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(57) ABSTRACT 

The package includes a substrate, a ?rst chip, a second chip, 
multiple ?rst bumps and multiple second bumps. The sub 
strate has a ?rst region and a second region. The ?rst region is 
substantially coplanar With the second region. The ?rst bumps 
connect the ?rst chip and the second chip. The second bumps 
connect the ?rst chip and the second region of the substrate, 
Wherein the second chip is over the ?rst region of the sub 
strate. The second bumps have a height greater than that of the 
?rst bumps plus the second chip. The substrate does not have 
an opening accommodating the second chip. The ?rst bumps 
may be gold bumps or solder bumps. The second bumps may 
be solder bumps. 
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MULTIPLE CHIPS BONDED TO PACKAGING 
STRUCTURE WITH LOW NOISE AND 
MULTIPLE SELECTABLE FUNCTIONS 

[0001] This application is a continuation of application Ser. 
No. 10/437,333, ?led on May 13, 2003, noW pending, Which 
is a division ofapplication Ser. No. 09/573,955, ?led on May 
19, 2000, now US. Pat. No. 7,247,932. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] This invention relates to packaging structures for 
integrated circuit chips and more particularly to control of 
functions thereof. 
[0004] 2. Description of RelatedArt 
[0005] US. Pat. No. 5,789,303 of Leung et al., assigned to 
Northern Telecom Limited for “Method of Adding on Chip 
Capacitors to an Integrated Circuit” shoWs thin capacitors 
(100) and (200) deposited on the planariZed surface of chips 
in FIGS. 3 and 4. The capacitor layers are formed by deposi 
tion, photolithographic masking, etching, and selective depo 
sition as described at Col. 5. lines 17 50. 
[0006] US. Pat. No. 5,814,871 ofFurukaWa et al assigned 
to Fujitsu, Ltd. for “Optical SemiconductorAssembly Having 
a Conductive Floating Pad” shoWs a chip capacitor (44) or 
(46) in FIG. 4C. thereof formed on the surface of a “metal 
stem 6” Which carries a preampli?er IC (28). 
[0007] US. Pat. No. 5,926,061 of Kawasaki assigned to 
Fujitsu, for “PoWer Supply Noise Eliminating Method and 
Semiconductor Device” shoWs What appears to be a planar 
on-chip capacitor C2 on chip (2) in FIG. 24 and described at 
Col. 10, lines 19 34. 
[0008] US. Pat. No. 5,963,110 of Ihara et al., assigned to 
Fujitsu, for “Equalizing Filter and Control Method for Signal 
Equalization” shoWs a chip capacitor C2T in FIG. 14 bridging 
a pair of output patterns (P1) and (P2) and described at Col. 7, 
lines 26 39. 
[0009] US. Pat. No. 4,598,307 of Wakabayashi et al. for 
“Integrated Circuit Device Having Package With Bypass 
Capacitor” shoWs a bypass capacitor mounted externally in 
an opening in a marginal area of the lid of a Integrated Circuit 
(IC) chip package, Which is an Dual-In-Line (DIP) type pack 
age. 
[0010] US. Pat. No. 5,475,262 of Wang et al. for “Func 
tional Substrates for Packaging Semiconductor Chips” shoWs 
stacked multiple levels of interconnected substrates With a 
separate signal connection substrate, a separate capacitor 
substrate, a separate resistor substrate, and a separate poWer 
supply substrate. Confronting substrates have a plurality of 
bond pads Which are interconnected by inter-substrate con 
tacts betWeen the substrates Which may be deformable bumps 
or other electrical connectors or contacts selected from solder 
bumps, elastomer bumps and gold bumps. 
[0011] US. Pat. No. 5,498,906 ofRoane et al. for “Capaci 
tive Coupling Con?guration for an Integrated Circuit Pack 
age” shoWs an externally mounted bypass capacitor for a IC 
package. 
[0012] US. Pat. No. 5,608,262 of Degani et al. for “Pack 
aging Multi-Chip Modules Without Wire-Bond Interconnec 
tion” describes at Col. 4, lines 8-11 “a silicon-on-silicon 
structure having a silicon substrate . . . provided With metal 

liZations to Which each chip or die . . . is interconnected in a 

?ip-chip manner by means of solder . . . . ” 
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[0013] US. Pat. No. 5,854,534 of Bilin et al. for “Con 
trolled Impedance Interposer Substrate” shoWs an interposer 
Which incorporates a bypass capacitor. 
[0014] US. Pat. No. 5,898,223 of Frye et al. for “Chip-on 
Chip Package” shoWs chip-on-chip packages using solder 
bump interchip connections as vias betWeen a single level 
interconnection pattern on the loWer support IC chip and 
another single level interconnection pattern on the upper chip 
using solder bumps to form connections betWeen the con 
fronting chips. 
[0015] US. Pat. No. 5,939,782 of Malladi shoWs a “Pack 
age Construction for an Integrated Circuit Chip With a Bypass 
Capacitor” buried in a compartment de?ning an inner cham 
ber in a multilayer substrate formed of a number of generally 
parallel insulating layers. 
[0016] US. Pat. No. 5,818,748 of Bertin and Cronin for 
“Chip Function Separation onto Separate Stacked Chips” 
shoWs an chips stacked face to face connected together both 
physically and electrically by FSC’s (Force responsive Self 
interlocking microConnectors) including confronting pedes 
tals on Which FSC’s are formed. 

[0017] US. Pat. No. 5,977,640 of Bertin et al for “Highly 
Integrated Chip-on-Chip Packaging” shoWs a chip-on-chip 
component connection/interconnection for electrically con 
necting functional chips to external circuitry. 
[0018] Takahashi et al. “3-Dimensional Memory Module”, 
Semi, pp. 166 167 (1997) shoWs a stack of ?ip chips on 
carriers processed starting With ?ip chip bonding to a carrier 
and folloWed by the steps of epoxy resin casting, polishing, 
bump formation for stacking, and stacking multiple carriers. 

