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FI ELD OF widba/A7%¢ENTI ON 10 The present invention relatespkgnkﬁapﬁﬂ@ture
control systens and nore particularly to structures for locating, holding,
and controlling the tenperature of a device. BACKGROUND OF THE | NVENTI ON
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 disposed in a
tenperature control structure. The tenperature control structure regul ates_

t he tenperat “rq}Rh(?ﬂEfl‘iﬂ@E‘iﬁ wﬁﬁiﬂ@]‘? ' (ﬁ][ﬁg%ci rcuits,
have becone increasingly shaller ITe a he sane ﬁ'ﬁ?f evi ces

di ssi pate increasingly. nore powsBOVERNMENT RIGHTSN deV| ces having:a
‘relatively | ow ss which, tend to rapidly heat during operation.
Tenper at ure conwgﬁlpgzlﬁbg%tur-es, on the other ‘hand, do not typically have a

| ow 255thernmal mass since the structures nust incl ude a heat i ng appar at us
and a heat sink. U S. Patent 5,821,505, for exanple, describes a typical

tenperature control structure V\ﬂ‘ﬁEIe-‘hTE B ARBLIGA PCTI 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 recjuire 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 tlme the devxces d1s51pate mcreasmgly more power. This results in dev1ces

) having a relatlvely low thermal mass wh1ch tend to rapldly heat dunng operatlon

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.
Patent 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 opposing
faces. A heat sink takes contact with a first face of the electric heater
and an ewemiemm?c devi ce under test mmkes contact w t hpchwsesomsd face of
the electric heater. This approach results in a built- up, |ayered serial
conponent structure in which the heater is disposed between the 5

‘el ectronic device under test and the heat sink. A tenperature sensor is
coupled to the electronic 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 contro] circujt decreases the power to the
heat er whagiligesen electsis blaketttynehesten having dirst andseeqnd oppesinedaces vA dgatisiikahove a
set point, and vice-versa. Wien the heater tenperature_ Th is |ess than the
devi ce t erfBeacontect vith a firstfagr-cfithe elgctac heatenand an elspteqnic davice WdeA €Y t hr ough
the heater to the heat sink and the rate of heat, flow increases as Td-Th

i ncr eases. Mga Fontact with thessgond facq ghthe glectrip heptare Abis pprsgachgesultsia aduist 1 oni ¢
device from the hegter; and the rate of. heat flow ipcreases as Th-Td

i ncr eases. UnBjaYETed eripl AmRPNeR) SYRRIFG N whﬁg jtﬁgbeqtﬂets S%obs’éwse!h t flowto
fromthe el ectronic. devjce caq Bq adj.usted and that in turn regul ates the
devi ce 3t erfiRHgpiGAsvic F'Fﬁceétet“r?é’ ®@E¥Gei ng heated and cool ed have
relatively |low thermal mass and the tenperature control structure on which
t he devices are disposed for processing and/or 20 testing have many tines
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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 T4, then heat flows from the
electronic device through the heater to the heat sink and the rate of heat flow increases as
T4-Th increases. When Ty, is greater than Ty, then heat flows to the electronic device from
the heater; and the rate of heat flow increases as Ty-T4 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 temperature 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 itsellf 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 the thermal nass of the tenperature control structure
bei ng much greater than the thermal nass of the device,-there is a delay in
t he thernwWomagpdnse tinme in controlling the tenperaturecrisdinrsievi ce.
Furthernore, since the tenperature 5 control structure is many tines the
thermal mass of the device itself, significant energy is wasted in heating
and/or cooling a |low thernmal nmass device by using a high thernmal nmass
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 conmponent approach is that the dielectric layers of the heater
represent a thermal resistance between the netal heating el enment and the

el ectrical devi cs2eoneearense of the thermalanass pfthe temperaturs eontral strugtuggrbeinge heat i ng
el enent are repeatedly h'ﬁt ed and oqQl ed and thys repeatedly expand and

contract. TH ﬂ@ﬁéhec alr’@fﬁség & devigesthsre 3¢ a delayip the,thermpl TRspeRsEn; cal
failure due to. the r t ed e ansi o nd c action, of .the dielectric
due to tenppsinfontr §°mP dﬂ ‘? %ndﬁ‘é eTmQEe, §inss the APraPergiuIS: ovi de a

terrperature contro structure tem | tlv |y | ow thernal
mass which %PPF&/%"“ t?‘% nﬁ?éf‘/?ﬁ% Hgﬁcet’ﬁe { SR anged. It
woul d al so .,be 1 r,abl.e t vl de ,a m whi ch rovi de t her mal
esponse. _HEmgS E‘*l"*@‘JPﬂﬁeﬂ‘“gf"gF@ oGP RS e sevelhn i gt Hemle. | <
reached. It_wo urth sirable to provide a conpact tenperature
control  stPHet gﬁwg zﬁ“'t“g'“&l lized in a relatively small test chanber

and which allows good eI ectrical contact to be nade to a device under test
and which can be used to in 25 an environnent in which a plurality of

devices can be %ﬁﬁ&gif%m&e@ 'i'se&Wildé’d as the gﬁfe: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 provide 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 response, 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.



