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This invention relates to a nechanical assenbly that
regul ates the tenperature of ap integrated circuit
chip (1Cchip) by pressing a tenperature controll ed
heat exchanger agai nst a planar surface of the IC-chinp.
One particul ar use for the above nmechanical assenbly
iIsin achip testing system There, test signals are
sent to the ICGchip while the nechanical assenbly
mai ntai ns the tenperature of the ICchip at a set
point.Zn the prior art, one mechanical assenbly which
regul ates the tenperature of an c-chip is shown in
Figs. 1 and 2 of U S. patent 4,791,983. The nechanica
assenbly in patent 983 includes a coil spring 20 which
presses a planar surface of a liquid cooling jacket 15
agai nst a planar surface of the ZC-chip 11. Squeezi ng
those two planar surfaces together enables heat to
flow by thermal conduction fromthe I1Cchip 11 to the
liquid cooling jacket 15. But due to various
manuf acturing tol erances, the planar surface of the
ICchipin a chip testing systemcan be oriented at
different angles relative to a nomnal, position. To
accommodat e these different angl es,

TTTLE:. MECHANTICAL ASSEMBLY FOR REGULATING THE
' TEMPERATURE OF AN ELECTRONIC DEVICE,
HAVING A SPRING WITH ONE SLIDEABLE END

BACKGROUND OF THE INVENTION:

| This.inyéntibn relates to a mechanical assembly
that régulates'the temperature of an intégraﬁed:circuiﬁ
chip (Ic-cﬁip) by‘pressing a temperature controlled heat~-

5. exchanger against a planar surface of the’ICéchip. ‘

One particular use for the above mechanical
assembly is. in a chip. testing system. - There, .test
signals are sent to 'qhé IC~chip while the mechanical
assembly maintains the température of the IC-chip at a

10 set point. ' '



the nechani cal assenbly in patent 983 includes a
gui depost 18 which has one end that is rigidly

w@rdaob®ds t 0 t he cooling jacket 15, and has anPOppPSBI0H/@42145
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end that pivots on a frame 14. The coil spring 20 is

coi |l ed around the guidepost 18, Thus the gui depost 18,
together with the coil spring 20 and the cooling

jacket 15, can tilt at different angles. After initial
contact occCuisS tHe ItEdE £86, behecadchhaiphinassembly which

surface of the cooling jacket 15 and one edge of the
| @agulptp_s thee hﬁm@milsqr% L9E ngRt IErFBEPoA S FROMy f Figs.

1@ t 0,@31% E?gwg\%lré ng aq'.%lﬁﬁ:t W Ade ddft agast ddhanical

e present’ i nventors have
deisHanuige 1dh a’pae&nthe 9BA dipotudés i vcm:sl oaprmng 20 which

frame 14, the spring 20_can exert | at rce on

 arennnd ng PASRRE 1SUEFEER Ay 2 2ddatid, porbige  ghoret 15
t ar e19f th

od o#ﬁn 1 Jackgﬁ ‘i%:gn o slrfade *&E péﬂa Tsldface1ef Qqueezmg

I's gap occurs, the I'C-chip 10
W thoset the gplacnsat eswﬁweedtomdzatweblé@rb@at to flow

\?Mrl%gl gﬁé% gl%:%éed er ei B#‘glﬁd Igé C.Ohj J_lw_cttl or/é'rl'é% 1iquid

i Nad, flﬂé.l?écféé ,48not her mechani cal assenbl y \Nhl ch

regul ates the tenperature of an IC-chip is shown in
Figs. 10 andBut cdud)tces vagiows BanpSagiuripg stolerances,

R ST e B 308 S5 0 resing

9os§§%ﬁsbaﬂ lﬂeaw:Lé‘nﬁédiCEt ofiffielrénthigngles relative to a
nominal position. 'J.‘o accommodate these different angles,
the .mechanical assembly in patent 983 includes a
'g-uidepost 18 which has one end that is rigidly attached
to the cooling jacket 15, and ‘has an opposite end that
pivots on a frame 14. The coil spring 20 is coiled
around the guidepost 18. Thus the guidepost 18, together

: with the coil spring 20 and the cooling jacket 15, can
t:th at different angles. ' "

After 1n:|.t:|.a1 contact occurs in ‘patent ‘.983
between the planar surface. of the ‘cool:.ng Jaqket 15 and
one edge of thé‘- Ic-chip 11, the guidepost . ls must pivot
-on the frame 14 to make the cool:.ng jacket 15 lie flat
against the Ic—ch:l.p 11. “However, the present inventors
have determined that as the gnidepost 18 pivots on the
f:naine 14; the spr:i.:ig 2,0‘ can exert a lateral force omn th_e
cooling: jaéket 1'5 whit'h may causé é ‘gap to occur between

;,’the Ic—ch:.p 10 and the planar surface of the cool:.ng
jacket. When, th:.s gap occurs, the IC~chip 10 w:.ll not be |

adequately cooled. This lateral force problem is analyzed



However, the |leaf spring 80 in patent 331 lies
parallel to the planar surface 91 of the

wheab/Hssoehanger 90, and that |eaf spring nust PGF//USH)OS/042145

certain length in order to have the proper

~flexibility. Xf the leaf spring 80 i's too short, it

will be so stiff that the heatexchanger 91 will press
agai nst the XC-chip with too nuch force and thereby

dawgeei 4 heiXC ghitRi1BUtimAS ddejhreEibnof with | @fe Detailed
spring 80 is increased, the_density with which

: miPQﬁ“FfF@%mafo?lgﬁe 4T cal assenbly can be
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arranged si -side a ' . '
decr eased. us, t g t%?gl %%%‘% %ft‘:llc- S%n%pés?{g clﬁeﬂmnlcal
CafisbembEgt whichneagukatey phe lbmdp&maﬂmrmcsf cztnp'.l:c-chip is
testing systemis decreased. ‘Accordin a. prinmar ..

obfReWR oDy Fégﬁreg'@nta”rdnv"&lt? n0p8-t B8 (ée'rﬁgrg 331. This
'"Héé’ﬂ&iﬁggfh Sahb AP S U Dud & @9‘& %ig*l@ bB8F spring 80

tenperature of an XCchip 1 n which t he above
drwhbahksrwsshst lae piiEmAr apurtace oﬁér @dirm Bregtr-exchanger 90

SUMVARY G:T i.Avention j's a
msEﬂ%ﬁPEEI }_E%%Fys?lﬁg\l FEgﬂ?ag g:%nﬁ’gllpénperature of

an el ectroni go@evees. thel 1<l ipiiaal e¢seibbytent ~331 lies
i.ncl udes a gi xnbal which has a base nenber and a

caparaillednter thet planpsosusfane 498y afcthashepsnsachanger

that,t agLri ti n
Poblle B Hhafnkel ARIAG, B3R! Hdved BiRain length ia
di srdeteto have rhPrger Ekeedbilidtpo | DE| t-nies leaf spring

heat - exchanger that is, att ed. to the ¢ menmber
an80 is to% short, it w%.q. be so st?i.tlf that the ‘heat~.

exchanger 91 will press against the IC-chip with too much

force and thereby damage the IC-chip.

But as the length of the leaf spring 80 is
increased, the density w:.'th which multiple copies of the
mechanical assembly can be arranged side-by-side in a
eh:i.p testing system is decreased. Thus, the total numbe'rA
of IC-ch:Lps wh:.ch can be tested concurrently per unit
area in a chip testing system :Ls decreased.

