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(57) ABSTRACT 

The data for being processed are transmitted by utilizing a 
daisy chain constitution using a plurality of semiconductor 
integrated circuit devices each having an input terminal for 
receiving an input signal containing any one of an instruc 
tion, a data, a position where the data exists or a timing 
signal, and an output terminal for producing a signal formed 
in an internal circuit in response to the input signal or fed 
through the input terminal, wherein among the plurality of 
semiconductor integrated circuit devices, the output terminal 
of the semiconductor integrated circuit device in the pre 
ceding stage and the corresponding input terminal of the 
semiconductor integrated circuit device of the next stage are 
connected together. 
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SEMCONDUCTOR INTEGRATED CIRCUIT 
DEVICE, DATA PROCESSING SYSTEM AND 

MEMORY SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Continuation application of 
U.S. application Ser. No. 10/518,431 filed Dec. 20, 2004, 
which is a National Stage application of PCT/JP03/08973 
filed Jul. 15, 2003. Priority is claimed based on U.S. 
application Ser. No. 10/518,431 filed Dec. 20, 2004, which 
claims the priority of PCT/JP03/08973 filed Jul. 15, 2003, 
which claims the priority of Japanese Patent Application No. 
2002-21 1973 filed Jul. 22, 2002, all of which is incorporated 
by reference. 

TECHNICAL FIELD 

0002 This invention relates to a semiconductor inte 
grated circuit device, a data processing system and a 
memory system, and chiefly to technology that can be 
effectively utilized for exchanging data at an increased speed 
between a microprocessor and a memory device. 

BACKGROUND ART 

0003. A communication system between a memory con 
troller and a memory employs chiefly a plurality of trans 
mission lines (buses) and, usually, employs a shared bus 
system which enables three or more units to carry out the 
communication using physically the same transmission line. 
The shared bus features a large quantity of data transmitted 
and received per a unit time since a plurality of data are 
communicated in one cycle. Besides, only one bus may be 
used irrespective of the number of units, which makes it easy 
to vary the quantity of memory and to add (extend) the 
memory depending upon the system. As the shared bus, 
there can be exemplified JEDEC Standard 79, Double Data 
Rate (DDR) SDRAM Specification (document 1). 
0004 The scaling of the metal oxide film semiconductor 
transistor (MOS: metal oxide semiconductor) has contrib 
uted to strikingly increasing the processing ability of an 
integrated circuit (IC) and, particularly, of a central process 
ing unit (CPU). In recent years, however, there remains a 
problem in that the processing ability of the computer 
system as a whole is not improved despite of an increase in 
the processing ability of the CPU. One of the causes may be 
that the speed of the main memory is slowing down relative 
to the processing ability of the CPU. 
0005. In particular, the interface between the memory 
controller and the memory employs the shared bus as 
described above accompanied by a problem of deviation 
(skew) in the timing among the data lines as the communi 
cation speed increases. Further, a number of units existing 
on the same line are accompanied by Such problems as a 
difference in the timing among the units, a change in the 
transmission conditions depending upon the units and reflec 
tion of signals at points to where the units are connected. In 
the interface among the memories in high-speed memory 
controllers, therefore, it becomes necessary to use expensive 
registered DIMMs (dual inline memory modules) imposing 
imitation on the number of the memories that are connected, 
arousing problems such as an occurrence of error if all 
memory slots are used. 
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0006. It is therefore an object of the present invention to 
provide a semiconductor integrated circuit device capable of 
transmitting data at high speeds, a data processing system 
and a memory system. 

0007 Another object of the present invention is to pro 
vide a semiconductor integrated circuit device capable of 
transmitting data at high speeds despite of its simple con 
stitution, a data processing system and a memory system. 

0008. The above and other objects of the present inven 
tion as well as novel features of the present invention will 
become obvious from the description of the specification of 
the application and the accompanying drawings. 

DISCLOSURE OF THE INVENTION 

0009 Briefly described below are the outline of repre 
sentative examples of the invention described in this appli 
cation. 

0010 Namely, a semiconductor integrated circuit device 
having: 
0011 an input terminal for receiving an input signal 
containing any one of an instruction, a data, a position where 
the data exists or a timing signal; and 
0012 an output terminal for producing a signal formed in 
an internal circuit in response to the input signal or fed 
through the input terminal. 

0013 A data processing system is constituted by using a 
plurality of semiconductor integrated circuit devices each 
having an input terminal for receiving an input signal 
containing any one of an instruction, a data, a position where 
the data exists or a timing signal, and an output terminal for 
producing a signal formed in an internal circuit in response 
to the input signal or fed through the input terminal, wherein 
among the plurality of semiconductor integrated circuit 
devices, the output terminal of the semiconductor integrated 
circuit device in the preceding stage and the corresponding 
input terminal of the semiconductor integrated circuit device 
of the next stage are connected in cascade, the input signal 
containing any one of the instruction, the data, the position 
where the data exists or the timing signal formed by the 
signal-forming circuit is fed to the input terminal of the 
semiconductor integrated circuit device of the initial stage, 
and the signal from the output terminal of the semiconductor 
integrated circuit device of the final stage is fed to the 
signal-forming circuit. 
0014) A memory system is constituted by using a plural 
ity of semiconductor integrated circuit devices each having 
an input terminal for receiving input signals containing a 
command, a data, an address and a timing signal, and an 
output terminal for producing signals corresponding to the 
input signals fed through the input signal, wherein among 
the plurality of semiconductor integrated circuit devices, the 
output terminal of the semiconductor integrated circuit 
device in the preceding stage and the corresponding input 
terminal of the semiconductor integrated circuit device of 
the next stage are connected in cascade. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a block diagram illustrating an embodi 
ment of a memory system to which the invention is applied; 
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0016 FIG. 2 is a diagram illustrating a method of con 
necting a memory controller and a memory in the daisy 
chain connection according to the invention; 
0017 FIG. 3 is a diagram illustrating a memory chip 
according to the invention and its signal lines; 
0018 FIG. 4 is a diagram of waveforms illustrating a 
method of transmitting command/data among the memory 
chips according to the invention; 
0.019 FIG. 5 is a diagram of waveforms illustrating 
another method of transmitting command/data among the 
memory chips according to the invention; 
0020 FIG. 6 is a block diagram illustrating an embodi 
ment of a memory chip according to the invention; 
0021 FIG. 7 is a diagram of waveforms illustrating a 
method of receiving input signals in the memory chip of 
FIG. 6; 
0022 FIG. 8 is a block diagram illustrating an embodi 
ment of the interior of a bank in the memory chip of FIG. 6; 
0023 FIG. 9 is a diagram of waveforms illustrating the 
reading operation in the memory chip of FIG. 6; 
0024 FIG. 10 is a diagram of waveforms illustrating the 
writing operation in the memory chip of FIG. 6; 
0.025 FIG. 11 is a diagram of an equivalent circuit of a 
package of an IC to which the invention is applied; 
0026 FIG. 12 is a diagram of output waveforms illus 
trating the operation of the IC in FIG. 11; 
0027 FIG. 13 is a diagram illustrating the conversion of 
codes in the memory chip according to the invention; 
0028 FIG. 14 is a block diagram of an embodiment of a 
mother board of a computer using a daisy chain memory bus 
system according to the invention; 
0029 FIG. 15 is a plan view illustrating an embodiment 
of a DIMM in the daisy chain memory bus system according 
to the invention; 
0030 FIG. 16 is a sectional view of a DIMM socket 
according to the invention; 
0031 FIG. 17 is a plan view illustrating another embodi 
ment of the DIMM in the daisy chain memory bus system 
according to the invention; 
0032 FIG. 18 is a plan view illustrating a further embodi 
ment of the DIMM in the daisy chain memory bus system 
according to the invention; 
0033 FIG. 19 is a block diagram illustrating another 
embodiment of the daisy chain memory bus system accord 
ing to the invention; 
0034 FIG. 20 is a block diagram illustrating an embodi 
ment of a memory chip in FIG. 19: 
0035 FIG. 21 is a diagram of waveforms illustrating an 
operation of the memory chip of FIG. 19: 
0.036 FIG. 22 is a block diagram illustrating a further 
embodiment of the daisy chain memory bus system accord 
ing to the present invention; 
0037 FIG. 23 is a block diagram illustrating an embodi 
ment of the memory chip in FIG. 22. 
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0038 FIG. 24 is a block diagram illustrating a further 
embodiment of the daisy chain memory bus system accord 
ing to the invention; 
0.039 FIG.25 is a block diagram illustrating a still further 
embodiment of the daisy chain memory bus system accord 
ing to the invention; 
0040 FIG. 26 is a block diagram illustrating a yet further 
embodiment of the daisy chain memory bus system accord 
ing to the invention; and 
0041 FIG. 27 is a diagram illustrating a method of 
connecting a memory controller and a memory in the shared 
bus connection studied prior to arriving at the present 
invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0042. The invention will now be described in further 
detail with reference to the accompanying drawings. 
0043 FIG. 1 is a block diagram illustrating an embodi 
ment of a memory system to which the present invention is 
applied. Though there is no particular limitation, this 
embodiment is for a memory Sub-system in a computer 
system. In FIG. 1, reference numeral 110 denotes a memory 
controller, 120-0 to 120-2 denote memory modules 
(DIMMs), 130 denotes memory chips, 140 denotes DIMM 
data ROMs, 101 denotes clock transmission lines, 102 
denotes command transmission lines, 103 denotes data 
transmission lines, 104 denotes terminators, 105-0 to 105-2 
denote PLL control signal lines, and reference numeral 106 
denotes a DIMM data bus. 

