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TITLE: SYSTEM FOR REGULATING THE TEMPERATURE OF IC-CHIPS
WITH A FLUID WHICH IS HEATED AND COOLED A A
FUNCTION OF THE FLUID TEMPERATURES TQ AND FROM
HEAT EXCHANGERS FOR THE IC-CHIPS

BACKGROUND O H

The present invention relates to temperature
control systems for integrated circuit chips (IC-chips).
More particularly, the present invention relatea to
temperature control spystems which circulate a f£luid thru
heat exchangers that are cowpled to the IC-chips such
that the temperature of the IC-chips stays within a few
degrees of a selectable set point while the IC-chips
undergo large step increases and large step decreases in
power diseipation as they are tested.

SUBSTITUTE SHEET (RULE 26)
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After an IC-chip ie initially €abricated, it
must be tested in order to determine if all of the
circuitry whichk is in the IC-chip operxates properly.
This testing ie often done via & ““burn-in'' test wherein
the IC-chip is kept above ite normal operating
temperature while it iz sent a geriss of test sigmals.
Such & burn-in test is performed because it greatly
shortens the time period during which cextain types of
failures will cccur within the IC-chip, if these failures
Bre going te occur at all,

In the prior art, the burn-in test usnally is
performed by the steps cf- 1) placing multiple IC-chips
in sockets on several printed circuit boards, 2) moving
the printed circuit boards that are belding the IC-chips
into an enclosad tester which has a heater., and 3).
blowing hot air from the heater with fans such that the
hot air flows across the IC-chips while they are sent the
test signalae. Such an enclesed tester, with its heater
and fans, is relatively inexpensive; however, it has
several major limitations.

For exanple, as the number of transistors
within a2 single IC-chip increages, the maximum amount of
electrical power whick the IC-chip dissipates also
increases. Thus, a point is eventually reached where the
maximum variation in power dissipation of multiple

SUBSTITUTE SHEET (RULE 28)
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IC-chips on several printed circuit boards is simply too
large ta be regulated by convection with air.

also, it pomecimes is desirable to sequentiamlly
test different subsets of the IC-chips which are hsld con
the printed circuit boarda; rather than test all of the
IC-chips at the game time, But when the number of
Ic-chips that are being tested cha.néa from a small
subset to a large subget, then a large step incrsase will
occur in their total power diesipation, This step
increage occurs becausa the IC-chips that are being sent
the test signals dissipate a much larger amount of power
than the IC-chips that are not being sent the test
gignais. Similarly, when the number of IC-chips that are
being tested changes from a large subset tc a small
subset, then a large step decrease in their total power
dizsipation will ocour.

The above step increase and step decreass in
power dissipation presents a particularly difficult
problem because while the testing occurs, the temperature
of the IC-chips needs tc he precisely maintained within
juet a few degrees of a set point temperature. However,
when power dissipation of the IC-chips takes & step up,
the amount ©f heat which must be removed f£rom the IC-
chipge in order to keep their temperature constant
increases rapidily. Likewise, when the power dissipation
of - the IC-chips takes a step down, the amount of heat
which must be added to the IC-chips in order to keep
their temperature constant decresses rapidly.

Currently in the integrated cireuit industry.
there is a need for a temperature control mystem which
can maintain the temperature of multiple IC-chips within
a few degrees of a get point temperature while their
total pewer dissipation undergoes step increasee and step
decreasea of over twenty-kilowatts. Accordingly, =a
primary object of the present invention is to provide
guch & gystem.

JP 2004-511754 A 2004.4.15
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BRIEF SUMMARY OF THE TNVENTION:

In accordance with the present inventicn., a
system for maintaining the temperature of IC-chipa near a
set point, while the IC-chips wunderge large s&tep
increases and large step decreases in power digsipation
as they are tested, has the following structure:

1) a hot fluid circuit im which & hot fluid
circulates from a reservoir through heat exchangers and
back te the reservoir, and in which the heab exchangers
transfer heat by conduction between the hot fluid and the
IC-chips:

2) an input temperature £En80X which
generates an input temperature signal that indicates the
temparature of the flutd flowing into the heat
exchangers;

3) an  output temperaturs sansor which
generates an output temperature signal that indicates the
temparature of the fluid flowing out of the heat
exchangere;

4} an elactric heater which adds heat to the
£fluid returning to the reservoir as a function of both
the input temperature signal and the output temperature
pignal; and,

5) an analog valve which addas a cold fluid to
the reservoir as a function of both the input temperature
gignal and the cutput temperatvre signal.

Tn one mode of operation, the heater adds heat
to the f£fluid that is returning to the reservoir when
either one of two conditions oceur. The first condition
is that the input temperature is 1less than =z selectable
set point temperature; and the second conditien iz that
the oubput tewpevature is less than the set point
temperature. The above addition of heat based on output

JP 2004-511754 A 2004.4.15
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temperature via the second condition provides a teo
¢old look shead®' feature which pravents fluid that gete
too cold in the heat exchangers from being put back into
the reservoir. If fluid which is toco cold is put into
the reservoir, then the temperature of all of the fluid
in the reservoir will need to be corrected; but that is a
glow process because rhe fluid in the reservoir has a
large thermal mass.

In ancther mode of operaticn, the analeg valve
adds cold fluid to the reserveix when either one of two
conditions cccur. The firat condition is that the input
temperature exceede the sget point temperature; and the
gacend conditien ie that the output temperature exceeds
the input temperature. The addition of cold fluid based
on output temperature via the second condition provides a
““too hot look ahead'' feabture which prevents fluid that
geta toc hot in the heat exchangers from being put back
into the reservoixr by itself. Thum, the mlow proceas of
cooling all of the £luid in the reservoir is aveided.

Due to the above ""too cold lock ashead'' and
““too hot look abead'' featuree, the temperature of the
IC-chips is controlled axtremely accurately. In one
particular embodiment, the temperature of the fluid which
flows into the heat exchengers is held within * 31°C of a
selectable set point  temperature Tgp. Further, this
small variation in fluid temperature i# achieved while
the power digeipation of 8ll of the IC-chips steps up
and/or steps down by over twenty-kilowatts.

JP 2004-511754 A 2004.4.15
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EF DESCRI P THE D! H

Fig. 1 showe a preferred embodiment of a2 system
for regulating the temperature of IC-chips with a fluid
in accordance with the present invention.

Fig, 2 mhows an example of the overall time
saguence by which the gystem of Fig. 1 operates.

Fig. 3 shows a set of equations which specify
the internal details of one preferred embodiment of a
temperature controller which is in the system of Fig. 1.

Figs. 42-4C show the results of a computer
aimzlation of how the system of Fig. 1 operatea.

Fig. 5 shows a =set of curves which illustrate
certain temperature meagurements that were cobtained from
the mystem of Figs. 1-3 which was actually built.

Fig. 6 shows the internal structure of ocne
preferred embodiment of & tewperature controller which is
in the system of Fig. 1;

Fig., 7 shows how the temperature controllsr of
Flg. 6 can digitally perform a low pass filter function,
& derivative function, and an integral function to
implement the eguatiens of Fig. 3.

