BURN- I N TESTI NG APPARATUS AND METHOD FI ELD OF THE
I NVENTI ON This invention relates to integrated circuit
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tenperature control of integrated circuits in an
integrated circuit testing and/or burn-in socket.
BACKGROUND OF THE | NVENTION Integrated circuit (1C
packages nust be tested after their manufacture,
normal |y at elevated tenperatures, which is typically
a burn-in process. During that process, it is often
necessary to control the tenperature of |ICs, sensors,
and other e I@Tﬁﬁﬂéﬁmm §9{1\‘i!9t1\§19rﬁ6ﬁ been
wi dely practice or nany years. ‘%e system normal |y
consists of a heater (or cooler), a tenperature
sensor, and a conparator which applies energy to a
heater in proportion to the difference in voltage
measured on the tenperature sensor as conpared to a
reference voltage. The energy is applied in the proper
direction to cause the difference voltage to be
reduced. Tenperature control nodul es and tenperature
sensors of many types are widely sold for these

pur poses. A typical application is the control of the
tenperature of ICs for a burn-inﬁProcess because of

the tenperature senSELRQETHE INVENTON To achi eve

nmore a 3 Lt

cont rof 2Bt EloLR: Tkl cibuh e HRELI RSBl frore

t @attidilariy tohhdtempeestilengnoyicot indeglatedicidctis i aUategrated circuit
t enper at g)’ e .control, the actual tenperature of each IC
caestpgapdien Bumsingorketr ent rates of convection, heat

di ssi pation, or gagKERODNG OPiTHE hevexgtokndi vi dual

tenperature control can be achi eved by sensing the
t enper dntegmted cieant(IC D atdzesamyst hejtested afteatheutinmanofastire,

eSS S R D

T
‘other elements. 'Tec’hniqueé for doing so have been widely practiced for many
years. The system normally consists of a heater (or cooler), a temperature sensor,
and a comparator which applies energy to a heater in proportion to the difference
in voltage measured on the temperature sensor as compared to a reference voltage.
The energy is applied in the proper direction to cause the difference voltage to be
reduced. Temperature control modules and temperature sensors of many types are
widely sold for these purposes. A typical application is the control of the
temperature of ICs for a burn-in process because of the temperature sensitivity of
the ICs.

To achieve more accurate testing results, it is desirable to control the

temperature of each individual IC being tested. Within a testing oven without

individual temperature control, the actual temperature of each IC can vary due to

different rates of convection, heat dissipation, or radiation within the oven.



Jones and Ham Iton disclose a testing socket with a
sensor in direct contact with an I C that senses the
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10

15

20

25

with the IC for affecting a change in the tenperature
of the I C. However, both Jones and Ham | ton discl ose
separated sensors, heaters and controllers that

require wiring to connect each sensor to a controller

i.cal t f ocC obl e
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openi ng | eat s bot ton an
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poi nt Ioadlgg»of the relativel tenperature

s dadwe obHimetphasing befivsee thecﬂontmlny lgr anﬂélm semeorsarideatars If any of
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o1 R R g O st kel S PGty PRSP do AP

Cith€ fliulty tomphrensensor. Al so, both Ham Iton and Jones
di scl ose testing sockets utilizing a threaded
at t ac hrfsnhowp i FEG nida i Hamiie. 8 emapsratereaieapers! 10gs ppgitioned

t %Eﬂlﬁ] B HREKRN S?’I%y fl%uétu:l%eMugh %t ﬁrgvsgﬁgﬁgﬁ%%oﬁﬁdé%)q%%

testing sock sensor, ater (or ‘coo
arlhie baningdl1R és contb@ glicsinegrated mr(ﬂutshen@l testedddhe semdr hdbusing

vant agepus for the t i ng socket to
ut'i }Zl%gcaate 1 a4 n’rngll’égéealt?%mﬂ]éii‘is to secure the
modul € 1868 edmiliBs ah IR niferabide sEAMENTEN contacts the

integrated circuit when the socket is closed. The direct contact between the

temperature sensor can cause damage to the integrated circuit because of the point
loading of the relatively small temperature sensor on the integrated circuit when
the socket is clamped closed. Damage to the temperature sensor can also be
caused by the direct contact of the integrated circuit to the sensor.

Also, both Hamilton and Jones disclose testing sockets utilizing a threaded
attachment of the heating and sensor elements to the testing socket.

Thus, it would be advantageous to have a testing socket with the sensor,
heater (or cooler), and controller integrated into a single module and it would be
advantageous for the testing socket to utilize a quickly releasable means to secure

the module against the IC.



One aspect of the invention is a novel nodular unit
that nmay be used for burn-in, testing, and other
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and the like. The nodular unit has an arrangenent of a
heater (or cooler), an IC tenperature sensor, and a
controller fully contained within the nodular unit.
Thi s arrangenent can be achi eved by enbeddi ng a

n Ccr opr ocessor co i-1.hi dularized
heater/sensor/congﬁ@ﬁ*éﬁigﬁﬁifﬁgﬁgvgﬁﬁgggéd

micr opr@ﬁ@@@@& OF Y QAR 188 hSveatnddiRr 68 HRth&) be used for
responding to the tenperature sensor and driving the

hdatrenin, (teatinggoidether proceanprobesturesop égegrated chreuit (IC) packages

i ny i he m, Ggroprocessaor _controlle an utilize
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t hempernes sdnséie s sotrcllRe fil Bridafmet Ra O théembatlar unit.
digital data to digital information that represents a

sel ectléds agrngement fag beaghigved iyt sieheddmgegnpicgpprogessor controller
i i n

t %ﬁ@g & e?du?egfzeg Sl?%thﬁ?%n?%ﬂég{sr?lﬁeg rﬂl{lh:.e Fh gl%ble&a&{]l%f’crgﬁocessor
hemhevllsaosas tlxosintollbe responding toahe tehepetatsici seps@embelriving

Anot her —aspect of the invention is a systemfor

base

tetg? P??éerl(otcog%ecr ages including testing sockets on

test i ROmBARF ApeW diithdlindertfn! 1hE GnicldBRREEor VARSI c8RGHIize an
testing socket has a heater, |1C tenperature sensor
arrhalogriordiditad corogrenionmadvent déta from the thuheratuedsamsdrt and

The system can .incl ud ermnal.in.co ni cation

i DRERCOE Berverst Brstiheft i) Soipiiy o R spesgs a scleoted
t asppEatu, € for each testing socket. Another aspect of

the invention to is a testing board with a matrix of

t est i ngnadurtesr agpect of Bigdnvention the tesing sorkateaniinelude latches
corr ' At i f ' i

S0 52 PRI AP 1Rl B 08) ARESgprle o o e

c aestimgpockdi baget esti ng socket bases when the top attach
plate is secured tﬁ the testing board. The units are

i ndeperfRARITFSRESF PhiGeivgien th Hemigpteginalth Pariages t o
alihQwaihg teswRE RidREts U thifg boards within a testing chamber, wherein each

testing socket has a heater, IC temperature sensor, and controller contained within

a modularized unit. The system can include a terminal in communication with the
testing boards for inputting a selected temperature for each testing socket.

Another aspect of the invention to is a testing board with a matrix of
testing socket bases and a top attach plate with a corresponding matrix of self-
contained heater/sensor/controller units that connect to corresponding testing
socket bases when the top attach plate is secured to the testing board. The units are
independently spring-loaded on the top attach plate to allow for warping of the
testing board.

