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APPARATUS FOR STACKING 
SEMICONDUCTOR CHIPS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the vertical stacking of 

conventional integrated circuit packages to increase the 
density of components on a printed circuit board. More 
particularly, the present invention relates to the vertical 
stacking of conventional memory integrated circuits pack 
ages on a surface mount printed circuit board. 

2. Description of the Related Art 
An integrated circuit or “IC” is a microcircuit formed 

from active and passive electrical components intercon 
nected on or within a single semiconductor substrate. To 
protect the IC and to facilitate connection of the IC to a 
printed circuit board, off-the-shelf ICs are commonly pack 
aged within a ceramic, plastic or epoxy IC package having 
multiple external terminals or “pins.” The full integrated 
circuit package, including the IC, is commonly referred to 
(and will be referred to herein) as a “chip.” 
As a result of the continuously increasing demand for 

large random access computer memories, and the demand 
for smaller computers, various techniques have been devel 
oped to increase densities of memory chips on printed circuit 
boards. In addition to the inherent siZe advantages provided, 
increased chip densities enable shorter circuit paths between 
components, allowing the components to operate at higher 
speeds while reducing radio-frequency interference (RFI) 
and electromagnetic interference (EMI) emitted from the 
printed circuit board. 

One development that has led to a signi?cant increase in 
memory chip densities has been the advent of surface mount 
technology. With surface mount technology, conventional 
plated through holes on printed circuit boards are replaced 
with conductive pads, and through-hole pins of conventional 
chips are replaced with smaller surface mount pins. Because 
the pitch or spacing between centers of adjacent surface 
mount pins is signi?cantly less than the conventional 0.10 
inch spacing for conventional through-hole components, 
surface mount chips tend to be considerably smaller than 
corresponding conventional chips, and thus take up less 
space on the printed circuit board. Surface mount technol 
ogy additionally facilitates the mounting of components on 
both sides of the printed circuit board. 

Various techniques have been developed for increasing 
chip densities on printed circuit boards by vertically stacking 
or “piggybacking” two or more chips. See, for example, US. 
Pat. No. 4,996,583 to Hatada, US. Pat. No. 4,398,235 to 
LutZ et al., US. Pat. No. 4,953,005 to Carlson et al., 
Japanese Patent Publication No. 61-63048 to Toshiba Corp., 
Japanese Patent Publication No. 58-219757 to Tokyo Shiba 
ura Denki K. K., Japanese Patent Publication No. 61-75558 
to NEC Corp., and Japanese Patent Publication No. 
60-254762 to Fujitsu. These techniques, however, tend to 
suffer from a number of defects. For instance, many of the 
techniques require the manufacture of custom chips that are 
speci?cally designed for stacking, or else require special 
modi?cations to the pins of standard memory chips. Further, 
many of the techniques do not make use of the various 
advantages of surface mount technology, such as the ability 
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2 
to maintain a low-pro?le when memory chips are mounted 
to the printed circuit board. Further, many proposed tech 
niques for stacking memory chips are not cost effective. 

SUMMARY OF THE INVENTION 

The present invention involves a multi-chip memory 
module having two or more vertically stacked memory chips 
that are interconnected using a pair of printed circuit boards 
or “side boards.” The multi-chip memory module can be 
constructed using standard, off-the-shelf memory chips, 
without modi?cation to the pins of the memory chips. The 
multi-chip memory module is constructed such that pins of 
the lower-most memory chip in the stack are surface 
mountable directly to pads of a memory board, permitting 
the multi-chip memory module to be mounted with a low 
pro?le relative to the memory board. 

In accordance with one aspect of the invention, the 
multi-chip memory module comprises a plurality of memory 
chips that are stacked on top of one another, with each 
memory chip having conductive surface mount pins. First 
and second side boards are mounted to the stacked memory 
chips such that the side boards are substantially parallel to 
one another. Each of the two side boards has vias for 
receiving the surface mount pins of the memory chips, with 
the vias arranged in rows such that each row corresponds to 
a respective memory chip. Vias of a bottom-most row of 
each side board fall along a lower side board edge, so that 
vias of the bottom-most row serve as surface mount termi 
nals for surface mounting the multi-chip memory module to 
pads of a printed circuit board. Conductive traces are pro 
vided on or within each side board for interconnecting the 
surface mount pins of the memory chips. 

