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[57] ABSTRACT 
A thermal shutdown circuit for use with a high power 
transistor which incorporates a sense emitter. A differ 
ential ampli?er is driven from the transistor base and the 
sense emitter and has an output that is coupled to the 
power transistor base. When the sense emitter potential 
exceeds the base potential, the amplifier output will pull 
the base down so as to limit the current in the power 
transistor. For a silicon transistor, the circuit will act to 
limit the hottest portion of the sense emitter to a maxi 
mum of about 250° C. When there are no hot spots and 
the sense emitter is heated uniformly, heating of the 
transistor will be limited to about 200° C. 

6 Claims, 2 Drawing Figures 
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POWER TRANSISTOR THERMAL SHUTDOWN 
CIRCUIT 

BACKGROUND OF THE INVENTION 

My copending patent application Ser. No. 698,043 
which was ?led Feb. 4, 1985, is titled POWER'TRAN 
SISTOR EMITTER BALLASTING and is assigned 
to the assignee of the present invention. This application 
teaches the use of a plurality of individual small emitters 
connected effectively in parallel through individual 
ballasting resistors to create a power transistor and is 
incorporated herein by reference. This application also 
teaches a distributed sense emitter associated with the 
power device emitters for responding to hot spots in the 
power transistor. 

U.S. Pat. No. 4,146,903 issued to Robert C. Dobkin 
on Mar. 27, 1979, and is assigned to the assignee of the 
present invention. Its teaching is also incorporated 
herein by reference. This patent teaches the incorpora 
tion of a sense emitter in a power transistor in close 
proximity with the power emitter. Thermal gradients 
are sensed by comparing the potential developed be 
tween the sense emitter and a remotely located emitter. 
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Means are included for turning the power transistor off 25 
when the gradient exceeds some predetermined thresh 
old value. This is done by connecting a differential 
ampli?er having a ?xed offset potential between the 
sense emitter and the remote emitter. The differential 
ampli?er output is coupled to the base of the power 

- transistor. Thus, when the potential difference exceeds 
the offset, the power transistor base will be pulled low 
so as to shut it off. This arrangement has been used 
successfully in the LMl38 series voltage regulators and 
has several advantages over prior art approaches. How 
ever, it requires a remote emitter that is not heated by 
the power emitter, or at least is heated to a lesser de 
gree, to produce a gradient response. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a circuit 
that responds to the potential on a sense emitter in a 
power transistor structure and reduces conduction in 
the power transistor when the sense emitter-base poten 
tial indicates excessive temperature. 

It is a further object of the invention to employ a 
differential ampli?er having inputs coupled between the 
base and sense emitter of a power transist and an output 
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coupled to the base circuitry so that the power transis- ‘ 
tor conduction is reduced when the sense emitter-base 
potential indicates excessive temperature. 
The emitter-base voltage of a junction transistor is an 

accurate indicator of junction temperature. These tran 
sistors are commonly used in power IC’s as sensors to 
provide thermal overload protection. However, a single 
sensor is usally located near a relatively large power 
transistor and it does not respond directly to peak tem 
peratures within the power transistor. The approach 
described here uses a distributed sensor serpentined 
throughout the power array, that does respond to peak 
temperature. 

It is practical to bias a distributed sense emitter at a 
current that results in zero emitter-base potential when 
it is uniformly heated to 200° C. Higher temperatures 
cause a reversal in emitter-base potential, but heating 
above 200° C. can be prevented by employing control 
circuitry to reduce dissipation in the power transistor 
when the sense potential reverses as it will at higher 
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2 
temperatures. If only'half of the sense emitter is at the 7 
peak temperature it will have to rise an additional 20° C. 
to 220° C. for zero sense potential. With one-tenth the 
sensor at peak temperature, the sense potential is zero 
near 250° C. Thus, peak temperature is held to a reason 
able value even when severe hot spots develop within 
the power array. This contrasts to conventional meth 
ods where destructive temperatures can develop with 
worst case conditions. 
An advantage of the distributed sensor is that it can 

respond to an over temperature condition with a delay 
measured in tens of microseconds rather than the sev 
eral milliseconds required for a sensor located outside 
the array. As a result, it is not necessary to limit the 
power dissipation electrically as was formerly required. 
Electrical power limiting must be based upon expected 
worst case conditions with component tolerances fac 
tored in. Eliminating this power limiting not only in 
creases peak power ratings but also increases the contin 
uous power rating that can be guaranteed. At the same 
time, better control of peak junction temperature is 
provided. In sum, the limit is established by the actual 
device temperature and not a hypothetical safe operat 
ing area limit based upon assumed operating conditions. 