Fig, 8 identifies various changes and
modifications that can be made to the prefarred
embodiment of the eystem for regulating the temperature
of TC-chips which ie shown in Figs. 1-7.

JP 2004-511754 A 2004.4.15
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DETATLED hH

with reference now to Fig. 1, the details of a
preferred embodiment of the present invention will be
described. This Fig. 1 embodiment includes a hot fluid
cirenit in which a hot fluid circulates from a reservolr
10 into N setas of heat exchangere 11-1 thru 11-N and back
to the reservoir. Each of the heat exchangexs 11-1 thru
11-N is designed to press against a corresponding set of
IC-chips; and that causes heat to be transferred by
conduction between the hot fluid and the IC-chipa.
Consequently, the temperature of the IC-chips becomes
approximately equal to the temperatura of the hot f£luid.

To carry the hot fluid to the heat exchangers
11-1 thru 11-N and pack to the reservoir, the hot fluid
circuit includes a plurality of condnits 12a-121 which
are intercoupled as ahown. Coupled between the conduits
12a and 12b is a temperature sensor TS1 that generates a
temperature signal STry which indicates the temperature
of the fluid that ie flowing into the heat exchangers 11-
1 thru 11-N.

Coupled between the conduits 12b and 12c is a
valve V1 which opene and closes xespectively in response
to the *“"2** and ~"¢'' state of a digital control aignal
$1. Similarly, coupled between the conduits 12d and l2e
is a valve V2 which opens and closes respectively in
response to the ““1'' and "0'' state of a digital comtrol
signal 52.

Couwnled to the output of the valve V2 is a hot
sump 13, and coupled to the ocutput of the hot sump ie a
temperature sensor T52. This sensor TS2 generates an
output signal SToyr which indicates the temperature of
the fluid that is flowing ont of the heat exchangers 1i-1
thru 11-N.
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Coupled to the output of the temperature sensor
T82 ie a pump 1%, and coupled to the output of the pump
ia an electric heater 15. The pump 14 sucke the hot
flutd from the reservoir 1¢ through the heat exchangers
11-1 thru 11-N &t a negative pressure. Then, the fluid
from the pump 12 is forced thru the heater 15 &t a
poaitive pressure and returned back te the hot reservoir
10 which ie at atmospheric pressuxre.

Also included in the Fig. 1 embodiment is a
cold fluid circuit which circulates a cold fluid from a
reservoir 20 into N sets of heat exchangers 21-1 thru
21-N and back to the reservoir. Each of rthe heat
exchangers 21-1 thru 21-N cocl a correspending met of
power supplies which supply DC electrical power to the
IC-chips.

To carry the cold fluid to the heat exchangers
2i-1 thru 21-N and back to the reservoir, the celd fluid
cireuit includes a plurality of conduits 22a-22h which
are intercoupled as shown. Coupled between the conduits
22a and 22b iz a temperature sensor TS3 that gensrates a
gignal STcg which indicates the temperature of the £luid
that flows out of the cold reservoir 20.

Coupled between the conduits 22b and 22c is a
valve V5 which opens and closea respectively in resgponse
to the "1 and ~"0'' state of a digital control signal
85. Similarly, coupled between the conduits 224 and 228
is a wvalve V& which opens and closes respectively in
respengs to the ““1'' and ""0'' pkake of a digital control
signal S86.

Coupled to the output of the valve V6 ik a c¢old
gump 23, and coupled to the output of the cold sump is a
pump 24, The pump 24 sucks the cold fluid from the
reservoir 20 thru the heat exchangers 21-1 thxu 21-N at a
regative pressure; and then the fluid from the pump 24 ia

JP 2004-511754 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(26)

WO 01/90766 PCT/US01/13718

ic

s

20

25

30

forced through a radiator 25 at a positive pressure and
returned back to the cold reservoir 20.

With the cold f£luid cirecuit, the temperaturs of
the power supplies does not need to be controlled very
accurately. Instead, the temparaturs of the power
supplies only needs to be kept below a certain maximum
operating temperature. This requirement can be met Ly
gimply passing the cold fluid thru the radiator 25.

By compariscn, with the hot fluid cireuit, the
temperature of the IC-chips must be controlled extremely
accurately. For example, te control the tempersture of
the IC-chips in one particular embodiment, the
temperature of the fluid which flows into the heat
exchangers 11-1 thru 11-N must be held within #1°C of &
selectable get point temperature Tgp. Further, the above
requirement of *3°C must be met while the power
dissipation of all of the IC-chips steps up =and/or steps
down by over twenty-kilowatts.

In order to keep the temperaturse of the fluid
which flows into the heat exchangers within +1°C¢ of the
set point temperature, the Fig. 1 embodiment includes a
temperature controller 30, This temperature controller
receives four input signals; and in response, it
generates two output signels.

Three of the inputs to the temperature
controller 30 are the signal 8Ty from the temperature
sensor T31, the signal STgopr from the temperatura esensor
TSz, and the signal ST¢r from the temperature sensor TS3.
The fourth input is a signal 5Tgp which indicates the set
point temperature.

The two cutputs from the temperature controllex
30 are a signal Sgorin) and a signal Scorp(n). Figure 3,
which will be degcribed ghortly, shows a set of eguations
which state din detail how the output peignals are
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generated &g a function of the input sigmals, in one
preferred embodiment of the temperatiuxe controller 30.

Output signal Sgori{n} from the temperature
controller 30 is sent to the hester 15, That. output
gignal has a magnitude which varies from 0 to 10 volts,
and the asmount of heat which the heater 15 adds to the
fluid that it is passing is proportional to the magnitude
of the signal.

Output signal Scorp{n) is sent to &n analog
valve VA which is coupled to the cold fluid conduit 22h.
That output signal has a magnitude which varies from 0 ta
10 volts, and the amount of cold fluid which the valve VA
paspes is proportional to the magnitude of the signal.
All of the cold fluid which the valve VA passes 1s sent
through a conduit 22i ta the hot reservoir 10.

Since the heater 15 is an electric component
with nc moving parts, its response time to the mignal
Sgor(n) is relatively fast. By comparison, since the
valve VA hasg a mechanical part that moves to open and
close the valve, its response time to the sigmal Scorp(n)
ig relatively slow. Hewever, the slow response of the
valve VA 1s compeneated for within the Fig. 1 system in a
manner which will be described in detail in conjunction
with Fig. 3.

When the hot fliuid passes throwgh the heat
exchangers 11-1 thru 11-N, the temperature of that fluid
increases as the amount of power that iz being dimsipated
by the IC-chips increases. Thus, when the IC-chips
digsipate their maximum power, then the temperature of
the hot fluid which exits the heat exchangers 11-1 thru
11-N will be raised by a maximum amount sbove the get
point temperatura.

Convergely, when the IC-chips diesipate little
or no power, then the temperature of the hot fluid which
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exits the heat exchangers 11-1 thru 11-N can be below
the set point temperatura. This will occur if the =zet
point exceeds the ambient aix temperatuye and heat is
lost in the eirculating £luid.

