
01 SEP 2004 (12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT
COOPERATION TREATY (PCT) (19) World Intellectual Property Organization
International Bureau I I I I I I I I I I I I I I I 11111111111111111 i
11111111111111111111111111111111111111111111111 (43) International
Publication Date (10) International Publication Number 13 September 2001
(13.09.2001) PCT WO 01/67833 Al (51) International Patent Classification
7:H05K 1/18,Loop, Austin, TX 78749 (US). GUERRERO, Edward; 1/02, HO1L
23/64Apartment 914, 5001 Convict Hill Road, Austin, TX 78749 (US).
SCHELLING, Greg; 6702 Hickory Springs, San (21) International Application
Number:PCT/US00/31960Antonio, TX 78249 (US). BENNETT, John; Apartment 1416,
1704 Nelms Drive, Austin, TX 78744 (US). (22) International Filing Date: 21
November 2000 (21.11.2000) (25) Filing Language: English  (26) Publication
Language: English  (30) Priority Data: 09/518,491 3 March 2000 (03.03.2000)
US (74) Agent: APPERLEY, Elizabeth, A.; Advanced Micro De- vices, Inc.,
5204 East Ben White Boulevard, M/S 562,  Austin, TX 78741 (US). (84)
Designated States (regional): European patent (AT, BE,  CH, CY, DE, DK, ES,
Fl, FR, GB, GR, IE, IT, LU, MC,  NL, PT, SE, TR). (71) Applicant: ADVANCED
MICRO DEVICES, INC. Published: [US/US]; One AMD Place, Mail Stop 68,
Sunnyvale, CA - with international search report  94088-3453 (US). For
two-letter codes and other abbreviations, refer to the "Guid (72)
Inventors: DRAKE, Michael; 7109 Bending Oak Road, ance Notes on Codes and
Abbreviations"appearing at the begin- Austin, TX 78749 (US). TRESSLER,
Chris; 3617 Whitt ning of each regular issue of the PCT Gazette. (54)
Title: A PRINTED CIRCUIT BOARD ASSEMBLY WITH IMPROVED BYPASS DECOUPLING FOR
BGA PACKAGES 101 !"I M  M  00  



N (81) Designated States (national): CN, JP, KR, SG. (57) Abstract: A
printed circuit board assembly with improved bypass decoupling for BGA
packages. In one embodiment, a ca- pacitor (103) may be interposed between
a BGA package (110) and a PCB (101) within a perimeter of the contact pads
(105) that  form a BGA footprint (102). The capacitor (103) may have
physical dimensions which allow a BGA package (110) to be mounted  such
that there is no physical contact between the capacitor (103) and the BGA
(110). 01 SEP 2004 WO 01/67833 PCT/US00131960  TITLE: A PRINTED CIRCUIT
BOARD ASSEMBLY WITH IMPROVED BYPASS DECOUPLING FOR  BGA PACKAGES BACKGROUND
OF THE INVENTION 5 1. Technical Field This invention relates to printed
circuit board assemblies, and more particularly, to the use of thin
decoupling capacitors in conjunction with ball-grid array (BGA) packages.
10 2. Background Art Decoupling capacitors are used in electronic circuits
to filter out transients in their associated power  distribution systems.
