AUDI O SYSTEM W TH TRANSI ENT TRACKI NG DUAL VOLTAGE POVNER SUPPLY BACKGROUND 5
In stereo television receivers it is often desirable to have out put
termnal s which can be coupled to an external power anplifiér. “In such a
situation, it is very desirable that the system be "pop" or "thump" free
when the television receiver is turned "on" or "off" wth the external.
power anplifier being "on". This requires that the turning "on" and "off"
of 1 0 the television receiver not intsfdbduce any transient conditions t;
produci ng audi bl e signals. Audible transients coning through the televisiton
out put jacks typically have tmo sources, e.g., mhatever i s ahead of the
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transients produced. Prior art systens used soft starting regulators to
try to keep the unbal ance of the power supplies small. Because such soft
starting regul ators do not track exaBAQSQPEMrmSt be brought up or down

in voltage slowy. Almueﬂéra@r@elemlenpqte&éweps Oft H@V\/%'ftéi'pV\@eﬁﬁilee tbadla%t h

th t |
the out put CHFRBelSTHRRR PRChbth Bl PuplafieboSafeAiEnl pondY pobbRer "
i nventi on guaeli 2 ssitugsiam, aiti iy wery| desisable thatctheplsgsteny bene popieor subpmp

since the pldes xﬂ{edﬂtﬁastameidrﬁ%e&lbbr lr'saﬁhneac*brpt hgr "mgawrﬁ&ﬁeoéx&hm
nunber of e _hal apce, 0

| oads coupl.ed .t he Ro .
ondi no. SERRERATERHER SRRENAIEN THNS JEBulne ol bt NGHRG) Ts 208 "OFF" of
el ectrohi®k the r televisjiomutécedvemmatpanitaducel aaypltidnsiest adriditionavproduding
Eo;/ver supplaﬁd]gl?gug{gqmgts 3 0 When Ehte power supply vol 'ltagtes are S}[NI t ched
etween an 0O ta n state ower, su I ansl en L g
Vol tages of the two BUCTHE: tensiscpgirine c Aolgh” ShfePletisldr Sy, dasks
audi o transypisalyfhave Bwiongoprcesucegl, wwhatemer lie aheadaof ghal onimpiti diieers and
This trackih® itpaf River $Red. bylft e je¥€tdPhar bﬁbbu@oﬂﬁ"veﬁ uﬁsplérege

e P v L SR . Sore Bamer R pro S PAeg e
to the possystemspaisedi ngtpemnng regulators to try to keep the unbalance of the
power supplies small. Because such soft starting regulators do not track
exactly, they must be brought up or down in voltage slowly. A much more
rapid power-up or power-down can be had with the circuit disclosed
2 0 herein by forcing the plus and minus supplies to the output driver
amplifier to closely track each other.
The present invention permits a plurality of loads to be
~ coupled to the power supply since the plus or minus supplies will track
each other regardless of the number of loads coupled to the power supply
2 5 or the balance of the loading. ‘ g

SUMMARY OF THE INVENTION

The present invention relates to electronic circuits, such as an

operational amplifiers, which have dual power supply requirements.

3 0 When the power supply voltages are switched between an "off" state and
an "on" state, the power supply transient voltages of the two polarities
closely track each other so as to reduce audio transients from being
produced within the operational amplifiers. This tracking is accomplished

by the negative polarity power supply voltage being provided for the

3 5 signal amplifier at the output terminal of a unity gain operational amplifier
having an inverting input terminal coupled to the positive polarity power

supply voltage.



