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AMPLIFIER  PROTECTION  CIRCUIT        (71)   We. RCA  COPORATION (form-
ite thermal mass, the depth and duration of 50     erly Radio Corporation
of America), a  these excursions need to be carefully con-     corporation
organized under the laws of the  trolled.     State  of  Delaware, United
States  of    The limits of such non-destrictive high  5 America, of 30
Rockefeller Plaza, City and  dissipation excursions have been character-
State of New  York, United  States of  ized in the art as the safe area
limits of 55     America, do hereby declare the invention,  operation of
the transistor. Therefore, an     for which we pray that a patent may be
amplifier must not exceed these limits as     granted to us and the method
by which it specified by the transistor designer under 10 is to be
performed, to be particularly de- the penalty of premature failure.
scribed in and by the following statement: -  It is an object of this
invention to provide 60       This invention relates to electrical signal a
simple and effective circuit for overload     amplifiers and in particular
to high power protection of a transistor amplifier.     transistor
amplifiers.                       To this end, a transistor amplifier stage
15   Amplifiers having negative voltage feed- according to the invention
provides a tran-     back provide low output impedance, low  sistor
amplifier stage with protection against 65     distortion, and wide band
frequency re- output overloads including a protection     sponse
characteristics.  Under certain ad-  transistor to limit signal drive to
the tran-     verse conditions such amplifiers will supply  sistor stage in
combined response to cur- 20 large peak currents to a load or incidental
rent and voltage-drop in the transistor     short circuit with  consequent
increased  stage, a series resistor in series with the 70     power
dissipation which may destroy the  emitter-collector path of a transistor
in the     output transistor or transistors.       transistor stage to
develop a current rep-       It is known in the art to design amplifier
resentational voltage, a voltage divider to 25 control circuits to protect
power amplifiers  develop a voltage  drop representational     against
over-dissipation by attenuating the  voltage, a load impedance forming with
75     drive signal when dissipation becomes ex-  said series resistor a
series chain operational     cessive. In such designs the control circuit
with one end at the d.c. potential of an ele-     has a time delay in
response to overload  trode of a transistor of the transistor stage 30
conditions which may be too slow to pro-  and the other end at a d.c.
reference poten-     tect the output transistor. It is also known  tial,
said voltage divider being provided by  80     to apply bias control so as
to reduce the  a second series chain spanning substantially     average
amplifier current and thereby pre- the same two operational potentials; and
a     vent excess dissipation  in  response to  connection between the
tapping point of 35 overload conditions.  Circuits of this type  said
voltage divider and the input of said     have not proved to be satisfatory
because  protection transistor.                85     the change in bias
may cause operation on    Thus a transistor amplifier embodying the     a
nonlinear transfer characteristic result-  invention can include means for
both de-     ing in consequent distortion.           riving a voltage
indicative of transistor cur- 40   Amplifier design on the basis of only
rent and deriving a voltage proportional to     the dissipation ratings of
the power transis- the load voltage, these derived voltages be- 90     tor
have proved to be inadequate and exces-  ing combined in such relationship
that when     sively costly. Furthermore, class B and A--B  a threshold
value is exceeded, drive signals     operation of the output transistors
permits  are limited so that the transistor collector 45 designs with low
average power dissipation  voltage and current are limited to safe     and
relatively high power output. During  values within safe area ratings.
95 



high power output instantaneous dissipation    In a specific embodiment of
the invention,     exceeds steady state dissipation ratings for  the
overload protetion circuit is applied to     short periods of time  and
because of a fin-    a complementary or quasi-complementary        2
1,236,449                                         2      push-pull
transistor amplifier. In such a cir-  the area limits are such that if the
load de-     cuit a pair of protection transistors are con-  velops
significant voltage and  transistor     nected between the amplifier output
ter-  voltage is less, greater currents are permit-     minal and a point
on the biasing and signal  ted to flow. Therefore, safe area limiting for
5  drive network common to the base elec-  the limits described above is a
function of 70     trodes of the complementary output tran-  current and an
inverse function of load volt     sistors. The voltage across the current
sens-  age.     ing resistor together with the voltage across Referring
again to Figure 1, resistors 14.     the load are combined to effect
protection  16, 17 and load resistor 12 form a resistor 10  transistor
conduction for output transistor  bridge driven by output transistor 1.
