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(57) ABSTRACT 

An electronic package and methods by which the package 
reduces thermal fatigue failure of conductors in the electronic 
package. The electronic package includes a carrier substrate 
having first and second surfaces and a plurality of anchor vias 
having a via material extending from the first surface toward 
the second surface. The electronic package includes a first 
conducting layer having a length and a width extending lat­
erally in two dimensions across a major part of the first 
surface of the carrier substrate. The anchor vias have plural 
attachments along the length and the width of the first con­
ducting layer to secure the first conducting layer to the carrier 
substrate. 
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LARGE SUBSTRATE STRUCTURAL VIAS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is related to the following applica­
tions: 1) U.S. Non-Provisional Application entitled "Prevent­
ing Breakage of Long Metal Signal Conductors on Semicon­
ductor Substrates," U.S. Ser. No. 11/975,058 filed Oct. 16, 
2007; 2) U.S. Non-Provisional Application entitled "Local 
Defect Memories on Semiconductor Substrates in a Stack 
Computer," U.S. Ser. No. 11/981,853 filed Oct. 31, 2007; 3) 
U.S. Non-Provisional Application entitled "Comb-Shaped 
Power Bus Bar Assembly Structure Having Integrated 
Capacitors," U.S. Ser. No. 11/975,011 filed Oct. 16, 2007; 4) 
U.S. Provisional Application entitled "Semiconductor Sub­
strate Stack High Performance Computer," U.S. Ser. No. 
60/995,195 filed Sep. 24, 2007; and 5) U.S. Non-Provisional 
Application entitled "Semiconductor Substrate Elastomeric 
Stack," U.S. Ser. No. 11/975,007 filed Oct. 16, 2007. The 
contents of all these applications are incorporated by their 
entirety herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] This invention relates to a carrier substrate for 
mounting of semiconductor chip devices and components 
where the carrier substrate is resistant to thermal fatigue 
problems. 
[0004] 2. Discussion of the Background 
[0005] There is a demand for fast computing devices that 
require a large amount of power. The large amount of power 
results in large changes in the temperature of the devices. For 
example, a part of the device may be at 25° C. when no power 
is supplied to the device and may reach 100° C. when power 
is supplied. In addition, these devices can change temperature 
depending on the level of activity, low and high level of 
computation in a processor. These extensive and repeated 
temperature changes cause fatigue of the package and the 
structure including the package. An electronic package may 
then fail due to this fatigue. One place where this fatigue 
occurs is between the layers of a package laminate, or 
between a packaged part and a PCB (printed circuit board). 
When one considers building a large area silicon substrate to 
act as a PCB, it is known by those skilled in the art that the 
conductors will delaminate or crack due to repeated thermal 
cycles. 
[0006] Thus, for fast computing devices that use multiple 
integrated circuits that are capable of being reprogrammed as 
necessary during calculations performed by the computing 
device, the delamination of various layers is present. Standard 
computing devices include specialized elements that are 
defined, before being manufactured, to perform one or more 
functions, as for example dividing or multiplying numbers. 
[0007] The new computing devices are designed to be 
reprogrammable, i.e., the functions of the various elements 
are defined after manufacture, depending of the need of the 
computing device. These features permit the computing 
device to reprogram when necessary its elements, resulting in 
a faster and more compact device. It is estimated that a repro­
grammable device achieves a speed from 10 to 100 times 
faster than a non-programmable device. 
[0008] However, the new computing devices, by packaging 
many active elements on a same substrate or multiple sub-
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strates stacked together and due to intense computational 
activity, are producing a large amount of heat that impacts 
negatively the bonds between the carrier substrate and the 
conducting layers, which form the power planes and/or the 
electrical wires. As a result of this repeated thermal stress, the 
power planes/electrical wires tend to delaminate from the 
substrate, resulting in a failed structure, as discussed above. 
[0009] Hichri et al. discloses in U.S. Patent Application 
Publication No. 2006/0190846, the entire contents of which 
are incorporated herein by reference, stacked via pillars pro­
vided to connect a base substrate to a top oxide cap such that 
a radial deformation of stacked conductive layers and low-k 
dielectric material fabricated between the base substrate and 
the top oxide cap are accommodated during thermal and 
mechanical stresses. 
[0010] Edelstein et al. discloses in U.S. Patent Application 
Publication No. 2006/0027934, the entire contents of which 
are incorporated herein by reference, a carrier structure pro­
vided with through-vias, each through-via having a conduc­
tive structure with an effective coefficient of thermal expan­
sion which is less than or closely matched to that of the 
substrate, to minimize the thermal stress. 

