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STRUCTURE Not applicable. Not applicable. GOVERNVENT Rl GHTS RELATED
APPLMWENYZHE  FI ELD OF THE | NVENTI ON 10 The present i REAY$%8A71él ates to
tenperature control systenms and nore particularly to structures for

| ocating, holding, and controlling the tenperature of a device. BACKGROUND
OF THE I NVENTION 15 As is known in the art, many sem conductor and '

bi ol ogi cal devices require rapid and precise tenperature control during
processing and testing. To provide such control, the device is typically

di sposed in a tenperature control structure. The tenperature contro

structure rsputeEt eRPINGEMIIVE TRMPER ATURISCONITROL sARUREYIRES, such as

integrated circuits, have becone increasingly smaller while at the sane
time the devices dissipate i ngO¥ERMYENTRBIGHDPSWer. This results in devices

having a re tiv%L%é {eowthermal mass which tend to rapidly heat during
oper ati on. e control structures, on the other hand, do not

typsjE cally have a low 25 thernmal mass since the structures nust include a
heati ng apparatus and a heat sink. U S. Patent 5,821,505, for exanple,
descri bes a typical tenperatREEATED ABPLETATIONSe which | APP L WD 01/ 27707

PCT/ USOQ 27175 .
Not applicable.

FIELD OF THE INVENTION

10 The present invention relates to temperature control systems and more
particularly to structures for locating, holding, and controlling the temperature of a

device.

BACKGROUND OF THE INVENTION

15 As is known in the art, many semiconductor and biological devices require rapid
and precise temperature control during processing and testing. To provide such control,
the device is typically disposed in a temperature control structure. The temperature

control structure regulates the temperature of the device.

20 Devices, such as integrated circuits, have become increasingly smaller while at
the same time the devices dissipate increasingly more power. This results in devices

“having a relatively low thermal mass which tend to rapidly heat during operation.

Temperature control structures, on the other hand, do not typically have a low
25  thermal mass since the structures must include a heating apparatus and a heat sink. U.S.

Pat‘ent‘ 5,821,505, for example, describes a typical temperature control structure which
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utilizes an electric blanket-type heater having first and second ofpokiARR ¢
faces. A heat sink nmakes contact with a first face of the electric heater
and aiW@P¥¢¥Pbni c device under test makes contact witPATSWEIHEd face of
the electric heater. This approach results in a built- up, |ayered serial
conponent structure in which the heater is disposed between the electronic
~device under test and the heat sink. A tenperature sensor is coupled to 'the
el ectronic device and a control circuit is coupled to the tenperature
sensor and to the heater. The tenperature sensor senses the device
tenperature Td and the control circuit decreases the power to the heater
when t hetilifés aeelseteic binkartapa licatep havtifefiet adtsecont opplRiigcacdss Adhay sink set
point, and vice-versa. Wien the heater tenperature Th is less than the

devi ce hRaR@StoAtadt ﬁritliti,ﬁﬁsmee bede eldcBYShdatep Bhd Reecle@bRfit H@ﬁé&uﬁﬁké‘s@ t hr ough
the heater to the heat sink and the rate of heat flow increases as Td-Th

i ncr easggkes\WRRActRRith the A6QMHFicel TRE el&hirid IRaRr MBS O, rbauik ea BhRCt r oni ¢
device from the heater; and the rate of heat flow increases as T,,-Td

| nc easgs 1afbe P L% dofifohVurlsihuckBih Al thd Woler 1D 8ALT BOREn dhigat 11 0w

to fromthe electronic device can be adjuste an In turn regul ates

t he cdevj; &#m@&t 4 i i ces being heated and cool ed have -

rel gti ve?y ow t erﬂngﬁtﬁgs%ggﬁ%jﬂ%tggmtenperature control structure on which
t he devices are di sposed for processing and/or 20 testing have many tines
the thermal mass of the device, the device itself does not greatly effect
t he t hernal 1am cs_of the syst.e nst ead,. t.he theyml dynam cs of the
System are AURRGTEOE tpSohia SanELlo bR Rl Riie penes £l L Eon el b T (e
princi pal K. mai nt ai_ni n devi ce at articular tenperature is to
e vo Cohelef S prderBaBidchinaft (ite ffud, Pl B SRR 4 o on
i SRS, £l SRR b A0 AR OB RN 31 7S

10 sensed temperature of the electronic device is above a set point, and vice-versa. When the
heater temperature Ty, is less than the device temperature Tq4, then heat flows frorh the
electronic device through the heater to the heat sink and the rate of heat flow increases as
Ty-Th increases. When Tj; is greater than T, then heat flows to the electronic device from
the heater; and the rate of heat flow increases as T\-Ty increases. By electrically

15 controlling just the heat power, heat flow to from the electronic device can be adjusted

“and that in turn regulates the device temperature.

Since the devices being heated and cooled have relatively low thermal mass and

the teinperature control structure on which the devices are disposed for processing and/or

20 testing have many times the thermal mass of the device, the device itseif does not greatly
effect the thermal dynamics of the system. Instead, the thermal dynamics of the system

are dominated by the temperature control structure. Thus, the principal task in
maintaining a device at a particular temperature is to servo control the temperature of the

temperature control structure on which the device is disposed.
2



As a consequence of t-he thermal mass of the tenperature control s—g_rrm
bei ng cﬂ#@{]’a@reater than the thermal nass of the device, there is a I 00
inth® | response tinme in controlling the tenpef&I#S803H7% he devi ce.
Furthernore, since the tenperature control structure is many tines the
thermal mass of the device itself, significant energy is wasted in heating
and/or cooling a |low thernmal mass device by using a high thermal mass
tenperature control structure. Further, if the heater is provided as the
type which includes an electrical trace 10 separated from surroundi ngs by
a layer of dielectric material on each side, another problemwth this

| ayered conponent approach is that the dielectric |ayers of the heater
represent a thermal resistance between the nmetal heating el enent and the

el ectrical dbyacensegnenchobithesbaninal missof thedendperhtart control siyentgrebinghe heat i ng
.element are repeatedly heated and cooled and thus repeatedly expand and
cont r aahuchigreater then theribertialimasseyf thesievice, aheais adel-ih tigothemtdl adspomsehani cal
failure due to the repeated expansion and contraction of the dielectric

due t o tiepecaitolEnciheng@peratute vt devitd eFetipmiord) ginde $he RBiperdt@repr ovi de a
tenperature control structure and system having a relatively |ow thernal

mass WhicakobdtheWe i1@adeiines tik WiePmal massdF tecdevd® itselfPfpnifiballeerghanged. |t

woul d al so be desirable to provide a system which provides fast thernmal

r esponse wabed i REMinb QEBARF Bbaling aSloAhérhlal rABC feviccBShdiRsla Edlre is

reached. It would be further desirable to provide a conpact tenperature

cont r 0lymass kdnvsdrituge dMneNsirbe Utilized in a relatively small test chanber

and which all'ows good electrical contact to be made to a device under test
)and whi ch can be used to in 25 an environnment in which a plurality of

devi ces can be tested sinultaneously. APR 2001 WO 01/27707 PCT/ USQO0/ 27175

SUMVARY OF %hgﬁ“{%mg}&er is provided as the type which includes an electrical trace
10 separated from surroundings by a layer of dielectric material on each side, another
problem with this layered component approach is that the dielectric layers of the heater
represent a thermal resistance between the metal heating element and the electrical device

and heat sink. Also the dielectric layers of the heating element are repeatedly heated and

cooled and thus repeatedly expand and contract. These regions thus represent areas of

15  potential mechanical failure due to the repeated expansion and contraction of the dielectric

- due to temperature changes.

It would, therefore, be desirable to providé a temperature control structure and
system having a relatively low thermal mass which allows the temperature of a device
20  to be rapidly changed. It would also be desirable to provide a system which provides
fast thermal resﬁonse, but good temperature stability once a desired temperature is
reached. It would be further desirable to provide a compact temperature control
structure which can be utilized in a relatively small test chamber and which allows
good electrical contact to be made to a device under test and which can be used to in

25  an environment in which a plurality of devices can be tested simultaneously.