In the circuit of the invention a differential transistor 
pair has its bases coupled to the base and sense emitter 
of a power transistor to be protected. A relatively small 
current is pulled out of the sense emitter to establish a 
sense emitter potential that is a function of its hottest 
portion as described above. The differential pair oper 
ates into a current mirror load to provide a single ended 
drive that feeds a high gain ampli?er stage which incor 
porates a frequency compensation capacitor in the con 
ventional op amp manner. The high gain ampli?er in 
turn drives a control stage that is coupled between the 
power transistor emitter return and the base drive input. 
As long as the differential pair is biased by means of a 
sense emitter running below a critical temperature, the 
high gain ampli?er will be below its conduction thresh 
old and its output will be high so as to turn the control 
stage off. Under this condition the power transistor will 
operate normally. When- the sense" emitter temperature 
exceeds the critical temperature, the differential pair 
will drive the high gain ampli?er stage into conduction 
which will turn the control stage on. This will reduce 
the power transistor bias so that no further increase in 
temperature will be possible. Since the entire ampli?er 
and control circuit is linear in its operation, and has 
considerable gain, the critical temperature threshold 
will operate effectively to prevent power transistor 
overheating at its hottest spot. The limit is therefore 
established by the actual device temperature and not a 
hypothetical safe operating area limit. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a simpli?ed schematic diagram of the circuit 
of the invention. 
FIG. 2 is a schematic diagram of the circuit of the 

invention. 

DESCRIPTION OF THE INVENTION 

’ A simpli?ed schematic representation of the power 
transistor, its sense emitter and the thermal-control 
circuitry is shown in FIG. 1. The sense emitter 10 shares 
a common base 11 with the power transistor 12. A cur 
rent source 13 biases the sense- emitter at a current I; 
that results in zero emitter-base potential at the desired 
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limiting temperature. An op amp 14 serves as the con 
troller. When the potential on the sense emitter 10 is less 
than the base 11, the op amp output is high and is pre 
vented from coupling into the base circuitry by a diode 
15. Should the sense emitter potential rise to that of the 
base, the output of the top op amp will fall, absorbing 
the base drive through the diode. Making the sense 
potential zero at the limiting temperature is a matter of 
convenience. A non-zero value would require develop 
ing a reference voltage in the op amp input circuitry. 
Were protecting the power transistor the only consider 
ation, the design of the control ampli?er would be rela 
tively straightforward. However, in many applications 
it is desirable that the power transistor go into thermal 
limit smoothly without oscillations that can cause elec 
trical interference or other undesirable effects. This 
goal has yet to be achieved with the sensor outside the 
array, because the thermal delay to the sensor is beyond 
the electrical time constants that are practical in IC’s for 
loop compensation. With the integral sensor, stabiliza 
tion of the loop is possible because of much reduced 
delays. However, developing the required time con 
stants with small capacitors has required internal bias 
currents of around one microampere. Microampere 
level circuitry that must operate properly at tempera 
tures around 175'’ C. requires new design approaches. A 
feature of the invention is to use inverted NPN transis 
tors to control low current nodes as will be described 
.below. When the emitter of a transistor is used as a 
collector, low current gain results, but circuit tech 
niques can be used to compensate for this. What is im 
portant is that the inverted transistor does not have the 
parasitic leakage current of the normal node. This para 
sitic leakage itself can be in the microampere range at 
175° C. 
While the circuit of FIG. 1 forward biases the sense 

emitter and senses its potential with respect to the tran 
istor base, it is to be understood that the sense emitter 
could be reverse biased and its leakage sensed. This is 
feasible because the reverse leakage of a PN junction is 
related to its temperature. This mode of operation, 
while possible, is not as well behaved as the preferred 
version described here. 
The output transistor and its shutdown circuit can be 

regarded as a composite transistor structure as shown in 
the schematic of FIG. 2. The power output transistor 12 
has its collector available at terminal 16. Its main emit 
ter 17 is actually composed of a plurality of individual 
emitters, each one including a series ballast resistor. 
Resistor 18 represents the effective value of the parallel 
connected emitter resistors in the struture described in 
copending application Ser. No. 698,043 referenced 
above. Thus, terminal 19 represents the output transis 
tor emitter. Terminal 20 represents the composite tran 
sistor base. 