WD 01/ 27707 PCT/ US00/ 27175 SUMMARY OF THE | NVENTI ON One object of this
invention is to provide a structure for tenperature controlling a device
that is WOWMEATAct with it using direct inpinging cool arcrjusoem7arsd | aser
beans. 5 A further object of the invention is to-align one or nore |aser
beans coaxially wth one or nore expanding gas cooling jets, such that the
I'aser beans and the cooling jets inpinge on substantially the sanme region
of the device. 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 conpared w f | fer coefficients which
can be obtai ned by mchan%gm(é#%mg vice and a tenperature
controlled surface. 15 A still further object of the inventionis to
provi de a vacuu@mesabject dfthis itventiomisiteprosidd e siramure dorltempersturernohedlting i rnl y on
a structure which controls the tenperature of the device. 20 A still
further obgdeviceghattifia contaetwithoit using disecpinpinging eoolantjrts audlaser beanist ol
structure which includes guiding and |ocating structures to hel p gui de and
| ocate % device to a seating surface of the tenperature control structure,
where the guiding and |ocating structure is also an insulator having a
relatively |i g%%\}@}e—gﬁbﬁa@f‘?}@ igyontipy dstoplign UBOOKIROEAsser teamsccoanidlint her
objects of the invention are nmet by providing a structure for

with one or more expanding gas cooling jets, such that the laser beams and the cooling

jets impinge on substantially the same region of the device.

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 stil] 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.



tenperature controlling a device which includes a body having a
heating/cooling region to which the device is exposed; a heating channel

di sposed W O0¥27@7body with one end exposed to the heati RGEESHAITHE r egi on
and a cooling channel disposed in the body with 5 one end exposed to the
heati ng/ cool i ng region and wherein the heating and cooling channels are

di sposed in the body such that energy propagating in the heating channel is
intermngled with gas propagating in the cooling channel such that the
heati ng energy and cooling gas directly inpinge upon a surface the device.

Wth thi tigyl nent tr.uct f trolling t :
Lerer at ur 6 of - heRe PR URE SHFEH Ol s IO 88 5 S ARSRZE S5O0 BE pr ovi ded

L R A B
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t hen direct I mpi ngés upon the devi ce. 1 ght and gas are

focused on sauBsdopdiivin] ga¥ theéxdbo hahetmhﬂaﬁuéﬁ&ﬁﬁ%&ia had the
I npi ngenent zones of t epltr?ga ing and cooling sources are 2 inétyerm' ngl ed.
In a pfefe%&ﬁggﬂﬂo&%ﬂ%{pmgemsom@émﬂmmmm irtiallinaragRatesy i n t he
heating source (e.g. the laser light) and thus the heating and cooling
streans cag shicure WroHR6IRAg Me téRIdnat of4 H&adEEs piovided Thechehtafy dhagnehnd
cooling sources directly inpinge on the device, the system mass and
t her mah o espPhSHovidedss @ioptitdlylchapéeianhdl bnd the hedting sowrsesdan e drovidedms m zed.
The technique of the present invention elimnates entirely any 5

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 provides 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 regions 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



WO 01/ 27707 PCT/ USOQ 27175 heater-to-heat sink thermal resistance
necessarily included in prior art systens by conbining the heater and heat
si nk i ntWO0RTBEt | vel y, one interm ngl ed source. DependPEHUSHEEHSt he
particular systemin which the tenperature control structure is used and
the operating requirenents of the system mllisecond thermal response

‘tinmes are possible. 5 Furthernore, since the heating and cooling sources

directly inpinge on the device itself, +the tenperature control structure
in which the device is held need not performa heat sink function.

: . f ' f
ot or ol e ok SRR Sr ik deoSril R @for B el 10T 2
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processi ng,” prin board manutacturing an processi ng.
Si nce che 'ggé@dﬁ | [ L L ks
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chem stry chip, which contains difféerent experinents. The tenperature

control sty ghipeRinféfortrd] dtifure if Whithehedelith & HAIdHeBE hotParfbi PHGbsink he body
and into the heating/cooling region. Afirst end of the tube ends bel ow the

20 seat i NOfusslidnd Condétfhetlys AeOBfp&atiredontrEsthudhife tah ROt ffork@nyoupl ed to
a vacuum source. Wien a vacuumis drawn through the tube, a vacuumforce is
gener at ed jateRisll Khvirgea rél@wieBeloWinass NEhisg @ MdssSeff the Gempdhtafe cdiitroPr OVi di ng
the top surface of the vacuumtube slightly below el evation of the seating
surface, tasichectanictudidebalissthasthe nfdsSafithé devidee expandi ng cool i ng gasses
whi ch enter the heating/cooling region via the gas channel.

10

It should 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 a second end of the tube is adapted to be coupled to a vacuum source.
When a vacuum is drawn through the tube, a vacuum force is generated to hold the
device onto the seating surface. Also, by providing the top surface of the vacuum tube
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.
6



6 WO 01/ 27707 PCT/US00/ 27175 Furthernore, the tenperature control
structure can include a guiding structure for accurately guiding a device
into a pawbiegater | ocation onto a seating surface of thecHgdsnens ure
control structure. In a preferred enbodi ment, the guiding structure is 5
provi ded fromone or nore tapered upper surfaces of the body which
termnate on the seating surface of the tenperature control structure.

