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In a semiconductor device of a stacked structure type having 
a control chip and a plurality of controlled chips, wherein the 
control chip allocates different I/O sets to the respective con 
trolled chips and processes the I/O sets within the same access 
cycle, the controlled chip close to the control chip and posi 
tioned to a lower position in the stacked structure has I/O 
penetrating through substrate vias connected to penetrating 
through interconnections. The penetrating through intercon 
nections are extended to an upper one of the controlled chips 
that not use the penetrating through interconnections and, as 
a result, all of the penetrating through interconnections have 
the same lengths as each other. 
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SEMCONDUCTOR DEVICE 

0001. This application is based upon and claims the ben 
efit of priority from Japanese patent application No. 2009 
176263, filed on Jul. 29, 2009, the disclosure of which is 
incorporated herein in its entirety by reference. 

FIELD OF THE INVENTION 

0002. This invention relates to a semiconductor device 
incorporating DRAM or other chips and, in particular, relates 
to a semiconductor device formed by stacking a plurality of 
chips. 

DESCRIPTION OF RELATED ART 

0003. As this type of a semiconductor device, JP-A-2004 
327474 (Patent Document 1), which corresponds to US 
Patent Application Publication No. US 2004/0257847 A1, 
describes a semiconductor device which forms a memory 
module or system of a stacked structure having an interposer 
board, an 10 chip mounted on the interposer board, and a 
plurality of DRAM chips stacked together on the 10 chip. In 
this stacked structure, the DRAM chips and the 10 chip are 
connected together through penetrating through electrodes 
formed within via holes. 
0004 Specifically, in the DRAM chips of the memory 
module described in Patent Document 1, a plurality of pen 
etrating through electrodes formed in the via holes are pro 
vided for transferring data signals and data mask signals 
accompanying the data signals together with interconnec 
tions which are electrically connected to the penetrating 
through electrodes and which are located between adjacent 
ones of the chips. Herein, a combination of the penetrating 
through electrodes and the interconnections may be called 
penetrating through Substrate Vias. 
0005. The semiconductor device of this structure is advan 
tageous in that penetrating through Substrate vias between the 
plurality of DRAM chips can be shortened and only the 10 
chip may have a DLL which consumes a large current. 
0006. Herein, it is to be noted in the instant specification 
that the penetrating through substrate vias formed through 
though-silicon via holes may be called through-silicon Vias 
(TSVs), as may be recently used in this technical field. 
0007 JP-A-2009-10311 (Patent Document 2), which cor 
responds to US Patent Application Publication No. US 2009/ 
0001543 A1, describes a stack package having a structure in 
which a plurality of semiconductor chips are stacked on a 
board and the plurality of semiconductor chips are connected 
together through through-silicon vias which will be abbrevi 
ated to TSV hereinbelow. 

SUMMARY OF THE INVENTION 

Problem to be Solved by the Invention 
0008. In the memory system described in Patent Docu 
ment 1, a memory controller (chip set denoted by 402 in FIG. 
38 of Patent Document 1) is provided separately from the 
stacked 10 chip and DRAM chips and is mounted on a moth 
erboard. The chip set and the 10 chip are connected together 
through a system data buS (disclosed in Patent Document 1). 
Specifically, the memory system disclosed in Patent Docu 
ment 1 is formed by a control chip equipped with the control 
ler and controlled chips, such as the stacked DRAM chips and 
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IO chip controlled by the controller. Thus, the control chip is 
spatially separated from the controlled chips. 
0009 Disclosure of Patent Document 2 is directed only to 
the Stacked package as controlled objects which are to be 
controlled by a controller and is never directed to a controller 
or a control chip that controls the controlled objects or the 
controlled chips. 
0010. At any rate, either Patent Document 1 or Patent 
Document 2 discloses or Suggests nothing about a problem 
caused by interconnections between a control chip and con 
trolled chips controlled by the control chip. That is, either 
Patent Document 1 or Patent Document 2 considers nothing 
about shortening interconnections between a control chip 
incorporating a controller and controlled chips controlled by 
the controller. 

Means for Solving the Problem 

0011. This invention seeks to solve one or more problems 
caused to occur in connection with the stack package. 

EFFECT OF THE INVENTION 

0012. According to this invention, when data signal DQ 
and data strobesignal DQS/B interconnections are formed by 
the penetrating through substrate Vias, it is possible to mini 
mize the skew between those interconnections. Further, when 
address, command, and clock interconnections are formed by 
the penetrating through Substrate Vias, it is also possible to 
minimize the skew between the address and clock intercon 
nections and the skew between the command and clock inter 
connections. 

0013 Further, when the controlled chips are divided into a 
plurality of groups and the penetrating through substrate Vias 
are commonly used by the controlled chips of the respective 
groups, it is possible to reduce the load of the interconnec 
tions as compared with the case where the penetrating 
through Substrate Vias are not commonly used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. The above features and advantages of this invention 
will be more apparent from the following description of cer 
tain preferred embodiments taking in conjunction with the 
accompanying drawings, in which: 
0015 FIG. 1 is a diagram showing the theoretical structure 
of a semiconductor device according to a first embodiment of 
this invention; 
0016 FIG. 2 is an interconnection diagram for theoreti 
cally explaining a semiconductor device according to a sec 
ond embodiment of this invention; 
0017 FIG. 3 is a diagram for explaining the interconnec 
tion impedance according to the second embodiment of this 
invention; 
0018 FIG. 4 is a diagram showing the three-dimensional 
structure of the semiconductor device shown in FIGS. 2 and 
3: 
0019 FIG. 5 is an equivalent circuit diagram of the semi 
conductor device shown in FIG. 4, wherein an equivalent 
circuit at a specific data signal penetrating through via portion 
is shown: 
0020 FIGS. 6A, 6B, and 6C are diagrams more specifi 
cally showing the structure of a SDRAM chip used in the 
semiconductor device shown in FIG. 5; 
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0021 FIGS. 7A and 7B are diagrams for explaining 
SDRAM chips used in a semiconductor device according to a 
third embodiment of this invention; 
0022 FIGS. 8A, 8B, and 8C are diagrams for explaining a 
semiconductor device according to a fourth embodiment of 
this invention and SDRAM chips used in the semiconductor 
device; 
0023 FIGS. 9A and 9B are circuit diagrams showing a 
RLWLON generation circuit used in the semiconductor 
device shown in FIGS. 8A to 8C; and 
0024 FIG. 10 is an operation waveform diagram for 
explaining the operation of the RLWLON generation circuit 
shown in FIGS. 9A and 9B. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0025. This invention will be now described herein with 
reference to illustrative embodiments. Those skilled in the art 
will recognize that many alternative embodiments can be 
accomplished using the teachings of this invention and that 
this invention is not limited to the embodiments illustrated for 
explanatory purposes. 
0026 Referring to FIG. 1, the theoretical structure of a 
semiconductor device according to a first embodiment of this 
invention will be described. The illustrated semiconductor 
device comprises a logic LSI chip 20 as a control chip and a 
plurality of SDRAM chips as controlled chips stacked on the 
logic LSI chip 20. The control chip may be also called a 
master chip (or active chip) while each controlled chip is a 
slave chip (or passive chip). For example, the semiconductor 
device comprising the master chip and the slave chips has a 
system-in-package structure in which those chips are 
assembled in layers and integrally packaged. The structure 
shown in FIG. 1 is specified by a structure obtained by com 
bining the so-called COC (Chip On Chip) technology and 
TSV (Through Silicon Via) technology, as mentioned in 
detail with reference to FIG. 4. In the figure, external termi 
nals (not illustrated) of the semiconductor device with the 
structure shown in FIG.1 are disposed on the lower side of the 
logic LSI chip 20. The external terminals are connected to the 
logic LSI chip 20. I/O signal lines penetrating through the 
controlled chips, which will be described later, are connected 
to the logic LSI chip 20 and are not directly connected to the 
external terminals. 
0027 FIG. 1 shows an example in which 16 SDRAM 
chips D0 to D15 each having a memory capacity of 1 Gbit are 
stacked on the logic LSI chip 20 operable as the control chip. 
Each of the illustrated SDRAM is a DDR (Double Data Rate) 
3 synchronous dynamic random access memory. 
0028. The 16 SDRAMs D0 to D15 are divided into a first 
group including the SDRAMs D0, D1, D2, ... D6, D7 and a 
second group including the SDRAMs D8, D9, ... D14, D15. 
The first and second groups are alternatively selected by a first 
clock signal CSOCK0 and a second clock signal CS1CK1, 
respectively, and each output from the control chip (master 
chip) 20, which will be described later. Hereinafter, the first 
and second groups each may also be referred to simply as a 
'group' or as a “chip selection group'. 
0029. In the illustrated example, the SDRAMs D0 and D8 
form a first DRAM set located closest to the logic LSI chip 20. 
then, subsequent pairs of the SDRAMs D1 and D9, D2 and 
D10, D3 and D11, D4 and D12, D5 and D13, D6 and D14, and 
D7 and D15 form second to eighth DRAM sets, respectively. 
As seen in FIG. 1, the SDRAM D15 of the eighth DRAM set 
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is disposed at a position farthest from the logic LSI chip 20. 
The first to eighth DRAM sets are accessed in parallel by the 
control chip (master chip) 20 so that a data transfer rate of 
51.5 Gbyte/sec is achieved, which will be described later. 
Hereinafter, the first to eighth DRAM sets each may also be 
referred to simply as a “set' or as a “DRAM set'. 
0030. The SDRAMs D0 to D15 have the same penetrating 
through substrate vias, namely, Through-Silicon Vias (TSV) 
structure, i.e. the same pin structure as one another. Specifi 
cally, it is assumed that the SDRAMs D0 to D15 each have a 
total of 382 TSVs including 256 data signal (DQ) penetrating 
through substrate vias (TSVs), 32 data mask (DM) penetrat 
ing through substrate Vias (TSVs), 64 data strobe signal 
(DQS/DQSB) penetrating through substrate vias (TSVs), 14 
address penetrating through substrate vias (A0 to A13) 
(TSVs), 3 bank address penetrating through substrate vias 
(BA0 to BA2) (TSVs), 3 command signal penetrating through 
substrate vias (TSVs) (/RAS (RASB), /CAS (CASB), (WE 
(WEB)), and 10 control signal penetrating through substrate 
vias (TSVs) (CS0, CS1, CKE0, CKE1, CK0, CK1, /CK0, 
/CK1, ODT0, ODT1). It is needless to say that power supply 
penetrating through substrate vias (TSVs) are also provided 
in addition to the above-mentioned TSVs. At any rate, the 
term “via' or “vias’ may be considered as a combination of a 
penetrating through electrode and an interconnection con 
nected to the penetrating through electrode. 
0031. A data signal (DQ), a data mask signal (DM), data 
strobe signals (DQS/DQSB), an address (A0-A13), a bank 
address (BA0-BA2), command signals (/RAS (RASB), (CAS 
(CASB), (WE (WEB)), and control signals (CS0, CS1, 
CKE0, CKE1, CK0, CK1, /CK0, /CK1, ODTO, ODT1) are all 
well-known signals for controlling the DRAM functions. 
CK0, CK1, /CK0, and (CK1 are so-called system clocks for 
use in communication between the control chip (master chip) 
and the controlled chips (slave chips) and thus these chips are 
of the synchronous type. 
0032 Herein, the penetrating through substrate vias, 
namely, through-silicon Vias (TSVs) each continuously pen 
etrating through the SDRAMs D0 to D15 are called continu 
OuS TSVS. 

