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(57) ABSTRACT 
A data Signal is output from an output circuit of a first chip 
and Sent to a data input terminal in the Second chip via a data 
lead line based on an output clock in first chip, which is sent 
to the Second chip. And an input circuit in a Second chip 
receives the data Signal and transferS it inside in response to 
a transfer clock that has been generated from the output 
clock in the first chip. In Synchronism with a single reference 
clock in the first chip, therefore, a data Signal can be 
transferred to the Second chip from the first chip at a high 
Speed. 
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First embodiment 
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FIG. 8 
Timing chart for first embodiment 
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Second embodiment 
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FIG. 15 
Timing chart for second embodiment 
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Third embodiment 
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FIG. 20 
Timing chart (1) for fourth embodiment 
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FIG. 22 
Timing chart (2) for fourth embodiment 
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FIG. 25 PRIOR ART 
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LSI DEVICE WITH MEMORY AND LOGICS 
MOUNTED THEREON 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a multi-chip pack 
age on which a plurality of chips Such as a memory device 
chip and a logic device chip are mounted, and, more 
particularly, to a novel Structure which can implement fast 
transfer of data Signals between both types of chips. 
0003 2. Description of the Related Art 
0004 A logic device, such as a microcontroller or a 
memory controller, and a memory device like a DRAM are 
connected together by a bus line, whereby a data Signal like 
a Stored data or an address is Sent to the memory device from 
the logic device, and a data Signal Stored in the memory 
device is Sent to the logic device. 
0005 FIG. 25 shows a conventional structure which has 
a logic device connected to a memory device. In FIG. 25, a 
logic device 10 and a memory device 20 are connected 
together by bus lines 5, So that a data Signal is transferred at 
a high Speed in Synchronism with a clock. Recently, the 
Speed of transfer of data Signals between the logic device 10 
and the memory device 20 is getting faster and faster. 
Increasing the data transfer rate requires an increase in the 
number of bus lines or an increase in the clock frequency for 
data transfer. The former Scheme increases the bus-lines 
occupying area on the board on which both devices are 
mounted, thereby increasing the dissipation power for driv 
ing the bus lines. The latter Scheme is inadequate because it 
suffers a limitation to the transfer performance of the bus 
lines themselves as well as the device Speed itself. 
0006 FIG. 26 shows the structure of a system LSI which 
has a logic Section 2 and a memory Section 3 embedded in 
a single chip. This structure can permit an improvement on 
the Speed of data transfer between the logic Section 2 and the 
memory Section 3. Optimization of the logic Section 2 and 
the memory Section 3 however requires that both Sections 
should be formed by Separate processes, which together with 
the one-chip Structure would increase the manufacturing 
COSt. 

0007 Although designing a logic device and a memory 
device on a Single chip is advantageous in improving the 
transfer Speed, however Since it increases the manufacturing 
cost, it is not practical. A promising method therefore is to 
construct a logic device and a memory device on Separate 
chips and then to design those chips into a multi-chip 
Structure. 

0008 But, any adequate means for accomplishing fast 
transfer of data Signals between Such two chips of the 
multi-chip Structure has not been proposed So far. In par 
ticular, no Structure which outputs a data Signal from one 
chip in Synchronism with a predetermined clock and allows 
the other chip to receive the data Signal and transfer it inside 
has been proposed yet. 

SUMMARY OF THE INVENTION 

0009. Accordingly, it is an object of this invention to 
provide an inexpensive multi-chip device which has Sub 
Stantially the same data transfer rate as a one-chip device. 
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0010. It is another object of this invention to provide a 
multi-chip device capable of implementing fast data transfer 
between chips in Synchronism with a clock. 
0011. It is a further object of this invention to provide a 
memory device which can receive external data Signals at a 
high Speed. 

0012 To achieve the above objects, according to a first 
aspect of this invention, there is provided an LSI device on 
which a first chip and a Second chip to be connected by lead 
lines are mounted, and in which 

0013 the first chip has an output circuit for output 
ting a data Signal in response to an output clock, and 
a data output terminal connected to the output cir 
cuit, 

0014 the second chip has an input circuit for receiv 
ing the data Signal, output from the output circuit, in 
response to a transfer clock generated from the 
output clock and Sent to the Second chip via the lead 
line for clock, and a data input terminal connected to 
the input circuit, and 

0015 the data output terminal in the first chip and 
the data input terminal in the Second chip are 
arranged on opposing Sides of both chips and are 
connected together via the lead line for data. 

0016. According to the first aspect of the invention, a data 
Signal is output from the output circuit of the first chip and 
Sent to the data input terminal in the Second chip via the data 
lead line based on the output clock in first chip, which is sent 
to the Second chip, and the input circuit in the Second chip 
receives the data Signal and transferS it inside in response to 
the transfer clock that has been generated from the output 
clock in the first chip. In Synchronism with a single reference 
clock in the first chip, therefore, a data Signal can be 
transferred to the Second chip from the first chip at a high 
Speed. 
0017. To achieve the above objects, according to a second 
aspect of this invention, there is provided an LSI device on 
which a first chip and a Second chip to be connected by lead 
lines are mounted, and in which 

0018 the first chip has an input circuit for inputting 
a data Signal from the Second chip in response to a 
transfer clock in the first chip, and a data input 
terminal connected to the input circuit, 

0019 the second chip has an output circuit for 
outputting a data Signal in the Second chip to the 
input circuit in response to an output clock generated 
from the transfer clock and Sent inside the Second 
chip via the lead line for clock, and a data output 
terminal connected to the output circuit, and 

0020 the data input terminal in the first chip and the 
data output terminal in the Second chip are arranged 
on opposing Sides of both chips and are connected 
together via the lead line for data. 

0021 According to the second aspect of the invention, a 
data Signal is received at the data input terminal in the first 
chip and transferred inside based on the transfer clock in first 
chip, which is sent to the Second chip, and a data Signal is 
output from the output circuit in the Second chip and Sent to 
the data input terminal in the first chip via the data lead line 
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in response to the output clock that has been generated from 
the transfer clock. In Synchronism with a Single reference 
clock in the first chip, therefore, fast transfer of a data Signal 
to the first chip from the Second chip can be implemented. 
0022. To achieve the aforementioned objects, according 
to a third aspect of this invention, each chip in the first and 
Second aspects of the invention has a plurality of input 
circuits and a plurality of output circuits and their associated 
data input terminals and data output terminals are provided 
along their opposing Sides. Also provided is a clock Supply 
line which Supplies the transfer clock or the output clock to 
the associated output circuits or input circuits at approxi 
mately the same timings. 
0023 This structure can ensure fast transfer of plurality 
of data Signals between the first and Second chips in Syn 
chronism with the reference clock in the first chip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1 is a diagram illustrating the structure of an 
MCP (Multi-Chip Package) according to this invention, 
which has a logic chip and a memory chip mounted therein; 
0.025 FIG. 2 is a diagram showing another structure of 
an MCP according to this invention, in which a logic chip 
and a memory chip are mounted; 
0.026 FIG. 3 is a diagram exemplifying the structure of 
a Synchronous DRAM as one example of a memory chip; 
0027 FIG. 4 is a principle diagram of this invention; 
0028 FIG. 5 is a principle diagram of a second inven 
tion; 
0029 FIG. 6 is a diagram showing a first embodiment; 
0030 FIG. 7 is a diagram exemplifying a fast input/ 
output circuit according to the first embodiment; 

0031) 
0.032 FIG. 9 is a diagram depicting a specific example of 
an input/output circuit DQ; 
0.033 FIG. 10 is a diagram showing one modification of 
the fast input/output circuit according to the first embodi 
ment, 

0034 FIG. 11 is a diagram showing another modification 
of the fast input/output circuit according to the first embodi 
ment, 

0.035 FIG. 12 is a diagram showing a further modifica 
tion of the fast input/output circuit according to the first 
embodiment; 

0036) 
ment, 

FIG. 8 is a timing chart for the first embodiment; 

FIG. 13 is a diagram illustrating a second embodi 

0037 FIG. 14 is a diagram exemplifying a fast input/ 
output circuit according to the Second embodiment; 
0038 FIG. 15 is a timing chart for the second embodi 
ment, 

0.039 FIG. 16 is a diagram illustrating the structure of a 
third embodiment; 
0040 FIG. 17 is a diagram exemplifying a fast input/ 
output circuit according to the third embodiment; 
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0041) 
0042 FIG. 19 is a diagram exemplifying a fast input/ 
output circuit according to a fourth embodiment; 

