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BACKGROUND OF THE INVENTION

| The present invention relates to a printed circuit board
‘with electronic devices mounted théreon and, more
particularly, to a printed circuit board equipped with a
coolef'having a sealed case wherein a liquid coolant is
passed over the printed circuit board having mounted thereon
-LSIs or similar semiconductor devices of large calorific
power. |

Because of the recent increase in the LSI integration
density as well as the recent speeding up of LSI operations,
calorific power that individual high-density LSIs generate
keeps on increasing; Such being the case, there is a demand
for the development of a more efficient cooling unit for a'
high-density-LSI-mounted, printed circuit board. The LSI-
mounted printed circuit boafd has a required number of LSIs
mounted on one or both sides of the board. To cool the LSIs,
-it is customary in the prior art to cool the entire structure
of the LSI-mounted printed circuit board by fofced air
cooling or liéuid cooling of the type that soaks the érinted
circuit board in a liquid coolant. |

The forced air cooling does not sufficiently achieve.thé.
intended purpose of cooling LSIs 6f large calorific power.
The liquid cooling involves the immersion of the whole
printed circuit board structure in the coolant, and hence it

has a defect that the cooler therefor is inevitably bulky.



., mouhted printed circuit board has a required nunber of LSIs nounted on one
or both sides of the board. To cool the LSIs, it is customary in the prior

art to cool

the entire structure 20 of the LS| - mount ed printed circuit

board by forced air cooling or liquid cooling of the type that soaks the
printed circuit board in a liquid cool a2~ The forced air cooling does n
sufficiently achieve the intended purpose of cooling LSIs of |arge

calorific power. 25 The liquid cooling involves the i mersion of the who
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is impossible to produce a satisfactory effect of cooling the

~ printed circuit board when electronic devices of large

calorific power are mounted thefeon.
SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide an electronic-devices-mounted, printed circuit board
equipped with a highly efficient but small cooler.

According to an aépect of the present invention, the
electronic-devices-mounted, printed circuit board compriées:
a printed circuit board having an eleétronic device array
mounted on at least one side thereof; and a sealed case that
houses the electronic device array, has its marginal edges
held in liquidtight contact with one side of the printed
circuit board all around the electronic device array and has
an inlet port for supplying therethrough a coolant into the

sealed case from the outside and an outlet port for

discharging therethrough the coolant to the outside. The

interior of the sealed case forms a cooling chamber in which
the electronic devices are soaked in the coolant that is

supplied through the inlet port, distributed through the

ot

| e
t
t he

electronic devices and drained through the outlet port to the

outside. _

According to anothér aspect, the cooling chambér has a
plurality of barriers which extend between adjacent
electronid devices across their array so that the coolant

channel or passage from the inlet to the outlet port meander



. boatd substantially relies on convection of the coolant, it is inpossible
to produce a satisfactory effect of cooling the printed circuit board when
el ectronic devices of large 5 calorific power are nounted thereon. SUMVARY
OF THE INVENTION It is therefore an object of the present invention to
provi de an el ectroni c-devi ces-nounted, 48< nted circuit board equipped with
a highly efficient but small cooler. 10 According to an aspect of the
present invention, the el ectronic-devices-nounted, printed circuit board
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and the sealed case has a box-like configuration which has a
bottom panel, a pair of opposed side walls extending in the
column direction of the matrix and a pair of opposed end
walls joining opposed ends of the above-mentioned two side
walls, and a pértition wall extending from one of the end
walls to a position a little short of the other to define
therebetween a clearance and dividing the matrix array of
electronic devices in its column direction into two sub-
matrix arrays, thereby providing a substantially'U-shaped
coolant channel from the inlet to the outlet port.
BRIEF DESCRIPTION OF THE DRAWINGS |

Fig. 1A is a plan sectional view of an embodiment of the
present invention; | _

Fig. 1B is a sectional view taken on the line 1b-1b' in
Fig. 1A;

Fig. 2 is a partially enlarged sectional view of the
embodiment shown in Figs. 1A and 1B;

Fig. 3A a plan sectiohal view of another embodiment of
the Present invention; " |

Fig. 3B is a sectional view taken on the line 3b-3b' in":
Fig. 33; |

Fig. 4 is a partially enlarged sectional view of the '
embodiment shown in Figs. 3A ahd 3B;

Fig. 5 is a plan sectional view of an electronic-devices-

mounted, printed circuit board used for measurement of the



,sealed case fromthe outside and an outlet port for discharging

t heret hrough the coolant to the outside. The 20 interior of the seal ed
case forns a cooling chanber in-which the electronic devices are soaked in
the coolant that is supplied through the inlet port, distributed through
‘the el ectronic devices and drained through the outlet port to the outside.
25 According to anot her aspect, the cooling chanber has a plurality of
barriers which extend between adjacent el ectronic devices across their

arra 50 hataddie,cugl a0k BDRORL Srvpaseae [Tomhe Lnlet to the outlet
_Fig. 6 is a graph showing measured values obtained with
the printed circuit board of Fig. 5;
Fig. 7A is a plan sectional view of another embodiment of
5 the present invention;
- Fig. 7B is a sectional view taken on the line 7b-7b' in
Fig. 7A;
Fig. éA is a plan sectional view of another embodiment of
the present invention; |

10 | Fig. 8B is a sectional view taken on the line 8b-8b' in
Fig. 8A;

Fig. 9A is a plan sectional view illustrating a modified
form of the embodiment shown in Figs. 8A and 8B;
Fig. 9B is a sectional view taken on the line 9b-9b' in

15 Fig. 9A;

Fig. 10 is a plan éectional.view of another embodiment of
the present invention;

Fig. 11 is a plan sectional view of still another
‘embodiment of the present invention;

20 Fig. 12 is a perspective view of an embodiment in which
electronic devices of relatively small calorific power are
mounted on the same printed circuit board outside the sealed
case and cooled by a forced air-cooling fan motor of test |
equipment;

25 Fig. 13A is a side view showing an example of an
electronic-devices-mounted, printed circuit bdard mounting
structure{

Fig. 13B is a side view showing another example of an



.Accbrding to still another aspect, the electronic devices are arranged in a
matrix formon the printed circuit board and the seal ed case has a box-1ike
configuration which has a 5 bottom panel, a pair of opposed side walls
extending in the colum direction of the matrix and a pair of opposed end
wal I s j oi ni ng opposed ends of the abovesxentioned two side walls, and a
partition wall extending fromone of the end walls to a position a little
short of the other to define 10 therebetween a cl earance and dividing the

tri qf el ect.ronic.,devices in its colum direction into twy sub-
ggt;:§ g;;g¥§ﬁﬁF%E§§6§' %8%?%??EP%P?ﬁﬂﬁnQﬁﬁqgﬁiﬁ%¥59§H§p?HaEGOWQHPtéHﬁnneI

fromthe inleg .outl.et port. BRIEF DESCRI PTION OF THE DRAW NGS 15
Fig. 1Ais a%EFgﬁtgggfighél vi ew of an enbodi nent of the present invention;

Fig. 1B is a sectgignah 3¢ g fakede Qi dSsidifng i1 'dhother example of

an electrbnic-devices—mounted, printed circuit board mounting
5 structure.
DESCRIPTION OF THE PREFERRED EMBODIMENT
A description will be given, with reference to Figs. 1A

and 1B, of & first embodiment of the cooler-equipped printed
circuit board according to the present invention. Fig. 1A is

10 a sectional view taken on the line la-la' in Fig. 1B and Fig.
1B a sectional view taken on the line 1b-lb' in Fig. 1lA. As
shown in Figs. 1A and 1B, there is mounted on a printed
circuit board 10 over the entire area of its either side a
matrix array of 32 electronic devices 3 of large calorific

15 power, such as LSIs. Each side of the printed circuit board
10 is covered with a box-like sealed case 20 which has its
one side opened and forms a cooling chamber wherein the
electronic devices 3 are housed and a coolant 7 is
,distributed through the electronic devices 3. The sealed

20 case 20 comprises a bottom panel 21, a pair of opposed side
panels 22a, 22b and a pair of end panels 22c, 22d. As
depicted in Fig. 2, each electronic device 3 comprises an LSI
33 having terminal pins 31 and a radiator 32 having radiation’
fins and held in intimate contact with the LSI 33. Both

25 sides of the printed circuit board 10 and marginal portions
26 of the sealed case 20 are pressed in liquidtight contact
with each other by clamps 12a and 12b through elastic O rings

4 and fixed by screws 13.



.Fig: 1A, Fig. 2 is a partially enlarged sectional view of the 20

enbodi nent shown in Figs. 1A and 1B; Fig. 3A a plan sectional view of

anot her enbodi nent of the present invention; Fig. 3B is a sectional view
taken on the line 3b-3b" in Fig. 3A; 25 Fig. 4 is a partially enl arged
sectional view of the enbodi mrent shown 4% Figs. 3A and 3B; Fig. 5is a plan
sectional view of an el ectronic-devices- nounted, printed circuit board
used for neasurenent of the -4- effect of the present invention;

' The terminal pins 31 of the electronic device 3 connect
therethrough the LSI 33 to the printed circuit board 10
electrically and mechanically. The radiator 32, which is

- fixedly contacted with the surface of the LSI 33 is made of a
5 good thermal conductor such as copper or aluminum and has a
plurality of radiation fins formed on the surface thereof.
The printed circuit board 10 further has a number of
connectors 5 mounted thereon at its marginal edges. The
terminal pins 31 of the electronic devices 3 are .connected to
10 the connectors 5 through multi-layer interconnections of the
printed circuit board 10. Between the sealed éase 20 and the
printed circuit board 10 there is defined the cooling.chamber
25 wherein the electronic devices 3 are housed and cooled by
the coolant 7 distributed therethfough in the direction
15 indicated by the arrows 71. Reference numeral 61 denotes an
inlet port for injeéting the coolant 7 into the cooling
chamber and 61' an inlet port made in the end wall 22c.
Réference numeral 62 denotes an outlet port for discharging
_therethrough the coolant 7 from the cooling chamber 25 and
20 62' an outlet port made in the end wall 22d.
The coolént 7 flows through the inlet ports 61 and 61°
into the cooling chamber 25, wherein the electronic devices 3
are immersed in the coolant 7. The coolant 7 flows in the
direction of the arrows 71 while cooling the electronic
25 device 3 and is drained through the outlet ports 62 and 62
to the outside of the sealed case 20.
As shown in Fig. 2, a sealing.means 27 is used to provide

liquidtight joints between the printed circuit board 10 and



.Fig: 6 is a graph showi ng neasured val ues obtained with the printed circuit
board of Fig. 5 Fig. 7Ais a plan sectional view of another embodi ment of
5 the present invention; Fig. 7B is a sectional view taken on the line
7b-7b'" in Fig. 7A, Fig. 8A is a plan sectional view of another enbodi nent
of the present invention; 10 Fig. -8B is a sectional view taken on the
| i ne 8b-8b’
nodi fied form of the enbodi ment shown in Figs. 8A and 8B; Fig. 9B is a

secti onal
secti onal
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in Fig. 8A Fig. 9Ais a plan sectional viewillustrating a

t aken.on,the.line 9b- 9A; Fi 10 is a plan

numeral 11 denotes metallic foil predeposited on the surface
area of the printed circuit board 10 for liquidtight contact
with the marginal end-portion 16 of the sealed case 20. The
printed circuit board 10 énd the sealed case 20 are joined
together with the elastic O ring packing 4 interposed between
a groo#e 28 cut in the end face of the marginal end portion
26 and the metallic foil 11 and the sealed case 20 is pressed
against and fixed to the printed circuit board 10 by means of
clamps 12a and 12b. The metallic foil 11 is formed by
depositing a gold-plated pattern on the surface of the
printed circuit board 10 or depositing a copper pattern first
and then plating it with gold. The elastic packing 4 that is
held betwéen the sealed case 20 and the printed circuit board
10 is made of a material free from degradation by the coolant
7. Used as the coolant 7 is, for example, FLUORINERT
(Trademark: 3M, Inc.) that is an inert liquid. By plating

the metallic foil 11 with gold, the sealing property of the

.Sealing means 27 can be retained for a long period of time.

The construction of the sealing means 27 described above is
also applied to all the embodiments of the invention that
will be described later on.

- The radiator 32 mounted on each electronic device 3
housed in the cooling chamber 25 is cooled by the coolant 7
that is properly tempefature controlled and injected into the
sealed case 20 under a réquired pressure from an external
refrigerator through the inlet port 61 and a pipe. The

coolant 7 injected into the cooling chamber 25 through the



.Fig: 11 is a plan sectional view of still another enbodi ment of the present
[ nvention; 20 Fig. 12 is a perspective view of an enbodi nent in which
el ectroni ¢ devices of relatively small calorific power are nounted on the
sanme printed circuit board outside the seal ed case and cool ed by a forced
air-cooling fan notor of test equi pnment.g25 Fig. 13Ais a side view
showi ng an exanple of an el ectronic-devices-nounted, printed circuit board
nounting structure; Fig. 13B is a side view showi ng anot her exanple of an

"o electronggig%vl See AP SY AN f%é%éénty g%éaggrgagn%in%hlle
absorbing heat from the electronic devices 3 and their-
radiators 32 and is discharged to the outside through the
outlet port 62.

5 By injecting the coolant 7 into the cooling chamber 25
through the inlet ports 61 and 61' and discharging it through
the outlet ports 62 and 62' as mentioned above,,ﬁhé heat
given off by the electronic devices 3 is absorbed by the
coolant 7 flowing in contact with them, and hence it can

10 efficiently be dissipated. Additionally, since the sealed
case is mounted on the printed circuit board so that it
covers the electronic device array, the assembly can be made
small.