Another aspect of the invention is a temperature sensing device located in

a heater or cooler that has a temperature sensor positioned within a sensor housing



testing board. Another aspect of the invention is a
tenperature sensing device located in a heater or
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a sensor housingw th the sensor housing contacting the
| C package. The sensor and sensor housing are
thermally insulated fromheater or cooler by a thernal
i nsul ator surroundi ng the sensor housing. The sensor

housi rovides a shor.t thermal, pat h,between the |C
DU 8 sBRRY hiadh@iiRtihe e TERRR g S ad hsot
OljoREing ard thaimHlBSins1Aatel BovabRe 8Scodlerthya thefrhflUfisulator
enbodi nents of invention will becone nore readil

. : ) ; y
appaeariing theperses hpwiingowhegenawr prseg poyidesgshert thgrmal path

pr ' i nvention which proceeds
Wb%%&%e(ﬁ;ﬁ g? gg@%“qgtagg %deﬁécs:éc%rs}rpanyi ng draw ngs. BRI EF

DESCRI FHe@bkegbingdnd DRV bIes, e dtures, dngl adnargspdsasiable various
per ctive view of g testing socket and nodul ar .

s éﬁi@ﬁ%ﬁ% in¥eHtonoyildecarms mogﬁcr@a&iu FRpargtatpm the following
eRegeRBcrBlioh BPa bRYERIAbodf i ofiHe InerRBHSRRES bitRecds
view of the testing socket and nodul ar

s eviglorefdremted o tlroavcompiryingdawingFI G 1 in a | at ched
position. FIG 3 is an expl oded perspective view of

the testing socket of FIG 1. FIG 4 is a perspective

view of the nOJBREAF BESSRIFIIEOAL OF TEHNDRAWENGENi t  of

the testing socket of FIG 1 show ng the heater
sensor Hfdl ieanexpladadipirereciivnvievefia desting seuket asl ngdular

Si LA ] {: V] e fy. t st.ing.socket
S PIRRAS BONl oEh BR h larh OF f BR:0t
sensor /RiGal &rd spspetilel v@sw opmBwsRticatdcket Midroddlar FI G 6

is a g%rcuit di?gran1of t he sensor/ heater/controller
urskgsogpeaterconEaiar gt ebichl ippfatehed posiiprs 7 s bl ock

Don V0ot & Sysiet sl e beslang ke o
anot heFlentosla pempeatifve view ofithe niddolar sensor/heater/controller unit of
the testing socket of FIG. 1 showing the heater, sensor and data communication
connector.
FIG. 5 is a simplified layout elevation view of the testing socket of FIG. 1
including a block diagram of the sensor/heater/controller/communication circuit.
FIG. 6 is a circuit diagram of the sensor/heater/controller unit of the testing
socket of FIG. 1.
FIG. 7 is block plan view of a system of multiple testing sockets on Bum—in—
Boards in a Burn-in chamber according to another embodiment of the invention.
FIG 8 is a perspective view of multiple testing sockets on a testing board
showing multiple sensor/heater/controller units positioned on a single top attach

plate according to another embodiment of the invention.

FIG. 9 is to plan view of the bottom side of the top attach plate of FIG. 8.



FIG 8 is a perspective view of nultiple testing
sockets on a testing board showi ng nultiple

W@ emsos43beat er/ control l er units positioned on BCHUR0E006724

10

15

20

25

top attach plate according to another enbodi nent of
the invention. FIG 9 is to plan view of the bottom
side of the top attach plate of FIG 8. FIG 10 is a
side elevation view of a prior art integrated circuit

testin ElLLG .11 spective. vi ew

b eor 80 10 e eleAion, VoL RER Wik G et Sirti testing
S%@]:kdﬁg device and integrated circuit according to the
invention. FIG 12 is a partial cross-sectional view

of a pdilf. dhisor parspeciivi wgwal ed inegratgiicinreis testing sookkerith a

sen evi ce
PPyt O AR PBoL s bEIBSLELNLS, AERRIAR IR Gon,
an explRided2 wp@ﬁﬂtdrose-s\mﬁwawle\tvfw alpRRIRAT GHithY Rite 1grated
sensi n%ﬁarran enent of FIG 10. DETAILED DESCRI PTI

A Clcgt TENPERATORIO vaes AR PR DE SRS ARIICe
'\@S SHon&d gﬁtglt:hp% gna&gﬁ,\m)}gﬁkgfect ive views of a

ting s
sensor /Héat8r ixentexpldded pospec?® atvorodi thg temparture sensing
enbodi nent gg (fz_«hﬁ i nvention. The heater can al so be a
c GRBECBRRt OhE}&iNaf ter for sinplification will only be
referred t o as a heater. Springs 24 on |atch 26 all ow

for easy and quick release of the heater unit 22 from
the testing socket bd3BTAH.EIFDESCRIBRENS t he testing

ot sl A TRUEERATR, ofiRly NG DR RE 4ibitggroon

boar d JAGSET ehd/Eshonoparyetead viewd @M‘t@étuﬁg%ﬂl@a@ bOEndB4modular
| ocated on the heater unit 22. FIG 3 shows an

e ¥prseEBeptescpaisllar npib 23 pesprding forpa qnebpdiment o6t éavepion. The

IOl P R e RESH S R AR

i @s adbeatere Bpringdh2ben Ii&he%chllbazsfer &8y bhad qutk gioaendf the heater
umtgg from the testing socket base 38. FIG. 2 shows the testing socket 20 and
modular unit 22 in a closed position where board-side connector 30 located on the
testing board 32 receives communication/power connector 34 located on the heater
unit 22,

FIG. 3 shows an exploded perspective view of the testing socket 20,
modular unit 22, and testing board 32. The testing socket 20 utilizes a generic
open-top socket 36 that is secured to base 38 and base 38 has alignment pins 41 and
two latches 26. The modular unit 22 has a guide plate 40 for aligning the modular
unit 22 onto the base 38 and board-side connector 30. Microprocessor controller <2
(shown in FIG. 5) is embedded within the guide plate 40 near the
communication/power connector 34 or mounted on a top attach plate 72 (see FIGS.
8-9) as described below. The communication/power connector 34 is located on a

bottom surface of the guide plate 40. The heater 44 connects flushly with a bottorm



two | atches 26. The nodul ar unit 22 has a guide plate
40 for aligning the nodular unit 22 onto the base 38

wa@pasioesesl- si de connector 30. M croprocessor cPOI/US100&006724
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4 2 (shown in FIG 5) is enbedded within the guide
pl ate 40 near the comuni cati on/ power connector 34 or
mounted on a top attach plate 72 (see FIGS. 8-9) as
descri bed bel ow. The conmmuni cati on/ power connector 34

is |located on.a,bottom sutface of.the i, de pl at.e, 40.
R e R S RSB B iR oo
hegicropkdtessbp caitebliet £Tfor kgahll on@@anbe atEdedttiddiyt he
enmbedded mi croprocessor controller 42 for signal

c cRmIRImstasorithethe cenawnicpiéen/poves samasaior 3¢ & paveh Thee

c i i n ”» f ] )

¢ IO AU OIS by A PRI 0 N g

Wi cohinunlieegdsevithdidhe atictoplosesseravmnttollet A0 €sr sigriahcdri@unication and
m croprocessor ,controller 42 for si gEhaelé]&comTuni catjon

arft® SHTRMERRFHAN ROFCT 6oPSEARES+ LB BAWER Al 4 s has the
ThRaBeat egﬁlt é%hsot‘} Gg chhdctedas it% B&dAE lrflce, AttaARE tosﬁlg %8{31? @gate

connect ed to 1ts bottom sur ace, attaches to t
pl4ftvethdDcambihationodbbirelascioovs SOfanlaprirs 58 ¢ Thevsorbbinatioh

springs 52. The, conbi.nat.i o ovj des controll ed
At oo PR B AR eglte B S 55 Gl 31 Cipeckage 54
pag Kﬁ@ﬁtog%oél&t 9P SMeh MR tSHRK Séck3B20MMAME N ar B8R DDA in a closed

socket 20 and nodular unit 22 are in a cl osed
p@SFtiPBN. FIG 4 shows a bottom side of the nodul ar

55720 A6 A TAIM S Ao H e T2

48 is | ocate

elof GG k€ alleyseasn 18 ¢4 lodattdwithia asibieylihettle heatdradraag @ssor
control | er 42 (not shown) l|located within the
cSiectispilponngeted i the ermbediled gaicippacessaipcontroller 42 (not shown)

oy Lo Lo
conTR PRih B RIS CAME S e b R Rt ledBipover
miconrgpton 34 sslocatedort thelcbrirollb? castiiped §rdtcomndhidagesfwithsthe y

connected with the hottom surfac f heat sink. 4 0
o PGP g Eiay T Barer £ s SR teFiBa oV the botom
t REFatabrhBR IR 4630 PEHGdd Fiective 1Eat RariRe WetvRes tHER b fithB6sh
| ayout el evation view of the testing socket 20 and

ermal conduction.

