2175445 APPARATUS AND METHODS FOR EFFECTI NG A BURN- I N 'PROCEDURE ON
SEM CONDUCTOR DEVI CES 5 . - This invention relates generally
to apparatus and met-hods for thermally acceleratlng tenperature-rel ated :

i ¢ devices or conponents, such

failure nmechani in sem conductor electro

as discrete tréﬁ%ﬁ}tors and 10 integrated circuits, and; ﬁ@laqpk?g
to such appara and nethods in which the seni conductor devi e i
carried on circuit boards and are imersed in a liquid, heat 2
exchangi ng medi um for obtai nihg desired thernmal conditions. Sen conduct or
devi ces, such as discrete transistors and integrated circuits 5 have

time, and tenperature dependant failure nmechanisns that occur at a high
percentage rate during the first year of regular service. Thereafter, the
surviving devices exhibit a low and relatively constant failure rate over

t he 10 remai nder of their useful lives of many years. This high
percentage failure rate is referred to as "infant nortality", since it
occurs mainly during the first year of the |life of a 'sem conductor device.
Those devices that 15 wll fail during the first year can be :
substantially elimnated fromconmmercially avail able products by subjecting
the devices to

APPARATUS AND HETHODS FOR EFFECTING A
BURN-IN PROCEDURE ON SEMICONDUCTOR DEVICES

5 This invention relates generally to
apparatus and methods for thermally
accelerating temperature-related failure
mechanisms in semiconductor electronic devices
or components, such as discrete transistors and

10 integrated circuits, and particulariy to such
apparatus and methods in which the
semiconductor devices are carried on circuit
boards and are immersed in a liquid, heat



preci se el evated thermal conditions under electrical operating conditions.

Thi s 20 procedure, or testing, called "burn-in", effectively
accekérates the devices through one year of normal operat % n .
approxi mately 168 hours, or one week. Recently the burn-i gcedure has 25

been effected in a liquid, heat exchange or transfer nmedium The"

sem conduct or devices are | oaded onto circuit cards and the cards -are
imersed in a bath of the liquid mediumelevated to the desired
tenperature. The 30 devices then are electrically operated for a
period determ ned by a nexdleandgingl méqiami 66r obBalialiayi destilredopdyexinalg

paranet ers, including tenggéaéure to accelerated life of the devices. The
heat exchange medi um t NERBC4 #9880 increase the anbient operating 5
tenperature of the devices and to dissipate received excess operating heat

produced by the operating devices LRkai h L.GeS a _[reci se,
el evated anbi ent tenperature. The E%%?@éﬁéﬁSEBE ﬁsgﬁﬁﬁrfygﬁ%a F% is 10

that known under the tradtferrtel boanaéstorpgand Fotegrated sdmauddsy 3M

Corter ci al Chenigal s Di vhgvr&nt 2d, hAaWebhpkPaMirkO depeR@Ant’ FRGHIWER and
eIeFtrlcaIIy insulating in such an environnent. This nmediumhas a specific
15 gravity great er®efBRNWARE, thatspegnr ath@afiigh percentage rate

during the first year of regular service.
‘\/f Thereafter, the surviving devices exhibit a low
and relatively constant failure rate over the
10 remainder.of their useful lives:of many years.

_ This high pércentage failure rate is
referred to as "infant mortality?, since it
occurs mainly during the first year of the life

: of a semiconductor device. Those devices that
15 will fail during the first year can be
substantially eliminated from commercially
- available products by subjecting the devices to
precise elevated thermal conditions under
electrical operating conditions. This
20 procedure, or testing, called "burn-in"”,
effectively'acdelerates the devices through one
year of normal operation in approximately 168
hours, or one week,

Recently the burn-in procedure has

25 _ been effected in a'liquid, heat exchange or
transfer medium. The semiconductor devices are
loaded onto circuit cards and the-cards are
immersed in a bath of the liquid medium
elevated to the desired temperature. The

30 devices then are eledtrically operated for a
period determined by a mathematical equation



greater than air and is selected to have a boiling point greater than the
el evated tenperature at which the burn-in procedure is effected. O her ~

silicone ba%;-» i qui d nmedi unms 20 al so can be used. Use of a liquid g_;

medi um i npr g  upon the use of gas nediuns, such as air and nitrogen, in

buwrn-in pro es and apparatus in that, anong other things, the selected
25 | iguid medi um has a greater specific heat or increased capacity

to hold heat produced by the devices, can provide inproved tenperature

control of the bath egYiatGWEthe SP¥dBiny phidmatbigh dgBshBYngf energy
di ssi pation, and 30 can absorgyégﬁ{eased qragtltles of heat when
vapori zed by a | ocal teEPeniutgyotte exated ol +E8 BEVERE, to prevent

thermal runaway of de#ildedi. f aAHeheteyidchdhgs mediubheathus,provi des for
continuance of the burn-in procedure w thout vin t for renoval of
a single, failed devi®€&VeR AU TS {h%n?ﬂ§§eggné8§§aggng qualities,

however, that nust béesmpesiatiune o ethd olevicestané| bor dhesipaktdi um which
i s unusual ly expensi%%h S ' Al d r at, egpe ure, but
at the elevated 10 ' éqﬁ%gmée%%g@&%ﬁggﬁ%rﬁ&?ﬁ Efégg g?e,gyhrggtean “
evaporation rate thacopesradiipg fdewines o pmaintahnetnecdengcagpatatus nust

thus provide for precise, elevated ambient temperature.

The heat exchange medium typically is U

10 that known under the trademark Fluorinert

o liquid FC~40 manufactured by 3M Commercial
Chemicals Division and is well known to be non-
reactive and electrically insulating in such an
envifénment. This medium has a specific’

15 o gravity“greater'than'water, a specific heat
greater than air and is selected to have a
boiling point greater than the elevated
temperature at which the burn-in procedure is
effected. Other silicone based liguid mediums

20 - also can be used.

0

| Use of a liquid medium improves upon

the use of gas mediums, such as air and
nitrogen,'in burn-in procedures and apparatus
in that, among other things, the selected

25 liquid medium has a greater specific heat or
increased capacity to hold heat produced by the
devices, can provide improved temperature
control of the bath environment, especially
with a high density of energy dissipation, and

30 can absorb increased quantities of heat when
vapotized'by a localized "hot spot", such as a
failédidevice, to prevent thermal runaway of



recovery of the evaporated |liquid nmediumvapors to be cost efficient. The

recovery nust be 15 performed carefully, however, because the
Fl-'uorinert nedium vapors readily conbing chenically with any, l.uded

ture to formhydrofluoric acid, whith can erode the stai g..steel and
plastlc conmponents of the 20 burn-in effecting unit. fus,

condensed water vapor nust be separated fromthe condensed Fl uorinert heat
exchange medi um vapor prior to return of the Fluorinert mediumliquid to

the bath. 25 hat axlgﬁcaggicghe %HT@“#%?@ fRtidre Tﬁﬁi Bﬁ%|red

controlled in tenpera%ure ter to raise e mediumto
*el evated tenperature for ebh&gnungcﬁh@fbmh¢4h¥qﬂ1ﬁRuRHQFQQRF%W'a cool er,

such as a mechani cal ethbger AbviRg3lo stop EH lerldvdieBE/ & aiiRprs heal
produced by the operat?ng ev?ces ?Soglfhgp bat h éédlu dur,i ng t he bu?n in
procedure to nmaintai nfagded dexice. A FHRarit é‘?ﬁiin ﬁﬁgyg?"b cool the
medi um at the end of ghamlt%ecjum@wewrr, ,tn‘aﬂ mmuacrempacmxy ovi ded to
renove particulate an m_cal contam nants, such as solder flux, 5

debris and acids, i nt F888§%%d%nto or produced in the bath nedium Such a
bUrn-in apparatus should have a bath tank |arge enough to facilitate

burn-in procedures of production,.quantit. es .of 10 dygt or
deV|ces and be sel f contained it % é ué%fheék medlum'EWHfEKlfg

unusually expensive, has a low evaporatlon rate
< at room temperature, but at the elevated
10 temperatures of a burn-in procedure, has an
evaporation rate that is significant. A burn-
in effecting apparatus must thus pfovide for
recovery of the evaporated liquid medium vapors
to be cost efficient. The recovery must be
15 performed carefully, however, because the
Fluorinert medium vapors readily combine
chemically with any included moisture to form
‘hydrofluoric acia, which can erode the
stainless steel and plastic components of the
20. - burn-in effecting unit. Thus, condensed water
vapor‘hust-be separated from the condensed
Fluorinert heat exchange medium vépor prior to
return of the Fluorinert medium liquid to the
bath. '
25 Second, the Fluorinert medium must be
| controlled in temperature by a heaﬁer to raise
the medium to the desired elevated ﬁemperature
for effecting the burn-in procedure and by a
cooler, such as a mechanical refriéération
30 unit, to remove excess heat produced by the
operating devices from the bath medium during
the burn-in procedure'to'maintain the elevated



upon connection to an el ectrical power supply. The apparatus should al so
provide easy circuit card handling. 15 A burn-in unit has a |iquid nmedium..

recei ving tank encl osing a burn-in chganber that

is normally open to the tQp

The top of the burn-in chanber

to faci1itf/€§i nstalling and renoving circuit cards therefromcarrying 20
Sénicondu-‘a’asevices for burn-in testing.

Is closed WitHA a cover during the burn-in testing or procedure. The )
apparatus includes a vapor recovery system a main |iquid nedium heating
and cool i ng syst em Rémperatunadaadf pbsed bdys ttamcooihddee thedicus yat ens

cooperate to effectttggﬁgargfigﬁgipgggg@%rggglZﬁg%gﬁpqyfi@%agfgﬁces

installed in the tan

\anber . ,- hova s tn the tank 30

chanber serve to | oRBetahg paPYvédefete reave paytigulateitandnd out of the
i quid medium Thi ScRERYUEAYT BohRaRQRANRE,] WhdY ¥ URSLePUFTuX P appar at us

or unit thg; S
medi um and t hat

ef f
S

cjent in_conserving.the expensive liquid, Flugrinert 5
3BT iS cAREaRRAASup IR TEOINESS OER O REQRESSLal  pover

source. Lastly, eachnothéhbadhsmediaeh.systenms have structure particularly
suited to achieve the beneficial results of the burn-in apparatus 10
with the liquid nmedium '

10

15

20

25

30

Such a burn-in apparatus should have

_a_bathitank large enough to facilitate burn-in

procédurés_of production quantitiés of
semiéonductor devices and be self contained
upon connection to an electrical power supply.
The appafatus shouid also provide easy circuit

 card handling.

A burn-in unit has a liquid medium receiving tank

énclosipg a burn-in chamber that is normally

open to thé top to facilitate installing and
rémoving circuit cards therefrom carrying
Semiconductor devices for burn-in testing. The
top of the burn-in chamber is closed with a
cover during the burn-in testing or procedure.
The apparatus includes a vapor recovéry system,
a main liquid medium heating and cooling system

'apd a filter system. These three systems

coopetate to effect the burn-in procedure for
semiconductor devices installed in the tank
chamber.

Further, movable racks in the tank
chamber serve to lower and raise the circuit

@



~In particular, a rectangul ar box-like heat exchanger tank fornms a burn-in
chanber sufficiently deep to contain circuit cards at two | evels: one | evel

at the bottom of the 15 chamber g n which the circuit capfSmare
compl etely imrersed in the medium and a second |evel at the kPt the
chanper in which the circuit cards are spaced above the nediu he -cover

for the tank is segmented to provide 20 I ndi vi dual access to any one
of the five racks of circuit card connectors in its raised position and

reduce the quantity efrd@bigeé SRESbuUteo¥aphes 1eqiudd mediuen.burmhisn

chanmber. The main liguid pediumheatn nd 25 . cqoling system

"i'ncl udes mechani cal g%???b%?%t?BnceﬂbFﬂﬁ8188iP§q¥ o5 ﬁbé*?%'dxbipe under
the tank. A punp assspipdyatosesrt initedhatn isomfdieisnte iof the chanber to
one end of the pipe for the,nmediuymto flow cl YA s oss the
coils and fromthe o?ﬂ%?eﬁﬁhngfkﬁﬁeeﬁpﬁg 5X%ka§§u¥€gqgg¥¥3ﬁéﬁgthe chanber
through a | at ger couméditmpwandbthatcliesisedft kontiadeed upamd riser tubes
vertically extendin 1.ank _batt B8 R4 owdt sodr@@yres nedi um
fromone | ocation o?c%ﬁgégﬁéégegoa%h %Egc}isg%'?gggs réfﬁrn t he medium at a
pfurality of other 5Lastly,|eaghi ofisthe Aesgribed SyfIsPs 1R ence or

m xi ng of medium thaf PREBLRENBaLRE chlmRAVA Wit Hddiiliventne t he
thanber substantlallg .
_ eneficial results of the burn-in apparatus

.- 10 with the liquid medium.

In particular, a rectangular box-like
heat exchanger tank forms a burn-in chamber
‘sufficiently deep to contain circuit cards at

- two levels: one level at the bottom of the
15 chamber in which the circuit cards are
completely immersed in the medium, and a second
level at the top of the chamber in which the
circuit cards are spaced above the medium. The
cover for the tank is segmented to provide
20 individual access to any one of the five racks
, of circuit card connectors in its raised
(2 position and reduce the quantity of ambient
moisture vapors entering the burn-in chamber.

