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(57) ABSTRACT 

A semiconductor device of a high degree of integration 
capable of bringing about required functions Within a short 
period of delivery time. A stacked chip 4 is constituted by 
bonding together pads 8a, 8b, . . . of a ?rst chip 8 and pads 
6a, 6b, . . . of a second chip 6. The ?rst chip 8 is formed With 
an FPGA (?eld programmable gate array) and the second 
chip 6 is formed With a CPU (central processing unit). An 
L51 2 is used for example as a controller for controlling 
external devices. In that case, the FPGA is used as an 
interface circuit interconnecting the CPU and the external 
devices. A required interface circuit corresponding to the 
external devices is obtained by changing the program of the 
FPGA. This type of controller required to save space to a 
great extent may be made compact by the use of the stacked 
chip 4. 
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STACKED SUBTRATE AND SEMICONDUCTOR 
DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The entire disclosure of the Japanese patent appli 
cation No Hei 9-333376 ?led on Dec. 3, 1997 including the 
speci?cation, claims, drawings, and summary are incorpo 
rated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to substrates and semicon 
ductor devices, in particular to a stacked substrate body 
stacked With substrates, and a semiconductor device having 
the stacked substrate body. 

[0004] 2. Description of the Prior Art 

[0005] PLDs (programmable logic devices) are knoWn as 
LSIs to Which a user can Write logic functions from a 
position near at hand. The PLDs include many kinds from 
small PLAs (programmable logic arrays) basically consti 
tuted With an AND-plane and an OR-plane to large scale 
FPGAs (?eld programmable gate arrays). 

[0006] They are all constituted With many logic circuits 
arranged on chips in advance so that they can be intercon 
nected through programmable sWitches. Therefore, a user 
may bring desired functions by connecting and disconnect 
ing those sWitches according to speci?ed patterns. In other 
Words, the use of the PLDs makes it possible to bring LSIs 
having desired functions Within a short delivery time. 

[0007] Therefore, the PLDs are used as interface circuits 
in microcomputer systems for controlling machines and 
devices. While microcomputer systems require dedicated 
interface circuits corresponding to machines and devices to 
be controlled, use of PLDs makes it possible to bring about 
required interface circuits corresponding to various 
machines and devices Within a short period of delivery time. 

[0008] HoWever, the conventional PLDs as described 
above have the folloWing problems: Since the conventional 
PLD is constituted as a stand-alone package, When it is used 
in the above-mentioned microcomputer system, a single 
interface circuit alone requires a package. As a result, degree 
of integration cannot be improved. 

SUMMARY OF THE INVENTION 

[0009] The object of this invention is to provide a highly 
integrated semiconductor device capable of solving the 
above problem and bringing about required functions Within 
a short period of delivery time. 

[0010] The stacked substrate body and the semiconductor 
device of this invention are characteriZed by comprising; 

[0011] a ?rst substrate having: a ?rst functional section 
having the function of acquiring required functions by 
connecting to and disconnecting from each other a plurality 
of pre-arranged circuit elements through programmable 
sWitching means, and a ?rst input-output terminal corre 
sponding to the ?rst functional section, and 
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[0012] a second substrate having: a second functional 
section having the functions associated With the ?rst func 
tional section; and a second input-output terminals corre 
sponding to the second functional section, 

[0013] the ?rst substrate and the second substrate being 
stacked together so that the ?rst input-output terminal and 
the second input-output terminal are electrically connected 
to each other. 

[0014] The stacked substrate body and the semiconductor 
device of this invention is characteriZed by comprising; 

[0015] a ?rst substrate having: a ?rst functional section 
having the function of storing information; and a ?rst 
input-output terminal corresponding to the ?rst functional 
section, and 

[0016] a second substrate having: a second functional 
section having the function of controlling the ?rst functional 
section; and a second input-output terminal corresponding to 
the second functional section, 

[0017] the ?rst substrate and the second substrate being 
stacked together so that the ?rst input-output terminal and 
the second input-output terminal are electrically connected 
to each other. 

[0018] By the Way, the term “circuit element” as used in 
the claims refers to a circuit constituting element, and the 
concept includes any element and circuit such as logic 
elements, delay elements, memory elements, operation cir 
cuits, Wiring, etc. In embodiments, data input lines L11, . . 
. and AN D-input lines L21, . . . in FIG. 3 correspond to this 

concept. 

[0019] The term “input-output terminal” refers to any 
terminal for input and/or output, and the concept includes for 
eXample dedicated input terminals for receiving the supply 
of signals and poWer, dedicated output terminals for sup 
plying out, and dual-purpose input-output terminals. In 
embodiments, pads 8a, 8b, . . . and pads 6a, 6b, . . . 

correspond to this term. 

