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cheaply and efficiently decreasing thermal soak time without significantly increasing the
size of the processing machines.

30 One way that semiconductor devices are brought to a desired set point is by
forced convection heat transfer. A fluid (usually air) is blown across the devices sitting
in a series of spaced trays. We have recognized that the thermal-soak time is governed
primarily by whether the flow is laminar or turbulent. For turbulent flows, the surface
characteristics of the passage, in this case the trays and the devices, have significant

35 influence on the heat transfer to the devices and the trays. As discussed herein, no prior
art considers tray or device-package features that take advantage of the surface



art considers tray or device-package features that take advantage of the
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JEDEC or generic carriers. Exanples of such prior art are found in

the fol | owi igPpat ents: US 5,103,976 (1992) to Mrphy - Mirphy

di scl oses a tray Beté’cegmrs bxistrinp pxier art as many different embodimentsr Théimost t hat

fornms pocket dgﬁe‘{ fﬁmﬁH&ft Egtamd

Addi ti onal I°'ng, 1 nsi oar (&msgraeeﬁégasg& Qm?\t ﬁlectroch Dewé?e
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t ransport i nggehefic carriers. Examples of such fmm are femd énithEfolfpwing patents:((PLCC) | Cs.
Vertical structurgl sis!$7671693§ to Murphy - Murphy discloses a tray design with cross- :
ribbing that forms pockets where semiconductor chips can be placed.
25 Additional ribbing inside the pocket areas support and locate Pin-Grid
Array (PGA) semiconductor ICs.
US 5,203,452 (1993) to Small et al. - Small et al. discloses a tray design with
pockets defined by vertical walls extending from the outer frame work.
US 5,263,583 (1993) to Ohashi - Ohashi discloses a tray-design for transporting
30 Plastic Leaded Chip Carrier (PLCC) ICs. Vertical structural walls stand
off a height above or equal to the top surface of the device in the tray;
US 5,335,771 (1994) to Murphy - Murphy discloses a tray spacer with reference
to a tray for housing PGA components. The tray has ribs or walls that
define the pockets and support PGA ICs from underneath between the
35 ribs;




of f a hei ght. above or equal to the top surface of the device in the tray; -
US 5,335,771 (1994) to Murphy - Mirphy discloses a tray spacer vm'th

reference  wo 9903130 to a tray for housing PGA cogpq R}E 66 N€
tray has ribs or walls that - define the poc sand
support PGA ICs from underneath bet ween the 3 ribs; -
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(B&A) 1Cs. Support structures.or.rib ,gilr escrl bed t hat

restrain the chips in defEHEYtHESEEs Iy °°at‘°ns' US 5,418, 692 (1995)
to Nenpto - Nenoto UBSHIBH92 (£995) &y Nemotos-cNemetoddiscloses aﬁayfor sexmconductor

devi ces. Pgckets are def rt-.'-‘-
trays stac(kggd on top. Rl‘?)s%%(tt:)%%c Rﬁ@s Pidérn?&anlgéeﬁ‘gn nea tﬁsﬁi{)ﬁ&? _
pockets serve to | ocate e S!fﬂélsftdr@ﬂﬁpt R&)saémnéeg aghort ﬁeta!l¢a‘}nd§,methéhp
bel ow. The ribs are. des &agsa%emehﬁdf@ﬁmﬁmem@smﬁ@ﬁa staé e of

t he device being carrie 1.4 199 R
Simlar to US 5, 418, 692 T%Bbseafedescrlﬁdsas%em t @ng upgygs\\(g?%gg ‘o

Nenoto - Nenoto discl ose&eaemeabenf am@A | Cs. He

I ncorporates ribs t the f | al
downwar d é‘gt endi ng ¢§§ 1%3%(2 é%g{e?\gg%oﬁ] §’§‘8§§t§sﬁ$4¥%§ %nla??gsé]at t he
top of the next | ovwdd 5354)57218996) to Nemoto - mm@pdpsplowsaeuay f BG& IGsele or
trays include generic e”ﬁ%ﬁéﬁf&%b&ﬁﬁﬁar@?&%%n@hefourcorﬁ@x@@ﬁthcgddﬁfoﬂﬂess' ng

devi ces through vari ous I nes l es wit ference - to

the requirenent of carrl@r“é‘“"f"éﬁle’Etﬁ@%ﬂ‘b P&é%%‘ieﬁgg?eﬁa‘ﬁﬂ@fﬂl@%gﬁéw

patents: : usp@fﬁQszﬂzweﬁL&&Z) to Young - Young di scl oses a
ot Conandsn, P\ G ek hoaufor camers prarayp nchge g Aobthedls (A bide a -

for this equi pnee‘ms ofipmcdssingl deviech, thivgh watidusmeaghines. tExammples writhsspeeific | ocat i“ng
and posi tioni %ﬁ?‘é}ﬁe‘é@&%&@ eﬂnehm&ﬁ sforthermalprocess élhjéu& € Folibhfing 1990)

to O Connor et or et al 0se a test ation
using a tray SH3MS&r to US 5, 131,535 cited bel'ow, which can be used in all

US 4,695,707 (1987) to Young - Young discloses a heating oven primarily for -
20 burning-in or aging semiconductor ICs. Details and designs of the trays .
for this equipment are disclosed, but with regard to features for locating
and positioning the devices in the tray;
- US 4,926,118 (1990) to O'Connor et al, - O'Connor et al. disclose a test station
using a tray similar to US 5,131,535 cited below, which can be used in all
25 back-end processes; R
US 5,131,535 (1992) to O'Connor et al. - O'Connor et al. disclose a tray design
for any back-end process. Details and designs are disclosed of features -
" for locating and positioning the devices in the tray;
. US 5,180,974 (1993) to Mitchell et al. - Mitchell et al. disclose a tray design that
30 is used for testing, marking, inspecting and shipping semiconductor ICs.
Details and designs are disclosed of features for locating and positioning
the devices in the tray;
US 5,184,068 (1993) to Twigg et al. - Twigg et al. disclose a handler, in which
devices are transferred from a customer-specific tray to the handler tray
35 and then taken through temperature soak and de-soak chambers. No
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25 back-end processes; usS 5, 131 535 (1992)

to O Connor et al. - O Connor et al. disclose a tray design

for any back-end process. Details and designs are disclosed of features
for | ocati ngwon®/a3t8si ti oni ng the devices in the tray; PCT/US98/11068
5,180,974 (1993) to Mtchell et al. - Mtchell et al. disclose a tray
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Baba - Baba discloses a tpirgfer8d froftl AERtomEsspebific wmmdxema and then

a special tray to process t he deyi ces |nth The on etails of
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retenti onibeat ures; and thzs tray design mdmbﬁs&le&&ébtﬂﬁﬁxt(ciﬁﬁé)hetd&v&&t@r@‘ghﬁie -