According, a primary object of " the Present
:anent:.on 'is to prov:l.de an :meroved mechan:l.cal assembly
for regulat:.ng the temperature of an Ic-ch:.p in wh:l.ch all

of the above drawbacks with the pr:.or art are overcome.



whi ch has a face for pressing against the electronic
devi ces. The nechani cal assenbly further includes a

W@ pooesioobet ween t he base and carri er nmenbers, P@hUSIn05/842145
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in conpression and urges the carrier nmenber away from

t he base nenber. The above sprgng has a first end with
arigid coupling to only one of the base and carrier

nmenbers, and has a second end with a slideable

C GRIEM GuMMARYe OFC AR I MEENTION: | n one preferred

enbodi nent, the slideable coupling includes a- plate

that has -a),one face which ttached to the.s

end of the ?ﬁ'r R S8R b 15“’3%%%5‘051‘{} f’é‘@gh\%ﬁ“ assembly
| rEtant sédraDst iy C R heo| Hempunerineé | ofeain ngtectietic device.
bal I bearings roll on a surface_of the remaining

nerRde ’ﬁ?c’f‘ﬁﬁlﬁﬂméfss%&e %H@lEGPF @eaameglr ovhigh has a

t Ry fa JaTeJ =Yooty £g9 .
force \&n :'D a gaﬁ arl ngs exert on‘% %g%?&lfrﬂeld by

witile Ym s smnba- | gugkr peati theacareriets nﬂntb‘em: cad ht$lt and
|s | ort t pecause an no - erpendlcular force wll
PEehYet hE%he rMeRBET| vy fPEedgtermined

agﬂéfﬂnéé‘@ el ega ﬁeéﬁahsealA HBEEBBE&' Cghganakyshides a

.of why thi's'is so is described herein i.n conjunction

V\Ahﬁﬂﬂ:'rwh@gﬁﬂd vha BRLEFADESCREETEONDR THHTHoWw\ histber and

" SR, B°E RS e PR oS BB B ectromtc

stadeioder e Iu&ks fechasiiepdr t abbefibayDUFur€@dehCe includes a

wggglng, between the base and carrier members, which is in
compression and urges the carrier member - aﬁay from the
base member. '

‘ The abcve spring has a first emd with a rigid
coupling to only one of the base and carrier members,.and
‘has a second end with a 'slldeable coupling to then’

: remeinirg' member.  In one preferred embodiment, the
f.slideable coupling includes a plate that has -a) one.face
*whlch is attached to the second end of the sprlng, and b)'
T an opposmte face w1th 1ndentatlons which hold three ball'
bearings. ‘These ball bearings roll omn a surface of the

‘ remaininé member of rhe.gimbal.
Since the ball bearlngs roll on the surface of
’the remalnlng member of the gimbal, any force which the
ba;l bearrngs exert on,that.nember will be essentia11y~'

‘perpendicular to its surface. This. is important because

' any noh-perpendicular, force will tend to prerept _the

heat-exchanger from 1Ying flatiy ageinst the electronic
dev:i.ce. A mathemat:.cal analys:.s of why this :.s g0 :Ls

,descrzbed herein in conjunction w1th Flgs. 3 and 4.



test) . Fig. 2 shows the preferred enbodi nent of Fig.
1 while a heat -exchanger in that enbodinent is

w@r@sdss90é | at | y agai nst the DOT. Fig. 3 anal yzBST/US2005/042145

various forces and noments which occur in the
preferred enbodi nent of. Fig. 1gwhen that enbodi nent
initially contacts the DOT. Fig. 4 analyzes various
forces and nonments which occur in the preferred.

e HRUEFTPESCRIPEION OFWITHE mRAWIMES :exchanger in that
enbodi ment is pressed flatly against the DUT. Fig. 5

‘ EQIO}NS a topgyi.ew fs%cQJe?t Sn&’h %rmnggggogqhee t. of the
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bearlngs i'n The preferred

Fipresenthdivrentien iwhile Viltat Oémhh&:qﬁeﬂt eisn d.:nol’iﬁ q:un.escent
bal | bearing ip Fi ig. 7 shogws one non-wor kabl e
nothatiec ik *Brlgoﬁﬁ%9%ﬁnﬁﬁﬁﬁbo§§9mt%)?W% (device under
predeRiyr.ed embodi ment  of Fig. 1 . Fig. 8 shows anot her

non- morkable nodi fication, for Qonparlson pur poses, to

the preferred enmbodi ment of Fig.. .Pig. 9 shows one

wor kabl e nodifi.c@ ishow® the preferred embodimemt of Fig. 1

Pt - 20t Hept e RRRMRaRE: I8 ﬁﬁagabeﬁbéiﬁd' f'%ﬁgig ressed

flatly against the DUT.

Fig. 3 analyzes various forces and moments
which occur in the preferred embodiment of Fig. 1 when

that embodiment initially contacts the DUT.

Fig. 4 amnalyzes various forces end- moments
which occur in the 4preferred embodiment of Fig. 1 When
the heat-exchanger in that embodiment is pressed flatly
agalnst the DUT.

Fig. 5 shows a top view of a ;plate which is
holdlng three ball bearings in the preferred embodlment
" of F;g. 1.

Fig. 6 shows a sectional view of the plate and

one ball bearing in Fig. 5.

Fig. 7 shows omne non—werkable.modificatioh, for
comparison purposes, to the preferred embodiment of

Fig. 1.

‘ F;g.,B shows - another non—workable modlflcatlon,
for comparlson purposes, to the preferred embodlment~of
Flg. 1. ‘



nodification is in an inactive state. Pig. 11 shows
the nodification of Pig. 10, while that nodification

WO 200605806 act i ve st at e. DETAI LED DESCRI PTI ON:  V¥¢11US2005/042145
reference now to Figs. 1-6, one particular mechanica
assenbly 10 will be describedswhich constitutes one
preferred enbodi nent of the present invention. This
mechani cal assenbly 10 consists of a heat-exchanger 20
and a g nbaiﬁ 189 ‘b‘“é’ﬁbﬂéeoﬂéf RN e ahbaﬁhﬁeamo%c’eo the
other, as shown in Fig . Inspection of Fig. sh
tbaefehee&eamhadﬁmagbroﬁOFmgeI&des athinflat
electric heater 21 and a conduit 22 which is

ﬁ:g”gnggfLyE?t§2§3f5§@§W%2§n?gﬁgga¥%l é%g%égﬁ§§%g}c&tlon to

CitheeNtpidf eieda t h%ﬂlﬁﬁiiﬁientTheofondFﬁ.b 22 bas Jfhile that
i nput port 22a:and an output port 22b for passing a

5 | mgdificasiont ishiougn dmactéveuistats.g. 1 al so shows
that the ginbal 30 includes a base 31, a carrier 32,
and a coiledsspring 3 e ri s d S e
by the baseg§§'sug% t%%?aghgﬂ%%r#ﬁ%?§%3%§%+€? g%% ﬂﬁyg. 10,
- awii ler aisathmoldd €d cat ivint Hisn in @re dattdrve rithtenge of
.distances. In the Fig. 1 inplenentation, the carrier
31l is provided wth three |l egs 32a, only two of which
~.are shown. Each |l eg 32a extends |oosely through a
respective hole 31la in the base 31. Al so, each leg 32a
has an end 32b which is too w de
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to pass through its respective hole 3la. Fig. 1 also
shows that the coiled spring 33 is interposed between

w0 b@olosa®es 31 and the carrier 32.-This coil sprP@mUSBo0s/B42145

in conpression such that it urges the carrier 32 away
fromthe -base 31. In its qui ?cent state, the spring
33 presses the wde end of edch | eg 32a agai nst the
base 31. This centers the heat-exchanger 20over the

S heater 21 is at a predetermnned
ggi‘%‘ié?? B&P‘Ekg?&?h&?her shows that the coiled spring
33 has a first end with a fixed coupling 34 to the
base 31, aWdith sefexensiel novW (t@ Eig8eabt6.cons Maytizular
to he carler the Fig enmbedj nme jc;q

cou Frsﬁﬁ'bg% oudeglé'lpl a %SSalaeasn ed which

I%@ﬂstki%%ﬁ:le@gs oHeh. xﬁ‘@féﬂfécﬁc cemibod iment at of35a:hes present

rigidly attached to the spring.33. The opposite
Jawvientd opf. thé[‘]ffﬂﬁht weghaniseds ageambLy pSomsists of a

Ex%%lrﬂ )L Reey r gaReq | &gﬂbgﬂe@toatwbﬂ:ﬂch AblreOfpdfanently

bearin are press y the plate 35a agai nst

| tdttatied o :iaacwcmhe:a.l lamfshdwn kIahIF:bﬂarlngs 35b

roll on the carrier J I eir ectl ‘

| ndent at i oFH5PEH- R at@SBEgl é‘Ppaﬁ U e'f' e ’f‘g? heat- - -
1?43&6/ G 086 CLhefdaaRCha FESENEIKCERiLS Hedter 21 and

regu ate

the tenperature of an integrated circuit chi
(ZC=ohiwit WAR| uhmh li® apeymarenklyigatéached o e pheater

tfft' ng'rﬁ&Stheater |41 Chialy Wi Cﬂa:.r of terminals 2la for

passing e1ectr1ca1 current through the heater. The

conduit 22 has an :.nput port 22a and an output port 22b

for passing a liquid coolant through the conduit.

