US007746616B2

a2 United States Patent (10) Patent No.: US 7,746,616 B2
Arndt (45) Date of Patent: Jun. 29, 2010
(54) PROTECTION CIRCUIT AND METHOD OF (56) References Cited

PROTECTING A LOAD CIRCUIT US. PATENT DOCUMENTS

(75) Inventor: Christian Arndt, Munich (DE) 6,441,679 BL* 82002 Ohshima .....ccccoeveeecen. 327/538

(73) Assignee: Infineon Technologies AG, Munich
FOREIGN PATENT DOCUMENTS

(DE)
DE 195 27 997 *7/1995
(*) Notice: Subject to any disclaimer, the term of this DE 19744765 Al 10/1997
patent is extended or adjusted under 35 Jp 2002135098 *5/2002
U.S.C. 154(b) by 722 days.
(21) Appl. No.: 11/536,464 * cited by examiner

Primary Examiner—Stephen W Jackson
Assistant Examiner—Zeev Kitov

74) Att Agent, Firm—Eschweiler & Associat
(65) Prior Publication Data £ Lé orney, Agent, or Firm—Eschweiler ssociates,

US 2007/0076342 Al Apr. 5,2007

(22) Filed: Sep. 28, 2006

(57) ABSTRACT
(30) Foreign Application Priority Data
Sep. 30,2005  (DE)  woovveveeeeeerern 10 2005 046 979 A protection circuit includes an interruption device formed to
interrupt a current path between a protection circuit input and
(51) Int.CL a protection circuit output upon exceeding a predetermined
HO2H 3/08 (2006.01) temperature at a temperature measurement.location, and a
HO2H 5/04 (2006.01) control device formed to generate a control signal depending
’ ona current in the current path, wherein the protection circuit
HO2H 9/02 (2006.01) is formed to increase the temperature at the temperature mea-
(52) US.CL .. 361/103, 361/93.1 5 361/937, surement location or decrease the predetennined tempera_
361/93.8 ture, when the control signal indicates that the current in the
(58) Field of Classification Search ................ 361/103,  current path is higher than a threshold value current.
361/93.1,83.2,93.7,93.8
See application file for complete search history. 22 Claims, 6 Drawing Sheets
?
51
55 57 r
53 \,

1

N
= 7}VoN_pwos 9:3 i

Page 1 of 15 REED EX1015
IPR2024-00871



U.S. Patent Jun. 29,2010 Sheet 1 of 6 US 7,746,616 B2

FIG 1 o

55 57

—
] Z;lVON_DMOS H:] N

| 65

I l o l sense N

v\59 >

63
O | VREF =
64
X sense
C 61 i Rsense
Page 2 of 15 REED EX1015

IPR2024-00871



U.S. Patent Jun. 29, 2010 Sheet 2 of 6

FIG 2A
I

/.

Vsense-thres

FIG 2B
RMoS 4

Vsense

L

YA AIAIAY,

I -thres

FIG 2C
VON_DMOS

I -thres

FIG 2D
VON_DMOS

I_-thres

Page 3 of 15

-

I

US 7,746,616 B2

REED EX1015
IPR2024-00871



U.S. Patent US 7,746,616 B2
FIG 3A
lLt/
. i
Vsense-thres  ¥sense
FIG 3B
RMOS 4
V/
l L-thres I
FIG 3G
VON_DMOS
|Lthres I

Page 4 of 15

D EX1015

IPR2024-00871



U.S. Patent Jun. 29,2010 Sheet 4 of 6 US 7,746,616 B2

FIG 4
1000

100 == "?‘c‘---- sdzezocd sz=clzsshss

5101

0.1 = g =103

0.01 - B2 |
10 ts] 107 100

FIG 5

1000 =g

nr

100 ::_ :‘T\ SESSE = =I3 =SSETSNSTIESS

4101

-E‘Eé?"] 03

Page 5 of 15 REED EX1015
IPR2024-00871



U.S. Patent

FIG 7

Jun. 29, 2010 Sheet 5 of 6 US 7,746,616 B2
FIG 6
MEASURING A
TEMPETATURE -G
MEASURING A
CURR(ENT \-G3
INCREASING THE
TElVIPEjATURE ™S5
INTERRUPTING THE
CURRENT ~-S7
151
}35 ,,/
%
153 SRR
'Cé*\157
165 169" | 147
toin— |
o

---------------------------------

Page 6 of 15

REED EX1015
IPR2024-00871



U.S. Patent Jun. 29,2010 Sheet 6 of 6 US 7,746,616 B2

FIG 8

1000
100temsb iRt
Al 10 et

1 \\\ N 1
""""""""""""" et = \,,../
o

0.1 \ (/i B
10 ts] 13 100
Page 7 of 15 REED EX1015

IPR2024-00871



US 7,746,616 B2

1

PROTECTION CIRCUIT AND METHOD OF
PROTECTING A LOAD CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from German Patent
Application No. DE 10 2005 046 979.5, which was filed on
Sep. 30, 2005, and is incorporated herein by reference in its