However, by properly generating the gsignals
Suor (n) and Sporp(n), the temperature of the hot fluid
which flows from the hot reserveir 10 into the heat
exchangere 11-1 thru 11-N is contrelled to stay within
$1°C of the set point temperature. If the temperature of
the hpt fiuid which exits the heat exchangers 11-i thru
11-N¥ is below the set point, then heat is added to that
bot fluid by the heater 15 in response to the output
signal Spor(n). Conversely, i1f the temperature of the
hot fluid which exits the heat exchangers 11-1 thru 11-N
is above the met point temperature, then cold fluid is
added to the hot reservoir 10 in responas to the output
gignal Epprp(n).

In order to make room in the hot reservoir 1¢
for the cold fluid from the valve VA, an overflow conduit
12j 4im provided which couples the top of the heot
regervoir 10 to the cold reservoir 20. Any hot fluid
that passes through the conduit 12j eventually is passed
through the radistor 25; and that removes the excess heat
that was generated by the IC-ohips, Similarly, another
overflow conduit 22j is provided which couples the top of
the cold reservoir 20 to the het reservoir 10.

Also included in the FPig. 1 embodiment is a
test signal controller £0. In cperation, the test sigmal
centroller 40 sends teat signals on conductors 31-1 thru
31-N which test the IC-chips. In addition, the test
signal controller 40 receivee output signala on
conductorg 32-1 thru 32-N as a response from the IC-chipa
that are being tested.
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Alsc the test signal controller 40 generates
the signale S1 thru 56 which open and cleose the valves Vi
thru V6. In addition, the test signal controller 40
generates the signel STsp which specifies the seb point
temperature at which the chips are to ba tested.

For purposes of ths present invention, any
internal structure for the test signal comtroller 40 can
be usad. Thus the test signal controller 40 can be any
controller which is capable of performing the above
tasks, such aa a general purposs dlgital computer.

Referring now to Fig. 2, an example will be
described that illustrates the overall time sequence by
which the Fig. 1 system operatea. Initially, between
time t0 and time t1, the IC-chips which are to be tested
are inserted into the Fig. 1 system and placed in contact
with the heat exchangers 11-1 thrun 11-N,

Then, et time t1, the valves V1, V2, V5 and Vé
are opened. This causes the hot fluid to flow through
the heat exchangers 11-1 thru 11-N, and it causes the
cold fluid to flow through the heat exchangera 21-1 thru
21-M.

From time tl1 to time £2, no test signals are
gent to the IC-chips wia the conductors 31-1 thru 31-N.
Thus, from time t1 to time t2, the total power
digsipation of all of the IC-chips iz approximately zero
and the IC-chips are heated by the hot fluid to the set
point teamperature.

Thereaftexr, from t2 to kime t3, three sets of
the IC-chips are pubjected to a  test A by sending a
particular sequence of test signals on the conductora
31-1 thru 31-N. Then from time €3 to time t4, fourteen
setgs of tha IC-chipa are subjected to a ““test B'' by
gending & second sequence of test signals on  tha
conductors 31-1 thru 31-N. Then from time £4 to time 5,
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eight sets of the IC-chips are subjected to a ¥ test 1
by sending = third sequence of test aignals om the
conductors 31.-1 thru 31-N.

Each time the number of IC-chips that are being
tested increases, a step inerease occuxs in the total
power which the IC-chips dissipste. Thus a step increase
in the total IC-chip power dissipation occurs abt time t2
and at time 3.

" Conversely, each time the number of IC-chipse
that are being teated decreases, a step decreage occurg
in the total power which the IC-chips disasipate. Thus &
step decrease occurs at time t4 and at time tB.

Throughout the chip testing sequence which
occurs from time &2 to time t5, the temperature of the
fluid in the hot reserveir 10 must be maintained within
+1°C of the get point temperature. This is achieved in
the Fig. 1 system via the temperature controller 30 by
verying the two output signals Sgor(n) and Sconp(n); and
thig is indicated in Fig. 2 by reference numeral 30a.

when the testing of the IC-chips is complete,
they are rapidly coocled-down from time t5 to time t6 so
that they can be removed from the heat exchangers 11-1
thru 11-N and replaced with other IC-chipa. This rapid
cool-down is achieved by opening the walves V3 and Vi,
and closing the valves V1 and V2. As a result, cold
fluid is passed from the celd reservelr 2¢ through the
heat exchangers 11-1 thru 11-N. Thereafter, from time t6
to time t7, the IC-chipe are removed and the entire time
sequence can be repeated starting at time t0.

Next, with referenca to Fig. 3, the internal
details of one preferred embodiment of the temperature
controller 30 will be described. This temperature
controller 30 receives the four input aignals STin.
STour, STCr, and 8Tgp:; and in response, it generates the
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two output signals Spor(n) and Scgowp{n) &s stated by
equation 1 thru equation § of Fig. 3.

Bgquation 1 specifies an error eyy(n) in the
temperature of the fluid which flows inte the heat
exchangers 11-1 thru 1l-m. Thig error eryin) is
caloculated internally within the temperature contreller
3¢ by sampling and low-pass filtering the mignal STy, te
cbtain the result Tyy(n); amd then the set point
temperature Tgp iz subtracted from Tim(n). Here, the
filtering removes any high frequency noise which may be
generated by the temperature sensor TS1.

Equatien 2 gpecifies an erxor eopriin) im the
temperature of the fluid which flows out of the heat
exchangers 11-1 thru 11-N. This error egpry{n) is
calculated internally within the temperature controller
30 by sampling and low-pass filtering the sigmal STouT.
to obtain the result Toypim): and then the set point
temperature Tgp is subtracted from Tour(n). Here, the
filtering removes any high frequency noise which may be
generated by the temperature sengor T8Z.

Equatien 3 specifies another error egprra{n) in
the temperature of the fluid which flows out of the heat
exchangers 11-1 thru 11-N. This error equrzi{n) is
calculated internally within the temperature controller
30 by subtracting TIN{(n) from Toyr(n) and adding an
offset TopF to the result.

When the error ery{n} is negative and larger in
magnitude then 3°C, then the hemter 15 generatesz heat with
ita maximum power and the valve VA ie closed. This mode
of operation is stated by eguation 4 where the output
signal Syor(n} is generated as ten volts and the output
eignal Spprp(n) is generated as zero volte.

When the error signal ery(n) is positive and
larger in magnitude then 23°C, then the walve VA is opened
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fully and the heater 15 is turnmed off. This mcda of
operation is stated by equation 5 where the output signal
Scorpin) ie generated as ten veolts and the output signal
Sporin) is generated ag zero volta.

when the error ery(n) is from -3°C to +3°C, then
the output signals Sgor(n) and Scorp(n) are generated as
stated by equation 6. There, the output signals are
functions of the three error terme ernm(n}, epuri(n), and
equT2 (n) and several parameters which is defined below im
TABLE 1.

