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OQVERHMEAT DETECTION OF MOSHFET

FiELD OF THE INVENTION

0001 the present mvention relates o overheat detection of &
MOSHFET. More particularly, the present invention relates to a method and a

circuit for getecting over temperature of MOSFET junclion.

BAUKGROUND OF THE INVENTION

{0002] MOSHFE TS are used for various electnical applications including
a brushiess motor. it is known (o provide a temperature sensor o a MOSFET
for overheal protection. A negative femperaiure coefficient (NTC) thermistor is

generally used as a temperature sensor (o detect an overheat condition of
MOSFET junction.

{0003} 1. 1 llustrates schematic diagrams of conventional circuits for
detecting junction temperature of a MOSFET using a temperature sensor
such as a N1TC thermistor (NTC1T or NTCZ). When the NTC thermistor is
surface mounied package, it cannot contact the MOSEFET very well theretore
there is high tolerance. When the NTC thermistor is through hole package, it
can contact MOSKFET directly, but it requires more time for thermal conduction
and sensing, wiich causes slower response time. in addilion, it can only

detect surface temperature of the MOSFET.

10004} (. 2 shows a graph of resistance of a 33K NTC thermistor as 3
function of temperature. It is observed that when temperature is lower than 0
degree, the resisiance increases sharply as the temperalure goes lower, and
when temperature is higher than 60 degree, resisiance requces very siowly as

the temperature goes higher, which makes it dithcuit to identity temperature,

{0005] Therefore, there i1s a need for an mproved method and circutt
for overheat detection of the MOSFET junction without using the temperaiure

SENsofr.
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SUMMARY OF THE INVENTION

{00006} in accordance with an embodiment of the present invention,
there i1s provided a circuit for detecting junclion temperature of a MOSFET.
The circult includes a MOSEFET, a sense resistor connected in series to drain
ot source of the MOSFET, an amplifier for amplifying a voltage {(Vr) across the
sense resisior by a predetermined value {K), ang a comparator for comparing
the ampiified voltage (KVr) with a drain vollage (Vds) of the MOSFET.

0007 ] A Drain-to-Source On Resistance (Rdson) of the MOSEFET may
represent unction temperature based on a near retation between the RAson

and junction temperature of the MOSFET.

{0008] The drain vollage (Vds) can be described as Vds =1«
(Rdson{t) + Rs), where Rdson{t) is a Drain-Source on Resistance of the
MOSFET as a function of junction temperature () of the MOSFET, Ks is a
resistance of ihe sense resisior, and | is the current flow through the MOSFET

and the sense resistor.

{0009} A {+) input of the ampilifier can be connected between the
MOSHFET and the sense resistor.

10010} The circuit may further include a variable resisior provided
across the (-} input of the ampiifier and an output of the ampiitier. The varable

resisior may be provided to predetermine an over temperature vaiue.

100111 The comparator can be provided {0 receive the amplified voltage
(KVr) and the drain voltage (Vds) of the MOSFET as inpuls. The comparaior
can be configured {0 generate an over temperature signai (VU) based on the
comparison. the comparator can be configured to generate the over
temperature signal (VO when the drain vollage (Vds) of the MOSFET I8

determined to be larger than the ampilified voltage (KVr).
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{00143 The circult may further include an AND gate or an XOR gate
configured {o receive the over temperature signal. The AND gate or the XOR
gate may receive gate bias (Vgs) of the MOSFET and output a signal to a

controlier.

10013} in accordance with an embodiment of the present invention,
there is provided a method for detecting junction temperature of a MOSFET
inciuding turning on the MOSKFET, amplifying a vollage {(Vr) across a sense
resistor by a predetermined value {K), the sense resisior being connected in
senes o drain or source of the MOSFET, comparing the amphified voltage
(KVr) with a drain voltage {(Vds) of the MOSFET, determining if the drain
voitage (Vds) of the MOSFET 18 larger than the amplified voltage (KVr)}, andg

generating an over temperature signal based on the determination.

10014} in the method, generaling an over temperature signal based on
the delermination may include generating an over temperature signal when
the drain voltage (Vds) of the MOSFET s larger than the amplified voltage
(KVT).

0015] A Drain-to-source On Resistance (Rdson) of the MOSFET can
represent junction temperature pased on a linear relation between the Rdson

and junction temperature of the MOSHFET.

