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MULTI-CHIP MEMORY APPARATUS AND 
ASSOCIATED METHOD 

[0001] The present invention relates, in general, to an 
integrated-circuit, memory device, such as a DRAM 
(dynamic random access memory). More particularly, the 
present invention relates to an integrated circuit in Which a 
DRAM, or other memory device, is mounted directly onto a 
logic chip. In one implementation, the mounting is formed 
using chip-on-chip technology, thereby obviating the need 
for bond Wiring, conventionally used to connect separate 
memory and logic chips. 

[0002] Through the use of ?ip-chip technology Which 
utiliZes bond pads by Which to form connections in a 
multi-chip, integrated-circuit package, interconnections 
formed betWeen the memory device and the logic chip are of 
substantially reduced levels of capacitance. Such reduced 
levels of capacitance, reduce amounts of poWer required to 
operate a circuit formed of the memory and logic chips. 
Also, such reduced levels of capacitance permits the circuit 
to be operated at increased speeds. 

BACKGROUND OF THE INVENTION 

[0003] Integrated circuit memory devices are used in 
many electronic systems. Such memory devices provide 
storage of data necessary to the function of the electronic 
system. One or more non-memory integrated circuits of the 
electronic system access the data stored in the memory 
devices. 

[0004] Different types of integrated circuit memory 
devices are used to meet the different requirements of 
electronic systems. ROM (Read Only Memory), EPROM 
(Electrically Programmable Read Only Memory), EEPROM 
(Electrically Erasable Programmable Read Only Memory), 
SRAM (Static Random Access Memory) and DRAM are 
among the integrated circuit memory types commonly used 
in electronic systems. 

[0005] DRAM (Dynamic Random Access Memory) is 
generally used in applications Which require loW cost, large 
amounts of data storage and fast read and Write access to the 
data. SRAM is generally faster but more expensive than 
DRAM. EEPROM is nearly the same cost as DRAM but the 
Write access is not random and is too sloW for many 
applications. EPROM can be erased only by exposure to 
ultraviolet light and otherWise can be Written only once and 
cannot be used for most applications. ROM is hard Wired 
With data and can only be read and cannot be used if Writing 
data to the memory is required. The general utility of DRAM 
has resulted in DRAM being the most common type of 
integrated circuit memory. 

[0006] As the non-memory Integrated circuits increase in 
speed it is desirable to have the memory integrated circuits 
increase in speed. DRAM speed has been increased by 
improvements in the de?nition of hoW the DRAM interfaces 
to non-memory integrated circuits. These interface de?ni 
tions include FPM (Fast Page Mode), EDO (Extended Data 
Out), SDRAM (Synchronous DRAM) and DDRSDRAM 
(Double Data Rate DRAM). Each of these interface de?ni 
tions has alloWed the DRAM to output data at progressively 
faster rates. 
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[0007] In addition, DRAM speeds have been increased by 
increasing the number of bits the DRAM outputs at a time 
or the Width of the output. The amount of data a memory can 
output is determined by the output Width multiplied by the 
output data rate. 

[0008] The inductance and capacitance associated With 
connecting an integrated circuit in one package to an inte 
grated circuit in another package create problems if the data 
transfer rate is high. In order to solve these problems many 
interface standards have been developed including TTL, 
LVTTL and SSTL. These interface standards use a reference 
voltage connected via a load resistor to each output node. 
The voltage sWing of the output is restricted but extra poWer 
is consumed since any current through the load resistor is 
Wasted. As the data output rate increases, the drive of the 
output circuits must be increased so that the capacitance on 
the outputs can be charged or discharged more quickly. This 
causes the voltage sWing on the output to increase Which 
causes more poWer to be consumed through the load resistor. 

[0009] Reducing both the inductance and capacitance on 
data outputs Would alloW higher data transfer rates. One 
packaging technology Which reduces the inductance and 
capacitance on data outputs is referred to as Flip Chip 
mounting Wherein an integrated circuit is mounted (face 
doWn) directly to a printed circuit board. This eliminates 
inductance and capacitance associated With bond Wires and 
package lead frame but the capacitance and inductance 
associated With the printed circuit board remains. 