0044) In FIG. 1, the transmission lines such as clock 
transmission lines 101, command transmission lines 102. 
and data transmission lines 103 are input to the memory 
chips 130 and are, then, output from the memory chips 130. 
In the above connection, the transmission lines are all 
connected in a one-to-one manner except the clock trans 
mission lines 101 and the command transmission lines 102 
connecting the memory controller 110 to the memory chips 
130 directly behind. Therefore, the timing conditions of the 
transmission lines are simplified without causing change in 
the conditions of the transmission lines that stems from a 
change in the number of the elements, and preventing the 
reflection of signals in the transmission lines. 
0045. Here, if the system clock is not daisy chain-con 
nected, the timings among the clock data must be adjusted 
within the chip or, even in the worst case, the timings must 
be standardized so that the data can be transferred. In this 
embodiment, the daisy chain connection is accomplished 
inclusive of the system clocks, and the timings are all 
defined as those between the two elements. Besides, the 
signals are transmitted in one direction only relaxing the 
timing conditions since there is no need of changing over the 
reading/writing as compared to the case of a bidirectional 
communication Such as a conventional shared bus connec 
tion. 

0046) The feature of the invention will now be described 
by comparing the conventional shared bus connection with 
the daisy chain connection of the invention. FIG. 27 illus 
trates a method of connecting a memory controller and a 
memory in the shared bus connection studied earlier by the 
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present inventors, and FIG. 2 illustrates a method of con 
necting a memory controller and a memory in the daisy 
chain connection according to the present invention. 

0047. In FIGS. 2 and 27, four memories are connected by 
using data signal lines. In FIGS. 27 and 2, reference numer 
als 110-a and 110-b denote memory controllers, 130-a and 
130-b denote memory chips, and 104 denotes a terminator. 
Reference numeral 201 denotes parasitic capacities in the 
transmission line, 202 denotes branching points (stubs) of 
the data bus, 203 denotes signal reflections on the transmis 
sion lines, 204 and 206 denote output drivers, and reference 
numerals 205 and 207 denote input buffers. 
0.048. The shared bus connection of FIG. 27 has a prob 
lem in that an increased load must be driven. In the shared 
bus connection, the memory controller 110-a and the 
memory chips 130-a for executing the bidirectional com 
munication have a tri-state buffer constituted by an output 
driver 204 and an input buffer 205. In the example of FIG. 
27, if the parasitic capacity 201 is denoted by Cp, the 
capacity of the output driver 204 by Cda and the capacity of 
the input buffer by Cia, then, the total capacity load Ca that 
must be driven by the output buffers 204 is expressed as 
Ca=4xCp+5xCda+5xCia. 

0049. The capacity Ca has a very large capacitance and 
requires a large current driving force. To increase the com 
munication speed, the rising time/breaking time of the signal 
waveform must be decreased and, hence, a larger current 
driving force is necessary. If the current driving force 
increases, the output driver 205 must be formed in an 
increased size, and the value Cda further tends to increase. 
Therefore, even if it is attempted to obtain a waveform that 
rises/breaks at a high speed, the increment of the current 
driving force is offset by an increase in the capacitance of the 
output buffer 205, and the rising time/breaking time is not 
shortened as intended. 

0050. Next, described below is a problem of complete 
ness of the signal waveform (signal integrity). In the shared 
bus connection, a plurality of chips are existing on a bus, and 
stubs 202 are necessarily existing on the bus. The stubs 202 
can be apparently eliminated by directly mounting the 
memory on the bus wiring. However, though it is short, the 
package itself of the memory serves as the stub 202. It can 
therefore be said that the shared bus necessarily includes the 
Stubs 202. 

0051. The stubs 202 that are present trigger a reflection 
203 of signals. The signal waveforms are disturbed being 
affected by the reflection 203, and the transmission of 
signals is impaired. It need not be pointed out that the effect 
of reflection increases with an increase in the communica 
tion speed. In a system having a predetermined number of 
units connected to the bus, the reflection of signals can be 
Suppressed by carefully designing the line impedance. In a 
memory Sub-system, however, it is strongly demanded to 
increase the memory by the user. Therefore, connection 
must be made to various units having their specific errors, 
and it is difficult to suppress the reflection of signals. 
0.052 The signal can be reflected even by the terminator 
104 of the bus and by the input/output terminals of the chips. 
At the input/output terminals of the chips, however, the 
impedance can be easily matched as compared to the stubs 
202, and the effect of signal reflection is relatively small. 
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Because of these reasons, it is becoming very difficult to 
execute the high-speed communication by using the shared 
bus connection. 

0053. In the daisy chain connection according to this 
invention as illustrated in FIG. 2, if a parasitic capacity is 
denoted by Cp, a capacity of the output driver 206 by Cdb. 
and a capacity of the input buffer by Cib, then, the total load 
capacity Cb which the output driver 206 must drive is 
expressed by, 

0054) In the example of FIG. 2, it is obvious that the 
value of Cb is about one-fourth the value Ca. Further, the 
total load capacity which the output driver must drive 
decreases and, hence, Cdb<Cda. Accordingly, the total load 
capacity can be further decreased. Namely, the daisy chain 
connection makes it easy to shorten the rising/breaking time 
of the waveforms. 

0055. In the daisy chain connection, further, there little 
arouses a problem of signal reflection. As described above, 
the impedance can be easily matched at the output terminals 
of the chips, and signals reflect little. It is possible to match 
the impedance even at the input terminals of the chips as a 
matter of course. Further, even if the impedance has not been 
matched, the signal never reflects again to the side of the 
input terminal if the impedance has been matched on the side 
of the output terminal, and the signal integrity is not dete 
riorated. It can therefore be said that the daisy chain con 
nection has a good signal integrity. 

0056. As described above, it can be said that the daisy 
chain connection is a connection method Suited for the 
high-speed communication as compared to the shared bus 
connection. In increasing the memories, further, the total 
load capacity increases in the case of the shared bus con 
nection with an increase in the number of the memories 
connected to the bus. Further, an increase in the number of 
stubs results in an increase in the reflection of signals 
deteriorating the signal integrity. In the daisy chain connec 
tion, on the other hand, the conditions of the signal lines do 
not change despite of an increase in the number of the 
memories, and it is easy to increase the memories. 
0057 The systems, in general, take an approach in that 
clock signals produced from a chip are shared by all other 
chips. In the daisy chain memory bus system of the present 
invention, the daisy chain connection is effected up to a 
clock 101. This is for simplifying the timing conditions. That 
is, every signal necessarily contains a deviation in the timing 
which must be taken into consideration in Standardizing the 
memory Sub-system as a whole. 

0058. Here, if the clocks are fed in a system separate from 
a system for feeding commands and data, it becomes nec 
essary to take into consideration the deviation in the timing 
among the clocks, data and command. It is probable that the 
deviation in the timing greatly varies during the operation. 
In order that the variation in the timing to be permitted, a 
margin must be imparted to the delay of command and data 
from the input to the output thereof, or a weight must be 
inserted in, or deleted from, the header or the footer to adjust 
the timing. 

0059. The method of imparting margin to the delay from 
the input to the output is effective. However, the delay of 
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margin builds up by the number of the memory chips 130 
that are connected in series. Therefore, there remains a 
problem in that the delay time increases before receiving the 
data after the memory controller has issued a read instruc 
tion. To insert/delete the weight, further, it is necessary to 
insert, in advance, the weight that can be deleted, which 
deteriorates the bus efficiency. It becomes necessary to 
prevent the deletion of the weight in the subsequent chips 
that follow a slot from which the weight was deleted, and the 
chip constitution becomes complex. As described above, 
separately feeding the clocks involves many problems and is 
not practicable. Accordingly, this invention employs the 
daisy chain connection inclusive of the clocks 101. 
0060 FIG. 3 illustrates the memory chip 130 according 
to the invention and its signal lines. FIG. 3 is for illustrating 
the contents of signals of the daisy chain memory bus 
system. To clarify the input and output of signal lines to and 
from the memory chip 130, there are exemplified an input 
clock 101-i, an output clock 101-O, an input command 102-i, 
an output command 102-O, an input data 103-i and an output 
data 103-O. Though there is no particular limitation in this 
description, each clock 101 consists of 1 bit, each command 
102 consists of 8 bits, and each data 103 consists of 6 bits. 
0061 FIG. 4 is a diagram of waveforms illustrating an 
operation of the memory chip 130 according to the inven 
tion. The signals of the memory chip 130 are sectionalized 
in a unit of a slot. The clock 101 plays the role of feeding a 
system clock to each chip as well as sectionalizing the slot. 
The command 102 and the data 103 include 8 words such as 
C0 to C7 and D0 to D7 for every slot, and include a header 
(H) and a footer (F) inserted before and after them. 
0062 Referring to FIG. 4, it is probable that the clock 
101-i, command 102-i and data 103-i input to the memory 
chip have input timings that are deviated from each other. 
The timings are adjusted inside the chip and are output to the 
external unit. Therefore, the timing conditions of the daisy 
chain memory bus system are limited to those between the 
two chips (output chip-input chip). 
0063 FIGS. 4 and 5 are diagrams of waveforms for 
schematically illustrating the method of transmitting com 
mand/data between the memory chips 130 according to the 
invention. Though it need not be pointed out, the data must 
be read/written from and to the memory chip 130. The 
command transmission line 102 includes a read instruction, 
a write instruction, as well as Such contents as a row address, 
a column address and a bank designation. The command 
data are transmitted in one way from the memory controller 
110 to the memory chips 130, and the memory chips 130 
simply receive the data. Depending upon the cases, however, 
the data are transmitted from the memory chips 130. 
0064. The data are transmitted and received in a unit of 
a slot. When a read instruction is issued from the memory 
controller 110, the memory chip 130 replaces the data unit 
in the slot by the read data as indicated by 501 in FIG. 5. 
That is, while the input data 103-i in the slot is a data set 
represented by DAT1, the output data 103-O in the slot is 
replaced by a data set represented by data R0 read from the 
memory 103. During the writing operation, the data are 
written from a slot indicated by a write instruction (see 502 
in FIG. 5). This enables the data to be read/written from and 
to the memory chip 130. 
0065. The input command 102-i is output as the output 
command 102-O without being changed. The input data 
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103-i that is not replaced by the read data is similarly output 
as the output data 103-O. The instruction system will be 
described later in detail. 