Resis- 75     current and voltage values outside safe area  tor 12 and
resistor 17 are connected to     limits thereby limiting signal drive to
the  ground and their remaining leads are con-     output transistors.
nected to resistors 14 and  16 respectively.       Other objects and
features of this inven-  The common connection of resistors 14 and 15  tion
will become apparent when referring  16 is the input to the bridge, and is
connec- 80     to the following specification in connection  ted to the
emitter of transistor 1.  The     with the accompanying drawing in which:
emitter of protection transistor 3 is connec-       Figure 1 is a schematic
circuit diagram of  ted to the junction of resistors 12 and 14     an
amplifier output transistor circuit em-  and its base is connected to the
junction of 20  bodying the invention;                       resistors 16
and 17 so that transistor 3 is 85       Figure 2 is a graph of the
collector cur-  a detector of unbalance in the bridge formed     rent and
voltage values of the safe area  by resistors 12, 14, 16 and 17. If the
current     limiting provided by the circuit of Figure 1;  in resistor 14
is equal to the current in the       Figure 3 is a schematic circuit
diagram  load resistor 12 and the impedance ratio 25  of a transistor
amplifier circuit employing  of resistor 14 to resistor 12 equals the ratio
90     safe area contour control by means of a  of resistor 16 to 17. then
a balance occurs     diode;                                      and no
voltage is developed between the       Figure 4 is a graph of the safe area
limit-  base and emitter electrodes of the transistor     ing provided by
the embodiment in Figure 3;  3. When, however, the mismatch of the im- 30
Figure 5 is a schematic circuit diagram   pedance ratios is sufficient to
exceed the  95     of a complete 70 Watt Audio Amplifier em-  transistor
threshold  of conduction, then     bodying the invention.
signal drive limiting occurs and safe area       Referring now to Figure 1,
an amplifier  operation is provided.     circuit of the complementary
symmetry    Figure 2 shows a graph of the safe area 35  push-pull type is
shown including a protect  limiting of transistor operation provided by 100
tion circuit embodying the invention.   A   the circuit in Figure 1. The
graph displays           I     pair of power output transistors 1 and 2 of
how the circuit permits high currents when     opposite conductivity types
are driven by  the voltage drop across the transistor is low     an input
and biasing circuit, . not shown,  and correspondingly low currents when
the 40  which is coupled to. terminals 10 and 11. transistor voltage drop
is high according to 105     The transistors 1 and 2 are coupled to an  a
safe area limit line 5.  The entire area     output terminal 15, through
current sampl-  under line 5 and indicated with shading     ing resistors
14 and 13. A loudspeaker or  lines is the safe area of transistor operation
other appropriate load may be connected  permitted by the protection
circuit. A typi- 45  between the output terminal 15 and ground.  cal load
line 6 is shown within the limits of 110     Resistor 12 is representative
of such a load,  protection provided by the circuit. In fact,
Additional circuitry including transistors 3  any load may be connected to
the output     and 4 limit the current in the output tran-   of the
amplifier and be driven to the cur-     sistors.  The transistors 3 and 4
serve to  rent limits shown by the limit line 5. 50  protect the output
transistors 1 and 2 by   An important aspect of this embodiment 115
connecting the input signal and bias circuit  is that the detector
transistor 3 will only     to the output load terminal 15 whenever  respond
to bridge unbalance of one polarity.     collector currents and voltages of
transis-  The polarity is determined by the choice of 



