IVE'JZHCD AND Cl RCUI T TO SENSE THE T[ ] g o0
err] OF M3S- GATED POAER SEM CONDUgJle _

DEVI CES FI ELD OF THE | NVENTI ON The present invention relates to the ;Eﬁ ﬁE‘*‘T

| of 5 the junction tenperature of a MOS-gat eg—power—senicorductor

' device, such as a power MOSFET or an | GBT die. reREﬂHAGEDa$HEEFSK3 SG

I nvention relates to the integration of a S|nplé enperature se in the

MOS- gated device die and relates to an integr at EPEFiRian ¢ Pgsd 'I o paged .......

trimm ng and readi ng the sensor. BACKGROUND COF TﬂﬁcwmmﬁhﬁtﬁNemhéiaaapmaﬁel?;

determ nation of the junction tenperature (T[er OWel4Se t
device is inmportant for attaining high levels o kﬁb@&m?@P &Qed."nkQ&Biﬂﬁ """"

~reliability. This problemis particularly crdt ga f?ﬁj eXP?gfdl ow" Iﬁf@?q """"
- power MOSFETs, such as those having a value of 6 mTTTonm because tnesg
devices are very difficult to protect against overloads. It is known that

an integrated circuit canyp e

uBPnéB ANDCEPREYES 16 SENSE npme ther unction
tenperature of the power g@ ‘I%Cb@WEQGEEﬁQCOﬁBM@TQR DEVIQESFET devi ces,
such as the TEMPFET made enens, require that e I.C be nounted on top
or close to the power deV|ce It is nore desirable to have the capability.
of either 25  pr pRIEHNY DReKPBTog the integrated circuit in a standard

At carat e a Lenpor acur s SEWS GPEEHRSE COPOHRN L mAIARRR 5 he At nd BHE 1
exanpl e, gol ysidh&oJukeeiss t&ﬁ@ﬁ&t@r@%f o Mol-amted power
semiconductor device, such as a power MOSFET or an IGBT
die. More specifically, the invention relates to the |
integration of a simple temperature sensor in the MOS-
- gated device die and relates to an integrated circuit for
10 trimming and reading the sensor.

-

BACKGROUND OF THE INVENTION
The accurate determination of the junction
temperature (T;) of a power-semicdnductor device is
important for attaining high levels of operation
15 reliability. This problem is particularly critical for
extra low Ry, power MOSFETs, such as those having a
value of 6 milliohm, because these devices are very
difficult to protect against overloads.
It is known that an integrated circuit can be
20 employed to determine the junction temperature of the
power semiconductor device. However, prior FET devices,
such as the TEMPFET made by Siemens, require that the IC
be mounted on top or close to the power device. It is
more desirable to have the capability of either
25 separately packaging the integrated circuit in a standard

package or co-packaging it with the power device.

There are various ways to integrate a
temperature sensor into a power semiconductor device. As
an example, polysilicon diodes, P+/epi substrate diodes



or ltateral MOSFETs are incorporated for tenperature sensing. However, these
kfnown sensors have limtations and require fabrication using a non-standard
process with extra masks. It is therefore desirable-to incorporate a 5
 tenperature sensor that is conpatible with current processes for .
manuf act uri ng exi sting sem conductor devwces. It has been proposed to-
include a resistor in the power sem conductor device, such as an N+

pol ysilicon 10 resistor, to sense the junction tenperature. The
standard processes for nmaking a polysilicon resistor have a very w de
variation, typically +/- 20% which when conpared to their very | ow

tenperature coefdy i Spéral VOSPETY £3d AnEdrddratted £8HSeeRpatrallPE
variation in the 15 nmeasured tenperature. Though this problem c¢can be