Thus, the tenperature control structure of the present invention can

i nclude both | ocating and vacuum cl anping structures, to |locate and hold a
device that is to be tenperature controlled during testing and/or .
processi ng. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoing features of
the invention, as well as the invention itself my be nore full

under st ood f r omFiitkerhore] thotemperabre¢ontral stuctureican inokyded guidiog sruehireifps, i n
which: 15 FIG | shows an isonetric view of a tenperature control system
and FI G 2 astwately guiding s dewige iimgp aopartioulartlecation onter & seating rsutfacst ofiitbe ur e
having a device disposed thereon taken along lines 2-2 in FIG 1. 20
DESCRI PTI Otengreratyne qopgredmstpetyres/iop) nvefires pmbedimentg theogpidipg sirugture i
tenperature control system 10 for, controlling. the ‘E{ﬁiﬁnﬁerature of a device

i ncl ude® a PraYidsd fom, pie Qranqre apered uppsr spgaces ofthe bpdy trrminataongpe | gser

orts 12a - 12h provided in a bottom surface thereof and a plurality of gas
Bor ts sea]ﬁng surface & tﬂe temperature control structure. jElhus, ?he temperatu?e controi y 9

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 description of the drawings, in
which:
15
FIG. 1 shows an isometric view of a temperature control system; and
FIG. 2 shows a cross section of the temperature control structure having a device
disposed thereon taken along lines 2-2 in 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
7



25 13a-13d provided in one or nore side surfaces thereof. For clarity in
viewing and 7 HHr WO 01127707 PCT/ US00127175 explanation, only three of
t he | aseswvgapt®r 12a, 12e and 12f are shown in FIG 1. Apcafifberaiurce 14 is
coupled to each of the |aser beam ports 12a-12h and a gas source 16 is
coupled to each of the gas ports 13a-13d. It should be noted that in sone
enbodi nents it may be preferable to replace |aser source 14 with another
type of energy producing 5 device such as a device which produces a
focused beam of energy. The optically clear ports 13a-13d and gas ports
12a-12h | ead, respectively, to optically clear and gas channels which w |
be descri baxplahatiom\only thres¢fithe laserports 12a, F2¢and 12f alsshéwicin FIG. heAdasep say t hat
the light source 14 and gas source 16 transmt |ight and gas 10 into the

st ruct ur e sbfreed4lie acupdeditocgack obthedaste beane pdits p2sE2h dnd ssgassounge d61i9. The
particular manner in which this is acconplished will also be described

bel ow i n ceouplad ta ¢éagh ofithe igas parts, 132-13d:hie shawidbba noted thatin semeembadimentsir e 12

i ncludes a base 18 having a plurality of 15 apertures 20a - 20h, generally
denot ed 20t pieybe ieafereble tereplace laseirgoutcd 18avitpanother fipe @f encrey prdueingigh
structure 12 is here shown _having eight |aser ports 12a-12h, four gas ports
13a- 13d odeyiceisuchrasaslevice whichwedugena foppred begmef encegy12 can be provi ded
havi ng any nunber of |aser ports 12a-12h, gas ports 13a-13d or apertures
20a- 20h. The particul ar nunmber of ports 12a-12h, 13a-13d and apertures

W th a vari ety B SPHEHE S et Eihbh 8RS G Por dr-Lah [0 dFRP A © s pace,
SR M TR R G TN N A AR R
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 apertures 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 selected 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



sidewal I s 22 of the support structure 12 and | ead to channels provided in
the structure 12. 8 WO 01/27707 PCT/USOQ 27175 Structure 12 nay be

manuf act W@eLZ7v6dm any nmateri al havi ng sufficient strengPOTAUSW/2WMSport a
devi ce di sposed thereon during and having a relatively | ow thernal
conduction characteristic. Structure 12 may be provided frommaterials

i ncluding, but not limted to, plastic or porceline, for exanple. In sone-
enbodi ments, it nmay be desirable or 5 necessary to manufacture the entire
structure froman optically transparent or clear material. In the

Pavi ng. t apSPIRTt JadPe, B PRbeiRd i i RS, B D58 FreAghdos; d

aving tap S : si de

sur 2§§ 235 ffése%% ﬁf@%ﬁf‘ b6 5'?8@158&%% %‘é{;hﬁﬁ‘iﬁ@?tpmdef f“q%ﬁu%%eatz',h“?he
' L . 24 ' , ' . '

22?? ir ﬁgdilfﬁ?efﬁ’%*sﬂ%? SPhESEIz e oo sl e, SRMRARREAL oo w

gﬁr f Stcidzéé"i?%s‘%ﬁ% plrcitle 0 bt Yo e SBNIES it B bf é&*%é“ﬁt""’ﬁezeaf 0
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provi de t Bgndifae ind fiidfar iBGfh! 8w Fid3) the Wlklind 15 L Biidghodi ment s,

t he gasket nmy be provi roma non-condictive naterTa e se 18 and

the boss $helfstaperdd Uler SEfited ANAIBR b6 d Bifds 25 Rk ddk suffdce/Ma M uct ure 12

further includeS a device retaining structure .30.%1% this particular
enbodi Ment.tof SRfRECIA THEp Silrfake 261 8&IndYa behtiRg Qifadege.f rom a vacuum tube 32
having a vacuum hole 34 along a central |ongitudinal axis thereof. The
vacuum tube 32 is disposed through the base 18 and projects a distance
above the base 18 such that a top

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 flush 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 gasket from a
conductive material, while in other embodiments, the gasket may be provided from a
non-conductive material. The base 18 and the boss sides 25a define a heating/cooling

region 29.