0066 FIG. 6 is a block diagram of an embodiment of a 
memory chip according to the present invention. In FIG. 6. 
reference numeral 601 denotes a PLL circuit containing a 
memory, 602 denotes a command-sampling circuit, 603 
denotes a command timing detector circuit, 604 denotes a 
command latch, 605 denotes a data sampling circuit, 606 
denotes a data timing detector circuit, 607 denotes a data 
latch, 608 denotes a data decoder, 609 denotes a data 
encoder, 610 denotes a command decoder, 611 denotes a 
multiplexer, 612 denotes a clock-forming circuit, 613 
denotes a command parallel-serial conversion circuit, 614 
denotes a data parallel-serial conversion circuit, 615 (615-0 
to 615-7) denotes bank FIFOs, 616 (616-0 to 616-7) denotes 
a memory array, 617 (617-0 to 617-7) denotes banks, 618 
denotes a mode register, and 620 denotes a clock selection 
circuit. 

0067. The input clock 101-i is input to the PLL circuit 
601 to form 30-phase clocks 651 (651-0 to 65129) as 
shown in FIG. 7A. Due to 30-phase clocks 651 that are 
formed, the input command 102-i are sampled by the 
command-sampling circuit 602. At this moment, the input 
commands 102-i and the phases of the clocks establish a 
relationship as shown in FIG. 7B. In FIG. 7B, the numerals 
0 to 29 are corresponding to the phases of the clocks 6510 
to 65129). 
0068 That is, each command is sampled by three clocks 
having phases deviated from each other to obtain a total of 
240 command samples 651 (65129:07:0). Here, 29:0 
represents a sampling clock and 7:0 represents the selec 
tion of a bit 102-i. The command samples are divided into 
three groups 6513m.7:0), 6513n+17:0) and 6513n+2) 
7:0). 
0069. Then, each sample includes a front half sample, a 
central sample and a latter half sample. In the example of 
FIG. 7B, 6513m.7:0) is a former half sample, 6513n+1) 
7:0) is a central sample, and 6513n+27:0) is a latter half 
sample. Here, however, the former half sample and the latter 
half sample are not capable of offering stable sampled results 
being affected by the jittering of clocks 101 and commands 
102 and, hence, it is desired to selectively use the central 
sample. 
0070 Therefore, the command timing detector circuit 
603 judges which one of the three groups is the central 
sample. Further, the command latch 604 judges the header 
and the footer, and latches an encoded command 653 (653 
7:07:0) excluding the header and the footer. In 6537:0 
7:0), the former 7:0 represents C0 to C7 in FIG. 4 and the 
latter 7:0 represents the selection of a bit of 102-i. Namely, 
C0=65307:0). 
0071. The data are input by nearly the same procedure. 
The input data 103-i are sampled by 30-phase clocks 651 
through the data-sampling circuit 605 to obtain 180 data 
samples 654 (65429:05:0). The data timing detector 
circuit 606 judges the central samples. Then, a data latch 607 
judges the heater and the footer to latch an encoded data 656 
(6567:05:0). In 6567:05:07:0 represents D0 to D7 
in FIG. 4 and 5:0 represents the selection of a bit of the 
input data 103-i. Namely, D0=65605:0). A method of 
judging the central sample, the header and the footer will be 
described later. 
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0072 Though there is no particular limitation, the daisy 
chain memory bus system of the present invention executes 
the data communication at a high speed. Therefore, the 
command/data on the command transmission lines 102 and 
data transmission lines 103 are so encoded as to facilitate the 
communication. Namely, they are the encoded command 
653 and the encoded data 656 in FIG. 6. Therefore, the 
encoded command and the encoded data must be decoded 
prior to writing the input data into the memory array 616. 
0073. The encoded command 653 are decoded by the 
command decoder 610 and the encoded data 656 are 
decoded by the data decoder 608. The data read out from the 
memory array 616 are encoded by the data encoder 609. The 
data are written into the banks 617 or are read out therefrom 
according to a command that is input. The command further 
includes a mode register set for specifying the internal 
operation of the memory chip 130, and rewrites the content 
of the mode register 618. 
0074 The clock selection circuit 620 selects 10-phase 
clocks 662 from the 30-phase clocks 651 for producing 
clock/command/data. The encoded command 653 is 
adjusted for its timing through the command parallel-serial 
conversion circuit 613 by using 10-phase clocks 662, and is 
output as the output command 102-O. The encoded data 656 
or the encoded read data 660 is selected by the multiplexer 
611, adjusted for its timing by using 10-phase clocks 662 
through the data parallel-serial conversion circuit 61, and is 
output as the output data 103-O. 
0075. In producing the data from the memory chip 130 
during the reading operation, the multiplexer 611 selects an 
encoded read data 660 instead of the encoded data 656. The 
output clock 101-O is formed by the clock generator 612 by 
using 10-phase clocks 662. Here, if the clock generator 612. 
command parallel-serial conversion circuit 613 and data 
parallel-serial conversion circuit 614 are so designed as to 
possess the same delay time, then, the output clock 101-O, 
output command 102-O and output data 103-O have phases 
which are in agreement. 
0.076 Next, described below is the real reading/writing 
operation in the memory chip 130. FIG. 8 is a block diagram 
of the interior of the bank 617 of FIG. 6. The bank 617 can 
be roughly divided into an FIFO (first-in first-out memory) 
615 and a memory array 616. Between them, the memory 
array 616 has the same constitution as the basic DRAM. In 
FIG. 8, reference numeral 901 denotes a column address 
FIFO, 902 denotes a write flag FIFO, 903 denotes a write 
data FIFO,904 denotes a read data FIFO, 905 denotes a row 
address decoder, 906 denotes a column address decoder,907 
denotes a memory cell, 908 denotes a sense amplifier, 909 
denotes a main amplifier, and 910 denotes a write buffer. 
0077. Described below is the reading operation of the 
memory chip 130. FIG. 9 is a diagram of waveforms of 
signals at the time of reading. Here, a read instruction is 
issued for the bank 617-4 of the memory chip 130. A 
command COMO at a slot 0 of FIG. 9 designates a row 
address (ROW0) of the bank 617-4, a column address 
(COLO) of the bank 617-4 and a read instruction R (WF0= 
O). Next, a command COM1 at a slot 1 of FIG.9 designates 
a column address (COL1) of the bank 617-4 and a read 
instruction R (WF1=0). 
0078. The input command 102-i is decoded by the com 
mand decoder 610, and is input to the bank 617-4 as the 
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command 659. In the bank 617-4, the command 659 is 
separated into a row address 920 (ROW0), a column address 
(COL0) and a write flag (WF0). In the command COMO of 
FIG. 9, the row address is specifying the bank 617-4. 
Therefore, the row address decoder 905 readily operates to 
raise the word line 923 that is selected. 

0079 The column address is specifying the bank 617-4 
and is stored in the column address FIFO 901, and the write 
flag WFO is stored in the write flag FIFO 902. In this stage, 
the column address COL0 only is stored in the column 
address FIFO 901, and the column address decoder 906 
decodes the column address COL0. Then, the column 
address COL1 specified by the next instruction COM1 is 
input to the column address FIFO 901, and the write flag 
WF1 is input to the write flag FIFO 902. 
0080. The memory cell 907 connected to the selected 
word line 923 establishes a charge sharing with the data line 
924, and a very Small change in the level occurring in the 
data line 924 is amplified through a sense amplifier 908, and 
the content in the memory cell is read out. According to the 
decoded result of the column address COL0, the content of 
the memory cell 907 is output to the main I/O line 925. 
0081. Here, the flag output from the write flag FIFO 902 
is specifying a read. Therefore, the main amplifier 909 
amplifies the content of the main I/O line 925 and stores it 
in the read data FIFO 904. In this step, the column address 
FIFO 901 cancels the content of the column address COL0, 
and outputs the next column address COL1 to the column 
address decoder 906. Similarly, the write flag FIFO 902 
cancels WF0 and outputs the next WF1. As the column 
address COL1 is decoded and the data are output to the main 
I/O line, WF1 is specifying again the reading. Therefore, the 
main amplifier 909 amplifies the content of the main I/O line 
925 and Stores it in the read data FIFO 904. 

