PROTECTI ON ARRANGEMENT FOR AN AUDI O ClJT PUT CHANNEL

Fi ‘el d of the Invention. The i nvention con&ﬁ:ﬁsgg %t ection
a‘arrangemant for an audi o output channel, and particularly a .protection
_-darrangenent for det ect |n when a_sust ai ned DC_conponent capabl e of* damagi ng

~ a | oudspeaker PROAELAID) REANGEMENT FOR AN AUDI) SHIEPUT CHANNI
Backgriound -of the |nvention Normal |y the average or DC
conponent of an audi o signal appl.i t0 | pudspeaker is negligible.
However, a failure within the p ng the | oudspeaker may

cause-a sustained DC conponent to be applied to the Ioudspeaker A

| oudspeaker can be da ed.when.a sustai ned -DC s I|ed “t

Accor di nél y, an audi oﬁﬂ?pmv?ﬂé%e?ownisnél lPJQk%QE‘H‘ ngﬁugge ct or
coupl ed to tare audiputousput rchapmeds amdplpafrticuldrdy aeprotecfion a fault

I ndi cating sj I gng ' V; ety of
actions cgn %@Q?gﬁ@%ﬁp Oforé?%k%déﬂ?ﬁ ‘pﬁﬁﬁ ﬁo Q%{‘S‘Z‘é&‘grﬁﬁ%ﬁ’g‘%@%@to t he
fault signal capahie cobrgameaging Bql@l}ﬂﬂﬂ%kﬁbmsadﬁwn@neﬂeatadhﬂooutmtnef aray be
turned of f. 4h&o o weE ﬁgghlﬂatlon serial nunber 571,726, entitle

" Shut do Systemfor a Television Receiver", filed for R E. Mrris, Jr.
and G HY Johnson on August 27, 1990, and assi gned to the sane assignee as
the present application, dis@ ndr ofcehé olhw; enent for a

| oudspeaker of a television receiver Including a DC detector and provi-sions

for turning the receiver off when a DC fault is detected.
Sunmary of the InventiDbiormally the averagd\mxasl}@cconmponbnt iofvamtawdioconcer ns

the recogn'télgﬂalt e 1b % I830SAMIE & IRUABARIA® AESHNERTGC pRlufe” (2!

ot her fault onditrrons in an au re speci
has R revdidinzthe tpwer rasnphifier odﬂdh%g othe Heugdspeakere may cragat ave

sustained DC component to be applied to the loudspeaker. A
loudspeaker can be damaged when a sustained DC signal is
applied to it. Accordingly, an audio output channel may include a
so-called DC detector coupled to the output of the power amplifier
20. for generating a fault indicating signal when a sustained DC signal
is developed. A variety of actions can be taken for protecting the
loudspeaker in response to the fault signal. For example the
equipment containing the audio channel may be turned off. U.S.
patent application serial number 571,726, entitled "Shutdown
25 System for a Television Receiver”, filed for R. E. Morris, Jr. and G.
H. Johnson on August 27, 1990, and assigned to the same assignee
as the present application, discloses a protection arrangement for
a loudspeaker of a television receiver including a DC detector and
provisions for turning the receiver off when a DC fault is detected.
30 ‘ '
Summary_ of the Invention

An aspect of the invention concerns the recognition
that it is desirable to detect the occurrence of certain other fault
35 conditions in an audio output channel. More specifically, it has
been recognized that the loss of one of the positive and negative
power supply voltages for the audio power amplifier may cause a
DC component to be coupled to the loudspeaker which may not be
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power -supply voltages for the audi o power anplifier %cg&sg a DC
conponent to be coupled to the | oudspeaker which nay™ _4 4

.2 detected by a conventional DC detector and which may danage the power
anplifier. Another aspect of the invention concerns a DC detector which
itself is calsdesctedobydat conventienahddC( detecter pnsk swkishomay sdamageed DC
conporient atzh&hgow&pyﬁatwfﬁ&n aAHOPh IO URpe R thETinvehtioR) céii&rh98§ of one
of the power au pl%évol gﬁis.folatheoggo r@%ngllfl,er. . These and
ot her aspectRCodetdrtor which dtselfi is aspa i getpckingn eitbee dlcthe o the
?ccohrrpanyi Nprosewee ®f a sustailg_ed DC cqmaném;] dvesher iontpuwtn off ar fuixdiba\évi ng

n the xaw ng: . upe 1.is schematjc diagram of an audio
out put chan e, ARlifigraop el oS A naR hE PRPHE BeBly " Coor dance
- with the i nwoltdges;, fandthe power amplifignres 2a and 2b are schematic

di agrans of respecti vemgget %%‘3 ro«ﬁtlglr %@ﬁ&:ﬁoﬁggﬁ%a%%ﬂtm \5v lt&e protection

arrangenment shown in Figure itfe" or simlar elenments
shown i n t helesgribsds withureference ne thewaecompanyingt Prawingy t he sane or
simlar reference designations.: ' Det ai | ed Descri ption of

t he Df awm.n ' ' The | ef L), and rjight (R stereophonic audio

out put ajc\,\hagnels, for exarrp:jﬁ,l‘&g-fbﬁéﬂ)m&sﬂgaﬂieééﬂbﬂg are shown in Figure
1. Since the two channels are identical, except for the signals they
process, only the left ctlgnn@l W.l| be described in detail. A significant.
portion of the circui tp'ﬂl ? vABWE: the channels is i ncorporated within

three integrated circuFiguré| Csis. aTsehdmatiardiagrainc of eah landiecoutpgt es and
their input anmny" Btlubifig" #2pfoRbfion" Arflgeinbilt UdrfshftRcted in
15 accordance with the invention; and .
Figures 2a and 2b are schematic diagrams of
respective voltage reference sources utilized in the protection
arrangement shown in Figure 1. _
The same or similar elements shown in the various
20 Figures of the Drawing are identified by the -same or similar
reference designations.