In accordance with another aspect of the invention, there 
is provided a memory module that includes at least one 
multi-chip module. The memory module includes a circuit 
board having at least ?rst and second sets of surface mount 
pads. The memory module further includes a ?rst side board 
that is surface-mounted to the ?rst set of surface mount pads 
such that the ?rst side board is substantially perpendicular to 
the circuit board, and a second side board that is surface 
mounted to the second set of surface mount pads such that 
the second side board is substantially perpendicular to the 
circuit board and substantially parallel to the ?rst side board. 
The memory module further includes a plurality of chips 
stacked on top of one another between the side boards, with 
each chip conductively connected to the ?rst and second side 
boards. 

In accordance with an additional aspect of the invention, 
there is provided a method of increasing the density of 
memory chips on a memory board. The method includes the 
step of providing ?rst and second side boards, with each side 
board comprising a printed circuit board having vias 
thereon, and with vias along bottom edges of the side boards 
forming surface mount terminals. The method further 
includes the step of stacking a plurality of memory chips on 
top of one another to generate a stack of memory chips. The 
method further includes the steps of positioning the ?rst and 
second side boards relative to the stack of memory chips 
such that terminals of the memory chips extend within the 
vias, and attaching the ?rst and second side boards to the 
stack of memory chips by ?lling the vias with solder. 

In accordance with another aspect of the invention, there 
is provided a method of interconnecting circuit board com 
ponents to increase component density. The method includes 
the step of constructing a ?rst printed circuit board that has 
a plurality of vias formed along a row. The method further 
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includes the step of cutting the ?rst printed circuit board 
along the roW to expose the vias along an edge of the printed 
circuit board. The method further includes the steps of 
soldering the vias to respective pins of a semiconductor chip, 
and soldering the vias to pads of a second printed circuit 
board such that the ?rst printed circuit board is substantially 
perpendicular to the second printed circuit board. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features of the invention Will noW be 
described With reference to the draWings of a preferred 
embodiment, Which is intended to illustrate and not to limit 
the invention, and in Which: 

FIG. 1 is a perspective vieW illustrating a multi-chip 
memory module in accordance With a preferred embodiment 
of the present invention, illustrated above a portion of a 
printed circuit board to Which the multi-chip memory mod 
ule may be surface mounted. Solder plugs and circuit board 
traces are omitted to shoW the construction of the multi-chip 
memory module; 

FIG. 2 is an exploded perspective vieW of the multi-chip 
memory module of FIG. 1; 

FIG. 3 is a top plan vieW of the multi-chip memory 
module of FIG. 1, With terminal numbers for the multi-chip 
memory module shoWn in brackets; 

FIG. 4 is a cross sectional vieW taken along the line 4—4 
of FIG. 1; 

FIGS. 5a and 5b are top and bottom plan vieWs of a 
portion of a circuit board panel, illustrating a process of 
manufacturing side boards in accordance With the present 
invention, and further illustrating conductive traces on ?rst 
and second sides of the side boards of FIG 1; 

FIG. 6a is an enlarged vieW in partial cross section, 
shoWing a bottom portion of a side board of the multi-chip 
memory module of FIG. 1 With partially cut-aWay vias ?lled 
With solder to form surface mount terminals, and further 
shoWing the printed circuit board and pads of FIG. 1; 

FIG. 6b is an enlarged vieW in partial cross section of a 
side board and a printed circuit board With pads, illustrating 
an alternative con?guration that results When conductive 
cylinders of vias are pushed inWard during a routing process; 

FIG. 7 is a schematic diagram illustrating the electrical 
interconnections of memory chip pins and side board ter 
minals for the multi-chip memory module of FIG. 1, With 
chip pin numbers shoWn in parenthesis and multi-chip 
memory module terminal numbers shoWn in brackets; and 

FIG. 8 is a plan vieW of a single in-line memory module 
having eight multi-chip memory modules surface mounted 
to one side thereof. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

In accordance With one embodiment of the present 
invention, one multi-chip memory module design is 
described herein. In order to fully specify this preferred 
design, various embodiment-speci?c details are set forth, 
such as the number of memory chips in the module, the 
layouts of the printed circuit boards of the module, and the 
capacity, number of data bits and pin-outs of the memory 
chips. It should be understood, hoWever, that these details 
are provided only to illustrate this single preferred 
embodiment, and are not intended to limit the scope of the 
present invention. 