0033 Each SDRAM has an 8-bank structure and outputs a 
32-bit data signal in parallel. The 256 data signal (DQ) TSVs 
are each shared by the above-mentioned two groups (chip 
selection groups). In this case, since each DDR3 SDRAM 
normally gives a transfer rate of 1600 Mbps per pin, each 
group can achieve a data transfer rate of 1600 Mbpsx32x8 
(DRAM sets)=409.6 Gbit/sec=51.5 Gbyte/sec. Of the two 
groups (chip selection groups), the first group (first controlled 
chips) is communication-controlled at a first access cycle by 
the first chip selection signal (first clock signal CSOCK0) 
output from the control chip 20 while the second group (sec 
ond controlled chips) is communication-controlled at a sec 
ond access cycle by the second chip selection signal (second 
clock signal CS1CK1) output from the control chip 20. Since 
the first and second groups are mutually exclusively con 
trolled by the control chip 20 at the first and second access 
cycles, each of the TSVs corresponding to one I/O bit is 
shared by the first and second groups. 
0034. As shown by solid lines in FIG. 1, the continuous 
penetrating through type vias, namely, continuous type TSVs 
are provided each penetrating through all the SDRAMs from 
the SDRAM D15 to the SDRAM D0. Therefore, the continu 
ous type TSVs respectively forming the data signal (DQ) 
TSVs and the data strobe signal (DQS/DQSB) TSVs are 
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Substantially equal in length to each other. Further, the con 
tinuous type TSVs respectively forming the address, com 
mand, and clock TSVs are also substantially equal in length to 
each other. 
0035 Referring to FIG. 2, the structure of a semiconductor 
device according to a second embodiment of this invention is 
illustrated. Also in this embodiment, as in the first embodi 
ment shown in FIG.1, it is assumed that pairs of SDRAMs D0 
and D8 to SDRAMs D7 and D15 of 8 DRAM sets are Stacked 
on a logic LSI chip 20. It is assumed, however, that each of the 
SDRAMS DO to D15 is a 2 Gbit DDR3 SDRAM. 
0036. The logic LSI chip 20 shown in FIG. 2 comprises a 
clock generator 201, a logic control circuit (controller) 203, a 
DLL circuit 205, an input/output circuit 207, and a VDDQ 
conversion circuit 209. From the VDDQ conversion circuit 
209, a memory-driving main power supply voltage VDDQ is 
applied not only to the input/output circuit 207 and the logic 
control circuit 203 of the logic LSI chip 20, but also to the 
SDRAMs D0 to D15 stacked on the logic LSI chip 20. 
0037. The clock generator 201 supplies a first clock signal 
CSOCK0 to the SDRAMs D0 to D7 (which belong to first 
controlled chips) forming a first group (chip selection group) 
and further supplies a second clock signal CS1CK1 to the 
SDRAMs D8 to D15 (which belong to second controlled 
chips) forming a second group (chip selection group). Fur 
ther, the clock generator 201 also has a function of outputting 
command signals RASB, CASB, and WEB. The signals 
RASB, CASB, and WEB specify one command. 
0038. The first and second clock signals CSOCK0 and 
CS1CK1 are supplied to the SDRAMs D0 to D15through the 
clock TSVs while the command signals are supplied to the 
SDRAMs D0 to D15through the command TSVs. Herein, the 
first clock signal CSOCK0 does not need to be actually sup 
plied to the uppermost SDRAM 15 belonging to the second 
group (chip selection group), but in this embodiment, as 
shown by a broken line in FIG. 2, the TSV for the first clock 
signal CSOCK0 also extends to the uppermost SDRAM 15 
and, as a result, the TSV for the first clock signal CS0CK0 has 
substantially the same length as the TSV for the second clock 
signal CS1CK1. That is, the interconnection formed by the 
TSV for the first clock signal CSOCK0 includes an unused 
and redundant interconnection portion (hereinafter referred 
to as an “unused and redundant interconnection') in terms of 
necessary connection. 
0039. The logic control circuit 203 provided in the logic 
LSI chip 20 outputs a 3-bit bank address signal BA0-2 and a 
14-bit address signal A0-13 and operates as a controller that 
sends and receives data signals DQ between itself and the 
input/output circuit 207. The logic control circuit 203 has a 
function similar to that of a SSTL (Stub Series Terminated 
Logic) DDR controller, but this embodiment differs from the 
SSTL chip in that the logic LSI chip 20 having such a con 
troller function is stacked along with the SDRAMs D0 to 
D15. Accordingly, the logic LSI chip 20 has electrodes elec 
trically connected to the continuous TSVs provided in the 
SDRAMSDO to D15. 

0040. Each input/output circuit 207 sends and receives 
32-bit width data signals DQ between itself and the SDRAMs 
D0 to D15, respectively, and thus sends and receives parallel 
data signals DQ of 256-bit width in total. The data signal DQ 
is transmitted or received as an I/O data signal. The first 
DRAM set is allocated with a first I/O group (x32 DQ signal 
bits) and the second DRAM set is allocated with a second I/O 
group (x32 DQ signal bits). The third to eighth DRAM sets 
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are allocated with third to eighth I/O groups, respectively. 
These eight I/O groups are accessed in parallel by the control 
chip (master chip) 20 so that the above-mentioned data trans 
ferrate of 51.5 Gbyte/sec is achieved. That is, the DRAM sets 
defined by the I/O groups determine the data transfer rate. In 
other words, they define the transfer band width which rep 
resents the number of I/O transfer bits that are simultaneously 
communicated. As the number of DRAM sets increases, the 
transfer band width increases and thus the data transfer rate 
increases. As the number of I/O bits forming each I/O group 
increases, the transfer band width increases and thus the data 
transfer rate increases. On the other hand, the chip selection 
groups determine the memory capacity value. As the number 
of chip selection groups increases, the memory capacity value 
increases. 
0041. Therefore, in FIG.1, it is to be noted that the number 
of DRAM sets stacked on the control chip (master chip) 20 
represents the transfer band width while the number of chip 
selection groups in each DRAM set represents the storage 
capacity. By controlling the controlled chips of each of the 
first and second groups at the same access cycle, the control 
chip 20 communicates information of the predetermined I/O 
band width (256 data signal (DQ) bits, i.e. x256 I/O bits) 
between itself and the controlled chips. 
0042. Thus, the control ship 20 is communicable with the 
controlled chips of the first and the second groups by the use 
of the predetermined number of I/O bits, namely, 256 bits in 
the illustrated example. 
0043. The 3-bit bank address signal BA0-2 and the 14-bit 
address signal A0-13 are supplied to all the SDRAMs D0 to 
D15 through the address TSVs. 
0044 As is clear from the above description, the TSVs for 
the first and second clock signals, the TSVs for the command 
signals, and the TSVs for the address signals are substantially 
equal in length to each other. 
0045. The SDRAM D0 (first DRAM set) and the input/ 
output circuit 207 of the logic LSI chip 20 are connected to 
each other through the 32 data signal DQ TSVs as indicated 
by x32 (first I/O group) in FIG.2. The input/output circuit 207 
includes interface circuits such as buffers corresponding to 
the SDRAM chips, respectively, so that data signals DQ are 
sent and received between the SDRAM D0 and the logic 
control circuit 203 through the corresponding interface cir 
cuit. Each interface circuit may have a parallel-serial conver 
sion circuit. The data signal DQ TSVs between the SDRAM 
D0 and the logic LSI chip 20 pass through the SDRAMs D8, 
D1, D9, ..., D14, D7 to extend to the uppermost SDRAM 
D15, thereby forming the continuous type TSVs. This means 
that the data signal DQ TSVs for the SDRAM D0 each 
include an unused and redundant interconnection from the 
SDRAM D1 (second DRAM set) to the SDRAM D15 (eighth 
DRAM set). As will be described later, the data signal DQ 
TSVs for the SDRAM D0 are also used by the SDRAM D8 
(first DRAM set). That is, the data signal DQ TSVs for the 
SDRAM D0 are commonly used by the first DRAM set 
(SDRAM D0 and SDRAM D8). Specifically, the logic LSI 
chip 20 and the SDRAM D0 are connected to each other 
through first data signal DQ TSVs and the SDRAM D0 and 
the SDRAM D8 are connected to each other through second 
data signal DQ TSVs electrically identical to the first data 
signal DQ TSVs. The above-mentioned unused and redun 
dant interconnections or vias related to the first DRAM set 
extend to the other DRAM sets (second to eighth DRAM 
sets). However, the data signal DQ TSVs (x32) used by the 
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first DRAM set are not used by the second to eighth DRAM 
sets and thus are unused and redundant interconnections for 
those DRAM sets in terms of necessary connection. 
0046. Likewise, the data signal DQ TSVs (second I/O 
group) for the SDRAM D1 (second DRAM set) also extend 
from the input/output circuit 207 of the logic LSI chip 20 to 
the SDRAM D15 through the SDRAMs D0, D8, D1, D9, ... 
D7. Therefore, it is seen that the data signal DQTSVs for the 
SDRAM D1 include unused and redundant interconnections 
corresponding to the first and third to eighth DRAM sets. This 
applies to the subsequent SDRAMs. The data signal DQ 
TSVs for the SDRAM D7 are provided between the input/ 
output circuit 207 of the logic LSI chip 20 and the SDRAM 
D7. The data signal DQ TSVs for the SDRAM D7 are also 
formed by 32 TSVs and are commonly used by the SDRAMs 
D7 and D15. In this manner, all the data signal DQTSVs form 
the continuous type TSVs connected between the logic LSI 
chip 20 and the uppermost SDRAM D15 and are substantially 
equal in length to each other. 
0047. Herein, taking the SDRAM D0 as an example, the 
structure of the SDRAM chip used in this embodiment will be 
described. The illustrated SDRAM D0 comprises, in addition 
to the above-mentioned TSVs, a DRAM array 301 having a 
memory capacity of 2 Gbit, a command decoder 303, an 
address buffer 305, an X-decoder 307, a Y-decoder 309, a 
DLL circuit 311, and a parallel-serial conversion circuit 313. 
0048. The command decoder 303 of the SDRAM D0 
belonging to the first group (chip selection group) decodes 
command signals RASB, CASB, and WEB sent from the 
logic LSI chip 20. 
0049. On the other hand, a bank address signal BA0-2 and 
an address signal A0-13 from the logic control circuit 203 are 
given to the address buffer 305. The address buffer 305 out 
puts address signals AX0-13 and AY0-9 to the X-decoder 307 
and the Y-decoder 309, respectively. In response to the 
address signals AX0-13 and AY0-9 given to the X- and Y-de 
coders 307 and 309, the DRAM array 301 inputs and outputs 
128-bit (x128) data signals in parallel between itself and the 
parallel-serial conversion circuit 313. The input/output 
operations of the 128-bit data signals are performed under the 
control of a command from the command decoder 303 and 
clocks from the DLL circuit 311. The parallel-serial conver 
sion circuit 313 sends and receives x128-bit parallel data 
signals between itself and the DRAM array 301 and further 
sends and receives 32-bit (x32) parallel data signals between 
itself and the logic LSI chip 20. That is, the parallel-serial 
conversion circuit 313 has a function to convert a x128-bit 
data signal into x32-bit data signals and to convert x32-bit 
data signals into a x128-bit data signal. 
0050. In the illustrated structure, since the data signal DQ 
and data strobe signal DQS/BTSVs for all the DRAM sets 
corresponding to the respective I/O groups can be made Sub 
stantially equal in length to each other, the skew between data 
signals DQ and data strobe signals DQS/B can be minimized. 
This structure (equi-length interconnections) is very impor 
tant in the stacked structure in which the plurality of DRAM 
sets are stacked in sequence with respect to the controller 
chip. This is because, in this embodiment, each I/O group is 
formed by x32 DQ signal bits and the controller chip can 
perform communication control of the plurality of I/O groups 
(x256 DQ signal bits) with a single synchronization signal 
and with high accuracy. Since the address, command, and 
clock signal TSVs can also be made Substantially equal in 
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length to each other, it is also possible to minimize the skew 
between address and clock signals and between command 
and clock signals. 
0051. As described above, according to the first and sec 
ond embodiments of this invention, it is possible to form a 
semiconductor device in which a control chip (logic LSI chip 
20 in FIGS. 1 and 2) and a plurality of controlled chips 
(SDRAM chips in FIGS. 1 and 2) are stacked together by the 
use of the so-called TSV technology. 
0.052 Herein, consideration is given to the case where two 
controlled chips are stacked on a control chip and are con 
nected to the control chip through penetrating through Sub 
strate Vias, namely, through-silicon Vias (TSVs). 
0053 For example, a first chip is assumed to be a control 
chip (master chip) and a second chip (first DRAM set) and a 
third chip (second DRAM set) are assumed to be controlled 
chips (slave chips). In addition, it is assumed that the second 
and third chips are stacked in this order on the first chip. First, 
communications (read/write) of respective I/O groups are 
performed between the first control chip and the second and 
third controlled chips. In this event, the distance (first imped 
ance) of a signal line connected between respective circuits of 
the first control chip and the second controlled chip differs 
from the distance (second impedance) of a signal line con 
nected between respective circuits of the first control chip and 
the third controlled chip so that there are differences in signal 
arrival time and reflected wave quantity (using the respective 
chips as references). 
0054 Taking this into account, in the first and second 
embodiments, it is pointed out that the first and second imped 
ances can be made Substantially equal to each other by setting 
the distance of the signal line between the first control chip 
and the second controlled chip to be equal to the distance of 
the signal line between the first control chip and the third 
controlled chip. 
0055. It is preferable to take into account that, practically, 
signal lines formed by through-silicon vias (TSVs) are not 
necessarily made equal in impedance to each other due to 
manufacturing variations in manufacturing processes (TSV 
forming process, bump forming process, and TSV-bump con 
nection process). That is, TSVs formed in different manufac 
turing processes may have different impedances due to manu 
facturing variations in the manufacturing processes. 
0056 Further, it is also preferable to expect that when a 
plurality of signal lines are formed by a plurality of TSVs, the 
impedance of each signal line may be different from those of 
the others due to variations of inherent manufacturing pro 
CCSSCS. 

