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THERMAL DEFORMATION MANAGEMENT FOR CHI:P CARRIE:l:lS 

BACKGROUND OF THE INVENTION 

The present invention .relates to a chip carrier, and more 

particularly, pertains to a chip carrier constituted of 

an organic laminate which incorporates structure 

compensating for thermal deformation of the carrier. 

Moreover, the invention relates to a method of 

counteracting the thermal deformations encountered by 

chip car~iers, especially during solder reflow, which is 

predicated on the positioning of metal-plated through­

holes {PTH) formed in the chip carrier. 

In considering the structure of chip ~arriers, such as 

flip chip attach carriers, especially those which are 
\ 

constituted of organic laminates, the positioning of the 

plated through-holes (PTH) which provide for electrical 

interconnections between different printed circuit 

layers, the mismatch which is present in the thermal 

expansion (CTE) between the plated through-holes, in 

which the metal plating in the holes normally comprises 

copper, and-the organic laminate material of the printed 

circuit board (PCB} or carrier, frequently results in 

both in-plane and out-of-plane thermal deformations of 

the carrier during solder reflow operations, which have 
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an adverse effect on the reliability of the electrical 
connects at the locations of ball grid array (BGA) pads. 
In essence, the irregular or random spacings of the 
plated through-holes {PTH) with regard to the ball grid 
array (BGA) pads has evidenced that the closer the 
proximity of the plated through-hole to a BGA pad, this 
considerably increases-the thermal deformation of the 
chip carrier at the location of the. Ead, adversely 
affecting product reliability through. potential failures 
of the electrical connections at the pad position as a 

consequence of warpage of the organic material of the 
. chip carrier. 

Although publications presently address themselves to 
various problems associated with different types of 

arrangements of through-holes and via$ extending through 
chip carriers, these generally d~ not concern themselves 
with compensating for thermal deformation stresses or 
strains tending to deform chip car~ier, especially during 
solder reflow due to differentials or mismatches in the 
thermal expansion (CTE) which are present between the 
plated throu9h-holes (PTH) and that of the organic 
laminate material of the chip carrier having the BGA pads 
thereon. 

DISCUSSION OF THE PRIOR ART 
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Estes, et al., U.S. Patent No. 5,451,720 which disclo~es 

a printed circuit board incorporating a thermal relief 

pattern in the form of a plurality of through-holes 

surrounding a via which is constructed to pass through a 

substrate consisting of an essentially organic laminate. 

Although the plurality of apertures define a thermal 

relief pattern, there is no disclosure of employing 

predetermined a~rangements of plated through-holes for 

controlling deformations produced in the substrate by 

mismatches in the thermal expansion (CTE) between plated 

through-holes and organ'ic laminate chip carrier which 

would have a tendency to adversely affect the integrity 

of electrical connections at ball grid array (BGA) pads 

located on the surface of the chip carrier. 

Kondo, et al., U.S. Patent No. 5,600,884 discloses a 

method of manufacturing electrical connecting members 

which incorporate recesses in spaced relationship with 

through-holes and electrically conductive elements 

extending therethrough. The recesses· are positioned 

equidistantly intermediate the electrical connecting 

members and are arranged so as to reduce thermally 

generated stresses which could conceivably damage or 

seve~ the electrically conductive members. 
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Chobot, et al., U.S. Patent No. 5,473,813 discloses 

methods for the forming of electronic multi-layer printed 

circuit boards or cards and of an electronic packages 

incorporating the foregoing structures. Although the 

circuit boards incorporate through-holes in order to 

provide at least one thermal relief passage, there is no 

disclosure of correlating the positioning of plated 

through-holes (PTH) relative to ball grid array (BGA) 

pads on an organic laminate chip c.arrier so as to 

compensate for differentials in thermal expansion (CTE) 

pending to warp or deform the chip carrier and cause 

possible damage to the electrical interconnections and 

adversely affect their operative reliability. 

McAllister, et al., U.S. Patent No. 5,264,664 is directed 

to programmable chip to circuit board connections wherein 

apertures are provided so as to be able to accommodate 

connections forming a module. 

