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HIGH DENSITY DESIGN FOR ORGANIC CHIP CARRIERS 

Background of the Invention 

l. Technical Field 

This invention relates generally to the attachment of 

integrated circuit devices to printed circuit boards. More 

particularly, the invention relates to the attachment of 

semiconductor integrated circuit (IC) chips to printed 

circuit boards utilizing an integrated circuit chip 
. . 

carrier, wherein all signal and power connections are made 

via the integrated circuit integrated circuit chip carrie~. 

2. Background Art 

Integrated circuit chips are readily incorporated into 

their intended working environments when the integrated 

circuit chip has been installed in an integrated circuit 

chip carrier. A typical chip carrier provides an interface 

between the integrated circuit chip and the circuit board 

by.providing electrical interconnections to off-chip or 

external devices. 

Organic substrates for use in chip carriers have been 

used and continue to be developed for many applications. 

These substrates are expected to replace ceramic 
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substrates, particularly in chip carrier applications, due 

to improved electrical performance and lower cost. 

However, the use of a multi-layered interconnect structure, 

such as an organic chip carrier, for interconnecting a--

semiconductor chip to a printed circuit board in an -

electronic package introduces many challenges, one of which 

is the amount of space required between electrical signal 

circuits within the chip carrier. , . 
As semiconductor chip input/output (I/O) counts 

increase beyond the capability of peripheral lead devices 

and as the trend towards semiconductor chip and printed 

circuit board miniaturization continues, area array 

interconnects are the preferred method for making large 

numbers of connections between a semiconductor chip and an 

organic chip carrier, and between the organic chip carrier 

and a printed circuit board. 

A typical chip carrier includes a top surf ace and a 

bottom surface. (The terms "top" and "bottom" are used 

only to differentiate between the two surfaces, and do not 

specifically refer to the orientation of the chip or 

carrier when the structure is mounted on the printed 

circuit board.) The top surface of the chip carrier has an 

array of bonding pads which are arranged in a pattern that 
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corresponds to the pattern or "footprint" of the input and 

output pads on the chip. The bottom surface of the chip 

carrier has a second set of bonding pads which are 

connected to the first set of bonding pads by through-vias. 

A through-via is a. (usually) cylindrical hole extending 

through the thickness of the chip carrier and is lined with 

a material, such as copper, that acts both as an electrical 

and a thermal conductor. The through-via provides a path 
' . 

of electrical conduction between the chip and the 

electrical circuit patterns located within internal layers 

of the chip carrier. The drilling of through-vias in the 

carrier is a common approach used to provide signal, ground 

and power interconnection means. 

However, drilling all through-vias utilizing an 

industry standard grid pattern, such as the Controlled 

Collapse Chip Connector (C4) solder ball grid, as would be 

necessary for complete signal, ground, and power 

interconnections, requires drilling on an extremely narrow 

pitch (e.g., a 9 mil or less pitch). In order to enable 

all signal wires to escape through the channels between the 

drilled holes, a narrow wire (e.g., less than 18 microns) 

would be required. Designs with such wiring typically 

·result in very low usable product yields. 
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Other designs have been proposed which incorporate 

wiring channels and a sequential build process to separate 

the through-vias from signal circuits. The signal wires in 

these designs have widths as small as 14 microns. However, 

such wiring may not meet required resistance 

specifications. Also, in order to achieve the 14 micron 

wire width, the plating in the through-vias is necessarily 

very thin, on th.e order of 2-3 microns. This relatively . . 
thin plating results in deficiencies in the thermal and 

electrical properties of the through-via. The design 

approach taken in this invention results in the signal wire 

width being independent of the plated through hole {PTH) 

plating thickness. 

Thus, there exists a need for an efficient and 

inexpensive way to increase the packaging density, the 

electrical performance, and. the device reliability of a 

chip carrier structure. An electronic p~ckage that 

includes a multilayer interconnect structure such as an 

organic chip carrier, and that provides wiring channels 

through which electrical signals can be routed, can 

substantially increase the density of interconnections 

between the semiconductor chip and the organic chip 

carrier, and between the o~ganic chip carrier and the 
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printed ~ircuit board. Furthermore, it can enable design 

of the electronic package to significantly improve 

electrical performance. It is believed that such a 

structure would constitute a significant art advancerne'fit. 

