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t57 l A&STRACT
A direct coupled state high fidelity amplifier incor-
porates an enerry limiting circuit to provide protec-
tion against the user accidentally overloading and
damaging the amplifier. The energy limiting circuit is
designed so that the output transistors of the ampliher
cannot be required to carry a specified amount of
power for a longer period than would permit their safe
operation without damage. This is done by examining
and limiting the time integral of the product of voltage
and current, i.e., energy, that the output transistors of
the amplifier absorb. The result of using the energy
limiting circuit is an increase in tJre efficiency of
utilization of the output transistors, which in turn al-
lows for an increase in power supplied by the amplifier
to other components of the stereo system, while
reducing tlle number of output transistors required.
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AMPLIFIER WITH PROTECTM ENERGY amplifier is believed to have been made available which
LIMTTER CIR.CUIT COMPONENTS incorporates an energy limiting circuit to preven! over-

BACKGROUND oF THE INVENTION 
loading and damage to high fidelity amplifiers, and

- which-thereby also.greatly reduces the manufacturing
It is highly desirable in the field of high fidelity power 5 cost of such an amplifier for any given power rating.

amplifrers to provide sufficient power to enable sound
to 6e reproduced free of distoriion. There are on the SUMMARY OF THE INVENTION

retail market now, loudspeakers capable of trans- A high fidelity power amplifier is provided with pro_
mitting any musical sound almost totally free of distor- 

,,., tective energy li-miter circuit components, and when so
tion, ii there is sufficient power from an aniplafier. to ru 

protectea, ihe amplifier is mad'e economically and

ryfl:+iil!ffJ:1"1::"S"';;:lllt:'l:1:Hff:'; 3;".f:;;,"r,'::.iln;HH:fffi'_:T;ff:l,x*rj*
or need for a large power supply to transmit music over to reproiu"" muiic and speech wit'h an extremely highthe full range of sound without distortion.

Heretoroie, amplifiers that courd meet the o::j: '' fi:ffi:j,::il'.Tl'"1tt;i3Lffit;il:ilfr"J;:::::1requirements of the most inefficient speaker systems :;,_ i_-_-_l_- ,I,
have been very cosrly to manufacture, and 

"r " 
;;;i; I*]:3t:*::ies' 

and in applied research equipment of

very costly toihe consumer. The reason for thir;;;; Lt^"-'"il,ll1tjt-",:' 
meteorologv' and chemistry laborato-

has been due, to a great extent, to the need rot .-u"nv ," :i"-t-: Ih]l:mplifier 
having its effective energy limiter

ourput transistors caused by the limitations of ,h"; 
'u 

:j1"-llt-.::-T1","_"nts, 
provides very adequate Power to

transistors in absorbing power for transmission. the various types of equipment delineated above. Yet it
All amplifiers on thJ ietail market are equipped with r.equires. fewer output transistors be installed to obtain

sorne rn".nt of preventing the user riom actidentally like various power iatings, than the number of such
overloading the output iransistors while using trir ,. Itun.irtors required in similar rated power amplifiers.
equipment] and thus damaging the amplifier. HJteto- " Such reduction, results in a corresponding reduction in
fore, ttris safety mechanism has been one of two types, manufacturing costs directly associated with the ampli-
either a current limiter or a power limiter. There is 

" 
fier production' This is achieved through the operation

maximum amount of power that each separate of the energy limiting safety circuit components, in-
transistor can absorb for grcatly extended periods of 36 stead of relying on a current limiting or voltage limiting
time without suffering damage. Thus the current limiter safety circuit which heretofore have been used to limit
is the simplest method for providing a safety the power being absorbed by the output transisrors of
mechanism, since only one variable is considered, but it the amplifter.

l'"ft'"?;ff:,1'*:""1,t""iirir.:fi,ii:l#:':li,:1';: ,, DRA*TNGS oF'REFERRED EMB.DTMENT
current limiting device shunt any current whose value The energy limiting safety or protection circuit com-
multiplied by any voltage value would overload the out- ponents incorporated into the ciicuits of a dual channel
put transistors with too much power. An.improvement solid state high fidelity amplifier are illustrated in the
in this regard is the power limiting device. Here two accompanyingdrawings,wherein;
variables, current and voltage, whose-product is power, 40 FIC. l, is an overall electrical circuit diagram of a
are examined, and as long as the product of the current direct coupled, dual channel, solid state amplifier, in_
and voltage does not exceed the maximum allowable corporatingenergylimiting*"f"tycircuiiportions; and
power.limit of the transistors fo-r indefinite periods of f'lC. Z iJttre e-nlarg"n1e-nt of circuit portions servingtime, the power is transmitted safely' as energy limiting r-"f"ty o, protectiJn circuit com-

