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THERMAL MONITORING SYSTEM FOR
SEMICONDUCTOR DEVICES

BACKGROUND OF THE INVENTION

1.

Field of the Invention

One of

This invention relates generally to the field of thermal monitoring and more

particularly to the field of measuring temperature during semiconductor operations.

densities of semiconductor devices continues to increase.
transistors on semiconductor devices has doubled every couple of years.

Description of the Related Art
As semiconductor integration continues to make advances, the packaging

The number of

This

continued integration of more electronic circuitry into semiconductor devices is not

achieved without undesirable consequences.

One of these undesirable consequences or side-effects is the increase in
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2 heat generated due to the increase in packagi ng density. Several

sol uti ons have been enpl oyed for renoving heat from sem conductor devices.
These sol ut-rons i nclude heat sinks, cooling fans, and in sone cases, liquid
cooling. Today many commercial ly avail able sem conductor devi ces,
éspecially m croprocessors, such as t hode used in personal conputers fr.om
Intel, AMD, IBM Cyrix and others, ship with attached cooling fans.
Typlcally t hese cooling fans _ are fastened as part of a heat sink onto the

top side’ of hent ceagrateRdue fohedavease m/naphaﬂmdemﬁétyesﬁum $Riutionsrhaweny
appl i cal | oNSped1emBREEATAIIBMoRTRAER b milduRAIEORILCTRE GG S ot

npni tored and t re not I'ng the opéeration of
devi ce. lncmdedneat sioke, adolisg tartsbhadnn sonoe cakess liquid seolingo rithidaly eriarflevi ces

have been int rat| elrature sensor,s .directl nt.o the cavity of the
socket for p eFFdaﬂ/rF‘{aﬂngéﬁ%‘éﬂ?&HE bHeYiess: 8§pe°X€|é’(5‘@R"é’Pr9@I5§?r§ fucha
receptacl e, HthdskYise@ rifdr8ndl ompRidretr8fh Iftel, ANID, ibﬂﬁc@raxﬁﬁaoﬁiewghfbg In

t he sem conduct or device. The use of terrperature 'sensors, suc
t her mal - coupwiB atiaehedeeolingifans., Typisalytbess cootingifans aragfaeterudasrpamuﬁuct or

of ' desi r et DRBY ATk s0Y BRgeP Sils o Hie ST BREA o ios AhcBMFRE Wi ' = °

appl i cat i onswehgrmany spblications, tth@bp@aﬂ@gﬂe@(p@ﬂmwdsftﬁl@sfemi@oﬂthértdtrvﬁce
operating out of range is inportan For instance, the use of

seni conduct o!s detirmenitored AR hm‘?éef}r’f?r k?%t‘?qr&g ﬁ%&%ﬂm Rf the
application fc%dﬁlasr Hg\"eem ssion critical application such as a PC
server for a usin The use of a tenperature sensor, although it
enabl es nonitori n‘ﬁo ouetcocfethtseprpbleat pmmlraofraengcmﬁﬂlcmasdewoesiha\t@beemvu ce

Lsing & ¢emploiearaias tetnagptilh seRthrs dricBrigtodhe FeyHiir taF SodieRtorBdiftgg: ng
a seni conducimhe @eMicchdustoreeoical mckerreféi@tdb fdcepgithes ubﬂal&%l%e?@?’ﬁfe ature

bet ween the seni conductor device and_ the tenperature neasured y
sensor it sel 8 printed, eirgvit doard frapiugging in the semiconductor device. The.Use of

temperature sensors, such as thermal-couples and thermistors, enables the
monitoring of a semiconductor device during operation and notifies the operator
if the temperature is out of a desired operating range. This is particulérly
important in'applica'tions where predicting that a semiconductor device may start
operating out of range is important. For instance, the use of a semiconductor
device in a machine for an industrial manufacturing application or for use in a
mission critical application such as a PC server for a business. —
The use of a temperature sensor, although it enables monitoring, out-of-
temperature alarming and semiconductor device failure prediction, is not without
its shortcomings. One shortcoming when using a temperature sensor embedded
in the cavity of a socket for plugging a semiconductor device is accounting for the
difference in the temperature between the semiconductor device and the
temperature measured by the senso} itself.  Several semiconductor
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3 . manufacturers rate the tenperature operating range of sem conductor
devices as the tenperature nmeasure at the top center of the sem conductor
devi ce. Measuring the operating tenperature of a sem conductor device is
difficult in applications where the top of the device is covered by a heat
sink, a fan, or both. Therefore a need exi.sts to relate the tenperature
directly provided by manufacturers for the top of a sem conductor device

wi tth the tenperature specified by a sensor enbedded in the cavity of the
socket underneath the sem conductor device. Still, another

shortcom ng of using a ten‘gerature sensor enrbedded in a socket i s the need
to -adapt t hemapulecirensgatsring demperature epersatine Barosof peMiCOBABEPT avices as

oporating. 1 aRboleaat hrEaSHE o 4 BB, FHIGH B e, SR(EoRuel BBles, o

pi n conpat i bieaseifs tHrdbpéreiing Qemperatare! 6MP eemicohguttandeviceds dificlt frf er ent
from anot her manufacturer of the same pin conpatible device. In addition,

pi n conpat i bepplicationsowbaetbe topof thesevicedncavered by apesteinkaa fan, arkoth.

