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SEMICONDUCTOR DEVICE 
CROSS - REFERENCE TO RELATED 

APPLICATIONS 
[ 0001 ] The disclosure of Japanese Patent Application No . 
2016 - 254120 filed on Dec . 27 , 2016 including the specifi 
cation , drawings and abstract is incorporated herein by 
reference in its entirety . 

BACKGROUND 
[ 0002 ] The present invention relates to a semiconductor 
device and to a semiconductor device equipped with a 
plurality of wirings disposed in an interposer or a wiring 
substrate using an organic material as a dielectric , for 
example . 

[ 0003 ] It has been known that a plurality of semiconductor 
chips are mounted over an interposer and sealed into a single 
package , followed by being provided as a semiconductor 
device . One example of such a semiconductor device is a 
so - called SIP ( System In Package ) or MCM ( Multi - Chip 
Module ) . 
[ 0004 ] On the other hand , there has recently been an 
increasing strong demand for speeding - up and high integra 
tion of a semiconductor device . To meet this demand , there 
has been considered that , for example , memory semicon 
ductor chips ( memory chips ) are three - dimensionally ( 3 - D ) 
stacked on each other and logical semiconductor chips are 
mounted onto the same interposer , and the 3 - D memory 
chips and the logical semiconductor chips ( logical chips ) are 
coupled in parallel therebetween by a large number of 
wirings disposed in the interposer . Since the three - dimen 
sionally stacked semiconductor chips and the two - dimen 
sionally arranged semiconductor chips are coupled therebe 
tween , such a semiconductor device is also called a 2 . 5 
dimensional ( 2 . 5 - D ) semiconductor device . 
10005 ] A mounting structure of a high - speed signal trans 
mission wiring has been described in Patent Document 1 . 

[ 0007 ] The interposer can be formed of , for example , a 
silicon wafer . In this case , the wirings disposed in the 
interposer can be formed of a wiring layer formed in the 
silicon wafer by using , for example , the known semicon 
ductor manufacturing technology . It is possible to form 
high - density wirings by , for example , performing etching 
processing or the like on the wiring layer of the silicon 
wafer . The silicon interposer put into practice use at present 
is formed using , for example , a silicon wafer whose thick 
ness ranges from about 50 to 100 um ( where um will 
hereinafter be also called um ) . The 3 - D memory chips and 
the logical chips are mounted onto such a silicon interposer 
and coupled by the high - density wirings disposed ( formed ) 
in the silicon interposer , thereby making it possible to realize 
a wide bus width . In this case , the silicon interposer is 
mounted onto a support package substrate formed with 
low - density wirings , and , for example , the terminals of a 
mounted chip and the wirings of the support package 
substrate are coupled therebetween by TSV ( Through Sili 
con Via ) electrically coupling between the main and back 
surfaces of the silicon interposer . 
[ 0008 ] Since the silicon interposer is formed using the 
semiconductor manufacturing technology , a wiring thick 
ness can be made very thin , and a wiring width can be made 
narrow . A description will be made of one example . When 
seen in plan view , the wiring width can be made to range 
from 0 . 5 to 2 . 0 um , and the wiring thickness can be made to 
1 . 0 um or so . Further , the wirings can be three - dimensionally 
arranged in the silicon interposer by forming multilayered 
wiring layers in the silicon wafer . That is , when seen in 
sectional view , the wirings are disposed above and below the 
silicon with the silicon interposed therebetween as a dielec 
tric . In this case , the distance between the upper and lower 
wirings , i . e . , the distance between the adjacent wirings can 
be made to , for example , 0 . 5 um or so . 
[ 0009 ] The bus wirings which couple between the chips 
are configured by the wirings three - dimensionally disposed 
in the silicon interposer . In this case , a plurality of voltage 
wirings are respectively disposed so as to be parallel to the 
three - dimensionally disposed bus wirings and be interposed 
between the bus wirings . The voltage wirings are supplied 
with a predetermined voltage like , for example , a ground 
voltage . The voltage wirings are used as shield wirings for 
preventing signals from interfering ( crosstalk ) between the 
bus wirings . Since the silicon interposer can be made high 
in wiring density , the distance between the shield and bus 
wirings can be shortened , and hence the crosstalk can 
effectively be reduced by the shield wirings . Further , since 
the cross - sectional area of each wiring is small , the electrical 
resistance per unit length becomes large . Therefore , the bus 
wirings themselves act as series termination resistors cou 
pling between the chips . As a result , although a signal 
waveform transmitted between the chips becomes blunt , a 
reflected wave of a signal can be reduced , so that an 
excellent signal can be transmitted . 
[ 0010 ] On the other hand , since the electrical resistance 
per unit length is large , the wiring length is required to be 
made short and any restriction is imposed when laying out 
the bus wirings , where the signal wirings are used as the bus 
wirings each of which transmits a relatively high - speed 
signal . The silicon interposer is obtained by forming it in one 
silicon wafer in large numbers and thereafter cutting the 
silicon wafer by the semiconductor manufacturing technol 
ogy . Since the silicon interposer is formed using the semi 
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SUMMARY 
[ 0006 ] In order to achieve speeding - up , the number ( or the 
present signa - wiring number ) of signal wirings ( hereinafter 
also called bus wirings ) which couple the 3 - D memory chips 
and the logical chips on a parallel basis reaches even 1 Kbit 
( 1024 bits ) , for example . That is , the width ( bus width ) of 
each bus wiring coupling between the chips has been made 
as wide as 1 Kbit . By enlarging the bus width in this manner , 
the total data transfer rate between the 3 - D memory chips 
and the logical chips reaches even 2 Tbps when the data 
transfer rate per signal wiring is 2 Gbps , thereby making it 
possible to achieve the speeding - up . It is effective that to 
enlarge the bus width , the respective chips ( dies ) are 
mounted in the same interposer rather than sealing them into 
separate packages and coupling them by using external 
wirings at the outside of the packages , and the chips are 
coupled using wirings of the interposer , which are narrower 
in wiring width than the external wirings . 
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conductor manufacturing technology , the unit price of the 
silicon wafer formed with the silicon interposers becomes 
high and hence the unit price of the silicon interposer also 
becomes high . 
[ 0011 ] Thus , the present inventors have examined that an 
interposer ( hereinafter also called an organic interposer ) 
formed of an organic material like a resin instead of silicon 
is used , and wirings disposed in the organic interposer are 
used as signal wirings ( bus wirings ) . That is , the present 
inventors have examined that the 3 - D memory chips and the 
logical chips are mounted in the organic interposer , and the 
chips are coupled to each other therebetween with the 
wirings disposed in the organic interposer as the bus wirings . 
In this case , instead of the silicon , the organic material 
functions as a dielectric interposed between the bus wirings . 
Upon forming organic interposers , for example , wirings are 
formed in an organic material ( resin ) and a layer of the 
organic material formed with the wirings is stacked in plural 
layers to form a large organic panel . In this case , a large 
number of organic interposer are formed in one organic 
panel , and many organic interposers are obtained by cutting 
the organic panel . 
[ 0012 ] Since the large organic panel can be formed by 
stacking the inexpensive organic materials on each other , it 
becomes lower in cost than the silicon wafer . As a result , the 
organic interposer also becomes lower in cost than the 
silicon interposer . On the other hand , since it is difficult to 
form the organic interposer so as to be made narrow in 
wiring width and thin in wiring thickness as in the silicon 
interposer , the wiring density is made lower than that at the 
silicon interposer . Since the cross - sectional area of the 
wiring becomes large , the electrical resistance per unit 
length can be made small . As compared with the silicon 
interposer , the organic interposer is capable of transmitting 
a high - speed signal even though wirings each having a 
remarkably long wiring length are used . As a result , it is 
possible to relax a limitation of layout of the bus wirings . 
[ 0013 ] Since , however , the wiring density is low when 
each wiring disposed in the organic interposer is used as the 
bus wiring , the distance between the shield wiring and the 
bus wiring becomes long . Further , since the electrical resis - 
tance is low , a change in signal waveform becomes steep . As 
a result , a problem arises in that crosstalk between bus 
signals becomes large . 
[ 0014 ] There has been described in Patent Document 1 , a 
technology of suppressing a temporal fluctuation caused by 
a reflected wave which goes back and forth over a wiring for 
transmission to reduce jitter . That is , Patent Document 1 
simply describes the technology of satisfactorily keeping a 
signal waveform at one wiring and does not describe inter 
ference of signals between a plurality of bus wirings . Fur 
ther , the organic interposer is not completely disclosed 
either . 
[ 0015 ) Other objects and novel features of the present 
invention will become apparent from the description of the 
present specification and the accompanying drawings . 
[ 0016 ] A semiconductor device according to one aspect of 
the present invention is equipped with a first signal wiring 
disposed in an organic interposer or an organic wiring 
substrate and equipped with a first end and a second end , a 
second signal wiring which is disposed in the organic 
interposer or the organic wiring substrate and transmits a 
signal , a first output circuit having an output terminal 
coupled to the first end of the first signal wiring , a first input 

circuit having an input terminal coupled to the second end of 
the first signal wiring , a second output circuit which is 
coupled to the second signal wiring and outputs a signal to 
the second signal wiring , and a second input circuit which is 
coupled to the second signal wiring and inputs the signal at 
the second signal wiring therein . Here , the first output circuit 
sets an impedance at the output terminal so as to generate a 
reflected wave in a direction opposite in phase to a wave 
form transmitted to the first end and periodically outputs 
data to the output terminal . Also , the first input circuit sets 
an impedance at the input terminal so as to generate a 
reflected wave in the same phase direction as a waveform 
transmitted to the second end . Further , the first signal wiring 
is set in such a manner that the average of a dynamic signal 
delay time between the first and second ends of the first 
signal wiring becomes 1 / integer of 2 or more with respect to 
a half of a cycle of the data . Besides , a difference between 
the maximum and minimum values of a dynamic signal 
delay time at the second signal wiring is set so as not to 
exceed twice the average delay . Here , the term " dynamic ” 
means that the dynamic signal delay time includes a tem 
poral fluctuation ( jitter ) in a signal at one signal wiring . The 
term " static ” to be described later means that a static signal 
delay time does not include a temporal fluctuation in a signal 
at one signal wiring . 
[ 0017 ] Further , a semiconductor device according to 
another aspect of the present invention is equipped with a 
plurality of wiring bundles disposed in an organic interposer 
or an organic wiring substrate and each having a clock signal 
wiring transmitting a clock signal and a plurality of signal 
wirings each transmitting a signal in sync with the clock 
signal . Here , one of the wiring bundles is equipped with a 
first signal wiring equipped with a first end and a second end , 
and a second signal wiring and a third signal wiring disposed 
so as to be parallel to the first signal wiring . Also , the 
semiconductor device is equipped with an output circuit 
which has an output terminal coupled to the first end of the 
first signal wiring and which sets an impedance at the output 
terminal so as to generate a reflected wave in a direction 
opposite in phase to a waveform transmitted to the first end 
and periodically outputs data to the output terminal , and an 
input circuit which has an input terminal coupled to the 
second end of the first signal wiring and sets an impedance 
at the input terminal so as to generate a reflected wave in the 
same phase direction as a waveform transmitted to the 
second end . Further , the first signal wiring is set in such a 
manner that an average delay between the first and second 
ends of the first signal wiring becomes 1 / integer of 2 or more 
with respect to a half of a cycle of the data . The second 
signal wiring and the third signal wiring are set in such a 
manner that a difference between a signal delay at the second 
signal wiring and a signal delay at the third signal wiring 
does not exceed twice the average delay . 
[ 0018 ] According to one aspect of the present invention , it 
is possible to provide an inexpensive semiconductor device 
capable of suppressing the influence by crosstalk while 
suppressing enlargement of a wiring interval or a reduction 
in wiring density . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0019 ] FIGS . 1A and 1B are respectively diagrams for 
describing a basic configuration of data transmission accord 
ing to an embodiment 1 ; 
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[ 0020 ] FIGS . 2A through 2C are respectively diagrams for 
describing the data transmission according to the embodi 
ment 1 ; 
[ 0021 ] FIGS . 3A and 3B are respectively circuit diagrams 
showing an input circuit and an output circuit according to 
the embodiment 1 ; 
[ 0022 ] FIG . 4 is a block diagram showing the configura 
tion of bus wirings ; 
[ 0023 ] FIGS . 5A through 5C are respectively diagrams for 
describing an influence by crosstalk ; 
[ 0024 ] FIG . 6 is a diagram showing eye patterns according 
to the embodiment 1 ; 
[ 0025 ] FIG . 7 is a sectional diagram showing the structure 
of a semiconductor device according to the embodiment 1 ; 
[ 0026 ] FIG . 8 is a sectional diagram showing the structure 
of an organic interposer according to the embodiment 1 ; 
[ 0027 ] FIGS . 9A and 9B are respectively sectional dia 
grams showing the structure of a bus wiring part ; 
[ 0028 ] FIG . 10 is a sectional diagram showing the struc 
ture of a bus wiring part according to the embodiment 1 ; 
[ 0029 ] FIGS . 11A through 11C are respectively diagrams 
showing eye patterns according to the embodiment 1 ; 
( 0030 ) FIG . 12 is a block diagram showing the configu 
ration of a bus wiring part according to the embodiment 1 ; 
[ 0031 ] FIG . 13 is a block diagram showing the configu 
ration of a bus wiring bundle according to the embodiment 
1 ; 
[ 0032 ] FIGS . 14A through 14C are respectively diagrams 
for describing data transmission according to a modification 
of the embodiment 1 ; 
[ 0033 ] FIGS . 15A through 15C are respectively diagrams 
showing wiring lengths of signal wirings according to the 
embodiment 1 ; 
[ 0034 ] FIGS . 16A through 16C are respectively diagrams 
showing wiring lengths of signal wirings according to the 
embodiment 1 ; 
[ 0035 ] FIG . 17 is a circuit diagram showing the configu 
ration of an output circuit according to an embodiment 2 ; 
and 
[ 0036 ] FIG . 18 is a circuit diagram showing the configu 
ration of an input circuit according to the embodiment 2 . 