Sununary of the Invention 

The present invention provides a structure for a chip 

carrier which includes placement of through-vias in 
' . 

locations which are considered "off-grid,'' that is, they 

are not in a location, when disposed in the interior of the 

chip carrier, defined by a typical grid coordinate or array 

pattern system. Relocating through-vias in this manner 

allows grouping of electrical signal traces into wiring 

channels which are placed between the through-vias. The 

use of wiring channels further allows for increased line 

widths, which result in·corresponding increases in product 

reliability and yield. 

T~e electrical through-via signals are returned to 

"on-grid" locations (i.e. the array pattern required for 

further connection) within the multilayer structure using 

electrically conductive connectors, typically dog-bone 

shaped, within internal layers. Thus, the electrical 

signals are again in an array pattern arrangement when they 
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exit the chip carrier from its top and b9ttom surfaces. 

The array pattern arrangement on the bottom surface may be 

similar to that of the top surface. Alternatively, the 

array pattern arrangement of the bottom surface may 

represent a significant difference from that of the Eop 

surface. For example, there may be an expansion or 

contraction of the array pattern of the top surface (e.g., 

a fan-out pattern or fan-in pattern, respectively) . These , . 
transpositions may be rectilinear or radial, or some 

combination thereof. Further, a single through-via may 

connect to more than one microvia, or vice versa. 

The return of the through-vias to array pattern 

locations can be accomplished utilizing blind vias drilled 

through an external dielectric layer which has been applied 

to the chip carrier· after the through-vias have been 

drilled and plated. The external dielectric layer will 

tent and/or fill in the off-grid or non-array pattern 

through vias. Alternatively, these blind vias may be 

formed using techniques well known in the art, including 

laser ablating, plasma etching, mechanical drilling: or 

photo-imag.ing. 

Generally, the present invention provides an 

integrated circuit carrier structure including a 
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laminated assembly comprising: a first surface; a second 

surface substantially parallel to said first surface; an 

array of contact pads arranged in a first array pattern on 

said first surface; an array of contact pads arranged in a 

second array pattern on said second surface; through:vias 

within said structure for connecting respective contact 

pads on the first and second surfaces, wherein said 

through-vias are horizontally displaced from the array 
"'1 "" 

pattern on the first surface; and conductive elements which 

connect the contact pads with the through-vias. 

The present invention also provides a printed circuit 

board assembly comprising: a semiconductor integrated 

circuit; a printed circuit board; an integrated circuit 

carrier for mounting the semiconductor integrated circuit 

to the printed circuit board comprising: a layered 

structure having a first surface and a second surface 

substantially parallel to said first surface; an array of 

contact pads arranged in a first array pattern on said 

first surface; an array of contact pads arranged in a 

second array pattern on said second surface; through-vias 

within said structure for 

connecting respective contact pads on the first and second 

surfaces, wherein said through-vias are horizontally 

~.:.. .. 

-
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; . displaced from the array pattern on the first surface for 

the purpose of maximizing available wiring channel volume; 

and conductive elements which connect the contact pads with 

the through-vias. 

The present invention further provides a method of 

constructing an integra~ed circuit carrier structure with a 

laminated assembly, wherein the laminated assembly includes 

first and second substantially parallel surfaces, 
• • 

comprising: arranging an array of contact pads in a first 

array pattern on said first surface; arranging an array of 

contact pads in a second array pattern on said second 

surface; forming through-vias within said structure for 

connecting respective contact pads on the first and second 

surfaces, wherein said through-vias are horizontally 

displaced from the array pattern on the first surface; and 

incorporating conductive elements to connect the contact 

pads with the through-vias. 

It is to be understood that both the foregoing general 

description and the f~l~owing detailed description are 

exemplary, but are not restrictive, of the invention. 