avai l abl e i n.several _cl S ds, e le is,an | Pent.i,um | |
runni ng at st—éerﬁ%%eaﬁd nggéeﬁg\%ﬁﬁnﬁf’l %J%epﬁ%jﬁﬁqnﬁaraé@ellggém_prcmged by.
t enper at ur espaALfIdierees oMt ABRIG R SeRfiind0stdr WUeRicedRith the t@RipePfture
different. Accordingly a need exists to provide a nethod and apparatus to

noni tor the opesifted by a sapeeracmbedded in the cadhpat thel socketiungamestiv thelevi ces

t hat can acc@mmopd gi % nt tenperature characteristics. Yet:,
anot her shor %rgmoﬁés?“t FE ﬁég‘manuf acturers of a pin conpatible sem conductor

devices, is the pgglswRUthemshdriooniing 6f esing atempetdieresanisogempedded in a
sem conductors. Forexanple, the bottom surface the sem conductofdevice may
have i ndent asPaed ishe Beamtojadanytharmeniasinghat tefeperaturgr AN0S 1Rr iR ect

TR e Yo L e
bottom of a opperating temperature ranges. It is not uncommon for one manufacturer of a pin
compatible semiconductor to have a température range that is different from
another manufacturer of the same pin compatible device. In addition, pin
compatible semiconductor devices, such as microprocessors, are available in
several clock speeds. One example is an Intel Pentium !l running at 233 MHZ
and a Pentium Il Chip running at 400 MHZ. The temperatures for these pin
compatible semiconductor devices may be different. Accordingly a need exists
to provide a method and apparatus {o monitor the operating temperature of a pin
compatible semiconductor devices that can accommodate different temperature
characteristics. )
Yet, another shoricoming for the manufacturers of a pin compatible
semiconductor devices, is the presumption of consistencies in the packaging of
semiconductors. Forexample, the bottom surface the semiconductor device may
have indentations, and other irregularities that do not providé a direct contact to
the sensor. Heat from the device is transferred by conduction through the trapped
air spaces between the top of the_ device socket and the bottom of a
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-4- sem conduct or device. Experinents have shown that a major source of
heat transfer from a sem conductor device is through the netallic pins
nounted to the sem conductor device. Heat is conducted through the

metal lic pins of the sem conductor device, through the netallic

receptacl es of the socket and through4o the circuit board. This heat
transfer path circunvents heat transfer directly to the sensor. Instead,
heat is transferred fromthe device back up through the socket through the
circuit boasemiconditos device. Exqroinmkmsghgye showacdhataimijsr souree @fiHat a

o e oo ERaEAHR 4 SaiEBRl Gk At R FeLEh the Bitel@pins mounted toghs -
accor dance gdrhidohdSctor Geolte. | MERNtE %ndhE@hetHréug{?L%’ Aedalic ;Bﬁﬁé’f&?' g‘g
t plfacimng a

monitor the tenperature of a device conprising e steps of:
t her mal coujfmiegneuater device, Hiarough the metalicreceptatles oithe suckat and thrbligh t op of

a circuit Mol t4 t he, devi ce . thereinto; acing a first sensor
into a | opg@ﬁhg c&ﬁ‘élﬁbaﬁﬁ 'nghsag'{a'ﬁ%m%h CESWME’Bts\Methra'?srf@'r%?ﬂE@upI i ng
material i stheegknsonedssteadthédids trRifRfSrAd rem (he"Bdvit® B5ISAY t}‘ﬂ‘oggﬁ ?Q%
predetermned tinme interval; conparing the tenperature neasurea~w t he
sensor to aSqaketthrough the circuit board to the sensor. Accordingly, a need exists to

provide a method and apparatus to measure the temperature of semiconductor

devices to overcome these problems

SUMMARY OF THE INVENTION

Briefly, in accordance with the present invention, a method for monitoring
the operating temperature of a semiconductor device, comprises the steps of;
placing a thermal coupling material between the bottom of the semiconductor
device and the top of a printed circuit board for inserting the device thereinto:
inserting a sensor so to be at least partially covered by the thermal coupling
material; and measuring the temperature from the sensor within a predetermined
time interval. In accordance with another aspect of the invention, an apparatus
is described to carry out the above process.
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correlation factor for the device; identifying the operating speed of the
devi ces; and conparing the tenperature neasured for this speed with the
first correlation factor. The invention al so provides a systemto
nonitor the tenperature of a device _conprising: a circuit board for
receiving a device; a thermnal coupliﬁg mat eri al sandw ched between the
bottom of the device and the top of the circuit board for inserting the

device th Rt On ' , m\w the first sensor is at |east
partially gﬁFﬁmﬁRi%ﬁ@a%t&%\?\?ﬁEDt he "tQ rmal coupling material; means for
measuring a tenpéBatiuiseai bidck adiagran rof rthé haajbr retdctricat cdamponehts bf & ti me

interval; a conparator faor c%&ri ng the tenperature neasured with the
first sensdifOrBlOnprocessing g g o thecrseeftdavariendevi ce; neans for

i dentifying theg [ i : B Con ; aring the
Lemper at ura moalir el P ook e e (R A R e oI (o
factor. processing device of FIG. 1 according to the present invention. BRI EF DESCRI PTI ON OF
THE DRAW NGS

FIG 1 is.a block diagramof the nmjor electrical
conponent s of aFil¢h‘%‘Fﬁé:tr?%sﬁs%’885@5%&%‘&@8@?’6@0’?F?”FQI&%?@@SH‘PMWQ/ention.
FIG 2 is 3o koslesdhiivamtign. | ustrating the software hierarchy for the

i nformation processing device of FIG 1 according to the present invention.
FIG. 4 shows multiple views (an elevational view, a top view, side view and

end view) of the thermal pad according to the present invention.

