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(57) Abstract: An integrated circuit (IC) for sensing a temperature rise in a power transistor device, the temperature rise caused by a
current flow in the power transistor device. The power transistor device and a sense-FET are disposed on a substrate. The sense-FET
senses a fractional portion of the current flow and outputs a current signal. A JFET has its drain connected to the drain of the power
transistor device. The gate of the JFET is connected to the source of the power transistor device, such that when the power transistor
device is on, the JFET is also turned on, and a drain voltage signal of the power transistor device is output at a second node of the JFET.
A detection circuit receives the drain voltage signal and the current signal and outputs an alarm signal when the drain-source resistance
of the power transistor device exceeds a combined threshold limit.
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INTEGRATED CIRCUIT FOR FAST TEMPERATURE SENSING
OF A SEMICONDUCTOR SWITCHING DEVICE

TECHNICAL FIELD
[6001] This application relates generally to circuits for detecting
temperature in semiconductor devices; more specifically, {0 circuifry for sensing

{emperature changes in a power MOSFET integrated circuit.

BACKGROUND

{0002} For the protection of power semicanductor switching devices, #is
important fo guickly detect femperature increases directly inside the swilch
{junclion temperature} and not rely upan coniroller temperature measuremants.
For instance, if the power swilch (MOSFET) and controller are on different
semiconductor dies, there may be long delay of heat fransfer and thermal
equitibrium between the power switch and the controller. This could cause a
catastrophic failure of the power MOSFET before any reaction from the controfler
protection circuitry.

{0003} Past approaches for sensing temperature include sensing the
temperature on a heat sink attached to the power swilching device. Another
known method for temperature sensing is through an slectrically- isolated
polysilicon diode located in close proximity of to the power MOSFET junction. The
forward voltage drop of the sense diode has a negative temperature coeflicient
such that the forward voliage drop is inversely proporiional to the MOSFET
junction temperature. Another past approach relies upon a voltage-variable
resistor that exhibits a insar variation of resistance with temperature.

[0004] in one type of power MOSFET technology, the semiconductor
substrate s typically referenced fo the drain potential. This is the major thermal
conneaction of the device. Controflers used with the MOSFET are normally low-
side connected confroflers, and, as such, their reference voltage is share with the

source potential of the MOSFET. Since the source potential of the MOSFET s not
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the major thermal connection o the device, # is difficult to geta good thermal
coupling 1o the device by sharing & source connsction. In ons prior approach, in
an example of g halfbridge swilching configuration, the thermal connection is
ohiained via the high-sids driver, which itself is referenced to the source of the
high-side MOSFET, which is also the drain of the ow-side MOSFET. Thus, the
high-side driver can achieve a reasonably good thermal connection o the drain of
the low-side MOSFET and, as such, monitar the low-side MOSFET temperature.
[0008] The aforementioned configuration has to major drawbacks, First,
thermal detection is taken on the figaling high-side driver, and thus, the oniy
option for the high-side driver is a lalching shutdown when the thermal threshold
is exceeded, Secondly, while the thermal coupling from the low-side MOSFET to
the high-side driver is acceptable for steady-siate and slowly changing
femperaiures, when there is a sudden, rapid and large temperature change on the
power MOSFET, thermal coupling is insufficient to quickly follow the change in
temperature. As such, under transient conditions it is easy to exceed inlended
maximum temperatures on the power MOSFET prior {o the high-side driver
detecting the problem,

{0008] Ancther drawback is that under certain circumstances the customer
would like t0 have a hysteretic thermal shutdown capability. However, this s not
passible when there is no communicating signal from the low-side controller {o the

thermal detection circult.



WO 2018/030990 PCT/US2016/046071

ted

BRIEF DESCRIPTION OF THE DRAWINGS

{0007} Non-limiting and non-exhaustive embodiments of the present
invention are described with reference 1o the following figures, wherein like
reference numerals refer to ke parts throughout the various views unless

otherwise specified.