10010} The drain vollage (Vds) can be described as Vds = [«
(Rdson{(t) + Rs), where Rdson(t) is a Drain-Source on Resistance of the
MOSFET as a function of junction temperature (t) of the MOSFET, Ks is a
resistance of the sense resistor, and | is the current flow through the MOSFET

and the sense resistor.

0017 Other features and aspecis of the invention will become
apparent by consideration of the following detailed description, drawings and

claims.
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0018] Before any independent constructions of the mvention are
expiained in detail, it is to be undersicod that the invention is not limifed In s
application 1o the details of construction and the arrangement of components
sef forth in the following description or #iustrated in the following drawings.
The mvenlion is capable of other ndependent constructions and of being
practiced or of being carried out in various ways. Also, i is to be understood
that the phraseociogy and terminoiogy used herein 1s for the purpose of

description and should not be regarded as imiling.

{00193 Use of "including” and "comprising” and variations thereof as
used herein is meant to encompass the items lisied thereatier and equivaients
thereot as well as additional items. Use of "consisting of and varnations
thereof as used herein is meant o encompass only the items listed thereafier

and equivaients thereot,

BRIEF DESURIPTION OF THE DRAWINGS

10020 These and other features of the inveniion will become more
apparent from the following description, by way of example only, with

reterence to the accompanying drawings.

10021] FiG. 1 shows schemalic diagrams of conventional circuils tor

getecting junction temperature of a MOSFET using a temperature sensor,

0221 1. 2 shows a graph of resistance of a 33K NTC thermistor as &

function of temperature.

0023 Fi. 3 shows a graph of a MOSFET Rdson {(drain-to-source on

resisiance) curve as a function of junction temperature.

10024} Fiz. 4 shows a graph of a MOSFET curve of Rdson as 3

tunction of gate bias (Vgs) and drain current {id}.
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{0025} F1G 5 shows a schematic diagram of a circuit for detecting over
temperature of MOSFET junction in accordance with an embodiment of the

gresent invention.

{00261 -G, 6§ shows a schematic diagram of a circuit for detecting over
temperature of MOSFET junction in accordance with anocther embodiment of

the present invention.

100271 (. 7 shows a schematic diagram of a circuit for detecting over
temperature of MOSFET junction in accordance with yet ancother embodiment

of the present invention.

10028] Before any embodiments of the invention are explained in detatl,
it is {0 be understood that the invention 18 not imited in #s application to the
detaiis of embodiment and the arrangement of componenis set forth in the
foliowing description or flustrated in the following drawings. the invention is
capable of ofher embodiments and of being practiced or of being carried out
N various ways., Also, it s o be understood that the phraseosiogy and
terminology used herein is for the purpose of description and should not be

regarded as hmiting.

DETAILED DESCRIPTION

100291 Hereinafter, embodiments of the present disclosure will be

described in detalt with reference {o the drawings.

{030] 105, 3 shows a graph of a MOSFET Rdson {drain-to-source on
resistance) curve as a function of junction temperature. i is observed that as
the junction temperature increases, the drain-to-source on resistance {(Kdson)

ncreases approximatively linearly.

00313 (5. 4 shows a graph of a MOSFET Rdson {drain-to-source on
resistance) curve as a tunclion of gate bias (Vgs) and drain current {id). i is

obiserved that when the gate bias (Vgs) is larger than a certain value (for
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exampie, 5.5V}, the drain-to-source on resistance (Rdson} is independent of
the drain current {id). Under this condition, the drain-to-source on resistance

(Rdson} is only relevant {o the junction temperature.

0032 ] Based on the Rdson features of the MOSFET explained above,

provided I1s a method for detecting overheat condifion of MOSEFET junction.

10033} (s & shows a schematic diagram of a circuit for detecting over
temperature of MOSFET junction in accordance with an embodiment of the
oresent invention. With reference to FiG. 5, a circuit (10} is provided for
deteciing over temperature of junction of a MOSEFET (12). The circuit {(10)
inciudes the MOSFET {(12), a sense resistor {(Rs) connected in series {o
source or drain of the MOSEFET (12), an ampilifier (14) for amplifying a voltage
(Vi) across the sense resisior {(Rs) Dy a predetermined value (K}, and 8
comparator {10} for comparing the amplified voltage (KVr) with a drain volfage
(Vds) of the MOSFET (12) and generaling an over temperature signal {(VO)

cased on the comparison.