In the embodiment of Figs. 1A and 1B, the coolant 7 flows

15 substantially in parallel with the direction of arrangement
of the electronic devices 3 as indicated by the arrows 71.
Henée, a high-temperature cross-sectional region of the
coolant flux which fiows near the electronic devices 3 and a
.relatively-low-temperature cross-sectional region of the

20 coolént flux which flows off the electronic devices 3 tend to
have a steady distribution. As a result, an appreciable
amount of the coolant flux in the relatlvely-lowatemperature
cross-sectional region is drained lntact from the cooling :
chamber 25, giving rise to a problem that the coolant is not

25 effectively utilized to dissipate the heat generated by the
electronic devices 3. In such a state, the cooling
efficiency does not increase even if the flow rate of the

coolant 7 is set at a large value. When the coolant flux



.strhcture; and Fig. 13Cis a side view showi ng still another exanple of an
el ectroni c-devi ces-nounted, printed circuit board nounting 5 structure.
DESCRI PTI ON CF THE PREFERRED EMBCDI MENT A description will be given, wth
reference to Figs. 1A and 1B, of a first enbodi nent of the cool er-equi pped
printed circuit board according to the-present invention. Fig. 1Ais 10 a
sectional view taken on the line la-l1a" in Fig. 1B and Fig. 1B a sectional
view taken on the line Ib-1b" in Fig. 1A As shown in Figs. 1A and 1B,
Lhere 3, MoUeign SRttt SO Gt e ST RS R 113,
DOre" puc” EahShiren B u A bl i A SR bR RO e e
cooling chambge UHEL S fs e coolant 7 flows downstream, its temperature |
gradually rises and its cooling ability diminishes
5 accordingly, resulting in a marked increase in the
temperature of the electronic devices 3 lying downstream.
The flow rate of the coolant 7 could be increased by
raising the coolant injection pressure to increase its
velocity of flow. With the.use of an arrangement for
10 injecting the coolant at high pressure, the reliability of
liquidtightness for the coolant 7 would also decrease.
Furthermore, such an arrangement would méke the liquid
éooling ﬁnit bulky and raise its mahufacturing cost
accordingly.
15 To heightén the heat absorbing effect of the coolant 7,
it is desirable to make the entire coolant flux contribute to
ﬁhe heat absorption as equally as pbssible. That is, it i§
important to give every portion of the coolant 7 an
.opportunity for flowing in touch with the electron devices 3.
20 This can be achieved by disttrbing the cooiant flux in its
cross-sectional region. Next, a description will be given of
another embodiment of the present invention intended for
enhanced cooling efficiency by changing the direction of fldﬁ'
of the coolant 7 or disturbing its flow by barriers set up in
25 the cooling chamber 25. Incidentally, although in the
following embodiments no reference is made, for brevity, to

the clamps 12a, 12b and the screws 13 shown in Figs. 1A and

2, they shall naturally be provided.



.elettronic devices 3 are housed and a coolant 7 is distributed through the
el ectronic devices 3. The seal ed 20 case 20 conprises a bottom panel 21, a
pair of opposed side panels 22a, 22b and a pair of end panels 22c, 22d. As
depicted in Fig. 2, each electronic device 3 conprises an LSl 33 having
termnal pins 31 and a radiator 32 havipg-radi ation fins and held in
intimate contact with the LSI 33. Both 25 sides of the printed circuit
board 10 and margi nal portions 26 of the sealed case 20 are pressed in

S T, St eSS e S L B L1 ©
electronic d%%k%ﬁlﬁeﬁ%ngfcﬁlgs. 1A and 1B in that the electronic devices
3 are arranged in the form of a matrix with 6 rows and 4
columns and that barriers 24 are formed which extend
5 alternately from one of the opposed side walls 22a and 22b
toward the other and the latter toward the former everf other
column. Inlthis embodiment, the coolant inlet port 61 and -
the outlet port 62 are provided near the opposite ends of the
same side wall 22b. Since the direction of flow of the

10 coolant 7 from the inlet port 61 to the outlet port 62 is
reversed by the barriers 24 a plurality of times as indicated
by the arrows, the coolant flux is stirred or disturbed and a
uniform temperature distribution is provided over the entire
flux.

15 Fig. 3B is a sectional view taken in the direction of the
arrows from the line 3b-3b' in Fig. 3A and Fig. 4 a partly
enlarged sectional view taken in the direction of the arrows
from the line 4-4' in Fig. 3A.

In Figs. 3A, 3B and 4, the printed circuit board 10 has

20 on its either side the electronic devices 3 arranged in a
matrix form as in the case of the Fig. 1 embodiment. The
electronic devices 3 are each electrically and mechanlcally
connected by the terminal pins 31 to the printed circuit
board 10. Each electronic device 3 has the radiator means 32

25 fixedly secured to its surface and the radiator means 32 has
a plurality radiation fins formed on its surface.. On either
side of the printed circuit board 10 there are mounted the

sealed case 20 to define between it and the board 10 the



-thetethrough the LSI 33 to the printed circuit board 10 electrically and
mechanically. The radiator 32, which is fixedly contacted with the surface
of the LSI 33 is made of a 5 good thernmal conductor such as copper or
al umi num and has a plurality of radiation fins forned on the surface
thereof. The printed circuit board 10 fyjther has a nunber of connectors 5
nounted thereon at its margi nal edges. The termnal pins 31 of the
el ectronic devices 3 are connected to 10 the connectors 5 through ]
mul ti-layer interconnectjons_of the printed circuit board 10. Between the
seal ed case 5@°§ﬁ89tﬁ5aﬁp?ﬁt%3 11 rehigh geqpolo theeedecsrgairndeviges 3
cool i ng chanﬁ%r Za gﬁereln the electronic devices 3 are housed and cool ed
by the cool aRPY$eHi 5PPFBifed THRT d%d{iﬁﬁ%lﬁﬁ’eceisreeépi bas1thenbagaiess by
the arrows 71. r u I 6¥%ﬁﬁ tes an inlet port for injecting the
cool ant 7 in?é ?ﬁégcggﬁgﬂg %ﬁ%ékﬁﬁt r%%szﬁﬁq ﬁpﬁg°ﬂopﬁnﬁﬁd@1|ﬂn@h%n%nd
wal | 22c. of the opposed side walls 22a and 22b toward the printed
5 circuit board 10 and the other side wall and the latter
toward the former. The lower marginal edge of each barrier
24 may be spaced apart from the printed circuit board 10.
Thus, there is formed between the printed circuit board
10 and each sealed case 20 the cooling chamber 25 in which

10 the electronic devices 3 are housed and the coolant 7
meanders in such directions as indicated by the arrows. In
this instance, the inlet and outlet ports 61 and 62 for one
of the cooling chamber 25 may be dispensed with, but instead
holes through which the both cooling chambers 25 communicate

15 with each other are made in the printed circuit board 10 near
. the inlet and outlet ports 61 and 62 for the other cooling
channel 25 so that the coolant 7 flows from one side to the
other of the printed circuit board 10. This permits
.reduction of the number of inlet and outlet ports 61 and 62.

20 Next, a description will be given of the results of
measurements indicating that the efficiency of cooling the
electronic devices 3 can be increased'by disturbing the
coolant flux with the barriers 24 set up in the. cooling
chamber 25 as described above.

25 As shown in Fig. 5, the printed circuit board 10 used for
the measurement has eight electronic devices 3 aligned in a

row at equal intervals and the cooling chamber 25 has the

barriers 24 extending between every second and third



. Ref erence nuneral 62 denotes an outlet port for discharging therethrough
the coolant 7 fromthe cooling chanber 25 and 20 62' an outlet port made
in the end wall 22d. The coolant 7 flows through the inlet ports 61 and 61'
into the cooling chanmber 25, wherein the electronic devices 3 are i mersed
in the coolant 7. The coolant 7 flows LipaLhe direction of the arrows 71
while cooling the electronic 25 device 3 and is drained through the outl et
ports 62 and 62' to the outside of the sealed case 20. As shown:in Fig. 2,
a sealing neans 27 i used.,to provide liquidtight joints between the

printed circ@eArFondc16e¥iges 3. 7-TheSoatef mased Peasusrs2808f byneo
seal ed case 20., Reference . . . _ .
mm“. Each electronic device 3 is composed of a ceramic
substrate measuring 16 by 16 by 1.0 mm® and an LSI formed

thereon in a size of 7.5 by 7.5 by 0.5 mm® and has a heating
5 value of 12 w.
Fig. 6 shows measured values of the surface temperatures

of electronic devices #1 and #8 in the cases where the flow

rate of the coolant was set at 1000 cm3/min, 1500 cm3/min and

2000 cm®/min, respectively. The coolant temperature at the

10 inlet port 61 is 25°C. The black holes indicate the values
measured with no barriers and the white holes the values
measured with the barriers provided. Fig. 6 clearly
demonstrates that the device cooling efficiency can be
increased by the provision 6f'the barriers 24.

15 Other embodiments of £he cooler-equipped printed circuit
board according to the present invention will be described
below.

In the embodiment of Figs. 7A and 7B, there are mounted
.on either side of the printed circuit board 10 the electronic

20 devices 3 in the form of a matrix with 8 rows énd 4 columns.
Reference numeral 8 denoteé a partition wall, which divides
the electronic device matrix into two sub-matrixes each
consisting of two rows of electronic devices 3. In the end. 
wall 22c¢ divided by the partition wall 8 there are made the

25 inlet and outlet ports 61 and 62 that communicate with the
two regions of the cooling chamber 25, respectively. The
partition wall 8 extends from the bottom panel 21 and the end

wall 22c integrally therewith and when the upper sealed case



. nuneral 11 denotes netallic foil predeposited on the surface area of the
printed circuit board 10 for liquidtight contact with the marginal end -
portion 16 of the sealed case 20. The 5 printed circuit board 10 and the
"seal ed case 20 are joined together with the elastic Oring packing 4

I nt er posed between a groove 28 cut in ity end face of the marginal end
portion 26 and the netallic foil 11 and the sealed case 20 is pressed
against and fixed to the printed circuit board 10 by nmeans of 10 cl anps

12a and 12b. . The netalljic foil 11 is formed hy depositing a gol d-pl ated
pattern on tR8 %ﬁrF@E%F%é s iRRIAFeS Fé&FPlﬁogPGrﬁolgv BbBolPveRg a

copper Atk culebinah S WEIUE BABAALIAL08 0 ThesLasihcopack! 19 ¢
1015 omde, OfuTBLE0h ol LONSIRIAA 00K LIS 6031 BR! s RS
inert 1iquide;rBYiP! BSAA® 10, blocking the flow of the coolant 7 between
- 5 the two separated regions of the cooling chamber 25. The end
edge of the partition wall 8 lengthwise thereof does not
extend to the end wall 22d to define therebetween a
clearance, forming a substantially U-shaped coolant channel
from the inlet port 61 to the outlet port 62 in the cooling
10 chamber 25. In the U-shaped coolant channel, there are
provided barriers 9 which extend alternately from the side
walls 22a, 22b and the partition wall 8 into adjacent
electronic devices 3. The barriers 9 are formed integrally
with the bottom panel 21 and the side walls 22a, 22b or the
15 partition wall 8 and have the same height as those of the
side walls and the end wallé and their lower marginal edges
are urged against the printed circuit board 10 in a
. liquidtight manner when £he upper sealed case 20 is mounted
_thereon. The width of each barrier_S is about 1/2 thé
20 spacing between the side wall 222 or 22b and the partition
wall 8. The barriers 9 are extended from the side walls 22a,
22b and the partition wall 8 alternately every other .
electronic.deviqe 3 in the direction of arrangement of the
electronic devices 3. With such barriers 9, the coolant 7
25 flowing down the U-shaped channel from the inlet port 61 to
the outlet port 62 repeatedly meander, so that the coolant
flux is disturbed.