entirety. 10 perature of 85° C. in dependence on a current through the
semiconductor switch, whereas curve 15 shows a course of a
TECHNICAL FIELD response time of a protection in dependence on a current
) ) ) o through the protection. Here, the protection is a mini-fuse
The present invention relates to a protection circuit and a designed for 10 amperes. It can be seen from FIG. 8 that the
method of protecting a load circuit. 15 response time of the conventional semiconductor switch is
higher than the response time of the cable in a critical region
BACKGROUND 17. This leads to the fact that the cable becomes destroyed
Protected et conduct (el before the conventional semiconductor switch inhibits the
rotected or protectng  semiconductor Switches are current through the cable downstream thereto. Thus, the cable
1ncr£:a51tngly empl.oye(.it ;0 plgiotectp(éo];vnst.retar(ril gomﬂoélem;’ 20 is not reliably protected by the semiconductor switch over the
suclias traces on circutt boards or (printe clreult boar ) entire range of the current values illustrated in FIG. 8.
traces or cables, and thus to take over a protection function.
Complete employment or employment of all protection ele- SUMMARY
ments in a protection circuit for downstream components by
semiconductor switches is, however, problematic particularly 5 According bodiment teci reuit
in an overload case due to the increased response times, as ceording 1o an embodiment, a protection cireuit may
will still be explained later have: an interrupter formed to interrupt a current path
So as 1o a delljpt the respdnse time of a conventional semi- between a protection circuit input and a protection circuit
- - . output upon exceeding a predetermined temperature at a tem-
conductor switch, so-called smart semiconductor switches, ‘ * location: and troller f q1
which enable adjusting a load current threshold leading to 3, perature measurement ocation; anc a cONtrolier formec 1o
immediate switch-off via a current sense function. are generate a control signal depending on a current in the current
emploved for protection. for example. These convent,ional path, wherein the protection circuit is formed to increase the
senlljicoyn duc torpswi tches ,for examplIZ: e.lre made by the com- temperature at the temperature measurement location or
. ; S : decrease the predetermined temperature, when the control
pany International Rectifier offering a smart semiconductor . . . . A
. . - - . - signal indicates that the current in the current path is higher
switch or smart high-side switch IR 3310 in its portfolio. s
h . . . than a threshold value current.
Moreover, conventional semiconductor switches supporting
software-side programming of a load current threshold and a
fading time, such as the products MC33982 or MC33984, are BRIEF DESCRIPTION OF THE DRAWINGS
offered by the company Freescale within the scope of its ) )
Extreme Switch family. 0 These and other objects and features of the present inven-
In the conventional semiconductor switches, in which an ~ tion willbecome clear from the following description taken in
overload current threshold is adjusted during operation, or an conjunction with the accompanying drawu.lgs, in which: )
overload current threshold fixed prior to startup, it is disad- FIG. 1 shows a protection circuit according to an embodi-
vantageous that the semiconductor switches lose their con- ment of the present invention;
ductivity when the load current exceeds the load current 45  FIG. 2a shows a course of a load current in the protection
threshold. circuit according to an embodiment of the present invention;
Moreover, semiconductor switches in which overtempera- FIG. 2b shows an optional course of a resistance of a
ture protection is implemented are offered, these semicon- DMOS transistor in the embodiment shown in FIG. 1;
ductor switches interrupting a current through a downstream FIGS. 2¢-d show optional courses of the voltage at the
component, such as a cable, when its temperature exceeds a so DMOS transistor in the protection circuit according to an
certain temperature threshol.d. Due to the great the@al capac- embodiment of the present invention shown in FIG. 1;
ity ofa packagf: gfa protecting semiconductor switchand the FIG. 3a shows a course of a load current in the protection
g:;g; g?lt)ﬁglstglsﬁ Z 211(1113011% ri;rvovriltlc ltlhoen ?11;2 ag%%mzﬁzsopigz circuit according to an embodiment of the present invention;
of the protecting semiconductor switch is substantially more 55 FIG. 35 shows an optional course of a resistance of a
. . . . DMOS transistor;
inert than that of a comparable protection, particularly in an .
overload case. By an overload case, a state in which a voltage FIG. 3¢ shows an optional course of the voltage at the
greater than a nominal voltage for which the components of ~ PMOS transistor in the protection circuit according to an
the circuit are designed is applied to a circuit, or a current embodiment of the present invention;
greater than a nominal current for which the components of g9  FIG. 4 is a comparison of courses of the response times of
the circuit are designed flows into the circuit is understood. a protection circuit according to an embodiment of the
Particularly in an overload case, when the load current is present .invention with a semiconductor svyitch with adjust-
only slightly greater than the nominal current, a more inert able resistance, of a cable, and of a protection element;
response of the protecting semiconductor switch than that of FIG. 5 is a comparison of response times of a protection
the cable to be protected may occur. 65 circuit according to an embodiment of the present invention
In FIG. 8, response times for two protection elements and with the semiconductor switch with adjustable voltage at the
one cable are shown. The current flowing through a protecting semiconductor switch, of a cable, and ofa protection element;
Page 8 of 15 REED EX1015
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element or a cable is plotted on the x-axis in amperes, whereas
the response time is plotted on the y-axis in seconds. After the
response time, the protection elements inhibit current flow
through the protection element, or the cable will become
destroyed.

Curve 11 shows a course of a response time of a cable in
dependence on a current through the cable at a temperature of
85° C. Curve 13 explains a course of a response time of a
semiconductor switch, here of the BTS6143 type, at a tem-
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FIG. 6 shows a flow of amethod of protecting a load circuit;

FIG. 7 shows a protection circuit according to a further
embodiment of the present invention; and

FIG. 8 is a comparison of response times of a conventional
semiconductor switch, ofa cable, and of a protection element.