[0010] Integrated circuit technology advances are 
enabling more components of an electronic system to be 
contained on one integrated circuit. Integration of more 
components of an electronic system into one integrated 
circuit generally reduces cost of the system. The cost reduc 
tion results from reduced poWer, reduced siZe and reduced 
assembly complexity. This cost reduction makes integrating 
memory and non-memory chips into the same integrated 
circuit desirable. 

[0011] Integrating memory and non-memory circuits into 
the same integrated circuit chip incurs a cost penalty. The 
cost penalty is due to memory and non-memory circuits 
having different process requirements. The differing pro 
cessing requirements can be explained, eg with respect to 
an example in Which a memory is formed of a DRAM and 
a non-memory circuit is formed of a logic circuit. 

[0012] ADRAM consists of an array of memory elements. 
Each element consists of a capacitor and a transistor. During 
the DRAM operation, a voltage level (a high voltage for a 
data 1, a loW voltage for a data 0) is placed on the capacitor 
and the gate of the transistor is forced to a voltage Which 
turns the transistor off. The data can then be read at a later 
time by turning the transistor on and sensing the voltage 
stored on the capacitor. Sensing the voltage requires the 
capacitance value of the capacitor to be adequate. The 
voltage on the capacitor Will change due to leakage so the 
data must be read and reWritten frequently to prevent data 
loss. For a given leakage value the rate of change of the 
voltage stored on the capacitor is inversely proportional to 
the capacitance of the capacitor. Therefore the capacitance 
of the capacitor must be large enough to alloW adequate 
refresh time (i.e., time betWeen refreshes). Also, the leakage 
from the capacitor must be minimiZed to provide adequate 
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refresh time. The DRAM capacitor and the very loW leakage 
requirement are unique to the DRAM and are not required 
by the logic circuit. 

[0013] A logic circuit requires more levels of interconnect 
than a DRAM. Advanced DRAMs use tWo levels of metal 
interconnect While advanced logic circuits use four or ?ve 
levels of interconnect. A logic circuit requires the highest 
performance transistors possible to insure adequate perfor 
mance of the logic circuit but there is not a requirement for 
the loW leakage levels of a DRAM. Therefore, the logic 
transistor is designed differently With respect to gate oXide 
thickness, source and drain doping pro?les and isolation 
than the DRAM transistor. 

[0014] The differences listed above and others have 
resulted in DRAM and logic processes being quite different. 
When DRAM and logic is combined onto a single integrated 
circuit the process required is signi?cantly more compli 
cated than either the DRAM process or the logic process. 

[0015] It is in light of this background information that the 
signi?cant improvements of the present invention have 
evolved. 

SUMMARY OF THE INVENTION 

[0016] The present invention, accordingly, advanta 
geously provides a multi-chip device, and an associated 
method, in Which a memory integrated circuit, such as a 
DRAM, is mounted directly onto a non-memory integrated 
circuit, such as a logic chip. 

[0017] In such a manner, the need for the bond Wires, lead 
frames and printed circuit board traces conventionally used 
to connect separate memory and non-memory chips, is 
obviated. Formation of a multi-chip package through the use 
of chip-on-chip technology permits interconnects betWeen 
the memory and non-memory chip to be formed Which 
exhibit substantially reduced levels of capacitance and 
inductance. The levels of capacitance and inductance are 
reduced to levels such that the interfaces formed by the 
connections betWeen the memory and non-memory chips 
appear to the respective chips to be internal nodes of such 
chips. 
[0018] Reduction in the levels of capacitance of the inter 
connections betWeen the non-memory chip and memory 
chip reduces the poWer required to transfer data at a given 
rate betWeen the non-memory chip and the memory chip. 

[0019] Reduction in the levels of capacitance and induc 
tance of the interconnections betWeen the non-memory chip 
and memory chip increases the rate at Which data transfer 
betWeen non-memory chip and memory chip can occur 
Without problems associated With ringing Which require 
specialiZed interfaces such as TTL, LVTTL or SSTL. 