The cooling chamber 25 is filled with the coolant 7



.the'nmetallic foil 11 with gold, the sealing property of the sealing nmeans
27 can be retained for a long period of tinme. 20 The construction of the
seal i ng neans 27 described above is also applied to all the enbodi ments of
the invention that will be described |later on. The radiator 32 nounted on
each electronic device 3 housed in the.ggoling chanber 25 is cooled by the
coolant 7 25 that is properly tenperature controlled and injected into the
seal ed case 20 under a required pressure froman external refrigerahor

t hrough t he | et, ort 61, and a pipe. The cqolant 7 injected into the

cool i %g chanﬁipwéﬁ tFF%H%h“?q’leth&u@ the dinledr postst ﬁgv@n@sslhdﬁ%t@tﬁ by

the arrows 7112g£ron1c dev1ces 3 are immersed in the coolant 7. In this

embodiment, since the cooling chamber 25 is separated into
two compaftments and since the barriers 9 are provided
5 therein as mentioned above, the é:oss;sectional area of the
coolant channel or passage is small. Hence, the velocity of
flow of the cooiant 7 is higher than in the embodiment of
Figs. 1A and 1B in the case 6f the same flow rate. The
coolant 7 flowing into the cooling channel 25 becomes
10 turbulent while striking against the barriers 9 at high
velocity and flows as indicated by the arrows 71, cooling the
electronic devices 3. Finally, the cooiant 7 flows out of
the cooling chamber 25 through the outlet ports 62 and 62°'.
By the turbulent flow of the coolant 7, its higher and
15 lower temperature portions are effectively mixed with each
other to provide a uniform temperature distribution over the
entire coolant flux, further heightening the electronic
device cooling effect. While in this embodiment the
.electronic devices 3 are mounted on either side of the
20 printed circuit board 10, they may be mounted only on one
side of the board 10. Moreover, although this embodiﬁent has
onlylone partition wall 8 formed in the cooling chamber 25,
it is also possible to adop£ a construction wherein such
partition walls are extended between adjacen£ electronic
25 devices 3 in the row direcﬁion of their array alternately
from the end walls 22c¢ and 22d and the barriers 9 are.' ‘
extended between every second and third electronic devices 3

in the column direction alternately from the two opposed



, absorbing heat fromthe electronic devices 3 and their radiators 32 and is
di scharged to the outside through the outlet port 62. 5 By injecting
the coolant 7 into the cooling chanber 25 through the inlet ports 61 and
61' and discharging it through the outlet "ports 62 and 62' as nentioned
above, the heat given off by the electrgpic devices 3 is absorbed by the
coolant 7 flowmng in contact wwth them and hence it can 10 efficiently be
di ssipated. Additionally, since the sealed case is nounted on the printed
circuit board so-that it_covers the electronic device array, the assenbly
can be made SRAGLtICA WRlEn6eH; ARAtDIFt RN wBAladd ang, thiesidel wall7
flows 15 subst antla in parallel with the direction of arrangenent of the
el ectronic d?% 2§§ *i ndi cated by the arroms 71. Hence, a

hi gh-tenperat ur e'I%rr%%%gS%%tx%:O@o Fl&g | OQA éhé?s, another embodiment of

the present invention will be described. Fig. 8A is a
5 sectional view taken on the line 8a-8a' in Fig. 8B and Fig.
8B a sectional view taken on the line 8b-8b' in Fig. 8A.

In this embodiment, there are mounted on both sides of
the printed circuit board 10 the electronic devices 3 in the
same fashion as in-the embodiment of figs. 7A and 7B. The

10 end wall 22c has.only one inlet port 61' bored therethrough
for injecting the coolant 7 into the cooling chamber 25 on
the top of.the printed circuit board 10 and in the vicinity
of the inlet port 61' the printed circuit board 10 has'an
inlet port 14 through which the coolant 7 injected into the

15 upper cooling chamber 25 is also distributed into that
defined on the underside of the printed circuit board 10.
Similarly, only one outlet port 62' is bored through the end
wall 22c¢ for discharging the coolant 7 to the outside. 1In
.the vicinity of the outlet port 62' the printed circuit board

20 10 an outlet port 15 bored therethrough, so that the coolant
7 from the lower cooling chamber 25 flows through the outlet
port 15 and joins the coolant 7 having flowed through the
upper cooling chamber, thereafter being discharged through
the outlet port 62°'.

25 In this embodiment, the coolant 7 injected through the
inlet ports 61 and 61' flows into the cooling chamber 25
formed on the top of the printed circuit board 10 and also

into the cooling chamber 25 defined on the underside of the



«coolant flux which flows near the electronic devices 3 and a
relativel y-1 owtenperature cross-sectional region of the 20 cool ant fl ux
which flows off the electronic devices 3 tend to have a steady
distribution. As a result, an appreciable anount of the coolant flux in the
relatively-lowtenperature cross-sectiopgl region is drained intact from
the cooling chanber 25, giving rise to a problemthat the coolant is not 25
effectively utilized to dissipate the heat generated by the el ectronic
devi ces 3. In'su%p-a state, the Oﬁiygiqefficienqy does not _increase even

it the flow PIRTEA FRECEEH BoRr ough the,igdefapect When THE cool ant
f1ux '9"gd@M£WE 5”fi89i§&tin'é ﬁé“%ﬁ%é?“é&%Ti%gg%ﬁic gr329ailgwéog§
indiéated by the arrows 71 and flaws out of the sealed case
20 through the outlets 62 and 62'. The coolant 7 flowing
5 into the lower cooling chamber 25 through the inlet port 14
similarly flows thrdugh the cooling chamber 25, then flows
into the upper cooling chamber 25 through the outlet port 15
and flows out of the sealed case-20 through the outlet porfs
61' and 62. |
10 According to this embodiment, by forming the inlet and
outlet ports 14 and 15 in the printed circuit board 10 near
the inlet and outlet ports 61' and 62°', réspectively, the
coolant 7 can be distributed equally throuéh the cooling
chambers 25 on both sides of the printed circuit board 10
15 although one inlet port 61 and one outlet port 62 are
provided-for the two sealed cases 20. In addition, the
provision of such ports does not introduce any particular
complexity in the liquid cooling arrangement. That is,
.according to this embodiment, the number of tubes that must
20 be connected to the inlet and outlet ports 61 and 62 is only
two in all for each printed circuit board 10, hence the
required number of tubes can be markedly decreased in the
- case of testing the electronic devices 3 on a plurality of
such printed circuit boards 10 that are stacked in
25 semiconductor test equipment. This is effective in
downsizing the semiconductor test equipment.
Figs. 9A and 9B illustrate a modified form of the

embodiment shown in Figs. 8A and 8B. 1In this embodiment, the



.flowrate, it undergoes a large tenperature rise. In such an instance, as
the coolant 7 flows downstream its tenperature gradually rises and its
cooling ability dimnishes 5 accordingly, resulting in a marked increase
in the tenperature of the electronic devices 3 |lying dowstream The fl ow
rate of the coolant 7 could be increasggyby raising the coolant injection
pressure to increase its velocity of flow Wth the use of an arrangenent
for 10 injecting the coolant at high pressure, the reliability of
l'iquidtightness for the coolant 7 would al so decrease. Furthernore, such an

arrangenent WHHEE PREE Lhelfi eitERDANhFhtiqutl@tk posts F4 sendi82 are
TR aC U R R SN o e, A SR PBl 370 19,
contribute to he;REat -3RROLRSI@IhG MR 3n13% RRTEsPhE 103! 61 Sor! Lnd S
upper seaied case so as to provide only one coolant channel
5 through all the electronic devices 3 in the both upper and
lower cooling chambers 25. With such a structure, in the
case of cooling the electronic devices 3 by the coolant at
the same flow rate as in the Fig. 8 embodiment, the flow
velocity is doubled, producing increased cooling efficiency.
10 In the Fig. 8 embodiment the ports 14 and 15, through which
the upper and lower cooling chambers 25 commuﬁicate with each
other, serve as coolant inlet and outlet ports for the lower
cooling chamber 25. In the Fig. 9 embodiment the port 15
through which the upper and lower cooling chambers 25
15 communicate with each other serves both as a coolant outlet
~port for the upper cooling chamber 25 and as a coolant inlet
port for the lower éooling chamber 25.
Turning next to Fig. 10, another embodiment of the
.present invention will be described, which is identical in
20 construction with the Fig. 7 embodiment except the position
of placement of each barrier 9. That is, in éach compartment
of the cooling chamber 25 separated by the partition wall 8,
there are provided barriers 9 that stand upright from the |
bottom panel 21 (not shown) and extend in opposite_directions'
25 from the Side wall 22a (or 22b) and the partition wall 8
~alternately every two electronic devices 3 in the row
direction of their matrix array. The opposed side surfaces

of adjacent barriers 9 define therebetween a central coolant



i nportant to give every portion of the coolant 7 an opportunity for flow ng
in touch with the electron devices 3. 20 This can be achieved by
di sturbing the coolant flux in its cross-sectional region. Next, a
description will be given of another enbodiment of the present invention
i ntended for enhanced cooling efficiengg.by changing the direction of flow
of the coolant 7 or disturbing its flow by barriers set up in 25 the
cooling chamber 25. Incidentally, although in the follow ng enbodi ments no
reference is made, for brevity, to the clangs 12a, 12b and the screws 13
shown in Fi gehanrelaidb2r Referengel numetrhl Py ¢enekesiipdependenty. The
enbodi nent shown_ in Figs. 3A and 3B differs fromthe
: barriers each planted on the bottom panel 21 for each quartet
of neighboring electronic devices 3 and extended toward the
side wall 22a (or 22b) and the partition wall 8 in the column
5 direction across the cross-shaped clearance that separates
the four electronic devices. Between the opposed end edges
of the independent barriers 9' and the side wall 22a (or 22b)
and the partition wall 8 there are defined by-pass channels
251. Thus, the barriers 9 and the independent barriers 9'
10 are placed alternately in the row direction of the matrix
‘array of the electronic devices 3. The independent barriers
9' are also nearly equal in height to the side walls and the
end walls. As mentioned above, the independent barriers 9°'
and the side wall or partition wall define therebetween the
15 by-pass channels 251 and adjacent barriers 9 extended from
the side wall and the partition wall toward each other define
thérebetween the central channel.
The coolant 7 flowing into the cooling chamber 25 through
_the inlet ports 61 and 61' is first diverted by the
20 independent barrier 9' closest to the inlet port 61' into by-
pass channels 251 as indicated by the arrow 71 and the
diverted streams of the coolant 7 join downstream of the
first independent barrier 9' and are mixed with each other.
The coolant 7 thus joined and mixed flows through the central
25 channel 252, then it is split again by the next independent
barrier 9' into two streams flowing into the by-pass channels

as indicated by the arrow 71 and the two streams join and are

mixed downstream of this independent barrier 9'. Thereafter,



. enbodi nent of Figs. 1A and 1B in that the el ectronic devices 3 are arranged
in the formof a matrix with 6 rows and 4 columms and that barriers 24 are
fornmed which'extend 5 alternately fromone of the opposed side walls 22a
and 22b toward the other and the l'atter toward the former every other
colum. In this enmbodinent, the cool antginlet port 61 and the outlet port
62 are provi ded near the opp05|te ends of the sanme side wall 22b. Since the
direction of flow of the 10 coolant 7 fromthe inlet port 61 to the outl et
port 62 is reversed by the barriers 24 a plurality of tinmes as indicated by
the arrows, the eeelagt 7|epclss ths elegtsendrsdgvpeas a%dwlaﬂcmuﬁﬁeﬁtedly
tenperature distribution is provided over the entlre flux; Fig. 3B

i s a section&loyiag, ehxeugh thebyripass: pod 6entral aFP%%Be$$0%$4rkFI|ne
o b Srinae Py s’ P ¥ e UAR9RS SRSRADs LANAGH he " e
| outlet ports 62' and 62.

5 In this embodiment, the coolant 7 is blocked and split by
each independent barrier 9' into two streams flowing through
the by-pass channels 251 as indicated by the arrow 71 and the
two streams strike against each other downstream of the
independent barrier 9', and hence they are sufficiently mixed

10 together. As £he result of this, the temperature of the |
coolant 7 is made uniform throughout it and the coolant 7
does not form high and low temperature laminar flows. Hence,
the cooling efficiency increases accordingly.

Tufning next to Fig. 11, another embodiment of the

15 present invention will be described. Ih this embodiment, the
barriers 9 in Figs. 7, 8 or 9 each has one or more through
holes drilled therethrough. As described above, the coolant
7 injected into the cooling chamber 25 through the inlet
.perts 61 and 61' is stirred by striking against the barriers

20 9 and cools the electronic devices 3 while meandering
therethrough as indicated by the arrows 71. 1In this
instance, however, the coolant 7 tends to stagnate near the
back of each barrier 9, espec1a11y at the corner between the '
side wall 22a (22b) and the partltlon wall--this gives rise

25 to a problem that the electronic device 3 just behind each
barrier 9 is lese cooled than the electronic device 3 just in
front of the barrier 9.

As a solution to this problem, in the Fig. 11 embodiment



»fromthe line 4-4" in Fig. 3A. In Figs. 3A, 3B and 4, the printed circuit
board 10 has 20 on its either side the electronic devices 3 arranged in a
matrix formads in the case of the Fig.- 1 enbodinent. The electronic
devices 3 are each electrically and nmechanically connected by the term na
pins 31 to the printed circuit board 1Qzg9FEach el ectronic device 3 has the
radi ator neans 32 25 fixedly secured to its surface and the radi at or neans
32 has a plurality radiation fins fornmed on its surface. On either side of
the printed circuit board 10 there are nounted the seal ed case 20 to define

betveen it af8t AE BORF(CHECIGR holesoth F & (Rafse thzoughyaach ParEier he
clectroni c dgrceRe3cB8YSRE | AR woull detierlse® $2aghatd®n end®® tNe
vicinity of the barrier 9 flows directly to its back through
the through holes 91, so that no stagnation qf the coolant 7
5 does not occur. Also in the Fig. 10 embodiment, the through
holes 91 may be formed through the independent barriers 9' to
prevent stagnation of the coolant 7 near the center of the
back of each barrier 9'. By forming such through holes
through the barriers in the other embodiments, too, the same
10 effect as mentioned above can be produced.