Detailed Description of the Drawing

25 : The left (L) and right (R) stereophonic audio output
channels, for example, of a television receiver, are shown in Figure
1. Since the two channels are identical, except for the signals they
process, only the left channel will be described in detail. A
- significant portion of the circuitry of each of the channels is
30 incorporated within three integrated circuits (ICs). The ICs are
.indicated by rectangles and their input and output terminals are
indicated by circles.
An audio power amplifier 1L amplifies a low level left
‘audio signal (L) received at an input to produce a high level audio
35 output signal suitable for driving a loudspeaker 3L coupled to. an
output. Amplifier 1L is incorporated within an IC SL which
receives a positive supply voltage (+V) from a positive voltage
supply and a negative supply voltage (-V¢) from a negative
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An audi o power anplifier 1L anplifies a lowlevel left audio signal (L)
received at an input to produce a high level audio ouR@A 86,434l suitable
for driving a | oudspeaker 3L coupled to an output. Anplifier 1L is’

i'ncor porated within an I C 5L which receives a positive supply voltage

. (+Verr]) fr %mgeoguPplse o qltt RBpestive| Yoltdsk supplptieyminalep! MOV It dge

f ol t
ConEr ) ot ARG AFRC S, 10, ground  fyropghan spspective derminaly ¢ VaraHSet o

to ground theatgynad elespents) vmctmhrrgﬂal feedtmckopatlex aee nadt she:mﬂtsmce ]
ncl udi ng a back t t i re nt to the
Llesclrjl pt |gon f(% g)?h%%l r?@’gn{kl rﬁTES 'ﬂ% ?%ﬁ@gﬁ QE%S} loélr’ml ?er I C
avai | abl & f r WRQELS8Hr pudin mmvm agaplitiet dG @vailablefrom As
earlier not e@or?%k'ﬂ?@ﬁai‘&eﬁu lg%rbgsgaigaged Lf a sustai ned DC signal is

“applied to it revent su d|t|on ggtector conprising a | ow
~pass ‘filter 11L, |ncIu ﬁgeaélﬁés'i‘% msa%kqé a3y dre damagad, if a

so-cal | ed "wsasanedDe gighal i3 7app liémltuditngw»@rmmaﬁ&man@eﬂmw a oL
and 21L and t d volta ref efence soi;.rlces ?ﬁ are cou Ied to
fhe ot oot o DG e cRer ‘mpriinga oW “Sagiotifee o1 1Er ekt 3 AeFEr 111 | o
coupl ed 10 tﬂéLoLamhta afapacitor {151, ahd Ahso-walledt "wﬁndlw pangwai-adotrér 11L,

o e, 1 neC 98 0lad155oh o Yo, SRR BIr Tt haCBUE S0

ﬂon- i nverting
(+) input of assmlagﬁd ceolpagen troferzmge sources| 23sand 2%sase coupded atal the

capacitor 15l ¢hul VF & é}t r. 11L are selected to prevent any AC
conponents of, @é%e aud?ﬁﬁll ' m bei ng oupl ed to the inputs of voltage

fr
- conparators 17L and 190" ]éﬁqd“PBt @W’(ﬂﬁsﬁ 51 He rsdconpled| taaghet o be
devel opgds at ohtp.nouifpalmmmdroupasﬂxé idutpit bEllow pass filter 11INeat the

ot erence vorvaghor Bt reSis TR Seficf S%ci}q RO BT sBeln b e
inverting (- )nverputg ) vimiputigef cwitrgeacompathtors 10bupnddand teghei non-
reference VoiiAdRiny(4ICirput of voltage comparator 21L. The values of
resistor 13L. and capacitor 15L of low pass filter 11L are selected
- 20 to prevent any AC -components of the audio signal from being
coupled to the inputs of voltage comparators 17L and 19L and to
allow only a sustained DC voltage to be developed at the output of
low pass filter 11L..
" The non-mverting (+) input of \}oltage comparator 19L
25 is coupled to positive reference voltage source 23 which supplies a
reference voltage +VR and the inverting (-) input of voltage
comparator 21L is coupled to negative reference voltage source 25
which supplies a reference voltage -Vg. Window comparator 17L,
comprising voltage comparators 19L and 21L, determines whether
30 or not the DC voltage developed at the output of low pass filter
11L is within a relatively small range between positive reference
voltage +VR and negative voltage reference -Vg, or is outside of
the range. Voltage comparators 19L and 21L (as well as voltage
comparators 19R and 21R of the "right” audio output' channel) are
35 incorporated within an IC 27. A positive supply voltage for IC 27
is derived from the positive supply voltage +V¢ by a voltage
divider 29 including a resistors 31 and 33, filter capacitor 35 and
positive reference voltage supply 23. A negative supply voltage
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which supplies a reference voltage -V[err] Wndow conparator 17L,

conpri sing vol tage conparators 19L and 21L, determ nREAWSY H84 or not the
DC voltage devel oped at the output of low pass filter 11L'is within a
relatively small range between positive reference voltage +VR and negative

. voltage ref goenpe 27/Fis dérived Offorh dfegiitiveN Supp %Mgbt aye @QWEaV@Mgé 19L
-and 2iL (as vveII as _vol tage conparators éQR &n of t he d‘ﬁ) dio
out put chanr@l") &fr 87 MGugingiid Feaisters, 332 ?foﬁapmﬁ% I ol t age

for .1 C 27 i spebeitiveedefarenté hﬁollwg& tsuppl uw y'mﬂ taagput-\§igmalsaof ol tage
di vi der 29 |n ud|n a resis 31 an filter tor, 3 aTd
posi tive ref‘('-R 6‘??%{62 ggiy k H@é‘all\a\y ﬁﬁgﬂ# \Pdg{'agee
3 L or, g g: ZVea'lrs thierposdiver supple;gaml‘wgesfmlelowdthygevemgd-.)ydlzzédeﬁ é%ﬂge

i vi der i e a an
negative reféc;Hr:eéjngg%&??ég?e?&g?n?g?ﬂﬁeﬁggé % g“"gﬁ& gbfot voI t age
conpar at or s dcwlapdd by wlltagmadayxéen 3dr d@pnngmg @ne|whichr ongeofotliet i ve