FIG. 5 depicts a top view of a socket with a hollow cavity according to the
present invention.

FIG. 6 is a flow diagram for a monitoring application for a semiconductor
device according to the present invention.

DETAILED DESCRIPTION OF AN EMBODIMENT

Referring to FIG. 1, there is shown a block diagram of the major electrical
components of an information processing device 100 in accordanée with this
invention. The electrical components include: a central processing unit (CPU) 101,
aninput/Output (I/0O) Controlier 103, a system power and clock source 105; display
driver 107; RAM 109; ROM 111; ASIC (application specificintegrated circuit) 113 and
a hard disk drive 117. These are representative components of a computer. The
operation of a computer comprising these elemeﬁts is well understood. Network
interface 115 provides connection to a computer network such as Ethernet, TCP/IP
orother popular protocol network interfaces. Optional components forinterfacing to
external peripherals include: a Small Computer Systems Interface (SCSI) port 123
for attaching peripherals; a PCMCIA siot 121; and serial port 119. An optional

This Sheet Has Been Replaced

R




FIG 3 is a cross-sectional view of the thermal nonitoring system according

el evati onal
according t

to the present invention. FIG 4 shows multiple views (an
view, a top view, side view and end view) of the thermal pad
o the present invention. FIG 5 depicts a top view of a

socket with a hollow cavity accordi ngsto. the present invention.
6 is aflowdiagramfor a nonitoring application for a sem conductor device

according t
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|2r(])7|? Eg\%rcgmvgg(s) 205 and hardware 201. Device drivers 205 are hardware

specific code used to communicate between and operating system 207 and
hardware peripherals such as a CD ROM drive or printer. Applications 209 are
software application written in C/C++, assembler orequivalent. Operating system
207 is the master program that loads after BIOS 203 initializes, that controls and
runs the hardware 201. Examples of operating systems include DOS, Windows
3.1/95/98/NT, Unix, Macintosh, OS/2 and equivalent.

FIG. 3 there is a cross-sectional view of the thermal monitoring system
according to the present invention. A printed circuit board 301 is shown. The
printed circuit board 301 is a multileve! fiberglass and copper computer board
found in -most popular PCS (Personal Computers) and other informational
processing devices. Mounted to the printed circuit board 301 is 2 semiconductor
socket 305 for plugging in a semiconductor device 309 such as a central
processor unit from Intel, IBM or equivalent or any device mounted to a socket
305. Aheatsink 311 is mounted on top of semiconductor device 309. An optional
cooling fan (not shown) may be attached to heatsink 311. The socket 305 has
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an information-processi ng apparatus (e.g., a personal conputer) to perform

I-n accordance with the invention. FIG 2 is a block diagram
illustrating the software hierarchy of for the information processing
device of FIG 1 according to the present invention. The hardware 201 is

the information processing device of Fl 1. BIOS (Basic Input Qutput
Systen) 203 is a set of |low level of conputer hardware instructions,
usual |y st oPliow ¢awity in the eemetonmuni cati ons between an operating system

207, device driv S g;é\@ ' | Ve 5 ar dwar e
speci fic code usf&@é%@%ﬁ%ﬁgg?fé e??e%%%%%ﬁa@%n%ﬁ@sﬁh?%p d

har dwar e persopketr3dssis sndhter PeatiG dorlatibieroossspr sodien froAPAMM Edrgnsr 209
are software application witten in C C++, assenbler or equival ent.

Operating sy puppliierss A srnsepsPa s loeatgdamthahallowaayity of secketic0s. Joe

systems | noSelR e intha il kBT AL ES Sokted BBl e '
equi val ent. board 301FhGhe Tehterref the Hollowosavitest ssukat 306evinahetdigdrigy nal

nmoni toring system according to the %esent', i nvention. A printed circuit
board 301 i £mhasdirentribe senpeels isptidistate gigital tenperatuse senson suah as a

fi bergl ass %%gﬁﬁgﬁq?w%ﬁicmcgorf ound in nost popul ar PCS (Personal

Conmput ers) and o ona processi ng devices. Muwunted to the

printed circuit botietmaDdad 307 suehissainkfiledrsiitont elibsi Dctopiepkhwgpase i n a
sem conduct qr .devi ce, 309 sych as a central processor unit fromlintel, |BM

or equi val er bgfwegTthedop Qf spseR 0P ard hedxtiom obsemicandecterdeyice 399; s