In each of the embodiments described above, when it is
necessary to mount electronic devices of relatively small
calorific power on the same printed circuit board 10 together
wiﬁh electronic devices of largé calorific power, the former

15 .may be mounted on the printed circuit board 10 outside the
sealed case 20 as indicated by reference numeral 3' in Fig.
12 and cooled by a forced cooling fan 150 as shown. In Fig.
12 a plurality of electronic-devices-mounted, printed circuit
.boards 10 are mounted in parallel on a boafd.mounting frame

20 110 of semiconductor test equipment and the cooling fan motor
150 is fixedly mounted on the board mounting frame 110 below
the printed circuit boards 10. The cooling fan motor 150
blows air in parallel to the printed circuit boards 10 to
cool the electronic devices 3' mounted thereon. When the

25 electronic devices 3 of large calorific power and the
electronic devices 3' of relatively small calorific'power are
mounted on the same printed circuit board 10, the packing

density of the former on the printed circuit board 10 could



. 24 that extend alternately fromthe bottom panel 21 and one of the opposed
side walls 22a and 22b toward the printed 5 circuit board 10 and the other
side wall and the latter toward the forner. The | ower margi nal edge of each
barrier 24 may be spaced apart fromthe printed circuit board 10. Thus,
there is formed between the printed cizypgquit board 10 and each seal ed case
20 the cooling chanber 25 in which 10 the el ectronic devices 3 are housed
and the coolant 7 nmeanders in such directions as indicated by the arrows.
In this instance, the inlet and outlet ports 61 and 62 for one of the

cool i ng chankerinereagsedapriikhanyaduni aRoubuthensaBa@norke RagkiRth whi ch

t he both cooling, chanbers 25 communicate 15 with each other. are nade in

the printed €eRILEY Podfihe datier, beIPrred GRALH0E|I R TR (_LPLRAMS2 for
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described above. '

5 Finally, a description will be given, with reference to
Figs. 13!, 13B and 13C, of structures for mounting the
cooler-equipped printed circuit board on semiconductor test
equipment.

In Fig. 13A, reference numeral 100 denotes guides that

10 form part of the semiconductor test equipment (not shown).
The guides 100 each have a guide groove 102 cut therein and
guide the cooler-equipped printed circuit board 10 with its
two opposed mafginal edges slidably received in the grooves
102. The printed circuit board 10 with its marginal edges 13

15 fitted in the guide grooves 102 is guided by the guides 100
into the £est equipment and fixed thereto.

In Fig. 13B, the opposed side walls 22a and 22b of the
éealed case 20 of the cooler have projections 29 that are
.slidably received in the guide grooves 102 of the guides 100.

20 The printed circuit board 100 with the-projections 29 fitted
in the guide grooves 162 is guided by the guides 100 into the
test equipment.

In Fig. 13C, reference numeral 101 denétes guide rails 6f.
projections forming part of the semiconductor test equipment.

25 The opposed side walls 22a and 22b of the sealed case 20 each
have a groove 29' for reéeiving one of the guide projections
101. The printed circuit board 10 with the guide projedtiohs

101 slidably received in its grooves 29' is guided along the



. reduction of the nunmber of inlet and outlet ports 61 and 62. 20 Next ,
a description will be given of the results of neasurenents indicating that
fhe efficiency of cooling the el ectronic devices 3 can be increased by

di sturbing the coolant flux with the barriers 24 set up in the cooling
chanber 25 as described above. 25 -As_shown in Fig. 5 the printed
circuit board 10 used for the neasurenent has eight electronic devices 3
aligned in a row at equal intervals and the cooling chanber 25 has the

barriers 24 exte dgg% Jbet ween iéi second and third -12 el ectronic
devi ces 3. TH# jegtions s RS U EIHFRAGNE - Each el ectronic

device 3 1is conp%ﬁ§%’0%h% o018) er-equlpped printed circuit board can be

singly mounted on and dismounted from the semiconductor test
equipment. While in the above embodiments the partition wall

5 8, the barriers 9 and the independent barriers 9' have been
described to be extended from the sealed case 20, they may be
planted on the printed circuit board 10. Further, the
electronic devices 3 are not limited'specifically to LSIs but
may be any kinds of heat-generating electronic devices.

10 EFFECT OF THE INVENTION

As described above, according to the present invention,

the sealed case 20 is mounted on the printed circuit board 10
in a manner to cover the electronic devices mounted thereoh
and the coolant 7 is injected into.the sealed case 20 wherein

15 it flows through the electronic devices 3 for forced
absorption of heat generated by them, so that the electronic
devices 3 can be cooled more efficiently than in the case of
forced air cooling_or cooling by natural convection of a
_cbolant. With the provision of the barriers 9 (9') in the

20 sealed case 20, the coolant 7 is effectively stirred and has
a uniform temperature distribution, achieving a particularly
.high cooling efficiency . By forced circulation of the
coolaht 7 through the cocoling chamber 25 at high pressure,
the cooling effect can be further heightened.

25 With the provision of the inlet and outlet ports 14 and

| 15 bored through the printed circuit board 10 near the inlet
and outlet ports 61' and 62', respectively, the coolant'7 can

be distributed equally through the cooling chambers 25 on



. Substrate neasuring 16 by 16 by 1.0 mm{err] and an LSI fornmed thereon in a
size of 7.5 by 7.5 by 0.5 nmmferr] and has a heating 5 value of 12 W Fig. 6
shows measured val ues of the surface tenperatures of el ectronic devices #1
and #8 in the cases where the flowrate of the coolant was set at 1000
cnferr]/mn, 1500 cnferr]/mn and 2000_gglerr]/mn, respectively. The

cool ant tenperature at the 10 inlet port 61 is 25[err]C. The bl ack hol es

i ndi cate the val ues nmeasured with no barriers and the white holes the

val ues neasured with the barriers provided. Fig. 6 clearly denonstrates

that the deV|b@§hcééF19ﬁg°§f Fhe.aﬁwt%rpwq%%éd 19y al kBopaby PRE ORNERL t he

b 24. t th | er- t ed
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In the enbodlnea%doéagégszo7A fn aQEEtEAE?*%ﬁEW%fg$ig&%% of such ports

does not introduce any particular complexity in the liquid
5 cooling arrangement. That is, the number of tubes that must
be connected to the.inlet and outlet ports 61 and 62 is only’
two in all for each printed circuit board 10, hence the
required number of tubes can be markedly decreased in the
case of testing the electronic deéices 3.on a plurality of
10 such printed circuit boards 10 that are stacked in
semiconductor test equipment. This is effective in
downsizing thé semiconductor test equipment.
Furthermore, the coolant 7 is blocked and split by each
independent barrier 9' into two streams flowing through the
15 by-pass channels 251 as indicated by the arrow 71 and the ‘two
streams strike against each other downstream of the
independent barrier 9', and hence the coolant 7 is
sufficiently stirred. As the result of this, fhe temperature
.0of the coolant 7 is made uniform throughout it and the
20 coolant 7 does not form high and low temperature laminar
flows. Hence, the cooling efficiency increases accordingly.
With the provision of one or more through holes 91 bored
through each barrier 9, the coolant 7 which would otherwise:
stagnate in the vicinity of the barrier 9 flows directly to
- 25 its back throﬁgh the through holes 91, so that no stagnation
of the coolant 7 does not occur. By forming such through
holes 91 through the independent barriers 9', it is possible

to prevent the coolant 7 from stagnation near the center of



., on either side of the printed circuit board 10 the el ectronic 20 devices 3
inthe formof a mtrix with 8 rows and 4 colums. Reference nuneral 8
denotes a partition wall, which divides the electronic device matrix into
two sub-nmatri xes each consisting of two rows of electronic devices 3. In
the end wall 22c divided by the partitLgp_wall 8 there are nade the 25
inlet and outlet ports 61 and 62 that communicate with the two regi ons of

t he cooling chanber 25, respectively. The partition wall 8 extends fromthe
bottom panel 21 and the end wall 22c integrally therewi th and when the
upper seal ed thgsdack ofzeagh PATFIRRt2d- on the printed circuit board 10,

the Tower margingl edge;of tA8 BRLLLLLOS VB Sadifidy PS5d W groove
28 cut in the marginal edge 26 of each sealed case 20 on the
printed dircuit board 10, excellent sealing means 27 can be
5 obtained. 1In this case, the liquidtightness is ihcreased by
the metallic pattern 14 which is predeposited on the surface
area of the printed circuit board 10 for engagement with the
‘marginal edge 26. The metallic pattern 14 is formed by
depositihg a copper pattern on the surface of the printed
10 circuit board 10 or plating the copper pattern with gold.
The plating the metallic pattern 14 with gold ensures long-
term liquidtightness of the sealing means 27.
By adopting an arrangement for guiding the printed
circuit board into semiconductor test equipment by the guides
15 100 or guide projections 101 that form part of the test
equipment, the printed circuit board 10 can be singly mounted
on or dismounted from the test equipment.
It will be apparent that many modifications and
.variations may be effected without departing from the scope

20 of the novel concepts of the present invention.



. liquirdtight contact or engagenent with the top of the printed circuit board
10, bh%‘dﬁb&ﬁagmnﬁé of the coolant 7 between 5 the two separated regions
of the r 25. The end edge of the partltlon wal | 8 | engthw se
ther eo ﬂm um B nd to the end wall 22d to defin ween a

cl ear ah substantial |y U shaped cool ant EFEIS"SHEET pASE TInl et
port 61 to the outlet port 62 in the cooling 10 chanper ZﬁEPLNgE e ghaped
cool ant channel, there are provided barriers 9 whi ch extentg—al-tstnatelly
fromthe side walls 22a, 22b and the partition wall 8 into adjacent

el ectroni c JWHEABeES LLARED S ers 9 are forned integrally with the bottom
panel 21 and the side walls 22a, 22b or the 15 partition wall 8 and have
the same hei ght &s BHo%%@?ﬁr?4k91QQﬂ%QQ§ﬂm9u&ﬁdehBréHBeaaFF§c%hH borxrd

| ower mar gi nal ges are urged against the printed circuit board 10 in a
liquidtight REMREFSIHRH the upper sealed case 20 is nounted

a printed circuit board with an array of electronic

devices mounted on at least one side thereof; and

a sealed case that covers said array of-electronic
devices, has its marginal edge held 'in liquidtight'contact
with said one side of said ?rinted circuit board all around
said array of electronic devices and has an inlet port for
injecting a coolant into said sealed caée from the outside
and an outlet port for discharging said coolant from said
sealed case to the outside;

wherein the interior of said sealed case forms a cooling
chamber in which said electronic devicés are immersed in said
coolant injected through said inlet port and said coolant is
distributed through said electronic devices and discharged to
fhe.outside through said outlet port.

2. The printed circuit board of claim 1, wherein said
.cooling chamber has a plurality of barriers each extending
into one of spaces between said electronic devices in the
direction across their array so that a coolant channel from
said inlet port to said outlet port meanders.

- 3. The printed c1rcu1t board of claim 2, wherein: said
sealed case has a box-like conflguratlon composed of a bottom
panel and a pair of opposed side walls extending in the
direction of said electronic devicelafray; said electronic
devices are spaced apart; and said barriers are extended

between said electronic devices across their array

* [ L M S *



. thereon. The width of each barrier 9 is about 1/2 the 20 spaC|ng bet ween

t he sﬂ@ a‘?Qb and the partition wall 8. The barriers 9 are
ext ende I e wal | s 22a, 22b and the partiti |y
every o c device 3 in the direction of ar|EHi§eSHEET WAS BREN

el ectronic devices 3. Wth such barrierg.9, the cool ant 7 28EPLACED ng ddwn
the U-shaped channel fromthe inlet port 61 to the outtet—port 62
repeatedl y neander, so that the coolant flux is disturbed. The cooling
chamber 25 is filled with the cool ant .7 -14- flowing thereinto thr

the inlet poP~11§eSEaE%IY 64TOm RN AN the P&heE G‘ngEéQ 898?§e$ ‘S% }rO]r?gt he

cool ant 7. In t hi
to deflne clearances by the extendlng ends of said barriers

and said side walls opposite them, respectively, thereby
making said coolant channel from said inlet port to said
outlet port meander.

| 4. The printed circuit board of claim 3, wherein said
electronic device array is a 3 by 2 matrix array.

5. The printed_circuit board of claim 3 or 4, wherein
said barriers are each extended from said bottom panel to
said printed circuit board.

6. The printed circuit board of claim 2, wherein said
electronic device array is a matrix array and said barriers
are staggered so that they do not overlap in the column
direction of said matrix array.

7. The printed circuit board of claim 6, wherein said
matrix array of electronic devices is a matrix with at least
3 rows and at least 2 columns and Said barriers are disposed
so that the barriers in two arbitrary adjacent spaces between
_the electronic devices in the row direction are alternately
extended across the spaces between said electronic devices in
the column direction.

8. The printed circuit board of claim 1, wherein: said
sealed case has a box-like configuration composed'bf a bottdm
panel, a pair of opposed side walls extending in the
direction of said electrpnic'device array, and a pair of
opposed end walls joining opposite ends of said side walls,
respectively;.and a partition wall is extended from one of

said end walls toward the other of them to form a clearance

R



, enbodiment,—since the cooling chanber 25 is separated into two conpartnents
'and $hiSRed RS BOAREpIRES O are provided 5 therein as mentioned above, the
Cross- | of the cool ant channel or passage is small. Hence, the
vel omﬂ Vil“ the coolant 7 is higher than in the errpgdi_mam- of Figs
1A and i e of the same flowgsqte. The cool ant 7 THISVBHEET HAD BEEN
cooling channel 25 becones 10 turbulent while striking agdi nst RERLAGED i ers
9 at high velocity and flows as indicated by the arrows 71—Toottng—the

el ectronic devices 3. Finally, the coalant 7 fl ows, out of_the cooljng

tcEarrberI 25 tl;@b‘ﬁ%l L‘#&e artendadoend of saddepartubiomavall AR R3¥4 ow of

e coolant 7, it i gh d 1 I ) ' .

ef et vely ﬁwéas%fi Hostle Tt o ide BRdd: BBCELEnrrERt b iiedithnic
istribution 1 i- I fl A ' '

el ectronic d@%¥§‘rée%o% ?ﬂttgsl «racfeqjglog’t% t =C ljl‘iéﬂ fﬁﬁ%éhgéﬁ%?)%i&%émr'\%{%#g ddfays,

thereby providing a substantially U-shaped coolant channel

from said inlet port to said outlet port in said cooling
chamber.