[0008] FIG. 1A and 1B are graphs of an example vertical MOSFET
iltustrating the variation of drain-to-source on-resistance, Rosien, with respect to

drain current {Ip) and junction temperature {1}).

[0009] FIG. 2A and 2B are example power converier circuit diagrams that
may advantageously utilize temperature detection and over temperature

profection,

{0010} FiG. 3 is an example circuit schematic diagram for sensing

instantaneous values of a power MOSFET drain current and drain voltage.

[0011] FiG. 4 is an example circuit schematic diagram that utilizes the

circuitry of FIG. 8 to detect temperature.

{0012} Cormresponding reference characters indicate corresponding
components throughout the several views of the drawings. Skilled artisans will
appreciate that elements in the figures are dlustrated for simplicity and clarity and
have not necessarily been drawn to scale. For example, the dimensions of some
of the elements in the figures may be exaggerated rejative fo other elemenis {o
help to improve understanding of various embodiments of the disclosed devices.
Alse, common but well-understood elements that are useful or necessary ina
commercially feasible embodiment are often not depicted in order {o facilitate a

less obstructed view of these various embodiments disclosed.
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DETAILED DESCRIPTION

[0013] in the following description specific detlails are set forth, such as
device types, voltages, component values, grcuit configurations, efc., inarder to
provide a thorough understanding of the embodiments described. However,
persons having ordinary skill in the refevant arts will appreciate that these specific
details may not be needed 1o practice the smbodiments described. i is further
appreciated that well known circult structures and elements have not been
described in detall, or have been shown in block diagram form, in order to avoid
obscurning the embodiments described.

[0014] Reference throughout this specification to “one embodiment’, “an
ambodiment”, "one example” or “an example” means that a particular feature,
structure or characteristic desoribed in cannection with the embodiment or
example is included in at least one embodiment of the present invention. Thus,
appearances of the phrases "in one embodiment’, "in an embodiment”, "one
exampie” or "an example” in various places throughout this specification are not
necessarily all referring to the same embodiment or example. Furthermaore, the
particular features, structures or characteristics may be combined in any suitable
combinations and/or sub-combinations in one or more embodiments or examples.
Particular features, structures or characteristics may be included in an integrated
circutt, an slectronic circult, a combinational logic circuit, of other suitable
components that provide the described functionality. In addition, it is appreciated
that the figures provided herewith are for explanation purposes to persons
ordinarily skilled in the art.

[0015] For purposes of this disclosure, "ground” or "ground potential” refers
to a reference voliage or potential against which alf other voltages or potentials of
an glectronic circudt or integrated circuit (G are defined or measured.

[0018] in the context of the present application, when a transistor is in an

“off state” or "off” the transisior does not substantially conduct current.



WO 2018/030990 PCT/US2016/046071

¥

Conversely, when a transistor is in an “on state” or “on” the transistor is able {o
substantially conduct current. By way of example, a power fransistor may
cornprise an N-channeal metal-oxide-semiconductor field-effect transistor (NMOS}
with 3 high voltage being supported between the first terminal, a drain, and the
second terminal, a source. The power MOSFET may comprise a power switch
that is driven by an intsgrated controller circuit to regulate energy provided o a
load.

[0017] in one embodiment, an apparatus and method for detecting the
tfemperature of semiconductor swilching devices such as controlled switches or
diodes (e.g., Schottky diodes) is provided, Although specific examples shown and
described below include a MOSFET switching device, R is appreciated that other
switching devices may be ulilized in accordance with the teachings of this
disclosure.

{0018} in one example a power MOSFET switching devite has a substrate
referenced to the drain potential, with the drain being the major thermal
connaction of the device. A controller to control switching of the device may be a
low-side connected controlier and ag such its reference voltage is shared with the
source potential of the vertical power MOSFET switching device. The confroller
may be integrated together in the same integrated circuit die as the power
MOSFET switching device, or it may be separated into a different integrated
circuit die. The power MOSFET switching device and controller may be included
in the same package, or housed in separate packages.