Transients such as voltage spikes and momentary voltage drops may have
adverse affects on  various circuits, and may possibly cause erroneous
operation. Transients may often times be filtered out of a power
distribution system by the use of capacitors (this is often referred to as
decoupling). When electrically connected 15 between a power line and an
electrical ground, a capacitor will tend to filter out many transients, as
the voltage  across a capacitor cannot change instantaneously. The amount
of capacitance necessary for effective elimination of power system
transients can vary based  on several different factors. One such factor is
the frequency of operation of the circuits for which decoupling is to  be
provided. Circuits which operate at higher frequencies, such as some radio
circuits and high-speed computer 20 systems, may produce more transients
than low frequency or DC circuits. Furthermore, some high frequency
circuits may produce a number of harmonics or sub-harmonics, which may
result in transients at different  frequencies. Another factor which may
affect the amount of capacitance required for effective decoupling is the
distance between the circuits and the decoupling capacitors. Various
factors may affect the placement of 25 decoupling capacitors on a printed
circuit board (PCB). One such factor is the packaging used for integrated
circuits (IC's) mounted on the PCB. Some types of packaging, in conjunction
with other PCB layout constraints,  may result in decoupling capacitors
being placed a significant distance from their associated circuits. As the
distance between the decoupling capacitors and associated circuits
increase, inductance from the circuit lines  connecting the capacitors to
the packaging (known as Equivalent Series Inductance, or ESL) may become a
30 problem. ESL provides an inductive element to the impedance between a
power line and electrical ground, and  may thus reduce the effect of the
capacitive impedance. Thus, capacitors of greater value (or a greater
number of  capacitors) may be required to overcome the effects of ESL. 



The use of ball-grid array (BGA) integrated circuit packages may add
further complications to the problem  of providing decoupling capacitance.
Figures 1A and 113 illustrate two possible BGA configurations. Each 35
drawing illustrates a view of the BGA from the bottom side (i.e. the side
that mounts to the PCB). In Figure IA,  the BGA shown includes a plurality
of electrical contacts in a "ring" arrangement near the peripheries of the
package. A plurality of electrical contacts is also located in the center
of the package, with an open space in  between. Typically, electrical
contacts for conveying power in this type of BGA are located on the inner
portion of the ring, with ground contacts located in the center. Figure lB
illustrates a similar BGA arrangement, minus the  40 central group of
electrical contacts. In this arrangement, power and ground contacts are
typically located on the 1 22-05-2002 01 SEP 2004   US00319E inner portion
of the ring. Both types of BGA's may be mounted to corresponding  contact
pads on a PCB. The plurality of contact pads to which a BGA is mounted is
sometimes referred to as a "footprint". Typically, decouplin  capacitance
is provided for BGA's through the use of  5 one or more surface mounted
capacitors. If the decoupling capacitors are mounted on  the same side of
the PCB as the BGA, they will typically be placed by some distance  away
from the power and ground pins of the BGA package. In such cases, a greater
number of capacitors may be required to overcome the effects of ESL. As an
alternative, ESL may be minimized by mounting the decoupling capacitors
nearer the 10 power and ground contacts of the BGA, but on the opposite
side of the PCB. While  this alternative may reduce the effects of ESL, it
may add complexity to the assembly  of the finished product. By placing
capacitors on the opposite side of the PCB, extra  soldering operations may
be required. Furthermore, gluing operations to secure the  capacitors to
the PCB prior to soldering may be required as well. The extra 15
manufacturing operations may result in a significant increase in the cost
of the  finished product, and increase the likelihood of defects during the
assembly process.  US-A-5,798,567 discloses a printed circuit board
assembly where decoupling capacitors within a BGA footprint are interposed
between a BGA substrate and a  printed circuit board. The capacitors are
soldered to contact pads on the underside of  20 the BGA substrate.