Klug et al, discloses a f ymber : automatic
handl i ng of seni conduct grﬁ?%gfu?é%aﬁ% ea\l/clcges e

transferred froma I@d@qdowema@qf@und thet trasac}esxgos fom therapltonditioning/devings t hen -

t aken through ﬁlﬁamn@ayrds noP 2@1& FiatiehtheatNPand@t atlich i96n 10
this tray desi n di.scl ose ce It carriges the devi ces through
t he' adfvance subject, anfi *E% ng%ﬁsiara?npoatam%fgk gtat thsbran greatly -

| ndeed, V\I&Sha\&ﬂcr’éamnhbpdiﬁirmhﬂic&wfdﬁﬁxb@ﬂﬁcﬁ‘oﬂnahmm @aghghed.l oni ng -devi ces

ndarenta 170 0 408 gk NS el BB k5l ML
oppor t uni ty fcﬁncd@pas lﬁntdhs;gnsmmegtrmfeyph& that mre&umally houpted potormrice of
sem conduct or ;iR %o‘lﬂcﬁ'lﬁlorfﬁé:@vﬁ% kage. Their urp ose i1o! 6V1§€5n{e§r{sigf' ng to

fin des; gne. orcoRBE devick R 35%%@%%1 e E&fdf Qiraseh inFRoE
i nt egr al | gonol stefce e Oh ehetthérd@and)aclastarajortty oFf devices pﬁstahat&lotmt psquire ﬁns a
means of or heat transfer enhancing features to operate, yet fins would be desirable to aid in
manufacturing the devices themselves. If the intent were for manufacturing reasons
alone, integration of a fin into the device is difficult to realize because the typically large -
required fin sizes prevent the chip from being processed through many manufacturing -
25 machines. Moreover, the significant increase in size because of attached or protruding
fins is a significant disadvantage for their use in many space-constrained applications.
Nonetheless, heat-transfer enhancing features would be desirable for speeding and
reducing the cost of manufacturing ICs, whenever they need to be thermally
conditioned. Also, more cost-effective, compact and effective heat-transfer enhancing
30 features other than fins would also be desirable for ICs that do require cooling when
operational.
As a typical example, consider the prior art in the US patent 5,155,579 in which
AuYeung discloses heat-transfer enhancing fins integrally molded with the
semiconductor package. One object as disclosed is to provide a more effective means of
35 removing heat from the chip through the package, when the device is operational in the
intended application or product. The fins are disclosed as geometric entities extending
-4-
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cool i ng devi ces when operational by enhancing the heat conduction through
increased 2 0 surface area. On the"other hand, a vast nmajority of devices
exi st. t-hat equire fins or heat transfer enhan es to
oper at e, yeﬁﬁﬁrgé 3bu|d be desirable to aid in nanufagkﬁg§%gﬁbﬁ%
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cooling when. .. operational. - :-- - - As:a typiseed exadphe;
consi der the prror art in the US patent 5 155,579 in which ° AuYeung

di scl oses heat-transfer .enhancing fins integrally mol ded Wi t h thé
sem conduct or package. One object” as disclosed is to provide a nore
effective neans of 3 5 renoving heat fromthe chip through the package,

when the device is operatronal in the i nt ended application or
product. The fins are disclosed as geonetric entities extending -
-4 - fromthe package surface. This invention -does not reIate to

the present invention, since it addresses the use of fins. The physics and
benefits of are very different than the benefits of surface featufes as

di scussed herein which are turbul ent-flow heat-transfer enhancingor

i nduci ng features, . : . . L



e

SUMMARY OF THE | NVENTI ON Wth the foregoing background in

mnd, it is an object of the invention to - | Acrease the throughput of
sem conductor processing equipment with a thermal soak chanber

wi t hout signiWoeM3E30y i ncreasing the size of the equi pnent. PETUSIS/1066
It is also an object to reduce the thermal soak time of devices that need. .

to be thermally conditi OWW g‘“’ﬁ“ﬁé Qcesses.
It is a further object of this invention to reduce e overall reqU|red

soak chanber With thefgregeigg bagkgraund in mingd, i iseacbiectolithe fjentien to -
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simlar trays, one dnisaloaa objeet to reduce thetthermal soak tigend devices thap pesdgode &
handl i ng pur po r object of this |nvent|on
to include hea?ﬁﬁngnrrs?%nrdme’n H:Cm%n%arcu%rpgpro% §s|é'§ on the devi cswgackage
surface itself whil 8tisaifantharobiegt ertbls inyventionyto rasiugethe oxerall veguized

conpact packag %hﬁﬁ&rk&e%ﬁr'ré&ﬂcﬁ:@ Theltimd ﬁ&d&@tob&m K dehfddmbiboton@Rdb B sBiy

pi ck- and- place Peratlons some of for exanple, use sucti on
cups. int te ?%ﬁegorng and other obJects are achi eved: by

enhanci ng 1te heat {Ir B agiekerobject of this invéntiohaoehlancd lat-transferibyusittzing ay r ays
spaced apart or 8Ra t hat
a heat - transferﬂnﬁh?g’%e g%‘ge%“%@ W% v&e%%gj?’(/\@ ﬁact(ﬁ"ﬁ@‘?&gyg érhaboggthe
cards. The: mv@ﬂtelr(ﬁarg@eméslaipmgolsmdmmuhr s heat - transfer e

enhancenent by addi fgis 5 fusther o ?&F%ﬂﬁ@d&h&b&cﬁﬁ%@i&&n&i@ré}m&%ﬁg@fé&uﬁ% an
IC or a tray exposed to the surroundin hese surface features

enhance the he®p the devigedrackage surtase itaslt WBW&‘“EN‘"P&Q’&@PWB’ to keep an gyegalk o

m xi ng betwgen cbh@a&t Ipatichge And focallodrthe Gévice to b individually ni:ﬂtedrbggmkrnndiplaef | ow
he surface, and by disrupting

channel) t he e to
heat -t r ansf er g‘??? sqr%gf\g@éti;,gs FX3gpic, ?Sr?gtwtmné:ﬂ?s devel op between the
core and the sur facd. he foregoing and other dbjcca qwa;ﬁmvcdat!y enbbucinghibe beatittapstactat

transfer is em&?%ﬁ?ldé’}ﬂﬁraré%h’u%ﬂﬁ@f ae@morch Qﬁb&‘gnﬁérhﬁﬁtbildaydss'zed

ribs tothetop surface of e tray ore cation

addi ng si ni | ar SPASA2RYLE that @ beatdesnste aiwérsupms %élywsarrmesrf dEYReF B bbi ng
to the surf@ce cards. The @iveiitivh t&ﬁgld@dam&ﬁr@fndéﬁﬁis&ﬂﬁrtr@ﬁﬂf athafcbelientbycaddingf ace

(e under si de. SHRRASRRCIHETES 1 REr Oy C o & sl caffith PR st 1 ©
senmi conduct or HlGw. These surface featur@temhance thetlieatrtramsfer intturbalent ﬁmmﬂm@wam I |
g?;\?\ﬁ”ﬁggppar eNlgrd ok @ Mhifing BOSILE o in Ve core (ie., it 11 cBAELHeBn 48 BoWRhAmR)and
and the fluid close to the surface, and by disrupting heat-transfer reducing flow regions
25  that might develop between the core and the surface.

In a preferred embodiment, the heat transfer is enhanced under turbulent flow by
adding carefully-sized ribs to the top surface of the tray before each IC location, and/or
adding similar ribbing to the underside of the tray, and/or adding ribbing to the surface
of the semiconductor package, and/or adding a surface roughness to the semiconductor

30  package, and/or adding a roughness to the underside surfaces of the tray which may
exist to support the semiconductor IC,

Still further objects and advantages will become apparent from a consideration of
the ensuing description and drawings.




—

- 6- BRI EF DESCRI PTI ON OF THE DRAW NGS

The |nvent|on w Il be better understodd by reference to the follow ng nore

det ai | ed desgyg sdgagsy and acconpanyi ng draw ngs in which PCT/US98/1 G .