With reference to FIGS. 1—4, a 28-terminal multi-chip 
memory module 30 (hereinafter “multi-chip module”) com 
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4 
prises four functionally-identical, vertically-stacked 
memory chips 32, 34, 36, 38. The memory chips 32—38 are 
conventional 24-pin surface mount TSOP (“thin small out 
line package”) chips, available from Toshiba, Mitsubishi, 
and the like. Each memory chip 32—38 has a capacity of 
16M><1-bit. 

The vertically-stacked memory chips 32—38 are held 
together and electrically interconnected by a pair of printed 
circuit boards 42, 44, referred to herein as “side boards.” The 
side boards 42, 44 are positioned in parallel to each other, 
and perpendicular to the top surfaces of the chips 32—38. The 
multi-chip module 30 is con?gured to be surface-mounted to 
a memory board 70 (FIG. 1) that has surface mount pads 66 
thereon. 

As used herein to describe the multi-chip module 30, the 
term “bottom” refers generally to the portion of the multi 
chip module 30 that is closest to the memory board 70 When 
the multi-chip module 30 is mounted to the memory board 
70. The terms “top,” “bottom,” and “loWer” are not intended 
to imply a speci?c spacial orientation of the multi-chip 
module 30. 

Each side board 42, 44 has a plurality of plated through 
holes or “vias” 48 for receiving the pins 50 of the chips 
32—38, With each via 48 comprising a conductive tubular 
cylinder portion 48a that extends through the side board. The 
vias 48 are positioned to form four horiZontal roWs 52, 54, 
56, 58, With each roW corresponding to a respective memory 
chip 32, 34, 36, 38. With reference to FIG. 4, the roWs 52—58 
of vias are formed such that the distance D betWeen centers 
of adjacent roWs is approximately equal to the thickness T 
of each chip 32—38, so that adjacent memory chips are 
touching (or nearly touching) each other When the multi 
chip module 30 is assembled. This close spacing of adjacent 
memory chips contributes to a loW pro?le of the multi-chip 
module 30 relative to the memory board 70 (FIG. 1), as 
further discussed beloW. Adjacent memory chips could alter 
natively be spaced apart from one another, as may be 
desirable in certain applications to facilitate the cooling of 
the memory chips 32—38. 
With reference to FIGS. 1 and 2, for each side board 42, 

44, the vias of the bottom-most roW 58 are partially cut 
aWay, With the conductive cylinder 48a of each such via 
extending to the loWer edge 80 of the side board so that the 
pins 50 of the bottom-most chip 38 can be soldered directly 
to the surface mount pads 66 (FIG. 1) of the memory board 
70. The vias 48 along the loWer edges 80 of the side boards 
42, 44 thus serve as surface mount terminals. This aspect of 
the multi-chip module 30, in combination With the close 
spacings betWeen adjacent memory chips, alloWs the multi 
chip module 30 to be mounted With a very loW pro?le 
relative to the memory board 70. The loWer edge 80 is 
preferably formed using a routing machine, as further 
described beloW. As illustrated in FIG. 3, the multi-chip 
module 30 has a total of 28 surface mount terminals 
(terminal numbers shoWn in brackets), With the terminals 
arranged in tWo roWs of 14 terminals each. 
With reference to FIG. 1, the surface mount pads 66 are 

arranged in tWo roWs of 14 pads each (corresponding to the 
14 terminals per side board 42, 44), With the distance 
betWeen the tWo roWs corresponding to the Width of each 
chip 32—38. As best seen in FIGS. 1 and 3, the multi-chip 
module 30 occupies approximately the same area on the 
memory board 70 as Would a single one of the memory chips 
32—38. 

Conductive traces (shoWn in FIGS. 5a and 5b) of the side 
boards 42, 44 interconnect the pins 50 of the memory chips 
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32—38 such that all memory locations of all memory chips 
32—38 can be utilized. In the embodiment shoWn, the 
memory chips 32—38 are interconnected such that all four 
16M>< 1-bit chips 32—38 are selected simultaneously, With 
each chip supplying (or, during a Write cycle, storing) one bit 
of data. The multi-chip module 30 thus acts as a 16M><4-bit 
memory module. 