Fig. 1 also shows that the gimbal 30 :.ncludes a
base 31, a carrier 32, and a coiled spr:.ng 33. -?I'he'
oarrier.32 is loosely held by the base 31 such‘that the

carrier can tilt and move away from the base 31 with:i.h a -

' predetermined range of distances. 'In the Fig. 1

:.m;plementat:.on, the ‘carrier 31 is provided with three
,legs 32a, only two of which are shown. . EBach leg 32a
extends loosely through a respect:x.ve hole 3l1la in the base

"31. Also, each leg 32a has an end 32b wh:.ch is too wide

| ~ to pass through its respect:.ve hole 3la.

F:.g.‘ 1 also shows that the co:l.led spring 33 is

':.nterposed between the base 31 and the carrier 32, 'I‘h:Ls

coil spr:.ng 33 is in compress:.on such ‘that it urges the

carrier 32 awvay from the base 31. In :.ts qu:Lescent
state, the sprn.ng 33 presses the wide end of each 1eg 32a

against the base 31.  This centers the heat-exchanger 20



is being tested in a chip testing systemis conmonly
called a DUT", which neans “~devi ce under test". One

wdRei0ss9shown in Fig. 1 as item4l. This DUT 4RCTHaS2005/042145

i nput/output termnals 41la that are held by a socket

42 in the chip testing systemgThe DUT 41 can be an

| C-chip by itself, and in that case the termnals 4la
extend directly fromthe ICchip. Alternatively, the '
Ddtetl €88 bBakBe BOnbbtichi Ofh@f athé CldbteP! US1a is -at a
substrate which is attached to the | Gchip.. In that
cR¥edetpeminef PRSItdPR-extend fromthe substrate.

Il ude a CESE vhi Sk anet oeachpy £t i 434788 Bobllag 33

athiazc lae Einmstt hend tbithate flimetl aldupliing 34 ot ehiei Mpse 31,
system the chani.cal ; gssenbly. 10 js positioped
SHRCh - BSEOD0 1 SR (LT o121 sdeahTnh SoppifHo; 35 fo the
t Ratry3Races. apakly PeRb! iwily. t Re Bbodimehe,! Nenbeai Bl deable
21 wll ideally Ite in parallel planes. However, due

t conpliiags 35| pethudesi o pliatiep|3ba oupdnbhreewkialiln bearings
t (i.\bchi p testing system the DUT 41 and the heater 21

Wi ‘al nrost always lie at an unpredictable angle with

-respect t0 @ah OklEFac&Or ofxamte:, Figtel 8BaWS Hdatrigidiy
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the DUT 41 may be tilted in the socket 42. As another
edfffcheditp thg HPNISI hat Thee TRpCgiteppurfaces of the

AL S5 BSRCBach o WP AL 5D 1n o

| sresperrtige imdémication. All of the ball bearings 35b are
pﬁessed by the plate 35a against A-the carrier 32. Also,
all of the ball bearings 35b :':'olll on the carrier 32 a‘nd
'slip in their respective indentation in the ﬁlate 35a.

One particular use for the above described
':ﬁechanical assembly 10 is to i:egulate the temperature of
. aﬁ integrated circuit chip (IC-chip) while the .Ic—ch:i.p is

being tested in a chip testing system. An IC-chip which
is befi.ﬁg tested in a chip 'testing‘ system is conunonlir_
called a “DUT”, which means “device undéf test”.  One D.UT‘.
is shown in Fig. 1 as ditem 41. This DUT 41 has
input/ouﬁput téi:minals _41a. tﬁat are held py a socket 42
in the chip {:esting syste,m.‘ . o ‘

| The DUT 41 can be an IC-chip by itself, and in

" that case the tehﬁinals 4l1a extend directly from the IC-
chip. | Alternatively, th,e_-DU‘i' 41 can be 1,:-h‘e“ combinat:i;bﬁ
6f an 'Ic-cl;ip, ﬁlus. a sub‘strate which is atté,cheﬁ to the
IC~-chip. In th"gt case, "the terminals ‘4:l.a" extend from the
substrate. When the bUTA includes a substrate, i:he DUT 41
can also include a cover which encloses the IC-chip an.d‘
is attaéhed to the substrate. | | |



DUT 41 is noved down, by a predeterm ned di stance in
the vertical direction. This vertical npbvenent can be

wW@eotbosiveel by any prior art positioni ng mechanP€mu§1005/042145

shown) such as a robotic arm As this vertical
movenment occurs, the heater 2lginitially contacts one
edge of the DUT 41. Then as the vertical novenent
conti nues, the ginbal 30 and the attached heat

-exchanger 2Qitibi1guchid hak t heniwat @esfingan s¥Stem, the
flat against the DUl 41. Fig. 2 shows the position of

-t medhamdcady cheseEblyo 16 héSgumﬁt%neGn(fmlednapart from
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gftfhee{ hoF QR %sa\s/eéin.b&ﬁ' $IPVRIENT 4 S C?ﬂ’l |ch t{ée&l-apart

he 'sp 'S conpresse by a force
pq,fdstaitimng u‘.tm:l*mmsﬂewd stlagahaaterhmbas:'ellslideaarly lie
upwar d direction, agai nst the 41 in the

dmvmwmlecweﬁe%onmvﬂy tR JEeEhgus FQkerances
aitigie! & n%%ﬁ‘)éi‘ﬁ:% Ry efliavephd r eRipher8888ndl system,

that all ows carrier 32 plus the heat
d:hmangerd:lz&nda the theame2t, wiklonlwestorlways lie at an

carrl er us the.heat: chan O to tilt so ch

tP % SRS RCoy B RREReE S erch “OrfeR.  wor
Cﬂlfl | B9 ghow tﬁ&tCQJHe SpUTt N@13%d SheSltidced in

reI ati ve to :

e carrier 32 fromthe initial position .
s Hehwm Bﬁckeg 42 ¢ 0 Hotweethes ieptewnFig-Fily. also shows

o el Fol 43 ey Ba RO A s £GP cRBRENOS

posi t| on of Etm:lni tklﬁarsmoeaéhpastl pbsh.edoﬂ that is. shown in

As this slldlng occurs, the spring 33 stays
ekt i dr | §: e mechanical assembly 10 is” moved up, or the.

DUT 41 is moved down, by a predeterm:.ned distance in' the
vertical direction. This vertical movement can be
performed by any prior art positioning mechanism (not
shown) such as a robotic arm. As this vertical movement‘
occurs, the heater 21 initially contacts one edge of the
DUT 41. Then - as the vertical movement continues, the
gim:bal 30 and the attached heat—exchanger ‘20 tilt such
that the heater 21 can lie flat against. the DUT 41.

, ' Fig. 2 shows the pos:l.t:l.on of the heat-exchanger
20, the gimbal 30, and DUT 41 after the above vertical
movement is complete. 1In 'Fig.‘ 2, the "spring 33 is
compressed by a force wh:.ch the pos:.t:.onn.ng mechan:nsm
exerts aga:.nst ‘the base 31 in an upward d:.rect::.on, or
against the DUT '41 in " the downward direction.
: consequentlyl,' the wide end 32b of each carrier leg 32a
has moved ‘away ‘from the base 31, and thatl allows the
carrier 32 plus the heat-exchanger 20 to tiit. |

However, in order for the carrier 32 plus the_

heat-exchanger 20 to tilt so much that the heater 21 1:Les



vertical and the slideable coupling 35 stays
essentially centered with the vertical axis of the