Brief Description of the Drawings 

The invention is best understood from the following 
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detailed description when read in conjunction with the 

accompanying·drawings. It is emphasized that, according to 

common practice and for the sake of clarity, the various 

features of the drawings are not drawn to scale. On th~ 

contrary, the dimensions of the various features may-have 

been arbitrarily expanded or reduced. Included in the 

drawings are the following figures: 

FIG. 1 is an exploded perspective view showing 

mounting of a semiconductor chip onto a carrier and a 

carrier onto a printed circuit board according to the 

present invention; 

FIG. 2 is a longitudinal sectional view on an enlargec 

scale from FIG. 1 of an integrated circuit chip, a chip 

carrier, and a printed circuit board mounted and connected 

according to the pres~nt invention; 

FIG. 3 depicts an overhead view of the upper surfaces 

of the chip carrier structure of FIG. 2 according to the 

present invention; 

FIG. 4 depicts. an overhead view of the upper surfaces 

of the chip carrier of FIG. 2 according to a possible 

embodiment of the present invention; and 

FIG. 5 depicts an overhead view of the upper surfaces 

of the chip carrier of FIG. 2 according to another possible 
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. ' embodiment of the present invention. 

Detailed Descrip~ion of the Preferred Embodiment 

The present invention provides an organic integrated 

.circuit chip carrier. In particular there is a nove~ 

design for routing signal wires from a semiconductor chip 

via a multilayer chip carrier, while maintaining maximum 

wiring width for enhanced manufacturing yield. While this 

invention is susceptible to embodiment in many different 

forms, there is shown in the drawings, and will be 

described in detail, a preferred embodiment of the 

invention. It should be understood, however, that the 

present disclosure is to be considered as an 

exemplification of the principles of this invention and is 

not intended to limit the invention to the embodiment 

illustrated. 

Referring to FIG. 1, this figure shows an exploded 

perspective view of an electronic package 10 for the 

mounting of a semiconductor chip 12 onto a carrier 14, and 

the carrier 14 onto a circuitized substrate 16 (e.g., a 

printed circuit board). The electronic package 10 includes 

a multilayer interconnect structure 20, preferably an 

organic chip. carrier, adapted for electron.ically 

-.;... 
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interconnecting the semiconductor chip 12 to a printed 

circuit board by means of a plurality of solder balls 24 

and conductive pads 18. The multilayer interconnect 

structure 20 is typically composed of somewhat alternatl~g 

layers of dielectric and conductive materials (see FIG. 2) . 

As shown in Figure 2, the multilayer interconnect 

structure 20 further contains a plurality of microvias 22 

and contact pads 32, which are in electrical contact with a 
~ .. 

plurality o~ electrically conductive connectors 28 within 

the chip carrier 14. The plurality of microvias 22 are 

also in contact with a plurality of contact members 30 on 

the semiconductor chip 12. Each of the plurality of 

rnicrovias 22 includes a layer of electrically conductive 

material 34, preferably copper, although conductive paste 

or solder are a suitable alternative, positioned on the 

internal walls of the plurality of microvias 22 and on 

portions of selected ones of the plurality of electrically 

conductive members 28. 

Selected ones of the plurality of contact pads 32 

electrically couple to respective ones of solder 

connections 34. Each of the solder connections 34 are 

designed to efficiently match the pattern of contact 

members 30 on semiconductor chip 12. Preferably, there is 

-
. --
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a match of no more than one contact member 30 with one of 

the plated through holes or through-vias, 50, 52, under the 

semiconductor chip 12 providing a direct electrical path 

from each contact member 30 to a respective solder balI 24 

through a solder connection 34, an electrically conauctive 

member 28, and a plated through hole 50, 52. The direct 

electrical path from a contact member 30 to a solder ball 

.24 provides a relatively short and efficient electrical 
1 • 

path for el·ectrical signals to be transmitted from the 

semiconductor chip 12 through the multilayer interconnect 

structure 20 and to the outside environment through solder 

balls 24. 

