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PRINTED CIRCUIT BOARD first package is placed . The second main surface is posi 
tioned on reverse side of the first main surface of the 

CROSS - REFERENCE TO RELATED substrate . 
APPLICATIONS Exemplary embodiments of a printed circuit board will be 

5 explained below in detail with reference to the accompany 
This application is based upon and claims the benefit of ing drawings . The present invention is not limited to the 

priority from Japanese Patent Application No . 2015 - 049925 , following embodiments . 
filed on Mar . 12 , 2015 ; the entire contents of which are ( First Embodiment ) 

A printed circuit board 100 according to the first embodi incorporated herein by reference . 10 ment will be described using FIG . 1 . FIG . 1 is a perspective 
FIELD view showing the configuration of the printed circuit board 

100 . In FIG . 1 , let an X direction be the direction from the 
Embodiments described herein relate generally to a center of a package 2 ( the centroid of the package 2 ) to the 

center of a package 3 ( the centroid of the package 3 ) along printed circuit board . 15 the uppermost surface ( front side ) 10U of the printed circuit 
BACKGROUND board 100 , a Z direction be a direction substantially perpen 

dicular to the uppermost surface 10U of the printed circuit 
board 100 , and a Y direction be a direction substantially In printed circuit boards , multiple packages may be perpendicular to the X direction and Z direction . mounted on the board . In this case , it is desired to reduce so uce 20 The printed circuit board 100 is used for an electronic heat transmission between the multiple packages . device and , for example , the packages 2 and 3 are mounted . 

BRIEF DESCRIPTION OF THE DRAWINGS The package 2 is , for example , a microcomputer , a CPU , a 
power supply IC , or the like and is likely to generate heat . 
The package 3 is , for example , a memory , an image sensor , 

FIG . 1 is a perspective view showing the configuration of 25 or the like and is likely to be affected by heat , so that the 
a printed circuit board according to a first embodiment ; influence of heat from the surroundings needs to be sup 

FIG . 2 is an enlarged cross - sectional view showing the pressed . 
configuration of a trench and its vicinity of the printed circuit For example , with the printed circuit board 100 small like 
board according to the first embodiment ; a module product , heat from the package 2 large in heat 

FIG . 3 is an exploded perspective view showing the 30 generation is transmitted via the printed circuit board 100 to 
configuration of the printed circuit board according to the the adjacent package 3 , and the package 3 is heated , so that 
first embodiment ; the package 3 may degrade or lower in performance . For 

FIG . 4 is a perspective view showing the configuration of each package 2 , 3 , an operation guarantee temperature range 
a printed circuit board according to a second embodiment ; is specified . Where its temperature is above the temperature 

FIG . 5 is an enlarged cross - sectional view showing the 35 upper limit of the operation guarantee temperature range 
configuration of a trench and its vicinity of the printed circuit permissible for the package 3 because of heat generation of 
board according to the second embodiment ; the package 2 , a first method can be thought of which raises 

FIG . 6 is an exploded perspective view showing the the ability to radiate heat of the printed circuit board 100 , 
configuration of the printed circuit board according to the thereby suppressing increase in temperature . In the first 

40 method , a heat sink is attached to the printed circuit board second embodiment ; 100 , or the board size of the printed circuit board 100 is FIG . 7 is an enlarged cross - sectional view showing the increased to extend the distance between the packages 2 and configuration of a trench and its vicinity of a printed circuit 3 . However , since the first method needs adding a heat sink board according to a modified example of the second or increasing the board size of the printed circuit board 100 , 
embodiment ; 45 the production cost of the printed circuit board 100 is likely FIG . 8 is a perspective view showing the configuration of to increase . Further , the size of an electronic device in which 
a printed circuit board according to a third embodiment ; the printed circuit board 100 is used is likely to become 

FIG . 9 is an exploded perspective view showing the larger . 
configuration of the printed circuit board according to the Further , a second method can be thought of which sup 
third embodiment ; 50 presses heat transmission between the packages 2 and 3 by 

FIG . 10 is a perspective view showing the configuration making a vertically - extending - through opening in a portion 
of a printed circuit board according to a fourth embodiment ; of the printed circuit board 100 via which heat is not wanted 
and to be transmitted , that is , the portion between the packages 

FIG . 11 is an exploded perspective view showing the 2 and 3 . However , in the second method , since the opening 
configuration of the printed circuit board according to the 55 extends through the printed circuit board 100 , signal lines 
fourth embodiment . connecting the packages 2 and 3 are designed to circumvent 

the opening . Thus , it is difficult to make signal lines extend 
DETAILED DESCRIPTION linearly in the X direction between the packages 2 and 3 , so 

that the signal lines between the packages 2 and 3 are likely 
In general , according to one embodiment , there is pro - 60 to become longer , and thus the R ( resistance ) components 

vided a printed circuit board including a substrate having a and L ( inductance ) components of the signal lines between 
trench between a first region and a second region . The first the packages 2 and 3 are likely to increase . As the R and L 
region is a region where a first package is to be mounted components of the signal lines increase , the waveforms of 
The second region is a region where a second package is to signals transmitted via the signal lines become likely to be 
be mounted . The trench has an opening portion in at least 65 distorted ( waveforms become likely to overshoot or dete 
one of a first main surface and a second main surface of the riorate in shape ) . Or because the distances along the Y 
substrate . The first main surface is a surface on which the direction between the signal lines connected between the 