1 is a-perspective view of a-prior art JEDEC standard tray carrying rive 5
generic sem conduct or deV| ce FIG 2 |s a -~ 7’

perspective view of the pred3RIERRBS OMFTE@EWSO two trays

spaced apart with a"l!‘h@ﬁfv@ﬂﬁdnﬁﬁll%@%m ﬂnh&s@baey&ef&en&fmwfoﬁéw ghyeen
the trays; i S a)gn ective V|ewof t he present

i nvention applf‘?ﬁﬂeélsdeﬁ?r@‘oﬂﬁﬂ‘emﬁpﬁ wings i which . tray as viell’
as on the top; FIG. 1mapersEédﬁve&moﬁmﬁrﬁéEDE@stm«hﬂd@iyiab@mgmniIOFT

on a tray ribs in the direction;
FIG 5is assperspectlve §| ew oﬁhﬁﬁxgdul“r?\l;ge?wéh orf a ‘traiy as® it B3 i n the<‘§
| engt hwi se HFIG. 2lsaperspecnvgv;egc@ﬁtb¢]preg@t invention appliedfais @bs & v taays -
cross-sectional view of {yges 51@*&0 Wirldibalit}othe &

applied as ribs with key d| mensi ons mar ked,; 2 Bedioh ollg%ﬁ%;‘ﬁa&%eegl ots
of predicted and experi nEEEYS}t her mal responses of a plastic, 1-

nm t hi ck | C subj ect FI® 3isapeispeative vivh of th©pesent invention applied &5 ribs uikdepdeathd Ot S
of pressur% dr op curveséror alr f|°V\{§,§PrOU9h two ribbed, spaced 20

a2y el sy

trays; @actional view of two stacked trays
with the invention Eipl4ied perspective view of the invention oaa trayhas riboingbe transverge i n -
the transverse directiONgjection: . FIG 10 is a perspective view of
the invention applied asrlbstoaleadframl t he
transverse directi oftG.25is a perspective view) Qﬁthqrpwgma opadEay a8 sbs !ndh%lenﬂﬁlﬁ'\w&of

the invention applied asdigctiairgul ar shaped ribs to a

Cr oss- Sectonal vi B B REHIEHEPBLYISIABY 8 Pa A HEh s Hgseptingetion
tray in the transverse dapplied aoribs with key dimensions nfarl@d; 13 i s a perspective -
view of the inventi gy anpk bRt dfPrédibed dnd £-38Bmerital thermal responses of a plastic, 1-
mm thick IC subject to a turbulent air flow;
FIG. 8 are plots of pressure drop curves for air flow through two ribbed, spaced
20 trays,
FIG. 9 is a cross-sectional view of two stacked trays with the invention applied
as ribs to each tray in the transverse direction;
FIG. 10 is a perspective view of the invention applied as nbs to a lead frame in
the transverse direction;
25 FIG. 11 is a cross-sectional view of the invention applied as triangular shaped '
ribs to a tray in the transverse direction;
FIG. 12 is a cross-sectional view of the invention applied as rounded ribs to a
" tray.in-the transverse direction;
FIG. 13 is a perspective view of the invention applied to a lead frame as
30 segmented and staggered ribs to illustrate the flexibility in locating the
ribs;
FIG. 14 is a perspective view of the invention applied to the underneath surface
of a tray as a surface roughness;
FIG. 15 is a perspective view of the invention applied to an IC as ribs on the top
35 surface;




30 segnented and staggered ribs to |Ilustrate the

flexibility in locating the ‘ ribs; FI G
14 is a perspective view of the invention applied to the underneath surface
of a tray aswopswasizmce roughness; FIG 15 is aPpemsSgszainésye

vi ew of the invention applied toan IC as ribs on the top 35 - -
surface; at

FIG 16 is a perspec |ve VI gas%%cm%\getf/r?\i;tehﬁl?vgﬁn%tb%qphe oanICasaé as a
surface roughnesypmie §°R)era%wttbﬁ°§'ﬁ‘?]?fa§é‘@°m‘ieﬁl°av circul ar
srmlot hdr egi |O?: FIG. 1gmfb§spetﬁvdﬁeﬁopﬁresmﬁtmn/@pﬁeewﬁ atsemﬁwr]tl on: . .
applied to region an ughne e«top gurface
with an annul ar smoot h r@aggtﬁss%ﬁxegopsurfacethﬁﬁ?gmui%st é et a| n e
sinplifiedsol ock: d|Eg}dmxéaskaclf,mmlahﬁéﬂdalochdmﬁramtfomofahandlerusedm TR e

conjunction.w th trays. % LIS A
DESCRI PTI ON ‘OF THE PREFE%@@%% %ﬁ”ﬁgﬂ&%‘m” demel‘-‘? fefring toa s

......

traditional JEDEC standard cartier/tray i'n BGY, "ded ™ @ tray 8 is
characterized by frane 1 and network of ribs 2 that define pockets 3 in

whi ch sone type . of device. 4 is housed. Four. slots 5.nolgded into fame
1 and tabs 6 on the Iengt hwise 5 ends of ‘theé tray furter Characterize
t hese JEDEC-standard trays. Frane 1 al so has step- ‘feature 7 to allow

simlar trays to be stacked. Ceneric .ribs.2 and the bases- that define
the bottom of pockets 3 provide the m ni mum anount of structural stiffness

necessary to protect and support the devices. ' The
present invention is illustrated in subsequent -embodinents in four
di fferent



10  ways, two of which are applied to an IC carrier such as a tray and the

others to an | C package. Referring to FIG 1, the present invention
i s ilbustraggflodusist as specific constructions and useﬁ:%% ribs
2, whi-ch can a?so serve the traditional purpose of def wﬁg‘%ﬁets 3

that carry devices 4. The specific constructions and uses of ribs 2 as =~ 7~
in the present |nventloP&%&W@N@I@rﬂkﬁmmM@DMMr enhancenent

Tl ustrat et ag. gLt 1oL an AL Ie oo e R AR AR LA g
illustr s, di r X su S
carrier, moreSRaaderzely| (s)lﬂg‘s?q g‘ﬁ%‘gqfﬁ‘bf BH&HH@EIPW%??MW ch some tyge -

i nvention is bfdevderdisduses. FHohsslots Stmﬂdﬁmﬂsﬁdnshaﬁmbs6oﬁﬂw13ﬂg@wﬁckage
Finally, t e

exposed surfaces 5@”@@%&"%’4" ewémﬁr%?%é'ss%géﬁi &ﬁerﬁ%r{g&’%@%
roughness. 20feature 7 to allow ysderbarstapm rfgenetic tibs2 wbthﬁ hases that defineh

forced convecijeHytioatofifoc kets3pr Wﬂﬁﬁﬁ%ﬁﬂo\ﬁwﬂwtﬁﬁqﬁffﬁésk‘h&esmm .
preferably air, over or ag%thﬁag“? he trays preferred nedns

depi cted in FPQtecs and sHREQ %0 sem - popul ated trays 8 forni ngs
potenti al | y a seri &‘hepfesmtlmveﬂhmﬁmmedeams@;umteﬁibomwsﬁnfduemfﬁren'n’hese

2 passaual O orars fye M HRER A Prited R - Nari 3ot o¥) AT SPGB EG ' UL
extend a specpmkage hBefgiringab &¥G. 1.0he presens inventiod ivillustrated firsiGas specific
The optimum h@b&%c@énsrahﬁ%sékjaf ?\‘iﬁs E%EHE eNe tﬁeci?acﬁt &?Pﬁﬂ?ése‘%ﬁe”a”y

factors. Maki ng he ribs higher Tncreases the thermal fran

Thus, hi gher définin 8P<P°§§tsva that q3Ey dleweesd- f'Bti“" SPeGiBk equsiruGtions apghysey afribs % as he
ri bs becone 't fthd ?%enttdﬂ&nabﬁ cdnl provid®signifivait hédterapsfed enbaRenBit tb@ﬁé traycdnad

dth d h b
T00 i gh Trepe TERVIFET gir ggeeasfﬁys&%w%ﬁe"n? g i st cifgens SO R T
sendi ng air otherexpbsedsarfaces bfia garpier; fare qntcﬁuﬂbchsrwbmgnedfmmghnﬂssei‘hmm nor e
than 1 nm the iA¥AeibE BAERdLY rﬁi’bﬂgﬁ rﬁg{(&&‘igtsﬁﬂa&%{]ﬁxcﬁ ﬁckﬁé&e Fadal atP re

preferred ranges are nore For s

t hese di nensi Biysntignds Hlysraipd psfugthermbodimengs of the CXROMSU@%SI"&P“ I%P@ﬁkfée’t o a

st andard JEDE&oEégpéme&ﬂﬁsw Lmqlmgmsgsons of 315 mm X
- 9- 135 and t hi ckn S$ of

trays of Yteater t me & dem%ﬁ ig frays with fr gqr %e% °°m’e°g°n can be

accomplished by blowmg some fluid, prefcrably air, over or against the trays. The
preferred means is depicted in FIG. 2, which shows two semi-populated trays 8 forming
potentially a series of multiple-spaced trays subject to air flow 9. These two trays are
spaced apart, so that space 10 between the trays forms a passage. Here, the present