sol ved by tri miSRPSHI+ C HAWRVeka IR KNAIGHSCRFRX FplaVEr Ldmitaphons
process of the lgnavoréguibee of £0t1idatiom ushidd inowagbahadiii grotess wetR
to be trinmed for &L es eﬁ(c:tlve Q/DSFE%}or %GBT.dThus le:jl_t L_s éurther _
~desirably to 20¢¥ r%i'ﬁ%? $y the LHARETHH AT FRLE CPHANGORRPT LS Re.
SUMMARY OB THE |tefipéitdabhdéesenese nthatvistcampatitlol eowathscanrént i
pol ysilicon resisto e bL Lan t r gated
sem conduct or de‘%t%éeéiﬁﬁéeﬁ%foééﬁ%%ﬂg@f%ieﬁfgﬁgégdg %‘g;gﬁf‘wﬁg S
sel f-adapting t dlesnkcgswer device. The use of an N+ polysilicon resistor to
sense the junction tenper r g%y €,S LS
conpatible wth current ?glg?%?%%?ny@%p o?&%gﬂ?éluggv?cggé%ﬁé. Ja'trs1 t he
HEXFET power NOSHET power byemicendiictamnaderes, fsueh s panaliiropodyidil tegs
al so mdg Py | NLELIALLPAl 1&edhdd ALY BRI dP tedpratisal Cifle
standard processes for making a polysilicon resistor have
a very wide variation, typically +/- 20%, which when '
compared to their very low temperature coefficient,
typically 0.1%/°C, can caluse a +/-200°C variation in the
15 - measured temperature. Though this problem can be solved
by trimming the IC that reads the sensor, the mass
production process of the IC would be greatly complicated
if each individual IC were to be trimmed for a respective
MOSFET or IGBT. Thus, it is further desirably to '
20 simplify the adaptation of the IC to the power device.

SUMMARY OF THE INVENTION

The present invention incorporates an N+
polysilicon resistor to sense the junction temperature of
a MOS-gated semiconductor device and employs an '

25 integrated circuit that is self-adapting to the power
' device. . _ '

The use of an N+ polysilicon resistor to sense
the junction temperature has several advantages. The
sensor is compatible with current MOS-gated semiconductor

30 devices, such as the HEXFET power MOSFET made by
International Rectifier Corporation and IGBTs also made
by International Rectifier Corporation. The sensor can



-3- *be easily routed at the center of the power device to sense the peak
tenperature. The thermal tinme constant is very low, typically on the order
of 1[err]s and is an order of magnitude | ower than that of the prior

' devices. The 5 center is conpletely isolated fromthe power termnals
by the field oxide so that the isolation is at |east +\-60 volts for a | ow
vol tage HEXFET MOSFETs and higher for_I4{B]s. Thus, the tenperature of a

" high side power semn conductor device can be easily sensed using a 10

. grounded 1 C control. The self adapting ICincludes a small non- volatile

- menory, typically around 10 bits, and a trimm ng sequencer. Wen the
integrated circuit is assenbled with the power sem conductor device on a

~printed circuity Qoééglif rout@4 hf @ng$ﬁﬁﬁbf"ofxﬁﬁ$ Cdedidei £ot €St ed
- by the end user, a progranmng signal, typically 5 volts, is applied tg a

special input otense ti peekstemperatures éTh?|¢hﬁ¥@ﬁ%€ﬁﬁ%ﬂcﬁonﬁ§ﬁﬂ§ #ﬁe
['C whi ch may be%éffﬂ iﬁgctl fé&lﬂfegnbﬁ/hé herd &8 U ﬂ?g'éﬁdsﬁédaHYOrdeﬁ

| nt er nat i onal rr‘gia)ratlon The I C'then determ nes_t
opti num conbi na®f oragnitnde lawernbhamcthaheot dhp R 1RF et Eefiper bfr e

~resistancg of téénﬁéﬁsi?é cRB1EEL I Do BLELE NEom scm@npé@éﬁluefmﬂamarayt '
to the user. Wen the

~permanent | y st o8 Fhetd e°¥€§ﬁeﬁ8 €|Q§héhégie Seqvﬂihﬁﬁﬁggbt?a¥ﬁe+\l2025
gol ysili gﬁg Irﬁtsgé}g?ggoﬁs?anowrrﬁert etmxmmqmmvrfrmmamaugmeﬁf fope loower
oSZLfgﬁperature §Qﬁ§'5|§# Cu;ﬁgaaﬁﬁmpera€$k£Q§ﬁ prg%%uégg?g Zbgeeea
predeterm ned semiconductor device can be easily sensed using a
10 grounded IC control.
The self adapting IC includes a small non-
~volatile memory, typically around 10 bits, and a trimming
sequencer. When the integrated circuit is assembled with
the power semiconductor device on a printed circuit board
15 or in a hybrid or power module, and is tested by the end
user, a programming signal, typically 5 volts, is applied .
to a special input of the IC. The signal starts a
trimming sequence inside the IC which may be similar to
that used by the IR3010 device sold by International
20 Rectifier Corporation. The IC then determines the
optimum combination of bits that matches the respective
room temperature resistance of fhe sensor. The trimming
sequence is completely transparent to the user. When the
programming pin is released, the 10 bit word is
. 25 permanently stored in the IC memory.
R The IC uses the value of the polysilicon
' resistance as an image of the junction temperature of the
power device. The integrated circuit may also be capable
of providing a simple overtemperature (OT) signal when
30 the sensed temperature is above a predetermined
threshold, a dual OT signal indicating pre alarm/shut
down, or a linear measurement of the junction temperature

