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(57) ABSTRACT 

In a memory device which is used with the memory device 
connected to a data bus, the memory device includes an 
active termination circuit for terminating the memory device 
when the active termination circuit is electrically put into an 
active state and for unterminating the memory device when 
the active termination circuit is electrically put into an 
inactive state. The memory device further includes a control 
circuit for controlling the active termination circuit to dlcc-
trically put the active termination circuit into the active state 
or the inactive state. 
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MEMORY DEVICE AND MEMORY SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a memory device operable 
at a high speed and a memory system comprising a plurality 
of memory systems of the type. 

[0002] Recently, memory devices are highly integrated 
while an interface for operating the memory devices at a 
high speed and with a low signal amplitude is developed. As 
a standard for such interface, proposal is made of SSTL 
(Stub Series Termination Logic). In order to operate a 
DRAM (Dynamic Random Access Memory) as one of 
memory devices at a high speed, proposal is also made of a 
DDR (Double Data Rate) solution in which a data rate can 
be doubled by carrying out data input/output in synchronism 
with both of leading and trailing edges of each clock. 

[0003] A memory system for carrying out the above-
mentioned operation has a structure in which a plurality of 
memory modules are arranged on a mother board in parallel 
to one another with a space left from one another. In this 
case, the memory modules are mounted on the mother board 
through a plurality of connectors, respectively. In order to fix 
each memory module to the mother board, each connector 
has a slot to receive the memory module. In each slot, a 
plurality of terminals p1 are arranged for electrical connec-
tion with the memory module. On the other hand, the 
memory module is provided with a plurality of memory 
devices and a plurality of buffers, such as registers, mounted 
on a front side and/or a back side thereof. The memory 
devices and the registers are electrically connected to the 
connectors through a plurality of terminals formed on an end 
portion of the memory module. 

[0004] One of memory systems of the type further com-
prise a controller, called a chip set, mounted on the mother 
board to control the memory devices on the memory mod-
ules. In this memory system, a datn)us, a command address 
bus, and a clock bus (in the following description, these 
buses may collectively and simply be called a bus) are 
arranged on the mother board. Through these buses, the 
controller is electrically connected to the memory devices 
and the registers on the memory modules. 

[0005] For example, the above-mentioned buses are con-
nected in the following manner. The data bus and the clock 
bus from the controller are directly connected to the memory 
devices on the memory modules. On the other hand, the 
command address bus is connected through the registers to 
the memory devices on the memory modules. 

[0006] Furthermore, a memory system according to the 
SSTL standard has a structure in which DRAM's as memory 
devices in each memory module are connected to a connec-
tor through stubs p1. As a specific example, disclosure is 
made of a memory system in which DRAM's as memory 
devices are mounted on both sides of a memory module 
fitted to a slot of a connector. The DRAM's mounted on the 
both sides of the memory module are connected to a data bus 
through stubs. 

[0007] For the memory system of the type, it is considered 
to supply a clock bus with clocks having a frequency of 100 
MHz or more (for example, 133 MHz) in order to perform 
input/output at a higher speed. In this case, the data rate upon 
reading/writing is not lower than 200 MHz if the DDR is 
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adopted. Recently, it is required to operate each memory 
module at a clock frequency of 200 to 400 MHz. In this case, 
the data rate is as high as 400 to 800 MHz. 

[0008] Referring to FIG. 1, description will be made of a 
related memory system. The memory system illustrated in 
the figure comprises a memory controller 21 mounted on a 
mother board (not shown), a plurality of memory modules 
201 and 202 fitted to a plurality of slots (not shown) on the 
mother board, a clock generator 101 for generating write 
clocks, and a clock generator 102 for generating read clocks 
Each of the memory modules 201 and 202 mounted on the 
mother board is provided with a plurality of DRAM's. In 
each slot, a connector (not shown) is arranged. In the 
illustrated example, the DRAJYIf and the DRAJYIr are 
arranged on front and back sides of each memory module, 
respectively. Each of the DRAMf and the DRAMr is con-
nected through stubs on the connector and the memory 
module to a data bus DB, a command address bus CB, a 
write clock bus WB, and a read clock bus RB. 

[0009] Each bus is branched on the memory module so as 
to be connected to the DRAMf and the DRAMr formed on 
the front and the back sides of each of the memory modules 
201 and 202. In the illustrated example, the command 
address bus CB includes a control signal line for transmis-
sion and reception of a termination control signal. The write 
clock bus WB is supplied with the write clocks from the 
clock generator 101. On the other hand, the read clock bus 
RB is supplied with the read clocks from the clock generator 
102. The memory controller 21 is connected to each of the 
DRAMf and the DRAMr through the data bus DB and the 
command address bus CB. 