W@ ponss988. o cl osely anal yze the forces and nPOEDNER05/042145
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whi ch cause the slideable coupling 35 to nove,
reference should now be made §g Figs. 3 and 4 . In
Fig. 3, two forces F1 and F2 are exerted as shown on
t he heat -exchanger 20 and the gi nbal 30,
fm%cugé%h\ét Ehles PEUS, dhd fmiaé@bwsa@aﬁ,lmen 3%'®n the
edge of the DO 41 initially contacts the heater 21.
Tic@:ﬂorm:m @énmtesebctq sedmeivephenthe gpsmier 32 from
nt .P n r

he egéxgh&"g g.g é‘l&m(&] tc} ﬁﬁgglte:[ position
ng ﬁ{)g,and,tlmgr;r@all,’SOthEhlmnmimlr s;:ras:.thon of the
time instant when the vertical rmvement of the DUT 4
tchﬁé‘r:'d bW%ﬁ%aFSam 2o hBs Eeeﬁn@on‘bFeFé-6° 2 the

SPeatifgkordh s BEHSIAACR A B7, C’.

cl oévﬂ%se nonen l\)ﬁam%oﬁtbapo?g%oP -whereas the ?orces
Fasanthis geltding aoc:mum ,e rchec Iemmgmfﬂia netéysboedsentially
poi nt P .

o1 hoEher SRS (FaHi 190 CAR: SEAYA [pesentially

~he@é1?t5e:?éd it d C@ef@;é&!ﬂ’v&{kﬁé GECHRE | Qﬂriﬁ?t he .- Y

‘direction at a point . Also in Fig. 3, the

orce F2
is exerted I®o tmsplvngnsgyzé'htbef @noc;@ass azsbwponents which

occurrin direc I w
ceTRTEF g’i?s %’Sge?ﬁ’l?hgg ll" ﬁ‘gsg 5 n%vrrgc'esrﬁe ’E"E should
2 g6® BEPakabedd rFi&@ X3 and 4. In Fig. 3, two -forces F;

) and F2 are exerted as shown on the heat—exchanger 20 and

the g:l.mbal 30, respectively. This occurs at the 't:Lme
'1nstant when one edge of the DUT 41 initially contacts.
the heater 21. The force F, generates a clockwise moment
' ﬁl -about point P. '
. ' By comparison in Fig. 4, four forces F,’, Fy',
F; and F,, are exerted as shown on the heat-exchanger 20
_and the gimbal 30. This occurs at the time inetant when
the vertical movement of the DU'I‘ 41 toward the mechan:.calv
assembly 10 has been completed by the handler mechan:.sm. ‘
'I'he force Fz ' generates a clockw:.se moment M;’ about po:mt
P, whereas. the forces F; and F; generate a counter-A
clockwise mome;iiﬁ M; about point P. . _
' " In Fig. 3, the fox;ce F, is exerted by the one
edge of the. DUT 41 that -inii;iellir contacts i:he heater 21.
This force is shown as occufring in the -Y direction at a
_point f. , o , S
Also in Fig. 3, the force F: is exerted by the
spring 33. This forcei is shown as occurring in the +Y
direci:ioo in alignment with the central axis 33a of the

“



direction by a distance d2. Consequently, the force F

produces the nonent i in the clockw se direction
wae@dnssonhe point P . A mat hemati cal expressi oPCBHOS1005/042145
the moment i is derived by equation 1 in Fig. 3 . In

t he expression 50, ky is the spging constant in the Y
direction for the spring 33. Also in the expression

50, DY is the amount by which the spring 33 is .
coqpu::bnsedBi.n ttee YEdrcest Fonandor®.i tesrainseparatdd in the x

Fur t th 50, _th d k |
- (H5Setton BE a cababuRrll e o erntaasEhes o fhegiorce .
33pr¥&ﬁae§ hepas s@nt M), 5 | théhe1vchin st @Yrddtfo8- around

, 'a smal | DY produces a preload force F2 that keeps
ththwnelehdg 32b of the carrier |legs 32a pressed

5 30 and tho obi BERBRTRBAER, SRATARETN. o1 £o; i ofigment. 1,

I nig de&ﬁhwsemdl é@ﬁ&tﬂbn Thisnrpeigli @\ ocaw xKdOodipression’
point P because at that point the heater 21 is held b¥~
frPBei bm aﬁaFH@t SFA-NGd oAt aie Hprthe YA§Jt=Fﬁ’%t1°n or the

rotation cur anot h t
ChBRRLAR 350" gt Bl il on D80T AY e Mne amount
gi ﬁyakm&%hartdaé hepai-hached ke adenshensed aa Heél'? direction

cl ockwi se, the ball bearings 35b nove relative to. the.
10 cafrpmy i3 upéﬁﬁpmeéoshem% Kurther Giroth@eexpression 50,

pOSLtI %r}sbrﬁ:ct k,_)a(l}gr)c is t 2 Ifsérsé:heomﬂ quuch :LS4 exerted by
the spring 33 When the assembly 10 is in the state shown
in Fig. 1, a small AY produces a preload force F, that
keeps the wide ends 32b of the carrier legs 32a pressed
15 against the base 31. ‘
| Due to the moment M;, the g:.m.'bal 30 a.nd the
attached heat-exchanger 20 start to rotate in a clockw:.se
direction. This rotation occurs about point P because at
that point the heater 21 is held by friction_a'gainst | the
20 edge of the DUT 41. As this rotation . occurs, anbther
‘moment M; is geherated, as shown in Fig. 4, ‘v‘:hich opposes
the retatioﬁ. ‘ | | , ‘
‘ ‘ As the gimbal 30 and the attached heat-.
" exchanger 20 rotate clockwise, the ball bearings '3.51'5 rﬁove ‘
25 relative to ‘the carrier 32 from the ‘positions A, B, C to
the positions A’, B’, and C’. . This is shown in Fig. 4.
. In F:Lg. 4, two forces F;L and F, are e:ierted on
' the heater 21 by the DUT 41. The force F’ oceurs at the
initial po:.nt of contact P. The force F; occurs at the
30 opposite edge of the DUT 41, which is at a distance d; in

the -X direction from point P.’



In Fig. 4, two forces Fi' and F3 are exerted on the
heater 21 by the DUT 41. The force Fi' occurs at the

WO niobiosdoopoi nt of contact P .. The force F3 occmem005/042145

t he opposite edge of the DUT 41, which is at a

“distance d3 in the -X dlrectlg_r}from point P . Note
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that in actuality, the DDT 41 will exert a distributed
force against the heater 21 at all. points where the :

DUT 41 cont tﬁl‘?a@efie&c@ialf@%EVﬁhe bBTS APk exert a
t he present analysis, this dist uted force is

r efilsodidbutredsi forden agaimgt t Wheeqhesbbnt2boiatt all points

forces 3,,Alsg.i g ges F

FAhEne e{i]é‘?tgagﬂg 4?‘hec%xﬁa}eaéo ‘éhélo %BIY\%%ES By tﬁgw%@%r, to

S i¥y fhe beesent? analysdys tehidediptiribuddd force is

being conpressed to a new anpunt DY ' in the Y

diremisasd imeFigr.cd Fwikhdbbe cF"Tcheeg-'Bi‘-Vﬁéegg g forces

?Ie%\ﬂﬁdﬁay an anount DX in the X direction at the .
é&*spring 33 connects to the slideable ‘ ,

coupl ing 35.a1é6 dadl exiig.on4DX dwour EomseBheFgar rami F, are

32 and the attached_heat excha er 20 otate 4 .
clewasked gBolihe oFhideable, 9 '-@gl qubrt.gepzsprz.ng 33.

.pr.ﬂ; Cfér%QeFC‘ OfkVgae EBTeRk '¥lp:r:|."i‘1rg°u.’fEj Eé!?nl\?ob%pf"essed to

I caf expression 51 for the nonent

de&'ﬁéﬁ' bioRAHANYON 1A ithd Y. dikectionin Fhg. £férckeF,; is due
forces F3 and F4 produce the counter-clockw se nonment
MPtar thedspirtngoBBat beingAdefilecred da axmrewrbnAg2in the x

for_ the ponent is deriv
d:.rect:.on at Nil:zh poe:.nt v(rjhere spring 33 connects to the

'slideable coupling 35. The deflect:l.on AX occurs as the
' 'carr:l.er 32 and the attached heat—exchanger 20 rotate
clockwise about point P. - _
In Fig. 4, the force F2’ produces the clockwise
" moment M;’ around the po:.nt P. A mathematical expression
. 51 for the moment M;’ is derived by equat:.on 2 in F:.g. 4.
Also in Fig. 4, the forces F; and F, produce the
‘counter-clockwise moment  M; around . the point P.
A mathematicai eiipression ‘52 ‘for the moment M; is derived:
by equation 3 in Fig. 4. In the expression 52, ky is the
spring éoﬁstant for the spring 33 in the X direction.
| When the mechanical assembly 10 is in a state
o:E equ:.l:.br:.um :Ln F::.g. 4, the moments M1 and Mz are eq:ua.l
in magnitude. This is stated by equat:l.on 4 in PFig. 4.
When that occurs, the expressiop 51 equals the expression :
52. o | | |
| ~ Also when expression 51 equals expressibn 52, .
the force Fj must be greater than zero. Otherwise, the
DUT 41 will not be press:.ng :Elatly against the heater 21.