!garashi, U.S. Patent No. 4,674,182 discloses the 

utilization of dummy patterns in order to prevent the 

warping of a printed circuit board component caused by 

uneven stresses which are generated through differences 

in thermal coefficients of e~pansion between the various 
employed materials. 
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Finally, Japanese Patent Publication No. 60-16701 

discloses an electrically stable microwave printed 

circuit board having pin terminals shielded by providing 

through-hole structure adjacent thereto. 

Although the foregoing publications are to varying 

degrees indirectly or directly concerned with .stress 

relieving arrangements, and in some instances, those 

caused by mismatches in the thermal expansions (CTE) 

between electrical components or metallic components and 

organic laminate material chip carriers, none or these 
concern themselves with correlating the positioning of 

plated through-holes (PTH) relative to pads on an organic 
laminate chip carrier wherein the pads support ball grid 

arrays {BGA) so as to take into consideration therm.al 
deformations of the organic laminate chip carrier during 
solder reflow processes, which are caused by mismatches 
in the coefficients or extent of thermal expansion (PTH) 

of the metallic-plated through-holes and the BGA pads 
positioned at predetermined spacings relative thereto. 

S1JMM]U\Y OF THE :INVENTION 

Accordingly, in order to compensate for adverse thermal 

deformations ·of organic laminate chip carriers as 

presently encountered in the prior art, the invention is 
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basically directed to, in a single manner, solving the 
problems encountered in the effects of therrnally­
generated stresses and strains due to encountered by BGA 
pads the location relative thereto of plated through­
holes (PTH). in chip carriers, wherein the carriers are 
generally of an organic laminate material and the ball 
grid array (BGA) pads are located in proximity to the 
plated through-holes. Basically, due to the presence of 
a mismatch in the coefficients or extent of thermal 
expansion (CTE) between the plated through-holes, the 
latter of which may be plated with copper or similar 
alloy materials, an investigation has evidenced that by 

controlling the uniformity in the positioning or spacing 
of the plated through-holes (PTH) relative to the 
locations of the BGA pads on the organic laminate 
carrier, the:onal deformations at the site of the pads can 
be controlled or eliminated so as to provide for a higher 
degree of reliability and long-term in~egrity of· the 
electrical connections at those pad positions. 

In order to accomplish the foregoing, pursuant to the 
present invention, .a plurality of plated through-holes 
(PTH) are positioned equidistantly relative to contact 
(BGAJ pads on a surface of a substrate which comprises an 
organic laminate material, so as to be able to control 
both in-plane and out-of-plane thermal deformations ·in 
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the chip carrier material which may be occasioned in a 

solder reflow fu~nace or oven. The equidistant . 

positioning of the plated through-holes relative to the 

BGA pads in comparison with the presently conventional 

random or irregularly spaced placement of the plated 

through-holes in the organic chip carrier has evidenced a 

significant improvement in the distribution and resultant 

reduction of stresses and strains generated caused by the 

differentials in the coefficients or extent of thermal 

expansion (CTE) between the plated through-holes and the 

organic chip carrier material supporting the BGA pads. 

Accordingly, it is an object of the present invention to 

pro~ide a chip carrier which comprises a substrate 

constituted of an organic material and which supports at 

least two contact pads on a first surface with solqer 

elements disposed on the contact pads; and at least one 

hole which is a plated through-hole extending 

substantially through the substrate with the hole being 

located essentially equidistantly between the two contact 

pads. 

A further object of the present invention resides in the 

provision of an organic laminate chip carrier which 

incorporates at least two pads for ball grid arrays (BGA) 

and plated through-holes (PTH) arranged in symmetrically 
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spaced positioning relative to the BGA pads so as to 

provide improved and reduced stress and strain 

relationship at the pads thereby increasing the 

reliability of electrical elements and contact 

connections by an avoidance of deformations at the pad 
locations. 