0034 setting Parameter
With reference to FIG. 5, when the MOSFET (12) is tummed on (l.e., Vgs=1)

and temperature 15 lower than a certain temperature {1, it can pe described

as, < K = Vr . When the temperature increases and becomes higher than the
certain femperaiure (1), the drain vollage (Vds) will be larger than the

amphlified voltage (KVr).

035 Circuit Work Theory
The comparator (16} is designed o generate the over {emperaiure signal

based on the comparison of the drain voltage (Vds) of the MOSFET and the
amphified voitage (KVr). When Vgs=1 and the drain voltage {(Vds) exceeds the
amplified voltage (KVr), the output (VU) of the comparator (16} will change
from O to 1, or from 1 to U accordging (o the specific circult arrangement. YWhen
Vgs=1 and the drain vollage (Vds) exceeds the amplified voliage (KVr) bul the

drain voltage {(Vds) and the ampliied vollage (KVr)} are almost egual, it can be



WO 2021/119989 7 PCT/CN2019/125932

described as in equations (1} and (£} according to the circuit in FiG. 5. 118 the

current flow through the MOSEFET and the sense resisior (Ks).

Vds = K = Vr (1)
[+ (Rdson{(T)+ Rs)=1+Rsx K (2}

{0036} From these equations, K can be derived as,

K =1+ Rdson{(T}/Rs {3}

00371 Now, based on the graph showing the relation of the drain-to-

source on resistance {(Rdson) and the junction temperature as in FiG. 3, the

aguation (4) below 15 oblained.

Rdson(T) = ] * Rdson(25 C) (4)

{0038} For a certain MOSFET, Rdson{25°C) and J are certain values.

Then, K 15 obtained as below based on the equations (3} and {4},

K=1+]*Rdson(25 C)/Rs (5}

10039} Resuilt
it an operator wants {o protect the MOSFET (12) at a temperature 11, then J1

can be obtained, and then K1 can be obigined as described above. The
amphifier (14) can pe set {o amplify the voltage (Vi) by K1. Accordingly, the
circuit {10} operates to generate an over temperature signal {(VO) when the

MOSFET junction temperature exceeds T1.

100407 One example circuit arrangement for detecting over temperature
of MOSFET junction is described with reference to FIG. 6. A circuit (20) for
detecting over temperaiure of MOSFET junction includes a MOSFET (22).
The MOSFET (22) can be N-type or P-type. Here, N-type MOSFET is used

for description. The circuit (20) further includes an ampiifier (UZA), 3
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comparator {(U1A} and an AND gate (U3A). A sense resistor (Rs1) can be
provided to be connected in series {0 source of the MOSFET (22). A (+) input
of the amplifier (U2A) is connected between the MOSFET (22) and the sense
resistor (Ks1). Another resistor {(R2) is provided to a (-} input of the ampilifier
(UZ2A). A varniable resistor (R3) can be provided across the (- input of the
ampilifier (UZ2A) and an oufput of the amplifier (UZ2A) in order {0 predetermine
an over temperalure vailue. The oulput of the amplifier (UZA) 1S explained as
the eguation (6}, and the amplification value (K) is provided as the eguation
(7). | is the current flow through the MOSFET (22) and the sense resistor
(Rs1).

KxVr=[+«Rsl*K (0}
R3
K = o + 1 {7}
00413 The output of the ampiifier (U2A) is connected to the (-} input of

the comparator (LU1A). The comparaior (U1A) is also provided with a drain
voltage (Vds) of the MOSFET (22} at the {+) input of the comparator (U1A).

The drain voltage {(Vds) is explained as the equation (8) below.

Vds = 1 = (Rdson(t) + Rs1) (S)

0042} The comparator (LU1A) is designed o compare the drain vollage
(Vds) with the output value of the ampilifier (UZ2A), that is, the amplified voltage
(KVT1), and getermine if the drain voltage {(Vds) is arger than the output value
of the amplifier (U2A). The comparator (UTA) then can generale an over

temperature signal {VO) based on the comparison.

10043] The over temperature signal {(VO) of the comparator (U1A) and
the gate bias (Vgs) of the MOSFET (22) can be inputted to the AND gate
(LU3A) and the AND gate (U3A) generates a signhal to a controlier.