T,. These functions can be provided using relatively



threshol d, a dual OT signal indicating pre alarm shut down, or a linear
nmeasurenent of the junction tenperature T[err]. These-functions can be
| provided using relatively * -4 sinple anal og processing. The integrated

circuit can also be capable of nonitoring the juncthiggh lacehf up to
4 to 6 power sem conductor devices that ,are bridge ﬂ l|ccor dance
wth a first aspect of the present invention, therel nmet hod of
self-trimmng a tenperature nmeasuring circuit to adapt to a respective

tenperature sensing resistor disposed in a power seniconductor device, the
met hod conprising the steps of: 5 generating a plurality of

. successi ve count_.val.ues; v . I a ' ure
' sensi ng resistoF}Wﬁﬁf\ﬁﬂéﬁg)fﬁ%g%% é& fen?h%ngﬁggggﬁtkggEgﬁ¥%ﬁ§f?%§{of-
each successi veadmmtbes atapablie of monitoring thsaéunc?@qméemecré&élr@c%s
the resistor; tgmnal i (OGEANSeH MHRCER? MAWiRdR AT Bridbridge

St or reaches

tenperature sensfng T esi a predefined value; and storing the
final one of saicwmiegtediy of 15 - successive count values. A reset

signal toginitiate the gengt aldytdiinde 4ithc EneS i¥Gedtitn,val WREHEY o .
supplied. "A constant current value may be generated as .,a function of .the
stored count vaS@dftbelmmingR SRS adyre, Measurdng c"tt&\’p‘&r adanFs &R iang
resistor, and thestideDre AdmSerdtite sensing resistor disposed in a
power semiconductor device. Plural successive count
values are generated, and a variable current is supplied
10 to the temperature sensing resistor that increases as a
function of each successive count value. The voltage
across the resistor is measured, and the counting is
terminated when the voltage across the temperature
sensing resistor reaches a predefined value. The last
15 ~one of these plural values is stored.
_ A reset signal to initiate the generation of
the successive count values may be supplied. A constant
current value may be generated as a function of the
stored count value, the current supplied to the
20 temperature sensing resistor, and the voltage across the
temperature sensing resistor measured. The measured
voltage may be compared to a limit value that is
proportional to the predefined value, and an
overtemperature signal generated when the measured
25 voltage exceeds the limit value.
The predefined value may be proportional to the
bandgap voltage. The method may also be carried out by
an integrated circuit. N
According to another aspect of the invention, a
30 self-trimming temperature monitoring circuit adapts to a
. respective temperature sensing resistor disposed in a
power semiconductor device. The sequencer generafes

plural successive count values, and a current source



Eﬁnger?;ygevzfzzi?g [esistor measur ed. The measured vol t age may be conpared
at is proportional to the predefined v

. , 1ned val ue,
overtenperature signal generated when the nmeasured 25 —Vﬁrfagggeggeeds

the limt value. The predefined value may be propdhiSimedis b, g, Landgap -
Lplac

Yglt?ge. The nethod may al so be carried out by an i ult '
pr;vi gegc;ordi’ipce with a second aspeet 50f the presJ#’W’ﬂHEM 't he;re S
et ve fg -trimmng tenperature nonitoring circul ing to a
respect L nperature sensing resistor disposed in a power sem conductor

; said circuit conprising: 5 a sequencer for generating .