{0019} in one embodiment, an apparatus and method of detecting
tfemperature in a power semiconductor switching device via 8 low-sitde connecied
circuit is provided. Temperature detection occurs directly using electrical signals
measured on the power semiconductor switching device {e.g., MOSFET) rather
than indirect die-to-die thermal coupling. As a result, this allows for instantaneous

thermal detection and thus protects against transient conditions where there is
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fast ransient temperature rise. Additionally, the low-side reference provides the
capability of hysteretic thermal shutdown features.

[0020] FiG. 1A is g general graphs for a semiconductor swilching device {in
one exampie MOSEET) fllusirating the varigtion of drain-to-source on-resistance,
Roson;. With respeact {o drain current in a fixed junction temperature {T,) and for
different gate 1o source vollage values as a parameter. FIG. 1B shows the graph
of drain-lo-source nonnalized on-resistance, Roges; versus junction temperature
(T In a typical MOSFET the measured Rogpen May include the channel, the
accumuiation laver of the formed JFET and parasitic effects from metaliization,
bond wires and packaging. la a high-vollags power MOSFET the resistance of
channel/drift region dominates the Roseny

fog21] in graphs 100 of FIG. 1A the Roswen variation (2.9, Rosent, Rospe:
Rosona.... It Ohm) is demonstrated on vertical axis 120 versus the drain current
{e.g. Iot loz loa,.... in Ampere) on horizontal axis 110. In a numerical exampie for
different MOSFET types this graph may show around 10% direct effect of drain
current Ip on Rosen fOr a drain current range up fo 100A. The graphs 100 in FIG.
1A are illustrated for different examples of gate-source voltages Vas: 131, Ve
132 and Vass 133, wherein expression 130 defines Vas: »Vas: > Vass and graphs
are for a fixed junction temperature Ty 135. The vertical line lpre 134, presents
a fixed drain threshold current that may be used 10 measure the drain-source on-
resistance, Rpsion for the changes with temperature.

{0022} Cn the other hand, in graphs 150 of FIG. 1B the normalized values
of Rusiony 01V vertical axis 170 show a strong relation versus junction temperature
Ti {eq., in degrees centigrade, °C) on horizontal axis 180 varying from -50°C to
180°C. Two example graphs are introduced for Gate-Sowrce voltages Ves: 181
and Vase 182 wherein expression 180 defines Vaegr > Vgt The normalized value
{Rosiny =1) 175 defines the switching device drain-source on-resistance at the

reference temperature (T; =25°C) 185. As can be observed in FIG. 1B the Rosen
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almost doubles for temperature rise from T, =25°C 1o T; =125°C from point A 184
o point B 186 measured on graph of Vas: 182. The temperature coefficient of
Rosien 18 the slope of the curve in graphs of FIG. 1B which is always positive
because of the majority-only carders. The positive Rogiwn temperature cosfficient
may compound the conduction loss as temperature fses. The positive Rogen
temperature coefficient is an advantageous feature when paraileling the
MOGFETs. As the sense FET is in paraliel with the main FET, even with
unbalanced current distribution, the thermal stability may be ensured.

[0023] The drain- source on-resistance Roawny i 8 verlical MOSFET as
gxplained above is a function of semiconducior material, channel size, pperating
condition {drain current and voltage) and strongly depends on junction
temperature. When other factors such as gale-voltage (Ves) and drain current
{ips) are held constant, the direct relation of on-resistance Rosiesy with the junction
temperature (T,) in FIG. 18 can be utilized to directly detect the femperature rise
during any normal operation or fault condition in comparison {o a calibrated Rpsion
in a known temperature {e.g., at 25°C ambient}.