[0020] In one implementation, the memory integrated 
circuit is a DRAM memory chip. The DRAM memory chip 
is mounted, using technology similar to ?ip chip technology, 
upon a logic chip such that bond pads of the DRAM memory 
chip are connected to the bond pads of the logic chic With 
solder or gold bumps or balls. 

[0021] Said gold or solder bumps or balls provide all 
electrical interconnection betWeen the memory and logic 
chips including poWer, control and data exchange. Circuits 
used to drive interconnections betWeen memory and logic 
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chips are distinguished by being designed to drive only loads 
associated With the small capacitance associated With this 
chip-on-chip assembly. Further, interconnections betWeen 
memory and logic chips are driven to full poWer and ground 
levels, obviating the need for specialiZed interfaces such as 
TTL, LVTTL or SSTL. 

[0022] In these and other aspects, therefore, a multi-chip 
integrated circuit package, and an associated method, is 
provided. The package includes a memory integrated circuit 
having a selected number of storage locations for storing 
data therein and having memory chip bond pads. A non 
memory integrated circuit has bond pads for abutting 
together With the memory chip bond pads. An interconnector 
provides an electrical connection betWeen the memory and 
non-memory chip bond pads. 

[0023] Amore complete appreciation of the present inven 
tion and the scope thereof can be obtained from the accom 
panying draWings Which are brie?y summariZed beloW, the 
folloWing detailed description of the presently-preferred 
embodiments of the invention, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1A illustrates a plan vieW, taken from above 
a non-memory integrated circuit Which forms a portion of an 
embodiment of the present invention. 

[0025] FIG. 1B illustrates a plan vieW, taken from beneath 
a memory integrated circuit Which forms a portion of an 
embodiment of the present invention. 

[0026] FIG. 2 illustrates a plan vieW of the memory 
integrated circuit shoWn in FIG. 1B ?ip-chip mounted up on 
the non-memory integrated circuit shoWn in FIG. 1A, 
together to form a multi-chip integrated circuit of an 
embodiment of the present invention. 

[0027] FIG. 3 illustrates a perspective vieW of the multi 
chip integrated circuit shoWn in FIG. 2. 

[0028] FIG. 4 illustrates a side-elevational vieW of the 
multi-chip integrated circuit shoWn in FIGS. 2-3. 

[0029] FIG. 5 illustrates a partial-cutaWay, partial-func 
tional block, side-elevational vieW of an integrated circuit 
package Which includes the multi-chip integrated circuit 
shoWn in FIGS. 2-4. 

[0030] FIG. 6 illustrates a method ?oW diagram listing the 
method steps of the method of an embodiment of the present 
invention. 

DETAILED DESCRIPTION 

[0031] Referring ?rst to FIG. 1A, a non-memory inte 
grated circuit shoWn generally at 10, includes a too-face 
surface 12 upon Which a ?rst plurality 14 and a second 
plurality 16 of mounting pads, respectively, are formed. The 
non-memory integrated circuit includes circuit component 
portions Which together form a circuit device, such as a logic 
device Which performs logic functions. In one eXemplary 
implementation, for instance, the integrated circuit 10 
includes the logic circuitry of a CPU (central processing 
unit). in another implementation, the integrated circuit 10 
forms a graphics controller. And, in other implementations, 
other circuitry is embodied in the integrated circuit 10. 
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[0032] The mounting pads 14 permit electrical connection 
to an integrated circuit chip-on-chip mounted thereon. And, 
the mounting pads 16 provide for electrical connection With 
electrical interconnects (not shoWn) to other structure (also 
not shoWn). 