.,?n"J,1l.":ll,li,:l!!::"T,"ff{1; tr:'*:,i;1., " 3i":il:;inff ;h5l"lg:m,ffi *:l;nr:of time they can safely carry more power than the max- ner ittustJJ in FIG. l, where twJsuch groups ofimum power allowed for extended, indefinite, periods ;;".gylt;itft"ircuitcomponentsare illustrated.of time. Thus in order to more efficiently use each
transistor, and thereby reduce the number of 50 DESCRIPTION oF PREFERRED EMBoDIMENT
transistors required to produce a specified output level, a _-r:c-_ ^:-__-:
the energy limiting ciicuit has bien developed. Here ATPlif:".t 

!t:,"it 
components

three vaiiables ari considered; current, voitage, and .The high fi.delity amplifier 10, illustrated in FIG. 1,
time, energy being the time integral of pow-er and -, 

with som.e.of itsenergylimitingprotection circuitcom-
po*"r 

"quiiling "oit"ge 
times the Jurrent. This allows 55 Po.nents illustrated again in FIG. 2, is a direct coupled,

itte ouput traniistorsio absorb more power, for short solid -state, dual channel, class B, linear amplifier capa-
periodiin the range of safe operation, than is ever ab- ble ofproducing ?00 watts ofpower, root mean square,
iorbcd at any time with a current limiter or voltage when each channel is terminated in 8 ohms, complex or
limiter. _^ resistive. It is capable of producing 350 watts per chan-

The utilization of the energy limiting circuit allows ou nel from 0 Hz to 20kHz. It may safely operate into any
the number of output transistors to be reduced by as passive load whose complex impedance may range
much as two-thirds, while still providing as much power from zero to infinity. The input signal to be amplified is
as amplifiers that are equipped with a current limiting received by the normal, or by the direct coupled input.
s_afcty device or a power limiting, or dissipation, device. 

", 
The signal is transmitted by transistor Ql to the top of

Other cost reductions that this makes possible renders "- potentiometer Rl. The wiper arm of Rl adjusts the am-
the cost of installing and using an energy limiting plitude of the signal to be applied to the base of
dcvice ncgligible by comparison. Pri.rr to this time, no transistor Q2, Transistors e2 and e3 form a voltage
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AMpL1FIER WITH PROTECTM ENERGY amplifier is believed to have been made available which
LTMITER CIR.CUIT COMPONENTS incorporates an energy limiting circuit to prevent over-

BACKGROUND oF THE INVENTION 
loading and damage to high fidelity amplifiers' and
which thereby also greatly reduces the manufacturing

It is highly desirable in the field of high fidelity po*er 5 cost of such an ampliher for any givert power rating.

amplifiers to provide sufficient power to enable sound
to Le ,"produced free of distoriion. There are on the SUMMARY oF THE INVENTIoN

retail market now, loudspeakers capable o[ trans- A high fidelity power amplifier is provided with pro-
mitting any musical sound almost totally free of distor' , ̂  tective energy limiter circuit components, and when so
tion, if there is sufficient power from an am_plifier. to '" 

protected, the amplifier is made economically and
properly drive the loudspeakers. Inherent in the design operates efficiently. It is used in conjunction with loud-
ofthese top quality stereo speakers is their_inefriciency, speakers, preamplifiers, turntables, and signal sources
or need for a large power supply to transmit music over to reproduce muiic and speech with an exiremely high

\:',H#;::ffiif;JXTll1"'"",T'"J;,t the power " fiiffi:j;:";:Til.1?i.1,l"X!ilffifrT::l'J
requirements of the. most inefficient speaker systems tific iaboraiorils, and in applied ,"."ir"h equipment of
have been very costly to manufacture, and as a re_sult biology, physics,.meteorology, and chemistry Lborato-
very costly to the consumer' The reason for this 

-cost ia.. ?'rril 
"'rpiner 

naving its effective energy limiter
has been due, to a great extent, to the need tot 

t1ll zo 
"it""ii "o,nf-Jn.n,r, 

provides very adequate power to
output transistors caused by the limitations of these ;;;;;;'iyp*ofequipmentdelineatedabove.yetit
transistors in absorbing power for transmission.