[0020] While the characteristics of this invention may be 
Widely shoWn as the above, its constitution and contents 
together With the object and characteristics Will be made 
clearer by the folloWing disclosure in reference to the 
appended draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 shoWs a cross-sectional constitution of an 
LSI (large scale integrated circuit) 2 or a semiconductor 
device as an embodiment of this invention. 

[0022] FIG. 2 is an exploded perspective vieW of a 
stacked chip 4. 

[0023] FIG. 3 is a schematic draWing of an eXample 
circuit constitution of a logic array 20 constituting an FPGA 
formed on a ?rst chip 8. 

[0024] FIGS. 4A, 4B, and 4C shoW speci?c eXamples of 
programmable sWitching means. 

[0025] FIG. 5 shoWs an eXample circuit constitution of a 
sWitch SW11 using a memory using a ferroelectric material. 

[0026] FIG. 6 shoWs a cross-sectional constitution of a 
stacked chip as another embodiment of the invention. 



US 2002/0008309 A1 

[0027] FIG. 7 shows a cross-sectional constitution of a 
stacked chip as still another embodiment of the invention. 

[0028] FIG. 8 shoWs a cross-sectional constitution of a 
stacked chip as still another embodiment of the invention. 

[0029] FIG. 9 shoWs a cross-sectional constitution of a 
stacked chip as still another embodiment of the invention. 

[0030] FIG. 10 shoWs a cross-sectional constitution of a 
stacked chip as still another embodiment of the invention. 

[0031] FIG. 11 is an exploded perspective vieW of a 
stacked chip as another embodiment of the invention. 

[0032] FIG. 12 is a function block diagram shoWing the 
constitution of a compact disc system 60. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0033] FIG. 1 shoWs a cross-sectional constitution of an 
LSI (large scale integrated circuit) 2 or a semiconductor 
device as an embodiment of this invention. The LSI 2 is 
constituted With a stacked chip 4 as a stacked substrate body 
placed and secured onto a package 12. The stacked chip 4 is 
a single body made by laminating together a ?rst substrate 
or a ?rst chip 8 and a second substrate or a second chip 6. 

[0034] FIG. 2 is an exploded perspective vieW of the 
stacked chip 4. The ?rst chip 8 and the second chip 6 both 
are IC chips constituted With semiconductors. In this 
embodiment, the ?rst chip 8 is formed to have an FPGA 
(?eld programmable gate array) as a programmable ?rst 
functional section, and the second chip 6 is formed to have 
a CPU (central processing unit) as a second functional 
section. 

[0035] The ?rst chip 8 is provided on its top surface With 
a plurality of pads 8a, 8b, . . . as ?rst input-output terminals. 

In this embodiment, the pads 8a, 8b, . . . are for performing 
input and output operations relative to the FPGA. In the 
vicinity of the outer circumference of the top surface of the 
?rst chip 8 are provided a plurality of pads 10 (terminals for 
the outside) for performing input and output With the out 
side. 

[0036] The second chip 6 is provided on its underside With 
a plurality of pads 6a, 6b, . . . as second input-output 

terminals. In this embodiment, the plurality of pads 6a, 6b, 
. . . are for performing input and output operations relative 

to the CPU. 

[0037] Each of the pads 8a, 8b, . . . and each of the pads 
6a, 6b, . . . are disposed at positions opposite to each other. 
The pads 8a, 8b, . . . are made of gold (Au) for example, 
While the pads 6a, 6b, . . . are made of tin (Su) and they are 
bonded together With a technique of making bumps utiliZing 
eutectic crystals. 

[0038] The stacked chip 4 formed as described above is 
placed and secured onto the package 12 as shoWn in FIG. 1. 
A pad 14 on the package 12 and a pad 10 on the ?rst chip 
8 are interconnected through a bonding Wire 16. By the Way, 
the stacked chip 4 and the bonding Wire 16 are sealed With 
a sealing material (not shoWn) of epoxy resin or the like. 

[0039] In this embodiment, the LS1 2 is used as a control 
ler for controlling external devices. That is to say, the 
external devices are controlled by the use of a CPU (not 
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shoWn) provided on the second chip 6. The external devices 
are electrically connected to the pad 14 provided on the 
package 12. An FPGA formed on the ?rst chip 8 functions 
as an interface circuit interconnecting the CPU and the 
external devices. 

[0040] Therefore, a required interface circuit correspond 
ing to the external devices may be obtained by changing the 
program of the FPGA. Thus the required interface circuit 
may be obtained Without forming an IC having a neW 
dedicated interface circuit. In other Words, there is no need 
for developing a neW dedicated IC or preparing other 
manufacturing process for the dedicated IC. 