Transistor 21 is connected as a Darlington driver, the 
base of which constitutes the composite transistor base 
at terminal 20. Resistor 22 returns the emitter of driver 
transistor 21 to terminal 19. 

Transistors 23 and 24 form a differential pair which 
has its tail current I2 set by source 25. The base of tran 
sistor 23 is coupled to the base 11 of output transistor 12 
and the base of transistor 24 is coupled to the sense 
emitter 10. Therefore, the differential pair willrespond 
to the differential voltage between the base 11 and the 
sense emitter 10 of transistor 12. 

Transistors 26 and 27 are coupled together in a cur 
rent mirror configuration. It will be noted that these 
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4 
two transistors are operated in their inverted state as 
will be discussed in more detail below. This means that 
the electrodes shown as collectors will act as emitters 
and the emitter electrodes will act as collectors. Tran 
sistor 28 returns the collector (inverted emitter) of tran 
sistor 27 to 'its base to force it to operate as a diode. 
Transistor 28 isolates the current mirror base current 
from the collector of transistor 27. Sources 29 and 30, 
which supply relatively small matched currents I3 and 
14 to the current mirror, act to provide the operating 
bias current. 13 and 14 are matched and substantially 
smaller than 1;. 

Resistors 31 and 32 act as coupling elements which 
are common to the current mirror and differentially 
connected transistors 23 and 24. 

In normal operation, when sense emitter 10 is low, 
virtually all of current 12 in source 25 will ?ow in tran 
sistor 24. This will pull the potential of the emitter (in 
verted collector) of transistor 27 up. This action causes 
the conduction of transistor 26 to be substantially 
greater than transistor 27. The collector (inverted emit 
ter) of transistor 26 will therefore be low. Conduction in 
transistor 26 will pull the base of transistor 33 low so as 
to turn it and transistor 34 off. As a result 15 from source 
35 will pull the base of transistor 36 up so as to turn it 
off.‘ Current I5 from source 35 will flow in diode con 
nected transistor 37 and resistor 38. These latter two 
components, along with I5, are selected to develop the 
desired potential at the base of transistor 36. Inverted 
transistor 39 provides a current sink return for the emit 
ter current in transistor 33. This current sink ensures 
that transistor 34 is ?rmly shut off when transistor 33 is 
off. For the above described conditions power transis 
tor 12 will operate normally as long as the potential 
across the ballast resistors 18 is less than the potential 
across resistor 38. The peak output current is limited at 
a value that will not fuse the chip metallization or bond 
wires by limiting the drop across resistor 18. 

In the event that power transistor 10 develops a hot 
spot, or its operating temperature generally rises, the 
potential at sense emitter 10 will rise toward the base 
potential. When the differential is zero transistors 20 
and 21 will conduct equally. Thus, the potential at the 
emitter (inverted collector) of transistor 26 will rise and 
the potential at the emitter (inverted collector) of tran 
sistor 27 will fall. If transistors 26 and 27 are matched, 
sources 29 and 30 are matched and resistors 31 and 32 
are matched, the potential at the collector (inverted 
emitter) of transistor 26 will be insufficient to turn tran 
sistors 33 and 34 on. However, a further increase in 
temperature will cause the potential of sense emitter 10 
to exceed the base 11 potential of transistor 12. In this 
region, near the shutdown condition, the differential 
amplifier will be in its highest gain state. With this tem 
perature increase the current in transistor 26 will be 
reduced and transistor 27 current will be increased. 
When the conduction of transistor 26 is suf?ciently 
reduced, source 29 will pull the base of transistor 33 up 
and supply current thereto. This will turn transistor 33, 
and hence transistor 34, on so that current from source 
5 will ?ow in transistor 34. When the conduction in 
transistor 34 approaches the current in source 35, the 
base of transistor 36 will be pulled low thereby turning 
it on. When this occurs, the base of driver transistor 21 
will be pulled down so as to control the current in tran 
sistor 12. 