20 The structure 12 further includes a device retaining structure 30. In this particular
embodiment, the retaining structure 30 is provided from a vacuum tube 32 having a
vacuum hole 34 along a central longitudinal axis thereof. The vacuum 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
o



surface 36 of the vacuumtube is slightly below a surface of a device. In
this particular 9 gill W 01/27707 PCT/ US00/ 27175 enbodi the top
surface ¥8%WE | ow a pl ane defined by the seating surf%%ﬂun%. "Wth this
approach, the vacuum hole 34 can hold the device to the seating surface 26
while at the sane tinme acting as a drain to expandi ng/ cooling gasses which
‘enter the region 29 through apertures 20a-20h in a manner to be descri bed
bel ow. Although the retaining 5 structure 30 has here been described as a
vacuum structure, those of ordinary skill in the art will appreciate that

other ret ghpldig tthé'&b‘éﬁﬁ&:e'i_@YsKélo%@aﬂ?né&ﬁﬁedﬂytﬂxém&s\h&c@%eﬂﬁtht hat, as

showmn in FIG 2, the device is typically in contact wth any array of

el ectric ﬂﬂé}?ﬁfuc%&%c&hﬁﬁ@ﬁtﬂwﬁm&ﬂﬂdéﬂé@foth@ﬁaﬁﬁéﬁﬂfa_@@i@ﬁhﬂ& awn of f of
control strucfure 12 due to the force of the inpinging jet stream of gas.

Those of eGhia tiheSdetihg ad A\draihtto @k pandinig)cobliny & hici eted thecrepios 29 t hat
ot her techniques or retaining structures such as clanps could also be

used. Al shrbuhl aperdstes 204-20h iRaseanhsr 0/ defigibpdbilow. Adtheligicthe retaidingo
optically clear channels 40a-40h (FIG 2) which extend into the structure

12. Eash efuchiie 30hss hefe e describeda a vacium shlatud)thokeofordindry skill iethd wWhi ch
termnates at a correspondi ng one of the apertures 20a-20h in the

heat i ng/ c e il gppregiate tha? Bthef retdiing strucaires ayl dlso ¥e ased.oftcshewld bemotedach of t he
channel s 40a-40h term nates at a correspondi ng one of the ports 12a-12h
each of tiat,ck showen adEjtl. & theodexive dp typivally srecorsacy math #ny aunay lof eleatsier sour ce
14. The | aser source 14 provides a | aser beamor |ight having a size and
shape whi plobeswiiich priovent s dévideamdeéragst fror beihg blown lofftof dentrol stoictuex e t he si ze
and shape of the channels 40a-40h. For exanple, if channels 40a-40h are
provi ded tathe doree of the dmpingingjetsstreans of gasn alhoshaberdivhiryskilhint the aftayill

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 channels 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 channels 40a-40h terminates at a corresponding one of 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 light having a size and shape which preferably substantially

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-sectional shape of a particular
diameter, then laser source 14 preferably provides a laser beam having a circular cross-
sectional shape having a diameter substantially the same as the diameter of the channels

40a-40h.
10



di aneter, then laser source 14 preferably provides a | aser beam having a
circular cross-_sectional shape having a dianeter substantially the sane as
the di amet@981 he channels 40a- 40h. 10 WD 01/ 27707 PQA® BIE75 It
shoul d al so be noted that each of the channels 40a 40h need not be provided
havi ng the sane size and/or shape. For exanple, advantageous tenperature
control characteristics nmay be achieved in a particular application 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 5 could be selected to

substantially mft%ﬂoxﬁ&‘ﬁs@b@ﬁot@@ﬁ{apéacﬁ BARE cRdnnbRA0& h@fpﬂ&hﬁoﬁpﬁ %%ded N Whi Chr

the laser beamw Il propagate. The apertures % open ont rst surface

of the basehﬂaﬁn%ﬂle%ﬁn@mzfe%%r 5&%@8%: E£EAHE) ifartigebitCreRBeratutSeonttol NOUGh

the apertures 20 are here shown provided i'n a recess 10 region, it should
be appr eci abl%acidﬁﬁﬁcs@:ﬁh@’bbﬁélﬂ&e&ﬁiﬁﬁ&r&u[@hﬁbhbﬁxoﬁ%ﬂﬁr&ich&fé’bhh&eish@ah%e 18 or

apertures 20 could be provided ina structure (e.g. a post or other raised

structure) hadmgdiffeleitiized MRV 6r shiises DRSthis bikse, tﬁb@izéamapd&@haﬂasesbém needed
but the apertures do not need to be flush either. It should be noted that

al t houghs t heould Beeseluatkl & subktantiatly adatch e sizad/otshape dfihed¢hanidld 40a10Win t 0 be
the sanme in FIG 1, the size and shape of each of the 15 apertures need not

be the sanewhishftesiasenyeanowill propagate. 2, in which |ike el enments of the
tenperature control structure system12 in FIG 1 are provided having like
reference designations, the structure 12 has a device under test 50
di sposed on the seating surface 26. Wth the device in 20 place, the
heat i ng/ cool i ng Thegapertu29 20 epanaso a firdt cerfate ofithetbase I8 in ashoptionajascesnd | i ght
(e.g. a laser beam can be introduced through the apertures 20. In this
particul ar region 44 of the base 18. Although the apertures 20 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.