0082 In FIG.9, the time from when the command COMO 
is specified until when the data is stored in the read data 
FIFO 904 is determined by a specification of tRAC after the 
row address is specified and tCAC after the column address 
is specified. In the example of FIG. 9, the row address and 
the column address are simultaneously specified. Therefore, 
the data is stored in the read data FIFO after the tRAC after 
the column address has been specified. 
0083) Thereafter, the FIFO output instruction (DOUT) is 
effected for the bank 617-4 by a command COM2 in the slot 
2 of FIG. 9. Then, the memory chip 130 outputs the content 
of the read data FIFO 904 of the bank 617-4 at a slot 3 of 
FIG. 9, which is the next slot 3 where the FIFO output 
instruction is issued. As will be understood from FIG. 9, 
when the slot 3 is produced, the data R0 is appearing on the 
output of the read data FIFO 904. Therefore, the content of 
output data 103-O in the slot 3 of FIG. 9 becomes R0. 
0084. In the command COM3 of slot 3 of FIG.9, further, 
the FIFO output instruction (DOUT) is issued for the bank 
617-4. The read data FIFO 904 of bank 617-4 produces R0 
when the slot 3 of FIG. 9 is being produced, and produces 
R1 when the slot 4 of FIG. 9 is being produced. Therefore, 
the content of the output data 103-O of the slot 4 which is the 
next slot in FIG. 9 is replaced by R1. 
0085 Next, described below is the writing operation. 
FIG. 10 is a diagram of waveforms of signals during the 
writing operation. It is here presumed that the writing 
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operation is effected for the bank 617-4 in the same manner 
as the reading operation. First, a command COMO at a slot 
0 of FIG. 10 specifies a row address (ROWO) for the bank 
617-4, and a column address (COL0) for the bank 617-4, and 
issues a write instruction (WF0=1). 
0.086 The data corresponding to the write instruction of 
command COMO is input as data DAT1 of slot 1 of FIG. 10. 
A command COM1 of slot 1 of FIG. 10 specifies a column 
address (COL1) of the bank 617-4 and issues a write 
instruction (WF1=1). Similarly, the data corresponding to 
the write instruction of command COM1 of FIG. 10 is input 
as data DAT2 of slot 2 of FIG. 10. 

0087. Like in the reading operation, the input command 
102-i is decoded by the command decoder 610 and is input 
as a command 659 to the bank 617-4. In the bank 617-4, the 
command 659 is separated into a row address 920 (ROW0), 
a column address (COL0) and a write flag (WF0). 

0088. In the command COMO of FIG. 10, the row address 
is specifying the bank 617-4. Therefore, the row address 
decoder 905 readily operates and raises the word line 923 
that is selected. The column address, too, is specifying the 
bank 617-4 and is, hence, stored in the column address FIFO 
901, and the write flag WFO is stored in the write flag FIFO 
902. 

0089. In this step, the column address FIFO 901 is storing 
the column address COL0 only. Therefore, the column 
address decoder 906 decodes COLO. A row address COL1 
specified by a next command COM1 is input to the column 
address FIFO 901, and the write flag WF1 is input to the 
write flag FIFO 902. DAT1 of FIG. 10 that is belatedly input 
is stored in the write data FIFO 903 in the bank 617-4, and 
the next DAT2, too, is stored in the write data FIFO 903 in 
the bank 617-4. 

0090. In the bank 617-4, the decoding of the row address 
ROW0 and column address COL0 ends. Here, the output of 
the write FIFO 902 is for specifying the writing. Therefore, 
the write buffer 910 operates, and DAT1 output from the 
write data FIFO 903 is written into the memory cell 907. 
Immediately after the writing into the memory cell 907, the 
write data FIFO 903 cancels DAT1, the write flag FIFO 902 
cancels WF0, and the column address FIFO 901 cancels 
COLO. 

0091 Next, the column address COL1 output from the 
column address FIFO 901 is decoded by the column address 
decoder 906. Then, to specify the writing (WF1=1), WF1 
output from the write flag FIFO writes the data DAT2 from 
the write data FIFO 903 into the memory cell 907 as it 
becomes ready to write the data into the memory cell 907. 
For easy illustration, FIG. 10 shows writing on the same 
memory cell 907. When the column addresses COL0 and 
COL1 are specifying other addresses, the data is written into 
other memory cells, as a matter of course. 

0092. The reading/writing operation from and to the 
memory chip 130 is carried out according to the procedure 
described above. Here, the row address was specified only 
one time. When another row address is to be specified, a 
pre-charge instruction is issued to the bank and, then, the 
address is specified. It is also allowable to specify the row 
address without issuing the pre-charge instruction. In this 
case, however, an extra period of time is required until the 
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data are output and written into the read data FIFO 904 by 
an amount of applying an automatic pre-charge in the 
memory chip 130. 

0093. In the foregoing was described a procedure for 
access to a single bank. In this embodiment, the memory 
chip 130 has an 8-bank constitution, each bank operating 
independently. Therefore, even if a given bank is active, a 
row address can be specified (bank interleaving is possible) 
if other banks are pre-charged. The bus utilization efficiency 
can be improved by realizing the bank interleaving. 

0094 FIFO is used for specifying the column address and 
for inputting and outputting the data, since access to the 
DRAM is slow. In general, a time of several tens of 
nanoseconds is necessary before the data is output by 
specifying the column address after having specified the row 
address to the DRAM. This value is improved accompany 
ing the progress in the semiconductor process rule. How 
ever, it has been known that the speed of improvement is 
very slow as compared to improving the operation speed of 
logic elements. Therefore, if a system of a combination of a 
DRAM and a logic element such as a microprocessor makes 
a progress accompanying the progress of the semiconductor 
process rule, the progress of DRAM cannot follow the 
progress of the microprocessor, and DRAM imposes limi 
tation on the performance of the system as a whole. 

0.095 Therefore, the SDRAM (synchronous DRAM) is 
employing a bus control by specifying the CAS latency CL 
in addition to the bank interleaving. Namely, a method is 
employed in which after the column address has been 
specified in Synchronism with the clock signals, the data is 
output after a cycle specified by the CL value. Namely, 
during the page mode access for changing the column 
address only without changing the row address, the next 
column address can be specified before the end of data 
output of the preceding column address to improve the bus 
utilization efficiency. 
0096. According to this system, however, the bus tends to 
conflict unless the CL values are the same in all memory 
elements. Usually, therefore, the CL values are brought into 
match in all memory elements. This means that when a 
plurality of memories having different performances are 
mounted, the performance as a whole is dragged by the 
memory element having the poorest performance. Further, 
the SDRAM usually employs a clock frequency of about 66 
to about 133 MHz. Therefore, the CL value is as relatively 
Small as 2 to 3. As the data rate increases in the future, 
however, the CL value is on the increase. As the CL value 
increases, the control on the side of the memory controller 
becomes complex. 

0097. In the method of using FIFO of this invention, on 
the other hand, a feature resides in that the column address 
can be specified very freely. The column address is stored in 
the column address FIFO 901 until the processing of the row 
address ends. On the side of the memory controller 110. 
therefore, there is no need of taking the row address pro 
cessing into consideration. Further, the FIFO makes it pos 
sible to freely throw in the next column address. 
0098. Further, since the FIFO is used for outputting the 
data, there is no need of effecting the CL control, and only 
the time until the data is stored in the FIFO need be taken 
into consideration. Besides, even when memories having 
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different performances are mounted, the high-speed memory 
can be read out at high speeds since no CL control is 
effected. It is probable that the data are stored in the FIFO 
at the same timing. However, there is only one data output 
instruction for each command, and the memory controller 
110 does not have to take into consideration the probability 
of conflict. 

0099. In the reading operation, further, the data is output 
one slot after the OUT instruction and in the writing opera 
tion, and the data is input one slot after the write instruction. 
By doing so, the memory controller 110 easily avoids the 
conflict between the reading and the writing. Namely, unless 
the write instruction and the OUT instruction are simulta 
neously issued, the reading/writing data do not develop the 
conflict. 

0100. In FIG. 1, however, the data do not conflict even if 
the write instruction is issued to the memory chip 130 on the 
upstream side as viewed from a direction in which the data 
flow, and the OUT instruction is issued to the memory chip 
130 on the downstream side. Conversely, if the OUT instruc 
tion is issued to the memory chip 130 on the upstream side 
and the write instruction is issued to the memory chip 130 
on the downstream side, then, the data output from the 
memory chip 130 on the upstream side are transferred to the 
memory chip 130 on the downstream side without passing 
through the memory controller 110. By suitably utilizing 
these characteristics, the bus efficiency can be further 
improved. 