0057 Moreover, it is also preferable to take into account 
that it may be necessary to individually adjust ODTs (On-Die 
Terminations), i.e. termination resistances, connected on 
respective SDRAM chips depending on manufacturing varia 
tions. 

0058. On the other hand, in the case of a well-known 
surface mount type module different from the stacked type 
semiconductor device according to this invention, it is usual 
to form, in the same process, interconnections between a 
plurality of chips in a module board. That is, in the surface 
mount type module, it is not necessary to consider the differ 
ence in impedance due to the difference in manufacturing 
process. For example, in the Surface mount type module, a 
plurality of interconnections in the module board and a plu 
rality of interconnections in the chips are simultaneously 
formed in the same process. Therefore, for example, if the 
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interconnections are narrowed due to manufacturing varia 
tions, the impedances of all the interconnections uniformly 
change in the same direction and thus it is not necessary to 
consider the difference in impedance between interconnec 
tions that are formed in different manufacturing processes. 
0059 Referring to FIG.3, there are shown interconnection 
impedances in the semiconductor device according to the 
second embodiment of this invention. Herein, the intercon 
nection impedances in a through-silicon via (TSVa) for the 
second clock signal CS1CK1 and a data signal DQTSVb for 
the SDRAM D15 are exemplarily illustrated. The illustrated 
interconnection impedances are respectively given by pen 
etrating through electrode resistances RVIA and capacitances 
CVIA in the TSVa for the second clock signal CS1CK1 and 
the data signal DQTSVb for the SDRAM D15. In FIG.3, in 
order to simplify the explanation, the penetrating through 
electrode resistances RVIA and the capacitances CVIA in the 
TSVa for the second clock signal CS1CK1 and the data signal 
DQTSVb for the SDRAM D15 are shown to be equal to each 
other. When paying attention to the TSVa for the second clock 
signal CS1CK1, an equivalent circuit thereof can be given by 
penetrating through electrode resistances RVIA connected in 
series from the SDRAM D0 to the SDRAM D15 and a plu 
rality of capacitances CVIA each connected between the 
adjacent penetrating through electrode resistances RVIA. 
0060 ATSV DQC1 being part of the data signal DQTSV 
for the SDRAMs D0 and D8 is shared by the SDRAMs D0 
and D8. Likewise, a TSV DQC2 being part of the data signal 
DQ TSV for the SDRAMs D1 and D9 is shared by the 
SDRAMs D1 and D9. Further, a TSV DQC8 is shared by the 
SDRAMs D7 and D15. Herein, an equivalent circuit of the 
data signal DQTSVb including as its part the shared penetrat 
ing through electrode DQC8 can be given by a series circuit 
having penetrating through electrode resistances RVIA con 
nected in Series from the SDRAM D0 to the SDRAM D15 and 
a plurality of capacitances CVIA each connected between the 
adjacent penetrating through electrode resistances RVIA. The 
penetrating through electrode capacitance CVIA is actually 
about 60 pF. 
0061. As is clear from FIG. 3, the SDRAM chip located 
closer to the logic LSI chip 20 has a smaller penetrating 
through resistance while the SDRAM chip located farther 
from the logic LSI chip 20 has a larger penetrating through 
resistance. Further, these penetrating through resistances 
slightly have variations due to the difference in manufactur 
ing process. 
0062 Referring to FIG. 4, the structure of the semicon 
ductor device shown in FIGS. 2 and 3 will be described in 
more detail. Herein, the structure of the data signal DQTSVs 
is mainly illustrated and, as is clear from FIG. 4, these TSVs 
form the continuous type TSVs, respectively. As shown in 
FIG.4, the 16 SDRAMs D0, D8, D1, D9, D2, D10, D3, D11, 
D4, D12, D5, D13, D6, D14, D7, and D15 are stacked in this 
order on the logic LSI chip 20. The SDRAMs D0 to D7 form 
the first group (first chip selection group) and the SDRAMs 
D8 to D15 form the second group (second chip selection 
group). The adjacent two SDRAMs of the first and second 
groups, such as, for example, the SDRAMs D0 and D8, D1 
and D9, or D7 and D15, form a SDRAM pair or set (n-th 
DRAM set) sharing the corresponding data signal DQTSVs, 
i.e. corresponding buses (n-th I/O group). 
0063. In order to clarify the above-mentioned sharing rela 
tionship, in FIG.4, a single data signal DQTSV shared by the 
SDRAMs D0 and D8 of the first DRAM set is given by 
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TSV08 (first I/O set), a single data signal DQTSV shared by 
the SDRAMs D1 and D9 of the second DRAM set is given by 
TSV 19 (second I/O set), and a single data signal DQ TSV 
shared by the SDRAMs D7 and D15 of the eighth DRAM set 
is given by TSV715 (eighth I/O set). As enlargedly shown on 
the right side in FIG.4, the upper side and the lower side in the 
figure of each SDRAM chip are silicon (Si) front and back 
surfaces, respectively, and through-silicon vias TSVs have 
penetrating through interconnections between the front and 
the back surfaces and electrodes formed on the front and back 
Surfaces. 

0064. As seen from FIG. 4, all the data signal DQ TSVs 
have the same length if there is no variation in manufacturing 
processes and so on. Further, the data signal DQ TSV08 
includes a portion shared by the SDRAMs D0 and D8 and, in 
this connection, circuits formed at the front surfaces of the 
SDRAMs D0 and D8 and the data signal DQTSV08 are in a 
conductive state (i.e. on state). On the other hand, the 
SDRAMs other than the SDRAMs D0 and D8 and the data 
signal DQTSV08 are in a non-conductive state (i.e. off state). 
0065. Likewise, the data signal DQ TSV 19 and circuits 
formed at the front Surfaces of the SDRAMs D1 and D9 are in 
a conductive state (i.e. on State) while the data signal DQ 
TSV 19 is not electrically connected to the SDRAMs other 
than the SDRAMs D1 and D9. Further, the data signal DQ 
TSV715 and circuits formed at the front Surfaces of the 
SDRAMs D7 and D15 are in a conductive state (i.e. on state). 
0066. From this fact, it should be understood that the con 
trolled chips specified by the SDRMS D0 to D15 are divided 
into a first set or group D0 to D7 and a second set or group D8 
to D15 and that the first set of the controlled chips. D0 to D7 
has first ones of the penetrating through substrate Vias 
(namely, through-silicon Vias) that are used for performing 
communication between the control chip and the controlled 
chips of the first set and second ones of the penetrating 
through Substrate vias that are used for performing commu 
nication between the control chip and the controlled chips of 
the second set. Likewise, the second set of the controlled 
chips comprises third ones of the penetrating through Sub 
strate Vias that are used for performing communication 
between the control chip and the controlled chips of the 
second set and fourth ones of the penetrating through Sub 
strate Vias which are used for performing communication 
between the control chip and the controlled chips of the first 
Set. 