[0041] Another advantage is that this type of controllers 
required to save space to a large extent may be made 
compact by the use of the stacked chip 4. By the Way, in this 
embodiment, the program for controlling the external 
devices is disposed outside the LS1 2 in the form of an ROM 
(read-only memory, not shoWn) and sent to the CPU through 
the pad 14 provided on the package 12. 

[0042] ApoWer source (not shoWn) is provided outside the 
LS1 2 to supply poWer from the poWer source through the 
pad 14 to the ?rst chip 8, and the poWer is further supplied 
through the ?rst chip 8 to the second chip 6. 

[0043] Therefore, it is possible to supply both high and 
loW voltage poWers to the ?rst chip 8 Which requires a high 
voltage to Write and erase programs to and from the FPGA, 
and to supply a loW voltage poWer only to the second chip 
6 carrying a CPU Which does not require a high voltage. 
Thus only the ?rst chip 8 need to be made With a speci? 
cation to stand a high voltage. In other Words, the second 
chip 6 may be made to stand a loW voltage only and 
accordingly, the degree of integration of the second chip 6 
carrying the CPU may be improved. 

[0044] FIG. 3 is a schematic draWing of an example 
circuit constitution of a logic array 20 constituting the FPGA 
formed on the ?rst chip 8. The FPGA is a PLD of a relatively 
complicated constitution, and its logic array 20 has an 
AND-plane portion and an OR-plane portion. By the Way, 
the FIG. 3 is a partial draWing for explanation of the circuit 
constitution of the logic array 20. The actual logic array 20 
is more complicated in the constitution. 

[0045] In the example of FIG. 3, the AN D-plane portion 
22 has, as circuit elements; four data input lines L11, L12, 
L13 and L14; four AND-input lines L21, L22, L23 and L24; 
and four AND-gates AND1, AND2, AND3, and AND4. 

[0046] Programmable sWitching means or sWitches SW11 
through SW44 are disposed at sixteen intersections on the 
AND-plane portion 22 Where the data input lines L11 
through L14 cross the AND-input lines L21 through L24. 

[0047] The OR-plane portion 24 has as circuit elements; 
four AND-output lines L31, L32, L33, and L34; three 
OR-input lines L41, L42, and L43; three OR-gates OR1, 
OR2 and OR3; and three OR-output lines L51, L52 and L53. 

[0048] Like the AND-plane portion, programmable 
sWitching means or sWitches SW51 through SW83 are 
disposed at tWelve intersections on the OR-plane portion 24 
Where the AND-output lines L31 through L34 cross the 
OR-input lines L41 through L43. 

[0049] By the Way, While the FIG. 3 shoWs the use of the 
four AND-gates AND1, AND2, AND3, and AND4, and the 
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three OR-gates OR1, OR2 and OR3 for the convenience of 
explanation, in the actual circuit, seven NAND-gates are 
used instead to make a circuit Which is logically equivalent 
to that shoWn in the FIG. 3. 

[0050] Speci?c examples of the programmable sWitching 
means (such as the sWitch SW11) are shoWn in FIGS. 4A, 
4B and 4C. A fuse shoWn in FIG. 4A may be used as the 
sWitch SW11. In that case, to disconnect the data input line 
L11 from the AND-input line L21, the fuse may be burned 
out. 

[0051] In contrast to the use of the fuse, an anti-fuse (not 
shoWn) as the SW11 may also be used that is constituted that 
insulation prepared in advance is broken to make the data 
input line L11 and the AND input line L21 conductive to 
each other. 

[0052] Also, a ?ash memory or an EEPROM (electrically 
erasable and programmable read-only memory) shoWn in 
FIG. 4B may be used as the sWitch SW11. The use of the 
EEPROM makes it possible to reWrite logic functions. 

[0053] Also, an SRAM (static random-access memory) 
shoWn in FIG. 4C may be used as the SW11 to reWrite the 
logic functions in real time. 

[0054] Furthermore, a memory using a ferroelectric mate 
rial may be used as the sWitch SW11. The use of the 
ferroelectric memory makes it possible to bring about a 
sWitch SW11 that is nonvolatile and enables high speed 
reWriting. 

[0055] FIG. 5 shoWs an example of circuit constitution of 
the sWitch SW11 using a ferroelectric memory. In this 
example, the sWitch SW11 has a ferroelectric transistor 30. 

[0056] While a ferroelectric layer FE is polariZed When a 
speci?ed voltage is applied betWeen the gate terminal G and 
the data input line L11, the direction of polariZation of the 
ferroelectric layer FE varies according to the direction of the 
voltage applied. The difference in the polariZed direction of 
the ferroelectric layer FE produces the difference in the drain 
current value for the same gate voltage. Using this property, 
a constitution is made to produce closed and open states of 
the sWitch SW11. 