FIG. 5 shows a simplified layout elevation view of the testing socket 20 and
modular unit 22 of FIG. 1 located on a testing board 32. FIG. 5 includes a simple
circuit diagram showing the microprocessor controller 42 in communication with
the sensor 48 and the heater 44. The microprocessor controller 42 receives data via
the communication/power plug 34 that connects to the board-side socket 30. The
heater 44, microprocessor 42, and sensor 48 receive power via the
communication/power connector 34. The microprocessor controller 42 is
embedded within the modular unit 22. By embedding the microprocessor controller

42 within the modular unit 22, the modular unit 22 acts as a single, modularized

sensor/heater/controller unit, This allows for the advantage of testing this system as



nmodul ar unit 22 of FIG 1 located on a testing board
32. FIG 5 includes a sinple circuit diagram show ng

WO b@s0843e0pr ocessor controller 42 in communi caPCDOS205/606724
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the sensor 48 and the heater 44. The m croprocessor
controller 42 receives data via the

comruni cati on/ power plug 34 that connects to the
boar d- si de socket 30. The heater 44, m croprocessor

CGHAIEHF BAE PopEL TEgH Qo oda fachiet U commopeR ey he
C %hﬁfglllég@itioﬂ ZinkSb&WRGIEE dobddahi, mngﬁmhg if éjﬁfogil]}]llglﬁmﬂt 22

By enbeddi ng the m croprocessor contr er 42 w

t Heilgythbuvlaale unit is sRRplytand quicklyireplaced ivith2Rfuactienimesurst.

singl e, ularized sensor/heater/controller, unit. )
Thi's aEg b § HEeahaten gl Bmedilivng 22n e Krserds
aslowh G h eherRistordSingREPSIRA Wi 4 Rnbteibul@ht. FieVoRaderdf the
each of the conponents or in the comuni cation |inks

behearsior Heis comysated inte digialiprg by deelogdo-Digital (Adddoayerter

Undot s ' |k~ 15 Si-0pl d_qui.c

- i W i rop B BBl 4ol o R o B e B Yeomerer
CiG0dis cémperad) tm?sef—se_tlét&edm%p{nafureléﬁﬂrngéﬂdinHT@%& f9rmdh pAstessor
is _shown as a therm stor heing supplied with a,

c &%s{llgwse&-a?lﬁ%ﬁ?é tempEYE 1Y Laaggeeﬂntg b RTAHSPArSLOHA B8 | s
CQalRChib GorbO54 B b BlicbBY V3 Birbler g ”?‘Eler (Af D)

converter 60 wthin the mcroprocessor contro 42.
Themdingiicatibngipdrtion 64in in hemadificatomveith the sigdal lines anthar ed

to a user-selected te ature expre din dig.tal .

¢ doRel S piser ChSTBr e P ROERZ fop syl niifbsipual o
| ARYDiRE]-10NA Ralb % EDN)GAFSRRF 66%itHindhd ﬁ@orsﬁﬁ%@ém&@hﬂrm&% 42,
portion 64 of the m croprocessor controller 42. The

c d¥nanslagignsh Fomdhe Do ceaverter Gmis sevioian amplifter coipled totthe
. ; . omuni cat | X "
1808} 15305 D5 RRURHLSILDLERULAN, FRONSEL O Bcr o

Dicgh bigb bt a-césiat with (ikrAprocestetsehilat Wwiifd thelcbsler.

m croprocessor contrgller 42. An anal og si gnal from .
the D Al€ohvawses sigplified plamyiew ol gsysemiof tesBrg benudy Egwithin
PR B R R S 8 DLl hion
c dometrixwittésting cockpts@emd aroddRr snitd 22zaré Jocated vh rach theting

g ;)pg%rg:#o Flj hge';L é@?lpg 88%@%\?% grieglglc%fnipﬁ%ﬁgtio%nwi\t/}il gnv%lﬁgidg power

source and driver electronics 70. The power source and driver 70 communicates

with the testing boards 32 preferably by means of an I12C data stream on a data bus
which is included in a data/power bus 71. The power source and driver electronics
70 serves as a system controller which allows a user to determine a desired testing
temperature for each IC package 54.

A typical testing chamber 68 is a burn-in chamber where air flow 67 from a
fan or some other source is maintained across the testing boards 32. The air flow
67 is preferably maintained at a high enough rate to keep the IC packages below the

selected temperature prior to application of heat from the individual heaters 44. The



a testing or burn-in chanber 68 according to another
enbodi nent of the invention. A matrix of testing

wWEoka8:3220 and nodul ar units 22 are | ocat ed oPCEHESIV05/006724
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testing board 32. The testing boards 32 are in
comuni cation with an outside power source and driver
el ectronics 70. The power source and driver 70
communi cates with the testing boards 32 preferably by

N I T S e —

drda¥RIC ph&@ks oni cs 70 serves as a systemcontroller
which allows a user to determine a desired testin '

t enper 1k 8 shows a aelpeaivp Hiskaefeansther pmpydimeat of the tivagfion
c LS r =i I re ajir fl 67.1r
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t et dragitivhad dsa Sidgle Theatich pldto 2, pfefefmbpr @teizahiya regular
mai ntai ned at a high _enough rate to keep the IC

pdeREgedapbmodulan s &7 isdpdyiduatp sirireptoadssh orpthe fp attach plate
a u 9
T o 3Aibb 0B By MEBhne ST (g Mk 321 Phe RBIEPpIIA 72 i

i nebejtiendé nvédrymyéple opeattdpesvplkstad tipe adéstieg bhadG2package

54. FI 8 sh ve Vi ew. of an

t] .
orbodi OB AR LADEGHS ( AHET e B AP hgasers 74
oot gathe esgéseff%e%ﬁ attRIMRRAB Y0 LAd $RA8ObSard azam@l?m@gtf%s%eners

sinks 46 are attached to a single top attach pla
pridfase ugsdyto speuathedop attaghpiajeibass wengage. thetaphpenasungIsemsors

S R D ST

t est i nFlgoarsHow2a plbh&idvopf it bagbmplidicf tHtobSittach plate 72.
paositi oned over nultiple open-top sockets 36 on

t d39rPrige Inpatigch platerfiels ppngectia dpopnoaate thexstuishtie efwhtgvould

t ' i J

T BRSO G SRR TR

M40t ippkirdlag bEheatas 44 aad eortsspohding eaperaturt:lendoeyd§ are
ttach pl at I  the t t

s o e Rdo AP R MG HoRERandae fegt et o

t M8 QRR: éd?lﬁroggl%lél?ta?ehgiéctrigah@ cotnSHAY® Be BLAGs it @y Of

the bottom si e top attach plate 72. Here, the

t dpmpereehsansensd87 Poiver may heganplicd ta the slgstrpniceontnglers 42,
Sth%gt%%suif an%fter%gr%tu\{“\@ éjeln(sjors 48 through a signal/power bus 71 (see FIG. 7)
that connects to the top attach plate 72 or the testing board 32.

This embodiment allows for easy and quick placement and removal of IC
packages 54 into and out of the separate testing sockets 20. Rather than
individually securing each modular unit 22 to each open-top socket 36, the top
attach plate 72 allows for securing all of the modular units 22 with four corner
fasteners 74.