According to the present invention there is provided a printed circuit
board  assembly comprising: a printed circuit board (PCB), wherein said PCB
includes a  plurality of contact pads which form a ball grid array (BGA)
footprint; and a BGA  package having a plurality . of contacts electrically
connected to said plurality of 25 contact pads; characterised by a
capacitor package interposed between said PCB and  said BGA package, said
capacitor package including a first capacitor and a second  



capacitor, wherein the capacitance values of the first capacitor and the
second  capacitor differ by a factor of 10. The capacitor package may have
physical dimensions which allow a BGA  30 package to be mounted such that
there is no physical contact between the capacitor 2 M530 AMENDED SHEET 01
SEP 2004 .22-05-2002 0  US00319( package and the EGA. In one embodiment,
the capacitor package is no more than  0.5mm  in thickness. In one
embodiment the thin capacitor package has no leads. Terminals located  on
the capacitor package may be soldered directly to the appropriate contact
pads on  5 the PCB. Since the package is leadless, equivalent series
inductance (ESL) may be minimized. In some cases, the minimization of ESL
may result in the need for fewer  capacitors to effectively decouple a BGA
package. By using packages with multiple capacitors, power system
transients occurring  at differing frequencies may be effectively filtered
out. 10 Thus, in various embodiments, improved bypass decoupling for EGA
packages may be accomplished by interposing thin capacitor packages between
a  BGA and a PCB. By interposing capacitor packages between a BGA and the
PCB,  some manufacturing operations may be eliminated which may result in
cost  reductions to the finished product- The use of leadless capacitor
packages may help 15 minimize ESL and thus allow the use of fewer
capacitors to effectively decouple a  BGA The use of capacitor packages
with multiple capacitors may allow the effective  filtering of transients
occurring at different frequencies. The use of open space under  a BGA may
allow for more efficient utilization of circuit board area for other
components. 2A TT3530 AMENDED SHEET 0 1 SEP 2004 WO 01/67833 PCT/US00
/31960 BRIEF DESCRIPTION OF DRAWINGS Other objects and advantages of the
invention will become apparent upon reading the following detailed
description and upon reference to the accompanying drawings in which: 



Figure lA (Prior art) is a view of the underside of one embodiment of a
ball-grid array (BGA) package;  5 Figure 1 B (Prior art) is a view of the
underside of another embodiment of a BGA package; Figure 2 is a drawing
illustrating a view of the placement of one embodiment of a thin capacitor
within a  BGA footprint; Figure 3 is a drawing of a printed circuit board
(PCB) illustrating the mounting of capacitors under a BGA  in one
embodiment; 10 Figure 4 is a side view of one embodiment of an ultra-thin
capacitor mounted upon a PCB and interposed  between a BGA and the PCB upon
which it is mounted; Figure 5A is a top view of one embodiment of a thin
capacitor package which may be interposed between  a PCB and a BGA; Figure
5B is a bottom view of the thin capacitor package of Figure 5A; and 15
Figure 5C is a side view of a capacitor such as those contained in the
capacitor package illustrated in  Figures 5A and 5B. While the invention is
susceptible to various modifications and alternative forms, specific
embodiments  thereof are shown by way of example in the drawings and will
herein be described in detail. It should be  understood, however, that the
drawings and description thereto are not intended to limit the invention to
the 20 particular form disclosed, but, on the contrary, the invention is to
cover all modifications, equivalents, and  alternatives falling with the
spirit and scope of the present invention as defined be the appended
claims. MODE(S) FOR CARRYING OUT THE INVENTION Turning now to Figure 2, a
drawing illustrating a view of the placement of one embodiment of a thin
25 capacitor within a BGA footprint is shown. Printed circuit assembly
(PCA) 100 includes printed circuit board  (PCB) 101. PCB 101 includes two
BGA footprints 102, each of which is formed by a plurality of contact pads
105.  A plurality of chips 107 is mounted upon PCB 101. Mounted within the
periphery of each BGA footprint are  capacitors 103. Each capacitor 103 is
a thin capacitor that may be interposed between a BGA and PCB 101.