I | t I t

the negat i VZ‘QE e B Ei’%’“é Hppdh, By o 8aﬁ?dﬁ‘€8§“““§¥ed£§§n M on"
whi ch one of32 e°P§§9é&‘l4 vémRM1¢h %‘Iagl?é?l 8 ¢ é“@ﬂébter magni t ude.
g;e LM %3_64A S’élﬁiéﬁr!{dﬂgfﬁbr ]gcmﬂpofraﬁbnl lﬁcaﬁi%abl@f@r fusemad\qC @ml Sem c]g)ndu;:z or

rporation is suita or _use as . - ou of voltage
corrgar ators 19L and 21 h‘ér‘é“%ﬁﬁl%‘qulé&fgﬁopg?ﬁéfﬂrfvﬁfegpé%i A5t “and )
47L to the bzmepled thrbBjht re?specawerré&stcmfﬁjurmﬂ ablla wotherbase ofea
-anpli1i er. TIQ?hFQHu?s%t%'i’ §§ IxPécPras4 ﬁ?&?'&ﬂu}]&' ?Hﬁh{&r p“‘rh

resistor 51 t0 source ve supp y VO e an 0 a con roI
unit 53. OorﬁollﬁCtthQf 5mn%pcm9rags conpleds sheough o ppyllevporresissor 1l s

var i ousy Kuncgyl-gngogrice! F s‘ih@é‘ §1.§ﬁﬂyv%l’tagé‘(‘ahﬂdhl§b 6 Sa d?ﬁ‘/tl‘lﬂf uni{t §3€ in

response to yser n|t| nal s” generated b keyboar (not

shown). In Bﬂﬁé’ £ PG W (ﬁqmlmﬁ cd | BCTOPTP SPEI eondy

‘receiver, covdrious wmnntctﬁasgeﬂeteaéml@m reediverf "inehiding! i gaﬁlofﬁhlahte S
coupl ed to positive voltage sup ﬁlted %8%:{{3%%"“"6 YOl tage sHpBI y_9. Control"’

unit 53 al sdPcERTPYIE I8 §1egrel signals gencrate

keyboard (not shown). In connection with the "on/off" function of
20 the television receiver, control unit 53 generates an "on/off"
control signal which is coupled to positive voltage supply 7 and
negative voltage supply 9. Control unit 53 also controls voltage
supplies 7 and 9 in response to a fault indicating signal generated
by the DC detector comprising low pass filter 11L, window
25 comparator 17L and transistor 49.
The average value of an audio signal over any
significant time period is zero. Therefore, under normal operating
" conditions, the magnitude of the DC voltage developed at the.
output of low pass filter 11L at the junction of resistor 13L and
30 capacitor 15L is substantially zero. Under these conditions,
neither one of reference voltages +VR or -Vp associated with
respective ones of voltage comparators 19L and 21L is exceeded
and a slightly negative low level is produced at the outputs of
each one of comparators 19L and 21L. The level is sufficiently
35 low to ensure that transistor 49, which is normally non-
conductive ("cut-off"), remains non-conductive. As a result,
control unit 53 continues to keep the television receiver in the
"on" state.
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supplies 7 and 9 in response to a fault I ndi cating signal generated by the
DC detector conprising |ow pass filter 11L, w ndow cRKb&r88d64l7L and
.transi stor 49. The average val ue of an audi o signal over any
S|gn|f|cant time period is zero. Therefore, under normal operating.

. conditions, the magnitifda @dult f&cﬁﬁs weithiip aniplifieppH, auchhas ovliqrutonef | ow

filt L,at t t L
D g Sm ol L AR, PP %@- ﬁ@ﬁ"@-ﬁ@g'@’?‘%’?@ﬁén@éy
vol tages +VFbeJrarmﬁga!;snmaatsedcaMetdq "pushepull’ cconfiguration) | faide eansing at or s
19L d 2IL | d d at
9L 021U 4 UG Sty YA VGOSN Uty cpiced
suffici eht| yamplifies thsua éUtSWétled rlaGs voltagesis, denelapeds af ﬁappﬁpuﬁoﬂf

conductive (lowtﬁa%fsf i’l)lterr ?'IE' aﬁdnﬁncéﬁﬁlﬁdp%vﬁndé‘ﬁl %ohﬁﬁ*‘hior gpnirol unit
53 conti nues t st.at e.

t
5 oftege Comparagec (95 Wil Esnerpis i4 iighs leved, o, 6 Spat Hre of
the out put”tﬁhgnb(stﬁéna 1@npbslhiveraﬂ<l voltagd) comparatam31E, willy bet.arranged
in a so-calle ive
supply voIt e[rg ﬁ&llhlgﬁgﬁgkgl &'ﬁlbr%tlé 3#‘ W%l&%eﬁ?n&%@ﬁg ‘ai ned DC
vol.t ageli0s dEhel bxgh:l levelt e coupped tof theobasasef ftransistor 149 sandl icausesupl ed to
wi ndow oot rahgsigrl 40 B BROFerAUIEA! BbRAudve Y hrfEDiBhn) ° Tdligd o)

its out put oSlI't conpar at or wil |
generate a huwj 53VEQSP@D St& dh@d@tw ﬂVGhé’f@l%ﬂtﬂgé‘W sollegter k. The high

level 1s coupdhdhdipvd h?aﬁf'l&%rofwtb?n§éx§érﬁhné9aﬁndoﬁﬁuéﬁﬁtrblaﬂ hal.oThd9 to
~be rendered ,g&frtlguctlv gturne-on Contro §egg to.the | ow
| evel produc tCQmEoL Signal; ausss tWPeP sf‘g 0 %Gy Wasdr at i ng
an OfflSCO%EfQHh%r@mWreaniﬁngotﬁé antvbniagel fmnh toudspeaker Bdge supplies 7