supply vol tage. -2 - RCA 86, 250 BRI EF DESCRI PTI ON
OF THE DRAWNGS Figure 1 shows a bl ock diagramrepresentation of an audio
system according to aspects of the present invention. Figure 2 shows a
graphic representation of the timng and 5 rel ati ve magni t udes of vol tages
of the block diagramof Figure 1. Figure 3 shows a schematic diagram of the
exenpl ary inplenentation of portions of the block diagramof Figure 1.
DETAI1LED DESCRI PTI ON OF THE PREFERRED EMBGDI MENT 1 O REAeB6,206
nowyt o Figure 1 there is shown a block diagram of the present audio system
according to aspects of the present |nvent|on Cperatlonal anplifier 10 has
a signal input term nal 12, BRIBFDES DRAWINGS for coupling to
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28 with the plus E&QH{ yaﬂ’c?b PRfaing tie akﬁé&&tbﬂgtﬂwﬂitksédlr w@émeon
sQuyce resistor ? %esmtorl 32 of ;U8 § ual tog re%%1 Eu:?
so that opera@ﬁ"’cfﬁ%\?"%lnﬁmpﬁ‘l s2UHERY JARH feﬁ"} Hgl 2&/&“9 Ag*'8 4P
configurati ortermﬁ’pﬂr deh dfioal canplingi ¢o mhens éxternal mmnmnw amplfiess néot
dual pover sig RBLWh (“OAgﬁhm) 1’HGH E?o\hhé‘d Plvith ROVREs SHEREY ﬁ:@lyob@mgb at
provi de %a tlernrr?ma neggé;t%/v% po%lrysupplitla\goeltggremé't C{eegmiar;[al 18'® The plus
voltage is prowded from an external source (not shown) at line 20. It is to
be understood that the plus voltage provided at line 20 can be a highly
regulated and filtered. The supply voltage at line 20 is coupled to a "slow
start" circuit 22 wherein "turn on” and "turn off" time is made less sudden
20 by a time constant circuit. Circuit 22 is controlled in response to an
"on/off" signal coupled from  circuit 24 which operates in response to a
control signal provided at line 26. The control signal at line 26 is derived
from a microprocessor (not shown) or other suitable source.
The negative 'power supply voltage at terminal 18 is provided
N 2 5 by an operational amplifier 28 with the plus supply voltage coupled to the
inverting input through a source resistor 30 and a feedback resistor 32 of
value equal to resistor 30 so that operational amplifier 28 has unity gain in
the inverting configuration. Operational amplifier 28 is itself powered by
an external dual power supply (not shown) such as the plus power supply
3 0 voltage provided at line 20 and a negative supply voltage provided at line
21. Since the plus power supply voltage applied to terminal 16 is applied
to the inverting terminal. of amplifier 28 which has unity gain, the DC
voltage at output terminal 34 is equal in amplitude to the voltage at
‘terminal 16 but of a negative polarity due to the inversion. Thus, the
3 5 negative and plus power supply voltages applied to amplifier 10 are equal
in magnitude, and any transient changes in the plus voltage will be
followed by the negative voltage. :
Figure 2 shows a timing diagram of the control signal at
terminal 26 and the power supply voltages at terminals 16 and 18. This
4 0 drawing shows that for the control line 26 in an "off" signal condition



21. Since the plus power supply voltage applied to termnal 16 is applied
to the inverting termnal of anplifier 28 which has unity gain, the DC
voltage at output termnal 34 is equal in anplitude to the voltage at
terminal 16 but of a negative polarity due to the inversion. Thus, the 3 5
negative and plus power supply voltages applied to anplifier 10 are equal

I n magni tude, and any transient changes in the plus voltage will be

fol l owed by the negative voltage. Figide 2 shows a tinng di RERaB6Esa he
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remains funcuonal Accordmgly, if the television receiver is to be
powered down (the supply voltage at terminal 20 switched to zero volts),
then the control signal to turn operational amplifier 10 "off" should be
applied a period of time prior to the set power down status being
2 0 implemented, typically 40 milliseconds before. This time relationship
between the control signal at line 26 and the powering down of the main
power can be provided by the aforementioned microprocessor (not shown).
Similarly on power up, it is necessary that the main power supplies be
functioning prior to the generation of the control signal at line 26 for
2 5 tuning amplifier 10 "on
The mute signal at terminal 38 is provided to assure that no
transient signals are provided by circuitry preceding circuit 36 when
power supply operations are being performed. Accordingly, the mute
signal at terminal 38 is provided for muting till shortly after operational
3 0 amplifier 10 becomes operational and shortly before amplifier 10 is turned
"off" by control signal at line 26. Thus, receiver turn-off transients
generated by the circuitry preceding amplifier 10 during power down are
also suppressed by amplifier 10 already being non-operational.
Figure 3 shows the schematic of the implementation of the
3 5 block diagram of Figure 1. The plus voltage supply at line 20 is coupled to
the collector electrode 39 of NPN series control transistor 40 which has the
base electrode 41 coupled to the junction 46 of series resistors 42 and 43,
and capacitor 44 which provide the slowing time constant for the plus
supply voltage at line 16. In the "off" condition for amplifier 10, the
4 0 voltage across capacitor 44 is kept low by the collector electrode of



bet ween the control signal at |line 26 and the powering down of the main
power can be provided by the aforementioned m croprocessor (not shown).
Simlarly on power up, it is necessary that the nain power supplies be
functioning prior to the generatlon ‘of the control signal at line 26 for 2
5 tuning anplifier 10 ' The nute signal at termnal 38 is provided to
assure that no tranS|ent S|gnals are provided by circuitry pr
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the turn-on time constant as discussed above. As the voltage on the base
electrode 41 increases due to the charging of capacitor 44, transistor 40
starts to conduct and the positive voltage at lead 16 starts to rise. As the
20 voltage at line 16 starts to rise, current flows through resistor 49 to the
emitter of PNP transistor 50 having its base coupled to groun'd through
resistor 54. A collector electrode of transistor 50 is coupled to a base
electrode 51 of transistor 48 providing bias current to base electrode 51
causing transistor 48 to start to conduct thus providing a rising negative
W, 25 polarity voltage at line 18.