a plurality of successive count values; a
. ' | : ; current, source,f |
vari abl e curreghppqﬂékea(yqnxahlﬁw§um§ﬁ§Fn§°rE§?s?%??efﬁgugél%%R%#Mgggda

current i [ ' :
~increasing as a,fungid o whRAthatusaepaaseslas a funghionaple;
. : n

measuring. circdi
TESTE o e mvesesuive fomnimbi b SR BRI L
e e var B S8 VTR st e chsperng ool ¢
tsEcce_ss! Be countesistaess, an &8 cdetecting gren B?eﬁgngﬁagﬁgf ngrg.'t'ibN bey of
at initiates Querali0onOr auBeN UENs efoltafec acrosenthe temperature® |10
sensing resistor reaches a predefined value. The final
one of the count values is stored in a memory.
A reset signal generator may generate a signal
10 that initiates operation of a sequencer. The current
source may include a variable ratio current mirror, and
the sequencer may include a counter. The predefined
value may be proportional to the bandgap voltage.
_ The current source may include a constant
15 current source which generates a constant current as a
function of the value stored in the memory, and the
measuring circuit may measure the voltage across the
resistor using the constant current. An overvoltage
detection circuit compares, when the constant current is
20 delivered across the temperature sensing resistor, the
voltage across the resistor to a limit value that is
proportional to the predefined value, and an
overtemperature signal generator generates an
overtemperature signal when the measured voltage exceeds
25 - the limit value. '
The circuit may be an integrated circuit, and
the memory may be an'EEPROM. _
According to another aspect of the invention, a
system measures the junction temperature of a power
30 semiconductor device and includes a temperature sensing
resistor disposed in the power semiconductor device, and
a self-trimming, temperature sensing circuit that is

adaptable to the temperature sensing resistor.



source may include a variable ratio current mrror, and the sequencer may

I ncl ude a counter. The predefined value may be proportional to the bandgap
. voltage. The current source may include a constant 15 current source

' whi ch generates a constant current as a function of the value stored in the
menory, and the neasuring circuit may pegsure the voltage across the

resi stor using the constant current. An overvoltage detection circuit
conpares, when-the constant current is 20 del i vered across the
tenperature sensing resistor, the voltage across the resistor to a limt
~value that is proportional to the predefined value, and an overtenperature

si gnal generator generates palkaMRicnAlReb2! HEGisLMRAY B@ea MbeFR®PaH! fdy
- voltage exceeds 25 the limt value. The c rcuit

t t ed
‘circuit, and thePRreddr JOBR, b&hen RESREM maY eS%“ 1P Ggaathga}g ©

third aSDect of hha RheSdmtdgratidd eircuier &ndSpeweyi ééﬁll&oﬁ&ﬁéﬂbi' aemce
measuring the junction tenperature of a power sem conductor device, said

circuit-conprisifg¥ Rer &Ry@REKAIE%ensi ng resi stor disposed in-said 5 -
power sem gonductor device; oxhérd fealtures aﬁanadvsaﬁagabuw enaspﬁesentcult_

that is adaptable to_sai erature sensi_ng, r gsi st a rising: a
sequencer for geﬁgyﬁpiﬂﬁnaﬁ& Oppgereﬂt gﬁﬁ@e@éﬁv &gﬂﬁgngalues
: description of the 1nvention which refers to the
accompanying drawings.

- BRIEF DESCRIPTION OF THE DRAWINGS
10 The invention will now be described in greater
detail in the following detailed description with
reference to the drawingé‘in which:

Figure 1 is a top view of an MOS-gated power

‘semiconductor device in which a temperature sensing
i5 polysilicon resistor is incorporated accordlng to the
invention; _

Figure 2 is a block diagram showing the
temperature sensing integrated circuit according to the
invention; and .

20 Figure 3 is a diagram showing an example of the
implementation of the integrated circuit of Figure 2 with
a power semiconductor device.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows how the temperature sensor:

25 polysilicon resistor can be implemented in an MOS-gated
power semiconductor device die 9. The die may be a power
MOSFET or an IGBT, for example. The polysilicon resistor
10 is narrower in the vicinity of the source pad 11 to
sense the peak temperature. The total number of squares

30 of the resistor is 1000 to 2000, corresponding to 25 to
50 KOhm, respectively. The gate pad 12, drain 13, and



a current source for supplying a variable current to the tenperature
sensing resistor, the value.of said current increasing as a function of
~each. successi ve count val ue; 15 a measuring circuit for