ted t ' d ' | i t
Shown) mmy batsinenfdl, PAACHET 6, OREIE Srif @ RPLAAARIsSRRP Ao okl M
7 a hol | ow sudpstangialiyall the werticairdistance between the tpofcscrket 80P and dattom a

corpati bl ¢ i SeaueducRdabioe She ARho HishEy bapvesbe SHpRPRLIGr S or
303 is | ocatzsh dry thBRefedd 30, d4heYmalpaaAR&naBike thdfifal conduction directly
through it. The thermal pad 307 must be tall enough to fit a variety of plug
compatible semiconductor devices that plug into the socket 305. The length and
width of the thermal pad 307 must be smaller than the pin grid array area on the
semiconductor device 3089.
Referring now to FIG. 4, there are shown multiple views 400 of the thermal
pad 307. In the preferred embodiment, the thermal pad 307 is constructed from
a custom extruded zinc filled silicone rubber, but any pliable material with low héat
capacity and good thermal conduction characteristics will work. The thermal pad
307 is preferably 0.640" in length as show in the top view of FIG. 4. The thermal
pad 307 is 0.250" wide by 0.250" high as illustrated in the end view in FIG. 4. The
dimensions of the thermal pad 307 are preferred. Nevertheles's, other dimensions
and shapes of thermal pad 307 may by used depending on the type of
semiconductor device 309 and whether or not the semiconductor device is
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sensor 303 such a therm stor or thermal-couple is soldered to the printed
Circuit board 301 in the center of the hollow cavity of socket 305. In the
preferred enbodi nent, the sensor is a solid state digital tenperature

sensor such as a LM/5 from Nati onal églconductor A thermal pad 307,
such as zinc filled silicone rubber octupies the space-in between the top
of sensor 303 and the bottom of semi conductor device 309. This thermal pad

307 is pli atduet@ml@bdk@tbegonﬂmmldbﬂeeﬂﬁf&h@?ﬁﬂ@d Gittrbagakd 301 Yamk! the
vertlcal d1 st ance between the top of socket 30 bott om of sem conduct or

devi'ce 309'f 25260 2qnda %éﬁvié@ﬁ'mﬁ@s@@&l‘i’fdbﬁmﬁfml patb30 T wil3@vy deperiding sensor

303, the t rmal conduction directly through it.

The therna %éﬁ%ggfﬁgaﬂaﬁﬁétgﬁgugh to fit a variety of plug conpatible

sem conduct of  datiessurtdals aTiistienhal diramosikalivafuail/Ya | SREM AR 1 dt 1
pin

of the thernal gad 307 nust be smaller than the on the
sen conducf@e Waighcis Sipgsoidal in shaps as rillusratedvirn sldlél @ew40f FI®r 4, arge shown

Ther ot © pagilSoiaaCeripe s Eine i pad 507 10 bk PomBLEnYIn camprogses || sonn.
r ubber, bUIn MRyarebi dfinednE) ﬁfe' @ww difthe %wctaﬁfgsw gﬂaqgé §8§B$ agggg;gﬁgf mal

conductlon characteristics wll wirk. The t
0. 540" in semmmdastostd@mqaﬁaeaemmver eMsfcdulch&undersTds@d tmrtﬁak/onﬁﬁe?@? i's

0. 250" d 50 || ustrated th d FIG 4. Th
di nensi \émnsgﬁgxqcﬁté%%ggﬁgs I %ﬁ&am%éeéﬁp@@fuq?&ﬁ%@@d tbenep ©

of "sem cond of M SBcRS 205 AR vASY ThérsTRe fed BHdS D 60 s e e
8 rmount edvanatiors oflirst, 29 Wilr amy neasseprodutes part, ltlﬁérbh@repf mﬂi eSler@inbeyi t

board 301. Ano%a socket 305 i.s used, the dinensions of the thernal pad
307 will v é'!f‘éf]ldﬂ Ry PTRGtYENg nRrosese orerfendhargcres vagances in tha I t he

surfaces oprddiRtibR%f BBth RAsHiCoRHCSESNiAR DS dnd the Fbcké&t Sttt silshd ©

there are variations in the families of pin compatible semiconductor devices
produced by the same manufacturers. And third, there are often variations from
one manufacturer of a semiconductor device to another manufacturer of a pin
compatible semiconductor device. All three of these sources of variations create
a volume that can change. The thermal pad 307 must fill this volume. To
achieve this, the sinusoidal shape of the top of the thermal pad 307 provides a
snug fit to transfer heat from the bottom of the semiconductor device 308 to the
top of sensor 303. By being pliable, this sinusoidal shape can adapt to the
variations in height.