wiring ( first signal wiring ) equipped with a pair of ends LN1 
and LN2 ( where LN1 is also called a “ first end ” and LN2 is 
also called a " second end ” hereinafter ) , OBF indicates an 
output circuit ( first output circuit ) , and IBF indicates an 
input circuit ( first input circuit ) . Although not restricted in 
particular , the output circuit OBF is an output buffer circuit , 
and the input circuit IBF is an input buffer circuit . The signal 
wiring LL according to the embodiment 1 is comprised of 
wirings disposed in an organic interposer . The output circuit 
OBF and the input circuit IBF are formed in a chip mounted 
over the organic interposer . 
[ 0042 ] The output circuit OBF is equipped with an output 
terminal ON1 . The output terminal ON1 is electrically 
coupled to the first end LN1 of the signal wiring LL . The 
input circuit IBF is equipped with an input terminal IN1 . The 
input terminal IN1 is electrically coupled to the second end 
LN2 of the signal wiring LL . 
[ 0043 ] The output circuit OBF is supplied with input data 
in and supplies a signal waveform corresponding to the input 
data in to the first end IN1 . The signal waveform supplied to 
the first end IN1 are propagated through the signal wiring LL 
and reaches the second end LN2 . The input circuit IBF 
receives the signal waveform at the second end LN2 of the 
signal wiring LL and forms and outputs output data out 
corresponding to the received signal waveform . 
[ 0044 ] In the embodiment 1 , the output circuit OBF is 
supplied with cyclic data as the input data in . The input data 
in is binary data , for example . When the logical value of the 
binary data is “ 1 ” , a voltage corresponding to the logical 
value “ 1 ” is supplied to the output circuit OBF as the input 
data in for a predetermined period . Likewise , when the 
logical value of the binary data is “ O ” , a voltage correspond 
ing to the logical value “ O ” is supplied to the output circuit 
OBF as the input data in for the predetermined period . The 
above predetermined period taken as the voltage corre 
sponding to the logical value corresponds to one cycle of the 
input data in . Therefore , when the logical value of the input 
data in is consecutive on a time series basis like “ 1 ” , “ 1 ” ( or 
“ O ” , “ O ” ) , for example , the output circuit OBF is supplied 
with the voltage corresponding to the logical value “ 1 ” ( “ 0 ” ) 
over two cycles of the input data in . On the other hand , when 
the logical value is changed to “ 1 ” , “ O ” ( or “ O ” , “ 1 ” ) , the 
output circuit OBF is supplied with the voltage correspond 
ing to the logical value “ 1 ” ( “ O ” ) during one cycle and 
supplied with the voltage corresponding to the logical value 
“ O ” ( “ 1 ” ) during one cycle at the next timing . 
[ 0045 ] The output circuit OBF supplies the signal wave 
form corresponding to the cyclic input data in from the 
output terminal ON1 to the first end LN1 . Therefore , the 
cycle of the signal waveform supplied to the first end LN1 
also becomes the same as the cycle of the input data in . FIG . 
1B is a waveform diagram showing a signal waveform SO 
supplied from the output terminal ON1 of the output circuit 
OBF to the first end LN1 . In FIG . 1B , the horizontal axis 
indicates the time , and the vertical axis indicates the voltage . 
[ 00461 In FIG . 1B , there is drawn as an example , a signal 
waveform SO where logical values “ 1 , 0 , 1 , 0 , 0 , 1 , and 1 ” 
are supplied as input data in between times to and t7 . Since 
the output circuit OBF is comprised of the output buffer 
circuit , the output data output from the output terminal ON1 
of the output circuit OBF becomes the same logical value as 
the input data in . In FIG . 1B , during a period in which the 
output data is of the logical value “ 1 ” , the voltage of the 
signal waveform SO at the output terminal ON1 becomes 

DETAILED DESCRIPTION 

[ 0037 ] Embodiments of the present invention will herein 
after be described in detail based on the accompanying 
drawings . 
[ 0038 ] Incidentally , in all of the drawings for explaining 
the embodiments , the same reference numerals are respec 
tively attached to the same components in principle , and 
their repetitive description will be omitted in principle . 

Embodiment 1 
[ 0039 ] < Basic Configuration of Data Transmission > 
[ 0040 ] A basic configuration of data transmission , which 
is built in a semiconductor device according to an embodi 
ment 1 will first be described . The semiconductor device to 
which the basic configuration of data transmission to be 
described here is applied will be described later by using an 
example . 
[ 0041 ] FIG . 1 is a diagram describing a basic configura 
tion of data transmission according to the embodiment 1 . 
FIG . 1A is a typical block diagram showing the configura 
tion of data transmission . In FIG . 1A , LL indicates a signal 
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Vd . During a period in which the output data is of the logical 
value “ O ” , the voltage of the signal waveform SO at the 
output terminal ON1 becomes Vs . Therefore , when the 
logical value of the input data in is changed as described 
above , the voltage at the output terminal ON1 is changed as 
indicated by a solid line in FIG . 1B . In FIG . 1B , UI indicates 
a period of the logical value of the data ( output data ) output 
to the output terminal ON1 and shows one cycle of the data 
output from the output circuit OBF . 
[ 0047 ] Thus , the voltage corresponding to the logical 
value of the output data to be output is supplied from the 
output terminal ON1 to the first end LN1 of the signal wiring 
LL during the period of the cycle UI of the data . Since the 
output circuit OBF supplies the output data complying with 
the input data in to the first end LN1 on a time series basis , 
the signal waveform SO of the voltage corresponding to the 
logical value of the input data in is supplied to the first end 
LN1 . The signal waveform SO propagates through the signal 
wiring LL and reaches the second end LN2 . 
[ 0048 ] The input circuit IBF forms output data out corre 
sponding to the signal waveform SO which reaches the 
second end LN2 . In this case , when the impedance ( imped 
ance of second end LN2 ) as the signal wiring LL is viewed 
from the second end LN2 and the impedance ( impedance of 
input terminal IN1 ) as the input circuit IBF is viewed from 
the input terminal IN1 are not matched with each other in a 
state in which the input terminal IN1 is not coupled , imped 
ance mismatching occurs so that a reflected wave is gener 
ated at the second end LN2 . 
[ 0049 ] < Reflected Wave and Re - Reflected Wave > 
[ 0050 ] When the impedance of the second end LN2 
matches with the impedance of the input terminal IN1 , the 
reflected wave based on the signal waveform SO which 
reaches the second end LN2 of the signal wiring LL is not 
generated , and hence the signal waveform SO is propagated 
into the input circuit IBF . On the other hand , when the 
impedance of the second end LN2 and the impedance of the 
input terminal IN1 does not match , the reflected wave 
headed from the second end LN2 to the first end LN1 is 
generated at the signal wiring LL . 
[ 0051 ] In this case , when the impedance of the input 
terminal IN1 is larger than that of the second end LN2 , a 
reflected wave having a phase in the same phase direction as 
the signal waveform SO which reaches the second end LN2 
is generated . In principle , as the impedance of the input 
terminal IN1 becomes high , the phase of the reflected wave 
approaches the phase of the signal waveform SO which 
reaches the second end LN2 . When the impedance of the 
input terminal IN1 becomes close to infinity , a reflected 
wave of the same phase as that of the signal waveform SO 
which reaches the second end LN2 is generated . 
[ 0052 ] On the other hand , when the impedance of the input 
terminal IN1 is smaller than that of the second end LN2 , a 
reflected wave having a phase in a direction antiphase to the 
signal waveform SO which reaches the second end LN2 is 
generated . That is , as the impedance of the input terminal 
IN1 becomes small , the phase of the reflected wave 
approaches a phase directly opposite to the signal waveform 
SO which reaches the second end LN2 . When the impedance 
of the input terminal IN1 approaches 0 , a reflected wave 
having a phase which is directly opposite ( anti - phase ) to the 
signal waveform SO which reaches the second end LN2 is 
yielded . 

[ 0053 ] The reflected wave generated at the second end 
LN2 is propagated through the signal wiring LL and reaches 
the first end LN1 . When the impedance ( impedance of first 
end LN1 ) as the signal wiring LL is viewed from the first end 
LN1 in a state in which the first end LN1 is not coupled to 
the output terminal ON1 , and the impedance ( impedance of 
output terminal ON1 ) as the output circuit OBF is viewed 
from the output terminal ON1 in a state in which the first end 
LN1 is discoupled , are mismatched with each other , a 
re - reflected wave is generated . That is , when the impedance 
of the first end LN1 and the impedance of the output 
terminal ON1 are mismatched , a reflected wave based on the 
reflected wave which reaches the first end LN1 is generated . 
In the present specification , in order to distinguish between 
the reflected wave and the reflected wave based on the 
reflected wave , the reflected wave based on the reflected 
wave is also called a re - reflected wave . 
[ 0054 ] The re - reflected wave generated at the first end 
LN1 propagates toward the second end LN2 through the 
signal wiring LL . The phase of the propagated re - reflected 
wave is determined depending on the magnitude of the 
impedances of the first end LN1 and the output terminal 
ON1 as with the above - described phase of reflected wave . 
That is , when the impedance of the output terminal ON1 is 
larger than that of the first end LN1 , the phase of the 
re - reflected wave assumes the same phase direction as the 
reflected wave . When the impedance of the output terminal 
ON1 approaches infinity , a re - reflected wave is generated 
with the same phase as the reflected wave in principle . On 
the contrary , when the impedance of the output terminal 
ON1 is smaller than that of the first end LN1 , the phase of 
the re - reflected wave assumes the direction antiphase to the 
reflected wave . When the impedance of the output terminal 
ON1 approaches 0 , a re - reflected wave having a phase 
opposite to that of the reflected wave is generated in prin 
ciple . 
[ 0055 ] When the impedance is mismatched between the 
second end LN2 and the input terminal IN1 , a reflected wave 
( re - re - reflected wave ) is further generated based on the 
re - reflected wave which propagates through the signal wir 
ing LL and reaches the second end LN2 . That is , the 
reflection is repeated between the first end LN1 and the 
second end LN2 , thus resulting in the occurrence of multi 
reflection . Since a loss exists in the signal wiring LL , the 
signal wave , reflected wave , re - reflected wave and re - re 
reflected wave , etc . which are propagated through the signal 
wiring LL , are attenuated . Since the reflected wave ( re - re 
reflected wave or the like ) generated by repeating reflection 
becomes large in attenuation , a description will be made of 
up to the re - reflected wave as an example in the present 
specification . 

[ 0056 ] Further , the signal wiring LL has , for example , a 
parasitic resistance component , a parasitic capacitance com 
ponent and a parasitic inductance component determined by 
its sectional area , wiring length , quality of material and 
arrangement , etc . Therefore , the signal wiring LL has a 
signal delay time i determined by these components . For 
example , the signal waveform SO supplied to the first end 
LN1 reaches the second end LN2 with being delayed by the 
signal delay time I that the signal wiring LL has . Likewise , 
the reflected wave generated at the second end LN2 reaches 
the first end LN1 with being delayed by the signal delay time 
T of the signal wiring LL , and the re - reflected wave gener 
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[ 0062 ] Further , the input circuit IBF is equipped with an 
input circuit part IBFP which forms output data out . The 
input circuit part IBFP is also configured by a plurality of 
P - type transistors and N - type transistors . There is , however , 
shown in FIG . 3B only a P - type transistor TP1 and an N - type 
transistor TN1 coupled to an input terminal INN1 of the 
input circuit part IBFP . As the P - type transistor TP1 and the 
N - type transistor TN1 configure a CMOS type inverter 
circuit , their source - drain paths are coupled between volt 
ages Vd and Vs , and their gates are coupled to the input 
terminal INN1 . Further , the input circuit part IFBP is 
equipped with protective diodes D3 and D4 coupled 
between the input terminal INN1 and the voltages Vd and 
Vs . 

ated at the first end LN1 also reaches the second end LN2 
with being delayed by the signal delay time T . 
[ 0057 ] < Configurations of Input Circuit and Output Cir 
cuit > 
[ 0058 ] In the embodiment 1 , the impedance of the output 
terminal ON1 of the output circuit OBF is set to be smaller 
than that of the first end LN1 . On the other hand , the 
impedance of the input terminal IN1 of the input circuit IBF 
is set to be larger than that of the second end LN2 . Normally , 
in order to prevent the reflected wave and the re - reflected 
wave from being generated , the input circuit IBF and the 
output circuit OBF are respectively provided with a termi 
nation resistor for achieving impedance matching . On the 
other hand , each of the input circuit IBF and the output 
circuit OBF according to the embodiment 1 does not have 
the termination resistor . The configurations of the input 
circuit IBF and the output circuit OBF will be described with 
reference to FIG . 3 . FIG . 3 is a circuit diagram showing the 
configurations of the input circuit and the output circuit 
according to the embodiment 1 . Here , FIG . 3A shows the 
configuration of the output circuit OBF , and FIG . 3B shows 
the configuration of the input circuit IBF . 
[ 0059 ] The output circuit OBF is provided with an output 
circuit part OBFP which forms a signal waveform comply 
ing with the input data in . The output circuit part OBFP is 
comprised of a plurality of P channel type transistors ( here 
inafter also called P - type transistors ) and a plurality of N 
channel type transistors ( hereinafter also called N - type tran 
sistors ) . There are , however , shown in FIG . 3A only a P - type 
transistor TPO and an N - type transistor TNO coupled to an 
output terminal ONN1 of the output circuit part OBFP . The 
P - type transistor TPO and the N - type transistor TNO respec 
tively have source - drain paths coupled in series between a 
voltage Vd and a voltage Vs . Further , their gates are coupled 
in common and supplied with an input signal from an 
unillustrated previous stage . A CMOS type inverter circuit is 
configured by the P - type transistor TPO and the N - type 
transistor TNO . 
[ 0060 ] The output of the CMOS type inverter circuit is 
coupled to the output terminal ONN1 . Further , protective 
diodes D1 and D2 are coupled between the output terminal 
ONN1 and the voltages Vd and Vs . Thus , the signal com 
plying with the input data in from the unillustrated previous 
stage is supplied to the CMOS type inverter circuit . The 
output of the CMOS type inverter circuit is supplied to the 
output terminal ONN1 . Normally , a termination resistor 
( series termination resistor ) RZ1 indicated by a broken line 
is coupled in series between the output terminal ON1 of the 
output circuit OBF and the output terminal ONN1 of the 
output circuit part OBFP . When the P - type transistor TPO or 
the N - type transistor TNO is brought into an on state by 
coupling the termination resistor RZ1 in series , the series 
termination resistor RZ1 is interposed between the voltage 
Vd or Vs and the output terminal ON1 , so that the imped 
ance of the output terminal ON1 can be increased . Increas 
ing the impedance enables achievement of impedance 
matching . 
[ 0061 ] On the other hand , in the embodiment 1 , no ter 
mination resistor RZ1 is coupled between the output termi 
nal ONN1 of the output circuit part OBFP and the output 
terminal ON1 of the output circuit OBF . Thus , when the 
P - type transistor TPO or the N - type transistor TNO is brought 
into the on state , the impedance of the output terminal ON1 
is set to be small . 