0067 Moreover, it is to be noted that the first ones of the 
penetrating through Substrate vias and the fourth ones of the 
penetrating through Substrate Vias are connected to each other 
and are connected to first ones of the nodes of the control chip 
corresponding to the first I/O group, to thereby structure a first 
interconnection. Likewise, the secondones of the penetrating 
through Substrate Vias and the third ones of the penetrating 
through substrate Vias are connected to each other and are 
connected to second ones of the nodes of the control chip 
corresponding to the second I/O group, to thereby structure a 
second interconnection. As a result, the first interconnection 
and the second interconnection are substantially equal in 
length to each other within the stacked structure. 
0068. This means that the first ones of the penetrating 
through Substrate Vias and the fourth ones of the penetrating 
through Substrate Vias are arranged at first coordinate posi 
tions placed at the same positions on coordinate defined on 
the respective controlled chips. Similarly, the second ones of 
the penetrating through Substrate Vias and the third ones of the 
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penetrating through Substrate Vias are arrange at second coor 
dinate positions placed at the same positions on coordinate 
defined on the respective controlled chips. At any rate, the first 
and the second interconnections form first and second con 
tinuous penetrating through type conductors which are per 
pendicular and straight to the first and the second nodes of the 
control chip. 
0069. Referring now to FIG. 5, there is shown an equiva 
lent circuit for specifically explaining the data signal DQ 
TSV715 and circuits related to TSV715 in the semiconductor 
device shown in FIG. 4. Herein, the semiconductor device 
according to the second embodiment of this invention is illus 
trated and, in this connection, it is assumed that the SDRAMs 
D0 to D15 include chip switch circuits CS0 to CS15, respec 
tively, for the single data signal DQTSV715 and that the chip 
switch circuits CS15 to CS0 each include later-described 
compensation resistances. 
0070. The chip switch circuits CS15 to CS0 each include 
two Switch elements Sa and sb each for determining an on/off 
state with respect to the data signal DQ TSV715. These two 
switch elements sa and sbare controlled by a first ROM1 and 
a second ROM2. For the sake of simplification, a description 
will be given assuming that the first ROM1 and the second 
ROM2 are provided commonly for all the SDRAMs D0 to 
D15, but each SDRAM may be provided with a first ROM1 
and a second ROM2. 

(0071. Herein, the DRAM set of the SDRAMs D15 and D7 
sharing the data signal DQ TSV715 will be explained. The 
first ROM1 outputs first and second group indication signals 
C0SIG and C1SIG indicative of the first and second groups 
(chip selection groups), respectively. The second ROM2 out 
puts a set indication signal (D715 for the SDRAM D15) 
indicative of a SDRAM pair forming a set (n-th DRAM set). 
0072. In the chip switch circuit CS15 of the SDRAM D15 
shown in FIG. 5, the switch sa which is given the set indica 
tion signal D715 and the second group indication signal C1 
SIG is put in an on (conductive) state. During the on state of 
the switch sa, the switch sb which is given the set indication 
signal D715 and the first group indication signal COSIG is in 
an off (non-conductive) state. 
0073. On the other hand, in the chip switch circuit CS7 of 
the SDRAM D7, conversely to the SDRAM D15, the switch 
sa which is given the set indication signal D715 and the 
second group indication signal C1 SIG is put in an off state. 
During the off-state of the switch sa, the switch sb given the 
set indication signal D715 and the first group indication sig 
nal COSIG is in an on state. 

0074 The other SDRAMs D0 to D6 and D8 to D14 given 
a logic “0” level as the set indication signal D715 are all in an 
off state and, as a result, the SDRAMs D15 and D7 can 
selectively send or receive a data signal DQ to or from the 
logic LSI chip 20 through the data signal DQTSV715. In this 
manner, it is seen that the TSV715 is shared by the SDRAMs 
D15 and D7. 

0075. In the illustrated example, the description has been 
given assuming that the first ROM1 and the second ROM2 
generate the above-mentioned group and set indication sig 
nals collectively for all the SDRAMs D15 to D0. However, as 
described above, each SDRAM may be provided with the first 
ROM1 and the second ROM2. The group indication signal is 
a typical example of a chip selection group indication signal 
and the set indication signal is a typical example of a DRAM 
set indication signal. 
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(0076. In FIG. 5, an equivalent circuit inside the SDRAM 
D15 is shown and it is assumed that the other SDRAMs D0 to 
D14 are each given by the same equivalent circuit as the 
SDRAM D15. In this connection, the equivalent circuits of 
the SDRAMs D0 to D14 are expressed only by circuit ele 
mentS. 

(0077. The illustrated equivalent circuit inside the SDRAM 
D15 comprises an interconnection resistance R2 in the chip, 
a chip internal capacitance C2 Such as a capacitance due to 
pads (pads in FIGS. 6A to 6C) in the chip and an intercon 
nection capacitance, and an interconnection inductance L1. 
In this example, the other SDRAMs D0 to D14 are each 
expressed by the same equivalent circuit comprising an inter 
connection resistance R2, a chip internal capacitance C2, and 
an interconnection inductance L2. The pads are so-called 
probing pads mainly used when a wafer test of the single chip 
is conducted before an assembly process of stacking the plu 
rality of chips with the TSV electrodes. 
0078. Like in the above-mentioned example, the data sig 
nal DQ TSV715 is shown to have penetrating through elec 
trode resistances RVIA and penetrating through capacitances 
CVIA also at the SDRAM portions other than at the SDRAMs 
D15 and D7. 

(0079. On the other hand, in FIG. 5, the logic LSI chip 20 is 
also expressed by an equivalent circuit. The equivalent circuit 
of the logic LSI chip 20 comprises an interconnection resis 
tance R3 in the logic LSI chip 20, a capacitance C3 such as an 
interconnection capacitance, and an interconnection induc 
tance L2. The illustrated equivalent circuit of the logic LSI 
chip 20 is given by the impedance of a MOS driver in memory 
write. Preferably, the logic LSI chip 20 further has a compen 
sation impedance for impedance adjustment. 
0080 Referring now to FIG. 6A, the SDRAM chips form 
ing the semiconductor device shown in FIG. 5 will be 
described in more detail. Herein, there is shown a plan view of 
one of the stacked SDRAMs D0 to D15 (e.g. the SDRAM 
D15). This structure is the same in the other SDRAM chips. 
I0081. A chip switch circuit CS (index omitted) of the 
SDRAM chip shown in FIG. 6A includes pairs of switch 
elements SWO and SW8, SW1 and SW9, SW2 and SW10, 
SW3 and SW11, SW4 and SW12, SW5 and SW13, SW6 and 
SW14, and SW7 and SW15 that are provided corresponding 
to the shared data signal DQ TSVs, i.e. the continuous type 
TSV08, TSV 19, TSV210, TSV311, TSV412, TSV513, 
TSV614, and TSV715, respectively. These pairs of switch 
elements SWO and SW8, SW1 and SW9, SW2 and SW10, 
SW3 and SW11, SW4 and SW12, SW5 and SW13, SW6 and 
SW14, and SW7 and SW15 correspond to the switch ele 
ments sa and sb provided in the chip switch circuits CS15 to 
CS0 shown in FIG. 5 although FIG. 5 shows the switch 
elements Sa and sb corresponding only to the continuous 
TSV715. 

I0082. The SDRAM chip shown in FIG. 6A further 
includes a first ROM1 and a second ROM2 and has a function 
to compensate for phase variations among the data signal DQ 
TSVs. Specifically, FIG. 6A shows the connection relation 
ship between the data signal DQ TSV08 to TSV715 and the 
Switch elements SWO to SW15 while FIG. 6B shows the 
connection relationship between control signal CS0/1 TSVs 
(herein denoted by VIAC0 and VIAC1, respectively) and 
switch elements SWC0 to SWC15. Further, FIG. 6C shows 
the Structure of each of the Switch elements SWO to SW15 and 
SWCO to SWC15. 
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0083. In FIG. 6A, the switch elements SW0 to SW15 
respectively connected to the data signal DQTSV 08 to TSV 
715 on each SDRAM chip are collectively given as a chip 
switch circuit portion CSWDQ while, in FIG. 6B, the switch 
elements SWC0 to SWC15 respectively connected to the 
control signal CS0/1 TSVs VIAC0 and VIAC1 on each 
SDRAM chip are collectively given as a chip switch circuit 
portion CSWC. 
I0084. The data signal DQ TSV08 provided on the upper 
side in FIG. 6A is a penetrating through electrode shared by 
the SDRAMs D0 and D8 located closest to the logic LSI chip 
20 and the TSVs provided lower in FIG. 6A are penetrating 
through electrodes shaped by the SDRAM chips located far 
ther from the logic LSI chip 20. Accordingly, the data signal 
DQTSV715 provided at the lowermost position in FIG. 6A is 
a penetrating through electrode shaped by the SDRAMs D7 
and D15 provided at the uppermost position in FIG. 4. In 
other words, the data signal DQTSV 08 is required to be set in 
an on state only at the SDRAMs D0 and D8 and likewise the 
data signal DQTSV715 is required to be set in an on state only 
at the SDRAMS D7 and D15. 

I0085. On the upper side in FIG. 6B, there are shown the 
switch elements SWC0 and SWC8 that are put into an on state 
in circuits connected to the SDRAMs D0 and D8 and located 
closest to the logic LSI chip 20 while, at the lowermost 
position, there are shown the switch elements SWC7 and 
SWC15 that are put into an on state in circuits connected to 
the SDRAMs D7 and D15 and located farthest from the logic 
LSI chip 20. The switch elements SWC0 to SWC15 are 
selectively put into an on State according to first and second 
group indication signals COSIG and C1 SIG from the first 
ROM1 and set indication signals D08 to D715 from the 
second ROM2 and a control signal CS0/1 is supplied to the 
respective SDRAM chips through either one of the through 
silicon vias (TSVs) VIAC0 and VIAC1 and the selected 
Switch elements. 