FIG. 6, there is shown a flow diagram of an application for monitoring a
semiconductor device according to the present invention. The flow can be
implemented in the BIOS 203 or as the Application 209 or a combination of both
or suitable storage or memory devices. In another embodiment, the firmware (not
shown) mounted to the printed circuit board implements this monitoring
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side which is sinusoidal in shape as illustrated in side view of FIG 4.
The sinusoi dal shape enables the thermal pad 307 to be conpliant when
conpressed in the area defined by the cavity of the socket 305 and the
bottom si de of the sem conductor device 309. However, it should be
understood that the volune defined bet n the bottom surface of the

sem conduct or device 309 and the top side of the socket 305 can vary. There
are three primary sourges for this variatipn. First, as wt ny nass

P oduced par (APHIRRIE. dHe PSS bedn R Eh s el RR e aless Tos 008 YR8 1 ng
process. Her aypdiah Seah8nitted 26601 N Thase RO MR pafaréle
seniconductory%evice 309 and thg socket 305. Secongﬁ%$mweH%§§$98gFg I ons
in the fanil ifesnafinitializatomat ikl fée oepassed dscoomateMinessgymenisc &xamyple he
sanme manufacturers,  And fhir t.her re . often variations fromone

anf act ur or rand e Bhiater B8R B Rl rat RN SARRs Akver wre angi
conpati bl e sedavi@HALREIAEY I RExt, Altimdris sét fof atﬁiéﬁéieﬁrﬂHé@ﬂﬁw,e‘?leYfﬁh@r' ons
create a volunme that can change. The thermal pad 307 nust fill this vol une.

To achi eve t Hiah havea @isplydien g few gpeonsts andarmed with a timevialiterafia minirte 07

rovides a s Lt : . . en ctor
vt e 300 & Otiaigatpr, Peahl Biirbind B tehs 87 < BpolP i hikribdicinal o SBY
sh?lpe cg_n adaa)tso]ftWatd"liateraJ_pitbadotlB?ri iRpiplication.208. The usE_IoGthegctimé(?ngtc'ti_Sns hown
a ow di agr am of. an icati or. mni_toring a sem conduyct or Vi ce
ctord ng b rbinsdudhihe ARG SHIctoRd ot Eare SxiRe GRceths fMete B Os
203 or as th égpj i ' j fusfha e{gﬁ% or age
or nenory deﬁpces.“ﬁcﬁiﬂéﬁgtﬁ@?%ﬁb?ﬁeﬁ#ﬁ?@%ﬁrﬂ%?@?é@s 0 l?“’rﬁr‘%unt gd
to the print eof thersemisor BOAr dTherpersoeris sisudilyswinechta anili) (Input/Output) port

9 application. The praoce | ng, Wi t h.reading, optional r ters for the
devi ce type, ?%‘"88?%5%?&%@2’&}? $§‘{'e$h%5el§d'%€fga@ %S%Lﬁeqﬁoﬁggﬁ%gﬁétt%ﬁg can
be read from o poitit i Rhowit Nert, Ae tdrbertture redd natepdoR s cormpared witha
argunents. Example | . . .

predetermined correlation factor, step 607. The correlation factor is a factor

determined by experimentally measuring,the difference in temperature between

the top center of a semiconductor device 308 and the measured temperature from

sensor 303. The table below is the correlation data for several processors. All

the columns represent temperature differences between the tempgrature sensor

303 and a temperature sensor located as specified by the column. The

temperature is represented in degrees Celsius.

CPU FAN ON FAN ON FAN OFF FAN.OFF

TP -TPS TPS - TAS TP -TPS TPS - TAS
K6-2 300Mhz 1 8.5 12 25
K& 266Mhz 25 g 3 23
Intel MMX 4 8 16 27.5
233Mhz
Intel 200 MHZ 6 10 18.5 28
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command |ine paraneters include the device operating speed, device type and
device manufacturer. Next, a timer is set for a predetermned tine. The
‘timer can have a resolution to a few seconds and arnmed with a tine val ue of
a mnute or greater. Many QOperating Systens 207 support tiner functions
that can send a software interrupt backsto an Application 209. The use of

t he ctlne[err] functlon combi ned mnth t%e S|gnal[err] functlon in CC++ is

ane exanple Oree—tthetrmer—terpar—ts—exprret—step—663—the—Pproecess
proceeds Wi { Ilnteléﬁﬁthlé t he t3hperature of the densoP.5303. [The 8Hsor |s
usually wire O (I {/ Quf put) port cagniro d by the U I0l. The
readi ng of é}%lﬂgaé{}n senso conLect edpto an I/OL1 ils kndln. Nekt, the
t enper at ur e N8&MHEN stljep 605 is cpnpared withla predetern)'i ned correl ption

factor, step BOUO/Z The|correlatron factqr. 1S a[ractgr. detar mneg -y
exper i ment al| Ve G828 i hg t He di ff erenc%ﬁ n tertper aPtre bt weef®®he tpp
center of a{ssxMe@nducitor device B09 and the rfeasured tenperature frpm
sensor 303. € Lapl e [Del OW IS TNE correratrorn datra for Jeverat —processors.
Al'l the col urlg‘T ®slent térrper afure éisffer enices B& weer| the Benper At ur e
sensor 303 andomHEenper ature senspr | ocated as specified by the colum. The
tenperature TS Trepresented 1n degrees cersius. CPUO FAN ON
FAN ON FAN OFF FAN OFF TP - TPS TPS -
TAS TP -Th‘Eistt columpr® themrenwmzaapemture measiured atthe top centerofthe

12
23 | nt el mmcessor ﬁPhwu?h a%an and the%gmperature measurqgt the sensor 30§7(%§S). 233Mhz

Intel 200 mni i Aeei o
10 Intel 18 e sl\t/?_@nd c?t):'.lu5 is the differéfce in 7temperature rﬂgas'iur%d %tt e sensor&D3
I nt el Pl asti{@PS)ith the fan running and the temperature measutedat the ambient sehsar

313 (TAS). The third column is the difference in temperatures measured at the

21.5

top of the processor (TP) without a fan and the temperature measures at the
sensor 303 (TPS). The fourth column is difference in the temperature measured
at the sensor 303 (TPS) without a fan and the temperatur:a measured at the
ambient sensor 313 (TAS). The temperature measure at the top center of the
processor (TP) is usually the location specified by the device manufacturer.
Other locations may be specified for other semiconductor devices.