[ 0063 ] The input terminal INN1 of the input circuit part 
IBFP and the input terminal IN1 of the input circuit IBF are 
electrically coupled therebetween . Normally , in FIG . 3B , a 
termination resistor ( parallel termination resistor ) RZ2 indi 
cated by a broken line is coupled between the input terminals 
IN1 and INN1 and the voltage Vs , for example . In this case , 
since the N - type transistor TN1 and the termination resistor 
RZ2 are coupled in parallel , the impedance of the input 
terminal IN1 can be made small , thereby enabling achieve 
ment of impedance matching . 
100641 On the other hand , in the embodiment 1 , no ter 
mination resistor RZ2 is coupled between the input termi 
nals IN1 and INN2 and the voltage Vs ( Vd ) . Thus , it is 
possible to increase the impedance of the input terminal IN1 . 
10065 ] Incidentally , the protective diode D1 through D4 
may be eliminated to set the impedances of the output 
terminal ON1 and the input terminal IN1 to a desired value . 
[ 0066 ] < Basic Principle of Data Transmission > 
[ 0067 ] FIG . 2 is an explanatory diagram for describing the 
data transmission according to the embodiment 1 . Here , 
FIG . 2A shows a signal waveform supplied from the output 
terminal ON1 of the output circuit OBF shown in FIG . 1A 
to the first end LN1 . In FIG . 2A , the horizontal axis indicates 
the time , and the vertical axis indicates the voltage . 
Although the signal waveform SO corresponding to the 
continuous logical values is supplied to the first end LN1 as 
shown in FIG . 1B , there is drawn in FIG . 2A only a signal 
waveform SOi corresponding to one logical value to provide 
easier description . 
[ 0068 ] FIG . 2B is a diagram for describing the synthesis of 
signal waveforms at the second end LN2 . Arrows 2 - 1 and 
2 - 2 shown between FIGS . 2A and 2B indicate that a signal 
waveform SIPi shown on the upper side of FIG . 2B and a 
signal waveform SIRi shown on the lower side thereof are 
based on the signal waveform SOi . Further , reference 
numeral 2 - 12 drawn between the signal waveforms SIPi and 
SIRi in FIG . 2B indicates that the signal waveforms SIPi and 
SIRi are synthesized . 
[ 0069 ] FIG . 2C is a diagram for describing a signal 
waveform synthesized at the second end LN2 . Reference 
numeral 2 - 3 shown between FIG . 2B and FIG . 2C indicates 
that a signal waveform shown in FIG . 2C is formed by the 
synthesis 2 - 12 . Incidentally , even in FIGS . 2B and 2C , the 
horizontal axis indicates the time , and the vertical axis 
indicates the voltage . 
[ 0070 ] A basic principle of the data transmission accord 
ing to the embodiment 1 will be described using FIGS . 1 and 

[ 0071 ] In the embodiment 1 , the delay time ( signal delay 
time ) V of the signal at the signal wiring LL , i . e . , the signal 
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delay time propagated between the first end LN1 and the 
second end LN2 is set to a value obtained by dividing half 
of the cycle UI of the data supplied to the signal wiring LL 
by 1 / integer ( integer variable ) n of 2 or more . Representing 
the relationship between the signal delay time t and the 
cycle UI of the data in a numerical formula yields the 
following equation ( 1 ) : 

( 1 ) UI 
Tani n = 2 , 3 , 4 , . . . 

LN2 through the signal wiring LL and reaches the second 
end LN2 after the signal delay time t . The time during which 
the reflected wave ( SIRil ) generated at the second end LN2 
travels back and forth over the signal wiring LL and reaches 
the second end LN2 as the re - reflected wave ( SIRi2 ) 
becomes a double signal delay time 2T ( round signal delay 
time of signal wiring LL ) . At this time , the phase of the 
re - reflected wave SIRi2 which reaches the second end LN2 
becomes a phase in a direction opposite to the phase of the 
reflected wave SIRil . That is , the re - reflected wave SIRi2 
synthesized at the second end LN2 is delayed by the signa 
delay time 2t with respect to the reflected wave SIRil and 
has a voltage antiphase to the reflected wave . 
[ 0077 ] In FIG . 2B , after the reflected wave ( SIRil ) is 
changed to the voltage Vd side , the re - reflected wave 
( SIRi2 ) is delayed by the signal delay time 2t and changed 
to a voltage more negative than the voltage Vs . Further , after 
the reflected wave ( SIRil ) is changed to the voltage Vs side , 
only the signal delay time 2t elapses and the re - reflected 
wave ( SIRi2 ) is changed to the voltage Vd . At the second 
end LN2 , the reflected wave ( SIRil ) and the re - reflected 
wave ( SIRi2 ) are synthesized so that a signal waveform SIRI 
being the synthesized reflected wave is generated . Described 
schematically , in FIG . 2B , the voltage of the reflected wave 
( SIRil ) and the voltage of the re - reflected wave ( SIRi2 ) are 
superposed on each other during a hatched period P1 , so that 
the voltage of the signal waveform SIRi rises to the voltage 
Vd side . Likewise , even during a hatched period P3 , the 
voltage of the reflected wave ( SIRil ) and the voltage of the 
re - reflected wave ( SIRi2 ) are superposed on each other , but 
the voltage of the signal waveform SIRi is lowered to the 
voltage Vs side . On the other hand , during a period P2 
between the periods P1 and P3 , the voltage of the reflected 
wave ( SIRil ) and the voltage of the re - reflected wave 
( SIRi2 ) are cancelled each other so that the voltage of the 
signal waveform SIRi becomes a value close to the voltage 
Vs . 

[ 0072 ] Here , n is an integer of 2 or more . When the signal 
waveform SOi is considered to travel back and forth ( SSL ) 
over the signal wiring LL as shown in FIG . 1A , a round time 
delay 2t becomes a cycle UI / integer n . 
[ 0073 ] For example , when the integer n is 2 , the signal 
delay time t becomes UI / ( 2x2 ) , and the signal delay time t 
is set to about 1 / 4 of the cycle UI of the data . A description 
will be made here of , as an example , a case where the wiring 
length of the signal wiring LL , i . e . , the length between the 
first end LN1 and the second end LN2 is adjusted to set the 
signal delay time t at the signal wiring LL to be about 1 / 4 of 
the cycle UI of the data . When it is considered that the signal 
waveform SOi travels back and forth , the round signal delay 
time 2t is set to be about 1 / 2 of the cycle UI of the data . 
10074 ] The signal waveform SIPi in FIG . 2B indicates the 
waveform of the signal waveform SOi which is propagated 
through the signal wiring LL and reaches the second end 
LN2 . As shown in FIG . 2A , the signal waveform SOi is a 
waveform which changes from the voltage Vs to Vd and 
which is maintained at the voltage Vd only for the period of 
the cycle UI of the data and thereafter changes to the voltage 
Vs . According to the example of FIG . 1 , the signal wave 
form SOi is a signal waveform equivalent to a logical value 
“ 1 ” . Since the loss exists in the signal wiring LL , the 
amplitude of the signal waveform SOi becomes small when 
the signal waveform SOi is propagated through the signal 
wiring LL and reaches the second end LN2 . Therefore , in 
FIG . 2B , the signal waveform SIPi changes between a 
voltage higher than the voltage Vs and a voltage lower than 
the voltage Vd . Further , the signal waveform SIPi is changed 
with being delayed by the signal delay time V of the signal 
wiring LL as compared with a change in the signal wave 
form SOi . 
[ 0075 ] In FIG . 2B , a signal waveform SIRil indicated by 
a solid line indicates a reflected wave based on the signal 
waveform SIPi which reaches the second end LN2 . A signal 
waveform SIRi2 indicated by a broken line indicates a 
re - reflected wave which reaches the second end LN2 . Since 
the impedance of the input terminal IN1 is set large , the 
reflected wave ( signal waveform SIRil ) has a phase being in 
phase with in the same phase direction as ) the signal 
waveform SIPi and is generated substantially simultane 
ously with the signal waveform SIPi . 
[ 0076 The reflected wave ( signal waveform SIRil ) is 
propagated from the second end LN2 to the first end LN1 
over the signal wiring LL and reaches the first end LN1 after 
the signal delay time t . Since , at this time , the impedance of 
the output terminal ON1 is set small , the phase of the 
re - reflected wave generated by impedance mismatching 
becomes a phase in a direction opposite to the phase of the 
reflected wave ( signal waveform SIRil ) . The re - reflected 
wave is propagated from the first end LN1 to the second end 

[ 0078 ] At the second end LN2 , the signal waveform SIPI 
and the signal waveform ( synthesized reflected wave ) SIRI 
both shown in FIG . 2b are synthesized . With their synthesis , 
during a period P1 as shown in FIG . 2C , a signal waveform 
SIPi which is changed to the voltage Vd side and maintains 
the voltage on the voltage Vd side , and a signal waveform 
SIRi which is changed to the voltage Vd side and maintains 
the voltage on the voltage Vd side in like manner are 
superposed on each other , so that the voltage of a signal 
waveform Sli at the second end LN2 is changed to a voltage 
higher than the voltage Vd and maintained at a high voltage . 
Also , during a period P3 , a signal waveform SIPi which is 
changed to the voltage Vs side and maintains the voltage on 
the voltage Vs side , and a signal waveform SIRi which 
maintains a voltage lower than the voltage Vs side and is 
directed to the voltage Vs side are superposed on each other , 
so that the voltage of the signal waveform Sli at the second 
end LN2 becomes lower than the voltage Vs . Further , since 
the signal waveform SIRi is at a voltage close to the voltage 
Vs during a period between the periods P1 and P3 , the 
voltage of the signal waveform SIi becomes a voltage 
( voltage on the Vd side ) close to the voltage of the signal 
waveform SIPi . That is , when the signal waveform is 
changed at the second end LN2 , a horn - shaped change in 
voltage occurs during the periods P1 and P3 respectively . 
[ 0079 ] Consider where each of other signal wirings ( not 
shown ) is disposed in an organic interposer so as to be 
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adjacent to and parallel to the signal wiring LL , and an input 
circuit ( second input circuit ) and an output circuit ( second 
output circuit ) both not shown are coupled to the other signal 
wiring ( second signal wiring ) , and a signal is transmitted and 
received through the second signal wiring . That is , consider 
where a signal is output from the second output circuit to the 
second signal wiring , and the signal propagated through the 
second signal wiring is input to the first input circuit . In this 
case , it is possible to prevent the signal waveform from 
being determined as an erroneous logical value ( logical 
value “ O ” in the example ) even though during the period P1 
or P3 , noise is propagated through the signal wiring LL due 
to crosstalk from the second signal wiring to thereby change 
the voltage of the signal waveform Sli at the second end 
LN2 . 
[ 0080 ] For example , when such crosstalk noise as to be 
directed from the voltage Vd to the voltage Vs is propagated 
through a parasitic capacitor from the second signal wiring 
adjacent to the signal wiring LL during the period P1 ( signal 
delay time 2t ) , the voltage of the signal waveform Sli at the 
second end LN2 is changed to the voltage Vs side due to the 
crosstalk noise . Since , however , the voltage of the signal 
waveform Sli is higher than the voltage Vd during the period 
P1 , the signal waveform Sli can be maintained at a value 
close to the voltage Vd even though the voltage of the signal 
waveform Sli is made low due to the crosstalk noise , thereby 
making it possible to prevent the input circuit IBF from 
determining the signal waveform as an erroneous logical 
value . 
[ 0081 ] Likewise , when such crosstalk noise as to be 
directed from the voltage Vs to the voltage Vd is propagated 
from the adjacent second signal wiring , the voltage of the 
signal waveform Sli is changed to the voltage Vd side during 
the period P3 . Since , however , the voltage of the signal 
waveform Sli is lower than the voltage Vs during the period 
P3 , the signal waveform Sli can be maintained at a value 
close to the voltage Vs , thereby making it possible to prevent 
the input circuit IBF from determining the signal waveform 
as an erroneous logical value . 
[ 0082 ] In other words , when a difference between the 
maximum and minimum values of a dynamic signal delay 
time at the adjacent second signal wiring is not greater than 
the signal delay time 2t where first and second signals are 
made equal to each other in static delay time , it is possible 
to reduce an influence due to crosstalk based on a change in 
the signal at the adjacent second signal wiring , thus making 
it possible to prevent the signal waveform from being 
determined as an erroneous logical value . That is , the 
influence due to the crosstalk can be reduced by , for 
example , setting the wiring length of the second signal 
wiring and the configurations of the second output circuit 
and the second input circuit in such a manner that the 
rising / falling time of the signal at the second signal wiring 
falls within the section of the signal delay time 2t . 
[ 0083 ] Further , since the amount of change in the voltage 
of the signal waveform Sli at the second end LN2 can be 
made large during the periods P1 and P3 , it is possible to 
improve the rounding of the signal waveform at the signal 
wiring LL . That is , it is possible to improve the time when 
the signal waveform Sli rises to the voltage Vd and the time 
when it falls to the voltage Vs . 
[ 0084 ] In the embodiment 1 , the signal wiring LL is 
configured by the wirings disposed in the organic interposer . 
Since the organic interposer is small in its wiring resistance , 

the multi - reflection is generated between the first end and 
the second end as described above , whereby the influence by 
the crosstalk can be reduced utilizing the voltages of the 
reflected wave and the re - reflected wave at the second end 
LN2 . In the embodiment 1 , in order to utilize the reflected 
wave and the re - reflected wave , the signal delay time at the 
signal wiring LL , the output impedance ( impedance of 
output terminal ON1 ) of the output circuit OBF , and the 
input impedance ( impedance of input terminal IN1 ) of the 
input circuit IBF are set as described above . Normally , in 
order to achieve impedance matching as described in FIG . 3 , 
the termination resistors RZ1 and RZ2 are respectively 
coupled to the output circuit OBF and the input circuit IBF . 
In the embodiment 1 , however , no termination resistors RZ1 
and RZ2 are coupled thereto . Therefore , power consumed by 
the termination resistors RZ1 and RZ2 can be reduced , and 
power - saving of the semiconductor device can also be 
achieved . 
[ 0085 ] < Simultaneous Switching Output ( SSO ) > 
[ 0086 ] Although the crosstalk between the signal wiring 
LL and the signal wiring ( second signal wiring ) disposed 
adjacent thereto has been described by way of example , the 
present embodiment 1 is effective where a plurality of signal 
wirings are disposed so as to extend in parallel , and signals 
supplied to the respective signal wirings are changed sub 
stantially simultaneously ( simultaneous switching output ) . 
[ 0087 ] As one example of the simultaneous switching 
output , there are known bus wirings which couple the 
previously - mentioned 3 - D memory chip and logical chip on 
a parallel basis . FIG . 4 is a block diagram showing the 
configuration of the bus wirings . The bus wirings are dis 
posed in an organic interposer so as to extend in parallel to 
each other . Although , for example , the bus wirings having 1 
Kbit are disposed in the organic interposer as described 
above , six bus wirings of the bus wirings are illustrated as 
LL1 through LL6 in FIG . 4 . Each of the bus wirings LL1 
through LL6 corresponds to the signal wiring LL shown in 
FIG . 1A and has a first end LN1 and a second end LN2 . 
Incidentally , reference numerals LN1 and LN2 are attached 
only to the bus wiring LLH in FIG . 4 . 
[ 0088 ] In FIG . 4 , OBF1 through OBF6 respectively indi 
cate output circuits . Each of the output circuits OBF1 
through OBF6 corresponds to the output circuit OBF shown 
in FIG . 1A . Output terminals ( each corresponding to ON1 in 
FIG . 1 ) of the output circuits OBF1 through OBF6 are 
coupled to the first ends LN1 of their corresponding bus 
wirings LL1 through LL6 . Further , IBF1 through IBF6 
respectively indicate input circuits . Each of them corre 
sponds to the input circuit IBF in FIG . 1A . Input terminals 
( each corresponding to IN1 in FIG . 1 ) of the input circuits 
IBF1 through IBF6 are coupled to the second ends LN2 of 
their corresponding bus wirings LL1 through LL6 . 
[ 0089 ] Of the two chips mounted in the organic interposer , 
the input circuits IBF1 through IBF6 are built in one thereof , 
and the output circuits OBF1 through OBF6 are built in the 
other chip thereof . The bus wirings LL1 through LL6 are 
disposed in the organic interposer , and the two chips are 
electrically coupled in parallel therebetween by the bus 
wirings LL1 through LL6 . 
[ 0090 ] The output circuits OBF1 through OBF6 substan 
tially simultaneously change signal waveforms supplied to 
the bus wirings LL1 through LL6 . Even though the signal 
waveforms supplied to the bus wirings LL1 through LL6 are 
respectively changed substantially simultaneously , signal 