DETAILED DESCRIPTION

According to another embodiment, a method of protecting

a load circuit may comprise: measuring a temperature of the 10 temperature-protected semiconductor.
load circuit at a temperature measurement location; measur- Thus, protection circuits according to an embodiment with
ing a current through the load circuit; increasing the tempera- a smart semiconductor switch can be provided, which enable
ture at the temperature measurement location or decreasing a programming of overload thresholds. When exceeding the
predetermined temperature value, when the current through programmed overload current threshold, then a substantially
the load circuit exceeds a threshold current value; and inter- !> quicker response of the protecting semiconductor switch
rupting a current through the load circuit when the tempera- occurs. Thus, gaps in the protection function occurring in
ture at the temperature measurement location exceeds the conventional semiconductor switches in an overload case
predetermined temperature value. may be closed, and components to be protected may be pro-
According to a further embodiment a protection circuit tected more reliably from destruction.
may have an interruption means formed to interrupt a current 2° By the employment of a protection circuit according to an
path between a protection circuit input and a protection cir- embodiment, the switchability e.g. of loads with a switch-on
cuit output upon exceeding a predetermined temperature at a current higher than the nominal current or the overload cur-
temperature measurement location, and a control means rent threshold thus is possible. The current sensing of the
formed to generate a control signal in dependence on a current nominal load current may continue taking place via a sense
in the current path, wherein the protection circuit is formedto 2> pininanembodiment, without the sensing or the resolution in
increase the temperature at the temperature measurement  the measurement of the current being reduced.
location or decrease the predetermined temperature, when the The protection circuit according to an embodiment may
control signal indicates that the current in the current path is employ the current sense principle. In the current sense prin-
higher than a threshold value current. 30 ciple, a current in a sense path proportional to a current in a
According to yet another embodiment, a method of pro- current path through the load is determined. The current-
tecting a load circuit, may comprise measuring a temperature measuring device determining the current in the sense path
of the load circuit at a temperature measurement location, does not have to be formed for the maximally occurring
measuring a current through the load circuit, increasing the current through the load, but only for the maximally occur-
temperature at the temperature measurement location or 35 ring current in the sense path. The current in the sense path
decreasing a predetermined temperature, when the current may be significantly lower than the current through the load.
through the load circuit exceeds a threshold current value, and The overload current threshold may then be adjusted via
interrupting a current through the load circuit when the tem- the value of the sense resistor in the sense path. The sense
perature at the temperature measurement location exceeds the resistance, and hence the overload current threshold, may be
predetermined temperature. 40 fixed via an external programming or adjusting an internal
The present invention is based on the finding that in a fixed value, e.g. during the production. In a protection circuit
protection circuit, when the current in a current path through according to an embodiment, the resistance of the protecting
the protection circuit exceeds a predetermined threshold semiconductor switch could be increased in arbitrary manner
value current, a temperature at a temperature measurement when the load current exceeds the fixed load current threshold
location can be increased, or a predetermined temperature ,; Of overload current threshold. The voltage drop at the semi-
value above which the interruption means interrupts the cur- conductor switch in a protection circuit according to an
rent path through the protection circuit can be decreased. embodiment could also be increased when the load current
Thus, a response time of a protection circuit can be reduced, exceeds the overload current threshold.
when the current in the current path exceeds a predetermined Here, the losses or the power at the semiconductor switch
threshold value current. 50 €ach increase. In both cases, this leads to a heating of the
Due to the shorter response times above a threshold value semiconductor switch in the protection circuit according to an
current, protection circuits enabling more reliable protection embodiment. Thus, a quicker response of the overtempera-
of downstream components than the conventional semicon- ture protection or protection circuit according to an embodi-
ductor switches can be produced. Hereby, the operating costs ment is generated, which is synonymous with a rapid
and maintenance costs for devices in which the protection 55 response of the protection characteristic curve in the overload
circuits according to an embodiment are employed can be case. At further heating as result of a current increase through
reduced. After all, probability of a failure of a downstream the semiconductor switch, the protection circuit according to
component protected by the protection circuit is reduced due an embodiment responds more quickly than the conventional
to the shorter response time of the protection circuit accord- semiconductor switch.
ing to an embodiment. 60 As an alternative thereto, the temperature threshold of the
Moreover, a protection circuit according to an embodiment temperature-protected semiconductor switch, above which
is still conductive above a current threshold value, so that the semiconductor switch interrupts the current path in the
operation of downstream components is still possible, if protection circuit according to an embodiment, may also be
maybe with reduced functionality, also when the current in reduced in a defined dividing ratio to the ambient tempera-
the current path exceeds a threshold value current. This 65 ture, when the load current in the protection circuit exceeds
enables more flexible employment of the protection circuit the load current threshold. To this end, a measurement of the
according to an embodiment. ambient temperature is required. Thus, the protection circuit
Page 9 of 15 REED EX1015
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The present invention enables to provide semiconductor
switches having a fixed or adjustable overload current thresh-
old, which still show conducting behavior, but changed in the
electrical parameters with reference to the transmission
behavior. A protection circuit according to an embodiment
provides for an optionally adjustable response of the protect-
ing semiconductor switch in an overload case, but quicker
with rising current through the current path, by an optionally
programmable, changed, but still conducting behavior of a
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according to an embodiment has higher flexibility than the
conventional semiconductor switch.

In FIG. 1, a protection circuit 51 according to an embodi-
ment is shown. The protection circuit 51 comprises an adjust-
ing circuit 53 for a gate potential, a DMOS switching transis-
tor 55, a sense transistor 57, a comparison circuit 59, a load
61, a constant current source 63, a sense resistor 64, a com-
parison means 65, and a reference voltage source 67.

The adjusting circuit 53 receives a signal from a tempera-
ture-sensing element not shown here and a signal from the
comparison means 65. An output of the adjusting circuit 53
for the gate potential is connected to a gate terminal of the
DMOS switching transistor 55 and a gate terminal of the
sense transistor 57. In the transistors 55, 57, a bulk terminal
and a drain terminal each are shorted. A reverse-biased diode
each is connected between a drain terminal and a source
terminal in the transistors 55, 57.

The drain terminal of the DMOS switching transistor 55 is
attached to a ground terminal via the load 61 and at the same
time connected to a first input of the comparison circuit 59.
The drain terminal of the sense transistor 57 is connected to a
second input of the comparison circuit 59 and a first terminal
of the constant current source 63 in electrically conducting
manner. A second terminal of the constant current source 63
is coupled to a ground terminal via the sense resistor 64. An
output of the comparison circuit 59 generates a signal
depending on which a current is adjusted by the constant
current source 63. The second terminal of the constant current
source 63 is connected to a first input of the comparison
means 65. A second input of the comparison means 65 is
connected to a plus pole of the reference voltage source 67,
whereas a minus pole of the reference voltage source 67 is
attached at a ground terminal. The source terminals of the
DMOS switching transistor 55 and of the sense transistor 57
are attached to a supply voltage terminal.