US 9 , 750 , 133 B2 

packages 2 and 3 are likely to decrease , the waveforms of connecting signal terminals of the package 2 and signal 
signals transmitted via the signal lines are likely to be terminals of the package 3 can be easily shortened . 
distorted ( waveforms are likely to overshoot or deteriorate in The layer 12 is the second layer of the multiple layers 11 
shape ) due to the influence of crosstalk . Or where a com - to 14 . In the layer 12 , in a region R3b corresponding to the 
ponent is placed on the circumvented portion , drawing 5 region R3 , an opening 4b to form part of the trench 4 ( see 
signal lines itself may be difficult because the component FIG . 2 ) is made as shown in FIG . 3 . For example , an 
becomes an obstacle . Further , since lines are drawn to insulating layer 12a and a conductor layer 12b are laid one 
circumvent the opening , the size of an electronic device in over the other in that order in the layer 12 . In the insulating 
which the printed circuit board 100 is used is likely to layer 12a and conductor layer 12b , the opening 4b to form 
become larger . part of the trench 4 is made . The opening 4b is formed not 

Accordingly , in the first embodiment , by providing a to reach both ends along the Y direction of the region R3b . 
trench 4 which does not penetrate vertically in the Z Thus , the strength of a required level can be secured for the 
direction ) but has an opening portion 4p in upper side ( + Z layer 12 . Note that the conductor layer 12b can include a 
side ) or lower side ( - Z side ) between the packages 2 and 3 15 planar interconnection to supply a reference potential such 
in the printed circuit board 100 , both the ability to thermally as ground potential or a power supply potential . 
isolate and the ability to wire for the packages 2 and 3 are The layer 13 is the third layer of the multiple layers 11 to 
achieved . 14 . In the layer 13 , in a region R3c corresponding to the 

Specifically , the printed circuit board 100 has a substrate region R3 , an opening 4c to form part of the trench 4 ( see 
10 where the trench 4 is formed . The substrate 10 has a 20 FIG . 2 ) is made as shown in FIG . 3 . The opening 4c is 
region ( first region ) R1 , a region ( second region ) R2 , and a formed in a position corresponding to the opening 4b to have 
region R3 as shown in FIG . 2 . FIG . 2 is an enlarged a size and shape corresponding to those of the opening 4b . 
cross - sectional view showing the configuration of the trench For example , a conductor layer 13a and an insulating layer 
4 and its vicinity of the printed circuit board 100 . In FIG . 2 , 13b are laid one over the other in that order in the layer 13 . 
for simplicity of illustration , the configurations in the pack - 25 In the conductor layer 13a and insulating layer 13b , the 
ages 2 and 3 are omitted from the figure . The region R1 is opening 4c to form part of the trench 4 is made . The opening 
a region of the substrate 10 on which the package 2 is placed . 4c is formed not to reach both ends along the Y direction of 
The region R2 is a region of the substrate 10 on which the the region R3c . Thus , the strength of a required level can be 
package 3 is placed . The region R3 is a region between the secured for the layer 13 . Note that the conductor layer 13a 
region R1 and the region R2 of the substrate 10 . 30 can include a planar interconnection to supply a reference 

The trench 4 is placed in the region R3 . When seen potential such as ground potential or a power supply poten 
through in a direction substantially perpendicular to the tial . 
uppermost surface 10U , as shown in FIG . 1 , the trench 4 . The layer 14 is the fourth layer ( lowermost layer ) of the 
does not overlap the package 2 nor package 3 and does not multiple layers 11 to 14 . In the layer 14 , in a region R3d 
extend off the region ( region R3 ) between the packages 2 35 corresponding to the region R3 , an opening 4d to form part 
and 3 and extends crossing a line segment joining the centers of the trench 4 ( see FIG . 2 ) is made as shown in FIG . 3 . The 
of the packages 2 and 3 . The trench 4 may extend , e . g . , along opening 4d is formed in a position corresponding to the 
the Y direction or at an angle to the Y direction . Further , as opening 4c to have a size and shape corresponding to those 
shown in FIG . 2 , the trench 4 has the opening portion 4p in of the opening 4c . For example , a solder resist layer 14a , a 
lower side ( - Z side ) and extends into the substrate 10 , but 40 conductor layer 14b , and an insulating layer 14c are laid one 
not to the upper side ( + Z side ) . That is , the trench 4 extends over the other in that order in the layer 14 . In the solder resist 
into the substrate 10 from the lowermost surface 10L of the layer 14a , conductor layer 14b , and insulating layer 14c , the 
substrate 10 to the uppermost surface 10U side region . For opening 4d to form part of the trench 4 is made . The opening 
example , the depth of the trench 4 from the lowermost 4d is formed not to reach both ends along the Y direction of 
surface 10L is greater than half of the thickness of the 45 the region R3d . Thus , the strength of a required level can be 
substrate 10 . secured for the layer 14 . 

