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

BACKGROUND OF THE INVENTION:

This. invéntibn relates to a'mécha.nica.l assembly -
that régulates ‘the temperature of an inte'gra;ted: circuiﬁ
chip (Ic-cﬁip) by‘pressing a temperature controlled heat-~-
exchanger against a planar surface of the'ICQChip. ‘

' O:qé particular ‘use for the above mechax;ical
assembly is. in a chip‘ testing ‘system. - There, test
signals are seht to 'qhé IC-chip while the mechanical
assembly maintains the tena,pérat;ure of the IC-chip at a

set point.
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In the prior art, one mechanical assembly which
regulates the temperature of an IC-chip is shown in Figs.
1 and 2 of U.S. patent 4,791,983, The mechanical
assembly in patent A‘983 includes a coil spring 20 which
presses a planar surface of a 1iq:uid cooling jacket 15
against a planar surface of the IC-chip 1l. Squeezing
those two planar surfaces together enables heat to flow
by thermal conduction from the IC-chip 11 to the liquid
cooling jacket 15. '

But due to various manufactur:.ng tolerances,
the planar surface of the IC-chip in a chip testing.
system can be or:Lented at different angles relative to a
nominal position. To accommodate these different angles,

the =mechanical assembly in patent 983 includes a

‘guidepost 18 which has one end that is rigidly attached

to the cooling jacket 15, and A'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:.lt at d:Lf:Ee:r:ent angles. o "
After :.n:l.t:.al contact occurs in ‘patent ‘.983
between the planar surface of the ‘cool:.ng gacket 15 and

one edge of tne* :l:c-ch:i.p 11, the guidepost ,18 must pivot

-on the ‘frame 14 to make the cool:.ng jacket 15 lie flat

against the Ic—ch:.p 1l1. ‘However, the present inventors
have determined that as the guidepost 18 pivots on the
frame 14, the spring 20 can exert a lateral force on the

cooling: :iacket 15 which may cause a ‘gap to occur between

,;,’the Ic—ch:.p 10 and the planar surface of the cool:.ng
30 -

jacket. When, th:.s gap occurs, the IC~chip 10 w:.ll not be

adequately cooled. This lateral force problem is analyzed
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herein in detail in conjunction -with the Detailed

'Descr:.pt:.on of F:l.gs. ‘4 and 7.

Also in the pr:.or art, another mechanicai
sassembly which regulates the temperature of an IC-chip is
shown in Figs. 10 and 11 of U.S. patent 6,116,331. This
mechanical assembly 'insludes a single leaf spring 80
which presses a planar surface 91 of a heat-exchanger 90
against a blanar surface of an IC-chip. .

However, the leaf spring 80 in patent ‘331 lies
parallel to the planar surface 91 of the heat-~exchanger
90, and that leaf spring must have a certain length in
order to have the proper £lexibility. If the leaf spring
80 is too short, it will be so stiff that the heat-.
excha:iger 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
ngéchanical assembly can be arranged side-by-side in a
chip testing system is decreased. Thus, the total numberA
of IC-chJ.ps wh:.ch can be tested ccncurrently 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 :Lm;proved mechan.:.cal assembly
for regulat:.ng the temperature of an Ic-ch:.p in wh:.ch all

of the above drawbacks with the pr:l.or art are overcome.
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BRIEF SUMMARY OF THE INVENTION:

The present invention is a mechanical assembly

- for regulating the temperature of an electronic device.

This mechanical assembly includes a gimbal which has a
base member and a carrler member that :.s 1cose1y ‘held by
the base member such that the carrier member can t:l.lt and
move relative to . the base member by predetermined
distances. This mechanical assembly also - inciudes a
heat-exchanger that is attached to the carr:.er member and
wh:Lch has a face for pressing against the electronic
devices. The mechanical assembly further includes a
spring, between the base and carrier members, which is in

compression and urges the carrier member away from the

base member.