One object of this invention is to provide a structure for tenperatur R) 200!
controlling a device that is in contact with it using djrect in;)i‘“ngi

cool aWP']l ®and | aser beams. A further obj ect of the QUERNYTNS s to ali gn
one or nore |aser beanms coaxially wth one or nore expandi ng gas cooling
jets, such that the | aser beans and the cooling jets inpinge on
substantially the sane region of the device. 10 A further object of the
invention is to provide a systemin which the heating an cooling effects
occur directly on a surface of a device, and which has an effective heat
transfer coefficient which is relatively high conpared with effective heat
transfer coefficients which can be obtai ned by nechanical contact between
a device and a tenpera Y@%WNB A still further object
of the invention is to provide a vacuum structure to enable a device to be
vacuum hel d (f)derdﬂrié/ctgf‘ﬂﬁs BvEon'ys & pibiiab a RRLR! fBr et AR bAKILRg Of the
device. 20 A still further object 'of the invention i's to provide a

t enper gt : £ 0l Uitk Y o¥ B ;ngﬁ b W ]! Baegdsi ng

struct %rdeéé’ﬁ’feﬁg%“é’ﬁfﬂ%e angﬁsgl atn(eéB% e\ﬁlggé?%b&gqb%gg‘??%gﬂ surface of the
tenperature control structure, where the guiding and |locating structure is
al so an insulator having a relatively |ight weight. APR 200 WO 01/27707
PCT/ US00/ 271,/ ' . j ' I y

v a o & B RrtaF 86BN 88 RenB 85 31 ohd 6 IINERLIRAAE SolEhl

ure for enperature vice I ch includes
body havi ng._a_ heati ng/ i ng. ' ich th i i Sy d,
e g oo BB LR T WP B BB B R by @
heat i ng/ |.i i .and Lir |, di d in the bod ith 5
one. endPtesimrRRen SHRBiAbE R SR BTG FEOr Rt and wher el n the heat | ng and)

cool i ng

10 A further object of the invention is to provide a system in which the heating and
cooling effects occur directly on a surface of a device, and which has an effective heat
transfer coefficient which is relatively high compared with effective heat transfer
coefficients which can be obtained by mechanical contact between a device and a

temperature controlled surface.

15
A still further object of the invention is to provide a vacuum structure to enable
a device to be vacuum held firmly on a structure which controls the temperature of the - )
device.
20 A still further object of the invention is to provide a temperature control structure

which includes guiding and locating structures to help guide and locate a device to a
seating surface of the temperature control structure, where the guiding and locating

structure is also an insulator having a relatively light weight.



channel s are disposed-in the body such that energy propagating in-thepPR 200
heati Rgoghempel 1s intermngled with gas propagating i -ﬂﬁﬁyﬁﬁﬁéing
channel such that the heating energy and cooling gas directly 1 npinge upon
a surface the device. Wth this particular arrangenent, a structure for
controlling the tenperature of a device is provided. The heating channel 10
can be provided as an optically clear channel and the heating source can be
provided as a |laser source which produces |laser |ight that passes through
the optically clear channel and inpinges directly on the device. The
channe .a cooling _source can

cool i ng chan C rovi.ded . as._a gas | an

be pIrO\g/i ded g‘gésg %@s@%ﬁ?@\é‘%\ﬂ?gﬁ 'BrgticgeEe Bjreé;é’lﬂr?‘f e ag%fgmpﬁgé?}'gh t he gas
o ulERE tolRuhE e vigt Shich R 2 (oY HeTng B e RO RE RGeS | ot
streamexits,the, nozzle, the gas.rapidly expands. The gas thus provides a
"cool i ngtog‘%{’lfgﬁgﬁgﬁ‘@?éfzseﬂ‘m?ﬁt ﬁgleatf%p‘?}i?wglé&%g’ﬁ%ﬁ ngtbgat@dgmb Ql?l{i’r@%ghvlt he gas

channel that then directly inpinges upon the device. The |aser |ight and
gas ar eS¥PGsR ‘6h°9§%2"(°§£{1$ Egiop andea cogling chaginghdispsed frethedody withsuch t hat

t he inpingenent zones of the heating and cooling sources are 20
i nt & m 9§ 9 exnesed i Brecheeting/eeniing iesion, andrwhgein thethestingamd toolingnt r al |'y
located in the heating source (e.g. the laser light) and thus the heating
and coothangslsare digpesachin thebodysmel thet endrgyspropagating irsthe beating cBarmekist he
heating and cooling sources directly inpinge on the device, the system
mass ardterhagled withezas prepagatingds thefcooling dhanmed sucdhi that thobmating enesgysindm ar e
.. mnimzed. The technique of the present invention elimnates entirely any 5
)1 APR 200Ung/fasGiireetly7 piRgTipob@shdact The dnddee 'With tHiepdrtiail
resi stance necessarily included in prior art systenms by conbining the
heat er ammictueaforsomcolling the teinpeaatiury ef devideds pRiveded. Nleddatiipluhagne] Dependi ng
upon the particular systemin which the tenperature control structure is
used aredn béerovided as an optically clear channel and the heating source can be provided as
a laser source which produces laser light that passes through the optically clear channel
and impinges directly on the device. The cooling channel can be provided as a gas
channel and a cooling source can be provided as a gas source which provides pressurized
gas through the gas channel. The gas enters the heating/cooling region through a nozzle
15  structure which causes the gas to form a jet stream. When the gas jet stream exits the
nozzle, the gas rapidly expands. The gas thus prm./ides a cooling action generated by the
rapidly expanding gas flow through the gas channel that then directly impinges upon the
device. The laser light and gas are focused on substantially the same regioﬁs of the
device such that the impingement zones of the heating and cooling sources are
20 intermingled. In a preferred embodiment, the gas jet stream is centrally located in the
heating source (e.g. the laser light) and thus the heating and cooling streams can be
considered as coaxial streams. Since the heating and cooling sources directly impinge

on the device, the system mass and thermal response times of the temperature control

system are minimized. The technique of the present invention eliminates entirely any
5



operating requirenments ef the system mllisecond thernal responsé. i weR 2004
are posghlhByqez FUrthernore, since the heating and cooling sources directly
i mpi nge on the device itself, the tenperature control TRF8RE 70 whi ch
the device is held need not performa heat sink function. Consequently,
the tenperature control structure can be fabricated fromany nmateri al
having a relatively | ow nass. Thus, the mass of the tenperature control
structure can actually be less than the nmass of the device. 10 It should be
noted that rapid precision tenperature control can be used in a variety of
applicati L el udi but .not.limted to, sem conductqr processing, printed
circuit h%g%ﬁf"ﬁ%aﬁ &Pg‘gﬁ‘jﬂ’#gméﬁtfn%m‘??aqﬂ% ABeladed; Woprics A% eSystEms B3al ,
reactions are. fgleethaﬁli vel sensitive to changes in tenperature and
"t enper at GPECPRESRC PRI hMi%fﬁ@PuY% one intgrmingledioyrses Bpéndinghe
tenperature gontrol structure could be a conbinatorial chemstry chip,
Whi ch COHP%‘Pﬁ?W?‘F‘-@?—"eﬁ'ﬁte@xlﬁél"hlﬁléﬂ!est.enmﬁ@ﬁtrérﬁpmfdtstmetum)istusadafsd thect ure can
further inclyde a tube projecting through the body and into the
heat i ng/ EBYRIRgTeHBgFments of the systeramillisecondthenha respdsseltizhesmre pessitle.seat i ng
surface and a second end of the tube is adapted to be coupled to a vacuu
sour de. Fuplammare, siwpeithe heatingzand codling sphrceh dir¢atly émpinge an therdehize Gieelt,s - '
generated to hold the device onto the seating surface. Al so, by providing
the top Haittmpasatyfe coheohstructura inwilich thk devitd iy hbldinesit 1wt pedbimoRhek silke seat i.ng
surface, the vacuumtube acts as a drain to the expanding cooling gasses
whi ch_enfuactiot eCorstienylyc thel temperatugé oontio] Stridieregas befaiated Horh aiPR 200 WO
01127707 PCT/ US00/ 27175 Furthernore, the tenperature control structure can
i ncl ude magritldhawing tr wekitively bar mass: ¢ Thas, ahy s Gfile FrfifiGR EoHRI 2 )
particular | ocation onto a seating surface of the '
structure can actually be less than the mass of the device.