[0024] FIG. 2A and FIG. 28 are examples of power converter topologies
which include a switching device that may benefit from temperature detection and
over temperature protection through Ropseny monitoring according to the
embodiments disclosed. FIG. 2A shows an AC/DC boost Power Factor Correction
{PFC) converter 200 with a switching device M 221 with control 231 that is
referenced to low-side ground reference 201. Control block 231 receives some
control signals 233 including a feedback {FB) control signal and generates drive
signal 223 to control switching of the switching device and regulate transfer of
energy o the oufputioad 251 through the outpul voltage Vi 252 and output
current o 253 of the power converter. in ohe example, the power converter input
terminals may be coupled o a8 sinusoidal input signal Vac 205, which may be

rectified and filtered through a rectifier and input circuttry 210 o apply an input
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voltage signal Vi, 215 to the boost components. The main boost componeants
include boost inductor Lg 218, boost swifching device 221 plus the control block
231, which, in one embodiment, are both integrated in a single 10 230, wherein
the temperature detection circuitry disclosed herein may be incorporated into
control block 231

[0025] Persons of skill in the art will note that the chopped voltage across
switching device 221 is rectlified through the reclifier moduie 240, thereby
generating the regulated output voltage V, 252 and oulput curent L2583 to the
foad 250.

[002€] FIG. 2B is another example topeology of a half-bridge switching
device 270 that may benefit from temperature detection circuitry of the present
disclosure added to either the low-side control block 261 or high-side control block
262. The power converter shown in FIG. 2B receives the rectified and
glectromagnestic interference (EMI)} filtered input voltage signal Vi, 215 from the
input rectifier and input circuitry block 210, which is applied across the half-bridge
switching device 260. As shown, swilching device 260 includes a low-side swilch
M1 271 with low-side conirol block, 281, which, through link 277 is referenced to
the low potential side {e.g., source} of switch M1 271, and high-side switch M2
272 with high-side control block, 262, which, through link 278 is referenced {o the
low potential side (8.g., source) of switch M2 272, The low-side control block 261
and high-side control block 262 each may receive exira conifrol signals 263 and
264, respectively. Controf signals 263 and 264 may include the feedback FB
control signal 268 from the output of the converter. Control blocks 261 and 262
generate drive signals 273 and 274 for low-side and high-side switches 271 and
272, respectively. Low-side control block 261 and high-side controd block 262 may
be functionally synchronized through communication ink 285,

{0027} in one embodiment, mid-point polential V, 278 of half-bridge

switching device 270 is coupled 1o an energy conversion black 280 {which may be
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of an isolated or non<isolated configuration) that produces/generates cutput
voltage V, 252 and output current I, 253 across the load 250.

[0028] it is appreciated that the thermal detection circuitry disclosed herein
may be added to low-sids control block 231 of FIG. 2A or to the low-side control
block 261, or high-side control black 282 of FIG. 2B. #t should be further
understood that the disclosed embodiments are not limited fo the exampls
topologies of FIGS. 2A and 28; that is, a variety of different switching converters
utilizing a low-side controller and powsr semiconducior switching device
applications may bengfit from the femperature detection circuitry disclosed here.
{00297 in a haif-bridge configuration, for instance, there is a low-side
MOSFET switch and a high-side MOSFET switch. it should be understood that
the temperature detection method described herein could be used with sither of
these MOSFET swilches, for example, if they are floating at a non-zero potential.
As discussed above, it should be understood that in the case of a MOSFET
switch, control is referenced to the source {or non-substrate) of the MOSFET.
Similarly for high-side swilch M2 272 and control biock 262, it is understood that
for a MOSFET switch control is referenced {o the source {or non-substrate) of the
MOSFET. Thus, in both cases, they may be referred {0 as the MOSFET Source
referenced control.

[0030] in one embodiment, the Rpgen 0f @ power MOSFET switching
device has a defined positive temperature coefficient. With constant Vgs and Ips
conditions, by measuring the drain-source on-resistance during operational
switching condition at an unknown temperature Rogemrs 8nd comparing itio a
stored calibrated vaiue at a known temperature {(8.q., 25°C) Roseanras for the
same device under the same conditions/parameters, it is possible 1o accuratsly
and quickly infer the femperature inside the MOSFET relative to the calibrated

{femperature.
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(0031} in one embadiment, the drain-scurcs on-resistance value of a
MOSFET device is measured during manufacturing test at a known temperature
{e.g., 25°C) Roswenites and is stored during calibration. Thus, if Rpgeny changes
with temperature rise during normal or transient operation, the controfler can
measure the ratio of instantaneous resistance change versus the calibrated value
and caloulste the temperature rige, which is useful for thermal protection of the
MOGSFET device.