- neasuring the voltage across the tenperature sensing resistor; a detecting
circuit for term nating operation of salq sequencer when the voltage across
the tenperature sensing resistor reaches’a predefined val ue; and 20
menory for storing the final one of said plurality of successive count
val ues. -6- A sem conductor device may be a MOSFET or may be an | GBT
The circuit may be an integrated circuit, and the integrated circuit and

power semi conduci G, stuaea%vag%naeteacleaggﬁnsf?u 5 and 16, Ot her

features and advantages of the present invehtion W | becone é parent from
the foll ow ng de§e$P9FFéNedN:tﬁ€ Bn?éﬁVPBﬁlﬂﬁFéhpﬁékégg tosﬁﬁﬁeaﬁéﬁﬁpénylng

draw ngs. BRI EF DESCR thoﬁo%ewﬁd%%@%elﬁads 17 and 18, Ihe .invention

wi Il now be described in greater detail in th ol Il owm ng detailed
descri ption w t EREPEFEAVELY, Pﬁetbﬁaﬁpﬁg§tpﬁ Qﬁl@he Brgure 1 is a top view

of an MOS-gated power 39”1@Q@dUQt%honVbcglhﬂlmbiéH albeﬁpaaagyaa 88N€hAay
15 ponS|I|con re5|st iI"s _i ncar por cor. nvention

Figure 2 is a bl3ekfapdgPiingnhd A0+t he Feﬁﬁi a?ﬁ?EQgEHSPHSthggﬁrafeac
circuit accordingotfst e follows: When +5V is supplied to the PROG

. input, a reset signal is delivered to the counter 22.
Then, the counter 22 starts to count up, increasing the
10 ratio of the variable current mirror 23 and, in turn, the
current supplied to the resistor 10. The current
" supplied to the sense resistor 10 ramps up until the
voltage across it reaches 0.87 times value of a bandgap
reference voltage V,, present in line 29. The bandgap
15 reference voltage is supplied by bandgap reference supply
37 and is divided across divider 38 and then supplied to
op-amp 35 which compares the divided voltage, 0.87 V, to
the voltage across resistor 10. When the voltage across
resistor 10 reaches 0.87 V,, op-amp 35 changes state and
20 the output is supplied to AND gate 39 which, in turn,
turns off clock enable 33. Then, the enable signal on
line 30 goes low, the counter 22 stops counting and the
last bit word supplied by the counter is stored in the
- EEPROM 31.
25 During normal temperature sensing operation,
the PROG input 21 is held to ground potential by a pull
down resistor 32. A current source 40 generates a zero
temperature coefficient current which flows through the
current mirror 23 and across sense resistor 10. The
" 30 value of the current supplied to resistor is controlled
using the value stored in EEPROM 18 such that at room
temperature, the voltage across the resistor is 0.87 Vg



|nvention; and 20 Figure 3 is a di agram showi ng an ex

the inplementation of the integrated circuit of F?gure 2 mﬁtg a pgmgrple °
sem conduct or devi ce. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Fi gure 1 shows |
how t he tenperature sensor 25 pol ysilicon resistor can be inplenented
in an MOS-gated power seniconductor devige.die 9. The die may be a power
MOSFET or an | GBT, for exanple. The polysilicon resistor 10 is narrower in
the vicinity of the source pad 11 to sense the peak tenperature. The total
~nunber of squares 30 of the resistor is 1000 to 2000, corresponding to
25 to 50 KOhm respectively. The gate pad 12, drain 13, and -7- source
11 are connected to pins lfr {Re 3PpsvdPe. déﬁi&éxﬁéaE¢yupoébaveonwahcjohh¢

package. Sense pins 1 and 2 are,c nnecte to d

respectively, orsengereeitage il gl%ﬁ@Fh c§§§§§§p3p§a%§ gEdE&Sﬁhange
sinplified blockhagr aé‘h&fthéeoﬁeffeﬁﬁ@ﬁtmﬂel ®PP. signalevilhdgpthigh.
operation of I1C 20 s’ as fol | ows: We | S_Supp Iied a
reset S|gnal|f;?h#l%%¥§ﬂnFosPHE°€oﬁﬂt ?SZQ 2852 eTﬂ%r%gﬂ%F gggi%ar#% to
count up, g ncreass vdbi@ ifAfluentdhyothé IGEtampenbtnreuonehhenOTror 23
and, in turn, the curreg& supplied to the resistor 10. The current supplied

to the sense res¥ ranps up until the voltage across it reaches 0.87
ti mes val ue of a bandgap rfﬁerEBEROMOBlagan\@erxmplgmestﬁd naingne 29. The

DA 1% e SHGATEEFRRLPEREekTaR B B HaBBsGF ot Svee ueoT
the IC is only a few nm?.

10 Fig. 3 shows a practical implementation of the
IC 20. The IC 20 can be assembled in a very small
surface amount package or may be co-packaged with a power
device 50, such as a MOSFET or IGBT, in a power module.