SUMMARY OF THE INVENTION 

[0019] The invention teaches a methods of mounting dis 
crete chips on a chip package or multi-chip package Which 
may include a bypass capacitor. 
[0020] An object of this invention is to provide ?exibility of 
functions of multiple chip packages. 
[0021] Another object of this invention is to provide a sepa 
rate inventory of products With different functions. 
[0022] Still another object of this invention is control cir 
cuit design in the single chip for example for function selec 
tion. 
[0023] Another object of this invention is to pack a bypass 
capacitor in package or in combination chip package. 
[0024] A problem solved by this invention is reduction of 
the inventory of several products With different functions. 
[0025] Another object of this invention is to eliminate I/O 
noise. 
[0026] A chip package for semiconductor chips is provided 
by the method of this invention. 
[0027] In accordance With a ?rst aspect of this invention a 
method of forming a chip package for a semiconductor chip 
include the folloWing steps to provide a device in accordance 
With this invention. Form a printed circuit board having a top 
surface and a bottom surface including a poWer structure and 
a ground structure Which are selected from (a) a poWer bus 
and a ground bus, and b) a poWer plane and a ground plane 
located Within the printed circuit board. Form solder connec 
tions betWeen the printed circuit board and a chip overlying 
the printed circuit board in a ?ip chip connection. Preferably, 
provide a bypass capacitor With a ?rst terminal and a second 
terminal, and connect the ?rst terminal of the bypass capaci 
tor to the poWer structure and connect the second terminal of 
the bypass capacitor to the ground structure. Juxtapose the 
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capacitor and the power bus and ground bus With the chip, and 
connect the second terminal to the ground bus or ground 
plane. Alternatively, locate the capacitor on the opposite sur 
face of the printed circuit board from the chip, and connect the 
?rst terminal to the poWer plane and connect the second 
terminal to the ground plane. Preferably, connect big solder 
balls to the opposite surface of the printed circuit board for 
interconnection thereof With another element. 

[0028] In accordance With another aspect of this invention 
a method of forming a chip package for a semiconductor chip 
and the device produced thereby includes the folloWing steps. 
Form a ?rst printed circuit board having a top surface and a 
bottom surface including a poWer plane and a ground plane 
located Within the ?rst printed circuit board. Form a second 
printed circuit board having a top surface and a bottom sur 
face. Bond a ?rst chip to the top surface of the ?rst printed 
circuit board and bond a second chip to the bottom surface of 
the ?rst printed circuit board in a ?ip chip connection. Bond 
a third chip to the bottom surface of the second printed circuit 
board in a ?ip chip connection. Bond the chips to the printed 
circuit boards by means selected solder balls and gold bumps. 
Provide a bypass capacitor With a ?rst terminal and a second 
terminal. Connect the ?rst terminal of the bypass capacitor to 
the poWer plane. Connect the second terminal of the bypass 
capacitor to the ground plane. In an alternative feature, bond 
a fourth chip to the top surface of the second printed circuit 
board in a ?ip chip connection. Interconnect the bottom sur 
face of the ?rst printed circuit board and the top surface of the 
second printed circuit board With big solder balls. Preferably, 
bond a fourth chip to the second printed circuit board top 
surface. Provide a bypass capacitor With a ?rst terminal and a 
second terminal. Connect the ?rst terminal of the bypass 
capacitor to the poWer plane and connecting the second ter 
minal of the bypass capacitor to the ground plane. 
[0029] In accordance With still another aspect of this inven 
tion, a method of forming a chip package for semiconductor 
chips includes the folloWing steps. Form a printed circuit 
board With a WindoW therethrough having a length and a 
Width and a top surface and a bottom surface. The semicon 
ductor chips include a primary chip and a secondary chip. 
Form bonded connections betWeen the top surface of the 
printed circuit board and the primary chip, With the primary 
chip overlying the WindoW and Which extends transversely 
across the Width of the WindoW. Then locate the secondary 
chip suspended Within the WindoW and form bonded connec 
tions betWeen the secondary semiconductor chip and the pri 
mary chip in a chip-on-chip connection. Preferably, the Win 
doW has a Width less than the length; and the primary chip and 
the secondary chip have substantially equal chip lengths and 
substantially equal chip Widths. Form the bonded connections 
of the chips to the printed circuit boards by means selected 
from solder balls and gold bumps. Preferably, form the 
bonded connections of the chips to the printed circuit board 
by means selected from a) solder balls, and b) gold bumps. 
Form big solder balls on the top surface of the printed circuit 
board. 

[0030] In accordance With one more aspect of this inven 
tion, a method of forming a chip package for semiconductor 
chips includes the folloWing steps. Provide a substrate having 
a top surface and a bottom surface. The semiconductor chips 
include a primary chip and a secondary chip, the primary chip 
having a bottom surface and the secondary chip having a top 
surface. Form bonded chip-on-chip connections betWeen the 
top surface of the secondary chip and the bottom surface of 
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the primary chip, and form bonded connections betWeen the 
top surface of the substrate and the primary chip aside from 
the secondary chip leaving space betWeen the secondary chip 
and the printed circuit board. The substrate comprises a ball 
grid array substrate. The bonded connections of the chips to 
the substrate are provided by means selected from solder 
balls, and gold bumps. Preferably, form the bonded connec 
tions betWeen the top surface of the substrate and the primary 
chip aside from the secondary chip With big solder balls, the 
substrate comprising a ball grid array substrate, and the 
bonded connections of the chips to the substrate being pro 
vided by means selected from a) solder balls, and b) gold 
bumps. 
[0031] A method of interconnecting semiconductor chips 
includes steps and the device produced thereby are as folloWs. 
There are semiconductor chips including a primary chip and 
a secondary chip, the primary chip having a top surface and 
the secondary chip having a bottom surface. Form bonded 
chip-on-chip connections betWeen the bottom surface of the 
secondary chip and the top surface of the primary chip. Form 
bonded connections betWeen the top surface of the primary 
chip aside from the secondary chip. Preferably, there are 
bonded connections betWeen the top surface of the primary 
chip aside from the secondary chip to TapeAutomated Bond 
ing (TAB) leads. 
[0032] A method of forming a chip package for semicon 
ductor chips and the device produced thereby includes the 
following steps. Form a printed circuit board With a top sur 
face and a WindoW therethrough. Connect tWo or more pri 
mary semiconductor chips each of Which only partially over 
lies the WindoW to the top surface of a printed circuit board by 
solder bonds. Connect a secondary semiconductor chip 
located Within the WindoW to at least of the tWo primary chips 
overlying the WindoW in a chip-on-chip connection. Prefer 
ably, connect big solder balls to the top surface of the printed 
circuit board aside from the primary semiconductor chips. 
[0033] Finally, another aspect of this invention includes 
forming a chip package for a semiconductor chip and the 
product produced thereby by the folloWing steps. Form a 
printed circuit board having a top surface and a bottom sur 
face including a poWer structure and a ground structure Which 
include a) a poWer bus and a ground bus, and b) a poWer plane 
and a ground plane located Within the printed circuit board. 
Form solder connections betWeen the printed circuit board 
and a plurality of chips overlying the printed circuit board in 
?ip chip connections. Provide a bypass capacitor With a ?rst 
terminal and a second terminal. Connect the ?rst terminal of 
the bypass capacitor to the poWer structure and connect the 
second terminal of the bypass capacitor to the ground struc 
ture. Form optional pads for connection to optional solder 
balls for functional selection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The foregoing and other aspects and advantages of 
this invention are explained and described beloW With refer 
ence to the accompanying draWings, in Which: 

[0035] FIGS. 1A, 1B and 1C shoW Printed Circuit Board 
onto Which tWo chips and bypass capacitors are connected in 
various combinations. 