With reference to FIGS. 1—3, four “extra” vias 72 are 
provided along the loWer edges 80 of the multi-chip module 
30. The four vias 72 serve as terminals only, and do not 
receive pins 50 of any of the memory chips 32—38. Each via 
72 provides access to either a data input pin or a data output 
pin of a respective memory chip 32—38, and is thus dedi 
cated to a single chip. It Will be recogniZed that other types 
of terminal structures could be used in place of the vias 72. 

To assemble the multi-chip module 30, the memory chips 
32—38 are initially stacked on top of one another. The side 
boards 42, 44 are then positioned so that the pins 50 extend 
Within the corresponding vias, as best shoWn by FIG. 4. 
Advantageously, no modi?cation to the pins 50 of the 
standard TSOP memory chips 32—38 is required. Once the 
side boards 42, 44 are properly positioned, all of the vias 48 
of both side boards 42, 44 are ?lled With solder (solder plugs 
omitted in FIGS. 1—4). A solder With a relatively high 
melting point is used for this purpose so that the multi-chip 
module 30 can subsequently be mounted to the memory 
board 70 using a solder With a loWer melting point Without 
melting the solder Within the vias 48. 

Apreferred process for manufacturing the side boards 42, 
44 of the multi-chip module 30 Will noW be described With 
reference to FIGS. 5a and 5b, Which illustrate a circuit board 
panel 90 mid-Way through the manufacturing process. FIG. 
5a illustrates the outWard-facing surface (relative to the 
multi-chip module 30) of the side board 42, and the inWard 
facing surface of the side board 44. FIG. 5b illustrates the 
inWard-facing surface of the side board 42, and the outWard 
facing surface of the side board 44. 

Traces 92 are initially formed on both sides of the circuit 
board panel 90 using a conventional ?lm etching process. 
Via holes are then drilled through the circuit board panel 90, 
With the holes positioned to correspond to the pin positions 
of the chips 32—38. A conventional plating process is then 
used to form the conductive cylinders 48a of the vias 48 
(preferably formed from copper), and to interconnect the via 
cylinders 48a to the appropriate traces 92. 

Once the vias 48 and traces 92 are formed, the panel 90 
is routed to form the loWer edge 80 and the top edge 81 of 
each side board 42, 44. The panel 90 shoWn in FIGS. 5a and 
5b is mid-Way through the routing process, With top and 
bottom edges 80, 81 formed only for the four side boards 42, 
44 closest to the bottom of each Figure. During the routing 
process, the routing bit is preferably passed so that approxi 
mately 5% of the diameter of each via cylinder 48a along the 
bottom roW 58 is cut aWay. Due to imperfections in the 
routing process, the loWer portions of some cylinders may be 
pushed inWard (toWard the centers of the respective vias) by 
the routing bit, as schematically shoWn at 96 in FIGS. 5a and 
5b (and further illustrated in FIG. 6b). Cylinders that are 
formed in this manner have been found to Work Well as 
surface mount terminals, and need not be modi?ed. 

The panel 90 is scored on both sides to form break-aWay 
grooves 94. The break-aWay grooves 94 can be formed 
either before or after the above-described routing process. 
Finally, side boards 42, 44 are manually broken aWay from 
the panel 90, and soldered to stacks of memory chips (as 
described above) to form multi-chip modules 30. 
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With reference to FIG. 6a, once the partially cut-aWay 

vias 48 along the bottom edge 80 of a side board 42, 44 are 
?lled With solder, a portion of each solder plug 98 is exposed 
along the bottom edge 80, forming a terminal that can be 
soldered to a corresponding surface mount pad 66. Each 
solder plug 98 preferably extends slightly beloW the loWer 
edge 80, facilitating connection of the multi-chip module 30 
to the pads 66. As illustrated in FIG. 6b, via cylinders 48a 
that are pushed inWard during the routing process are 
similarly exposed along the loWer edge 80, and are Well 
suited for connection to the pads 66. 