B. IC PACKAGE TEMPERATURE SENSING DEVICE
FIG. 11 shows an integrated circuit temperature sensing device 48

according to an embodiment of the invention in an integrated circuit testing socket



be an array of guide plates 40 (See FIG 3) instead of
havi ng di screte guide plates 40. A plurality of

wheabsoss2814 and correspondi ng tenperature sensPCEHUERI05/006724
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are arranged in a regular matrix on a plurality of
correspondi ng heat sinks 46. Electronic controllers 42
are electrically connected to the heaters 44 and
tenperature sensors 48. Power nay be supplied to the

l.ectroni c, controlle 42.. .heaters and tenperature
S 8 TR s SNl Syt i pldo F oo ] 6 Wi
t HafegR@iNeRuUS (1@2) Usbé tHrouhehi B spbtifitioh%en8mpdtSes all forms of
testi nq%q board 32. This enbodi nent allows for easy and

qunterratiddeHint Thaigstingmeoket 188 curhpasrekgbdesipned ft tgceifie an
f . . i NQ: 20. ther.th
o 2 L S DR R AL bR L BBt e 1

odn-t op socket 36, the top attach plate 72 allows for
securing all of the nmopdular units 22 with four corner

f ast enel le4estmg spekepAckimeindeeigpmerafureconnllegs Hefor ce
Fl¢ : . AN _
iephy G OhRRH T R IG LuBERTRRL IF 1p e

i okt ildh generally ¢omrepeat babeSircountctediota teggingdokelt 30281d a lid
I nt ted circuits include indiyidual dies and.l
padiadas Pt ecr e i Rlag pofbh ] 1 driopd egovdn dirher

t RefuI0 beveR ipartfoRRed §ff AIRM 08 B AIESEfHedobkd PMEe Abt
integrated circuits. The testing socket 123 can be a

s deRressary 66 thimerabedimentcdditheprgsent @Batidmeand sesteedgotde ch

[ rn.ng- i ti.ng.an .ogr.apm ng of  the .
| Rt B Ry R BT B b Fgion
Cc @ai bolincotestedHhtd othediC Refing/soeRet 6@dH dsii@sdrived in U.S Patent
tenperature of the IC 54 duri ng testing. The IC

t -iSﬁlﬁgﬁ%Hm@@WawwnE O-ses a base 38
connectiafl difipdatRSldaiB] BBBL A4 320 N8y i e 13444 I hat when

preferre testing escri
altlo/EC fentifgisockeir] 2des mi d clodddwevition, thatdnsmitaresontrol block 44
testi ng? socket |

S s GRSEng SOSkSL 2R Phg et o
aRfafR if @RAcAPEralRe of the IC 54 by conducting heat to or from the IC 54.
Thus, the temperature control block 44 can be a heater or a cooler.

The IC temperature sensing device 48 is shown located within the
temperature control block 44 positioned so as to thermally contact the IC 54 when
the IC testing socket 123 is in a closed position.

FIG. 12 shows a partial cross-sectional view of the IC testing socket 123 of
FIG. 11 showing the IC temperature sensing device 48 positioned within the
temperature control block 44. FIG. 13 shows an exploded perspective view of the
temperature sensing device 48.

Referring to FIGS. 12 and 13, the IC temperature sensing device 48
includes a temperature sensor 130, such as a thermistor, in electrical

communication with devices capable of converting the temperature sensor signals



descri bed further herein. For exanple, this enbodi nment
of the present invention can be incorporated into

WO@RWs084308 t esti ng sockets such as descri bed i nPQI/BS2005/006724
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Patent No. 5,91 1,897 to Hamlton and shown in FIG

10. The tenperature control block 44 is positioned in
the lid 144 so that when the I1C testing socket 123 is
in a closed position, the tenperature control block 44

th ont ts t .C 54., The.tenperature, contr
Bl A 200 elel Bebih e T i BTGRP RrEE G thac

t ft&td 4 a&%nﬁﬁll&ofﬁip@l{dlﬁgﬁoﬁﬁ@terﬂ;@r&lﬁre fse100t 1 d®adddidAng the

Thus, the tenperature control block 44 can be a heater

ortempeigire pont dlack4denper at ure sensi ng device 48 is

o G REALBTe bl hsbliPd € IRAG A GaGRALE Ry PP

pOSl tione er ma contact
t hhemﬁllye;shdmglvs eerisei hciRdihgi 1334[ Tha cavifs k3P igekdwi hete as being

a partial_cross-sectional view of the |IC
m%@ iﬂ&ﬁ%ﬂnme %‘fer@il eapg of YR denpRgaitFreseneng device 48. The
teaapﬁy PULE éﬁﬂ@hg erfigY Yh ﬁ%@e ighd %}'ﬁ@ﬂr %uglﬂgri?aal&?allow

tenperature con
expt tﬂmmrqjmlesspwt toskee ini Qemrmrﬁnid;dmentvemx&rvaiem tike 8 erisiopigcessor

dev ﬁ&é‘?ﬂé’ ‘?Hﬂg‘a’i\?’f c‘éﬁs% ’fheﬁgﬁag@g S&C’f%ﬁ&{a}%&mw&owd

S %ﬁbnl‘&@ seifsBf Rowdth gal NS TMheined] cohtBci8YiBFtheIC U, Because the
communi cation wth devices capable of converting the

t SARL Hputieg s¥hisdhermialy gprdustive, tlressbsay housing 18he ablecth
t I er, 42 that acts
Rl S R
13G0and driving the tenperature control block 44. The
t er re sen S pasitioned within a cavity
13210 of aﬁh%ecavﬁ)éﬂ 1S|f9n%#rﬂ§@5hl}lx¢éw§f‘ew@@h incdudes 3y opeuiirst end
%%%hfc){ll}lﬁga L& 1P AMMB NG5 E aﬂ?se@ﬁﬁd‘&fé‘f{th@géhh&ﬁﬂo’usmg 134.

ref ecting t overa ape o tenperature
s dliisicagicdky stw@ed&rmiﬁtmaon é% hys dBxkhes vehish alfyives fopeshory
at, a fji

st .end.of the sensor hous o all ow the
£ el b3h SR B B e BREAT o 57 o e b ey aggsor
li1ke, & sHita1 QM AGESESPF producing the short thermal path is 3 mm when the

sensor housing 134 is formed of a metal comprising copper or aluminum.

A thermal insulator 138 surrounds the sensor housing 134 to thermally
isolate the temperature sensor 130 from the temperature control block 44. The
second end of the sensor housing 134 is exposed from the thermal insulator 138 to
allow the sensor housing 134 to thermally contact the IC 54 when the IC testing
socket 123 is in a closed position.

The sensor housing 134 provides both a thermally conductive path from
the IC 54 to the temperature sensor 130 and protection from impact or problems
related to point contact pressures that could occur if the IC 54 directly, physically
contacted the temperature sensor 130. The sensor housing 134 protects the

temperature sensor 130 by providing a protective layer of material that intervenes

10



controller or off-board controller. Wen the IC
testing socket 123 is in a closed position, the sensor

whowsios328.34 is in thermal contact with the | GPGHUS2005/006724
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Because the sensor housing 134 is thermally
conductive, the sensor housing 134 is able to provide
a thermally conductive path between the I C 54 and the
tenperature sensor 130. The cavity 132 is forned as a
bl.ind b |ch Iudes an o t end

e diPEsahip Lhah Bt 1 iriAEen BrbeRbn L' Fhis sEbRe POt

t RRoeeR oYy I&Wﬁbﬁ%&&%onﬁbﬁr@é&ﬁfa@ Ahdt YoslB BB RBuse by directly
term nation 136 has a thickness which allows for a

sHoRtactRe? fratPepaitls strsor 339 by providing p dasgery @éﬁp@h@@llﬁ ﬂ@mr
t r&%nLa@t Qf‘fa%g alteg?}lﬁ(%‘lqlﬁpgﬁﬁi n eﬁae(‘ ?5% so?%? é’m aéiﬁ{’%

ness produci ng Her ma
V\/nen t Mr SeNBost Abaurate m@ulltaih dedsihg rtliaén@éraauéref ad IC 54 durmg
conpri sing copper  or_alumnum_ A thermal insulator 138

s deTiegnirs Sensar @wsrtgrli‘ﬁo%hgmﬁ@efequoa hlﬁhlwamhgﬁt% Seigle Most
e FERE I 48hhy SOURRE LIEK (el 3t binb BTREE M uminum or

13:4>pper éﬂmstcedmfeamdchmcy,hhe ﬂmhnah’mmﬂ@tbnﬁfils’%ﬁutd}acht;haww
t sensor ing 134 to thernally confact the | C 54
WHETERE olst i PR St 0raa g heseng 33 from the
PAshpérafire ddifrob BIOER Y4 BOHRE MG 143 eeru?é’ééﬂ@@r 1@%9 9 pdominantly
thermal |y conductive path fromthe

t e;mmtha itemperaizor of1BOIG Al apd netehbe tempefatmmcpn@ddﬂomM To

|.at t {
ocRe T Pefri i g Ml ARG 1S G hrtaPhefSPhfor 2
Wﬁ@hﬁd&n&t@ﬂép MUlea® 1000® rﬁaﬁﬂ&a@ﬁurb@ u$ iGegerhBRlectric, is an
protects the tenPerature sensor_ 130 by providing a

presaapleofa prefpmblegrolytheratidamaterial i nt er venesbet ween
the IC 54 and the tenperature sensor 130. The sensor
housi ng 134 protects the IC 54 from point contact
prCéﬂ@tRAE(SKAh‘ﬁTEMPIERAHHJI&ES@NSWGdMBEH@D contacting a

S ubot adk methag TPy smsigk tegtwReatinpl i 5 bERE lesiedingudes
S HRdcingl (BEPE 5B LMERL TS ERERY sokBO pz@n m{eqymgé‘ratu?@af th ?ntg%ared

accurate results in sensing the tenperature of
54irduit isrdpanged by thermally contacting a heater or cooler 44 to the integrated

circuit. This is chiefly done in the burning-in process for ICs but the temperature
of the IC 54 can also be controlled for programming and testing of the IC 54.