[0033] FIG. 1B illustrates a memory integrated circuit, 
shoWn generally at 18, Which, in an exemplary embodiment, 
is formed of a DRAM (dynamic random access memory), of 
a memory capacity great enough to permit appropriate 
amounts of data to be stored thereat. The memory device 18 
includes a bottom-face surface 22 having a plurality of 
mounting pads 24 formed thereon. The mounting pads 24 
correspond in number and position With the mounting pads 
14 formed upon the top-face surface 12 of the integrated 
circuit 10. Thereby, When the bottom-face surface 12 of the 
integrated circuit 18 is aligned With the top-face surface 12 
of the integrated circuit 10, such that the integrated circuit 18 
is positioned directly above the integrated circuit 10, the 
mounting pads 14 and 24 of the respective integrated circuits 
become positioned in an aligned relation thereWith. 

[0034] When the integrated circuit 10 includes logic cir 
cuitry embodied therein for performing logic functions, the 
memory capacity of the memory integrated circuit 18 is 
advantageously selected such that the memory requirements 
necessary for optimal operation of the logic circuitry form 
ing the integrated circuit 10 is satis?ed by the memory 
capacity of the memory integrated circuit 18. While the 
integrated circuits 10 and 18 of the exemplary illustrations 
shoWn in FIGS. 1A and 1B shoW an arrangement in Which 
a single integrated circuit 18 is to be ?ip-chip mounted upon 
the top-face surface 12 of the integrated circuit 10, in other 
implementations, one memory integrated circuit 18 can be 
?ip-chip mounted upon the top-face surface 12, thereby to 
provide the logic circuitry embodied in the integrated circuit 
10 With appropriate amounts of storage capacity. 

[0035] FIG. 2 illustrates the multi-chip integrated circuit, 
shoWn generally at 30, formed of the integrated circuit 10 
upon Which the memory integrated circuit 18 is ?ip-chip 
mounted thereon. The mounting pads 14 and 24 formed 
upon the top and bottom-face surfaces 12 and 22, respec 
tively, of the respective integrated circuits are hidden from 
vieW in the Figure, but are aligned With one another to 
permit connections to be formed therebetWeen. 

[0036] FIG. 3 also illustrates the multi-chip integrated 
circuit 30 formed of the non-memory integrated circuit 10 
upon Which the memory integrated circuit 18 is chip-on-chip 
mounted thereon. The mounting pads 14 and 24 of the 
integrated circuits 10 and 18, respectively, are again hidden 
from vieW in the Figure. The mounting pads 16 formed upon 
the top-face surface 12 of the integrated circuit 10 are again 
illustrated in the Figure. 

[0037] The side-elevational vieW of FIG. 4 illustrates the 
memory integrated circuit 18 ?ip-chip mounted upon the 
non-memory integrated circuit 10. Solder balls 28 further 
form portions of the multi-chip integrated circuit 30. The 
solder balls 28 correspond in number and positioning With 
the number and positioning of the mounting pads 14 and 24 
of the integrated circuits 10 and 18. In the exemplary 
embodiment, the solder balls are both electrically and 
mechanically affixed to the mounting pads 14. 
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[0038] The memory integrated circuit 18 is connected to 
the integrated circuit 10 by aligning the solder balls 28 With 
the mounting pads 24 of the memory integrated circuit 18 
and positioning the solder balls 28 and mounting pads 24 in 
a butting engagement theretogether. Solder connections, for 
example, are formed by increasing the ambient temperature 
levels to cause solder ?oW formed in conventional manner. 

[0039] The electrical interconnections betWeen the 
memory integrated circuit 18 and the non-memory inte 
grated circuit 10 provide all necessary connections such as 
common input/output pads, control pads upon Which RAS 
(roW address select), WE (Write enable), OE (output enable) 
and CAS (column address select), commands are generated, 
and poWer pads by Which voltage and ground connections to 
the memory integrated circuit 18 are provided. 

[0040] Once the connections have been formed, poWering 
of the memory integrated circuit is enabled, and control 
signals can be generated to perform read and Write opera 
tions upon the data stored in the storage locations of the 
memory integrated circuit 18. The connections so-formed 
are advantageously of loW levels of capacitance. For 
instance, the levels of capacitance exhibited by input/output 
connections are reduced to about 0.5 pF in contrast to 
30-100 pF of capacitance exhibited by conventional con 
nections betWeen separate chips. And, levels of the induc 
tance of chip-to-chip interconnections are reduced substan 
tially to Zero in contrast to typical values of about 50 nH of 
inductance exhibited by connections formed in conventional 
fashion. 