The abcve spring has a first end with a rigid

coupling to only one of the base and carrier members, and

has a second end with a sl:z.deable coupling to the'

- remeiuing member. In one preferred embodiment, the
'. slideable coupling includes a plat‘e that has -~a) one face
"wh:.ch is attached to the second end of the spr:l.ug, and b)'

- an opposmte face w:.th :.ndentat:.ons which hold three ball'

bearings. These ball bearings roll omn a surface of the

) remaininé‘ member of the gimbal.

Since the ball bear:Lngs roll on the surface of

the rema;.nlng member of the gimbal, any force which the

ball bearings eicert on’ that .me:ﬁber will be essen’.tia.lly |

‘perpendicular to its surface. This is important because

any nou-perpeudicular, force will tend to preire,nt _the

‘ heat-exchanger from 1y:i.ng flatiy against‘ the electronic

dev:i.ce. A mathemat:.cal analys:.s of why this :.s g0 :Ls

,descr:.bed herein in conjunction w:.th F:LQ'S. 3 and 4.
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BRIEF DESCRIPTION OF THE DRAWINGS:

 Fig. 1 shows one preferred embodiment of the

‘present invention while that embodiment is in a guiescent

state where it is spaced apart from a DUT (device under
test).. '

Fig. 2 shows the preferred embodiment of Fig. 1
while a heat- exchanger in that embod:.ment is pressed
flatly aga:.nst the DUT. ’

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

that embodiment initially contacts the buUT.

Fig. 4 analyzes various forces and moments
which occur in the 4preferred embodiment of Fig. 1 When
the heat-exchanger in that embodiment is pressed flatly
aga:l.nst the DUT.

Fig. 5 shows a top view of a plate which is

hold:.ng three ball bearings in the preferred embod:l.ment

" of F:l.g. 1.

Fig. 6 shows a sectional view of the plate and

one ball bearing in Fig. 5.

Fig. 7 shows one non-workable modification, for

comparison purposes, 'to the preferred . embodiment of

Fig. 1.

- Fig. 8 shows: another non—workable mod:.f:.cat:x.on,

for compar:.son purposes, to the preferred embod:Lment of
F:.g. 1. ‘
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‘ Fig. 9 shows one workable modification to the
preferred embodiment of Fig. 1. ‘

Fig. 10 shows another workable modification to
the preferred embodiment of Fig. 1, while that

5 modification is in an inactive state.

Fig. 11 Ashows the modification of Fig. 10,

while that modification is in an active state. '
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DETATLED DESCRIPTION: .

With reference now to Figs. 1-6, one particular
mechauical assembly 10 will he described which
constitutes one preferred embodiment of the present'
invention. . This mechanical ‘essembl'y 10 consists of a
heat-exchanger 20 and a gimbal 30 which are permanently
attached to each other, as shown in Fig. 1. ( |

Inspection of Fig. 1 shows tha.t the heat-. -
exchanger 20 includes a thin flat electr:.c heater 21 and -
a condu:.t 22 which is permanently attached to the heater
21. The heater 21 has a pair of terminals 2la for

passing electrlcal 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. -fI‘he.
carrier.32 is loosely held by the base 31 such‘that the

carrier can tilt and move away from the base 31 within a -

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

:.m;plementat:.on, the ‘carrier 31 is provided with three

,1egs 32a, only two of which are shown. . Each leg 32a

extends loosely through a respect:x.ve hole 3la in the base

“31. Also, each leg 32a hes an end 32b wh:.ch is too w:l.de

| ~ 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. 'rh:.s |
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 sprz.ng 33 presses the wide end of each leg 32a

against the base 31. This centers the heat-exchanger 20
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over the base 31 such that ‘the heater 21 is at a
predetermined position. _

Fig. 1 further shows that the coiled spring 33
has a first end with a fixed coupling 34 to the base 31,
and a second end 'with a slideable coupling 35 to the
carrier 32. In the Fig. 1 embodiment, the slideable

coupling 35 includes a plate 35a and three ball bearings

. 35b.