In the substrate 10 , multiple layers 11 to 14 are laid one That is , in the substrate 10 , insulating layers and conduc 
over another between the uppermost surface ( front side ) 10U tor layers are laid one over another in a repeated pattern 
and the lowermost surface ( back side ) 10L as shown in between the uppermost surface 10U and the lowermost 
FIGS . 2 and 3 . In FIGS . 2 and 3 , the case where the printed 50 surface 10L . For example , the conductor layer 14b , insulat 
circuit board 100 is a four - layered board , that is , where four ing layer 14c , conductor layer 13a , insulating layer 13b , 
layers 11 to 14 are laid one over another between the insulating layer 12a , conductor layer 12b , insulating layer 
uppermost surface 10U and the lowermost surface 10L is 11a , and conductor layer 11b are laid one over another in that 
illustrated . FIG . 3 is an exploded perspective view showing order from the - Z side to the + Z side . For example , 
the configuration of the printed circuit board 100 . 55 excluding the solder resist layers from the insulating layers , 

The layer 11 is the first layer ( uppermost layer ) of the the uppermost insulating layer 11a of the multiple insulating 
multiple layers 11 to 14 . In the layer 11 , for using as an area layers 11a , 12a , 136 , 14c is exposed through the trench 4 as 
where signal lines between the packages 2 and 3 are placed , shown in FIG . 2 . The lower surface 11L of the insulating 
no hole is formed as shown in FIG . 3 . For example , an layer 11a forms the bottom of the trench 4 . 
insulating layer 11a , a conductor layer 11b , and a solder 60 It should be noted that , by stacking the multiple layers 11 
resist layer 11c are laid one over another in that order in the to 14 , the printed circuit board 100 ( see FIG . 1 ) having the 
layer 11 . No hole is formed in any of the insulating layer 11a , trench 4 can be formed . Although in the example of FIG . 3 
conductor layer 11b , and solder resist layer 11c . The con - an opening is made in the layers 12 to 14 one by one , the 
ductor layer 11b can include signal lines electrically con - printed circuit board 100 having the trench 4 may be formed 
necting signal terminals ( not shown ) of the package 2 and 65 by a technique of digging a groove after stacking all the 
signal terminals ( not shown ) of the package 3 . In the layers 11 to 14 . The method of forming the trench 4 is not 
conductor layer 11b , since no hole is formed , signal lines limited to any . 
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As indicated by dot - dashed arrows in FIG . 2 , where the conductor layer ( e . g . , conductor layer 116 ) under the upper 
package 2 large in heat generation and the package 3 most layer of the multiple conductor layers 11b , 12b , 13a , 
susceptible to the influence of temperature are placed a 14b may be exposed through the trench 4 . Also in this case , 
predetermined distance apart along the X direction on the it is easy to make signal lines between the packages 2 and 
printed circuit board 100 , heat generated in the package 2 is 5 3 extend linearly in the X direction in the conductor layer 
less likely to be transmitted to the package 3 because of the 11b , for example , and heat transmission between the pack 
trench 4 formed of the openings 4b to 4d made in the layers ages 2 and 3 can be suppressed by the trench 4 . 
12 to 14 , the second to fourth layers . Thus , the package 3 can ( Second Embodiment ) 
be prevented from being heated above the temperature upper Next , a printed circuit board 200 according to the second 
limit of the operation guarantee temperature range , so that 10 embodiment will be described . Description will be made 
the package 3 can be prevented from degrading or lowering below focusing on the differences from the first embodi 
in performance due to the influence of heat . Further , with the ment . 
conductor layer 11b of the layer 11 , the first layer , it is easy Although the first embodiment illustrates the case where 
to make signal lines between the packages 2 and 3 extend the trench 4 has the opening portion 4p in lower side ( - Z 
linearly in the X direction . 15 side ) and extends into the substrate 10 , the second embodi 

It should be noted that , by forming the trench 4 , the ability ment will illustrate the case where a trench 204 has the 
to radiate heat of the package 2 side is decreased , so that the opening portion 204p in upper side ( + Z side ) and extends 
temperature rises , but if the respective thermal conditions into the substrate 10 . 
( operation guarantee temperature ranges ) of the packages 2 Specifically , the printed circuit board 200 has a substrate 
and 3 can be met , a radiation measure is not necessary . 20 210 and the trench 204 as shown in FIG . 4 . FIG . 4 is a 
As described above , in the first embodiment , in the perspective view showing the configuration of the printed 

printed circuit board 100 , the trench 4 is placed between the circuit board 200 . 
region R1 and the region R2 of the substrate 10 and is open The trench 204 is placed in a region R3 . When seen 
in lower side ( - Z side ) and extends into the substrate 10 . through in a direction substantially perpendicular to the 
Thus , it is easy to make signal lines between the packages 25 uppermost surface 10U , as shown in FIG . 4 , the trench 204 
2 and 3 extend linearly in the X direction in the conductor does not overlap the package 2 nor package 3 and extends 
layer 11b , for example , and heat transmission between the crossing a line segment joining the centers of the packages 
packages 2 and 3 can be suppressed by the trench 4 . As a 2 and 3 . The trench 204 may extend , e . g . , along the Y 
result , signal lines between the packages 2 and 3 can be direction or at an angle to the Y direction . Further , as shown 
easily shortened , and heat transmission between the pack - 30 in FIG . 5 , the trench 204 has the opening portion 204p in 
ages 2 and 3 can be suppressed . That is , in a system where upper side ( + Z side ) and extends into the substrate 10 , but 
the package 3 susceptible to the influence of heat is not to the lower side ( - Z side ) . That is , the trench 204 
mounted , addition of a component for a measure ( heat sink ) extends into the substrate 210 from the uppermost surface 
and an increase in board size are not necessary . As a result , 10U of the substrate 210 to the lowermost surface 10L side 
an increase in the production cost of the printed circuit board 35 region . For example , the depth of the trench 204 from the 
100 can be suppressed , and an electronic device in which the uppermost surface 10U is greater than half of the thickness 
printed circuit board 100 is used can be made compact . of the substrate 10 . FIG . 5 is an enlarged cross - sectional 