- As the voltage at line 18 goes negative, PNP transistor 52,
having its emitter electrode coupled to the junction of the emitter
electrode of transistor 50 and resistor 49, also becomes operational. The
base electrode of transistor 52 is coupled to the junction between the two

30 equal valued resistors 30 and 32 coupled across lines 16 and 18 so that the
base electrode of transistor 52 would be at about ground potential as is the
base electrode of transistor 50. Transistor 52 is arranged as a gain
providing amplifier with resistor 32 being the feedback resistor of
amplifier 28 as shown in Figure 1. The output signal at the emitter of

35 transistor 52 is coupled to the emitter electrode of transistor 50 for
controlling the current into the base electrode 51 of transistor 48 so that
the negative voltage at line 18 will follow the transient changes in the plus
voltage at line 16. This following of transient changes in the plus voltage
at line 16 by the negative voltage at line 18 is also effective upon turn-off

40 since the following of the transient changes will continue for decreasing



capacitor 44 are chosen to provide a relatively rapid rise in power supply
voltage at lead 16 but with the sharp rise transient reduced. |t should be
noted that the discharge tinme constant for discharging capacitor 44 and
turning "of f" transistor 40 is determined by capacitor 44 and 15 resistor
43. Thus, the turn-off time constant in response to the control signal at
line 26 is faster than the turn-on tinme constant as di scussed above. As
the voltage on the base el ectrode 41 i.gcreases due to the ch®@Ang62560
capacitor 44, transistor 40 starts to conduct and the positive voltage @t

| ead 16 starts to rise. As the 20 voltage at |line 16 starts to rise,
current fl volagehradulgie r2fsifet as Uhg asttrensistots S0 ahd PP Havansnaigh vblage

havi ng it sihaemARUBbEFA LMY ound through resistor 54. A collector
[ base el ectrode 51 of transistor

el ectrode of transistor 50 1 s, coupled tqQ a
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l'ine 18.5ARntdqevahiape Bt gidyn@. 18 goes negative, PNP transistor 52, having
its emtter el ectrode coupFe to the junction of the emtter el ectrode of
transi stor 50 and resistor 49, also becones operational. The base

el ectrode of transistor 52 is coupled to the junction between the two 30
equal val ued resistors 30 and 32 coupled across lines 16 and 18 so that the
base el ectrode of transistor 52 would be at about ground potential as is

t he base el ectrode of transistor 50. Transistor 52 is arranged as a gain
providing anplifier with resistor 32 being the feedback resistor of
anplifier 28 as shown in Figure 1. The output signal at the emtter of 35
transistor 52 is coupled to the emtter electrode of transistor 50 for o
controlling the current into the base electrode 51 of transistor 48 so that
the negative voltage at line 18 will follow the transient changes in the
plus voltage at line 16. This follow ng of transient changes in the plus
voltage at line 16 by the negative voltage at line 18 is also effective
upon turn-off 40 since the followi ng of the transient changes will continue
for decreasing -5- RCA 86, 250



voltage at line 20 for as long as transistors 50 and 52 have enough voltage
to renmain operational. Capacitor 54 across feedback resistor 32 rolls off
the frequency fesponse of the anplifier 28. Capacitors 56 and 58 AC coupl e

gi\loﬁ/csti\{e 5 L\i nes 16 andI 18 to ground. -6- RCA 86250/ 2711
M 1. A power supply conprising: a first volt suppl y, nmeans for
providing a first 5 power supply vol'f%'ge to a Iog%% iarf’qu%Wgurreans for

switehing said first power supply voltage between an "on" state and an

"of fi; state, and 8g§§g§£p vol tage supply nmeans conprising anmplification
nmeans having a ne unity gain, the 10  anplification nmeans having
an i nput coupl ed tlo t héA fpovesr EwWeRlYs gaEpr hsdingtge and an out put coupled to

the load for provigifg.ed %ﬂ%g}é)%p%ﬁm RUAE T2 dhgy A tedesof

opposite polarity to the first po ply voltage, so that change of
vol t aged of t IROWSY FuBRMEVakiATs e a 1oagy (el YA nb MRARSHIEYy a sinil ar