One surface ‘of the plate 35a is rigidly
attached to the spring 33. The opposite surface of the
plate 35a holds each of the ball bearings 35b in a
respective indentation. All of the ball bearings. 35b are
pt'essed by the plate 35a against _-the carrier 32. Also,
all of the ball bearings 35b :':'olll on the carrier 32 and

'slip in their respective indentation in the plate 35a.

One particular use for the above described

‘mechanical assembly 10 is to iregulate thé temperature of

. an integrated circuit chip (IC-chip) while the IC-chip is

being tested in a chip testing system. An IC-chip which
is beinc tested in a chip 'testing‘ system is commonlir,
called a “DUT”, which means “device unden test”.  One DUT
is shown in Fig. 1 as item 41. . 'I'his DUT 41 has
input/ output te::'m:l.nals 41a that are held by a socket 42
in the chip testing system.

The DU'J.‘ 41 -can be an Ic-ch:.p by :.tself, and in

"that case the ter:m:mals 41a extend directly from the :|:c-'

ch:.p. ' Alternat:.vely, the DU‘I' 41 can be the comb:.nat:.on
of am IC- -chip plus a substrate which is attached to the

IC-chip. In that case, the tem:Lnals 4:I.a extend from the

substrate. When the DUT includes a substrate, the DU'I' 41’
can also include a cover which encloses the Ic-ch:.p and
is attached to the substrate.
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Initially in a 'chip testing system, the

‘mechanical assembly 10 is positioned spaced-apart from

the DUT 41, as ‘shown in . Fig. 1. In that sp'aced-apart
positioh, the DUT 41 and the heater 21 will ideally lie
in parallel pianes, However,_ due to various tolerances
in multiple components within the chip testing system,
the DUT 41 and the heater 21 will almost always lie at an
unpredict‘ahle angle with respect to each other. For
example,’ Fig. 1 shows that the DUT 41 may be ti.lted in

the socket 42. As another example, Fig. 1 ‘also shows

- that the DUT 41 may have a non-uniform ‘thickness. }

From the spaced-apart position that is shown in

Fig. 1, the mechanical assembly 10 is moved up, or - the .

' DUT 41 is moved down, by a predetermined‘ 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:.t:l.on of the heat-exchanger

120, the gimbal 30, and DUT 41 after the above vertical

movement is complete.‘ﬂ In Fig. 2, the ‘spring 33 is
compressed by a force wh:.ch the pos:.t:.onn.ng mechan:nsm
exerts aga:l.nst ‘the base 31 in an upward d:.rect:.on, or

against the DUT '41 in~ the Vdownward direction.

) censequently,' the wide end 32b of each carrier leg ‘.‘32a

has mqved 'away‘ ‘from the base 31, and that allows the
carrier 32 plus the heat-exchanger 20 to tilt.
I-Iowever, in order for the carrier 32 plus the_

heat-exchanger 20 to tilt so much that the heater 21 1:Les
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flat against the DUT 41, the slideable coupling 35 on the
coil spring 33 must slide relative to the carrier 32 from
the initial position shown in Fig. 1 to another position
shown in Fig. 2. In Fig. 1, the imitial position of the
ball bearinos 35b is labeled 2, B,. C, and in Fig. 2 the
new pos:.t:.on of ball bearings 35b is labeled a’, B',‘C'.
As this sliding occurs, the spring 33 stays essentially
vertical .and the slideable coupling 35 stays essentially
centered with the vertical axis of the spring 33.‘ |

To closely analyze the Eorces and ‘fnoments which
cause the slideable coupling: 35 to move, reference should

now be made to F:Lgs. 3 and 4. In Fig. 3, two forces Fy

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

the g:l.mbal 30, respectively. This occurs at the ‘t:Lme

AinAstant when one edge of the DUT 41 initially contacts.

the heater 21. The force F, generates a clockwise moment

' M; about point P.

