;| }e3efvc: 6" TVEN+s eov tnt 1 TEMPERATURE CONTROL SYSTEM FOR TEST HEADS
FI ELD. OF THE | NVENTI ON The present i‘nvention is related to test heads of

t'est handl ers gmm‘mmlmmmmt ed circuit devices. !'n particular, the{p§ o002
i nvention is r enperature control systemin test heads in test
handl ers. BACKGROUNRs&F THE | NVENTI ON The new generation of central

processing units (CPU) is noving towards |&rger packages and nmulti-chip
nodul es such as Organic Land 1 o Gid Area. Hi gh power consunption,

together with the YEMPERATURE 'GONTROL S YSTEMTEOM WESTWHEADS! he chip
body during operation. In a personal conmputer systen) the CPU is comonly

cooled by a fan or a thernoelectric cooling nodule which is permanently
attached to the CPU by a thin film of adhesive such as epoxy. In the area
of I1C testing, however, the 15 conventional nethod for cooling a DUT in a

test handler is to u a_heat sink in conjunction with a fan or conpressed
air bl ower at %!F&-i'%nsﬁt !ﬁ%r'ﬁl@'ﬂyo?‘n ot her cases, there are no cooling
nmeans provided for cooling the DUT. Anbient tenperature refers to the set
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tenperature of the DUT rises rapidly during testing, resulting in high

cool i ng met hodtMGHROROBND, B SPHE VRGN ON 1T T's therefore an
obj ect of the present invention to provide a controlled heat

The new generation of central processing units (CPU) is moving

towards larger packages and multi-chip modules such as Organic Land

10  Grid Area. High power consumption, together with the larger size, result in

high temperatures within the chip body during operation. In a personal

computer system, the CPU is commonly cooled by a fan or a thermoelectric

cooling module which is permanently attached to the CPU by a thin film of

adhesive such as epoxy. In the area of IC testing, however, the

15  conventional method for cooling a DUT in a test handler is to use a heat

sink in conjunction with a fan or compressed air blower at ambient

temperatures. In other cases, there are no cooling means provided for

cooling the DUT. Ambient temperature refers to the set temperature within

the test handler as determined by test requirements.

20 A typical test head of a test handler comprises the nest and a pneumatic
system for pick and place. During the testing process, the DUT is often
required to operate at high ambient temperatures, while the body

temperature of the DUT must not be overheated. Due to the problems of

T
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di ssipation systemin a test head of a test handler to overcone the
shortcom ngs as stated above. 1 o It is another object of the present
invention to provide a detachabl e heat dissipation systemfor a te$tf NO¥d2002
of a test handler. It is another object of the present invention to provide
a test handler with inproved passing rates for CPU devices with | arge

energy consunpti on. 1 6 NOV 2002 3 SUMMERY OF THE | NVENTI ON The present

i nvention proyj : i r LS a

thor el ect i S5oa1d Rt BERPL E8nhGRBES s HakhRbER, B¥ HoR RRUARIERLT, ..
to be cool ed. ’ ; i o rel cgsyby a

f eedback cont F@ngmlé%EHP@i%gEgﬁ%gQ%c?Fggq%%ﬂ?nn%?gﬁ@r.Falﬁflﬁ%qt erf?#)sensor

for tenperatu i i i ; i : o the
devi co To be. antyBRS BhbRY. EcndliARichl AL the Bont ISRl oI MAHERSars® ("G
junction. Dur!uggdoper ation, heat is transferred fromthe cold junction to
the hot junction.” An interface panel is provided at the cold 1 o junction
to insure good contact with the device to be cooled. In the preferred

enbodi ments the thernoel ectric cooling nmodule is nounted in the nest of a
test head in a test handler for 1C devices, wth the thernosensor and the
interface panel attached to the cold junction. The device under test (DUT)

i s reversibl yGBJECTe®BnTHE: INVENHONCe panel and the thernosensor by a

is suction force. During testing, a rise in the body tenperature of the DUT
is detected bx _thlg?therrmsen,sor, @nd the information is rel ayed bg k to the
f eedback cont 1dF tgrefargan elierbel etrresentdayemignHadieeidesa aeaiolied inpated
when the tenperature is above a pre-determ ned val ue. 20 BRI EF DESCRI PTI ON
OF THE DRAW Ndissipajiane systemn dnsadiest head oba itestalhapdier ¢@ evereameadber di ng
to one enbodi ment of the present invention. Figure 2 is a electrical
circuit di agr shogeomingsnasestated abewdit rol | er system

10 It is another object of the present invention to provide a detachable heat

dissipation system for a test head of a test handler.