S O Pe T ke  BfRGH: HE TR, Bfebtifin bt e Qﬁéb%éfi{;’# A&

sust ai ned DGusthainede DG voltagpdak boudspeaker i3L,dits is algsirabde det detect
the loss of negative supply voltage -Vi while positive supply
voltage +Vpg is present. The reason for this will now be explained.
20 " The semiconductor devices, resistors and other
elements which comprise amplifier 1L are formed on and
supported by a substrate 55L. Negative supply voltage -V is _
coupled to substrate S5L so that semiconductor junctions between
various elements and the substrate are reverse biased, thereby
25 ensuring that the elements are electrically isolated. The desired
electrical isolation is lost if negative supply voltage -V is lost.
This may cause a positive DC voltage to be developed at the
output of amplifier 1L, which may damage loudspeaker 3L. The
~ loss of negative supply voltage -Vr may also damage IC 5L. In
30 view of such possibility, the manufacturer of the pPC1188H audio
power amplifier IC, suitable for use as IC 5L, recommends that
both the positive and negative supply voltages be applied at the
same time, or that the negative supply voltage be applied before
the positive supply voltage. However, such, precautions cannot
35 prevent possible damage should negative voltage supply 9 fail.
While window comparator 17L may detect the
presence of a positive DC voltage at the output of amplifier due to
the loss of negative supply voltage -Vpg, the magnitude of the DC
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the loss of negative supply voltage -VR while positive suggl g vol t age +VR
is present. The reason for this will now be expl ai neBCA 434  -The
.sem conductor devices, resistors and other -el enents which conprise
anplifier 1L are for rred on and supported by a substrate 55L. Negative

. supply vol t xgpdtageris sum:pnedicadbla) andbgnayt be datlowo refenencenvoltagectdip

juncti-ons b re reverse biased,
t her eby ens SH?}\ﬁ He?ﬁgorgl g '?#n%legé]&cgl g% ifmg y?llcgol ated. The desired
el ectrical |Asd)vmnagnously,os\un pwhecempacatonpp7l. \aperates -igRanothest This

may cause amoehdrl 46 Btede! thrgabsends ﬂe‘lﬂhﬁﬁeﬂ s4 me voltage!. VfR agplifier
1L, whi c£ rrg% damage | oudspeaker 3L. The |0Oss of negatlve suppl y vol t age
S

- VR may H&’Nﬁbe IC 5L. In view of such possibility, the manufacturer of
the [err] PC1188H audi CApo&oma @radmbmtoffsucﬁuakaﬂiee IIMBZMB may! beSL,

it the sams sftsaglly; i PR GLEREST B posiEL SuBpl %@Eqssee?ae 1 br e he
gg?};t gvghgﬂfgmbundopbmgmamoﬁn\e/ﬂmt casd), the dowest dmlcamnwhlqir ghent p055| bl e
_corrpgr at or #Lﬂﬁg fdgﬁ%cﬁlﬁg’ %ﬁ@é‘?@éé’ o‘?ilg tf)eosql?Y?/% lsD&hggp& %Q'bg t he
out put 1o@ a@pundepommxalo If haegative oyupplyavoltage upycyisy semayed ¥romt he

magni tude ofict ound potential will 1 "negtive™ & s
unpr edi ctabl and u% AT ré”erebr?cgoueed to the \f Y m

t herefore gd"l!i‘r?(ﬁ?t éEP'é@ o Yﬂ‘tﬂgmpmﬂeﬁarhﬁg«%&l% chrrpar at or

17L oper at emeuglatmaotslupplyramhagd: o-Vigt dot vmaeabﬂepmhs ab gMd vproviged y
vol t age - such as the

(VB2an may B8 TafgrencaarPiTes sopper 28 st Relh HaebBE 20 eld ged) « age
and grdufid mshemtloads ofh nelgativeaveltagtesupplys9 mhich are wiutcshewa. out put of

If negat | ve @%&‘3’?‘%@[ tfé“géhg?ff‘é‘?r ‘Y!?é‘Y'r 3##3?%“*’ém?ﬁb@‘%%et‘%%%?%‘n?l al
will be couppewhichithe obtpuisi ok valtags \comparatossi hﬁhtandfgl@w
conpar at or s apfd- :%n%eZahvaSiseaﬁ ﬂilynsaa%vgmiﬂﬁp potetPAll agﬁxatvliéxféﬂ 1§3y
virtue of P %%/et the 883&&581\,’ ! §nreshold of transistor 49 and therefore

20 insufficient to keep transistor 49 non-conductive (cutoff). As a
result, transistor 49 is rendered conductive (turned on) and a low
level fault signal is developed at its _cbllector. Control unit 53
generates an "off" control signal in response to the low level fault
signal causing positive voltage supply 7, as well as the rest of the

25 television receiver, is to be turned off. . . : "

Thus, by utilizing both positive and negative supply
voltages, window comparator 17L is capable of detecting the loss
of negative supply voltage -Vc as well as detecting the

. development of a sustained DC signal at the output of power

30 amplifier 1L. It is noted that although a fault will be indicated
‘when negative supply voltage -V¢ is lost, no fault will be indicated
if both negative supply voltage -V and positive voltage +V¢ are
absent. As a result, it is possible to turn the receiver on for
troubleshooting tests.