WO 2021/119989 5 PCT/CN2019/125932

When the MOSFET (22} is turned on (that is, when Vgs=1), Vris a current
sense value which s explained as equation (9) when | is the current flow
through the MOSFET (22) and the sense resistor (Rs1),

Vr =1 = Rsl ()

10044 ] The Vr can be iputted to the amplifier (UZ2A) so thal it is
amplified to "Rs1*K, where K=R3/R2Z2+1.

10045} Parameters can be set under the condition that Vgs=1. First,
when junction temperature 18 less than a temperature such as 1 degres, it can

be described as,

Vds = I » (Rdson{T) + Rs1) < K ={ * Rsl (10}

{00463 Then, the comparator (U1A)Y will cuiput a low level, for example,
YO=0. When junction femperature is higher than a temperature such as T

degree, it can be described as,

Vds = I« {(Rdson{(T) + Rs1) > K = [ « Rs1 (11}

10047 Then, the comparator (U1A) will output a high level, for exampie,
V0=1. The over temperature signal {V0) and the value of the gate bias {V{s)
can be inputted to the AND gate (U3A), and the AND gate (U3A) will output &
high level signal {o the controller when Vgs=1 and the comparator (U1A)
outputs VU=1. The AND gate (U3A) will ouiput a low level signal {o the

controlier when Vgs=1 and VU=0, or when Vgs=0.

10048} iz, 7 shows another exampile circuit arrangement for detecting
over temperature of MOSFET iunction. With reference to FIG. 7, an XOR gate
(U3A) Is provided instead of the AND gate in FiG. 6. The ofher elements of

the circuit are the same as provided in G, 6.
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{00494 A circuit {30) Tor detecting over temperature of MOSFET junclion
includes a MOSHET (22) which can be N-type or P-type. Here, N-lype
MOSFET 18 used for description. the circult (30} further includes an ampifier
(LUUZA), a comparator (U1A) and an XOR gate (U3A). A sense resistor (Rs1)
can be provided to be connected in senes (o source of the MOSFET (£2). A {(+)
input of the amplifier (U2A) 1s connected between the MOSFET (22) and the
sense resistor (Rs1). Another resistor {(R2) s provided to a {-} input of the
ampiifier (U2A). A variable resisior (K3} can be provided across the () input of
the ampiifier (U2A) and an output of the amplifier (UZA) in order {o
oredeterming an over temperature vaiue. The output of the amplifier (UZ2A) 18
explained as the eguation (1), and the ampiification value (K) I8 provided as

the equations (6} and (7}, as described above.

{00504 The output of the amplifier (UZA) is connected {o the (+) input of
the comparator (U1A). The comparator (U1A) is also provided with a drain
voltage (Vds) of the MOSFET (22) at the (-} input of the comparaior (U1A).
The drain voltage (Vds) is explained as, Vds = [ =« (Rdson{t) + Rsl).

0051} The comparator (L1A) Is designed to compare the drain voliage
(Vds) with the output value of the ampilifier (UZ2A), that is, the ampiified vollage
(KVT), and determine if the drain voltage (Vds) is larger than the outpul value
of the amplifier (U2A). The comparator (UTA) then can generale an over

temperature signal {VO) based on the comparison.

10052} The over temperature signal (VO) of the comparator (U1A) and
the gate bias (Vgs) of the MOSFET (22) can be inputted o the XOR gate
(LU3A) and the XOR gate (U3A) generates a signal {o a coniroller.

{0053} YWhen the MOSFET (22} 1s turmned on (that is, when Vgs=1}, Vris
explained as, Vr = I x Rs1, when | is the current flow through the MOGSFET
(22} and the sense resistor (RKs1). The Vr can be inputied to the amplifier
(LIZ2A) 80 that it is amplified 1o "'Rs1™K, where K=R3/R2Z2+1, as described with

reference with FiG. 6.
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{0054 Farameters can be set under the condition that Vgs=1. First,
when junclion temperature is less than a temperature such as | degree, it can

e described as,

Vds = [ =« {Rdson{(T) + Rsl}) < K [ * Rs1l (10}

10000} Then, the comparator (U1A) will output a high level, for exampile,
VO=1. When junchion temperature is higher than a temperature such as 1

degree, it can be described as,

Vds = [ = (Rdson{(T) + Rs1} > K = [ = Rsl (11}

0000] Then, the comparator (U1A) will output a low level, for example,
V0=0. The over temperature signal (V) and the gate bias (Vgs) can be
inputied to the XOR gate (LU3A), and the XOR gate (USA) will ouiput a high
level signal to the controiler when Vgs=1 and the comparator (U1A) outpuls
Y0=0. The XOR gate (U3A) will ouipuf a low level signal to the controlier when
Vgs=0 and VO=0, or Vgs=1 and VO=1.