FIG. 18 is a timing chart for the third embodiment; 

0043 FIG. 20 is a timing chart for the fourth embodi 
ment, 

0044 FIG.21 is a diagram showing a modification of the 
fast input/output circuit according to the fourth embodiment; 
004.5 FIG.22 is a timing chart for the modification of the 
fourth embodiment shown in FIG. 21; 
0046 FIG. 23 is a diagram exemplifying a fast input/ 
output circuit according to a fifth embodiment; 
0047 FIG. 24 is a diagram exemplifying a fast input/ 
output circuit according to a sixth embodiment; 
0048 FIG. 25 is a diagram showing a conventional 
Structure which has a logic device a memory device con 
nected together; and 
0049 FIG. 26 is a diagram depicting the structure of a 
System LSI which has a logic Section 2 and a memory 
Section 3 embedded in a Single chip. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0050 Preferred embodiments of the present invention 
will now be described with reference to the accompanying 
drawings. The technical Scope of the invention is, however, 
in no way restricted to those embodiments. 
0051 FIG. 1 is a diagram illustrating the structure of an 
MCP (Multi-Chip Package) according to this invention, 
which has a logic chip and a memory chip mounted therein. 
The MCP shown in FIG. 1 has a logic chip 10 and a memory 
chip 20 mounted in a common package 40. In this example, 
the memory chip 20 is a DRAM chip, and the logic chip 10 
is a memory controller. External terminals 30 provided in the 
logic chip 10 are connected to inner leads 42 in the package 
40 via lead lines 43. Likewise, external leads 38 provided 
inside the memory chip 20 are connected to the inner leads 
42 in the package 40 via lead lines 43. 
0052 The feature of this invention lies in that input/ 
output terminals 31 and 35 are arranged at facing positions 
along the opposing Sides of the logic chip 10 and the 
memory chip 20. The input/output terminals 31 are con 
nected to the facing, respective input/output terminals 35 by 
lead lines 44 of gold or the like. Provided in the logic chip 
10 and the memory chip 20 are fast input/output circuits 33 
associated with the input/output terminals 31 and 35. Data 
Signals are transferred via the input/output terminals 31 from 
the fast input/output terminal 33 in the logic chip 10 to the 
input/output terminals 35 in the memory chip 20 to be input 
to the fast input/output circuits 33 in the memory chip 20. 
Transfer of data signals from the memory chip 20 to the 
logic chip 10 is carried out in a similar manner. Therefore, 
the input/output circuits 33 and the input/output terminals 31 
in the logic chip 10, the input/output circuits 33 and the 
input/output terminals 35 in the memory chip 20, and the 
lead lines 44 which connect both chips constitute a memory 
logic input/output circuit 34. 
0053 As illustrated, power supplies VCC and VSS to 
supply power to both chips 10 and 20 are respectively 
connected to power supplies VCC and VSS which supply 
power to the package 40. 



US 2001/0002179 A1 

0054 As shown in FIG. 1, the LSI device of this inven 
tion has two chips 10 and 20 mounted thereon, and imple 
ments data transfer between the chips via the lead lines 44 
of gold or the like, connecting both chips together, not via 
bus lines provided on the board as in the prior art. The 
input/output circuits 33 provided inside the chips can drive 
the input/output terminals 31 and 35 and the lead lines 44 
with low power consumption. What is more, connection 
through the lead lines 44 requires a Smaller occupying area 
than the conventional connection through the bus lines. The 
individual chips 10 and 20 can be manufactured in their 
respective optimal fabrication processes, which can over 
come the problem of an increased cost of the fabrication 
proceSS associated with the conventional one-chip Structure. 
0.055 FIG. 2 is a diagram showing another structure of 
an MCP according to this invention, in which a logic chip 
and a memory chip are mounted. FIG. 2 uses the same 
reference numerals as used in FIG. 1 for corresponding 
components. In the example of FIG. 2, logic chips 10A and 
10B are provided on the respective sides of a single memory 
chip 20. Input/output terminals 35 and 31 are provided on 
the opposing Sides of the memory chip 20 and the logic chip 
10A and are connected together by lead lines 44. Likewise, 
input/output terminals 35 and 31 are provided on the oppos 
ing sides of the memory chip 20 and the logic chip 10B and 
are connected together by lead lines 44. Each Structure is the 
same as the one illustrated in FIG. 1. The memory chip 20 
is connected to an external memory device outside the 
package 40 by input/output terminals 38 and an input/output 
circuit 36 for an external memory device. That is, the 
memory chip 20 performs fast data eXchange with two logic 
chips 10A and 10B and performs exchange of data signals 
with the external memory device (not shown), provided 
outside the package 40, through the input/output circuit 36. 
0056. In FIG. 2, the arrangement of the memory chip 20 
and the logic chips 10A, 10B may be reversed. In other 
words, two memory chips 20 may be arranged on the 
respective sides of a single logic chip located in middle. The 
aforementioned input/output terminals 31 and 35 and input/ 
output circuits 33 are provided on the opposing Sides of each 
memory chip 20 and the logic chip to ensure fast data 
transfer between both chips. As will be apparent from the 
following description of Several embodiments, this inven 
tion is not limited to an LSI device with a logic chip and a 
memory chip, but may be adapted to any LSI device which 
implements fast data transfer between two different chips. 
0057 FIG. 3 is a diagram exemplifying the structure of 
a Synchronous DRAM as one example of a memory chip. 
The synchronous DRAM shown in FIG. 3 has two memory 
banks 50. Each memory bank 50 includes a memory cell 
array 51, a row decoder 52, a column decoder 53, a sense 
amplifier/write amplifier 54, a serial address counter 55, a 
serial decoder 56, a serial access memory 57 and a transfer 
gate 58. Provided as peripheral circuits are a clock buffer 60 
to which a clock CLK is input, a command decoder 61 to 
which various kinds of commands are input, a bank Selector 
62 to which a bank Select Signal A is input, an address buffer 
63 to which addresses A0 to Am are input, and a DQ buffer 
64 for a logic chip. This DQ buffer 64 corresponds to the fast 
input/output circuit 33 shown in FIGS. 1 and 2. Data mask 
signals DMO to DMn/8 and data signals DQF0 to DQFn are 
input to the DQ buffer 64. The address buffer 63 receives the 
address Signals A0-Am in response to a clock which is 
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generated by the clockbuffer 60. Thus, the address buffer 63, 
when Serving as an input circuit, corresponds to the fast 
input/output circuit 33 shown in FIGS. 1 and 2. 
0.058. The synchronous DRAM shown in FIG. 3, has a 
DQ buffer 65 for an external memory device and a transfer 
control circuit 66 as peripheral circuits. This DQ buffer 65 
corresponds to the input/output circuit 36 for an external 
memory device shown in FIG. 2. Data from the external 
memory device, which may be a hard disk, CDROM or the 
like, is temporarily Stored in the Serial acceSS memory 57 via 
the DO buffer 65. Thereafter, the data is transferred to the 
memory cell array 51 by the transfer gate 58 and stored 
there. The Stored data is output to a logic chip, provided 
along the synchronous DRAM, via the DQ buffer 64. To 
transfer data to the external memory device from the logic 
chip Side, on the other hand, a data Signal from the logic chip 
is input to the DQ buffer 64 and temporarily stored in the 
memory chip 51. Thereafter, the data Signal is temporarily 
Stored in the Serial access memory 57 via the transfer gate 
58, and is sent via the DQ buffer 65 to the external memory 
device located outside the package 40. 
0059 FIG. 4 is a principle diagram of this invention. 
FIG. 4 shows input/output circuits in a case where data 
Signals are transferred from a first chip 10 to a Second chip 
20. Provided inside the first chip 10 are a clock output 
terminal 15, and a plurality of output circuits 12 and data 
terminals 11. In response to an output clock CLK1 in the first 
chip, the output circuits 12 output internal data Signals 
DATA1 and DATA2 to the respective output terminals 11. 
Provided inside the second chip 20 are a clock input terminal 
25, and a plurality of data input terminals 21 and input 
circuits 22. The output terminals 11 and 15 of the first chip 
10 are connected to the respective input terminals 21 and 25 
of the second chip 20 by lead lines 44D and 44C, respec 
tively. 