I0086. An output MOS transistor and an input circuit 
shown in FIG. 6A are so-called I/O circuits (internal circuits) 
and, in the case of DRAM DQ, a memory cell is connected 
through the output MOS transistor and the input circuit. An 
input circuit shown in FIG. 6B is a so-called interface input 
circuit for transmitting a clock, address, or command signal 
or the like to a logic circuit in the chip. 
I0087 FIG. 6A will be explained in more detail. First and 
second group indication signals C0SIG and C1SIG are given 
from the first ROM1 to the chip switch circuit portions 
CSWDQ of the SDRAMs forming the respective groups 
(chip selection groups) and set indication signals D08 to 
D715 are given from the second ROM2 to the chip switch 
circuit portions CSWDQ of the SDRAM pairs forming the 
respective sets (DRAM sets). In this example, when the first 
and second group indication signals C0SIG and C1SIG are 
output to the SDRAM chips belonging to the respective 
groups (chip selection groups), i.e. output to the selected 
SDRAM chips, the first and second group indication signals 
C0SIG and C1SIG take a logic “1” level. The set indication 
signal takes a logic “1” level in the case of the selected set 
(selected DRAM set) while takes a logic “0” level in the case 
of the non-selected set (non-selected DRAM set). 
I0088. When the SDRAM chip shown in FIG. 6A is used as 
any one of the SDRAMs D0 to D7 forming the first group 
(first chip selection group), a logic “1” level is given as the 
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first group indication signal COSIG from the first ROM1 to 
the switch elements SW0 to SW7 provided in the chip switch 
circuit portion CSWDQ. 
I0089. On the other hand, when the SDRAM chip shown in 
FIG. 6A is used as any one of the SDRAMs D8 to D15 
forming the second group (second chip selection group), a 
logic “1” level is given as the second group indication signal 
C1 SIG from the first ROM1 to the Switch elements SW8 to 
SW15 provided in the chip switch circuit portion CSWDQ. 
(0090. Further, when the SDRAM chip shown in FIG. 6A is 
used as either one of the SDRAM chip pair, for example, the 
SDRAMs D15 and D7, forming the set (DRAM set), the set 
indication signal D715 of logic “1” is given to the switch 
elements SW15 and SW7 from the second ROM2. Likewise, 
when used as either one of the SDRAMs D14 and D6, the set 
indication signal D614 of logic “1” is given to the switch 
elements SW14 and SW6. This applies to the subsequent 
SDRAM pairs. When used as either one of the SDRAMs D8 
and D0, the set indication signal D08 of logic “1” is given to 
the Switch elements SW8 and SWO. 
(0091 Referring to FIG. 6C, the structure of the above 
mentioned Switch elements SWO to SW15 will be described. 
As is clear from FIG. 6C, the switch elements SW0 to SW15 
each comprise a NAND gate that outputs NAND of a group 
indication signal (given by C) from the first ROM1 and a set 
indication signal (given by D) from the second ROM2, an 
inverter that inverts a NAND gate output, and a CMOS switch 
formed by CMOS transistors that receive the NAND gate 
output and an inverter output. The CMOS switch is turned on 
when the group indication signal C and the set indication 
signal D both take a logic “1” level. In this example, when the 
CMOS switch is in the on state, it operates to send an output 
from the penetrating through electrode side to a pad of the 
SDRAM. 

0092. Herein, it is assumed that the SDRAM chip shown 
in FIG. 6A is used as the SDRAM D15 and that each of the 
Switch elements SWO to SW15 has the structure shown in 
FIG. 6C. 

0093. In this case, as shown in FIG. 6A, the second group 
indication signal C1SIG of logic “1” and the set indication 
signal D715 of logic “1” are given to the switch element 
SW15 in the SDRAM D15 of the second group (second chip 
selection group). Therefore, the switch element SW15 is put 
into an on state. On the other hand, among the other Switch 
elements SW0 to SW14, the Switch elements SWO to SW7 
given the first group indication signal COSIG of logic “0” are 
in an offstate and, further, the Switch elements SW8 to SW14 
given the set indication signals D08 to D614 of logic “0” are 
also in an off state. 

(0094. As a result, only the switch element SW15 in the 
SDRAM D15 is turned on so that a data signal DQ can be sent 
or received between the data signal DQTSV715 and the pad. 
(0095. On the other hand, when the SDRAM chip shown in 
FIG. 6A is used as the SDRAM D7, the first group indication 
signal COSIG of logic “1” and the set indication signal D715 
of logic “1” are given to the switch element SW7 from the first 
ROM1 and the second ROM2. As a result, the Switch element 
SW7 is turned on So that the SDRAM D7 can send or receive 
a data signal DQ through the data signal DQTSV715. When 
the SDRAM chip shown in FIG. 6A is used as any one of the 
other SDRAMs D0 to D6 and D8 to D14, it is also possible to 
achieve the same operation by setting the group indication 
signals and the set indication signals in the first ROM1 and the 
Second ROM2. 
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0096. Further, referring to FIG. 6A, resistance elements 
are connected as compensation impedance elements between 
the switch elements SW0 to SW15 of the SDRAM chip and 
the data signal DQ penetrating through electrodes TSV08 to 
TSV715, respectively. In this case, the resistance element 
having the largest resistance value is connected between the 
switch element SWO and the TSV08 used by the SDRAMs 
D0 and D8 located at the nearest position from the logic LSI 
chip 20 while no resistance element is connected between the 
switch element SW15 and the penetrating through electrode 
TSV715 used by the SDRAMs D7 and D15 located at the 
farthest position from the logic LSI chip 20. In this example, 
the resistance element having a resistance value of 15 times a 
penetrating through electrode resistance RVIA (RVIAx15) is 
connected to the Switch element SW0. 

0097. With a greater distance from the logic LSI chip 20, 
a resistance with a smaller value is connected. In the case of 
this example, the resistance element with a resistance value of 
RVIAx14 is connected to the Switch element SW8 and the 
resistance elements with resistance values of RVIAx13 and 
RVIAx12 are connected to the Switch elements SW1 and 
SW9, respectively. 
0098. As described above, the structure of the SDRAM 
chip shown in FIG. 6A can be directly applied to the 
SDRAMs D0 to D15 except setting the first ROM1 and the 
second ROM2. Therefore, the SDRAMs D0 to D15 can be 
easily manufactured by incorporating 16 kinds of resistance 
elements shown in FIG. 6A into each SDRAM chip. For the 
overall impedance adjustment, a resistance element may be 
added also between the TSV715 and the Switch element 
SW15. 

0099. The above-mentioned resistance elements as the 
compensation impedance elements each have a trimming 
function or element (not illustrated) used for finely adjusting 
its resistance value (impedance value). Manufacturing varia 
tions in the above-mentioned TSV forming process, bump 
forming process, and TSV-bump connection process are 
tested after the manufacture of the semiconductor device and, 
according to the results of the test, the resistance values of the 
resistance elements are finely adjusted by the use of the trim 
ming elements. This makes it possible to achieve Substan 
tially real equi-length interconnections that respond to the 
manufacturing results and that connect between the con 
trolled chips stacked in the semiconductor device. The test 
results are stored in third ROMs (not illustrated) incorporated 
in the controlled chips, respectively. The resistance values of 
the resistance elements are individually adjusted by control 
ling the trimming elements based on the test results stored in 
the third ROMs. 

0100. In the SDRAM chip shown in FIG. 6B, the chip 
switch circuit portion CSWC connected to the control signal 
CSO/1 VIAC0 and VIAC1 includes the Switch elements 
SWC0 to SWC15 that are selectively turned on in response to 
the group indication signals COSIG and C1 SIG and the set 
indication signals D08 to D715 from the first ROM1 and the 
Second ROM2. Between each of the Switch elements SWCO 
to SWC15 and the VIAC0 or VIAC1, a resistance element 
having a larger resistance value is connected as a compensa 
tion impedance element as the corresponding SDRAM chip is 
located closer to the logic LSI chip 20 while a resistance 
element having a smaller resistance value is connected as a 
compensation impedance element as the corresponding 
SDRAM chip is located farther from the logic LSI chip 20. 
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Also in this case, no resistance element is connected to the 
switch element SWC15 that corresponds to the uppermost 
SDRAM 15. 

0101 Since the SDRAM chip having these resistance ele 
ments can be used as each of the SDRAMs D0 to D15, the 
SDRAMs D0 to D15 can be easily manufactured without 
increasing manufacturing processes only by designing each 
semiconductor chip to have the respective resistance ele 
ments. That is, when forming the address, clock, and com 
mand through-silicon Vias (TSVs), resistance elements hav 
ing the above-mentioned resistance values may be buried in 
those electrodes. 
0102. As shown in FIGS. 6A to 6C, by preparing all the 
resistance elements with resistance values that correspond to 
the stacked positions of the SDRAM chips over the logic LSI 
chip 20 and by selecting the resistance elements in accor 
dance with the stacked positions and the sets (DRAM sets), it 
is possible to compensate for variations in phase of data 
signals DQ input to the logic LSI chip 20. Further, it is also 
possible to compensate for variations in phase of clocks, 
addresses, and commands with respect to the SDRAM chips. 
Therefore, it is seen that the semiconductor device according 
to the second embodiment of this invention shown in FIGS.5 
and 6A to 6C can form a semiconductor device with a phase 
variation compensation function. In other words, by selec 
tively connecting compensation resistances that are comple 
mentary to resistances in through-silicon Vias (TSVs) at 
stacked positions, respectively, to make the resistances in all 
the through-silicon vias (TSVs) substantially equal to each 
other, it is possible to equalize phase variations not only in 
data signals DQ, but also in clocks, addresses, and com 
mands. 
0103) Further, by employing the structure in which the 
stacked SDRAM chips are divided into the groups (chip 
selection groups) and the through-silicon Vias (TSVs) are 
each shared by the groups, it is possible to reduce by half the 
load of each SDRAM chip as compared with the case where 
the SDRAM chips are not divided into the groups. 
0104 Referring to FIGS. 7A and 7B, a description will be 
given about another example of a SDRAM chip serving as a 
controlled chip in a semiconductor device according to a third 
embodiment of this invention. The SDRAM chip shown in 
FIGS. 7A and 7B also has a phase variation compensation 
function like the SDRAM chip shown in FIGS. 6A to 6C. 
FIG. 7A is for explaining compensation resistances for phase 
variation compensation connected to data signal DQ TSV08 
to TSV715 while FIG. 7B is for explaining compensation 
resistances connected to clock/address/command control sig 
nal VIAC0 and VIAC1. 