By comparison in Fig. 4, four forces F,’, F;’,

F; and F,, are exerted as shown on the heat-exchanger 20

_and the g:'.mbal 30. ‘This occurs at the time inétant 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 Fg ' generates a clockwise moment M’ about po:Lnt

P, whereas. the forces F;3 and F; generate a counter-'

clockwise moment M; about point P.

" In PFig. 3, the force Fg_ is exerted by the one
edge of the DUT 41 that initially contacts the heater 21.

This force is ‘shown as occurring in the -Y direction at a

_-point P.

Also in Fig. 3, the force F; is exerted by the
spring 33.  This force is shown as occurring in the +Y
direction in alignment with the central axis 33a of the

-
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spring 33. The forces F, and ¥, are separafed in the X
direction by\a distance d;. Consequently, the‘ force F,
produces the moment M; in the clockwise directioﬁ around
the point P. |
A mathematical expression 50 for the. moment M
is derived by equation 1 in Fig. | 3. In the expression’
50, ky is the spring constant: in the Y direction for the
spring 33. Also in the expression 50, AY is the amount
by which the spring 33 is compressed in the Y direction
from its undeformed length. Further in the exﬁression 50,
the product (ky) (AY) is the force F; which is 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
against the base 31. ‘
| Due i:o the moment M;, the g:.mbal 30 and 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'g'ainst the

edge of the DUT 41. Aas this rotation. occurs, another

‘moment M; is geﬁerated, as shown in Fig. 4, which opposes

the rotation. .

As the gimbal 30 and the attached heat-.

exchanger 20 roi:ate clockwise, the :ball'beariags '35b" ﬁove '

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; and F; are exerted om

'the heater 21 by the DUT 41. The force F,’ occurs at the

initial po:.nt of contact P. The force F; occurs at the
opposite edge of the DUT 41, which is at a distance d; in

the -X direction from poim: P.’
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Note that in actuality, the DUT 41 will exert a
distributed force against the heater 21 et all points
where the DUT 41 contacts. the heater 21. However, to
simplify the present analysis, this distributed force is
replaced in Fig. 4 with the two equivalent point forces
F,’ and F;. |

Also in Fig. 4, two forces F,’ and P, are‘

‘exerted on the slideable coupling 35 by the spring 33.

The force F,’ is due to the spring 33 being compressed to
a new amount AY’ in the Y direction. The force F; is due

to the spring 33 being - deflected by an amount AX in the x

direction at the point where spring 33 connects to the

'slideable coupling 35. The deflection AX occurs as the

" carrier '32 and the attached ‘ heat-exchanger 20 rotate

clockwise about point P. -

In Fig. 4, the force F;’ produces the clockwise

Amoment My’ around the po:.nt P. A mathematical expression

. 51 for the moment M;’ is derived by equation 2 in Fig. 4.

Also in Fig. 4, the forces F; and F; produce the
counter-clockwise moment M around . the point P.

A mathematical expression ‘52 for the moment M; is derived-

by eq:uat:i.on 3 in Fig. 4. In the expression 52, k. is the

spr:.ng constant for the spr:l.ng 33 in the X direction.
When the mechanical assembly 10 is in a state
o:E equ:l.l:l.br:.um :Ln I-‘::.g. 4, t:he 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 expres.si‘op 51 equals the expression A
52. o : | |
| Also when expression 51 equals expressibn 52, .
the force F; must be greater than zero. Otherwise, the
DUT 41 will not be pressing flatly against the heater 21.

Therefore, setting expression 51 equal to expression 52,.
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and setting force F; to be greater than zero, yields

‘equation 5. This equation must be satisfied in order for

the DUT 41 to lie flat against the heat-exchanger ‘20.

In equation 5, the term (k,)(AX) is the
horizontal fdrce F, which the spring 33 exerts on the
plate 35a. 2also in equation 5, the term (k) (AY') is the
vertical f§rce F,' which the spring 33 exerts on the plate
35a. These forces F; and Fg; are shown in Fig. 4.