The adjusting circuit 53 senses a temperature at the DMOS
switching transistor 55 via the temperature-sensing element
not shown here. When the temperature at the DMOS switch-
ing transistor 55 exceeds a predetermined threshold value, the
adjusting circuit 53 reduces the potential at the gate terminal
of the DMOS switching transistor 55 and of the sense tran-
sistor 57. Thus, the two enhancement transistors or field-
effect transistors 55, 57 block, and the switching transistor 55
interrupts the connection between the supply voltage terminal
and the load 61 or a current path between an input terminal
and an output terminal of the protection circuit 51 according
to an embodiment. As already explained, the diodes at the
transistor 55, 57 are reverse-biased and serve to avoid, upon
occurrence of voltage peaks each between the drain terminal
and the source terminal of the transistors 55, 57, destruction
of the transistors by these voltage peaks.

The comparison circuit 59 serves to compare a current
through the sense resistor 64 and through the load 61 with
each other. If the currents through the sense resistor 64 and
through the load 61 are not at a predefined ratio to each other,
the comparison circuit 59 generates a signal at its output and
regulates the constant current source 63 so that the currents
through the sense resistor 64 and through the load 61 are at the
predetermined ratio to each other.

The comparison means 65 compares a voltage drop V..
at the sense resistor 64 with a voltage at the reference voltage
source 67 and generates a signal at the output of the compari-
son means 65, which signal depends on a difference between
the voltage drop V. at the sense resistor 64 and the voltage

sense

V zer of the reference voltage source 67. Depending on the
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signal at the output of the comparison means 65, the adjusting
circuit regulates the potential at the gate terminals of the
transistors 55, 57.

When the voltage drop V.. at the sense resistor 64, which
is proportional to the load current I, exceeds a predetermined
threshold value, the comparison means 65 thus generates a
signal leading to the adjusting circuit 53 increasing the resis-
tance between the source terminal and the drain terminal of
the DMOS switching transistor 55. This increase in resistance
of'the DMOS switching transistor 55 leads to the fact that the
load current flowing through the DMOS switching transistor
causes greater heating of the DMOS switching transistor 55.
This greater heating is registered by the temperature-sensing
element not shown here. The arising temperature then is
closer to a critical temperature threshold, above which the
adjusting circuit 53 interrupts the current flow through the
DMOS switching transistor 55.

Thus, when the current I, through the load exceeds a pre-
determined threshold value, the protection circuit 51 has
higher sensitivity due to the developing increased resistance
between the source terminal and the drain terminal of the
DMOS switching transistor 55. This higher sensitivity is a
concomitant of a shortened response time of the protection
switch 51. Due to the artificially generated, raised tempera-
ture at the switching transistor 51, and hence at the tempera-
ture sensor or temperature-sensing element, the protection
circuit 51 responds within a shorter time or a shorter reaction
time, e.g. upon occurrence of a current peak. Possible current
peaks through the DMOS switching transistor 55 lead to
further increase in temperature at the DMOS switching tran-
sistor 55, which may lead to an interruption of the current path
via the DMOS switching transistor 55.

Via the current at a current sense pin or the voltage drop
Vonse @t the sense resistor 64 and the value of the voltage of
the reference voltage source 67, exceeding the overload cur-
rent threshold by the load current I; can be detected. The
overload current threshold may here be adjusted via the value
of the sense resistor 64 and the value of the voltage of the
reference voltage source 67.

The voltage drop V.

sense

at the sense resistor 64 here is

determined via the current I, and the value R, of the
sense  resistor 64 according to the formula
Vsonse=Rsonse Lense- When the voltage drop V.. exceeds

the value of' the internal reference voltage V-, wherein then
the connection V>V applies, the resistance of the
power transistor or the DMOS switching transistor 55 is
increased via an internal comparator or an internal opera-
tional amplifier in the comparison means 65 and the adjusting
circuit 63, for example. This increase leads to an increase in
temperature of the switching transistor 55 and to increased
sensitivity, as already explained.

The protection circuit 51 according to an embodiment then
permits quicker response of the protecting semiconductor
switch or switching transistor 55 as opposed to protecting
load elements, such as cables or PCB traces. By adjusting the
voltage value V. of the reference voltage source or the
value R, of the sense resistor 64, for example, adjusting
the overload current threshold by a user is made possible.
Thus, the semiconductor switch 55, which is arranged in the
protection circuit according to an embodiment, is capable of
taking over the function of a switch and of a protection in
better and more flexible manner than the conventional smart
semiconductor switches.

FIG. 2a shows a connection between the voltage at the
sense resistor 64 and the load current I, or current through the
load 61. In FIG. 2a, a value of the voltage V.. at the sense

resistor 64 is plotted on the x-axis, and a value of the load

REED EX1015
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current I; onthe y-axis. The voltage V. at the sense resistor
64 increases linearly with the load current I;. Above a thresh-
old value of the voltage at the sense resistor 64, V... 05
the protection circuit 51 is operated in an overload mode, and
is operated in a normal operation mode below the threshold.
InFIGS. 2a-d, the operating conditions for the normal opera-
tion mode are illustrated by a gray hatched field and for the
overload mode by a white field.

FIG. 2b shows a course of a resistance of the DMOS
switching transistor 55 in dependence on the load current I in
the protection circuit 51. The value of the load current I, is
plotted on the x-axis, whereas the value of the resistance of
the transistor R, or switching transistor 55 is plotted on the
y-axis. When the comparison means 65 recognizes that the
load current I, exceeds a threshold value, it generates such a
signal at its output that the adjusting circuit 53 regulates the
gate potential so that the resistance R, of the switching
transistor 55 is increased or the resistance between the source
terminal and the drain terminal is increased. The increase
takes place suddenly, as it is shown in FIG. 24.

Here, the resistance R, ,,; of the transistor 55 increases by
a defined value. The comparison means 65 may for example
comprise a comparator correspondingly adjusting the signal
at the output of the comparison means 65 when a certain
threshold of the voltage V.. at the sense resistor 64 is
exceeded.