The main liquid medium héating and
25 cooling system includes mechanical .
refrigeration cooling coils contained in a pipe
under the tank. .A pump assembly moves the
medium from one side of the chamber to one end
of the pipe for the medium to flow closely
30 across the coils and from the other end of the
pipe back to the bottom of the chamber through
‘a larger counterflow tube enclosing the pipe



constant. The flow of nmediumfromand to the chanber also results in a flow
of nmedi um across 10 the cards and sem conductor devices. A cartridge .
or coil electrical heater extends intd the counterflow tube to raise the\/
medi um t rature to the desired el evated tenperature. The punp assenbly

I ntl ude ead 15 screw nut arrangenent to obtain a variable speed

i mpel | er tationh with a fixed speed electric notor to accommpdate changes
in medi um vi scosity at various nmedi um tenperatures. The vapour recovery

system i ncl udes an 2Bd Iiserckubes: vextilcsildYafrbendingr9 ot on opposite

ends of the tank andzhR Bbut@mQOﬁm%@l@@hmgnﬁMd§1tfﬁméﬂés med £amVvapour and
medi um vapour in th?rchanber abo¥i t he uld neq%untat t he second, raised

| evel of the circui EXP% g8e Aosation Oﬁ 9% 379 the TLPFs from
t he exhaust manif ol dubasr Qﬁtuﬁnpiﬂh@ median atofa pMapality oofleatherand back

to the exhagst nani fan al_s. nalnta n | ow of returned

air across the Iengiﬁchl gﬁaﬁﬁg 55(?|q??é;4ué5&&%ﬁ%$o?ﬁtlng t he

medi um Er om car ds amdxdegloésmaﬁxmmethatumhﬂnﬂaﬁnsThheetemnsrahunefoId ,

i ncl udes acid absorgk tha#b %%1 ‘&'&ﬂd&ﬁér S d@gg @ygi | uoric aC|d .
by "Conbi nat1 on %

t hat ‘may have forne the wat er I um vapors.
| i qui d wat er separ aronstaats cdﬁtﬂalfd&w totfa tmedsicum v%@mh@n% keukheof I iquid

chamber also results in a £flow of medium across

10 the cards and semiconductor devices. i,)i

?

e

.~ A cartridge or coil electrical heater
extends into the counterflow tube to raise the
medium temperature to the desired elevated
temperature. The pump. assembly includes a lead

15 screw/nut érrangement to obtain a variable
speed impeller rotation with a fixed speed
electric'motor to accommodate changes in medium
viscosity at various medium temperatures.

The vqurrecovery system includes an
20 exhaust manifold and feed manifold on opposite a
ends of the tank and in fluid communication N
with the air,.water vapour and medium vapour in
the chamber above the ligquid medium at the
_ second, raised level of the circuit cards. A
25 fan moves the air and vapors from the exhaust
manifold, across expansion coils of a vapour
condensor and back to the exhaust manifold.
The fan also maintaihs a fluid flow of returned
air across the length of the chamber to aid in
30 evaporating the medium from cards and davices -
| ~ at the raised level. The exhaust manifold
lncludes acid absorblng material to neutrallze



5

condensed wat er vapour and nedi um vapour fromthe condensor and
allows the mxture to rest to separate the liquid water fromthe liquid

id water is

um thereafter, the liquid mediumisgreturned to the chanber. and the

di
qud' 10 di scarded. The liquid nediumhas a ity -
greater than the liquid water so the liquid water tends to rj nd fl oat
above the nedium An electric circuit includes a pair of opp

el ect r odes

rount ed on the wall of the container 15 to ascertain the presence
t her ebet ween of Iiquidamqthwdndﬁhﬂbﬂnbiﬂd&ﬂithaﬁrmnwthaveCfdrﬁbaob?ing
Jmaterial of the exhaust d an ere Th Ult t hen
i ndi cates the presence 81'“ 1‘| (ﬂu % VQ} %%%Ps‘-i"b a'f'% saﬁ

operat or that -
achi eving the results obt ai ned w

r
Accor.ding to a first aspect of t ﬂ entl C)é£)§é§£££96yr§3sded
appar at us for thernalIFQ@ﬁ&&&Qﬂu}hﬁqﬂnﬁQﬁiY@SO#h%ehi%§ﬁ§ec@5r1§§UFées at

an el evat ed teiSper at ur @odndchded h:am‘ezawapﬁ&r tand%@éiaﬁwa lluy gkemt theal |y

fnsulating Iiquid heat exchange nedju

is to be reaned The |nvent|on |ncludes met hods of

medi um havi n eci fic heat

capacity greater than ﬁqn4£ﬂ59flﬁﬂq|4ﬁ}?ﬂﬁrﬁh%ﬂﬁh¥EPthgﬂ FRaEtefFByvat ed

t enperat ur e,

conprising a

.

10

15

20

and the seg@pagadiec tt(He WiRE Wbt ﬂ@&teneaiiqwaerat ed to
produce excess heat dee eln er mal

1um° ere ter, Ag fié&f med1

t he, gpparatus
returned to the chamber and the liquid water is
discarded. The liquid medium has a density
greater than the liguid water so the liguid
water tends to rise and float above the medium.
An electric circuit includes a pair of opposed
electrodes mounted on the wall of the container
to ascertain the presence therebetween of
liquid water, which is alkaline from the acid

- absorbing material of the exhaust manifold and
théreby conductive. The circuit then indicates
the presence of the liquid water and signals

the operator that it is to be removed.

The invention includes methods of
achieving the results obtained with the
described structure.



tank having a burn-in chanber adapted to receive therein the sem conductor

devices and further adapated to receive therein a quantity of the liquid
medi um suffi.glent to cover the sem conductor devices while 15 they are
bei ng el ect@l | y operated,

chanber to
wat er vapour

clear of the 'rrediA%ogaqldqﬂgtaeanSfexher iaosp@éttm cﬂnabe:rm'r@ntﬁ@w d

the tank having sufficient size for the

-

ude an upper free space gontaining anbient gases, in which
can be present, above the nedium and of sufficient size
for the sem conductor devices to be 20 positioned in the free space and be

icati ith,the chart d ad dt t it f
Che |1 qurd e L6 REPYAASA (1 FHURTHEABAEOR) OBERAALY ARG SR Athe Sa o

el evat ed 25 at plpeadtidye; oﬁurqambmmdmlhqareaﬁevmcaa;eatt camped eviatdd qui d

medi umfrom t cgol MegAs d tl{lf's Wiyl
l'iquid %’gﬁ%‘g%}#f hrel%chgnbﬁ#gh ura ocat | ons 0 proguce gitation

of the I|qU|

electi ivallyr dinsulatingt hﬂ@%pbﬁéf—usﬁmaﬂ% néegdum,

substanti al | 4, d"hEQL ! REVENRG 4" ephta&e%hmhtt RapRRdityngreatis aiin

chanber; 'and vapour recoveriﬁrreans for renovjn

nmedi um f rom
10
medi um and I

vhpour 48
i-nventi on,
1.5
20
25
30

3hE @ipkraf el

tank having a burn-in chamber adapted to receive
therein the semiconductor devices and further adapatéd
to receive therein a quantity of the liguid medium
sufficient to cover the semiconductor devices while
they are being electrically operated, the ‘tank having
sufficient size for the chamber to include an upper
free space containing ambient gases, in which water
vapour can be present, above the medium and of
sufficient size for the semiconductor devices to be

~positioned in the free space and be .cle;ar of the’

medium; cooling means exterior of the chamber in liquid
communication with the chamber and adapted to remove

the excess heat from the liquid medium to maintain the _

liquid medium substantially at the said elevated
temperature; pump means adapted, in use, to move the
liguid medium from the tank to the cooling means and
back to the tank with the liguid medium entering the
chamber at plural locations to produce agitation of the
liquid medium therein, so that the apparatus maintains
a substantially uniform temperature thréughdut the
medium in the tank chamber; and vapour recovery means

~ for removing vapours of at least the medium from the

upper free space in a closed loop from and to the upper

ours of at |east_the
B0c PoLRtc|TRRA Pgod'— BmtRsd ebevREash
tem eraQ:lifG? spade, thee . samu:ro&xdmd:ﬂqrcomdema:e@ tbelilnq;u d ,
| \xae{ andthegoadg_ﬁsedllﬁlwd nedi um e|n€ ﬁ:irnedto <
riGRthE opgHRte REPIMCP 1$2E°8F d5ATi Yhild Sater ...
lseﬁngta:llmma];hcosﬁeesséd Actbe diappatra tass ecompr s ppgt a0f the-'\v
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there is provi'ded a nethod of thermally stressing a plurality of

sem conductor devices at an el evated tenperature conprising first
im&%alling the 10 sem conductor devices in operative relati offiSp in a
bath of a liquid heat exchange nmediumthat is inert, is substfanbi\s y
electrically insulating, has a specific hegt capaC|ty great en t hatyair and
has a boiling point greater than the elevated tenperature to subject the 15
devices to the said el evated tenperature and di ssi pate excess operating

heat of the desifehs bpalde, rrmelmaaadzweﬁemgmmaeh%@d f e@mitipn y@di um

Jby a cool ing devi se om.t he taln t

sﬁbst anti al Igy dﬁ'ﬁ@‘ p%%e‘l%\ilé{ ee‘fnj’é%at ﬂg%‘llnf‘gt'f‘%i?'ﬁe
ne?tﬂnby FFVIM;iN@ ﬂedUﬁnédoﬁbamhdmmﬁqumdﬂ?é&ﬁﬁmthd(khﬁlmnuﬁrerh
substantially yn t.e roughouyt _t m e e
ivent i on ey SAESFARETRELY Deke BF Yhyi CELERAA T BRe BBk
ppar at us® andsﬁmﬂihaneﬁﬁsly\Mdndenﬁedmadescrlbed by way of exanple,

a

wth reference to th é’éﬁ&’lﬂ%’td s "6bERn0 appELUCE kS nRRIAPEGH | Ve

view of a burn-in unit IS a ever al

systems of the W9F& als pm\gtﬁeéi 3aj gn%#hqdjea;fu z%lemwlm @\Fd’-‘ﬁs@r*“ﬂ e of
the systems iliginiFal ety ofi a¥ifi con&uB¥od 4abvitdd aatvisw eflevarea 10

motor mounting Sl ruCt e e "eonyel'd PRy £irst installing the
- 10 semiconductor devices in operative relationship in a
' bath of a liquid heat exchange medium that is inert, is
substantially electrically insulating, has a specific
heat capacity greater than air and has a'boiling point
greater than the elevated temperature to subject the
15 devices to the said elevated temperature and dissipate
excess operating heat of the devices in the medium, and
then; removing heat from the medium by a cooling device
separated from the bath to maintain the medium
substantially at the said elevated temperature; and
20 agitating the medium by moving the medium from and back"
into the bath to maintain a substantially uniform
temperature throughout the medium in the bath.’
F’% The invention may be carried into practice in
_ various ways and one specific apparatus, and method, |
25  will now be described, by way of example, with
reference to the drawings, in which

- 30



"Figure 5 is a fragmentary side el evation view of the bunp nmot or nount i ng
structure, taken partly in section along the line 5-5 of Figure 4 and in _..

the direction 15 i ndi cated by they arrows; Figure 6 is a rear o
el eyation 'vigw of a heat exchanger tank rFigure 7 is an end el evation view
of ¥he heat | hanger tank; 20 Figure 8 is a fragnentary

vi ew of the of the heat exchanger tank illustrating feed and exhaust

mani fol ds of The invention; Figure 9 is a sectional view of the exhaust

mani fol d taken al ong. t he line 9- 9 of 25 Figure,8 and in-the direction
I ndi cated by the arrows; Figure 10 is a sectional view of the exhaust

mani fol d taken al ong the l'ine 0 10 oi Figure 9 and.i.n the q+ egtlon

i ndi cated by the 30 - - arronsgure dﬁrg PRrisPest eresﬁrea‘c% Ve B ew of the

exhaust fan |npelIerbuswdlmnunhe,exhaust mani fol d; and Figure 12 is a front
el evation view, 5 partlyg igug&obegsageﬁlggg|dy%?g§mebymter separ at or

assenbly. A Jarge, self-containe urn-in bath unit corporating the
invention heYeof is 9gveral syatewatof §brcARPRFaFPStihe reference character

20. The unit conprises a generpibﬁréegtqgggha&aeallzed rear
elevatlon view of the systems 111ustrated in
Figure 2; S . _ : )
Figure 4 isha-plen view of a pgmp
10 motor mounting structure of the invention;
Figure 5 is a fragmentary side
elevation view of the pump motor mounting
structure, taken partly in section along the
line 5-5 of Figure 4 and in the direction
15 indicated by the arrows;

. Figure 6 is a rear elevation view of
a heat exchanger tank; :
Figure 7 is an end elevation view of
the heat exchanger tank;

20 Figure 8 is a fragmentary view of the ~
top of the heat exchanger tank illustrating N
feed and exhaust manifolds of the invention;

Pigure 9 is a sectional view of the
exhaust manifold taken along the line 9-9 of

25 Figure 8 and in the direction indicated by the
arrows;

Figure 10 is a sectional view of the
- exhaust manifold taken along the line 10-10 of
Figure 9 and in the direction indicated by the
30 arrows;



box-1i ke cabinet 22 nounted on casters 24 for ease of novenent of the unit

i n such as a | aboratory. Electrical connection of the unit 15 20 is
by cord 26 to a suitable electrical power pply connection. Cabi 2

: c%ﬁbrises sheet netal walls nounted on anl;ﬁternal frame. A ventizgggag
screen 28 is nounted on the cabinet 20 front wall 29 to facititate

ventilation of the nmechanical refrigeration unit contained in thhe cabinet.
An upper housing 30 encloses control circuits and nmounts indicators of the

status and condition of the unitpy bgg;ét 1&”QQSaag‘ir%?:ect1ve e lgs al so
~can be nmounted on upper housing 6 he cabi net conpri ses

“a segmented cover 34 ahbeaesbﬁﬂﬁﬁnéaﬂoﬁ-i@@ﬁl% peed Hey dheexhddistover 34

inits closed positionpanifbathgng interior of cabinet 22, a heat exchange
tank 38 defines a rectangular burn-in cq%nber 4Q that i.s nerally open to
the top and that can be closed b¥iGUFE 1sTanKrepte A ty of

l'iquid heat exBhange ”Edtﬂmy42nabdo&en|amabi@ﬁdﬂidﬂﬂ%nﬁta(wﬂtbmarrylng
racks with one rack 44 carrgk g gmg ality of circuit.cards 46 being
shown. A side wall 48 BPPRRB“PANRSE tdl-udes a 10 plurality of

openings 50 for ventilation of the chanber space 52 above t he nmedi um 42.
Thus arranged, a technician can

.'gjs : A large, self-contained burn-in bath

unit incorporating the invention hereof is

10 indicated generally by the reference character
20.  The unit comprises a generally rectangular
box-like cabinet 22 mounted on casters 24 for
ease of movement of the unit in such as a '
laboratory. Electrical connection of the unit

15 20 is by cord 26 to a suitable electrical power

 supply connection. '

Cabinet 22 comprises sheet metal
walls mounted on an internal frame. A
ventilating screen 28 is mounted oh the cabinet
front wall 29 to facilitate ventilation of the:
mechanical refrigeration unit contained in the
cabinet. . An upper housing 30 encloses control
circuits and mounts indicators' of the status
‘and condition of the unit. 'Input knobs and
25 _ switches also can be mounted on upper housing
30. A top wall 32 of the cabinet comprises a
segmented cover 34 and a surround portion 36
peripheral of the cover 34 in its closed
position.