[0041] The levels of capacitance and inductance of the 
interface formed of the mounting pad/solder ball combina 
tion is loWered to an extent such that the interface appears 
to the memory integrated circuit 18 as an internal node of the 
memory device. Analogously, the interface also appears to 
the circuitry of the non-memory integrated circuit 10 to be 
merely an internal node thereof. 

[0042] The current, and therefore also poWer, in a circuit 
is directly proportional to the capacitance in the circuit. 
More particularly, the current in a circuit, and also the 
poWer, is equal to the capacitance in the circuit multiplied by 
the time rate of change of the voltage. Therefore, by reduc 
ing the level of capacitance, the time rate at Which the 
voltage can be changed in a circuit can correspondingly be 
reduced. Thus, the interface formed of the mounting pad/ 
solder ball combination provided through operation of an 
embodiment of the present invention permits an increase in 
speed at Which the circuit can be operated as Well as a 
decrease in the levels of poWer required to operate the 
circuit. 

[0043] Analogously, because of the reduced levels of 
capacitance, for a given level of poWer the bandWidth of data 
transferred betWeen the memory integrated circuit 18 and 
the integrated circuit 10 can be increased. Namely, the total 
output current of the memory integrated circuit 18 is gov 
erned by the folloWing equation: 

I‘=(Number of I/Os) *C*VCC*freq/2 

[0044] Wherein: 

[0045] It is the total output current; 

[0046] C is the capacitance of the circuit; and 

[0047] freq is the frequency at Which the circuit is 
operated. 
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[0048] Examination of the equation indicates that, by 
reducing the level of capacitance, the number of I/O pads 
can be increased Without increasing the total output current, 
and the associated poWer governed thereby. Thereby, 
through operation of an embodiment of the present inven 
tion, the bandWidth of data transfer can be increased Without 
increasing the required poWer level at Which the memory 
device is operated. 

[0049] Additionally, When the interface is of such reduced 
levels of capacitance, the speci?cations to Which the 
memory integrated circuit 18 must be constructed can be 
altered. That is to say, When conventional connectors, such 
as bond Wires, are used to connect the memory integrated 
circuit 18 With the non-memory circuitry embodied in a 
separate chip, the memory integrated circuit must be con 
structed to be able to drive a circuit including the capaci 
tance exhibited by such conventional connections. When, 
hoWever, the interface of an embodiment of the present 
invention is utiliZed to form the connection betWeen the 
memory integrated circuit 18 and the integrated circuit 10, 
the memory integrated circuit 18 need only be constructed to 
drive a load Which exhibits the loWered level of capacitance. 

[0050] FIG. 5 illustrates a packaged integrated circuit, 
shoWn generally at 40, of an embodiment of the present 
invention. The packaged integrated circuit includes the 
chip-on-chip integrated circuit 30 shoWn in FIGS. 2-4. Here, 
the integrated circuit 40 is shoWn also to include the non 
memory integrated circuit 10, here a logic chip upon Which 
the memory integrated circuit 18 is chip-on-chip mounted by 
Way of solder balls 28. The interface formed of the solder 
ball 28/mounting pad 14 and 24 combination is again 
formed as above-described. Namely, the interfaces formed 
of a plurality of solder balls 28 mechanically and electrically 
affixed to the non-memory integrated circuit 10 and solder 
connected to the memory integrated circuit 18. 

[0051] The packaged integrated circuit 40 further includes 
a lead-frame pad 44 upon Which the non-memory integrated 
circuit 10 is positioned. The pad 44 is supported in an 
integrated circuit package 46, in conventional fashion. Leads 
48 extend beyond the IC package 46 to permit connection to 
external circuitry (not shoWn), also in conventional fashion. 
Bond Wires 52 are also shoWn in the Figure. The bond Wires 
52 interconnect the mounting pads 16 With the leads 48. 