) However, the same two forces F, and F,’ are also.
exerted by the ball bearings 35b on the underside of the
carrier 32 when any frj.ction against the ball be&rings is
neéiigible. And, since’ the ball bearings 35b can roll on
the carrier 32, the vector sum of the two forces F, and’
F,’ must be 'perpendicular to the surface of the carrier 32
at the points A’, B" C’. Otherwise, the ball bearings.
35b will roll from those points. B '

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

only a small angle in orde:f.j 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. Consequentlfr the
condition which mus't‘be satisfied in order for the DUT 41
‘1A:o lie flat .against the heater 21 (as expressed by
equation 5) is éasily met.

| It‘ is importént '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 '1a:;'ge that damage will

occur to the DUT 41. Also, the distance a,’ 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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there is no room for the heater 41, the conduit 22, and
the carrier 32. In addition, as the overall‘length of the
spring 33 is decreased in order to reduce the total
height of the assembly 10, the spring 33 becomes stiffer,-
which increases k.. But, with the present invention, all
pf these practical 1imitations‘ are overcome by 'the
slideable coupling 35 which causes AxA to be small in
equation 5. |
Next, with referemce to Figs. 5 and 6,
additional details regarding the slideable coupling 35
will be described. These figures show that the plate 35a
has three indentations 35c. In'the illustrated preferred
embodiment, each indentatipn 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 Tefloﬁ; ~and the ball beari:rgs 35b are
made of a metal such as steel.

Also 1n the 111ustrated preferred embodlment,
the indentetlons 35eAare spaced at equal distances from
each other. These indentations 35& have a geometric

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

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 mechaeical assembly 10 can be
manufactured.

Suppose now, for comparison purposes, thatethe

slideable coupling 35 in Figs. 1 and 2 is replaeed with a
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rigid coupling 34’ between the spring 33 and the carrier
32. This change is shown in Fig. 7. ‘All other
components in the assembljr 10 of Fig. 7 are the.same as
the components which have corresponding refei'ence-
numerals in Fi;gs‘. 1 and 2. S
In Fig. 7, the DUT 41 is being pressed against

the heater 21; however, the DUT 41 is not lying flat
aga:i.nst the heater 21. Ipstéad in Fig. ‘7, only one edge
of the DUT 41 presses against the heater 21 at the
initial point of comtact. '

| When the DUT 41 in Fig. 7 contacts the heater
21, the gimbal 30 starts to rotate in the clockwise
direc;ion due to the. moment M;’ that was AbrexlriouslyA
described in conjunction with Fig. 4. But that clockwise
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 shown by
equation 3 of Fig. 4 to be (F;)(d;), where 1?"4 is ‘the'
horizontal force that is exerted by the spring 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
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 moment M;’ before the DUT 41 lies

flat against the heater 21. In other words, the moments M,

and M;’ balance while the force F, is zero. This. results

in a gap between the DUT 41 and the heater 21. Due to
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this gap, the temperature of the DUT 41 . cannot be
regulated accurately by the heat~exchanger 20.

Next for comparison purposes, suppose that the
plate 35a of Figs. 5 and 6 is replaced in the assembly 10
with a different plate 35a’ which has only a single
indentation 35c' at its geometric eenter that holds a
single ball bearing 35b’. This change is 'shown in Fig.
8. All of the other components in the assembly 10 of
Fig. 8 "are the same as the components which have
correspond:.ng reference numerals in Fig. 1. |

In Fig. 8, the spring 33 is in compression, and
the DUT 41 is mot exerting any force on heater 21. Thus

in Fig. 8, the wide end 32b of each leg 32a in the’

carrier 32 presses against .the base 31, and the single

ball bearing 35b’ presses against the carrier 32.

ﬁowever, when the single ball bearing 35b’ in

' Fig. 8 presses against 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

‘ball bearing '35b" will roll on the base 32 unless the

ball bearing 35b’ is in perfect allgnment with the

central axis 33a of the spring 33. But from the prior

. description of Figs. 5-6 it is evident that the single

ball bearing 35b’ will +virtually never be perfectly .