A still further object of the present invention is to 
provide a method of positioning of plated through-holes 
(PTH) relative to ball grid array (BGA) pads on an 
organic laminat~ carrier so as to equalize stresses at 
the pads and thereby increasing the reliability of 
electrical connections due to a reduction in thermal 
deformation caused by a mismatch in the coefficient or 
extent of thermal expansion {CTE) between the plated 
through-holes and the organic chip carrier material. 

BBIEF DESCRIPTION OF THE DRAWINGS 

Reference may now be had to the following detailed 
description of a preferred embodiment of the invention, 
taken in conjunction with the accompanying drawingsi in 
which: 

Figure 1 illustrates a diagrarrunatic plan view showing a 
pEesently employed conventional placement of plated 
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through-holes relative to BGA p~ds on an organic laminate 

carrier; 

Figure 2 illustrates a diagrammatic plan view 
illustrating the symmetrical arrangement of the plated 
through-holes relative to the pads on the organic 

laminate carrier as disclosed by the present invention; 

Figure 3 illust~ates a diagrammatic perspective view of a 
portion of an organic laminate chip carrier pursuant to 
the current state-of-the-art, representing the 
positioning of plated through-holes (PTH) relative to the 
location of the BGA pads; 

Figures 4(a) and (b) illustrate, respectively, sectional 
· views through the organic laminate carrier of Figure 3, 
taken along line 4-4 indicating the 16cation of the 
plated through-hole relative to the pads prior to 
deformation, and the effects of thermal deformation 
~uring reflow of solder; 

Figures S(a) and (b) illustrate, in a representative 
similar to Figures 4(~) and (b}, sectional views taken 
along line 5-5 in Figure 3 showing the section prior to 
and .s.ubsequent to thermal deformation du:cing solder 
reflow; 
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Figure 6 illustrates a laminate carrier footprint of a 

printed circuit board; 

Figures 7 and 8 illustrate in cross-sectional views, 

respectively, a Moire analysis of in-plane thermal 

deformation of in-plane and out-of-plane deformation of 

the·carrier caused by mismatch in extent of thermal 

expansion (CTE) between copper-plated through-holes (PTH} 

and the organic material laminate of the circuit board; 

Figures 9 and 10 illustrate in plan views, respectively, 
in-plane deformation and out-of-plane deformation of the 
printed circuit board of Figure 6; 

Figures 11 and 12 illustrate, respect_ively, on enlarged 
scales, the plastic strain encountered by the printed 
circuit board as a function of the dist~nce 6 between the 

location of the plated through-hole {PTH) and that of the 
BGA pad, Figure 14 being a further enlarged fragmentary 
detail of Figure 13; and 

Figure 13 illustrates a graph showing the differences of 
plastic strain as a function of the distance o between 

the .location of plated through-hole in Figure 14 and the 

location of the BGA pad. 

-----··------·------- --·--··-----------
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

Referring in detail to the drawings, Figure l generally 
diagrammatically illustrates a presently employed 
conventional pattern of random placement of plated 
through-holes (PTH) 10 relative to pads 12 on a substrate 
14, such as an organic laminate chip carrier, wherein the 
pads 12 are adapted to have ball grid arrays (BGA) or 
solder balls arranged thereon for electrical 
interconnects. 

As indicated in Figure 1, the random distribution of the 
plated through-holes 10 represents these to be at 
different distances from the respective BGA pads 12, 
which as illustrated hereinbelow, leads to temperature­
induced stresses or strains tending to adversely affect 
the electrical connections at the pads 12 and resultingly 
comprom~sing the reliabilit~ thereof. 

In contrast with the foregoing, as illustrated in Figure 
2 of the drawings, the invention contemplates positioning 
the plated through-holes 10 in a symmetrical placement or 
uniform spacing relative to the pads 12, thereby 
providing for an even and reduced stress distribution at 
the various BGA pads 12. 
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As shown diagrammatically in Figures 3, 4a, 4b, Sa and 

Sb, in Figure 3 is a perspective view representative of 

an organic laminate chip carrier 14 having pads 12 of 

copper material positioned on the organic laminate chip 

carrier, wherein the pads are for {BGA) ball grid array 

16, as shown. The pads 12 are essentially equidistantly 

spaced in an array on the organic laminate chip carrier 

14, the latter of which contains at least two plated 

through-holes {PTH} 10 wherein, as shown in the cross­

sectional representation in Figure 4(a) and (b) along 

line 4-4 in Figure 3, one of the plated through-holes 10 

is equidistantly located between two of the pads 12, 

whereas as illustrated in the sectional represe~tation of 

line 5-5 in Figure 3, representing Figures S(a) and S(b), 

a plated through-hole 10 is located in closer proximity 

to one of the pads 12 on the organic laminate chip 

carrier 14. 