[ [ 34 and install or renpve
approach the unit fromthe front,_ralse t he cover
cPPcuit cards 46 fran therack 44 in the burn-ln.bath chamber 40. Cbn;r?LZ
and indieators of the burn-in procedure are available on the front o

cortrol housin
| ocations in-.a
a source of el

the interior of cabinet 22 are additional

desired burn-

a main liquid nedium
The main liquid nmediu

Z§§$ and the unit can be nfyed on the casters 24 to suitable

' r by cord 26, the unit 20 is self-contained.
b ot 25 Y systens that operated to effect a

25

| aboratory or testing facility. Once connected to

In

I theoCeditRrridr o B Bimet L 39K 38hbgiconnected to

1t d ¢oaljng system 54 by conduits 56 qnd 58.
%%%bé@gﬁggﬁﬁ%tﬁﬁﬂ Qﬁﬁ%%%t%n¥9¢éﬁﬂmébarhbeen%mnct|ons.

First, this system 30Chamberr 40sehathd s yaIR{LIP Gheh Neo! EQYI gogedi um to

' - be
ired el evated ure _at _whi.ch t burn-i'n proce urers to
tePfGegte;j,ret hieg bei ng Eﬂgggégkpf:gghi’g ﬁ}oferéggﬂ rfﬁ‘."é?’én_gﬁt ~cEarkj 3Bd .
t herei n. Second, this°§9§§éﬂﬁrenqvastwmytnﬂnkﬂqdﬁﬁﬂhé355é§@@§ggénto e

heat exchange medi um QgqiGa Qgeag i 39 %%Pé¥¥££ﬁgé¢ﬁ§%?%&ﬁdcggélCes during

burn-in procedure, and,thir erv ! _
gggiez{ tenpgrature atatR¥1pgr FRAKS Wi thf omehuravk Mopramexpivg Jhi s system

SEerves to'c iumto

thus serves as a tenpplatdlet§oBEr @l i¢f ééyﬁé“ué'bé{hg shown. a

portion of the liqU|dsP§dl

10

15

20

25

30

u
e'wall 48 of the tank 38 includes a
plurality of openings 50 for ventilation of the
chamber space 52 above the medium 42,

, ‘Thus arranged, a technician can
approach the unit from the front, raise the
cover 34 and install Oor remove circuit cards 46
from therack 44 in the burn-in bath chamber 40.
Controls and indicators of the burn-in
procedure are available on the front of the
control housing 30 and the unit can be moved on
the casters 24 to suitable locations in a
laboratory or testing facility. Once connected
to a source of electrical power by cord 26, the
unit 20 is self-contained. |

In the interior of cabinet 22 are additional
systems that operated to effect a desired burn-
in procedure. 1In Figure 2, tank 38 is
connected to a main liquid medium heating and
cooling system 54 by conduits 56 and 58. The

-main liquid medium heating and cooling system

provides three-functions.-'First, this system
raises the temperature of the liquid medium to
the desired elevated temperature at which the
burn-in procedure is to be effected, this being

A

"



~returning to the tank 38 in conduit 58 is carried by conduit 60 to a filter
62 and back to tank 38 through a conduit 64. Filter 62 serves to clean the
_liquid heat exchange medi um 15 by renoving particul ate ,43} hem cal
cdntam nants introduced into the chanber roduced therei nfeeddi hg t he
burn-Yn procedure. A vapor recovery system’66 conprises a vapotsTecovery
condensor 68 and a l'iquid 20 wat er separator 70. Gases incl uding
air, water vapor and nedi um vapor are exhausted fromthe tank 38 to the

condensor 68 t hrough cha&caﬁblﬂbﬁéﬁ EﬁSSSheAEiﬁgtb@eﬁ@ﬁ@e&%ﬁdauﬂkﬁﬁ and
_medi um vapors, are fedég?ck fjo th tan The obj ect of

“this recovery system 66-7Sebhser vf ﬁﬁ“%neQEbeFVSngtﬁ&m8X65n3|ve heat
exchange nedi um The I|aﬂditt@mdbnhedtwéissxpaped dndol thel eadtndensed

ore fed througn duct - 7eeFeneide neqipll BY, SRR BRRES RS MondRRidiEYo>0 AN
internixed |iqulds are dvioes dbrl89tth9r uka-Lpger@criuge t @néepar at e
fromand rise above thetﬁiﬂ&'ds@?@%&”tascao%eiﬁhtlQHuH@?déH&%hﬂtﬁﬂd'Um

having a greater specific grav ter and the water being
i nsoluble in the nedluﬂﬂnhh%ntlEﬁmﬂeﬁBFBFetﬁénth§ terBIed bl fdh 2
schematically i1l ustratggriugh pBosliihfel heTRiBeRYstenn thise catseR dd qui d

frediumis returned to the tank
a emperagure controller of the unit.

~ 10 A portion of the liquid medium
returning to the tank 38 in conduit 58 is
carried by conduit 60 to a filter 62 and back
to tank 38 through a conduit”64. Filter 62
serves to clean the liquid heat exchange med{um
15 by removing particulate and chemical _
contaminants introduced into the chamber or

produced therein during the burn-in procedure.

A vapor recovery system 66 comprises

a vapor recovery condensor 68 and a liquid

20 water separator 70. Gases including air, water
vapor'and-medium vapor are exhausted from the
tank 38 to the condensor 68 through duct 72.
These gases, less the condensed water and

. medium vapors, are fed back to the tank in duct

) 25 74. The object of this recovery system 66 is

' conserving the supply of the expensive heat

exchange medium.

The liquid condensed water vapor and
liquid condensed medium vapor are intermixed

30. when condensed in the condensor 68 and are fed
through duct 76 to liquid water separator 70.



10 I
i deal i zed, enbodyi ng
Referring alsp to Fig
wal | s 48 and 94.a 15
thus defines %-Q bur n
wall's and is Q@ges to
segnents 34A t hrough

n Figure 3, there is shown a structure, sonewhat

the systens illustrated in block formin Figure 2. -

ures 6 and 7, tank 838 has a rear wall 90, two side ‘.,
bottom wal [ 796 and a front wall 98. Tank 38

-in chanber 40 that is closed on five sides by tank

the top to be closed by cover 34. Cover 34 has five

34E that 20 i ndi vidually can be rai sed and

| ower ed over the chantfhers thengotenmited rbbquikds| ape allowedt &ok. The
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gravity greater than
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N In FPigure 3, there is shown a
structure, somewhat idealized, embodying the
systems illustrated in block form in Figure 2.

- Referring also to Figures 6 and 7, tank 38 has

15

20

a rear wall 90, two side walls 48 and 94, a
bottom wall 96 and a front wall 98. Tank 38
thus defines the burn-in chamber 40 that is
closed on five sides by tank walls and is opeh
to the top to be closed by cover 34. Cover 34
has five segments 34A through 34E that
individually can be raised and lowered over the
chamber 40 hinged at the rear wall 90 of the
tank. The cover segments are arranged to be
aligned with the racks and circuit cards

.carried by the racks for access to individual

25

racks by raising individual cover segments.
Thus cover segment 34C is aligned directly

~above rack 42C carrying cards 46C while cover

.30

segment 34D is arranged aligned above rack 42D
carrying cards 46D.

o Burn—-in chamber 40 contains in
subtantially its bottom half, the liquid heat
exchange medium 42 previously generally



procedure is to be effected. The upper half or space 52 of chanber 10
40 is filled wth anmbi ent gases that can include water vapor and especially

during a burn-in procedure can i ncl udetFl uorinert medi um vapo he
Fieorinert nedium has a | ow evaporati or’rate at room terrperathat 15
incréyses mar kedly at the el evated tenperature of a burn-in proGedure.

During a burn-in procedure, the racks 44 are. in the | owered position to
pl ace their circuit cards 46 and the carried sem conductor devices in the

medi um 20 42 desthebbat teNblathel @ uek inlee tC paHEFuoindtaidre and

after testing, the racks 44 hold the_cards 46.in the p hal f space 52 of
‘the chanber. The n%¥éﬁ%ﬁ?§b8Pstﬂ@nP£3E§u£$%aR¥ %@%ﬁs such as a .
hydraul i ¢ or pneunaCorpoyatidet 23n partit@ilacgnrohs deeat tdxaarige 102 whi ch

[ t [ th 4 Shaft.. [ | i nt

Qﬂd gLP g?r{Lgspneﬁﬁéﬁgéaoﬁaﬁyargéﬁ%é¥gél%%%%ib%ﬁ%ﬁﬁ#agﬁ#gyﬁﬂ?¥gg%g Lgaging
and cool i ng® 30 spegif bm graviobyr greaterstthas Jrigwid safer afjdcent the
tank side wall 94 a deQHH?e}nghgg%' kRt 2 g r ddtee ol d M Ok e d

cool i ng system5 congrl assenbly 110 'and a heating and
a .

chol i ng tube assenbeyevaped| hemperatnse ath@hdgh MR- HA0 Mves the

l'iquid medium from phgcbawee B8l £ol®@ 2ffectedf burn-in chamber 40 through
hari zontal |y

‘s The upper half or space 52 of chamber

10 ' 40 is filled with ambient gases that can
‘include water vapor and especially during a
burn-in procedure can include Fluorinert medium
vapor. The Fluorinert medium has a low
evaporation rate at room temperature that

15 increases markedly at the elevated temperature
of a burn-in procedure. During a burn-in
procedure, the racks 44 are in the lowered
position to place their circuit cards 46 and
the carried semiconductor devices in the medium

20 42 in the bottom half 100 of the chamber 40.
Before and after testing, the racks 44 hold the
cards 46 in the top half space 52 of the
chamber.. The movements of the racks 44 are by

_ means such as a hydraulic or pneumatic cylinder

_ 25 101 connected with shaft 102 which in turn

. carries the racks 44. Shaft 102 then is

vertically movable into and out of the

pneumatic or hydraulic cylinder 10l.

The main liguid heating and cooling
30 system 54 comprises a structure arranged
-adjacent the tank side wall 94 and bottom wall
96. In particular, the heating and cooling



extendi ng conduit 56, vertically extending conduit 114, horizontally
arranged tube 116 of tube assenbly 112 and then in a reverse direction o

t her et hroughi 'and | astly through 10 ;avertical ri ser pipes 58A throughw,.
58D back into the lower half 100 of chanber 40, the flow being indicated by
the arrows i@ tRe described conduits, tubes and pipes. Referring also to
Figures 4 aiﬁé%? 15 punp assenbly 110 includes an inpeller 120 .
carried at end of a driven shaft 122 extendi ng downward into- ;
substantially the | eggtenfS4orcnprised ai phmphassepbllyed 18 madged adj acent

tube 116. A beaﬂru%%ﬁ?%ég a%d co§§§Bgﬁ533é 358 eMBYYt 94 2, nsi de the conduit .

114 to stabilize the shaft to prevent “up flow of liquid
mediuminto the top half of conduit 114. The other end of driven shaft 122

extends above the top end of CPRAYHErdPion, thélpumpdaedenAy NG eon a
driven pulley 126. A fixed |length’ bhelt 12é connects the driven qplley 126
to a drive pull ey 13PYeatthe tigpidgradippetzpm &he, 1oMsFe l?ﬁeﬁt 00327 of an

el ectric notfor 134. & burn-in chamber 40TBBroaghUNosd zonadasy its -
viscosity with a change rg.its teggegaggre and,. thereforge, the inpeller
120 needs to be dri RALNG FPRERF b S8es VRS SR *Hf%edi umis at

room ambi ent t enper atosidubtidlbd, ahdrikeneallypactanyed ttuberddidinogf s at the ,
tube assembly 112 and then in a reverse -
-direction therethrough and lastly -‘through NG
10 vertical riser pipes 58A through 58D back into
the lowér half 100 of chamber 40, the flow
being indicated by the arrows in the described
conduits, tubes and pipes.

_ Referring also to Pigures 4 and 5,

15 | pump assembly 110 includes an impeller 120
carried at one end of a driven shaft 122
extending downward into substantially'the
length of conduit 114 with the impeller
arranged.adjécent tube 116. A bearing and

20 baffle 124 are mounted inside the conduit 114
to stabilize the driven shaft 122 and to
prevent up flow of ligquid medium into the top
half of conduit 114. The other end of driven
shaft 122 extends above the top end of conduit

25 114 and carries thereon a driven pulley 126. A
fixed length belt 128 connects the driven
pulley 126 to a drive pulley 130 that is
carried at the end of a drive shaft 132 of an
electric motor 134,

30 .. . The medium 42 changes its viscosity
with a change in its temperature and,



5 el evated tenperature for effecting the burn-in procedure. To attain

this result with the constant speed electric notor 134, the pu assenbl y
110 jincludes a structure for varying the effective dianeter oZiggﬁgdrive

pﬁ?(ey 130 10 while using a fixed N&gth pulley belt 12
function is effected through use of a levE? armand | ead screw and nut
arrangenment varying the distance between the drive shaft 132 and .t he driven
shaft 122 and using a spring 15 actuated nechanismto vary the

ef fective diameter of ¢herprbley 440 Lhge1689249 hatdsl ter deerptivdie

J128. In particular, electric no I's nmounted on a nmounting plate that
isinturn 20 rnﬁﬁt%dpéﬁthc?bﬁétﬁﬁﬁérﬁﬁv899§ﬁaﬁpef3§heIm U haf t

138 is nounted on a hoxszs)ﬂtaboﬁuaﬁaiénal gbApéfltayemaads af a2 sl eeve
bearing 142. Pl ate 140 Efcla on_t he verhlcallé extendlng#{ube 114 by a
clamp portion 144 and ®ktferen cFBﬁﬁdePFQ t Wt & 138 passes

downwar dl y t hrdugh pIaebe&dﬂeanﬂehpéﬁatﬁtat50i4§fE9c¢dmge¢ﬂﬁmiHurn&naaend
to a lead nut 104t hr cRECHSORFS- FoaatearBtbEE elile Mt e bl are
140 by a pair of brackeosstisst speddseileattie motosudiddd hhe pumpckets 158
for rotation around itg Lapgybuds §alnd¥hied"d sErdicel®? '#brSUiltying
) the effective diameter of the drive pulley 130
S 10 while using a fixed length pulley belt 128.