0060. The output clock CLK1 in the first chip 10 is 
transferred to the clock input terminal 25 of the second chip 
20 via the clock output terminal 15 and the clock lead line 
44C. The clock transferred to the clock input terminal 25 is 
supplied as a transfer clock CLK10 to the input circuits 22. 
The data signals DATA1 and DATA2 in the first chip 10 are 
transferred from the output circuits 12 to the input terminals 
21 on the second chip 20 via the data output terminals 11 and 
the data lead lines 44D. The input circuits 22 fetch the data 
Signals and transfer them inside the Second chip 20 in 
response to the transfer clock CLK10. 
0061 According to this invention, as described above, 
based on the output clock CLK1, data Signals are Sent out 
from the output circuits 12 of the first chip 10 and are fetched 
by the input circuits 22 of the second chip 20 to be 
transferred inside. The output clock CLK1 and the transfer 
clock CLK10 are synchronous with each other with a 
predetermined phase difference, So that fast transfer of data 
signals from the first chip 10 to the second chip 20 can be 
carried out in Synchronism with the clock. 
0062 FIG. 5 is a principle diagram of a second inven 
tion. FIG. 5 exemplifies input/output circuits in a case where 
data DATA1 and DATA2 in the second chip 20 are trans 
ferred to the first chip 10 based on a clock CLK2 in the first 
chip 10. Referring to FIG. 5, a clock output terminal 15, and 
a plurality of input circuits 17 and data input terminals 16 are 
provided in the first chip 10. Provided in the second chip 20 
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are a clock input terminal 25, and a plurality of output 
circuits 27 and data output terminals 26. The input terminals 
16 and the output terminal 15 of the first chip 10 are 
respectively connected to the output terminals 26 and the 
input terminal 25 of the second chip 20 by the respective 
lead lines 40D and 40C. 

0063. In FIG. 5, the transfer clock CLK2 in the first chip 
10 is transferred to the second chip 20 via the output 
terminal 15, the lead line 40C and the input terminal 25, and 
is Supplied as an output clock CLK20 to the output circuits 
27. Data in the second chip 20 are fetched to the output 
circuits 27 in response to the output clock CLK20 and are 
output from the data output terminals 26. In the first chip 10, 
each input circuit 17 fetches the data Signal, Sent to the data 
input terminal 16, and transfers it inside the first chip 10 in 
response to the transfer clock CLK2. 
0064. As apparent from the above, data in the second chip 
20 are transferred to the first chip at a high speed based on 
the transfer clock CLK2 in the first chip 10. 
0065 FIG. 6 is a diagram showing a first embodiment. 
FIG. 6A shows a structure when data signals are transferred 
to the second chip 20 from the first chip 10. FIG. 6B shows 
a structure when data Signals are transferred to the first chip 
10 from the second chip 20. In FIG. 6A, a clock buffer 14 
to which an external clock ECLK is input, and a dummy 
output circuit 13, which delays an output clock, generated by 
the clockbuffer 14, by about the same amount as each output 
circuit 12, are provided in the first chip 10. A clock input 
terminal 25, which is connected via a clock lead line 40C to 
a clock output terminal 15, and a clock buffer 23, which is 
connected to the clock input terminal 25 and outputs a 
transfer clock N6, are provided in the second chip 20. 
0.066. In FIG. 6A, the output circuits 12 output the data 
DATA1 and DATA2 in the first chip 10 in response to the 
output clock N1. At the same time, the output clock N1 is 
output by the dummy output circuit 13 which has about the 
Same delay characteristic as that of the output circuits 12. 
Therefore, the output clock N1 and data Signals are trans 
ferred to the input terminals 25 and 21 in the second chip 20 
at Substantially the Same timings. In response to the transfer 
clock N6 generated by the clock buffer 23, the input circuits 
22 fetch the data Signals and transfer them inside the Second 
chip 20. As will be described later, therefore, the input 
circuits 22 fetch transferred data Signals and transfer them 
inside the Second chip 20 in a Setup time Substantially the 
same as the delay time of the clock buffer 23. 
0067. In FIG. 6B, a first output buffer 18 which sends a 
reference clock N1 to the second chip 20, and a first input 
buffer 19 which receives a transfer clock returned from the 
second chip 20 are provided in the first chip 10. Provided in 
the second chip 20 are a second input buffer 28 which 
receives a transfer clock sent from the first output buffer 18, 
and a dummy output circuit 29 which has about the same 
delay characteristic as that of the output circuits 27. 

0068. With this structure, the reference clock N1 is 
transferred to the second chip 20 via the output buffer 18, the 
lead line 40C and the input buffer 28, and is supplied as an 
output clock N3 to the output circuits 27. The clock that has 
been input to the input buffer 28 is returned to the first chip 
10 by the dummy output circuit 29, input to the input buffer 
19 and supplied to the input circuits 17 as a transfer clock 
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N11 in the first chip 10. Therefore, the data DATA1 and 
DATA2 in the second chip 20 are sent out from the input 
circuits 27 in response to the output clock N3. The output 
clock N3 is sent to the first chip 10 by the dummy output 
circuit 29 at the Same timing as the data Signals. Accord 
ingly, the input circuits 17 fetch the transferred data Signals 
and transfer them inside the first chip 10 with the delay time 
of the input buffer 19 as the setup time. 
0069 FIG. 7 is a diagram exemplifying a fast input/ 
output circuit according to the first embodiment. FIG.7 uses 
the same reference numerals as used in FIG. 6 for corre 
sponding components. In FIG. 7, the first chip 10 is a logic 
chip, and the input circuits 17 and the output circuits 12 are 
shown as input/output circuits DQ0 to DOn. The second 
chip 20 is a memory chip, and the input circuits 22 and the 
output circuits 27 are shown as input/output circuits DQ0 to 
DOn. In FIG. 7, the clocks or data signals which pass 
through the individual input terminals and output terminals 
are denoted by “N2,”“N4,”“N5,” and “N7” to “N10.” Lines 
for data signals DATA are omitted in FIG. 7. 
0070. As shown in FIG. 7, each chip 10 or 20 is provided 
with a plurality of input/output circuits DQ0-DOn, and 
input/output terminals 11 and 16 and input/output terminals 
21 and 26, which are connected to the respective input/ 
output circuits DQ0-DOn, are arranged at opposing posi 
tions along the opposite Sides of the two chips. The associ 
ated input/output terminals are connected together by 
respective data lead lines 40D. 
0071 An output clock line 70 for supplying the output 
clock N1 to the individual input/output circuits runs along 
the input/output circuits DQ in the logic chip 10, and an 
output clock line 71 for the output clock N3 likewise runs 
along the input/output circuits DQ in the memory chip 20. 
Further, a transfer clock line 72 for supplying the transfer 
clock N11 to the individual input/output circuits runs along 
the input/output circuits DQ in the logic chip 10, and a 
transfer clock line 73 for the transfer clock N6 likewise runs 
along the input/output circuits DQ in the memory chip 20. 
This layout of the clock lines allows clocks to be supplied to 
the input/output circuits DQ0 with a desired phase relation 
ship, and likewise allows clocks to be Supplied to the 
lowermost input/output circuits DOn of both chips with a 
desired phase relationship. 

0072 FIG. 8 is a timing chart for the first embodiment. 
The upper half of FIG. 8 shows a timing chart for data 
transfer to the memory chip 20 from the logic chip 10 (write 
operation), and the lower half of FIG.8 shows a timing chart 
for data transfer to the logic chip 10 from the memory chip 
20 (read operation). FIG. 8 shows the timings for the signals 
at the individual nodes N1-N11 in FIGS. 6 and 7. 

0073. A description will now be given of a case where 
data Signals are transferred to the memory chip 20 from the 
logic chip 10 (WRITE). The clock N1 which rises at time to 
is delayed by the dummy output circuit 13 and becomes the 
clock N4 at the output terminal 15, which is delayed by the 
delay time of the dummy output circuit 13. The clock signal 
N5 at the input terminal 25 in the memory chip 20 is delayed 
from the clock N4 by the delay time of the clock lead line 
40C. The transfer signal N6 or the output of the clock input 
buffer 23 in the memory chip 20 is delayed from the clock 
N5 by the delay time of the input buffer 23. Data in the logic 
chip 10 is sent from the output circuits 12 in response to the 
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output clock N1 or the reference clock, and the data Signal 
N10 at each data input terminal 21 in the memory chip 20 
has Substantially the same timing as the clock signal N5. In 
the memory chip 20, each input circuit 22 fetches the data 
signal N10 in response to the transfer clock N6 and transfers 
it inside the chip 20. As apparent from FIG. 8, therefore, 
each input circuit 22 in the memory chip 20 fetches the data 
signal N10 after the setup time ts equivalent to the delay 
time of the clock input buffer 23, after the data signal N10 
transferred to the associated input terminal 21 has been 
Supplied to that input circuit 22. 