The temperature of the IC 54 is then sensed by means of a temperature
sensor device 48 contained within the heater or cooler 44. The temperature sensor
device 48 senses the temperature of the IC 54 by thermally connecting a
temperature sensor 130 to the IC 54 through a conductive material 134 and by
thermally isolating the temperature sensor 130 from the heater or cooler 44 with a
surrounding insulating material 138 so that the temperature sensor 130

predominantly senses the temperature of the IC 54 and not the heater or cooler 44.

11



testing, the sensor housing 134 should be fornmed a
hi ghly conductive netal. Mst preferably, the sensor

whowsiosd28.34 is forned of a netal conprising aPCIURL005/006724

10

or copper. Also, to increase accuracy, the therm

i nsul ator 138 shoul d adequately thermally isolate the
tenperature sensor 130 and sensor housing 134 fromthe
tenperature control block 44 so that the terrperature

the v ¢ B coniodivE o d b et e Wb Rt Bt S dromahe
aciy sv&uch et A¥hermBPhaAh b&Rveed BR Ithﬁf:ﬁm tempP&rdtAd %ns&%%o is

i s nost referakr)ﬁ)ﬁ/ ormed of a polytherm de nateri al
ul m@mamd(te cleate @tftmslgnfer@smylswibc s pterseesor 130 an

E’X?ZERGZF ]%fgf}%g%g h LR ﬁg% ﬁ%@%l?r SRI @tiﬁ ﬁ}eol}eater or cooler

s efastyngbsitimitpeh® ehajettereGEndn 18 CwlthibetheemilBsiRductive sensor
includes placing the 1C 54 in_an |IC testing socket

1 2dwusingd 3¢ dhab s argpededrby thermally apyudating reatﬁreqh 188 .sgch that first
C Wi I

¢ QPR REbenl B AEL o PR I CMRREET T scBi bl o4
b uemditheriaily prrsulaﬁsg nfatarial €38 fretthdrhgositinpé mathit &n afprdpiately
IC 5 n al so be cp |1 ed for progranmng and

Sl ShateR @pyng iR the Renteicansapist 4 g0 g flwghqr@aan i's

t fb%ﬁd&&i% Hudye MRPES tefin %&ﬁﬁpwn%c@ HETRORO E4.d evice 48
contained within the heater or cooler 44. The
t enper danieg desoslond auhd\xllwatb@ tbepgedpleh ef the ipentionine of

oeteted oBena Fenl ARG Al ot G P A oS

bymédifiedai émngaﬁératahm defal) SvitRUPEI AL &R RS prindéhlds. om
the heater or cooler 44 with a surroundi ng insul ating

material 138 so that the tenperature sensor 130
predom nantly senses the tenperature of the IC 54 and
not the heater or cooler 44.The conductive nateri al
134 spaces the tenperature sensor 130 fromthe |1 C 54
such that a thermal path between the 1C 54 and
tenperature sensor 130 is nmaintained to create a fast
transi ent response in the tenperature sensor 130. The
tenperature sensor 130 is thermally isolated fromthe
heater or cool er

12



44 by positioning the tenperature sensor 130 within a
thermal |y conductive sensor housing 134 that is

wagerososesded by thermally insulating material 1B8I/E8005/006724
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that first and second ends of the sensor housing 134
are exposed. The sensor housing 134 and thermally
insulating material 138 are then positioned within an
appropriately sized and shaped opening in the heater
or cooler 44 so that the tggr quéty conducti ve housi ng
134 can be in thermal contS&f* h the 1 C 54. Having

dSNﬁﬁtilbeﬁlrﬁémlgi [ lustrated the principles of the
invention in a preferred enbodi ment thereof, it should

be apparent Amitegrgied mmmfdﬁ@bwc&saﬂldféﬁhﬁamn@@gi n

arrang

princi reJaI es%gﬁ%??/%%%@a@g%%%g? ﬁ%%eﬁﬁﬂy%n é t%l ed
ci6gpit (1C socket lid (22), conprising: a

tenperature sensor arranged to thernma cont ac

an | C paerisger § sogler égfn %}31 C@BGP’@?""(‘E@XC aaqkaafgéﬁé);
tqudirectly cont act the IC package (54); and an

el ectronic controller (42) connected to the

t e np er anwletroricsontr¢liks (4 Hrdnheatedie the@mperature sasbe{48) and
| ectronic controller (42) is

wherein
Zﬂe&}f‘fﬂf&(’f %Ooi?fﬁfl the tenperature of the IC

pac kageyHepdn tHeea&@I@aicvamtr@uémz} R ?sp@%rrahﬁhea 1S E61HR] the
(48). 2. The 1C socket lid (22) aim1, further

c dempperaiurrpef the [Gpatkago 6) a@apmsew toghejtemprrajurs sensoe (48d
release the lid (22) to and froman | C socket base
(38). 3. The 1C socket lid (22) of claim1, in which

the el ectr orl'rhe Icaetlte@ 1itl €22 ) (0¥ 2)aimG lfutes corﬁp\rlslng
anal og- to ital (AJO .converter (60) to cq
si gnal @ lateh @qﬁ) tgdapted to quickly secure and release the lid (22) to and from

an IC socket base (38).

3. The IC socket lid (22) of claim 1, in which the electronic controller
(42) includes:

an analog-to-digital (A/D) converter (60) to convert signals from the
temperature sensor (48);

a processor (62) programmed to receive and transmit digital data; and

a digital-to-analog (D/A) converter (66) to convert digital data from the
processor (62),

wherein the processor (62) is programmed to compare the converted data
from the temperature signal with an operator inputted digital value and, responsive
to the comparison, transmit a signal from the processor (62) through the D/A
converter (66) to the heater or cooler (44) to affect the temperature of the IC
package (54).

13



tenperature sensor (48); a processor (62) programred
to receive and transmt digital data; and a

waele@sosd32g o- anal og (D) A) converter (66) to CONRETF/US2005/006724
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digital data fromthe processor (62), wherein the
processor (62) is programmed to conpare the converted
data fromthe tenperature signal with an operator
inputted digital value and, responsive to the

Chrougri e BraCembeifrs G b Ty BaPErBe stebica!
4ébnnt fpeikctiibal n&q42Yandaska
2543[1.114901?I'ﬁe?l CCtsloc k}é?iﬁﬁﬁfél&l(; gfzei%og?ocl g?rr)féfﬂ furtg ﬁ:‘ietlrO connect

covsh p sprgspandiag eleetricabgongegior@Pben ¢ Bsiing beard (3Dal | y
coupled to the controller (42) and arranged to connect
Wi th a corresponding el ectrical connector (30) on a

t est i ngS.boartheI829ock&.lidl(2R) dfclsiock éh whidh: (22) of claim
1, in i ch: e controller (42) is . adapted to receive
di gitall %P@H&qﬁgr (423 1dreied o ecsive é‘Fgl@gﬁH’é%lﬁ Gony thy plectrical
t henh&ad 491 cooler (44) is adapted to receive power
fromthe electrical connector (34); and the

t enper athe heatgreansoolef @8 i3 slapitd i sdeive ppweefrom thovlectrical
fromthe electrical connector (34). 6. The | C socket

I icﬁm(“%()’r@fl)’@f@i m 1, in which: the tenperature sensor

(48) i sthatdphpeiathielsynddl (48 IPRTatME r&B8REPoSvefl A8 the electrical
arranged to thermally contact a correspondi ng

pla@nagdten(3dr | C packages (54); the heater or cool er
(44) is a plurality of heaters or cool ers (44)
arranged to directly contact the correspondi ng
pluraligy ofTHeQOxackeadils(72)bet)claimnl i hdickt ect roni c
controller (42) is a plurality of electronic

cont r ol the fesnnergyre sonso () e B%‘Eﬁl’éif of teEperapyre gensersii

6, arfad S th GRS cShA6 FodrRBpdHdiRGHurality of IC packages (54);
the heater or cooler (44) is a plurality of heaters or coolers (44) arranged to
directly contact the corresponding plurality of IC packages (54); and

the electronic controller (42) is a plurality of electronic controllers (42).