'I‘herefore, setting expression 51 equal to expression 52,.



by equation 3 in Fig. 4 . Zn the expression 52, k is
the spring constant for the spring 33 in the X

wal2ooe®539061. hen the nechani cal assenbly 10 i s POT/ES2005/042145
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state of equilibriumin Fig. 4, the nonents M' and
M2 are equal in magnitude.. Thik8 is stated by equation

‘4in Fig. 4. Wen-that occurs, the expression 51

equal s the expression 52. Al so when expressi-on 51

e§odl sEebkBirgsifATre®, Fahdq obee gBeatisr Hehapemero, vields
H&g@lfﬁ%ﬂ 5X '&ﬁ{a'g]&esﬁguwfoxg%u# We! lsatls é%f‘et&”fﬁs D8er for

y against t ter erefore,
exeebitod15tocdial flatengadasitonhs? heat —mtdhertmé:ﬁ rTe,
F3 to be greater than zero, yields equation 5 . This
equati on. mu3e be@Ewtian edSin &heer teym t hekDUARY tés the

I he, h
55 Rin 5ked SR M 9 B S cne
t paatRr 3nG. 33@%%0@%&1&1&&%6 8ha- &R0 (i) ) (AY') is the

equation 5 ,. the ter AY I's the vertlc
f yegdicalwfioricet Fe’swhu-ng Bﬁeespry.ngoBBt b&:emtﬁ ®n35ﬂ1e plate

T f E d F
{ERE, dhERR Eoitied T AR B0” Fee rioh, ni ERShy dene
baI | beari NESwavieron dHe seMieisIEtcddor £ Hdd &F, B%are also.

when any friction agai-nst the ball bearings is
n@Ferges éDY Ae bahtebepripgsl 3&5&ar¢mg’sh€5bndeursn.dlel of the

O%ggége%a 3r ee%pearﬁ V:'?g t:gén s%[!nﬁc:%sé Epgmgea&r e r:Lngs is
c ateigldigidbd eat tdmi,posmée Ahe Bball bebkhagd 3%b td¥h roll on
bz%:l.‘nle bcea?zr'r['lnegé 32, the vector sum of the two forces Fs and’
F,’ must be perpendicular to the surface of the carrier 32
at the points ar, B" C’. Otherwise, the ball bearings
35b will roll from those points. I

Thus it follows that the hor:.zontal force Fq
will always be small whenever the carrier 32 rotates by

only a small angle in order for the DUT 41 to lie flat
.against the heater 21. This means that the term‘ (k,;) (AX)
in equation 5 will always be small. Consequentl& the
eondition which mus't‘be satisfied in order for the DUT 41
.to lie flat .against the heater 21A (as expressed by
equation 5) is easily met. |
| It‘ is important to realize that equatioﬁ 5
cannot be met by simply making various terms in that
equation 1arger or smaller, as desired. For example, the
force (ky) (AY') cannot be made so large that damage will
occur to the DUT 41. Also, the distance dz’ cannot ‘be
made - larger than one-half the width of the DU‘I' 41.

Further, the d:.stance ds cannot be made so small that’
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35b will roll fromthose points. Thus it follows that
the horizontal force F4 will always be small whenever

WO b@oossné er 32 rotates by only a small angl e POT/ORZIOS/042145

for the DOT 41 to lie flat against the heater 21. This
means that the term(k )(DX jg4n equation 5 will

al ways be small. Consequently the condition which nust

be satisfied in order for the DOT 41 to lie flat

ARt 14 hﬁoheaom #r (ebe cKpaeeFed )y ©XBabbaBuit) 23, and
easily net. is inmportant to realize that equation 5
C@Fﬁ]&a%%t:"%y EpnpAgikdRpngasatheuovesiadd ikengkh of the

CRUPLADN 350 08" §bePOBLLR! 42> AR °do FRLaBAMLEe total

ce (k cannot be made so | arge t
daeiglet vof | tloe cassenblirelDJTthe. spirdmg 1383 hbcdmagestiffer,

d not be nmade | a r than o half the width o
el G L RqrSa e P B PHE. o vl ORe | PEERRBE HaARfAQe, all
soRl | tihdad t hergct$ca? roemitatibie healer Aﬁeré&ﬁe by the

conduit 22, and the carrier 32. Xn-addition, as the

: oy:e:t@é&bleng:blmpmﬂweBSprwmchS demistar T AXS eBoi @l diall in

to reduce the total height of the assenbly 10, the
sPANMELA® Peconmes stiff er, which increases Ic . But,

-wWith the prgsgnl | gMeRt | %f@,l_.éng% these Hgelical. and 6,

limitations are overcone by the slideabl e coupling
waddht tomaks dbta:ld.sberegatrklmg etbet |mc£eab1‘éxtqou@1:tng 35
ce to Fi : addltlo

>{ - 5
b5 GPR GopREELBRRe an HBess, SidhTos Hhiow it Ene piate 35a

has three indentations 35¢. In the illustrated preferred
embodiment, each indentatien 35c has a semi-spherical
shape with a radius that is larger than the radius of the

ball bearings 35b. One respective ball bearing 35b lies’

in each indentation 35c.

Preferably, the plate 35a and the ball bearings

~ 35b are made of materials that easily slip on each other.

- In one particular embodiment, the plate 35a is made of a

plastic such as Teflon, ~and the ball beari:rgs 35b are
made of a metal such as steel.

Also :.n the :|.11ustrated preferred embod::.ment,
the indentet:.ons 35;-. are spaced at equal distances from
each other. These indentations 35& have a geometric

center 354 on the plete 35a. The geometric eenter 35d on

the platé 35a will be close to, but slightly offset from,

the central axis 33a of the spring . 33, as shown in
Fig. 5. This offset is caused by .various tolerances with
which the entire mechanical assembly 10 can be
manufactured.

Suppose now, for comparison purposes, thati,the

slideable coupling 35 in Figs. 1 and 2 is replaeed with a



will be described. These figures show that the plate

35a has three indentations 35c. Xn the illustrated
w@e@bosivedl enbodi ment, each indentation 35¢c haBCHUSENF/042145

-spherical shape with a radius that is [arger than the

radi us of the ball bearings 38b. One respective ball

bearing 35b lies in each indentation 35c. Preferably,

the plate 35a and the ball bearings 35b are nade of =~ .

Pt e+d areuphing cdéi' | Yedwesnothey cFpBingr 33 xanghdhe carrier

ticulgas nt@{glgget h e a 46, M of & :
B?%éti C %’éﬁ as le on:','é a%ﬁ‘ﬁie b%‘?l} lit.):g%'ri ﬁg's SSgA]é:}'e other
necepohent seinl thec assendlae| 10 Abfo Hig .t HE arbuthent $sine as
preferred enbodi nent, ,the inpdentations 35c a[e spaced

AFBE U AOMRERs e acheEher COTREERORMBA! ot FERSTence.