As indicated in Figures 4(a) and S(a) showing the organic 

laminate carrier 14 prior to being thermally deformed 

during solder reflow, Figure 4(a) shows the plated 

through-hole 10 equidistantly located between two pads 12 

on the· upper surface 18 of the organic lam~nate carrier 
14. During reflow which produces thermal deformation or 

swelling of the organic laminate carrier 14, as shown in 

Figure 4{b), the deformation takes primarily place at the 
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location of the plated through-hole (PTH) 10 and extend 

radially therefrom, whereby the stresses are equally 

dispersed towards the pads 12, and there is no 

appreciable distortion or strain at the pads 12 which 

have the solder balls thereon. As a result, this 

maintains the integrity and reliability of the electrical 

connections at· those pads 12. 

To the contrary, as illustrated in Figures S{a} and S(b} 

of the drawings, representing the configuration in which 

the plated through-hole 10 is located in closer proximity 

to one of the pads 12, the edge 20 of the pad 12 which is 

nea~er the plated through-hole 10, as shown by the 

circle, 'is distorted or bent due to the thermal 

deformation of the carrier 14, so as to possibly cause 
.· . 

damage to the electrical connect at that location, 

thereby adversely affecting the reliability of the 

electronic circuitry, and possibly leading to failure of 

the entire system. 

Re~erting to an analysis of the effect of the plated 

through-holes 10 on the pads 12 due to deformation of the 

carrier 14, through cross-sect~on Moire analysis, as 

shown in Figure 6 of the drawings, there is illustrated a 

laminate carrier footprint 22. As indicated, during 

reflow leading to the thermal deformation of the organic 
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laminate· chip carrier 14, as a result of a mismatch in 

the coefficient or extent of thermal expansion (CTE} 

between the copper-pl~ted (PTH) iO and that of the 

laminate 14, both the in-plane 24 and out-of-plaqe 

thermal deformations 26 are encountered in that 

particular region, as shown in Figures 7 and 8 of the 

drawings in cross-sectionally enlarged views, and also in 
the plan views of Figures 9 and 10 relative to failure 

rates for in-plane deformation and o~t-of-plane 

deformation of the organic laminate carrier 14 for 

symmetrical and non-uniform spacings of plated through­

holes 10. 

As illustrated in Figures 11 and 12, respectively showing 

a section of a carrier, and a fragmen.~ary detail portion 

on a larger scale illustrative of a cross-sectional 

representation of the location of a BGA pad 12 and a 

plated through-hole (PTH) 10, the symbol o represents the 

distance between the edge 30 of the pad 12 which is 

proximate the adjacent edge 34 of the closest PTH. 

Accordingly, as indicated in Figure 13, graphically 

representing plastic strain versus PTH location between O 

and 100°C isothermal loading, the closer the proximity 

between the PTH and the pad as measured, the higher is 

the plastic strain in the organic laminate chip carrier 

14. 
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Accordingly, by optimizing the spacings between the 

plated through-holes (PTHs) 10 and the BGA pads 12 so as 
to provide a more uniformly arrayed distribution or 

distancea therebetween, there is obtained a reduction in 
thermal stress peaks in comparison with previously more 

closely spaced BGA pads and PTHs, thereby avoiding or 

reducing to tenable levels the strains at the edges of 
the BGA pads, and resultingly incre_asing the reliability 

of the connects and operative life expectancy of the 
entire system. 