It is another object of the present invention to provide a test handler with

improved passing rates for CPU devices with large energy consumption.



according to one enbodi nent of the present invention. 1 6 NOV 2002 4

Fi gure 3B shows the tenperature change of the DUT under experinental
condi ti ons and power input as shown in Figure 3A without tenperatjufeNOV 2002
control. Figure 4B shows the tenperature change of the DUT under
experinmental s conditions and power input as shown in Figure 4A with
tenperature control. Figure 5B shows the t®nperature change of the DUT
under experinental conditions and power input as shown in Figure 5A with

t enperature cGUMMARY DFeTHE INVBNTI@Nt enper at ure change of the DUT

under experinmental conditions and power input as shown in Figure 6A with
tenperature control. Figure 7B shows the tenperature change of the DUT
under exper i neiteaPressidi ipventiom mioydasran mitective temprfature mogliok syateint h
tenperature control. Figure 8B shows the tenperature change of the DUT
under exper i mSRMPrisig d? t thefoglegtinwraolingpmodide swhigh ioanrFibgurreversiblyt h
tenperature control. Figure 9B shows the tenperature change of the DUT
under experi mataghed i@ adiaviesmto be goplegde Thp momer supplydan the cepling enadhulgi t h
tenperature control. Figure 10B shows the tenperature change of the DUT
under expebi nasicantreled byi afeedbagk montiollen miichais eoupled ita aFrthpimesensoni t h
tenperature control and an alum num pl ate provi ded between the DUT and the
cool i ng nodul ghegheRngaersar foBtempavaturaanoritgringis aiso atapted for revwersie
under experimental conditions and power input as shown in Figure 11A with
t enper at ur e catachimeahto the dévise torbeicootdth dhepowling arnodwevesmpiises Blibtand
t he cooling nodul e.

junction and a cold junction. During operation, heat is transferred from the

cold junction to the hot junction. An interface panel is provided at the cold

10  junction to insure good contact with the device to be cooled. In the preferred

embodiment, the thermoelectric cooling module is mounted in the nest of a

test head in a test handler for IC devices, with the thermosensor and the

interface panel attached to the cold junction. The device under test (DUT) is

reversibly attached onto the interface panel and the thermosensor by a

15  suction force. During testing, a rise in the body temperature of the DUT is
detected by the thermosensor, and the information is relayed back to the
feedback controller. The thermoelectric cooling module is then activated

when the temperature is above a pre-determined value.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side cross-sectional view of a nest according to one

embodiment of the present invention.

Figure 2 is a electrical circuit diagram of a temperature controller system

according to one embodiment of the present invention.



1 6 NOV 2002 DESCRI PTI ON OF THE | NVENTI ON The thernoel ectric cool i ng nodul e
of the present invention nmay be a conventional sem conductor therrrgl 2002
cool i ng nodul e which gives the Pettier Effect such as the TEC1-710 &NQM
Ther moEl ectric Cooling Anerica s Corporation fromlllinois, USA The

cool ing nodul e conprises a cold junction which is preferably a flat surface
whi ch beconmes col d t hrough absorption of er‘}ergy by el ectrons as they pass
fromone sem cepiitetan showsnAbR8mpeldtareBRaRYe iof the INIT IR éxpdritRehtd
junction which i's preferably connected to a heat sink. The heat sink may be
any convention } i HEWE i € withb } I

t emperat ure Se%‘gg@@hﬁf&d&(gp&ﬁgd eﬂo%gﬁm tyg'ZOFmﬁ% 3?‘5 adaH’?ceigi"-ﬁ)%trré“%él
nonitoring thecgﬁ?yﬁrature of a flat surface, such as a platinumresistance
thernoneter. The fan for the heat sink nmay be a conventional fan or a
conpressed air punp with the appropriate fluid and thermal transfer

capabi |l ity basfiyure 4B shdwstthbaemptratureaohasge @hlthe|BUT anrrdersexigsrimental
Prandlt, Reynold and Nusselt nunbers. The tenperature control system
accordi ng t® tbengitionsahd puwsitingdt a8ghden i FRjure 4A With temipesatutd boithe!.
preferred enbodi nent of a test handler for IC chips. This handl er includes
a nest for securing the DUT as shown in Figure 1. The thernoelectric

cool i ng nodul eFigurethhsbdwsrthe tempesatutendange? of sheDUh wunderagxparimentad f or
gui ding, inserting and contacting the IC device. Suction cups 26 connected
by tunnel s 28 tonditions anchpowkrgnputsas shiown in Figure S with tempeeaturencomteolinest
to pick up and place the DUT. The interface panel in the formof an

el astomer sheef, preferrably with high heat conductivity 30 is attached to
the col d junct}:&ﬂﬁg’ﬁ%ﬁ{‘??{é thademperalute phange @bane ffoides experipental

al um num plate 33 which acts as an nmediumfor, 1 6 NOV 2002 6 heat flow
from the el ast 6aeditioas epd payar inguinagishewn i FigredAowjih demweratueg gentrol.
provi ded on the alum numplate 33 and is used as the thernosensor. Wen the

Kk [ [ d th ti he th ld b
D enecDe; KRS bR B ShBRr LB b it SRR 0T N et o
' ti 36 of the.th | ect r.i | i - l e i | ed t heat .sink
L whi oh 15 | nCOUTHOBSBNB Py dBA SSRRNafY Hasge 7Pc6Th AT PeLf BNl
reversi bly secured onto the nest directly adjacent the el astoneric sheet

and the ther mh@?&%@ﬁﬂg@%ﬁéitQngEPétﬁFeSc@%@@é‘%?%@bl?ﬁ%r?d&?té)&ibrﬁﬁe?ﬁtal't

is preferable t our suctiron
conditions and power input as shown in Figure 8A with temperature control.
Figure 9B shows the temperature change of the DUT under experimental

15  conditions and power input as shown in Figure 9A with temperature control.

Figure 10B shows the temperature change of the DUT under experimental
conditions and power input as shown in Figure 10A with temperature
control and an aluminum plate provided between the DUT and the cooling

module.

20 Figure 11B shows the temperature change of the DUT under experimental
conditions and power input as shown in Figure 11A with temperature
control and an elastomeric sheet provided between the DUT and the

cooling module.