The function is effected through use of a lever

arm and lead screw and nut arrangement varying

the distance between the drive shaft 132 and

the driven shaft 122 and using a spring

15 ' actuated mechanism to vary the effective
diameter of the pulley 130 that engages the
fixed length belt 128. '

In particular, electric motor 134 is
mounted on a mounting plate that is in turn
20 mounted on a rotatable pivot shaft 138. Pivot
, o shaft 138 is mounted on a horizontal support
- plate 140 by means of a sleeve bearing 142.
~ Plate 140 is clamped on the Verticaily
 extending tube 114 by a clamp portion 144 and
25 clamp bolts 146. '

The pivot shaft 138 passes downwardly
through plate 140 and below plate 140 is
connected to one end 148 of a lever arm 150.
The other end 152 of lever arm 150 is connected

30 '~ to a lead nut 154 threaded onto a lead screw
156 mounted below the plate 140 by a pair of
brackets 158. Lead screw 156 is mounted by



rotation by a stepping notor 160 nounted on support blate 140 by suitable

bracket neans 5 ° 162. I n operat , stepping notor 160 rotates the .
| ead screw 156 to nmove the |ead nut &%ﬁ and |l ever armend 152 to a selecteﬂ,
position. Thi otates or pivots the pivot 10 shaft 138 to nove the
notor and it ve shaft 132 to a selected position on an arc around the

pi vot shaft selecting a particular distance between the center of the
drive shaft 1 and the center of the driven shaft 122. A 15 spring

mechani sm 164 nourRERFERES hb58r £0E patpEfonzareanded tshe effective di aneter
of drive pulley 131},,ﬁ¥wﬂgapegklg2§naolgcagmql,atﬁ, tgy | xed | ength belt

128 operating with di ferent di st ances" bet ween the dr|ve and 20

driven shafts. | F¥aeten LY AeSEEPPANE; MOLOrdibda D& tion of t he
| ever arm 150, ancsumam'tlﬁnaté D46 pgssuitable Ibeatdxwiaﬁm or broken
l'ines indigate thelé)?smlons of these sane structures at another selected
position. 25 Thus, by.increnentally stepping the stepping
notor 16Q, variable speed rotation of the inpeller driven shaft 122 can be

obt ai ned from a const ant spe§g3§£g§ggigpgngg P#%%g'mg fa dates the L

varying punp requirenents for VISCOSI medi um 42
wi t hout resortlng‘EQt@tearthblkesdeedrewL&éﬁnﬁpomqmaiuhauhead(nmtce.

154 and lever arm end 152 to a selected
poSition. This rotates or pivots the pivot
10 shaft 138 to move the motor and its drive shaft
| 132 to a selected position on an arc around the
pivot shaft 138, selecting a partlcular
distance between the center of the drive shaft
132 and the center of the.dricen shaft 122. A
15 spring mechanism 164 mounted on the drive ‘
pﬁlley 130 varies the:effective diameter of
drive pulley 130 engaging belt 128 to
~accommodate the fixed length belt 128 operating
with different distances between the drive and
20 driven shafts. In Pigure 4, the solid lines-
indicate the position of the lever arm 150, and S
motor 134 in one position while the dashed or e
broken lines indicate the positions of these
same structures et another selected position.

25 Thus, by incrementally stepping the J
‘stepping motor 160, varlable speed rotation of
the 1mpe11er driven shaft 122 can be obtained
from a constant speed electric motor 134. This
accommodates the varying pump requlrements for

30 o the varlable viscosity medium 42 without
resortlng to a variable speed drive motor and
control device. |



Referring now to Figures 3, 6, and 7, tube assenbly 112 pr
desired heating and cooling of the |liquid heat exchange .ﬂﬂp
tenmperature of the nmediumto the 5 _ - el evat ed terrper
e 'Lgy di ssipated into the medi um by:t operating sem conect ok devi ces
and cool the nediumto anbient tenperature. Assenbly 112 conpri'ses the

earlier nmentioned outer, horizontal tube 116 10 that is ¢tonnected in
fluid conmunication with the bottomend of vertically extendi ng conduit

114. Quter tube 116 contains \/\h@fgyrmﬁrﬁbg 28 Figered B 0 A A baffle
172. Pipe 170 rests on the bottomof the interior surfgce of 15, ‘outer

*tube 116 and can be HWP® RFESEBRLY; dh2t REPEiAes thedasired, iqating s d
baffle 172. Baffl e 1aRdcéesEinghefspneclbauiachehlte exthingd médiwees of
horizontal tube 116 End lge %70 £ t hat | i qui ng um nteggn 20
hori zontal tube 116 nr%b ¢ bRey CPAPSTAKELELLL, the SedivR, ?ﬁ#ﬂ?ljo. The
tube assenbly 112 fueléeatednpempesatucel regovei lenbEgyt [dhts sgatrats i nt 0
one end of the tube | a [ .subst apti al . Ne.: | | engt h
of inner pipe 170. %%gocggﬁiﬂéaégﬁlB&ngpﬁe°b§§%§#ﬂ§j%§ﬁ£§§¢§§#{§% t he
evaporator coil of =dewitesi 3ad cepli fbeamediuanite ambient ntended to

renove energy fromt L AL edi e 1hinqui ' fipsses 30
thereacross. Wile gﬁ??%g#gqugp §Eb?ﬁg&goéﬁﬁn§%§%?ﬁg%#ﬂ]Ls shown for
clarity of the draw #arlpetrmentépnedcantes. i hosizeatadertathe 116 any event,

thEJjnner pt@e 170 ighatr 88988nnected in fluid communication with

the bottom end of vertically extending conduit
114. Outer tube 116 contains wholly therein an
inner pipe 170 and a baffle 172. Pipe 170
rests on the bottom of the interior surface of

. 15 outer tube 116 and can be held in position

thereat, at least in part, by said baffle 172.

Baffle 172 closes the space between the

interior surfaces of horizontal tube 116 and

pipe 170 so that liquid medium entering

20 horizontal tube 116 can pass only into the

- interior of inner pipe 170. '

. The tube assembly 112 further
comprises ‘a cooling coil 174 that extends into
- -one end of the tube 116 and into substantially
25 . the entire length of inner pipe 170. The
cooling coil in the preferred embodiment is the
evaporator coil of a mechanical refrigeration
unit and is intended to remove energy from the
liQuid medium as the liquid medium passes
30 thereacross. While only one loop of the
cooling coil 174 is shown for clarity of the
drawing, plural coils can be inserted therein.
In any event, the inner pipe 170 is arranged



relative to the cooling coil 174 to contain the liquid nediumin close

contact with the cooling coil to obtain a maxi num heat transfer. In this -

arrangenent the nedi um 40 passes gzﬁl and 5 across coil 174 in innex,»

pipe 170 in a/fprst -direction. qui d mediumthat exits the inner pipe
enpties i .5 space 176 |nter|or of the outer tube 116 and reverses

its 10 to a second direction opposite the first direction within

outer tube 1186~to flow to the riser conduits 58. Therefromthe nediumflows -

back into the burﬂelatsbanbertﬁg dH@iﬂHqN&dﬂliImlﬁﬁ@fééﬁWhiﬁ fBdi umin 15
one direction in ijnnel: and .a secon |recI|on I N outer tube 116

contributes to redbt@Rign®™ BﬁlﬁgbﬂHeF¥§iﬁx?9Qa b e BB CPot HRI desi red.
cooling and returocobl tbeobtdunnatmdﬂnmdmnﬂe&ﬂ traﬂsie&ltylmf | ocati ons.

Baffl e 20 revents the & 00 m.b to the
ont r ance 1o i nner Bt Bet FanoaEn End met G A edBEH HH8E Bh8L %1 76 anc
180 to contain thécroqaldomédiaﬁlnmemanenmnﬂperkﬂ&onmlmgftnst 174 entering
t he outer tube 118;28ction. through the end 178. A portion of the liquid

medi um di schar ged |nto Space 176 interior of horizontal tube 116 passes .
into conduit 60 and therefromflows through filter 62 and conduit 30

64 back to chanber 40. ThephleOWigHi@dedium that exits the |
inner pipe 170 empties into a space 176

interior of the outer tube 116 and reverses its _ "’
10 flow to a second direction opposite the first .
direction within outer tube 116 to flow to the
riser conduits 58. Therefrom the medium flows
- back into the burn-in chamber 40.

The flow and counterflow of medium in
15 one direction in inner pipe 170 and a second
directiqn.in outer tube 116 contributes to
reduction in cabinet space required to effect
the desired cooling and return of the medium to
the tank at a plurality of locations. Baffle
20 172 prevents the return of cooled medium back ;;;
into the entrance to inner pipe 170. Outer
tube 116 is closed at both ends 178 and 180 to
- contain the liquid medium therein with the
cooling coil 174 entering the outer tube 116
25 through the end 178.

A portion of the liquid medium
discharged into space 176 interior of
horizontal tube 116 passes into conduit 60 and

therefrom flows through filter 62 and conduit
300 64 back to chamber 40. The flow through
conduit 60 in the preferred embodiment is



conduit 60 in the preferred enbodinent is approxi mately 10% of the

| i qui d nmedium di scharging into space 176,.sQ that there is a-gorms§ant
filtering of the mediumfromthe tank 362¢*he filter 62 i : ¢d to

r ve 5 particulate foreign matter such as scal e, fer), particl es,
dirt>~and all types of foreign substances that are carried~ey—tHe medi um
aids in renoving noisture fromthe liquid nmedium and al so rennves aci ds,

sl udge and varni sh from 10 the nmedium This is inportant for |ong
term operation of the awfoﬁﬂniaélyaxowafet:hecwqwa Maaualsserrbl y 112
further conprises a he ter elepent,1 shown Hg F|g é@t t hat ,15
*extends into space 17 arging, & ﬂt spase; 178 by ithgre, & ighg
devi ce desired, such asomstantrfﬂ@ﬁebingoof hhetmedlamdf&unc&m@niamm raise
~the tenperature of they}bi m 4 gsin ere the desired

eIevatgg 20 tenp éa?ﬂ?g ngi#ﬁﬁ éa .ﬁ“%?S? vg%tfter t he
heating el enem 82.is antusehabecéoselghemaenecoBdchtaﬁ 6Gaﬂees under test
e TLf et L0 T2 hGidel GalEELYELA alDE AV ANGT eyPICLE Webelid

arro

renoval of excess 25 cooling coil

Figures 3 and 6 indi ca%bﬁaent:e%mﬁbatwqe. saﬁﬁeedwbwrmecmﬁ;étm.wm ough

PO?dU|t 56, through Ve{ﬁ'EéﬁeylﬁétﬁagéEQrEOEQBhtt%%4lR§%TﬁjMéaTﬂd€” 120
rnto . and also removes acids, sludge and varnish from

U 10 - the medium. This is important for long term
operation of the unit 20 for maximum
efficiency. '

Tube assembly 112 further comprises a

heater element 182, shown in Figure 3, that

15 extends into space 176. Heater element 182 is
any electrical heating device desired, such as
a cartridge or coil heater, and functions to
raise the temperature of the liquid medium 42
passing thereover to the desired elevated

20 temperature for the burn-in procedure.
Thereafter the heating element 82 is not used
.because the semiconductor devices under test
are sufficient to maintain the medium at the
elevated temperature, with removal of excess

25 - energy by the cooling coil 174.

The arrows in Figures 3 and 6
indicate the flow of ligquid medium from chamber
40 through conduit 56, through vertically
_ extending conduit 114 passed impeller 120 into
30 outer tube 116 and contained pipe 170, therein
across cooling coil 174, into space 176 and
therefrom by counterflow in outer tube 116 to



30 outer tube 116 and contai ned pipe 170; therein across cooling coi
174, into space 176 and therefrom by counterflow in outer tube 116 to

the vertical riser. pipes 58 and back into chanber 40. The return of ned

tQ the main bupsy n chanber at a pluéﬁi'ty of locations effects an
‘agitation or.t;'iqlence of the 5 mediumtherein that is beneficial in
m xi ng the nquﬁvrin t he chanber to achi eve a honbgenous tenperature ]

t hroughout theM™path nmedi um This achi eves precise control of the el evated ’
tenperature at whi dthe heedhirgal e jsececpipesi §818nd backefiindet ed for closely
followi ng the calc (- | | LT . | i.0n of the .
bat h medi um al so i';gkg%ngg?dpg{/d]’t hgrlr?%gﬁ?%ﬁgy éggﬁggiﬁgd}%% ?‘%a”ﬁot t om of

the chanmber and t hdwenmim|chambegiatn 2 oPlusalify Plodocationge 15 . of
the burn-in chanberegeddis £RUsEstat{bAGET thkBuTRACEEC s the cards
_carrying t sen conduct or devigces,. al sp nEint LnLng t.he semni conduct or
devi ces at the desi W Sheeein Bt atfr engdicial in mixing us, the

function of the nmuifediwni Th NEwé UshaRBer Ngoaadhdesld Y harfdgsndus t 0 el evate |
the tenperature of the heat exchange diumto,the desi,red t erature at .
whi ch the burn-in FIERRERAEITS TOF QUIBoREFDE bATE SRRy o THiss t he

medi um at that desiactiiéwepepreciset bontgblr efothe eflavatdiat energy e
produced by the ser Gonduct ofe dg¥! GRch"tRe! Barh2n Wotldure is
- 10 ' effected for closely following the calculated A

burn-in time requirements.. Theiagitation of
the baﬁh medium also is aided by the return of
- cooled medium to the bottom of the chamber and
the removal of medium for cooling from the side
15 . of the burn-in chamber. This causes a flow of
the medium across the cards carrying the
semiconductor devices, also maintaining the
semiconductor devices at the desired elevated
temperature.