Ail amplifiers on *re retaii m"rr"i 
"t" "q"rfped 

with 1""1t::::,1:.YT^:utput 
transistors be installed to obtain

some means of preventing the user from accidentaiiy 119^nt::^":^ry:er 
iatings' than the number of such

overloading the output transistors while using rti'. ,t 11i111",::^f1"it"d 
in similar rated power amplifiers'

equipmentl and thus damaging the amplifier. He-reto- " such reduction' results in a corresponding reduction in

r*., tt l, safety mechanism has been one of two types, ]-tli:|tt"g 
costs directly associated with the ampli'

either a current limiter or a power limiter. There is u fier production..This is achieved through the operation

maximum amount of porver that each sepafate of the energy limiting safety circuit components, in-

transistor can absorb for greatly exrended periods of ro .t9"d of.relyingon a current limiting or voltage limiting

time without suffering damig". Thur the currbnt limiter safety circuit which heretofore have been used to limit
is the simplest mithod for providing a safety the pow.er being absorbed by the output transistors of
mechanism, since only one variable is considered, but it tne ampllrler'

m'"?m:,1'#:'""11tr":i.:f.:fi,:i:iJ,?'Jlli,T';: ,, DRA*TNG' oF 'REFERRED EMB.DTMENT
current limiting device shunt any current whose value The energy limiting safety or protection circuit com-
multiplied by any voltage value would overload the out- ponents incorporated into the circuits of a dual channel
put transistors with too much power. An improvement solid state high fidelity amplifier are illustrated in the
in this regard is the power limiting device. Here two accompanyingdrawings,wherein;
variables,currentandvoltage,whoseproductispower, 40 FlG. 1, is an overall electrical circuit diagram of a
are examined, and as long as the product of the.current direct coupled, dual channel, solid state amplifier, in-
and voltage does not exceed the maximum allowable corporating energy limiting safety circuit poriions; and
power limit of the transistors for indefinite periods of FIG. 2 is the enlargement of circuit portions serving
time, the power is transmitted safely. . _ as energy limiting safety or protection circuit com-

However this does not make for maximum utilization 45 pon"ntiio, on" Jhann"i wtricrr is part of the overall
of the transistors, since for short, determine d, periods electrical circuit of the dual channel 

-high 
fidelity ampli-

of time they can safely-carry more pover than the max- fier illustrated in FlG. l, where twJsuch groups of
imum power allowed- for extended, indefinite, periods energy lim iting circuit components are illustrated. 

-

of time. Thus in order to more efficiently use each
rransistor, and thereby reduce the number of 50 DESCRIPTION OF PREFERRED EMBODIMENT
transistors required to produce a specified output level, 

Amplifier Circuit Components

l*":Tif'1Jil":13 :ffli[J3;''#'1",1"-liflii;,i"'ii 
.'f; 

11;1l9!ritv ampriner 10' itrustrated in FIG' 1,
t ime, energy being the time integrat of power i ia -- 

*l ' l : : i .:,: l i tsenergvlimitingprotectioncircuitcom-

po*i, 
"quiiting "o'ituge 

times the iurrent. fftis alfo"r 55 po.nents illustrated again in FIG' 2, is a direct coupled,

it. output tran-sistorsio absorb more power, for short solidstate, dual channel, class B, linear amplifrer capa-
periods in the range of safe operation, than is ever ab- ble ofproducing ?00 watts of power, root mean square,

sorbed at any ti;e with a current limiter or voltage when.each.channelisterminatedin8ohms,complexor

limiter. resistive. lt is capable of producing 350 watts per chan-
The utitization of the energy limiting circuit allows 60 nel from,O Hz to 20kHz.-It may sifely opelate into any

the number of output transisiors to ba reduced by as passive load whose complex impedance may range
much as two-thirds, while still providing as much power from zero to infinity. The input signal to be amplified is
as amplifiers that are equipped with a current limiting received by the normal, or by the direct coupled input.
safety device or a power limiting, or dissipation, device. 