Placement of the plated through holes (PTH's), or 

through-vi~s, permits wiring channels 51 with sufficient 

space to accommodate electrically conductive traces for the 

routing of electrical signal·, power and ground signals. As 

depicted in Figures 2 and 3, the wiring channel 51 extends 

from the edge of one plated through hole 50 to the edge of 

another plated through hole 52. The width of the wiring 

channel 51, shown extendi~g from A to A', represents a 

significant increase in the space available within which 

signal traces 40 are routed. Related art designs are 

limited to a wiring channel wi·dth shown as B to B' (Fig. 2). 
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Referring to Figure 2, the electronic package 10 can 

further include a circuitized substrate 16 (e.g., a printed 

circuit board) having a plurality of contact pads 18 on a 

first surface 42. The contact pads 18 are electrically 

connected to respective ones of solder balls 24 on a­

multilayer interconnect structure 20. Typically, the 

solder balls 24 are arranged in a ball grid array {BGA) 

arrangement to efficiently allow electrical signal 

transmission and power distribution out of and into the 

electronic package 10. The solder balls 24 can also be 

comprised of columns or other shapes to provide the 

appropriate stand-off and appropriate strain relief between 

multilayer interconnect structure 20 and circuitized 

substrate 16. 

Referring to Figure 3, there is shown an overhead view 

of the present invention, further illustrating how the 

through-vias 50, 52 are moved off-grid using dog-bone 

shaped electrically conductive connectors 28. The dog-bone 

shaped conductors 28 may be formed in any layer, but are 

shown here formed near the surface for clarity. The 

microvias 22 and contact pads 32 (not shown) remain on 

grid, while the PTH's 50, 52 have been moved off-grid to 

increase the wiring channel 51 space available for routing 

.. 
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multiple signal traces 40 on the internal signal ~ayers 26 

(see Figure 2}. In one embodiment of the invention, there 

is provided, in the optimized wiring channel 51, enough 

space for four signal traces 40 with a minimum line width 

of 28 microns. 

Figure 4 depicts an overhead view of another possible 

embodiment of the present invention, illustrating how the 

through-vias 50, 52 are-moved off-grid in a somewhat radial 

fashion, using dog-bone shaped conductors 28. The dog-bone 

shaped conductors 28 may be formed in any layer, but are 

shown here formed near the surface for clarity. The 

microvias 22 and contact pads 32 (not shown) remain on 

grid, while the through-vias have been moved off-grid tc 

increase the wiring channel 51 space available for wiring a 

plurality (e.g., four} of signal traces 40 per channel 51 

on the internal layers 26, while maintaining a wider trace 

width (e.g., at least 28 microns) for increased 

manuf~cturability. 

Figure 5 illustrates an overhead view of another 

possible embodiment of the present invention in which t~o 

alternative connection patterns are shown. Pattern 54 

shows two microvias 22 connected to a single through-via 

50; while pattern 56 shows a single microvia 22 connected 
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to two through-vias 50. In both of these patterns, the 

connection from the microvia 22 to the through-via 50 is 

made with a dog-bone shaped electrically conductive 

connector 28. 

The foregoing specification is intended as 

illustrative and is not intended to be taken as limiting. 

Still other variations within the spirit ahd scope of this 

invention are possible and will readily present themselves 

to those skilled in the art. 
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Claims 

What is claimed is: 

1. An integrated circuit carrier structure including a 

laminated assembly compr~sing: 

a first surface; 

a second surface substantially parallel to said first 

surface; 

an array of contact pads arranged in a first array 

pattern on 'said first surface; 

an array of contact pads arranged in a second array 

pattern on said second surface; 

tnrough-vias within said structure for connecting 

respective contact pads .on the first and second surfaces, 

wherein said through-vias are· horizontally displaced from 

the array pattern on the first surface; and 

conductive elements which connect the contact pads 

with the through-vias. 