Referring now to FIG. 2, in which like elements of the temperature control

structure system 12 in FIG.1 are provided having like reference 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 apertures 20. In this particular
example, the device 50 includes 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



exanpl e, the device 50 includes contact points in the formof a ball grid
array provided froma plurality of balls 51 disposed on the surface of the
devi ce 5@0amd7hr ough which electrical connections ar ePGEHUSWI1She

el ectrical devices and conponents included within 11 WO 01/27707

PCT/ US00127175 the device 50. Disposed over the device 50 is tester 52
having a plurality of test probes 54. For «clarity, only a portion of the
tester 52 is shown in FIG 2. The test probes 54 are in 5 physical and
electrical contact wth the electrical contacts 51 of the device 50. The
tester probes 54 provide a force on the dedvice 50 through the contacts 51
sufficienﬂhfeevﬁﬁéh'n device 50 on the seating surface 26 while the
expandi ng gases i npinge upon the surface of the device 50 exposed to the
heati ng/ cooling region 29. It should be noted that this design allows

S M S
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t he devic ont'o Seati ng sur y providing the
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Al ternatively, 1n case ere the vacuum t 2 cannot act as a drain for

t he expandidfy, HF%S Esntact tdhe Mk # Halle51 His pidbésS4R anP SheVélécieap! ane
defined by the seating surface 26),
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 the vacuum tube 32
slightly below elevation of the seating surface 26, the vacuum hole 32 can act 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 sidewalls 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
12



one or nore escape paths 33 can be provided in the sidewalls 22 of the
structure allow gas to escape fromthe region 29. Here two escape
pat hs 33 g&é"éﬁ@%m but those of ordinary skill in the af¢TWBWRTIZIHpreci at e
t hat any nunber of paths or openings sufficient 12 WO 01/27707

PCT/ US00/ 27175 to allow gas to escape fromregion 29 can be used. Each of
the optically clear ports 12a - 12h provide openings to first ends of
correspondi ng channels 40a - 40h. Disposed in first ends of each of the
channel s 40a- 5 40h is a clear sealing wi ndow 52a 52h and di sposed in

second ends, QoW B& 158 hgmqlgg}%ﬁ AW uséar sealing w ndows 57a 57h. A
top surface o?ot% vm%gggvs h7a Zl%d]‘l‘formt e bottomsurface 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 EhlifofiheptiSLR! dIdas phits 42s 19K Fiq'iddércﬁa\éﬁiﬁééjtoaﬁrsﬁ&adéﬁifi cally
clear plug which 10 provides a gas tight seal in the first ends of channels

40a- 40h. Tfaanﬁdgeﬁdingwf:ﬁadﬂaiémda?mmﬁms sEPM TR ehils dffeactPsransichatnéls4@E t he
a_

channel s 40 h have openi ngs 56a-56h which |ead to the apertures 20a -

20h. |t sshagh i dxtead Sdalifig windbwdh-$21 i dispasudeh Secdhtbendd OEthatlemmal®so in FI G
2. 15 As can be seen in FIG 2, the openings 56a-56h in optically clear

pl ugs 57a- dfhareiclar sedng \aindOw S73-5709AQ0S subface'\bti thd windews $-57hfedihed si ze
path 59 which together form a nozzle structure 60. The nozzle structure 60
causes t he bgasm sarfdce ot rpedks filopsdd WIGCH). Iaxhis partibdlarcgxamplel sisceie- 20h i nto
the heating/cooling region 29. Thus, a jet stream of gas passes through
expandi ng daserf soores 18GEIKH AN dixeads higlit imtp ¢hiet chamrelO40a-400fron? 8n Ecternaldhser he gas
ports 12a -12h provide openings to first ends of corresponding

source, each of the clear sealing windows 52 is provided as an optically clear plug which

10 providesa gas t_ight 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
lead to the apertures 20a — 20h. It should be noted that only two channels 40a, 40e are

shown in FIG. 2.

15 As can be seen 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
a nozzle structure 60. The nozzle structure 60 causes the gas to form a jet stream which
exits the apertures 20a-20h into the heating/cooling region 29. Thus, a jet stream of gas
passes through expanding orifices 56a-56h and out apertures 20a-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



gas channel s 54a - 54d. Each of the gas channels includes a path which

| eads to_, predeterm ned ones of the apertures 20a - 20h d be noted
t hat onlvmﬂ@@T@%annels 54a, 54e are shown in FIG 2. 1§Cb@§@@§§%707

PCT/ USCO 27175 It should be noted that although.-the size and/or shapes of
t he channel s 54a-54h are all shown to be the sane in FIG 12 the size and
shape of each of the channels 54a-54h need not be the sanme. For exanpl e,
advant ageous tenperature control characteristics 5 may be achieved in a
particul ar application by providing channels 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

characteri sti ¢y shbulli®8abted tRPhkHRBh Be BRGAI/BE sHaPss ke HanfBlé S4acipnnel s
40a-40h intersect wth at 10 |least a portion of one of the gas channels

S4a- 54d. Afe s1ABHN tdbethézame in FIY. 1228 5iB¢ Shd shaped Bth of tie dhamels 44£54mt er sect
gas channel s 54a, 54d, respectively, such that gas fed through the first

port of gagedhbadhdsahitC Fot Sfarhpla \@vanthddba i@hptlatir® suhirol GisardeeatisB&N 1 N
cl ear wi ndows 57a-57h and can exit through the expandi ng gas apertures 20a,

20e, exposfydbd achidved e at pantiulee Gipblichtios by Provifling ohenrelsesda-PthUlsvirg2a- 52h

di sposed in the ends 15 of the passages or channels 40 prevent gas from

exi ting t hiffGencies atlor shepesh drinthed case} Glee si) bhapd lafd/ohf poiktngy direefior b ports
12a- 12h, 13a-13d, channel s 40a-40h, gas channels 41 a-41 and apertures