35 ' The utilization of both positive and negative supply
VOltageé rather than only a single polarity supply voltage is also
advantageous since it permits positive and negative reference
voltages relatively close to ground potential to be utilized. This in
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by reference voltage source 25 shownr in Figure 2b and various other | oads
of" negative voltage supply 9 which are not shown. Ac®RCAi 8§]434 if negative
csupply voltage -V[err] is lost, the |owest |evel to which the outputs of
vol tage conparators 19L and 21L will be able to be driwven is slightly above

. ground pot enfyri! perhfiité 4 DE fadlt AOYe déreche dusie quidkly sesrlﬁld of

t t 49 d t her ef ff t. tq.K
non- conduct | BIORRHRD| FTanEAEeaLy SUEh 5 isa Afoerd 48 B e

(turned on) ktmhsanl pmérmappimuhbnsrqﬁwted stodabe#e,ped wﬂmh somlyl laect or .

Cont rol umtSlﬁg@eﬁmm&fs @,g,g Volta8H{ UiTidila LerckERAO Vg the | oW

| evel fault caus %2_ t he rest
of the té&l evihigh lseappmlmatgxmnﬁs half; dthﬁfmagmtude of theTisupplpy

utilizing bwatggbs 1&'&61128 ftﬁg)}ghﬁf b%tnp Bsitiilel & ﬂsneg?ﬁﬁ'é""b@mﬁf 8 7L

Is capable of tectin ve sup tage .- V[err
wel | as det el bRgdetsst Qfgve #eFﬁs Qitégﬁe%m%@s nﬁilp%c“qrh@f put of

\rzﬁwer arrplt i fiow pdss f‘llte:rsoﬂoﬂh@dD(DadetébfdliOH?iktacﬁf ltuwd;i rbﬁlmaﬂslyag tegd o
en negative s a rr 0S no fau i
both negat i v%“%ﬁggd §>f ﬁ\ 58%3 %‘&' Af éﬁFd supply ; VRltagh tb(fglg e+\9[ payﬁ
absent . 18 acareshd tdetecteids pd@hei Ipresémt fpootection rarcan gemenn u‘tduzmg |

t r oubl eshoot . tive an
-° negative supp‘?ﬁ ﬁitagj%sa'}%tﬂ%ﬁatm Jﬁg)lﬂ% gbgtg%éfnamlfjg ‘iupgaaippl y vol t age
i s al so advawidgpimablesidetay i beeause tpositivet and maﬂergatrcweneeer ence

vol t ages rel%llta@és/ sv%anUO-v o¢afl Rav€nmush Idwéﬁ Haghitd@ss (RRh Sthen
7 turn permts a ECPEUH to ede ected re kly. In a protection

arr angenent , M3gRHY thes singleg reference e pz}&e a; (Pﬁﬁ%’f&ﬁ‘oﬁat ent

appl i catiSon aredegement ourlieirey a nsi wPlsrp@llaHStyasﬁppw evoleagy.i ty supply
voltage is utilized, areIeren togg \f{] ? goxmatel one-hal f of
t he magni t ude of t he SHBB %’“98 JO &P 4 ?feﬁ PP PUSSh 9004 ve and
negative DC 2®laregskowa e E@me&e?;a and 2by aespectively. voVolage acr oss the

capaci tor ofy etf&%chWZPa??ﬁ?lﬁfdﬁEefeﬁgtotrgef%; Qlﬁ]ef%’rc et (? P%erts . o

appr oxi matelg/ tude’ of e _Supply
faul t etween resistor 33 and ground and a NPN trans1stor 6la having

20 its base connected to the junction of resistors-57a and 59a, its

' collector connected to the junction of resistors 33 and 57a and its
emitter connected to ground. The magnitude of reference voltage
+VR is determined by the ratio of resistors 57a and 59a. The
implementation of reference voltage source 23 shown in Figure 2a

25 has a relatively lower output impedance compared with a
conventional voltage divider and is therefore capable of supplying
a reference voltage to more comparison circuits. This is
particularly desirable when there are several audio output
channels, for example, left and right audio output channels for

30 both internal and external loudspeakers. The implementation of
reference voltage source 23 shown in Figure 2a is also capable of
supplying a reference voltage with a lower magnitude, for
example 2 volts, compared with a Zener diode. The
implementation of voltage reference 25 shown in Figure 2b is

35 very similar to the implementation of voltage reference 23 shown

"~ in Figure 2a and therefore corresponding elements are identified

with the the same reference numbers, except that the letter "a"
has been replaced with the letter "b". The major. difference
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can be detected. The - present protection arrangenent utilizing both
- positive and negative supply voltages avoids such anggnegq 13l e delay
.because positive and negative reference voltages +VR and -VR can have much
| ower magni tudes than the nmagnitude of the single reference voltage of a
. protection ar 7] :a Sl g [ p | hage '
| npl enent at ?)glri]g’@gﬁn@géf tgggieﬁa%@rgggge.ogotggeggh% %’&5% éaé%r\éghtg?m%nrq Fi gures
2a and 2b, refarenee veoljage/syauage 22fisr dhak the comnestions «fi theremier and

59a connect gedi RBoBIRELGHS OPENPRE NrafsisfdrO6 183 afd rederdd witH feshlebt tipansi stor
6la having its base cpnnect eﬂketo t ngtiopn of. resistors 573 and 59a,
J

helJ u a

its col | ect 4he cORRRSUQNS Of; Hhe jemitteroands cpllsctar,pf tangistors flagng it s
Sm' tter S:Snsrbechﬁsbt@f _gheu]gﬂ"fere}'inepam‘g;ésldwhiﬁhgraé%m&ewldol tage +VR i-fS
eterm ned by the ratiq of resistor n a J ment at i 0
ref erence vol tage sour egegﬁ%\ﬂ&%“%?ﬁuﬁﬁgz%%geé%@@ti eW’M er
out put i npedxaatpleowish eteferencen tooray articuddr whbadimenui der and is
ther ef or e c a3l ftciontiFRl thRYdBsdehed BfibotfihieRgcahd BBIG cOmPari son

partic y | € en

circuits. This'is ul ar esira ere are Several audio
out put changarkodimentsx may decoste apparenyhby athose skilled -iphdh@ea’. for both