10
It shodd be noted that rapid precision temperature control can be used in a variety
of applications including but not limited to semiconductor processing, printed circuit
board manufacturing and chemical processing. Since chemical reactions are relatively
sensitive to changes in temperature and temperature rate, in some embodiments, the
15  device disposed in the temperature control structure could be a combinatorial chemistry

chip, which contains different experiments.

The temperature control structure can further include a tube projecting through

the body and into the heating/cooling region. A first end of the tube ends below the

20  seating surface and 2 second end of the fube is adapted to be coupled to a vacuum source.
When a vacuum is drawn through the tube, a vacuum force is generatéd to hold the
device onto the seating surface. Also, by providing the top surface of the vacuum tﬁbe
slightly below elevation of the seating surface, the vacuum tube acts as a drain to the

expanding cooling gasses which enter the heating/cooling region via the gas channel.
3)



t'enperature control structure. In a preferred enbodi nent, the guj-dijn@PR 2004
struc ' provi ded fromone or nore tapered upper surfaces of the body
whi cht‘?gr%%h?g{e on the seating surface of the tenperatRfr@URBRTIS|
structure. Thus, the tenperature control structure of the present

I nvention can include both |ocating and vacuum cl anping structures, to

| ocate and hold a device that is to be tenperature controlled during '
testing and/or processing. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS The
foregoing features of the invention, as well as the invention itself may be
nore fully understood fromthe follow ng detail ed description of the
drawings, in which: 15 FIG | shows an isonetric view of a tenperature
control system_ FIG 2 shows a cross section of the tenperature control
struct ur e habihfmaogethe semparptrseoniol shueutsran ddaludeal gmiding stnesug f& i n FI G
.1. 20 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring nowto FIG 1 a

t enper ataghrately guiding gydsviom in® & gartiouler lodationprthe seating esudicer ef tfe a devi ce
i ncludes a tenperature control structure 12 having a plurality of |aser
ports ligmperaturgcopirol stieetnren Ia o pteferneds embadiment) ahe ghidingl seuqurer &1 i ty of
gas ports 25 13a-13d provided in one or nore side surfaces thereof For

cl amsi t yprovided &mimonecasrdnore tApeRu0 SurfAlEs 6fltha HoAY WSS 16HahR dh/the

expl anation, only three of the laser ports 12a, 12e and 12f are shown in

FI G 1.sedtingaseface of the temperature control structure. Thus, the temperature control

structure of the 'present invention can include both locating and vacuum clamping
) structures, to locate and hold a device that is to be temperature controlled during testing
and/or processing.

10
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing features of the invention, as well as the invention itself may be

more fully understood from the following detailed descriptioﬁ of the drawings, in

which:
15
FIG. 1 shows an isometric view of a temperature lcontrol system; and
- FIG. 2 shows a cross section of the temperature coﬁtrol structure having a device
disposed thereon taken along iines 2-2in FIG. 1.
20

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to FIG. 1 a temperature control system 10 for controlling the
temperature of a device includes a temperature control structure 12 having a plurality of
laser ports 12a — 12h provided in a bottom surface thereof and a plurality of gas ports

25  13a-13d provided in one or more side surfaces thereof. For clarity in viewing and
i ]



source 14 is coupled to.each of the |aser beam ports 12a-12h and_a m?ﬂ%
source 16 is coupled to each of the gas ports 13a-13d. It shoul'd ted
t hat | WOs@#870@nbodi ments it may be preferable to repl aperhRsginspur ce 14
w th another type of energy producing device such as a device which
produces a focused beam of energy. The optically clear ports 13a-13d and
gas ports 12a-12h lead, respectively, to optically clear and gas channels
which will be described belowin conjunction with FIG 2. Suffice it here
to say that the light source 14 and gas source 16 transmt |ight and gas 10
into the structure 12 to heat and/or cool a device disposed in structure
12. The epplahitionl ahly thres s i | hi%e 48 BSGRWL! i 4l be
descri begﬂbelﬂg&fi nyconj uﬁ?ﬁilﬁﬁyﬁv&ﬁ%?% én? The tle)br}%tehrqgtl(#rié %gélst%?ol '4

" struct j WA ' res 20a -
S0 genouts INRELUGRE B BRADEH: g PenfpBits T2 L a2 g2 BREL IKIES 1 R

alth [ ' ' | 12a-12h, f '
gas. por (Ol SEER of feleks DR, HEL SN rBSrlPe S o b
id ' f .5 12a-12h, ts.13a-13d
oot ur SRt SRR M EacR aset B, B8 il i) B 3 3Rl Préaitiin
. - LR ticul ligcati is 20 selected i
et danC R M e Yafite bichbtoBREh » S50t BERAGTRISTor ) I teu Lo avallabl o

space, heating and cooling requirenents. Sidewalls 22 project above the
base 18. The gas ports 13b are provided in the sidewalls 22 of the support

structure 1 nd l.ead t o chanpel rovided in_the structure 12. 8 1 APR2 0
WD 01/ 27707 RRSGHY fifﬁs%% kRERY @nﬂ;gaﬁayﬂwmieaé{ eERLVelgicany i
mat eri al hayi sufficient strength to support a device_ disposed thereon)
dur i ng CRIFAGGIFa Y 2eEehannglE MaRcILL eceserbed daloudnicapjunction with FIG. -'

2. Suffice it here to say that the light source 14 and gas source 16 transmit light and gas

10  into the structure 12 to heat and/or cool a device disposed in structure 12. The particular
manner in which this is accomplished will also be described below in conjunction with

FIG.2."

The temperature control structure 12 includes a base 18 having a plurality of |

15  apertures 20a—20h, generally denoted 20 provided therein. It should be appreciated that
. although structure 12 is here shown having eight laser ports 12a-12h, four gas ports 13a-

13d and eight apértures 20c-20h, the structure 12 can be provided having any number of

laser ports 12a-12h, gas ports 13a-13d or apertures 20a-20h. The particular number of

ports 12a-12h, 13a-13d and apertures 20a-20h used in any particular application is

20 seleéted In accordance with a variety of factors including.but not limited to available

space, heating and cooling requirements,

Sidewalls 22 project above the base 18. The gas ports 13b are provided in the

sidewalls 22 of the support structure 12 and lead to channels provided in the structure 12.
8



characteristic. Structure 12 may be provided frommaterials includf npR 084
not | iyA o, plastic or porceline, for exanple. In idi nent's, 1t
may bgﬁgﬁgﬁﬁggle or necessary to manufacture the entiF§ﬁ§§W@gﬁ3€e from an
optically transparent or clear material. In the particular enbodi nent
shown in FIG 1, the sidewalls 22 are provided having tapered upper
surfaces 24 which end on a boss 25 having a side surface 25a an a top
surface 26. The top surface 26 defines a seating surface 26. 10 As will be
descri bed below in conjunction with FIG 2, the tapered sidewall surfaces

24 hel ' | [ h ' f 26. Th ti
cur f ac 958 T2, 287 AT i P R SR et om sur f ace
f the_devi i S .l th ti surf 6. | di t,
kot SHPOE TR el & Efecn e My e o obrlow Bl GoRFRGR 26 ©o