It should be noted that , although the first embodiment view showing the configuration of the trench 204 and its 
illustrates the case where the two packages 2 and 3 are vicinity of the printed circuit board 200 . 
mounted on the printed circuit board 100 , also for a printed 40 In the substrate 210 , multiple layers 211 to 214 are laid 
circuit board 100 having three or more packages mounted one over another between the uppermost surface 10U and 
thereon , the same effect can be achieved by forming a trench the lowermost surface 10L as shown in FIGS . 5 and 6 . FIG . 
4 between packages between which heat transmission is 6 is an exploded perspective view showing the configuration 
wanted to be suppressed . If multiple regions , between pack of the printed circuit board 200 . 
ages between which heat transmission is wanted to be 45 The layer 211 is the first layer ( uppermost layer of the 
suppressed , exist in the printed circuit board 100 having multiple layers 211 to 214 . In the layer 211 , in a region R3a 
three or more packages mounted thereon , the trench 4 may corresponding to the region R3 , an opening 204a to form 
have a form in which it has an opening portion 4p in lower part of the trench 204 ( see FIG . 5 ) is made as shown in FIG . 
side ( - Z side ) and extends into the substrate 10 ( see FIGS . 6 . For example , an insulating layer 211a , a conductor layer 
1 , 2 ) for all the multiple regions . Or the trench 4 may have 50 211b , and a solder resist layer 211c are laid one over another 
a form in which it has an opening portion 4p in upper side in that order in the layer 211 . In the insulating layer 211a , 
( + Z side ) , as described later , and extends into the substrate conductor layer 211b , and solder resist layer 211c , the 
10 ( see FIGS . 4 , 5 ) for all the multiple regions . Or the trench opening 204a to form part of the trench 204 is made . The 
4 may have a form in which it has an opening portion 4p in opening 204a is formed not to reach both ends along the Y 
lower side ( - Z side ) and extends into the substrate 10 ( see 55 direction of the region R3a . Thus , the strength of a required 
FIGS . 1 , 2 ) for some of the multiple regions and may have level can be secured for the layer 211 . 
a form in which it has an opening portion 4p in upper side The layer 212 is the second layer of the multiple layers 
( + Z side ) and extends into the substrate 10 ( see FIGS . 4 , 5 ) 211 to 214 . In the layer 212 , in a region R3b corresponding 
for the rest of the multiple regions . to the region R3 , an opening 204b to form part of the trench 

Although the first embodiment illustrates the case where 60 204 ( see FIG . 5 ) is made as shown in FIG . 6 . The opening 
the uppermost insulating layer 11a of the multiple insulating 204b is formed in a position corresponding to the opening 
layers 11a , 12a , 13b , 14c is exposed through the trench 4 , an 204a to have a size and shape corresponding to those of the 
insulating layer ( e . g . , insulating layer 12a ) under the upper opening 204a . For example , an insulating layer 212a and a 
most layer of the multiple insulating layers 11a , 12a , 13b , conductor layer 212b are laid one over the other in that order 
14c may be exposed through the trench 4 . Or the uppermost 65 in the layer 212 . In the insulating layer 212a and conductor 
conductor layer 11b of the multiple conductor layers 11b , layer 212b , the opening 204b to form part of the trench 204 
12b , 13a , 14b may be exposed through the trench 4 . Ora is made . The opening 2045 is formed not to reach both ends 
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along the Y direction of the region R3b . Thus , the strength the influence of heat . Further , with the layer 214 , the fourth 
of a required level can be secured for the layer 212 . Note that layer , the ability to wire for signal lines between the pack 
the conductor layer 212b can include a planar interconnec ages 2 and 3 can be secured . 
tion to supply a reference potential such as ground potential It should be noted that , when seeing heat transmission 
or a power supply potential . 5 paths in an X - Z cross - section including the trench , in the 

The layer 213 is the third layer of the multiple layers 211 second embodiment the path is from the package 2 to the 
to 214 . In the layer 213 , in a region R3c corresponding to the layer 211 to the layer 212 to the layer 213 to the layer 214 
region R3 , an opening 204c to form part of the trench 204 to the layer 213 to the layer 212 to the layer 211 to the 
( see FIG . 5 ) is made as shown in FIG . 6 . The opening 204c p ackage 3 ( see FIG . 5 ) , whereas in the first embodiment the 
is formed in a position corresponding to the opening 2045 to p ath is from the package 2 to the layer 11 to the package 3 
have a size and shape corresponding to those of the opening ( see FIG . 2 ) . Thus , thermal resistance between the packages 
204b . For example , a conductor layer 213a and an insulating 2 and 3 can be made larger than in the first embodiment , so 
layer 213b are laid one over the other in that order in the that the temperature of the package 3 can be suppressed to 
layer 213 . In the conductor layer 213a and insulating layer 15 a low . 
213b , the opening 204c to form part of the trench 204 is As described above , in the second embodiment , in the 
made . The opening 204c is formed not to reach both ends printed circuit board 200 , the trench 204 is placed between 
along the Y direction of the region R3c . Thus , the strength the region R1 and the region R2 of the substrate 210 and has 
of a required level can be secured for the layer 213 . Note that the opening portion 204p in upper side ( + Z side ) and extends 
the conductor layer 213a can include a planar interconnec - 20 into inner portion of the substrate 210 . Thus , it is easy to 
tion to supply a reference potential such as ground potential make signal lines between the packages 2 and 3 extend 
or a power supply potential . linearly in the X direction in the conductor layer 214b , for 