I nt er nglg anqrypege iflCUbTRCANE" Dther' EnbORIMERE! are Opteﬁdéff fd e
vol t age sourcge, 23 aFovvn In _Fl&lure 2a |s a sfoe(zﬁggbl e of supp y|€ a
reference vorithifl the t$Fope shethendyrntior dstined:byyane orymorg o 3h5ar ed
with a ZenefoHowdag Digimgipl enentation of voltage reference 25 shown in

Figure 2b is very simlar to the inplenentation of voltage reference 23
shown in Figure 2a and therefore correspondi ng el emeniis SHest HaélBddh Répifel Wi t h

the the sane reference nunbers, except that the letter |
replaced with the letter "b". The major difference Jnmmnumuw
8 between the inplenentation of reference voltage so erence
vol tage source 23 is that the connections of the emtter and collector of
NPN transi stor 61b are reversed with respect to the connections of the
emtter and collector of transistor 6la




because of the different polarities which are invol ved.
present invention has been descri bed by way of exarrpl e with rBGCA eﬂﬁ;é“o a
. particul ar enbodi nent. "Modifications TO the descri enbodi ment and ot her
enbodi nent's nay becorre a muﬂw:lm,t"w ﬂl k| |l ed |n the art. These
. nodi ficati @igiagd ot her tended to be within the scope of
the invention defined by one or nore of the. fol | ow ng C ains
Asource (7)

9 Cl ai s 1. Apparatus conprising:
of a first supply volltagéipparatus comprisingburce (9) of a second supply

vol tage having a pol gr %MT&OE fléfeat ﬁrgthgﬁmﬁg, g8lid EJ rst supply voltage;

a source (L) of an audio sig i fier (IL,

r, anpl
1R) nodmal |y recei vi g SQHIGE (P) <of énée%‘éflﬂ)ﬁ&l)?&bp‘f “E&ﬁ ﬁﬁ’dé%gg plapbtti ve
pover suppbppb8itet td ethatrwssaxdefﬁ%tvsmly‘avdlt &géti 0 input signal at an input

and provi di ng an audi o out at..an_.output termnal; _

means for coupling a¥ H'g% Q(il&ngﬂ adio, sig gﬁfd output terninal of said
audlf) gnpl ifier (1L, ahR)algxdttdsapawberamp@hfte; (1L,1R) normallyleteeeiving( 3aid, 17R)
coupl ed to,s ot i cative
o faul ¢ TSha Fhad, siPply VElbgef @to?ésp%?ﬁieoéo’i?faﬁﬁvawgﬁuced ot
sai d -dud putermhinads,d reeqiving esaid1apdikR)inpnt (signaihatoansiiputsapdl provitingjes
i s absent. audio outgut 515};%3 APRAr ?hﬁiitr t&inkigd)d N G aim1, characteri zeq

in that: norrra’lld recei ves said first

et ecto
and second supply volmedfss fef ?‘é‘élb‘éélla/ doydspeakes JKkbie saidrospw and
I s responskefeninalt b ﬁ?ﬁeﬁﬁél@famﬁﬁfleﬁf |1R)5L51ﬂir¥cté9iiew€lﬁy at the

t | 7L, 17R . ti
espective BOver sUb] oL SR TR IO\ 7ES' iAok ald Gl of i 2L

15 amplifier for generating a $ignal indicative of a fault condition when
.either or both of (1) a DC signal is produced at said output of said
amplifier (1L,1R) or (2) one of said supply voltages is absent.

2. The apparatus recited in Claim 1, characterized in that:
20 said detector (1L,1R) normally receives said first and
second supply voltages at respective power supply input terminals
and is responsive to the absence of one of said supply voltages at the
respective power supply terminal of said detector (17L,17R) for
generating said fault signal. '
25
3. 'The apparatus recited in Claim 2, characterized in that:
a significant portion of said amplifier is incorporated
within an integrated circuit (1L,1R) including a substrate (55L,55R)
on which semiconductor devices are supported, said second supply
30 voltage is negative and is coupled to said substrate (55L,55R), the
absence of said second supply voltage tending to cause a DC signal to
be produced at said output of said amplifier (1L,1R).
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3.- The apparatus reci teﬂ“ mﬂ Mracterl zed in that
significant portion of |“” II“"II”H I ncor porated w thi anthl ﬁ?e“g’r at ed
, circuit (1L, 1R) incl udi hg Q subdtrédte”(55L, 55R) on whi ch seni conduct or

devi ces are supported, gl d second supply voltage is negative and is
coupled to said subsfr at PparAtus sedMPIifdnghsence of said second supply

vol tage tending to caussurde Q@)sofrdlfirse mp)yopmwgt at sai d out put of said
anplifier (1L, 1R).

4. -Apparat us corrprl & ;fburce (9) of a secgngoapggly( -y)oltage h‘i“{'r‘@t asBBBth
vol tage; opposite to tlaatsoﬁrsaad(ﬁ)stokupplseamiohgwppl y vol tage having a

pol ari Sy opposite to t g (|L3abfl afnl 56&1&%?@&1 vol t age; a

source” (L) of an audfo audi o power anplifier (1L, 1R
nornal | y receiving sandau iostpaaver amphifies upldl.f R)onormallyareceiving tsaid

ower suj [ t n r I n i nput
anso T QY S PR Rl R LS ORI i 110

means for t@éﬁ’(w? Eeoehviagy said raudip  mput; §1gna dabtﬁ“pdﬂp't‘%r%qﬁd?m&td@gl d
~audi o anplad i aidiolloutpe signal at an oxﬁpﬂttmhﬁhallﬂ- 17R) normal ly