Jnprove the seal .betweepn the device apnd the 15 surface 26. I n sone
RRrer iy SHHE oL 3 dq I

»

embodi’ GHEMER! ey be ppd pngnateréals meluging ot potdimited conduct i ve
material, while in gther enbodi ments, the gasket may be provided froma
non- c ol FHSHG &r parcshine, | for examplss dn semenembadimprissit shayecke desirablef ome a
heating/cooling region 29. 20 The structure 12 further includes a device

r et?ai nP§E§SSEDY ticmarefagigre the endire spueturecfipmran eptiesdlyrtoamsparthteor efeai ni ng
structure 30 is provided froma vacuumtube 32 having a vacuum hole 34

al ong Bategak dathe pastiewlardinekadimeitsshowarin §IG. ITilee sidowallm 22udve pRvidedd  di sposed
t hr oug{\ﬁ'}‘ﬁti he base 18 and projects a distance above the base 18 such that a

t op ngdapaed uper merfaces 34 mwhictbend an sbosg B Ihaving lacideasusticd 26andf a devi ce.
In this particular 9 WO 01/ 27707 PCT/ US00/ 27175 enbodi nent, the top surface
36 i s depourfaceitarihedep surateldp delfinese adating safideddse 26. Wth this approach,

~ the vacuum hol e 34 can hold the device to the seating surface 26 while at

10 As will be described below in conjunction with FIG. 2, the tapered sidewall
surfaces 24 help precise and guide a device onto the seating surface 26. The seating
surface 26 is provided having a width W selected such that a bottom surface of the device
is ﬂusl_l on the seating surface 26. In one embodiment, a gasket or sealant material can
be disposed on the seating surface 26 to improve the seal between the device and the

15  surface 26. In some embodiments it might be preferable to provide the gaskef from a
conductive material, while in other embodiments, the gasket may be provided from a
non-cdnductive material. The base 18 and the boss sides 25;1 define a heating/c_ooling _ |

region 29,

20 The structure 12 further includes a device retaining structure 30. In this parﬁcular‘
embodiment, the retaining structure 30 is providéd from a vacuum tube 32 having a
vacuum hole 34 along a central longitudinal axis thereof. The vacuﬁm tube 32 is
disposed through the base 18 and projects a distance above the base 18 such that a top

surface 36 of the vacuum tube is slightly Below a surface of a device. In this particular
N :



the same time acting as .a drain to expanding/cooling gasses which 4niER- 2lfe
regi ongd%1tr ough apertures 20a-20h in a manner to be descri bed bel ow

Al t hough tf‘le Fetaining 5 structure 30 has here been desEFFHEMEHETSa vacuum
structure, those of ordinary skill in the art wll appreciate that other
retaining structures nmay al so be used. It should be noted that, as shown
in, FIG 2, the device is typically in contact with any array of electric
probes which prevent a device under test from being bl own off of control
structure 12 due to the force of the inpinging jet streamof gas. Those of

or di nar k the a 0 apprecgiate of course, that other

t echni q%e ePlelﬂ%\ ﬁ‘ﬂ%aﬁ’% h?f%agﬁﬁﬁg%é’eglbﬁﬁ%%@lﬂ surfage 26 Bathused. Al so
i ncludeg.in the, base 18 e ports 13a which lead to optically clear

" channel $1%%" Hv@ﬁl"éfu”ﬂ ﬁaré&qléﬁhfﬁqw@tm@sgﬂtmmcfa@ez_@whﬁwh of the

one or tgore 15. chanpel s 40a 40h have a first end which term nates at a
tor r espBfidrmg trfeaimeas @ draip &y expeadinefreoling sasses whichenter thy/regiohi28g r egi on
29 of t ggructure 12. A second end of each of the channels 40a-40h
term na'EE@ {APEITRESE B3y Blhen agapna totbetdescribed thelovz aaltRdughahdiretaifinghi ch ar e
ada ted to acce a Iaser signal fromthe |aser source 14. The | aser source
r oxﬁ“@'&%‘ffa?’@ ergbeemdgscribed ht a Maungstaichirg, éhasa of skipey sitill dther ef er abl y
substantlally 2 0 fills but does not exceed the size and shape of the
channelast wihapyeciatedhat etherpétainingf struchmesahs a0 be 4641, dt shquld¥é dedd havi ng a
circular cross-sectional shape of a particular dianmeter, then | aser source

14 pr eftatabs shqwir BEG 2 thadevicdisanpioaliy Hycentadt it ady ﬁf@séfeléﬁﬁéi onal -
shape having a dianeter substantially the sanme as the dianmeter of the

channelpsobed Béichireveha devideRindés DM BAidRloRe bité3Q8ARA %&éctdu% 18lagul d al so be
noted that each of the channels 40a-40h need not be provid
to the force of the impinging jet stream of gas. Those of ordinary skili in the art will
10  appreciate of course, that other techniques or retaining structures such as clamps could

also be used.

Also included in the base 18 are the ports 13a which lead to optically clear
channels 40a-40h (FIG. 2) which extend into the structure 12. Each of the one or more
15 .channeis 40a-40h have a first end which terminates at a corresponding one of the
apertures 20a-20h in the heating/cooling region 29 of the structure 12. A second end of
each of the channelé 402-40h terminates at a corresponding one o‘f the ports 12a-12h each
of which are adapted to accept a laser signal from the laser source 14. The laser source
14 provides a laser beam or Jight having a size and shape which preferably eubstantially
20 fills but does not exceed the size and shape of the channels 40a-40h. For example, if
channels 40a-40h are provided having a circular cross-sectionel shape of a particular
diameter, then laser source 14 preferably proﬁdés a laser beam having a circular cross-
sectional shape having a diameter substantially the same as the diameter of the channels

40a-40h.
10



Having the same size-and/or shape. For exanple, . advantageous tenperaj R 2(
controvooptroact eri stics may be achieved in a particul gictapdpheéssi on by
provi di ng channel s 40a-40h having different sizes and/or shapes. In this
case, the size and shape of each | aser beam could be selected to
substantially match the size and/or shape of the channels 40a-40h in which
the | aser beamw || propagate. The apertures 20 open onto a first surface
of the base 18 in an optional recess region 44 of the base 18. Although
the apertures 20 are here shown provided in a recess 10 region, it should
be appreci at ggsiduad § (o -YR A i . Hase 18 or
apertures 20 could %%@g?%ﬁeg?éﬁgﬁé%ﬁ?%ﬁ?% %qgh ngg(%gg%%oéljagltdﬁgr rai sed
St ruct uri)ins\Whi [ e ' ' t needed
gift Sl SPR AR Khabe CFRC SRl alVEROS TRl (]

but the apertures do not nee o} e noted that
,al t houg I : . riur 2 re all .sh to be
The s ges gy B 2eri g pltick s fESioty B fn Haciels 4PFAPE need
not be ' t .G 2,.1n whi li ke elements of the

t enper athgfigggon ?@Siﬁéﬁdg@& %?’ﬁéssg‘%?l}?n"af% i Sigp @.“Fﬁr}mB? BFﬁ?ck}j‘i‘S&’é Cving |i ke
refegen i.gnatkons, the strycture. 12 has a deyi ce under test 50

i spbscdou Figeakl A R shaiGh e ier Ay AEshats pEbe FFaoselsg0addh v e

heati ng/ gogl.ing regi on becones a closed cavity into which gas and |ight
(e.qg. aw%écg’ethe%éﬁ%w%ﬁgopﬁﬁq%duced through the apertures 20. In this .
particul ar exanple, the device 50 includes contact points in the formof a
ball grid array provided froma plurality of balls 51 disposed on the
.. surface of t?ﬁ device 50 and through which electrical connections are nade
Jto the el ect AP¢aperucs 2Q epahente grirshanfase phthedwsel 1 fiin An aptianaleeagsn 7707

PCTI US(c) oml75 t he device 50. Di sposed over the device 50 is tester 52
havi ng Egmfiafitebase 18 Athgughibs aperturgssl0 are here shown provided in a recess

10  region, it should be appreciated that apertures could simply be made flush in the base 18
or apertures 20 could be provided in a structure (e.g. a post or other raised structure)
which rises above the base 18. The recess region is not needed but the apertures do not
need to be flush either. It should be noted that although the size and/or shapes of the

- apertures 20 are all shown to be the same in FIG.1, the size and shape of each of the

15  apertures need not be the same.