[0057] Although the relationship of the direction of polar 
iZation of the ferroelectric layer FE and the direction of the 
voltage applied betWeen the gate terminal G and the data 
input line L11 is affected With other factors and is not alWays 
the same, at least under the same condition the relation 
thereof may be the same constant. 

[0058] Therefore, for example, if polariZation occurs in 
the direction in Which a drain current above the threshold 
?oWs for a speci?ed gate voltage When a voltage being 
positive at the gate terminal G relative to the data input line 
L11 is applied, and if polariZation occurs in the direction in 
Which only a current beloW the threshold ?oWs for the 
speci?ed voltage When an opposite voltage is applied, the 
former is the closed state of the sWitch SW11 While the latter 
is the open state of the sWitch SW11. 

[0059] In this Way, the connection/disconnection data of 
the sWitch SW11 can be reWritten by changing the direction 
of the voltage applied betWeen the gate terminal G and the 
data input line L11. 
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[0060] While the example shoWn in FIG. 5 is constituted 
that the polariZed direction of the ferroelectric layer FE is 
changed by changing the direction of the voltage applied 
betWeen the gate terminal G and the data input line L11, it 
may also be constituted that an electrode terminal is con 
nected to the end opposite of the gate terminal G of the 
ferroelectric layer FE to use it as a memory gate terminal 
MG and to change the polariZed direction of the ferroelectric 
layer FE by changing the voltage direction applied betWeen 
the gate terminal G and the memory gate terminal MG. 

[0061] Alternatively, a memory having a ferroelectric 
capacitor (not shoWn) may also be used as the ferroelectric 
memory using for the sWitch SW11 in place of the memory 
having a ferroelectric transistor shoWn in FIG. 5. 

[0062] While the above embodiment is explained as an 
example in Which the LSI 2 is used as a controller for 
controlling external devices, this invention is not limited to 
the above but may also be applied to the case in Which the 
LSI 2 is used, for example, as a general use FPGA. 

[0063] In that case, like the previous embodiment, an 
FPGA is formed as the ?rst functional section on the ?rst 
chip 8. On the other hand, a Writing circuit is formed as the 
second functional section on the second chip 6 for Writing 
and erasing programs on the FPGA. In this Way, the FPGA 
can be produced Without requiring an external Writing 
device. 

[0064] This invention may also be applied to the case in 
Which the LSI 2 is used as a DSP (digital signal processor). 
To use the LSI 2 as the DSP, a RAM (random access 
memory) as the second functional section is formed on the 
second chip 6. 

[0065] On the other hand, While an FPGA is formed as the 
?rst functional section on the ?rst chip 8 like in the previous 
embodiment, FPGA is programmed to function as a signal 
processing section. 

[0066] With the above setting, the FPGA may apply a 
speci?ed process to signals given from the RAM formed on 
the second chip 6 and output them outside the LSI 2, or 
apply a speci?ed process to signals given from outside the 
LSI 2 and stored them in the RAM formed on the second 
chip 6. 

[0067] The contents of the signal processing may be easily 
changed by changing the program of the FPGA. Also, a 
compact DSP may be produced about by the use of the 
stacked chip 4. 

[0068] It may also be constituted for example that an 
FPGA is formed on the ?rst chip 8 While forming a ?ash 
memory on the second chip 6. In that case, there are cases 
in Which the FPGA of the ?rst chip 8 and the ?ash memory 
of the second chip 6 both require high voltage lines for 
Writing and erasing. In such cases, it is convenient if the 
voltage required for Writing and erasing the FPGA is the 
same as that required for Writing and erasing the ?ash 
memory. 

[0069] With such a voltage setting, high voltage lines of 
both of the ?rst chip 8 and the second chip 6 may be shared 
betWeen both of the chips through either the pads 8a, 8b, . . . 
or pads 6a, 6b, . . . As a result, spaces required for the high 
voltage Wiring may be saved. 
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[0070] Furthermore in this case, if a plural sets of pads are 
prepared for connecting the high voltage lines, it is prefer 
able for reducing connection resistance. To reduce the 
connection resistance by parallel forming of the connection 
points is specially desirable because the connection resis 
tance tends to increase When the pads 8a, 8b, . . . and 6a, 
6b, . . . are connected by the above-mentioned bump 

technique or the anisotropic conductor to be described later. 

[0071] Also, the LSI 2 may be used as a frequency 
synthesiZer using a PLL (phase lock loop) circuit. In that 
case, an analog circuit VCO (voltage control oscillation 
circuit) as the second functional section is formed on the 
second chip 6. 

[0072] On the other hand, an FPGA as the ?rst functional 
section is formed on the ?rst chip 8 like in the previous 
embodiment. In that case, the FPGA is programmed to 
function as a circuit for diving the frequency of the output 
of the VCO and then feeding it back to the VCO. 