SUMMARY OF THE INVENTION 

[0011] According to one embodiment of the present inven­
tion, an electronic package includes a carrier substrate having 
first and second surfaces and a plurality of anchor vias having 
a via material extending from the first surface toward the 
second surface. The electronic package includes a first con­
ducting layer having a length and a width extending laterally 
in two dimensions across a major part of the first surface of the 
carrier substrate. The anchor vias have plural attachments 
along the length and the width of the first conducting layer to 
secure the first conducting layer to the carrier substrate 
[0012] Still according to another embodiment of the 
present invention, an electronic package includes a carrier 
substrate having first and second surfaces and a plurality of 
first vias extending from the first surface to the second sur­
face, a first set of conducting layers on the first surface of the 
substrate having a first length and a first width extending 
laterally in two dimensions across a major part of the first 
surface of the carrier substrate, plural dielectric layers dis­
posed between respective ones of the first set of conducting 
layers to electrically isolate the respective ones from each 
other, and a first via conductor disposed in one of the first vias 
and connected to the first set of conducting layers. 
[0013] According to still another embodiment of the 
present invention, a method for forming an electronic pack­
age includes providing a carrier substrate having first and 
second surfaces, forming in the carrier substrate a plurality of 
vias extending from the first surface, forming a first conduct­
ing layer having a length and a width extending laterally in 
two dimensions across a major part of the first surface of the 
carrier substrate, depositing via conductors in plural of the 
vias to connect the via conductors to the first conducting 
layer, and securing the first conducting layer to the carrier 
substrate with the plural via conductors. 
[0014] According to another embodiment of the present 
invention, a method for reducing thermal fatigue failure due 
to heat cycling in an electronic package includes thermal 
cycling a conducting layer on a carrier substrate having a 
length and a width extending laterally in two dimensions 
across a major part of the first surface of the carrier substrate, 
and securing the conducting layer to the carrier substrate by 
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plural via conductors disposed in plural of the vias, the via 
conductors connecting the conducting layer to the carrier 
substrate. 
[0015] It is to be understood that both the foregoing general 
description of the invention and the following detailed 
description are exemplary, but are not restrictive of the inven­
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] A more complete appreciation of the invention and 
many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by reference 
to the following detailed description when considered in con­
nection with the accompanying drawings, wherein 
[0017] FIG. 1 is a diagram depicting a side view of an 
electronic package according to an embodiment of the inven­
tion; 
[0018] FIG. 2 is a diagram depicting a top view of the 
electronic package according to an embodiment of the inven­
tion; 
[0019] FIG. 3 is a diagram depicting a side view of the 
electronic package according to another embodiment of the 
invention; 
[0020] FIG. 4 is a diagram depicting a side view of the 
electronic package according to an embodiment of the inven­
tion; 
[0021] FIG. 5 is a diagram depicting a side view of the 
electronic package according to an embodiment of the inven­
tion; 
[0022] FIG. 6 is a diagram depicting steps in one embodi­
ment of the invention for making a metallized via through the 
carrier substrate of the electronic package; 
[0023] FIG. 7 is a flowchart illustrating one method for 
producing the electronic package of the present invention; 
[0024] FIG. 8 is a flowchart illustrating one method for 
using an electronic package according to one embodiment of 
the present invention; and 
[0025] FIG. 9 is a flowchart illustrating another method for 
using another electronic package of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] Referring now to the drawings, wherein like refer­
ence numerals designate identical or corresponding parts 
throughout the several views, and more particularly to FIG. 1 
thereof, FIG. 1 shows a side view through a carrier substrate 
10 having at least a conducting layer 20 formed on a first main 
surface of the carrier substrate 10. Passive components (as 
capacitors, resistors, and inductors) may be formed within the 
carrier substrate. 
[0027] According to an embodiment, the carrier substrate 
10 is a silicon substrate and the conducting layer 20 is a 
copper layer. The conducting layer 20 may also be any known 
conductor material. The conducting layer 20 has good ther­
mal and/or electrical properties. For example, in one embodi­
ment, the substrate 10 is made of silicon that has a thermal 
conductivity of 149 W/m/K and a coefficient of thermal 
expansion of 2.6 µ/m/K and the conducting layer 20 is made 
of copper that has a thermal conductivity of 401 W /m/K and 
a coefficient of thermal expansion of 16.5 µ/m/K. 
[0028] The conducting layer 20 is connected to at least a via 
conductor 14 formed in a via 12 thereby providing an anchor 
via. The anchor via can (for the purpose of illustration) be 
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considered a rivet formed in the carrier substrate and in con­
tact with the conducting layer 20 by which the conducting 
layer 20 maintains its structure under thermal stress. The 
carrier substrate 10, according to an embodiment, has one or 
plural vias 12. The vias can be through-vias or can be vias that 
extend from the first main surface but do not reach the oppos­
ing second main surface of the carrier substrate 10. As shown 
in FIG. 1, the via conductor 14 is formed to enter at least 
partially in the via 12 but the via conductor 14 does not 
necessarily have to go all the way through the via 12. 
[0029] As such, the electronic package shown in FIG. 1 
includes a carrier substrate 10 having first and second sur­
faces ( e.g., the top and bottom surfaces of the carrier sub­
strate) and a plurality of anchor vias ( e.g., via conductor 14) 
having a via material extending from the first surface toward 
the second surface. The conducting layer 20 has a length and 
a width extending laterally in two dimensions across a major 
part of the first surface of the carrier substrate 10. The anchor 
vias form plural attachments (i.e., rivets) along the length and 
the width of the conducting layer 20 to secure the conducting 
layer 20 to the carrier substrate 10. 