0101 Thus, by utilizing the FIFO for specifying the 
column address and for inputting and outputting the data, the 
memory controller 110 freely throws the column address in 
at a moment when it becomes necessary to read the data, and 
the FIFO output instruction may be issued as the data are 
prepared in the FIFO. Namely, the reading becomes hierar 
chical in which the read instruction specifies the read of data 
from the memory cell up to the FIFO, and the FIFO output 
instruction specifies the data output instruction. That is, the 
first reading operation is from the memory cell up to the 
FIFO, and the second reading operation is until the output is 
obtained on the output terminal from the FIFO. At a moment 
when it becomes necessary to write the data, the column 
address may be freely thrown in and the data may be output 
immediately thereafter. As described above, the daisy chain 
memory bus system of the present invention makes it 
possible to constitute a system which is easy to control and 
features a high bus efficiency. 

0102 Next, described below is a command system. 
Though there is no particular limitation, as will be obvious 
from FIG. 3, the command transmission passage 102 has a 
bus width of 8 bits. However, the command has been 
encoded to facilitate the transmission. In practice, therefore, 
it is allowed to transmit data of 6 bits. As will be understood 
from FIG. 4, further, eight words are transmitted per a slot. 
Therefore, the amount of data of the command per a slot is 
6x8=48 bits. Though there is no particular limitation, the 48 
bits are as follows: 

Row address chip select (CSR) 3 bits 
Column address chip select(CSC) 3 bits 
Output instruction chip select (CSO) 3 bits 

Oct. 25, 2007 

-continued 

Raw address bank select (BSR) 3 bits 
Column address bank select (BSC) 3 bits 
Output instruction bank select (BSO) 3 bits 
Instruction (RAS, CAS, OUT, WRI, PRE) 5 bits 
Row address (ROW) 12 bits 
Column address (COL) 12 bits 
Reserved 1 bit 

Total 48 bits 

0103) The row address ROW, column address COL and 
output instruction OUT are capable of issuing the instruc 
tions quite independently from each other. Therefore, the 
chip select and the bank select have their dedicated bits. The 
instruction allocates a bit to each of row address specify 
(RAS), column address specify (CA), output instruction 
(OUT), write specify (WR1) and pre-charge (PRE). 
0104. When RAS=1, there is specified a row address 
(ROW) of a bank specified by a row address bank select 
BSR in the memory chip 130 that is selected by the row 
address chip select CSR. The same also holds for the column 
address (COL). When OUT=1, a data is output from the read 
data FIFO 904 of a bank specified by an output instruction 
bank select BSO in the memory chip 130 selected by the 
output instruction chip select CSO. 
0105 The write specify (WRI) stands for a writing opera 
tion in combination with the column address specify (CAS). 
The pre-charge has two kinds of instructions, i.e., a specified 
bank pre-charge and the whole bank pre-charge. Upon 
combining RAS and BSR, further, there can be specified 
auto-refresh, self-refresh and mode register set. 
0106 RAS=1, PRE=1, BSR=arbitrary: specified bank 
pre-charge 

0107 RAS=0, PRE=1, BSR=3'b000: all bank pre-charge 
0108) RAS=0, PRE=1, BSR=3'b001: auto-refresh 
01.09) 
0110 
0111. In any one of the above cases, the chip select is 
specified by CSR. In the case of the specified bank pre 
charge, the bank specified by BSR is pre-charged. The 
content of the read data FIFO 904 is not particularly manipu 
lated. When the processing of the read/write instruction has 
not been finished, priority is given to the read/write pro 
cessing. Therefore, the contents of the column address FIFO 
901, write flag FIFO 902 and write data FIFO 903 are not 
existing at the time of pre-charging. 

0.112. In the case of the whole bank pre-charge, the whole 
banks in the memory chip 130 specified by CSR are pre 
charged. At this moment, the content of the read data FIFO 
904 is cleared at the same time. When the processing of the 
read/write instruction has not been finished, priority is given 
to the read/write processing. At a moment when the whole 
bank pre-charge is issued, however, the content of the read 
data FIFO 904 is canceled. Therefore, there is no problem 
even if the read processing is neglected. The whole bank 
pre-charge instruction is chiefly used for initializing the 
operation of the memory chip 130 at the start-up. 

RAS=0, PRE=1, BSR=3'b010: self-refresh 

RAS=0, PRE=1, BSR=3b100: mode register set 
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0113. The auto-refresh is an instruction for refreshing the 
column address automatically formed by a refresh counter 
(not shown) in the memory chip 130. In this case, all banks 
are refreshed simultaneously. When the processing of the 
read/write instruction has not been finished, priority is given 
to the read/write processing. The content of the read data 
FIFO 904 is held. 

0114. The self-refresh is an instruction for automatically 
holding the content of the memory by the refresh timer and 
the refresh counter in the memory chip 130 while halting the 
PLL circuit 601, input/output circuit and decoders/encoders. 
Due to the daisy chain connection, the bus operation loses 
stability unless basically the self-refresh instruction is given 
from the downstream side of the daisy chain connection. The 
return from the self-refresh is the same as that of the startup 
procedure. 

0115 The mode register set is for rewriting the content of 
the mode register 618 for assigning the chip select number 
to the memory chip 130 and for specifying the current 
driving force of the driver circuit chiefly at the time of 
startup. The content of the register is specified by the row 
address ROW. 

0116. Though there is no particular limitation, the pro 
cedure (startup) for starting the daisy chain memory bus 
system of this embodiment can be as described below. The 
startup will now be described with reference to FIG.1. In the 
daisy chain memory bus system, each memory contains the 
PLL circuit 601 and, hence, the startup procedure becomes 
more complex than that of general SDRAMs. 
0117 (1) The memory controller 110 is driven, and clock 
signals 101 output from the memory controller 110 are 
stabilized. At this moment, the PLL control signals 105-0 to 
105-2 are producing 1. The data of DIMMS are obtained 
from the DIMM data ROM through the DIMM data bus 106. 
0118 (2) The PLL control signals 105-0 is broken down 

to 1->0. Then, the mode register 618 of memory chip 130 in 
the DIMM 120-0 is reset, and the PLL circuit 601 starts 
locking. The contents of the mode register 618 immediately 
after the reset are chip number=3b111 (most downstream), 
address output buffer current driving force=maximum, data 
output buffer current driving force=maximum. 

0119 (3) After having waited for until the PLL circuit 
601 in the memory chip 130 of DIMM 120-0 is locked, the 
PLL control signal 105-0 is returned back to 1. Thereafter, 
the whole bank refresh instruction is executed (CSR=3b111) 
and, then, the mode register 618 is set. The contents of the 
mode register 618 are chip number=3'b000 (most upstream), 
address output buffer current driving force=suitable, data 
output buffer current driving force=suitable. The current 
driving force of the output buffer becomes suitable since it 
is dependent upon the design of the mother board. 

0120 (4) The PLL control signals 105-1 is broken down 
to 1->0. Then, the mode register 618 of memory chip 130 in 
the DIMM 120-1 is reset, and the PLL circuit 601 starts 
locking. The operation of the memory chip 130 of DIMM 
120-1 is the same as described above. 

0121 (5) After having waited until the PLL circuit 601 in 
the memory chip 130 of DIMM 120-0 is locked, the PLL 
control signal 105-1 is returned back to 1. Thereafter, the 
whole bank refresh instruction is executed (CSR=3b111) 
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and, then, the mode register is set. The contents of the mode 
register 618 are chip number=3"b001, address output buffer 
current driving force=suitable, data output buffer current 
driving force=suitable. 

0.122 (6) The PLL control signals 105-2 is broken down 
to 1->0. Then, the mode register 618 of memory chip 130 in 
the DIMM 120-2 is reset, and the PLL circuit 601 starts 
locking. The operation of the memory chip 130 of DIMM 
120-2 is the same as described above. 

0123 (7) After having waited until the PLL circuit 601 in 
the memory chip 130 of DIMM 120-2 is locked, the PLL 
control signal 105-2 is returned back to 1. Thereafter, the 
whole bank refresh instruction is executed (CSR=3b111) 
and, then, the mode register is set. The contents of the mode 
register are chip number=3'b010, address output buffer cur 
rent driving force=zero (halted), data output buffer current 
driving force=suitable. The most downstream address output 
is terminated by the terminator 104, and there is no need of 
operating the output buffer. 

0.124 (8) After the whole memory chips 130 are driven as 
described above, the latency of the whole memory bus is 
measured so that the read data can be properly received by 
the memory controller 110. The daisy chain memory bus 
system of the invention permits dispersion of the latency in 
the memory chip 130. Therefore, it is necessary to measure 
the latency after the OUT instruction is issued until the data 
is really received by the memory controller 110. This can be 
done by using a simple test pattern. In the example of FIG. 
1, there are provided four data transmission lines 103. 
Therefore, four systems are separately controlled for their 
latency. 

0.125. The input clock 101-i of the memory chip 130 on 
the downstream DIMM 120 is an output clock 101-o output 
from the memory chip 130 on the upstream DIMM 120. 
Therefore, after the PLL circuit 601 mounted on the 
upstream memory chip 130 is stabilized, the PLL circuit 601 
mounted on the downstream memory chip 130 is driven. 
0.126 Immediately after the mode register is reset, the 
memory chips 130 are all set to the chip number=3b111. 
Therefore, the memory chip 130 on the downstream DIMM 
120 shall not be liberated from the reset state until the mode 
register is set in the memory chip 130 on the upstream 
DIMM 120. If liberated from the reset state, the upstream 
memory and the downstream memory have the same chip 
number (=3b111) triggering the conflict of chip selection. 