While there has been shown and described what are 
considered to be preferred embodiments of the invention, 

it will, of course, be understood that various 

modifications and changes in form or detail could readily 
be made without departing from the spirit of the 
invention. It is, therefore, intended that the invention 
be not limited to the exact form and detail herein shown 
and described, nor to anything less than the whole of the 
invention herein disclosed as hereinafter claimed. 



16 

CLAIMS 

Having thus described our invention, what we claim as 

new, and desire to secure by Letters Patent is: 

1. A chip carrier comprising: 

(a) a substrate having an upper surface; 

· (b) at least two contact pads located in ~paced 

relationship on said upper substrate surface, 

and solder elements disposed on said contact 

pads; and 

(c) at least one hole extending substantially 

through said substrate between said upper 

surface and a lower surface of said substrate, 

said hole being -located substantially 

equidistantly spaced between s~id at least two 

contact pads. 

2. A chip carrier as claimed in claim 1, wherein said 

at least one hole is a plated through-hole. 

3. A chip carrier as claimed in claim 2, wherein said 

at least one plated through-hole is copper-plated. 

4. A chip carrier as claimed in claim 2, wherein said 

substrate comprises an organic laminate material. 

111111111111111111111111111111 
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5. A chip carrier as claimed in claim 4, wherein said 

organic l~inate material has a substantially different 

coefficient of thermal expansion than said at least one 

plated through-hole so as to cause said substrate to 

e~pand at a greater rate at the locations of said contact 
pads than at the location of said at least one plated 

through-hole. 

6. A chip carrier as claimed in claim 1, wherein said at 
least two contact pads are constituted of copper, said 

solder elements comprising solder balls. 

7. A chip carrier as claimed in claim 1, wherein a 
plurality of said contact pads are arranged in spaced 
relationship about the upper surface of said substrate so 
as to form an array of contact pads; and a plurality of 
said holes being f orrned in said substrate intermediate 
said contact pads in substantially equidistant spacing 
between adjacently located of said contact pads. 

8. A chip carrier as claimed in claim 7, wherein said 
holes are arranged in said substrate so as to effectively 

reduce thermal stresses and strains in said substrate at 
the locations of said contact pads so as to eliminate 

thermally-induced deformations of said substrate in the 
regions of said contact pads. 

I I/Ill~ /Ill~ lllJJ //I/I II /llJ 
H S * 
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9. . A method of forming a chip carrier from a substrate 

having an upper surface; 

(a) locating at least two contact pads in spaced 

relationship on said upper substrate surface, 

and disposing solder elements on said contact 

pads; and 

(b) forming at least one hole extending 

substantially through said substrate between 

said upper surface and a lower surface cf said 

substrate, said hole being located 

substantially equidistantly spaced between 

said at .least two contact pads. 

10. A method as claimed in claim 9, wherein said at 

least one hole is a plated. through-hoie. 

11. A method as claimed in claim 10, wherein said at 

least one plated through-hole is copper-plated. 

12. A method as claimed in claim 10, wherein said 

substrate comprises an organic laminate material. 

13. A method as claimed in claim 12, wherein said 

organic laminate material has a substantially different 
. 

coefficient of thermal expansion than said at least one 

U1ii1iiftf 
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plated through-hole so as to cause said substrate to 

expand at a greater rate at the locations of said contact 

pads than at the location of said at least one plated 

through-hole. 

14. A method as claimed in claim 9, wherein said at 

least ~wo contact pads are constituted of copper, said 

solder elements comprising solder palls. 

15. A method as claimed in claim 9, wherein a plurality 

of said contact pads are arranged in spaced relationship 

about the upper surf ace of said substrate so as to f orrn 

an array of contact pads; and a plurality of said holes 

being f orrned in said substrate intermediate said contact 

pads in substantially equidistant spacing between 

adjacently located of said contact pads. 

16. A method as claimed in claim 15, wherein said holes 

are arranged in said substrate so as to effectively 

reduce thermal stresses and strains in said substrate at 

the locations of said contact pads so as to eliminate 

thermally-induced deformations of said substrate in the 

regions of said contact pads. 

I 1111111111111 11111 11111 II 1111 
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