[0030] In one embodiment, the major part of the first sur­
face covered by the conducting layer covers at least 10% of an 
entirety of the surface area of the carrier substrate. Typically, 
a signal line on a conventional PCB board would not occupy 
such a large area. In one embodiment, the major part of the 
first surface covered by the conducting layer covers at least 
20% of an entirety of the surface area of the carrier substrate. 
At this coverage, especially for relatively thick conducting 
layers (e.g. greater than 10 microns), delamination without 
the rivet structure of the present invention is expected. Thus, 
for conducting layers such as a copper sheet 50 mmx50 mm 
which would serve as a power plane dissipating heat from 
mounted IC chips, the rivet structure permits the carrier sub­
strate laminate of the invention to remain secure against ther­
mal expansion and contraction stress. Furthermore, even if 
there are points of detachment at the interface between the 
conducting layer and the top surface of the carrier substrate, 
the anchor via maintain the utility of the carrier substrate 
laminate to continue to dissipate heat and be a viable support. 
[0031] In one embodiment, the major part of the first sur­
face covered by the conducting layer covers at least 90% of an 
entirety of the surface area of the carrier substrate. While the 
integrity of the carrier substrate laminate of the invention 
remains in tact for even higher area coverage, design rules 
will likely in practice never be as high as 100%. 
[0032] According to an embodiment, the via conductor 14 
fills the via 12 or has an annular shape (see FIG. 5) such that 
a void inside the via is not filled by the via conductor 14. 
According to another embodiment, the void extends from the 
first main surface of the carrier substrate to the second main 
surface of the carrier substrate. Thus, in one embodiment, as 
illustrated in FIG. 1 by the incomplete depth wise fill and as 
illustrated in FIG. 5 by the incomplete annular fill, the via 
metals or the anchor vias do not occupy an entire volume of 
the vias etched in the carrier substrate. The via conductors can 
fill the vias between 10% and 100% in terms of the volume of 
the via. 
[0033] The via conductor 14 may be formed of copper, 
aluminum, gold, silver or other conductors. The via conduc­
tor 14 may also be formed of the same material as the con­
ducting layer 20 and the via conductor and the conducting 
layer may be formed as a single structure. Optionally, the via 
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conductor 14 and the conducting layer 20 are formed in 
separate process steps out of a single material. 
[0034] The conducting layer 20 and the via conductor 14 
may be formed directly on the carrier substrate 10, i.e., with 
only an insulating layer between the conducting layer and the 
carrier substrate. The conducting layer 20 and the plural via 
conductors 14 can be formed to be a unitary, single, mono­
lithic structure made of a same conducting material. 
[0035] The via conductors can be distributed relative to the 
conducting layer 20 in a pattern as shown for example in FIG. 
2. Other distribution patterns and irregular distribution pat­
terns are also permissible and may be needed to accommo­
date chip attachment. The vias 12 can have a diameter 
between 30 and 150 µm. A distance between the via conduc­
tors is between 60 and 1000 µm. A density of the via conduc­
tors in the pattern is between 0.01 and 400 via conductors per 
unit square millimeter. 
[0036] This density of the via conductors can be uniform 
across the entire conducting layer 20. Thus, for a conducting 
layer having approximate sizes of 140 mm by 80 mm, the 
number of via conductors can reach 100,000 per conducting 
layer. The number of via conductors for the above noted size 
of the conducting layer 20 has a minimum of 5000 and a 
maximum of 200,000. 
[0037] According to an embodiment, another conducting 
layer 30 is formed on the second main surface of the carrier 
substrate 10, as shown in FIG. 3. The conducting layer 30 can 
have the same or different area coverage as described above 
with regard to conductive layer 20. The conductive layers 20 
and 30 can be formed of the same material. In one embodi­
ment, the conductive layers 20 and 30 and at least a via 
conductor 14 are formed of copper. 
[0038] In the embodiment shown in FIG. 3, the conducting 
layers 20 and 30 are mechanically connected by at least one 
via conductor 14, which acts as a rivet to hold the conducting 
layers 20 and 30 mechanically connected to the substrate. The 
conducting layers 20 and 30 can be connected by a plurality of 
via conductors 14 such that a stress caused by high changes in 
temperature in the main surfaces of the carrier substrate does 
not break the composite structure formed by the conducting 
layers and the via conductors. FIG. 4 shows a side view of the 
conducting layers 20 and 30 formed on the first and second 
main surfaces of the carrier substrate 10 with no via conduc­
tors in this particular cross section. 
[0039] A size of the conducting layer 20 can be as long as 
300 mm in one direction and 300 mm in another direction. It 
is noted that the conducting layer 20 can have a square shape 
or a shape that is not square, for example a rectangular shape. 
It is also noted that a conducting layer having sizes on the 
order of tens of centimeters expands larger than a substrate of 
silicon, thus generating a large thermal stress, which is more 
severe than conventional copper on silicon structures that 
have centimeter and subcentimeter sizes. 
[0040] A structure having a large (centimeters to tens of 
centimeters) conducting layer having multiple via conductors 
connected to the large conducting layer, advantageously pre­
serves the integrity of the structure because of the multiple via 
conductors that anchor the conducting layer to the carrier 
substrate. The structure having conducting layers 20 and 30 
mechanically connected by the plural via conductors (as riv­
ets) to the carrier substrate also permits the conducting struc­
ture to be reliable, less prone to delaminating, and to continue 
to function as designed even if delamination occurs, as dis­
cussed above with regard to the area coverage. 
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[0041] The structure of the conducting layer 20, the via 
conductors 14, and optionally the conducting layer 30 can be 
formed of a same material during a same step to provide a 
monolithic structure that is able to function even when the 
structure or one of its elements delaminate ( or partially 
delaminates) from the carrier substrate 10. 