0127. The above example has dealt with a system for 
setting the chip selection Successively from the upstream. To 
avoid the conflict of chip selection, however, there can be 
contrived a method of decreasing the content of chip select 
signal output to the downstream in the memory chip 130. 
Namely, when the chip select signals are all 3'b000, the 
memory chips 130 judge that they are selected without 
relying upon the mode select signal. 

0128. It is, for example, presumed that the memory 
controller 110 has produced CSR=3'b001. The most 
upstream memory chip 130 judges CSR=3'b001 and deter 
mines that it is not the instruction. The most upstream 
memory chip 130, then, calculates CSR=CSR-1 prior to 
producing an output to the downstream memory chip, and 
produces CSR=3'b000 to the downstream memory chip. 
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0129. The second memory chip 130 judges CSR=3'b000, 
determines that it is the instruction and executes the pro 
cessing. Then, it calculates CSR=CSR-1 prior to producing 
an output to the downstream memory chip, and produces 
CSR=3b111 to the downstream memory chip. By doing so, 
there occurs no conflict even without setting the chip select 
signals to the mode registers. 

0130 Thus, by effecting the PLL locking and mode 
register setting for the DIMMs 120 successively from the 
upstream, all memory chips 130 can be suitably set. The 
DIMMs 120 can be grouped into single-sided DIMMs in 
which the memory chips 130 are existing on the front 
surface only and dual-sided DIMMs in which the memory 
chips 130 are existing on both surfaces. The embodiment of 
FIG. 1 was described with reference to the single-sided 
DIMM for easy explanation. However, the setting is done 
from the upstream side even in the case of the dual-sided 
DIMMs. The chip select signals (CSR, CSC, CSO) and the 
chip number all consist of 3 bits and, hence, the single-sided 
DIMM is capable of coping with up to 8 pieces, and the 
dual-sided DIMM is capable of coping with up to 4 pieces. 

0131). In FIG. 1, into the DIMM data ROM 140 have been 
written such data as the content of DIMM, distinction of 
single-?cual-sided DIMM, recommended current driving 
power setting, tRAC, tCAC, etc. 

0132) Next, described below is the encoding of com 
mand/data in the daisy chain memory bus system according 
to the present invention. This invention is not particularly 
limited to the above encoding system but deals with the 
above encoding system as an example. The daisy chain 
memory bus system accomplishes the communication at a 
high speed without using the shared bus and accomplishes a 
further increased speed relying upon the command/data 
encoding. 

0133. Not being limited to the shared bus, it is said that 
the parallel transmission system using transmission lines of 
many bits is not capable of increasing the frequency of 
signal transmission as compared to the serial transmission 
which uses only one transmission line. The greatest cause is 
a deviation (skew) in the signal transmission timing of the 
transmission lines. The skew may results from several 
causes. Among them, the greatest cause is the effect of 
simultaneous Switching noise. 
0134. In the parallel transmission system, in general, the 
multi-bit data are carried on the transmission lines of a 
number same as the number of bits, clock signals (or strobe 
signals) for receiving the data are transmitted at the same 
time, to transmit and receive the data in Synchronism with 
the clock signals. Therefore, when there occurs no change in 
the data, the clock signals only are transited. Conversely, 
when all data are inverted, all signals inclusive of clock 
signals are transited. Therefore, in the 16-bit parallel trans 
mission, there could occur the transit of 1 bit up to the 
simultaneous transit of 17 bits in the clocks only. 
0135) In the IC package as shown in FIG. 11, every pin 
necessarily includes an inductance component 1201. As the 
signal transition occurs and a current flows into the output 
driver 1202, the power source voltage applied to the IC body 
decreases being affected by the inductance component. Due 
to a decrease in the power source Voltage, the current driving 
force of the output driver 1202 decreases. In this case as 
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illustrated in FIG. 12, when the transition of 1 bit only is 
compared with the transition of for example, 17 bits, the 
simultaneous transition of 17 bits causes the current driving 
force to decrease greatly. Therefore, when the transition of 
1 bit is compared to the transition of 17 bits, the delay time 
in the signal transmission is great in the case of the transition 
of 17 bits. This is transmitted as a skew. 

0.136. In the daisy chain memory bus system of the 
invention, the address transmission lines 102 are transited by 
4 bits and the data transmission lines 103 are transited by 3 
bits for every data necessary among the 8 bits of the address 
transmission lines 102 and the 6 bits of the data transmission 
lines 103. The data are encoded not for the levels of the 
transmission lines but for whether the transmission lines are 
transferred/not transferred as compared to the levels of just 
before. When the encoding is effected as described above, 
the numbers of commands and data that can be transmitted 
in one time can be expressed as C=70 and C=20. 
0137) The number in the case of 6 bits is 64 and the 
number in the case of 4 bits is 16, which makes it possible 
to transmit command 6 bits/word and address 4 bits/word. 

0.138 FIG. 13 illustrates a correspondence between the 
real data and the transition of transmission line 103. Trans 
mission codes are imparted for the real data shown in the 
column of data. When the transmission code is 1, the level 
of the transmission line 103 is transited. When the trans 
mission code is 0, the level of the transmission line 103 is 
held at a value of just before. This basically holds true even 
in the case of the address transmission line 102 except that 
the data portion is expanded from 4 bits to 8 bits, and the 
transmission code portion is expanded from 6 bits to 8 bits. 
0.139. In FIG. 13, the transmission codes are assigned to 
where there is no data. This is effective when, for example, 
the daisy chain memory bus system is applied to the graphic 
memory. In the case of the graphic memory, there may arise 
an instance where it is desired to draw a picture on a given 
point. In the high-speed DRAM, however, it becomes nec 
essary to rewrite the memories other than the one at a point 
where it is desired to draw the picture in order to effect the 
burst transfer for realizing a high-speed data transfer. 
0140) So far, the high-speed data transfer was realized by 
the read-modify-writing or by the data masking function. 
However, the former one has a poor bus efficiency since it 
requires two times of memory access for one time of 
operation. The latter one has a problem of complex memory 
control operation. In the daisy chain memory bus system of 
the invention as illustrated in FIG. 13, no data can be directly 
transferred, making it possible to easily realize the data 
mask. 

0.141. According to this encoding system, if encoding/ 
decoding once fails, errors in the levels of the transmission 
lines are not recovered, and the command and data are not 
often transmitted depending upon the coding systems. In the 
daisy chain memory bus system of this embodiment, there 
fore, the data are divided into units of slots as shown in FIG. 
4 to use them as points for returning the transmission of data. 
0142. As described above, the beginning of the slot is H 
(header). The header H is such that the levels of transmission 
lines are all the level Lo. Attention should be given to that 
the header H is defined by the level not by the transition of 
the transmission lines unlike the contents of the command 
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and data. The header H of the slot has bits which are all of 
the level Lo. In C0, therefore, 4 bits out of 8 bits have the 
level Hi and in D0, 3 bits out of 6 bits have the level Hi. By 
utilizing this relationship, the position of H can be easily 
detected. 

0143. The header His followed by a command of 8 words 
and a data body (C0 to C7, D0 to D7). Here, the levels of 
transmission lines in C7 and D7 are determined by the 
contents of the command and data that are transmitted, and 
it is probable that all bits are of the high level. Therefore, if 
C7 and D7 are directly transited to H (all bits=low level), 
large simultaneous Switching noise is likely to occur. This 
cancels the meaning of encoding. 

0144. As shown in FIG. 4, therefore, a footer F is defined 
between the header H and C7, D7. Here, the footer F causes 
the upper 4 bits (1027:4) of the command transmission line 
102 and the upper 3 bits (1035:3) of the data transmission 
line 103 to assume the low level unconditionally, while 
causing the lower 4 bits (1023:0) of the command trans 
mission line 102 and the lower 3 bits (1032:0) of the data 
transmission line 103 to hold the levels of C7 and D7. 

0145 Then, the transition of from C7 to F includes 0 to 
4 bits, and the transition of from D7 to F includes 0 to 3 bits. 
The encoding slightly deviates from the object of setting the 
number of transitions of the transmission lines to be constant 
irrespective of the data pattern. This, however, does not 
cause any problem since the resistance against the simulta 
neous Switching noise is improved when the number of 
transitions is Small rather than large. 
0146) However, if there still remains a problem, the 
footer F is not formed by the above simple method but is 
formed from the levels of C7 and D7 to cope with the 
problem. The levels of H are all of the low level. Then, the 
level is transited in the transmission of 4 bits in the case of 
the command transmission lines and is transited in the 
transmission of 3 bits in the case of the data transmission 
lines. From the above, after the data are transferred an even 
number of times, the transmission lines of bits of an even 
number assume the high level in both the command trans 
mission lines and the data transmission lines. 

0147 From this fact, in the transition C7->F->H, it is 
possible to so calculate the value of F that the transmission 
lines are transited necessarily for every 4 bits. Similarly, in 
the transition D7->F->H, it is also possible to so calculate 
the value of F that the transmission lines are transited 
necessarily for every 3 bits. By suitably calculating the value 
of F from the levels of transmission lines in C7 and D7, it 
is allowed to maintain constant at all times the number of 
transitions of the transmission line levels for each word 
inclusive of F and H and, at the same time, to further 
improve the resistance against the simultaneous Switching 
O1SC. 