As an alternative hereto, as it is shown in FIG. 2¢, the
adjusting circuit 53 can change the voltage V,n puyos
present between the source terminal and the drain terminal of
the transistor 55. In FIG. 2c¢, this course is shown. A value of
the load current I; is plotted on the x-axis in FIG. 2¢, whereas
a value of the voltage between the source terminal and the
drain terminal is plotted on the y-axis.

When the load current I, exceeds the threshold value
I, hres> the adjusting circuit 53 adjusts the voltage across the
semiconductor switch 55 or between the source terminal and
the drain terminal of the transistor 55 to a defined higher value
by decreasing the gate potential. This leads to the voltage
between the source terminal and the drain terminal being
fixed or clamped to a higher value.

InFIG. 2¢, the adjusted voltage V 55, pasos at the transistor
55 between the source terminal and the drain terminal rises
suddenly when the load current I, exceeds the load current
threshold I, ;... As an alternative hereto, when the load
current [; exceeds the threshold value or the overload thresh-
old value, the transistor 55 could be switched to a source-
follow operation, wherein the gate terminal of the semicon-
ductor switch or transistor 55 then is connected or clamped
with the source terminal of the transistor.

FIG. 2d shows a further alternative for adjusting the tran-
sistor 55 upon the load current I, exceeding the threshold
valuel; ... The values of the load current I, are plotted on
the x-axis, whereas the values of the voltage between the
source terminal and the drain terminal of the transistor 55 are
plotted on the y-axis. When the load current I, exceeds the
threshold I, ,, ..., the adjusting circuit 53 regulates the gate
potential so that the voltage drop between the source terminal
and the drain terminal of the transistor 55 suddenly rises. At a
further increase of the load current, the adjusting circuit 53
adjusts the gate potential so that the voltage between the
source terminal and the drain terminal of the switching tran-
sistor rises continuously with the load current I, .

By the increases in the voltage between the source terminal
and the drain terminal shown in FIGS. 26-d or the shown
increase in resistance of the transistor 55, the switching tran-
sistor 55 heats up, so that the temperature at the transistor 55
suddenly rises when the load current I, exceeds the threshold
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I, snres- This leads to the fact that the temperature at the
temperature-sensing element not shown here at the semicon-
ductor switch suddenly rises, so that it switches off more
quickly or within shorter response times at load current peaks.

In FIGS. 3a-c, further options for regulating or adjusting
the electric behavior of the switching transistor 55 are shown,
when the load current I, exceeds the threshold value I, ...
FIG. 3a here shows, like FIG. 24, a dependence of the sense
voltage or voltage V_,, at the sense resistor 64 on the load
current ;. The values of the voltage V., or voltage at the
sense resistor 64 are plotted on the x-axis, whereas the values
of the load current I, are plotted on the y-axis. As already
explained above with reference to FIG. 2a, the voltage at the
sense resistor 64 is directly proportional to the current I,
through the load resistor. In FIGS. 3a-c¢, two operating modes
each of the protection circuit 51 are shown, a normal operat-
ing mode within the gray hatched area and an overload oper-
ating mode, when the load current I; has exceeded the over-
load current threshold 1, ,,.., in the white areas of the
coordinate system.

FIG. 35 shows another option for adjusting or regulating
the resistance between the source terminal and the drain ter-
minal when the load current I, exceeds the threshold value
I, nes- The values of the load current I, are plotted on the
x-axis in FIG. 35, whereas the values of the resistance R,
between the source terminal and the drain terminal of the
semiconductor switch 55 are explained on the y-axis. It can be
see in FIG. 3b that the resistance R, ¢ between the source
terminal and the drain terminal remains at a fixed value as
long as the load current I, has not exceeded the overload
current threshold I, ... Moreover, FIG. 3b shows that the
adjusting circuit 53 continuously reduces the gate potential,
when the load current I, exceeds the threshold value I, ...,
so that the resistance between the source terminal and the
drain terminal of the transistor 55 is increased continuously.
As shown in FIG. 24, asuddenincrease in the resistance R ;5
is, however, not performed.

FIG. 3¢ explains a course of the voltage between the drain
terminal and the source terminal of the semiconductor switch
55 independence on the load current I, . The values ofthe load
current I, are plotted on the x-axis in FIG. 3¢, whereas the
values of the adjusted voltage V5, 05 are plotted on the
y-axis. When the load current I, exceeds the threshold or
overload current threshold I, ,,,.,, the adjusting circuit 53
regulates the gate potential at the switching transistor 55 so
that the value of the voltage V,n pasos between the source
terminal and the drain terminal of the switching transistor 55
rises continuously with increasing load current I;. Below the
threshold I, ,, .., the adjusted value of the voltage between
the source terminal and the drain terminal, however, remains
at a fixed value.

Increasing the resistance of the transistor 55, i.e. the volt-
age between the source terminal and the drain terminal at the
transistor 55 in turn each leads to a heating of the semicon-
ductor switch 55, as already explained above. The increase in
temperature here, however, takes places continuously with
increasing load current I;, when the load current I, has
exceeded the threshold value I; ...

In FIG. 4, the effect of a sudden increase in resistance on a
protection behavior in the overload case, which is made
quicker by the sudden increase in resistance, in the semicon-
ductor switch 55 is explained. The current through the respec-
tive components is illustrated on the x-axis in FIG. 4 in
amperes, whereas the response time of the components is
plotted on the y-axis in seconds. A curve 101 shows the course
of'response times for a cable at an ambient temperature of 85°
C., and a curve 103 a course of the response times in the
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semiconductor switch 55 without an increase of the resis-
tance. A curve 105 explains a course of the response times of
aprotection. The protection considered here is a mini-fuse or
a 10-ampere mini-fuse. At the same time, a curve 107 shows
the course of the response times of the semiconductor switch
55 at increased resistance. The resistance between the source
terminal and the drain terminal is increased by a factor 10 in
the semiconductor switch explained in the curve 107. From a
comparison of curves 101 and 105, it becomes obvious that
the protection element has a shorter response time than the
cable over the entire current range, so that the protection can
always protect the cable.