0.074 The following will discuss a case where data in the 
memory chip 20 is read out to the logic chip 10 (READ). 
The reference clock N1, which rises at time to, is transferred 
to the input terminal 25 in the memory chip 20 via the clock 
output buffer 18 and the lead line 40c. The clock N2 at the 
input terminal 25 therefore has a timing delayed by the delay 
times of the output buffer 18 and the lead line 40C. The 
output clock N3 which is generated from the input buffer 28 
has a timing delayed from the clock N2 by the delay time of 
the input buffer 28. The dummy output circuit 29 sends the 
output clock N3 to the output terminal. The clock N8 at the 
output terminal is therefore delayed by the delay time of the 
dummy output circuit 29. The clock N7 at the clock input 
terminal in the logic chip 10 is delayed from the clock N8 
by the delay time of the lead line 40C. The transfer clock 
N11, which is generated by the clock input buffer 19, is 
delayed from the clock N7 by the delay time of the input 
buffer 19. Data in the memory chip 20 is sent out by each 
output circuit 27 via output terminal 26, and the data signal 
N9 arrives at each data input terminal 16 in the logic chip 10 
at approximately the Same timing as the clock N7. The data 
signal N9 is fetched in the associated input circuit 17 and 
transferred inside the logic chip 10 in response to the transfer 
clock N11 after the setup time ts equivalent to the delay time 
of the clock input buffer 19. 
0075 FIG. 9 is a diagram depicting a specific example of 
the input/output circuit DQ. The input/output circuit DQ 
comprises an output circuit 76 and an input circuit 78. The 
output circuit 76 fetches a data signal 80 at the L edge 
(falling edge) of an output clock 81, and sends it to an 
input/output terminal 82 at the Hedge (rising edge) of the 
output clock 81. The input circuit 78 fetches the data signal, 
which has been Supplied to the input/output terminal 82, at 
the Hedge of a transfer clock 83 and sends it out to an output 
terminal 84. 

0076. In the output circuit 76, the output data 80 is 
inverted by a NOR gate 90 and a NAND gate 91, and 
transfer gates 92 and 93 are conductive at the Ledge of the 
output clock 81 where the clock 81 changes its level from an 
H level to an L level. This causes the inverted output data to 
be latched in latch circuits 94 and 95. In response to the H 
edge of the output clock 81 where the clock 81 changes its 
level from an L level to an H level, transfer gates 96 and 97 
are conductive, permitting the latched data to be latched in 
respective latch circuits 98 and 99. In accordance with those 
latched data signals, one of a P type transistor 102 and an N 
type transistor 103, which constitutes an output CMOS 
circuit, is conductive, causing the output data 80 to be sent 
to the input/output terminal 82. 

0077. In the input circuit 78, when the transfer clock 83 
has an Llevel, P type transistors 112,113, 114, 115, 118 and 
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119 are conductive, resetting nodes n20 and n21 to H levels. 
The transfer data Signal which is to be input to the input/ 
output terminal 82 is Supplied to the gate of an N type 
transistor 110, and a reference voltage VREF is supplied to 
the gate of an associated transistor 111. Transistors 120 to 
123 are conductive in response to the Hedge of the transfer 
clock 83 where the clock 83 changes its level from an Llevel 
to an H level, and the transistor 110 or 111 is conductive in 
accordance with the data Signal that is Supplied to the gate 
of the transistor 110, causing either the node n20 or the node 
n21 to change its level to an L level. After a delay of three 
stages of inverters from the Hedge of the transfer clock 83 
where the clock 83 changes its level from the L level to the 
H level, the node n22 is pulled down to an L level. This 
enables a CMOS latch circuit 113, 114, 116 and 117, thus 
amplifying signals at the nodes n20 and n21. A CMOS 
circuit 128 and 129 and a CMOS circuit 130 and 131 are 
driven in accordance with the amplified Signals at the node 
n20 and n21. An inverted Signal which is generated as a 
consequence is latched by a latch circuit 132, and is sent out 
from the output terminal 84 via inverters 133 and 134. 
0078 FIG. 10 is a diagram showing a modification of the 
fast input/output circuit according to the first embodiment. 
FIG. 10 uses the same reference numerals as used in FIG. 
7 for corresponding components. In FIG. 10, the output 
buffer 18 for the clock N1, the input buffer 28, the dummy 
output circuit 13, the input buffer 23, the dummy output 
circuit 29 and the input buffer 29 have the same structures 
of those in FIG. 7. In FIG. 10, those clock buffers and 
dummy output circuits are arranged in the middle portions of 
the input/output buffers DQ0 to DQn. For the input/output 
buffers DQ0-DQm located at the upper portions of both 
chips 10 and 20, an output clock line 70A for supplying the 
output clock N1 as the reference clock and a transfer clock 
line 72A for supplying the transfer clock N11 are provided. 
For the input/output buffers DOm+1 to DOn located at the 
lower portions of the logic chip 10, an output clock line 70B 
for Outputting the output clock N1 and a transfer clock line 
72B for Supplying the transfer clock N11 are arranged. 
Accordingly, supply nodes 70X and 72X to which the clocks 
N1 and N11 are respectively Supplied are arranged nearly at 
the center of the input/output buffers DQ0-DQn, so that 
deviation from the timings at which the clocks are Supplied 
to the input/output circuits DQ0-DOn is reduced to a half as 
compared with the case of FIG. 7. Likewise, a supply node 
73X to which the transfer clock N6 is supplied and a supply 
node 71X to which the output clock N3 is supplied are 
located between the upper and lower clock Supply lines 71A 
and 71B and 73A and 73B in the memory chip 20. Conse 
quently, a variation in the timings of the transfer clock N6 
and output clock N3, which are to be supplied to the 
input/output terminals DQ0-DOn is suppressed to a half as 
compared with the case of FIG. 7. 
007.9 FIG. 11 is a diagram showing another modification 
of the fast input/output circuit according to the first embodi 
ment. In the example shown in FIG. 11, clock supply lines 
70 and 72 are arranged in a tree shape so that the timings of 
the clocks to be supplied to the input/output circuits DQ0 
DOn become Substantially equal to one another. So are clock 
supply lines 71 and 73. As a result, the output clock and 
transfer clock are Supplied to the individual input/output 
circuits DQ0-DOn at Substantially the same timings. In 
accordance with the tree-like arrangement of the clock 
Supply lines, dummy equivalent-length lines 140 and 142 
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whose lengths or delay times are equivalent to the lengths or 
the delay times of those clock Supply lines are provided at 
the preceding Stage of the dummy output circuits 13 and 29, 
respectively. The provision of the dummy equivalent-length 
lines 140 and 142 makes the timing for transfer of a data 
Signal Substantially coincide with the timing for transfer of 
a clock Signal. 
0080 FIG. 12 is a diagram showing a further modifica 
tion of the fast input/output circuit according to the first 
embodiment. In the input/output circuit exemplified in FIG. 
12, the input/output circuits DQ, the dummy output circuit 
13, the clock input buffer 19, the dummy output circuit 29 
and the clock input buffer 23 are divided into a plurality of 
groups G1 to Gm, and the clock output buffer 18 and input 
buffer 28, common to the groupS G1-Gm, are respectively 
provided on the chips 10 and 20. The layout shape of the 
clock Supply lines in each group is the same as the one 
shown in FIG. 10, and clock supply nodes 70X and 72X and 
73X and 71X are located at the center portions. Such 
grouping can reduce the number of the input/output circuits 
DQ in each group even when each of the chips 10 and 20 has 
multiple input/output circuits DQ, and can minimize devia 
tion of the timings of the clocks that are Supplied to the 
input/output circuits in each group. 
0081. Though unillustrated, the layout shape of the clock 
Supply lines in each group as shown in FIG. 12 may be 
modified to the tree-like shape as shown in FIG. 11. In this 
case, the lengths of the clock Supply lines of the tree-like 
shape in each group can be made shorter. 
0082 FIG. 13 is a diagram illustrating a second embodi 
ment. FIG. 13A shows a structure for a case where data 
signals are transferred to the second chip 20 from the first 
chip 10. In FIG. 13A, an external clock ECLK is supplied 
to the clock buffer 14 where an output clock N1 to be a 
reference clock is generated. The output clock N1 in the first 
chip 10 becomes a transfer clock N13 in the second chip 20 
after passing the clock output buffer 18, the clock lead line 
40C and the clock input buffer 28. In response to the output 
clock N1 in the first chip 10, the output circuits 12 transfer 
data signals DATA1 and DATA2 to the second chip 20. In 
response to the transfer clock N13 generated in the Second 
chip 20, the input circuits 22 fetch the data Signals trans 
ferred to the input terminals 21 and transfer them inside. 
0083) In the example of FIG. 13A, the output clock N1 
or the reference clock in the first chip 10 is transferred inside 
the second chip 20 via the buffers 18 and 28 with small delay 
times and becomes the transfer clock N13. The second 
embodiment differs in this point from the first embodiment 
illustrated in FIG. 6. As the delay time of each output circuit 
12 in the first chip 10, which operates in response to the 
output clock N1, is greater than those of the buffers 18 and 
28, each input circuit 22 in the second chip 20 fetches a data 
signal N17 of the previous phase and transfers it inside the 
second chip 20 in response to the transfer clock N13 before 
the data Signal arrives at the associated input terminal 21 in 
the second chip 20. The detailed operation will be explained 
later with reference to a timing chart. 
0084 FIG. 13B shows a structure for a case where data 
signals are transferred to the first chip 10 from the second 
chip 20. In this case, the reference clock N1 is transferred to 
the second chip 20 via the clock output buffer 18, clock lead 
line 40C and clock input buffer 28 and becomes the output 
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clock N3. A transfer clock N15 in the first chip 10 is 
generated as the reference clock N1 is transferred via the 
buffer 18, two lead lines 40C and input buffer 19. That is, the 
transfer clock N15 is generated as the reference clock N1 is 
temporarily transferred to the second chip 20 and is then 
returned from the second chip 20. In the second chip 20, the 
output circuits 27 transfer data signals DATA1 and DATA2 
to the first chip 10 in response to the output clock N3. In the 
first chip 10, the input circuits 17 fetch the data signals 
arrived at the input terminals 16 and transfer them inside the 
chip 10 in response to the transfer clock N15. As in the case 
of FIG. 13A, since the delay time of each output circuit 27 
is greater than those of the buffers 18, 19 and 28, the input 
circuits 17 fetch data Signals of the previous phase and 
transfer them inside the first chip 10 in response to the 
transfer clock N15. After that, the data signals output from 
the output circuits 27 reach the associated input terminals 16 
in response to the output clock N3. The detailed operation 
will also be discussed later with reference to a timing chart. 