20 | ~ Thus, the function of the main liquid
medium heating and cooling system is to elevate
the temperature of the heat exchange medium to
the desired temperature at which the burn-in
pfocedure is to be effected, and to maintain

25 the medium at that desired temperature through
removal of the heat energy produced by the
semiconductor devices into the cooling coil
‘arrangement. At the end of the test, the
éooling coil arrangement can be used to reduce

30 . thé.temperature of the liguid medium to ambient
or room temperature.



arrangenment. At the end of the test, the cooling coil -arrangenment ca#® be

used to reduce 30 the tenperature of the liquid nediumto a w“@ip or
_ roon1tenperature Ref erri ng now speci ly to Figures 3, 8 aRd&/the
or._recovery system 66 provi des recoveé;iif t he vapors of the expéensive

heatﬁéxchange medi um Wthout this 5 or a like recovery system al
of the mediumwould be lost in a short tine through evaporation. System 66
conprises the vapor recovery condensor 68 Iocated bel ow t he tank 38, the

liquid water separator 70 |ocat : 8 and
,an exhaust nmanifold 190 and a eedé manl(-f o lﬁgg%éggggbfgt Ephgkg% é

‘margi ns of tank 38. Bxh8uandi %ot Lheowapowreceveryospaten 66 gases from

t he upper space 52 o ﬂ@yyaééwggygqu 40e 1 ¢ @ ggﬁoggh Esth% mani f ol d

190 and feed ducts 196 provide for nnvenent of gases ron1 eed mani fold 192
i nto. the upper spacee§PQﬂsRﬂﬁﬂhﬁ§tZEKCHQP%$é$ iwn, tWithauksthisthe upper

s]pacE 5|2_ of.ghanger o, a\Mllmde md R éfy: |gifee ), all oPatRe Mé&QﬁmEnd Vapogs
of the liquid nmediu e y a sse own in Figures
and 9, through the e eﬂf&q’lﬁj a?nosq? 33 Fbﬁgg %ﬁﬁﬁggﬁmam fol d 190.
There, any of the ne@mmponahrunlfuﬁysﬁame6@|@@dpmisestthe25apor wat er
vapor to form hydr of LuQid e AP db g d GG 808 88V bE AR LhBTEKRLE! Vapor

s made
38, the liquid water separator 70 located to

*AUd 10 one side of the tank 38 and an exhaust manifold
190 and a feed manifold 192 located at the top
side margins of tank 38. Exhaust ducts 194
provide for movement of gases from the upper
: 'space 52 of burn-in chamber 40 into the exhaust
15 - manifold 190 and feed ducts 196 prouide for
- movement of gases from feed manifold 192 into
the upper space 52 of chamber 40.

In operation, the gaSes iﬁ the upper
space 52 of chamber 40, which gases include
20 water vapor and vapors of the liquid medium,
are pulled by a fan assembly 198, shown in
-Figures 8 and 9, through the exhaust ducts 194
and into the exhaust manifold 190. There, any
of the medium vapors that have 301ned with the
25 ' ‘water vapor to form hydrofluorlc ac1d are
removed and any remaining water vapor is made
alkaline. Therefrom the gases are pushed by
the fan assembly down through duct 72 into the
vapor recovery condensor 68. |

30 - Vapor recovery condensor 68 comprises
a box-like outer container 200 completely
enclosing expansion coil 202 of a mechanical



al kaline. Therefromthe gases are pushed by the fan assenbly down through

duct 72 into the vapor

enchosi ng e/i-
gases and
- wat er vapor

and 5

botton1of'the expansi

from duct

Vapor )
recovery condensor 68. 30 .
recovery condensor 68 conprises a box-lik “outer container 200 conpletely

ion coil 202 of a nechani’C -

I um VQ,

refrigeration device. The
72 pass over the expansion coil 202 and incl uded

d medi um vapors are condensed thereon. The condensed water

now.in interm xed liquid stage, drip off the

§ﬁr&g'e|ral tics ﬁ?é’#ﬁﬁ-t orfhg games oawdi napoP80 to forma

pool 204 of intermi xédoh quict W2 PasdGvidAUinh B i 40 o coil 202 oo

The remai ning stripp
t hrough return duct

it f t he vapor. recovery ¢ _
sgd ﬁSin HE%%gLW@PEIE\ﬂﬁﬁeﬂ¢éwmmheqpars ded into

t he upper space 52 ofooflensed tﬂetrih_;guughfm?ﬁe d;dri\;ﬂi?stru ps%%@gag%ggbggst hr ough
wal3 48 at ﬁa&ﬂhﬂg§a§§rs, greatter

15

t hrough the length of the cha

Hetfe dR bEmixed d sbageto the

exhaust ducts 194 pi8kiRgoff thgobettomcofplttiee expamside.c@fl into

Gases passing from tbielBedtdiCoe LRe! BEARANAUS! IS AL Used Lo o

cards a6 that are ra#bfcof

of

10

15

medlum

medi um from-senr COn
ol{lherm;sed g;@guuﬂomamert lnd dedquia Wil e nost

The remalnlng strlpped gases exit

‘from the vapor recovery condensor 68 through

return

duct 74 1nto feed manxfold 192 wherefrom

they are fed into the upper space 52 of chamber
40 through the feed ducts 196 opening through
wall 48 at openings 50. Thereafter the
strlpped gases pass through the length of the
chamber 40 between walls 48 and 94 back to the

exhaust ducts 194 pPicking up vapors to complete
one cycle.

20

25

the exhaust ducts are used to advantage to

'remove

Gases pas51ng from the feed ducts to

liquid medlum from semlconductor devices

47 carrled on cards 46 that are raised to the
upper position by the rack 44. While most of.

30

the llquld medlum drips off of the cards while
'they are held in the upper space 52, the gases

that pass across the semlconductor devices and
cards aid in evaporating residual quantltles of
medium to "dry" the cards.

This can be helpful in draining and

“drying" a rack of cards before removal of the



25 the liquid nmediumdrips off of the cards while they are held in
t he upper space 52, the gases that pass across the sem conduct or.
‘and cards aid in evaporating residual quantities of nmediumto "
cards. 30 This can be hel pful in draining and\.d
raék of cards before renoval of the c and devices from burt
chanber 40 while the other racks of card carried seniconductor ‘devi ces
[emai n subrmerged in the liquid nedi umundergoing the burn-in procedure. In -

such a 5 - Si tuatéDPds BAAET AéPEcE8" 8o Burd-in ShailiriMo WM ONe
,segment of the cover need be raised to_gain access to the cards. Referring

speC|f|caJIy to Fi gureesohher oragks @§h86§§ ﬁ&ﬁqﬁﬂQjﬁﬁﬂ}QRﬂﬁﬂqgﬂﬁ an 10

outer cylindrical hOL@eﬁﬂcaéoréxhﬁﬁﬁdsabméﬁﬁean(inby:h% Rligfl R e @i at t he
ot her end by the fan as&%ﬁgﬂ£?198 The exhaust ducts 194 exte

d

hori zontal |y from t he"® 9 Bhe PurnRynaProcedRre o i FUSh 3 )

angl e to neet3the 15 situatighjnaftesal theusards?hdev&rdryaldfy medihen exhaust
ducts 194 thus pl ace r r aseous
fluid communi cation V\%{ﬁy ﬁltégb%ﬁg mlg%iécggnt%’g% I‘)leﬁedrelce?} k{bglrﬁi%d r\b&
Mounted in the interigainfacgesadtochhehgasidsg 210 by the plate 212 and an
i nternal baffle 216, are neans 218 for renoving acids fromthe gases
‘exhausted fromthe chanber 40

Referrlng spe01f1cally to Figures 8
e and 9, the exhaust manifold 190 comprises an
10 outer cylindrical housing 210 closed at one end
by a plate 212 and at the other end by the fan
assembly 198. The exhaust ducts 194 extend
horizontally from the side wall 94 of tank 38
and are bent at a 90° angle to meet the
15 - cylindrical housing 210 vertically. The
exhaust ducts 194 thus place the interior 214
of the cylindrical housing in gaseous fluid
communication with the burn-in chamber 40
interior tank 38.

20 Mounted in the interior of cyllndrlcal
hou81ng 210 by the plate 212 and an internal
baffle 216, are means 218 for :emov1ng acids
from the gasesﬁexhausted.from the chamber 40
into the interior 214 of exhaust manifold 190.

g 25 ' These means 218 comprise a_péir_of chindriéal
members- 220 and 222 éohcentrically mounted one
within the other to férm annular space 224 that
is filled with an acid absotbing_material 226.
This material 226 can be such as SODA-SORB or

30 other acid absorbing materials. A drain pipe
228 extends downwardly from the bottom of
cylindrical housing 210 to carry any liquids



into the interior 214 of exhaust nanifold 190. 25 ' These neans 2

conprise-a pair of cylindrica

A he ex
earlier

condensed\ i
t he duct

bﬁorblng/ erial 226. This materi al
ot Wer aci@yapsjor bing material s.

18

menber 222 is in gasaws 4¢ Uijebdmwatent and mhqutighmaumpemmg:mz in

baffle 216 with inp
driven by a notor

i mpel ler 10 - 236 is nounted in a space 244 opening to the duct 72

earlier descri bed.

fromthe upper spacepo@ih CoR

interior 214 of the

In operatiog é@%aénﬁgb'?Eté§§§§4okhgy§§%d§§ ol y

wi t hdraws gases fromthe opening
duct 72. T8 s |nttm¢mbﬁémg2%as%slnngﬁﬁépﬁg ﬁéﬂéﬂ-@9@@#“&M§QﬁﬂﬂLunvapor

én gt bagusm bheraehayst dug 194 to the .~

0 space

cyllndrlcal ousi hg 0. Therefromt he ases pass

t hr ough 20 f i ndRREReRgd36 nef EHSMﬁ?nlﬁsﬁﬁ@h@V il98ri cAherenber
into close contact V!ﬁ§b1f§t323d is driven by a motor 238 through a

10

15

20

‘belt 240 and a dr1ven shaft 242, The impeller

236 is mounted in a space:244_open;ng to the
duct 72 earlier described.

In operation the impeller 236 of the

fan assembly 198 withdraws gases from the

opéning 232 into space 244 and forces them into
duct 72. This in turn draws gases including
water vapor and Medium vapor from the upper
space 52 of chamber 40 through the exhaust duct
194 to the lnterlor 214 of the cylindrical
housing 210. Therefrom the gases pass through
fine openings (not shown) in the cylindrical |

member 220 into close contact with the acid

25

absorbing material 226 in the annular space

'224. This removes hydrofluoric acid vapors and
makes the water vapor alkaline. The remaining

gases and Vapofs pass through additional fine
openings (not shown) in the inner cylindrical
member 222 and into the space 230 interior of

~the cylindrical member 222. Therefrom these

30

gases pass into the opening 232, and are moved
by the impeller 236 into the duct 72.

198

220

nmenber.s 220 and 222 concentrical ly nounted.
one within.the other to formannul ar sB4cF 224 that is filled with an aci
AT 226 can be such as SCODA- SORB or 30
A drain pipe 228 extends downwardly from
Jcylindrical housing 210 to carry any | i qui ds that have

t fol d h t d d di to *
A ML S giRacte LAY bRl BRAARRAS e o o
6 .0f,1th ' ly 198. Th |1 236
P, TR ddRePTigaR Y, 108, Toe meelier 208 1o

orces eminto 15

v



absorbing material 226 in the annul ar space 224. This ‘renoves hydrofluoric
aci d vapors and nekes the water vapor al kaline. The remaining 25

“gases and vapors pass through additional fiRelopenings (not sho
I'mfer cylindrical nenber 222 and into the space 230 interior of
cyrfﬁdrical menber 222. Therefrom these gases pass into the ope
and are noved 30 by the inpeller 236 into the duct 72. d
referring to Figure 11, inpeller 236 conprises a circular disc of solid
material that has a plurality of Ahdoaféﬂeexlngdtogrugmunngs.24&pumﬂanmm

drilled th [ 8 Il
g;nt;:flga||yeL§L28 gasgiéaﬁ%meﬁb%?%a% §f§¥ng%3rﬁ§§d S%inqﬁﬁéggiﬂal
i'nto space 244. This pwthauebaanalpbupehstye0§|eaélpédw|em&§ﬂd¥ngrmu can
b | d 1 b

Car ol aoric actdt nééﬁfﬁéév %?ﬁﬁéﬁﬁ?ﬁe acr ailgsor Te tibe i '?ﬁ{afeed

hydrof luoric acid that Id a I Nng nmeans.

mani f ol d 192 coPmpri ses %Ot@t@@dec@Ptﬁﬁugﬁﬂg 2ppedllezed3ft both ends with
the interior thereof '”cSﬁéEPE§c£iﬂgdmé5es gase%oﬁﬂuﬂ Wapdrd) rddinltie
<hanber 40 through the feed ducts feed manifold 19§4xﬂforn5 t he
fnction of roughly equ%PFY?ﬁ§1¥h§r?Po&F§f°§5§§§ &R §RACe 294 o TS

several feed ducts 196 &?oGhé&Eeén4Qneﬁ9en51ve piece partlumpeldleOw to

Figures 3 and 12, the I|qU|d wat er eparatgr 70 .receives interm xed
that can be replaced easily upon excessive wear

"o 10 caused by any’ unabsorbed hydrofluoric acid that

may pass through the acid absorbing means.

The feed manifold 192 comprises a
cylindrical housing 250 closed at both ends
with the interior thereof in gasequs fluid

15 ‘communication with the chamber 40 through the
feed ducts 196. The feed manifold 192 performs
the function of roughly equalizing the flow of

- gases from duct 74 into the several feed ducts
196 to chamber 40.

20 o Turning now to ?igures 3 and 12, the
liquid water separator 70 receivés intermixed -
- liquid water and liquid medium from conduit 76
by way of pump 260 from pool 204 in the vapor
recovery condensor 68. The liquid water '
25 separator 70 feeds separated liquid medium back
. o ' to chamber 40 thfough conduit 80 by way of pump
’ ' 262. Conduit 80 :éturns the liquid medium to
- ' _ : the tank 38 and chamber 40 well'above the top
' surface of the”liquid medium 42 to prevent a
30 siphoning of the liquid medium baék into the
liquid water'séparator 70.



liquid water and liquid nediun1fron1conduit 76 by way of punp 260 from pool
204 in the vapor recovery condensor é%d?e liquid water 25 separator
70 feeds separated |iquid medi um back hanber 40 through conduit 80 by\
way of punp Q62 Conduit 80 returns the liquid nediumto the tank 38 and '

chanber_40 above the top surface of the liquid nmedium42 to prevent a
30 S wnlng of the liquid nediumback into the |liquid water .
separ at or The purpose of separator 70 is to separate the liquid :
nedlun1fron1the l'iquid water so that the expensive liquid mediumcan be
reused in the burn-in chanber 40. It is 5 de5|red to reane t he

liquid water to prevent format bale id that can
corrode the tank, racks, cardsTgﬁdbﬁrhpggh ucto H%ggces J?% wat er

separator 70 conpri seepapate theaﬂuﬂp@ﬂamdﬂgmbﬁﬁ%rﬁ%llw ng 254

closed at its top byws&PVEs @ﬁﬁtaﬁﬁeab gbisli‘%tet QUi @ bt @& @nd havi ng
a pair of depending l'indri ¢al, es 27 nd 272, which are c)osed at

t heir bottom ends byb%a’é%'és? 418n5‘ ?7@‘“?51“ chanker; 264t det i nes a
substantial |y cylindaésategepar eéﬁbv@h%merllzﬁﬁd haitdrs td graieht

communi cation with a_well 271 int d n t ube, 270 d a wel | 280

interior of the depeh@Fhat %85e127 I’b&:;‘}'f Ggpﬁ‘ %ﬁﬁ%flr'%ﬁ rig a “2%"2 such .,

as a rolled web of séannbgssoaéeghe tank, racks, cards and
| semiconductor devices.