20a- 20h areaclsmizelet60ctould bagelectelbtogeovidd Hpatistaar coblingdhafaaetistics 20 i ncl udi ng
but not limted to the particular size of the device, the range of
tenperatures to which the device is to be exposed, the accuracy to which a
device nmust be held to a particular tenperature within the range of
t enper at ur es, aAtddasteepartigraef eatloof thedmesorammte 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 13c, 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 heating/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 402-40h, 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 rates 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



pressures to feed to the systemand the avail able | aser power. The size and
shape of éﬁﬁ@ *@zuun1port 32 is also selected in accordance with a variety
of factor YOWM& Wi ng but not 14 WO 01/27707 PCT/ USOQ 2 SN ed to the
force required to hold the device to the surface 26 as the device is being
noved fromone | ocation to another |ocation via a robot arm for exanple.
Such novenent can result in significant forces on the device caused by
accel eration and deceleration of a robot armor other transport structure.
5 a The gas source 16 (FIG 1) supplies gas at a pressure sufficient to

cool a devipsitedith tiRUpfe rbifirgd fo A the dévids toltB®surfhds 26 aWe dSHee itBEingas

travel s upwards through gas channels 54a-54d, (only channels 54a and 54d

are Vi si bl gndvedfrdn od Ievatlotd icther dbcation fvia & Yedt @A foelesarhplee $weh each gas
port) are present in Fig. 1. The gas introduced into the 10 gas channels 54

cannot escafvefiight dncrefulf inOgigrificabnh foréds VANBE devite cdge by acceferdtiohiamadl | y
cl ear plugs 52a-52h. As the gas exits the apertures 20a 20h, the gas

expands i n deteleratigi cffa rabotatif or sthex tehinypoetasdustuithi | € di rectly i npinging on the
surface of the device 50. This results in a 15 heat transfer coefficient
which is balieved to be relatively high conpared with heat transfer
coefficients which can be achi eved by conduction through any solid or
liquid as is ddhegassoprced6 (HG 1) swppliss@gasat.a pressure guificient toleeolaateiicag, or to
provi de heating, the |laser source 14 (FIG 1) 20 produces |aser beans
whi ch pass thrioughuthie gak porti3ag 4Bb,\13¢) andr13di rikhovgas S2vels tpwardsithréugh gaspt i cal |y
cl ear expanding orifices 56a-56h to i npinge on a surface 50a of the device
50 in subshamelsf¥hp4d.{enly gshannele o andaxddiane visibledn Fig @) epdsa torlof fasul t i s
di rect i npingenent
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 resultsina

15  heat transfer coefficient which is believed to be relatively high compared with heat
transfer coefficients which can be achieved by conduction through any solid or liquid as

is done in prior art techniques.

To regulate the cooling, or to provide 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 orifices 56a-56h to impinge on a surface 50a of the device 50

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

of intermingled or coaxial heating and cooling sources.

15



of intermngled or coaxial heating and cooling sources. 15 WO 01/27707

PCT/ USOOL27175 The use of an inpinging jet streamof gas can result in a
heat traNei@27®effici ent which is higher than that whi E&TE$YHE™Sobt ai ned
by a flow parallel to the underside of the device 50. In addition, the use
of an expanding orifice to take advantage of the . thernodynam c property of
expandi ng gasses results in a localized cooling effect. This, 5 in turn,
results in a rapid thermal response. It should be noted that the gas
supplied by the gas source 16 (FIG 1) can be delivered at an amnbi ent

(T S s TS A S A T
ti . . .10 ' ' ' i h
| R b e MR g g
et v N Ry AR 1 BB E e SRRl

the svstem SpRERULACHORAY Bl AulotElots 3R hekihRh BBbinfgasRANTms | | ™o and

there is n [ hEl atigue due to repeated heating and

c00l} 1G0T \HRERARLGE 1n o faBidWhExdfel Hsfidhuse. e SEAUND D A6 B4R Bud SibpIRIBYCL UT €5

are her OWN ’provi a the tenperature control structure

12, it Sho%@g%%g}i‘?%iﬂfﬁilﬁt BQafLBFg?liﬁreﬁ%% sibiest eRperfuleor tHERas b teesi r abl e

or necessary e ‘nozz Jet structures differently than here 20

shown. The nofkdbad ddivesl td'gds Pofts 1 :ABITEIC ) 8Y fpératury WhiBRiY6Werthdrhout
departing from the spirit and scope of the invention provided that direct

| Mpi NgenMentapfier PnflerinRo(Sg a iBRAV S0 Renpenlrt)g sources is provided. 16

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 time and there is no
region of possible thermal fatigue due to repeated heating and cooling of mechanical

15 structures.

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

20 shown. The nozzle/jet structures can be oriented in any manner without departing from
the spirit and scope of the invention provided that direct impingement of intermingled

heating and cooling sources is provided.