[0073] With such a setting, the LSI 2 may be used as a 
frequency synthesiZer using a PLL circuit. In that case, the 
frequency to be outputted may be easily changed by chang 
ing the program of the FPGA. Another advantage is that a 
compact synthesiZer is obtained by the use of the stacked 
chip 4. 

[0074] By the Way, When the analog circuit as the second 
functional section is mounted on the second chip 6 as 
described above, it is recommended that the pads required to 
receive and give out analog signals be arranged Without an 
intervening buffer. 

[0075] Also in this case, by making conductive any of the 
pad 10 and for example the pad 8a disposed on the ?rst chip 
8 (through-pad), the pad 10 may be electrically connected to 
the pad 6a of the second chip 6 through the pad 8a. Such an 
arrangement is convenient: When a terminal for the outside 
cannot be disposed directly on the second chip 6, the pad 10 
disposed on the ?rst chip 8 for example can be used as an 
input terminal for analog signals, or as a poWer source 
terminal solely for the analog circuit. 

[0076] While each of the above embodiments is described 
With the FPGA as the ?rst functional section formed on the 
?rst chip 8, this invention is not limited to the above. For 
example, the ?rst chip 8 may be formed With a memory 
device as the ?rst functional section. In that case, it is 
recommended to form a Writing circuit as the second func 
tional section on the second chip 6 for Writing and erasing 
data on the memory device. 

[0077] With such a constitution, an information storage 
device is obtained Without requiring an external Writing 
device. Alternatively, an information storage device of a 
small projection area With functions of both storing and 
Writing information may be produced about by stacking the 
?rst chip 8 and the second chip 6. 

[0078] In each of the above embodiments, While the case 
of using the bump technique is described as an example 
method of electrically interconnecting the pads 8a, 8b, . . . 
and 6a, 6b, . . . , this invention is not limited to the above: 

For example, the pads 8a, 8b, . . . and 6a, 6b, . . . may be 

interconnected by the use of soldering technique. 

[0079] Furthermore as shoWn in FIG. 6, the pads 8a, 
8b, . . . and 6a, 6b, . . . may be interconnected by the use of 
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anisotropic conductor 18. The anisotropic conductor 18 is 
conductive in one direction only and has adhesive property. 
Any thermosetting adhesive for example may be used as the 
anisotropic conductor. 

[0080] By the use of such an anisotropic conductor 18, the 
?rst chi 8 and the second chip 6 may be securely bonded 
together. Securely bonding together the ?rst chip 8 and the 
second chip 6 using the anisotropic conductor 18, the pads 
8a, 8b, . . . and pads 6a, 6b, . . . disposed in opposing 

positions may be electrically interconnected. 

[0081] In each of the described embodiments, the stacked 
chip 4 is secured to the package 12 and the pad 10 on the 
stacked chip 4 and the pad 14 disposed on the package are 
interconnected through a bonding Wire 16 as shoWn in FIG. 
1, but this invention is not limited to such con?guration. 

[0082] For example as shoWn in FIG. 7, the stacked chip 
4 may be mounted directly on a plastic substrate in the form 
of a ?lm. Thus, the substrate on Which the stacked chip 4 is 
mounted is generally referred to as TAB (tape-automated 
bonding) 26. The TAB 26 has printed Wiring (not shoWn) 
With its pad portion (not shoWn) connected to the pad 10 of 
the stacked chip 4. As each embodiments described above, 
the stacked chip 4 is sealed With a sealing member (not 
shoWn) made of epoxy resin or the like. 

[0083] As shoWn in FIG. 8, When it is possible to dispose 
the pad 10 on the underhealth of the ?rst chip 8 (namely 
opposite surface Where the pads 8a, 8b, . . . are disposed), the 
stacked chip 4 may be mounted up to the top surface of the 
TAB 26. 

[0084] In each of the described embodiments, poWer is 
supplied to the ?rst chip 8 and further through the ?rst chip 
8 to the second chip 6, this invention is not limited to such 
con?guration. For example, the constitution that the poWer 
is supplied to the second chip 6 and the second chip 6 in turn 
supplies poWer to the ?rst chip 8 in possible. Also, the 
positioning of the ?rst and second chips 8 and 6 may be 
reversed. 

[0085] In each of the described embodiments, While the 
stacked chip 4 is described as an example With tWo chip 
stacked, this invention may also be applied to stacked chips 
comprising three or more chips. 

[0086] FIG. 9 shoWs a stacked chip 36 comprising the ?rst 
chip 8 over Which are placed a second chip 32 and a third 
chip 34 side by side. The stacked chip 36 is placed on and 
secured to the package 12. 