[0032] in one implementation, the drain voltage and current of the power
MOSFET switching device is measurad in each switching cycle. In one example,
drain voltage s measured using a junction field-effect ransistor (JFET) thathas its
drain connected to the drain of the power MOSFET, with the gate of the JFET
connected {0 the source of the power MOSFET. When power MOSFET is on, the
JFET saurce node voltage value foliows that of the MOSFET drain, thereby
providing an accurate reading of the drain voltage during on-time.

[0033] in one embodiment, the MOSFET drain current is obtained through
a sense-FET which measures a predetermined fraction of current flowing in the
main power MOSFET. Detecting the sense current therefore provides a measure
of the power MOSFET drain current (lne) in each switching cycle. Thus, utilizing
signals representing drain voltage and drain current of the power MOSFET
switching device, if can be determined when the Rpees; value has excesded a
certain threshold operating value, which, in turn, is directly related to a predefined
target temperature limit for the switching power MOSFET.

[0034] FIG. 3 Hlustrates an example circuit schematic diagram for sensing
instantaneous values of a power MOSFET drain current and drain voltage
switching device, In circuit 305 drain current is sensed by ocufput signal Uiees 346
through a sense-FET Q2 343. Drain voltage is sensed by output signal Uy, 386
through a JFET 361, As shown, node Va 328 is the coupling point {o a power

converter energy transfer element, which corresponds {i.e., is equivalent} {o nodes
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Va 228 in FIG. 2A and V4 278 in FIG. 2B. Circuit 305 includes a semiconductor
switching device (a main power MOSFET) Q1 321 and a fractional-sized sense-
FET Q2 341. Note that the respective size difference between main MOSFET Q1
321 and sense-FET 341 is given by the ratio K:1. The size ratio may be defined by
the number of cells i each FET, which, in tum, has a reverse relation 1o the drain-
source on-resistance, and is in direct relation {(proportional) fo the current in sach

FET, as shown by the following equations..

{0038} K= Natses / Nazeens ® Rosenias ! Rosenay = 1/

[0036] b = e = (VKOh:

{0037} Vo = LiRpsenat = BRospaaz = {1 A)Rbaenns:

[0038] As shown, the drain of main MOSFET Q1 321 and the drain of

sense-FET Q2 341 are coupled to the same bus voltage Vp 327, The gating
signat 323 for main MOSFET Q1 321 and the gating signal 343 for sense-FET Q2
341are provided by the same drive signal Ve 333. This satisfies conditions for
maintaining constant Vgs for both the sense-FET and the main MOSFET.
Consequently, the current density in main MOSFET Q1 321 and sense -FET Q2
341 remains the same. The current ratio of Iy 325 flowing through main MOSFET
Q1321 and las 342 flowing through sense -FET Q2 34 1is proportional to their
size K:1. it is appreciated that the drain-source resistance measurement of sense-
FET Q2 341 is more accurate (less error) compared {o main MOSFET Q1 321
due to its larger drain-source on-resistance.

{0039 A sense resistor 344 is shown coupled from the source of sense-
FET Q2 341 to ground 301, The sense curent lene 342 flowing through sense
resistor 344 generates signal U 346, which is a representation of the current ip
325 flowing through main MOSFET Q1 321,