Li@uid water separator 70 comprises

1o an upstanding cylindrical housing 254 closed at
its top by a cover 266 and at its bottom by a
.base 268 and having a pair of depending

_cylindricai tubes 270 and 272, which are closed
at their bottom ends by bases 274 and 276.

15 Housing 264 defines a substantially cylindrical
separator chamber 278 that is in fluid
communication with a well 271 intérior of
depending tube 270 and a well 280 interior of
the depending tube 272. A diffuser material _

20 282 such as a rolled web of stainless steel ~

| mesh is installed in the well 280 of the tube
272 for a purpose to be dscribed_preseptly.

_ - Ligquid wétér separator 70 further
comprlses a pair of electrodes 283 and 284 each
25 o connected to a brldge circuit 286 by conductor
| | _leads 288 and 290. The electrodes 282 and 284
extend rad;ally through the wall of the housing
264 at a certain level so that their tips 292
and 294 are in fluid communication with any



mesh is installed in the well 280 of the tube 272 for a purpose to be
dscribed presently. Liquid water separator 70 further conprises a pair of
Kglectrodes 283 and 284 each 25 : connegted to a bridge ci Lt 286 by |
cotfduct or | eads 288 and 290. The el ectrod®s 282 and 284 extefKA-:-iaIIy
thrngh the wall of the housing 264 at a certain |evel so thy 3 [

292 and 294 are in fluid conmunication with any “liquids or gases in the
separator chanmber 278 interior of the housing 264. In operation, and
initially, the interi diqpfidsheomassery andtidesépardepenchagbér 278 tubes

are filled only with gases and voi.d of.any,Ljquid such as the
interm xed |iquid nedi G*95 cﬂaﬁr}%tré?'tts’t/&%nz% t burn-in procedure _
commences, quantities of liquid interm xed water and nediumw || be punped

up 10 from pool 204 througf QﬁQQ&% . i + 280 angd,.theref rom
into chanber 278. The liquid engg}i C %ﬁ%@f %§§_¥§%ﬁ%%ﬁgyﬁegpgg80-of t ube
272 will do so in a suistenkomlof thernkeusiey, apdckheetvaedapsndingeri al

282 has greatlgy 15 . ¢yupdh f : S, fhRueseshht hhe {be@ t he
dliquid entering from C(;lndétjéi tg%%%ilgs\d é%@%%g{:% JJQt ur bul e or, .agitation

. ny. ) n
of the internixed |iqRdanh HigkikrsyeB a3 FhﬁtlgﬁﬁrWFﬁﬁgdiﬁﬁPéF can rest
and separate fromthe gddiiigl sedi ifafd water. anghéhSehéobhikfainabove the

(Hiquid medium at the top of s ohanber  Srdes SUrhaRESe 20 b8! 16025
YU intermixed water and medium will be pumped up
10 : from pool 204 through conduit 76 into well 280
and therefrom into chamber 278. The liquid
entering chamber 278 from the well 280 of tube
272 will do so in a substantially planar flow,
. . because the mesh material 282 has greatly
| ' 15 . diffused the stream of flow resuiting from the
liquid entering from conduit 76. This prevents
any turbulence or agitation of the intermixed
liquids in chamber 278 so that the liquid water
can rest and separate from the liquid medium
20 and rise to float above the liquid medium at
< the top of chamber 278. Suitable controls (not
shown) are provided so that chamber 278 remains
substantially filled with liquid.

During the course of the burn-in
25 procedure, the liquid water separating from the
intermixed liquids in the bottom of chamber 278
will increase in volume from the top of chamber
278 downwardly. When the interface 296 between
the liquid water 298 and the liquid medium 42
30 touches both of the tips 292 and 294 of the



shown) are provided so that chanber 278 remmins substantially filled with

liquid. During the course-of the burn-in 25 procedure, the liquid . )
wat er separating fromthe interm xed biuids in the bottom of chanmber 278. /
Wi Y. increase in volunme fromthe top chanber 278 downwardly. When the .

t ouches bot1 p) the tips 292 and 294 of the- el ectrodes 283 and 284, an
el ectrical §i*ghal can be conducted through the_liquid water because it is’
al kal i ne, thg al k@leqtredes 183 mpd rd8dt hannwalectyigads sgqd&lng t hrough 5

the acid absorbi ngamigy icdndizéced thfotyhathe Tagufial ¢at@@ No el ectrical .
si gnal passes between the el ectrodes. 282 a Il e they are subnerged

d 28
in only the Iiqui PSRAHSEnedfiRt ?kﬁ??qugﬂenéﬁké Ad t¥on- conducti ve. 10
Tﬂ_e gl Iect ri ca:c Si gﬂ”&_ﬂézﬁdw rm:dmtz%wgenwgbert Vﬁgekecm@dﬁmgcmgga chan%e in
t he bal ange of a | dge_.ciy rguit an n.indiLgat or. i.$ activat so t hat
t he opera?or may ﬁ%ﬁh qﬁ#réhﬁﬁ&ﬁﬁ?%ém?F%ﬁfangggrgpr§%Ftﬁ?hﬁ?é% liquid
wat er separator 7Gmadifolslickfls NeyelegeriFhilssignpdr pavsses by |ifting the
cover 266 fromth %Eﬁﬁﬂ' ; I | »@f lJ quyj g, water 298. ,°
" Alternatively, t hg) 0 qU|£QMﬁ§£%%%P€§g$e%égg§ﬁ§O 284 Wﬂ%&lﬁ g}riria ically

t hrough the conduiargswmegsged chn| 9nly| ther dday idh meddwme because

the liquid medium is non-conductive.

i nt'erface 2etween the liquid water 298 and the liquid nmedium 42 30
)

10 _ The electrical signal flowing between
the two electrodes causes a change in the
balance of a bridge circuit 286 and an
indicétor is activated so that the operator may
manually removed the liquid water from the

15 liguid water separator 70 with'such as a

| syringe. This is performed by lifting the
cover 266 from the housing 264 for manual
removal of the liquid water 298.
Alternatively, the liguid water can be removed
20 ' automatically through the conduit 78
_'schematically illustrated in Figure 2.

The flow of intermixed liguid into
the liquid water separator 70 is minimal and
provides for the liquid substahtially to rest

25 in chamber 278 for the lighter specific density

| ‘liquid #ater to rise and float above the

heavier specific density heat exchange medium.
This separation. of the liquid water from the .
liqui& medium aids in reducing the quantity of

30 hydrofluoric acid formed in the tank 38,
increasing the life of the tank and related
pipes, ducts and cbnduits.



The flow of intermxed liquid into the |iquid water separator 70 is mini mal

and provides for the liquid substantially to rest 25 I n chanber 278
~for the lighter specific density |iquid to rise and t above the
vier specific density heat exchange nedium This sepa(ggggﬁ of the
liquid water fromthe l'iquid nmedium aids in reducing the tity-of 30

hydrofl uoric acid forned in the tank 38, increasing the life of tHe t ank
and rel ated pipes, ducts and conduits. Wi le the well 280 serves to

contain Ehe diffuse;hneans 282, %ﬁfléfth?2aé1%eugesSQ&themoh%@Mﬂ%ﬂh

.i mportant purpose ere i substanti a st ance the outlet port

5 300 in the bot¥m 5} %ﬁﬁ?rzviaPﬁraﬂén %ﬁ ve?h“?ﬁﬁ BFEVSvel of the

El'\rg\o eldect rode tips 29&:&1&1&&9# e@dalzhyedmbyrthﬁtwgumpbmedi urphiexteerifsaee 296.
is distance in separat.o 27 .| |0 abl e

ol umm of 10 o SHSR e AOETRE AfF RARPR, BRkyseh £ Bustat et o7 ¢

specific gravities, st30301gily tihhgebobthomi Qfewﬂieé'ﬂll dhreugh dasep ZJdpar at e,

ri'se above and fl oat %&h&geﬂéb’ 3?' EhHrQ dell %c‘lrr‘iﬁeeﬁ:tl g 29 i tom

of well 271 15 acent out results in medi um
cdnt ai ni ng the | east n%néﬁcébﬁéeth5??0WaG?r/WRQ%H%«%PqQRﬁﬁQFvwner

first being renoved fr?@%theTH?ét&ﬁbQanﬁ'hn2E%p@%&ﬁaﬂﬁaﬁamnéfﬂb7ﬂhIS
eff ect al so occurs adj acent inlet port
and well 271 forms a long stable column of

' 10 mainly liquid medium that, due to the
differences in specific gravities, strongly
urges any intermixed liquid water to separate,
rise above and float on the medium. This.
urging is greatest at the bottom of well 271

. 15 adjacent outlet port 300 and results in medium
containing the least amount or concentration of
intermixed liquid water first being removed
from the bottom of well 271 and separator 70.
This effect also occurs adjacent inlet port 302

20 in the base 276 of well 280 but the separated

liquid heat exchange medium has to rise into

]

separator chamber 278 before it can be removed
through outlet port 300.

The burn-in procedure effecting unit

25 20 thus provides a structure that aids an
operator in placing semiconductor devices in
the tank burn-in chamber for the procedure and
removing the devices after completion of the
procedure. The unit includes special

30 provisions for maintaining the heat exchange
bath medium at the desired, elevated temperture
for effecting the procedure precisely and for
re-cycling evaporated medium into the bath.



20 in the base 276 of well 280 but the separated |iquid heat
exchange nmedium has to rise into separator chanber 278 before it can b
renmoved through outlet port 300. The -in procedure effecting unit

e
25

. d

20 thus prpg¥iyes a structure that aid operator in placing sem conductor

g tank burn-in chanber for the procedure and renoving the
devi ces af /conpl etion of the procedure. The unit includes special 3
provi sions for maintaining the heat exchange bath nmedium at the desire
el evated tenperture Maistedfertimgthéefprmcoful équidcwater amd fwater

re-cycling evaporated nediumin h Mykstyre, int f.arm o
liquid water and wat ‘erP 'poﬁ fé’g?‘téﬁgvggggﬁﬁgﬁzé%mlgﬁ :{)? tpo"Joprtreocfm:cttl% he
conponents from the enitckompongntsf fuomi thecadtakkt ofamyfdnafifuamic

devi ces i

0
d,

f
uni.t

»

interaction of the 5 %id;thgpiégyrgogﬂdfpgﬁtiﬁ{g@g@g&ﬂgﬂﬁfﬂghe/vlincluded
e | Icu a

fiHerramgsfrmﬂ?. rqurd nmedi um par ate matter, chem cal
cont am nant s° and. noiBeistura andfheatsexshpnge medivm.a AR tingluded

is self-contained af¢elt&pnPeRdL88 EPomNtBkCElGuid mdVRIm Source and t
has a burn-in chanber capable of effecting the 'procedure on. production

quantities of seni cARRREtorlyesipatter, chemical contaminants and
moisture. .

_ All of this is provided in a unit
10 - that is self-contained after connection to an
.electrical poWer source and that has a burn-in
chamber capable of effecting the procedure on
production quantities of semiconductor devices.

t hat
hat



"34 CLAIMS 1. An apparatus for thermally stressing a plurality of
sen1conductor devices at an elevated tenperature in a 5 bath of an |nert

substantially electrically insulating liquid h _the
FEdT um havi ng a specific heat capacity gr eat erﬁmuﬁMII amﬂg 1A ng poi nt
greater than the el evated tenperature, the wctl or ev*t ¥ bei ng

electrically operated to 10 produce excess heat while being ly
stressed, the apparatus conprising a tank having a burn-in cha ef adapt ed
to receive therein the sem conduct or dea;gggsand further adapated to
Jeceive therein a quantity. of the |iqui um sufficient to cover the
sem conductor 15 devices while they are being electrically operated, the

tank having suffi chanhpph#athsr fbb.re t@l@&mflyt %ﬁﬂ@éé&dﬂg & pRpe{1 {¥pepspace

cont ai ni ng anblen | vap resent, above the
medi-um and of &F’gpaﬁf:tg’?’zéam V&rcefsneagetﬁ"co‘?lﬂ%ﬁ ‘?‘ddgﬁﬁ'@EEaF&rﬁeqﬁ’o
posi ti onedsin bhehfbeeaﬁpanerandshbsﬁaﬁﬁiaﬁlﬁieienﬂhiuallyxﬁnsuﬂa&iﬂg

cdapted to remstdii Beak s ARkRgH HeEAn el thel A i HEYLART 4 e
liquid nedi um spesifdci didat atapaeltni grehseat dtharb aienpadataurkolbimg
means adapt ed, Bt“i.%eé&{‘e)%fﬁaﬁh%dé quﬁvHFQaU (ﬁrﬁ%&ﬂ]&é anlg yigo E'E.@

¢obl i ng nmeans tank wt I_qui un1enter|ng
chanber at pl uF&F‘ilcQéﬂPPGFK t depteascPeing aslectariaaldy i gergaked U

therein, sq the&oaheeaa&eeeeum% mﬁllrés by asmﬁmwléwmé@,r nthe
te erature throu in t tan Henber covery

FEpsu ot L4 01 -4 Bpesham
neans for rem®PR : b‘@ur"sm?ﬁr 1%ad ok r%mbflﬁg BpeTRAIPRRE space
in a closed Ioaﬂabteﬂland t@chﬁ@euppberein. the semiconductor devices

and further adapated to receive therein a quantity of

the 1iquid medium sufficient to cover the semiconductor

15 devices while they are being electrically operated, the

tank having sufficient size for the chamber to include

an upper free space containing embient'gases; in which

water vapour can be present, abOVe the medium and of

sufficient size for the semiconductor devices to be

20 Ppositioned in the free space and be clear of the

" medium; cooling-means exterior of the chaﬁber in liquid

N communication with the chamber and adapted to remove
the excess heat from the liquid medium to maintain the

- liquid medium substantially at the said elevated
25 temperature; pump means adapted, in use, to move the
' liquid medium from the tank to the cooling means and
‘back to the tank with the liquid medium entering the

- Co chamber at plural locations to produce agitation of the
_ liquid medium therein, so that the apparatus maintains
36 a substantially uniform temperature thrbﬁghdut the
medium in the tank chamber; and vePOur recovery means

fef removing vapours of:at least the medium_from the

. upper free space in a closed loop from and to the upper



free space, the vapours being condensed to |iquird—medi um and |iqui d wat er

and the condensed |liquid nedium being returned to in the
chanber substantially free of any liquid wat HI m
si mul t aneo oondensed. 2. The appa us of cl i d

appar at us ifg f-contai ned upon conneci on to an el ectr| cal power source.