. receiying said first _and s cond s ages at Ciive.power su

i nput Yb ?m nal s and BY3%§ ﬂ?eﬁgf’ o(fﬁsg ‘f %‘?tpPinle)
f or gener aermgnal snfglsaid Iamduoaamphfmi' QlLaltR), condi tion vvhen ei ther or both
of (1) a DC signal o] a 1R) or
(2) one of said supp &1%? Iggﬁli%ﬁ)%ge &xﬂ&ﬁy I'e&%iq'g gg{d fﬂgt é%ar at us
recited i rse@cmdnm;ppiuarvabuagps zatl Tespeetive power supply sapm diermdnals
(7L 17R) Al bt éohﬁl@!{ip?éssﬁidi'éﬁgutléf— sald Am ﬁﬁbPG(I RyPegr coupl ed to

the o tput o sal I ey a |rs conpar
(19L, §R) SERETAYNEN al ﬁ}ﬂﬂa wH ﬁati"ée éu{}o ‘L‘Wé' dﬂi%tel&efsﬁi' dg‘i"&fv
pass filtesf (1}la DCRyigaall mlrpn@tluledteata‘sm autputséf euidamplifiel(1R{1RN
out put when g?{gl outp

i f dlowp ss filter exceeds a first
vol t age t % Que L séﬁﬁguggﬁb a&es(bsl §i‘f=f) having an input which is
coupled to to the output of said |ow pass f||ter (11L, 11R) and which
generates a 5. The apparatus recited in Claim 4, characterized in that:
20 said detector (17L,17R) includes a low pass filter
(11L,11R) having an input coupled to the output of said amplifier
(1L,1R) and an output; a first comparator (19L,19R) having an input
which is coupled to to the output of said low pass filter (11L,11R)
and which generates a first output signal at an output when the
25 output signal of said low pass filter exceeds a first voltage threshold;
a Second comparator (21L,21R) having an input which is coupled to
to the output of said low pass filter (11L,11R) and which generates a
second output signal at an output when the output signal of said low
pass filter exceeds a second voltage threshold having a polarity
30 ' opposite to that of said first voltage threshold; means (49,53)
responsive to either of said first and second output signals for
producing said fault signal; at least one of said first and second .
output signals also being generated in response to the absence of one
of said first and second supply voltages. '

This Sheet Has Been Replaced

llllllll Tl ll ||

10



second out put signal at an output when the output signal of said | ow pass
fi'lter exceeds a second voltage threshold having a polarity ®R{pAsBs#3do
.that of said first voltage threshold; neans (49,53) responsive to either of
said first and second output signals for producing said fault signal; at

« least one of said fi6st el apparatds oreicipted ismgﬁbilm 4, schdractegizgdnéi ahaet i n

response to the abse e e p l.t ages.

6. 'FI)'he appar at us rec%gdmer?“ gﬁquﬂhgééirerl ze? Sgﬂfﬁﬁﬁ gl)é"\‘“) IE ? sai d

~ neans (17.thresholdodeyiced having s2n dutput tats whigh s&dafwlutesgoab idevi ceI
havi ng an Sotich! t n e si gha

© coupl e o to,an Fk(ﬁtw%%qé sfighﬂ&;?u leé(;ggsﬁh f‘gagﬁéé% a\gg?%h?l rst and
second’ si g‘ll?é?gl V|eﬁﬁ aOf & YaLG LY cHEOnd, signgl S/é’fﬁthhge%HGVﬁ vehigh

| nel udi ng excdedassaithegivonpduesholdhant i s unableto generate an out put

and second supply voCUTE ol Jedsf ore" comparator’ witeh f{ ungble Fous reci ¢ e
in Caim zgertﬂliateacatnerdmwtmgualatwhlch does not awegnsindcc’gmmoﬂmsfim(ldf )
sai d anpl i ) i rcui 5L, 5R
i ncluding a ‘thﬁbé#aé{ssfgL,ﬁ}g% Wﬁlqg\lfl\’kagg& con gg;%g)gg?{ées are

supp ed, said second supply voltage I s° coupl ed to sald substrate
(55L,55R), "t he absence of sai d second suppl y voltage tending to cause a DC -

signal to be produc sai d out put of I|f|er (1L, 1R).
8. The apparatus rec 'te he, a@?émgsi re&htaa ay »rphm@tenzed in that:

sa| d second supply adigaificimt pegidn \of. said amplifier (1L,IR) is
incorporated within an integrated circuit (5L,5R) including a
15 substrate (55L,55R) on which semiconductor devices are supported,
said second supply voltage is coupled to said substrate (55L,55R), the
absence- of said second supply voltage tending to cause a DC signal to
be produced at said. output of said amplifier (1L,1R).

20 8. The apparatus recited in Claim 7, characterized in that:
said second supply voltage is negative.

I s
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12 9. Apparatus conprising: a source (7), of a
positive supply voltage; a source (9) of a negati\éc)é\.lpﬁﬁ,ﬁ“
.voltage having a polarity opposite to that of said first supply voltage;
a source (L) of an audio signal; L. an audi o power anplifier

- (1L, 1R) normally recd.vi ﬁg’l’é’éﬁﬁ'%@@iﬂ?ﬂ%%hd negative supply voltages at

respective .power supgl ¥obfRRU(7) Qfﬂrhngbéitiv{eeﬁﬁ' g! I Yob@kd: audi o i nput signal
utpyt s g

at an input and providing a udj o ) | at_ an’ Qutput terminal; a
significant portion & SQH?‘I? ZﬂSI‘%‘ ReRCELYR) § p¥eliage) having na an

i ntegr at ed;{:olarglyi toppsiteRlo i thak uof rsgid: ﬁéﬂ@sgmmng @5ﬁhg516R) Olnt whi CB _

sem corgduct or devi ce u rieed,. sal.d negative supply voltage being
coupl e(ri,’dto sai d subst%r gé'grc?S@gfggRéjn ﬁuﬁéoa%gggfce of said second supply

vol tage tending to cansa@udi®pewegnamplifiere(H AR} edratalbairdceivingt saih sai d
anplifier; st ,g@%n pL,l I ( R) .to said

out put ter O%lzﬂveofar,lsdai ug‘f%?ngrﬁ #f b’gm‘@?i Qﬁ%igﬁgﬁﬁ%c?@% eﬁlwsy

a det ect or 1Pt tarminalsc geceining aid paedio dapuh¢igaajaat van soppt yand| t ages