TABLE 1

Opax - maximum heater power (kW)

QCmaze - maximas cold flow into hot tanks {(gpm)

Qmax - daximum hot gide flow rate (gpm)

Top - set peint temperature (°C)

Kp - proportiomal gain (kw/°C)

Xd - derivative gain ratio(s)

¥i - integrel gain ratic (1/g)

p - £luid density (kg/m’}

Cp - fluid specific heat (3/kg/°C)

At - time between two succesaive samples(s)

with eguation 6, each of the output signals
Syot (M) and Beornn(n)is limited to a minimum valus ef zero
volte and a maximm value of ten veolts. Thus, if the sum
of all of the terms in the expression 51 for the signal
Sgor(n) is & negative number, then the actual value of
the pignal Sgpri{n} 1s zars veolts. similarly, if the
axpression 52 for the migmal Scopp(n) is negative, then
the actual value of the aignal Scorp(n) is zerc volts.
Likewise, if the expressicn 51 or 52 exceeds ten, then
the actual wvalue of tha corresponding signal is tem

volts.
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Expression S1 contains a term Kp(eyy(n)) and a
tem pCpOmax(epupii(nl)). Due to the above firsgt term, the
heater 15 adds heat to the fluid that is returning to the
regervelir 10 when the set point temperature exceeds the
temparature of the fluid that is flowing intc the heat
axchangers 11-1 thru 11-N. Due to the above second term,
the heater 15 adds heat to the fluid that is returning to
the reservoir 10 when the sBet point temperature exceeda
the temperature of the fluid that ia flowing ocut of the
heat exchangers 11-1 thru 11-N.

The abave gecond term provides a ““too cold
look ahead!'' feature. This feature is very useful
because it prevents fluid which is toe cold from being
put back into the hot reserveir 10. If Fluid which is
too cold is put idnte the hot reserveir 10, then the
temperature of all of the fluid in the reservoir 10 will
need to be corrected. But, dorrecting the remperature of
all of the fluid imn the hot reservoir 10 is a slow
procesa because that fluid has a large thermal mass.

Prefersbly, the amcunt of fluid im the hot
regervoir 10 is at least one liter for avery fifty IC-
chips# that are contacted by the heat exchangers 11-1 thru
11-H. Also, cme preferred fluid is a gilicons oll.
Thug, for example, with a thirty liter silicone oil
system, the thermal mess of the fluid in the reservoir 10
is over forty kilojoules per °C.

Similarly, expressioen 52 contains a term
Kplern(n}} and a term pCpOmax{epyrz(n)). Due to the
ahove first term, thea valve VA adds cold fluid to the
resarvolr 10 when the temperature of the f£luid that is
flowing into the heét exchangere 10-1 thxu 10-N exceeds
the sat point temperature. Due tec the above second term,
the value VA adds cold fluid to the hot raservoir 10 when
the
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temperature of the fluid that is flowing out of the heat
exchangers 11-1 thru 11-N exceeds the temperature of the
fluid that is flowing into tﬁe heat ‘exchangers.

The above gecond term providez a ~~too hot look
ahead'' Ffeature which prevents fluid that is teoe hot from
being put back into the hot reservoir 10. If fluid which
is teo hot ls put inte the hot reservoir 10, then the
temperature of all of the fluid in the bot reservoir will
need to be cooled; and that 1s a slow process becauge the
fluid in the hot reservoir has a large thermal mass.

Also dve to expressions 51 and 52 in equation
6, both of the signale Sgori{n) and Scorpin) can hava
positive values simultaneously. When that occurs, heat
is added by the heater 15 to the fluid which is being
yeturned to the hot resexvoir 10; and, cold fluid is
simeltanecusly passed through the valve VA into the hat
regervolr 10. To increase the amount of cold fluid which
passes thri the valve VA while heat is being added by the
heater - 15, the offset term Topp in eguatiom 3 is
increased.

One feature of the above simultanecus mede of
oparation’ 1s that the value VA c¢an react slowly to the
sutput gignal Scorp(m); and at the same tims, a rapid
cooling effect can be achieved by the sum of the hot and
cold f£luid which enters the hot zegervoir 10 from the
value VA and the heater 15, To achieve this rapid
cooling, the heating power of the heater 15 is reduced
quickly via the output signal Spor{(n) while the flow of
cold fluid through the value VA increapes slowly or even
gtays constant.

This feature of =& rapid cooling effect is
degirable bacause the valve VA is a mechanical componént
whose speed of operation is inherently limited by
mechanical inertia. As a minimum, the response time of
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the heater 15 ig at least twice as fast as the response
time of the valve VA; and typically, the heater 15
operates at least ten times faster than the valve VA,
This rapid cooling effect is used when the IC-chips that
are being tested underge a large step increase in power
dissipation and thereby cauge a rapid increase in the
temperature of the fluld from the heat exchangers 11-1
thru :l-N.

Next, with reference bto Figures <4A-4C, a
computer simulation of the system of Figures 1-3 will be
described. In this simulation, each of the heat
exchangers 11-1 thru 11-N made ceontact with a respective
set of mix IC-chips; and, each heat exchanger carried
fluid from the hot reservoir 10 past itg reapective six
IC-chips in a series.

Alse in thiz simulation, a random number
generator was used to introduce noise into the signala
from the temperature sensore TS$1-T83, and digital low-
pass Filters were uged bto remove the noise. All of the
parameters which were used in this simulation are shown
balow in Table 2.

TABLE 2
Omex = 24 kW Kp = 4 kW/°C
QCmax = B grm ¥4 = 12 sec.
Qmax = 67 gpm Ki = 0.4/sec,
Tsp = 110 °C p = 1700 kg/m’
At = 0.025 Bec. cp = 85% J/kg/°C
X = 8 sec N = 140
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Frem time t=0 to t=150 seconds in the above
simulation, the power dissipaticn of all of the chipe was
zero. Then at time E=150 seconds, the power diasipation
of each IC-chip made a gtep increase from zero to thirty
watts, Thereafter, the pewer dissipation of the IC-chips
then dié not change until time t=350 Beczonds, at which
time it made a step decrease back to zero watts.

In Fig. 4A, the temperature of the fluid which
ig flowing inte the heat exchangers 11-1 thru 11-N is
shown by the plot of Tin. Also in Fig. 43, the
temperature of the fluid that ils flowing ocut of the heat
exchangera 1l-1 thru 1l1-N is shown by the plot of TooT.

In Fig. 4B, the amount by which the value VA ia

cpen is shown as a percentage of being fully open. .

gimilarly in Fig. 4C, the amount by which the heater 15§
is on is shown as a percentage of being fully on. EBoth
of the Figures 4B and 4C are generated from equations 1-6
of Fig. 3.

Due to the power increase which occurs at t=150
gecends, the temperature of the fluid which flows out of
the heat exchangers 11-1 thru 11-N rapidly increases, and
this is shown by the plot of Tpyr in Fig. 4A. However,
while the temperature of the fluid that iz flowing cut of
the heat exchangers 11-1 thru 11-N is rapidly increasing.,
the temperature of the fluid which iz flowing into the
heat exchangers stays essentially constant as is shown by
the plot of Tin inm Fig. 4A. This result ie achieved by
wvarying the cold fluid through valve VA and varying the
heat from the heater 15 as shown in Figa. 4B and 4C from
tima t=150 saconds to t=350 seconds.