[0040] in the embodiment of FIG. 3 drain voltage Vg 327 ts sensed through
a JFET 361 coupled to drain bus Vi 327 Gate 363 of JFET 361 is coupled to the
source of main MOSFET Q1 321. The gate of JFET 381 is shown connected to
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ground potential (zero voltage). Whenever main MOSFET Q1 321 tums on the
gate-source voltage of JFET 361 becomes near zero, and is higher than the
pinch-off voltage (V) of JFET 361, Thus, JFET 361 is also twmned on, which
couples the drain voltage Vo 327 10 a tap terminal (JFET sowres) 365 for sensing
the drain on-voltage drop by signal Uy 36868, When main MOSFET Q1 321 is off
the gate 363 of JFET 361 goes below the pinch-off voltage {Ve) of JFET 361,
Thus, JFET 361 is in an off stale, thereby blocking the drain voltage Ve 327 from
the tap terminal 365, Thus, practitioners in the art will appreciate that the on-ime
instantaneous current, and the on-time instantaneous voltage drop across the
drain-source resistance of the power MQOSFET are provided via signals Ui 346
and Uyens 368,

[0041] FIG. 4 is an example circuit schematic diagram of a threshold
detection circuit 410 that may utilize the dircuitry of FIG. 3 {o detect a temperature
rise that exceeds a predefinad limit. The output signals Uns 346 and Uvgns 366
provided at terminals 385 and 345, respectively, are shown as inputs 1o threshold
detection circuit 410, Detection circuit 410 includes a first comparator 450 which
receives current signal Ui, 348 at s positive input 454, Current signal Ujgns 346
is compared to a reference cumrent signal .- 456 applied to the negative input of
comparator 450. Whenever signal Uy 446 rises higher than current reference
signal Lo 468, cutpul 458 of comparator 450 {ransitions to a ogic high value. In
one embodiment, reference current signal 1. 456 is a predefined calibration
current threshold. Whenever current signal Uis 346 exceeds the predefined
calibration current threshold, output 458 of comparator 450 transitions high.
{0042} Detection circuit 410 also includes a second comparator 460 having
a positive inpuf 464 coupled to receive signal Uve,s 368. Signal Uvess 3868 is
compared to a reference vollage V. 468 applied o the negative input of
comparator 460. The reference V.. 466 represents a threshold value for the

Rpsion; of the power MOSFET that is directly related to #s junction temperature.



WO 2018/030990 PCT/US2016/046071

Whenever signal Uvsps 466 goes higher than the reference voltage Vi 486 output
4868 of the comparator 480 transitions to a high logic value.

[0043] Quiput 468 of the comparator 460 is coupled to data input D 471 of
a D-type flip-flop 470 and Qutput 458 of the comparator 450 is coupled fo the
clock input 472 of the flip-flop 470, The cutput of comparatyr 460 becomes logic
high when drain voltage excesds the reference voltage threshold which has been
set up o indicate that Rpgeq; at calibrated current has exceeded a
predefined/prescribed threshold value of the drain voltage as an indicator of the
tfemperature Bmil

[0044] Coniinuing with the exampile of FIG. 4, the oulput of comparalor 450
is shown coupled to the dock input of Dtype (D7) flip-flop 470, Thus, D flip-flop
470 is clocked by the output from current comparaior 450. D flip-flop 470 caplures
the value of the D input 471 at a definite portion of the clock cycle {such as the
rising edge of the clock). That captured valuse becomes the Q oculput 473. At other
times, the Q oufput 473 does not change. The D input 471 is oulput 488 from
drain voltage comparator 460. As a result, Q oulput 473 fransitions 1o a logic high
vaius if the drain voltage provided by signal 366 exceeds voltage threshold 466 at
the instant when current signal 346 exceeds the current calibration threshold 456,
As aresult, practitioners in the art will appreciate that Q output 473 of D flip-flop
470 is set to a logic high value when Rogieny of the power MOSFET exceeds 3
combined threshold. In other words, the Rpseny ©f the power MOSFET switching
device is measured or detected at the moment when the current flowing through
the power MOSFET has reached of exceeded the calibration threshold.

[0045] As discussed previously, the drain-source resistance Rpgeny 0f the
power MOSFET is a direct function of its junclion temperature; therefore changes
in Rpseny directly indicates the instantanecus temperature change of the power

MOSFET device. In this manner, a logic high value at  cutput 473 may be used
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1o indicate an alarm condition wherein a recommended o prescoribed thermal
threshold of the power MOSFET switching device is exceaded.