FIG. 7 illustrates the interconnections the memory chips 
32—38 of the multi-chip module 30, and also illustrates the 
connections betWeen the memory chips 32—38 and the 28 
terminals of the multi-chip module 30. Signal names for 
each of the 28 multi-multi-chip module terminals are shoWn 
at the left of FIG. 7. Terminal numbers for the multi-chip 
module 30 are shoWn in brackets in FIG. 7, and correspond 
to the bracketed terminal numbers of FIG. 3. Pin numbers 
for the chips 32—38 are shoWn in parenthesis in FIG. 6. As 
shoWn, like address pins (A0—A11), control pins (RAS, CAS 
and WE), and poWer pins (VCC and VSS) of the four 
memory chips 32—38 are connected together, and are con 
nected to respective terminals of the multi-chip module 30. 
For example, the A0 pins (pin 8) of all four memory chips 
32—38 are connected together, and are accessed via terminal 
10 of the multi-chip module. With like address and control 
pins connected together, all four chips 32—38 are selected 
simultaneously, and are fed identical address values. The 
data-input pin (D) of each memory chip 32—38 is connected 
to a respective dedicated input terminal (D0—D3) of the 
multi-chip module 30, alloWing a 4-bit value to be Written to 
the multi-chip module 30 on each Write cycle. Similarly, the 
data-output pin (Q) of each memory chip 32—38 is connected 
to a respective dedicated output terminal (Q0—Q3), alloWing 
a 4-bit value to be read from to the multi-chip module 30 on 
each read cycle. As Will be recogniZed, the chips 32—38 
could alternatively be connected such that feWer than all of 
the chips are selected With each multi-chip module access. 
For example, a 64M><4-bit multi-chip can be constructed 
from four 16M><4-bit memory chips that are interconnected 
so that only one memory chip is selected at a time. In such 
an arrangement, the Write enable pins and like address, 
data-in, and data-out pins of all four memory chips Would be 
connected, and the RAS and CAS pins of each chip Would 
be connected to dedicated RAS and CAS input lines (i.e., 
one pair of RAS/CAS input lines per memory chip). 

FIG. 8 illustrates one side of a 16M><36 bit single in-line 
memory module (SIMM) 100 in accordance With the present 
invention. The SIMM 100 comprises a SIMM board 170 
having eight 16M><4 bit multi-chip modules 30a—30h 
mounted on the side shoWn. Four 16M><1-bit TSOP memory 
chips (not shoWn) are mounted on the opposite side of the 
SIMM board 170, in addition to one or more conventional 
buffer chips. Standard connector terminals 104 are provided 
along the bottom edge of the SIMM 100, permitting inser 
tion of the SIMM into a connector slot. The eight 16M><4-bit 
multi-chip modules 30a—30h and four 16M><1-bit memory 
chips combine to produce a data Width of 36 bits (32 data 
bits plus 4 error-correction code bits). The loW pro?le of 
each multi-chip module 30a—30h advantageously enables 
multiple SIMMs to be mounted in close proximity to one 
another Within a computer. 
While the design of a single multi-chip module 30 has 

been described in detail herein, various modi?cations to the 
design are possible Without departing from the scope of the 
present invention. For example, a different type of memory 
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chip can be used in the place of the 16M><1-bit chips 32—38 
of the multi-chip module 30. Alternatively, a mixture of 
memory chips of different types can be used. Further, a 
different number of chips per multi-chip module can be 
used. Further, the side boards 42, 44 may be constructed 
according to alternative techniques that are apparent to those 
skilled in the art. 

It will further be noted that the stacking techniques 
described herein may be useful in alternative applications 
that do not involve the stacking of memory chips. For 
example, the stacking techniques could be used to stack 
multiple buffer chips, or to stack multiple logic driver chips. 

Accordingly, the scope of the present invention is 
intended to be de?ned only by reference to the appended 
claims. 
What is claimed is: 
1. A multi-chip memory module, comprising: 
a plurality of memory chips stacked on top of one another, 

each memory chip of said plurality having conductive 
surface mount pins; and 

?rst and second side boards mounted to said memory 
chips such that said side boards are substantially par 
allel to one another, each side board having: 
vias for receiving said surface mount pins of said 
memory chips, said vias arranged in rows such that 
each row corresponds to a respective memory chip of 
said plurality, vias of a bottom-most row receiving 
surface mount pins of a bottom-most memory chip of 
said plurality, said bottom-most row falling along a 
lower side board edge such that vias of said bottom 
most row serve as surface mount terminals for sur 

face mounting the multi-chip memory module to 
pads of a printed circuit board; and 

conductive traces for interconnecting said vias. 
2. A multi-chip memory module as de?ned in claim 1, 

wherein said vias of said bottom-most row are exposed 
along said lower side board edge. 