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

once the s:.ngle 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
friction between the plate' 35a’ and carrier 32. This
position for the bali bearing 35b’ and the plate 35a’ is

shown in Fig. 8.



WO 2006/055906

10

15

20

25

30

PCT/US2005/042145

17

But if the ball bearing 35b’ cannot move omn the
carrier 32, the connection between the spring 33 and the

carrier 32 is in effect fixed just like it is in Fig. 7.

Thus, a gap will occur between the DUT 41 and the heater

21 when the DUT 41 is pressed against the heater 21.

. Next, with  reference to Fig.‘ 9, - one
modification to the mechanical assembly 10 of Figs. 1-4
will be described. In this Fig. 9 modificatiom, the
spring 33 fogether with the rigid coupling 34 a:;d the

slideable coupling 35 are rotated 180°. Thus in Fig. ‘9,

‘the spring 33 has a fixed coupling 34 to the carrier 32

(instead of the base 31), and the spring 33 has a
slideable cqupling 35 to the base 31 (instead of the"
carrier 32). ' '
All of the remaining components in the Fig. 9
modification are the same as they are in the mechanical
assem:biy 10 of Figs. 1-4. 'Those'remaining compohenﬁs in
the f‘ig. 9 modification are identified with the same
reference numerals that they have in Figs. 1-4. A
When the modified embodiment of Fig. 9 is in a
quiescent state, the DUT 41 "is spaced apart from the
electric heater 21. 'Thus,' the wide ends 32b of the legs

32a are pressed against the base 31 due to the force

‘exerted on the carrier 32 by the. spring 33. Also:in that

quiescent state, the ball bearings 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 by a

predetermined distance in the vertical direction. Fig. 9
shows the position of the heat-exchanger 20, the gimbal
30, and the DUT 41 after this vertical movement is.

completé .
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In Fig. 9, the heater 21 lies flat against the
puT 41, and the ball bearings 35b have moved from the
positions A, B, C 'to the positioms A’, B’, C’. This

~ movement of the ball bearings 35b is caused by forces and
moments which are similar to those that where previously
analyzed in conjunction with Figs. 3-4. |
. Next, with reference to Figs. 10 and 11, a
second modification to the mechanical assembly 10 df
Pigs. 1-4 will be described. 1In this modification, the
slideable coupling 35 of Figs. 1-4 is replaced with a
solid plate 35'. The plate 35' has one face that is
rigidly attached to the spring 33 and an opposite face
that has a small coefficient of friction such that it
easily slides on the carrier 32. ‘ ,
. " a1l 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 modifiqétion of Figs. 10-11 are
' identified with the same reference numerals that they
have in Figs. 1-4. A .

When the modified embodiment of Figs. 10-11 is.
in a quiescent state, the DUTldi is spaced apart from the
electric heater 21. Thus, the wide ends 32b of the legs
3la are pressed against the base 31 due to the force
exerted on the carrier 32 by the spring 33. Also in that
'quiescent' 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 1:1'1e~ heat-exchanger 20, the
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gimbal 30, and .the DUT 41 after this vertical movement is

- complete.

In Fig. 11, the heater 21 lies flat against the

DUT 41, and the edges of the plate 35b have moved from

the positions 2,7 C to the .positions A7, Cr, - This
movement of the plate 35b’ is caused by forces and’
moments which are similar to those that where previously
analyzed in conjunction with Figs. 3-4. ‘ ‘

' One preferred embodiment of the present
invention, and two preferred modifications, have now been-
shown in the figures and described in detail. In

‘addition, however, other modifications can also be made

which will now be described with reference to those same
figures. ' : o

For example, in Figs. 10 and 11, the Spri‘pg 33
together with ‘the slideable plate 35b’ and the rigid

coupling 34 can be rotated 180°. With this modification,

‘the plate 35b’ slides on the base 31, whereas the rigid

coupling 34 is between the spring 33 and the carrier 32.
As another example, in Figs. 5 and 6, the
indentations 35c and respective ball beérings 35b can be
inc"r'eaéed to ai;y desired number greater than three. This
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 tﬁe spring 33 and the plate 35 in Figs. 1, 2, and
9, can be implemented as desired. In one particular

iniblementatibn, the spri.ﬁg 33 'is welded or brazed to the

plate 35. Im another implementation, the spring 33 is

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

33 is held to the plate 35 by protrusions from the plate
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35 around the spring, or an indentat.ion in the plate 35,
or simply by friction.