Pue to the power decreage which ocours at t=350
seconds, the temperature of the fluid which f£lowe out of
the heat exchangers 11-1 thru 11-N rapidly decreases, and
this is shown by the plot of Tgyr. However, while the
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temperature of the fluid that is flowing out of the hear
exchangers 11-1 thru 11-N is rapldly decreaging, the
temperature of the fluid which is flowing inte the heat
exchangers ptays essentially congtant asa is shown by the
plot of TINy in Fig. 4a. This result is achieved by
varying the cold fluid through valve VA and varying the
heat from the heater 15 as shown in Figs. 4B and 4C from
time £=350 seconds to time t=450 seconds.

Referring now to Fig. 5, it shows the
temperature measurements that were obtained from the
system of Figs. 1-3 which was actually Duilt. In this
system, each of the heat exchangers 11-1 thru 11-N made
contact with a reapective set of six IC-chips; and, each
heat exchanger carried fluid from the hot reservolr 10
past ite respsctive six chips in a series. All of the
paramsters for this actual system are the pame as shown
in Table 2 with the one exception that Tgp equals 105°C
rather than 110°¢C.

In Fig. 5, the temperature of the fluid which
ies flowing inte the heat exchangers 1l-1 thru 11-N is
shown by & curve that is labeled Try. Also in Fig. 5,
the temperature of the fluid that is flowing out of the
heat exchangers 11-1 thru 1i-N is shown by a curve that
is labeled Tour-

From time t=0 te =150 seconds in Fig. 5, the
total power dissipation of all of the IC-chips is zero
watts. Then at time t=150 seaconds, the total power
digsipation of all of the IC-chips makes a step increase
from zero to 26.2 kilowatts. Theraeafter, the total power
dissipation of all of the Ic—chipé stays at 26.2
kilowatts until time t=500 seconds, at which time it
makea a step decrease back to zero watts.

Inspection of the curve Ty in Fig. 5 shows
that the temperature of the fluid flewing into the heat
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exchangers 11-1 thru 11-K veries from time t=d te t=700
geconds by enly + 0,2°C. This ie an amazing rasultr since
Fig. 5 also shows that the temperature TouT increases
rapidly by over 4°C atarting at time t=150 secondsz, and
decresges rapidly by over 4°C starting at time t=500
seconda .

Next, with reference to Pig. 6, one preferred
intarnal structure of the temperature centroller 30 will
be described. This particular internal structure
includes several componente 5la-55 which are identified
a8 follows.

Components Bla-Blc are gample-and-hold
circuits. Components 52a-52¢ are analeg to digital
converters. Components 53a-53c are digital low pass
filters. Components 54a-54c are digital subtractora.

Comporent 55 1is a digital edrcuit which performs the
arithmeric operations that are defined by the previously-
described equations 4-6 of Fig. 3.

In operation, the temperature signale STyy.
STopr. and STep are respectively sanpled by the
components 51a, 51b, and 5le. Those samples are then
converted from analog samples to digital samples by the
components 52a, 52k, and B2a. Thereafter, the digital
samples are sent through the low pass filters S53a, &3b,
and 53c to thereby generate the sampled and filtered
temperature eignals Tyn(n), Tour(n}) =nd Tcrn) .

Compoments 54a, 54b, and B5de regpectively
genexate the error signals eyy{n), ecyri(n) and egurz(n).
Thie is done in accordance with equations 1, 2 and 3 of
Pig. 3. Then, the error signals are operated on by the
digital arithmetic circuit 55 to thereby generate the
heater control signal -SygoTin) end the apalog valve
control mignal Scorp(n) in accordance with equations 4-6
of Fig. 3. ‘
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Wext, with refersnce to equation 10 of Fig. 7,
cne embodiment of the low pags fillters S3a-53¢ will be
described. In eguation 10, an expression is given on the
vight-hand side of the aqual sign for lew pass filtering
any signal ""A‘'' which is digitally sampled. In equation
10, the terms A(n), 2ln-1), etc., represent successive
samples of the mignal ~"A''; and the term Ay (n) represents
the filtered result. Also in equation 10, the term ~“At!''
is the time interval between success of samples, and the
term "t is the time constant of the filter,

¥Flg. 7 further shows an eguation 11 and an
equakion 12 which respectively are used to implement the
derivative function and the interval functlon within the
digital arithmetie circult 55 of Fig. 6. In equations 11
and 12, the terms ern(R), ern(n-1), etc., xrepresent
success of samples of the signal ““ery'' whose derivative
and integral are to be generated. Also in equations 11
and 12, the texrm At is the time between successive
samples, and the terxm "~"A'"' 1is an exponential decay
constant which is used to eliminate long term integral
error.

One preferred embodiment aof the present
invention has now been described in detail in ¢onjunction
with Figs. 1-7. In addition however, various changes and
modifications van be made to that preferred embodiment;
and some of those changes will now be dascribed in
conjunction with Fig. 8. ‘

As one modification, equation 3 of Fig. 3 can
be chenged such that the term Tiy(n) is replaced with the
term Tgp. This change is identified in Fig. & as Mod #1.

A3 another modification, equation 6 of Fig. 3
can be changed such that the expression for the signal
Spor(n) includes terms which are the derivative and/or

JP 2004-511754 A 2004.4.15
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integral of the error egurl(n). This change ia indicated
in Fig. 8 as Mod #2.

Similarly. =a# another change to equation € of
Fig. 3, the expression for the sigmal Scorp(n) cam be
changed to include terms which are the derivative and/or
integral of the erxvor epgpz(n). This chenge is
identified in Fig. 8 as Mod #3.

Also, as another modification, equation 6 of
Fig. 3 can be changed such that in the expression for the
signal Scorn(nm). the denominator term of Tgp — Ter(m) is
replaced with Tgp minus a constant. In Fig. 8, this
change is indicated as Mod #4.

Ag & further modification, eguations 3 and ¢ of
Fig. 3 can be changed such that the limits of -3°C and
+3°C are any other desired limits. In Fig. 8, this change
is indicated as Mod #5.

A ancther modification, a purging mechaniem
¢an be added into the hot fluid circuit and/or into the
cold fluid circuit of Pig. 1. BSuch a purging mechanism
would remove air bubbles from the fluid (which will occur
if the hot fluid c¢ircuit or the cold fiuid ecircuit
somehow develops an air leak). One example of such a
purging mechanism is described in U.5. Patent 5,048,5%3
which is assigned +to the aegeigrnee of the present
invention. In Fig. 8, thie change 1a indicated as
Mod #6.

as another modification, the hot fluid circuit
and/or the cold fluid cireuit of the Fig. 1 system can be
run only at a positive pregsure. This i@ achieved by
moving the location of the pump 14 to the output of the
hot reservoir 10, and/or moving the location of the pump
24 to the output of the cold fluid reeservoir 20. In
Fig. 8, this change is indicated ar Mod #7.