25  invention includes special ribs 11 that extend a specified height above top surfaces 12 of
ICs 4. _

The optimum height of ribs 11 above top surfaces of ICs 4 depends on many
factors. Making the ribs higher increases the thermal transfer to the IC. Thus, higher
ribs will be needed for thicker parts. However, if the ribs become too high, the air flow

30  over the part becomes restricted and thermal transfer decreases. The point at which the
ribs becomes too high depends in large measure on the air flow provided by a blower
sending air over the part.” In a preferred embodiment, ribs 11 extend more than 1 mm
and less than 10 mm over the top surface of the part. More preferred ranges are more
than 2 mm and less than 5 mm, For scale, these dimensions are appropriate for a tray

35  that similar in size to a standard JEDEC tray, with overall dimensions of 315 mm x

Hovvever

-9-
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FIG 3 illustrates another enbodi nent of the invention on JEDEC-type tray

8, where a series of ribs 13, simlar- to top-surface ribs 11 i'n
geonetry and function, are 5 patterned underneath. The preferred
orientati onw9was3e 11 and 13 for the intended pur pos @ETUSSE/11066

described is perpendicular to the direction of the fluid flow. In nost . .

 Bnsver se. di fegean il a Ol ERALE) . it ouliyr SRR ) ne

invention as mlsppossblepplied in the transverse direction of tray 10

Ar [)OW1£91 il Tustrat e?‘[@@ﬂﬁkﬁ‘ﬁﬁééﬂéihe?émb&ﬁméﬂt%he\m%ﬁﬁoﬂ§nIEiD "yfﬂ' to
ribs

th t d b
oriented int N@ﬁf%mﬁfﬂ’%l dF‘FrElEﬂOgﬂll"g‘\’/ ! %511 %Efgéwﬁff@“‘gt?qnzf‘?at i on
can be nor® aqbuncrhe@mﬂmdaﬂm‘il‘ﬂemfm orienfatiGn ofiritsclicandd 3tfhethe intended di st ance
for the flow g%}%qtoﬁé’s"ﬁétsd%s e#%ﬁmcﬂlﬂéftﬁﬁhé‘&ﬁfﬁcﬂs’ééhﬁe ﬂ{hd o(:ﬁ% nﬂﬂt keeping .

t he era I 0SS smal | .

The exact | ay@gphcaamigleﬂugbﬂwwnmatsqnz\éﬂ@pnam I@mﬁs@pﬁ@mmweméumam ion-
as ribs on a efffeitply, i "Pacts the heat transfer enhancerrent o the
carrier andtothegk r|n to FI G

Ref
cross-sectional vi o)f 8?91‘§§1ﬂ§ ‘\“é‘“ﬁ%‘b?sc‘#ﬁc}"‘t éwg@%ﬁeemn of tray
under st antb t h@. d&mssﬂmraaﬁ thedirettion aﬂtlwﬂmhalndexspmmhaﬂartto absier. A - -

turbul ent flow rans$ %r%% ?Pﬁé@n“@fﬂ%% gﬁ&tﬁm%giog%qﬂggdﬁégﬂon

efficiency of heat 'S a

t ur bul ence or ofitIay ﬁg Thsematg@omambmm ypdvastageonstthancdhe pneinflGus beranse the

cont ai ned WIthisfanb@mdﬁéﬂ@mo&b&&%gmepfwmmm by ¥ieeBbA NeePinB FheeSt I N

the center and | ess ar e perinmeter, Therefor the.intention with
top-surface rPB&ral femperst &2 f?wa‘gﬂ‘ﬁéhecﬁ’%s‘ﬁf]l‘e% 3 layat qo én fluid

close to wpogedrxaﬁbfsaeefé@mbodﬁmmeﬁhémmdm ribs onacaﬂwrmpactstmsaent er

of the flow p e be a e A consequence of 25 this
enhanced mi xi ﬁsﬁgggréﬁx?‘ﬁ ‘éasghﬁgif%agé&\}%}@yl\gﬁes heat transfer. Relative

di stance 17, Refamringhta HG. 6oneroepsestionsk pow o tray; B fisadepices! that iginsressarys t o
the top of theg sHidags @k dfsbl%sﬂa?: of how the nb%’l:ﬁhéﬁbéﬁﬁlﬁét tsun%@n&@mﬁ&e&%wen

the ribs are design variab directl Xheg gb n‘l‘)’fl
mi xi ng enhanc&ndRiacteiged by aptocessof %‘P&taé Sifiigncy ahheabtransior isa ?‘éﬂ?sfer
enhancenend . 3f this amount of turkailédck of fifixfg, | Beratise of e phsicd) abturnefafidvathat ist bs

13 al so f - oL i il ar
rowever, a5 cEaneped SRRl 88 hoaree ot mirhE BRI el Tl SgfIE
since the ex pdmedemher mmt@ Jhewsfore,cthe intengipn with yomersface 5bs1 1 iadepusederml
heat g tﬁé’mbc‘il% &Wéeﬁ‘%luiﬂadloée% @xﬁ‘d&@éﬁﬂf&@é‘% ¥f deviced 4 ahtY/the

conducti on of heat hrou use s in ditect
contact with gk cepte Pfthegl"m%?aﬁﬂ%ag"ttw a?iw,gerggrays %ng‘cﬁ?ﬁ?ﬂﬁ?ncg ﬂ%)
can be vazs ed this eshaabedomixtng i$ Mraincreadelin theonvertiee idabtrarksfer dReftivd distance 17,

- 10- which is from top or exposed surface 16 of device 4 to the top of the surface of rib 11,
and pitch or distance 18 between the ribs are design varjables that directly impact the
amount of mixing enliancement, which again translates to the degree of heat-transfer

-

enhancement,

30 Still referring to FIG. 6, bottom-surface ribs 13 also function to enhance the heat
transfer in a similar manner. However, as depicted, the heat-transfer enhancement is to
the tray, since the exposed surface is underside 19 of tray pockets 3, Additional heat
transfer to the device may then consequently result by conduction of heat through the
tray, becanse the tray is in direct contact with the device. It is understood that the

35  embodiment shown can be varied in such a way that bottom-surface ribs 13 directly

-10-



enhance the convection heat transfer to the device by |leaving a cutout in

t he pocket base. [t was experinentally found by the
i nvent ors thawotdgmig.ber mal response tines of devi ces tb }@L*MO“
conditioned in thi s fashi on can be estimted anal ytically using net :