[0036] FIG. 1D shoWs a perspective vieW of a modi?cation 
of FIG. 1B. 
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[0037] FIG. 2A shows a Printed Circuit Board onto Which 
tWo chips are connected With one on the top and the other on 
the bottom and With a capacitor formed on the top of the 
board. 
[0038] FIG. 2B shoWs a modi?cation of the device of FIG. 
2A Which has been expanded to include additional printed 
circuit boards to Which tWo chips are connected Which have 
been stacked on top of the boards of FIG. 2A. 
[0039] FIG. 2C shoWs a modi?cation of the device of FIG. 
2A Which has been modi?ed to include a single chip only on 
the top of the upper printed circuit board Without big solder 
balls betWeen the upper and loWer printed circuit boards. 
[0040] FIG. 2D shoWs a device Which based on FIG. 2B 
modi?ed to use gold bumps to support the chips to the respec 
tive printed circuit boards. 
[0041] FIG. 2E shoWs a device 20E Which is based on FIG. 
2C modi?ed to use gold bumps to support the chips on the 
respective printed circuit boards. 
[0042] FIG. 3A shoWs a plan vieW of a chip-on-chip struc 
ture in accordance With this invention Where a printed circuit 
board has a WindoW formed through board in the center With 
a chip-on-chip structure With a ?rst chip connected to the 
board extending across the WindoW and a second chip bonded 
to the ?rst chip suspended in the WindoW. 
[0043] FIG. 3B shoWs a cross section ofthe device of FIG. 
3A, With external connections on the bottom of the board. 
[0044] FIG. 3C shoWs a cross section ofthe device of FIG. 
3A With external connections on the top of the board. 
[0045] FIG. 3D shoWs a chip-on-chip structure Wherein 
pads on the top surface of a secondary, chip are bonded to a 
plurality of solder balls Which are also bonded to the bottom 
of an upper chip that is in turn is carried by a plurality of big 
solder balls secured to bottom surface thereof, With the Width 
of the secondary chip being narroWer than the length of the 
upper chip as in FIGS. 3A and 3B, With the big solder balls 
supported by pads on a ball grid array substrate. 
[0046] FIG. 3E shoWs a chip-on-chip structure Wherein the 
pads on the top surface of a secondary chip are bonded to a 
plurality of gold bumps bonded to pads on the bottom of a 
primary chip. As in FIG. 3D, the chip is carried by a plurality 
of big solder balls secured to the bottom surface of a second 
chip on the ends thereof With the Width of ?rst chip being 
narroWer than the length of the second chip as in FIGS. 3A 
and 3B, With the big solder balls supported by pads on a ball 
grid array substrate. 
[0047] FIG. 4 shoWs a chip-on-chip interconnection of a 
primary semiconductor chip and a secondary chip With 
peripheral TAB connections to the primary chip. 
[0048] FIG. 5A shoWs a plan vieW of a plural chip to single 
chip chip-on-chip structure in accordance With this invention 
Where a printed circuit board has a WindoW formed through 
board in the center With a chip-on-chip structure With a ?rst 
chip connected to the board extending across the WindoW and 
second and third chips suspended in the WindoW by being 
bonded to the ?rst chip as in FIG. 3A. 
[0049] FIG. 5B shoWs a cross section ofthe device of FIG. 
5A With external solder ball connections on the bottom of the 
board. 
[0050] FIG. 5C shoWs a cross section ofthe device of FIG. 
5A With external big solder ball connections on the top of the 
board. 
[0051] FIG. 6 shoWs a sectional vieW of a PCB Which has a 
number of pads to Which one control pin solder terminal, tWo 
selection pin solder terminals, and other solder terminals are 
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connected. TWo chips are shoWn connected by dotted lines 
betWeen the pads on the circuit board and pins on the bottom 
of the chips. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0052] FIG. 1A shoWs a device 10A comprising a ?rst 
(PCB) Printed Circuit Board PB1 composed of a conven 
tional electrically insulating or dielectric material With a pla 
nar upper surface and a planar loWer surfaces parallel to each 
other. On the upper surface of Printed Circuit Board PB1 are 
tWo chips CHA and CHB Which are connected to the upper 
surface electrically and mechanically by solder balls SB to 
conventional pads not shoWn on the top surface of the printed 
circuit board PB1. Buried Within the printed circuit board 
PB1 are a conductive ground plane BP and a conductive 
poWer plane PP, shoWn in this example, beloW the ground 
plane BP. Both the conductive ground plane BP and the con 
ductive poWer plane PP are shoWn to be parallel With the 
upper and loWer surface of the printed circuit board PB1. 
Modi?cations of the poWer plane are possible including mul 
tiple levels and variations from simple parallel structures into 
partially non-parallel arrangements With vias as Will be Well 
understood by those skilled in the art. 
[0053] On the loWer surface of the Printed Circuit Board 
PB1 are shoWn tWo big solder balls BSB on either end of the 
board PB1 Which represent an array of big solder balls BSB. 
The big solder balls BSB are adapted to be connected elec 
trically and mechanically to a supporting element such as 
another printed circuit board, eg a larger circuit board (not 
shoWn) as Will be Well understood by those skilled in the art. 
[0054] Chips CHA and CHB are attached to the Printed 
Circuit Board PB1 by the ?ip-chip method, as Will be Well 
understood by those skilled in the art of chip packaging. As 
indicated above, there are both an internal ground plane GP 
and an internal poWer plane PP are buried Within the printed 
circuit board (PCB) PB1. That is to say that the ground plane 
GP and the poWer plane PP are located internally, buried 
Within the printed circuit board PB1. A bypass capacitor BC1 
Which is located beloW the bottom surface of the printed 
circuit board PH1 on the exterior of printed circuit board PB1 
is connected directly at one end to the internal ground plane 
GP and is connected directly at the other terminal to the 
internal poWer plane PP as seen in FIG. 1A. The big solder 
balls BSB on the loWer surface of the board PB1 (as shoWn in 
FIG. 1A) provide added clearance for the capacitor BC1. 
Thus the bypass capacitor BC1 can be located beloW the 
exterior of the loWer surface of the printed circuit board PH1 
and beloW one orboth of the chip CHA and chip CHB because 
the big solder balls BSB are tall enough to provide clearance 
for the bypass capacitor BC1 (see FIG. 1A). A ground bus GB 
and a poWer bus PB are formed on the top surface of board 
PB1. Another bypass capacitor BC1' is shoWn in the right end 
of the board PB1 With one terminal connected to the ground 
bus GB and another terminal connected to the poWer bus PB 
(see FIG. 1A). The Printed Circuit Board (PCB) PB1 has a 
planar loWer exterior surface as shoWn in FIG. 1A and the 
bypass capacitor BC1 is located beloW the planar exterior 
surface of the PCB PB1 as shoWn in FIG. 1A, i.e. the bypass 
capacitor BC1 is located outside of the PCB PB1 beloW the 
planar loWer exterior surface thereof as shoWn in FIG. 1A. 
[0055] Printed circuit board (PCB) PB1 is a multi-layer 
printed circuit board. The small solder balls SB connected to 
chip CHA and chip CHB are connected to the big solder balls 
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BSB through the routing of the printed circuits and vias (not 
shown) on the printed circuit board PB1, as Will be Well 
understood by those skilled in the art of chip packaging. 
[0056] FIG. 1B shoWs a variation ofthe device of FIG. 1A 
comprising a modi?ed device 10B. Device 10B includes a 
printed circuit board (PCB) PB2, Which is basically the same 
as PCB PB1 (FIG. 1A) except that the connection of elements 
thereto is somewhat different and ground bus GB and poWer 
bus PB are omitted. Chip CHC and chip CHD, Which are 
located on the top surface of PCB PB2, are narroWer leaving 
space to locate the bypass capacitor BC2 there betWeen above 
the exterior of the top surface of the PCB PB2 in FIG. 1B. 
Bypass capacitor BC2 is connected directly at one end to a 
buried, internal ground plane GP and at the other terminal of 
the bypass capacitor BC2 is connected directly to a buried, 
internal poWer plane PP (as described above With respect to 
FIG. 1A. In this case, the small solder balls SB are located on 
the bottom of the PCB PB2 (in place of the big solder balls 
BSB or FIG. 1A) since there is no need for the extra clearance 
required in FIG. 1A for location of the bypass capacitor BC1. 
As shoWn in FIG. 1B, the PCB PB2 has a planar top exterior 
surface and the bypass capacitor BC2 is located above the 
planar top exterior surface of the PCB PB2, i.e. bypass capaci 
tor BC2 is outside of the PCB PB2 above the planar top 
exterior surface thereof. 