Réferring now to FIG. é, in 1m‘.fhich like elements ‘of the temperature comntrol

structure system 12 in FIG.1 are provided having like 're.ference designations, the structure

12 has a device under test 50 disposed on the seating surface 26. With the device in

20  place, the heating/cooling region 29 becomes a closed cavity into which gas and light
(e.g. a laser beam) can be introduced through the apeﬁﬁes 20. In this particular
example, the device 50 incll.udes contact points in the form of a ball grid array provided

from a plurality of balls 51 disposed on the surface of the device 50 and through which

electrical connections are made to the electrical devices and components included within
11



clarity, only a portion of the tester 52 is shown in FIG 2. The test -
probes 54 are in 5 physical and electrical contact’ with the el ectrikdPR 200
cont acWQ@ ®27%7 the device 50. The tester probes 54 proRCHESW2IBSce on the
dedvice 50 through the contacts 51 sufficient to retain device 50 on the
seating surface 26 while the expandi ng gases inpinge upon the surface of
the device 50 exposed to the heating/cooling region 29. It should be noted
that this design allows contact to be nade to the balls 51 using probes 54
or any other electrical 10 | eads which relatively short. Thus good

el ectrical contact can be nade between the device 50 and the tester 52.
The t apéhedevigedd: surfaces 24 of the sidewalls 22 hel p guide and |ocate the
device 50 onto the seating surface 26 such that portions of the bottom

" surface of the device 50a 5 are flush against the seating surface 26.
Thus when a vacuumis drawn through the vacuum tube 32, a vacuum force can

be gener at ed Disposedevep thettlevide 50 & testvd 2chAvehonplaralifeof 8apedbes S5 UFRACe 26.
Furthernore, by providing the top surface 36 of the vacuumtube 32

sl i ght | ylakig), @nlyes puAion@T tBE tebiee 53 eakioveh BUFIGRCE TRe tdshBrovas samdpl € 32 can
act as a drain to the expanding cooling gasses that wll enter the region

29 \§ a pRAIdalARelerical Sorfhct Rt Md & t¥oal béht&@?ﬁoffﬁe&e H@viwm"ﬁ&‘é)teﬁ%ﬂ ube 32

cannot act as a drain for the expanding gasses (e.g. because the tube 32
[ t ' t [ : r re
2,100 BRABISA Bl el IR SREN o ML 5P o (18R 01
| . i y .es6 h
but 1 hoaeyi Gy BR ect Bl 263 R el 03 SBER TP St T, 21000
paths obr ARANPYS0 SWLEISHE nbarldleR o ORe rdforl 261 RORa BE mdbarhd s © 2! ! OW)

gas to éscapé Tromregion
design allows contact to be made to the balls 51 using probes 54 or any other electrical

10 leads which relatively short. Thus good electrical contact can be made between the

device 50 and the tester 52.

The tapered upper surfaces 24 of the sidewalls 22 help guide and locate the device
50 onto the seating surface 26 such that portions of the bottom surface of the device 50a
15 - are flush against the seating surface 26. Thus when a vacuum is drawn through the
vacuum tube 32, a vacuum force can be generated to urge or hold the device 50 onto the
seating surface 26. Furthermore, by providing the top surface 36 of _ﬂ_le vacuum tube 32 |
slighﬂy below elevation of the seating surface 26, the vacuum hole ‘32. cénlact as a drain
to the expanding cooling gasses that will enter the region 29 via apertures 20.
20  Alternatively, in cases where the vacuum tube 32 cannot act as a drain for the expanding
gasses (e.g. because the tube 32 is not below the plane defined by the seating surface 26),
one or more escape paths 33 can be provided in the sideﬁalls 22 of the structure 12 to
allow gas to escape from the region 29. Here two escape paths 33 are shown but those

of ordinary skill in the art will appreciate that any number of paths or openings sufficient
i2 - '



PCT/ USOQ 27175 Each of the optically clear ports-12a - 12h provi de ppkitR g8
to fingdogpeerof correspondi ng channels 40a - 40h. D spaseshztssi rst ends
of each of the channels 40a 5 40h is a clear sealing w ndow 52a-52h and

di sposed in second ends of the channels 40a- 40h are clear sealing w ndows
57a-57h. A top surface of the wi ndows 57a-57h formthe bottom surface of
the recess regions 44 (FIG 1). In this particular exanple, since the

| aser source 14 (FIG 1) directs light into the channels 40a-40h from an
external |aser source, each of the clear sealing windows 52 is provided as

an opti I i i a gas tight seal in the first
ends of&gﬂg&r%gs?gﬁﬁ%bg%ﬁ%ﬁgnc e%%%\\}é\,iug ows 57a- 57h di sposed in the second

ends of the channels 40a-40h have openi ngs 56a-56h which |ead to the
apertures 20a -- 20h. It should be noted that only two channels 40a. 40e

are shown ip FlI 2. 15 can b en . in_Fl 2. the nin a-56h in
‘optically cl qu,h &H’ﬁs‘)pé‘f%!ﬁg‘?lﬁm P?}% _AQEPBW%%O?CW%r{?{%g% %#0?5116| ead to a
reduced size th 59 i,ch together for a nozgzl e structure .6 The nozzl e
struct U?WBOI@’;%@?"PWQ‘* §4ﬁ8' bﬁpﬁﬁ%go?’gﬁwaﬁﬁfﬁ%f’%we %‘S’(‘P‘P@S gﬂae' apertures
20a-20h into the heating/cooling regjon 29. Thus, jet stream of gas .
pasdes #9hBa§ & PioBY 3% 2and 1B §RFOB ng‘»pgéﬂﬂmiegn 84080n 20
Each of the gas ports 12a - |2h_provide gpenings. to first _ends of

cor r es pivara glearpsalingwindews SEara7h. - Asapsiriage of the wWindowsadaoHBAerar thej ne| udes a
path which leads to predeterm ned ones of the apertures 20a - 20h. It
shoul d bastonosurfrce igdtheorsss gegionsh@dGs 1). Sladhis pagicyles exarapie. sincethe. 2. 13

APR ' 20Tf WD 01/27707 PCT/ US00127175
laser source 14 (FIG. 1) directs light into the channels 40a-40h from an external laser

source, each of the clear sealing windows 52 is provided as an optically clear plug which
10 providesa gas tﬁght seal in the first ends of channels 40a-40h. The clear windows 57a-
57h disposed in the second ends of the channels 40a-40h have openings 56a-56h which
iead to the apertures 20a — 20h. It should be noted that only two channels 40a, 40e ﬁe

shown in FIG. 2.

15 | As can be s_eeﬁ in FIG. 2, the openings 56a-56h in optically clear plugs 57a-57h
include narrowing regions 58 which lead to a reduced size path 59 Which together form
anozzle structure 60. The nozzle sﬁ‘ucnlfe 60 causes the gas to form a jet stream which

. exits the apertures 20a-20h into the heating/cooling region 29. ’fhus, a j’ef stream of gas
pés"sAésrthrough expanding orifices 56a-56h and out apertufes 205—20h.