[0042] In another embodiment of the invention shown in 
FIG. 5, the via technology presented above is used to form 
sets of electrically conducting layers on a carrier substrate for 
an electronic package. In this embodiment, the electronic 
package includes a carrier substrate 10 having first and sec­
ond surfaces and a plurality of vias 12 extending from the first 
surface to the second surface. A first set of first conducting 
layers 20, 22, and 24 are formed on, for example, the top 
surface of the substrate 10 as shown in FIG. 5. Plural dielec­
tric layers 40, 42, and 44 are disposed between respective 
ones of the first set of conducting layers 20, 22, and 24 to 
electrically isolate the respective ones of the first conducting 
layers from each other. A first via conductor 26 is disposed in 
one of the vias 12 and connected to the first set of conducting 
layers 20, 22, and 24. However, a set of via conductors is 
provided for each layer that has a large area of conductor to 
anchor the layer to the carrier structure. 
[0043] As seen in FIG. 5, in one embodiment of the present 
invention, via conductor 26 ( and for that matter via conductor 
14 in FIG. 1) can have a volume less than a volume of the via 
in which the via conductor is formed, as discussed above. The 
via patterns, sizes, materials, and densities in the embodiment 
of FIG. 5 can be similar to those discussed above. 
[0044] Accordingly, a plurality of additional vias (not 
shown in FIG. 5 for the sake of simplicity) are disposed in the 
carrier substrate 10 and extend from the top surface to the 
bottom surface (also not shown in FIG. 5 for the sake of 
simplicity). It is noted that the two conducting layers 20 and 
24 can be electrically discontinued. In other words, insulating 
layers ( dielectric layers) are formed between opposing ends 
of the first set of conducting layers (20, 22, and 24) and a 
second set of conducting layers (20', 22', and 24') in the 
common plane in which the layers are formed. 21. Insulating 
layers formed are between opposing ends of the first and 
second sets of conducting layers. 
[0045] Thus, the conducting layer 20 has two regions 20 
and 20' electrically discontinued that can be supplied with 
different signals/electrical potentials. The same is true for any 
of the conducting layers. For example, the conducting layer 
24 has two regions 24 and 24' electrically discontinued by the 
dielectric layer 44. It is also noted that the conducting layers 
20, 22, and 24 shown in FIG. 5 have as a common root layer 
26. Layer 26 can be made of the same material as layers 20, 
22, and 24 in one embodiment. 
[0046] Any number of conducting layers can be formed on 
the same main surface of the carrier substrate 10 and a corre­
sponding number of dielectric layers. The dielectric layers 
can include silicon oxide, or any other appropriate insulating 
material as would be recognized by one of ordinary skill in the 
art (e.g. BCB (Benzocyclobutene) or low-k dielectrics (car­
bon doped SiO2 or porous SiO2 ) or high-k dielectrics). One or 
more conducting layers can be formed on the second main 
surface of the carrier substrate 10. The one or more conduct­
ing layers formed on the second main surface of the carrier 
substrate 10 can have the structure of the conducting layers 
20, 22, and24 discussed with regard to FIG. 5 or the structure 
of the conducting layer 20 discussed with regard to FIGS.1-4. 
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[0047] The conducting layers 20', 22' and 24' can be con­
nected to one or many second via conductors (not shown) 
similar to the via conductor 14 and thus, the conducting layers 
20', 22' and24' can be supplied with a control signal/electrical 
potential independent of the control signal/electrical potential 
supplied to layers 20, 22, and 24. It is noted that the dielectric 