[0057] FIG. 1C shoWs a device 10C Which is a modi?cation 
of the devices 10A of FIGS. 1A and 10B of FIG. 1B. The 
device 10C includes a third PCB PB3, different from the 
PCBPB1 of FIG. 1A except that the elements connected 
thereto are someWhat different. In particular, PCBPB3 
includes no buried ground plane and no buried poWer plane. 
Chip CHE and chip CHF, Which are located on the top surface 
of PCBPB2, are narroWer leaving space to locate the bypass 
capacitor BC2 therebetWeen on the top surface of PCBPB2. 
Chip CHE and chip CHF, Which are located on the top surface 
of PCBPB2, are narroWer than chips CHA and CHB, leaving 
space to locate the bypass capacitor BC2 therebetWeen on the 
top surface of PCBPB3. Bypass capacitor BC3 is connected 
at one end to the ground bus GB and at the other terminal to 
the poWer bus PP. In this case, as in FIG. 1B, small solder balls 
SB are located on the bottom of the PCB PB3 (in place of the 
big solder balls BSB or FIG. 1A). The PCB PB3 has a planar 
top exterior surface and the bypass capacitor BC3 is located 
above the planar top exterior surface of the PCB PB3, i.e. 
bypass capacitor BC3 is outside of the PCB PB3 above the 
planar top exterior surface thereof as shoWn by FIG. 1C. 

[0058] FIG. 1D shoWs a perspective vieW of a modi?cation 
of FIG. 1B With tWo chips, chip CHC' and chip CHD' on top 
of the printed circuit board (PCB) PCB1 along With the 
bypass capacitor BC3 shoWn located above the exterior of the 
top surface of the PCB PCB1 betWeen chips CHC', CHD'. A 
Wide metal conductor line comprising a poWer bus WM1 is 
formed on the surface of the PCB PCB1, as shoWn in FIG. 1D, 
connecting to one terminal of the capacitor BC3 and the other 
Wide metal line comprising ground bus WM2 on the surface 
of the printed circuit PCB PCB1, connecting to the other 
terminal of the capacitor BC3. The Wide metal line poWer bus 
WM1 connects by vias to some solder balls SB in the middle 
of chips CHC' and CHD' and doWn to the buried, internal 
poWer plane PP, as shoWn in FIG. 1D. The Wide metal line 
ground bus WM2 connects by other vias to other solder balls 
SB on the inner edges of chips CHC' and CHD', and doWn to 
the buried, internal ground plane GP, as shoWn in FIG. 1D. 
Vias are conductors as Will be Well understood by those 
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skilled in the art. As can be seen in the perspective vieW in 
FIG. 1D, the PCB PB1 has a planar top exterior surface and 
the bypass capacitor BC3 is located above the planar top 
exterior surface of the PCB PB1, i.e. bypass capacitor BC3 is 
outside of the PCB PB1 above the planar top exterior surface 
thereof as shoWn by FIG. 1D. 