WE 
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delay times of the signal waveforms which reach the input 
circuits IBF1 through IBF6 may differ depending on , for 
example , differences of wiring lengths between the bus 
wirings LL1 through LL6 , etc . Consider where the signal 
delay times differ . Focusing on one bus wiring , for example , 
signal waveforms which change previously or / and subse 
quently on the time basis exist in plural form as compared 
with a signal propagated through the bus wiring to be 
noticed . Thus , crosstalk occurs plural times , and crosstalk 
noise is propagated over the bus wiring to be noticed , over 
a plurality of number of times . For example , when the bus 
wiring to be noticed is assumed to be the bus wiring LL3 
where it is assumed that the bus wirings LL1 through LL6 
are different in signal delay time from each other therebe 
tween , the crosstalk noise of more than once is propagated 
from the bus wirings LL1 , LL2 and LL4 through LL5 to the 
bus wiring LL3 to be noticed . 
[ 0091 ] < Influence by Antiphase Crosstalk > 
[ 0092 ] FIG . 5 is a diagram for describing the influence by 
crosstalk . FIG . 5A shows signal waveforms propagated 
through the bus wirings LL1 through LL5 of the bus wirings 
LL1 through LL6 shown in FIG . 4 , and FIG . 5B shows a 
signal waveform at the second end LN2 of the bus wiring 
LL3 to be noticed . FIG . 5C shows an eye pattern at the 
second end LN2 ( input terminal of input circuit IBF2 ) of the 
bus wiring LL3 to be noticed . 
[ 0093 ] Incidentally , in FIGS . 5A through 5C , the horizon 
tal axis indicates the time , and the vertical axis indicates the 
voltage . 
[ 0094 ] In FIG . 5A , the upper signal waveforms indicate 
the signal waveforms at the bus wirings LL1 , LL2 , LL4 , and 
LL5 , and the lower signal waveform indicates the signal 
waveform at the bus wiring LL3 to be noticed . The signal 
waveform at the bus wiring LL3 to be noticed shown on the 
lower side of FIG . 5A is a signal waveform unaffected by 
crosstalk . In FIGS . 5A and 5B , the output circuits OBF1 
through OBF5 output the signal waveforms to the bus 
wirings LL1 through LL5 by the simultaneous switching 
output . At this time , there is shown a case where the output 
circuits OBF1 , OBF2 , OBF4 , and OBF5 supply signals 
being in - phase with each other to the bus wirings LL1 , LL2 , 
LL4 , and LL5 , and the output circuit OBF3 supplies a signal 
opposite in phase to the signals output by the output circuits 
OBF1 , OBF2 , OBF4 , and OBF5 to the bus wiring LL3 to be 
noticed . In this case , the antiphase crosstalk noise is applied 
from the bus wirings LL1 , LL2 , LL4 , and LL5 to the bus 
wiring LL3 . 
[ 0095 ] That is , when the signal waveform SL3 at the bus 
wiring LL3 to be noticed is changed from a voltage Vs to a 
voltage Vd , the signal waveforms SL1 , SL2 , SL4 , and SL5 
at the bus wirings LL1 , LL2 , LL4 , and LL5 are changed 
from the voltage Vd to the voltage Vs , and hence noise in the 
direction of suppressing a change in the voltage of the signal 
waveform SL3 at the bus wiring LL3 to be noticed is 
generated . Likewise , when the signal wiring waveform SL3 
at the bus wiring LL3 to be noticed is changed from the 
voltage Vd to the voltage Vs , the signal waveforms SL1 , 
SL2 , SL4 , and SL5 at the bus wirings LL1 , LL2 , LL4 , and 
LL5 are changed from the voltage Vs to the voltage Vd , and 
hence noise in the direction of suppressing a change in the 
voltage of the signal waveform SL3 at the bus wiring LL3 
to be noticed is generated . 
[ 0096 ] In FIG . 5A , an arrow 5 - 1 indicates crosstalk . In this 
case , since the changes in the voltages of the signal wave 

forms SL1 , SL2 , SL4 , and SL5 become crosstalk noise , the 
crosstalk indicated by the arrow 5 - 1 is approximately 
equivalent to a waveform ( differential waveform ) obtained 
by differentiating the changes in the voltages of the signal 
waveforms SL1 , SL2 , SL4 , and SL5 . 
[ 0097 ] When the bus wirings LL1 through LL5 are dif 
ferent in signal delay time from each other , crosstalk noise 
is generated plural times by the changes in the signal 
waveforms at the bus wirings LL1 , LL2 , LL4 , and LL5 . 
With the generated crosstalk noise , the signal waveform at 
the bus wiring LL3 to be noticed is deformed ( arrow 5 - 2 ) , 
thus resulting in such a signal waveform as shown in FIG . 
5B . That is , when the signal waveform SL3 is changed 
toward the voltage Vd at the second end LN2 of the bus 
wiring LL3 to be noticed , the change in the voltage of the 
signal waveform SL3 is suppressed by crosstalk noise SL1E , 
SL2E , SL4E , and SL5E generated due to changes in the 
signal waveforms SL1 , SL2 , SL3 , and SL4 toward the 
voltage Vs . Thus , when the signal waveform SL3 is changed 
toward the voltage Vd , the signal waveform SL3 becomes a 
voltage lower than the voltage Vd during an initial period 
PP1 . 
[ 0098 ] Although omitted in FIG . 5B , even when the signal 
waveform SL3 is changed from the voltage Vd to Vs , the 
change in the voltage of the signal waveform SL3 is sup 
pressed by the crosstalk noise SL1E , SL2E , SL4E , and 
SL5E . 
[ 0099 ] Since the change in the voltage of the signal 
waveform SL3 at the second end LN2 is suppressed during 
the initial period PP1 , the eye pattern becomes low in 
voltage in a region of EY1 as shown in FIG . 5C and is not 
brought into a rectangle like the signal waveform SL3 
shown in FIG . 5A . When the input circuit IBF3 determines 
the voltage of the signal waveform SL3 in the region of EY1 , 
it is considered to be determined as an erroneous logical 
value , thus resulting in the occurrence of a malfunction . 
[ 0100 ] < Reduction in Influence by Antiphase Crosstalk > 
[ 0101 ] In the embodiment 1 as described in FIG . 2 , the 
voltage at the second end LN2 of the signal wiring LL ( bus 
wiring LL3 to be noticed ) is set to exceed the voltage Vd 
during the period P1 and becomes lower than the voltage Vs 
during the period P3 by using the multi - reflection . There 
fore , when the period P1 shown in FIG . 2 is set to be the 
same as or longer than the period PP1 shown in FIG . 5 and 
superposed on the period PP1 , the voltage of the second end 
LN2 can be made close to the voltage Vd even though the 
voltage of the second end LN2 of the bus wiring LL3 is 
suppressed by the crosstalk noise SLIE , SL2E , SL4E , and 
SL5E , thereby making it possible to prevent a malfunction 
from occurring . Likewise , the period during which the 
change of the voltage of the second end LN2 of the bus 
wiring LL3 toward the voltage Vs is suppressed by the 
crosstalk noise SLIE , SL2E , SL4E , and SL5E , and the 
period P3 shown in FIG . 2C are set to be superposed on each 
other , thereby enabling the voltage at the second end LN2 of 
the bus wiring LL3 close to the voltage Vs . 
10102 ] In the present embodiment 1 , each bus wiring is set 
in such a manner that the difference At between the largest 
signal delay time ( maximum value ) of the signal delay times 
that the bus wirings respectively have , and the smallest 
signal delay time ( minimum value ) thereof is halved with 
respect to the signal delay t of the signal wiring LL ( noticed 
bus wiring LL3 , first signal wiring ) . Described with refer 
ence to FIG . 5A , the bus wiring ( second signal wiring or 
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third signal wiring ) LL5 has the signal delay time being the 
maximum value , and the bus wiring LL1 ( third signal wiring 
or second signal wiring ) has the signal delay time being the 
maximum value . The time difference between a timing at 
which the voltage of the signal waveform SL1 is changed , 
and a timing at which the signal waveform SL5 is changed 
becomes equivalent to the above - described difference At . 
Representing the relationship between the difference At 
between the maximum and minimum values of the signal 
delay time and the signal delay time t in a numerical formula 
yields the following equation ( 2 ) : 

2T > At ( 2 ) 
[ 0103 ] That is , the signal delay time difference At is set so 
as not to exceed twice ( 21 ) the signal delay time t of the bus 
wiring LL3 to be noticed . Preferably , the signal delay time 
difference At is half ( t / 2 ) the signal delay time t as in the 
following equation ( 3 ) . A desirable state shown in the 
following equation ( 3 ) will principally be described in the 
embodiment 1 . 

2T / 4 > AL , T / 2 > At ( 3 ) 

( 4 ) 

[ 0104 ] When the bus wirings LL1 through LL6 respec 
tively have the same sectional area , their signal delay times 
can be determined by physical wiring lengths . The relation 
ship between the wiring length of each bus wiring and its 
signal delay time is represented by the following equation 
( 4 ) : 

L = tpd / cO VELLE 
[ 0105 ] Where L indicates a wiring length , tpd indicates a 
signal delay time , co indicates the velocity of light in 
vacuum , e , indicates a specific dielectric constant of an 
insulating film around the wiring , and u , indicates specific 
permeability of the insulating film around the wiring . When 
the equation ( 1 ) indicative of the signal delay time t is 
substituted into the equation ( 4 ) as the signal delay time tpdo 
the wiring length Ln of the signal wiring LL ( bus wiring 
LL3 ) is determined by the following equation ( 5 ) : 

becomes LL5 , and the bus wiring of the minimum wiring 
length becomes LL1 . Each of the remaining bus wirings 
LL2 , LL4 and LL6 is set to have a wiring length between the 
bus wiring LL1 and the bus wiring LL5 . Further , the wiring 
length Ln of the bus wiring LL3 is determined by the 
equation ( 5 ) . Incidentally , the bus wiring LL3 also has the 
wiring length between the bus wirings LL1 and LL5 . 
[ 0109 ] FIG . 6 is a diagram showing an eye pattern accord 
ing to the embodiment 1 . FIG . 6 is an eye pattern created by 
determining signal changes at the second end LN2 of the bus 
wiring LL3 where the wiring lengths of the bus wirings are 
set in the above - described manner such that the signal delay 
time difference At between the maximum wiring - length bus 
wiring and the minimum wiring - length bus wiring does not 
exceed the half of the signal delay time t of the noticed bus 
wiring LL3 . Even in the same figure , the horizontal axis 
indicates the time , and the vertical axis indicates the voltage . 
By the multi - reflection as described in FIG . 2 , the voltage of 
the signal waveform at the second end LN2 is changed so as 
to exceed the voltage Vd or be lower than the voltage Vs 
when the signal waveform is changed . Described briefly , 
when the signal waveform propagated through the bus 
wiring LL3 is changed , a horn exceeding the voltage Vd or 
a horn lower than the voltage Vs is generated . In the region 
( P1 , P3 ) of the horn , crosstalk noise from other bus wirings 
is given to the bus wiring LL3 . Therefore , the eye pattern of 
FIG . 6 does not have such a region EY1 as shown in FIG . 
5C , but assumes a rectangle similar to the signal waveform 
SL3 shown in FIG . 5A . 
[ 0110 ] Since the wirings disposed in the organic interposer 
are used as the bus wirings LL1 through LL6 , a loss in each 
bus wiring is small as compared with each wiring of a silicon 
interposer , but the voltage amplitude of the signal waveform 
at the second end LN2 of the bus wiring becomes small . 
Since , however , the eye pattern is made rectangular , as 
shown in FIG . 6 , the eye pattern is made open stably in a 
range of a potential difference AV , as viewed in a high 
voltage direction with a reference voltage Vref as a bound 
ary . Further , the eye pattern is made open stably in a range 
of a potential difference AH , as viewed in a low voltage 
direction . Therefore , the input circuit IBF can compare the 
reference voltage Vref and the voltage of the second end 
LN2 in an arbitrary timing and determine a logical value of 
a transmitted signal waveform . That is , it is possible to 
ensure a timing margin . 
[ 0111 ] < Structure of Semiconductor Device > 
[ 0112 ] The structure of the semiconductor device accord 
ing to the embodiment 1 will next be described . A semicon 
ductor device equipped with a 3 - D memory chip and a 
logical chip mounted in an organic interposer will be 
described here as an example . FIG . 7 is a sectional diagram 
showing the structure of the semiconductor device according 
to the embodiment 1 . A semiconductor device SLS in a state 
of being mounted onto a printed board PRT - B is drawn in 
FIG . 7 . Such a semiconductor device is used in a module 
equipped with a high speed memory such as a so - called 
network memory or LPDDR5 or the like . 
[ 0113 ] Although not restricted in particular , the semicon 
ductor device SLS is sealed in a BGA ( Ball Grid Array ) 
package . That is , the semiconductor device SLS is equipped 
with a plurality of organic interposers mounted over a main 
surface of a BGA substrate BGA - S , and a plurality of 
semiconductor chips ( dies ) mounted over main surfaces of 
the organic interposers . In order to avoid the complication of 

In = ( co / VEHer ) ; n = 2 , 3 , 4 , . . . 

[ 0106 ] Preferably , since the signal delay time difference At 
is half the signal delay time t , a wiring length difference 
( Ln . mar - Ln . min ) between a wiring length Ln . max of a bus 
wiring of a plurality of bus wirings disposed adjacent to each 
other , at which a signal delay time being the maximum value 
is reached , and a wiring length Ln . min of a bus wiring thereof 
at which a signal delay time being the minimum value is 
reached , is made so as not to exceed half ( L , / 2 ) of the 
noticed bus wiring having the signal delay time t as in the 
following equation ( 6 ) to thereby set the wiring lengths of 
the respective bus wirings . 