0148 FIG. 14 is a block diagram of a mother board 1501 
of a computer using the daisy chain memory bus system 
according to the present invention. On the mother board 
1501, there are arranged a microprocessor (socket) 1502, a 
memory controller 110, a peripheral equipment controller 
1503, an I/O controller 1504, peripheral equipment daughter 
boards (slots) 1505, an external extension port 1506, a 
memory sub-system 1507, and a graphic sub-system (slot) 
1508. 
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0149 The mother board 1501 is connected from the 
microprocessor 1502 to the memory controller 110 through 
the microprocessor bus 1511. The memory controller 110 is 
for controlling the memory Sub-system, and is connected to 
the peripheral equipment controller 1503 through a periph 
eral equipment controller connection port 1512, and to the 
graphic sub-system 1508 through a graphic port 1515 in 
addition to being connected to the memory Sub-system 
1507. 

0150. The peripheral equipment controller 1503 controls 
the peripheral equipment bus 1513 which is for connecting 
various peripheral equipment. To the peripheral equipment 
bus 1513 are connected the I/O controller 1504 for control 
ling various I/O equipment such as computers as well as 
various peripheral equipment daughter boards 1505. Though 
not illustrated in FIG. 14, the external equipment is con 
nected to the external extension connector 1506, and the 
signal is connected to the I/O controller 1504 through the 
external equipment port 1514. 
0151. The daisy chain memory bus system of FIG. 1 is 
most suited for a memory sub-system. In FIG. 14, it has been 
applied to the memory sub-system 1507. However, it can be 
further applied to the bus/ports forbidirectional connection, 
Such as microprocessor bus 1511, peripheral equipment 
controller connection port 1512, peripheral equipment bus 
1513, or external equipment port 1514, graphic port 1515 
shown in FIG. 14. Further, a memory is usually mounted on 
the graphic sub-system 1508, too, and the daisy chain 
memory bus system can be applied even to the memory bus 
of the graphic sub-system 1508. 
0152. In this invention, the memory is increased by using 
the DIMM. However, the memory may be directly mounted 
on the board without using DIMM though it needs not be 
pointed out. The invention can further be applied to the 
transmission lines in the chip. 
0.153 FIG. 14 illustrates an example of use as a mother 
board for a computer. When used as a memory Sub-system, 
DIMM and DIMM socket must be used for connecting the 
memory chip 130 to the memory sub-system. In the case of 
the shared bus, the memory is connected through stubs. 
Therefore, the DIMM and DIMM socket are constructed 
relatively simply. 

0154) However, since the daisy chain memory bus system 
has a structure in which the signals pass through inside the 
memory chip 130, the signals flow in a manner of DIMM 
socket->DIMM 120->DIMM socket. Here, in a state where 
the DIMM 120 has not been inserted, the signals are 
interrupted and the daisy chain memory bus system does not 
work. Usually, the connection of signals is maintained by 
inserting a dummy DIMM without mounting the memory 
chip 130. However, this system is costly and involves 
problems from the standpoint of use. Such as the user must 
preserve the dummy DIMM. 
O155 FIG. 15 is a view schematically illustrating the 
DIMM 120 in the daisy chain memory bus system. FIG. 16 
is a schematic view and illustrates none of signal lines, 
power source, DIMM data ROM 140 or the number of the 
memory chips 130. The memory chips 130 all have the same 
Structure. 

0156. In the example of FIG. 15, input terminals 101-i, 
102-i, 103-i of signal lines are arranged on the right side of 
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the memory chip 130, and output terminals 101-O, 102-O, 
103-O of signal lines are arranged on the left side. Further, 
the right and left pins of the same heights maintain the 
correspondence of the input and output of the same signals. 
By arranging the pins on the memory chip 130 as described 
above, the wiring can be simplified on the DIMM 120. 
0157 That is, an output terminal of the memory chip 130 
on the front side is located close to an output terminal of the 
memory on the back side. Therefore, these two terminals can 
be connected at the shortest distance by simply using a 
through hole 1602 formed in the board. Though it need not 
be pointed out, what is important in this positional relation 
ship is that the input pins and the output pins are at positions 
of the chip 130 on the opposite sides. In this relationship, 
there is no problem whether the right-and-left relationship is 
reversed to left-and-right relationship, the up-and-down 
relationship, or down-and-up relationship, or even if the 
arrangement of pins is not a perfect right-left symmetry 
(up-down symmetry). 
0158 Upon forming signal wiring patterns 1601 of the 
DIMM 120 maintaining a right-left symmetry on the front 
and back Surfaces thereof, a relationship is maintained in 
that the signal lines 101-i, 102-i, 103-i of input terminals 
1603 of DIMM 120 are at the same positions as the signal 
lines 101-O, 102-O, 103-O of output terminals 1604 on the 
front and back surfaces thereof. What is important here is 
that the same signals are in a front-and-back relationship at 
the terminals 1603 and 1604 of DIMM, and no limitation is 
imposed on the fabrication of the wiring pattern. The front 
and-back relationship applies to the signal lines 101, 102, 
103, but does not apply to other signal lines or to the power 
Source terminals. 

0159 FIG. 16 illustrates a structure of the DIMM socket 
based on the above Structure of DIMM 120. FIG. 16 is a 
sectional view of the DIMM socket and illustrates two 
states, i.e., a state where the DIMM 120 is inserted and a 
state where it is not inserted. First, in the state where the 
DIMM 120 is inserted, the socket terminal is connected to 
a terminal of the DIMM 120 like an ordinary DIMM. In the 
state where the DIMM 120 has not been inserted, the right 
and left terminals are short-circuited. 

0160 Here, according to the above structure of DIMM 
120, the terminals on the front and back surfaces of the 
DIMM 120 are for inputting and outputting the same signals. 
Upon short-circuiting, therefore, the connection of signals is 
not broken even in a state where the DIMM 120 has not been 
inserted, and the daisy chain memory bus system can be 
operated. Though the example of FIG. 16 simply uses the 
resilient force of terminals of the DIMM socket, it is also 
possible to mechanically short-circuit the terminals by uti 
lizing a lever for securing the DIMM 120 or by utilizing the 
force at the time of inserting the DIMM 120 to accomplish 
a reliable operation. These structures make it possible to 
constitute a memory system which is little different from the 
conventional SDRAMs in regard to the cost and use of the 
DIMM 12O. 

0161 The DIMM 120 was described based on a prereq 
uisite that it can basically be extended to the next stage. 
However, the DIMM 120 needs not necessarily be extended 
to the next stage. In the case of for example, a portable 
computer, only one DIMM slot is mounted, and the memory 
is not extended but, in many cases, takes a form in which the 
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DIMM is replaced. In this case as illustrated in FIG. 17, a 
terminator 104 is mounted on the DIMM 120 to eliminate, 
from the DIMM, the terminals corresponding to the clock 
signal output 101-O and the command signal output 102-O. 
This makes it possible to reduce the area of the DIMM 
Socket. In a portable computer, it is urged to reduce the 
mounting areas of every part, and there is a choice of using 
the DIMM 120 that cannot be extended. 

0162) If the structure of the memory chip 130 is taken 
into consideration, the DIMM 120 equivalent to that of FIG. 
17 can be constituted as shown in FIG. 18 by using a 
memory chip 130-1 which produces neither the clock signal 
101-O nor the command signal 102-O. In this case, the output 
terminal may be rendered not to work in the step of 
fabricating the memory chip 130. Or, on-chip termination 
may be made or the output buffer may be halted by the mode 
register 618 or by setting an external pin. Though it need not 
be pointed out, even the structures of DIMM 120 illustrated 
in FIGS. 17 and 18 can be used as the most downstream 
DIMM 120 in the daisy chain memory bus system that can 
be extended. 

0.163 FIG. 19 is a block diagram illustrating another 
embodiment of the daisy chain memory bus system accord 
ing to the invention. In FIG. 19, the basic constitution is not 
much different from that of the embodiment of FIG. 1. 
However, an external PLL chip 160 is provided without 
incorporating the PLL circuit in the memory chip 150. This 
makes it possible to decrease the chip area of the memory 
chip 150 and to decrease the consumption of electric power. 
0164. The clock signals 101 output from the DIMM 120 
or the memory controller 110 in the preceding stage of the 
daisy chain are once input to the PLL chip 160 and are 
distributed as DIMM clocks 101-1 to the memory chips 150 
on the DIMM 120. Further, clocks 101 are output to the 
DIMM 120 of the next stage. 
0.165. In this system, the amount of delay is so designed 
that a difference in phase between the two clock outputs 
101-1 and 101 of PLL chip 160 becomes the same as a 
difference in phase between the input clock 101-1 and the 
output command 102 or the data 103 in the memory chip 
150, to decrease the difference in phase between the clock 
transmission line 101 and the command transmission line 
102 or the data transmission line 103. It is, of course, 
allowable to absorb the difference in phase by any other 
means, or the amount of delay may not be, particularly, 
brought into agreement when there is no need of absorbing 
the phase difference. There is no problem either even if the 
clock 101 and the DIMM clock 101-1 are on the same signal 
line. 