3. A multi-chip memory module as de?ned in claim 1, 
wherein all memory chips of said plurality are functionally 
identical. 

4. A multi-chip memory module as de?ned in claim 1, 
wherein the total number of surface mount terminals on said 
?rst and second side boards is greater than the number of 
said surface mount pins on any one of said plurality memory 
chips. 

5. A multi-chip memory module as de?ned in claim 1, 
wherein said memory chips of said plurality are intercon 
nected by said traces such that all memory chips of said 
plurality are selected simultaneously. 

6. A multi-chip memory module as de?ned in claim 1, in 
combination with a memory board having surface mount 
pads thereon, said vias of said bottom-most row soldered to 
said surface mount pads. 

[7. Amodule that includes at least one multi-chip module, 
said module comprising: 

a circuit board having at least ?rst and second sets of 
surface mount pads; 

a ?rst plane side board including a plurality of surface 
mount contacts positioned along an edge of said ?rst 
side board which abuts said circuit board, said plurality 
of surface mount contacts of said ?rst side board being 
surface-mounted to said ?rst set of surface mount pads 
of said circuit board such that said ?rst side board is 
substantially perpendicular to said circuit board; 

a second planar side board including a plurality of surface 
mount contacts positioned along an edge of said second 
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side board which abuts said circuit board, said plurality 
of surface mount contacts of said second side board 
being surface-mounted to said second set of surface 
mount pads of said circuit board such that said second 
side board is substantially perpendicular to said circuit 
board and substantially parallel to said ?rst side board; 
and 

a plurality of standard surface mount chips stacked 
between said side boards, each chip including a plu 
rality of pins, a portion of each pin extending beyond 
a chip surface which lies generally parallel to said 
circuit board with said chip positioned between said 
side boards, each chip of said plurality conductively 
connected to said ?rst side board and said second side 

board.] 
8. A module as de?ned in claim 12, wherein said ?rst 

and second sets of surface mount pads are arranged in 
respective ?rst and second rows. 

9. A module as de?ned in claim 12, wherein a surface 
area of a region between said ?rst and second side boards on 
said circuit board is generally equal to a surface area 
occupied by one of said chips of said plurality. 

10. A module as de?ned in claim [7] 12, wherein said 
standard surface mount chips of said plurality are stacked on 
top of one another. 

11. Amodule as de?ned in claim [7] 12, wherein all chips 
of said plurality are functionally identical. 

12. Amodule [as de?ned in claim 7,] that includes at least 
one multi-chip module, said module comprising: 

a circuit board having at least ?rst and second sets of 
surface mount pads,~ 

a ?rst planar side board including a plurality of surface 
mount contacts positioned along an edge of said ?rst 
side board which abuts said circuit board, said plural 
ity of surface mount contacts of said ?rst side boards 
being surface-mounted to said ?rst set of surface mount 
pads of said circuit board such that said ?rst side board 
is substantially perpendicular to said circuit board; 

a second planar side board including a plurality of 
surface mount contacts positioned along an edge of 
said second side board which abuts said circuit board, 
said plurality of surface mount contacts of said second 
side board being surface-mounted to said second set of 
surface mount pads of said circuit board such that said 
second side board is substantially perpendicular to 
said circuit board and substantially parallel to said ?rst 
side board; and 

a plurality of standard surface mount chips stacked 
between said side boards, each chip including a plu 
rality of pins, a portion of each pin extending beyond 
a chip surface which lies generally parallel to said 
circuit board with said chip positioned between said 
side boards, each chip of said plurality conductively 
connected to said ?rst side board and said second 
board, wherein a lower-most chip of said plurality is 
soldered to said ?rst and second sets of surface mount 
pads. 

13. A module as de?ned in claim [7] 12, wherein each 
chip of said plurality is a memory chip. 

14. A module as de?ned in claim 12, wherein said 
lower-most chip is additionally soldered to vias of said ?rst 
and second side boards. 