1 o be used, nost preferably one at each corner of the device to provide
evenly bal anced suction force. It is also inportant that the center, pf [ihe2
devi ce body be in imrediate contact with the el astomeric sheet to i’nELN V2002
that heat can easily flow out. As specific exanples, four suction cups with
out put di aneter of |0Omm and vacuum | evel of 500mtHg woul d give a total
suction force of 15 2.13Kgf. If the safety factor is 1.5, the net force is

1. 42Kgf . For lmﬁ?bﬂ épctﬂ?@mme&bg‘oa vacuum | evel of 500mrHg and

a safety factor o e net ce 1s Kgf. In general, the suction
force should be greater than the device weight, and the dianeter and nunber

of cups are depeTherthemno¢lbetricypsolivly cdutee of ke préssit. inkentiorgunay Deshows
the circuit diagramof an enbodi nent of the present invention. The

t her nosensor génweniiérel Senfiicondudtorctheampt codlingemddulenghichsgivag the Peltiedback
to a feedback controller 42. The controller analyzes the feedback signal

from the ther Bfigetduzhard ¢esPREES-7 1030 ftdm aThemeisEleciricn CoolitigueAmerida
outputs to the driver 44 which power the 2s thernoel ectric cooling nodul e

20. The TEE1- CdlgotdtRinIRING Clllinofs, COSIAL "Bhe dodindiChhotle darfiptised sa dsdiden by
a 6V DC power supply 46, which is provided via a transforner connected to a

220V AC pover jgitiope which F8Tprefablly et aduReC AhidhCbebomed* 8ol throlighC
packages, the cooling power of the cooling nodule is preferably nuch™bi gger

than the powahbsaﬂﬁwﬁeak Qﬂerygﬁof)e%ﬁbﬁé’ utﬁgzlﬂta}%]gtfltcmﬁnﬂ%'héé}ﬂi duteritgr | C

packages wi th high power co tion i1nc ernokEl ectric

Cool ing ATeri ca G4l Dehat ?ﬁ’é}ﬁgf is! trandioirgd tyqﬁﬁh%ﬁ%'ﬁ@‘ldr{)m{% ‘?é‘@ﬁ%fe??ﬂ S

fshow t he e”_ec I'Veness o preferred enboc ipres I nvention
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; | : N . . :
arein dedPee THB fi*?%rﬁﬁ‘cﬂs?ﬂrnséﬁsémﬁ%‘-”ééﬁ ﬁéﬁiegﬁ@h.gf E%&ata‘??feﬁﬁa%éq%?? ﬂdf":r =
CIREL TSRS S0 By Ly R Bk e i

[ [ 1 | A
heating pl ate TRASUHRRSANEH 3h & PHIBUBL S SHed BeraP PRt y Nadpa er Do el
cool i ng MUl g g0 G e TSR e tonal far of 5 cdhBiebodd el himp S dns® 2

appropriate fluid and thermal transfer capability based on standard heat

15 transfer calculations using the Prandit, Reynold and Nusselt nhumbers.

The temperature control system according to the present invention may
be clearly illustrated with the preferred embodiment of a test handler for IC
chips. This handler inciudes a nest for securing the DUT as shown in Figure
1. The thermoelectric cooling module is mounted on the nest body 22

20 which contain pins 24 for guiding, inserting and contacting the IC device.
Suction cups 26 connected by tunnels 28 to a vacuum and pressured air
valve are provided in the nest to pick up and place the DUT. The interface
panel in the form of an elastomer sheet, preferrably with high heat
conductivity 30 is attached to the cold junction 32 of the thermoelectric

25 cooling module via an aluminum plate 33 which acts as an medium for



20 a constant 4.4W (shown in Figure 3A) w thout any cooling action. Results
of the tenperature change of the heater plate are shown in Figure iEBa 2002
Because of the systemthermal inertia) the heat plate tenperature st Noyd @
steep rise fromanbi ent tenperature several seconds after the heater was
switched on. The rate of increase was approxi mately 0.085C per second 2s
after the initial period. Wen the heat pIGdte tenperature reached 49C 560

~ s Nov 2002 %@&qwﬁohﬁwelasiwéretanﬁéaidwmgvmédﬁre@w HetRbcalplet 88 fsate
of increase was reduced to 0.01 C per second due to an increased thernal

di ssi pation cafas providé@Bhithe dIeRinudh Fifte! P3 I RNNRNhs T thémiBadnsoft t er

the heater plate tenperature reached 49C, the tenperature s control system
i tivated t

3261 vat e YNGThG pleckl |SABRAFLLLS, BF ool BabShoRhalfobthsor would.
mai ntai ned at ééﬂ‘-&vﬂ&ﬁ\é@ bétweefUhe éb%}jgg':ﬂngblﬁfe 4Ry %l'?é"fﬁJﬂi}‘?tﬁiE I%I’e of

the heating plate as the systemrespon enperature fe nost ra ly at
t he begi nnizng ; i ; r S

gradual |y ecr-g%aesgg{ F&P %gg'fé %gﬁﬁlﬁq@%@w&?ﬁgb 6&@'&'&%&@%%9 838%9 %%8
heati ng pl ate |.S: /a4 | RSl ' | ul e and the heat
sink to the enﬂvﬁ%}gﬂﬂéeﬁaywﬁjgﬁﬁgﬂg{rlgﬁicéé%Wﬁ%&g’ﬁ%ér%d;%gl i ntegrated .
differential) turning well known in the art, the tenperature of the heating