The layer 214 is the fourth layer ( lowermost layer ) of the example , and heat transmission between the packages 2 and 
multiple layers 211 to 214 . In the layer 214 , for using as an 3 can be suppressed by the trench 204 . As a result , signal 
area where signal lines between the packages 2 and 3 are 25 lines between the packages 2 and 3 can be easily shortened , 
placed , no trench is formed as shown in FIG . 6 . For example , and heat transmission between the packages 2 and 3 can be 
a solder resist layer 214a , a conductor layer 214b , and an suppressed . 
insulating layer 214c are laid one over another in that order It should be noted that , in the printed circuit board in the layer 214 . No trench is formed in any of the solder according to the first embodiment or the second embodi resist layer 214a , conductor layer 214b , and insulating layer 30 ment , a change may be made such that one of the two 214c . The conductor layer 214b can include signal lines packages 2 , 3 is mounted on the uppermost surface 10U of electrically connecting signal terminals ( not shown ) of the the substrate 210 while the other is mounted on the lower package 2 and signal terminals ( not shown ) of the package most surface 10L . For example , where a change is made in 3 . In the conductor layer 214b , since no trench is formed , 
signal lines connecting signal terminals of the package 2 and 35 the printed circuit board according to the second embodi 
signal terminals of the package 3 can be easily shortened . ment , the package 2 may be mounted on the uppermost 
Note that the signal lines included in the conductor layer surface 10U in the region R1 , and the package 3 may be 
214b may be connected to , e . g . , via electrodes insulated by mounted on the lowermost surface 10L in the region R2 as 
insulating layers or the like from the conductor layers 213a . shown in FIG . 7 . Also in this case , because the trench 204 
212b , 211b and extending from the conductor layer 214b to 40 is placed in the region R3 between the regions R1 and R2 , 
signal terminals of the package 2 or signal terminals of the heat transmission between the packages 2 and 3 can be 
package 3 through the layers 213 , 212 , 211 . suppressed by the trench 204 . Further , signal lines between 

That is , in the substrate 210 , insulating layers and con - the packages 2 and 3 can be secured with the conductor layer 
ductor layers are laid one over another in a repeated pattern 214b , for example . 
between the uppermost surface 10U and the lowermost 45 Although the second embodiment illustrates the case 
surface 10L . For example , the conductor layer 214b , insu - where the lowermost insulating layer 214c of the multiple 
lating layer 214c , conductor layer 213a , insulating layer insulating layers 211a , 212a , 213 , 214c is exposed through 
213b , insulating layer 212a , conductor layer 212b , insulat - the trench 204 , an insulating layer ( e . g . , insulating layer 
ing layer 211a , and conductor layer 211b are laid one over 213b ) above the lowermost layer of the multiple insulating 
another in that order from the - Z side to the + Z side . For 50 layers 211a , 212a , 213 , 214c may be exposed through the 
example , excluding the solder resist layers from the insu - trench 204 . Or the lowermost conductor layer 214b of the 
lating layers , the lowermost insulating layer 214c of the multiple conductor layers 211 , 212b , 213a , 214b may be 
multiple insulating layers 211a , 212a , 213 , 214c is exposed exposed through the trench 204 . Or a conductor layer ( e . g . , 
through the trench 204 as shown in FIG . 5 . The upper conductor layer 213a ) above the lowermost layer of the 
surface 2140 of the insulating layer 214c forms the bottom 55 multiple conductor layers 211 , 212b , 213a , 214b may be 
of the trench 204 . exposed through the trench 204 . Also in this case , it is easy 
As indicated by dot - dashed arrows in FIG . 5 , where the to make signal lines between the packages 2 and 3 extend 

package 2 large in heat generation and the package 3 linearly in the X direction in the conductor layer 214b , for 
susceptible to the influence of temperature are placed a example , and heat transmission between the packages 2 and 
predetermined distance apart along the X direction on the 60 3 can be suppressed by the trench 204 . 
printed circuit board 200 , heat generated in the package 2 is ( Third Embodiment ) 
less likely to be transmitted to the package 3 because of the Next , a printed circuit board 300 according to the third 
trench 204 formed of the openings 204a to 204c made in the embodiment will be described . Description will be made 
layers 211 to 213 , the first to third layers . Thus , the package below focusing on the differences from the first embodi 
3 can be prevented from being heated above the temperature 65 ment . 
upper limit of the operation guarantee temperature range , so Although the first embodiment illustrates the case where , 
that the package 3 can be prevented from degrading due to across the region R3 , the trench 4 does not penetrate the 
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substrate 10 , the third embodiment will illustrate the case portions 3041 , 3042 penetrate the substrate 310 in the Z 
where a trench 304 penetrates a substrate 310 in part of the direction . Among the multiple conductor layers 116 , 12b , 
region R3 . 13a , 14b ( see FIG . 2 ) , the portions 3041 , 3042 penetrate the 

Specifically , the printed circuit board 300 has the substrate uppermost conductor layer 11b while the portion 3043 does 
310 and the trench 304 as shown in FIG . 8 . FIG . 8 is a 5 not penetrate the uppermost conductor layer 11b . 
perspective view showing the configuration of the printed As described above , in the third embodiment , in the 
circuit board 300 . The trench 304 has an opening portion printed circuit board 300 , the trench 304 partially penetrates 
304p in lower side ( - Z side ) and has a portion 3043 not from the uppermost surface 10U to the lowermost surface 
extending to the upper side ( + Z side ) and portions 3041 , 10L when seen in a direction substantially perpendicular to 
3042 extending to the upper side ( + Z side ) . When seen 10 the uppermost surface 10U . When seeing heat transmission 
through in the Z direction , the portion 3043 crosses a line paths in an X - Z cross - section ( see FIG . 2 ) including the 
segment joining the centers of the packages 2 and 3 . portion 3043 , the point that the path is from the package 2 