As yet another example, the heat-~exchanger 20
that is shown in the embodiments of Figs. 1, 2, 9, 10 and
11 can be replaced with ‘an'y other type of heat-exchanger.
As one such modification, the electric heater 21 caﬁ be
deleted. In that case, the conduit 22 gets pressed
against the DUT 41, instead of ‘the heater 21 getting
pressed 'againét the DUT 41. Also, the conduit 22 can be
one wﬂich passes coolant that stays in a ligquid state
Zbetween, the input .port 22g and the output port 22b, or
the conduit 22 can be one which changes the coolant from

a liquid state to a gas state between the input port 22a

and the output port 22b.

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 which lies only in the plane of those figures. Such
a spr:i.ﬁg in Fig. 1 couid extend upward from the base 31,
then loop in the plane ‘of Fig. 1, and ‘then continue.
upward to the plate 35a. Alternmatively, this loop in the
plane of Fig. 1 .could'be replaced with a "C" shaped bend.
‘A.s another exémple, a lubricant can be coated

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

‘reduce ‘a'ny 'frict:i.on‘ which 1is exerted on those ball

bearings. Similarly, a lubricant can be coated on the

' sﬁrfacé of the plate. 35' in Figs. 10 and 11 in order to -

reduce any friction which is exerted on that plate by the
carrier 32.
Accordingly, it is to be wunderstood that the

present invention is not limited to just all. the details
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of one particular embodiment, but is defined .by the

appended claims.
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WHAT IS CLAIMED IS:

1. A mechanical agsembly for regulating the
temperature of an electronic device, said mechanical
assembly being comprised of:

. a gimbal which includes a base member and a
carrier member that is loosely held by said base member
such that said carrier ~member can tilt and move relative
to said base member by predetermined distances;

a .heat-exchanger, attached to said carrier
member, which has a face for pressing against said
electronic device; ' . ' '

said gimbal further including a spring, between

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 one of said base and carrier members,

and having a second end with a slideable coupling to the

remaining member.
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2. A mechanical assembly according to claim 1
wherein said slideable coupling includes a plate which is
attached to said second end of said spring and which has .
a surface with at least three ball bearings that roll on

5 said remaining member and slide on said plate.

3. A mechanical assembly according to claim 2
wherein said one member with said rigid coupling is said .
base member, and said remaining member with said

slideable coupling is said carrier member.

4. ‘ A mechanical assembly acAcording to claim 2

wherein said one member with said rigid coupling is said -

carrier member, and said remaining member with said '

slideabie coupling is 'said base membér.

5. . . A mechanical assembly according to claim 2

wherein said spring is a coiled comnical spring.

6. A mechanical assembly according to claim’ 2

‘'wherein said spring is a coiled cylindrical spring.
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7. A mechanical assembly according to .claim 2
wherein said spring lies in a single plane between said

base and carrier members.

8. A mechanical assembly  according to claim 2
wherein said ball bearings are in respective indentations

in said surfacé of said plate.

9. A mechanical assembly according to claim 1
wherein 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 member.

10. A meéhan:‘.cal assembly according to claim 9
. wherein said one member with said rigid coupling is said
base ' member, and sa;i.d 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

‘slideable coupling is said base member.

12. A mechanical assembly accordihg to ciai.m 9

wherein said spring is a «coiled conical spring.
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13. o A mechanical assembly according to claim 9

wherein said spring is a coiled cylindricel spring.

14. A mechanical assembly according to claim 9
wherein said spring lies in a single plane between said

‘base and cgrrier members.
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