Ln , max - In , min < L , / 2 ( 6 ) 

[ 0107 ] That is , the bus wirings disposed adjacent to each 
other are set to have the wiring lengths between the mini 
mum wiring - length bus wiring having the wiring length 
Ln min and the maximum wiring - length bus wiring having 
the wiring length Ln , max : 
[ 0108 ] When the wiring length is described by taking FIG . 
5 for example , the bus wiring of the maximum wiring length 
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drawings , there are shown in FIG . 7 only one organic 
interposer OMI mounted over the BGA substrate BGA - S , 
and a 3 - D memory chip 3DMD and a logical chip 1LD 
mounted over a main surface of the organic interposer OMI . 
[ 0114 ] The 3 - D memory chip 3DMD is equipped with five 
memory chips MCHO through MCH4 laminated three - di 
mensionally , and bumps BMP - M which electrically couple 
between the memory chips MCHO through MCH4 . In the 
same drawing , only the bumps disposed on the leftmost side 
are designated at sign BMP - M . The 3 - D memory chip 
3DMD is mounted in a predetermined first region of the 
main surface of the organic interposer OMI . The 3 - D 
memory chip 3DMD and each wiring arranged at the main 
surface of the organic interposer OMI are electrically 
coupled therebetween by interposer bumps BMP - IM . In the 
same drawing , there are shown only the interposer bumps 
BMP - IM which couple between the memory chip MCHO as 
the bottommost layer and each wiring arranged at the main 
surface of the organic interposer OMI . Further , sign BMP 
IM is attached only to the interposer bump disposed on the 
leftmost side . 
[ 0115 ] The logical chip ILD is mounted in a predeter 
mined second region of the main surface of the organic 
interposer OMI . The logical chip 1LD and each wiring 
arranged at the main surface of the organic interposer OMI 
are electrically coupled therebetween by interposer bumps 
BMP - IL . Only one shown on the rightmost side , of the 
interposer bumps coupling the logical chip 1LD and the 
organic interposer OMI is designated at sign BMP - IL . 
[ 0116 ] The organic interposer OMI is equipped with a 
plurality of wiring layers though being described later using 
FIG . 8 . Wirings formed by the wiring layers couple between 
the interposer bumps coupled the 3 - D memory chip 3DMD 
and the interposer bumps coupled to the logical chip 1LD . 
In the same drawing , a bus wiring part BLL which couples 
between the 3 - D memory chip 3DMD and the logical chip 
1LD is surrounded by a broken line . The bus wiring part 
BLL includes a plurality of bus wirings LL which are 
adjacent to each other and extend in parallel . Further , the 
organic interposer OMI is equipped with PTV ( Plated 
Through Via : dot embedded region ) being a plurality of 
through vias . Each wiring arranged at the main surface of the 
organic interposer OMI and each wiring arranged at its back 
surface are electrically coupled therebetween through PTV1 
being the through vias . Incidentally , even about the through 
vias PTV1 , only one shown on the leftmost side is desig 
nated at sign PTV1 . 
[ 0117 ] A bump BMP - B is disposed between each of the 
wirings arranged at the main surface of the BGA substrate 
BGA - S and each of the wiring arranged at the back surface 
of the organic interposer OMI . The back - surface wiring of 
the organic interposer OMI and the main - surface wiring of 
the BGA substrate BGA - S are electrically coupled therebe 
tween . The wiring arranged at the back surface of the BGA 
substrate BGA - S and the wiring arranged at the main surface 
of the printed board PRT - B are electrically coupled therebe 
tween by a ball electrode BALL . Although not shown in the 
drawing , the BGA substrate BGA - S is equipped with inter 
layer wirings each coupling the main - surface wiring 
arranged at the main surface and the back - surface wiring 
arranged at the back surface . A desired main - surface wiring 
and a desired back - surface wiring are coupled therebetween 
by the corresponding interlayer wiring . Incidentally , even 
about the bumps coupling between the organic interposer 

OMI and the BGA substrate BGA - S , and the bump elec 
trodes coupling between the BGA substrate and the printed 
board PRT - B , only those shown on the leftmost side in the 
same drawing are designated at signs BMP - B and BALL . 
[ 0118 ] FIG . 8 is a sectional diagram showing the structure 
of the organic interposer OMI according to the embodiment 
1 . The organic interposer OMI is equipped with a core 
substrate OM - C formed of glass or an RF4 - based material , 
and a plurality of wiring layers and a plurality of resin layers 
respectively laminated over main and back surfaces of the 
core substrate OM - C . Although a description will be made 
by taking for example , the case where the laminated wiring 
and resin layers are respectively three , they are not limited 
to the three layers . Incidentally , the thickness of the core 
substrate OM - C is 200 um , for example . 
[ 0119 ] A first - layer wiring layer is formed over the main 
and back surfaces of the core substrate OM - C and processed 
into a desired shape , so that first - layer wirings OM - M11 and 
OM - M21 each having a desired shape are formed . There 
after , resin layers OM - I11 and OM - 121 are laminated there 
over . A wiring layer is formed on the upper side of each of 
the resin layers OM - I11 and OM - 121 and processed into a 
desired shape . Thus , second - layer wirings OM - M12 and 
OM - M22 each having a desired shape are formed . There 
after , resin layers OM - 112 and OM - 122 are laminated there 
over . A wiring layer is formed on the upper side of the resin 
layers OM - 112 and OM - 122 and processed into a desired 
shape , whereby third - layer wirings OM - M13 and OM - M23 
each having a desired shape are formed . Further , resin layers 
OM - 113 and OM - 123 are laminated on the upper side of the 
third - layer wirings . Although being omitted in the same 
drawing , a wiring layer is formed on the upper side of each 
of the resin layers OM - 113 and OM - 123 and processed into 
a desired shape , and the interposer bumps BMP - IM ( BMP 
IL ) and bumps BMP - B are coupled thereto . 
[ 0120 ] Thus , the respective wirings are surrounded by the 
resin layers . At a spot to electrically couple between the 
wirings , an opening is provided in the resin layer interposed 
between the wirings . A conductive layer is embedded in the 
opening such that the wirings are electrically coupled ther 
ebetween via the opening . Further , the core substrate OM - C 
is provided with a plurality of through vias PTV1 , which 
electrically couple the wirings disposed on the main surface 
side of the core substrate OM - C and the wirings disposed on 
the back surface side thereof . 
[ 0121 ] Incidentally , in FIG . 8 , in order to avoid the com 
plication of the drawing , signs OM - M11 through M13 , 
OM - M21 through M23 and PTV1 are respectively attached 
only to the wirings and through via disposed on the right 
most side . 
[ 0122 ] < Structure of Bus Wiring Part > 
[ 0123 ] FIG . 9 is a sectional diagram showing the structure 
of the bus wiring part . FIG . 9A shows a cross - section where 
an organic interposer is used as an interposer , and FIG . 9B 
shows a cross - section where a silicon interposer is used . The 
cross - section of FIG . 9A is equivalent to the cross section 
taken along line A - A ' shown in FIG . 7 . A sectional structure 
of a more specific bus wiring part BLL will be described 
later using FIG . 10 . A description will first be made here 
principally of a difference between a bus wiring disposed in 
the organic interposer and a bus wiring disposed in the 
silicon interposer by using FIG . 9 . 
[ 0124 ] In FIG . 9A , LL1 through LL6 indicate bus wirings 
respectively . The bus wirings LL1 through LL6 are adjacent 



US 2018 / 0183411 A1 Jun . 28 , 2018 

to each other and extend in parallel . That is , in FIG . 9A , the 
bus wirings LL1 through LL6 respectively extend from the 
front side ( or back side ) of paper to its back side ( front side ) 
thereof and are parallel to each other . The wirings corre 
sponding to two layers are used as the bus wirings LL1 
through LL6 from the wirings OM - M11 through M13 or / and 
OM - M21 through M23 described in FIG . 8 . For example , 
each of the bus wirings LL1 through LL3 is comprised of the 
second - layer wiring OM - M12 , and each of the bus wirings 
LL4 through LL6 is comprised of the first - layer wiring 
OM - M11 . Since they are wirings formed in the organic 
interposer , a wiring interval is wide , and a wiring width and 
thickness also become large . In the example of FIG . 9A , the 
interval ( wiring interval ) between the bus wirings ranges 
from 6 to 10 um , the wiring width of each bus wiring ranges 
from 3 to 10 um , and the wiring thickness thereof ranges 
from 3 to 8 um . 
10125 . On the other hand , as the bus wirings disposed in 
the silicon interposer , wirings laminated over a silicon wafer 
are used therefor . Since the bus wirings are formed by the 
semiconductor manufacturing technology , it is possible to 
raise a wiring density and reduce a wiring width and 
thickness of each bus wiring . In FIG . 9B , the bus wirings 
formed by the semiconductor manufacturing technology are 
shown as the LLS1 through LLS6 . Even in this case , the bus 
wirings LLS1 through LLS6 respectively extend from the 
front side ( or back side ) of paper to the back side ( front side ) 
thereof and are parallel to each other . In FIG . 9B , as an 
example , the distance between the upper and lower bus 
wirings is 0 . 5 um , for example , the wiring width of each of 
the bus wirings is from 0 . 5 to 2 . 0 um , and the wiring 
thickness thereof is 1 . 0 um , for example . Thus , when the 
silicon interposer is used , the bus wirings can be made high 
in density , but become high in manufacturing cost . 
[ 0126 ] FIG . 10 is a sectional diagram showing the struc 
ture of the bus wiring part BLL according to the embodiment 
1 . A cross - section of FIG . 10 is equivalent to the cross 
section taken along line A - A ' shown in FIG . 7 . Although 
there has been described in FIGS . 7 and 8 , the example in 
which in order to avoid the complication of the drawings , the 
three wiring layers are respectively formed over the main 
and back surfaces of the core substrate OM - C , and the 
wirings of the three layers are formed , FIG . 10 shows a case 
where five wirings layers are formed and wirings of five 
layers are formed . For example , wiring layers and resin 
layers corresponding to two layers are further formed on the 
upper side of the resin layer OM - 113 shown in FIG . 8 , 
whereby wirings of five layers can be formed . 
[ 0127 ] In FIG . 10 , LL1 through LL20 indicate bus wir 
ings . Further , LLG indicate shield wirings ( voltage wirings ) 
supplied with a predetermined voltage , e . g . , a voltage Vs . 
The bus wirings LL1 through LL20 and the shield wirings 
LLG extend so as to be adjacent and parallel to each other . 
That is , the bus wirings LL1 through LL20 and the shield 
wirings LLG respectively extend from the front side ( or 
back side ) of paper to the back side ( front side ) thereof and 
are parallel to each other . The shield wirings LLG are 
discretely disposed within the bus wirings LL1 through 
LL20 at predetermined intervals . In the example of FIG . 10 , 
the shield wirings LLG are disposed so as to interpose the 
two bus wirings therebetween as in the horizontal direction . 
[ 0128 ] The bus wirings LL1 through LL20 and the shield 
wirings LLG have the same structure as each other . That is , 
the wiring width of each of the bus and shield wirings is set 

to be 6 um , and the wiring width thereof is also set to be 6 
um . Further , the interval between the bus wirings is set to be 
8 um . Since each shield wiring LLG has the same structure 
as the bus wiring , the shield wiring may be assumed to be 
the bus wiring . When it is assumed in this manner , a 
predetermined voltage ( Vs ) is supplied to the bus wirings 
disposed at predetermined intervals , out of the plural bus 
wirings , so that the bus wirings supplied with the predeter 
mined voltage function as the shield wirings . 
[ 0129 ] A description will be made about an example of 
correspondence between FIGS . 8 and 10 . The bus wirings 
LL17 through LL20 and the shield wirings LLG disposed in 
this row are configured by the first - layer wiring OM - M11 . 
The bus wirings LL13 through LL16 and the shield wirings 
LLG disposed in this row are configured by the second - layer 
wiring OM - M12 . The bus wirings LL9 through LL12 and 
the shield wirings LLG disposed in this row are configured 
by the third - layer wiring OM - M13 . In this case , the bus 
wirings LL5 through LLS and the shield wirings LLG 
disposed in this row are configured by the fourth - layer 
wiring formed by the additional wiring layer . The bus 
wirings LL1 through LL4 and the shield wirings LLG 
disposed in this row are configured by the fifth - layer wiring 
formed by the additional wiring layer . 
[ 0130 ] Since the shield wirings LLG are supplied with the 
predetermined voltage , crosstalk can be reduced by the 
shield wirings . Since , however , they are disposed in the 
organic interposer OMI , a bus wiring density becomes low 
and hence the distance between the shield wiring LLG and 
the bus wiring is separated . Hence , the effect of reducing 
crosstalk by the shield wiring LLG becomes low . Therefore , 
it is considered that when attention is paid to a bus wiring 
whose periphery is surrounded by other bus wirings , for 
example , the bus wiring LL11 ( bus wiring added with a 
circle ) , signals at the bus wirings ( e . g . , LL7 , LL10 , LL15 , 
etc . ) disposed adjacent to the bus wiring LL11 to be noticed 
are changed to the reverse phase substantially simultane 
ously , so that antiphase crosstalk noise is generated , thereby 
affecting a signal at the bus wiring LL11 to be noticed . In the 
embodiment 1 , the influence of the antiphase crosstalk ca be 
reduced by using the multi - reflection as described above . 
[ 0131 ] FIG . 11 is a diagram showing eye patterns accord 
ing to the embodiment 1 . FIG . 11 are eye patterns deter 
mined by realizing by simulation , states in which the bus 
wirings LL1 through LL20 and the shield wirings LLG are 
disposed as shown in FIG . 10 . There are shown in FIG . 11 , 
eye patterns at the second end LN2 of the bus wiring LL11 
to be noticed , the second end LN2 of each bus wiring 
disposed adjacent to the bus wiring LL11 , and the second 
end LN2 of each bus wiring away from the bus wiring LL11 . 
Here , as described in FIGS . 2 and 3 , etc . , the impedances of 
the output and input circuits coupled to the noticed bus 
wiring LL11 are set in such a manner that multi - reflection is 
generated between the first end LN1 and second end LN2 of 
the noticed bus wiring LL11 . Further , the wiring length of 
the bus wiring LL11 and the wiring length of each bus 
wiring adjacent to the bus wiring LL11 are also set as 
described in FIGS . 2 and 5 , etc . 
10132 ] FIG . 11A shows an eye pattern at the second end 
LN2 of the noticed bus wiring LL11 . FIG . 11B shows eye 
patterns at the second ends LN2 of the bus wirings LL10 , 
LL7 , and LL15 disposed adjacent to the bus wiring LL11 . 
Further , FIG . 11C shows eye patterns at the second ends 
LN2 of the bus wirings LL1 , LL4 , LL17 and LL20 , etc . 
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disposed sufficiently away from the bus wiring LL11 . The 
first ends LN1 of the bus wirings LL11 and bus wirings 
LL10 , LL7 , and LL15 are supplied with substantially simul 
taneously - changed signal waveforms from their correspond 
ing output circuits . At this time , the signal waveform sup 
plied to each of the bus wirings LL10 , LL7 , and LL15 is 
opposite in phase to the signal waveform supplied to the bus 
wiring LL11 . Further , each of the bus wirings LL1 , LL4 , 
LL17 , and LL20 , etc . disposed sufficiently away from each 
other is supplied with a random signal waveform from its 
corresponding output circuit . 
[ 0133 ] The antiphase crosstalk noise is supplied from the 
bus wirings LL10 , LL7 , and LL15 to the bus wiring LL11 , 
but due to the multi - reflection as described in FIGS . 2 and 
5 , etc . , the horn is generated in the region ( period P1 , P3 ) in 
which the signal waveform changes at the second end LN2 
of the bus wiring LL11 . Therefore , even when a change in 
the voltage of the signal waveform is suppressed by the 
antiphase crosstalk noise at the second end LN2 of the bus 
wiring LL11 , the eye pattern at the second end LN2 of the 
bus wiring LL11 is substantially rectangular as shown in 
FIG . 11A and can thus be made to be an ideal opening . It is 
therefore possible to arbitrarily set the timing provided to 
determine the signal waveform even though an inexpensive 
organic interposer is used . That is , even though the antiphase 
crosstalk is generated by the simultaneous switching output , 
a timing margin can be ensured . Further , although the timing 
margin can be ensured even by extending the distance 
between the bus wirings and reducing the bus wiring density , 
the timing margin can be ensured even without reducing the 
bus wiring density according to the embodiment 1 . 
[ 0134 ] Even at the bus wirings disposed adjacent to each 
other , and the bus wirings disposed sufficiently away from 
each other , the opening of the eye pattern at the second end 
LN2 is rectangular as shown in FIGS . 11B and 11C . When 
FIG . 11A and FIGS . 11B and 11C are compared , all open 
ings are rectangular , but a width ( height ) WOP with which 
the eye pattern is made open is reduced at the eye pattern 
according to the noticed bus wiring LL11 as compared with 
the eye patterns according to other bus wirings . 
[ 0135 ] < Configuration of Bus Wiring Part > 
[ 0136 ] FIG . 12 is a block diagram showing the configu 
ration of the bus wiring part BLL according to the embodi 
ment 1 . The 3 - D memory chip 3DMD and the logical chip 
1LD both shown in FIG . 7 are coupled therebetween by bus 
wirings each having a bus width of 1 Kbit , for example . That 
is , 1024 bus wirings LL are disposed in the bus wiring part 
BLL so as to be adjacent to each other and extend in parallel . 
[ 0137 ] In the embodiment 1 , the 1024 bus wirings are 
divided into a plurality of bus wiring bundles . Each of the 
bus wiring bundles includes a bus wiring ( clock signal 
wiring ) which propagates one synchronous clock signal . In 
other expressions , the bus wiring bundle can be assumed to 
be configured by a clock bus wiring which propagates a 
synchronous clock signal , and a plurality of signal bus 
wirings which propagate signals . Further , when the shield 
wirings are also assumed to be bus wirings , one bus wiring 
bundle can also be assumed to be configured by a clock bus 
wiring , a plurality of signal bus wirings , and a plurality of 
shielding bus wirings . In this case , the bus wirings ( includ 
ing the clock bus wiring , the signal bus wirings , and the 
shielding bus wirings ) which configure one bus wiring 
bundle are disposed in the organic interposer OMI so as to 
be adjacent to each other and extend in parallel . 