20 | | |

Each of the gas ports 12a — 12h provide openings to first ends of corresponding
- gas channels 54a - 54d. Each of the gas channels includes a path which leads to
predetermined ones of the apertures 20a — 20h. It should be noted that only gas channels

54a, 54e are shown in FIG. 2.
13



It should be noted that .al though the size and/or shapes of the chaprrps 2004

54a- 540 @873l | shown to be the same in FIG 12 the si 4 Tﬁgﬂéﬁj e of each
of the channels 54a-54h need not be the sane. For exanple, a ageous

tenperature control characteristics nmay be achieved in a particular
application by providing channel s 54a-54h having different sizes and/or
shapes. In this case, the size, shape and/or pointing direction of each
nozzle 60 could be selected to provide a particular cooling characteristic.
At | east a portion of each of the one or nore channel s 40a-40h intersect
with at 10 least a portion of one of the gas channels 54a-54d. As shown in
FIG 2, for exanple, channels 40a and 40e intersect gas channels 54a, 54d,

respectively t ha s, f.ed .through e first port of gas channels '
13c, 13d tra\;teﬁilgﬁﬂtatﬁe&? ﬁtealfglﬁggh ﬁ’ﬁéé@éé@mh%ﬁ’s Oﬁﬁ@é’haﬂﬂ%ﬁﬂﬁsS@Va- 57h and
can exit_through, the expandi s gpertures 20a, 20e, exposed to the
heat i ngf€ |Sﬁ?1‘gn fobg %ﬁs%éf mﬁ%—@ﬁ%&ﬂ%@bﬂ@ﬁﬁg@@f@%m@@s $4a-34he ends 15-
of the assag s or chanpels 40 prevent gas fromexiting the second end the
channel Eeeﬁldé’ 9 60F Sapife r%‘?’aﬁ’f‘é{ﬂ@}es agdantagsowsdempernure tomrolidarat®dsticshannel s
40a- 40h, gas channels 4la-41 and apertures 20a-20h are selected in

accor daWézﬁw gehiexed ap acpartienlar applisatdorn by ipnevididignchabusls $64-5Hh hiavag t o t he
particular size of the device, the range of tenperatures to which the

devi ce didferest pigeseangéoreshiapashdn this casecthetsizeydtiaph and/depointingdatcton dfel d to a
particular tenperature within the range of tenperatures, available gas flow
rat es a¥agh npzale 6@ cewld boe stleetad toopromide symttiomlaedokfectavaidrivdte | aser power .
The size and shape of the vacuumport 32 is also selected in accordance

with a variety of factors including but not 14 WO 01/27707 PCT/ USOO/2717§
| APRIimted to the force required to hold the device to the surface 26 as

t he devi ce iAtleast agortion of each of the one or more channels 40a-40h intersect with at
10  least a portion of one of the gas channels 54a-54d. As shown in FIG. 2, for example,
channels 40a and 40e intersect gas channels 54a, 54d, respectively, such that gas fed

through the first port of gas channels 13¢, 13d travels through the openings 56a-56h in

clear windows 57a-57h and can exit through the expanding gas apertures 20a, 20e,

exposed to the héating/cooling region 29. The clear plugs 52a-52h disposed in the ends

15  of the passages or channels 40 prevent gas from exiting the second end the channels 40a-

40h.

The diameters of the ports 12a-12h, 13a-13d, channels 40a-40h, gas channels

41a-41 and apertures 20a-20h are selected in accordance with a variety of factors

20  including but not limited to the particular size of the device, the range of temperatures to
which the device is ‘to be exposed, the accuracy to which a device must be held to a
particular temperature within the range of temperatures, available gas flow fétes and
pressures to feed to the system and the available laser power. The size and shape of the

vacuum port 32 is also selected in accordance with a variety of factors including but not
14



nmoved from one | ocation to another location via a robot arm foragﬁaﬁﬁhgium
Such Mvere7 can result in significant forces on the geyhagysayuse '
acceleration an deceleration of a robot armor other transport structure.
The gas source 16 (FIG 1) supplies gas at a pressure sufficient to cool a
device through the gas ports 13a, 13b, 13c, and 13d. The gas travels
~upwar ds through channel s 54a-54d, (only channels 54a and 54d are visible in
Fig. 2) and a total of four such channels (one for each gas port) are
present in Fig. 1. The gas introduced into the 10 gas channels 54 cannot
escape Iited hiethb GbrcofacRired RENAD TN@ BB thOSGRIME 96 9E tRdvVRR!ik Yeing! €ar Pl ugs
52a-52h. As the gas exits the apertures 20a-20h, the gas expandg in the
regi on BYvaNfbAPbEH locsts b WHithe ﬁicéﬁ‘&{ L é?@do@%ﬂgfaﬂeﬁaﬁiléuﬁugﬁ? of the
15 er C Which'is

device 50. This results in a eat trans coefficien

bel i evedotdndi chshkahivg! ' G9R, i goefficients

whi ch'ca(r)1 be aghi eved ysy%gfri]%%(t:tl on%ﬁ?%%“&%“%%?%%@ :iag”a?;ceq i :gll?&n s is done

in pri . Lgue cooling, or to provide heating,

t he Iag%rcaé%agéﬁghﬁﬁ&%&?@I%&lg%it%%glatﬁ{c}g% “aser beams whi ch pass through

thecoptjcally clear w ndows 52a-52h and the optically clear expanding

ori?ices 56a-56h to i npinge on a surface 50a of the device 50 in

substanti al Iy the sane pon as t.he expandin as. . The result s direct

i npi ngenent %ngaf ﬁ?"é?‘?%@‘ﬁ@d Upg 5§<$§I3Qﬁ@5qsﬁ’1%§%'éﬁﬁle€ﬁﬂ G942 €Bvifees. 15 APR
f.an_inpinging jet stream of gas can

WO 01/ 27707, BCT/ US 175, T se

resul tﬁ?fﬂu%h H&'agastﬂ%gﬁﬁf%é’r ?%bggﬁp%‘i‘%ﬁ:%d- Ve @as travels yawards {Breugn 8as whi ch can
be obtaj ned. b flow rallel to the underside of the device 50. In

Jadditi gi’ﬁ“@ﬁeéaag”édo&ﬂb}ﬁc hafagnd pq preavisiblerin Fee. 20 ande sefal off foune

such channels (one for each gas port) are present in Fig. 1. The gas introduced into the

10  gas channels 54 cannot escape out the bottom of the channels 40, because of optically

clear plugs 52a-52h.

As the gas exits the apertures 20a-20h, the gas expands in the region 29 and

rapidly cools while directly impinging on the surface of the device 50. This resultsin a

15  heat tranéfer co_efﬁcient which is believed to be relatively high compared with heat
transfer coéfﬁcients which can be achieved by conduction through any solid c;r liquid as

is done in prior art techniques.

To regulate the cooling, or to proﬁde' heating, the laser source 14 (FIG. 1)

20  produces laser beams which pass through the optically clear windows 52a-52h and the
optically clear expanding oriﬁ_ces 56a-56h to impinge on a surface 50a of the device 50

in substantially the same fegion as the expanding gas. The result is direct impingement

of intermingled or coaxial heating and cooling sources.

