
signal in a st e 7 ndicatin ther the

erence signal is larger than
the feedback cgurereltd msfgf@tt Loopr eomuaed; dewection signala amdi sher
circuit operable to receive a timng signal in an_enabled state and to
generate a | oofeeif rbpop control detection signal, respectively. The

first loop control detection signal is generated in a
state indicating that the current feedback control loop is
out of control in response to recéiving the £first
comparison output signal in a state indicating that the
first reference signal is larger than the feedback control
loop sigﬁal. The second 1oop_control detection signal is
generated in a state indicating that the current feedback
control loop is out of control in response to receiving
the second comparison output signal in a state indicating
that the second reference signal is less than the feedback
control loop signal. The enabling circuit (110) receives
the first loop control detection signal and the second
loop control detection signal and generates a loop chtroI
detection signal (120) in a state indicating that the
current feedback 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 current feedback control lopp is

out of control.
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detectlon signal in a state |nd|cat|ng t hat the control loop is in control
i'n response to receiving the timng S|ghal i‘hy,an enabled state, the
register circuit operable to receive the conparlson out put signal. and to
generate. the |oop control detection signal in a state indicating that the
control loop is out of control in response to. receiving the conparison
output signal in a state indicating that the reference signal is |arger
than the feedback control |oop signal. 21
17. The control circuitry of O aim 16, *érein the control | oop controls
the current by controlling the gate-to-source voltage of a field-effect
transistor, and the feedback control |oop signal is the gate-to-source
voltage of the field-effect transistor. 18. The control circuitry
of Claim17, wherein the ection circuit is operable to
open and close a smntcjat di sengage and pngage the control loop fromthe
field-effect transistor switch operable to engage the control |oop
when the | oop control de gct\ on
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signal is provide in a state indicating that the control loop is in
control, and to di sengage the control | oop when the | oop control detection
signal is provided in a state indicating that the control |loop is out of
control. ’ 22 19. A method for
detecting current feedback in a control |oop, conprising the steps of:
conparing a feedback control |oop signal related to a current feedback

paranmeter fromthe control |oop to a reference signal; generating a
conparison output signal in a state indicating whether the reference signa
is larger than the feedback control |oop signal; receiving a timng

signal, in an enabl ed state and generating | oop control detection signal
in a state indicating that the control | 6% is in control; and

generating the |l oop control detection signal in a state indicating that
the control loop is out of control in response to the generation of the
conparison output signal in a state indicating that the reference signal is
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| arger than the feedback control |oop signal. 20. - The net hod of
Claim 19, wherein the feedback control |oop signal is the gate-to-source
voltage of a field-effect transistor. : 21. The nethod of C aim19,
further conprising the step of: di.sengagi ng the control loop fromthe
circuitry being controlled in response to the generation of the | oop
control detection signal in a state indicating that the control loop is

out of control.
3

LOOP CONTROL DETEC'I‘ION CIRCU[T AND
METHOD FOR DETECTIN G CURRENT FEEDBACK

:WM'.

_ ~A loop control detectxon clrcmt 100 is provxdcd for detectmg feedback values in a
' current feedback control. loop to- dctermme if the control loop is in or out-of control The.

) dctecuon cu'cu1t 100 is coupled foa control loop of a DC motor stator winding cail 32.

: LooP control detection c1rcu1t 100 couples to the: gate of a low side driver (LSD) 24 and a
sense FET 26 and controls the operauon of a disconnect switch 122 and a groundmg sthch _
124 tl_lrough a loop contrql detection sxgnal 120. Whenever the control loop.Ioses control,
loop control detection circuit 100 activates signal 120 to disengage the control loop from

- controlhng the cumrent through the stator by forcing the gate-to-source voltage of LSD 24 to
'mﬁomnmmoﬂL8D24 ;

Pigure 1 - SR REPLACEMENT SHEET
N . . : - 06 FEB 1998