[00486] it should be undersiood that in other embodiments more than one
threshold level may be detected. That is, mulliple threshold voltage levels may be
defined for various types of temperature detection or other types of control
protection. Multiple sets of comparators and flip-flops may he utilized {0 generats
the various oulput signals for temperature delection andfor contral protection. By
way of example, a first protection level may be used {0 change ong or more
control parameters of the power MOSFET swilching device (e.g., a current fimil, a
switching frequency, a pulse width, or 1o temporary half switching). A second
protection level may be used to prevent the case of a fatal transient or
temperature rise, with an alarm signal being use o ialch up or permanently shut
dowr the device.

{0047} Pearsons of skill in the art will understand that the disclosed subject
matter may be implemented by different versions and varieties of semiconductor
materials. For instance, the power MOSFET switching device may consist of any
discrete or integrated Si, SIC, GaN or other types of high electron mohbility
semiconductor switches.

[0048] The above description of Hlustrated example embodiments, including
what is described in the Abstract, are not intended to be exhaustive or to be
lirnitation to the precise forms or structures disclosed. While specific
embodiments and examples of the subject matter described herein are for
lusirative purposes, varous equivalent modifications are possible without
departing from the broader spirit and scope of the present invention. Indeed, itis
appreciated that the specific example curents, vollages, resistances, devica types
and sizes, glc., are provided for explanation purposes and that other values may
also be employed in other embodiments and examples in accordance with the

teachings of the present invention.
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CLAIMS

{ claim:

1. An integrated circuit (IC) for sensing a temperature rise in a power
tfransistor device, the temperature rise caused by a current flow in the power
fransistor device, the IC comprising:

& substrate, the power fransistor device being disposed on the substrate;

a sense-field-effect transistor (sense-FET) disposad on the subsirate, the
sense-FET sensing a fractional portion of the current flow and outputting a
current signal at a first node;

a junction fleld-effect transistor (JFET), the drain of the JFET being
connected to the drain of the power transistor device, the gate of the JFET being
connecied to the source of the power transistor device, such that when the power
fransistor device is turned on, the JFET is also furned on, and a drain voliage
signal of the power transistor device is cutput at a second nods;

a detection circutt coupled to receive the drain voltage signal and the
current signal, the detection circuit cutputting an alarm signal when the drain
voltage signal exceeds a reference voliage signal and the current signal excesds
a reference current signal, which indicales that a drain-source resistance of the

power fransistor device exceeds a8 combined threshald imit,

2. The IC of claim 1 wherein the alarm signal indicates that the temperalure

rise exceeds a thermal threshold of the power transisior device.

3. The iC of claim 1 wherein the reference current signal is set {0 a value at
which point the current flow in the power lransistor device has reached a

calibration current threshold.
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4. The IC of claim 1 wherein the reference vollage signal is set to a value at
which point the drain-source resistance has reached a calibration threshold value
of the drain valiage signal indicative of temperature limit of the power fransistor

davice.

5. The 10 of claim 1 wherein the detection circul comprises:

a first comparator having a first input coupled 1o réceive the drain voltage
signal, and a second input coupled 1o receive the reference vollage signal, the
first comparator ocutputting a first logic signal when the drain vollags signal
exceeds the reference vollage signal; and

a second comparator having a first input coupled 1o recelve the current
signal, and a second input coupled to receive the reference current signal, the
second comparator outputting a second logic signal when the current signal

exceads the reference current signal.

6. The IC of claim 5 wherein the detection circuit further comprises a flip-fiop
having an input coupled to receive the first logic signal, a clock input coupled kv
receive the second logic signal, the flip-flop outputting the alarm signal

responsive {o the first and second logic signals.

7. The IC of clgim 8 wherein the flip-flop is a D-type flip-flop.

8. The {C of claim 1 further comprising a sense resistor coupled between the

first node and & ground potential.