[ 0138 ] In FIG . 12 , LLBD - 1 through LLBD - 16 indicate 
bus wiring bundles disposed in the bus wiring part BLL 
shown in FIG . 7 . Each of the bus wiring bundles LLBD - 1 
through LLBD - 16 is equipped with 64 bus wirings so as to 
have a bus width of 64 bits . Further , each of the bus wiring 
bundles is equipped with one clock bus wiring . Thus , the bus 
wiring bundles are respectively equipped with the 65 bus 
wirings . Incidentally , when the shield wirings are assumed 
to be bus wirings , the bus wiring bundles are respectively 
equipped with bus wirings exceeding 65 . Further , the syn 
chronous clock signal may be set as a pair of differential 
clock signals . In this case , since the number of clock bus 
wirings becomes two , the bus wiring bundles are respec 
tively equipped with bus wirings exceeding 66 . 
[ 0139 ] The 3 - D memory chip 3DMD is equipped with 
output circuit groups OBF - D1 through OBF - D8 correspond 
ing to the bus wiring bundle LLBD - 1 through LLBD - 8 , and 
input circuit groups IBF - D9 through IBF - D16 correspond 
ing to the bus wiring bundles LLBD - 9 through LLBD - 16 . 
Further , the logical chip 1LD is equipped with input circuit 
groups IBF - D1 through IBF - D8 corresponding to the bus 
wiring bundles LLBD - 1 through LLBD - 8 , and output circuit 
groups OBF - D9 through OBF - D16 corresponding to the bus 
wiring bundles LLBD - 9 through LLBD - 16 . The output 
circuit groups OBF - D1 through OBF - D16 are respectively 
equipped with a plurality of output circuits OBF ( refer to 
FIG . 1 ) . The output terminal ON1 of each output circuit 
OBF is coupled to the first end LN1 of the corresponding bus 
wiring disposed in the corresponding bus wiring bundle . 
Further , the input circuit groups IBF - D1 through IBF - D16 
are also respectively equipped with a plurality of input 
circuits IBF ( refer to FIG . 1 ) . The input terminal IN1 of each 
input circuit IBF is coupled to the second end LN2 of the 
corresponding bus wiring disposed in the corresponding bus 
wiring bundle . 
[ 0140 . When signals are transmitted from the 3 - D memory 
chip 3DMD to the logical chip 1LD , the signals are supplied 
from the output circuits of the output circuit groups OBF - D1 
through OBF - D8 to the first ends LN1 of the corresponding 
bus wirings . The input circuits of the input circuit groups 
IBF - D1 through IBF - D8 provided in the logical chip 1LD 
receive the signals from the second ends LN2 of the corre 
sponding bus wirings , so that processing is performed in the 
logical chip ILD . On the other hand , when transmitting 
signals from the logical chip 1LD to the 3 - D memory chip 
3DMD , the signals are supplied from the output circuits of 
the output circuit groups OBF - D9 through OBF - D16 to the 
first ends LN1 of the corresponding bus wirings . The input 
circuits of the input circuit groups IBF - D9 through IBF - D16 
provided in the 3 - D memory chip 3DMD receive the signals 
from the second ends LN2 of the corresponding bus wirings , 
so that processing is performed in the 3 - D memory chip . 
[ 0141 ] FIG . 13 is a block diagram showing the configu 
ration of the bus wiring bundle according to the embodiment 
1 . FIG . 13 shows the configuration of the bus wiring bundle 
LLBD - 1 shown in FIG . 12 . The bus wiring bundles LLBD - 1 
through LLBD - 16 shown in FIG . 12 has the same configu 
ration as each other . Therefore , the configuration of the bus 
wiring bundle LLBD - 1 will be described here as a repre 
sentative . Since FIG . 13 is similar to FIG . 4 , points of 
difference therebetween will mainly be described . In FIG . 
13 , signs attached to the output circuits are designated by 
OBF - D11 through D16 to clarify that the output circuit 
group OBF - D1 is comprised of a plurality of output circuits . 
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Likewise , in order to clarify that the input circuit group 
IBF - D1 is comprised of a plurality of input circuits , signs 
attached to the input circuits are designated by IBF - D11 
through D16 . 
[ 0142 ] Further , there is shown in FIG . 13 , one clock bus 
wiring LLC which is adjacent to the bus wirings LL1 
through LL6 and extends in parallel . There are also provided 
an output circuit ( clock output circuit ) OBF - D1C having an 
output terminal coupled to a first end LN1 of the clock bus 
wiring LLC and supplying a clock signal to the clock bus 
wiring LLC , and an input circuit ( clock input circuit ) IBF 
D1C having an input terminal coupled to a second end LN2 
of the clock bus wiring LLC and receiving the clock signal 
which reaches the second end LN2 . Although not restricted 
in particular , the clock output circuit OBF - D1C is included 
in the output circuit group OBF - D1 , and the clock input 
circuit IBF - D1C is included in the input circuit group 
IBF - D1 . 
[ 0143 ] The output circuits OBF - D11 through D16 are 
operated in sync with the clock signal output from the clock 
output circuit OBF - D1C . The input circuits IBF - D11 
through D16 are also respectively operated in sync with the 
timing at which the clock input circuit IBF - D1C receives the 
clock signal therein . For example , each of the output circuits 
OBF - D11 through D16 supplies a signal waveform to the 
first end LN1 of its corresponding bus wiring in sync with 
the timing at which the output circuit OBF - D1C changes the 
voltage of the first end LN1 of the clock bus wiring LLC . 
Further , each of the input circuits IBF - D11 through D16 
determines a propagated logical value on the basis of the 
voltage of the signal waveform at the second end LN2 of its 
corresponding bus wiring in sync with the timing at which 
the input circuit IBF - D1C determines a change in logical 
value from a change in the voltage at the second end LN2 of 
the clock bus wiring LLC . 
[ 0144 ] Thus , in the single bus wiring bundle LLBD - 1 , the 
transmission of signal waveforms is performed substantially 
simultaneously by the bus wirings LL1 through LL6 . Fur 
ther , even in the case of reception thereof , the signal 
waveforms propagated through the bus wirings LL1 through 
LL6 can be determined substantially simultaneously . 
[ 0145 ] In the embodiment 1 , the 64 signal bus wirings are 
set in such a manner that a signal delay time difference 
( hereinafter also called skew time ) At between the signal bus 
wiring in the 64 signal bus wirings included in the single bus 
wiring bundle LLBD - 1 , which becomes smallest in signal 
delay time , and the signal bus wiring therein , which 
becomes largest in signal delay time , falls within the period 
( P1 , P3 in FIG . 2 ) equivalent to twice the signal delay time 
t of the signal bus wiring to be noticed for achieving a 
reduction in antiphase crosstalk noise . Since the difference 
in wiring length between the signal bus wiring brought to the 
signal delay time of the maximum value and the signal bus 
wiring brought to the signal delay time of the minimum 
value is equivalent to the skew time At where the respective 
signal delay times of the 64 signal bus wirings are deter 
mined by their wiring lengths , the skew time At and the 
signal delay time t of the noticed signal bus wiring can be 
set by setting the wiring length of the noticed signal bus 
wiring and the difference in wiring length between the signal 
bus wiring taking the maximum value and the signal bus 
wiring taking the minimum value . 
[ 014 ] It is desirable that the skew time At does not exceed 
1 / 2 of the signal delay time t of the noticed signal bus wiring . 

To this end , the difference in wiring length between the 
signal bus wiring taking the maximum value and the signal 
bus wiring taking the minimum value is preferably set so as 
not to exceed half of the wiring length of the noticed signal 
bus wiring as represented by the equation ( 6 ) . 
[ 0147 ] Of course , the wiring length of each of the signal 
bus wirings excluding the signal bus wiring taking the 
maximum value and the signal bus wiring taking the mini 
mum value are set in such a manner that the signal delay 
time of each of the signal bus wirings excluding them exits 
between the maximum value and the minimum value . 
[ 0148 ] Thus , even though the antiphase crosstalk noise is 
generated as described in FIG . 5 , the opening of the eye 
pattern at the second end LN2 of the noticed signal bus 
wiring ( e . g . , LL3 ) affected by the antiphase crosstalk noise 
can be made rectangular . Therefore , even when each of the 
input circuits IBF - D11 through D16 determines the voltage 
of the signal waveform at the second end LN2 in early 
timing , an erroneous determination can be prevented . 
[ 0149 ] Incidentally , the organic interposer OMI may be 
equipped with a single common clock signal wiring used in 
common aside from the clock bus wirings included in each 
bus wiring bundle . In this case , the clock signal supplied to 
the clock bus wiring included in each bus wiring bundle is 
set to be formed in sync with a clock signal propagated 
through the common clock signal wiring . Consequently , the 
clock signal can be synchronized between the bus wiring 
bundles . 
[ 0150 ] < < Exemplification > > 
[ 0151 ] The bus wirings which configure each of the bus 
wiring bundles LLBD - 1 through LLBD - 16 are arranged in 
a cross - section view such as shown in FIG . 10 in theorganic 
interposer OMI ( refer to FIG . 7 ) . In this case , a resin material 
is interposed between the respective bus wirings as shown in 
FIG . 8 . The resin material has , for example , a specific 
dielectric constant ? , of , for example , 3 . 2 , and serves as an 
insulating film which electrically separates between the 
respective bus wirings . Each bus wiring transmits a signal 
changed in voltage centering the reference voltage Vref with 
the voltage supplied to the shield wiring LLG ( refer to FIG . 
10 ) as the reference voltage Vref ( refer to FIG . 6 ) at a 
transmission rate of 2 Gbps . Of the bus wirings of the five 
layers shown in FIG . 10 , one most subject to the antiphase 
crosstalk from the surrounding bus wirings is a three - layer 
bus wiring ( e . g . , LL11 ) . Therefore , the three - layer bus 
wiring LL11 is assumed to be a noticed bus wiring to 
achieve a reduction in antiphase crosstalk noise . 
[ 0152 ] Since the signal transmission rate is 2 Gbps , the 
cycle UI of data becomes 500 ps . Further , since the integer 
variable n is 2 , the wiring length Ln of the bus wiring LL11 
is calculated from the equation ( 5 ) and becomes almost 21 
mm . The skew time At is set according to the equation ( 2 ) 
or ( 3 ) in the units ( 64 ) of the bus wiring bundles including 
the noticed bus wiring LL11 . In other words , when the bus 
wirings to be noticed included every bus wiring bundle are 
different in wiring length , the skew time At set for each bus 
wiring bundle varies . 
10153 ] A description will be made here of a case where a 
desirable skew time At is adopted . In this case , in the 64 
signal bus wirings which configure each bus wiring bundle , 
the difference in wiring length between the signal bus wiring 
having the maximum wiring length ( Ln . max ) and the signal 
bus wiring having the minimum wiring length ( Ln , min ) is set 
so as to meet the equation ( 6 ) . For example , the signal bus 
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wiring having the maximum wiring length and the signal bus 
wiring having the minimum wiring length are set in such a 
manner that the difference in wiring length becomes 5 mm , 
for example . At this time , the wiring lengths of the remain 
ing signal bus wirings are set between the maximum wiring 
length and the minimum wiring length . 
[ 0154 ] The configuration of the output circuit ( first output 
circuit ) coupled to the first end LN1 of the noticed bus 
wiring LL11 is set to be the configuration shown in FIG . 3A , 
and the configuration of the input circuit ( first input circuit ) 
coupled to the second end LN2 thereof is set to be the 
configuration shown in FIG . 3B . Since no series termination 
resistor RZ1 is coupled in the output circuit shown in FIG . 
3A , the combined impedance ( differential resistance ) of the 
output circuit part OBFP and the protective diodes D1 and 
D2 becomes 209 or so , for example . That is , the impedance 
of the output terminal ON1 becomes 2002 or so . Further , 
although no parallel termination resistor RZ2 is coupled in 
the input circuit shown in FIG . 3B , the impedance of the 
input terminal IN1 becomes substantially 1M or so 
because the leakage current of the protective diode or the 
like flows . 
[ 0155 ] When no antiphase crosstalk is generated from the 
bus wiring adjacent to the noticed bus wiring LL11 where 
the simultaneous switching output is done in the bus wiring 
bundle , the impedance of the input terminal IN1 of the input 
circuit is high . Therefore , each time the signal waveform 
reaches the second end LN2 , a reflected wave ( so - called 
overshoot ) SIRil ( refer to FIG . 2 ) being in phase to the 
signal waveform is generated at the second end LN2 to 
which the input terminal IN1 is coupled . The generated 
inphase reflected wave is propagated from the second end 
LN2 to the first end LN1 . The reflected wave reaches the first 
end LN1 after the signal delay time t . Since the impedance 
of the output terminal ON1 of the output circuit is low , a 
re - reflected wave ( so - called undershoot ) SIRI2 ( refer to FIG . 
2 ) antiphase to the reflected wave having reached the first 
end is generated at the first end LN1 to which the output 
terminal ON1 is coupled . The re - reflected wave is propa 
gated from the first end LN1 to the second end LN2 and 
reaches the second end LN2 after the signal delay time T . 
[ 0156 ] Since the integer variable n is set to 2 in the 
equation ( 1 ) , the signal delay time t is set to 1 / 4 of the cycle 
UI of data . Therefore , the reflected wave SIRil generated at 
the second end LN2 reaches the second end LN2 as the 
re - reflected wave SIRi2 after UI / 4X2 = UI / 2 ( integer variable 
n ) . That is , the round time SSL ( refer to FIG . 1 ) of the 
reflected wave SIRi1 becomes half the cycle UI of the data . 
As shown in FIG . 2 , the signal waveform reaches with being 
delayed by half ( twice of signal delay time T = 2T ) of the cycle 
UI of the data after having reached the second end LN2 , and 
is combined with its corresponding signal waveform at the 
second end LN2 . As a result , during the period ( P1 , P3 ) 
corresponding to the half of the cycle UI of the data from the 
change in signal waveform , the reflected wave SIRi1 and the 
re - reflected wave SIRi2 remain at the second end LN2 
without their cancellation . Thus , the signal waveform Sli 
changed such that the time width has the horn of the half 
( UI / 2 ) of the cycle UI is generated at the second end LN2 . 
[ 0157 ] Since the horn is generated at the second end LN2 
when the signal waveform changes , a higher harmonic 
component is enhanced upon the change in the signal 
waveform , thereby making it possible to achieve shortening 
of the rising and falling times of the signal waveform . This 