In the substrate 310 , multiple layers 311 to 314 are laid to the layer 311 to the package 3 is the same as in the first 
one over another between the uppermost surface 10U and embodiment , but the total width ( W31 + W32 + W33 ) along 
the lowermost surface 10L as shown in FIGS . 8 and 9 . FIG . 15 the Y direction of the heat transmission path in the layer 311 
9 is an exploded perspective view showing the configuration can be made narrower than the width W1 ( see FIG . 1 ) along 
of the printed circuit board 300 . the Y direction of the heat transmission path in the layer 11 

The layer 311 is the first layer ( uppermost layer ) of the in the first embodiment ( W31 + W32 + W33 < W1 ) . That is , 
multiple layers 311 to 314 . In the layer 311 , in a region R3a when seeing in a Y - Z cross - section ( not shown ) including 
corresponding to the region R3 , two openings 304a1 , 304a2 20 the trench , the cross - section area of the heat transmission 
to form part of the trench 304 ( see FIG . 8 ) are made as path corresponding to the total width ( W31 + W32 + W33 ) 
shown in FIG . 9 . The opening 304al is an opening to form along the Y direction in the layer 311 is smaller than the 
part of the portion 3041 . The opening 304a2 is an opening cross - section area of the heat transmission path correspond 
to form part of the portion 3042 . The two openings 304a1 , ing to the width W1 along the Y direction in the layer 11 in 
304a2 are formed not to reach both ends along the Y 25 the first embodiment . In other words , by providing the 
direction of the region R3a . Thus , the strength of a required portion 3043 not penetrating in the trench 304 , an area for 
level can be secured for the layer 311 . The portion 3111 making signal lines between the packages 2 and 3 extend 
between the two openings 304al , 304a2 in the layer 311 can linearly in the X direction is secured in the layer 311 while 
be used as part of an area where signal lines between the heat transmission between the packages 2 and 3 can be 
packages 2 and 3 are placed . For example , the conductor 30 further suppressed by providing the portions 3041 , 3042 
layer 11b ( see FIG . 2 ) in the layer 311 can include signal penetrating . Therefore , it is easy to make signal lines 
lines electrically connecting signal terminals ( not shown ) of between the packages 2 and 3 extend linearly in the X 
the package 2 and signal terminals ( not shown ) of the direction in the conductor layer in the layer 311 , for 
package 3 . In the conductor layer 11b , since the part on the example , and heat transmission between the packages 2 and 
package 2 side and the part on the package 3 side are 35 3 can be further suppressed by the trench 304 . As a result , 
connected by the portion 3111 , signal lines connecting signal signal lines between the packages 2 and 3 can be easily 
terminals of the package 2 and signal terminals of the shortened , and heat transmission between the packages 2 
package 3 can be easily shortened . and 3 can be further suppressed . 

The layer 312 is the second layer of the multiple layers ( Fourth Embodiment ) 
311 to 314 . In the layer 312 , in a region R3b corresponding 40 Next , a printed circuit board 400 according to the fourth 
to the region R3 , an opening 304b to form part of the trench embodiment will be described . Description will be made 
304 ( see FIG . 8 ) is made as shown in FIG . 9 . The opening below focusing on the differences from the second embodi 
304b is formed not to reach both ends along the Y direction ment . 
of the region R3b . Thus , the strength of a required level can A lthough the second embodiment illustrates the case 
be secured for the layer 312 . 45 where , across the region R3 , the trench 204 does not 

The layer 313 is the third layer of the multiple layers 311 penetrate the substrate 210 , the fourth embodiment will 
to 314 . In the layer 313 , in a region R3c corresponding to the illustrate the case where a trench 404 penetrates a substrate 
region R3 , an opening 304c to form part of the trench 304 410 in part of the region R3 . 
( see FIG . 8 ) is made as shown in FIG . 9 . The opening 304C Specifically , the printed circuit board 400 has the substrate 
is formed in a position corresponding to the opening 304b to 50 410 and the trench 404 as shown in FIG . 10 . FIG . 10 is a 
have a size and shape corresponding to those of the opening perspective view showing the configuration of the printed 
304b . The opening 304c is formed not to reach both ends circuit board 400 . The trench 404 has an opening portion 
along the Y direction of the region R3c . Thus , the strength 404p in upper side ( + Z side ) and has a portion 4043 not 
of a required level can be secured for the layer 313 . extending to the lower side ( - Z side ) and portions 4041 , 

The layer 314 is the fourth layer ( lowermost layer ) of the 55 4042 extending to the lower side ( - Z side ) . When seen 
multiple layers 311 to 314 . In the layer 314 , in a region R3d through in the Z direction , the portion 4043 crosses a line 
corresponding to the region R3 , an opening 304d to form segment joining the centers of the packages 2 and 3 . 
part of the trench 304 ( see FIG . 8 ) is made as shown in FIG . In the substrate 410 , multiple layers 411 to 414 are laid 
9 . The opening 304d is formed in a position corresponding one over another between the uppermost surface 100 and 
to the opening 304c to have a size and shape corresponding 60 the lowermost surface 10L as shown in FIGS . 10 and 11 . 
to those of the opening 304c . The opening 304d is formed FIG . 11 is an exploded perspective view showing the con 
not to reach both ends along the Y direction of the region figuration of the printed circuit board 400 . 
R3d . Thus , the strength of a required level can be secured for The layer 411 is the first layer ( uppermost layer ) of the 
the layer 314 . multiple layers 411 to 414 . In the layer 411 , in a region R3a 