[0052] Because of the loW levels of capacitance and 
inductance exhibited by the interface formed betWeen the 
integrated circuits 10 and 18, the elements thereof appear to 
the respective integrated circuits essentially merely to be 
internal nodes of the respective circuits. Such loWered levels 
of capacitance and inductance further, for reasons above 
described, permits increased speeds at Which Write and read 
operations to and from the storage locations of the memory 
device can be effectuated at reduced levels of poWer con 
sumption. And, also because of the reduced levels of capaci 
tance exhibited by the interface so-formed, the memory 
integrated circuit can be constructed to conform to speci? 
cations Which require the memory integrated circuit to be 
able to drive loads of such lessened levels of capacitance. 

[0053] FIG. 6 illustrates a method ?oW diagram, shoWn 
generally as 102 of an embodiment of the present invention. 
The method 102 is a method for fabricating an integrated 
circuit. First, and as indicated by the block 104, a memory 
chip is provided. The memory chip includes a selected 
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number of storage locations for storing data therein. And, the 
memory chip includes a memory-chip face surface. Next, 
and as indicated by the block 106, a logic chip is provided. 
The logic chip includes logic circuitry for performing a logic 
function. The logic chip includes a logic-chip face surface. 

[0054] Then, and as indicated by the block 108, an inter 
connector is formed upon at least one of the memory-chip 
face surface and the logic-chip face surface. Then, and as 
indicated by the block 112, the memory chip and the logic 
chip are connected by positioning the memory chip and the 
logic chip in abutting engagement by Way of the intercon 
nector. 

[0055] Operation of an embodiment of the present inven 
tion provides a multi-chip, integrated-circuit package in 
Which interconnections formed betWeen the memory device 
and the logic chip are of substantially reduced levels of 
capacitance and inductance. Such reduced levels of capaci 
tance reduces amounts of poWer required to operate a circuit 
formed of the memory and logic chips. Such reduced levels 
of capacitance and inductance also permits the circuit to be 
operated at increased speeds. 

[0056] The previous descriptions are of preferred 
examples for implementing the invention, and the scope of 
the invention should not necessarily be limited by this 
description. The scope of the present invention is de?ned by 
the folloWing claims. 

What is claimed is: 
1. A multi-chip integrated circuit package comprising: 

a memory integrated circuit, said memory integrated 
circuit having a selected number of storage locations 
for storing data therein, said memory chip including 
memory chip bond pads; 

a non-memory integrated circuit, said integrated circuit 
having non-memory chip bond pads a subset thereof 
positioned to abut together With the memory chip bond 
pads; and 

an interconnector formed betWeen each corresponding 
memory integrated circuit bond pad and non-memory 
integrated circuit bond pad, said interconnector provid 
ing electrical connection betWeen said memory chip 
bond pad and said non-memory chip bond pad. 

2. The multi-chip integrated circuit package of claim 1 
Wherein the interface formed by said interconnector appears 
to said memory chip to be of electrical characteristics 
substantially corresponding to an internal node of said 
memory chip. 

3. The multi-chip integrated circuit package of claim 1 
Wherein the interface formed by said interconnector appears 
to said logic chip to be of electrical characteristics substan 
tially corresponding to an internal node of said logic chip. 

4. The multi-chip integrated circuit package of claim 1 
Wherein the interconnector betWeen the memory and non 
memory integrated circuits is comprised of solder balls. 

5. The multi-chip integrated circuit package of claim 1 
Wherein the interconnector betWeen the memory and non 
memory integrated circuits is comprised of gold balls. 

6. The multi-chip integrated circuit package of claim 1 
Wherein said non-memory integrated circuit further com 
prises circuit-connection nodes, Wherein said multi-chip 
integrated circuit package further comprises: 
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an enclosure for enclosing both said memory integrated 
circuit and said non-memory integrated circuit, external 
nodes positioned external to said enclosure, and an 
electrical connection connecting said circuit-connec 
tion nodes and external nodes together. 