action is similar to a kind of equalizing circuit in a high 
speed signal circuit which improves steepening of the rise 
and fall of the signal waveform . 
[ 0158 ] On the other hand , when the antiphase crosstalk is 
generated in the bus wiring adjacent to the noticed bus 
wiring LL11 where the simultaneous switching output is 
done in the bus wiring bundle , the influence by the antiphase 
crosstalk can be reduced by the existence of the horn . The 
antiphase crosstalk with the largest influence is generated 
when in all of the bus wirings adjacent to each other , their 
signal waveforms are simultaneously changed to the reverse 
phase with respect to the signal waveform at the noticed bus 
wiring . That is , it occurs where the logical values output to 
all of the bus wirings adjacent to each other are logical 
values opposite to the logical value of data output to the 
noticed bus wiring . 
[ 0159 ] In this case , the signal waveforms at the bus 
wirings adjacent to each other rise or fall simultaneously 
during the period of the skew time At . Changes in their rise 
or fall are synthesized and transmitted to the noticed bus 
wiring as large antiphase crosstalk noise . With the simulta 
neous switching output , at this time , the signal waveform is 
falling or rising at the noticed bus wiring . The fall or rise of 
the signal waveform at the noticed bus wiring is suppressed 
by the large antiphase crosstalk noise and hence the signal 
waveform is deformed as shown in FIG . 5B . As a result , the 
eye pattern at the second end LN2 of the noticed bus wiring 
is crushed as shown in FIG . 5C . The eye pattern shown in 
FIG . 5C indicates where the antiphase crosstalk is relatively 
small . When the antiphase crosstalk is large , an eye pattern 
at a part where the signal waveform is being changed may 
completely be crushed . In such a case , there is also a case 
where erroneous determination is made at the input circuit . 
Alternatively , it is necessary to delay a determination timing 
at the input circuit . 
[ 0160 ] On the other hand , according to the embodiment 1 , 
the horn corresponding to the skew time At is generated 
during the period ( rising or falling period ) in which the 
signal waveform is changed at the noticed bus wiring . Since 
the voltage of the signal waveform is extra high or low in 
advance during the horn period , the suppression of the 
voltages supplied from the adjacent bus wirings can be 
cancelled by the antiphase crosstalk . Further , the wiring 
length of each bus wiring is determined in such a manner 
that the signal waveform of each bus wiring included in the 
bus wiring bundle is changed during the period of the 
generated horn . Therefore , the changes in signal at all the 
bus wirings excluding the noticed bus wiring are generated 
during the period of the horn . Even though these bus wirings 
are changed in voltage in the antiphase direction , it is 
possible to reduce the influence by the antiphase crosstalk . 
[ 0161 ] < Modification > 
[ 0162 ] FIG . 14 is a diagram for describing data transmis 
sion according to a modification of the embodiment 1 . Since 
FIG . 14 is similar to FIG . 2 , points of difference therebe 
tween will principally be described . FIG . 2 has described 
where the integer variable n in the equation ( 1 ) is 2 . That is , 
the description has been made about the case where the 
signal delay time ( one - way signal delay time ) T of the signal 
wiring ( bus wiring ) LL shown in FIG . 1A is set to 1 / 4 of the 
cycle UI of the data . On the other hand , 3 is set as the integer 
variable n in the present modification . Therefore , the signal 
delay time t of the signal wiring LL is set to 1 % of the cycle 
UI . 
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[ 0163 ] As shown on the lower side of FIG . 14B , the 
re - reflected wave SIRi2 which reaches the second end LN2 
of the signal wiring LL reaches after the round signal delay 
time ( 2T ) of the signal wiring LL from the generation of the 
reflected wave SIRil at the second end LN2 . As a result , the 
periods P1 and P3 during which the reflected wave SIRi1 
and the re - reflected wave SIRi2 are being superposed 
become the round signal delay time ( 2T ) . The period P2 
during which the reflected wave SIRil and the re - reflected 
wave SIRi2 are cancelled out each other becomes twice ( 41 ) 
the round signal delay time . Thus , as shown in FIG . 14C , the 
ratio between the period during which the horn ( horn of 
voltage ) is generated at the second end LN2 ( input terminal 
IN1 of input circuit ) and the period during which the horn is 
not generated becomes 1 : 2 in the cycle UI . When the 
proportion of the period during which the horn is not 
generated is designated at sign ND , the value of sign ND is 
changed to 2 ( 3 , 4 , . . . ) by changing the integer variable n 
to 3 , ( 4 , 5 , . . . ) . 
[ 0164 ] That is , the ratio between the period during which 
the horn is generated at the second end LN2 and the period 
during which the horn is not generated can be changed by 
changing the integer variable n . Therefore , it is possible to 
set a period for reducing the influence of the antiphase 
crosstalk noise generated during the skew time by changing 
the integer variable n according to the skew time At between 
the maximum and minimum values of the signal delay time 
at each bus wiring bundle . 
0165 ] < Integer Variable n > 
[ 0166 ] A description will be made about the reason why 
the integer variable n is set to the integer in the equations ( 1 ) 
and ( 5 ) . 
10167 ] First assume where the integer variable n is set to 
a rational number being not an integer . In the embodiment 
1 , the reflection wave and the re - reflected wave travel back 
and form several times between the first end LN1 of the 
signal wiring ( bus wiring ) and the second end LN2 thereof . 
While they repeatedly travel back and forth , there occurs a 
case where the round time necessary to go back and forth is 
not divided by the cycle UI of the data . Further , when the 
integer variable n is set to an irrational number being not the 
rational number , the reflected wave and the re - reflected 
wave are shifted each time they travel back and forth . 
[ 0168 ] In order to measure a jitter being a deviation in 
timing of the signal waveform at the second end LN2 , the 
same signal waveform is supplied to the first end LN1 
repeatedly in the cycle UI of the data to determine the eye 
pattern at the second end LN2 . In the case , the eye pattern 
is formed into a shape in which the re - reflected wave before 
several cycles overlaps with the present reflection signal . 
When the round time for the reflected wave and the re 
reflected wave is not divided by the cycle UI , the reflected 
wave and the re - reflected wave at the second end LN2 are 
gradually shifted when they repeatedly go back and forth , so 
that the opening of the eye pattern determined by the jitter 
measurement becomes gradually small . Likewise , when the 
reflected wave and the re - reflected wave are shifted each 
time they travel back and forth , the opening of the eye 
pattern determined by the jitter measurement becomes 
gradually small . 
[ 0169 ] That is , when the integer variable n is not an 
integer , the reflected wave and the re - reflected wave are not 
synthesized well at the second end LN2 , so that the effect of 
reducing the antiphase crosstalk noise is gradually reduced , 

thus resulting in closing of the opening of the eye pattern . 
Therefore , an integer of 2 or more is set to the integer 
variable n . 
f0170 ] < Wiring Length and Wiring Length Skew of 
Noticed Signal Wiring ( Bus Wiring ) > 
[ 0171 ] In the embodiment 1 , the signal wirings ( bus wir 
ings ) are disposed in the organic interposer , but the wiring 
length L , of the noticed signal wiring is determined by the 
equation ( 5 ) according to the material used to form the 
organic interposer , the cycle UI of the data , and the integer 
variable n , etc . The skew length ( Ln . mar - Ln . min ) correspond 
ing to the skew time At being the difference between the 
maximum and minimum values of the signal delay time is 
also determined by the equation ( 6 ) . Next , there are shown 
an example of a wiring length of each signal wiring disposed 
in an organic interposer formed by a laminate resin ( specific 
dielectric constant ? , = 3 . 2 ) of a paramagnetic material and an 
example of a wiring length of each signal wiring disposed in 
an organic interposer formed by an FR4 - based substrate 
( specific dielectric constant € , = 4 . 2 ) of a paramagnetic mate 
rial used in a printed board / BGA substrate or the like . 
10172 ] FIGS . 15 and 16 are respectively diagrams show 
ing the wiring length of the signal wiring according to the 
embodiment 1 . FIG . 15 shows where the above - describe 
laminate resin is used in the organic interposer , and FIG . 16 
shows where the above - described FR4 - based substrate is 
used in the organic interposer . 
[ 0173 ] FIG . 15A shows where a communication rate 
( Rate ) of data propagated through the signal wiring ( bus 
wiring ) is 1 Gbps , FIG . 15B shows where the communica 
tion rate is 2 Gbps , and FIG . 15C shows where the com 
munication rate is 4 Gbps . Since the communication rate 
Rate is 1 Gbps in FIG . 15A , the cycle UI of the data becomes 
1000 ps , the cycle UI becomes 500 ps in FIG . 15B , and the 
cycle UI becomes 250 ps in FIG . 15C . Further , the specific 
dielectric constant e , is 3 . 2 . By setting the integer variable n 
from 2 to 10 , the wiring length L , , of the signal wiring to be 
noticed assumes different values as shown in FIGS . 15A 
through 15C . The wiring length skew is preferably set to be 
a value exceeding half ( equation ( 6 ) of the wiring length L 
of the noticed signal wiring as expressed in the equation ( 6 ) . 
[ 0174 ] As with FIGS . 15A through 15C , FIGS . 16A 
through 16C also show the wiring length Ln of a noticed 
signal wiring for each integer variable n when the commu 
nication rate ( Rate ) is 1 Gbps , 2 Gbps , and 4 Gbps . Even 
here , the value of a desirable wiring length skew is a value 
not exceeding half of the noticed signal wiring Lm . 

Embodiment 2 
[ 0175 ] The embodiment 1 is configured so as not to couple 
the series termination resistor RZ1 as shown in FIG . 3A in 
such a manner that the impedance of the output terminal 
ON1 of the output circuit becomes low , and couple the 
parallel termination resistor RZ2 as shown in FIG . 3B in 
such a manner that the impedance of the input terminal IN1 
of the input circuit becomes high . Thus , the input circuit is 
configured so as to have such impedance as to generate , at 
the second end LN2 to which the input terminal IN1 is 
coupled , the reflected wave being in phase with the signal 
waveform having reached the second end LN2 . Further , the 
output circuit is configured so as to have such impedance as 
to generate , at the first end LN1 to which the output terminal 
ON1 is coupled , the re - reflected wave being in antiphase 
with the reflected wave having reached the first end LN1 . 
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Thus , the reflected wave and the re - reflected wave are 
superposed on each other at the second end LN2 to set the 
opening of the eye pattern at the second end LN2 to be 
rectangular . As shown in FIG . 11 , etc . , however , the ampli 
tude of the signal waveform at the second end LN2 becomes 
small . 
[ 0176 ] In the embodiment 2 , the output circuit and / or 
input circuit described in the embodiment 1 are changed . 
Only the output circuit and / or the input circuit are changed 
and other configurations are the same as those of the 
embodiment 1 . A description will therefore be made here 
only about the output circuit and the input circuit . 
( 0177 ] < Output Circuit > 
[ 0178 ] FIG . 17 is a circuit diagram showing the configu 
ration of an output circuit according to the embodiment 2 . 
Since FIG . 17 is similar to FIG . 3A , points of difference 
therebetween will principally be described . 
[ 0179 ] The output circuit OBF is equipped with an output 
circuit part OBFP and a selection part OBFS . The output 
circuit part OBFP is equipped with a CMOS type inverter 
circuit as with FIG . 3A . However , a source of a P - type 
transistor TPO which configures the CMOS type inverter 
circuit is supplied with a voltage VDDIO formed by a 
voltage regulator circuit VRG , and a source of an N - type 
transistor TNO is supplied with a voltage VSSIO formed by 
the voltage regulator circuit VRG . Further , the selection part 
OBFS is equipped with a selector switch , resistors R1 
through R3 , and a signal wiring DDL coupled between an 
output terminal ONN1 of the output circuit part OBFP and 
an output terminal ON1 of the output circuit . 
[ 0180 ] The selector switch is equipped with terminals SO 
through S3 and a common terminal . In the example of FIG . 
17 , the above - described output terminal ONN1 is used in 
common as the common terminal of the selector switch . Any 
of the terminals SO through S3 is selected , and the selected 
terminal is electrically coupled to the common terminal 
( output terminal ON1 ) . The signal wiring DDL is coupled 
between the terminal SO and the output terminal ON1 , and 
the resistors R1 through R3 are coupled between the termi 
nals S1 through S3 and the output terminal ON1 . Here , the 
resistors R1 through R3 have resistance values different 
from each other . Further , the signal wiring DDL is a wiring 
formed so as not to positively have a resistance value . 
Therefore , the value of a parasitic resistance of the signal 
wiring DDL is set smaller than any of the resistors R1 
through R3 . 
[ 0181 ] The voltage regulator circuit VRG forms a voltage 
Vd or a voltage higher than the voltage Vd in accordance 
with a voltage control signal VdsCNT and supplies it to the 
source of the P - type transistor TPO as the voltage VDDIO . 
Further , the voltage regulator circuit VRG forms a voltage 
Vs or a voltage lower than the voltage Vs in accordance with 
the voltage control signal VdsCNT and supplies it to the 
source of the N - type transistor TNO as the voltage VSSIO . 
Incidentally , although not restricted in particular , protective 
diodes D1 and D2 are coupled between the output terminal 
ON1 and the voltages VDDIO and VSSIO . 
[ 0182 ] Since each of the 3 - D memory chip 3DMD and the 
logical chip 1LD is equipped with the output circuit as 
described in FIGS . 12 and 13 , it has the output circuit OBF 
and the voltage regulator circuit VRG both shown in FIG . 
17 . Each chip is provided with , for example , four fuses 
corresponding to each of the output circuits . Any of the 
terminals So through S3 is selected according to the pres 