With the measured data above, several generalizations are possible to
create a correlation factor. To begin a correlation factor for each processor speed
can be entered. The correlation factor can also accommodate for other
differences such as the semiconductor device packaging (e.g. ceramic or plastic)
and the operating speed of the semiconductor device. The use of a correlation
factor along with the thermal pad 307, enables the accurate measurement of the
operating temperature of the semlconductor device 309. In addition, extrapolation
techniques in Application 208 can be used to predict the operating temperature
of a semiconductor device 308 drifting toward an undesirable range. Finally, in
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166 MHZ Intel Ceramc 1.5 5.5 6.5 18.5 133
MHZ Intel Ceramc 4 5.5 9.5 18 100 MHZ
The first colum is the difference in tenperature neasured at the top
center of the processor (TP) with a fan ahd the tenperature neasure at the.
sensor 303 (TPS). The second colum is thé difference in tenperature
nmeasured at the sensor 303 (TPS) with thhe fan running and the tenperature
nmeasured at the anmbient sensor 313 (TAS). The third columm is the

di fference i RidpeaDS! MelsrEusEARBUAGHTiedloftRE duPRf ¥mbbRtre SRRt F
wi thout a fan apﬁd the tenperature nmeasures at th rnEensor 303 %Pé% anl'h

fourth col umduilejalerm o gceystemtmessagashispiayedomtbasgrean oftthelieformationr 303

(Tas) . “the « BigesSRara e cor SE B g RS LBRe L braotim el suR(ae) Vs

usual |y the hgroingiamars piecohtitionérytotdoe! dewn e émﬁéﬁﬂ@h*rp'e%turél her |ocations
may be specified for other sem conductor devic Wth the neasured

data above, sever 4 2§clternate apbedimeat o theses r%‘ﬁ'@o"t f)’f‘c‘é?re%ﬂ'b use gseedntt i on
e 1 T SO L AEETTASECT e e

entered. The correlation factor can a

SECh as the anerahdeaemﬁodévsmnpm:hmgmt@ njearghect}hf?LaIUthe][pth@&Ur@!l)u and

the operatin e sem condyct or . The use of a correlation
factor al ong%‘\?ﬁ&ﬁ&?he EF RRIM3/ P '?"se'ﬁggyﬁ& more tgéﬁdﬂaq%rﬁ%%%nt of
the operati ngolterpahatAS corkd oFt'ﬁ% @m.ﬁgeem ﬁégsvaé‘c% %99@ q’gﬂﬂirbon
extrapol ation_techniques in Applicatio cah be Use pre the
operating t ef@deaiunet pyggedsiarar {ahalbeatsinkdenotdestatied. df thet TR is leaarthhran

undesirabl e rgnaeredd Baslué ad Measured between TPS and TAS, that is the difference
in temperature between TPS and TAS, and if TPS is less than 64 degrees
Celsius, the processor is operating within the acceptable temperature range.
Using the table above, more accurate numbers can be derived for a given
processor speed and processor package.

In another embodiment, TPA can be monitored to ensure the ambient air
flow is within the specifications for the printed circuit board 301. The ambient
temperature flow can be especially important in applications where the information
processing device 100 is mounted in an enclosure such as a case or place in a
closed environment such as a closet. In these applications, ambient temperature
may be specified for other devices such as hard disk drive for a given range. This
may be important for devices such as hard disk drives that require certain
operating ranges. It is common for the air within the box to be 2 to 3 degrees
hotter at TPA than the true ambient temperature. The use of other correlation
factors can be used to notify the users of out of range temperature conditions.

In still another embodiment, the semiconductor device 309 may be
mounted directly to the printed circuit board 301 without the use of socket 305.
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step 609, the end-user is notified of the out of tenperature condition via

-an audi bl e alarmor a system nessage di S£| ayed on the screen of the
information processing systemor any aut

mat ed acti on under program control
such_.as turning on an air conditioner to cool down the anbient tenperature.
tn an alternate enbodi nent, the correl g%i on factor can use a second
tenperature sensor 313 that neasures anbienttenperature (TAS). The anbi ent
t enper at ur eTieisCOMBI0B it ananyeappiicatiens wirare thédedbemay beHfastened tirdety r cui t

b d 301. U . | diti if T i .14 Cel si
rort or t rarSRE brigfed Brou ks 28R asterbh e S oG,  Bithetmat t an
failure; (2pad 307 issaR@vidhid88&Fedritheboftem o’%tmsgérﬁicahddc&omviden%dﬂr{ d. If