7. The IC socket lid (72) of claim 6, further comprising a top attach
plate (72) adapted to resiliently mount the plurality of temperature sensors (48)

and heaters or coolers (44).

8. The IC socket lid (72) of claim 6, in which each electronic
controller (42) includes:

an analog-to-digital (A/D) (60) converter to convert signals from a
temperature sensor (48);

a processor (62) programmed to receive and transmit digital data; and

14



plate (72) adapted to resiliently nmount the plurality
of tenperature sensors (48) and heaters or coolers

W@ 2005/084328 The | C socket |id (72) of claim6, |iPCHOBIN5/006724
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each el ectronic controller (42) includes: an
anal og-to-digital (AJO (60) converter to convert
signals froma tenperature sensor (48); a processor
(62) programTed to receive and transmt digital data;
anda di al D/ A) co ter conver
di gi tal 2t 51 o t{g’g%f f:)fli‘é)ggﬁatr&%§ ’ré’)conﬁggf&tﬁpi‘% rom the
?@@@g&r 6(2 2) is programred to conpare the converted
a fromthe tenperature signal with an operator
| nput t ewhetet thapmszassgle(@hds pro@t@pmmsi tg gompatetthe converted data

co ansmt .8 naI from ess0r (

C nTBRGhE et R b Piek ¥ Piteptof SRS RUPGITCln) BSbonsive

(4t)thé corapdried, ttahl@mitef@gﬁaﬁﬁufrﬁh@br@@ssbﬂ@@@ﬂ&@@@l /A

9. An integrated circuit (1C) saocket tenperature

c o?ﬂfW@WTe(ﬁgXT@?) heatep ﬁwq0é¢rr{@4 tarstiapidhe tpnmsraiei afap IC package

(A{S%converter (60) to convert an analog signal from
perature sensor (48); a processor (62) programed

to receive and transmt di gital data and a

di gltal-to anal.o DI.A) co 66) to convert

di gi t al 7dat aAPFQ}%?g‘WQ iﬂ’ E@ég 6p¢ B pepiue sppirelis (42),

Pr QS .(62) is programmed to corrpare t he converted

dat a fromthe tenperature sensor (48) with an operator

| n put t eah atialyigttatdigitd] (4/D)envdverts §613p venvent arhanalog signal from
arl S transypt a signal fromthe processor (62)

thall' a?‘ﬁgsﬁ}sﬂr erter (66) to one of a heater and

cool er a( Prébedsor @DF pokrdntited RTBES RS andarAkmatibital agkage
(54) a digital-to-analog (D/A) converter (66) to convert digital data from the
processor (62),
wherein the processor (62) is programmed to compare the converted data
from the temperature sensor (48) with an operator inputted digital value, and
responsive to the comparison, transmit a signal from the processor (62) through
the D/A converter (66) to one of a heater and cooler (44) to affect the temperature

of an IC package (54).

10.  The IC socket temperature controller (42) of claim 9, in which the
controller (42) is located in an IC socket lid (22, 72).

11, The IC socket temperature controller (42) of claim 9, in which the
controller (42) is adapted to receive digital data and power from a connector (34)
on the IC socket lid (22).

15



10. The 1 C socket tenperature controller (42) of claim
9, in which the controller (42) is located in an IC

WG owkm843R8 d (22, 72). 11. The | C socket tenperBCT/I82005/006724
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controller (42) of claim9, in which the controller
(42) is adapted to receive digital data and power from
a connector (34) on the 1C socket |id (22).12. A
system for testing, burning-in and programring |IC
packages, (54), co i Sihg:. a testing chanber ; L a
Post | g boar & YISy Gl il Rregr PR fapiskfses
(68)), cBihplismgocket base (20) nounted on the testing
boar d (35); an | C package (54) received in the IC
socket dsting d@mben(td);an |1 C socket lid (22, 72),

wh [ he I.C to i 2,.72)..incl :

te ﬁrrJ ::r 27 {?thngs]%or?i(g 8&5 ) g‘f&g?"stﬁﬁlgtgﬁ %%Sgrllg ﬁl@:’JTEP%? mﬁt ont act
the | C gackagRet(tadd (203 nidvRatee on e RsEORkd (324,
arranged to dlrecthﬁxcontact the IC pacgzg%t 54); and

an el ectylénpackagmbreaceiveq ingthe o aerket bap s |
o SPGB R g B P 1)

t o change t hetehpienmuraiseriser Cf8) titgndedad eermallcnltsot tHedd)
responsive to the tenperature sensor (48). 13. The
syst emBekegedPMi 12, in which: the testing board (32)

i ncl udes an ﬁ){a?érro? icSol%PQlQ? ﬁltrﬁi{egeﬁ 39 girécrﬂﬂ' dobiict fre IC package

socket lid (22) 1ncludes correspondi ng el ectroni c
connect@#);@84); the connector (30) on the testing

connect or | ( IR QGAHE corRefipbmyine (qpipertfre sensor
connec_t(qg? ddtkhe BBtk coblesppiset 1id (22) is

electrically coupled to the )
wherein the electronic controller (42) is programmed to change the

temperature of the heater or cooler (44) responsive to the temperature sensor (48).

13.  The system of claim 12, in which:

the testing board (32) includes an electronic connector (30) and the IC
socket lid (22) includes a corresponding electronic connecter (34);

the connector (30) on the testing board is positioned and adapted to
connect to the connector (34) on the IC socket lid (22);

the connector (34) on the IC socket lid (22) is electrically coupled to the
electronic controller (42); and

the testing board (32) is adapted to receive and transmit signals between a
system controller (70) and the electronic controller (42), wherein the system

controller (70) is located outside of the testing chamber (68).
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el ectronic controller (42); and the testing board (32)
is adapted to receive and transmt signals between a

wayasesaseont rol l er (70) and the el ectroni c conP€DUBE05/006724
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(42), wherein the systemcontroller (70) is |ocated
outside of the testing chanber (68).14. The system of
claim12, in which: the I C socket base (20) includes a
plurality of 1C socket bases (20) nounted on the

testi 32); the t t 48) |
2ol uralfry Oré SatiPbein L BB 45y arranged to
t her mal fh¥ ICQBEIRE basd (Rb)ahalklldsya Iﬂﬁrah%m@g@a HaS4)(20)

the plurality of |1C socket bases (20); the heater or

c oppaiteq a4 fhe testingloarda(3RY; yndf heaters or cool ers (44)
arrange o directly c a he.plurality of |IC
acingede A el a5 phdil phlnetdtud sep g 49

pl atramled 3o ErmedlRCiontii £ ity of ICepaekhged)(54)andhd ?ﬁraﬂi@ of IC
socket lid (72) includes a top attach plate (72
adskedases @k ach to the testing board (32). 15. The

system 1@@ hEd@! (%]O%f)llgr 5&9\@%& gﬁﬁﬂ%@? Ioﬂk/éé%e?é {31t Yoors ?&) étrranged to

socket bases ( n enper a

satisetly cOAtyt theplukedny of EC packeges|(84)s (44) are arranged
in aregular matri x. .16. The system of claim 14, .in

whi ch t aeﬁsgmae fa@wlér e i azaljyﬂ%tl@f %ﬁ%lﬁ‘it&ﬂn‘t gpntrollers (42);
regigl i ently engage the tenperature sensors (48) and
heaters or coolers (44) with the |IC packages (54). 17.
A net hotie &€ secket Hd(12) geledee atteppitachiplate (1) adapted to attach to

integrated ci,reiit (1C package (54) during one of
t:e%?l i ?ggﬁq’rﬂi(%'-i n and programm ng of the |IC package
(54), conprising: sensing a tenperature of the IC

package (54) with a tenperature sensor )
15. " The system of claim 14, in which the plurality of IC socket bases

(20) and the plurality of temperature sensors (48) and heaters or coolers (44) are

arranged in a regular matrix.