10 3. The aratus of claiml1 or claim2 in which the tank has four si de
wal s and a pottomwall in a rect COfI t op, .
the wal ls deffff ngﬂ:ﬁféetha or VM qﬁg%r%%i!} ?g'ﬁ%ﬂa%%d igq&q

having an uppsiiumfamd bpguidawatert Asdl thei donéenseﬂ d.ridllﬂde mﬁiuum | n .
use, being e ontAi |1r3_ wey, eiff ¢ m?g

The appar at agséf?gc%aél%u ﬁeﬁ da Eﬁ ‘f‘l‘%?m 3e i ncl ud{l’.‘a conduit means

connect ed t(ﬁ‘@heﬁmmtéﬂll'hef{f&@& pcf—r ea\rYryulrigmhé rrBélttﬁﬁbé{Q\B@r\nt he

chanber ,ﬁnd é:_gmlggngg@g§y eondéf8edppar atus of any one of the preced| ng
claims i"n 25 'which the cooling. means include- an inner pipe .
surroundi-ng at | east one cooling coil with the pipe containing a flow of

the mediumia, onmdiapﬁa'raauérom chaishamier whieh)éalide appaldatmsaisd . 30

6. The appar S_of ai' 0 W oI I n e . an outer )

tube contai iPRY"TH nF?i#\Ié? n"ag‘g?%%ﬁjgéﬁ g%'gegiﬁc]tggf:ggv (ﬁo“f%ré medi um

exiti ng t he sammecepl pe in a second d| rectlon opp05| te the sai d one °
3. The apparatus of claim 1 or claim 2 in which the

tank has four 'side walls and a bottom wall in a
rectangular configuration open to the top, the walls
defining the chamber interior of the tank and the
15 chamber having an upper, free space above the 1liquid
| medium, and ‘the 'medium, in use, 'being arranged to be
' contained_ __i_n a l_ower space of t.he chamber.'.

4, The apparatus of claim 1 or claim 2 or claim 3.

26 including conduit means connected to the walls of the-
tank for carrying the medium between the chamber and
cooling means.

5. The .apparatus of any one of the preceding claims in

25 Which the cooling means include an inner pipe
surrounding at least one cooling coil with the pipe
containing a flow of the medium in one direction from
the chamber around the cooling coil

30 6. The apparatus of claim 5 in wich the cooling means
| include an outer tube containing the inner pipe and
arranged to contain a flow of the medium exiting the
inner pipe in a second direction opposite the said one



"36 direction, and a baffle extendi ng between the—interior e%—%he—tube and
the I nner pipe. 7. The apparatus of claim6 including conduit nean
havi,ng a plurality of riser conduits extendl ng u"w‘ullﬁmjtwtu“llube to the

t to return the mediumto the chanber. jfnS or

claim6 or claim7 10 including conduit ggans haV|ng a con ’) Lendi ng

fromthe tank to the punp neans and inner pipe to renove th um from
t.he chanber to the cooling neans. 9. The apparatus of any one of the

precedi ng cl ai Eiréatién,\/\’ahah al hﬁmcé Iéuetémmg apetwabAgtde Wrdtediwy t ank.

J10. The appara ai m claim?7 or claim8 in which the
cool i ng coi |l |g% Eh Eﬁh g 8%? 3pn§r 3H§hlca| refrigeration unit. 20

11. The apparatus of any one of the preceding claiis i-n which the cooling

| ud h h f
reans | el udes et g T g 16 SOSATR, § "EnnGHVRG LB nille
clains 6 t6 8 havingi ngpﬂnraéﬂtweaﬁs riigers conduitg &p&hﬁndimﬁ eﬂl;omdﬂmr cent

of fhe 11quld gadlesm €xhbi 26 € ! BBk 't0CraRAAPILAS! Raddin | to! ARl

mediumto the tank, 30 13. The apparatus of any one of the preceding
cl’ai s |nclud|ﬁ§aHPeFeast one rack located in the chanber and adapted to
carry the sem conduct or devices thereon, the
o 8. The apparatus of claim 5 or claim 6 or claim 7
W, 10 including conduit means having a conduit extending from
the tank to the pump means and inner pipe to remove the

medium from the chamber to the cooling means.

9. The apparatus of any one of the preceding claims in
15 which the cooling means are integral with the tank.

10. The apparatus of claim 5 or claim 6 or claim 7 or
claim 8 in which the cooling coil is an expansion coil
of a mechanical refrigeration unit. '
20 | _
11. The apparatus of any one of the preceding claims
in which the cooling means includes heater means for
~ increasing the temperature of the medium to the
elevated temperature. - |

25
12, The apparatus of any one of claims 6 to 8
including filter means for filtering approximately 10
N percent of the liquid medium ekiting the inner tube and
: returning the filtered medium to the tank.
30

13. The apparatus of any one of the preceding claims
‘including at least one rack located in the chamber and
adapted to carry the semiconductor devices thereon, the



37 rack being novabl e between a raised position spaced above the nedi um

in

whi ch p05|t|on the rack is adapted to receive the sem conductor devices and

a hone p05|t
in the nedj
hone posi
a plural

circuit cards carrying the sem conductor devi ces.

claim 13 or

|on in which any carried sem conductor devices are 5 I mer s

~and neans for noving the rack m and the

7 14, The apparatus of ¥Taim 1 !‘(mﬂmr“m“mn ck includes
to Yedei Ve and operate

The apparatus of

circuit card connectors adapted

rack mbednc mevableeabetween myi ﬁgi{aeé raeﬁlth@nucﬁa@%e

pneumati c cyipeiertie® méaiha) senamibﬁ%bsatam ttm:p mmg head

carried. 16.
there are a

one of cIa|
t he chan®er,

The ag aratus of cl cl ai.m or im15 in mhlch
5V&r Fhexsse c%‘? “E&@FF dev Iém f DeiP® ai sed

and | ower ed positpiboneihl yhakht BﬁyObb.e'lriledCIs&mic’bhduc'lﬁbr amﬁrcaésxsaﬁ any

P urze e
"B 184 o do14 hadsfinf 0 oHa, ML Lako nEVIRG Wi Sk

d

top of

ach

allgned\Mtkbetweek thet haiskdnbed, tihe hhme(ansitinmscan be accessed
t hrough one segnented portion of the cover wi thout having to raise the

entire cover.
whi ch the |i
that liquid

10

15

20

25

30 18. The apparatus of any one of 'the preceding clains in

téi d nEheurAPRaratus apfyc il th glBatehicharthe qmarkhat er S0

¥REBEAESNESplArality of circuit card connectors adapted

to receive and operate circuit cards carrying the

semiconductor devices.

15. The apparatus of claim 13 or claim 14 in which
means for moving the rack includes a pneumatic cylinder
to raise and lower a shaft on which the rack is
carried.

16. The apparatus of claim 13 or claim 14 or claim 15
in which there are a plurality of racks that are each
capable of being raised and lowered independently of
the other racks. '

17. The apparatus of any one of claims 13 to 16
including a cover arranged to close the open top of the
chamber, the cover having a plurality of segmented

- portions each aligned with a rack in the chamber, so

30

that each rack can be accessed through one segmented
portioniof the cover without having to raise the entire
cover.

18. .The apparatus of any one of the preceding claims
in which the liquid medium has a relative density

' greater than liquid water so that liquid water tends to

K)’



" 38 rise above and float on the |iquid medi um whi 1€ atrTest—=19. The

.apparatus of any one of the preceding clai ' ' t he . vapour -
kecovery means includes acid absorbing nengm"&mmm”ﬂ@mmmorbi ng any
acid vapours renmoved fromthe free space, and ada k7 eg ~\ kal i ne
any water vapour renoved fromthe free spage;, feed manifold adapt ed
to return any uncondensed 10 vapours to the free space; and thé neans for
returni ng the condensed |iquid nedi umincluding separator means adapted to
separate fromgigel iaHeve TRAGUBIBAL’ ohO e Liguid MRedyimbainpléechy ned
o the chanber, y liquid water condensed from water vapour, the |liquid
wat er bei ng alX&ftrne and electrically conductive as a result of action of

t he acid absorbing neans, and the separator nmeans including electrical
circuit neans apt t t p e Qfe | d4quUi EPA. from
the liquid rredﬁ'm ggezgpgg%%ghasp%gfr a%ﬁg gﬁgc%éﬁl n#q% ?ﬁ%?%ﬁat %eeia\?'gngsgur
recovery ngansimnothiieh drhexivappurandedveryt oneansofinadudesnbacid he
mani f ol d cont alyd hiled ' n ehbuin e éﬂﬁgg from
the free spacgég%aggmg %Ighﬁgl il&?)%r%&?ofg?i %’r’ng‘?ﬂ%%’?&%ﬁwag‘ﬁg? at‘)és of- s(S:I aim
20 incl udi ng fEemA¥eds fram nbhendree: $BR68rs IMOdmsapted tferf makifishce. .
30 22. The appRaRiHe AhyChltBrZGrfiioet atdmdted NELbAll BHed ferl BPale;
conducti ng congenaed Ilqylgﬁ in the gxhguat mani fold to _the S%P%{ator
‘Means. eed manifold means adapted to return any uncondensed

v 10 Vapours to the free space; and the means for returning

the condensed liquid medium including separator means
adapted to separate from the liquid medium prior to the
liguid medium being returned to the chamber, any liquid
water condensed from water vapour; the liguid water
2 15 being alkaline and electrically'éonductive as a result
‘of action of the acid absorbing means, and the
separator means including electrical circuit means
adapted to detect the presence of 1liquid water

separated from the liquid medium. S

20 _ _ .
20. The apparatus of claim 19 in which the vapour
. recovery means includes an exhaust manifold external of
‘the chamber, the manifold containing the acid absorbing
means and receiving the vapours from the free space at
25 a plurality of locations.

- . 21. The apparatus of claim 20 including fan means for
i C moving the vapours from and to the free space.

30 22. The apparatus of claim 20 or claim 21 including a
drain for conducting condensed liquids in the exhaust
manifold to the separator means. '



39 23. The apparatus of claim21 in which the fan neans are nounted on the
vapour recovery nmeans and are arranged to draw the vapours fromthe chanber

t hrough t he

the acid ab$

and the fan

wEdns are nounted at one er3® of the aci sombi Ag freans

10

25. The apparatus of any one of claims 21 to 24 including an inpeller that
is a disc having radial passages drilled therein. 15 26. The apparatus of
any one of c?3insThe appasatuswalhclaémnednsin ovhighdéhe fgn meansapours

i ncl udes they fEPMBIRLe80Idn Ot e MpapHUE Alr JEd ¥& 8P Rlcla®id- UMk O\Fe Whi Ch
t he nmedi um and wat er vapours are arragggd B? be ggssegﬁﬂaégrgicon ensed

li qui ds i nt e*FF3RYed o 0o Aravrghe s¥apouzs Jiroh, thRec i NP EYPID 26 in
whi ch the feglle n@BidOhPs6EBIAGr MBS t he uncondensed vapours to the
chanber at a pluarlity of |ocations opposite the vapour recovery neans.

28. Thesapparatus-of any one of clains 19 to 27 in which the neans for
returning th24conthesappagatdiaredifunciadmar 23ngbnl mhickeithee i makdn xed

liquid nmediu

giégaggvzgiﬁ mea_hr}f; thees e@éh%%%tf‘f%&%&”ﬁnﬁ#ﬂﬁ%eﬁ sgparger 30

chanber adap

10

the 1 nterm xe I qul
exhaust manifold and the fan means are mounted at one

end of the acid absorbing means.

25. The.aﬁparatus of any one of claims 21 to 24
including an impeller that is a disc having radial

- passages drilled therein.

15

26. The apparatus of any one of claims 19 to 25 in
which the means for condensing ‘the vapours includes
the expansion coil of a mechanical refrigeration unit

- over which the medium and water vapours are arranged to

20

25

30

be passed and the condensed liquids intermixed.

27. The apparatus of any one of claims 19 to 26 in
which the feed manifold means returns the uncondensed
vapours to the chamber at a plﬁarlity of locations
opposite the vapour recovery means.

28. The apparatus of any one of claims 19 to 27 in

which the means for returning the condensed liquid

medium are arranged to receive intermixed liquid medium
and water, and the separator means includes a separator

. chamber adapted to bring the intermixed liquid medium

and water to rest so that the liquid water can separate
from the liquid medium and rise above it and float

' thereon, and the electrical circuit means includes

25

25 absorbing nmeans. 5 24. The ap [ 3 in which f
§n.g means are concentrically nnuqmlnmtlﬂmguﬂF‘Mt mani folch"/
a



-and water to rest so that the liquid water can separate fromthe I"imciu-id
nmedi um and rise above it and float thereon, and the electrical circuit

“peans i ncl udes 40 el ectrodes extending int tagg certain
Mevél and adapted to effect an electrical si g%‘l H gglﬁ“!!zqu'!ter
n @ L M s e appal

when the liquid water attains the said cergtai at us
of claim28 in which the separator incl udé a first and second we
dependi ng fromthe separator chanber, an inlet port for receiving the
interm xed |iquyd SEPhE B2 68h ' bioMREmbRe 10 Kir , and
an outl et port%flgar reér)rg\%ng%%eparagtn d #?eoi?f rreg?ummat t he b%t t%érﬁ%gk%lhe

u

second wel | . 3devehe anghaedlanted diai rﬂ%@ﬁ‘Fh v crleatsboal atpkanedns
includes di ffusgirdRANSEHd 11Quiar 6ht¥R! WnadariRd 10 PIPVialEeR attains
substantially lLamnar, flow of,  liquid into the separator chanber fromthe
first well. 31thenfaig, cechain ke¥eli m 30 in which the diffuser neans
conpri ses sstai nl ess steel wire nesh. 20 32. The apparatus of any one of
clainms 28 to 31,4 n Lch the electrigal ;CllCUigt lL,ocludes a_bridge
eircuit connecgz edd.t\(l)\gb%e a@pgcﬁafto es?f,ocflﬁg{"cgta e qﬁ?’”%ir%’ge#é' 8?83%‘&’8%
el’ectrical sigrgiclwdas ng tfHimsighand e sesondewebliesdependinghcfxgmatheus of

any one of cl aiggap%éai;gﬁ?c%aﬁg#g,n%ﬁ?E@lﬂjét B3kt %%ﬁgggeeti‘i’rﬁ?érﬁhe

i"nt.erm xed |iqul I um an e separator cha r.
. ' intermixed liquid medium and water at the bottom of the
S 10 first well, and an outlet port for removing separated

ligquid medium at the bottom of the second well.