15



t her nodynami ¢ property of expanding gasses results in a |ocalized[<oblARRg2(
effecR,Y g{}i‘!?'l in turn, results in a rapid thermal res%onse. |t shoul d be
not ed "Th #%e gas supplied by the gas source 16 (FI GECTUSBYIBE del i ver ed
at an anbi ent tenperature or the gas can be cooled and delivered to gas
ports 13a-13d (FIG 1) at a tenperature which is |lower than anbient
.tenperature (e.g. a relatively cool tenperature). 10 |I he direct :

i npi ngenent design of the present invention elimnates axially directed
thermal resistance paths between the heating and cooling sources. Since
there is no_axially directed thernmal resistance path between the cooling
and heating 38% an IMpEgiRgsietsiens! of gay caagesubidniahgatdransfencdefa¢iontr api d
thermal response tinme and there is no region of possible thermal fatigue
due to Whishas kighsdban that wirieh easdhd obgpingd hyecfiow pawallel td thesndersideofthe Al t hough
the nozzle/jet structures are here shown provided in the base of the

't enper. adeviee 8dntlncaddition,dheimee ©f ani ¢xpahding drifiee ap palec hdtanthgt haft then sone
enbodi ments is nay be desirable or necessary to orient the nozzlel/jet

st r uct uthesnaflyhimmicaopertyt dfampineting gasahrosults il bcald|cebligt effdce. (FHig)r es can be
oriented in any manner w thout departing from the spirit and scope of the
i nvent iianumg regiilteih 4 fapid temeat respohden gesidild i ndted @afhegheshppliedbyyng and
cooling sources is provided. 16 WD 01/27707 PCTIUSOQ 27175 Al'l references

cited Ithe ghssoarae IGFROY])kRbE Geliverbd SONRAHLMR iR AlR d¥he gRfcar8BCE In
their entirety. Having described preferred enbodi nents of The invention, it

wi Il neyokdeadEcliviedioost pbRs 9015 (G YR % Yerfifidrhthre Whith & 186Er i@t ot her

enbodi ments incorporating their concept's may be used. For exanple, in sone
appl i cakiff tdthpdiRdird@. £ 8 e AR cbdl idpssntd)e hei ght of the )

10 "The direct impingement design of the present invention eliminates axially
directed thermal resistance paths between the heating and cooling sources. Since there
is no axially directed thermal resistance path between the cooling and heating sources,
the system is provided having a relatively rapid thermal response tinie and there is no
region of possible thermal fatigue due to repeated heating and cooling of mechanical

15 strchures.

Although the nozzlefjet structures are here shown provided in the base of thfﬁ
temperature control structure 12, it should be appreciatéd that in some embodiments is
may be desii'able or necessary to orient the nozzle/jet structures differently than here

20  shown. The nozzlefjet structures can be oriented in any r_nanﬁer without departing from |
| the spirit and scope of the invention provided that direct impingement of intermingled

heating and cooling sources is provided.

16



vacuum structure 32 above the seating surface 26-such that the device AFﬂ] 20
di spowexbizn7e¥0 the top surface 36 of the vacuum tube 3gcrARed¥ies case, the
vacuum escape tubes 33 nmay not be required and the device could be
properly aligned before being picked up by the tenperature control
structure and placed in contact with a tester. Alternatively, the tester
coul d be provided having an alignnent structure to ensure that the device
is properly aligned against the tester. is Also, the seating surface 26
may be provi avi ng different shapes. For , exanpl if a perineter edge
of a device %iﬂf&?er?@gg ciiad hereln grracre qwswémrp%tﬁg bergimbY  heat

gener at {GteQte thSHRLERLM,E Vvariation, then the seating surface could be
provi ded having a shapé such that the device under test is substantially
or fully supports in a 20 central region thereof to thus | eave exposed the

.perinmeter regions of the device. fn this manner the expandi ng gases and
| aser - ener gyHavingglessabed geeterrsdembediments of thedevensier, ihwilbpowdgreme of t he

device wi orre Q i t ratjon or tenperature
var 1 v RGPl 88 Ay PR OSBRI hernBR BB g goses
and heagonegpth afgbeased.be directed at the region of interest to thus better

control the 225 tenperature of the device. Simlarly, since devices
t hensel ves can have particul ar regions of tenperature extrenmes (i.e.

-called " "col d. ts” he di ti f.th j et
:? r ggnseandr?é{é&ﬁgé’ger uﬁs‘raoghe?gp??lgitggngz %@Y h%g‘?&%@gg‘?\}?o%a e@?ﬁﬁh i §J Sas es
and/ or vaaaeh sABRuA31aboO kLA ti® furfact BR shidithatifd 054500%2i{dh68ed on
) ) 10  the top surface 36 of the vacuum tube 32. In this case, the vacuum escape tubes 33

may not be required and the device could be properly aligned before being picked up
by the temperature control structure aﬁd placed in contact with a tester. Alternatively,
the tester could be provided having an alignment structure to ensure that the device is
properly aligned against the tester.

15

Also, the seating surface 26 may be provided having different shapes. For

example, if a perimeter edge of a device under test corresponds to regions of particular
heat generation or temperature variation, then the seaﬁng surface could be provided
baving a shape such that the device under test is substantially or fully supports in a

20 ,central region thereof to thus leave exposed the perimeter regions of the de\}ice. In
this manner the expandiﬂg' gases and laser energy can impinge directly upon those
perimeter regions of the device which correspond to regions of heat generation or-
temperature variation in the device under test. With this approach, the cooling gases
and heating laser can be dirécted at the region of interest to thus better control the

25  temperature of the device.

Similarly, since devices themselves can have particular regions of temperature
extremes (i.e. so-called “hot spots” or “cold spots™), the direction of the gas jét

streams and the laser beams can be selected such that expanding gases and/or laser

17



beams inpinge particular regions of a device. One way in which the 4 A%R 200
directy the gas jets and | aser beans can bé chan j rovide
t he ch%‘g1 2%30 or the portion of the channels 40 whi cﬁgwgﬁoéﬁﬁtohe regi on
29 at an angle which is not normal to the surface of the device. It is
felt therefore that: these enbodi nents should not be limted to disclosed
enbodi nents, but rather should be [imted only by the spirit and scope of
the appended clains. 10 What is clained is: 18 1 APR 20 WD 01/27707

PCT/ US00/ 27175 Clainms A tenperature control structure in which a device can

be di spolseaths inpinge papiEubr egiorsaitrdeiicst One twaydn edighrthe dirgeticmslobthe havi ng a
seating surface i ch accepts .the device apd,a heatjng/cooling region; one
o ot GHiCtE S DeaR G b PR AP VRRAE RARSGR & AP Shannel o -
havi ng ' s Qe nor e

opti cal Iat;lllIE g%@gﬁﬂgﬁm@glﬁgﬁ%%ogge [ %%ggt%aggﬁ%}éggggﬁsgggﬂoﬁﬁgﬁﬁ one or
‘nmor e optsuefatd of the devicehannel s having a first end which term nates at an

aperture in the heating/cooling region of said body and a second end
adapfPed to accept a laser signal an 10 wherein at |east a portion of each

of said one . j | ear schanngl Sq.i r : - WA at least a
portion of oﬁ{elsoq?ﬁglae?ﬁ%e;@gﬂc%%s%ﬁa ST %Edgége?@%%dﬁ%@ﬁs\g!}&%e first
port  1Z2ntHodirdris, basratier BR@IId balinftét lonlytiyoati@ Bpigip afd sdopeef the expand and cool

the gas into the 13 heating/cooling region, while allow ng said |aser
| i ght t @ppensisd elaimaigh.

=

10 What is claimed is: ‘ )

18
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2. The systemof Clai-m| where entire systemis provided froma monbolARRhZE)!

bl ock wd ortmer material. The systemof Claim| further wenpédeahpg a
retaining structure to retain the device on the seating surface of the
body. e systemof Claim3 wherein the retaining structure is provided as a
vacuum structure. The systemof Clain 4 wherein said vacuum structure
conprises: 19 1 APR 20 WO 01/27707 PCT/USOQ 27175 a tube projecting

t hrough sai d body, said tube having a first end with a surface below the
seating surface and having a second e,{?ld' which is adapted to couple to a
vacuum source. 6. The system of d ai m'#%kherein the body includes a guiding
structure for accurately guiding the device into a particular |ocation on
the seating surface. The systemof Caim®6 structure wherein said guiding
strutturde i s Aptempiethdarefcooimlcrectore inowigch adeviee campipedissosed,abes of sai d body
whi ch t?rm' nate on, said seating, surface. 8. The systemof Caim1l wherein
each? of ?%?%a%%OBEPfWPE%FOIemw s is provided having a region which
fornms a nozzle such that a jet stream of expanding gas exits the aperture
in the heati a@bdphhviﬁgas@gm?@ur_f&se wiieh S¥SehRThe feitind ShadiiabrbolgaCh of
said optically clear channels is provided having a conically shaped

por t4 onregi¢h; The system of Claim 1l wherein the heating/cooling region
corresponds to a recess region of said body defined by a plurality of

si deyal | s angndloPadfe SREMARISERending into said body, each of said gas channels
6  having a first port adapted to accept a gas source; and -

7 one or more optically clear channels extending into said body, each of said one

8  ormore optically clear channels having a first end which terminates at an aperture in the

9 heating/cooling region of said body and a second end adapted to accept a laser signal and

10  wherein at least a portion of each of said one or more optically clear channels intersect

11 with at least a portion of one of said gas channels such that gas fed tlirough the first port

12  of said gas channel can exit through an orifice to ‘ex_pand and cool the gas into the

13  heating/cooling region, while allowing ._sai& laser light to pass through.