[0059] FIG. 2A shoWs a device 20A Which is a modi?cation 
of FIG. 1A With tWo stacked Printed Circuit Boards PCB2 
and PCB3 (similar to boards PB1) With an plurality of big 
solder balls BSB on the periphery of the bottom of the boards 
PCB2 and PCB3, With a ground plane GP at voltage Vss and 
a poWer plane PP at voltage Vcc. The upper Printed Circuit 
Board PCB3 is connected to the loWer Printed Circuit Board 
PCB2 by means of several big solder balls BSB Which inter 
connect electrically and mechanically (as shoWn in FIG. 2A) 
betWeen the loWer surface of upper board PCB3 and loWer 
board PCB2, as is Well understood by those skilled in the art, 
by means of conductive mounting pads, conductors and vias 
not shoWn for convenience of illustration. 

[0060] Referring to loWer Printed Circuit Board PCB2, tWo 
chips CH1 and CH2 are supported on the bottom and top 
respectively of the loWer board PCB2. Chips CH1 and CH2 
are connected electrically and mechanically by solder balls 
SB to conventional pads not shoWn on the bottom surface and 
top surface of the printed circuit board PCB2 respectively. 
[0061] Referring to upper Printed Circuit Board PCB3, tWo 
bottom-and-top mounted chips CH3 and CH4 are supported 
on the bottom and top respectively of loWer board PCB2, and 
chips CH3 and CH4 Which are connected electrically and 
mechanically by solder balls SB to conventional pads not 
shoWn on the bottom surface and top surface of the loWer 
printed circuit board PCB2. 
[0062] An capacitor C is formed on the left of the top 
surface of PCB PCB3. The externally located bypass capaci 
tor C is shoWn in FIG. 2A located close to the chips CH3 and 
CH4. Bypass capacitor also can be mounted on the left top 
surface of top PCB PB3 to the left of chip CH4. Bypass 
capacitor C has one terminal connected to the ground plane 
GP and at the other terminal to the poWer plane PP above the 
plurality of big solder balls BSB of upper board PCB3. The 
circuits are similar to those as discussed in FIG. 1C. The PCB 
PB3 has a planar top exterior surface and the bypass capacitor 
C is located above the planar top exterior surface of the PCB 
PB3, i.e. bypass capacitor C is outside of the PCB PB3 above 
the planar top exterior surface thereof. 
[0063] FIG. 2B shoWs device 20B Which is a modi?cation 
of the device 20A of FIG. 2A Which has been expanded to 
include several additional printed circuit boards (PCB) PBC4 
and PCB5 Which have been stacked on top of upper PCB 
PCB3 carrying chips CH5 and CH6 shoWn mounted bottom 
and-top and carrying chips CH7 and CH8 shoWn mounted 
bottom-and-top respectively With the big solder balls BSB 
supporting each printed circuit board (PCB), With PCB PCB4 
supported on PCB PCB3 and PCB PCB5 supported on PCB 
PCB4 in like manner to the boards of FIG. 2A. The loWer 
most PCB PCB2 is shoWn supported on a moderate siZe set of 
enlarged solder balls SB. A bypass capacitor C, Which is 
shoWn located above the exterior of the top surface of PCB 
PCB5 at the left end thereof, has one terminal shoWn con 
nected directly to the buried, internal ground plane GP and is 
shoWn connected directly at the other terminal to the buried, 
internal poWer plane PP. The PCB PB5 has a planar top 
exterior surface and the bypass capacitor C is located above 
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the planar top exterior surface of the PCB PB5, i.e. bypass 
capacitor C is outside of the PCB PB5 above the planar top 
exterior surface thereof. 
[0064] FIG. 2C shoWs a modi?cation of the device of FIG. 
2A Which has been modi?ed to include a chip CH3 on the top 
of the upper printed circuit board (PCB) PCB3' Without big 
solder balls betWeen the upper and loWer PCBs. In particular, 
FIG. 2C shoWs a device 20C Which is another modi?cation of 
the device 20A of FIG. 2A Which has been simpli?ed to 
include top and bottom chips CH1 and CH2 on the loWer PCB 
PCB2 With a single chip CH3 on the top surface of the upper 
PCB PCB3' With smaller solder balls SB interconnecting 
betWeen the bottom of the upper PCB PCB3' and the top of 
loWer PCB PCB2 and connected to the bottom of the loWer 
PCB PCB2. A bypass capacitor C, shoWn located externally 
above the top surface of the upper PCB PCB3' at the left end 
thereof, has one terminal shoWn connected directly to the 
buried, internal poWer plane PP of the upper PCB PCB3'. The 
PCB PB3' has a planar top exterior surface and the bypass 
capacitor C is located above the planar top exterior surface of 
the PCB PB3', i.e. bypass capacitor C is outside of the PCB 
PB3' above the planar top exterior surface thereof. 
[0065] FIG. 2D shoWs a device 20D Which is a modi?cation 
of the device 20B of FIG. 2B Which has been modi?ed ti use 
gold bumps GB to support the chips CH1 CH8 to the respec 
tive printed circuit boards PCB2 to PCB5. An external bypass 
capacitor C is shoWn located above the top surface of a printed 
circuit board PCB5 at the left end thereof. The external bypass 
capacitor C has one terminal shoWn connected directly to the 
buried, internal ground plane GP and, as shoWn, has the other 
terminal connected directly to the buried, internal poWer 
plane PP thereof shoWn inside the printed circuit board PCB5. 
The PCB PB5 has a planar top exterior surface and the bypass 
capacitor C is located above the planar top exterior surface of 
the PCB PB5, i.e. bypass capacitor C is outside of the PCB 
PB5 above the planar top exterior surface thereof. 
[0066] FIG. 2E shoWs a device 20E Which is another modi 
?cation of the device 20C of FIG. 2C Which has been modi 
?ed to use gold bumps GB to support the chips CH1 CH3 on 
the respective loWer and upper printed circuit boards (PCBs) 
PBC2 and PCB3'. An external bypass capacitor C, is shoWn 
located above the top surface of the upper PCB PCB3' at the 
left end thereof, and it has one terminal shoWn connected 
directly to the buried, internal ground plane GP and at the 
other terminal shoWn connected directly to the buried, inter 
nal poWer plane PP thereof. The PCB PB3' has a planar top 
exterior surface and the bypass capacitor C is located above 
the planar top exterior surface of the PCB PB5, i.e. bypass 
capacitor C is outside of the PCB PB5 above the planar top 
exterior surface thereof. 