In carrying out the design, care must be taken

15 to control variations in the temperature coefficient (TC)
of the polysilicon resistor. These variations translate
directly into variations in the OT threshold. Thus, it
is preferable that the variations of TC are less than +/-
10%.

20 Care should also be Faken to prevent loss of
‘data on the EEPROM which can be caused by a high ambient
temperature, such as the ambient temperature of 150°C
that is needed for automotive applications and the
ambient temperature of 200°C for power modules

25 application. The “"zap" technique may be used in place -
favor of the EEPROM 31 in such applications.

Although the present invention has been
described in relation to particular embodiments thereof,
many other variations and modifications and other uses

30 will become apparent to those skilled in the art. It is
preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only

by the appended claims.

<.




op-anp 35 which conpares the divided voltage, 0.87 V[err], to the voltage
across resistor 10. Wen the voltage across resistor 10 reaches 0. 87
V[err], op-anp 35 changes state and 20 t he output—¥s~suﬁﬁ{1ed-fe"ANB
gate 39 which, in turn, turns off clock enable 33. Then the ena naI
on line 30 goes | ow, the counter 22 stogs_counting and “t Er
supplied by the counter is stored in the EEPROM 31. 25 I {
During normal tenperature sensing operation, the PROG i
ground potential by a pull down resistor 32. A current source 40 generates
a zero tenperature coefficient current which flows through the current
mrror 23 and ag r 10. The 30 val ue of the current
supplied to r est %51%8%%1 %Eg usi_ng the_val ue stored in EEPR%¥I18 such
that at room tenperature, fhe ﬁbWE&@@daGfo§§1FﬁErF@§ﬁgﬁbP CempeEAtYLE (] .
-8- If the powep %@Wﬁwe&t&m a;laoaaaiszou;er b] Eespeectives tenpetragarei | |
reach V[err] causing op-anp, t o .chan state, and the .overdt rature
(OT) si gnal mnISe@§Mﬁﬁﬁfesﬂﬁ¥Q§uq¥§RPSg§uF@ea4§°H§§ et it "F@ﬁ%@ ature .
coefficient 5 v [ @dﬁ@rl&ﬁﬁ Iehbegn wfz on the OT .
threshol d. The g&#&%\%S%r%aﬁWr}*‘pl erre g aeg/ioS/ R cessor
or by "zeBer zapping". Th&eferating r|a§. etﬁ%rr
Fig. 3 shows a RiAcidssl |nplenentat|on of the IC 20 The IC 20 can be
assenbled in a very smal | surface anoynt a Oiﬂﬁ&ﬁﬁg th
a power device 50, such aSUPRERHST %V %?,‘iﬁ Eggreg\%?rﬁob% Rard
sensing resistor, the ‘value of said current 1ncrea51ng as

a function of each successive count value;
10 measuring the voltage across the resistor;
terminating the counting when the voltage
across the temperature-sensing resistor reaches a

predefined value; and
storing the final one of said plurality of

15 successive count values.

2. The method of claim 1 further comprising
the step of supplying a reset signal to initiate said
step of generating a plurality of successive count

values.

3. The method of claim 1 further comprising
the steps of:
generating a constant current as a function of
the stored count value and supplying the constant current
5 to said temperature sensing resistor; and
‘ measuring the voltage across the temperature

sensing resistor.

4. The method of claim 3 further comprising

the steps of:

‘AR O A A



I'n carrying out the design, care nust be taken 15 to control variations
in the tenperature coefficient (TC) of the polysiIieﬁﬂ—fes+sfor—'These—
 variations translate directly into variations in the OI shol qays, it
is preferable that the variations of TC are. |l ess than Y

Care should also be taken to prevent Logg of data on t “

be caused by a high anbient tenperature, such as the a

150[err]C that is needed for autonotive applications and the anblent
tenperature of 200[err]C for power nodul es 25 application. The "zap"
techni que may be used in place favor of the EEPROM 31 in such applications.
Al though the present Invenébﬂpabﬂﬁb&eé\mzidwdzdnagﬂawiﬂm aolimiticul ar