". 
The signal is transmitted by transistor Ql to the top of

Othcr cost reductions that this makes possible renders "- potentiometer Rl. The wiper arm of Rl adjusts the am-
thc cost of instalting and using an energy limiting plitude of the signal to be applied to the base of
device ncgligible by comparison. Prior to this time, no transistor Q2. Transistors Q2 and Q3 form a voltage
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and Q5. Transistor Q7 is driven by transistor Q4. The by the combination resistor R7 and capacitor Cl and it
col lector of transistor Q7 may swing the ful l  supply ismadeeffect ivealsoatthesummingjunctionAbyre-
voltage. The output of transistor Q7 is applied to the sistor R6. Resistor R10 and switching diode D8 form an
bases of transistor Q8 and Qll so a complimentary 5 lnl"trator reset function by discharging capacitor Cl
emitter follower action takes place and the output at during negative half-cycles of the waveform of the out-
the emitters of transistors Q8 and Qll may swing the put circuit portions. Resistor R5 provides a voltage, V,
full voltage supply. Transistor Q6 provides a means of at the wiring summing junction A, which is directly pro-
maintaining a stable bias voltage for the output,^ port ionaltothevoltageacrosstheoutputtransistorsor
transistors. Diodes D3, D4, and D5 provide a small for- '' the amplifier output. Since the wiring summing junc-

ward voltage at the base of transistor Q6, which causes tion A is isolated from the integrating capacitor Cl by
it to turn on and maintain a constant voltage between resistor R6, a portion of this voltage appears at the
its emitter and collector terminals regardless of the junction of resistor R6 and resistor R7 and is integrated
amounto f theco l lec to rcur ren t .Poten t iometerR2per - , .  bycapac i to rC l ,Theva lueof the to ta l in tegra l i s , toa
mits a small adjustment of this otherwise constant volt- 

'- 
first approximation, t}te value of VIdt, where the limits

age to be made in order that the output transistors may of integration are chosen to be over one half cycle of
be rendered conducting on reeeipt of a signal as small the waveform, or by RTCI seconds, whichever occurs
as one pleases. first. If the half period of the waveform is less than

Feedback voltage taken from the outputC ofthe am- 29 RTCl seconds, the ongoing integration will be stopped
plilier l0 is applied to the input differential amplifier by the reset function. If the half period is longer than
having transistors Q2 and Q3. This feedback voltage RTCI seconds, the integration is stopped when capaci-
reduces the overall distortion as measured at the output tor Cl becomes fully charged at approximately RTCI
terminal of the amplifrer 10. seconds. The electrical time constant. R7C I seconds- is

The output stage of the amplifier l0 consists of six 25 chosen to be approximately the same as the thermal
output transistors, Q14 - Qlg, two driver transistors, time constant of the silicon chip in each output
Ql2 and Ql3, and the two complementary emitter fol- transistor.
lowers transistors Q9 and Q 10. As viewed in FIG. I, the Resistor R4 and capacitor C5 develop a voltage

3
differential amplifier also consisting of transistors Q4

output transistors to a safe and pre-determined max-
imum. These protection circuits 12 are necessary to in-

A
a

The time integral of I, Idt, is functionally generated

I claim:
l. An energy limiting protection circuit for inclusion

upper output transistors are operated as emitter fol- which appears at the wiring summing junction A and is
lower transistors; the lower output transistors are 3Q the time derivative, dvldt, of the output voltage. This
operated as comrnon emitter amplifier transistors. causes limiting of the output at extreme dvldt rates,
Unity voltage feedback is applied through resistor R3 such as occurs during high frequency ctipping. If the
to the emitter of transistor Qll so the forward voltage value of any of these voltage quantities, or their sum,
gain assumes a value of one for the combination of - - exceeds the threshold VBE of transistor, Q9, it turns
iransistorsQlf,Qf3,QfS,QlTandQlg. 35 on, and thereby activates diode D6, whose anode is
Energy Limiting Protection Circuit Components connected to the base of transistor Q8. This overload-

These groups ofoutput transistors in each ofthe dual ing sensing action shunts the drive current away from
channels must be protected and the comPonents of the transistor Q8, preventing any further increase in inergy
overall circuit added to provide this protection ut ao absorption by the output transistors. Consequently,
shown in FIG. I and some as shown in FIG. 2 are the -" amplifier l0 having energy limiting circuit componenit
transistors Q9 and Ql0, and diodes D6, D7, D8,,and provides as much power as other amplifiers having or
D9. They form the active circuit components of the requiring three times as many output transistors, when
energy limiting protection circuits 12, one for each protection is obtained either through use of current
channel which limit the total energy retained by the 45 limitingorpowerlimitingcircuitcomponents.