0166 FIG. 20 is a block diagram illustrating an embodi 
ment of the memory chip 150 of FIG. 19. FIG. 21 is a 
diagram of waveforms illustrating an operation thereof. In 
FIG. 20, reference numeral 2101 denotes a command input 
transition detector, 2102 denotes a command latch, 2103 
denotes a data input transition detector circuit, 2104 denotes 
a data latch, 2105 denotes a command parallel-serial con 
verter circuit, and 2106 denotes a data parallel-serial con 
verter circuit. Though FIG. 21 illustrates the input and 
output of command 102, the input and output of data 103 can 
also be processed by the same method. 
0.167 In the daisy chain memory bus system of this 
embodiment like in the embodiment of FIG. 1, the command 
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102 and the data 103 could cause a level transition on the 
transmission lines for each word. Therefore, the command 
input 102-i and the data input 103-i can be latched by 
measuring the timings relying on the transition of signal 
lines. First, the command input transition detector circuit 
2101 detects the transition of level of the command input 
102-i to form a 10-phase command latch clock 2151. The 
command latch 2102 latches the command input 102-i 
depending upon the command latch clock. The command 
output circuit 2105 produces a command output 102-O in 
synchronism with the DIMM clock 101-1. 
0168 As for the data 103, too, the data input transition 
detector circuit 2103 detects a transition of level in the data 
input 103-i, and the data latch 2104 latches the data input 
103-i using the 10-phase data latch clock 2152 that is 
formed. In synchronism with the DIMM clock 101-1, the 
data output circuit 2106 produces a data output 103-O. The 
operation of the memory 150 after the command 102 and 
data 103 are input, is the same as the operation of the 
memory chip 130 in the embodiment of FIG. 1, and is not 
described here in detail. 

0169. The embodiment of FIG. 20 has dealt with the 
method of receiving the command 102 and data 103 without 
using PLL circuit. By applying this method, there can be 
contrived a further embodiment as illustrated in a block 
diagram of FIG. 22. In this embodiment unlike the above 
embodiments, the clock signals 101 are input in common to 
the memory chips 170. FIG. 23 is a block diagram of the 
memory chip 170 in the embodiment of FIG. 22. The 
operation of the memory chip 170 is the same as the 
operation of the memory chip 150 in the embodiment of 
FIG. 20, and is not described here in detail. 
0170 However, the timing is not in agreement between 
the clock 101 and the command 102 or the data 103. 
Therefore, the command output circuit 2405 and the data 
output circuit 2406 are operated after the timing of the clock 
is varied by a DLL 2401 contained in the memory. Since the 
internal clock 2451 is not the 10-phase clock, the command 
output circuit 2405 and the data output circuit 2405 
employed here are different from those of the second 
embodiment. 

0171 The DLL 2401 was employed above as a circuit for 
adjusting the clock timing. Therefore, the clock signal 101 
has a frequency equal to the transfer rate of command 102 
and data 103, or has a frequency one-half thereof. If PLL is 
employed instead of DLL, the clock 101 can employ a value 
which is 1/X of the transfer rate of command 102 and data 
103. 

0172 In the above embodiments, the signals for the 
memory controller 110 and the memory chips 130, 150 and 
170 were divided into the command 102 and the data 103. 
Here, if the write data are transferred on the command 
transmission line 102, the embodiment assumes a form as 
illustrated in a block diagram of FIG. 24. This constitution 
makes it possible to decrease the number of pins of the 
memory controller 110. Further, upon simultaneously trans 
ferring the read data and the write data, it is allowed to 
improve the bus efficiency. Use is not made of a pin 103-i of 
the memory chip 130 on the most upstream DIMM 120-0. 
and the termination processing is effected on the mother 
board. However, the pin 103-i may be simply grounded. 
0173 The embodiments described above were based on 
a prerequisite of connecting the memory in a multiplicity of 
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stages. However, application of the memory often requires a 
high data transfer speed with a relatively small capacity, 
Such as an external cache memory for a high-speed micro 
processor or a memory for a graphic Sub-system. In these 
applications, there is no need of connecting the memory in 
a multiplicity of stages. In these applications, no pin is 
required for the clock output 101-O and the command output 
102-O of the memory chip 130. 

0.174 FIG. 25 is a block diagram of a further embodiment 
of the daisy chain memory bus system of the present 
invention. In the embodiment of FIG. 25 unlike the above 
embodiments, the command transmission lines 102 are input 
to the memory controller 110. In the above embodiments, 
the read data were input to the memory controller 110 
through the data transmission lines 103. In the embodiment 
of FIG. 25, however, use is made of the command trans 
mission lines 102 which are not necessary in addition to 
using the data transmission lines 103. 
0175 Whether the command be output or the data be 
output to the command transmission lines 102 is done by 
rewriting the mode register. The write data are basically 
input to the memory chip 190 through the data transmission 
lines 103 but may also be sent through the command 
transmission lines 102. This constitution improves the bus 
efficiency during the reading operation of the memory chip 
190. 

0176 Though the invention accomplished by the present 
inventors was concretely described above by way of 
embodiments, it should be noted that the invention is in no 
way limited to the above embodiments but can be modified 
in a variety of ways without departing from the gist and 
scope of the invention. In the above embodiments, the lock 
transmission line 101 and the command transmission line 
102 were output in a set from the memory controller 110 and 
were distributed to the most upstream memory, and these 
signal lines were not connected in a one-to-one manner. If 
there exists a problem, the clock transmission lines 101 and 
the command transmission lines 102 may be output in a 
required number from the memory controller. 

0177. The transmission lines may further be distributed 
by utilizing a bus buffer 2701 as in the embodiment illus 
trated in FIG. 26. In this case, the timings are brought into 
agreement among the clock 101, command 102 and data 103 
if the data transmission lines are passed through the bus 
buffer 2701. The data input/output 103 were used in a set per 
a memory. The data input/output 103, however, may be used 
in two sets per a memory, as a matter of course. 
0.178 This invention can be extensively utilized in the 
semiconductor integrated circuit devices, data processing 
systems and memory systems. 

0179 Briefly described below is the effect obtained by a 
representative example of the invention disclosed in this 
application. Namely, there is obtained a semiconductor 
integrated circuit device having an input terminal for receiv 
ing an input signal including any one of an instruction, a 
data, a position where the data exists, or a timing signal, and 
an output terminal for producing a signal formed by the 
internal circuit in response to the input signal or a signal fed 
through the input terminal; i.e., there is obtained a semicon 
ductor integrated circuit device in a daisy chain constitution 
accomplishing a high-speed data transmission. 



US 2007/0247962 A1 

0180 A data processing system capable of accomplishing 
a high-speed data transmission by utilizing a daisy chain 
constitution is constituted by using a plurality of semicon 
ductor integrated circuit devices each having an input ter 
minal for receiving an input signal containing any one of an 
instruction, a data, a position where the data exists or a 
timing signal, and an output terminal for producing a signal 
formed in an internal circuit in response to the input signal 
or fed through the input terminal, wherein among the 
plurality of semiconductor integrated circuit devices, the 
output terminal of the semiconductor integrated circuit 
device in the preceding stage and the corresponding input 
terminal of the semiconductor integrated circuit device of 
the next stage are connected in cascade, the input signal 
containing any one of the instruction, the data, the position 
where the data exists or the timing signal formed by the 
signal-forming circuit is fed to the input terminal of the 
semiconductor integrated circuit device of the initial stage, 
and the signal from the output terminal of the semiconductor 
integrated circuit device of the final stage is fed to the 
signal-forming circuit. 

0181. A memory system capable of accomplishing a 
high-speed data transmission by utilizing a daisy chain 
constitution is constituted by using a plurality of semicon 
ductor integrated circuit devices each having an input ter 
minal for receiving input signals containing a command, a 
data, an address and a timing signal, and an output terminal 
for producing signals corresponding to the input signals fed 
through the input signal, wherein among the plurality of 
semiconductor integrated circuit devices, the output terminal 
of the semiconductor integrated circuit device in the pre 
ceding stage and the corresponding input terminal of the 
semiconductor integrated circuit device of the next stage are 
connected in cascade. 
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What is claimed is: 
1. A data processing system comprising: 
a plurality of memory modules which includes a plurality 

of semiconductor memory devices, each of the plurality 
of memory modules including an instruction input 
terminal for receiving a command or an address, a data 
input terminal for receiving data and a clock input 
terminal for receiving a timing signal and output ter 
minals for producing signals corresponding to the com 
mand or the address, the data and the timing signal 
which are Supplied through the instruction input termi 
nal, a data input terminal and a clock input terminal, 

wherein the plurality of semiconductor memory modules 
are connected in cascade and output terminals in the 
preceding stage and the corresponding the instruction 
input terminal, the data input terminal and the clock 
input terminal of the next stage are connected to each 
other, 

wherein the input terminal of the semiconductor memory 
device of the initial stage in cascade is Supplied the 
command or the address, the data and the timing signal 
formed by the signal processing circuit, and the data 
which is outputted from the output terminals in the final 
stage in cascade is transmitted to the signal processing 
circuit, 

wherein the signal processing circuit is a memory con 
troller, and 

wherein the command or the address, the data and the 
timing signal outputted from the output terminals are 
re-adjusted by a timing signal reproduced in the a 
plurality of memory modules. 

2. A data processing system according to claim 1, 
wherein the timing signal which is re-adjusted is formed 
by a phase locked loop circuit that receives a reference 
timing signal. 