tors I and 2 are in excess of safe values. transistor 3 or 4 conductivity
type, to de- 55  Protection of the output transistor results  tect
unbalance of the bridge for load imped- 120     because base signal drive
to transistors 1  ances less than the balancing value. An ad-     and 2 is
shunted by transistors 3 and 4.   ditional important feature of this
circuit is       The limiting of transistor voltage and cur-  that a
threshold is provided in the detector     rent is achieved for a range of
values which  transistor input to prevent limiting of the 60  approximates
the safe area of transistor  input signal drive for an acceptable range 125
operation for all possible output loads. The  of load values. This range of
load values     area limits of operation are such that when  and the
magnitude of the limit currents and     load voltage is small and
transistor collec-  voltages is determined by the resistance of     tor
voltage drop is large, the current is  resistors 14, 16, and 17 with
respect to the 65  limited to a small value. Correspondingly,  transistor
base emitter conduction threshold. 130
TV 3                                          1,236,449
3     It is readily apparent that the conduction  does not completely
decouple the resistor     threshold in the bridge detector circuit may  17
branch of the bridge. An improved cir-     be raised by the inclusion of a
diode in  cuit employs a single resistor 20 to bypass     series with the
transistor emitter.  It is  both diodes 8 and 9 to prevent complete  65  5
this threshold which permits normal ampli-  decoupling of resistors 17 and
18. An op-  ier operation for a range of load imped-  tional safe area
limit slope provided by the  ances within the safe area limits, set by de-
diodes and the bypass resistor 20 is shown     sign. Furthermore, reactive
loads may be  in Figure 4 by the broken line 22.  The     substituted for
load resistor 12 and the  break in slope of the safe area limit line at 70
10  threshold  will permit transistor currents  point 7 allows a reduced
short circuit cur-     and voltages for driving a reactive load  rent
limit, yet by the use of resistor 20 suf-     within the same safe area
limits. The slope  ficient current at high collector voltages is     of the
safe area limit line 5 is determined  permitted  to  dissipate  stored
transistor     by the magnitude of the current sampling  charge at high
power and high frequencies. 75 15  resistor 14 multiplied by the ratio of
bridge    A 70 watt audio power amplifier is shown     resistor 17 to
bridge resistor 16. The short in Figure 5. The amplifier is a quasicomple-
circuit limit current located on the safe area  mentary symmetry type which
provides the     limit line at 7 will be set by the threshold  advantages
of direct coupled wide band re-     voltage V[err]. required between base
and emit-  sponse, and feedback stabilization of the  80 20  ter of
transistor 3 for limiting, modified by  operating point.     the resistor
ratio as shown.                  As shown in Figure 5 a preamplifier stage
comprising transistors 25 and 26 form a                           R[err] +
R[err]             differential amplifier circuit employed to set
I[err] = V[err]                    exact quiescent DC zero at the output
ter- 85                           R[err] R[err]               minal 15.
Feedback is coupled by means
of resistor 27 to the base electrode of tran-       Protection transistor 3
and the bridge  sistor 26 and a ground reference is coupled     network
including resistors 14, 16 and 17  through resistor 28 to the base
electrode 25  and load resistor 12 combine to provide  of transistor 25.
The emitters of transistors 90     current and voltage limiting of only
output 25 and 26 are returned in common to the     transistor 1. A second
protection circuit in-  positive supply by means of resistor 29.