0085 FIG. 14 is a diagram exemplifying a fast input/ 
output circuit according to the second embodiment. FIG. 14 
shows the input circuits and output circuits in FIG. 13 as 
input/output circuits DQ0-DQn. FIG. 14 uses the same 
reference numerals as used in FIG. 13 for corresponding 
components. For the operational explanation, clocks and 
data Signals at the individual input/output terminals 15, 25, 
11, 16, 21 and 26 are denoted by “N2,”“N14,”“N16” and 
“N17.” In the circuit example shown in FIG. 14, as in the 
circuit example of the first embodiment shown in FIG. 7, 
output clock lines 70 and 71 for supplying the output clocks 
N1 and N3 and transfer clock lines 72 and 73 for supplying 
the transfer clocks N15 and N13 are arranged along a 
plurality of input/output circuits DQ0-DOn. The arrange 
ment in FIG. 14 allows the output clocks N1 and N3 and the 
transfer clocks N15 and N13 to be supplied to the associated 
input/output circuits DQ in the logic chip 10 or the first chip 
and the memory chip 20 or the second chip with substan 
tially the same timing relation. 

0.086 FIG. 15 is a timing chart for the second embodi 
ment. To begin with, a description will be given of the 
operation of transferring data Signals to the Second chip 20 
from the first chip 10 (WRITE). The reference clock N1 in 
the first chip 10 rises at time to. This reference clock N1 
travels through the clock output buffer 18, the clock lead line 
40C and the input buffer 28 and becomes the transfer clock 
N13 in the second chip 20. The transfer clock N13 is 
therefore delayed by the delay times of the buffers 18 and 28 
and the lead line 40C. Each input circuit 22 in the second 
chip 20 fetches the data signal N17 and transfers it inside the 
chip 20 in response to the transfer clock N13. In the first chip 
10, the output circuits 12 send the data signals DATA1 and 
DATA2 to the second chip 20 in response to the reference 
clock N1 as the output clock. Therefore, the data signal N17 
which is Supplied to each input terminal 21 in the Second 
chip 20 is delayed from the output clock N1 by the delay 
times of the output circuit 12 and the lead line 40D. As 
mentioned above, because the delay time of the output 
circuit 12 is longer than those of the buffers 18 and 28, the 
input circuit 22 fetches the data signal N17 in response to the 
transfer clock N13 within a hold time th, which is the delay 
time (DQ) of the output circuit 12 minus the delay times (2x 
Buff) of the two buffers 18 and 28 as shown in FIG. 15. 
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0087. A description will now be given of a case where 
data signals are transferred to the first chip 10 from the 
Second chip 20 (read operation). First, the reference clock 
N1 in the first chip 10 is transferred via the lead line 40C to 
the second chip 20. The reference clock N1 is further 
returned to the first chip 10 from the second chip 20 via the 
lead line 40C and the input buffer 19 and becomes the 
transfer clock N15. In response to this transfer clock N15, 
the input circuits 17 fetch the data Signals Supplied to the 
input terminals 16 and transfer them inside the first chip 10. 
Thus, the clock N14 is delayed from the reference clock N1 
by the delay times of the output buffer 18, and two lead lines 
40C. The transfer clock N15 is delayed from the clock N14 
by the delay time of the input buffer 19. 
0088. The output clock N3 is delayed from the reference 
clock N1 by the delay times of the output buffer 18, the lead 
line 40C and the input buffer 28. Further, the clock N16 at 
each input terminal 16, which is Supplied from the associ 
ated output circuit 27 in response to the output clock N3, is 
delayed from the output clock N3 by the delay times of the 
output circuit 27 and the lead line 40D. In this case too, the 
delay time of the output circuit 27 is greater than those of the 
buffer circuits 18, 19, 28, so that each input circuit 17 fetches 
a data Signal of the previous phase in response to the transfer 
clock N15 before the data Signal reaches the associated input 
terminal 16 in the first chip 10. That is, the hold time th 
becomes the delay time (DQ) of the output circuit 27 as 
shown in FIG. 15. 

0089 FIG. 16 is a diagram illustrating the structure of a 
third embodiment. FIG. 16A shows a structure for a case 
where data Signals are transferred to the Second chip 20 from 
the first chip 10. This structure is the same as that of the 
second embodiment shown in FIG. 13A except for the 
transfer clock in the second chip 20 being denoted by a 
reference numeral “N28” and data signals at the data input/ 
output terminals 11 and 21 being denoted by reference 
numerals “N25” and “N26.” The operation of this structure 
will not therefore be discussed. 