layers 40, 42, and 44 do not necessarily enter the via 12 in one 
embodiment. 
[0048] The above discussed structures in FIGS. 1-5 can be 
part of an electronic package for a filed programmable gate 
array (FPGA), a microprocessor, application-specific inte­
grated circuit (ASIC), a plurality ofFPGAs, ASICs, or micro­
processors or any combination of active elements. 
[0049] Thevias 12 can be formed in the carrier substrate 10 
by well know techniques, as for example Reactive Ions Etch­
ing (RIE) using the Bosch process. The Bosch process con­
sists of a series of alternating passivation and etch steps. In the 
passivation step, a C4 F 8 -based plasma is used to conformally 
deposit a thin layer of PTFE-like fluorocarbon polymer 
across all surfaces exposed to the plasma. In the first portion 
of the etch step, an SF 6 -based plasma is used to etch the 
polymer preferentially on the wafer surface. This preferential 
etching is achieved through the application of a DC bias to the 
plate on which the wafer is positioned which leads to the 
increased ion energy in the vertical direction. In the second 
portion of the etch, the same plasma is used to etch the silicon 
surface at the base of the opening in the mask. The fluorocar­
bon polymer protects the vertical walls of the trench from 
etching. 
[0050] By repeating the passivation/etch cycles, the pro­
cess achieves the highly anisotropic etching of deep struc­
tures in silicon. The conducting layers and the via conductors 
can be formed by metal organic chemical vapor deposition, 
sputtering, PECVD (plasma enhanced chemical vapor depo­
sition) or electrodeposition. The dielectric layers between the 
conducting layers can be formed by sputtering or other known 
methods. 
[0051] When a through-wafer-via is formed in the carrier 
substrate and then the conducting and the dielectric materials 
are formed by sputtering, some of the material will cover the 
upper portion of the walls of the via. However, the oxide from 
the lateral walls of the via are can be removed to achieve the 
structure shown in FIG. 5 discussed above. Further, a transi­
tion of the dielectric layer from the horizontal surface to a 
vertical surface inside the via can be smooth. 
[0052] FIG. 6 is a diagram depicting steps to obtain the 
above discussed device. The carrier substrate 10 has a metal­
lization layer 20 (e.g., Cu or other conductive material) 
deposited in mostly a conformal manner across the substrate 
surface and the interior wall surfaces of the vias 12. An oxide 
layer 40 such as a sputtered oxide is formed on the metalli­
zation layer 20. A masking plate 50 as shown in FIG. 6 is 
placed over the via 12. The masking plate 50 protects a chuck 
holding the wafer in a RIE chamber from damage and permits 
the cavity in the masking plate to expose a portion of the 
surfaceofthewaferto theRIE plasma. Suitable masking plate 
materials include copper. Following the RIE process, a 
smooth rounded edge of the via and the dielectric layer can be 
achieved. It is preferred that the smooth round edge has a 
radius on the order of the thickness of the copper or greater. 
[0053] As shown in FIG. 6, the mask is aligned on the via 
such that the cavity of the mask is located directly over the via. 
In one embodiment, holes are formed in the mask, and the 
mask is aligned over the via by verifying that light enters the 
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via from the hole of the mask. The mask plate can have 
different sizes and shapes of the cavities, including no cavity 
at all to accommodate different edge shapes if necessary. The 
mask can be held in place by a thin glue or a mechanical 
clamp. With the mask in place, RIE is performed with the 
mask on until a desired shape of the edge of the via or of the 
dielectric layer is achieved. 