[0087] A controller for controlling external devices using 
a single stacked chip 36 may be produced about for example 
by pre-programming an FPGA formed on the ?rst chip 8 to 
function as an interface circuit and forming a CPU on the 
second chip 32, as Well as forming a ROM on the third chip 
34. In this case, the ?rst chip 8 corresponds to the ?rst 
substrate While the second chip 32 and the third chip 34 
correspond to the second substrate. 

[0088] FIG. 11 is an exploded perspective vieW of the 
con?guraton of a stacked chip 52 comprising a plurality of 
chips (corresponding to the second substrate) 50a, 50b, . . . , 
50g arranged in a horiZontal array on the ?rst chip 8 
(corresponding to the ?rst substrate). 

[0089] For example, functional sections constituting a 
compact disk system 60 shoWn in FIG. 12, such as an RF 
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ampli?er 62, DSP 64, DF-DAC 66, CD-G decoder 68, RGB 
encoder 70 and CD driver 72, may be formed as the chips 
50a, 50b, . . . , 50g shown in FIG. 11, and a system control 

microcomputer 74 and connecting lines (not shoWn) 
betWeen the chips may be formed on the ?rst chip 8. 

[0090] The compact disk system 60 shoWn in FIG. 12 has 
been conventionally constituted With the functional sections 
such as an RF ampli?er 62, DSP 64, DF-DAC 66, CD-G 
decoder 68, RGB encoder 70, CD driver 72, and the system 
control microcomputer 74, respectively formed separate ICs 
and mounted on a single board. As a result, compactness has 
been lacked and its manufacturing cost become high. 

[0091] With the constitution as shoWn in FIG. 11, a 
complicated system such as the compact disk system 60, 
conventionally made by mounting a plurality of ICs on a 
single board, may be made With a single stacked chip, 
namely a single IC. As a result, complicated systems may be 
made compact and inexpensive. 

[0092] FIG. 10 shoWs a stacked chip 44 comprising the 
?rst chip 8 placing and securing a second chip 40 on the top 
and third chip 42 placed and secured on the top of the second 
chip 40. The stacked chip 44 is placed on and secured to the 
package 12. 

[0093] In the case the pads to be connected may be 
disposed on both of under and over sides of the chip (in this 
embodiment, the second chip 40), three or more chips may 
be easily stacked as described above. In that case, the ?rst 
chip 8 corresponds to the ?rst substrate While the second 
chip 40 corresponds to the second substrate. 

[0094] In the case three or more chips are stacked as 
shoWn in FIG. 10 and if the ?rst chip 8 and the third chip 
42 are interconnected through Wiring (not shoWn) arranged 
on the second chip 40, the third chip 42 also corresponds to 
the second substrate. When the second chip 40 corresponds 
to the ?rst substrate, the ?rst and second chips 8 and 42 
correspond to the second substrate. 

[0095] In each of the described embodiments, While the 
FPGA is explained as an example of programmable ?rst 
functional section, this invention is not limited to such 
con?guration. For example, this invention may be applied to 
the case that a PLA, Which is a kind of PLD, is used as the 
programmable ?rst functional section. 

[0096] This invention is characteriZed by comprising: a 
?rst substrate having a programmable ?rst functional section 
and a ?rst input-output terminal; and a second substrate 
having a second functional section having a function related 
to the ?rst functional section, and a second input-output 
terminal; 
[0097] the ?rst substrate and the second substrate are 
stacked together so that the ?rst input-output terminal and 
the second input-output terminal are electrically intercon 
nected. 

[0098] Therefore, the function of the ?rst functional sec 
tion may be ?exibly changed corresponding to the second 
functional section and the external devices. As a result, 
function of the ?rst functional section may be implemented 
Without creating any neW dedicated IC. Additionally, a 
semiconductor device having a small projected area as Well 
as the functions of both of the ?rst and second functional 
sections may be also implemented by stacking together the 
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?rst and second substrates. Furthermore, complicated sys 
tems conventionally requiring a large number of ICs may be 
con?gured With a single semiconductor device by using the 
?rst substrates and the second substrates Which are stacked 
in a large number. As a result, such systems may be realiZed 
at a loW cost and in a compact siZe. 

[0099] Namely, semiconductor devices may be provided 
that can meet required functions Within a short delivery time 
and at a loW price With a high degree of integration. 

[0100] This invention is characteriZed in that the second 
functional section has the function of controlling external 
devices, and the ?rst functional section has the interface 
function of interconnecting the second functional section 
and external devices. 

[0101] Therefore, When the stacked substrate body is used 
for example in the control device for controlling external 
devices, the interface function may be ?exibly changed 
corresponding to the external devices. Further, the use of the 
stacked substrate results in making the control device of 
compact siZe Wherein space saving is highly required. 

[0102] This invention is characteriZed in that the second 
functional section has the function of storing information, 
and 

[0103] the ?rst functional section has the function of 
processing in association With information stored in the 
second functional section. 