5 3RGmbfyEsaigeeigtl i £ &eAter 35d on the plate 35a. The
geonetric center 35d on the plate 35a will be close

to, but sli¥mtFygef fsetther MHT 43 dentbedmgnpiedfsiohgainst
t SAL 33,.,as .shown in ELg. This.offset i.s .,

cgﬁgeg‘%ar?%ﬁs HIreYe cegh%_tﬁu%i% the 3Rt Aying flat
naghffseathashedbey Ml .canmete@auiackiged7,SWHBFCone edge

now, for conparison purposes, that the slideable ,
c8fipl Fhgy n4iti gBressghRd 2984neEp| teed heatenmridfi dat the

10 SEMELARS Rlinbebpcgmblsgsnr 70 35 and e carr o B
in the assewhéy theofDUF g417 iar eFidne FamdmMadti® the heater
‘ ngeongﬂés gV:Wn:bCaI?I. h%\(/)e ggg;ggpotr:lgi n:.goéa?élee re:i.vr}fethe clockwisé
direct;ion due to the. moment M;’ that was Abrex'riously-
described in conjunction with Fig. 4. But that clockwise
15 rotation is opposéd by the géunter clockwise moment M,
that - also wés previously described in éonjunction vﬁ.ﬁh
f‘ig. 4. ‘ |
A One of the terms in the moment M, was shoﬁ by
equation 3 of Fig. 4 to be (F;)(d;), where F"4 is the
20 horizontal force that is exerted by the spriﬁg 33. ‘That
horizontal force F; is limited in the embodiment of Figs.
1-2 by the preseﬁce of the ball bearings 35b. However,
with the chaﬁge that is made in Fig. 7, the ball bearings
35b are éliminated; and . cohseqﬁently, Ehe horizontal
25 force F; which the spring 33 can exert on carriér 32 is

' not limited. '

| Thus in Fig. 7, the counter clockwise moment M,
‘balances the clockwise hoﬁént M;’ before the DUT 41 1lies
flat against the heater 21. In other words, the momeﬁts M,
30 and My ! balaﬁce while the forée F, is =zero. Thiér resuits

in a gap between the DUT 41 and the heater 21. Due to



nunerals in Figs. 1 and 2 . In Fig. 7, the DUT 41 is

bei ng pressed agai nst the heater 21; however, the DOT
wd006853%0¢ | ying flat agai nst the heater 21. |PST/@8z)05/MM2145

Fig. 7, only one edge of the DUT 41 presses agai nst

the heater 21 at the initial pagt of contact. Wen

the DUT 41 in Fig. 7 contacts the heater 21, the

gimbal 30 starts to rotate in the clockw se direction

duecsis t hagoneiie | tdrhidranaﬂ:-q)rmﬂ ouMey dIEEridEd ¢démnot be

conjunction with Fig . But that clockw se rotation
s m&ﬁ@%ﬂ%ﬁﬁﬂ HY thr | BERe- FEARARIRD %\

al so was prey @_.%E,g GARpEEdE ON

4 . One of the terrrs in the m‘?r?glnt 2 was éé,hos%%gsgl “that the

equplate 3SmfofFiligd.t5 bed(F4jedseplacede i uluetanesembly 10

hori zontal force th t xerted by .th i ng 33. .
5Tha‘t”'%r|azoprf"§% iafe‘ %ﬁ? dﬂf‘:'he"?hgl a8 HOFlenp single
of fﬁaént&tﬁoﬂ)ysfsee paesemee gbomee iy | cbeBerNahaEb holds a
However, with the change that is made in Fig. 7., the

bal BlmhelhguBbbami@QelliWhat e&‘hlﬁwcphw%q%lﬁntﬂ%ﬁwn in Fig.
t heg hori f [ [ a
on %arrléff s’ﬁ%ot F?i%)elltqe& us,ﬁ"f‘:H EQ :1-_3},# g{‘%é%tly 10 of

coupigl cboc&r«esetmrrers‘am‘é_ e arces tctmnmbmaku\ssewhlch have

nmonent M' before the DUT 41 lies_flat a a| nst the
1heacerrespording nEPLREPESS PHESKBAENLS 1.

In Fig. 8, the spring 33 is in compression, and
the DUT 41 is not exerting amy force on heater 21. Thus
in Fig. 8, the wide end 32b of each leg 32a in the’
carrier 32 presses against ‘theA base 31, and the single

15 ‘ball bearing 35b’ presses against the carrier 32.
However, when the single ball bear:ing 35b’ in
' Fig. 8 presse‘sAagainst the carrier 32 at a slight offset
. from the central axis of the spring 33, the position of
'the ball bearing 35b’ is unstable. That is because the
20 ball béaring ‘35b' will roll on the base 32 unless the
ball béaring 35b’ is in perfect al:.gnment with the
central axis 33a of the spring 33. But Erom the prior
vde.scription of Figs., 5-6 it 1is evident that the single
ball bearing 35b’ will wvirtually mnever be perfectly .

25 al:l.gned w:.th the axis 33a of the spring 33.

' . oOnce the single ball bearing 35b’ starts to
roll on the carrier 32, that movement will continue until
one edge of the plate 35a’ hits the carrier 32. Then -
movement -of the ball bearing 35b’/ will stop due to
30 friction between the plate 35a’ | and carrier 32. (This
position for the bali bearing 35b’ and the plate 35a’ is

shown in Fig. 8.



and M' balance while the force Fis zero. This
results in a gap between the DUT 41 and the heater 21.

we@otstohé s gap, the tenperature of the DUT 41PCEHDRING/042145

be regul ated accurately by the heat -exchanger 20.

Next for conparison purposes, FBuppose that the plate-

35a of Figs. 5 and 6 is replaced in the ‘assenbly 10 -~

with a different plate 35a" which has only a single

i ndent ati on BHC 2f the yeéiebﬁaxlaahﬁébﬁiﬂﬁnnﬂﬁcmpue on the

S|n e, bal | _be 35b' .. .Thi chan S g

o} oBy E?heg&h%‘m&ﬁ%&?&t s S SRR Ry FHfand the
F' SarBigke3bhesSame e¥Edde mawnﬁﬁhﬁ m/mkah ikavies in Fig. 7.
correspondi ng reference nunerals In_ Fi .. Xn Fi

: 'll‘h'esspm sgpssmlé- igrawhpeetuesn, thed Dofe %mﬂaq g%tes heater
5 ' gtof Rl Syl #1 8 s BraBRLY! abhinkl! tne Hilberd 22.

each carrier

. p.r esses agai Nekt}he fwdth 31 refieterdiee si nge bmi.g. 9, - one

10

15

20

25

30

bearing 35b f presses agai nst .the car 32, ver
\/\h@ﬁdﬂ-%éc§?;ﬁepe beal Fhee (i %?’é’l Errnes igs. 1-4
agghngt pbe deiddifledd? atiR Sdlizgiht F@.t_:xf sed fﬂd&ﬂ.ii@at:.on,- the

central axis of the spring 33, the position of the

balspriiegr | 313 35b’etmrumsi-’abl dheThxigid ineupking he34 and the

bal | bearing 35b' wll_roll on the base 32 unless-

balﬁ Ligestley cpspling |:?15 pBFEedPtRtegh fR i tlﬂh\"ﬁe"n Fig. -9,
raI g falg0 h ri

descrl p?ﬁn 9035.'?— fas' QG%é?scééP P tsl’?:atrec% hghgl ndg%{zérler 32

baldlﬂmﬁamgo&Sbthu | bager t Bad |,y andertbe pspfdoyl y33 " has a

slideable coupl:Lng 35 to the base 31 (instead o:E the"
carrier 32). ' '
All of the remaining components in the Fig. 9
modification are the same as they are in the mechanical
assemblly 10 of Figs. 1l-4. 'Those'remaining compoﬁeniiS‘ in
the f‘ig. 9 modification are identified with the same
reference numerals that they have in Figs. 1-4. '
When the modified embodiment of Fig. 9 is in a
quiescent state, the DuUT 41 'is spaced apart from the
electric heater 21. "I'hus,' the wide ends 32b of the legs
432)a are pressed against the base 31 due to the force
‘exerted on the carrier 32 by ﬁhe spring 33. Also:in that
quiescent state, the ball bea:r::.ngs 35b are at the
positions A, B, C on the base 31, as labeled in Fig. 9.
Thereafter, - the DUT 41 and the mechanical
- assembly 10 are moved towards each other b& a
predetermined distance in the vertical direction. Fig. 9
shows the posit:i.‘on of the heat-ei:changer 20, the gimbal
30, and the DUT 41 after this vertical movement is.

complete .
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 mawement] ofythe Rl hearings

aligned with the axis 33a of the spring 33. Once the
single ball bearing 35b' starts to roll on the carrier

W@ 200605806 novenment wi || continue until one edgkCDUS1008042145

plate 35a" hits the carrier 32. Then novenent of the
bal | bearing 35b" will stop d8e to friction between
the plate 35a’ and carrier 32. This position for the
bal | bearing 35b" and the plate 35a" is shown in Fig.