[0054] This process of providing smooth edges alleviates 
the development of stress in the corner regions where the via 
metal material transitions from the vias to the top surface 
conducting planes. These areas, especially for the embodi­
ments with multi-layer dielectric and metallization as shown 
in FIG. 5, are prone to thermal stress induced failure over the 
lifetime of the electronics package due to repeated thermal 
cycling of the part during many typical operations e.g., a 
telecom system going from no traffic to full traffic may rap­
idly change its junction temperature. 
[0055] As shown in FIG. 7, a method for producing the 
above discussed devices, which are illustrated for example in 
FIGS.1, 3, and 4, includes a step 700 of forming in the carrier 
substrate a plurality ofvias extending from the first surface, a 
step 710 of forming a first conducting layer on the first surface 
of the carrier substrate, a step 720 of depositing a pattern of 
via conductors disposed in a predetermined number of the 
vias and collectively connected to the first conducting layer, 
and a step 730 of securing the first conducting layer to the 
carrier substrate with the pattern of via conductors against 
thermal expansion and contraction thereof. The vias are pro­
duced in the carrier substrate using the RIE with the Bosch 
process described above. In step 710, a thermal oxide layer 
may be grown over the carrier substrate and the vias and this 
layer generates a smooth edge of the vias. In step 720, copper 
may be deposited with the MOCVD (metalorganic vapour 
phase epitaxy) process over the thermal oxide layer. A seed 
layer may be deposited with MOCVD or equivalent processes 
prior to depositing the copper. 
[0056] FIG. 8 is a flowchart illustrating one method for one 
of the electronic packages of the present invention. The 
method for reducing thermal fatigue failure due to heat 
cycling in the electronic package includes a step 800 of ther­
mal cycling a conducting layer on the carrier substrate, and a 
step 810 of securing the conducting layer to the carrier sub­
strate by a pattern of via conductors disposed in a predeter­
mined number of vias, the via conductors collectively con­
necting the conducting layer to the carrier substrate. The 
electronic package discussed with reference to FIG. 8 may be 
the device shown in FIG. 1. 
[0057] FIG. 9 is a flowchart illustrating one method of use 
for another of the electronic packages of the present inven­
tion. The method for reducing thermal fatigue failure due to 
heat cycling in the electronic package includes a step 900 of 
thermal cycling of first and second conducting layers formed 
on first and second main surfaces of a carrier substrate, and a 
step 910 of securing the first and second conducting layers to 
the carrier substrate by at least one via conductor disposed in 
at least one via, the at least one via conductor connecting the 
first conducting layer to the second conducting layer with the 
carrier substrate between the first and second conducting 
layers. The electronic package discussed with reference to 
FIG. 9 may be the device shown in FIG. 3. 
[0058] Numerous modifications and variations of the 
present invention are possible in light of the above teachings. 
It is therefore to be understood that within the scope of the 
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appended claims, the invention may be practiced otherwise 
than as specifically described herein. 