»

. at respect previdPNET af URRADS 1of jIn ' L i L}, cout put
of sailcb a pI L g\gﬁlL .éR) fCiI: E%%t tg%ﬁlmglg{?r% Ft ﬁ%&?‘%f\i’g gc}gngﬁ#%lutl t
“condi tion RRERCR; P etdig; ‘amplifi T%@Pgai POx iwithino A dategrated d out put
01; sai d angirc@ite(SLJIR) iRkluding2) subsirareoeSSIy,S5RYP6hY whith age i-78 a]?sent-
1 : p lsing: . . . sourge of a
first suppﬁ/r.n\l/%?'grglb%@p aéaﬁ%&’ %9gg§x§@ﬁrg%d,( Spidy “eo\g%'é%%nﬁ’gﬁﬁpl("i)mﬂet age
havi ng a pbfidg opupbpdsia said subatrats (S51L955R),s the wghsenco odf aged second -
_a‘source (¢ audi ' ; . i ifier (1L,
1R ngrgml P‘?‘&Z?h‘?ﬁ% R o cause, 3 DC siBfaf i8] O DRURRCAT S oot ve
- pover !SuppPYtPupef said amplifier; _ _ _ _
, means for coupling a loudspeaker (3L,3R) to said output
terminal of said audio amplifier (1L,IR); characterized by
' a detector (17L,17R) receiving said positive and negative.
~ supply voltages at respective power supply input terminals and
20 being coupled to said output of said amplifier (1L,IR) for generating
a signal indicative of ‘a fault condition when either or both of (1) a DC
signal is produced at said output of said amplifier (1L,IR) or (2) said
negative supply voltage is absent. '

* c L M H] *
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., Wwhich exc

termnals, receiving said P | | at an input and providing an
audi o out put signal at anl ﬁgﬂmnﬂﬂwm _ means R AC86&34ng a
. loudspeaker (3L,3R) to said«0 ' of said audio anplifier

(1L, 1R); characterized by a detector (17L,17R) coupled to said

out put of said anplifger ating a signal indicative of a

-fault- condition Wnenﬁ?a'i trééb%a*?t%&gﬂﬂ@@m signal is produced at said.
out put .of said anpl i%i5ouree (7)19§ s SUpRLY NMOUAEE: supply vol tages is

- absent ; saolréet@t of 4 kécohad Rupplyl vdltage shdvinwgpaspolarityer

and an ou et 19, URRCGr SAE, Bfsr SubbioUBBEr ol | 3% CcliVing caia ot

and sefond supply vaa tsagese {L)ref pacaidio signaly vol tage terminals and

LTSt AL SOV o ot LAY el it i

whi ch generates a first ou | ove ] . when
the out putfiestgand second supplypxoltagest at Tespectivier) peser cttpplys iRpYL

t hr eshol d;temﬁﬂgnqeggmﬁéagﬂd (atilio 2 thIgiﬁM aM ragctfﬁ%?ﬂ%ngﬁigzgﬁk{aiﬁ . and

second supply vqltages at_ respective s |y "vol t.age ter ving an
i nput coupﬁf‘boﬁ‘-’(‘ﬁot REtRI: plgnals ak Ay Q‘BR/BE%E"‘FWIG er (11L,11R) and which
Igenelrimtes a se;:onfl ' mﬁ:ﬁuf Hﬁir@@@hpl‘lﬂg! agleud pm/f(FU,BR)cwe;i_alicfacm 111t1 \(eglR)

evel at an_outpu e o]l . r8i 0 .S . ilter :
exceeds aatgg&% tqﬁr %ﬁola&%ﬁ v%‘%‘g’thﬁ olr()gt’r. )’o Bgrsal‘:?%"?%ft t of said first
‘vol tage threshol d; andetectorr €kHo)1d R)ecioupladhtonspidnootpusuof sgaidhi ch sai d
fault sig {:9: genqr d ls : | t a |l evel

;hgrhghglg? d(ﬁl,,ggﬁ f%gén%gﬁﬁ% tﬁgHQi ‘ii?ditcﬁuge bf R/ tfalifS
e

.S , ; n .sal d conparators
(19L, 19R, Xanditiop wlieRgeithahios betlyofethy a §r€c§t&$&ﬂltlssp ceghiatrsaides not
exceefl ssai gutpuy of kgidelanyplefieP(ELOIRY 20 (2) rorle ofdsaid coupplyupeltigeslis age is .

absent . .
: absent;

_ said detector (17L,17R) including a low pass filter
(11L,11R) having an input coupled to the output of said amplifier
(1L,1IR) and an output; a first comparator (19L,19R) ndrmally

20 receiving said first and second supply voltages at respective supply
voltage terminals and having an input coupled to the output of said
low pass filter (11L,11R) and which generates a first output signal

. above a given level at an output when the output signal of said low
pass filter (11L,11R) exceeds a first threshold; a second comparator
25 (21L,21R) normally receiving said first and second supply voltages at
- respective supply voltage terminals and having an input coupled to
the output of said low pass filter (11L,11R) and which generates a
second output signal having a level which exceeds said given level at’
an output when the output signal of said low pass filter (11L,11R)
30 exceeds a second threshold having a polarity opposite to that of said
first voltage threshold; and a threshold device having an output at
which said fault signal is generated when a signal coupled to an input
has a level which exceeds said given level; at least one of said
comparators (19L,19R,21L,21R) being unable to generate an output
35 signal which does not exceed said given level when one of said first
and second supply voltage is absent. :
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