0090 FIG. 16B shows a structure for a case where data 
signals are transferred to the first chip 10 from the second 
chip 20. In this example, the reference clock N1 in the first 
chip 10 is used directly as a transfer clock N27 for the input 
circuit 17. The reference clock N1 is transferred to the 
second chip 20 via the output buffer 18, the lead line 40C 
and the input buffer 28, and is Supplied to the output circuits 
27 as an output clock N24. In response to the output clock 
N24, the output circuits 27 transfer data in the second chip 
20 to the first chip 10. 
0.091 FIG. 17 is a diagram exemplifying a fast input/ 
output circuit according to the third embodiment. AS in the 
first and Second embodiments, a logic chip is used as the first 
chip 10 and a memory chip as the second chip 20 in the 
example of FIG. 17. The output circuits 12 and input circuits 
17 in the first chip 10 are shown as input/output circuits 
DQ0-DOn. So are the input circuits 22 and the output 
circuits 27. Further, output clock lines 70 and 71 for Sup 
plying output clockS N1, N24 to those input/output circuits 
and transfer clock lines 72 and 73 for supplying transfer 
clocks N27, N28 to the input/output circuits are laid. 
0092 FIG. 18 is a timing chart for the third embodiment. 
As shown in FIG. 16A, the case of transferring data signals 
to the second chip 20 from the first chip 10 (write operation) 
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is the same as that of the Second embodiment. Thus, the hold 
time thin each input circuit 22 in the second chip 20 is the 
delay time (DQ) of the output circuit 12 in the first chip 10 
minus the delay times (2x Buff) of the two buffers 18 and 28. 
0093. In the case where data signals are transferred to the 

first chip 10 from the second chip 20 (read operation), the 
output clock N24 is generated as the reference clock N1 
passes through the two buffers 18 and 28 and the lead line 
40C. The output clock N24 is therefore delayed from the 
reference clock N1 by the delay times of two buffers and the 
lead line. AS each output circuit 27 transferS data to the first 
chip 10 in response to the output clock N24, the data Signal 
N25 that is supplied to the associated input terminal 11 of the 
first chip 10 is delayed from the output clock N24 by the 
delay times of the output circuit 27 and the lead line 40D. 
Each input circuit 17 fetches the signal N25 at the input 
terminal 11 and transfers it inside the first chip 10 in 
response to the transfer clock N27 which has the same phase 
as the reference clock N1. Consequently, the hold time thin 
each input circuit 17 in the second chip 20 is equivalent to 
the sum of the delay time (DQ) of the output circuit 27, the 
delay times (2x Buff) of two buffers 18, 28 and the delay 
times of two lead lines 40C, 40D(40). 
0094. In this read operation, the hold time th of the third 
embodiment is longer than the hold time of the second 
embodiment shown in FIG. 15. In this respect, the second 
embodiment can implement an operation Synchronous with 
a faster clock. 

0.095. In the first to third embodiments, as described 
above, the reference clock N1 in the first chip 10 is trans 
ferred to the Second chip 20 and is used as a trigger clock for 
the input/output operation in the Second chip 20, and the 
clock which is generated from the reference clock N1 is used 
as a trigger clock for the input/output circuits in the first chip 
10. This can allow the output timing and the input timing in 
transfer of data Signals between both chips to be Synchro 
nized with the reference clock, thus ensuring fast transfer of 
data Signals. 
0096 FIG. 19 is a diagram exemplifying a fast input/ 
output circuit according to a fourth embodiment. In the 
fourth embodiment, with the external clock ECLK of 100 
MHZ, for example, the clock frequency is pulled up to four 
times or 400 MHz by a PLL circuit 200 provided in the first 
chip 10, and transfer of data signals between both chips is 
carried out in synchronism with this fast clock N1. 
0097. In the fourth embodiment, each of the input circuits 
17 and 22 has two sets of input circuits. That is, each of input 
circuits 17 and 22 comprises two input circuits, a latch A and 
a latch B. For the trigger clocks to operate those two input 
circuits, clocks N6A and N6B which are generated by 
frequency-dividing the transfer clock N6 in the first embodi 
ment by 2 in a frequency divider 204 are used. Likewise, the 
transfer clock N11 in the first chip 10 is frequency-divided 
by a frequency divider 202, yielding two transfer clocks 
N11A and N11B which are used as the trigger clocks for the 
input circuits 17 in the first chip 10. 

0098. The fourth embodiment shown in FIG. 19 has the 
Same circuit Structure as that of the first embodiment shown 
in FIG. 7 except that each input circuit 17 or 22 has a double 
circuit structure and the frequency dividers 202 and 204 are 
provided. In other words, the output circuits 12 and 27 in the 
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individual chips output data Signals at a high Speed in 
response to the fast clocks N1 and N3, respectively. While 
the input circuits 17 and 22 in both chips need to fetch 
transferred data Signals in Synchronism with fast clocks, the 
latch operations of both input circuits are limited. In this 
respect, therefore, each of the input circuits 17 and 22 
comprises two input circuits and the transfer clockSN6A and 
N6B, and N11B and N11A of low frequencies, which are 
acquired by frequency-dividing the reference clock N1, are 
used as the trigger clockS. 
0099 FIG. 20 is a timing chart for the fourth embodi 
ment. The individual clocks N1 to N8 and N11 shown in 
FIG. 20 have the same timings as the clocks shown in FIG. 
8. In the fourth embodiment, two transfer clocks N6A and 
N6B whose phases are shifted from each other by 180 
degrees are generated from the transfer clock N6 by the 
frequency divider 204 in the write operation of transferring 
data signals to the second chip 20 from the first chip 10. In 
Synchronism with the rising edges of the pair of transfer 
clocks N6A and N6B, one pair of input circuits A and B in 
each input circuit 22 in the Second chip 20 fetch the Supplied 
data Signals and transfer them inside the chip alternately. 
0100. In the read operation of transferring data signals to 
the first chip 10 from the second chip 20, likewise, a pair of 
transfer clocks N11A and N11B whose phases are shifted 
from each other 180 degrees are generated by frequency 
dividing the transfer clock N1, generated in the first chip 10, 
by the frequency divider 202. In response to the pair of 
transfer clocks N11A and N11B, the input latch circuits. A 
and B in each input circuit 17 fetch the supplied data signals 
N9 and transfer them inside the second chip 20 alternately. 
0101 AS apparent from FIG. 20, because one pair of 
input circuits A and B operate in response to one pair of 
transfer clocks whose frequencies are reduced by the asso 
ciated frequency divider, data transfer between both chips 
can be performed in synchronism with the fast clock N1 
even if the pair of input circuits A and B do not operate fast. 
0102) When each input circuit comprises three input 
circuits, three transfer clocks whose phases are shifted from 
one another by 120 degrees are generated by the associated 
frequency divider in the fourth embodiment. Generally 
Speaking, when each input circuit comprises N input cir 
cuits, the transfer clock is divided by N by each frequency 
divider, yielding N transfer clocks whose phases are shifted 
from one another by 360/N degrees. 
0103 FIG.21 is a diagram showing a modification of the 
fast input/output circuit according to the fourth embodiment. 
In this modification, a faster clock is used in the fast 
input/output circuit of the first embodiment. Therefore, each 
of the input circuits 17 and 22 on the respective chips 10 and 
20 has two input circuits. In the example shown in FIG. 21, 
two clock mask signals N6A and N6B whose phases are 
shifted from each other by 180 degrees are produced from 
the transfer clock N6 in the second chip 20 by the frequency 
divider 204. Likewise, two clock mask signals N11A and 
N11B whose phases are shifted from each other by 180 
degrees are produced from the transfer clock N11 in the first 
chip 10 by the frequency divider 202. This modification 
differs from the example shown in FIG. 19 in that those 
frequency-divided clocks are uses as clock mask signals and 
the transfer clocks N6 and N11 control the input timings of 
the respective input circuits. 
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0104. In the modification of FIG. 21, it is the transfer N6 
that Serves as the trigger clock for the input circuits 22 in the 
second chip 20. Likewise, the transfer clock N11 in the first 
chip 10 serves as the trigger clock for the input circuits 17. 
It is to be noted however that a pair of clock mask signals 
N6A and N6B and a pair of clock mask signals N11A and 
N11B, which are respectively generated by the frequency 
dividers 204 and 202, are used to supply the transfer clocks 
N6 and N11 to the respective pairs of input circuits A and B. 
For this purpose, AND gates 206 and 208 are provided at the 
preceding Stage of the respective input circuits in the Second 
chip 20, and AND gates 210 and 212 are provided at the 
preceding Stage of the respective input circuits in the first 
chip 10. 

0105 FIG.22 is a timing chart for the modification of the 
fourth embodiment shown in FIG. 21. A description will be 
given first on a case where data Signals are transferred to the 
second chip 20 from the first chip 10 (write operation). The 
reference clock N1 and the clocks N5 and transfer clock N6, 
both generated from the clock N1, like those in FIG. 20, are 
the same as those in the first embodiment. Each input circuit 
22 fetches the transferred data Signal and transferS it inside 
the Second chip 20 in Synchronism with the rising edge of 
the transfer clock N6. In this case, the AND gate 206 or 208 
supplies the transfer clock N6 to the input circuit that 
corresponds to the L-level clock mask signal N6A or N6B. 
Thus, the Setup time of the input circuit 22 becomes equal 
to the delay time of the clock input buffer 23 as the first 
embodiment. The clock mask signals N6A and N6B vary in 
the frequency divider 204 in Synchronism with the falling 
edge of the transfer clock N6. Therefore, the clock mask 
signals N6A and N6B are referred to in synchronism with 
the rising edge of the transfer clock N6 and the transfer clock 
N6 is supplied to the input circuit 22 when the clock mask 
signals N6A and N6B have L levels, and the clock mask 
signals N6A and N6B are Switched in synchronism with the 
falling edge of the transfer clock N6. 