the TPS is |l ess than 14 degrees Cel sius_as neasured between TPS and TAS,
that is thethaitop eftbapanted clmuidoard 31 vthesensondds isfestanditodhel pirihtelPS i s

hocept nnl e ISHEGET A7, duibe sultde MARREOE 3 st LRAT I bIaBS wbbedan He, e «
can be derithernélqrad3Ql b therdowawar preps@e frnd thy treaaalgiadeekage. In
anot her enbodi ment, TPA can _be nonitored to ensure the anbient air flowis

wi thin the speciAthoxgh@specific embogiment efdheinventian haschaenatigclosadeit withi ent
|t or rat | orPpr sy BERE NG sKiTRhG B tnporEek ERR RO ML "2 cace

or pl ace i nspecilcesraibodiment witheutidepactingfrom tivd spidttand stopb e thedwdritivat | ons,
anbi ent tenperature nmay he specified for other devices such as hard disk
drive for allf PEAPe z?rfg}é.e inveationals R forperrestictads thereiorecto thecredifiGiar d

di sk drives ; ' s [ ; ' the air
W thin the Bhoonilaidi kohlFRalRayife petdiittiims Covel plp AR 8N 2En 1t

t enper at ur eapplications; modifcatanse anderahadimentscwithis theuscope of the peesenti fy t he
users of out of,.range tenperature conditions. In still another

enbodi nment ,'nf’ﬁ'él“%m' conductor device 309 nay be nounted directly to the
printed circuit yopit$k S8imed ishout the use of socket 305.
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12 This is co cations where the device may be fastened
directly to t&ﬁ‘ﬂm‘mmﬂl‘w&‘“ board during assenbly such as by sol deri ng.
The thermal p s sangwi'th i n between the bdt -Eﬁ‘gl e obn"f“nductor
deViCte 309 and the top of the printed garcwt bo Lﬁaﬁlﬁ’\@ﬁg 303 is
fastened to the printed circuit board 1 using , ' sive. pr just
held in place underneath the thernmal pad 307 by the downward pressure from
t he t her malgcpam$B07. Al t hough a specific enbodi nent of the invention

has been disclosed, it will be understood by those having skill in the art
that changes can be made t6 this specific enbodi ment wthout departing from

be reutri cibd, 7hORee 19 ARpt Y |cherpilfe BERGRMER COHRAE e Yot nden

t hat the apggended cl ains cover any and all such applications,
nmodi fications, and enbodinents within the scope of the present invention.
What is cl ai med Flaging a thermal coupfingmaterial katween the bottom of the daviestanstl t o

Toaci o & dheTaRsl &5tk Rea A e i AT Rl e BRITt T o *t he devi ce and
the top of a cipigding alfiestisénber intgs Rchiidiosudhehaicatiiemst thiral edriact with

placing a first sensor into a location such that at |east thermal contact
wi t h t her mghermal coupling material is made; and

measuring the temperature from the sensor within a predetermined time
mteNal

2 The method of claim 1, wherein the step of placing a thermal coupling
material further comprises the sub-step of:

placing a socket in between the top of the printed circuit board and the
bottom of the device.

3. The method of claim 1, further comprising the steps of:

comparing the temperature measured with the sensor to a first correlation
factor for the device.

4, The method of claim 3, wherein the step of comparing the temperature
includes identifying the operating speed of the device and comparing the
temperature measured for this speed with the first correlation factor.

S. The method of claim 3, wherein the step of comparihg the temperature
includes identifying the packaging configuration of the device and comparing the
temperature measured for this configuration with the first correlation factor.
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coupling material is made; nmeasuring the tenperature fromthe
sensor Wi thin a—predetermned time interval; —CQnparing the
t enperature \M\ \“ \ sensor to a first oFHISISHEEDMASaRIEy] for the
devi ce; nﬂm“ t he operating speed_of tREPlde¥ces; and
conparing the tenpertatlre measured forl4his speed with the TTrst
correlation factor. 2. The nmethod of claim1l, wherein the step of
conparing the tenperature includes identifying the packagi ng configuration
of the device and con&ari nfg t he tenperatur '

od elsel

e mfasured f8_|r tﬁ?gis
confi gur at ifon wilthe ME aigh By L“Ihng"bH‘ef $iep §f comparing SRLRRd of
claim b, WhedGsds ASRyRG SR i€ bifard Rhehermenan é&tdr@%é%%?? pptifying

an applicatio progr the t rrperature nmeas red t sensor
i s outsi ddhefirst spnsores autside df & predetermined tesnpgeature range. - The rret hod of

claim11, further conprising the steps of: nmounting a second
sensor in the vicinity of the device; nmeasuring the anbient air
t enper at ur & sur Mg éf&f‘ciéiﬁiviiofﬁnhér%mpnsmg the sEPEIA i Ng the tenperature
measured with the secon sensor W th enperature neasured with the

first sensor. mounting a second sensor in the vicinity of the device;
measuring the ambient air temperature surrounding the device; and
comparing the temperature measured with the second sensor with the

temperature measured with the first sensor.

8.  The method of claim 7, further comprising the step of:
comparing the temperature measured with the second sensor with a

correlation factor for the device.