[0067] FIG. 3A shoWs a plan vieW of a chip-on-chip struc 
ture in accordance With this invention Where a printed circuit 
board PCB6 has a WindoW W formed therethrough (board 
PCB6) in the center of FIG. 3A. WindoW W is shoWn to have 
a longer vertical height than the horiZontal Width. The board 
PBC6 is the substrate of a Ball Grid Array (BGA) package. A 
primary, upper chip CH5 is formed above the board PCB6, 
covering the central portion of WindoW W having its greater 
length transverse to the WindoW W thereby bridging the Win 
doW W across the Width of the WindoW W. That is to say that 
primary chip CH5 extends on the left and right beyond Win 
doW W over board PCB6 across the (narrower) Width of the 
WindoW W. The secondary chip CH6 is supported in a chip 
on-chip connected by the loWer surface of chip primary CH5. 

Mar. 5, 2009 

At the same time, secondary chip CH6 is located inside the 
space provided by WindoW W in the printed circuit board 
PCB6. The chips CH5 and CH6 are shoWn to be the same siZe, 
i.e. primary chip CH5 is as long and as Wide as secondary chip 
CH6 but they are rotated in orientation by about 90 degrees. A 
bypass capacitor BC is located on the top surface of printed 
circuit board PCB6 and as described above, the opposing 
terminals of capacitor BC are connected to a ground plane GP 
and the poWer plane PP, respectively, inside the board PCB6. 
[0068] FIG. 3B is a sectional vieW taken along line 3B-3B 
in FIG. 3A. In FIG. 3B, the chip-on-chip relationship betWeen 
primary chip CH5 and secondary chip CH6 is seen. Pads P on 
the upper surface of secondary chip CH6 are connected elec 
trically and mechanically by solder balls SB to interconnect 
pads P on the confronting surfaces of the primary, upper chip 
CH5. In like manner the loWer surface of primary chip CH5, 
aside from secondary chip CH6, is connected to pads P on the 
upper surface of Printed Circuit Board PCB6. The printed 
circuit board PCB3 has solder balls SB and pads P located on 
the loWer surface thereof Which are adapted to be connected 
to another circuit board (not shoWn). 
[0069] FIG. 3C is a modi?cation of FIG. 3B in Which the 
printed circuit board PCB6' has outboard connection pads P 
located aside from chip CH5 supporting large solder balls 
BSB Which are adapted to connect the board PCB6' to another 
circuit board (not shoWn) as shoWn by examples in FIGS. 2A, 
2B and 2D above. 

[0070] FIG. 3D shoWs a chip-on-chip structure Wherein 
pads P on the top surface of a loWer, secondary chip CH7 are 
bonded to a plurality of small, round solder balls SB shoWn in 
FIG. 3D With generally spherical shape, Which are also 
bonded to other pads P on the bottom surface of an upper, 
primary chip CH8. The upper, primary chip CH8 is carried by 
a plurality of elongated, big solder balls BSB With generally 
oblate ellipsoidal (solid elliptical, i.e. foot-ball-like) shapes 
secured to the bottom surface of the chip CH8 on the ends 
thereof With the Width of the secondary chip CH7 shoWn in 
FIG. 3D being narroWer than the length of the primary chip 
CH8 as shoWn in FIGS. 3A and 3B. In this case, the elongated, 
big solder balls BSB With generally oblate ellipsoidal (foot 
ball) shapes that are as shoWn in FIGS. 3C 3E (inter alia) 
extend to a loWer level Where they are supported on the 
bottom ends thereof, beloW the level of the chips CH7 and 
CH8, by loWer pads P on a ball grid array substrate BGAS 
Which is supported by a grid array of solder balls BG. The ball 
grid array substrate BGAS of FIG. 3D is shoWn With a ?at 
upper surface Which is spaced aWay from the ?at loWer sur 
face of the secondary chip CH7 by the length of the elongated 
big solder balls BSB, Which length exceeds the height of the 
secondary chip CH7 plus the heights of the solder balls SB, 
plus the thickness of the pads P attached to the chips CH7 and 
CH8, plus a gap betWeen the ?at upper surface of the ball grid 
array substrate BGAS and the loWer ?at surface of the loWer, 
secondary chip CH7. 
[0071] FIG. 3E shoWs a chip-on-chip structure Wherein the 
pads P on the top surface of a secondary chip CH9 are bonded 
to a plurality of gold bumps GB bonded to other pads P on the 
bottom surface of a primary chip CH10. The gold bumps GB 
are pillar shape. In FIG. 3E the primary chip CH10 is carried 
by a plurality of elongated big solder balls BSB With gener 
ally oblate ellipsoidal (football) shapes that are secured to the 
bottom surface of the primary chip CH10 With the Width of 
chip CH9 being narroWer than the length of the primary chip 
CH10 as shoWn in FIGS. 3A and 3B. In this case, the oblate 
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ellipsoidal big solder balls BSB below the chip CH10 are 
supported by pads P on a ball grid array substrate BGAS 
Which is supported by a grid array of solder balls BG. In FIG. 
3E, the ball grid array substrate BGAS is shoWn With a ?at 
upper surface Which is spaced aWay from the ?at loWer sur 
face of the secondary chip CH9 by the length of the elongated 
big solder balls BSB. Which length exceeds the height of the 
secondary chip CH9 plus the gold bumps GB, plus the thick 
nesses of the pads P attached to the chips CH9 and CH10, plus 
a gap betWeen the ?at upper surface of the substrate BGAS 
and the ?at loWer surface of the secondary chip CH9. 
[0072] FIG. 4 shoWs a chip-on-chip interconnection of a 
primary semiconductor chip CH11 and a secondary chip 
CH12. The primary chip has a top surface Which is bonded to 
gold bonds GB Which in turn are bonded to pads P on the 
bottom surface of the secondary chip CH12 forming chip-on 
chip connections betWeen the bottom surface of the second 
ary chip CH12 and the top surface of the primary chip CH11. 
On the periphery of the top surface of the primary semicon 
ductor chips goldbond connections are formed aside from the 
secondary chip to Tape Automated Bonding (TAB) copper 
leads CL. 
[0073] FIG. 5A shoWs a plan vieW of a plural chip to single 
chip chip-on-chip structure in accordance With this invention 
Where a printed circuit board PCB4 has a WindoW W formed 
through board PCB4 in the center of FIG. 5A. A pair of 
primary chips CH7 and CH8 are formed above the printed 
circuit board PCB4 covering the central portion of WindoW W. 
On the left, primary chip CH7 extends on the left beyond 
WindoW W over the top surface board PCB4 to Which it is 
connected by solder balls B and pads P, similarly to the solder 
bonds described above. On the right, primary chip CH8 
extends on the right beyond WindoW W over board PCB4 to 
Which it is also connected by solder balls B and pads P. A 
secondary chip CH9 is located beloW chip CH7 and CH8 
inside the WindoW W in the board PCB4. A bypass capacitor 
BC is located on the top surface of board PCB4. The pads X 
of bypass capacitor BC are connected to the ground plane GP 
and the poWer plane PP as explained in the above described 
embodiments of this invention. 
[0074] FIG. 5B is a sectional vieW taken along line 4B-4B 
in FIG. 5A. In FIG. 5B, it is seen that connectionpads P on the 
upper surface of chip CH9 are bonded by solder balls SLD 
electrically and mechanically to interconnect pads P on the 
confronting surfaces of upper chips CH7/CH8. In like manner 
the loWer surfaces of chips CH7/CH8, aside from chip CH9, 
are connected to pads P on the upper surface of Printed Circuit 
Board PCB4. For external connections, the printed circuit 
board PCB4 has outboard solder balls SB and pads P located 
on the loWer surface thereof Which are adapted to be con 
nected to another circuit board (not shoWn). Board PCB4 is a 
substrate of a BGA type package. 
[0075] FIG. 5C is a slight modi?cation ofFIG. 5B in Which 
outboard connection pads P andbig solderballs BSB has been 
added to the top surface of printed circuit board PCB4'. The 
big solder balls BSB on the top surface of the board PCB4', 
Which are available for external connections, are located aside 
from chips CH7 and CH8 With big solderballs BSB Which are 
adapted to connect the board PCB4' to another circuit board 
(not shoWn). 
[0076] FIG. 6 shoWs a sectional vieW of a PCB PCB5 Which 
has a number of pads P to Which one solderball CP, tWo solder 
balls SP, and tWo solder balls SL4 and SL5 are connected. The 
solder ball CP functions as control. The solder balls SP func 
tion as selection. Chips CH10 and C11 are shoWn connected 
by dotted lines ABC and DEF betWeen the pads for solder 
balls CP and SP and bumps SL10 and SL11 on pads P on the 
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bottom of chips CH10 and CH11 respectively. Additional 
bumps SLD are also connected to the chips CH10 and CH11 
by bonding to pads P. An external bypass capacitor BC is 
located above the top surface of PCB PCB5. The pads X of the 
external bypass capacitor BC are connected to the circuit 
board PCB5 With one pad X being connected directly to the 
buried, internal ground plane GP and With the other pad X 
being connected directly to the buried, internal poWer plane 
PP as explained in the above described embodiments of this 
invention. Control solder ball CP is electrically connected to 
bump SL10 on chip CH10 and bump SL11 on chip CH11, by 
the dotted line A and D connections, respectively. Selection 
solder balls SP connect electrically to respective bumps SL10 
formed on chip CH10, by connections represented by dotted 
lines B and C, and to respective bumps SL11 formed on chip 
CH11, by connections represented by dotted lines E and F. 
The PCB PB5 has a planar top exterior surface and the bypass 
capacitor C is located above the planar top exterior surface of 
the PCB PBS, i.e. bypass capacitor C is outside of the PCB 
PB5 above the planar top exterior surface thereof. 
[0077] The meaning of the dotted lines ABC and DEF in 
FIG. 6 indicate the connection of the control solder ball CP 
and the selection solder ball SP of board PCB5 to the respec 
tive control solder bumps and the selection solder bumps of 
chips CH10 and CH11. Chips CH10 and CH11 are connected 
to the board PCB5 by the ?ip-chip method. The control solder 
bumps on chips CH10 and CH11 are electrically connected to 
the control solder ball CP on circuit board PCB5 through 
interconnection metal lines in circuit board PBC5. The selec 
tion solder bumps on chips CH10 and CH11 are connected to 
the selection solder ball SP on circuit board PBC5 through 
other interconnection metal lines in circuit board PCB5. 