16. . The system of claim 14, in which the top attach plate (72) is
adapted to resiliently engage the temperature sensors (48) and heaters or coolers
(44) with the IC packages (54).

17. A method of controlling the temperature of an integrated circuit
(IC) package (54) during one of testing, burning-in and programming of the IC
package (54), comprising:

sensing a temperature of the IC package (54) with a temperature sensor
(48) in thermal contact with the IC package (54), the temperature sensor (48)
being located in an IC socket lid (22, 72);

processing data from the temperature sensor (48) in an electronic

controller (42) located in the IC socket lid (22, 72); and

17



(48) in thermal contact with the |IC package (54), the
tenperature sensor (48) being located in an | C socket

WO 2@502828 72) ; processing data fromthe tenperBCTIS2005/006724
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sensor (48) in an electronic controller (42) |ocated
in the IC socket lid (22, 72); andcontrolling the
tenperature of the | C package (54) with a heater or
cool er (44) located in the IC socket lid (22, 72)

responsi v 0 sjgnal from.t el ectronic.controller
(32} "S5 plpetog bRtk Al 16 e fe Gk Sif RS grgooter
t r@apIched MYthd 1disetlterlid V2, ¥e) fe@pdditreab aGigaNirém the electronic
controller (42) froma systemcontroller {(70), the

diqgntrallen/4Plie representing a desired | C package
tenperature. 19. The nmethod of claim 18, further
conprising: conparing the transmtted digital value

repr eselg.i ngTidwettied of eldin €7 faakaaenipeiRing tainsmheting 4 Bigital

the sensed tenperature of the |IC package (54) in the,
el B&terteihe el@@fﬂ%mnéwﬁalz(ﬁ?) HAm & sfyamrmqrﬁms{@r @1 O jthgdigital

I 6SRISh M ettt st dcROR: £fBBlhfie el ectronic
er 4% o] e

control ) to the heater cooler (44) to
control the heater or cooler (44). 20. A nethod of

i ndepengdent |y, control Lin tenperature of each of a
pl ural :1]?%7 of%’l‘f‘dnﬁét?&g{j?é_@%t gg?)efu’aﬁ‘?"icﬂﬂlpﬁlﬁlé‘gof testing,
bur ni NGeonthaRing 1 PAAEIEgitd) alue rEREIARRS tHeAbkired IC
sensing a tenperature of each of the |IC packages (54)

winehkagedemaeratuze withytlee snseddempergre 2By IC packnge () in the
contact. w t a | C package (54), the tenperature

seer11esC rpglc(%)g;]roﬁ%rg{%)e@don a top attach plate (72);

pr oces sirdagmitaiha afsigdad redintios et icompassmsns thdddctionicd
pluraljty of electronic controllers (42%ﬁlocated on

t rrentrelerd e ferbgheate of yagler (4hhtoonirpbihe ibgget grecooler (44).
tenperature of each |IC package (54) with a

correspondi ng heater or cooler (44) responsive to

si gnal 20 r om tietheel efdtdepandendy comtodlling the(tdidperature of each of a

plurality of IC packages (54) during one of testing, burning-in and programming
the IC packages (54):

sensing a temperature of each of the IC packages (54) with a separate
temperature sensor (48) in thermal contact with each IC package (54), the
temperature sensors (48) mounted on a top attach plate (72);

processing data from the temperature sensors (48) in a plurality of
electronic controllers (42) located on the top attach plate (72); and

controlling the temperature of each IC package (54) with a corresponding

heater or cooler (44) responsive to signals from the electronic controllers (42).
21.  The method of claim 20, further comprising transmitting a digital

value to each of the electronic controllers (42) from a system controller (70), the

digital value representing a desired temperature of an IC package (54).
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21. The nethod of claim 20, further conprising
transmtting a digital value to each of the electronic

wa@omsosiskers (42) froma systemcontroller (70pCT/URE05/006724
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digital value representing a desired tenperature of an
| C package (54).22. The nethod of claim 21, further
conprising: conparing the transmtted digital value
representing the desired | C package tenperature with
the sensed tenperature of an |IC package (54) in the
electronic controllers (42); and transmtting a signa
responspye tpheaethod SFBRIh 9P fulth&nednl? mﬁ%pctronlc
controllers (42Ltto a heater’ or cool er (44) contacting
t he sen@enparmgrﬁ kageigUdigitd vebietrepresenting theatesiredlC
coQ met ho

¢ TiicEhed Eberetits e SR e Pg et S A pisab 153 in the

C ofledtRniceEdhtiofies (AT)pmad system control ler (70)
i ncl udes transn1tt|n? an i ndependent digital value for

each | Crpueitige assml respansivede srabyomparipEhirem|theelsctronic

| P BT B EL RN ) Ronle e i ek 1 Backaga (1 0
a comtobthiedreaterai ¢aotpr ¢44)cool i ng (44) the integrated
circuit (54), an integrated circuit tenperature

sensi ng device (48) conprising: a thermstor (130); a

sensor $pusi fige f,13dY oP 91§inﬁ be) rlﬁ%héh Ir%ﬁﬂﬁhgércﬁg% 5ilue to the

the integrated circuit (54),” wherein t stor

( 1@@©trqns: pogtiotlems (42) fran h|sy;st¢m@otnfmibar r@))(lﬂcﬁudesalwsmitmg an
h t h Ll

" eanERt didts) Sl Fdnen fopehes il G RsheReS faditer

sq42j1ﬂbmtth@s§dv@ﬁabr&mrer(7@30) Is thernal Iy isolated
fromthe neans for heating or cooling (44) the

integrated circuit (54). 25. The device (123) of claim

rzgc e:l\cgi lﬁthbglrl%{% %d J@gﬁ 't&%né 1534 ‘f 41%%?& ﬁqnéh?dets a means
( 1132)leath‘@e)lr eboliigh@4) the 1ntegrated 01rcu1t (54) an integrated circuit
temperature sensing device (48) comprising:
a thermistor (130);
a sensor housing (134) positioned to thermally contact the integrated
circuit (54), wherein the thermistor (130) is positioned within the housing (134)
and the housing (134) is thermally conductive; and
a thermal insulator (138) surrounding the sensor housing (134) so that the

thermistor (130) is thermally isolated from the means for heating or cooling (44)

the integrated circuit (54).

25.  The device (123) of claim 24, wherein the sensor housing (134) is
shaped to receive the thermistor (130) in a cylindrical cavity (132), wherein the
cavity (132) has a single opening at a first end of the housing (134) and the cavity
(132) extends toward a second end of the housing (134).
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cavity (132) has a single opening at a first end of
the housing (134) and the cavity (132) extends toward

wa2es0813a8 end of the housing (134).26. The devPCEUSL005/006724
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claim25, wherein the cylindrical cavity (132)

i ncludes a conically shaped term nation (136) near the
second end of the housing (134) to further receive the
therm stor (130) into the cavity (132) near the second
end of the housing (134) so that a short thermal path
exists fromthe exterior of the second end of the

housi ngod 134Thd &’exﬁ&eoftcll"ﬁﬁmﬁ M%Ere(rilt%@ ):ylu?d?waﬂb@at??l’ﬂ)e

of claim25, in which the second of the senSor
holasiudes ¢ qcamalhwh@mﬂdsmnmr@rﬁla@meah@p se¢ondresd o therhousing

| it bR i< B B SRR B (450} g second

Thﬁlddﬁ\thecleo@fngqll M)’@o&ﬁat aWh@ft ehdimagatls XIS frdh@ el dk€erior of the
(134) is formed of t%e conductive netal. 29. The

detprerd &rd ofjthe hwmg Qﬁ@f@l thenisieh 6160 -housi ng i s

formed of netal conprising alum num or copper. 30. The
device of claim24, wherein the thernmal insul ator
(138) i27.f or Tiseldeviceanfitdimt2se imwvhiieh theet secoral end3i.thesensor

OG0 e RETURE CeURE STEP LR S AP AQKATeIY

c %ﬁﬁ&tixféq:aﬁ{‘frblﬁtaﬁgﬁ@Flea@ed%xrcﬁ%ﬂ '(5 4f) (o e thé‘ﬁ}ﬁ 5Bt ¢! 3b$‘ €
tenperature contr ol fects a change in

i nt egrated CI rcwt (54) tenperature by conducting heat
to or f om nte

54); d .
i nt egr ated c Vfce%éaﬁﬁfg?lgt ur er§ té? ﬁ%ﬂisalgg?%glng(Q%) is formed

DQ&]athlglﬁlg@omddﬁlvarﬁelf@ tenperature control block (44),
wherein a tenperature sensor (130) is located within

the tenperature sensing device (48) such that the
t enper re r .
i ntegra déd C?I?e{:]%e ce((éﬁ)gilﬁqh%bﬁﬁ%ﬂe}a{ll tglg H%ﬁﬁ% ?({/1}5&%&11?' gorrlmaefl of
( krd3dthl congbrising alsmirain ogcoppeeri al (138) thermal |y
i sol ates the tenperature sensor (130)
30.  The device of claim 24, wherein the thermal insulator (138) is

formed of a polythermide material.