[0104] Therefore, When the stacked substrate is used in the 
DSP (digital signal processor), it is possible to use the 
second functional section as a RAM (random access 
memory) and to change the function of the ?rst functional 
section ?exibly corresponding to the contents of the signal 
processing. The use of the stacked substrate implements a 
compact DSP. 

[0105] This invention is characteriZed in that the second 
functional section has the function of performing analog 
processing, and the ?rst functional section has the function 
of performing digital processing associated With analog 
processing performed in the second functional section. 

[0106] Therefore, When the stacked substrate is used for 
example in a synthesiZer using a PLL (phase lock loop) 
circuit, it is possible to use the second functional section as 
a VCO (voltage control oscillation circuit) and use the ?rst 
functional section as a frequency dividing circuit for divid 
ing the output frequency of the VCO. In that case, the 
frequency dividing circuit may be ?exibly changed corre 
sponding to the frequency to be outputted. Additionally a 
frequency synthesiZer of a compact siZe may be obtained by 
the use of the stacked substrate. 

[0107] This invention is characteriZed in that the second 
functional section has the function of controlling the ?rst 
functional section. 

[0108] Therefore, in the case the second functional section 
is used as a Writing device for programming the ?rst 
functional section, a PLD that requires no external Writing 
device may be implemented. 

[0109] This invention is characteriZed in that poWer is 
supplied from the poWer source to the ?rst substrate, and 
poWer is supplied at the same time through the ?rst substrate 
to the second substrate. 
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[0110] Therefore, it is possible to supply a high voltage as 
Well as a loW voltage to the ?rst substrate Which requires the 
high voltage for Writing and erasing programs to and from 
the ?rst functional section, and to supply the loW voltage 
only through the ?rst substrate to the second substrate Which 
does not require the high voltage. Therefore, since the ?rst 
substrate only needs to be made of a high voltage speci? 
cation, the second substrate can be made of loW voltage 
speci?cation. Accordingly, degree of integration of the cir 
cuit elements constituting the second substrate may be 
increased. 

[0111] This invention is characteriZed by a constitution 
comprising: a ?rst substrate having a ?rst functional section 
having the function of storing information and a ?rst input 
output terminal; and a second substrate having a second 
functional section having the function of controlling the ?rst 
functional section , and a second input-output terminal; the 
?rst substrate and the second substrate being stacked 
together so that the ?rst input-output terminal and the second 
input-output terminal are electrically interconnected. 

[0112] Therefore, in the case the second functional section 
is used as a device for Writing information to the ?rst 
functional section, an information storing device that 
requires no external Writing device may be implemented. 
Also, stacking together the ?rst and second substrates makes 
it possible to realiZe an information storing device having a 
small projected area, and having both of the functions of 
storing information and for example Writing information. 

[0113] This invention is characteriZed in that the ?rst and 
second substrates both are provided With high voltage lines, 
and the voltage of the high voltage line of the ?rst substrate 
is substantially the same as that of the second substrate. 

[0114] Therefore, the high voltage line of the ?rst sub 
strate and the high voltage line of the second substrate may 
be shared by both of the substrates by electrically intercon 
necting the ?rst and second input-output terminals. As a 
result, the space required for the high voltage Wiring may be 
saved. 

[0115] This invention is characteriZed in that the ?rst 
input-output terminals and the second input-output terminals 
are provided in a plurality of pairs for electrically intercon 
necting the high voltage line of the ?rst substrate and the 
high voltage line of the second substrate. 

[0116] Therefore, even in the case a connecting resistance 
is great When the ?rst input-output terminals and the second 
input-output terminals are interconnected, the connecting 
resistance may be reduced by providing the plurality of 
connecting points. 

[0117] This invention is characteriZed in that the ?rst 
substrate or the second substrate is provided With a terminal 
for the outside, and one of the ?rst and second input-output 
terminals belonging to the substrate provided With the 
terminal for the outside is electrically connected to the 
terminal for the outside. 

[0118] Therefore, When the terminal for the outside is 
provided on the ?rst substrate for example, the terminal for 
the outside and the second input-output terminal of the 
second substrate may be electrically interconnected through 
the ?rst input-output terminal of the ?rst substrate. There 
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fore, poWer and signals may be directly transferred betWeen 
the second substrate having no terminal for the outside and 
the terminal for the outside. 

[0119] While the invention is described above in the forms 
of preferred embodiments, each term is used not for the 
purpose of limitation but explanation, and therefore, may be 
changed Within the scope of the appended claims Without 
departing from the scope and spirit of the invention. 