0106 A description will now be given on a case where 
data signals are transferred to the first chip 10 from the 
Second chip 20 (read operation). In this case too, the clocks 
N2 and N3 with respect to the reference clock N1, like those 
in FIG. 20, are the same as those in the first embodiment. 
The AND gate 210 or 212 provided in the first chip 10 
supplies the transfer clock N11 to the input circuit 17 that 
corresponds to the L-level clock mask signal N11A or N11B, 
in Synchronism with the rising edge of the transfer clock 
N11. Further, the clock mask signals N11A and N11B are 
Switched in the frequency divider 202 in synchronism with 
the falling edge of the transfer clock N11. As a result, the 
Setup time tS of the input circuit in the read operation 
becomes equal to the delay time of the input buffer 19 as the 
first embodiment. 

0107 FIG. 23 is a diagram exemplifying a fast input/ 
output circuit according to a fifth embodiment. This embodi 
ment is the fourth embodiment shown in FIG. 19 adapted to 
the second embodiment shown in FIG. 14. That is, the 
frequency of the external clock ECLK is pulled up to four 
times or 400 MHz by the PLL circuit 200 in the first chip 10, 
and data signals are transferred between both chips 10 and 
20 in synchronism with this fast reference clock N1. 

0108). The reference numerals in FIG. 23 correspond to 
those of the second embodiment illustrated in FIG. 14, with 
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one difference lying in that the transfer clock N15 is fre 
quency-divided by 2 in the frequency divider 202 in the first 
chip 10, generating two transfer clocks N15A and N15B 
whose phases are shifted from each other by 180 degrees. 
Likewise, the fifth embodiment differs from the second 
embodiment in that the transfer clock N3 is frequency 
divided by 2 in the frequency divider 204 in the second chip 
20, yielding two transfer clocks N3A and N3B whose phases 
are shifted from each other by 180 degrees. Each of the input 
circuits 17 and 22 comprises two input circuits as the fourth 
embodiments. Those two input circuits 17 in the first chip 10 
fetch Supplied data Signals and transfer them inside the chip 
10 in response to the transfer clocks N15A and N15B. In the 
second chip 20, likewise, the two input circuits 22 fetch 
Supplied data Signals and transfer them inside the chip 20 in 
response to the transfer clocks N3A and N3B. 
0109) The fifth embodiment shown in FIG. 23 may be 
modified like the modification of the fourth embodiment 
illustrated in FIG. 21. In other words, though not illustrated, 
each input circuit 22 can fetch the data Signal in Synchronism 
with the transfer clock N3 by using the clocks N3A and 
N3B, obtained by frequency-dividing the transfer clock N3, 
as clock mask signals. A similar Structure may be taken in 
the first chip 10. 
0110 FIG. 24 is a diagram exemplifying a fast input/ 
output circuit according to a sixth embodiment. This 
embodiment is the fourth embodiment shown in FIG. 19 
adapted to the third embodiment shown in FIG. 17. That is, 
the frequency of the external clock ECLK is pulled up to 
four times or 400 MHz by the PLL circuit 200 in the first 
chip 10, and data Signals are transferred between both chips 
10 and 20 based on the fast clock N1. In the first chip 10, the 
transfer clock N1 is frequency-divided by the frequency 
divider 202, generating new transfer clocks N1A and N1B 
whose phases are shifted from each other by 180 degrees. In 
the second chip 20, likewise, the transfer clock N24 is 
frequency-divided by the frequency divider 204, generating 
new transfer clocks N24A and N24B whose phases are 
shifted from each other by 180 degrees. In response to those 
frequency-divided transfer clocks, a pair of input circuits A, 
B in each of the input circuits 17 and 22 fetch transferred 
data Signals and transfer them inside the respective chip. 
0111. The sixth embodiment in FIG.24 may be modified 
like the modification of the fourth embodiment shown in 
FIG. 21. In other words, though not illustrated, the input 
circuits 17 in the first chip 10 which correspond to the 
L-level clock mask signals N1A and N1B fetch data signals 
and transfer them inside the chip 10 in response to the timing 
of the transfer clock N1. In the second chip 20, likewise, the 
input circuits 22 which correspond to the L-level clock mask 
signals N24A and N24B fetch data signals and transfer them 
inside the chip 20 in response to the timing of the transfer 
clock N24. 

0112 AS apparent from the above description, the first to 
third embodiments can transfer data Signals between both 
chips in Synchronism with a fast clock by utilizing frequency 
dividers as in the fourth to sixth embodiments. 

0113. According to this invention, as described above, 
two chips are connected together by lead lines, and the 
trigger clocks for the input/output circuits in both chips are 
generated from a reference clock in one of the chips, 
whereby fast transfer of data Signals between both chips can 

May 31, 2001 

be implemented in Synchronism with the reference clock. 
The manufacturing cost can be reduced by fabricating both 
chips in their optimal processes. 

What is claimed is: 
1. An LSI device on which a first chip and a second chip 

to be connected by lead lines are mounted, 
Said first chip having an output circuit for Outputting a 

data Signal in response to an output clock, and a data 
output terminal connected to Said output circuit, 

Said Second chip having an input circuit receiving Said 
data Signal, output from Said output circuit, in response 
to a transfer clock generated from Said output clock and 
Sent to Said Second chip via the lead line for clock, and 
a data input terminal connected to Said input circuit, 

Said data output terminal in Said first chip and Said data 
input terminal in Said Second chip being arranged on 
opposing Sides of both chips and being connected 
together via the lead line for data. 

2. The LSI device according to claim 1, wherein a 
plurality of the output circuits, a plurality of the data output 
terminals to be respectively connected to Said plurality of 
output circuits, and an output clock line for Supplying Said 
output clock to Said plurality of output circuits are arranged 
in Said first chip; 

a plurality of the input circuits, a plurality of the data input 
terminals to be respectively connected to Said plurality 
of input circuits, and a transfer clock line for Said 
transfer clock to said plurality of input circuits are 
arranged in Said Second chip; and 

Said plurality of data output terminals are connected to 
Said plurality of data input terminals via respective lead 
lines for data. 

3. The LSI device according to claim 2, wherein said 
output clock line and Said transfer clock line have clock 
transfer line portions arranged along Said output circuits and 
Said input circuits, and Supply nodes, located at nearly 
middle portions of Said clock transfer line portions, to which 
Said output clock and Said transfer clock are respectively 
Supplied. 

4. The LSI device according to claim 2, wherein said 
output clock line and Said transfer clock line have Supply 
nodes to which Said output clock and Said transfer clock are 
respectively Supplied, and clock transfer line portions of 
approximately Same lengths extending from Said Supply 
nodes to Said output circuits and Said input circuits, respec 
tively. 

5. The LSI device according to claim 1 or 2, wherein a 
dummy output delay circuit for delaying Said output clock 
by about the Same amount as Said output circuit and a clock 
output terminal connected to Said dummy Output delay 
circuit are provided in Said first chip; 

a clock input terminal to be connected to Said clock output 
terminal via Said lead line for clock and a clock buffer, 
connected to Said clock input terminal, for outputting 
Said transfer clock are provided in Said Second chip; 
and 

Said data Signal output from Said output circuit in response 
to Said output clock is input to Said data input terminal 
in Said Second chip, after that, Said input circuit inputs 
Said data Signal in response to Said transfer clock. 
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6. The LSI device according to claim 1 or 2, wherein a 
first clockbuffer for outputting Said output clock and a clock 
output terminal connected to Said first clock buffer are 
provided in Said first chip; 

a clock input terminal to be connected to Said clock output 
terminal via Said lead line for clock and a Second clock 
buffer, connected to Said clock input terminal, for 
outputting Said transfer clock are provided in Said 
Second chip; and 

Said input circuit inputs Said data Signal in response to Said 
transfer clock, after that, Said data Signal output from 
Said output circuit in response to Said output clock is 
input to Said data input terminal in Said Second chip. 