1 2. The system of Claim 1 where entire system is provided from a monolithic

2  block of clear material.

1 3. The system of Claim 1 further comprising a retaining structure to retain the

2 device on the seating surface of the body.

1 4 The system of Claim 3 wherein the retaining structure is provided as a vacuum
2 structure. |
1 5 The system of Claim 4 wherein said vacuum structure comprises:

18



the apertures of said optically clear channels are_provided in saifd bR 20
11. The systemof Claim1l wherein said base includes a plurality of recess

r egi on@'o'?llﬁ”%ﬁi ch the apertures of said optically clear PERHRH&TESar e

provi ded. 12. The systemof Claim| wherein said seating surface is defined
by a boss projecting froma sidewall of said body. 20 WD 01/ 27707

PCT/ USOQ' 27175 13. The systemof Claim 1l wherein said seating surface is

di sposed a di stance above the apertures in the heating/cooling region such
that a | aser beam and gas propagating through the apertures inpinge on the

devi ge in substeipréjettingtth®usReEd bb8lisaid 1Rbe hA\8nHLHIE Bnd WB aSuSFh&M of T aim
1 further conprising: a | aser source coupled to said second end of each of

sai d 3opt belawithe schtng sufeen aed bavingmal second snd vhiahds edappidatd couple beafirst end of
: each4of sali d gas channels. 15. A structure for controlling the tenperature
of a‘*deviZE"™RECEt ructure conprising: (a) a body having a heating/cooling
fegion; and (b) a heating channel disposed in said body with one end of
sai d heating channel exposed to the heating/cooling region in said body;
and ¢c) @& coolhasystehuefi{dhingil sylesenl therboglgiiaklindd\a gridihg stneteadorof sai d

cool ing channel .exposed to .the heating/cooling regi.on in said body and
wher &i n %&F@pﬁ?ﬁé@f‘&% "gen‘gev“??&ﬂﬁoi W%W%@F%‘fm&r‘%‘ f $83HEB §u4¢esai d body such
t hat energy propagating in the heating channel is intermngled with gas

propagating in said cooling channel and directly
1 The system of Claim 6 structure wherein said guiding structure is provided

2  from one or more tapered upper surfaces of said body which terminate on said seating

3  surface,. r )

1 8 The system of Claim 1 wherein each of said optically clear channels is
2 provicied having a region which forms a nozzle such that a jet stream of expanding gas

3 exits the aperture in the heating/cooling region.

1 9. The system of Claim 8 wherein each of said optically clear channels is
2  provided having a conically shaped portion.

1 10.  The system of Claim 1 wherein the heating/cooling region corresponds to a
2 recess region of said body defined by a plurality of sidewalls and a base and wherein

3 the apertures of saidr optically clear channels are provided in said basé. |

1 11.  The system of Claim 1 wherein said base includes a plurality of recess regions

2 in which the apertures of said optically clear channels are provided.

1 12.  The system of Claim 1 wherein said seating surface is defined by 2 boss
2 projecting from a sidewall of said body. |
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10 i npi nges upon the device. 16. The system of G-aim 15 wherein eachi %ﬁ) 20
sai d Wb | clear channels is provided having a shrroe such_t hat Bt !
stream of0 gas exits the aperture in the heating/cooli éll;flé%}ﬂ@ﬁlmﬂ The
system of Cl aim 15 wherein each of said optically clear windows is

provi ded having a narrowi ng region which fornms a nozzle to expand said gas
‘to allow it to cool the chanmber. AID/ IR 2U 21 1 APR 20L WD 01/ 27707 '
PCT/ USOQ' 27176 18. The system of Claim 16 wherein the heating/cooling
region corresponds to a recess region of said body defined by a plurality
of sitdewH.| s HrdsyatehasfEClai lméhmmd&hﬂmmﬁbwﬁﬁlspf)seﬂaﬂ distaqdei cal |y cl ear
channel s . are provided,in said base. The system of Claim 18 wherein said

base 'lf‘f?fh%%g‘eaapﬁmﬁeémh?%#mﬂéw@gg;%@fiwb %adﬁptbﬁafm@daﬁfértures of sai d
t t
o0 S5 kB AR o B Bl TR 8BS Yot O

'strut;t-ur;egibﬁmfﬂg devize) ded therein a heating/ cool | ng region, a |laser channel
and a gas channel; a | aser source coupled to the | aser channel to transmt
l'ight wherein said |aser channel is disposed such that |ight from said
| aser squyrce e the . .device; and a gas source coupled to
t he igasqc%hanrﬁ%%y&é&q} g?ﬁg%“ﬂ’i“@}“?lﬁ% structure,

2 a laser source coupled to said second end of each of said optlcally clear

3  channels; and -

4 : a gas source coupled to the first end of each of said gas channels.

15. A structure for controlling the temperature of a device, the structure
comprising:

(a) a'body having a heating/cooling region; and

(b) a heating channel disposed in said body with one end of said heating channel
exposed to the heating/cooling region in said body; and |

(c) " acooling channel disposed in said body with one end of said cooling channel
exposed to the heatmg/coohng region in said body and wherein said heatmg and

cooling channels are disposed in said body such that energy propagating in the heating

(T- B RS N L I Y IC R S

* channel is intermingled with gas pro‘pagatinjg in said cooling channel and directly

3
o

impinges upon the device.

1 16, The system of Claim 15 wherein each of said optically clear channels is
2  provided having a shape such that a jet stream of gas exits the aperture in the

3 heating/cooling region.

1 17 The system of Claim 15 wherein each of said optically clear windows is
2  provided having a narrowing region which forms a nozzle to expand said gas to allow

3 it to cool the chamber.
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i i s channel s are disposed such that a | asef APRNAL
9 wherein said | aser and ga P ed with a gas flow

ropa ' 0 through said | aser channel is intermingl
BroBagg?Egz?ﬁ’r ough said 11 gas channel. 21. The systegpws_@!/&'ﬂﬁﬁ 21 where
gas expands as enters cooling region, thereby cooling by adiabatic

expansi on. 22

1 18.  The system of Claim 16 wherein the heating/cooling region cotresponds to a
2 recess region of said body defined by a plurality of sidewalls and a base and wherein

3 the apertures of said optically clear channels are provided in said base.

1 19.  The system of Claim 18 wherein said base includes a plurality of recess

regions in which the apertures of said optically clear channels are provided.

[x8)

20. A temperature control system for controlling the temperature of a device, the
system comprising;
a structure having provided therein a heating/cooling region, a laser channel ' )

and a gas channel;
a laser source coupled to the laser channel to transmit light wherein said laser

channel is disposed such that light from said laser source can directly impinge the

device; and
a gas source coupled to the gas channel to introduce gas into the structure,

\003~J0\U1|bwl\)!—'

wherein said laser and gas channels are disposed such that a laser signal propagating
10  through said laser channel is intermingled with a gas flow propagating through said

11  gaschannel.

1 21.  The system of Claim 21 where gaé expands as enters cooling region, thereby

2 cooling by adiabatic expansion,

22