5 derived fromwqrk bl i shed t Transfer and Friction in
Channel s ‘%&6 B'é‘?’k%aﬁrﬁ“sﬁﬁﬁ%ﬁ@ﬁ’é&m Jeaving g-rufqutiait F%P&Cié‘f t he
ASME, vol. 106 Bise. 1984, pp. 774- 781 As an exanpl e, consider two

and at 5 2.5 cm pit ol ungsp it hod by e by et R ki Bponit BTG ™

t her mal r esponsdevides thermaliyconditinhed lpahik feghign cah besestimated tanalytically nsifg Methdds .
The 10  calscul ek tra §
£ R ol Wy Sy i MR 4213

of 25.5 cubic feget nut yr
Reynol ds nunber Y& 'ﬁ"’? QPPB&%fR‘P‘ﬁé’“BW@F | ransagtigpg akthe ASME, vol. §@é¢?§°"

forces of a floygsdgp |m,.m IAQ.Chn é?fns‘ﬂ&et“foltﬂys d@ﬁlo@n@al‘t eax:hthh
| am nar, transi donal or tu nt éS p&‘rm‘g Ids neecf{)
above 2300 THa f @8‘?159% 8% 5 P re Wédbcf

enbodi ment s, t hexpRdaytibiherhtal respmnxb efs t}tpmal mnppaekmedﬂCys ﬂiestadnmnn FIGOR. Thm
some enbodigent c?al%utéﬂf;oggﬁ% %%e%g)ggﬂgpﬁknmmal flow ?at%?&%@er?&%g o124 59:%*: ‘}?en %er

sone enbodlnents uénce

heat transfer cRiEgcINER Wﬂﬁéé“mb%ftﬁﬁééo thﬁ@gxgmpgumbensar@pcgfﬂpem

I pcur r ﬁd glbt h%ﬂ:%ls gs tﬂe&lﬁéﬁt@:o}dés §ﬂ§hbweg§9k&§|an‘irmm§hbﬁ bf 8 Ro@tkg ﬁxfepé goati On,
of such ribbin | str ndi S erfor ce
curves, gl it ’f’ﬂ%ﬂBFE@ B P@‘é’féﬁ’é’ I%%“ﬁéﬁ’é‘m?@? g@b

| engt h of t he mgeranmmmm dupbulence Thust nethé pﬂfmaymbbmmgtspmaﬁeﬁmim The

Reynol ds nygbe rr?unﬁt%ﬁ \98@8 %?%f&gblg %F %&?ve@B@& ¢ frgsf'onﬁ embod gﬁec}{éérgmdgégtgbetr °

10, 000, which inp tarpbul en
bl ower perfornﬂa@@mﬁoﬁ@mmlﬂdtferm¢mtsmv%w,o& to determ ne

oper at i ng POi NAS, ¥Rk n@é@ftﬁf‘ﬁedtﬁraﬁg %ﬁé&%@&g@.{g&g eee W t h

the system cur racti cal_ cases, _ot ressure such

\'
from ducts and ‘f‘PP lpéﬁ‘ait,y %SW%MMB fisgsually smal\“’é‘P“&fh@ ﬁtlﬂd’f%ﬁbaﬂphc%tﬁé
cal cul ation of dfrsaclsﬂsmgn P6. Bahuseaee tlwtrovlespondmg system rformhfi¢e @igdi ment s

boyond | he20ppePol e B8 plssifp fRRhs ﬁﬂ%”%t?%éf’o?fr”@%ims% bRt fwed by -
ext ensi on may rtbe two- trays being nonsidered.eThe Beyrodismemberns fcotrésponding tut thoplotiedcause
the extension Cﬁﬂ ?roﬂl‘zﬁdﬁgo 30800, ﬂﬁ ﬂhef'? belieft tﬁﬁﬁieﬁf ﬁtSW In the desx

Nonet hel ess, these two | nent s ustrat e possi tions to
the rib hei ght S NAWE PeTOTARGS CuFeFPRId b %@vegwaz@ée%ﬁerveﬁtq féﬁser&mecﬁpsratmg
anot her . pomts, wmclﬂeéemdmmgebﬁbﬂf@xe BlowstiQiive whi tiehgiteqicaive te .above

77

ccommoat 64 by eTRaLENr G i Dt 4 uf Gyl an el g Bcoonmed

respectively, aﬁodaﬂd)mnm@maha ¢ajculafion pfithersgsierh pedprmantscutve. This cavity

A oNe e her ony | oo PhelemiRlickedf ih tproAb A ed ilstdRARE BF@dn o Bbs Llrtithe
- 1>1/ - ond the upper and-lower bounds of the tray frame. This excessive extension may not

occur in every embodiment of the invention, because the extension depends on the
30  overall height of the frame. Nonetheless, these two embodiments illustrate possible
limitations to the rib heights when the trays need to be stacked one on top of one
another.
Referring to FIG. 9, such ribs that protrude above or below the defined outer
frame or outline of the tray are accommodated by staggering upper and lower ribs 11
35  and 13, respectively, and forming cavity 20 underneath top ribs 11. This cavity allows
top ribs 11 of the tray below to fit underneath. For fixed tray-frame height 21, there
-11-
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exists a mximnumlimt to top rib height 17 and bottomrib height 22 in
order to allow stacking. This limt is-also a function of pocket
depth 23 and of the support structure or base 19 in the pocket.

I n marty manuW@d9@813Ag processes, sem conductor trays are useBCT/SISNLgs60NE
5 machi ne, where it may not be necessary to provide such stacking

features. Ther eg tsgmﬁm h&ailtéi éémtwfaﬁdﬂéu&ﬂgg%eigfx@%%gd&

st andards, al I ow ng t i“@!! sen
i nvention to b¥ackiift 1%]% ‘Sc%s% “%‘Mfﬂpél@té?mﬁé PRhef the support structure or| t
is therefore uMeqsﬁmgﬁp*obm t he enbodi nents of the |nvent|on present ed can

b l'ied f [ | of
Tl utrates an. By R ReRiE pRice s RemEPuicos S5 e usgd ¥ ou ot

conventi ond Imadmier, shereb mapnotvliei netessary to pnomdpsudxestachmgﬁaaumj Tlﬁyeilaam ng
2 h
ICs 26 in the é:&&@'tﬂesog no H(ﬁx:oﬁﬁ)'?mﬁg ) !lﬁ!l‘:lﬁcts&nwﬂ?%ﬁ&v g the tﬁ%\%ﬁz 3?10?{1)3

nanufacturlng proces processes,
transferred i n@bb%@%ﬁlaprqsmynveamn torbe COPWEFdG‘hG@f%’F@ﬁQﬁ mtmqnsere exi st

numer O;J'S rrelt hods It is m&eforkteﬁdarﬁlg?dhm ﬂh@ehﬂodxﬂx@%tb Gﬂdteﬁﬂv%ﬂ% ddeﬁtled can
separating le or electrica | S | i Vi dua . In
thi s enbodi men I‘S‘LEO i %&geé’&&é? ‘2@0%"1&%@“1 é’a@wﬁg sﬁ?‘ﬁ “ pent
downwar d t@® prmnb(ﬂmmtwtmrsﬁmﬂ)hmg% iscapglied ugmdntepnoﬂﬁhhaéﬁaimﬂé,oﬂrewhxshl ¢s of

rame o cHibR eppRol My RaGih 1604 B e fePRAR Bud bR KRIBLE 1 lndiee ot
i nvention pr estdditianabmppufecturing procesyesRIch ps toetbig moms,tmaput havingrigbe of- t he

rib can take Oﬂi*axﬁf&‘reﬁfh% E&iltrfa c&frieds! ﬁxsaadezsteod thhf theye kBt Afneto\GndtRods
enbodi nent V\/hg{?egto a r| bs 2

re
JEDEC type tr (BB st e il Sepetingoads 22t lertriealSnaleingirent
where toplS thedmdivitheil I@m Ilnlths eﬂxﬂaocﬁmdnt?:&omr@apﬁebﬂg& 128 of e IddEthet arpe tr ay