"8 .But if ttﬂnel‘b&‘.l Deakhaghegsserc 2indiiamElak pgainst the

SR G Bl N BATH, (SRR By R “Blom e

BdkithonsThas, B gap tw | thec posiieiowenAt he BUT 4F and This
the heater 21 when the DUT, 41 |§ ressed agal té

§g ;Fgcags ﬁ orces and
cgﬁéﬂtﬁat%ﬂh(}g al‘ges ¢har @ @RSSEOENal OwBlere reviously

scrlbe In this Fig. 9 nodification,
t&mma&lg.ﬁ&dmgmdtaronmwnl’bh Hsigs gi 3+4&oupl i ng 34 and

t he slldeable cou l.ing 35_.are rotafed 0. T
F| g. 9, tH# f'g'S rge 5eﬁc>?ed£80LF§BQ%'g g"i’st g‘qdnell a
%6&1 %?ed;ﬂ%a%ﬁ%npf tohethesemddhanianl tASsepblyy 10 oOf
as a slideable coupling 35 to the base 31 (instead

' omgme &aérmﬂ-lszr)e deperibedpe rimaFhifgreddfdration, the

in ta% d| fic he S ésé’y [
LSS, cReRel 8 O SHEphle SAAET A0MRAA When o
rg5Bidi Qﬁa&@rpwents The! Reldtiq. 38 'Mutkid | onki ofiaeee that is
identified with the sane

rigidly attached to the spring 33 and an oppos:.te face
that has a small coefficient of friction such that it
easily slides on the carrier 32.

. " 211 of the remaining components in the
modification of Figs. 10-11 are the same as they are in

"the mechanical assembly 10 of Figs. 1-4. These remaining

. components in the  modification of Figs. 10-11 are

" jdentified with the same reference numerals that they

have in Figs. 1-4. ,

When the modified embodiment of Figs. 10-11 is
in a quiescent state, the DUT.41 is spaced apart from the
electric heater 21. Thus, the wide ends 32b of the legs
3la ‘a:r:‘e‘ pressed against the base 31 due to the force
exerted on the cafrier 32 by the spring 33. Also in that
'q:uiescent' staté, ‘the edges of . the solid plate 35’ are at.
the positions A and C .on the .base 31, as shown in '
Fig. 10. |

‘Thereafter, the DUT 41 and/or the mechanical
assembly 10 are moved towards each other by a
predetermined distance in the vertical direction. Fig.‘

11 shows . the position of " the heat-exchanger 20, the



reference nunerals that they have in Figs. 1-4. Wen
the nodified enbodinent of Fig. 9 is in a quiescent

Wwat@b®359061e DUT 41 is spaced apart fromthe el BCT/UBI05/042145
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heater 21. Thus, the wi de ends-32b of the legs 32a are
pressed against the base 31 diSe to the force exerted

on the. carrier 32 by the spring 33. Also in that

qui escent state; the ball bearings 35b are at the
rerigikisilo 30 ,A andB thet WAT 14 Biter3thissveabired mewement is

9 . Thereafter, the DUT 41 and the nechani cal assenbly
FPmpE

ed tovvards each other by a predeterm ned -
di stance i nd & grer1i catheli heatepn21iFildes9 fllatvsagditnst the

' tion of .t heat, - ex er 2 h 3

B3k L Bhat e T Bhga g IO NGR B ackh el RBbe oVl £rom

Rilge Q;qs:t&i@ﬂseam‘r g1 tpestheat pagithonst ' PUTCAL1, - This
b r| n b G ed t : .
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Next, with Ong er @RaERFad gs emhpdymenty  Q seth& present

”I’Eiréh@:@éﬁonaﬁ& the ﬁeema&t:eal et ikhs)f ¥des. now been
1-4 wil | .be descrihed. In thi dlflC%tlon t he

sFhe®p| d0cobPe ndFBRRS F 19gscriped o dny \Pefril. In
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For example, in Figs. 10 and 11, the Spri‘pg 33
together with ‘the slideable plate 35b’ and t‘h_e rigid
coupling 34 can be rotated 180°. With this modification,
‘the plate 35b’ slides on the base 31, whereas the rigid
eoupling 34 is between the spring 33 and the carrier 32.

As another example, in Figs. 5 and 6, the
indentations 35¢ and respective ball beerings 35b can be
inc"reaeed to ai;y desired number greater than three. Thisg
modification can be incorporated into the assembly 10 of
Figs. 1-2 aﬁd/or the assembly 10 of Fig. 9.

As still another example, the rigid coupling 34
between the spring 33 and the plate 35 in Figs. 1,' 2, and
9, can be implemented as desired. In one particular

:melementatlon, the spriﬁg 33 'is welded or brazed to the

.plate 35. In another :melementat:.on, the spring 33 is

held to the plate 35 with screws or other similar
fasteners. In still another implementation, the spring

33 is held to the plate 35 by protrusions from the plate



that has a small coefficient of friction such that it

easily slides on the carrier 32. Al of the renaining
wa@eovwpos®né s i n the nodification of Figs. 10-11PeEr/@S100&042145

same as they are in the nmechanjcal assenbly 10 of

Figs. 1-4. These renai ni ng co% nents in the

nodi fication of Figs. 10-11 are identified with the

zals that_th Fis -
vy pELEAS ERCTUPRARGS, I e NENAOAKRS 1By A0 eilk Bitate 35,
quoessimplytisy efridieiddJT 41 i s spaced apart fromthe

electric heater 21. Thus, the w de ends 32 of the
| egs 3la ar eA$r¥§§eoa%‘@%1P?1’§t e?‘ﬁ@pgi% atsenGhanger 20

fOf:ﬁ&teiﬁrEﬁgwﬂnlﬁhﬁheaéﬂnbéﬁlﬁ%n% Ufeﬁ@d ng 33 %8010 and
in that quiescent state, the edges of the soli d p'i

5 3511acanabet neppasedi withAamyd ather thpe e mataexchanger.

S in 10. Terefter 41, an
oBRn PR i, g L EEERELARL - chl® etk d ficaBlrt 35 can be

a gegdeeelm nagh dtﬁh%nCEaBB,t hene erddwaiitli Pect gets pressed

Fig. 11 shows the position of the heat -exchanger 20,

t hagRiBEF Jthe aRUT: hﬁlDU'F-%%q ePft hFBeyeaker 21 getting

IPUFSEELal SpRgEkiihe, 3743, FhedISCUE LBRaRi) A5 con ne

10 35bnhaw¢h:mh/e:daésem td!tmitmﬂ:t thas Astafbt dr he liquid state
Ca%gggggé é&ecegn%qﬁ - POX ?: rE)ZVa? "EH& oi'fhet hgu Lgit:epeésrkt): | %2b, or
the conduit 22 can be one which changes the coolant from

a liquid state to a gas state between the input port 2)2a

and the output port 22b. | |

15 '~ As still another example, the spring 33 in
?igs.. 1, 2, 9, 10 and 11 can be a cylindrical coil

- spring, instead of the conical coil spring that is shown.

. Also, the spring 33 in Figs. 1, 2, 9, 10 and 11 can be

- one wh:.ch lies only in the plane of those figures. Such

20 a spr:l.ng in Fig. 1 could extend upward f£rom the base 31,

then loop in the plane of Fig. 1, and ‘then continue
upward to the plate 35a. Aitgmatively, this llloop in the
plane of Fig. 1 .couldybe replaced with a "C" shaped bend.