plate could be nEbpteétiry 16 chEPYRNTs LrEUBRIEY Usétured N8 8RS HYds dikddigut
any 15 tenperature fluctuations. Figure 5 shows the tenperature response of

the heat plateghcdht!he &185{onMric®Shaét mﬁr{l?gﬁgttﬁﬁﬁﬁﬂ%étﬁalé% Oégcﬁﬁﬁfo%ch s

hi gher than the anbi ent tenperature, er testing nditions are

kept the sane Jgﬁ(tj&&g%d ggﬂ‘(é il s 88 brefbhsblb GRREARRHUE LIl stylﬁg%g%g sng

pl ate was bro ck to the set tenperature approxi natel conds

after the hemes aldlf tnSQBrbflrally D Bt | DrhdAbffle dERfceYohrolfeS BO¥RYy! 1
ar 'to ‘ﬁ @ }%Pa‘{y sélgh %@

Figure 5is sim i'gure excep overcooling 1s 0 rved.
been opti m zectraCeehTidet 17" i Alsot FHRES it S BeAER o i 068 o,
Cher mel ot r i &% BoiTngtATRoRR Wy BecslBSlontarics SR ibs e PRE hheleah
cont rorl or -mayrasay BRWER WacpenOE @M Toli wRlen st SRR BENGISH e 5
whol e thernal o%yﬁ)trﬁarrr]\1 and vacuum level of 500mmHg would give a total suction force of
15 2.13Kgf. If the safety factor is 1.5, the net force is 1.42Kgf. For 15mm
diameter suction cups with a vacuum level of 500mmHg and a safety factor
of 1.5, the net force is 3.20Kgf. In general, the suction force should be

greater than the device weight, and the diameter and number of cups are

dependent on the type of device under test.

20 Figure 2 shows the circuit diagram of an embodiment of the present
invention. The thermosensor 34 monitors the device temperature during
testing and feedback to a feedback controller 42. The controller analyzes
the feedback signal from the thermocouple and compares it with a pre-
determined value, and outputs to the driver 44 which power the

25 thermoelectric cooling module 20. The TEC1-7103 thermoelectric cooling



EXPERI MENT 2 This set of experinents were conducted to determ ne how
precisely the tenperature of the DUT may be nuintained when the po?% vV 2002
consunption of the DUT fluctuates widely. This sinulates actual test rN)O
conditions of at c test handler as the 1C device is switched on and off,
and is al so subjected to functional tests which require variable output.
Again, the heater plate is attached di rectTy to the cooling nodule wthout

the interface pgagle jsTHAVERHy 8!\ DG 3)o$\f§r Slipplytaes NvhicAMaepiviied 9fa @3- 8C
before the heating plate was activated. 15 Figure 6B shows the tenperature

change of the {pgptbRfeP! @rfheefd aBPANGIZNY ACT bBwRPWabuRY ME. FHWyddY
Figure 6A. This experinment sinmulates conditions at the start of thée IC

testing pr oceddihordiurb RonitBpich a6 JESRKBEEL Y codiy Poveh! of i !

bal ance is naintai at anbient tenperature, with no power” supplied to the

heating, Pl at & o odteiebielon rIPLbREE iah IRARbSKcbadmed ihairng

pl ate at 20 secon e tenperatufre 1ncr .5C1In seconds before

t he control: sy &% u i i e e o] t H}mapq,ﬂ%

t enper aturg arf?iérra %f%%?’ﬁgglequpfiﬁgéilﬂrgﬁd&g {&JGW?%W&E 8' e S rows

t he tenperatur f eat | I "}’&ﬁﬂeﬁ'ﬂé 1 ¥ em obj-al i :

i nterrupted bygqr%grﬁcﬂl}ﬁ)r{]n%%%sot gﬁfhe eat | ng%%%%%mg%ggﬁgi ném%'cﬁ?l e,
whi ch has bee | L#: . ti plate at a constant rate, overcools the
pl ate when thgbé'g)&é%ﬁ‘?%grﬁ'gtbg%altjggis cut off. Plate tenperature s was
cooled to 1.5C bel ow the pre-set anbient tenperature 32 seconds after power
cut-off before itrhgl WMOWH@W?&X%WEH s‘ldﬁ_héw HED ihfabtiveHERR" dF Uihe BYefelRgler bi ng

evi ronnment al thermal energy. MENT 3 This set of experinment shows how

Lhe system I esiapdathdtt GOMR prosind HyifitioAPRY Ic@Rirbitinghe fdthpétitbabe a

Figure 8 shows resu an experi1 ment ich si Irru { “starting of the
Losting. (1 el i, 26y bl s 1B6A REHENRUIRE HioniBPb 8 AfntRem,

'zgf EE;YT‘LEaI iR VR def 8, e m&@ekﬁﬂugﬁ%ﬁ?ﬂ R Fﬁﬁ’ﬁﬁ{ﬁé‘%ﬁ-ﬁ{

to 251 . wni Conpgrfuls’ HTbREs Bin AIE ke TREHE 4% HeobBelEOTs BhBS. o o
the 40 second @Réﬁ&lgﬁahﬁﬁh{qtd;e tenperature of the heater plate was slowy

reduced to 23 ued to fluctuate between 0.8C higher or | ower
than the anbient 20 tenperature in response to the power pulses. Figure 9
shows the resut(pERNRENT'E S0V, 4.4Wpower pul ses were administered in