8 are rounded.y.p qownward t9 pmﬁ&%éxﬁafdffﬁgéggﬁnmeég ty: S%Qﬁ}éh%%tc&x&‘ﬁ%%?ﬁﬁqéﬁem S

of the |nvent|on presente

heat - t ransf er @mmm;ypmwdect@rﬂlmmmbofaﬂﬁadﬁamg 25 themto be
pl aced anywhere on ﬁxst fafther iNeRfbod ¥R PhcCombolditenisdorithd MPdnkidh ﬁ&s&rﬁ&pcafn'@”e 25

with ribs 33 npunte fore the | qcati each unforne evi ce
WD b aa VAN T piohaouey.shat e apep e T sEn ARG A ARt BEsteRl B A by 33.
Arrow 9 i ndi CailIEﬁraIté‘s&uch areeboatiment wherettbp tah@bdttaatiribs 2 a‘dd&Osrqsps’cﬁeﬂslyllomul ar
to ribs 33 an o 3500 e a1 U0 iSRG S BBk be op

i 0 ed Can \Varieq

enbodi nent s of° ven I'n suc

that any pr actanﬁdmtt@at whs wdaanremecum onJBDEG-type tray § aregpuideds ed '
material fis a hi gh-f g RAL& dHdErstodt Wdt O drbodinishts W ithe Bvddtion bte@exk&?éan%l ows

For 1ow varied in such a way that the heat-transfer enhancing ribs can be segmented, allowing .
25  them to be placed anywhere on a tray. As an example, FIG. 13 illustrates lead frame 25
with ribs 33 mounted before the location of each unformed device 35 and with ribs 34
mounted at a different location offset from the ribs 33. Arrow 9 indicates the direction
of the flow, which is perpendicular to ribs 33 and 34.
It is further understood that the embodiments of the invention presented can be

30  varied in such a way that any practical materials can be used. For trays, the preferred
material is a high-temperature, statically dissipative plastic that allows for low
manufacturing costs and keeps structural integtity at high temperatures. An example is
the common carbon-filled polyether sulfone, PES.

The next embodiment illustrates how thermal soak time can be reduced thh a

35  designed-in roughness on sutfaces of a carrier or tray. Referring to FIG. 14, an
embodiment is shown where a surface roughness is applied to underside 36 of JEDEC-
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manuf acturi ng costs and keeps structural integrity at high tenperatures. An
exanple is t he comon carbon-fi'lled pol yet her sul fone, PES.

The next eniwwlogmsndo i || ustrates how thermal soak tinme can bepdpgsgsshegt t h- a
3 5 -designed-in roughness on surfaces of a carrier or tray Referring to

FlG 14, an g@edfay%%gé un%ersltood tﬂatvmis gognmntsc%%gvanerdqlg Sucha vsvaylv that' t%pl ed

t o undersi de

Io 12- . roughnesstcypbe incaspofated 4s 4 Sucigebeteticopatetd) as sHowns oesiplyi mgnt can
e varied in S or QR at asa_
true geonetri ga‘%gﬂa‘é’ﬁ?ys‘%'?‘%é %%h?atedpy“%%@g&mgﬁ%%ﬁ%@’ @8 t¥ace

generated by zoughsytfacsis Compared taithe tetursof spidpapets aliboeghnis shis application the ugh - -
f | v
surface ISscomfghﬁ&sfcans%r& M%P&& esng{ggp dﬂﬁfzsﬂ:ﬂté@ﬂﬂgﬂxﬁh&myafﬁ)ea?p 'C%

nthe 5 roughne s can be 8?1??3 arger._ An estl rrat‘e'ige)»

i nfl uence of hiness size CaRy culated ysing mathgds %F@?ﬂé‘f%“ﬁu@rﬁm
descL l bedfl n MtdnhEBosﬁﬁ; MALed f992Tfoam@i@rsurfaceturbulmzmtﬂBwston MA, -, 19@2
rough surface turbylent du e next e

consi ders how t her & 26%: %&PQWHEBWEW&U@BWFH%BW rq)"ﬁﬁéﬁ%“g&f

r| bs on a deviheeuspafkibgen akevice fdekagel G 45 dlmstrates wogirotradingrivs FsandBgand 38

stangi n r unct ion,
de3| an, 2?% gsﬁL&mé ngrﬂacﬁﬂ Evjr?a%g Igigg lf}féﬁ cgn%dc?gd;édrﬁ’es gge ﬁﬁlrchbt? de?%q“aaP
i nvention as &pppdiggntsof suehyits37and 38 are sipiarda the ngennpgx b%ame@mnlsgo aflor
g??gﬁlt gd ggppﬁ@ c;&@i&h RibsB9 aﬁabe%réw@@m%e g%&@lfal eéthcr ‘é‘ﬁ%‘g‘fﬁﬁ“@nd are
underside is 8 W%P@ﬂﬁ@%ﬁsgpwﬁ%ﬁeWW@uﬁﬁ 3@%?&?@%%&% he I1C
and the 15 ondsrtide 3 wnlikdlp becake bf the dpzpificizat d’hstancel}i&mdehyhe Iindthé al ways,

the 1Cs aje P(ofuﬁgﬁe%/surface of ﬂ%@h@&oﬂeﬁsﬁﬁﬁr b\gﬁott Qﬁv 5% é) S on t he

tOp surface o reover
| ocating the moysteddigricessOwnthgoshephand, gibsien ﬂ@ewp surface pha ﬁawg@e cagbp more

hand o tho. dest oy SCamuiied Mafeoplst by ROSY (e Al RATUE SagsLitteticg 2! | ¥
O her enbodi nERTEE ARk Sl Sar AR ATA 20 AR Prd o dsEae Aot ROl od
wi th a desi gnhahdleithedegiberesith auetion supsicrGmilak gﬁpplﬁg/teclau@eposed ta.a.flow -
FIG 16. depi e e i U 1C
package 42 Regi on %ﬁ Eﬁ%%&h%m&%%gﬁﬁé? a vacu % ﬁx?ﬂéi}égén pitk
up the IC. | nWwith ae@tsmtd-mughnqsm eswrface ofwa device expgsed pep DWuQ“ﬁeb% hei ght

is sufficient ypibdlsbvel st;}fwe@%f%bmwd&émc%aagau |R%§fon 4a§s left
t ransfer redu%lé §%9‘L| ow a ers, that develo

appl i cati ons at a vacu r$§‘PH"é'r°é€l P“*Hﬁ% 31&@@9‘15615@??9“‘%&% @gwf rom
fracti ons of gropet toughhess héighti®sufficiently tall to enhance fluid mixing and/or disrupt heat-

25  transfer reducing flow layers that develop near the surface. In the applications being - -

considered, this height typically ranges from fractions of a millimeter to many .
millimeters, but can be greater or smaller, In a preferred embodiment, the features will
be above 0.5 mm and below 10 mm. More preferably, the features will be above 1 mm
in height and most preferably above 2 mm. The features will most preferably be below 5
30 mm
The surfaces that are roughened would be the ones exposed to the flow. Both
top and bottom surfaces can be roughened, in cases where the device might be
supported on the perimeter or corners of the package. It is understood that smooth
region 40 can take the form of any shape or, if desired, not exist at all. For example,
35  FIG. 17 depicts IC 4 with surface roughness 39 having annular smooth region 41 to
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mllimeters, but can be greater or smaller. In a preferred enbodi nent, the

features wll be above 0.5 nm and below 10 nm More preferably, the
features will be above 1 mm i n height and nost preferably above 2 nm
The featur evawy4313mst preferably be bel ow 5 30 mm PCT/US98/11086h e

surfaces that are roughened woul d be the ones exposed to the flow. Both. .

b bibéﬁor?‘”ﬁ’ ?%lﬁﬁ%egﬁﬁ‘é?i’%q‘% e 4 88 A T M B, 7 O

under st ood t ha¥Irags 6‘! region 40 can take the form of any’ shape or,

i f desired, not eXlIﬁis u%Ber@ﬂobd N3] ﬁﬁxmk@em?mv'énuoﬂs@xscioze&m%épﬁ& 4. W, t h.