9. The printed circﬁit board of claim 8, wherein said
matrix array is an array with four columns of electronic
devices and at least three rows of electronic devices; each
of said two sub-matrix arrays is an array of two columns of
electronic devices; barriers are extended from said partition
wall and each of said side walls and alternately projecting
into spaces in the row direction defined by said electronic
devices of said two columns of each of said two sub-matfix
array; and the extended ends of said barriers are spaced
apart from.said partition wall and said one side wall to make
said U-shaped coolant channel meander.

10. The printed circuit board of claim 9, wherein: said
partition wall is extended from said bottom panel and one of
said end walls and has the same height as said side walls and
said end walls; said barriers are exténded from at least one
of said bottom panel, said side walls and said partition wall
and have the same height as said side walls and said -
partition wall; and the extended ends of said barriers in the
row direction and said side wall and said partition wall in
the direction of extension of said barriers define -

therebetween clearances which permit the passage therethrough

of said coolant.
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. electronlc deV|ces re mounted on either side of the 20 printed circuit
boar dThs nounted only on one side of the board 10. Moreover,

al t hou u i nt has only one partition wall 8 forned gef-the

cool i n is al so possible to adopt a constructi drTHIB SHEER HAS BEEN
such partition wal | s are ext ended bet adj acent el ectronic [25 deREREACED

in the rowdirection of their array alternately fromthe end vatts—22t—amd

22d and the barriers 9 are extended between every second and third

el ectronic devices 3 in the colum direction alternately fromthe two

opposed -15- partThe oprimted ¢ircwite hpand wfocladm 83 fngtheét side wal l

22a or 22b).
comprising: independent barriers each inserted in one of

alternate spaces between said electronic devices of each sub-
matrix array in the row direction thereof and extended across
the space between said electronic devices in the column
direction of their array, both ends of each of said
independent barriers being opposed to and spaced apart from
each of said side walls and said partition wall to define
therebetween coolant by-pass channels; and two barriers
alternately extended from said each side wall and said
partition wall toward each other and projecting into said
spaces adjacent to said alternate ones between said
electronic devices in the row direction of their array, the

-~ extended ends of said two barriers being opposed to and
spaced apart from each other to define therebetween central
channel.

12. The printed circuit board of claim 11, wheréin said
partition wall, said barriers and said independent barriers
.are formed integrally with said bottom panel to about the
same height as said side walls and said end walls.

13. The printed circuit board of claim 9, wherein said
barriers are formed integrally with said bottom panel.

14. The printed circuit board of claim 9, wherein said
barriers are fixed to said_pfinted circuit board.

15. The printed éircuit board of claim 11, wherein said
barriers and said independent barriers are fixed to said
printed circuit board. |

16. The printed circuit board of claim 9 or 10, wherein

A T



line 8 B and Fig. 8B a sectional view taken on the |ine

8b- 8b’ this enbodi ment, there are nounted on both sides of
the printed circuit board 10 the electr 1ic devices 3 in the sane fashion
as in the enmbodi ment of figs. 7A and 7B.” The 10 end wal | 22c S=—=o4H-3.Q0ne

. Turni pge gext o+ . .8A and 8B, anot her enbodi nent of the present
|nvent mﬂm ”Eﬂ% I bed. Fig. 8Ais a 5 sectional view taken on the

inlet port 61' bored therethrough for i nJ ecting the cool ant: THIS GHEE'EHAS BEEN
cool ing chanber 25 on the top of the printed circuit board 1¢ and RH?UAUED
vicinity of saidibaetriqus tes®t have @r ithrougbi holet board 10 as am-iTet

port 14 through which the coolant 7 injected into_ the 15 per cooling
chanber 25 is al $3.dThe rpbintef iireaitabosam m§dcéﬁlmhb1un EetR #3id he
printed circuit board 10. Simlarly, only one outlet port 62' is bored
through the bagriers and sakd dindapanseny PRETSEFARCH RaVe R Y. In

hole.

18. The printed circuit board of any one of claims 1, 2,
3, 8, 8 and '11, further comprising a sealing means composed
of a groove cut in the marginal edge of said sealed case all
around it and an elastic O ring pécking fitted in said groove
and pressed against said printed circuit board.

19. The printed circuit board of claim 18, wherein a
metallic pattern is predeposited over the surface area of
.sdid printed qircuit board against which said elastic O ring:
packing fitted in said groove cut in said marginal edge of
said sealed case is pressed to provide liquidtight sealing.

20. The pfinted circuit board of claim 19, wherein said
ﬁetallic pattern is a copper pattern.

21. The printed circuit board of claim 19, wheréin said
metallic pattern is plated with gold.

'22. The printed circuit poard of any one of claims 1, 2,
3, 8, 9 and 11, further comprising another array of
electronic devices mounted on.the other side of said printed
circuit board, and a second sealed case mounted on said other
surface of said printed circuit board in a liquidtight mannef'ﬁl.
for sealing therein said eleéironié'devices. | |

23. The printed circuit board of claim 22, further
comprising a port bored through said printéd circuit board in-
the vicinity of said inlet port to inject therethrough said

coolant into said second sealed case and another port bored

* [ L M S *




. the W@%E i % f the outl et port 62' the printed circuit board 20 10 an
outl ety EiaRidcedher et hr ough, so that the coolant 7 fromthe | ower
cooIinH | ows through the outlet port 15 and joins the coolant 7

~havi ng h t he upper cooling chanber, thereafter being
di scharged through the outlet port 62' .,,25 In this enbodi nent, the

coolant 7 injected through the inlet pgpfs 61 and 61' flows into the
cool ing chamber 25 formed on the top of the printed circuit board 10 and
also into the cooling chanber 25 defined on the underside of the - 16-
printed circthrouwgtarshitd princedhciinouihl boapdr in 1¥he Tnkcinidiymmaf Ba&idowi ng
I nto the upper cooling chanber 25 flows as
outlet port to discharge therethrough said coolant from said
- second sealed case.
24. The printed circuit board of any one of claims 1, 2,
3, 8, 9 and 11, further comprising a second electronic device
disposed on said printed circuit board but outside said
sealed case so that it is subjected to forced cooling.
25. The printed circuit board of any one of claims 1, 2,
3, 8, 9 and 11, wherein projedtions protrusively provided on
twb opposed marginal edges of said printed circuit board for
engagement with guide grooves of guide means of semiconductor
test equipment. |
26. The printed circuit board of any one of claims 1, 2,
3, 8, 9 and 11, wherein projections protrusively provided on
twb opposed side walls of said sealed case for engagement
with guide grooves of guide means of semiconductor test
equipment. |
27. The printed circuit board of any one of claims 1, 2,
-3, 8, 9 and 11, wherein grooves are cut in two opposed side

walls of said sealed case for engagement with guide

projections of semiconductor test equipment.

THIS SHEET HAS BEEN
REPLACED
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. indicated by the arrows 71 and flows out of the seal ed case 20 through the
outlets 62 and 62'. The coolant 7 flowing 5 into the |ower cooling chanber
25 through the inlet port 14 simlarly flows through the cooling chanmber

25, then flows into the upper cooling chamber 25 through the outlet port 15
and flows out of the sealed case 20 throygh the outlet ports 61' and 62. 10
According to this enbodi nent, by formng the inlet and outlet ports 14 and
15 in the printed circuit board 10 near the inlet and outlet ports 61' and
62', respectively, the coolant 7 can be distributed equally through the
cool i ng chanBBSTRACTQFHTHR RISCELOSURE he printed circuit board 10 15

al t hough one inlet port 61 and one outlet port 62 are prqvided for the two

seal ed cases 20. & FoadgrreaRirped RPriAted Hirfuityfeascht dNq¥diChot
o oduce any,Ral LYt 2Gev Bt Citangdh 1If & i P 8n?Lha"geIR Ly ThAt
circuit board are covered with a sealed case held in
liquidtight contact with the board and having a coolant
channel from an inlet port and an outlet port made in the
case. Barriers are provided in the coolant channel to change

the direction of flow of the coolant to stir it and make its

temperature uniform throughout it.

THIS SHEET HAS BEEN
REPLACED

-_

This Sheet Has Been emlaced

i



-according to this enbodi nent, the nunber of tubes that nust 20 be
connected to the inlet and outlet ports 61 and 62 is only two in all for
each printed circuit board 10, hence the required nunber of tubes can be
mar kedly decreased in the case of testing the electronic devices 3 on a
plurality of such printed circuit boards 10 that are stacked in 25
sem conduct or test eguipnent. This is effective in downsizing the

sem conductor test equfpnent. Figs. 9A and 9B illustrate a nodifi or m of
t he enbodi nent sho = Figs. 8A amd 88 5? this enmndmnent _ihe —~— L7~
inlet pogd 14 |s anm@tppd and the ot} etlpett
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-positions corresponding to the inlet ports 61' and
case so as to provide only one cool.ant channel

5 through al

61 of the upper seal ed
the electronic

devices 3 in the both upper and | ower cooling chanbers 25. Wth such a

structure,
at the sanme flowrate as in the Fig. 8 enbodinent,

in the case of cooling the el ectronic devices 3 by the cool ant

the flow velocity is

doubl ed, producing increased cooling efficiency. 10 In the Fig. 8

enbodi ment the ports 14 and 15,
chanbers 25 communi cate with each. ot her,

ports for the lLower cooling chanber 25. In the Fig.

t hrough whi ch the upper and | ower cooling
serve as cool ant’

inlet and outl et
9 .enbodi nent the port

15 through which the upper and | ower cooling chanbers 25 15 communi cate
wi th each other serves both as a coolant outlet port for the upper cooling

chanber 25 and as a cool ant
Turning next to Fig. 10, another enbodi nent of the

FIG, 2

21 3 27

|

20 32

inlet port for the |ower cooling chanmber 25.
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. present

9. That

i nvention wll

IS,
partition wall
bot t om panel

“side wal l

cool ant

each pl apte
el ect r ollsC™

8,

be described, which is identical
with the Fig. 7 enbodi nent except the position of placenent of each barrier
i n-each conmpartnent of the cooling chanber 25 separated by the

tMon wal

row>direé%%on of
dj ace

8 altegpnately ever
RgArix array.
t barfiers 9 define/therebetween=s=central

eir

in

20 construction

there are provided barriers 9 that stand upright fromthe
21 (not shown) and extend in opposite directions 25
22a (or 22b) and thepparti
el ectronic devices 3 int
opposed si de surfaces of

fromthe
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. side wall 22a (or 22b) and the partition wall 8 in the colum 5 direction
across the cross-shaped cl earance that separates the four electronic

devi ces. Between the opposed end edges of the independent barriers 9 and
the side wall 22a (or 22b) and the partition wall 8 there are defined

by- pass channel s 251. Thus, the barriers 9 and the independent barriers 9
10 are placed alternately in the row direction of the nmatrix array of the
el ectroni c devices 3. The independent barriers 9' are also nearly equal in
height to the side walls and the end walls. As nentioned above, the

I ndependent barrlers 9 and the side wall or partition wall define

t her ebet ween tﬁz' ss channel s 251 and adj acent barriers 9 ext ended
fromthe side 19 e partition wall toward each other define

t her ebet ween t he central channel . The glant 7 flowng into the cooling
chanber 25 through the inl et24)ort§161 a 633 |52f| rst diverted by the

N N\ \\\\\\ NN N

s st

N
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24 21 31 32 33, 20 26
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20 i ndependent barrier 9' closest to the inlet port 61" into by- pass
channel s 251 as indicated by the arrow 71 and-the diverted streans of the
coolant 7 j-oin downstream of the first independent barrier 9° and are m xed
wi th each other. The coolant 7 thus joined and m xed fl ows through the
central 25 channel 252, then it is split again by the next independent
barrier 9" into two streans flowng into the by-pass channels as indicated
by the arrow 71 and the two streans join and are m xed downstream of this

i ndependent barrier 9'. Thereafter, -19- the coolant 7 cools the

el ectronic devices 3 while repeatedly flow ng through the by-pass and
central channels and it ultimately flows out of. the cooling chanber 25

t hrough t he

FIG. 6

°C
100
11/min
1.51/min
80 2 /min
60 11/min
1.51/min
21/min
40 | -
| ®———e WITHOUT BARRIERS
o—————o0 WITH BARRIERS
#1 } —
#8 DEVICE #
\
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,outlet ports 62' and 62. 5 In this enbodi ment, the coolant 7 is

bl ocked and split by each. independent barrier 9' into two streans flow ng

t hrough the by-pass channels 251 as indicated by the arrow 71 and the two

streans stri ke agai nst each ot her downstream of the independent barrier 9',

and hence they are sufficiently m xed 10 together. As the result of this,

the tenperature of the coolant 7 is made uniformthroughout it and the

cool ant 7 does not hi gh and | ow tenperature | am nar fl ows. , the

- cooling efficiency i eases accordingly. Turning next to Fig. 11 .a0ther
enbodi nentoof the 1@y esent i nven%or@ﬁ | Inpe_gdescriBed® | 5t hi s

embodi mentTat baredrs 9 in Figs.; 7, o 9 wachthas pne o m)ngt)nrough

hol es drillleY .t h& et hrough. As desdrib¢d'abbve, thé/Zo¢Fant 7 injected into

[

the coolin anber t hffough Tt he T poORLS O1 Ia/nd 6L 1S |stirrgdyby
striking gt thtBarriers. \ I!
o WINHN o n D
- NN L 1y HHHHHE
W IN = ||||||||
1:: iy < :::::ml_lf_n —
N (Nt T )
TN AL ' i
IYNAI IN I
gl I
1 | N |
L i HHH Hif =TI ™
NN i = Ao
) i e /
I N :
'I =0 {}I: 'Ll[l,'l,;lll:::ﬁ\':.I,I,I,I|n=l: :
i TN TN [ T
ay N 1/ N
N "k llhmlmu N II{I{I:I:II\{
no PN N it IN H il
3 "W slkl l:l' i II 'II |‘}'\
'NA! 1 H1 l\'/ I 1*
QRN N N ! N i 1IN
. — /04 S /! mx:::n;,limsl‘\; HHHHY Fs‘;ﬁ‘l\

N || '||| l\: I,' i -
.r:s)/ 5 : 1 \{NII '{l;llllrlt I; ! “: LT 1! />CO
:' ; N q\ '~ MLIL I\r?_ﬁﬁ:\f'!—ﬁ'l'lh'[\h\.