JP 2004-511754 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(41)

WO 01/90766 PCT/US01/13718

10

15

20

25

30

24

As gStill another modification, the lecation of
cne or more of the temperature sensors TEl, TS2, and TS3
can be changed. For example, the sensor T81 can be moved
to the output of the valve V1; the sensor TS2 can be
moved te the input of the valve V2; and the sensor TE3
can ba moved to the input of the cold reservoir 20. In
Fig. 8, this chenge is indicated as Mod #8,

As yet another nlodification, the heat
exchangers 11-1 thru 11-N can be used teo regulate tha
temperature of any type of electrical componentr. instead
of only IC-chips. Further, when the heat exchangers 11-1
thru 11-N¥ do regulate the temperature of IC-chips, those
IC-chips can be incorporated into any type of IC- package
or they can be in no package at all. In Fig. B, this
changa is indicated as Mod #9.

8imilarly, in +the PFig. 1 system, the heat
exchangers 21-1 thru 21-N can be used to cool any type of
electrical components, and not just power supplies. In
Fig. 8, this change is identified az Mod #10.

Further in the Fig. 1 seystem, the radiator 25
can be replaced with any mechanism that extracts heat
from the cold fluid, For example, the radiator 25 can be
replaced with a ligquid-to-liquid heat exchanger. 1In Fig.
8, this change is indicated es Mod #11.

As still another modification, the heat
exchangers 1l1-1 thru 11-N which contact the IC-chipz <an
have any desired structure. bPreferably, for each IC-chip
that is contacted, the heat exchangers 1:X-1 thru 11-N
inelude a geparate jacket which has a face that moves
such that it mates with a corresponding face on the IC-
chip esven when the orientation of the IC-chip varies.
One example of such a etructure ie shown in U.S. Patent
4,809,134 where each of the items 1Za is a movsabla
jacket for a separate IC-chip. Likewisa, each of the

JP 2004-511754 A 2004.4.15
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heat exchangers 21-1 thru 21-N can also have any desired
structure.

As yet another modification, the step changee
in power dissipation for the IC-chips that are being
tepted can occur in many gequences other than those which
are illustrated in Fig. 2. For example, a step increase
in power dissipation can be caused entirely by a change
from & test “"X'' to a test Y while the number of IC-
chips tbat ars being tested remains constant. Similarly,
a step decrease in power dissipation can be caused
entirely by a change from a test ~"¥'' to a test IVt
while the number of IC-chipe that are being tested
remaing constant.

Further, as another modificstion, the feature
of ochtaining a rapid cooling effect with the valve VA
which has the slow response time and the heater 15 which
has the fast response time can be achieved even when only
& gingla temperature is sensed in the hot fluid circuit
of Fig. 1. For example, this rapid cooling effect can be
achieved by eliminating the temperaturs sensor TS2 in
Fig. 1 and changing eguation 2 in Fig. 3 such that it
equals equation 3. With this modification, the heating
power of the heater 15 will still be reduced quickly by
the output signal Sporin} while the flow of cold fluid
through the valve VA varies slowly or stays comnstant.

In view of all of the above modifications, it
is to be understood that the present invention is not
limited to the details of the preferred embodiment of
Figa, 1-7, but is defined by the appended claims.
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WHAT IS CLAIMED IE:

1. A system for maintaining the temperature of
electronic components near a set point, comprising:

a hot fluid circuit in which a hot fluid
circulates from a reservoir through heat exchangers and
back to said reservoir, and in which sald heat exchangers
transfer heat by conduction between said hot fluid and
gaid electronic components:

a firgt =sensor which generates an input
temperature signal that indicates the temperature of the
fluid flowing inta said heat exchangers;

a second sensor which generates an output
temperature signal that indicates the temperature of the
fluid flowing out of said heat exchangers;

a heater weane which adds heat to the fluid
returning te said reservelr as a function of both said
input tennperatufe and output temperature signals; and,

a cooling means which adds & cold fluid to said
regervoir as a function of bhoth said input temperature
and output temperatura signals.
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2. A psystem according to c¢laim i wherein said
heater means adds gaid heat te said f£fluid returning to
said reaervoir vwhen said set point exceeds said
temperature of said fluid flowing dinto said heat
exchangers, and when said set point exceeds said
temperature of said fluid flowing out of said heat

exchangers.

3, A system according to claim 1 wherein said
cooling means adds said cold flumid to said reservoir when
said temperature of sald fluid flowing into aaid heat
exchangers exceeds asaid set point, and when said
temperature of said fluid flowing out of said heat
exchanger exceeds maid temperature of said fluid flowing
into Eaid heat exchangers.

4, A system according to claim 1 whexein said
cooling means adds said cold fluid to said regervoir when
said temperature of =ald filwid flowing into said heat
exchangers exveeds said set point, and when said
tempersture of said flnid flewing out of said heat
exchanger exceeds said set peint.

5. A system according to claim 1 wherein said
heater means adds sald heat to said fluid returning to
said reservoiy, and said cooling means adds said cold
fluid to sald reservoix. in threes operating modes which
are selected based on the value of said temperature of
said fluid Flowing inte said heat exchangers relative to
gaid met point.
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€. A system accoprding to claim I wherein said
heating means adds said heat to said fluid retwrmning teo
said reservoir in proportion to the magmitude of Kjeourl
pluz Kzeyy plus Kad(ery)/dt plus K4ferny and said cooling
means adds said ocold fluid to said reserveir in
proportion to the magnitude of Kgegyra plue Kgern plus
K7d(exn) /dt plus Kgfern:; where ery is an error in said
input temperature, epprl and egypy are respective errors
in said output temperatures, and K3 thru Kg are
congtantg.

7. B esystem according to claim 1 which further
includes a rapid coel-down means, couwpled to gaid hot
fluid circuit, which receives electrical contrel sigmals
and in response a) blocks the flow of sald hot £luld into
seid heat exchangers and from said heat exchangers back
to said reservoir, and, b) passes said cold fluid through
said heat exchangers while the flow of said hot f£luid is
blocked.

8. A system according to claim 1 wherein said
cooling means includes a cold fluld eircuit which
cperates in parallel with said bhot fluid circult to
maintain said cold fluid at a cold temperature.

JP 2004-511754 A 2004.4.15
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S. A system according to oclaim 1 wherein sald
hester means odds said heat to said fluid returning to
said reservoir with a fast respomse time; paid cooling
means adds said cold fluid te sald reserveir with a slow
response time; and te compensate for said slow response
time, said cooling means adds said cold flwid to said
reservoir while said heater meana concurrently adds
varying amounts of heat to gaid fluid returning to said

reservoir.

ie. A system according to claim 1 wherein said
electronic components are packaged integrated circuit
chipa.

1l. A sydtem according to .claim 1 wherein said

electronic components are wnpackaged integrated cirecudit

chips.