But above a critical point 109, the semiconductor switch 55
has a higher response time than the cable at increasing current
I, when the resistance between the drain terminal and the
source terminal is kept constant. In order to allow for efficient
protection of the cable, the resistance between the source
terminal and the drain terminal is therefore increased by a
factor of about 10 in the protection circuit 51, when the
current or load current exceeds the critical point 109. Thus,
the response times of the semiconductor switch 55 follow the
course of the curve 107, when the current exceeds a pre-
defined threshold value, here the critical point 109.

At increased resistance, the response time of the semicon-
ductor switch is lower than the response time for the cable, so
that the semiconductor switch 55 in the protection circuit 51
can protect the cable more efficiently as a result of the
increased resistance. The increase in resistance in the semi-
conductor switch 55 takes place, for example, by means of the
protection circuit 51 according to an embodiment shown in
FIG. 1.

FIG. 5 explains the effect of a sudden clamping of the
voltage or change of the value of the voltage between the
source terminal and the drain terminal of the semiconductor
switch 55 or the voltage V 5, pas0s 011 a protection behavior
in the overload case, which is made quicker by the sudden
clamping of the voltage. Different from FIG. 4, instead of the
course 107 of the response times of the semiconductor switch
55 in the protection circuit 51 at increased resistance, in FIG.
5 a course 111 of the response times of the semiconductor
switch 55 is shown, in which the voltage between the source
terminal and the drain terminal V ,,, is increased suddenly.

Here, the protection circuit 51 is designed so that, at a
current below the critical point 109, no clamping of the volt-
ageV o, between the source terminal and the drain terminal is
performed, i.e. the course of the response times with refer-
ence to the current through the semiconductor switch follows
the curve 103. Above the critical point 109, the adjusting
circuit 53 adjusts the gate potential so that the voltage
between the source terminal and the drain terminal is
increased to a constant value. Thus, the response times of the
semiconductor switch 55 above the critical point 109 follow
the curve 111. The response times in the semiconductor
switch 55 above the critical point 109 according to the course
111, i.e. after the increase in the voltage at the semiconductor
switch 55, are lower than in the semiconductor switch 55 with
the course 103, so that efficient and reliable protection of the
cable is enabled again.

In FIG. 6, a method according to an embodiment for pro-
tecting a load circuit is explained. In a step S1, at a tempera-
ture measurement location typically near the load circuit, a
temperature is measured or determined. At the same time, a
current-measuring device measures a current through the
load circuit in a step S3. When the current through the load
circuit exceeds a threshold current value or an overload cur-
rent threshold, the temperature at the temperature measure-
ment location is increased or a predetermined temperature
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value decreased in a step S5. When the temperature at the
temperature measurement location exceeds the predeter-
mined temperature value, a current through the load circuit is
interrupted in a step S7, so that it is protected from increased
heating and hence destruction, for example.

In FIG. 7, a protection circuit 151 according to a further
embodiment is shown. The protection circuit 151 comprises a
current-measuring device 153, a control means 155, a con-
stant voltage source 157, a heating resistor 159, a triggering
means 161, an interruption means 163, and a load element
165. The heating resistor 159, the triggering means 161, and
the load element 165 are arranged at a temperature measure-
ment location 167. The temperature measurement location
167 is characterized here by a dashed line.

The current-measuring device 153 is attached to a supply
voltage terminal of the protection circuit 151 at a first terminal
and connected to a first terminal of the interruption means 163
in electrically conducting manner via the load element 165 at
a second terminal. The interruption means 163 is attached to
a ground terminal at a second terminal. The heating resistor
159 is attached to the adjustable constant voltage source 157.
The triggering means 163 comprises a temperature-sensing
element or a temperature sensor and generates a signal when
the temperature at the temperature measurement location
exceeds a predetermined value. The signal generated by the
triggering means 167 is received by the interruption means
163, which thereupon interrupts a connection between the
two terminals of the interruption means, and hence a current
path through the load element 165.

The current-measuring device 153 determines a current
flowing through the load and the interruption means 163. The
value of the current is read out by the control means 155. The
control means 155 then compares the read-out current value
with a threshold value. If the read-out current value exceeds
the threshold value, the control means 155 generates a current
measurement signal, the value of which depends on the mea-
sured current value. The current measurement signal is
received by the adjustable constant voltage source 157, which
adjusts a voltage at the heating resistor 159 in dependence on
the value of the current measurement signal. Thus, the tem-
perature at the temperature measurement location 167 is
increased in dependence on the measured current by the cur-
rent-measuring device 153, when the current exceeds a pre-
determined threshold value.

The triggering means 161 with a temperature-sensing ele-
ment determines whether the temperature at the temperature
measurement location 167 exceeds a predetermined value.
The temperature at the temperature measurement location
167 here depends on the heating of the temperature measure-
ment location by the heating resistor 159 and on the heating of
the load element 165. At the same time, heat dissipation from
the temperature measurement location to the environment of
the temperature measurement location takes place, so that the
temperature of the temperature measurement location also
depends on the ambient temperature.

Ifthe temperature at the temperature measurement location
exceeds the predetermined temperature value, the triggering
means 161 triggers interrupting the current flow through the
interruption means 163 via the signal generated thereby.

Inthe protection circuit 151 according to a further embodi-
ment, as it is explained, the temperature is increased via the
heating resistor 159, when the current through the interrup-
tion means 163 or in a current path between an input terminal
and an output terminal of the protection circuit 151 exceeds a
predetermined value. This increase of the temperature at the
temperature measurement location 167 leads to the triggering
means 161 triggering within a shorter response time upon
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occurrence of a voltage peak or a current peak at the load
element 165, which leads to further heating of the tempera-
ture measurement location 167. Thus, the protection circuit
151 according to a further embodiment has a shorter response
time when the current through the interruption means 163
exceeds a predetermined threshold value.