15. A module as de?ned in claim 14, wherein said 
lower-most chip is soldered to said vias with a ?rst solder 
that has a ?rst melting point, and is soldered to said ?rst and 
second sets of surface mount pads with a second solder that 
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has a second melting point, said second melting point lower 
than said ?rst melting point. 

16. A module as de?ned in claim 12, wherein each surface 
mount contact of the ?rst and second side boards is formed 
by a solder joint, and at least a portion of each solder joint 
extends below a lower edge of the respective side board. 

17. A low pro?le multi-chip module for mounting on a 
circuit board substrate, comprising: 

?rst and second support structures, each support struc 
ture including a plurality of electrically conductive 
paths and a plurality of surface mount contacts posi 
tioned along an edge thereof, the plurality of surface 
mount contacts arranged to align with corresponding 
surface mount pads on the circuit board substrate to 
electrically couple the ?rst and second support struc 
tures to the circuit board substrate,‘ and 

at least ?rst and second juxtaposed standard surface 
mount chips, the ?rst and second chips being identical 
to each other; each chip having planar surfaces extend 
ing between at least a pair of opposing sides of the chip, 
the planar surfaces arranged generally between the 
support structures with the planar surfaces of adjacent 
chips positioned face to face, the opposite sides of each 
chip having a respective set of identical pins extending 
beyond the side of the chip toward respective ones of 
the support structures, at least some of each set of pins 
being electrically connected to respective ones of the 
support structures, the pins of the lower-most chip 
being disposed relative to the edges of the ?rst and 
second support structures such that when the multi 
chip module is surface mounted to the circuit board 
substrate the two sets of pins of the lower-most chip are 
soldered directly to the surface mount contacts of the 
?rst and second support structures, respectively, and to 
the circuit board substrate. 

18. The multi-chip module of claim 17, wherein the 
juxtaposed standard surface mount chips are interconnected 
by the plurality of electrically conductive paths such that all 
of the juxtaposed standard surface mount chips may be 
selected simultaneously. 

19. The multi-chip module of claim 17, wherein the 
electrical conductive paths are electrically coupled to at 
least some of the pins of the juxtaposed standard surface 
mount chips and are arranged so as to individually select at 
least one the juxtaposed standard surface mount chips. 

20. The multi-chip module of claim 17, wherein a total 
number of the surface mount contacts is greater than the 
total number of pins of the ?rst chip. 

2]. The multi-chip module of claim 17, wherein at least 
some of the pins of the juxtaposed standard surface mount 
chips are mechanically connected to one of the support 
structures. 

22. The multi-chip module of claim 17, wherein at least 
some of the pins of the juxtaposed standard surface mount 
chips are solder connected to one of the support structures 
so as to mechanically and electrically connect the pins to the 
support structures. 

23. The multi-chip module of claim 17, wherein all of the 
juxtaposed standard surface mount chips of the module are 
positioned to lie entirely between the ?rst and second 
support structures. 

24. The multi-chip module of claim 17, wherein at least 
corresponding portions of the ?rst and second support 
structures lie generally parallel to each other 

25. The multi-chip module of claim 17, wherein the ?rst 
standard surface mount chip is aligned above the second 
standard surface mount chip. 
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26. The multi-chip module of claim 17, wherein the ?rst 

and second support structures comprise opposing inner 
surfaces, and the pins of the juxtaposed standard surface 
mount chips extend outward beyond the inner surfaces of the 
?rst and second support structures. 

27. The multi-chip module of claim 17, wherein the ?rst 
and second support structures are spaced apart from each 
other by a distance less than a distance between an outer 
end of a ?rst pin on one side of the ?rst standard surface 
mount chip and an outer end of a second pin on an opposite 
side of the ?rst standard surface mount chip. 

28. The multi-chip module of claim 17, wherein said 
planar surfaces of each chip lie generally within respective 
parallel planes, and each pin of at least one of the chips 
connects to the corresponding support structure at a loca 
tion outside the space between the plane. 

29. The multi-chip module of claim 24, wherein the ?rst 
and second support structures comprise planar side boards. 

30. The multi-chip module of claim 24, wherein each of 
the ?rst and second support structures extends along at least 
a side of one of the plurality of juxtaposed standard surface 
mount chips. 

31. The multi-chip module of claim 30, wherein each 
support structure is formed of a unitary piece of printed 
circuit board material. 