JP 2004-511754 A 2004.4.15



JP 2004-511754 A 2004.4.15

(47)

PCT/US01/13718

WO 01/90766

a
A
a
'
d
’| lllllllllllllllllllllllllllllllllllllll m lllllll " \m
| 8 %
i - + ) « b) ;
— = 9 H
5 lg b ) 5. &
= oEe [T Eol|s o |Zwol_§ 3 8 ;
Ty Zo|= %8G 2 @ A\ '
- o B= |~ o~ B & W y
g i NN o | m ;
aq &5 5is EE |
i i S ;
x loee | sax | R Edr™
i i w83 %3
1 1)
il |EE i ! 4=
~(3) 5500 % PP
@ | o i S5a& ]2 Lo ;
= . & T b = P
, ) o ‘ ' i
: é ae | ¢ 1 |
:
: CW ) &0 |
) [ bl mz zm .
: z L
! o] 1 T : ' E
' Qs o ' [ [
» aEa 8 2 1 B |5 =
b <& 0 = Q9
' (3371 T @ ‘ =dl | ot RS
; @ g - Fa = v e
i [ 3 z + H = \ !
; 8 © “m h |
; | RS — : ”
! h | H |
B & - i 1
U [ A, L | 2
;
O !
I "
| Bg3z |

Lo L L L L L L L L L L L L L L L L L L L L L L L L L L L



JP 2004-511754 A 2004.4.15

(48)

PCT/US01/13718

WO 01/90766

-NId0 A AONY SA——

r
3dO PA ANV EA
L

B0E
e @ IO pue ()LOHg >m<>K|L

SOl
821 | NMOQ
SAQWAY! 1000

i
i _ H ‘

SA408135 S0140 $138 SII40 8138 ¢ )
1H9IZ NO N3216N04 NO FFHHLNO T
WD 1831 o8, LS3L -V 1831

\_
N3O ZA ONV LA—— —

V
'
t
|

|

'
'
i
0
I

'
L

Sl
1HISNS

_1
n 5 s I

e 9 ——
[N S

218

T
i
¢
1
‘
'
|
|
t
I
|
v
'
|
:

(R R
Lo L L L L L L L L L L L L L L L L L L L L L L L L L

T HIMOC 01 TVLOL

¢ Ol



JP 2004-511754 A 2004.4.15

(49)

PCT/US01/13718

WO 01/90766

) Q&zohl%buuq meumui?vS.Sw
To Nia 13(i) ' m.m Py +(4) ENTM (@) P05 Fard | 401
s — %5 Nz [y + ()M w% Y HY) \ﬁmu_@. () L4203y e NEUL MHIW =(u) LOHg

L SMOYIOf S 401 puv 40 Hseaaq (4)TT00g pup (1) L0Hg freatasis « gbo

A01=()TT09g puv 40 =(u)LOHg vay1 *Do57¢ <(W) N2 fi
A0 =(#)9102g pup A01=(u)L0Hg uays *3,0°¢— > (w)Nla fi
Mkbhﬁ.ﬁzvtﬁm IA:V.SO& HAQVNEDQN

3/8

%& A:u N0y u?v 1210,

=) ~() 3

—¢ha
— ba
—gbha
«—zha

b2

£ Ol

Lo L L L L L L L L L L L L L L L L L L L L L L L L L L L



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO OL/90T66

FIG. 4A

FiIG. 4B

1135
M~ 113
2125

temperature

3 o R 88

_.
=

Py
[ )

111
1105
110
108,5
09

valve apen (%)
3

(50)

PCT/USO1/13718

100 200 800 400 500 60O
time (s)

w

@

o

160 200 00~ 500 0

300
time (8)

T 300 400
time (s)

JP 2004-511754

A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO OL/90T66

5/8

(51)

PCT/USO1/13718

FIG. 5

109

1084

—_—

a

07+

o) BANEIS AL

3 106

}

105

JP 2004-511754 A 2004.4.15



JP 2004-511754 A 2004.4.15

(52)

PCT/US01/13718

WO 01/90766

441 an vln\|mu»m
w39y 7 - 01§
o0 %5 9gs
w o._oom 7 +
w B0 )
9+ 503 7
Clen|
LINDBID s
- OLEINH LYY . 3d7 aw ~1No
@ T LIDia
frs 7 [y — fuLno 8
1OH 4 L
. (N0, —y— aes Ges
gig
+ 4d1 v Al.wxlz‘hm
i NI
z\_\ [—w (Gl } 7 7 els
whl o ® e
(w 7 25 55 48
o ehe 18

Lo L L L L L L L L L L L L L L L L L L L L L L L L L L L

- 9914



JP 2004-511754 A 2004.4.15

(53)

PCT/US01/13718

WO 01/90766

7/8

{#) N 1v) +ﬁ ﬂ«‘w\gaxm? —u) ‘sz =(NNFa[ e 71 ba

(Vi1 p

Av - :vEsM +Am — :Y{\mc_lﬁml tv.\,ﬁm@m.;.: - 5 \,.\wa.v IT& ?‘\mwm HA:.V .EGM «—[iha

267+ v)TI 4
[(p—~ 2P €~ (£~ p 91 +(Z —MIFIC— (| - ¥ 2p] TR 0V =(1) 9y «qrb2

L D14

Lo L L L L L L L L L L L L L L L L L L L L L L L L L L L



JP 2004-511754 A 2004.4.15

(54)

PCT/USO1/13718

WO OL/90T66

AaSuvyoxa joay pinbiy— pmbip 0i 67 40w1pvL 2BUBYD — T IHTOW

Jusiodwos [ps1G2312 fo add1 Lun D102 N — | T Ryl | — [T S4aSupyans 103y — QTHAON
atoduios (po1410a12 fo addy fup 1o0ued N =Ty it —T11 $428UDYOXP IAY — SHTOW
€SI ‘TSI IS 5405UzS anIp42dma] DAOU — SHTON
aanssatd aainsod Jo waSAs 34113 UL — [HTOW

184 o2(S)yuvt adand ppo «— 9RAOW

sy 4210 01 ¢ — 4 $ho up O £ T f0 sy 28upys «— SRaONW

8/8

supjsu0s — 481 ~ (W42 — I appuspro.dde u) TH00g up ¢~ p(ION
() L1103 oy uway oS | sanparep ppn (1) a103g ut — cHIOW
(#1410 oy wiia1 jpB.aarul faa)DALIP PPD () LOH G — ¢H(TOW
440y 4 dS7 —(u) L0 03 TL1O2 23upy> ¢ b2 up — IHAOW

8 "OIdg

Lo L L L L L L L L L L L L L L L L L L L L L L L L L L L



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(55)

uboobooboboobdooboooboooboaoadao

12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COUPERATION TREATY {PCT)

{19) World Intellectual Property Qrganizuiing
Internationat Bureau

(43) International Publication Dsie
29 November 2001 (2%.11.2001)

PCT

MV O 0O RO A OTER

(10) International Publication Number

WO 01/90766 A3

(51} Infermational Patent Classification”
23113

GOSD 2319,

21) Intermational Application Muinher:  PCTUSI/13718

(22) Imtexnational Filing Dates 40 Aprit 2000] (30.04.20013

(25) Filing Lavgnage: FErglish

(26) Pubti

lion Lanpuaye: English

(30} Priovity Data:
090/574.784 19 May 2000 (12.052000)  US

(71} Applicanr: UNISYS CORPORATION [US/US]: Town-
ship Ling and Union Meeting Roads, BL. Kox 500, Rlue
BEeD. PA 19424.0007 (US).