1. An electronic package comprising: 
a carrier substrate having first and second surfaces and a 

plurality of anchor vias having a via material extending 
from the first surface toward the second surface; 

a first conducting layer having a length and a width extend­
ing laterally in two dimensions across a major part of the 
first surface of the carrier substrate; and 

said anchor vias forming plural attachments along said 
length and said width of the first conducting layer to 
secure the first conducting layer to the carrier substrate. 

2. The package of claim 1, wherein the major part of the 
first surface comprises at least 10% of an entirety of a surface 
area of the carrier substrate. 

3. The package of claim 1, wherein the major part of the 
first surface comprises at least 20% of an entirety of a surface 
area of the carrier substrate. 

4. The package of claim 1, wherein the major part of the 
first surface comprises at least 90% of an entirety of a surface 
area of the carrier substrate. 

5. The package of claim 1, wherein the via material extends 
to the second surface. 

6. The package of claim 1, wherein the first conducting 
layer has at least two dimensions larger than 50 mm. 

7. The package of claim 1, wherein the first conducting 
layer has at least two dimensions larger than 100 mm. 

8. The package of claim 1, wherein at least one of the first 
conducting layer and the via material comprises at least one of 
copper, gold, aluminum, and invar. 

9. The package of claim 1, further comprising: 
a second conducting layer on the second surface of the 

carrier substrate and connected to the via materials. 
10. The package of claim 9, wherein at least one of the first 

and second conducting layers and the via material comprises 
at least one of copper, gold, aluminum, and invar. 

11. The package of claim 9, wherein the second conducting 
layer extends laterally in two dimensions across a major part 
of the second surface of the carrier substrate. 

12. The package of claim 9, wherein at least one of the first 
and second conducting layers has first and second dimensions 
larger than 50 mm. 

13. The package of claim 9, wherein at least one of the first 
and second conducting layers has first and second dimensions 
larger than 100 mm. 

14. The package of claim 1, wherein the anchor vias have a 
surface density between 0.01 and 400 vias per unit square 
millimeter. 

15. The package of claim 1, wherein at least one of the 
anchor vias has a diameter between 30 and 150 µm. 

16. The package of claim 1, wherein at least one of the 
carrier substrate, the first conducting layer, and the via mate­
rial has a thermal conductivity of at least 50 W /m/K. 

17. The package of claim 1, wherein the via material par­
tially fills at least one of the plurality of anchor vias. 

18. The package of claim 1, wherein the carrier substrate 
includes at least one of silicon, Ge, GaAs, silicon carbide, 
quartz, and sapphire. 

19. An electronic package, comprising: 
a carrier substrate having first and second surfaces and a 

plurality of first anchor vias extending from the first 
surface to the second surface; 

a first set of first conducting layers on the first surface of the 
substrate, at least one of the first conducting layers hav-
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ing a first length and a first width extending laterally in 
two dimensions across a major part of the first surface of 
the carrier substrate; 

plural dielectric layers disposed between respective ones of 
the first set of first conducting layers to electrically iso­
late the respective ones of the first conducting layers 
from each other; and 

a first via conductor disposed in one of the first anchor vias 
and connected to the first set of conducting layers to 
form plural attachments along said length and said width 
of the at least one of the first conducting layers. 

20. The package of claim 19, wherein the major part of the 
first surface comprises at least 10% of an entirety of a surface 
area of the carrier substrate. 

21. The package of claim 19, wherein the major part of the 
first surface comprises at least 20% of an entirety of a surface 
area of the carrier substrate. 

22. The package of claim 19, wherein the major part of the 
first surface comprises at least 90% of an entirety of a surface 
area of the carrier substrate. 

23. The package of claim 19, wherein the first via conduc­
tor partially fills one of the plurality of first anchor vias. 

24. The package of claim 19, wherein the carrier substrate 
includes at least one of silicon, Ge, GaAs, silicon carbide, 
quartz, and sapphire. 

25. The package of claim 19, wherein the first anchor vias 
have a density between 0.01 and 400 vias per square milli­
meter. 

26. The package of claim 19, further comprising: 
a plurality of second anchor vias extending from the first 

surface to the second surface; 
a second set of second conducting layers on the first surface 

of the semiconductor carrier substrate; and 
a second via conductor disposed in one of the plurality of 

second anchor vias and connected to the second set of 
conducting layers. 

27. The package of claim 26, wherein corresponding layers 
of the first and second sets are disposed in a common plane 
above the semiconductor carrier substrate. 

28. The package of claim 27, further comprising: 
insulating layers formed between opposing ends of the first 

and second sets of conducting layers in the common 
plane. 

29. The package of claim 26, wherein at least one of the first 
and second anchor vias has a diameter between 30 and 100 
µm. 