10- second durations w 0-second intervals between each pul se. Wen the
power pulse is switched on, the heater plate tenperature started to rise,
but the riise vieperiménisnmeétecfirst parfofmed o SEnitn ¢hatethieecmsithgwiveod e -usedond
pul ses were used. The maximum 1 6 NOV 2002 11 tenperature increase was
0.7C after 3 pUIECGH7203phas!tiee féquirtbodslingatapdciphiThle systernomas eét gy dsem
was able to bring the tenperature slowly back down to anbi ent tenperature.
This i s becausghdwit in IFigura! 1, éeiept ahatoan tiflerfagstpaiel was @ot iselnaad #ieough
to take care of the 10-second power pulse. s The above test results show

that the durathgsting pldte RAYEhttasReE vidstha Stin elips cdiredtlyt Rejaenbi thet y of
the tenperature control system The |onger the pul se duration, the greater

the tenperat urgudindchiiiioGind Figithbiitfiodtitor Cid RBarblaldwaa Thairedieg pnat i 1

test handlers, a 40-second pulse 1s considered very denmandi ng situation for

the tenperRt urgceRthhPh.4W 556Wn fHRiguhe BA) Witho8ny cooling action. Results of
the temperature change of the heater plate are shown in Figure 3B.
Because of the system thermal inertia, the heat plate temperature started a
steep rise from ambient temperature several seconds after the heater was
switched on. The rate of increase was approximately 0.085°C per second

25 after the initial period. When the heat plate temperature reached 49°C 560



1 o follow ng experinents were conducted using 40-second pul ses. EXPERI MENT
4 The previous experinments (Experinments 1-3) were all conducted w ﬁ]l}w 2002
heater plate in direct contact with the cold junction of the cooli

nodul e. These experinents were perforned to neasure the performance of 1 s

t he system under normal working conditions, In the actual application of
tenperature control for |C package test ha%dl ers, however, the packages are

of ten war ped dddonds 3tdr,ahb@empaeatiRr wagi sigbilzéd @pel, thandte ahimeredgtkwadl r ect
contact with the flat cold junction of the cooling nodule w thout an

i nterface panelgduddd StonpWHIChpYE seebnPUfud TPaf ifitehsdd ehéinsaleaizyipdticheat
20 flow fromthe I1C device to the cooling nodule. Therefore, the follow ng

set of experi rgPagitiioth BRYS heatTRtid 1 theHinidht ¥hdEdHRenthe presence of an
interface panel 'affects the performance of the system As a control
experinment, an alum num plate of 8 mmthickness and having the same surface
area as that of w®fier dbedheatect plate cemperattwel reaghedl 49°CiOhe OeInfieraturéul e,
is placed between the heater plate and the cooling nodule. Testing

condi t i ons swereontdsystenl ist activated! @ sertool dhpubrmperatard of thexheateEptedei toent 3
(i.e. 50V 4.4Wpul ses). Figure 10 shows that the result of adding this

al um num pl at epreadstermined avablent yahieaiob 2407°0 wdthatheaautpuinobthes htab @latebove
anbi ent tenperature in 55 seconds, but that the systemwas able to reduce

t he tenper at urpaiitainéd at YAWaEhewn il Figure SIA) PRighee 4BéHowsS thelemnBerature
additional rise of 0.1C conpared to results obtained wthout the alum num

pl ate (Figure ghihe HeatiRg phitd!dsSthaliystem féspdiifed! Weﬁ@e?ﬁ@?é fINRbsPAIAI

S
added between the DUT and the cold”junction, the effectiveness of ~ oyt he

t enper at ure cogtial b 5N Iy i y hde t he
np Odtl he bé?ilzlfjiﬁgi bfa l%tt?]%? dp?@lbfn\gfé]m.gg’gﬁ@birpé&\bpﬁ 8nd hﬁbln

panel is nmade of a na w th high ty, tor exanple

al uri num fp COgiaRlally HeloRSa<R friddll RIBURE shicw B G ndIVERIatel BRYPEL I C

iplnf[ateref gglet qu pos eSS|.ng goo er ma c;)n UCtI'VI]'Ey_) _can e s
facilitate com{ngﬁ?ﬁéﬁaptyy g/%rggj%gle Wptggi%%gﬁgn@bghg %ﬁ\%ﬁhk%ﬂ&ﬁk
breferrod. tovgyae SnyftoBisR, Uoind SeBRE RS (FroBRRE thatidy i Srential
expori mont s warding Ry i BES Aif b oBielurd BF B naRd, iy B B
Functi on. £ guranighEdo " ambbiE “Tmaselig. PR-RbS; BefRfien SoteuL.any
pul ses of 50V, e initiated in a heater plate. A 2mm

t 4. 4Wtﬁow¥ir Weii
el ast omeri'e T-1BMRPrAWER IUCHAPPRS. 570 from Ther nogon Company, USA, t her ral
conductivity 1.7WntC.) is added between the heater plate 2s and the cold

junction of the F%Jré@sﬂﬁ | e rQR)f‘Srrekéoﬁé@ 'of 1R Hat 'Cglate whén ¥ 2002

13 0 sec, Figure shows that the tenperature of the heat plate rose to

26.6C, which vgs iy ggnggﬁmépgg@gﬁhgesﬁl%%e&mdﬁ) R frﬁbraéf’tﬁa% the EmBightest

tenperature occurred abo ter the se was Started.
fna T over § hanorRerafls SIS GBI CIERHHS “eondifont” g, RGN RET shnfi &5 he"e"
previous experiment. The temperature of the heating plate was brought
20 back to the set temperature approximately 240 seconds after the
temperature control system was initiated. The profile shown in Figure 5 is
similar to Figure 4 except that slight overcooling is observed. This
overcooling is mainly caused by improper PID parameters, which had been

optimized for maintaining ambient temperature and not 36°C.