~enbodi nents th f th d
500 W *becoreakppatbat 18 PRESCrOIONALAY P pedet £heq Vapdelgng s

therefore,gthat the pr esenlgehefaﬂin@rarb&wenﬁénq:énwum shgnapamémcsald

di scl osure herein, but qgnly the a - WHAT IS CLAI MED
IS: 1. A nethod T‘B¢3§EFPdtVP a8 %x‘f'%%i% C%dfeﬁrwa u‘faf]h‘b tircuit to adapt
ggnscgﬁngftlvg tenper?Lure Sﬁn3|ng resistor disposed in a power )

uctor device e netho sin
generating a plurality of §ucce’g§ ‘ff#] &/a‘fh“[e?eﬁ% e]gf}gg%f/?gﬁ séa:\f./%“ abl e
IClI::E: :ggg . tn 3 ; he tgreaegineda 9amaengs rp!mpdimlortéme tal the odbandgalp cuelbage.
S

h can
ure of

6. The method of claim 1 wherein said method
is carried out by an integrated circuit.

7. A self-trimming temperature monitoring
circuit for adapting to a respective temperature sensing
resistor disposed in a power semiconductor device; said
circuit comprising:

5 a sequencer for generating a plurality of
successive count values;'

a current source for supplying a variable
current to the temperature sensing resistor, the value of
said current increasing as a function of each successive

10 count value; ’
a measuring circuit for measuring the voltage

across the temperature sensing resistor;
a detecting circuit for terminating operation
of said sequencer when the voltage across the temperature
15 sensing resistor reaches a predefined value; and
memory for storing the final one of said
plurality of successive count values.

8. The circuit of claim 7 further comprising
a reset signal generator for generating a signal that

initiates operation of said sequencer.

A



a. functlon of each successive count val ue; 10
vol tage across the resistor; termnating the counting mhen the voIt e

across the tenperature sensing resi stor reaches a predefﬂ ed
storing the final one of said plurality of 15 success ts.
2. The nethod of claim1 further conprd gigng the step of s t

signal to initiate said step of generating a plurality of successive count
val ues. 3. The nethod of claim1 further conprising the steps of:

. generating a constant current as a function of the stored count val ue and
- supplying the constant current 5 - to said tenperature sensing resistor;
and neasuring the voltage acrosshehelreupErafucbasmn§|wgeresnssend 4 The

t hod of cl 3 1 b d
Vol tage with a | SHFEeDk SUERa, (PeLfnbace YaRERBLe EFRE, EISrPRE HEETHED

~and -10- 5 .generating an overtenperature signal mhen sald

measur ed vol t age exceeds s bq 'bﬂht xg& £t éF ?1J?ﬁ 9e&ﬂ de?h ghagm 1 6

wherein said predefined valué i§ propor I ona e ban gap voltage.
A sel f-trimmi ng seqpensewr dneduidesr angoyntenit for adapting to a respective
tenperature sensing resistor disposed in a power sem conductor device; said

11. The circuit of claim 7 wherein said
predefined value is proportional to the bandgap voltage.

12. The circuit of claim 7 wherein said
current source includes a constant current source, said
current source generating a constant current as a
function of the value stored in said memory, and said

5 measuring circuit measure’ the voltage across said
resistor using said constant current.

13. The circuit of claim 12 further comprising
an overvoltage detection circuit for comparing, when said
constant current is .delivered across the said temperature
sen51ng resistor, the measured voltage across said

5 resistor with a limit value that is proportional to said
predeflned value, and an overtemperature signal generator .
for generating an overtemperature signal when said
measured voltage exceeds said limit value.

14.  The circuit of claim 7 wherein said

circuit is an integrated circuit.

15. The circuit of claim 7 wherein said memory

is an EEPROM.

_—
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circui't conprising: 5 a sequencer for generating a plurality
of- successive count values; a current source for supplying-a—vatriabte
current to the tenperature sensing resistor, the val ue of sald cur el ced

i ncreasing as a function of each successive 10 couﬁbBS urlng
circuit for neasuring the voltage acrossyjhe tenperature tor

a detecting circuit for term nating operatlon of said se

vol tage across the tenperature 15 sensi ng resistor reaches” a predeflned
val ue; and nenory for storing the final one of said plurality of successive
count val ues. 7. A circuit for nmeasuring the junction tenperature of a

power seni conductor device,jgai th Gystient feerrﬁéaauﬁg ﬂrﬁfﬁefrﬁiﬂiroel sensi ng
resi stor disposed in said 5

d
a1 tri i ng. T oSBRARRBIER RS ) Rever, FETLARPARET &%d@ 153 grsten

t enperat ure sensigihgreid iy and conpr|5|ng a sequencer for generatlng
a plurality of 10 successi ve co val ues: a_curnrent squrce d) ..
supplying a variable curreft tPRHFETEGSLRELPE Egﬁé'is% SRS i saiq e