That is , through the portion 3043 of the trench 304 , the 65 corresponding to the region R3 , an opening 404a to form 
uppermost insulating layer 11a ( see FIG . 2 ) of the multiple part of the trench 404 ( see FIG . 10 ) is made as shown in FIG . 
insulating layers 11a , 12a , 136 , 14c is exposed while the 11 . The opening 404a is formed not to reach both ends along 
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the Y direction of the region R3a . Thus , the strength of a the layer 411 is smaller than the cross - section area of the 
required level can be secured for the layer 411 . heat transmission path corresponding to the width W2 along 

The layer 412 is the second layer of the multiple layers the Y direction in the layer 211 in the second embodiment . 
411 to 414 . In the layer 412 , in a region R3b corresponding In other words , by providing the portion 4043 not penetrat 
to the region R3 , an opening 404b to form part of the trench 5 ing in the trench 404 , an area for making signal lines 
404 ( see FIG . 10 ) is made as shown in FIG . 11 . The opening between the packages 2 and 3 extend linearly in the X 
404b is formed in a position corresponding to the opening direction is secured in the layer 414 while heat transmission 
404a to have a size and shape corresponding to those of the between the packages 2 and 3 can be further suppressed by opening 404a . The opening 404b is formed not to reach both providing the portions 4041 , 4042 penetrating . Therefore , it ends along the Y direction of the region R3b . Thus , the 10 is easy to make signal lines between the packages 2 and 3 strength of a required level can be secured for the layer 412 . extend linearly in the X direction in the conductor layer in The layer 413 is the third layer of the multiple layers 411 
to 414 . In the layer 413 , in a region R3c corresponding to the the layer 414 , for example , and heat transmission between 

the packages 2 and 3 can be further suppressed by the trench region R3 , an opening 404c to form part of the trench 404 
( see FIG . 10 ) is made as shown in FIG . 11 . The opening 15 15 404 . As a result , signal lines between the packages 2 and 3 
404c is formed in a position corresponding to the opening can be easily shortened , and heat transmission between the 
404b to have a size and shape corresponding to those of the packages 2 and 3 can be further suppressed . 
opening 404b . The opening 404c is formed not to reach both While certain embodiments have been described , these 
ends along the Y direction of the region R3c . Thus , the embodiments have been presented by way of example only , 
strength of a required level can be secured for the layer 413 . 20 and are not intended to limit the scope of the inventions . 

The layer 414 is the fourth layer ( lowermost layer ) of the Indeed , the novel embodiments described herein may be 
multiple layers 411 to 414 . In the layer 414 , in a region R3d embodied in a variety of other forms ; furthermore , various 
corresponding to the region R3 , two openings 404d1 , 404d2 omissions , substitutions and changes in the form of the 
to form part of the trench 404 ( see FIG . 10 ) is made as shown embodiments described herein may be made without depart 
in FIG . 11 . The opening 404d1 is an opening to form part of 25 ing from the spirit of the inventions . The accompanying 
the portion 4041 . The opening 404d2 is an opening to form claims and their equivalents are intended to cover such 
part of the portion 4042 . The two openings 404d1 , 404d2 are forms or modifications as would fall within the scope and 
formed not to reach both ends along the Y direction of the spirit of the inventions 
region R3d . Thus , the strength of a required level can be 
secured for the layer 414 . The portion 4141 between the two 30 What is claimed is : openings 404d1 , 404d2 in the layer 414 can be used as part 1 . A printed circuit board comprising of an area where signal lines between the packages 2 and 3 
are placed . For example , the conductor layer 214b ( see FIG . a substrate having a trench between a first region and a 
5 ) in the layer 414 can include signal lines electrically second region , the first region being a region where a 
connecting signal terminals ( not shown ) of the package 2 35 first package is to be mounted , the second region being 
and signal terminals ( not shown ) of the package 3 . In the a region where a second package is to be mounted , 
conductor layer 214b , since the part on the package 2 side wherein the substrate has a first main surface and a second 
and the part on the package 3 side are connected by the main surface , the first main surface being a surface on 
portion 4141 , signal lines connecting signal terminals of the which the first package is placed , the second main 
package 2 and signal terminals of the package 3 can be 40 surface being positioned on a reverse side of the first 
easily shortened . main surface of the substrate , 

That is , through the portion 4043 of the trench 404 , the the trench has an opening portion in the second main 
lowermost insulating layer 214a ( see FIG . 5 ) of the multiple surface , 
insulating layers 211a , 212a , 213 , 214c is exposed while a depth of the trench from the second main surface is 
the portions 4041 , 4042 penetrate the substrate 410 in the Z 45 greater than half of a thickness of the substrate , direction . Among the multiple conductor layers 211 , 212b , the trench does not reach the first main surface , 213a , 214b ( see FIG . 5 ) , the portions 4041 , 4042 penetrate the substrate includes a conductor layer positioned near 
the lowermost conductor layer 214b while the portion 4043 the first main surface and via which terminals of the does not penetrate the lowermost conductor layer 214b . first package and terminals of the second package are As described above , in the fourth embodiment , in the 50 
printed circuit board 400 , the trench 404 partially penetrates electrically connected , and 