This leads to more reliable protection of the load element
165 when the current through the interruption means 163
exceeds a certain threshold value. The threshold value may be
chosen so that it forms the boundary between a normal oper-
ating mode and an overload mode. Advantageously, the pro-
tection circuit 151 is also electrically conductive in an over-
load case, with the interruption means 163 indeed not
interrupting the current through the load element 165 imme-
diately, but at the same time reacting to a current or voltage
peak at the load element 165 within a shorter response time
and interrupting the current through the load element 165. In
other words, the load element 165 may still be operated in an
overload case, but with the response time of the protection
circuit 151 being reduced upon the occurrence of voltage
peaks at the load element 165 or current peaks through the
load element 165.

In a protection circuit according to an embodiment, the
interruption means comprises a n-channel DMOS transistor,
but any interruption means, such as n-channel and p-channel
MOSFETs, current and temperature-sensing MOSFETs, or
possible combinations of these, or mechanical relays, for
example, are alternatives hereto. In the protection circuit
according to an embodiment, the current measurement is
done via the determination of a voltage drop V_, . at the
sense resistor R, .., i.e. by means of a sense circuit, but any
circuits for measuring the current through the load or the
current between the supply voltage terminal and the ground
terminal are alternatives hereto.

Furthermore, the temperature in the protection circuit 51
according to an embodiment is adjusted at the measurement
location by an altered electric behavior of the interruption
means arranged in the proximity of the temperature measure-
ment location. But any arrangements of the interruption
means with reference to the temperature measurement loca-
tion are alternatives hereto, and also any heating of the tem-
perature measurement location, e.g. via a heating resistor. In
the protection circuit 51 according to an embodiment, a con-
trol means includes the comparison means 65 and the adjust-
ing circuit 53, to increase a temperature at the temperature
measurement location when the voltage drop at the sense
resistor exceeds a threshold value. But any designs of a con-
trol means changing the electric behavior of the switching
transistor in dependence on the voltage drop at the sense
resistor, to increase the temperature at the temperature mea-
surement location when the current in the current path or the
load current I; is higher than a threshold value, are alterna-
tives hereto.

In the protection circuit 51 according to an embodiment,
the adjusting means 53 increases the temperature at the tem-
perature sensing location when the current through the semi-
conductor switch 55 exceeds a predetermined threshold
value. As an alternative hereto, the temperature threshold or
the value of the temperature above which the adjusting circuit
53 adjusts the gate potential so that the semiconductor switch
55 interrupts the connection between the source terminal and
the drain terminal could, however, be decreased in the adjust-
ing circuit 53 when the current I, through the load or the
semiconductor switch 55 exceeds a predetermined threshold.

In the protection circuit 51 according to an embodiment,
the interruption means or the semiconductor switch 55 is
arranged as a high-side switch, but an arrangement of the
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semiconductor switch 55 as a low-side switch is also possible.
In the protection circuit 51 according to an embodiment, an
overload current threshold of the semiconductor switch 55 is
adjusted, and sufficiently quick response of the semiconduc-
tor switch in the fault case, in particular in the overload case,
is generated. The functioning is oriented at a temperature-
assisted, current-sensing semiconductor switch, which may
for example be implemented in self-protecting, smart semi-
conductor switches. The functioning has been shown exem-
plarily at a smart high-side switch based on an n-channel
MOSFET. But it could equally be applied to smart low-side
switches, MOSFETs with current sense functionality and a
temperature sensor, external drivers, or protection wirings.

Alternatively, an employment of the protection circuit 51
according to an embodiment in bridges and other possible
circuit arrangements of integrated smart or discretely con-
structed, protected semiconductor switches would also be
possible. In FIGS. 4 and 5, optional functionalities of the
protection circuit 51 according to an embodiment are
explained, which when the current exceeds a critical value or
critical point 109 changes a resistance of the switching tran-
sistor or adjusts a value of the voltage at the switching tran-
sistor 55 so that the protection circuit has shorter reaction
times or quicker response behavior. The critical point 109 is
preferably set so that the reaction time of the protection circuit
51 with the semiconductor switch 55 at the critical point 109
is close to the reaction time of the cable, but still lower than
the reaction time of the cable. But any settings or adjustments
of' the critical point 109 are alternatives hereto.

Inthe optional design of the protection circuit 51 according
to an embodiment explained in FIG. 24, the voltage at the
semiconductor switch 51, when the load current exceeds the
overload current threshold I, ,, .., is at first increased sud-
denly and then increased steadily with further increasing load
current I;. The adjusting circuit 53 may be formed as an
operational amplifier circuit, for example, which regulates
the gate potential in the manner shown. As an alternative
hereto, the resistance between the source terminal and the
drain terminal of the transistor 55 or the resistance of the
semiconductor switch 55 could also be at first increased sud-
denly and then increased further with increasing load current
1;, when the load current exceeds the overload current thresh-
old1; .. Here, the adjusting circuit 53 may also be formed
as an operational amplifier circuit changing the resistance of
the semiconductor switch 55 by corresponding adjustment of
the gate potential.

The protection circuit 51 according to an embodiment is
preferably implemented on a chip, but could also be imple-
mented on several chips, which may then be arranged in a
single package in a multi-chip module, for example. Prefer-
ably, the temperature measurement location then is in the
package or on the package wall. But arrangements in which
the elements of the protection circuit 51 according to an
embodiment are not accommodated in a single package are
also alternatives hereto.

While this invention has been described in terms of several
preferred embodiments, there are alterations, permutations,
and equivalents which fall within the scope of this invention.
It should also be noted that there are many alternative ways of
implementing the methods and compositions of the present
invention. Itis therefore intended that the following appended
claims be interpreted as including all such alterations, permu-
tations, and equivalents as fall within the true spirit and scope
of the present invention.
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What is claimed is:

1. A protection circuit, comprising:

an interrupter formed to interrupt a current path between a
protection circuit input and a protection circuit output if
a sensed temperature at a temperature measurement
location exceeds a predetermined temperature; and

a controller formed to generate a control signal depending
on a current in the current path, wherein the protection
circuit is formed to increase, independent of the sensed
temperature, the temperature at the temperature mea-
surement location or decrease the predetermined tem-
perature, when the control signal indicates that the cur-
rent in the current path is higher than a threshold value
current.