31.  Anintegrated circuit temperature controlling arrangement
comprising:

a temperature control block (44) thermally contacting an integrated circuit
(54), wherein the temperature control block (44) effects a change in integrated
circuit (54) temperature by conducting heat to or from the integrated circuit (54);
and

an integrated circuit temperature sensing device (48) positioned within the
temperature control block (44), wherein a temperature sensor (130) is located

within the temperature sensing device (48) such that the temperature sensor (130)
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fromthe tenperature control block (44). 32. The
arrangenent of claim 31, wherein the conductive

woradoss4ks (134) is a highly conductive netal. BGI/UI1W65/006724
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arrangenment of claim 31, wherein the conductive
material (134) conprises copper or alum num and the
insulating material (138) is formed of a pol ytherm de
material. 34. The arrangenent of claim 31, wherein the

copnductj ve i al 34). spages . the. te rature

s e SofFel e Prora P bug ST mis R Forgupycaueerial (134)
pradeinansilfat Hitstanees)tBertafly iidPatés thBesmidratdRt RnddR1130)
fast transient response to tenperature changes of the

i ntegithe smhpstateaicont@plockyd4). The arrangenent of claim
34, wherein the conductive material (134) spaces the
tenperature sensor (130) fromthe integrated circuit

so that32.he T@pemgtmuest Fehsarn 1( #BOkirhe icBi®@iaé fdterial
[ sically protected from danmage

circuit (54) is phy

otééf‘%’s 1$}§§GP1%CFU|‘%V¢F’6W-COM act between the
tenperature sensor (130) and the integrated circuit
(54). 36. The arrangenent of claim 31, wherein the
conduct3idre nHlecarralgefnd®Df clasmShapherefotht kaihduatifd mkterial

su ce contacts the integrated circuit (54 7. .

I BN oGRS Fuet O ik it Sbfllat aterb (3B Tormed
ardgranasyBaimil®matés@l.i n testing integrated circuits

(54), conprising: a tenperature sensor (130) having a

generally cylindrically tip located in a blind
cylindrjgcal pbore (132) .of. a. eral l . .
cyli ndr%AFCaI I y-esaﬁ% gam%%td)g F%&%?’?swf}?f?ﬁ‘etht%S%%‘%“ﬁavi Tﬁtfflal
beil B4) dpace¥rbe Rinprraa@d desot VIS ONBLAI thakrite@Bted RALLIA(54) a
sl eeve of thermally insulating material (138)

s urpdslpraningl diffangedt Sragde a theymal path for faskiansiant rasponse to
camiohl el A0 neChaREd et vel Y conduct heat
contacting the integrated circuit
35.  The arrangement of claim 34, wherein the conductive material
(134) spaces the temperature sensor (130) from the integrated circuit so that the
temperature sensor (130) or integrated circuit (54) is physically protected from
damage otherwise resulting from contact between the temperature sensor (130)

and the integrated circuit (54).

36. The arrangement of claim 31, wherein the conductive material

(134) is shaped so that a flat surface contacts the integrated circuit (54).

37.  Anintegrated circuit temperature sensing and control arrangement
for use in testing integrated circuits (54), comprising:
a temperature sensor (130) having a generally cylindrically tip located in a

blind cylindrical bore (132) of a generally cylindrically-shaped housing (134);
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(54), the control block (44) having a cylindrica
t hr ough- bore sized and shaped to receive the

w0 p@slosgsesig material (138), housing (134) and PCT/US2005/006724
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tenperature sensor (130) as a unit so that the housing
(134) is thermally insulated fromthe tenperature
control block (44) and the housing (134) thermally
contacts the integrated circuit (54). 38. A nethod of

St 5 STPEITHE (P BB Bt | (o0
CONPr i SarNginultr 3 Ao PReintlIS R AFhgGhAt6dl (1 {H4hrrbidng the

test socket (123); changing the tenperature of the
i agingt@@dprduit (54) by thermally contacting a

h . e ; _
and sentioalRpiiEe ol B0l A% b Egl B et Elfer ety o
( S#9mbay integrasedafircait (BHpaicatthi¢rtatie RevthctinkIag irtedrhiad vicuit

Wo(;t§hi n the heater or cooler (44), by thermally

c ﬁécting the tenperature sensor (130) to the

i ntegr ' i : | g j

(134) oG gy (+F il SRR ATHOUEL YR, PRIl Shaped
s elogerei{eltBo Jinsutating niederivd 138D, Iwusiog §1 ) afd tmmoattleatnsor

t ShARFEREHE! o GabiEe Ry Ao BUrOay Tilfec 1850 Bne ©
e RPerafire cbbdbisbk ithe hO\RIFR(1BY) GRSt doRthcls g

tenperature sensor (130) to the integrated Circuit

( Sntegtaiedeittiit{S¢bnduct i ve material (134) includes the
conductive material (134) spacing the sensor (130)
fromthe integrated circuit (54) a predetermn ned

di st anci8.t 0 AmthétEofsehing il telpérBiutOsf dndigtegtdtenaitditt(54)
response fo tenperature_changes of the integrated

ci Pueipettestma)of My integeatedqiteyi (&4), ePEPHEING, wher ei n

testin : -' ' ' i ncl ude
testing?g%ﬂé%?Hga%%%&gﬁgﬂbg%g?g%%?%gé%ﬁgﬂ?%tegrated

ci r cui tchabgding thkltemphmture bhithd intbgratedicincGiB (W) dyahermally

kL SRR Dol TREAGRALS SRS 42P) rom
sensing the temperature of the integrated circuit (54) by means of a
temperature sensor (130) contained within the heater or cooler (44), by thermally
connecting the temperature sensor (130) to the integrated circuit (54) through a
conductive material (134) and by thermally isolating the temperature sensor (130)
from the heater or cooler (44) so that the temperature sensor (130) predominantly

senses the temperature of the integrated circuit (54).

39.  The method of claim 38, wherein thermally connecting the
temperature sensor (130) to the integrated circuit (54) through a conductive
material (134) includes the conductive material (134) spacing the sensor (130)
from the integrated circuit (54) a predetermined distance to provide a thermal path

for fast transient response to temperature changes of the integrated circuit (54).
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positioning the tenperature sensor (13) in a thermally
conducti ve tenperature sensor housing (134); form ng

wa@roososaskat or (138) to surround the tenperat urBCHERR05/006724

10

15

housi ng (134) | eaving exposed a first and second end
of the tenperature sensor housing (134); and
positioning the tenperature sensor housing (134) and
surroundi ng insulator (138) in an opening in the
heater or cooler (44) sized and shaped to receive the
tenperature sensor housing (134) and surroundi ng

I nsul at @, ( 138 method of claim 38, wherein testing of the integrated circuit

(54) can include testing, burning-in, and programming the integrated circuit (54).

41.  The method of claim 38 wherein thermally isolating the
temperature sensor (130) from the heater or cooler (44) includes:

positioning the temperature sensor (13) in a thermally conductive
temperature sensor housing (134);

forming an insulator (138) to surround the temperature sensor housing
(134) leaving exposed a first and second end of the temperature sensor housing
(134); and
positioning the temperature sensor housing (134) and surrounding insulator (138)
in an opening in the heater or cooler (44) sized and shaped to receive the

temperature sensor housing (134) and surrounding insulator (138).
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