‘A.s another exémple, a lubricant can be coated

25 on the ball bearings 35b in Figs. 5 and 6 in order to

‘reduce ‘a'ny 'friction‘ which .:'LS "exerted on those ball
bearings. Similarly, a lubricant can be coated on the

" surface of the plat‘e' 35' in Figs. 10 and 11 in order to -
reduce any friction which is ‘exerted on that plate by the

30 carrier 32. '
Accordingly, it is to. .be understood that the

present invention is not limited to just all the details



nmonments which are simlar to those that where
previously analyzed in conjunction with Figs. 3-4. One
w@e@bosived enbodi ment of the present inventi onPCEOS2005M42145
preferred nodifications, have now been shown in the
figures and described in detai%l Xn addition, however,
other nmodi fi cations can also b e nmade whi ch MA|| now
gescrlbed with reference to those sang figures .
FoP ex3RP| Partigiar  mybatimeat y hbuk, 1fy ggf’-ned by the
togg ?Qﬁ&eaﬁgbaiﬁg slideable plate 35b # and the r|g|d
coupling 34 can be rotated 180. Wth this
modi fication, the plate 35b' slides on the base 31,
wher eas t he rigid coupling 34 is between the spring 33
and the carrier .32. As another exanple, in Figs. 5 and
6 , the indentations 35c and respective ball bearings
35b can be increased to any desired nunber greater
than three. This nodification can be incorporated into -
the assenbly 10 of Figs. 1-2-and/or the assenbly 10 of
Fiig. 9 . As still another exanple, the rigid coupling
34 between the spring 33 and the plate 35 in Figs. 1
2, and 9 , can be inplenented as desired. In one
particul ar inplenmentation, the spring 33 is welded or
brazed to the plate 35. Xn another inplenentation, the
spring 33 is held to the plate 35 with screws or other
simlar fasteners. Xn still another inplenentation,
the spring '



33 is held to the plate 35 by protrusions fromthe
pl at e35 around the spring, or an indentation in the

WEbk@b®3®Be or sinply by friction. As yet anot hB€T/US2005/042145

5

exanpl e, the heat -exchanger 20 that is shown in the
enbodi nents of Figs. 1, 2, ®2% 10 and 11 can be
replaced with any other type of heat -exchanger. As
one such nodification, the electric heater 21 can be
dNEABALS |GLATRERD %%, the conduit 22 gets pressed
agai nst the DUT 41, instead of the heater 21 getting
pressed agai nst th ndU|t 22.C

1. As '
be one V\,hl cH pa¥eE g‘“@ﬂﬁ“ﬁnt ?ﬁﬁ?ﬁ@ﬁ‘gys ¥ a F?a‘t}%%mg the

E&ﬁ% tde | WUteDEEtrEric andetive PUtdud POhéchanical
22b, or the conduit 22 can be one whi ch changes the

coasaemblyohemgiqmnréﬁadeoﬁo a gas st ate between the

Pt POTt 223 el yRULRUs 80580280 a Bab! lhember | ana a

anéaéhéimmeﬁbércwnandr1§alldayé1ysmem bynsedd ise member
the conical coil spring that is. shown. A so, the

s pang thaitn spp.gis cagrier mgmbe:go CaRd tﬂ-tc z?qu:) Juoye relative

R e ?ggg%ftemgxe { GRS eelich a

cou upwar rom t he base 31,
then | oop i nat haepltaesxchianigey:, 1 atmnhedhentconsamde carrier

1upvvardtothe pl at e 35a. Alternat vel¥E t hi,s | oop i

10

t hegbgge o FFB ![‘aéouP‘d f8ceepFeFed fing. Caga:Lnst said

shagedbenrd. Asvapeiher exanple, a lubricant can be
coat eg:ton tﬁe bal T bDeari ngs 35b in Figs. 5 and 6 in

order to said gimbal further including a spring, between

15

said base and carrier members, which urges said carrier
‘member away from said base member; and, .

said spring having a first end with a rigid.
- coupling to only ome of said base and carrier members,

and having a second end with a s_'lideable coupling to the

. remaining member.



reduce any friction which is exerted on those bal

bearings. Simlarly, a lubricant can be coated on the
waeebaswoof the plate 35 in Figs. 10 and 11 i PCDUSENS/042145

to reduce any friction which is exerted on that plate

by the carrier 32. Accordingly, it is to be understood

that the present invention is“Mot limted to just al

t he detail sof one particular enbodi nrent, but is

iqrr:egﬁgn%alth:s;% %%o re%g%%cg:@n’ﬂ?r ;Jrec;Lm'm 1

‘ ofwmﬁmmamuamam sauﬁlﬂnghancmaaeasaemla;te which is
bei ng ¢ ri sed of ng pcl udes a. base

léﬁ'r% %‘-"c%‘f-HieFeﬁg rentdhaﬂ |§a+ oSRF{ngcpgdywhich has .
Sg &:@f cdBFPeh aUCH el Bipidk Cﬁéii%e&fﬂﬁ&& it roll on

-tilt and nove relative to said base nenb
5 preattd eremaisting swemivas ;and helbide ewnhang@rplut—eached
.to said carrier nmenber, which has a face for pressing
agai nst said el ectronic device; said ginbal further
i ncluding. a spring, between said base and carrier
nmenbers, which urges said carrier_ nenber away from -
sabed base mebarechamicalbi @%W@ha@?%@r‘&lﬂigrstoenélﬂm 2

" el dOhdl SOUR Yani-O 307600 SIALWGANDg 1a said

carr a secon

sl bdgabl membagl, i Ngarid tba:.derrmem&mimbemeﬂberA with said

mechani cal assenb according to ¢claim1
sl:%deable coupl:lugg gs sa:li.dgcarrg.er member.

4. ‘ A mechanical assembly acAcording to claim 2
wherein said one member with said rigid coupling is said -
carrier menlbef, and said rema:.n:.ng member with sa:.d.

sl:.deable coupling is sa:l.d base member.

5. . . A mechanical assembly according to claim 2

wherein said spring i1is a coiled conical spring.

6. A mechanical assembly according to claim 2

‘wherein said spring is a coiled cylindrical spring.



wherein said elideable coupling includes a plate which

is attached to said second end of said spring and
wokiosisives a surface with at | east three ball PEBRUSIGS042145

that roll on said remaining nenber and slide on said

plate. 3. A mechanical assenbly,according to claim?2

wherein said one nenber with sard rigid coupling is

sai d base nenber, and said remnai ning menber with said

sl Lbdeabl e coypl L S:Sa4d j e :

neZﬁanicaI agséﬂgggaéﬁég%di%gg%%ﬁ%Yaiﬁ?gbﬁﬁg?giﬁtgafglaxm 2

onehereher ssith sarihg | jidscduplda ngingleabdaber hefween said

mepber, and said remaiping nmenber with said slideable
cogBPPnﬁn scgﬁFaeﬁa§8mﬁ§ﬁgér. 5 . A nechani cal
assenbly according to claim2 wherein said spring is a
coiled conical spring. 6 . A.nechanical assenbly
according to claim2 wherein said spring is a coiled

cylj ndrical sprin < AN ' a ccrdi .
toedlaimzz ergfghégﬁgé%prgggghggghi%%ggghﬁagé %Fén?iglm 2
beweseintishifataldnbaarirngs apebinsreBpecive indentations

mechani cal assenbly accqrding.to claim2 wherein said
balm Feda sysLace of F@éﬂeaﬁaﬁgﬂ ndentations in said
surface of said plate. 9 . A nechanical assenbly
according to claim1l wherein said slideable coupling
i ncludes a plate which is attached to said second end

g;iéf}a:r grr;m Qﬁg ﬁ%?ﬁ#éhnl_i%glhasésas S r]ffceac}c%}tdisi:{gl d So onclai_m. 1

whgrein said slideable coupling includes a plate which is
attached to said second end of said spring and which has

a surface that slides on said remaining membgr.

10. A meéhanical assembly according to claim 9
. wherein said one member with said rigid coupling'is said
base ' member, and sqid remaining 'member .with said

‘slideable coupling is said carrier member.

11. A mechanical assembly 'according to claim 9
wherein said one member with said rigid coupling is said
' carrier member, and said remaining member with said

'slideablé cdupling is said base membér.

12. A mechanical assembly accordihg to claim 9

wherein said spring is a coiled conical spring.



10. A nechani cal assenbly according to claim9 wherein

sai d one member with said rigid coupling is said base
woreisessoo@nd sai d remai ni ng menber with said sPCTHEsINS042145

coupling is said carrier nenber. 11. A nechanica

assenbly according to claim928herein said one nenber

with said rigid coupling is said carrier menber, and’

said remai ni ng menber with sai-d slideable coupllng i's .

sd&3. base n@nbmecm:tqalwemmy agganding cdali rglaim 9

S AR AR SO bl

mhereln said spring is a 00|Ied cylindrical spring.
14. A nmechani cal assenbly according to claim9 wherein -
said spring lies in a single plane between said base

angy carrier eRRonSieal assembly according to claim 9

wherein said spring lies in a single plane between said

‘base and carrier members.