of said CUBfentIpvwéﬁﬁsémn¢ﬁndudturﬂﬂemic@f eadh succeSS|ve count val ue; 15

a ne A
a reasuring of et for meagu L1 {gigk 345,8RL0R e MedHY AriAe

that is adaptable to said temperature sensing resistor
- and comprising: _
a sequencer for generating a plurality of
10 successive count values;
' a current source for supplying a variable
current to the temperature sensing resistor, the value of
said current increasing as a function of each successive
count value; ) '
15 a measuring circuit for measuring the voltage
across the temperature sensing resistor; o
a detecting circuit for terminating operation
of said sequencer when the voltage across the temperature
sensing resistor reaches a predefined value; and
20 memory for storing the final one of said
plurality of successive count values.

_ 17. The circuit.of claim 16 further comprising
a reset signal generator for generating a signal that
initiates operation of said sequencer.

18. The system of claim 16 wherein said
current source includes a variable ratio current mirror.

19. The system of claim 16 wherein said
sequencer includes a counter.
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a.detecting circuit for termnating operation of said sequencer when the
vol tage across the tenperature sensing resistor reaches a-predefined-val ue;
~and 20 menory for storing the final one of sald pIurallty of

successi ve count val ues. 8. The circuit of clalm @ﬁd
current source includes a constant cu&rgst-source, rce
generatlng a constant current as a function of the va sald

nmenory, and said measuring circuit neasure the voltage across sald 5
resistor using said constant current. 9. The circuit of claim8 further
conprising an overvol tage detection circuit for conparing, when said
constant current is delivezed ammmssysttmn\aﬂ tczi@e.nadlﬁ)sdmleemr%nme senS| ng

resistor the volt Sy I
proporti onal toR sraéclgegﬁé%%fl nf‘%ig e,oélénarailan- (}v\g}&t reJcrrlgeerﬂf’;le?iltﬁge Si gna tlt'
generator for generating an overtenperature si gnal when said neasured

-voltage exceeds said |imtyyal uphe ]%sf:@}n? &t 'Adim Afe Ghfdre dmvg*@_{@l n said

“self- trinmming tenperature sensing clrcuit is .an integrate
circuit and is mmhg@qumehlsgl@%mﬂ@@rﬁ%mmnﬂewwe: WdThe

systemof claim ¥£ﬁ$e 1P lato the..
bandgap vol tage. é‘gﬁ eégugté%g?&? cl al %G%dg‘?:grﬁ: gfil d At a

function of the value stored in said memory, and said
5 measuring clrcult measure the voltage across said

resistor using said constant current.

22. The system of claim 21 further comprising
an overvoltage detection circuit for comparing, when said
constant current is delivered across the voltage across
temperature sensing resistor the voltage across said

5 resistor with a limit value that is proportional to said
predefined value, and an overtemperature signal generator
for generating an overtemperature signal when said
measured voltage exceeds said limit. value.

23. The system of claim 16 wherein said
circuit is an integrated circuit. '

24. The system of claim 16 wherein said memory
is an EEPROM. '

25. The system of claim 16 wherein said power

semiconductor device is a MOSFET.

26. The system of claim 16 wherein said power

semiconductor device is an IGBT.
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current source includes a constant current source, said current source
generating a constant current as a_ function of the value stored in said
menory, and said 5 measuring circuit nmeasure the voltage across said
resistor using said constant current. 22. The systen1qihgh@hgkggm&gﬁgggr
conprising an overvol tage detection cixrqguy t for conpari in

constant current is delivered across the voltage acr OSSHWH‘EE ensi ng
resistor the voltage across said 5 resistor with af at is
proportional to said predefined value, and an overtenperature signal
generator for generating an overtenperature signal when said neasured

vol tage exceeds said |imt2val ughe28ystiéf 6§s¢Eaimf 28| @vharéfnvnkatdi n said
circuit is an integrate ircuit.,24. .The,system of c# i 6, wher.ei n _said
rerory i an EEPHERFISRCeR,EIERbIE Fhe BRAT RS et ROl cHE REV R
sem conduct or deareecospackB®GEHT. 26. The system of claim 16 wherein said
power sem conductor device is an | GBT. 27. - The system of claim 23

wherein said integrated circuit and said power sem conductor device are
co- packaged. :
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