was found that, unexpectedly, adding a thin T-Fl ex sheet has m ninmal effect
on the tenperature profile of the tenperature control systemin this

speci fic exanple. Wen two pieces of 2nm T-Fl ex sheets were used (tlof NOV02002
4mm) while 10 other conditions were kept the sanme as those shown in the
previ ous experinment) the heater plate rose to 3C above anbi ent tenperature
before being slowy controlled back to ant ent tenperature with conpressed

air sweeping acrpRe feRAnSESH 1 Mhsts THMAIsASEE eofabxb@ﬁnaﬁ%t shlod &h&Pthe not
return to anbient level at all if conpressed air was not activated. In

addi tion) ~'s tﬁ@ﬁﬁ&éléafriboeoéﬁn;g trRGdIe ﬁsguvheoeabaa|i§p% | ht/BP AHb h 8 NY

testing. This is nost likely due to the poor heat transfer efficiency

caused by the ' h&nft f j ' { re
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gradi ent between'the cooling no

experi mental i@ablisr e dMFinkd tABABN ARISHINRS bhARoRRISTES of RENe!

control system accordi ng to the present invention can react fast enough to

catch up vv'gthvsm WI nglteWr'.t change of the DUT and control the DUT
tenperature to WEhin & atively narrow range, even if a thin [ayer of

interface panel is used. This interface panel nust have a neasure of
resilience anEXPERIMERTIy with relatively high thermal conductivity. The
25 purpose of this panel i1s to provide a proper interface between the fl at
1 6 NOV 2002 14 surface of the cold junction and the body of the device to
be cool ed. ThiThi$ sehet expearipmebtsc wese appductes daddeterming how kpigsisely dhef t en
war ped during and after the packagi ng process, and woul d not independently
provi de a goodempstatute sfitHeaDUITF maythes maintdinashehieartheopdwerc tonsumpptiper | y.
The exact s thickness of the resilient sheet used as the interface panel

depends on t hefitihe DU flaoluatax widdly. Tiis tdhauliestactudl tebingiconditions of a
requi rements of the system and may be determ ned based on the teaching

descri bed 1per abst hatfdldread the 1D €9Ged is swittHadoon BAd ofieanddsalso sudbjected to
particularly with references to a test head of test handler for I1C

packages, it g(Retichab@ests awhiBR aeglipe dvdrizdle tchﬁﬁtflti. Al#R, tHE Moptdraprie fer e

are for illustration only and should not be taken as limtation on the
i nvention. In a%l‘é@héd(mrdc_ftly!té thbegdoling@mddifle "RitMAH Mdirneraceaipanen§ Thee
present invention has utility in many

controller is set at ambient temperature of 23.8°C before the heating plate

was activated.

15 Figure 6B shows the temperature change of the heating plate
corresponding to the power output shown in Figure 6A. This experiment
simulates conditions at the start of the IC testing procedure. At the
beginning of this experiment, a state of thermal balance is maintained at
ambient temperature, with no power supplied to the heating plate. When a

20 constant 4.4W output is supplied to the heating plate at 20 seconds, the
temperature increased by 1.5°C in 40 seconds before the control system
succeeded in cooling the plate back down to ambient temperature and

maintaining equilibrium.



applications where automatic tenperature control is required. It is
contenpl ated that many changes and nodificati ons may be nade by ong @M %02
ordinary skill in the art wi thout departing fromthe spirit and th e

of the invention descri bed. 1 6 NOV 2002 15 CLAIM5S 1 1. A heat

di ssipation systemfor controlling the te rature of a device, 2 said
systemconprising s a) a power supply coupled to a feedback controller; b)
a thernoel ectri c Rigalel Nghoaduthe temperatiré of tlaé theatingrplates whiehyeqaiibdum

t hermoel ectric cooling nodule having a cold s junction and a hot junction;
z c) a heat si obtairfadisdoterptéd By fies cuvingiovesy; toathd)heatingplhiee The cd@irfgce
panel having a first side and a second s side , said first side adapted for

attachnment to giddle;olvHich BabUedn @oolingi thes eating spidR atapt cshstant rate
engagenent with a 11 device for cooling; and 12 e) a thernosensor coup| ed

to said feedbagkeresis'thbphite wwérdthb?pé»h@rt@%égﬂaé igdaPbRdPla®s tempeinied
the tenperature of a 14 device for cooling ~ wher eby the tenperature of

the device graywhs sotked ! £9°C %e%wﬁh@%-éﬁtsé?hﬁﬁhi mp¥ Rt Bor seconds
controlling the tenperature of a device 2 according to claim1 wherein the

i nterface panehfbSpeWetdSPHBIoNS it SIcW§ SharmeP babk BBab dhBRhP#mpBratlird €M
% a g g F ITTP 2 V\%

for controlling the tenperature o vice 2 according to cla erein

the thermal co R M | nel is higher or equal to

1. 7WnC. 1 69%5%36@fgfrgﬁli\%n%?hﬁgﬁn?%fesr%r ti on system for controlling
the tenperature of a device 2 according to claim1 or 2 wherein the