0105. The SDRAM chip shown in FIG. 7A has a structure 
in which all the compensation resistances have the same 
resistance value (herein, equal to a resistance value of a pen 
etrating through electrode resistance RVIA). When the 
SDRAM chip is used as an uppermost SDRAM D15, no 
compensation resistance is connected, which is the same as in 
FIG. 6A. Accordingly, when the SDRAM chip is used as the 
SDRAM D15, a data signal DQ is sent or received between 
the data signal DQ TSV715 and an internal circuit of the 
SDRAM D15 not through any compensation resistance. 
0106. When the SDRAM chip is used as a SDRAM D7, a 
data signal DQ from the SDRAM D7 is output to a pad 
through one compensation resistance RVIA. On the other 
hand, when the SDRAM chip is used as either one of 
SDRAMs D6 and D14, a data signal DQ from the SDRAM 
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D6 or D14 is output to a pad through three or two compen 
sation resistances RVIA. Likewise, when the SDRAM chip is 
used as a SDRAM D0 located closest to a logic LSI chip 20. 
a data signal from the SDRAM D0 is output through 15 
compensation resistances RVIA. Likewise, a data signal from 
a SDRAM D8 is output through 14 compensation resistances 
RVIA. 

0107 That is, in the SDRAM chip shown in FIG. 7A, each 
compensation resistance RVIA is connected between adja 
cent two switch elements, i.e. between SWO and SW8, 
between SW8 and SW1, between SW1 and SW9, and so on, 
but not between the data signal DQTSV08 to TSV715 and the 
switch elements SW0 to SW15. As a result, a data signal DQ 
from the selected SDRAM chip is output to a pad from the 
selected Switch element through the plurality of compensa 
tion resistances RVIA (except the SDRAMs D7 and D15). In 
this case, since the other Switch elements are not selected, the 
compensation resistances RVIA are connected in series 
between the selected switch element and the pad so that the 
data signal DQ is output through a total resistance value 
which is a multiple of the value of the compensation resis 
tance RVIA. Therefore, with this structure, it is also possible 
to compensate for phase variations like in FIGS. 6A to 6C. 
0108. The circuit shown in FIG. 6C can be used as each of 
the Switch elements SWO to SW15. 
0109. In the SDRAM chip shown in FIG. 7B, it is also 
possible to achieve a compensation resistance structure avail 
able when the SDRAM chip is used as any one of the 
SDRAMs D0 to D15. That is, compensation resistances 
RVIA are provided outside switch elements SWC0 to SWC7. 
i.e. on the pad side of the SDRAM chip. In this structure, a 
control signal Such as a clock signal, an address signal, or a 
command signal is Supplied from the control signal VIAC0 or 
VIAC1 through the number of compensation resistances 
RVIA that corresponds to a stacked position and a set (DRAM 
set) of the selected SDRAM chip. Therefore, with the circuit 
structure of FIG. 7B, it is also possible to compensate for 
phase variations of the control signal. 
0110 Referring to FIGS.8A,8B, and 8C, a semiconductor 
device with a phase variation compensation function accord 
ing to a fourth embodiment of this invention will be 
described. The semiconductor device shown in FIG. 8A has a 
structure in which only either one of each of SDRAM pairs 
forming sets (DRAM sets) and sharing data signal DQTSVs, 
respectively, is connected to the corresponding shared data 
signal DQ TSV while the other SDRAM is completely dis 
connected from the corresponding shared data signal DQ 
TSV, thereby not only compensating for phase variations of 
data signals DQ, but also reducing by half the load capaci 
tance of data buses formed by the data signal DQ penetrating 
through electrodes TSV. This will be explained in more detail. 
In order to simplify the explanation, FIG. 8A shows only 
SDRAMs D15 and D7 among SDRAMs D0 to D15, wherein 
the SDRAMs D15 and D7 respectively have RLWLON (Read 
Latency Write Latency ON) generation circuits 9015 and 907 
that respectively put the SDRAMs D15 and D7 into an off 
state for a period of read latency (RT) or write latency (WT) 
while put the SDRAMs D15 and D7 into an on state for the 
other period. In the example shown in FIGS. 8A to 8C, Switch 
elements sa and sb, each having a structure shown in FIG. 8C, 
are provided in each of chip switch circuits CS15 and CS7 of 
the SDRAMS D15 and D7. 

0111. As shown in FIG. 8C, the switch elements sa and sb 
each comprise a NAND circuit that outputs NAND of three 
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inputs from the RLWLON generation circuit 90 (index omit 
ted), a first ROM1, and a second ROM2, an inverter, and a 
CMOS switch. As a result, in response to a logic “1” level 
signal (on signal) from the RLWLON generation circuit 90 
and a logic “1” level from the first ROM1 and the second 
ROM2, the CMOS switch is turned on and outputs a data 
signal DQ from the TSV to the pad side. 
(O112 In FIG. 8A, it is assumed that the RLWLON gen 
eration circuit 9015 of the SDRAM D15 outputs a logic “0” 
level signal while the RLWLON generation circuit 907 of the 
SDRAM D7 outputs an on signal of logic “1”. In this case, 
even if a logic “1” level is received as a second group indica 
tion signal C1SIG and a set indication signal D715 from the 
first ROM1 and the second ROM2, the upper switch element 
sain the chip switch circuit CS15 of the SDRAM D15 is held 
in an off state due to the logic “0” level signal from the 
RLWLON generation circuit 9015. Further, the lower switch 
elementsb in the chip switch circuit CS15 is also held in an off 
state due to the RLWLON signal of logic “0”. Therefore, the 
SDRAM D15 is in a state completely disconnected from the 
data signal DQTSV715. 
0113. On the other hand, the upper switchelement sain the 
chip switch circuit CS7 of the SDRAM D7 is given the 
RLWLON signal of logic “1” from the RLWLON generation 
circuit 907, a second group indication signal C1SIG of logic 
“0”, and a set indication signal D715 of logic “1” while the 
lower switch element sb in the chip switch circuit CS7 is 
given the RLWLON signal of logic “1” from the RLWLON 
generation circuit 907, a first group indication signal COSIG 
of logic “1”, and a set indication signal D715 of logic “1”. 
Herein, since the SDRAM D7 belongs to the first group, the 
first group indication signal COSIG is logic “1” while the 
second group indication signal C1SIG is logic “0”. Further, 
the set indication signal D715 is logic “1”. In this state, when 
the RLWLON signal of logic “1” is given from the RLWLON 
generation circuit 907 of the SDRAM D7, the lower switch 
element sb in the chip switch circuit CS7 is put into an on 
State. 