. N * I ! |
e s =
QIR o ﬂw ! IN 13
R 33;: ~_IN i H @\
N N —-— | lll I\}h N
NTTNAR ! I Iy ©
\l \ ’ I ] lll'I L I'I i I [T ||“\
U i) MiiiﬂiiiihHz::l;:'i:mﬁii;‘Hls’li:l!i!:: T
\T\0N OSSR SRS SIS SRS
e LD
> o S = N |
] THIS SHEET HAS BEEN
REPLACED
T




.20 9 and cools the electronic devices 3 while neandering therethrough as

i ndi cated by the arrows 71. 1In this instance, however, the coolant 7 tends
to stagnate near the back of each barrier 9, especially at the corner

"~ between the side wall 22a (22b) and the partition wall--this gives rise 25
to a problemthat the electronic device 3 just behind each barrier 9 is

| ess cooled than the electronic device 3 just in front of the barrier 9. As
a solution to this problem in the Fig. 11 enbodi nent -20- one or nore

t hrough holes 91 are bned t hrough each barrier 9 and the cool ant i ch
woul d ot herwiyse stagnal & in the vi%nit%ow’the barri & @flc@s dir___ ly to

its backthr—eﬁr‘_g).c) \I }- n\ cr—"!/ /.~ / G)
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.the through holeé 91,
Al'so in the Fig. 10 enbodi nent,

occur.

so that no stagnation of the coolant 7 5 does not

t hrough t he i ndependent barriers 9

near the center of the back of each barrier 9'.
hol es through the barriers in the other enbodi nents,

t 0o,

the through holes 91 may be forned
to prevent stagnation of the coolant 7
By form ng such through

t he sane 10

ef f ect ntloned above can be produced. In each of the enbodi ne
descrlbﬁﬂ Wi} it is necess@y to nfdint el gnﬁg d€yi ces of
relathv ggakewlflc power onythe sasme pr|é§% i reui 'boardzgg
t oget her rkgr) 15
may be m prijnted circuit boardf 10 outsi seal ed| case 20
as indic q 'b reference nuneral 3' in Fig\ 12 and ed by a fprced
cool i pg_RaNKrY as wn.| | & St \ (25
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.20 110 of sem conductor test equipnment and the cooling fan nmotor 150 is

fi xedly nounted on the board nounting frane 110 bel ow the printed circuit
boards 10. The cooling fan motor 150 blows air in parallel to the printed
circuit boards 10 to cool the electronic devices 3' nmounted thereon. \Wen
the 25 electronic devices 3 of large calorific power and the electronic
devices 3" of relatively small calorific power are nounted on the sane
printed circuit board 10, the packing density of the former on the printed
circuit board 10 could gy-21y be increasggd ugyto a val ue about the sanme as
the packing density of the [aner, by foreed edoling of theﬂqTxnronlc

devi ces 3 by the cool ant Y |QLFhe cool i ng Fhayber 24 as
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.descri bed above. 5 Finally, a description will be given, with
reference to Figs. 13!, 13B and 13C, of structures for nounting the

cool er-equi pped printed circuit board on sem conductor test equipnent. In
Fig. 13A, reference nuneral 100 denotes guides that 10 form part of the
sem conductor test equi pnent (not shown). The guides 100 each have a guide
groove 102 cut therein and guide the cool er-equi pped printed circuit board
10 with its two opposed margi nal edges slidably received in the grooves
102. The printed circui B3boar@10 with ®s nmar @inal edges 13 15 fitted in
t he gui de grooves 102 isguided& by the guides 100 into the teé?r}quipnent
and fixed thereto. In Fi 13B, the oppos®&d sigde walls 22a and=22b of the

seal ed case 20 ¢f the cooﬂgr[have projectipns/29 that jare slidgp)y recei ved
in the guide grgoves 102 i he gui des 10y -
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20 The printed circuit board 100 with the projections 29 fitted in the
gui de grooves 102 is guided by the guides 100 into the test equipnent. In
Fig. 13C, reference nuneral 101 denotes guide rails or projections form ng
part of the sem conductor test equipnent. 25 The opposed side walls 22a and
22b of the seal ed case 20 each have a groove 29' for receiving one of the
gui de projections 101. The printed circuit board 10 with the guide
projections 101 slidably received in its grooves 29' is guided al ong the
-22- guide projections 101 into the test equi pnent. Thus, the

cool er-equi pped printed circuit board can be singly nounted on and

di smounted from the sem conductor test

FIG. 12
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. equipnent. Wiile in the above enbodi nents the partition wall
barriers 9 and the independent barriers 9 have been described to be
they may be planted on the printed
circuit board 10. Further, the electronic devices 3 are not
specifically to LSIs but may be any kinds of heat-generating electronic
devi ces. 10 EFFECT OF THE | NVENTI ON As descri bed above, acco
present invention, the seal ed case 20 is nmounted on the printed circuit
board 10 in a manner to cover the el ectronic devices nounted thereon and
the coolant 7 is injected into the seal ed case 20 wherein 15 it flows
t hr ough theJFTrcE; |ces 3 for forced absorption of heat generated by
£|

extended fromthe seal ed case 20,

them so th

5 8, the

l[imted

rding to the

c devices 3 can be cooled nore efficiently than

in the case of forced air cooling or 2oling by natlfal convection of a

coolant. Wth the proy|1sd(5)n of the ba

)

1021 ] )

‘ylers 9 (9") yn the 100

FIG. 13B
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207 sealed case 20, the coolant 7 is effectively stirred and has a uniform
téenperature distribution, achieving a particularly high cooling efficiency
. By forced circulation of the coolant 7 through the cooling chanber 25 at
hi gh pressure, the coollng ef f ect can—hﬂlfurther helghtened 25 Wth

t he provigs] in
printed éﬁﬁﬁﬁiﬁhﬁg A ma
respectively, the cool ant 7 can be dlstrlbuted equal l'y through the coollng

chambers 25 ompsTRACH obOtrhESbeesr.odukrie printed circuit board 10 al t hough
one inlet port 61 and one outlet port 62 are provided for the two seal ed

cases 20. In addi A evoleteequippadoprifitedcdipoiits board, in which

electronic devices arranged in a matrix form on the printed
circuit board are covered with a sealed case held in
liquidtight contact with the board and having a coolant
channel from an inlet port and an outlet port made in the
case. Barriers are provided in the coolant channel to change
the direction of flow of the coolant to stir it and make its

temperature uniform throughout it.

Figure 3A
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does not introduce any particular conplexity in the liquid 5 cooling
arrangenent. That is, .the nunber of tubes that nust be connected to the
inlet and outlet ports 61 and 62 is only two in ' d
circuit board 10, hence the required nunber of tu
decreased in the case of testing the.ehectronic de
10 such printed circuit boards 10 that™are stackefd | n gf 'pOﬂgqct r] test
equi pnent. This is effective in downsizing the sewi:oﬂ uctor test

equi pnent. Furthernore, the coolant 7 is bl ocked hn j
i ndependent barrier 9' into two strggng, oggn§$t1rough the 15 by-
channel s 251 as indicated by Fhe;arnowmﬂ a e-two—stTEans St Ke

agai nst each ot her domsp_eémn of Theg independent barrier 9', B hence the

coolant 7 is suffie i s, the tenp %;un@?
of the coolant_7 i$ ni m_iAT oughoytym t he o TINTH
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20 coolant 7 does not formhigh and | ow tenperature |amnar flows. . Hence,
the cooling efficiency increases accordingly. Wth the provision of one or
nore through holes 91 bored through each barrier 9, the coolant 7 which
woul d ot herwi se stagnate in the vicinity of the barrier 9 flows directly to
25 its back through the through holes 91, so that no stagnation of the

cool ant 7 does not occur. By form ng steh through holes 91 through the

i ndependent barriers 9', it is possible to prevent—the_coolant 7 from
stagnation near the center of -24- the back of | cREFLADBMFNEISHRET BY
fitting the elastic Oring packing 4 into the gropveg=28—ecut |n--{—hF rar gi nal
edge 26 of each seal ed case 20 on the 18 SEP 1997
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priﬁted circuit board 10,

this case,
which is predeposited on the surface area of the

excel l ent sealing neans 27 can be 5 obtai ned.
the liquidtightness is increased by the nmetallic pattern 14

for engagenent with the margina

board 10 or

edge 26. The net
by depositing a copper pattern on the syrface of
pl ati ng the copper

pattern 14 with gold ensures | ong-

means 27.

rt ofvthe t¥3t fequi phke
I snoynted fromthe test eqU|pnent It

board 10 can be singly nounged on

will

be apparent that many
wi t hout depatIDng

By adopting an arrangenent f
into sem conductor test eqpnentchy t
projections 101 that form

pattern~w t h gol d.
term lhyqui dti g
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20 of the novel concepts of the present invention.

-25 -

VWHAT | S CLAI MED

1S: 1. An electronic-devices-nmounted, printed circuit board conprising: a
printed circuit board (10) with an array of electronic devices (3) nounted
on at |east one side thereof; and a seal ed case (2Q) _that covers said array

of electronic devices, has its marginalg edge hel df i ' Tont act
HEP'LAGENA@&E g EEE ]

with said one side of said printed cireait board

el ectroni c devices and has an inlet port (61) forfi nJ g@tl n

into said seal ed case fromthe outside and an out{l

EP61997 f dr

riray of
a coqglgnt (7)

di schargi ng sai dF;rcéantd.rom sai d seal ed case td
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t he outside; wherein the interior of said sealed case (20) forns a cooling
thanber in which said electronic devices (3) are imersed in said cool ant
injected through said inlet port and said coolant is distributed through
said el ectronic devices and di scharged to the outside through said outlet
port (62); and wherein: said seal ed Qgg@_jZO) has a box-1ike configuration
conposed of a bottom panel (21), a pair-of opposed side walls (22a, 22b)
extending in the direction of said electronic device array, and a pair of
opposed end wal ls (22c, 22d) joining opposite ends of said side walls (22a,
22b), respectively; and a partition wall (8) is extended from one of said
end walls toward the other of themto forma cl earance between the extended
end of said partition wall (8) and said other end wall and divide said

matrix array of electronic devices inits col or—th0-t WO sub-
matrix arrays, thereby providing a substanti ad{nﬁEﬁLé@y@ SEETant

FIG. 6 L ]
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-26 - channel fromsaid inlet port (61) to said outlet port (62) in said
2. An el ectronic-devices-nounted, printed circuit

€ool i ng chanber (25).

board conprising: a printed circuit board (10) wt
devices (3) nounted on at |east one side thereof;
covers said array of electronic devicesg has its
| i qui dtight
around said array of electronic devices and has a
injecting a coolant (7)4 nto said sealed case frofnt

outlet port (62) for dlc(%t:ha;l:gl ng 'Eg_lq.:co%antvﬁ)

rfgi nal
contact with said one side-of said prijntjed? 8i $EPI
iinl et port (61) f
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(20) to the outside; and a s

the narginal edge of said sedl BUSBHEET(HAS BE
ring packing (4) fitted in sgid gr REPKA

printed circuit board (10);

a cooling chamber (25)
sai d cool ant

circuit board conprising
el ectronic. devices (

a

ladalng

Getp) 2l

aro

i nt

in which said

elecironic dey
I njected through said inlet port (61)
di stributed through said electronic devices and di §
t hrough said outlet portg(62).