the trench does not penetrate the conductor layer . from the uppermost surface 10U to the lowermost surface 
10L when seen in a direction substantially perpendicular to 2 . The printed circuit board according to claim 1 , wherein 
the uppermost surface 10U . When seeing heat transmission when seen through in a direction substantially perpen 
paths in an X - Z cross - section ( see FIG . 5 ) including the 55 dicular to the first main surface , the trench does not 
portion 4043 , the point that the path is from the package 2 overlap the first package nor the second package and 
to the layer 411 to the layer 412 to the layer 413 to the layer extends in a direction crossing a line segment joining 
414 to the layer 413 to the layer 412 to the layer 411 to the the centers of the first and second packages . 
package 3 is the same as in the second embodiment , but the 3 . The printed circuit board according to claim 2 , wherein 
total width ( W41 + W42 + W43 ) along the Y direction of the 60 when seen through in a direction substantially perpen 
heat transmission path in the layer 414 can be made nar dicular to the first main surface , the trench extends in 
rower than the width W2 ( see FIG . 4 ) along the Y direction a direction substantially perpendicular to the line seg 
of the heat transmission path in the second embodiment ment . 
( W41 + W42 + W43 < W2 ) . That is , when seeing in a Y - Z 4 . The printed circuit board according to claim 2 , wherein 
cross - section ( not shown ) including the trench , the cross - 65 when seen through in a direction substantially perpen 
section area of the heat transmission path corresponding to dicular to the first main surface , the trench extends in 
the total width ( W41 + W42 + W43 ) along the Y direction in an inclined direction to the line segment . 
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5 . The printed circuit board according to claim 2 , wherein when seen in a direction substantially perpendicular to the 
when seen through in a direction substantially perpen first main surface , the trench partially penetrates the 

dicular to the first main surface , the trench does not substrate , and 
reach both ends of the substrate in a direction crossing the trench has : 
the line segment . a first portion penetrating from the first main surface to the 

6 . A printed circuit board comprising second main surface of the substrate ; 
a second portion penetrating from the first main surface to a substrate having a trench between a first region and a the second main surface of the substrate ; and second region , the first region being a region where a a third portion that , when seen in a direction substantially 

first package is to be mounted , the second region being perpendicular to the first main surface , is placed 
a region where a second package is to be mounted , between the first portion and the second portion and 

wherein the substrate has a first main surface and a second that does not penetrate from the first main surface to the 
main surface , the first main surface being a surface on second main surface of the substrate . 
which the first package is placed , the second main 12 . The printed circuit board according to claim 11 , 
surface being positioned on a reverse side of the first 15 wherein 
main surface of the substrate , the third portion has the opening portion in the second 

the trench has an opening portion in the first main surface , main surface , and 
a depth of the third portion from the second main surface and 

a depth of the trench from the first main surface is greater is greater than half of a thickness of the substrate . 
13 . The printed circuit board according to claim than half of a thickness of the substrate , 12 , 

20 wherein the trench does not reach the second main surface , 
the substrate includes a conductor layer placed near the the substrate includes a conductor layer placed near the 

second main surface and via which terminals of the first first main surface and via which terminals of the first 

package and terminals of the second package are elec package and terminals of the second package are elec 
trically connected , and trically connected , and 

the trench does not penetrate the conductor layer . wherein the first portion and the second portion penetrate 
7 . The printed circuit board according to claim 6 , wherein the conductor layer respectively , and 
when seen through in a direction substantially perpen the third portion does not penetrate the conductor layer . 

dicular to the first main surface , the trench does not 14 . The printed circuit board according to claim 11 , 
overlap the first package nor the second package and 30 wherein 
extends in a direction crossing a line segment joining 30 the third portion has the opening portion on the first main 

surface , and the centers of the first and second packages . 
8 . The printed circuit board according to claim 7 , wherein a depth of the third portion from the first main surface is 
when seen through in a direction substantially perpen greater than half of a thickness of the substrate . 

dicular to the first main surface , the trench extends in 35 15 . The printed circuit board according to claim 14 , 
a direction substantially perpendicular to the line seg 35 wherein 
ment . the substrate includes a conductor layer positioned near 

9 . The printed circuit board according to claim 7 , wherein the second main surface and via which terminals of the 
when seen through in a direction substantially perpen first package and terminals of the second package are 

dicular to the first main surface , the trench extends in 40 electrically connected , and 
an inclined direction to the line segment . wherein the first portion and the second portion penetrate 

10 . The printed circuit board according to claim the conductor layer respectively , and 7 , 
wherein the third portion does not penetrate the conductor layer . 

when seen through in a direction substantially perpen 16 . The printed circuit board according to claim 11 , 
dicular to the first main surface , the trench does not 45 wherein 
reach both ends of the substrate in a direction crossing when seen through in a direction substantially perpen 
the line segment . dicular to the first main surface , the third portion does 

11 . A printed circuit board comprising not overlap the first package nor the second package 
a substrate having a trench between a first region and a and extends in a direction crossing a line segment 

second region , the first region being a region where a 50 joining the centers of the first and second packages . 
50 first package is to be mounted , the second region being 17 . The printed circuit board according to claim 16 , 

a region where a second package is to be mounted , wherein 
wherein the substrate has a first main surface and a second when seen through in a direction substantially perpen 
main surface , the first main surface being a surface on dicular to the first main surface , the first portion and the 
which the first package is placed , the second main 55 second portion do not reach both ends of the substrate 
surface being positioned on a reverse side of the first in a direction crossing the line segment respectively . 
main surface of the substrate , * * * * * 

nt 