surface roughne avi :
A Bodinments 31tk SR ble Forjsins Aben o Bt t?ﬁemtzsfﬂu&w&caww e
m ni m zi ng5t hehadedce c&fttay The presem inveptivaria dny embodiment can exist ab bepafhidentity o -

under st ood, alaggbﬁtfzﬁﬁtn Q%P é'decﬁ-% Eé&v ra%étge@m%%{wﬁgcl osed in all- mdde P

enbodi nents an e po e varrations ve to be int egral I_y_-
manuf act ured to 5 Towsiterate, applying 2 surface Toughpese orribbing tealecicass thermahsp

enbodi ment Caﬁuﬁ%gﬁﬁroﬁ:%nﬁgﬁﬁf ﬁhﬂha?ﬁbwtlymndamentalﬂ'ﬁfe?&tfﬁ%ﬁ&ﬁe&ﬂt%)ng a ory "

nounted to the device or r at p

surface roughPESBPI¥IE fingty ﬁﬁlrfaﬁe othesusfacs TP%“W&I’S %RPbi to enﬁancelor
pronot i ng1e0 ncbﬁvecﬂas héak eransfer. Emdﬁd'ri}ip!xéd toYenﬂinch heat nianiféﬂii?

i ntegrating n oul hn s‘s. '| S

applied to enﬁgﬁ%cg %?a ‘?foﬁu&é&c%&m “@’&?ﬁ/cé) V'fcvlgnﬁ CE? t#holl 151‘%‘?-3{'l tﬁﬁfgﬁg at

applied to enisinis erctudten refleaed focas emendepd:suefasesng‘hc heat-transfer fugdanfientads thatea of -

an obj ect f r omyinGhe 4§ 8RR WS Gttt Lah bRl i Afiny hebEupsplaeat
ed_surfaces

sinks are often referr as exten eat-trans
fundanent al s fggpooks, such a% og¢ feptiened bovsyMils: details of this dlffe_rence

can be f gllﬂg I N marEIGhesshowsathagiler” desxgnedtt@tspdaﬁtekﬁth thays bf ﬁ'limédﬁﬁua&e . d'
ment i one aboVv S er esl tO_
oo o i ¢ h Efip8 incorine Eatmres fo gnbance thermpf ey BrBiond)” MloRbradi R SR,
enhance t her rrwlftltaya&asfmseatfeﬂma elmyalsbakdpmbanllén The tzayi8 kan be stacke«bas t rays

8 is presenteghé@nh ﬂ@@”@hei%ietw&egn&&amzsﬁ&ﬁ&yﬁr &oQﬁP d VI rays acked

as shoywn in The handl I ncorporates nmechani ca ces for
movi ng t he tréggveenswgesmwews% hepigal deyiges aze pot explip L
mechani cagodevi ces Iagide theimab xqukicharbet lﬂh,cmatrays 8 are spaced apart as showanIG."“

6. Air flow 9 (FIG. 6) is generated by blower 112. Where ribs are used, the airflow is
perpendicular to the ribs. Blower 112 blows heated air in a preferred embodiment, but
chilled air could be blown as well. The mechanical devices that move trays 8 through
soak chamber 114 are not expressly shown, but they are as in the prior art. Such

25  mechanical devices are controlled to keep each tray 8 inside thermal soak chamber 114
until all of the semiconductor devices in the tray reach the desired temperature.

Once the devices on a tray reach the desired temperature, that tray 8 is removed from
thermal soak chamber 114 and presented to a test site 116, The test site is an interface to
automatic test equipment, such as the J973 test system sold by Teradyne, Inc. of Agoura Hills,

30 CA. Once the devices are tested, the tray 8 is optionally passed to a thermal de-soak chamber
118. Thermal de-soak chamber 118 provides a place where the trays and devices in them can
return to ambient temperature, Thermal de-soak is optional and its use depends in large measure

on the temperature to which the devices are elevated during testing. The trays 8 are removed
from thermal de-soak chamber 118 and again stacked as in FIG. 9.
35 In a preferred embodiment, thermal soak chamber will hold several trays 8
simultaneously, As one tray is taken out for testing, another tray is added. The trays queue up
-14 -
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20 - Inside thermal soak chanmber 1 14, the trays 8 are spaced apart

as shown in FIG 6. Airrflow9 (FIG 6) is generated by bl ower 112.
Where ribs the airflowis per pendi cul ar to

Bl ower 112 ‘8{’? Eeat ed air-in a preferred enbodi nent, but Pwﬁrs“’ﬁﬁﬁ I ed
air could be blown as well. The nechanical devices that nove trays 8 - T

t hrough insi@ot!ﬂmslh»amn@tlllﬁ;@mmulmsgdﬂwe%mmnebm&thdn@y are as-in
the prior arlinerslip toithou BONERE ORlunl of flysUs? &@ﬂ%@lnh?ﬂn iy aeRagach
tray 8 insi dem‘trher?ral so%‘f( chanber nu fiays unnr ﬁ&sb

sem conduct or°héFBWée%m|%’efWWPW%W%’P@%F‘PW%‘G#@ﬁW& Tooam
Once 't he deVlﬂﬁ&tﬂéﬁe&xc&sfﬁ&he&ﬁ?@libahﬁﬁ TR bebshsd @Ot increastsiBis rafeafWhith | S

renoved f rmal. soak ch nber 4 .an resented 1o a.,test S|te |
S e o seiepnp bl BdER neR RGNS hood ' SR Rl Sk S e L1
as the J973 ttisd. 'Ehysizeoﬁtbmsbgkcﬁmgheandhmoetbtfovﬁgbmmoﬂﬁdﬁmmer&aﬂthusCA
Once the devi testpd the tr yu8,§rs “‘.;\II Qn ,@IIy assed 1.0:. a ther;rral
de- soak chanb%%édu@éde 118" Trier mal afdé éo% (? ;g&prov‘ fdes a- pl%tce s
where the trays arf@f Wt%é@mwntlmm@ahemdw m%pﬁreﬁtwes ehfsmiconductor © - -

tenperature. proedshig eGfipMmerisrmialerQitifastaral and i1S yse . dependsq n |large--

measur e er.at u es_.a [ eva duri ng
testing. 1Phe trays+ t%fIPEp%HBYF OHSM“%W?{&E%& éﬁ‘ﬁﬁ”gﬂ’a?ﬁ 118 -
and agai n st sappenfedzlaims.FIG 9. 3 5 . . > -In a preferred enbodi ment,

t hermal soak chamber will hold several trays 8 : si mul taneously. As
one tray is taken out for testi ng anot her tray |s added. The trays queue
up . - 14. -

i nside thermal soak charrber 114 so that rruI tiple trays can heat up at one
time, thereby i ncreasi ng throughput However t he nunmber of trays
that needs to be sinmultaneously in soak - chanber 114 in order to

achi eve a specific throughput decreases in proportion to the rate at which
which the devices in the trays heat up. Thus, because the invention
increases the rate at which 5 sem conduct or deV| ces héat “up, fewer trays

need to be inside thernal:soak: chanber .114--at-iene.: C stdine. The size of
t hermal soak chanber 114, and hence the overakl. size of t he .handl er, can

t hus be reduced. i C] course the" |nvent|on m ght be used
to make ot her types of-seni'conductor- “iE'ocessi ng egui pment smal l'er or
faster. 10 Therefore, the |nventron should be-limted only by
the spirit and scope of the appended cl ai ns.
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‘What is claimed is
1. A tray used for carrying and thermally condmomng a plurahty of devices under test,
i comprising: . . : . te Thewt
(a) -aﬁ‘anmdcﬁnmgaspace D e e
(b)  anetwork of ribs formed in the space, for deﬁmng ) plurahty of 50 i
' substantially rectangulat pockets, each pocket havm§ Y central port:on, R 2
()  abase formed in the central portion of each pocket, for suppo g'one of + .-
the plurality of devices under test and 0 R ED
(d) means for enhancing convective heat transfer to or from the devxces
under test formed in a plurality of the fibs. ’

2. The tray as recited in claim 1, :
wherein the plurality of ribs is perpendicular to the direction of a fluid flow, and . -
whetein the means for enhancing convective heat transfer comprises an upward

extending portion formed in each of the plurality of ribs.