cluding transistor 4 and a bridge network  diode 30 and resistor 31. Diode
30 and an     comprising resistors 13, 18, 19 and load re-  associated
filter capacitor 32 decouple turn- 30  sistor 12 combine to protect output
transis-  off transients from the main supply.  The 95     tor 2. The pair
of protection networks oper-  collector output of preamplifier transistor
ate on alternate polarities of signal drive to  25 is coupled to a class A
operated pre-     protect and limit the operation of the com-  driver stage
transistor 33, the output of     plementary output transistors which
conduct which is coupled to the complementary out- 35 on alternate
polarities to drive the common  put transistors 1 and 2. Coupling from
tran- 100     load. In this way two independent protec-  sistor 33 to
transistors 1 and 2 is accom-     tion circuits provide safe area limiting
for  plished by means of a resistor 34 and a     two power output
transistors and complete  thermal biasing network comprising diodes
protection for a push-pull complementary  35, 36 and 37. Output transistors
1 and 2 40  symmetry output stage.                       are coupled to a
pair of like type conductiv- 105       Modification of the safe area limit
con-  ity transistors 38 and 39 in a quasicomple-     tour is achieved by
the use of non-linear re-  mentary output circuit. The safe area limit- 



sistors or diodes as elements of the bridge  ing circuits are coupled to
the base input     network. Figure 3 shows an output circuit  of the
complementary driver transistors 1 45  where diodes 8 and 9 are added to
the  and 2 to provide the safe area limiting of the 110     bridge networks
to effect a safe area current  output transistors 38 and 39. Current sampl-
limit alteration to a horizontal line 21 as is  ing is made across resistor
14 in series with     shown in Figure 4. Also shown in Figure 4  the
emitter of transistors 1 and 38 for posi-     is the supply voltage V[err]
corresponding to  tive audio cycles and across resistor 13 in 50  one
positive power supply for transistor 1. series with the emitter of
transistor 2 and 115     For a voltage swing of the output terminal  the
collector of transistor 39 for negative     15 to a negative value the
bridge resistor  audio cycles. Capacitor 40 connected across     17 is
decoupled by back bias of diode 8  bridge resistor 16 and capacitor 41
connec-     and the protection transistor 3 will then  ted across bridge
resistor 19 provide phase 55  only respond to output transistor current
compensation to improve safe area limiting 120     through resistor 14.
Therefore, for collector performance at high power and high fre-
voltages greater than the supply value, the  quencies. Diode 42 is
connected in series     circuit operates as only a current limiting  with
the collector of transistor 3 and diode     system. The constant current
slope can be  43 is connected in series with the collector 60  altered by
placing a resistor, not shown, in  of transistor 4 to prevent forward bias
of 125     shunt with the diode 8 so that the diode  the collector base
junctions of transistors 3        4
1236449                                           4      and 4 during
alternate polarities of the audio  safe area limit characteristic of the
protec-      cycle.                                       tion.
5. A transistor stage according to claim        WHAT WE CLAIM  IS:-
4, in which said non-linear device is connec- 45        1. A transistor
amplifier stage with pro-  ted at one end of the second series chain to  5
tection against output overloads including  the point of reference
potential; a similar      a protection transistor to limit signal drive
protection circuit arrangement for a seconds      to the transistor stage
in combined response  transistor stage forms with the first transis-
to current and voltage-drop in the transistor  tor stage a complementary
transistor push- 50      stage, a series resistor in series with the  pull
output stage having a common load 10  emitter-collector path of a
transistor in the  terminal; and the two non-linear devices of
transistor stage to develop a current repre-  the two stages have their
poles remote from     sentational voltage, a voltage divider to de-  the
reference potential point connected to-     velop a voltage drop
representational volt-  gether through a decoupling resistance.    55
age, a load impedance forming with said    6. A  transistor stage according
to any 15  series resistor a series chain operational with  of claims 1--4,
in which a capacitor is     one end at the d.c. potential of an electrode
coupled between said electrode of the tran-     of a transistor of the
transistor stage and  sistor of the transistor stage and the input     the
other end at a d.c. reference potential,  of the protection transistor.
60     said voltage divider being provided by a    7. A transistor stage
according to claim 20  second series chain spanning substantially  6,
wherein said electrode is an emitter.     the same two operational
potentials; and a    8. A transistor stage according to claim
connection between the tapping point of said  3, in which the base of the
transistor of the     voltage divider and the input of said pro-
transistor stage is connected to the collector 65     tection transistor.
of the protection transistor by a diode to 25    2. A transistor stage
according to claim   prevent the collector-base junction of said     1, in
which said protection transistor has its  protection transistor from
becoming forward     emitter and base electrodes arranged to be  biased.
fed respectively with separate ones of said    9. A  transistor amplifier
circuit sub-     current and voltage-drop  representational  stantially as
hereinbefore described with 30  voltages.