sure that output transistors will not fail in the event the in a direct coupled, solid state, amplifier composed of
amplifier overall circuit 10 is accidentally overloaded. the following: a transistor having connected to its base
The operation of each protection circuit 12, in 50 electrode four resistors and a capacitor in parallel with
reference to FIG. 2, where one protection circuit for each other and each separately in series with the
one channel is illustrated, is as follows. The energy transistor; the bottom ends of the said capacitor and
limiter protection circuit l2 develops an outPut voltage one of the said resistors connected in series to the top
which is an analog representation of the instantaneous end of another resistor; the bottom end of another of
silicon chip temperature of the output transistors. 55 the first said four resistors connected to another
When this analog voltage reaches a predetermined capacitor whose bottom end is connected to ground;
threshold, which represents the output device silicon the bottom end of the third of the first four said re-
chip temperature and tracks with the energy absorbed, sistors connected to two additional resistors which are
the limiter circuit 12 shunts the drive current around _^ in parallel with each other; the bottom end of the first
thefirstdrivertransistors,therebyp.eventingtheout- ou oftherwoaddit ionatsaidresistorsconnectedtothetop
put transistors from experiencing excursions into their end of the resistor which also has the first said capaci-
unsafe operating region. Current I ,  which is f lowing torandoneofthefrrstfoursaidresistors,connectedto
through resistor R9, develops a voltage across it which its top end, and its bottom end is connected to the am-
is applied to the wiring summing junction A through re- o. plifier output; the bottom end of the last of the first four
sistor R8. The time derivative of current l, tlldt, is "- said resistors and the bottom end of the second of the
generated by utilizing the capacitor C3 and it is made two additional said resistors are connected together to
effective also at the wiring summing junction A. form a junction terminal which is also connected to thc



5
top end of a diode whose bottom end is connected to

grbund; a third capacitor not previously .mentioned
whose bottom end is connected to the amplifier output

terminal and whose top end is connected to another
junction terminal formed by the connection of the top

end of the first of the two said additional parallel re-

sistors, and to the bottom end of the adjacent resistor,

which is one of the first said four resistors; the collector
electrode of the said first transistor is connected to the

cathode end of a diode, whose anode end connects to
the ampliher drive; and the emitter electrode of the

said first transistor connected to the amplifier output.
2. An energy limiting protection circuit, as claimed

in claim l, in which a transistor has between its base
electrode and a remote resistor, a pair of series re-
sistances with a capacitor at their junction connected

together to perform an integrating function'
3. An energy limiting protection circuit, as claimed

in claim l, in which a resistor, sensitive to the outPut
voltage swing, is connected to a capacitor in parallel,

and is used to discharge the capacitor, thereby resetting
the integrator.

4. An energy limiting protection circuit as claimed in
claim 1, in which a resistor and a capacitor, connected
in series, are used to sense the time rate, dvldt, of the
voltage output swing.

5. ln combination with an amplifier, an energy limit-
ing protection circuit which develops an output voltage
which is an analog representation of the instantaneous
silicon chip temperature of amplifier transistors to be

3,727,148
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protected and when this analog output voltage reaches
a predetermined threshold the energy limiting protec-
tion circuit diverts incoming driving current around the
transistors needing protection, the energy limiting pro-

5 tect ion circuit ,  comprising:
a. a resistor to receive current, I, and to develop a

voltage at a wir ing summing junction;

b. a capacitor to create a derivative ofthe current, I,
dlldt and make it effective at the wiring summing
junction;

c. another resistor and another capacitor to generat€
a time integral of current I, Idt, and make it effec-
tive at the wiring summing junction;

d. a third resistor to provide a voltage, V, at the wir-
ing summing junction which is directly propor-
tional to the voltage across output transistors of
the amplifier;

e. a fourth resistor and another capacitor to create a
time derivative dvldt of the output voltage at the
wiring summing junction to limit any amplifier out-
put at extreme dvldt rates such as occurs during
high frequency clipping;

f. a limiter transistor to be turned on when an ex-
treme condition is occurring; and

g. a diode to receive current from this transistor and
to conduct it to the base of a drive transistor of the
amplifier to shunt the driving current away thereby
preventing any further energy absorption by the
output transisaj. 
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