32. The multi-chip module of claim 30, wherein the planar 
surfaces of each chip lie generally normal to the parallel 
corresponding portions of the ?rst and second support 
structures. 

33. The multi-chip module of claim 26, wherein said ?rst 
and second support structures each include a plurality of 
vias that are arranged to receive at least outer ends of at 
least some of the pins. 

34. A low pro?le memory module comprising: 
a memory board having at least a pair of surface mount 

pads,' and 
at least one multi-chip module comprising a circuit board 

structure on the memory board and at least two 

identical, standard surface mount memory chips, each 
chip having a plurality of substantially identical pins 
extending outwardly from the respective chip, the chips 
being stacked one above the other with corresponding 
pins of two chips positioned above each other generally 
in vertical alignment, the corresponding pins which are 
in general vertical alignment being separated by 
solder; metal contacts and a portion of the circuit board 
structure, the portion of the circuit board structure 
having metal contacts on each side and the solder 
connecting each metal contact to an adjacent pin of a 
corresponding one of the chips, the pins of a lower 
most one of the chips being soldered to the surface 
mount pads of the memory board and being soldered to 
metal contacts along a bottom side of the circuit board 
structure such that with the multi-chip module surface 
mounted onto the memory board the pins of the lower 
most one of the chips are disposed between the circuit 
board structure and the memory board. 

35. A module as de?ned in claim 34, wherein the circuit 
board structure includes an interconnecting conductive path 
electrically connecting together the metal contacts. 

36. A module as de?ned in claim 34, wherein the portion 
of the circuit board structure between the metal contacts has 
a generally rectangular cross-sectional shape. 

37. A low pro?le multi-chip memory module having 
surface mount contacts for surface mounting to surface 
mount pads of a memory board, the memory module com 
prising: 
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at least two identical, standard surface mount memory 
chips stacked one above the other; each chip having a 
plurality of identical pins extending outwardly from the 
respective chip; and 

at least one circuit board structure including a plurality of 
electrically conductive paths and a plurality of surface 
mount contacts positioned along a bottom edge of the 
circuit board structure, the plurality of surface mount 
contacts aligned to align with corresponding surface 
mount pads on the memory board to electrically couple 
the circuit board structure to the memory board, the 
circuit board structure being electrically connected to 
at least some of the pins of the chips, each surface 
mount contact being formed by solder and one of the 
pins of a bottom one of the memory chips, said surface 
mount contacts extending below the bottom edge of the 
circuit board structure. 

38. A module as de?ned in claim 37, wherein each chip 
includes a pair of opposing sides with the pins extending 
from both sides, and the circuit board structure supports the 
pins on both sides of the chips. 

39. A module as de?ned in claim 37, wherein the circuit 
board structure includes a ?rst circuit board side element 
and a second circuit board side element, each side element 
extending along a side of at least the bottom one of the chips 
and supporting a set of pins that extend from the respective 
side of an upper one of the chips, and each side element 
includes some of the plurality of electrically conductive 
paths and some of the plurality of surface mount contacts 
that are arranged along a lower edge of the respective side 
element. 
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40. A module as de?ned in claim 39, wherein each side 

element has a generally uniform rectangular cross-sectional 
shape. 

41. A module as de?ned in claim 37, wherein the total 
number of surface mount contacts on the circuit board 
structure is greater than the number of the plurality of pins 
on any one of the standard surface mount chips. 

42. A module as de?ned in claim 37, wherein the circuit 
board structure is formed of a unitary piece of printed circuit 
board material. 

43. A module as de?ned in claim 37, additionally com 
prising a second circuit board structure including a plurality 
of electrically conductive paths and a plurality of surface 
mount contacts positioned along at least one edge of the 
second circuit board structure, the plurality of surface 
mount contacts arranged to align with corresponding sur 
face mount pads on the memory board to electrically couple 
the second circuit board structure to the memory board, the 
second circuit board structure being electrically connected 
to at least some of the pins of the chips. 

44. A module as de?ned in claim 37, wherein each chip 
has planar surfaces that extend between at least a pair of 
opposing sides of the chip, and the chips are arranged in the 
module with the planar surfaces of adjacent chips positioned 
face to face. 

45. A module as de?ned in claim 42, wherein the circuit 
board structure has a generally uniform rectangular cross 
sectional shape. 