7. The multi-chip integrated circuit package of claim 6 
Wherein the said enclosure is plastic. 

8. The multi-chip integrated circuit package of claim 6 
Wherein the said enclosure is ceramic. 

9. The multi-chip integrated circuit package of claim 1 
Wherein the memory chip is optimiZed to provide optimum 
drive to the loW capacitance interface. 

10. The multi-chip integrated circuit package of claim 1 
Wherein the non-memory chip is optimiZed to provide 
optimum drive to the loW capacitance interface. 

11. The multi-chip integrated circuit package of claim 1 
Wherein said memory integrated circuit comprises a DRAM 
(dynamic read/Write memory). 

12. The multi-chip integrated circuit package of claim 1 
Wherein said interconnector comprises solder balls electri 
cally connected, and mechanically affixed, to said memory 
integrated circuit. 

13. The multi-chip integrated circuit package of claim 1 
Wherein said interconnector comprises solder balls electri 
cally connected, and mechanically affixed, to said non 
memory integrated circuit. 

14. in a multi-chip integrated circuit having a memory 
chip, the memory chip including a memory-chip face sur 
face, an improvement of a logic chip to Which the memory 
chip is mountable, the logic chip having a logic-chip face 
surface, said logic chip comprising: 

logic circuitry for performing a logical function, said 
logic circuitry including components extending to the 
logic-chip face surface; 

a selected number of logic-chip interconnector elements 
formed upon the logic-chip face surface; and 

a selected number of memory-chip interconnector ele 
ments formed upon the memory-chip face surface, said 
memory chip interconnectors corresponding in number 
With the memory-chip interconnector elements and 
positioned such that, When the memory chip is posi 
tioned to be mounted upon the logic chip, said logic 
chip interconnector elements and said memory-chip 
interconnector elements are aligned With one another, 
together to form an electrical interface betWeen the 
memory chip and said logic circuitry Which bonds said 
memory chip directly onto said logic circuitry, the 
electrical interface formed thereby of electrical char 
acteristics appearing, to said logic circuitry, to substan 
tially correspond to an internal node of said logic 
circuitry. 
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15. An integrated circuit comprising: 

a memory chip, said memory chip having a selected 
number of storage locations for storing data therein, 
said memory chip Including a memory-chip face sur 
face; 

a logic chip having a logic-chip face surface positioned to 
abut together With the memory-chip face surface; and 

an interconnector forming interface positioned betWeen 
said memory chip and said logic chip, said intercon 
nector for electrically connecting said memory chip 
together With said logic chip Which directly bonds said 
memory chip and said logic chip theretogether, the 
interface formed by said interconnector appearing to 
said memory chip to be of electrical characteristics 
substantially corresponding to an internal node of said 
memory chip. 

16. The integrated circuit of claim 15 Wherein said 
memory chip comprises a DRAM (dynamic random access 
memory). 

17. The integrated circuit of claim 15 Wherein said 
interconnector exhibits capacitance levels of less than ten 
picofarads. 

18. A method for fabricating an integrated circuit, said 
method comprising the steps of: 

providing a memory chip having a selected number of 
storage locations for storing data therein, the memory 
chip including a memory-chip face surface; 

providing a logic chip having logic circuitry for perform 
ing a logic function, the logic chip including a logic 
chip face surface; 

forming an interconnector upon at least one of the 
memory-chip face surface and the logic-chip face sur 
face; 

connecting the memory chip and the logic chip by posi 
tioning the memory chip and the logic chip in abutting 
engagement by Way of the interconnector formed dur 
ing said step of forming. 

19. The method of claim 18 Wherein the memory chip 
provided during said step of providing the memory chip 
comprises a DRAM (dynamic random access memory). 

20. The method of claim 18 Wherein said step of forming 
comprises positioning interconnector elements upon both 
the logic-chip face surface and the memory-chip face sur 
face. 

21. The method of claim 18 Wherein said step of con 
necting further comprises, subsequent to positioning the 
memory chip and the logic chip in the abutting engagement, 
soldering the interconnector formed during said step of 
forming. 