What is claimed is: 
1. A stacked substrate body characteriZed by comprising: 

a ?rst substrate having a programmable ?rst functional 
section for acquiring required functions by connecting 
to and disconnecting from each other a plurality of 
pre-arranged circuit elements through programmable 
sWitching means, and a ?rst input-output terminal 
corresponding to the ?rst functional section; and 

a second substrate having a second functional section 
having functions related to the ?rst functional section, 
and a second input-output terminal corresponding to 
the second functional section; 

the ?rst and second substrates being stacked together so 
that the ?rst and second input-output terminals are 
electrically interconnected. 

2. A stacked substrate body of claim 1, characteriZed in 
that 

the second functional section has the function of control 
ling external devices, and 

the ?rst functional section has the interface function of 
interconnecting the second functional section and the 
external devices. 

3. A stacked substrate body of claim 1, characteriZed in 
that 

the second functional section has the function of storing 
information, and 

the ?rst functional section has the function of processing 
in associaton With the information stored in the second 
functional section. 

4. A stacked substrate body of claim 3, characteriZed in 
that 

the stacked substrate body is used in a DSP (digital signal 
processor), and 

the second functional section is used as a RAM (random 
access memory). 

5. A stacked substrate body of claim 1, characteriZed in 
that 

the second functional section has the function of perform 
ing analog processing, and 

the ?rst functional section has the function of performing 
digital processing in association With the analog pro 
cessing performed in the second functional section. 

6. A stacked substrate body of claim 5, characteriZed in 
that 

the stacked substrate body is used in a frequency synthe 
siZer having a PLL (phase lock loop) circuit therein, 
and 

the second functional section is used as a VCO (voltage 
control oscillation circuit) and the ?rst functional sec 
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tion is used as a frequency diving circuit for dividing 
the output frequency of the VCO. 

7. A stacked substrate body of claim 1, characterized in 
that 

the second functional section has the function of control 
ling the ?rst functional section. 

8. A stacked substrate body of claim 7, characteriZed in 
that 

the second functional section is used as a Writing device 
for programming the ?rst functional section. 

9. A stacked substrate body of claim 1, characteriZed in 
that 

poWer from a poWer source is supplied to the ?rst sub 
strate, and further to the second substrate through the 
?rst substrate. 

10. A stacked substrate body of claim 9, characteriZed in 
that 

a high voltage poWer as Well as a loW voltage poWer are 
supplied to the ?rst substrate, and 

a loW voltage poWer only is supplied to the second 
substrate through the ?rst substrate. 

11. A stacked substrate body characteriZed by comprising: 

a ?rst substrate having a ?rst functional section having the 
function of storing information and a ?rst input-output 
terminal corresponding to the ?rst functional section; 
and 

a second substrate having a second functional section 
having the function of controlling the ?rst functional 
section and a second input-output terminal correspond 
ing to the second functional section; 

the ?rst and second substrates being stacked together so 
that the ?rst and second input-output terminals are 
electrically interconnected. 

12. A stacked substrate body of claim 11, characteriZed in 
that the second functional section is used as a device for 
Writing information to the ?rst functional section. 

13. A stacked substrate body of claim 1, characteriZed in 
that 

the ?rst and second substrates both are provided With high 
voltage lines, and 
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the voltage of the high voltage line of the ?rst substrate is 
made substantially the same as that of the high voltage 
line of the second substrate. 

14. A stacked substrate body of claim 13, characteriZed in 
that 

plural pairs of ?rst and second input-output terminals are 
provided to electrically interconnect the high voltage 
line of the ?rst substrate and the high voltage line of the 
second substrate. 

15. A stacked substrate body of claim 1, characteriZed in 
that 

one of the ?rst and second substrate is provided With a 
terminal for performing input or output to the outside of 
the stacked substrate body, and 

one of the ?rst and second input-output terminals belong 
ing to the substrate having the terminal for the outside 
and the terminal for the outside are electrically inter 
connected. 

16. A semiconductor device characteriZed by comprising 
the stacked substrate body of claim 1. 

17. Astacked substrate body of claim 11, characteriZed in 
that 

the ?rst and second substrate both are provided With high 
voltage lines, and 

the voltage of the high voltage line of the ?rst substrate is 
made substantially the same as that of the high voltage 
line of the second substrate. 

18. A stacked substrate body of claim 17 characteriZed in 
that 

plural pairs of the ?rst and second input-output terminals 
are provided to electrically interconnect the high volt 
age lines of the ?rst and second substrates. 

19. A stacked substrate body of claim 11, characteriZed by 
a constitution that 

one of the ?rst and second substrates is provided With a 
terminal for the outside so that one of the ?rst and 
second input-output terminals belonging to the sub 
strate provided With the terminal for the outside and the 
terminal for the out side are interconnected. 

20. A semiconductor device characteriZed by comprising 
the stacked substrate body of claim 11. 

* * * * * 