3. An electronic-de

ciaacuit board

pr €
r of

Seal ed e |forns
I jes1 8 1607 sed in
and saiaedE%go an 7) is
C uf si de
ted

10) W th—amar+ay of
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eal ed case forns

around said array of electronic

i nj ecting

seal ed case fromthe outside and an outlet port (p

coolant (7) fromsaid seal ed case (20)
el ectronic devices (3) nounted on the

board (10)

o the outpki

edge held in liquidtight contact with said

has its margi na

devi ces,
one side of said printed circuit board al

devices and has an inlet port (61) for
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sai d cool ant
di stributed through said el ectronic devices and di scharg
through said outlet port (62).
circuit board conprising: a printed circuit board (10)
el ectronic devices (3) nounted on at
(20) that covers said array of electrontc devices,
held in liquidtight contact with said one side of said
around said array of el ectronic devices
I njecting a coolant (7)
an outlet port (62) for dis
(20) to the outside;

board all
(61) for

4. An el ectronic-deviceg- ﬁﬁﬂhﬁGﬂMENWrSHEEFj

IegsL one side the

I njected through said inlet port (61) and said coolant (7) is

ed—to-the_out si de

lrfgf;argﬁeikﬁgdégse
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- 28 - a second el ectronic device (3') disposed on sald printed circuit
board (10) but outside said seal ed case (20) so B b ~s—sublected to
forced cooling; wherein the interior of said segl g %MENBrSfEEa tool i ng

chanmber (25) in which said el ectronic devices (S)Iare I er sec— nf sai d
cool ant injected through said inlet portg (61) apdis#igl h%gt 7 S
distributed through said electronic dev+ces and{ d} scharged 't ne| out si de
t hrough said outlet port (62). 5. An el ectronic}devrees—rounte printed

circuit board conprising: a printed circuit boafd.(10) wi'th an array of
el ectronic devices (3) nounted on at | east one stde Thereof—a—s€al ed case

(20) that covers said array, ' ' . ' mal edge
held in liquidtight contactf with
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said one side of said printed circuit board all around said array of

el ectronic devices and has an inlet port (61) for injecting a coolant (7)
into said sealed case fromthe outside and an outlet port (62) for

di scharging said coolant (7) fromsaid seal ed case (20) to the outside; and
projections (13) protrusively providedgn two opposed nargi nal edges of
said printed circuit board (10) for engagenent w th gui de grooves (102) of
gui de nmeans (100) of sem conductor test equi pnent; wherein the interior of
sai d seal ed case fornms a cooling chanber (25) in which said electronic
devices (3) are imrersed in said coolant injected through said inlet port

(61) and said coolant (7) is distributed tkreugh—ea+é—e#eekﬁqnic devi ces
and ‘REPLACEMENT SHEET
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-29 - discharged to the outside through said outlet port (62). 6. An

Bl ectroni c-devi ces-nmounted, printed circuit board conprising: a printed
circuit board (10) with an-array of electronic devices (3) nounted on at

| east one side thereof; a sealed case (20) that gesmers.said array of

el ectronic devices, has its narginal edge held if BERMCEMEn'htsHEEnt ct with
said one side of said printed circuit board al

el ectroni c devices and has an inlet port (61) fo
into said seal ed case fromthe outside and an ou
di schargi ng sai d coolanté&s) fromsaid seal ed cap

proj ecti ons EE@@QS l'y provided on two opf
of said seal agenent mnth gui de gr
(100) of sem conductor test 20

100 I\

_1_; \
102 1] )
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8 UIpﬂEﬂi*_JMH¥£%¥P+he—TﬂterlOr of sald seal ed case forns a cool i ngj#bpxppro
(25) I n whi ch m S”TﬂFronl c devices (3) are imrersed in said cool ant

|njectﬂﬂuﬂnﬂ let port (61) and said cool ant (7) i s distributed
t hr oug c devi ces and discharged to t he outside through said

out | et port (62) 7. An el ectronic-devi ceg-~nounted, printed circuit board
conprising: a printed circuit board (10) with an array of electronic. _
devices (3) nounted on at |east one side thereof; a seal ed case (20) that
covers said array of electronic devices, has its marginal edge held in

| i quidtight e ad omaATMED 1330 -
1. An electronic-devices-mounted, printed circuit board
comprising: |
a printed circuit board (10) with an array of electromnic
devices (3) mounted on at least one side thereof; and
a sealed case (20) that covers said array of electronic
devices, has its marginal edge held.in liquidtight contact with
said one side of said printed circuit board all around said array
of electronic deﬁices and has an inlet port (61) for injecting a
\_ coolant (7) into said sealed case from the outside and an outlet
port (62) for discharging said coolant from said sealed.case to
the outside;
wherein the interior of said sealed case (20) forms a cﬁoling
chamber in which said electronic devices (3) are immersed in said
coolant injected through said inlet port and said coolant is
distributed through said electronic devices and discharged to the
outside through said outlet port (62); and
wherein: said sealed case (20) has a box-like configuration
composed of a bottom panel (21), a pair of opposed side walls
(22a, 22b) extending in the direction of said electronic device
array, and a pair of opposed end walls (22c, 22d) joining opposite
ends of said side walls (22&, 22b), respectively; and a partition
wall (8) is eitended from one of said end walls toward the other
of them to form a clearance between the extended end of said
partition wall (8) and said other end wall and divide said matrix
array of electronic devices in its column direction into two sub-~

matrix arrays, thereby providing a substantially U-shaped coolant
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sai d BHE—ETHE*Br"§Erd~pFLnted circuit board all around said array of |
el ectr mm has an inlet port (61) for injecting a coolant (7)
into s mﬁmgluromthe outside and an outlet port (62) for '
di schargi ng dai @ Ce0 t (7) fromsaid sealed case (20) to the outside; and .
grooves (29') are cut in two opposed si.gg.walls (22a, 22b) of said seal ed
case for engagenent with guide projections (101) of sem conductor test

equi pnent; wherein the interior of said sealed case fornms-a cooling chanber
(25) in which said electronic devices (3) are imersed in said cool ant

injected tEhQHﬁElsﬁféhiéﬁfﬁ_iﬁmét.@ﬁﬁ%;Q%@)5%5d5898|éﬁéléﬂ)p&f%fﬁfﬁfiﬂﬁﬂsaid
t hrough said el ectronic devices and di scharged to the outside through said
out| et portobb2hg Ghanlber ptddited circuit board of any one of clains 1

t hrough 7, wherein said cooljng chanber (25) has lurality, of barriers

(24)  each ext eAdi BB ?%ﬁ?ﬁ%ﬁR}Qﬁd%ﬁ%%ﬁ§§m&§Fﬁ€§m'Eﬁgﬂgﬁﬁe%%¥ t RR&fides
comprising:

a printed circuit board (10) with an array of electronic
devices (3) mounted on at least one side thereof;

a sealed case (20) that covers said array of electronic
devices, has its marginal edge held in liquidtight contact with
said one side of said printed circuit board all around said array

U of electronic devices and has an inlet port (61) for injecting a
coolant (7) into said sealed case from the outside and an outlet
port (62) for discharging said coolant (7) from said sealed_case
(20) to the outside; and

a sealing means composed of a groove (28) cut in the marginal
edge of said sealed case (20) all around it and an elastic O ring
packing (4) fitted in said groove (28) and pressed against said
printed circuit board (10)}

wherein the interior of said sealed case forms a cooling
chamber (25) in which said electronic devices (3) are immersed in
said coolant injected through said inlet port (61) and said
coolant (7) is distributed through said electronic devices and
discharged to the outside through said outlet port (62).

3. An electronic-devices-mounted, printed circuit board
comprising:

a printed circuit board (10) with an array of electronic
devices (3) mounted on at least.one side thereof;

a sealed case (20) that covers said array of electronic
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hn?the di rection across thei.r -array so that ‘a cool ant channel fromsaid’

sinlet po ' port meanders. 9. The printed circuit board of
any one mllmm'm&mm ein: said seal ed case (20) has a.box-Iike

confi gurati oh clonposed of a bottom panel (21) and a pair of opposed side
wal I's (22a, 22b) extending in the directhzen of said el ectronic device
~array; said electronic devices are spaced apart; and said barriers (24) are
ext ended between said el ectronic devices across their array alternately

fromone and the other of said opposed side walls (22a, 22b) to define
oo T AR R A T Jel5a3' 3B REG L F M R SRR g
fromsaid i @lofOrdide Sighid printed circuit board all around said array
of electronic devices and has an inlet port (61) for injecting a
édolant (7) into said sealed case from the outside and an outlet
port (62) for discharging said coolant (7) from said sealed case
(20) to the outside; and
another array of electronic devices (3) mounted on the other
side of said printed circuit board (10), and a second sealed case
(20) mounted on said other surface of said printed circuit'board
- | in a liquidtight manner. for sealing therein said electronic
devices; |
wherein the interior of said sealed case forms a cooling
chamber (25) in which said electronic devices (3) are immersed in
said cocolant injected through said inlet port (61) and said
coolant (7) is distributed through said electronic devices and
discharged to the outside through said outlet port (62).
4. An electronic-devices-mounted, printed circuit board
comprisings: '
a printed circuit board (10) with an array of electronic
devices (3) mounted on at least one side thereof;
a'sealed case (20) that covers said array of electromic
devices, has its marginal edge held in liquidtight contact with
said one side of said printed circuit board all around said array
of electronic devices and has an inlet port (61) for injecting a
coolant (7) into said sealed case from the outside and an outlet
port (62) for discharging said coolant (7) from said sealed case

(20) to the outside; and
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out | et port neander. 10. The printed circuit board of. claih19;-mherein said'
el ectronic déevic —+s a 3 by 2 matrix array. 11, The printed circuit

board ol ' wherein said barriers (24) are each extended from
said bo ’mmwmﬂl’mm o said printed circuit board. 12. The printed
circuit boafd 0T , Wherein said ehgctronic device array is a matrix
array and said barriers (24) are staggered so that they do not overlap in
the columm direction of said matrix array. 13. The printed circuit board of
claim 12, wherein said matrix array of electronic devices (3) is a matrix
with at |east ! UpgRKS, a L+ barrd.er . re
di sposed so t h%té(?%%mﬁzrigrkr%rfﬁﬁ% td\%/gggrhbi t r?ir§g%§?%%%n€ﬁ sépag'l(':cﬁsd g%t\?gen t he
el ectroni coglgwi£esbodrd heL 0w Rtkiide satdabégloatGdse epdENdRd k04t ke
spaces between said el ectronic devices in the colum

subjected to forced cooling;

wherein the interior of said sealed case forms a cooling
chamber (25) in which said éledtronic devices (3) are immersed in
said coolant injected through said inlet port (61) and said
coolant (7) is distributed through said electronic devices and
discharged to the outside through said outlet port (62).
5. An electronic-devices-mounted, printed circuit board
N\ comprisings

a printed circuit board (10) with an array of electronic
devices (3) mounted on at least one side thereof;

a sealed case (20) that covers said array of electrqnic
devices, has its marginal edge held in liquidtight contact with
said one side of said printed circuit board all around said array
of electronic devices and has an inlet port (61) for injecting a
coolant (7) into said sealed case from the outside and an outlet
port (62) for discharging said coolant (7) from said sealed case
(20) to the outside; and

projections:(l3) protrusively provided on two opposed marginal
edges of said printed circuit board (10) for engagement with guide
grooves (102) of guide means (100) of semiconductor test
equipment;

wherein the interior of said sealed case forms a cooling
chamber (25) in which said electronic devices (3) are immersed in
said céolant injected through said inlet port (61) and said

coolant (7) is distributed through said electronic devices and
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di rection. & —Fhe—printed circuit board of claimi, wherein said matrix
:arraummﬂmmﬂa%nwn four pol ums _9f el ect ronip devi ces iand at | east
thre nic devices (3); each of said two sub- matrix arrays
is an*arfay om | uims of el ectronic devices; barriers (9) are extended
fromsaid partition wall (8) and each ojg said side walls (22a, 22b) and
alternately projecting into spaces in the row direction defined by said

el ectronic devices (3) of said two colums of each of said two sub-matrix
array; and the extended ends of said barriers are spaced apart from said
32 - partitiop vall and said onesigea s24"8Ke138 dotk Spgpsd cool ant

6. An electronic-devices-mounted, printed circuit board
comprising:

a printed circuit board (10) with an array of electronic
devices (3) mounted on at least one side thereof;

a sealed case (20) that covers said array of electronic
devices, has its marginal edge held in liguidtight contact with
said one side of said-printed circuit board all around said array
of electronic devices and has an inlet poft (61) for injecting a

(,/ ' coolant (7) into said sealed caée from the outside and an outlet
port (62) for discharging said coolant (7) from said sealed case
(20) to the outside; and
- projections (29) protrusively provided on two opposed side
walls (22a, 22b) of said sealed case for engagement with guide
grooves (102) of guide means (100) of semiconductor test
equipment;
wherein the interior of said sealed case forms a cooling
chamber-(25) in which said electronic devices (3) are immersed in
-said coolant injedtéd through said inlet port (61) and said
coolagt (7) is distributed through said electronic devices and
discharged to the oufside through said outlet port (62).
7. An electronic-devices-mounted, printed circuit board
comprisings
a printed circuit board (10) with an array of electronic
devices (3) mounted on at least one side thereof;

a sealed case (20) that covers said array of electronic

devices, has its marginal edge held in liquidtight contact with
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15. The prlnted'C|rCU|t board of claim 14, wherein: said partition wall (8)
cis e f botton1pane| (21) and one of said end walls (22c,
22d) xlthm Bﬂ hei ght as said side walls (22a, 22b) and said end.
| s {2%c, L22 ssatd barriers (9) are extended fromat |east one of said
botton1pane| (21), said side walls and.ggaiLd partition wall and have the
same height as said side walls and said partition wall (8), and the

ext ended ends of said barriers in the row direction and said si de wal | and
said partition wall in the direction of extension of said barriers define

ther ebet viegd ¢ S AeRS dihishl P Bt ele: PARSESLRET LN A sa38] drray

coolant. 16. The printed CIrCUI boar claim 14, further conprising:

i ndependerdf hsllgdtaronid'devdaels andehasdanninbet ofort t @lnatiors iagesthatwaen
said electronic devices (3) of each sub-matrix array in the row direction
t hereof areP@banthddd dévtessaiHesspied GasectroBatle QWaIMhiandian eeslek

the col um d'r€¥§éf”¥o dischar%&%%ySald coolant (7) from said sealed case
(20) to the outside; and
grooves (29') are cut in two opposed side walls (22a, 22b) of
éaid.sealed case for engagement with guide projections (101) of
semiconductor test equipment;
wherein the interior of said sealed case forms a cooling
g_, chamber (25) in which said electronic—dévices (3) are immersed in
‘said coolant injected through said inlet port (61) and said
coolant (7) is distributed through said electronic devices and
discharged to the outside through said outlet port (62).