change of voldwecHinhd Nsa e COIE 1 Pefers WUPPLY AldlagRye Detwdére goviesn'suppl y
of claim1l wherein the flréﬁﬂéplaﬁag su y nmeans further conprises tine
constant nearfEEd%t ANDAhg W (F5ES 0 i t chi hg between said 20

stalt efs_. 3. ] The povsscandprolinige | sipply wiesres reonprisiny i s an audio
bt means (SRR ot RV ADRA A An i 4488, Rne 19 S04
bet weexd t he 2fmplificaticn aeanmhaving an dmputy coupedifn Ehampfirsler
conpri sing. power supply voltage and an output coupled to the load

for providing, to the load, a second power supply voltage
N : of opposite polarity to the first power supply voltage,

so that a change of voltage of the first power supply

15 voltage is following by a similar change of voltage in
the second power supply voltage.

2. The power supply of claim 1 wherein the first
voltage supply means further comprises time constant
means for slowing the time for switching.between said

20 states.

3. The power supply of claim 2 wherein the load is
an audio amplifier having a signal input means and the
signal provided at the signal input means is muted when

the first power supply voltage is switched between the
25 "on" state and "off" state.
4. An audio amplifier comprising:

amplification means for amplifying an input signal
and providing an amplified output signal,
a first voltage supply means coupled to the
30 amplification means for providing a first power supply
voltage to said amplification means, including means for
switching said first power supply voltage between an "on"
state and an "off" state, and
a second voltage supply means comprising an
35 amplifier having a negative unity gain, the amplifier
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anplification means for anplifying an input signal and providing an
anplified output signal, a first voltage supply means coupled to the 30
anplification neans for providing a first power supply voltage to said
anplification means, including neans for 'switching said flrstdpom?r supply
vol tage between an "on" state and an "off" state, and a second voltage
supply neans conprising an 35 anpl i TTer havi ng 5%9801??5?/%/%?14-%y gai n,
the amplifier -7- RCA 86250/ 2711 having an input coupled to-the
first pover pslp I qﬂg] c e i fication ngans
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bet ween t he voditagst dtre thel sexidnid qovtex supply\valtdige anplifier conprising:
anplification neans for anplifying an input signal neans and providing an
anplified output signal, 20 . a first voltage supply neans coupl ed
to the anplificati-on fhRudio muplidiier #F iglaimowsrhexsin ythel t age to
sai d1ampl i f ifGHgtOVdRAYe SuppldiMaEF - ti¥r comprises time

constant means for slowing the time for switching between

said states. N\

6. The audio amplifier of claim 4 wherein the
signal input means is muted when the first power supply

15 voltage is switched between the "on" state and "off"
state.
7. An audio amplifier comprising:

amplification means for amplifying an input signal
means and providing an amplified output signal,

20 a first voltage supply means coupled to the
amplification means for providing a first power supply
voltage to said amplification means, including means for
switching said first power supply voltage between an “on"
state and an "off" state, said first voltage supply means

25 further comprising time constant means for slowing the
time for switching between said states, and

a second voltage supply means comprising an
amplifier having a negative unity gain, the amplifier
having an input coupled to the first power supply voltage

30 and an output coupled to the amplification means for
providing, to the amplification means, a second power
supply voltage of opposite polarity to the first power
supply voltage, so that a change of voltage of the first
power supply voltage is followed by a similar change of

35 voltage in the second power supply voltage,

]



smﬁtching said first power supply voltage between an "on" state and an
"off" state, said first voltage supply means 25 further conprising tinme
constant neans for slowing the tinme for sw tching between said states, and
a second vol tage supply nmeans conprising an anplifier having a negative
unity gain, the anplifier having an inputgcoupled to fhg Ekb8h E?g@r supply

vol tage 30 and an output coupled to the anplification neané

provizding, to the anplification nmeans, a second power supply voltage of

oppdsite polarity tﬁetaﬁpiifﬁéa@wﬁrméaﬁel YndDhd PAE mﬁelheaheaneheaqe of

voltage of the lrst omer sgp% ﬁi e is fol% meg b¥ i mlar change

of 35 vol PRGNy nt ﬁe1§BB 1%5 rm§%ﬁﬁlvhﬁﬁl hgefirst gower SupplYRca
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|nput s$gnal % when the first power supply voltage is switched between
n

the "on state and "of f" state. 8. A power supply substantially as
her ei nbef ore descri bed mnth reference to the drawings. 9. An audio

anpl i fier substantgal | yaagofer ehiipp P Sibs€4sei Py 4btReteiRbERERE! O the
dr awi ngs.
described with reference to the drawings.

9. An audio amplifier substantially as herein-
before described with reference to the drawings.
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