Capacitors 103 may be physically and electrically connected to PCB 101 by
soldering them to additional contact 30 pads 104, which are located within
the periphery of the BGA footprint formed by contact pads 105. Capacitors
103  may be electrically coupled to a power distribution line at one
terminal and a ground at the other terminal. In the  embodiment shown,
capacitors 103 do not have leads, and thus are soldered to contact pads 104
via terminals  located on the body of the capacitor packaging. Capacitors
103 provide decoupling for BGA packages that may be  mounted to contact
pads 105 of BGA footprints 102, and may be effective in filtering out power
system transients. 35 Various alternate embodiments may use more than two
capacitors per BGA (as shown in the drawing), while others  may use only
one. Moving now to Figure 3, a drawing of a printed circuit board (PCB)
illustrating the mounting of capacitors  under a BGA in one embodiment is
shown. During assembly operations, capacitors 103 may be mounted to PCB
101. Terminals on capacitors 103 may be soldered to contact pads 104, which
are located within the periphery of 3 01 SEP 2004 WO 01/67833 PCT/US00
/31960 



BGA footprint 102 in this embodiment. Contact pads 104 are also located on
the same surface of PCB 101 as  contact pads 105. BGA footprint 102 is
formed by a plurality of contact pads 105. In some embodiments,  capacitors
103 may be secured to PCB 101 by an adhesive prior to soldering. Following
the placement of  capacitors 103, BGA 110 may be placed on PCB 101,
aligning it with contact pads 105 of BGA footprint 102. 5 When BGA 110 has
been properly placed, a soldering operation may be used to physically and
electrically connect  BGA 110 to PCB 101. In some embodiments, a single
soldering operation may be used to solder both BGA 110  and capacitors 103
to their respective contact pads, while separate soldering operations may
be used in other  embodiments. Figure 4 is a side view of one embodiment of
a thin capacitor mounted upon a PCB and interposed 10 between a BGA and the
PCB upon which it is mounted. Capacitor 103 may be mounted to PCB 101 as
described  with reference to Figure 2 and Figure 3. BGA 110 is also mounted
to PCB 101. Electrical contacts 111 may be  used to couple BGA 110 to PCB
101. In the embodiment shown, each electrical contact 111 includes a
pre-formed  ball of solder that may be used to solder the BGA to contact
pads such as those shown in Figure 2. Because of the  small thickness of
capacitor 103 may be mounted on the same surface as BGA. 110, and thus
interposed between 15 BGA 110 and PCB 101. Typically, the thickness of the
type of capacitors used in the embodiment shown are no  more than 0.5
millimeters, and may be significantly less. Figures 5A and 5B illustrate a
top view and a bottom view, respectively, of one embodiment of a capacitor
package 1030 that may be used in various embodiments. Capacitor package
1030 includes a plurality of contact  terminals 1031, which may include
exposed metal suitable for soldering to a contact pad on a PCB. Metal may
be 20 exposed on both sides of the terminals in some embodiments, which may
allow for a more secure solder connection  between the capacitor package
and the contacts of the PCB. In the embodiment shown in Figure 5A, two of
contact  terminals 1031 are electrically connected to a capacitor plate
1033 by conductors 1032. Conductors 1032 provide  an electrical connection
between a contact terminal 1031 and capacitor plate 1033. Alternate
embodiments of the  capacitor package may be constructed such that a
capacitor plate makes direct contact with a contact terminal, thus  25
eliminating the need for a conductor such as that shown here. Capacitor
plates 1034 and 1035 are shown in Figure 513, which is a bottom view of the
capacitor package  1030. Each of these capacitor plates is electrically
connected to a terminal 1031 by a conductor 1032. Since there  are two
separate capacitor plates present on the bottom side, capacitor package
1030 essentially includes two  capacitors. Each capacitor in this
embodiment is a two-plate capacitor, with the capacitor plates shown in
Figure 30 5B each forming a capacitor with capacitor plate 1033 shown in
Figure 5A. The capacitor plates may be separated  by a dielectric material,
as will be explained in further detail below. Some embodiments of capacitor
package may include only a single capacitor, while others may include  more
than two capacitors. Furthermore, capacitor packages may include a network
of several capacitors of equal  capacitance, or multiple capacitors with
different values of capacitance. Since the area of capacitor plate 1034 is
35 greater than that of capacitor plate 1035, its capacitance value will
also be greater as well. In one embodiment, the  capacitance values of two
capacitors in a package may differ by a factor of 10. By decoupling in a
"decade"  fashion such as this, different frequencies may be filtered out
when power system transients occur. The capacitors  shown in this
embodiment have a tolerance value of  20%, although greater or lesser
tolerance values may be  



present in other embodiments. 4 P I SEP 2004 WO 01/67833  PCT/US00/31960
Moving now to Figure 5C, a side view of a capacitor such as those contained
in the capacitor package  illustrated in Figures 5A and 5B is shown. It
should be noted that the dimensions as shown in this drawing are
exaggerated for clarity, and are not intended to represent the actual
dimensions of the various embodiments.  Capacitor 103 is a capacitor in a
standard two-plate configuration including capacitor plates 1033 and 1034.