I nterface paneEXPERIMENTE8e s surface area as the cooling nodule. 1 5. A
heat di ssipation systemfor controlling the tenperature of a device 2
according to claim1, 2 or 3 wherein the interface panel is a T-Flex 3
sheet. 1 6. A hedthiglisstigiaexpatimgntt showsrhayrtheobystey reéspansiedetatpowent a
device 2 according to claim5 wherein the T-Flex sheet is 2mmthick. 1 7. A
heat di ssifmt i pulsey sipplied to theoheating plate.tFigutecBsbows uesultst ofaanl experimant
according to claim1 or 2 wherein a fan is further provided for cooling a
t he heat si nk. which simulated the starting of the testing, in which a 50V, 4.4W 40-second

power pulse is applied to the heater. This is followed by additional 50V 40-
second pulses at 40-second intervals. The system was initially controlled at
ambient temperature of 23.6°C, and when the power pulse was switched
15  on, the initial ambient thermal balance is interrupted and the temperature of
the heater plate rose to 25.1°C, which is 1.5°C higher than the pre-
determined value. At the end of the 40 second power pulse, the
temperature of the heater plate was slowly reduced to 23.1°C, and
continued to fluctuate between 0.8°C higher or lower than the ambient

20 temperature in response to the power pulses.

Figure 9 shows the results when the 50V, 4.4W power pulses were
administered in 10-second durations with 10-second intervals between
each pulse. When the power pulse is switched on, the heater plate
temperature started to rise, but the rise was much smailer than the 1.5°C

25 experienced when 40-second pulses were used. The maximum



1 8. A heat dissipation systemfor controlling the tenperature of a device

2 according to claiml1l or 2 wherein the thernosensor is a platinum3
fesistance thernoneter. 1 9. A heat dissipation systemfor control {ifh$iO¥hg)0?
tenperature of a device 2 according to claim1l or 2 wherein the cooling
nmodul e and the heat a sink are attached to a nest of a test head of a test
handl er for 1C 4 devices. 1 10. A heat di g4 pation systemfor controlling

the tenperat ungnfferatuf®ctSase AaSY. A AftbP3A4dE St “hRIRS A5 I98RoRES after
contains at |east one suction s cup and pneumatic neans for picking and

placing | C devjgieR-thé dontrah dy8fim WS bR 1@ BriYSthaMdnerafiite! Soliy Halcke

tenperature of a device 2 according to claim9 wherein the interfiace panel

i's di sposed  dovin NMmBIRAL IdmBerfilids ertis i bahtss 464 tRBrmEAPindRA) Astapked
for direct concéloact Wi trﬁ aa4 Jgé?ce %8 belstesteg ﬁen tﬁerrﬁevlince% s pi cked
up by the suctd i %ﬁ‘@lf Y i isNg t he
t enperat ure ofddgﬁr e\%??:tgﬁ"zéggrcg(%r i nggf?fﬁ%hé%gh%’@%?ﬂéé?%—?ﬁé@ﬁ@ Eeg;re‘; gh!ﬁ/negrei n
the device is an IC s device. 13. A heat dissipation systemfor controlling
the tenperature Fheaabbwve lest saits shdwnthdt the ldaratich, oPther pGwahpuBerhas a
conpressed air is used to cool s the heat sink. 14. A heat dissipation

system for conjreat éfféd dnihetstaliftyasf une tarhperatire scontidl agstentliThe loager them 1,
2 or 9 wherein the thernosensor is attached to s the cold junction. 1 15. A

heat di ssi pat ifilsé Yr&or, Ihe ¢Peateplithe fempoRtiRMARIaATOT FYr thed@piratidn
according to claim1, 2 or 9 wherein an additional netallic panel is 3

di sposed bet wegnclhiskagkdebtiithnitest RARMIBRS ol 4U-86éakPpiRBET conbiderd ,

di ssi pation systemfor controlling the tenperature of a device 2 accofding
to claim15 b : j ; el. 1
17. "W hoat i SEaing “ub2BoMIBLURDlor oAU Syaidfh JF IRkpIeREC . 2
accordi ng .t.0 I 1 i | 4. LGK.
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experiments were performed to find out whether the presence of an

interface panel affects the performance of the system.

As a control experiment, an aluminum plate of 8 mm thickness and

having the same surface area as that of the cold junction of the cooling
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Testing conditions were identical to the 40-second pulses performed in
Experiment 3 (i.e. 50V 4.4W pulses). Figure 10 shows that the result of
adding this aluminum plate caused the heating plate to rise a maximum of
5 1.60C above ambient temperature in 55 seconds, but that the system was
able to reduce the temperature fluctuation after the first pulse. This is only
an additional rise of 0.1°C compared to results obtained without the
aluminum plate (Figure 8). These results show that even if an additional
panel is added between the DUT and the cold junction, the effectiveness of
10  the temperature control system is not seriously compromised provided that
the panel is made of a material with high thermal conductivity, for example

aluminum or copper.