9. The method of claim 8, further comprising the step of:
notifying the application program whether the temperature measured with

the second sensor is outside a pred'etermin_ed range.

10. The method of claim 8, further comprising the steps of:
comparing the difference in temperature as measured by the first sensor
and the temperature measured by the second sensor to a second correlation

factor for the device.
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5. The met hod of claim4, further conprising the step of:

conparing the tenperature neasured with the sec sensor with a

correl ation deV| ce. 6. THermetInpaTofASChEHNT] 5, -
further co “m g“\“um - notifyijng thRLap\rdEDcatl of program
whet her th atvuré m‘éasured with the secon e a
predet erm ned range. The netifod of claim5, further conpri si ng
the steps of: corrparl ng the difference in tenperature as neasured
by the first sensor and the tenperature measured by the second sensor to a
second correl at ep ofie nethod of claim?7,
second Co;rg“S}rﬁ%n{%ﬁw@f&afn?Hhefuﬁﬁére&ngns.ﬁ;mest pBlie mothod of claim7.
difference in npfrgingrtheuapplicationti thike difference m tempe’rature is outside a

predetermined range.
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predet erm ned range. A systemto nonitor the tenperature of a

device conprisin a circuit board for rec = H RWISOEEEN
a thermil mﬂ mgj Uﬁllﬂluﬂl sandwi ched between tHe bﬁom REpiidtendevi ct and
the top o rd for |nsert|ngthe devi fetetmto;
a first sensor ereby the first sesor is at |east partially in thernmnal

contact with the t hermal coupli ng mat eri al ; means for neasuring
a_tenperature ndlcat|onf {1 or. W.thin time interval;

a conpar atér FOBYHERIRTAY qr%e eé?&fé? gaaﬁﬂ%%@p(ﬁ'f‘ﬂ the first sensor
to a Tirst cof LRt baigliaieetivingla advgedevi ce; means for

I dentifying the operating speed t he- devi ce; and - 15-

means for conpathengat ¢na:g1|agp'@1malusan¢mam between therhattoopefthe degicepeed wi t h
the and the top of the circuit board for inserting the device thereinto; -
a first sensor, whereby the first sensor is at least partially in thermal
contact with the thermal coupling material; and

means for measuring a temperature indication from the first sensor within
a time interval.

13.  The system of claim 12, further comprising:
a socket mounted on the printed circuit board for receiving the device.

14.  The system of claim 12, further comprising:
a comparator for comparing the temperature measured with the first sensor
to a first correlation factor for the device.

15. The system of claim 14 wherein the comparator includes a means for
identifying the operating speed of the device and a means for comparing the
temperature measured for this operating speed with the first correlation factor.

16. The system of claim 14 wherein the comparator includes identifying the
packaging configuration of the device and a means for comparing the tem perature
measured for this packaging configuration with the first correlation factor.
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first correl ation factor The system of claim9, wherein the

conpar at or i \ \“lng t he packaging configuration of the device
.and a means t enper at ure nmeasur edq s SHBI’BIMBEHFEHQ ng
configurati OI’I*WI 't h i hé’ f trst correl ati factor. 11. RepLAbEDSyst em of

claim9, wherein the conparator includes a neans
application program whether the tenperature nmeasured by the first sensor is
outside of a predeterm ned tenperature range. 12. The system of claim

9, further1tonpfhaispgtem of claim 14awhersimtheseorsparatasintledes re meansiforni ty of
t he device

Sur round r{PI¥E0 8, ARECa b ordih Sk SRR sy f BV RSt ot i e

measur ed \Asérhsdrfseo@@mrtﬁ asﬁ*éaéfermfﬁééi tbl%erét@@%h?é.ure measured with the
second sensor. he system of clarm 12 urther conprising:

means for conpari ng t he terrperature measured with the second sensor to a
second corgl ation fz%ctor f.ar Eef .qﬁvi ce. ..14. The system of claim 13,
furt her coﬁ%‘ri s ﬁ system ofclalm . further comprising:
a second sensor mounted in the vicinity of the device;
means for measuring the ambient air temperature surrounding the device;
and
means for comparing the temperature measured with the second sensor

with the temperature measured with the second sensor.

19.  The system of claim 18, further comprising:

means for comparing the temperature measured with the second sensor
to a second correlation factor for the device:

20.  The system of claim 19, further com'prising:
means for notifying the application if the temperature measured with the
second sensor is outside a predetermined range.

21.  The system of claim 19, further comprising:

means for comparing the difference in temperature as measured by the
first sensor and the temperature measured by the second sensor to a second
correlation factor for the device.
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means for notifying the application if the tenperature nmeasured with the
second sensor is outside a predeterm ned range. 15. The system of

claim 13, furt heummmu m -16 - means for conparing
the difference i ’[:m, msasure gby the first sqg A3 t he '
tenperature nmeasur ed by t He Second sensor 'to a second cofre ﬁﬁHﬁﬁTm@

for the devic The system of claim 15, furthef~s EPQAU'QD
means for not&fzy

in W%ﬁqu@éﬁlm(ﬁﬂ ifirtheneodipiiimgence in t enper at U
out si de predeterm apage,

p rﬁ‘?é’ar{s RS notifying the application if the difference in temperature is
outside a predetermined range.
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