7. The LSI device according to claim 1, 2, 5 or 6, wherein 
Said input circuit has N input Sections respectively; and 

Said Second chip has a frequency divider for frequency 
dividing a frequency of Said transfer clock by N, 
thereby generating N frequency-divided clocks whose 
phases are shifted from one another by 360/N degrees, 
and Said N input Sections input Said data Signal in 
response to Said N frequency-divided clocks, respec 
tively. 

8. The LSI device according to claim 1, 2, 5 or 6, wherein 
Said input circuit has N input Sections respectively; and 

Said Second chip has a frequency divider for frequency 
dividing a frequency of Said transfer clock by N, 
thereby generating N frequency-divided clocks whose 
phases are shifted from one another by 360/N degrees, 
and said N input Sections corresponding to Said N 
frequency-divided clocks input Said data Signal in 
response to Said transfer clock. 

9. An LSI device on which a first chip and a second chip 
to be connected by lead lines are mounted, 

Said first chip having an input circuit for inputting a data 
Signal from Said Second chip in response to a transfer 
clock in Said first chip, and a data input terminal 
connected to Said input circuit, 

Said Second chip having an output circuit for outputting a 
data Signal in Said Second chip to Said input circuit in 
response to an output clock generated from Said trans 
fer clock and Sent to Said Second chip via the lead line 
for clock, and a data output terminal connected to Said 
output circuit, 

Said data input terminal in Said first chip and Said data 
output terminal in Said Second chip being arranged on 
opposing Sides of both chipS and being connected 
together via the lead line for data. 

10. The LSI device according to claim 9, wherein a 
plurality of the input circuits, a plurality of the data input 
terminals to be respectively connected to Said plurality of 
input circuits, and a transfer clock line for Supplying Said 
transfer clock to Said plurality of input circuits are arranged 
in Said first chip; 

a plurality of the output circuits, a plurality of the data 
output terminals to be respectively connected to Said 
plurality of output circuits, and an output clock line for 
Supplying Said output clock to Said plurality of output 
circuits are arranged in Said Second chip; and 

Said plurality of data output terminals are connected to 
Said plurality of data input terminals via respective lead 
lines for data. 
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11. The LSI device according to claim 10, wherein said 
output clock line and Said transfer clock line have clock 
transfer line portions arranged along Said output circuits and 
Said input circuits, and Supply nodes, located at nearly 
middle portions of Said clock transfer line portions, to which 
Said output clock and Said transfer clock are respectively 
Supplied. 

12. The LSI device according to claim 10, wherein said 
output clock line and Said transfer clock line have Supply 
nodes to which Said output clock and Said transfer clock are 
respectively Supplied, and clock transfer line portions of 
approximately Same lengths extending from Said Supply 
nodes to Said output circuits and Said input circuits, respec 
tively. 

13. The LSI device according to claim 9 or 10, wherein a 
first output buffer for Outputting Said transfer clock to Said 
Second chip, and a first input buffer for receiving a transfer 
clock returned from Said Second chip are provided in Said 
first chip; 

a Second input buffer, connected via Said lead line for 
clock to Said first output buffer, for receiving Said 
transfer clock, and a dummy output delay circuit for 
delaying Said transfer clock, input to Said Second input 
buffer, by about the same amount as Said output circuit 
and returning Said transfer clock to Said first input 
buffer are provided in Said Second chip; and 

Said data Signal output from Said output circuit in response 
to Said output clock is input to Said data input terminal 
in Said first chip, after that, Said input circuit inputs Said 
data Signal in response to Said transfer clock input to 
said first input buffer. 

14. The LSI device according to claim 9 or 10, wherein a 
first output buffer for Outputting Said transfer clock to Said 
Second chip, and a first input buffer for receiving a transfer 
clock returned from Said Second chip are provided in Said 
first chip; 

a clock input terminal to be connected to Said first output 
buffer via Said lead line for clock, and a Second input 
buffer for receiving Said transfer clock input to Said 
clock input terminal and generating Said output clock 
are provided in Said Second chip, Said transfer clock 
input to Said clock input terminal being returned to Said 
first chip; and 

Said input circuit inputs Said data Signal in response to Said 
transfer clock input to Said first input buffer, after that, 
Said data Signal output from Said output circuit in 
response to Said output clock generated by Said Second 
input buffer is input to Said data input terminal in Said 
first chip. 

15. The LSI device according to claim 9 or 10, wherein a 
first output buffer for Outputting Said transfer clock to Said 
Second chip is provided in Said first chip; 

a Second input buffer, connected to Said first output buffer 
via Said clock lead line, for receiving Said transfer clock 
and generating Said output clock are provided in Said 
Second chip; and 

Said input circuit receives Said data Signal in response to 
Said transfer clock, after which Said data Signal output 
from Said output circuit is input to Said data input 
terminal in Said first chip in response to Said output 
clock generated by Said Second input buffer. 
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16. The LSI device according to claim 9, 10, 13, 14 or 15, 
wherein Said input circuit has N input Sections respectively; 
and 

Said first chip has a frequency divider for frequency 
dividing a frequency of Said transfer clock by N, 
thereby generating N frequency-divided clocks whose 
phases are shifted from one another by 360/N degrees, 
and Said N input Sections input Said data Signal in 
response to Said N frequency-divided clocks, respec 
tively. 

17. The LSI device according to claim 9, 10, 13, 14 or 15, 
wherein Said input circuit has N input Sections respectively; 
and 

Said first chip has a frequency divider for frequency 
dividing a frequency of Said transfer clock by N, 
thereby generating N frequency-divided clocks whose 
phases are shifted from one another by 360/N degrees, 
and Said N input Sections corresponding to Said N 
frequency-divided clocks input Said data Signal in 
response to Said transfer clock. 

18. A memory device having a plurality of memory cells, 
for inputting input data Signals comprising a storing data or 
an address in Synchronism with a clock, comprising: 

a frequency divider for frequency-dividing a frequency of 
an input clock by N, thereby generating N frequency 
divided clocks whose phases are obtained by Shifting 
the phase of said input clock by 360/N degrees; and 

input circuits provided in association with individual 
input data signals and each having N input Sections, 

whereby Said N input Sections respectively input Said 
input data Signals in response to Said N frequency 
divided clocks. 

19. A memory device having a plurality of memory cells, 
for inputting input data Signals comprising a storing data or 
an address in Synchronism with a clock, comprising: 

a frequency divider for frequency-dividing a frequency of 
an input clock by N, thereby generating N frequency 
divided clocks whose phases are obtained by Shifting 
the phase of said input clock by 360/N degrees; and 

input circuits provided in association with individual 
input data Signals and each having N input Sections, 
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whereby said N input Sections corresponding Said N 
frequency-divided clocks respectively input Said input 
data Signals in response to Said input clock. 

20. An LSI device on which a first chip and a second chip 
to be connected by lead lines are mounted, 

Said first chip comprising a first data input/output terminal 
to be Supplied with a data Signal, and a first input/output 
circuit, connected to Said first data input/output termi 
nal, for outputting a data Signal in Said first chip to Said 
first data input/output terminal in response to a first 
output clock in Said first chip, and inputting Said data 
Signal Supplied to Said first data input/output terminal 
and transferring Said data Signal inside in response to a 
first transfer clock in Said first chip, 

Said Second chip comprising a Second data input/output 
terminal to be Supplied with a data Signal, and a Second 
input/output circuit, connected to Said Second data 
input/output terminal, for outputting a data Signal in 
Said Second chip to Said Second data input/output 
terminal in response to a Second output clock in Said 
Second chip, and inputting Said data Signal Supplied to 
Said Second data input/output terminal and transferring 
Said data Signal inside in response to a Second transfer 
clock in Said Second chip, 

Said first output clock and Said first transfer clock being 
generated from a reference clock in Said first chip, Said 
reference clock being transferred via Said lead lines to 
Said Second chip to thereby generate Said Second output 
clock and Said Second transfer clock, 

Said first data input/output terminal in Said first chip and 
Said Second data input/output terminal in Said Second 
chip being arranged on opposing Sides of both chips 
and being connected together via a data lead line. 

21. The LSI device according to claim 20, wherein said 
first chip has a logic circuit and Said Second chip has a 
memory circuit. 

22. The LSI device according to claim 20 or 21, wherein 
Said first and Second chips are mounted in a common 
package. 