In the application of IC testing, however, a metallic plate (although
possessing good thermal conductivity) cannot be used as the interface

15  panel because this panel must have sufficient resilience to facilitate contact
between the warped IC package and the flat cold junction. Therefore, a
panel with elastomeric properties would be preferred. However, elastomers

are well-known to have insulating properties, which would be undesirable

in the present application. Thus, experiments were conducted to ascertain

20 the effect of adding a elastomeric interface panel between the heating plate
and the cold junction. Figure 10 shows results of an experiment in which
40-second pulses of 50V, 4.4W power were initiated in a heater plate. A
2mm elastomeric T-Flex sheet (T-Flex 270 from Thermogon Company,
USA, thermal conductivity 1.7W/m°C.) is added between the heater plate

25 and the cold junction of the cooling module. When power is switched on at
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highest temperature occurred about 55 seconds after the power pulse was
started. After that, the heater plate temperature fluctuated between 0.8°C
5 higher and lower than the ambient temperature. From this experiment, it
was found that, unexpectedly, adding a thin T-Flex sheet has minimal effect
on the temperature profile of the temperature control system in this specific

example.

When two pieces of 2mm T-Flex sheets were used (total of 4mm) while

10 other conditions were kept the same as those shown in the previous
experiment, the heater plate rose to 3°C above ambient temperature before
being slowly controlled back to ambient temperature with compressed air
sweeping across the heat sink. Temperature at the heat plate could not
return to ambient level at all if compressed air was not activated. In addition,

15 condensation started to occur on the cooling module during testing. This is
most likely due to the poor heat transfer efficiency caused by the thick
elastomeric interface resulting in a big temperature gradient between the

cooling module and the testing plate.

From the experimental results shown above, it can be concluded that

20 the thermal control system according to the present invention can react fast
enough to catch up with the heater output change of the DUT and control

the DUT temperature to within a relatively narrow range, even if a thin layer

of interface panel is used. This interface panel must have a measure of
resilience and preferrably with relatively high thermal conductivity. The

25 purpose of this panel is to provide a proper interface between the flat
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and after the packaging process, and would not independently provide a

good contact surface for the cold junction to function properly. The exact

5 thickness of the resilient sheet used as the interface panel depends on the
thermal conductivity of the sheet and the actual requirements of the system,

and may be determined based on the teaching described herein.

While the present invention has been described particularly with
references to a test head of test handler for IC packages, it should be

10 understood that the figures incorporated here are for illustration only and
should not be taken as limitation on the invention. In addition it is clear that

the method and apparatus of the present invention has utility in many
applications where automatic temperature control is required. It is
contemplated that many changes and modifications may be made by one of

15  ordinary skill in the art without departing from the spirit and the scope of the

invention described.
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3 a) a power supply coupled to a feedback controller;

4 b) a thermoelectric cooling module coupled to said power
5 supply, said thermoelectric cooling module having a cold
6 junction and a hot junction;

7 c) a heat sink coupled to said hot junction;

8 d) a resilient interface panel having a first side and a second
9 side, said first side adapted for attachment to said cold
10 junction, said second side adapted for engagement with a
11 device for cooling; and

12 e) a thermosensor coupled to said feedback controller, said
13 thermosensor adapted for monitoring the temperature of a
14 device for cooling
15 whereby the temperature of the device may be controlled.

1 2, A heat dissipation system for controlling the temperature of a device
2 according to claim 1 wherein the interface panel is an elastomeric
3 sheet.

1 8 A heat dissipation system for controlling the temperature of a device
2 according to claim 2 wherein the thermal conductivity of the interface

3 panel is higher or equal to 1.7W/m°C.
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2 according to claim 1, 2 or 3 wherein the interface panel is a T-Flex
3 sheet.

1 6. A heat dissipation system for controlling the temperature of a device
2 according to claim 5 wherein the T-Flex sheet is 2mm thick.

i 7. A heat dissipation system for controlling the temperature of a device
2 according to claim 1 or 2 wherein a fan is further provided for cooling
3 the heat sink.

1 8. A heat dissipation system for controlling the temperature of a device
2 according to claim 1 or 2 wherein the thermosensor is a platinum
3 resistance thermometer.

1 9. A heat dissipation system for controlling the temperature of a device
2 according to claim 1 or 2 wherein the cooling module and the heat
3 sink are attached to a nest of a test head of a test handler for IC
4 devices.

1 10. A heat dissipation system for controlling the temperature of a device

2 according to claim 9 wherein the nest contains at least one suction
3 cup and pneumatic means for picking and placing IC devices.
1 11, A heat dissipation system for controlling the temperature of a device

2 according to claim 9 wherein the interface panel is disposed
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according to any one of claims 1-5 or 9 wherein the device is an IC

3 device.

1 13. A heat dissipation system for controlling the temperature of a device
2 according to claim 1, 2 or 9 wherein compressed air is used to cool

3 the heat sink.

1 14. A heat dissipation system for controlling the temperature of a device
2 according to claim 1, 2 or 9 wherein the thermosensor is attached to

3 the cold junction.

1 15. A heat dissipation system for controlling the temperature of a device
2 according to claim 1, 2 or 9 wherein an additional metallic panel is

3 disposed between the cold junction and the interface panel.

1 16. A heat dissipation system for controlling the temperature of a device
2 according to claim 15 wherein the thermosensor is attached to the

3 metallic panel.

1 17. A heat dissipation system for controlling the temperature of a device

2 according to claim 3 wherein the interface panel is 2mm thick.