Capacitor 41 is connected between the input and 
output of the Darlington pair, transistors 33 and 34, to 
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provide frequency compensation of the shutdown am 
pli?er. This is desirable for stability of the circuit. 
The capacitor value required for 41 depends on the 

transconductance of transistors 26 and 27, with lower' 
operating currents giving lower transconductance and 
requiring smaller capacitance. The operating current of 
transistors 26 and 27 cannot be reduced so low that 
parasitic leakages on the active collectors (inverted 
emitters) affect bias currents at temperatures near 175° 
C. The inverted connection puts the tub leakage current 
on the collectors of transistors 23 and.24 which are 
operating at high current so that microampere-level 
leakages have negligible effects. This done, parasitic 
leakages on the active collectors of transistors 26 and 27 
can be reduced to sub-microampere levels with careful 
design. 

EXAMPLE 

The circuit of FIG. 2 was constructed in IC form 
using conventional PN junction isolated monolithic 
silicon components. The NPN transistors were of verti 
cal double diffused construction and the PNP transis 
tors were of convention lateral construction. The fol 
lowing component values were used. 

COMPONENT VALUE UNITS 

Resistor 18 0.15 ohms 
Resistor 22 200 ohms 
Current Sink 13 100 microamperes 
Current Source 25 200 microamperes 
Current Sources 29, 30 l microampere 
Resistors 31, 32 800 ohms 
Current Source 35 750 microamperes 
Resistor 38 2.3k ohms 
Capacitor 41 20 picofarads 

The circuit acted to limit the output transistor current 
when the sense emitter (at any point along its length) 
exceeded about 225° C. Since there is a time lag be 
tween the generation of heat and its arrival at the 
nearby sense emitter, the device response to narrow 
pulses is considerably enhanced by placing the sense 
emitter close to the power emitter. Whereas, the power 
transistor was rated at 90 watts at 300° K. it could dissi 
pate 120 watts for a 10 ms pulse, 240 watts for a 1 ms 
pulse and 600 watts for an 0.2 ms pulse. 
The invention has been described and a working 

example detailed. When a person skilled in the art reads 
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6 
the foregoing description, alternatives and equivalents, 
within the spirit and intent of the invention, will be 
apparent. Accordingly, it is intended that the scope of 
the invention be limited only by the following claims. 

I claim: 
1. In a power transistor having base, emitter and 

collector electrodes along with a separate distributed 
sense emitter thermally associated closely with a plural 
ity of individual emitter elements, a thermal shutdown 
circuit comprising: 

means for current biasing said distributed sense emit 
ter whereby said distributed sense emitter will op 
erate at a potential determined by its hottest por 
tion; 

means for sensing the differential potential between 
said distributed sense emitter and said power tran 
sistor base; and ' 

means for reducing the current in said power transis 
tor when the potential at said distributed sense 
emitter indicates excessive temperature. 

2. The circuit of claim 1 wherein said means for sens 
ing comprise a differential input stage having one input 
coupled to said distributed sense emitter, the other input 
coupled to said power transistor base, and an output 
coupled to said means for reducing the current in said 
power transistor. 

3. The circuit of claim 2 wherein said differential 
input stage output is coupled to a current mirror load 
which has a differential input, a single-ended output and 
operates at low current. - 

4. The circuit of claim 3 wherein said current mirror 
load is composed of NPN transistors operating in their 
inverted condition whereby their leakage current at 
temperatures in the vicinity of the transistor shutdown 
temperature is small compared to their operating cur 
rent. 

5. The circuit of claim 4 wherein said output of said 
current mirror load is coupled to the input of a high 
gain inverting ampli?er stage which in turn drives said 
means for reducing the current in said power transistor. 

6. The circuit of claim 5 wherein said current mirror 
load is operated from current supplies that provide said 
low current which is maintained at a level that is small 
with respect to the tail current in said differential input 
stage, 
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