2. The integrated circuit carrier structure of claim 1, 

further comprising: 

volumes within said structure which are maximized to 

form the largest wiring channel possible between sets of 

through-vias, wherein the volumes are located between the 
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through-vias. 

3. The integrated circuit carrier structure of claim 1, 

wherein said conductive elements are dog-bone shaped. -

4. The integrated circuit carrier structure of claim 1, 

wherein said conductive elements are used to displace said 

through-vias at least once. 
' . 

5. The integrated circuit carrier structure of claim 2, 

wherein said wiring channels contain a plurality of 

electrical signal lines. 

6. The integrated circuit carrier structure of claim 1, 

wherein the contact microv~as arranged on said second 

surface are blind vias. 

7. The integrated circuit carrier structure of claim 6, 

wherein said blind vias are laser-ablated. 

8. The integrated circuit carrier structure of claim 6, 

wherein said blind vias are photo-imaged. 
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9 .. The integrated circuit carrier structure of claim 6, 
0 

wherein said blind vias are plasma etched. 

10. The integrated circuit carrier structure of claim-6, 

wherein said blind vias are mechanically drilled. 

11. The integrated circuit carrier structure of claim 1, 

wherein the structure is formed from an organic material. , . 

12. The integrated circuit carrier structure of claim 1, 

wherein the structure is formed from a ceramic material. 
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13. A printed circuit board assembly compri~ing: 

a semiconductor integrated circuit; 

a printed circuit board; 

an integrated circuit carrier for mounting the 

semiconductor integrated circuit to the printed circuit 

board comprising: 

a layered structure having a first surface and a 

second surface substantially parallel to said first 
1 • 

surface; 

an array of contact pads arranged in a first array pattern 

on said first surface; 

an array of contact pads arranged in a second array 

pattern on said second surface; 

through-vias within said· structure for connecting 

respective contact pads on the first and second surfaces, 

wherein said through-vias are horizontally displaced from 

the array pattern on the first surface for the purpose of 

maximizing available wiring channel volum~; and 

conductive elements which connect the contact pads 

with the through-vias. 

14. The printed circuit board assembly o~ claim 13, 
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further comprising: 

volumes within said structure which are maximized to 

form the largest wiring channels possible between sets of 

through-vias, wherein the volumes are located between fhe 

through-vias. 

15. The printed circuit board assembly of claim 13, 

wherein the structure is formed from an organic material. 

16. The printed circuit board assembly of claim 13, 

wherein the structure is formed from a ceramic material. 
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.. 17. A method of constructing an integrated circuit 

carrier structure with a laminated assembly, wherein the 

laminated assembly includes first and second substantially 

parallel surfaces, comprising: 

arranging an array of .contact pads in a first aTray 

pattern on said first surface; 

arranging an array of contact pads in a second array 

pattern on said second surface; 

forming through-vias within said structure for 

connecting respective contact pads on the first and second 

surfaces, wherein said through-vias are horizontally 

displaced from the array pattern on the first surface; and 

incorporating conductive elements to connect the 

contact pads with the through~vias. 

18. The method of claim 17, further comprising the steps 

of: 

. creating volumes for maximum wiring channel volume 

within said structure, between said through-vias; and 

forming wiring channels within said volumes. 

19. The method of claim 17, wherein the conductive 

elements are dog-bone shaped. 
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20. The method of claim 11, wherein the conductive 

elements are used to displace the through-vias at least 

twice. 

21. The method of claim 17, wherein the wiring channels 

contain a plurality of electrical signal lines. 

22. The method of claim 17, wherein the contact pads 
' . 

arranged on said second surface are blind vias. 

23. The method of claim 22, wherein said blind vias are 

laser ablated. 

24. The method of claim 22, wherein said blind vias are 

plasma etched. 

25. The method of claim 22, wherein the blind vias are 

mechanically drilled. 

26. The method of claim 22, wherein said blind vias are 

photo-imaged. 
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27. The method of claim 17,· wherein the structure is 

formed from an organic material. 

28. The method of claim 17, where~n the structure is 

formed from a ceramic material. 