9. The iC of claim 1 whereain the first node comprises the source of the

sense-FET and the second node is the source of the JFET.
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16, The IC of claim 1 wherein the gate of the JFET and the source of the

power transistor device are both connected {o a ground potential.

11, The IC of claim 1 wherein the drain of the power transistor device is

coupded o a@ power converter energy transfer element.

12. The L of claim 1 wherain the alarm signal is used to tum off the power

fransistor device.

13, The IC of claim 1 wherein the detection droull receives the voltage signal
and the current signal at a predetermined gate-source voliage, and a

predetermined current, flow, in the powsr fransistor device.

14, Animtegrated circult {IC) for sensing a temperature rise in a switching
device, the temperature rise caused by a current flow in the switching device, the
G comprising:

a curent sense device that senses a fractional portion of the current flow
and cutputs a current signal at a first node;

a voltage sense device coupled to the switching device such that when the
switching device s tumed on, the voltage sense device is also tuned on, and a
voltage signal of the switching device is output at a second node; and

a detection circuit coupled to receive the voltage signal and the current
signal, the detection circuit outputting an alarmm signal when the voltage signal
exceeds a reference vollage signal and the current signal exceeds a reference

current signal,

15. The IC of claim 14 wherein the alarm signal indicates that the

tfemperature rise exceeds a thermal threshold of the switching device.
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16, The IC of claim 14 wherein the reference current signal is setf to a value
at which point the currend flow in the switching device has raached a calibration

current threshold.

17. The IC of claim 14 wherein the current sense device is a sense-field-
effect transistor (sense-FET), and the voltage sense device is a junction field-

effect ransistor (JFET).

18, The IC of claimy 14 whersin the detaction cirouit comprises:

a first comparator having a first input coupled 1o receive the voltage sighal,
and a second input coupled 1o receive the reference voltage signal, the first
comparator outputting a first logic signal when the voltage signal exceeds the
reference volfage signal;

a second comparator having a first input coupled {o receive the current
signal, and a second input coupled 1o receive the reference current signal, the
second comparator outputting a second Ipgic signal when the current signal
exceeds the reference current signal, and

a flip-flop having an input coupled to receive the first logic signal, a clock
input coupled {0 receive the second logic signal, the flip-flop culputting the alarm

signal responsive 1o the first and second logic signals.

18, The IC of claim 14 further comprising a sense resistor coupled between

the first node and a ground potential.

20. The iC of claim 17 wherein the first node comprises the source of the

sense-FET.
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21, The IC of claim 14 wherein the swilching device is & power transistor

device.

22, The IC of claim 14 wherein the switching device comprises ong or morg

diades.

23. The I of cigim 14 wherein the detection circuit receives the voltage
signal and the current signal at a predetermined threshold operating condition of

the switching device.

24, A method for sensing 8 temperature rise in a semiconductor switching
device of an integrated circuit {IC), the temperature rise caused by a current flow
in the switching device, the method comprising:

sensing a fractional portion of the current flow through the semiconductor
switching device, a current signal being cutputted at a first node in response
thereto;

sensing a voliage drop on the switching device when the switching device
is turmned on, a voltage signal of the switching device being cutputted at a second
node in response thereto; and

eutputting an alarm signal by a detection circuit coupled {0 receive the
voltage signal and the current signal, the detection circuit outputting the alamm
signal when the voliage signal exceeds a reference voltage signatl and the current

signal exceeads a reference curent signal.

25, The method of claim 24 whereain the alarm signal indicates that the
femperature rise exceeds g thermal threshaold of the semiconductor switching

device.
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28. The method of claim 24 wherein the reference current signal is setio a
value at which point the curent flow in the semiconductor switching device has

reached a calibration current threshold.

27. The method of claim 24 wherein the reference voltage signal is setto a
value at which point the voltage signal has reached a calibration threshold value

of the semiconductor swilching device.

28. The method of claim 24 wherein the alarm signal is output when the
detection circuit receives the voltage signal and the current signal at a

predetermined threshold operating condition of the swilching device.
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