30. The apparatus of claim 29 in which the separator

means includes diflfuser'means in the first well adapted
. ,5 to provide a substantially laminar flow of liquid into
the separator chamber from the first well.

31. The apparatus of claim 30 in which the diffuser
means comprises stain_leés steel wire mesh. _ '

20 . _ i
32. The apparatus of any one of claims 28 to 31 in

_, which the electrical circuit means includes a bridge

\~/ circuit connected to the electrodes to indicate the -

presence of an electr_ic’al signa_l passing through the

25 electrodes. -

. . 33, The apparatus of any one of claims 28 to 32
including conduit means arranged to carry intermixed
liguid medium and water to the separator chamber.

30 o _ S _ _ _

34, The apparatus of any one of claims_ 28 to 33 in
which the means for returning the condensed liquid
" medium includes pump means adapted to move the

e e m



30 34. The apparatus of any one of cl ai ’—28—t0-33 TN whi ch the neans for
returning the condensed |iquid mediumincludes dapted to nove

t he 4 1 intermxed liquid to the separa \“ﬂmm jpunmp nmeans

adapt ed to’,ave | i quid nmediumto above the M he | *qui d nediumto b%‘*’
in the bur chanber. 5. 35. The ﬁ parat us of any one of clainms 19 to.

34 in which e separator includes a renovable cover for renoval of liquid
water fromth toy, ch The a aratus of any e of the

pr ecedi ng cl_iﬁfe:ﬁ%'m Geg ri#‘ﬂﬂf%b%Q \/é?? aBFBa§B %’éemﬂfg}ch%Pi si ng
driven inpehéansnaaapt@damnuhdwe Tooyw 1y meéiundtomabcwéLthmglevebtatable .
driven pulle LIV Ailurd 0529 d 4y, _ eller fixed to

t he shaft aﬂé gagpﬂ&a!“ﬁ@ |t>l§JI g) eﬁ'diag:}neg%d rum 15 the
driven pulley, driven shaft and i npel I er being substantlally fixed in

r ot at abl e tio dr a r d ekler
p@gl | Olfhe rﬁfﬁ% grans ergoénéj b 614 #ifs di pvely, 3Ppelh

means, Pncl i %m te, nstant speed notor having_ a drive
shaft and b¥hig bh?e@etl?ﬁlﬁlboﬁo&mq higdpsatte, ramgviaRleocoy@n efOFi xed on

the drive shahbvaldoF fiigRdd wadidtr Fidm ailiangssh Pa bR dchimbee| ve and

driven pulleys; and | ead screw neans including a | ead screw and |ead nut
connected to the plate, and spring neans for varying the effective dianeter
of the drivaépul | Bhei appalratiuen ok amytbnevotfyltﬂg thrsecetingethedmst he - 7

drive shalt 1Audine a Sl a5 iledd!® pil edagéewl@t'eemshgtﬂﬁgd“venu

shaft c3f be varie 'l-e Trarntar ni'rg con
driven impeller means adapted for moving the medium,

including a rotatable driven pulley, a driven shaft
fixed to the pulley and an impeller fixed to the shaft
and adapted to be in fluid ent.;.agem'ent with the medium,
15 the driven pulley, driven shaft and impeller being
substantially fixed in rotatable position, drive motor
means for driving the driven impeller means, including

L]

a mounting plate, a constant speed motor having a drive
shaft and being mounted on the mounting plate, a drive
20 bulley fixed on the drive shaft and a fixed length belt
arranged around the drive and driven pulley_s, and lead
screw means including a lead screw and lead nut fon
_ connected to the plate., and spring means for varying o’
_ the_ effective diameter of the drive pulley_ in relation
25 to the varying' distance between the drive shaft and
driven shaft, so that the speed of rotation of the
driven shaft can be varied while maintaining constant
‘the speed of rotation of the drive shaft.

30 37- The apparatus of claim 36 in which the lead screw
_ means includes a lever arm having one end connected to
" the lead nut "and lead screw and an opposite end

- connected to a pivot shaft, the pivot shaft also being



~
™

Jmounting tube an

i

connected to the | ead nut and | ead screw and m“mmﬂs m‘
‘pivot shaft, the pivot shaft al so being 42 '

adiquid heat éexc

t he speed of rotation of the drive shaft. 3Q..37.—Fhe—apparatus of claim
36 in which the | ead screw neans includes a | ever arm havin ng=end
@uﬁofjﬁcted to a
Rdunt i ng
plate of the notor so that novement of t | ead nlit on the | ead~Screw
rotates the nounting plate and the pivot shaft. 38. The apparatﬁs of claim
37 in which the driven inpeller neans includes a nounting tube containing

the driven ShallnfQdddPeb! dne diduitiHEPYilatd b LA ndtsd aggedrat the

carries bearings~sup ortlng the pivot ;shaft and the
| ead screw. 1l0ungeementrhefabper dead drutc|Qn nthe 1RefudFPREYaTotasssn %ot or

carried on the,syRePhd i plabohRdabHer pivbtnghhlfe.l ead .screw. 15 40. The

apparatus of claim38 or claim39 in which the |ever armis.on an opposite
side of the support plate fromthe nmounting plate. 41. The apparatus of
claim39 of clagm 40rhy &bpatatuL0ofi rldimh3Thdmowhichg thevedriviandes a

baffle th ' ' he .l i qui ' ; ' e h
Vel Ler o, mge ki oReans; fnhidly o HERALEAOFLES ceRLANAES chle (he

séni conduct or ddiveneshafit andelimpsilder : ansbrait suePeshpPlateg thatstls
installing thecfgﬂgggnguc}@{e qﬂ*ﬂ:@ﬁ,é ntﬁggrghavgh@,Ql Ay [béd‘rfhdgit h of
nge nedi:um that

I's tnert, . i sdestantiaIIy
supporting the pivot shaft and the lea screv.

39, The apparatus of claim 38 including a stepping
motor carried on the supporting plaf:_e and_rotating the
lead screw. '

1:5 40. The apparatus of claim 38 or claim 39 in which the
lever arm is on an opposite side of the support plate
from the mounting plate. '

41, The apparatus of claim 39 or claim 40 or claim 41
29 in which the mounting tube includes a bafflé therein to-
contain the liquid medium arranged to be engaged by the
f impeller. ' | o '

42, A method of thermally stressing a .plurality of

25 semiconductor devices at an elevated temperéture
comprising first installing the semiconductor devices
ih.o'perative 'relaEionshié in a bath of a liquid heat
exchange medium that is inert, is substantially
electrically insulating, has a specific heat capacity

30 greater than air and has a boiling point g'reater. than
the elevated temperature to subject the devices to the
said'ellevated'i:emperé.ture and dissipate excess

. operating heat of the devices in the medium, and then;



electrically insulating, has a specific heat Eamacitﬁ___uo_gLea_Leut han air
and has a boiling point greater than the el evated tenperature to subject
t he devices tQ the said el evated tenperature ess
\Yf the devices in the nedl um aﬁﬂ“‘m}mm“mﬂmﬂ“lvv, ng heat Ml/

operating
fromthe 'by a cooling device sep Bat ed kont the " bdth*
‘redi um substantially at the said el evated tenperature; and

mai nt ai n
b m)w the d|u rom,and back into the bath
6, Gham vit

agi tating the medi ym
to maintain &eAMETRA T P P¥ Ko inghdegdremin

t he bat h. 435ep‘&1eahedhoﬂroin ctl::hem &Wm choi nﬁiﬂdeaieontt&téll ged P@mMedi UM
in alower s r unting the deV|ces on
Bﬁ%%t%fnt‘ia H r‘i-‘ljrlt%e(rébﬁb gleﬁgt P qu %f“?r%’éﬁ'g'r‘rf dThe

racks in a free spacée o the cha
met hod of cl agdqtazi@g dhe meﬂiumchmdnmgirpgmmetgnemmmn baﬂwbankt he

bath and the 60Q) i paedeyh ER- ift'i_? pa H\?al’?t Rodg thglaﬂ é‘fl ¢ i %‘%{i};‘ﬁ?’ or

cl ai m 445i ncl udi ng containing a I qui d I um I n one
di rect i on, ov&PmRELHULRy t@mqug,qquﬁ rEhg medivmqin ?)l’l‘%eba% The met hod of

cl ai m 45 i ncl udi ng directing the f1 ow of l'iquid nedium | eaving the inner
pi pe |n a se recti .QpPpQsi t he  sai e directionin an 25 outer
t ube. %ﬁé ne lh%dmsgﬂeaal"f&ﬂf}rﬂ g g‘i&?‘r e eCPRERLBANG| qui d
medi um f rom the meddun ube 80 ldwemaspatéar ofigh a:aiilurlaii-ﬁ-yilof chafBert ubes. - ~
10 and mounting the devices on racks in a free space of o
the chamber above the liquid medium, : -/

44. The method of claim 42 or claim 43 including
pumping the medium between the bath and the cooling
15 device.

'45. The method of claim 42 or claim 43 or cla_.im 44

including containing a flow of liquid medium from the

bath in one direction over a cooling coil within an
20 inner pipe.

46. The method of claim 45 including directing the ~
flow of liquid medium leaving the inner pipe in a g~)
second direction opposite the said one direction in an

25 outer tube.

47. The method of claim 46 including directing the
flow of liquid medium from the outer tube to the bath
| through a plurality of riser tubes.
- 30 -
48, The method of claim 45 or claim 46 or claim 47

_- including pumping the liquid medium from the bath to
‘ the inner pipe.
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30 48. The method of claima45 or claim46 or claim47 including punping
dhe liquid nediumfromthe bath to the inner he net hod of
¢l aim 46 or claim47 including preventing theﬂ"m mmmum,!ﬁav' ng the
inner pipe fromre-entering the inner pipe beforeeretumn iy =
chanber. 50. The nethod of any one of clgpnms 43 to 49 in which 4 -9
agitating includes renoving liquid nediumfromthe bath at one \ex #&B/on and

reeturning the cooled liquid 10 mediumto the bath at another |ocation. 51
The nethod of any one of clainms 43 to 50 in which the installing includes

heating the I| I d ne iumto the elevated tenperatuge with a,heater,|ocated
at the 15 cool %e‘."ei%?.o h@ m?ﬁﬁo‘d“o? cl¥ nFigiB\' g?] i ‘b‘ii ®Pai ns
46 60 51 when (ﬂﬂrwruiﬂjﬂngjpahecllaﬁiqni% hn&dliudi ngeavihgrrtrlge ammm npipey ten
percent of the d.i jumle in t.h ne. p ni it to
t he bath. 53. éﬂ? d'gzeoﬁi%}\iben 'gfe’izl afpr%q?ﬁf?g éegﬁ%’%ﬁé % nguﬁtl ng
t he device$ oncmamamkucontalned W thin a chanber holding the bath, |owering
the rack intothe 25 bath to fully imerse the semi conduct or  devi ces
therein; and el ectrically operating the sem conductor devices while they

are i mersed i 0he The Hietaod ofhanyepRed ot cdiadimg 13 i tr | 49 #8 whighi ng.

a 30 segnent edHeO R 1 Y idP N é1@dESV LEmBiAgt Ne guaek el urdi £+68 ©RbY

that ted
segment € gﬂ”t'OQ %%éﬁﬂgbgg ggsa% returning the cooled liquid

‘L,f 10 medium to the bath at another location.

51. The method of any one of claims 43 to 50 in which

' the installing includes heating the liquid_medium to
the elevated temperature with. a heater located at the

15 qooling device. |

52. The method of claim 45 or any one of claims 46 6o
51 when dependent upon claim 45 including filtering
approximately ten percent of the ligquid medium 1eav1ng
20 the inner pipe and returning it to the bath '

3 53. The method of any one of claims 42 to 52 including
mounting the devices on a rack contained within a
chamber holding the bath, lowering the rack into the

25 bath to fully immerse the semiconductor devices
therein; and electrically operating the semiconductor

. ) devices while they are immersed in the bath.

54, The method of claim 53 including aligning.a

30 segmented cover portion of a cover with the rack and

' raising only that segmented portion to gain access to

~ the rack for mounting the semiconductor devices on the
rack.
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the rack for mounti ng the seni conduct or deV|ces on the rack. 55. The

nmet hod of claim52 including aligning each of—a—a#u%a%%%y—e%—segnented

portions of the cover with one of a plurality o

of claim53 including automatically I ovverl ng tgﬂlllm I Bllumﬁm)at h 57
The met hog ’l'\ ai m 53 including provi 519 al racks,
and | ower¥ngy each rack independently of the ot her rac S. The

met hod of &la¥m 57, including automatically |owering each rack into the
bath. 15 59. Apparatus for thermally stressing a plurality of
seni conduct 8%, su’bhéambithbl’dy ofs cleim f$2Zalhglddsngi hddgnfig easheifhod of

ther mal 1y St SSpOR Pud HE b LbeRk B potRTGHY B e VA W dnte °

specifically SCF
of a plurality of racks.

5 :
56. The method of claim 53 including automatically
lowering the rack into the bath.

57. .The method of claim 53 1nclud1ng prov1ding a
10 plurality of racks, and lowering each rack
independently of the other racks. '

58, The method of cléim 57, including'automatiéally
lowering each rack into the bath.

15 | | |
59. Apparatus for thermally stréssing a plufélity of
semiconductors substantially as specifically described.

- 60. A method bf:thermally stressing a plurality of
20 semiconductors substantially as specifically described. -

25

30