reference to Figure 1 or Figure 3 of the       3. A transistor stage
according to claim  accompanying drawings or to either half or     1 or 2,
in which the collector of said pro-  either of these figures     tection
transistor is coupled to the base of   10. A  transistor amplifier circuit
sub-     a transistor of the transistor stage, so that  stantially as
hereinbefore described with ref- 35  the more conductive the protection
transis-  erence to Figure 5 of the accompanying     tor becomes, the more
the shunting and  drawings.     hence attenuating effect it has on said
signal            T. I. M. SMITH, 



drive.                                                Chartered Patent
Agent,       4. A transistor stage according to claim                50
Curzon Street, 40  1, 2 or 3, including a non-linear device in
London, W.1.     one of the series chains to determine the
Agent for the Applicants.              Printed for Her Majesty's Stationery
Office by Burgess & Son (Abingdon), Ltd.-1971.                Published at
The Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.        4
1,236,449                                           4     and 4 during
alternate polarities of the audio  safe area limit characteristic of the
protec-     cycle.                                        tion.
5. A transistor stage according to claim       WHAT WE CLAIM  IS: -
4, in which said non-linear device is connec- 45       1. A transistor
amplifier stage with pro-  ted at one end of the second series chain to  5
tection against output overloads including  the point of reference
potential; a similar     a protection transistor to limit signal drive
protection circuit arrangement for a second-     to the transistor stage in
combined response  transistor stage forms with the first transis-     to
current and voltage-drop in the transistor  tor stage a complementary
transistor push- 50     stage, a series resistor in series with the  pull
output stage having a common load 10  emitter-collector path of a
transistor in the  terminal; and the two non-linear devices of
transistor stage to develop a current repre-  the two stages have their
poles remote from     sentational voltage, a voltage divider to de-  the
reference potential point connected to-     velop a voltage drop
representational volt-  gether through a decoupling resistance.       55
age, a load impedance forming with said    6. A  transistor stage according
to any 15  series resistor a series chain operational with  of claims 1-4,
in which a capacitor is     one end at the d.c. potential of an electrode
coupled between said electrode of the tran-     of a transistor of the
transistor stage and  sistor of the transistor stage and the input     the
other end at a d.c. reference potential,  of the protection transistor.
60     said voltage divider being provided by a    7. A transistor stage
according to claim 20  second series chain spanning substantially  6,
wherein said electrode is an emitter.     the same two operational
potentials; and a     8. A transistor stage according to claim
connection between the tapping point of said  3, in which the base of the
transistor of the     voltage divider and the input of said pro-
transistor stage is connected to the collector 65     tection transistor.
of the protection transistor by a diode to 25    2. A transistor stage
according to claim   prevent the collector-base junction of said     1, in
which said protection transistor has its  protection transistor from
becoming forward     emitter and base electrodes arranged to be  biased.
fed respectively with separate ones of said    9. A  transistor amplifier
circuit sub- 70     current and  voltage-drop  representational  stantially
as hereinbefore  described  with 30  voltages.
reference to Figure 1 or Figure 3 of the       3. A transistor stage
according to claim   accompanying drawings or to either half or     1 or 2,
in which the collector of said pro-  either of these figures.     tection
transistor is coupled to the base of    10. A  transistor amplifier circuit
sub- 75     a transistor of the transistor stage, so that  stantially as
hereinbefore described with ref- 35  the more conductive the protection
transis-  erence to Figure 5 of the accompanying     tor becomes, the more
the shunting and  drawings.     hence attenuating effect it has on said
signal             T. L M. SMITH,     drive.
Chartered Patent Agent,       4. A transistor stage according to claim
50 Curzon Street, 40  1, 2 or 3, including a non-linear device in
London, W.1,     one of the series chains to determine the
Agent for the Applicants.              Printed for Her Majesty's Stationery
Office by Burgess & Son (Abingdon), Ltd.-1971.                Published at
The Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained..    