{72) Iwventors:  TUSTANTWSKYJ, Jerry, Thor; 26822
Avenida Domitigo, Mission Vigjo, TA 92691 (US).

BABCOQUK, Jumey, Wilimun: {248 Via Sendero Visie,
Escondido, C'A 02020 (US).

(74} Ageot: STARR, Mark, T:; Unisys Corporation, Township
Line and Undon Mecting Roads, P.O. Box 500, Blue Dell,
PA 19424-0001 {US).

(81) Designuied 8tate favionaly IR

(84) Pesignated States (regional): Guropean paert {AT, B,
CH, £Y. DE, DK, ES, F1, FR, GB, GR, IE, IT, LU, MC,
NI, KT, $E, TR

Lublished:
—  with inferaenipnad seqsch report

(88) Date of publication of the international search repoxt:
23 May 2002

For nwo-tetier codes and other abbreviations, rafer fo the "Guid-
ance Notes on Codes qud Abbreviations” appearing al the hegin
winy of cach remuiar issue of the POT Gazere

(54) Title: SYSTEM FOR REGULATING THE TEMPERATURE OF IC-CIIPS WITH A FLLUD WHICH 1S HEAIED AND
COOTRD AS A FUNCTION OF THE FLUID TEMPERATURES TO' AND FROM HEAT EXUHANGHRS FOR FHE [C-CHIPS

(57) Abstract: A chip buro-in system mazintaing \he tempera-
tore of }C-chips near u sei point. while the 1C chips underzn
Jarge step invreasis snd large sicp decrcascs in power dissipa-
tion as they are tested. The system decreases in power dissipa-
lion as they are tesied. The system inclndes a hor fluid eircait
in which a hot flwid circulates from A vsservoir through heat £
exchangers aud hack to the reservoir, und in which 1B heat 2x-
changers exchange heathy conduction herweon e hoi flaid and
the IC-chips. In one mode of operation, a heater adds beat te the
fluid that is terwining 1o the reservolr bassed on 2 "o cold 1onk
ahead” featore. Tn another mode of operstion, a0 analeg valve
adds cold fuid to the reservoir based on a "too hot kook aliead”
featuce.

JP 2004-511754 A 2004.4.15



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(56)

gbooogbodaoan

INTERNATIONAL SEARCH REFORT N
tnt  ~ional Appiication No

PCI/US 01/13718

& CLASSIFIGATIONQF SHBJECT MATTER

IPC 7 ©05D23/1%9 GR023/13

Acoordag to Falen G fion (IPG: 610 and PG

8. FIELDS SEARCHED

Minimum cocumen ki seardied {kessifcation system folovied Dy CRASSICAlIZn SPMDOIS)

IpC 7

Sucure lahiun searched other an minmnum dosmentalion % th extant Ihal SUEh dacamens 5@ KLU I N7 Telds searaned

Lheckanic tala base consulied duang the. migrantionnl search [name of dién base and, whare prastical, SAATCH 16IMS 950d)

EPO-Internal, PAJ

. DOCLMENTS CONS(DERED TD BE BELEVANT

Caluguy © | Citalion of documient, with sRdication, whete appeoprate, of the relevan! passages

Itelewani 10 Iaim No.

& December 1977 (1977-12-06)
the whole document

X EP 0 363 098 A {CANON KK) 1
11 April 1990 (1990-04-11}
Y the whale document 8,10
A 2-7,8,11
¥ US 5 977 785 A (BURWARD-HOY TREVOR) &
2 November 1999 {1999-11-02)
A the whole document 1-7,9-11
Y JP 11 345870 A {TOKYO ELECTRON LTD) 10
14 December 1999 (1999-12-14)
A % 186239802 1-8,11
the whole document
A US 4 060 927 A (SHULTZ GILBERT F ET AL} 1-11

D Furiher doruments are ésless in The. eonhnustion af box (- Patent famiy memhers arc listed in anncx.

© Spaeial calagnnEs 01 16 SOCIMEMS 2

niAfian or other spee:al 16a30R 103 SDCCRICR)

“Cr decument refuriing 1o au el distlosure, use, uxhibiticn ot
other means

B document puBksher pror [0 he INlemational kg cale it
Tkt i e prigaity dale claimed

T Lalur quu_um;r\ pnuémlml dﬂerrll‘\u illl(\r\:(;w\dlloﬂa!‘ tiing di;lal
- o pAtTy i a1 o s 1o appleon
A" cocumert A 6 Qenets el e 1 e i 1 B e A
"E' carlier dosumenl bl pabissted o or afler b mlenlional *X' documecnt of panicular rlevance: (he olaimey invonlian
fhing dale cannol be consdered novel or cannol he consirtered o
"L doctument whish may thrbe doLHNn A e Gnimes) o MKV BN YN stop when (he documenl s taken dhmie
whichig citad (o 1ablizn the pubiicalion dale of anciher =y dosmnenl of palicutar elevancy, thy vlaimed inverdion:

<annal be sonaidéced (o nvolve AN VBTG ST WHAN 1N
document & combied witl one or mene olher such doce-

ments. such combinalian heng ohviclss I o person skilad

W lhe

decutent Meimber of he sarme palsnt famiy

Eate of Ihe actual conpistion of [he intermativned sewch

7 December 2001

Dale ol wailing of the srernational search veport

14/12/2001

A fied ahd MAND A300RSS o the 1SA
Finopean Putem Office, P.B. 5816 Patention 2
NL 2350 HY Riswith
Il {+31-0) T90-2040, FX 31 62) 0o Al
Foy (+51-T10) 340 3016

Aulnerizet ofticzr

PhiTippot, B

Form FETABAID [Fecon teheat] (July 9821

JP 2004-511754 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(57) JP 2004-511754 A 2004.4.15

INTERNATIONAL SEARCH REFQRT

information on patent tamily mambors.

N enal Applisation Mo

PCI/US 01713718

Fatent documont Publication Patent iy ‘ Fublicatian

cited in sa@reh report datg MEmbsr(s) date

EP 0363098 A 11-04-1330  JP 2691454 B2 C17-12-1997
JP 3063485 A 19-03-1991
P 2006812 A 09-04-1990
DE 68922061 D1 11-06-1395
DE 68922061 T2 31-08-1995
EP 0363098 A2 11-04-1900
Us 5577552 A 26-11-1996

US 5977785 A 02-11-1999  NOWE

JP 11348870 A 14-12-1899  us 6239502 BI 29-05-2001

US 4060997 A 06-12-1377  NONE

S PETABARI0 (aatet Laily anne=] Ehoy 19475



(58) JP 2004-511754 A 2004.4.15

goboogoooon

(74)000 100096781
0ooooooo

(74)000 100098316
oooooooOoo

(74)000 100109162
DooooooOoo0

(7000 0O00000000000000000
00000000000000000000000000000000000000000000
oooo

(7000 000000000000000000
00000000000000000000000000000000000000000000
ooo

0000 (0 0) 26003 AAO7 ACOL ADOL AHOO AHOS

0000 OO 26132 AAOL ABO3 AB14 ALO9



	bibliographic-data
	abstract
	claims
	description
	drawings
	international-document-image-group
	search-report
	overflow