2. The protection circuit of claim 1, formed to change,
when the control signal indicates that the current in the cur-
rent path is higher than a threshold value current, an electric
behavior of the protection circuit to increase a temperature at
the temperature measurement location.

3. The protection circuit of claim 1, wherein the controller
is formed to increase a voltage drop taking place at an electric
device of the protection circuit when the current in the current
path is higher than the threshold value current, wherein the
electric device is arranged in the proximity of the temperature
measurement location so that a power at the electric device
increases the temperature at the temperature measurement
location.

4. The protection circuit of claim 1, wherein the interrupter
and the controller are arranged in a package, and the tempera-
ture measurement location is arranged on the package or
within the package.

5. The protection circuit of claim 1, comprising a tempera-
ture sensor arranged in the proximity of the temperature mea-
surement location to determine the temperature at the tem-
perature measurement location, and formed to provide a
temperature sensor signal, wherein the interrupter is formed
to receive the temperature sensor signal and interrupt the
current path depending on the temperature sensor signal.

6. The protection circuit of claim 1, wherein the interrupter
is formed as a transistor, and wherein the controller is formed
to adjust a signal at a control input of the transistor to increase
a resistance of the transistor or to increase a voltage drop
between two transistor terminals.

7. The protection circuit of claim 1, wherein the controller
includes a sense resistor and is formed to determine the cur-
rent in the current path via a voltage, which is proportional to
a measurement current, in a sense path at the sense resistor.

8. The protection circuit of claim 1, which is formed to
suddenly increase the temperature at the temperature mea-
surement location when the control signal indicates that the
current in the current path is higher than the threshold value
current.

9. The protection circuit of claim 8, which is formed to at
first increase the temperature at the temperature measurement
location suddenly and then continuously increase the tem-
perature of the temperature measurement location further
depending on a difference of the current in the current path
and the threshold value current, when the control signal indi-
cates that the current in the current path is higher than the
threshold value current.

10. The protection circuit of claim 1, which is formed to
continuously increase the temperature at the temperature
measurement location depending on a difference between the
current in the current path and the threshold value current
when the control signal indicates that the current in the cur-
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rent path is higher than threshold value current, and no longer
increase the temperature when the current is lower than the
threshold value current.
11. The protection circuit of claim 1, wherein a resistor is
connected between the protection circuit input and the pro-
tection circuit output, wherein the controller is formed to
increase a value of the resistor when the current in the current
path is higher than the threshold value current, and wherein
the resistor is arranged in the proximity of the temperature
measurement location so that a power dropping at the same
increases the temperature at the temperature measurement
location.
12. A protection circuit, comprising:
interrupting means for interrupting a current path between
a protection circuit input and a protection circuit output
if a sensed temperature at a temperature measurement
location exceeds a predetermined temperature; and

control means for generating a control signal depending on
a current in the current path, wherein the protection
circuit is formed to increase, independent of the sensed
temperature, the temperature at the temperature mea-
surement location or decrease the predetermined tem-
perature, when the control signal indicates that the cur-
rent in the current path is higher than a threshold value
current.

13. The protection circuit of claim 12, formed to change,
when the control signal indicates that the current in the cur-
rent path is higher than a threshold value current, an electric
behavior of the protection circuit to increase a temperature at
the temperature measurement location.

14. The protection circuit of claim 12, wherein the control
means increase a voltage drop taking place at an electric
device of the protection circuit when the current in the current
path is higher than the threshold value current, wherein the
electric device is arranged in the proximity of the temperature
measurement location so that a power at the electric device
increases the temperature at the temperature measurement
location.

15. The protection circuit of claim 12, wherein the interrupt
means and the control means are arranged in a package, and
the temperature measurement location is arranged on the
package or within the package.

16. The protection circuit of claim 12, comprising a tem-
perature sensor arranged in the proximity of the temperature
measurement location to determine the temperature at the
temperature measurement location, and formed to provide a
temperature sensor signal, wherein the interrupt means
receive the temperature sensor signal and interrupt the current
path depending on the temperature sensor signal.

17. The protection circuit of claim 12, wherein the interrupt
means is formed as a transistor, and wherein the control
means is formed to adjust a signal at a control input of the
transistor to increase a resistance of the transistor or to
increase a voltage drop between two transistor terminals.

18. The protection circuit of claim 12, wherein the control
means comprise a sense resistor and determine the current in
the current path via a voltage, which is proportional to a
measurement current, in a sense path at the sense resistor.

19. The protection circuit of claim 12, wherein the protec-
tion circuit suddenly increases the temperature at the tem-
perature measurement location when the control signal indi-
cates that the current in the current path is higher than the
threshold value current.

20. The protection circuit of claim 19, wherein the protec-
tion circuit at first increases the temperature at the tempera-
ture measurement location suddenly and then continuously
increases the temperature of the temperature measurement
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location further depending on a difference of the current in the
current path and the threshold value current, when the control
signal indicates that the current in the current path is higher
than the threshold value current.

21. The protection circuit of claim 12, wherein the protec-
tion circuit continuously increases the temperature at the
temperature measurement location depending on a difference
between the current in the current path and the threshold value
current when the control signal indicates that the current in
the current path is higher than threshold value current, and no
longer increases the temperature when the current is lower
than the threshold value current.
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22. The protection circuit of claim 12, wherein a resistor is
connected between the protection circuit input and the pro-
tection circuit output, wherein the control means increase a
value of the resistor when the current in the current path is
higher than the threshold value current, and wherein the resis-
tor is arranged in the proximity of the temperature measure-
ment location so that a power dropping at the same increases
the temperature at the temperature measurement location.
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