ence or absence of cutting - out of each fuse . By , for example , 
cutting the remaining three fuses while leaving the fuse 
corresponding to the terminal SO , the terminal SO is selected , 
and hence the common terminal ( ON1 ) is coupled to the 
terminal SO and the remaining terminals S1 through S3 are 
separated from the common terminal . Further , when the 
remaining three fuses are cut while leaving the fuse corre 
sponding to the terminal S1 , the terminal S1 is selected and 
coupled to the common terminal ( ON1 ) . Other terminals S2 
and S3 are also similar to the above . 
[ 0183 ] The fuse is left in such a manner that the terminal 
SO is selected with respect to the output circuit coupled to a 
noticed signal wiring ( noticed bus wiring ) where antiphase 
crosstalk noise is desired to be reduced , and the remaining 
three fuses are cut out . Thus , as with FIG . 3A , the output 
terminal ONN1 of the output circuit part OBFP is coupled 
to the output terminal ON1 in a state in which no series 
termination resistor is coupled . As a result , the effect of 
reducing the antiphase crosstalk noise is maximized . 
[ 0184 ] On the other hand , in the output circuit coupled to 
the signal wiring ( bus wiring ) which may reduce the effect 
of reducing the antiphase crosstalk noise , the fuse is cut in 
such a manner that any of S1 through S3 is selected . Thus , 
the resistor coupled to the selected terminal functions as a 
series termination resistor . For example , the resistance value 
is set to increase from the resistor R1 to the resistor R3 , 
thereby achieving , for example , impedance matching by the 
resistor R3 highest in resistance value . Thus , when the 
resistor R3 is selected , a reduction in loss due to impedance 
mismatching can be achieved . When the resistor R1 or R2 is 
selected , the effect of reducing the antiphase crosstalk noise 
is reduced , but a loss due to impedance mismatching can 
also be reduced . Incidentally , the number of resistors is not 
limited to three , but may be one or more . 
[ 0185 ] When the antiphase crosstalk noise is reduced , the 
voltage regulator circuit VRG forms , as the voltages VDDIO 
and VSSIO , a voltage higher than the voltage Vd and a 
voltage lower than the voltage Vs in accordance with the 
voltage control signal VdsCNT . Thus , a signal waveform 
which is changed between the voltage higher than the 
voltage Vd and the voltage lower than the voltage Vs is 
supplied to the output terminal ON1 of the output circuit 
OBF . As a result , it is possible to increase the amplitude of 
the signal waveform at the second end LN2 of the signal 
wiring . That is , the open width WOP of the eye pattern 
shown in FIG . 11 can be made large . Thus , when the voltage 
VDDIO ( VSSIO ) supplied to the output circuit OBF is made 
high ( low ) , power consumption is increased . Since , how 
ever , no series termination resistor is coupled when the 
terminal SO is selected , for example , the generation of power 
consumption at the series termination resistor can be sup 
pressed , thereby making it possible to suppress an increase 
in power consumption . 
[ 0186 ] Incidentally , the voltage regulator circuit VRG may 
be provided relative to each output circuit . A common 
voltage regulator circuit VRG may be provided . Upon 
providing the common voltage regulator circuit VRG , for 
example , the voltage Vd , the voltage higher than the voltage 
Vd , the voltage Vs , and the voltage lower than the voltage 
Vs are formed by the common voltage regulator circuit 
VRG , and each output circuit may select the corresponding 
voltage . Further , the selector switch may be controlled by a 
control circuit provided in a chip without by the fuses . 
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[ 0187 ] Further , either the selection part OBFS or the 
voltage regulator circuit VRG may be provided . When only 
the voltage regulator circuit VRG is provided , the output 
terminal ONN1 servers as the output terminal ON1 . 
[ 0188 ] < Input Circuit > 
[ 0189 ] FIG . 18 is a circuit diagram showing the configu 
ration of an input circuit according to the embodiment 2 . 
Since FIG . 18 is similar to FIG . 3B , points of difference 
therebetween will principally be described . In FIG . 3B , the 
source of the P - type transistor TP1 which configures the 
CMOS type inverter circuit is coupled to the voltage Vd , and 
the source of the N - type transistor TN1 is coupled to the 
voltage Vs . On the other hand , in FIG . 18 , a source of a 
P - type transistor TP1 is supplied with the voltage VDDIO 
formed by the voltage regulator circuit VRG ( refer to FIG . 
17 ) , and a source of an N - type transistor TN1 is supplied 
with the voltage VSSIO formed by the voltage regulator 
circuit VRG . 
[ 0190 ] Further , a P - side switch SW - P and P - type transis 
tors TP2 and TP3 are coupled in series between an output 
terminal ON2 of the input circuit IBF and the voltage 
VDDIO . N - type transistors TN3 and TN4 and an N - side 
switch SW - N are coupled in series between the output 
terminal ON2 and the voltage VSSIO . The P - side switch 
SW - P and the N - side switch SW - N are controlled by fuses 
provided in a chip or a control circuit provided within the 
chip . 
[ 0191 ] A voltage higher than the voltage Vd formed by the 
voltage regulator circuit VRG and a voltage lower than the 
voltage Vs formed thereby are supplied to the input circuit 
IBF coupled to the second end LN2 of the signal wiring ( bus 
wiring ) to be noticed for achieving a reduction in antiphase 
crosstalk noise as the voltages VDDIO and VSSIO . Thus , it 
is possible to increase a difference in potential between the 
voltage Vref ( refer to FIG . 6 ) as a reference for the signal 
waveform and the source of each of the P - type transistor 
TP1 and the N - type transistor TN1 . As a result , a threshold 
voltage can substantially be reduced . Even though the 
amplitude of the voltage at the second end LN2 is made 
small , i . e . , the width WOP of the eye pattern is made narrow , 
it is possible to prevent an erroneous determination from 
being made . 
[ 0192 ] Further , the P - side switch SW - P and N - side switch 
SW - N included in the input circuit IBF coupled to the 
second end LN2 of the signal wiring ( bus wiring ) to be 
noticed for achieving the reduction in the antiphase crosstalk 
noise are respectively brought to an on state by the fuses or 
control circuit . Since gates of the P - type transistors TP2 and 
TP3 are coupled to a gate of the P - type transistor TP1 , and 
gates of the N - type transistors TN2 and TN3 are coupled to 
a gate of the N - type transistor TN1 , the output terminal ON2 
is driven by the P - type transistors TP1 through TP3 or 
N - type transistors TN1 through TN3 coupled in parallel . 
Thus , even though a change in the voltage at the second end 
LN2 is small , the voltage of the output terminal ON2 can be 
changed at a high speed . 
0193 ] Since the voltages VDDIO and VSSIO are supplied 

to the output circuit OBF and the input circuit IBF through 
the voltage regulator circuit VRG , it is possible to improve 
resistance to a fluctuation in voltage as compared with the 
case where they are supplied from the outside of the chip . 
[ 0194 ] AP - type transistor and an N - type transistor , and a 
P - side switch and an N - side switch coupled in parallel to the 
P - type transistor TP1 and the N - type transistor TN1 may be 

provided without the supply of power from the voltage 
regulator circuit VRG . To the contrary , power may be 
supplied from the voltage regulator circuit VRG without 
providing the P - type and N - type transistors and the P - side 
and N - side switches coupled in parallel to the P - type tran 
sistor TP1 and the N - type transistor TN1 . 
[ 0195 ] Both of the output and input circuits described in 
the embodiment 2 may be applied to the semiconductor 
device described in the embodiment 1 , or only either one of 
them may be applied thereto . 
[ 0196 ] According to the embodiments 1 and 2 , the influ 
ence by the crosstalk can be suppressed even without 
making wide the wiring interval between the signal wirings 
( bus wirings ) , i . e . , lowering the wiring density . It is possible 
to provide the semiconductor device using the inexpensive 
organic interposer . 
0197 ] . Although the invention made above by the present 
inventors has been described specifically on the basis of the 
preferred embodiments , the present invention is not limited 
to the embodiments referred to above . It is needless to say 
that various changes can be made thereto within the scope 
not departing from the gist thereof . Although the embodi 
ment has been described by taking for example , the signal 
wirings disposed in the organic interposer , the signal wirings 
may be those disposed in a wiring substrate comprised of an 
organic material . There may be utilized , for example , a 
package substrate of an organic material , such as an MCM 
substrate or an Sip substrate , including a module substrate 
comprised of an organic material without using the inter 
poser . Further , although the embodiment has been described 
by taking for example , the signal wirings adjacent to each 
other and extending in parallel to each other , the embodi 
ment is not limited to this . That is , other signal wirings may 
be disposed so as to have the influence of the crosstalk on the 
signal wiring to be noticed ( noticed bus wiring ) . For 
example , other wirings may be disposed so as to be three 
dimensionally perpendicular to the noticed signal wiring . 
What is claimed is : 
1 . A semiconductor device comprising : 
a first signal wiring which is disposed in an interposer or 

a wiring substrate with an organic material as a dielec 
tric and equipped with a first end and a second end ; 

a second signal wiring which is disposed in the interposer 
or the wiring substrate and transmits a signal ; 

a first output circuit which has an output terminal coupled 
to the first end of the first signal wiring and which sets 
an impedance at the output terminal so as to generate a 
reflected wave in a direction opposite in phase to a 
waveform transmitted to the first end and periodically 
outputs data to the output terminal ; 

a first input circuit which has an input terminal coupled to 
the second end of the first signal wiring and sets an 
impedance at the input terminal so as to generate a 
reflected wave in the same phase direction as a wave 
form transmitted to the second end ; 

a second output circuit which is coupled to the second 
signal wiring and outputs a signal to the second signal 
wiring ; and 

a second input circuit which is coupled to the second 
signal wiring and inputs the signal at the second signal 
wiring therein , 

wherein the first signal wiring is set in such a manner that 
an average delay between the first and second ends of 
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the first signal wiring becomes 1 / integer of 2 or more 
with respect to a half of a cycle of the data , and 

wherein a difference between the maximum and minimum 
values of a delay of the signal at the second signal 
wiring is set so as not to exceed twice the average delay . 

2 . The semiconductor device according to claim 1 , 
wherein the second signal wiring is disposed in the 

interposer or the wiring substrate so as to be parallel to 
the first signal wiring . 

3 . The semiconductor device according to claim 2 , com 
prising a voltage wiring which is disposed in the interposer 
or the wiring substrate so as to be parallel to the first signal 
wiring and the second signal wiring and supplied with a 
predetermined voltage . 

4 . The semiconductor device according to claim 3 , 
wherein the first output circuit is equipped with an output 

circuit part coupled to the output terminal without 
through a termination resistor , and 

wherein the first input circuit is equipped with an input 
circuit part coupled to the input terminal free of con 
nection of a termination resistor . 

5 . The semiconductor device according to claim 3 , 
wherein the first output circuit is equipped with an output 

circuit part and a selection part coupled between the 
output circuit part and the output terminal , and 

wherein the selection part couples between an output 
terminal of the output circuit part and the output 
terminal of the first output circuit by either one of a 
termination resistor and a signal wiring . 

6 . The semiconductor device according to claim 4 , com 
prising a voltage regulator circuit which forms a power 
supply voltage supplied to the output circuit part . 

7 . A semiconductor device comprising : 
a plurality of wiring bundles disposed in an interposer or 

a wiring substrate with an organic material as a dielec 
tric and each having a clock signal wiring transmitting 
a clock signal and a plurality of signal wirings each 
transmitting a signal in sync with the clock signal ; 

each of the wiring bundles including : 
a first signal wiring equipped with a first end and a 

second end ; and 
a second signal wiring and a third signal wiring dis 

posed so as to be parallel to the first signal wiring ; 
an output circuit which has an output terminal coupled to 

the first end of the first signal wiring and which sets an 
impedance at the output terminal so as to generate a 
reflected wave in a direction opposite in phase to a 
waveform transmitted to the first end and periodically 
outputs data to the output terminal , and 

an input circuit which has an input terminal coupled to the 
second end of the first signal wiring and sets an 

impedance at the input terminal so as to generate a 
reflected wave in the same phase direction as a wave 
form transmitted to the second end , 

wherein the first signal wiring is set in such a manner that 
an average delay between the first and second ends of 
the first signal wiring becomes 1 / integer of 2 or more 
with respect to a half of a cycle of the data , and 

wherein the second signal wiring and the third signal 
wiring are set in such a manner that a difference 
between a signal delay at the second signal wiring and 
a signal delay at the third signal wiring does not exceed 
twice the average delay . 

8 . The semiconductor device according to claim 7 , 
wherein a signal delay at the signal wiring excluding the 

first signal wiring , the second signal wiring and the 
third signal wiring , of the signal wirings included in the 
one wiring bundle exists between the signal delay at the 
second signal wiring and the signal delay at the third 
signal wiring . 

9 . The semiconductor device according to claim 8 , 
wherein in each of the wiring bundles , the signal wirings 

are disposed so as to be parallel to the clock signal 
wiring , and 

wherein each of the wiring bundles is equipped with a 
voltage wiring disposed parallel to the clock signal 
wiring and supplied with a predetermined voltage . 

10 . The semiconductor device according to claim 9 , 
wherein the output circuit is equipped with an output 

circuit part coupled to the output terminal without 
through a termination resistor , and 

wherein the input circuit is equipped with an input circuit 
part coupled to the input terminal free of connection of 
a termination resistor . 

11 . The semiconductor device according to claim 9 , 
wherein the output circuit is equipped with an output 

circuit part and a selection part coupled between the 
output circuit part and the output terminal , and 

wherein the selection part couples between an output 
terminal of the output circuit part and the output 
terminal of the output circuit by either one of a termi 
nation resistor and a signal wiring . 

12 . The semiconductor device according to claim 10 , 
comprising a voltage regulator circuit which forms a power 
supply voltage supplied to the output circuit part . 

13 . The semiconductor device according to claim 8 , 
wherein the second signal wiring and the third signal 

wiring are set in such a manner that a difference 
between a signal delay at the second signal wiring and 
a signal delay at the third signal wiring does not exceed 
half of the average delay . 

* * * * * 