8. The printed circuit board bf any one of claims 1 through 7,
wherein said cooling chamber (25) has a plurality of barriers (24)
each éxtending into one of spaces between said electronic devices
in.thé.direCtion across their array so that a coolant channel from
said inlet port to said outlet port meanders.

S. The printed circuit board of any one of claims 8, wherein:
said sealed case (20) has a box-like configuration composed of a
bottom panel (21) and a pair of opposed side walls (22a, 22b)
extending in the direction of said electronic device array; said
electronic devices are spaced apart; and said barriers (24) are
extended between said electronic devices across their array
alternately from one and the dther of said opposed side walls
(22a, 22b) to define clearances by the extending ends of said

barriers (24) and said side walls opposite them, respectively,
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botﬁ ends. of "each of saird imndependent barriers'(g ) being opposed to and

Spaced apar d side walls (22a, 22b) and said partition
wall to (S)HHMHHHimaIE ﬂ en cool ant’ by-pass  channel s (251); and two
barriers alt'errat €l ysexs ended from said each side wall and said partiti.on
wal | toward each other and projecting i+&%o said spaces adjacent to said
alternate ones between said electronic devices in the row direction of
their array, the extended ends of said two barriers being opposed to and
spaced apart fromeach other to define therebetween central  channel
(252).. 1theTebypmakied saiducoobmat dochdnmdlaifinoht sadde ﬁ.ﬁllétSpbﬂt pes tsdidpn
wal | (8) sai,d barriers (9) and said i ndependent barriers (9 ) are forned

i nt egral | PULER PR BBRRERTpanel (21) to

10. The printed circuit board of claim 9, wherein said
electronic device array is a 3 by 2 matrix array.

11. The printed circuit board of claim 9 or 10, wherein said
barriers (24) are each extended from said bottom panel (21) to
said printed circuit board.

- 12. The printed circuit board 6f claim 8, wherein said
electronic device array is a matrix array and said barriers (24)
are staggered so that they do not overlap in the column direction
of said matrix array.

13. The printed circuit board of claim 12, wherein said matrix
array of electronic devices (3) is a matrix with at least 3 rows
and at least 2 columns and said barriers (24) are disposed so that
the barriers in two arbitrary adjacent spaces between the
electronic devices in the row direcfion are alternately extended
across the spaces between said electronic devices in the column
direction. |

14. The printed circuit board of claim 1, wherein said matrix
array is an array with four columns of electronic devices and at |
least three rows of éiectronic devices (3); each of said two sub-
matrix arrays is an array of two columns of electronic devices;

‘barriers (9) are extended from said parfition wall (8) and each of
said side walls (22a, 22b) and alternately projecting into spaces
in the row direction defined by said electronic devices (3) of
said two columns of each of said two sub-matrix array; and the

extended ends of said barriers are spaced apart from said
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aboutgrhp sane height as said S|de wal | s and said end malls 18. The
sprinted circuit board of claim 14, wherein said barriers (9) are formed
|nt egraumﬂmmwﬂmlﬂlﬂ tom panel (21). 19. The printed circuit board of
claim1 arriers (9) are fixed to said printed circuit board
(10). 20, The prlntéd tircuit board of -82aim 16, wherein said barriers (9)
and sai d i ndependent barriers (9') are fixed to said printed circuit board
(10). 21. The printedcircuit board of claim 14 or 15, wherein said barriers
(9) each have a through hol e. 22. The printed circuit board of claiml1l6,

her el n S3L g DALLY 510 AL 381 ol WWEREISH MPILhEY SR y-ghgeRove @

t hrough h heé printed CiTcurt any one o arns 1, 14
and 16, f ukddmini YR¥n®1NGeangesli Ng neans conposed of a groove (28) cut in

the margi nal edge of said sealed case (20) all around it
15. The printed circuit board of claim 14, wherein: said

partition wall (8) is extended from said bottom panel (21) and one

of said end walls (22c¢, 22d) and has the same height as said side

walls (22a, 22b) and said end walls (22c, 22d4); said barriers (9)

are extended from at least one of said bottom panel (21), said

side walls and said partition wall and have the same height as

said side walls and said partition wall (8); and the extended ends
W, | of said barriers in the row direction and said side wall and said
partition wall in the direction of extension 6f said barriers
define therebetween clearances which permit the passage
therethrough of said coolant.

16. The printed circuit board of claim 14, further comprising:
independent barriers (9') each inserted in one of alternate spaces
between said electronic devices (3) of each sub-matrix array in
the row direction thereof and extended across the space between
said electronic devices in the column direction of their array,
both ends of each of said independent barriers (9') being opposed
to and spaced apart from each of said ‘side walls (22a, 22b) and
said partition wall fo (8) define therebetween coolant by-pass
channels (251); and two barriers alternately extended from said
each side wall and said partition wall toward each other and
projecting into said spaces adjacent to said alternate ones
between said electronic devices in the row direction of their
array, the extended ends of said two barriers being opposed to and

spaced apart from each other to define therebetween central
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and anPE;ZiélE_ELLngﬂpagking (4) fitted in said groove (28) and pressed

s agai ns printed circuit board-(10)..24. The printed circuit board of
cIa|n123 ‘ﬂﬂ“‘““mt|c pattern (11) is predeposited over the surface
area of m‘mm\n it board against which said elastic O ring
packi ng ( ¢itted®in®said. groove (28) .cit. in said margi nal edge of said
seal ed case (20) is pressed to provide liquidtight sealing. 25. The
printed circuit board of claim24, wherein said metallic pattern (11) is a
copper pattern' 26. The printed circuit board of claim 24, wherein said

netalllc p %%(éig I's plated with gold. 27. The printed circuit board of
any one of %.‘and 16, further conprising another array of

el ectronic deVi??STﬂé”printed circuit board of claim 16, wherein said
partition wall (8), said barriers (9) and said'indeéendent
barriers (9') are formed integrally with said bottom panel (21) to
about the same height as said side walls and said end walls.
~ 18. The printed circuit board of claim 14, wherein said
barriers (9) are formed integrally with said bottom panel (21).
19. The printed circuit board of claim 14, wherein said
barriers (9) are fixed to said printed circuit board (10).'

N 20. The printed circuit board of claim 16, wherein said
barriers (9) and said independent barriers (9') are fixed to said
printed circuit board (10). '

21. The piinted.circuit board of claim 14 or 15, wherein said
barriers (9) each have a through hole.

22. The printed circuit board of claim 16, wherein said
barriers (9) and said independent barriers (9') each have a
through hole (91)..

23. The printed circuit board of any one of claims 1, 14 and
16, further comprising a sealing means composed of a groove (28)
cut in the marginal edge of said sealed case (20) all around it
and an elastic O ring packing (4) fitted in said groove (28) and
pressed against said printed circuit board (10).

24. The printed circuit board of claim 23, wherein a metallic
pattern (11) is predeposited over the surface area of said printed
circuit board against which said elastic O ring packing (4) fitted
in said groove (28) cut in said marginal edge of said sealed case

(20) is pressed to provide liquidtight sealing.
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nount e I side-of said printed circuit board (10), and a second
;sealed c ' t on said other surface of said printed circuit _
board i nﬂﬁ“ﬂ@“‘mﬂmﬂmnner for sealing therein said el ectronic devices.
28. The ed cmrcait*board of claim27, further conprising a port (14)
bored through said printed circuit boardsgn the vicinity of said inlet port
(61) to inject therethrough said coolant into said second seal ed case and

anot her port (15) bored through said printed circuit board (10) in'the
vicinity of said outlet port (62) to discharge therethrough said cool ant

fromsaid seco aled .case. 29. The printed cjrcuif, board af any .one of
laime 1, 14 oft T HRRR ditonid RBerdSE AT A4 r gieren, BEe")
d|sposed_oae@§q£&5N§éggg%ﬂn(qgglgsbgaegpgég)pgg£e£W$S|de sai d seal ed case

(20) so that i1t 1ssubjected t'o tforce oolTng. 30. The printed circuit
board of any ok&. dfhelpmimel] - cli4cadid board of claim 24, wherein said

metailic pattern (11) is plated with gold.
27. The printed circuit board of any one of claims 1, 14 and
16; further comprising another array of electronic devices (3)
mounted on the other side of said printed circuit board (10), and
a second sealed case (20) mounted on said other surface of said
printed circuit board in a liquidtight manﬁer for sealing therein
Y éaid electronic devices.
28. The printed circuit board of claim 27, further comprising
a port (14) bored through said printed circuit board in the
vicinity of said inlet port (61) to inject therethrough said
coolant into said second sealed case and another port (15) bored
through said printed circuit board (10) in the vicinity of said.
outlet port (62) to discharge therethrough said coolant from said
second sealed case.
29. The printed circuit board of any one of claims 1, 14 and
16, further comprising a second electronic device (3') disposed on
said printed circuit board (10) but outside said sealed case (20)'
so that it is subjecfed to forced cooling.
30. The printed circuit board of any one of claims 1, 14 and
16, wherein projections (13) protrusively provided on two opposed
marginal edges of said printed circuit board (10) for engagemeﬁt
with quide grooves (102) of guide means (100) of semiconductor
test equipment.

31. The printed circuit board of any one of claims 1, 14 and
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16, mhe[ng_ngLﬁcLLéns—%%ej protrusively"provided.on t wo Opposed'harginaI _-
., edges of said printed ;ﬁhguit board (10) for engagenent w th guide grooves

(102) of “ﬁ u Lof sem conductor test equi pment: 31. The printed:
circuit bgu‘mw

claims 1, 14 and 16, wherein projections
(29) protrdkliely prOV|ded on two opposgﬂ side walls (22a, 22b) of said
seal ed case for engagenent with guide grooves (102) of gui de nmeans (100) of
sem conductor test equipnent. 32. The printed circuit board of any one of
clains 1, 14 and 16 wherein grooves (29') are cut in two opposed side

vellS (229, 201 ol, SGi 6hoGA Gl G358 HRLHERUIVETS brbbiled b RS BRILDS

51de walls (22a, 22b) of said sealed case for engagement with
guide grooves_(lOZ) of guide means (100) of semiconductor test
equipment. .

32. The:printed circuit board of any one of claims 1, 14 and
16, wherein grooves (29') are cut in two opposed side walls (22a,
22b) of said sealed case for engagement with guide projections

(101) of semiconductor test equipment.
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-36 - PRINTED CI RCU T. BOARD W TH ELECTRONI C DEVI CES MOUNTED THEREON .
ABSTRACT OF THE DI SCLOSURE A cooler-eqU|pped printed circuit board, in
whi ch el ectronic devices arranged in a matrix formon the printed circuit
“board are covered with a sealed case helgin liquidtight contact with the
board and having a coolant channel fronram inlet port and an outlet port

made in tHergRes. cBREHIEr BoRRE WBN| BEHCTRONPE HRPTERE MOBRTRD TAERRARIE
the direction of flow of the coolant to stir it and nake its tenperature

uni form throughout it. Figure 3A

ABSTRACT OF THE DISCLOSURE
A cooler-equipped pfinted;circuit board, in-which.

electronic devices arranged in a matrix form on the printed
circuit board are covered with a sealed case held in
liquidtight contact with the board and having a coolant
channel from an inlet port and an outlet port made in the
case. Barriers are provided in the coolant channel to change

the direction of flow of the coolant to stir ié and make its

temperature uniform throughout it.

Figure 3A

REPLACEMENT SHEET

0 1NOV 1999




— e e

= NSNS SN S
7L P 7 XN 7 H L BT ACEL
=) BOOORITIDANAYN

y | nhr _
LI 7777777777727 LTI 7777277 LY
R R AR R R 2 P 2% 9202 R e fyzn / &
L. L J 72 7 [ .
N\~ ]
m X

] \ </
¢

LL | q2c G¢ Gl

| .
i i i i S aE

— - — - —— — —— e S S v e —_—— —— e — — - —— e — —
—— e — o R —

-t G ——— — —

v
Ly
T
7
—
=
wy
=
i
%]
<<
e
a
Lis
o

}
1
!
I

e ———— gy AR

lo'e}
/
H
h
i
T
I
P
I
I
Ly
a
1
lI
1
[
h
i
t
¥
!
=
I
t
|
nuUul:
|
[
I
mﬂl
1
I
./;
!
HHI
H
{
{
I
Pt
W
[N [
brrglo

N
IN
IN
N
1N
IN
I
!

T
i
|
|

s ISttt e =
i NFMNE -
= y _|= . an

1
L
e

LL—1—

- Y

’ | UNN T llllln.llmlll.l.l l..l.ll.I||IIT llllllllll I”Ill

YWﬁkwwm“WA&%ﬂ\.¢mﬂwkquﬂvwmvwx%wmwws&ﬂmmw_ I
/ \ \l \/

02 022 6 ¢ L

l
|
|
i
|
{
i
N
%::
1
I|'!.l|::
)<;1—
il
=
A
ATHHH
1\
i
l;I:ll“”
il
I'H iy
A
77
w0 w