0114. Therefore, only the SDRAM D7 is connected to the 
data signal DQTSV715 while the SDRAM D15 sharing the 
TSV715 is completely disconnected from the TSV715. That 
is, connection/disconnection of each of the SDRAMs D15 
and D7 with respect to the data signal DQ TSV715 is deter 
mined based on an output of the RLWLON generation circuit 
90, i.e. a RLWLON signal. 
0115 Referring to FIG. 8B, there is shown a planar struc 
ture of a SDRAM chip that can be used as each of the 
SDRAMs D15 and D7 shown in FIG. 8A. The SDRAM chip 
shown in FIG. 8B comprises data signal DQ TSV08 to 
TSV715, switch elements SW0 to SW15 that correspond to 
the switch elements sa and sb in the chip switch circuit CS15 
or CS7 shown in FIG. 8A, a RLWLON generation circuit 90, 
a first ROM1, and a second ROM2. This structure is the same 
as that shown in FIG. 6A except that a RLWLON signal is 
given to the switch elements SW0 to SW15 from the 
RLWLON generation circuit 90 and, further, the operations 
of the Switch elements SWO to Sw15 shown in FIG. 8B are 
determined by the RLWLON signal, which is also the same as 
in FIG. 8A. Therefore, explanation thereof is omitted herein. 
0116. At any rate, as shown in FIG. 8B, by providing the 
switch elements SW0 to SW15 that operate according to the 
signal from the RLWLON generation circuit 90, only either 
one of each of the SDRAM pairs forming the sets (DRAM 
sets) and sharing the data signal DQTSVs, respectively, can 
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be connected to the corresponding shared data signal DQ 
TSV while the other SDRAM can be completely discon 
nected from the corresponding shared data signal DQ TSV. 
Like in FIG. 6A, compensation resistances respectively hav 
ing resistance values of (RVIAx15 to 0) are connected 
between the Switch elements SWO to SW15 and the data 
signal DQ TSV08 to TSV715, thereby forming a semicon 
ductor device also having a phase variation compensation 
function. It is needless to say that compensation resistances 
may be provided at the positions shown in FIG. 7A. 
0117. In FIG. 8A, only the single data signal DQTSV715 
has been described. However, actually, as described with 
reference to FIGS. 1 and 3, each SDRAM chip has 256 
penetrating through electrodes and data signal DQ buses to 
form TSVs. 
0118. If the structure shown in FIGS. 8A and 8B is 
employed for such data signal DQ buses, there are the fol 
lowing advantages in write and read operations. 
0119 First, the advantages in the write operation will be 
explained. The load capacitance to 256 data signals DQ is 
reduced by half. Accordingly, the operating current is reduced 
and the high-frequency operation is achieved. Further, load 
capacitance variations of the data buses caused by a capaci 
tance variation of (2+0.5) pF possessed by each DQ pin are 
also reduced. Therefore, SDRAM input set-up and hold mar 
gin are increased. 
0120. On the other hand, there are the following advan 
tages in the read operation. Since the DQ load on the SDRAM 
chip side of the 256 data buses is reduced by half, the oper 
ating current is reduced and the high-frequency operation is 
achieved. It is also possible to remove capacitance variations 
of the data buses. It is possible to remove interference due to 
a reflected wave caused by L1 of the SDRAM D15. Logic LSI 
chip input set-up and hold margin are increased. 
0121 Referring to FIGS. 9A and 9B, one example of the 
RLWLON generation circuit 90 shown in FIGS. 8A to 8C will 
be described. The illustrated RLWLON generation circuit 90 
comprises a command decoder 91, a latency register 93, a RL 
(Read Latency) output control circuit 95, a WL (Write 
Latency) output control circuit 97, and an OR circuit 99. The 
command decoder 91 outputs a mode register signal (MRT), 
a read signal (RDT), and a write signal (WTT) in response to 
a chip select (CS) signal, RASB, CASB, and WEB. Herein, 
the mode register signal (MRT) is a logic “1” level signal 
indicative of latency operation and the read signal (RDT) and 
the write signal (WTT) are logic “1” level signals indicative 
of read and write operations, respectively. 
0122) The mode register signal (MRT) is output to the RL 
output control circuit 95 and the WL output control circuit 97 
and also given to the latency register 93. An address signal 
A0-A13 is input to the latency register 93 and the mode 
register signal (MRT) indicates a latency mode set at a pre 
determined bit of the address signal. According to a state of 
the predetermined bit indicated by the mode register signal 
(MRT), the latency register 93 outputs a RL signal or a WL 
signal. The RL signal represents the number of cycles (n) 
from a read command until a data signal DQ is actually read 
while the WL signal represents the number of cycles (n) from 
a write command until a data signal DQ is actually written. 
0123. In response to the RL signal, a clock signal CK, and 
the read signal (RDT), the RL output control circuit 95 out 
puts, as a RLWLON signal, a RLON signal indicative of an 
output period of a data signal DQ through the OR circuit 99. 
In other words, after the number of cycles (n) of the clock 
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signal represented by the RL signal, the SDRAM chip is 
connected to the data signal DQ penetrating through elec 
trode (TSV) for a period in which the RLON signal has a logic 
“1” level. On the other hand, the SDRAM chip is discon 
nected from this penetrating through electrode (TSV) for a 
period in which the RLON signal has a logic “0” level. 
Accordingly, the load capacitance from this SDRAM chip is 
in an off state. 
0.124 Likewise, in response to the WL signal, the clock 
signal CK, and the write signal (WTT), the WL output control 
circuit 97 outputs, as a RLWLON signal, a WLON signal of 
logic “1” through the OR circuit 99 for a write period of a data 
signal DQ after the number of cycles (n) represented by the 
WL signal. 
(0.125. In FIG.9B, one example of the circuit structure of 
the RL output control circuit 95 is shown. Since the circuit 
structure of the WL output control circuit 97 is substantially 
the same as that of the RL output control circuit 95 except that 
it operates in response to the write signal (WTT), explanation 
thereof is omitted herein. 
I0126. The RL output control circuit 95 shown in FIG.9B 
is configured to be adaptable to latency cycles of RL(1) to 
RL(4) and, in this connection, is provided with four AND 
circuits that operate in response to RL(1) to RL(4), respec 
tively. The RL output control circuit 95 further comprises an 
input-side SR latch that operates in response to the mode 
register signal (MRT) and the read signal (RDT), 7-stage 
flip-flops (FF1 to FF7) that count the clock signal CK after 
receiving a reset signal RB from the input-side SR latch, and 
a logic circuit that logically processes outputs RLR1 to RLR7 
of FF1 to FF7. 
I0127 Next, referring also to an internal waveform dia 
gram of the RL output control circuit 95 shown in FIG. 10, its 
operation will be described. FIG. 10 shows the case where the 
number of latency cycles (RL) in a DDR3 SDRAM is 1 and 
the burst length (BL) of a data signal DQ is 4. Therefore, the 
RL output control circuit 95 shown in FIGS. 9A and 9B starts 
outputting a RLON signal of logic “1” as a RLWLON signal 
in response to an output RLR1 of FF1 that is output when a 
first pulse of the clock signal CK has been counted after a read 
signal (RDT), and then outputs a RLON signal of logic “0” as 
a RLWLON signal in response to an output RLR4 of FF4 
indicative of having counted a fourth pulse of the clock signal 
CK. 
I0128 Specifically, as shown in FIG. 10, a mode register 
signal (MRT) takes a logic “1” level in response to a mode 
register command (MRS) and, simultaneously, a RL(1) signal 
takes a logic “1” level. In this state, when a read command 
(READ) is given, the command decoder 91 shown in FIG.9A 
outputs a read signal (RDT) so that the input-side SR latch 
shown in FIG.9B outputs a reset signal RB to FF1 to FF7. 
Thus, the reset state of FF1 to FF7 is released. 
I0129. In this state, FF1 to FF7 count the clock signal CK 
and produce outputs RLR1 to RLR7, respectively. Among the 
outputs of FF1 to FF7, the output RLR1 of FF1 is directly 
input to the AND circuit which is given RL(1). In response to 
the output RLR1 of FF1, an output of the AND circuit given 
RL(1) takes a logic “1” level and is output as a RLON signal 
through an output-side OR circuit (through VIA7D in FIG. 
10). 
I0130. The logic “1” level state of the RLON signal con 
tinues until the output RLR4 of FF4 takes a logic “1” level. As 
a result, the RLON signal shown in the lowermost line in FIG. 
10 is output from the RL output control circuit 95. On the 
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other hand, when the output RLR4 of FF4 takes the logic “1” 
level, the input-side SR latch is put into a reset state. 
0131. In this example, since RL(1) is set, an output of the 
AND circuit given RL(1) takes a logic “1” level in response to 
a first pulse of the clock signal CK after RDT. As a result, a 
RLON signal of logic “1” is output from the output-side OR 
circuit. Then, FF1 to FF7 continue to count the clock signal 
CK and until the output RLR4 of FF4 takes a logic “1” level, 
i.e. until the burst length (BL) becomes 4, the RLON signal 
continues to have a logic “1” level. 
(0132) While the RLON signal has the logic “1” level, a 
data signal DQ is read in a burst fashion from the SDRAM. 
On the other hand, when the RLON signal takes a logic “0” 
level, this SDRAM is disconnected so that no data signal DQ 
is output. Accordingly, the load capacitance from the discon 
nected SDRAM becomes off so that it is possible to reduce by 
half the load of a data signal DQ. 
0133. In the above-mentioned example, the description 
has been given of the case where the read write latency ON 
(i.e. RLWLON) generation circuit is connected to the switch 
elements SW of each SDRAM. However, this invention is by 
no means limited thereto, but is also applicable to the case 
where an on-die termination (ODT) generation circuit is con 
nected to chip switch circuits of each SDRAM. 
0134. In the above-mentioned embodiments, the descrip 
tion has been given of the case where the compensation resis 
tances are provided in each SDRAM, but similar compensa 
tion resistances may be provided in the control chip 20. In this 
case, if a compensation resistance equivalent to the compen 
sation resistance connected to the Switchelement correspond 
ing to the SDRAM chip closest to the control chip 20 is 
connected to each data signal DQ interconnection, it is pos 
sible to constantly maintain an impedance-matched State in a 
read/write operation in a stacked semiconductor device. 

INDUSTRIAL APPLICABILITY 

0135) It is apparent that the basic technical idea of this 
invention is not limited to the above-mentioned embodiments 
but may be modified and changed without departing from the 
Scope and spirit of this invention. For example, although only 
the SDRAM chips are described in the embodiments, this 
invention is not limited thereto. This invention is applicable 
regardless of the function of chips and thus is applicable to 
any structure in which signal lines commonly provided in a 
plurality of chips continuously pass through from the upper 
most chip to the lowermost chip. Further, the controlled chips 
(slave chips) are not limited to the SDRAMs and may be, for 
example, SRAMs or nonvolatile memories. Further, the cir 
cuit types are not limited to those disclosed in the embodi 
ments. Although the control chip is disposed at the lowermost 
position in the embodiments, it may alternatively be disposed 
at the uppermost position. 
0136. A transistor may be a field effect transistor (FET) 
such as MOS (Metal Oxide Semiconductor), MIS (Metal 
Insulator Semiconductor), or TFT (Thin Film Transistor), or 
a transistor other than FET, such as a bipolar transistor. An 
NMOS transistor (n-channel MOS transistor) is a typical 
example of a first conduction-type transistor while a PMOS 
transistor (p-channel MOS transistor) is a typical example of 
a second conduction-type transistor. A plurality of systems 
are incorporated in a system-in-package. This may be exem 
plified by a system-in-package in which a first system com 
prising a plurality of DRAM chips as slave chips and a master 
chip and a second system comprising a plurality of NAND 
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flash memory chips as slave chips and a master chip are 
integrally packaged. As a single system, it may be a system in 
which DRAM chips and NAND flash memory chips are 
controlled by a single master chip. This invention is not lim 
ited to the above-mentioned memory systems, but is appli 
cable to the whole range of semiconductor products incorpo 
rating CPU (Central Processing Unit), MCU (Micro Control 
Unit), DSP (Digital Signal Processor), ASIC (Application 
Specific Integrated Circuit), ASSP (Application Specific 
Standard Product), and the like. 
0.137 Further, a system-in-package to which this inven 
tion is applied is applicable to a semiconductor device such as 
MCP (Multi-Chip Package) or POP (Package-On-Package). 
In the case of POP, the penetrating through electrodes TSV 
disclosed in the embodiments can be replaced by, for 
example, ball bumps that connect between stacked individual 
packages. 
0.138. Further, a structure may be employed in which first 
and second controlled chip groups each comprising a plural 
ity of controlled chips are disposed on opposite sides of a 
control chip and are connected together through penetrating 
through electrodes, respectively. 
0.139. Further, various combinations or selections of vari 
ous disclosed elements can be made within the scope of 
claims of this invention. That is, it is readily understood that 
this invention includes various changes or modifications that 
can be made by a person skilled in the art according to the 
entire disclosure including the claims and the technical idea. 
What is claimed is: 
1. A device comprising: 
a control chip which is communicable with first and second 

groups each of which is composed of a predetermined 
number of I/O bits; and 

a first set of controlled chips and a second set of controlled 
chips that are controlled by the control chip and that 
correspond to the first and the second groups, respec 
tively; 

wherein each of the controlled chips comprises: 
penetrating through Substrate Vias which have penetrating 

through interconnections penetrating through from a 
front surface to a back surface of each controlled chip 
and electrodes to be connected to the penetrating 
through interconnections of each controlled chip and to 
be connected to other penetrating through Substrate Vias 
of other ones of the controlled chips: 

wherein the control chip comprises nodes which are to be 
connected to penetrating through Substrate Vias of the 
controlled chips: 

wherein each of the controlled chips of the first and the 
second sets is connected to each other through the pen 
etrating through Substrate Vias of each controlled chip 
while either one of the controlled chips of the first and 
the second sets is mounted on the control chip, whereby 
the control chip and the controlled chips are stacked to 
each other to form a stacked structure; 

wherein the control chip performs communication control 
of each controlled chip of the first and the second sets at 
the same access cycle and, thereby, communicates with 
a plurality of the controlled chips with the predeter 
mined I/O bits: 

wherein the respective controlled chips of the first set each 
comprise: 

first ones of the penetrating through Substrate Vias which 
are used for performing communication between the 
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control chip and the controlled chips of the first set and 
second ones of the penetrating through Substrate Vias 
which are used for performing communication between 
the control chip and the controlled chips of the second 
Set, 

wherein the respective controlled chips of the second set 
each comprise: 

third ones of the penetrating through Substrate Vias which 
are used for performing communication between the 
control chip and the controlled chips of the second set 
and fourth ones of the penetrating through Substrate Vias 
which are used for performing communication between 
the control chip and the controlled chips of the first set; 

wherein the first ones of the penetrating through substrate 
vias and the fourth ones of the penetrating through Sub 
strate Vias are connected to each other and are connected 
to first ones of the nodes of the control chip correspond 
ing to the first I/O group, to thereby structure a first 
interconnection; 

wherein the second ones of the penetrating through Sub 
strate vias and the third ones of the penetrating through 
Substrate Vias are connected to each other and are con 
nected to second ones of the nodes of the control chip 
corresponding to the second I/O group, to thereby struc 
ture a second interconnection; and 

wherein the first interconnection and the second intercon 
nection are Substantially equal in length to each other 
within the stacked structure. 