16



WO 01/ 27707 PCT/USOCQO 27175 Al references cited herein are hereby

expressly i ncorforat ed herein by reference in their entirety. Having
descri be Oﬂ?’ém red enbodi nents of the invention, it wWRIIGRMRHEEoe 5
apparent to one of ordinary skill in the art that other enbodi nents

I ncorporating their concepts nmay be used. For exanple, in sone |
applications it nmay be desirable to raise the height of the vacuum .
structure 32 above the seating surface 26 such that the device is disposed
on 10 the top surface 36 of the vacuumtube 32. In this case, the vacuum
escape tubes 33AH#gfersntes gited heggin arsderehy expressiydngosporatediheteindy pr oper | y

al i gned befepdrénch$h girRhisgd up Dby the tenperature control structure and
placed in contact wth a tester. Alternatively, the tester could be

provi ded having an alignment structure to ensure that the device is

roperly align ah nst, t.he tester. .15 Al the seati surface 26 may be
Br O\F/)i ded havi ngﬂ?ﬁ}% %ﬁ;gmedgﬁezfﬁée cnjgdiments of te invention, 1?)@&?’!?@?@‘"@8@ of a
devi ce sundsppaietto one bf adRANKIlL i@ the it Bacothir eRBbdiinehs McorgdPaing #RMer at i on or
tenperature variation, then the seating surface could be provided having a
shape such®OPRERS MALDGMSce under test is substantially or fully supports in
a 20 central region thereof to thus | eave exposed the perineter regions of

the device. In this nmanner the expandi ng gases and | aser energy can
i npi nge di r ect |Kor gxample,lim same gpplicatiobeit may e desirable t¢ taisedis/height wfithe h

correspon r egl f. he ener atd o r enper.atur.e variation in the
devi ce ung‘tlaatrc 55@'.5&'&?13 g aP%‘ﬁegﬁea ?W@#?cetr}r?gsuﬁ}b@‘?ﬁﬁﬁdﬁ’é?eﬁ d‘sa‘??agﬂ%at ing | aser
can baadi riaetopdusfacet Ioeoftiegiaomund fubk B2.eInfthis che, the vacudal dseipe @bl 89! the . 25

tenperature of the devjce.
P may not Eze requgeci and the device could be properly aligned before being picked up

by the temperature control structure and 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 seating surface could be provided
having 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 device. In
this manner the expanding 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 directed 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 jet

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

17




Simlarly, since devices thenselves can have particul ar regi ons of
tenperatu&gvuﬁﬁ [Emes (i.e. so-called "hot spots"” or "cold spots"), the

di rection gas jet streams and the |aser beans caRCB&SE&TLE: ed such
t hat expandi ng gases and/or |aser 17 WD 01/27707 PCT/ USaal/ 27175 beans

i npi nge particular regions of a device. One way in which the directions of
the gas jets and | aser beans can be changed is to provide the channels 40
or the portion of the channels 40 which open to.the region 29 at an angle

which is not normal to the suyfac f,.the device. 5, It js felt therefore
that these BSGMIRRgS Daticklar Eions Stmsdavice; Oug wes myaich theaiecioms i fifont s, but

rat her Shoug\%j%_ﬂ&%éﬂéﬂ@bﬁﬂe‘%h d%?&vi&'lﬂeélﬁﬁﬂés@éo“ﬁ@poﬁi@ﬁ%ﬂded
clains. 10 at is clained is: 18 01127707 PCT/ USOQ 27175

11111111111therhamnelsp)which openiq the regign 27 stan@ngle phish is nat nopmalderther at ur e
control str ! .ch a device can be disposed, the 2 tenperature
contr ol strg‘ﬁd&‘%gf%‘g%@%i ng: 3 a body having a seating surface which
accepts $he device and a heating/cooling 4 region; 5 one or nore gas

channel s ext endi ﬂ?s %eﬁtﬂ(x)erg oieC%hal%%?e%é enelggcﬂmgl];ts gh%iufid r?o%ge ﬁgx?tgg teoI Sisclosed

embodiments, but rather should be limited only by the spirit and scope of the

appended claims.

10 What is claimed is:
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6 having a first port adapted to accept a gas source; and 7 one or nore
optically clear channels extending into said body, each of said one 8 or
nmore opt WAYA792| ear channel s having a first end whi ch PEFHFWRIYS at an
aperture in the 9 heating/cooling region of said body and a second end
adapted to accept a |laser signal and 10 wherei n-at-}east—a—porti+on of each

of said one or nore optically clear channels inter t ' | east a-
portion of one of said gas channels such that gaqmﬁil %j ﬂLfi rst
port 12 of said gas channel can exit through an cl and coo

the gas into the 13 heating/cooling ret8h, while allowi ng said |aser
light to pass through. 1 2. The systemof Claiml| where entire systemis
provided froma nonolithic 2 block of clear material. 1 3. The system of
d ai m | 1f udt her Ademperatviengntrol seuetireiin yvhichradevige cant be disnos¢dathehe 2 device on
the seafing surfa f . the body. 1.4  The systemof Claim3 wherein the
retai ni hg g‘i’?r—fﬁt\h‘gg"’? OIBV%W&gér“%%Sl%'vacuum 2 structure. 1 5. The system
of Claim4 wherein said vacuum structure conprises: 19 WO 01/27707

PCT/ US0®)/ 27175 abedy having piseating|sifage vhighy aceapts the devjpesand aheatingicoaling ect i ng

t hrough sai d_body, said tube having a first end with a surface 3 below the
seati ngd sufg® and having a second end which is adapted to couple to a 4
vacuum source. 1 6. The systemof Claim1l wherejn the _bady incl uqes a

gui di ng® st r uct uPRe 9rgpore gas ehanpels extending wa.spid hRdvgeash of sp tgasglaaa?fi cul ar

| ocation op the §eati ng, sur.face.
6 ving 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 through the first port
12  of said gas channel can exit through an orifice to expand and cool the gas into the

13  heating/cooling region, while allowing said 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:

19




1 7. The systemof Caim6 structure wherein said guiding structure is
provided 2 fromone or nore tapered upper surfaces of said body which
term natwoew2we? d seating 3 surface. 1 8. The system obCrUstonzrzswher ei n

each of said optically clear ﬂmm m vi ded having a regi on which
forms a nozzle such that a je m "ﬂ”ﬂmﬂﬁdl ng gas 3 exits the
aperture in the heating/cooling régilon.® 159. *The system of C aim8 wherein
each of said optically clear channels is 2 provided having a conically
shaped portion. 1 10. The systemof Claim1l wherein the heating/cooling

regi on zorr espontibe projetidg theaugh Saitl dgdy) Baid futediading adirstdad withe sosface pl ural ity
of sidewal and a base and erein 3 the apertures of said optically

Ol ear _chanhap S Seie oA ol fauas A seraud enchch sEbted by SRS B f m |

wher ei ng sapghul@dseudcglC! udes a plurality of recess regions 2 in which the

apertures of said optically clear channels are provided. 1 12. The system
of Claiml wherein said seating surface is defined by a boss 2 projecting

froma sidgwal l ] . / *~L MS1
13. Thefsyg't em B@S& al %f??évl\ﬁlelr %Per{}ﬁ?at# #@ééﬁ%ﬁ%é@%&ﬁﬁﬁl fglfoos ed a
di stance &ccatatehegiitiing dhpalevice axo b partibdathloedtion gh dleecdeating suefgéeon such that a

| aser beam and gas 3 propagating through the apertures inpinge on the
device in substantially the sane 4 region of the device. 1 14. The system

of O aiqn 17f urt 'bﬁd’syﬁt@ﬁﬁficléiﬂ% stiicfurd WhEEinSaid gGRliOstRCREL & Provided Second end
of each of said optically clear . . . . .
2 m one or more tapered upper surfaces of said body which terminate on said seating

3  surface.

T 8 The system of Claim 1 wherein each of said optically clear channels is
2  provided 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 said optically clear channels are provided in said base.

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 a boss
2  projecting from a sidewall of said body.
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3 channel s; and 4 a gas source coupled to the first end of each of said gas
channel s. 1 15. A structure for controlling_ the-tenperature of a device,
t he strucW@r@/27®7conpri si ng: 3 {aya bodg hav“ﬁg a heat i mgprussokrIng r egi on;

and 4 (b) a heating channel m““‘ dy with one end of said
heati ng channel 5 exposed to ﬂ‘“ﬁ ng region in said body; and

6 (c) a cooling channel disposed if shid body with one end of said cooling "

channel 7 exposed to the heating/cooling region in said body and wherein
said heating and 8 cooling channels are di sposed in said body such that
ener gy propagati ’mgpé.yrstetrmfciaiatl whereif saildaeating surface iy disposetd distandet h gas

pr opagat | ng | n aid coolin hannel _and direct] 0 i upon the
device. 4 18P Wg\“@ﬂ“&ﬁ @FW%W%W léﬁ%wjj@f”gg‘f”&gﬂ%@scal ly clear
channel s3is ro%aghhﬁg/ﬁﬂ&ikhhﬁé/é furs fRAG 6O ddvi@Rlin Subs@htiflly Ré&in®f gJas exits
t he aperture In"the 3 heati ng/cool ing region. 1 17. The systemof Caim 15

wher ei n %®actegism of thedlesised cal Iy clear windows is 2 provided having a

narrow ng region which forns a nozzle to expand said gas to allow 3 it to
cool the chanber. 21 WO 01/27707 PCT/US00/ 27175 1 18. The systemof Caim
16 wherein the hBstsystghoddlaimg fuethereomprsingsponds to a 2 recess regi on of-

sai d body defined | urali 0 a,base a d wherein 3 the
aperture% of sai acllaﬁ%ls?‘l’g‘??%}‘ptepegfm‘iﬁ’ﬁﬁ?fg’@og%cﬁﬁ(r}ﬁ 98@&?41}3 % d base. 1 19.
The system gHankdlgliaf@ 18 wherein said base includes a plurality of recess

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)  abody having a heating/cooling region; and

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

{c) a cooling channel disposed in said body with one end of said cooling channel
exposed to the heating/cooling region in said body and wherein said heating and

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

W O U W e

channel is intermingled with gas propagating in said cooling channel and directly

i
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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2 regions in which the apertures of said optically clear channels are
provided. 1 20. A tenperature control systemfor controlling the

t enper atWPBVEIIOR device, the 2 System conprising: 3 a BEWURYIES havi ng
provi ded therein a heating/cooling region, a |laser channel 4 and a gas
channel; 5 a | aser source coupled to the |aser channel to transmt |ight
wherein said laser 6 channel is disposed such that light fromsaid | aser
source can directly inpinge the 7 device; and 8 a gas source coupled to the
gas channel to introduce gas into the structure,:9 wherein said | aser and
‘gas channel& arbhediysipmof laimdié wheesin thelhgating/ooplingriegion opresaendsgo 210 t hr ough

sai d | gser_channel i.S_.i.nterm | i Lh. hrough sai d
11 gas cha%ﬁ%??e%onﬁ%m?ﬁggggggng%gg?%%1‘%0%&\%?%‘&3%@3%2%%%%’5 entg'.J ers
cool i ng re@bﬁpbrmiés_ Eztge{ﬁ&opﬁcaﬁyelewmlmépimaidediﬂam eon. 1 101111 111111
111 111212220 2t

-

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

V]

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

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,

W 0 d 0 bW

wherein said laser and gas channels are disposed such that a laser signal propagating

[
[

- through said laser channel is intermingled with a gas flow propagating through said

)

gas channel.

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

2  cooling by adiabatic expansion.

T
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