Each 5 capacitor plate may be formed from an electrically conductive
material. Capacitor plates 1033 and 1034 are  separated by a dielectric
layer 1036. Dielectric layer 1036 may be formed from any suitable
dielectric material.  While the present invention has been described with
reference to particular embodiments, it will be understood that the
embodiments are illustrative and that the invention scope is not so
limited. Any variations,  modifications, additions, and improvements to the
embodiments described are possible. These variations, 10 modifications,
additions, and improvements may fall within the scope of the inventions as
detailed within the  following claims. INDUSTRIAL APPLICABILITY This
invention is applicable to printed circuit board assemblies, and more
particularly, to the use of thin  15 decoupling capacitors in conjunction
with ball-grid array (BGA) packages. 5 22-05-2002 01 SEP 2004  US00319(
CLAIMS: 1. A printed circuit board assembly (100) comprising: a printed
circuit board (PCB) (101), wherein said PCB (101) includes a  5 plurality
of contact pads (105) which form a ball grid array (BGA) footprint (102);
and a BGA package (110) having a plurality of contacts (111) electrically
connected to said plurality of contact pads (105); characterised by a
capacitor package (1030) interposed between said PCB (101) and said BGA  10
package (110), said capacitor package (1030) including a first capacitor
(1034) and a  second capacitor (1035), wherein the capacitance values of
the first capacitor and the  second capacitor differ by a factor of 10. 2.
A printed circuit board assembly (100) as claimed in claim 1, wherein said
15 plurality of contact pads (105) are located on a first surface of said
PCB (101), and wherein said capacitor package (1030) is connected to
additional contact pads (104)  located on said first surface of said PCB
(101). 3. A printed circuit board assembly (100) as claimed in claim 2,
wherein said  20 additional contact pads (104) are located within an area
defined by a perimeter of said  



BGA footprint (102). 4. A printed circuit board assembly (100) as claimed
in claim 3, wherein said  capacitor package (1030) is a leadless capacitor
package. 25 5. A printed circuit board assembly (100) as claimed in claim
4, wherein said  capacitor package (1030) is no more than 0.5 millimeters
in thickness. 6. A method for providing decoupling capacitance for a
ball-grid array (BGA)  30 package (110) including a plurality of electrical
contacts (111), the method  comprising: 6  TT3530 AMENDED SHEET mounting a
capacitor package (1030) on a printed circuit board (PCB) (101),  wherein
said PCB (101) includes a plurality of contact pads (105) which forms a
ball  grid array (BGA) footprint (102), and wherein said capacitor package
(1030) includes  a first capacitor (1034) and a second capacitor (1035),
wherein the capacitance values  5 of the first capacitor and the second
capacitor differ by a factor of 10; and mounting said BOA package (110) to
said PCB (101), wherein said electrical  contacts (111) are electrically
connected to said plurality of contact pads (105), and  wherein said
capacitor package (1030) is interposed between said BGA package (110)  and
said PCB (111). 10 7. A method as claimed in claim 6, wherein said
plurality of contact pads (105)  are located on a first surface of said PCB
(101), and wherein said capacitor package  (1030) is connected to
additional contact pads (104) located on said first surface of  said PCB
(101). 15 8. A method as claimed in claim 7, wherein said additional
contact pads (104)  are located within an area defined by a perimeter of
said BGA footprint (102). 9. A method as claimed in claim. 8, wherein said
capacitor package (1030) is a  20 leadless capacitor package. 10. A method
as claimed in claim 7, wherein said capacitor package (1030) is no  more
than 0.5 millimeters in thickness. 7  TT3530  AMENDED SHEET 