Example of Application 

[0078] If there are tWo chips having data-Width options, 
such as .times.4, .times.8 or .times.l6 option, packaged in one 
package, then this package can be performed With the data 
Width of times.4, .times.8, .times.l6 or .times.32. 
[0079] The meaning of the .times.4 option is that the Width 
of the data is 4 bits in an integrated circuit memory. 
[0080] FIG. 5A-5C. shoW the inventive concept that 
optional functions can be provided in a multiple chip package 
made in accordance With this invention. In the prior art, 
optional functions are possible only on a single chip level, 
Whereas With the con?gurations shoWn in FIGS. 5A-5C. and 
previous draWings, the function of chips can be ?xed after 
completion of the packaging process. 
[0081] FIG. 6 and the embodiments from FIG. 1A to 1D, 
FIG. 2A to 2E, FIG. 3A to 3E, and FIG. 5A to SC all include 
a bypass capacitor. All of the printed circuit boards include a 
ground plane and a poWer plane. The bypass capacitors are 
connected betWeen the ground plane and the poWer plane. 
The pad options illustrated by FIG. 5 can be employed in the 
embodiments from FIG. 1A to FIG. 4C. 

SUMMARY 

[0082] A bonding option for a multiple chip package is 
provided. 
[0083] Methods of mounting discrete chips on a chip pack 
age or multi-chip package Which may include a bypass 
capacitor, a ground plane and a poWer plane. 
[0084] Flexibility of functions of a multiple chip packages 
is enhanced. 
[0085] There is a separate inventory of products With dif 
ferent functions. 
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[0086] A control circuit design in the single chip provides 
for function selection. 
[0087] The bypass capacitor is packed in a package or in 
combination chip package. The bypass capacitor is connected 
to the ground plane and the poWer plane of the substrate of the 
package. A big solder ball is employed for packages When the 
bypass capacitor is located on the same surface With the 
solder balls Which are adapted to be connected to another 
circuit board. 
[0088] A problem solved by this invention is reduction of 
the inventory of several products With different functions. 
[0089] This invention serves to eliminate l/O noise. 
[0090] While this invention has been described in terms of 
the above speci?c embodiment(s), those skilled in the art Will 
recogniZe that the invention can be practiced With modi?ca 
tions Within the spirit and scope of the appended claims, ie 
that changes can be made in form and detail, Without depart 
ing from the spirit and scope of the invention. Accordingly all 
such changes come Within the purvieW of the present inven 
tion and the invention encompasses the subject matter of the 
claims Which folloW. 