0057 ] According to the present invention, the over temperature signal
can be generated at a programmabile temperaiure using the relation between
Rason{t) and the junclion temperature as shown in HG. 3. Without using a
temperature sensor, the junction temperature can be detected directly with

high precision, high speed of detection and high response rate.

0058 ] it shouid be undersiocod that the above only illusirates and
describes examples whereby the present invention may be carried out, and
that modificalions and/or alterations may be made therefo without depariing

from the spirt of the invention.

{00581 it should aisg be understood that certain festures of the
invention, which are, for clanty, described in the coniext of separate
embodiments, may also be provided in combination in a single embodiment.

Conversely, various features of the invention which are, for brevily, described
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in the context of 3 single embodiment, may also be provided or separately of

in any suitable subcombination.
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CLAIMS

1. A circuit for detecting junction temperature of a MOSFET, comprising:
a MOSFET;
a sense resistor connected in seres to drain or source of the MOSHET,
an ampilifier for amplifying a volfage {Vr) across the sense resisior by a
oredetermined value (K}, and

a comparator for comparing the ampilified voliage (KVr} with a drain
voltage (Vds) of the MOSFET.

2. The circuit of claim 1, wherein a DUrain-to-Source On Hesistance
(Rdson) of the MOSFET represents junclion iemperature based on a linear

relation between the Rdson and junction temperature of the MOSFET.

3. The circuit of claim 2, wherein the drain voitage (Vds) is described as
Vds = I x {(Rdson{t) + Rs), where Rdson(l) is a Drain-Source on Resistance
of the MOGSFET as a function of junction iemperature (i) of the MOSFET, Rs
s a resistance of the sense resistor, and | 18 the current flow through the
MOSFET and the sense resistor.

4. The circuil of claim 1, wherein a (+} input of the ampilifier is connecied

Detween the MOSFET and the sense resistor.

5. the circuit of claim 1, further comprising a variable resistor provided

ACcross a (- input of the ampiifier and an output of the ampiifier.

G. the circuit of claim 5, wherein the variable resistor 8 provided to

predetermine an over temperature value.

7. The circuit of claim 1, wherein the comparator is provided {0 receive
the amplified voliage (KVr) and the drain voltage (Vds) of the MOSFET as

nputs.
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&. the circuit of claim 1, wherein the comparator s configured (o generate

an over temperature signal (VO) based on the comparison.

9. 1he circult of claim 8, wherein the comparator is configured {o generate
the gver temperature signal (V) when the drain voltage (Vds) of the MOSFET

is determined {o be larger than the amplified vollage (KVr).

10.  The circuit of claim 1, further comprising an AND gate or an XOR gale

contigured {o receive the over temperature signal.

11.  The circuit of claim 10, the AND gate or the XOR gate receives gale
oias (Vgs) of the MOSFET and outpuis a signal to a controlier,

12. A method for detecting junction temperature of a MOSFET comprising:

turning on the MOSFET;

amplitying a vollage {(Vr) across a sense resistor by a predetermined
vaiue (K}, the sense resistor being connected in series to drain of source of
the MOSFET;

comparing the amplified voltage (KVr) with a drain voltage (Vds) of the
MOSHFE T

determining if the drain voltage (Vds) of the MOSFET s larger than the
ampilified voitage (KVr); and

generating an over temperature signai baseg on the determination.

13, The method of claim 12, wherein generaling an over {emperalure
signal based on the determination comprises generating an over femperafure
signal when the drain vollage (Vds) of the MOSFET is larger than the
amplified voltage (KVr).

14. The method of claim 12, wherein a Drain-to-Source On Resistance
(Rdson) of the MOSFET represents junction temperature based on a linear

relation between the Rdson and junction temperature of the MOSFET.
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15, The circuit of claim 14, wherein the drain voltage (Vds} is described as
Vds = I x (Rdson(t) + Rs), where Rdson(t) is a Drain-Source on Resistance
of the MOSFET as a function of junction temperature (i) of the MOSFET, Ks
s a resistance of the sense resistor, and | is the current flow through ihe
MOSHFET and the sense resistor.
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