30. The package of claim 26, wherein adjacent ones of the 
first and second anchor vias are separated by a distance 
between 60 and 5000 µm. 

31. The package of claim 19, further comprising: 
an attachment layer on the second surface of the semicon­

ductor carrier substrate connecting to the first via con­
ductor. 

3 2. The package of claim 31, wherein at least one of the first 
conducting layers and the attachment layer has first and sec­
ond laterally extending dimensions larger than 70 nm. 

33. The package of claim 31, wherein at least one of the first 
conducting layers and the attachment layer has first and sec­
ond laterally extending dimensions larger than 120 mm. 

34. The package of claim 31, wherein the attachment layer 
is a conductive layer. 

35. The package of claim 19, wherein at least one of the 
carrier substrate, the first conducting layer, and the via mate­
rial has a thermal conductivity of at least 50 W /m/K. 
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36. An electronic package comprising: 
a carrier substrate having first and second surfaces and a 

plurality of anchor vias having a via material extending 
from the first surface toward the second surface; 

a conducting layer disposed on the first surface of the 
carrier substrate and having first and second dimensions 
extending laterally in two dimensions across the first 
surface of the carrier substrate, said first and second 
dimensions being larger than 50 mm; and 

the anchor vias connecting to the conducting layer to form 
plural attachments along said first and second dimen­
sions of the conducting layer. 

37. A method for forming an electronic package, compris­
ing: 

providing a carrier substrate having first and second sur­
faces; 

forming in the carrier substrate a plurality of vias extending 
from the first surface; 

forming a first conducting layer having a length and a width 
extending laterally in two dimensions across a major 
part of the first surface of the carrier substrate; and 

depositing at least one via material into the vias to connect 
the plural via materials to the first conducting layer and 
secure the first conducting layer to the carrier substrate. 

38. The method of claim 37, wherein depositing comprises 
forming the via materials which extend to the second surface. 

39. The method of claim 37, further comprising: 
forming a second conducting layer on the second surface of 

the carrier substrate such that a part of the via materials 
connect to the second conducting layer. 

40. The method of claim 37, further comprising: 
depositing a dielectric layer between the carrier substrate 

and the first conducting layer. 
41. The method of claim 40, wherein forming a first con­

ducting layer includes forming a set of first conducting layers 
on the first surface of the substrate, and 

wherein depositing a dielectric layer includes depositing 
plural dielectric layers disposed between respective 
ones of the set of conducting layers to electrically isolate 
the respective ones of the first conducting layers from 
each other. 

42. The method of claim 37, further comprising: 
placing a masking plate over at least one of the vias. 
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43. The method of claim 42, further comprising: 
etching at least a via conductor formed in the at least one of 

the vias to smooth an edge of the via conductor. 
44. The method of claim 43, wherein depositing at least one 

via material comprises depositing a first via conductor in one 
of the first vias to connect to at least one conducting layer of 
the first set of conducting layers. 

45. The method of claim 37, wherein forming a first con­
ducting layer comprises forming the first conducting layer 
across at least 10% of an entirety of a surface area of the 
carrier substrate. 

46. The method of claim 37, wherein forming a first con­
ducting layer comprises forming the first conducting layer 
across at least 20% of an entirety of a surface area of the 
carrier substrate. 

47. The method of claim 37, wherein forming a first con­
ducting layer comprises forming the first conducting layer 
across at least 90% of an entirety of a surface area of the 
carrier substrate. 

48. A method for reducing thermal fatigue failure due to 
heat cycling in an electronic package, comprising: 

thermal cycling a conducting layer on a carrier substrate 
that extends laterally in two dimensions across a major 
part of a surface of the carrier substrate; and 

securing the conducting layer to the carrier substrate by 
plural via materials disposed in plural vias, extending 
into the carrier substrate, and connecting the conducting 
layer to the carrier substrate at multiple attachments 
along the two dimensions. 

49. The method of claim 48, wherein securing the conduct­
ing layer comprises securing the conducting layer across at 
least 10% of an entirety of a surface area of the carrier sub­
strate. 

50. The method of claim 48, wherein securing the conduct­
ing layer comprises securing the conducting layer across at 
least 20% of an entirety of a surface area of the carrier sub­
strate. 

51. The method of claim 48, wherein securing the conduct­
ing layer comprises securing the conducting layer across at 
least 90% of an entirety of a surface area of the carrier 
substrate. 

* * * * * 