3. The tray as recited in claim 2,
wherein each device under test includes a top surface, and
wherein each upward extending portion extends a specified distance above the

top surfaces, the specified distance being sufficient to increase the mixing
of the fiuid flow near devices under test adjacent to each upward
extending portion.

4. The tray as recited in claim 3,
wherein the frame includes an upper edge, and
wherein each upward extending portion extends above the upper edge of the

frame.

5. The tray as recited in claim 2,

further comprising
a plurality of downward extending ribs, each downward extending rib
extending from a respective row of bases and being perpendicular to the
direction of the fluid flow.

6. The tray as recited in claim 4,
further comprising
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What is clainmed is 1 1. Thtssu\:et laueded for carrying and thermally
conditioning a plurality of em conduct or devices (4),

CONDF i 'Si NOwo99/03130 a fr space, rk..of
ribs-formed i n the space, for Iurallty of subst(ﬁlt lsn%ﬁ\e/O
rectangul ar pockets, each pocket haV| ng a central portion, and 6

a pl anar dbase forned i ﬁptutéhtzeﬁd@\mwydreﬁeodmgnbsmdeemndmpbort| ‘ng
one of 7 extendin i Mtxtarow ofYASdsGRA Bk P& @ﬁdih?ﬁrft

wherein the network of ib ér} uf first plurality %?? bs Rm _
15, 29, FA) and 9 directio the figWsecond plurality- of “ri-bs, each? r|b .
in the first plurality bei ng substantlally 10 : ort hogonal
to the rips ‘he_secan u ty, 1 1 characterlzedlnthat ’
12 P QS%!%EPX%%‘E% ﬁfa%& 29, 31) in the first plurality extends a
speci fi ed hei ght athesedn the Srame further includes alowerteﬂge,ranﬁsyt n; Jehgs qs.e@Oﬁd e i

A

bl ural ity; ther ebyRiadch AwhREHERI e Al E B/ méiéyfr?d&e(,g e & 15'

to or fromthetray and the sem con F'ewces ena

over the 4ray and perp&#®cularly to the first. plurality of ribs (11,14,
15, 16 29, 31). 1 2. The tray as recited in claim
1, 2 rein t. oe.i ncludes an upper edge, and 3 _
wherei n the §p'£%h§1’3éﬁf ‘P‘%’H‘P ﬁgng’oove the upper edge of the frame:: 1 3.
The tray Zs reci t shereain teplurality ofribs having upwatd.extérelingrmntiotisformpd3herein -

third lit f third
SI urialrl t?ﬁra 'y o r'a.ﬁ’cftt(e ? g n“’%ﬁqﬁtﬁh&ﬂg’ﬁend| céfbg?%g t%&t3 eepl alne

of the bakes and ext enaqrﬁgn%acawtyundemeath each 1ib ha¥ing ap gpwarg etxH‘édF‘EI?gﬂi%‘ t he
first plwality. 1 4ormed iHdp€inl r ay as remted in claim3, 2 _
wherein the franme further includes a | ower edge, and 3 wherein
each downward extending rib extends beyond the |ower edge of the 4

frame. 1 95The traffaserecitesyinglpim8cited in claim4, 2 ) wherein the

first plupality olyHeidiesBdatifieldiies nP t:f'fh@k;b%ﬁr&’éxtﬁfdﬁxg%?ﬁﬂﬁ bEdhothdre” eby
3 tray, thereby allowing stackmg of trays.

1 10 Thetrayasrec1tedmc]anm5 . o .
wherein each base mcludes a cutout for exposmg a bottom surface of a
3 respective supported device under test.

11. The tray as recited in claim 5, _
2 . wherein each rib having an upward extending portlon formed therein and each
3 ' downward extending rib has a triangular shape.

1 12. The tray as recited in claim 5,
wherein each rib having an upward extending portion formed therein and each
downward extending rib has a rounded shape.

13. A tray-used for carrying and thermally conditioning a plurality of devices under test,
comprising:
(a) an upper surface, a lower surface, and a periphery,
(b) a peripheral frame extending upward from the upper surface, defining a
space;

Ul o W DN
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3 formng a cavity t echrlblnthef
plurality. S ﬁgsg"e
1 6. The tray as recited in clalgk

-16-
recei'ves o0 89/001B® ribs in the first ﬂ"ﬂﬂ"’unm,

"L wherein each cavity
thereby al | owi ng stacking of trays. The tray as recited in..

ot her »CTWS9331066
claim 3, uhs e u d
bottom sugf ace of (c)?téspegfbﬂl&g& "ﬁﬂ)esil%e ﬂ’%"ﬁ‘“@%g afhtég‘;f(fg %‘iaﬁ’ﬁder
test. 17 8. Thaegtpngplagpoekstsigrdl in claim 3, 2 wher ei n
each rib gn the fl(ﬁﬁﬁwﬁis%ﬁéxmhﬂcnag%ne@&ne hid? tiafisfbi e orrmomhehummums a-3
trlangulaé shape. b he tray as recited in claim3

wherein edch rib in thé eH"l”@fs 4Pality and each ri b in the thi rd plurafity
has a 3 rounded shape. 1 1005 The«t raytiagireci ted i n
claiml peci-fi.ed hei ght sz gr-eat ef than 1 and _
| ess thanflo 1% Theuiyaé'\it&ﬁe%zﬂcl?ﬁﬁ ? as recited in claim 105f 2" @'m

wherei n tBe speci Whegeintegprang @rgnb@s: cohvpdtive hest EmfelrésisplﬁdGQa s&fagen i
3 roughness applied to the lower surface of the tray. - - E

1  15. The tray as recited in claim 14, . BN
2 *'wherein the surface roughness comprises features forming a geometric pattern, » - .

16. The tray as recited in claim 15, :
wherein the surface roughness comprises features forming a random pattern.

1  17. A package for an integrated circuit chip, comprising: -

2 (a) a housing;

3 (b)  means for making contact with conductive regions on a printed circuit

4 board, the means for making contact being coupled to the housing; and
5 {©) means for enhancing convective heat transfer to'or fromthe pac'kage

6 formed in the housing. S e '

1 18. The package as recited in claim 17,

2 wherein the housing includes a top surface, and .
3 wherein the means for enhancing convéctive heat transfer comprises at least one
4 upward extending rib formed in the top surface of the housing, the at

5 least one upward extending rib being perpendicular to the dlrectxon ofa
6 fluid flow. '

1 19. The package as recited in claim 18,

2 wherein the housing further includes a bottom surface, and

3 wherein the means for enhancing convective heat transfer further comprises at
4 least one downward extending rib formed in the bottom surface of the

5 housing, the at least one downward extending rib being perpendicular to
6 the direction of a fluid flow.
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20. The package as recited in claim 18,

PCT/US98/11066

wherein the at least one upward extending rib is formed near an edge on the top .

surface.

21. The package as recited in claim 17,

wherein the housing includes a top surface, and i .
wherein the means for enhancing convective heat transfer comprises 2 sm'face g

roughness applied to the top surface of the housing.

22. The package as recited in claim 21,

wherein the top surface includes a smooth region.

23, The package as recited in claim 22,

wherein the smooth region has a circular shape.

24. The package as recited in claim 22,

wherein the smooth region has an annular shape.

25. A method of processing sexmconductor devxccs comprising the steps of:

-a) providing a plurality of trays, each havmg a  plurality of semiconductor
devices disposed in openings of an upper surface, each semxconductor ‘having
an upper surface, the tray having a plurallty of fcaturcs extendmg from its
upper surface and rising above the upper surface of sermconductor devices to

a height of between 1 mm and 10 mm;

b) passing the plurality of trays into a thermal soak chamber
c) holding the trays in the thermal soak chamber to form channels between

adjacent ones of the trays; and

d) causing a fluid flow in said channels, the fluid flow being non-laminar.
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