What is claimed is: 
1. A chip package comprising: 
a ?rst printed circuit board (PCB) comprising a ?rst pad at 

a ?rst top side of said ?rst printed circuit board; 
a solder ball on a ?rst bottom side of said ?rst printed 

circuit board; 
a ?rst chip over said ?rst top side, Wherein said ?rst chip is 

connected to said ?rst pad; 
a second chip over said ?rst chip; and 
a portion over said ?rst top side and over said ?rst and 

second chips, Wherein said portion comprises a second 
printed circuit board over said ?rst top side and over said 
?rst and second chips, a third chip over a second top side 
of said second printed circuit board, a ?rst metal bump 
having a top end on a ?rst region of a second bottom side 
of said second printed circuit board and a bottom end on 
said ?rst top side, and a second metal bump having a top 
end on a second region of said second bottom side and a 
bottom end on said ?rst top side, Wherein said ?rst top 
side faces said second bottom side, Wherein said second 
printed circuit board comprises a second pad at said 
second top side, Wherein said third chip is connected to 
said second pad, Wherein said ?rst and second chips are 
betWeen said ?rst and second metal bumps, and Wherein 
said ?rst and second chips are betWeen said ?rst top side 
and a third region of said second bottom side, Wherein 
said third region is directly over said second chip, and 
Wherein said third region is betWeen said ?rst and second 
regions, and said ?rst, second and third regions are at a 
substantially same horiZontal level. 

2. The chip package of claim 1 further comprising a third 
metal bump betWeen said ?rst chip and said ?rst pad. 

3. The chip package of claim 1 further comprising a solder 
betWeen said ?rst chip and said ?rst pad. 

4. The chip package of claim 1, Wherein said portion fur 
ther comprises a third metal bump betWeen saidthird chip and 
said second pad. 

5. The chip package of claim 1, Wherein said portion fur 
ther comprises a solder betWeen said third chip and said 
second pad. 

6. The chip package of claim 1, Wherein said portion fur 
ther comprises a capacitor on said second printed circuit 
board. 
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7. The chip package of claim 1, Wherein said ?rst metal 
bump comprises a solder. 

8. A chip package comprising: 
a ?rst printed circuit board (PCB) comprising a ?rst pad at 

a ?rst top side of said ?rst printed circuit board; 
a solder ball on a ?rst bottom side of said ?rst circuit 

printed circuit board; 
a ?rst chip over said ?rst top side, Wherein said ?rst chip is 

connected to said ?rst pad; 
a second chip over said ?rst chip; 
a second printed circuit board over said ?rst top side and 

over said ?rst and second chips, Wherein said second 
printed circuit board comprises a second pad at a second 
top side of said second printed circuit board, and 
Wherein said ?rst and second chips are betWeen said ?rst 
top side and a ?rst region of a second bottom side of said 
second printed circuit board, Wherein said second bot 
tom side faces said ?rst top side, and Wherein said ?rst 
region is directly over said second chip; 

a ?rst metal bump having a top end on a second region of 
said second bottom side and a bottom end on said ?rst 

top side; 
a second metal bump having a top end on a third region of 

said second bottom side and a bottom end on said ?rst 
top side, Wherein said ?rst and second chips are betWeen 
said ?rst and second metal bumps, and Wherein said ?rst 
region is betWeen said second and third regions, and said 
?rst, second and third regions are at a substantially same 
horiZontal level; 

a third chip over said second top side, Wherein said third 
chip is connected to said second pad; and 

a fourth chip over said third chip, Wherein a vertical dis 
tance betWeen said third and fourth chips is less than a 
thickness of said second printed circuit board. 

9. The chip package of claim 8 further comprising a third 
metal bump betWeen said ?rst chip and said ?rst pad. 

10. The chip package of claim 8 further comprising a solder 
betWeen said ?rst chip and said ?rst pad. 

11. The chip package of claim 8 further comprising a third 
metal bump betWeen said third chip and said second pad. 

12. The chip package of claim 8 further comprising a solder 
betWeen said third chip and said second pad. 

13. The chip package of claim 8 further comprising a third 
printed circuit board over said second top side and over said 
third and fourth chips, and a third metal bump having a top 
end on a third bottom side of said third printed circuit board 
and a bottom end on said second top side. 

14. The chip package of claim 8, Wherein said ?rst metal 
bump comprises a solder. 

15. A chip package comprising: 
a portion comprising a ?rst printed circuit board (PCB), a 

solder ball on a ?rst bottom side of said ?rst printed 
circuit board, and a ?rst chip over a ?rst top side of said 
?rst printed circuit board, Wherein said ?rst chip is con 
nected to a ?rst pad of said ?rst printed circuit board, 
Wherein said ?rst pad is at said ?rst top side; 

a second printed circuit board over said ?rst top side and 
over said ?rst chip, Wherein said second printed circuit 
board comprises a second pad at a second top side of said 
second printed circuit board, and Wherein said ?rst chip 
is betWeen said ?rst top side and a ?rst region of a second 
bottom side of said second printed circuit board, Wherein 
said second bottom side faces said ?rst top side, and 
Wherein said ?rst region is directly over said ?rst chip; 
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a ?rst metal bump having a top end on a second region of 
said second bottom side and a bottom end on said ?rst 
top side; 

a second metal bump having a top end on a third region of 
said second bottom side and a bottom end on said ?rst 
top side, Wherein said ?rst chip is betWeen said ?rst and 
second metal bumps, and Wherein said ?rst region is 
betWeen said second and third regions, and said ?rst, 
second and third regions are at a substantially same 
horiZontal level; 

a second chip over said second top side, Wherein said 
second chip is connected to said second pad; and 

a third chip over said second chip, Wherein a Vertical dis 
tance betWeen said second and third chips is less than a 
thickness of said second printed circuit board. 
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16. The chip package of claim 15, Wherein said portion 
further comprises a third metal bump betWeen said ?rst chip 
and said ?rst pad. 

17. The chip package of claim 15, Wherein said portion 
further comprises a solderbetWeen said ?rst chip and said ?rst 
pad. 

18. The chip package of claim 15 further comprising a third 
metal bump betWeen said second chip and said second pad. 

19. The chip package of claim 15 further comprising a 
solder betWeen said second chip and said second pad. 

20. The chip package of claim 15, Wherein said ?rst metal 
bump comprises a solder. 

* * * * * 