2. A device as claimed in claim 1, wherein: 
the first ones of the penetrating through Substrate Vias and 

the fourth ones of the penetrating through Substrate Vias 
are arranged at first coordinate positions placed at the 
same positions on coordinate defined on the respective 
controlled chips: 

wherein: 
the second ones of the penetrating through substrate Vias 

and the third ones of the penetrating through Substrate 
vias are arrange at second coordinate positions placed at 
the same positions on coordinate defined on the respec 
tive controlled chips; and 

wherein; 
the first and the second interconnections form first and 

second continuous penetrating through type conductors 
which are perpendicular and straight to the first and the 
second nodes of the control chip. 

3. A device as claimed in claim 1, wherein the first and the 
second groups each are structured by the I/O bits equal to n 
bits, where n is an integer, 

wherein the control chip comprises the nodes which are 
equal in number to 2n and which are used for performing 
communication with the n bits of the I/O bits with each 
of the first and the second sets of the controlled chips: 

wherein the controlled chips of the first set each comprise 
the first ones of the penetrating through Substrate Vias, in 
in number, corresponding to the nodes, n in number, and 
the second ones of the penetrating through Substrate 
vias, n in number, corresponding to the nodes, n in 
number, 

wherein the controlled chips of the second set each com 
prise the third ones of the penetrating through Substrate 
vias, n in number, corresponding to the nodes, n in 
number, and the fourth ones of the penetrating through 
Substrate Vias, n in number, corresponding to the nodes, 
n in number; 
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wherein the first ones of the penetrating through substrate 
vias, n in number, are connected to the fourth ones of the 
penetrating through Substrate Vias, n in number, respec 
tively, and are also connected to the first ones of the 
nodes of the control chip corresponding to the first I/O 
group to form the first interconnections, n in number; 

wherein the second ones of the penetrating through Sub 
strate Vias, n in number, are connected to the third ones 
of the penetrating through substrate Vias, n in number, 
respectively, and are also connected to the second ones 
of the nodes of the control chip corresponding to the 
second I/O group, to form the second interconnections, 
n in number; and 

wherein the first interconnections, n in number, and the 
second interconnections, n in number are substantially 
equal in length to one another within the stacked struc 
ture. 

4. A device as claimed in claim 1, wherein: 
the controlled chips of the first set are each arranged 

between the control chip and either one of the controlled 
chips of the second set; 

wherein: 

the first interconnections comprise unused and redundant 
interconnections which are unused in the second set of 
the controlled chips and which are arranged at positions 
for the fourth ones of the penetrating through substrate 
W18S. 

5. A device as claimed in claim 1, wherein: 
each of the first and the second sets comprises first and 

second ones of the controlled chips which structure first 
and second chip selection groups of the controlled chips, 
respectively, and which are Subjected to communication 
control by the control chip in response to first and second 
chip selection signals sent from the control chip within 
first ones of the access cycles and second ones of the 
access cycles different from the first ones of the access 
cycles, respectively; 

wherein the first and the secondones of the controlled chips 
included in the first set comprise the first and the second 
ones of the penetrating through Substrate vias, respec 
tively; 

wherein the first and the secondones of the controlled chips 
included in the second set comprise the third and the 
fourth ones of the penetrating through substrate Vias, 
respectively; 

wherein the first interconnections are structured by the first 
penetrating through Substrate Vias of the first and the 
second ones of the controlled chips included in the first 
set and the fourth penetrating through substrate Vias of 
the first and the second ones of the controlled chips 
included in the second set; and 

wherein the second interconnections are structured by the 
second penetrating through Substrate vias of the first and 
the second ones of the controlled chips included in the 
first set and the third penetrating through substrate Vias 
of the first and the second ones of the controlled chips 
included in the second set. 

6. A device as claimed in claim 1, wherein each of the 
controlled chips comprises: 

an internal circuit which corresponds to either one of the 
first and the second I/O groups of the control chip and 
first and second switches which correspond to the first 
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and the second penetrating through Substrate Vias made 
to correspond to the first and the second I/O groups, 
respectively; 

wherein the first and the second switches are connected 
between the corresponding first and second penetrating 
through Substrate Vias and the internal circuit; and 

wherein the first and the second switches selectively con 
nect the internal circuit to either one of the first and the 
second penetrating through Substrate Vias in response to 
a set indication signal which is indicative of allocation of 
the controlled chips to either one of the first and the 
second I/O groups. 

7. A device as claimed in claim 5, wherein the controlled 
chips each comprise: 

an internal circuit which corresponds to either one of the 
first and the second I/O groups and to either one of the 
first and the second chip selection groups, 

first and third switches corresponding to the first ones of the 
penetrating through electrodes made to correspond to 
the first I/O group; and 

second and fourth Switches corresponding to the second 
ones of the penetrating through substrate Vias made to 
correspond to the second I/O group; 

wherein the first through the fourth switches are connected 
between the corresponding first and second penetrating 
through Substrate Vias and the internal circuit; 

wherein a selected one of the first through the fourth 
Switches is put into a conductive state in correspondence 
with a matching condition of a set indication signal and 
a group indication signal and the penetrating through 
Substrate vias corresponding to the Switch put into the 
conductive state are connected to the internal circuit, 
where the set indication signal is representative of the 
fact that the controlled chip is allocated to either one 
group of the first and the second I/O groups while the 
group indication signal is representative of the fact that 
the controlled chip is allocated to either one group of the 
first and the second chip selection groups. 

8. A device as claimed in claim 6, further comprising a 
ROM which stores the set indication signal or both the set 
indication signal and the group indication signal. 

9. A device as claimed in claim 6, wherein every switch 
further includes a compensation impedance element. 

10. A device as claimed in claim 9, wherein a plurality of 
the compensation impedance elements have impedance val 
ues which are different from each other and which are related 
to stacked positions of the controlled chips which are con 
cerned with the selection conditions of each switch put into 
the conductive state. 

11. A device as claimed in claim 10, wherein, in each of the 
controlled chips, the impedance values of the plurality of the 
compensation impedance elements take the Smallest value 
included in the switch which corresponds to the conductive 
condition determined in relation to the farthest position from 
the control chip and take the largest value included in the 
switch which corresponds to the conductive condition deter 
mined in relation to the nearest position from the control chip. 

12. A device as claimed in claim 10, wherein the imped 
ance values included in the switch which corresponds to the 
conductive selection condition of the controlled chip located 
at the nearest stacked position from the control chip are deter 
mined so that they are matched with impedance values of the 
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first and the second interconnections between the control chip 
and the controlled chip which is located at the farthest stacked 
position. 

13. A device as claimed in claim 10, wherein the compen 
sation impedance elements which correspond to the plurality 
of the switches included in each controlled chip are deter 
mined by using, as references, those impedance values of the 
first and the second interconnections of the controlled chip 
which is included in the stacked structure and which is far 
thest from the control chip and are set by the references and 
distances of the controlled chips located within the stacked 
Structure. 

14. A device as claimed in claim 9, wherein the switch 
includes first and second terminals and the compensation 
impedance element includes first and second ends; 

wherein the first terminal of the Switch is connected to the 
corresponding penetrating through via while the second 
terminal of the switch is connected to the first end of the 
compensation impedance element; 

wherein the second end of the compensation impedance 
element is connected to the second terminal of the 
Switch corresponding to the penetrating through via 
related to an adjacent chip; and 

wherein the second end of the compensation impedance 
element of the switch which corresponds to the penetrat 
ing through via used for the farthest stacked position 
from the control chip is connected to the internal circuit. 

15. A device as claimed in claim 14, wherein the respective 
compensation impedance elements have impedance values 
which are matched with impedance values of the penetrating 
through Substrate Vias connected to each chip and an adjacent 
chip and which are substantially equal to each other. 

16. A device as claimed in claim 9, wherein the compen 
sation impedance element has a trimming portion used for 
adjusting its impedance value. 

17. A device as claimed in claim 16, wherein the trimming 
portion is controlled by a signal indicative of a test result 
obtained by measuring a resistance value of the penetrating 
through electrode. 

18. A device as claimed in claim 6, further comprising a 
first circuit which outputs the set indication signal. 

19. A device as claimed in claim 7, further comprising a 
first circuit for outputting the set indication signal and a 
second circuit for outputting the group indication signal. 

20. A device as claimed in claim 18, wherein the controlled 
chips each comprise a RLWL generation circuit which con 
trols read latency and write latency and which responds to an 
access operation from the control chip. 

21. A device as claimed in claim 1, wherein the controlled 
chips are synchronous memory chips while the control chip is 
a logical LSI chip including a controller which controls the 
controlled chips. 

22. A controlled chip comprising: 
a plurality of penetrating through Substrate Vias which are 

equal to the number determined in relation to a stacked 
number of the controlled chip and a bit number of a 
transferred signal; 

switches which are operable to electrically put the respec 
tive penetrating through Substrate vias into on/off states; 
and 

an internal circuit connected in common to the respective 
Switches; and 

a compensation impedance element connected to each 
Switch. 
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23. A controlled chip as claimed in claim 22, wherein each 
compensation impedance Switch comprises resistor elements 
which have resistance values determined by the stacked num 
ber and a stacked position and which are connected between 
the corresponding penetrating through substrate Vias and the 
internal circuit. 

24. A controlled chip as claimed in claim 22, wherein each 
compensation impedance element is structured by a resistor 
element which has an identical resistance value and which has 
an end connected to each corresponding Switch; 

wherein another end of a first resistor element among a 
plurality of the resistor elements is connected to the end 
of a second resistor element to form a series connection 
of the plurality of the resistor elements; and 

wherein another end of the second resistor element is con 
nected to the internal circuit. 

25. A controlled chip as claimed in claim 22, wherein each 
controlled chip belongs to either one of a plurality of chip 
selection groups and also belongs to either one of I/O groups 
among a plurality of I/O groups; 
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the controlled chip comprising a first ROM which gener 
ates a group indication signal indicative of the chip 
Selection group of each controlled chip and a second 
ROM which generates a set indication signal indicative 
of the I/O group of each controlled chip; 

wherein each switch is connected to the first and the second 
ROM’s and a selected one of the switches is selectively 
put into the on state to electrically connect the corre 
sponding penetrating through vis to the internal circuit. 

26. A controlled chip as claimed in claim 25, further com 
prising: 

a RLWL (Read-Latency Write-Latency) generation circuit 
which controls read latency and write latency in 
response to an access operation from the control chip; 

wherein the RLWL generation circuit is connected to each 
switch and is operable to control the switch selectively 
put into the on state so as to put the same into an off state 
for a predetermined period. 

27. A controlled chip claimed in claim 22, wherein the 
controlled chip is a synchronous memory chip. 

c c c c c 
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