[0010] The memory system being illustrated has a large 
capacity and is operable at a high speed. As shown in the 
figure, in the memory system, one end of the data bus DB is 
connected to the controller 21. On the other hand, the other 
end, i.e., a far end of the data bus DB is connected to a 
termination resistor (not shown) as a terminating element. 
The termination resistor is applied with an electric voltage 
from a termination power supply (not shown). However, in 
the above-mentioned memory system in which the DRAM's 
are connected to the data bus DB branched at each connector 
and at each stub, termination only at the far end of the data 
bus DB brings about unnegligible deterioration of the signal 
quality due to signal reflection resulting from mismatching 
of wiring impedance of the data bus DB. Therefore, it is 
found out that the above-mentioned termination scheme can 
not cope with the memory system operable at a high speed. 

SUMMARY OF THE INVENTION 

[0011] It is an object of this invention to provide a memory 
system comprising a plurality of memory devices connected 
to a data bus in a branched arrangement, which is capable of 
reading data from the memory devices at a high speed by 
effectively preventing reflection between the data bus and 
each memory device. 

[0012] It is another object of this invention to provide a 
memory device which is capable of carrying out antireflec-
tion control adapted to a read state or a write state. 

[0013] According to an aspect of this invention, there is 
provided a memory device to be connected to a data bus, the 
memory device comprising an active termination circuit for 
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controllably terminating the memory device and a control 
circuit for controllably putting the active termination circuit 
into an electrically active state or an electrically inactive 
state. 

[0014] For example, the control circuit is responsive to a 
termination control signal supplied from the outside of the 
memory device to put the active termination circuit into an 
active state or an inactive state and a data output enable 
signal produced in the memory device. The control circuit 
produces an internal termination control signal from the 
termination control signal and the data output enable signal. 
In this event, the control circuit comprises a receiver sup-
plied with the termination control signal and a clock signal 
for receiving the termination control signal in synchronism 
with the clock signal, and a termination control section for 
producing the internal termination control signal in response 
to the termination control signal received by the receiver and 
the data output enable signal. Alternatively, the control 
circuit may comprise a receiver for receiving the termination 
control signal in asynchronism with a clock signal, and a 
termination control section for producing the internal ter-
mination control signal in response to the termination con-
trol signal received by the receiver and the data output 
enable sign汕 

[0015] Alternatively, the control circuit produces the inter-
nal termination control signal in response to a termination 
control signal supplied from the outside of the memory 
device to put the active termination circuit into an active 
state or an inactive state, a data output enable signal pro-
duced in the memory device, and a power down signal. 

[0016] The active termination circuit comprises a pair of 
transistors different in channel (or conductive) type from 
each other, a resistor circuit connected in series between the 
transistors, and an inverter connected to one of the transis-
tors. By turning on and off the transistors, the memory 
device is put into an active state or an inactive state. 

[0017] According to another aspect of this invention, there 
is provided a memory system comprising a plurality of 
memory devices connected to a single data bus, wherein 
each of the memory devices comprises a control circuit for 
producing an internal termination control signal indicating 
an inactive state when data are delivered to the data bus and 
when a termination control signal is received from the 
outside, and a termination circuit to be kept in an inactive 
state when the internal termination control signal indicates 
an inactive state. In this case, the memory system further 
comprises a memory controller connected to the data bus 
and connected to each memory device through a control 
signal line. The memory controller comprises a termination 
circuit selectively put into an active state or an inactive state 
when the memory devices are accessed. 

[0018] According to still another aspect of this invention, 
there is provided a memory system comprising a plurality of 
memory devices connected to a single data bus and a 
memory controller connected through the data bus to the 
memory devices, wherein the memory controller comprises 
a termination circuit selectively put into an active state or an 
inactive state when the memory devices are accessed and a 
control unit for delivering a termination control signal to the 
memory devices when the memory devices are accessed, 
each memory device comprising a control circuit responsive 
to the termination control signal from the memory controller 
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for producing an internal termination control signal and an 
active termination circuit to be put into an inactive state 
when the internal termination control signal indicates an 
inactive state. The memory controller comprises means for 
producing the termination control signal requesting to put 
the active termination circuits of the memory devices con-
nected to the data bus into an active state when a read 
command or a write command is issued to a particular one 
of the memory devices. The termination circuit of the 
memory controller is put into an active state when the read 
command is produced and put into an inactive state when the 
write command is produced to the particular memory device 
and data are written into the particular memory device. 

[0019] When the read command is received, the control 
circuit of the particular memory device receives from the 
memory controller the termination control signal indicating 
an active state and delivers the internal termination control 
signal indicating an inactive state to the active termination 
circuit of the particular memory device upon reading the 
data from the particular memory device. On the other hand, 
when the write command is received, data are written into 
the particular memory device while the active termination 
circuit of the particular memory device is kept in an active 
state. 

[0020] According to yet another aspect of this invention, 
there is provided a termination control method for a memory 
system comprising a plurality of memory devices connected 
to a single data bus and a memory controller connected 
through the data bus to the memory devices, the method 
comprising the steps of issuing a read command from the 
memory controller to a particular one of the memory 
devices, maintaining a termination circuit of the memory 
controller in an active state upon issuance of the read 
command, maintaining active termination circuits in the 
memory devices except the particular memory device in an 
active state upon issuance of the read command and during 
a data read operation from the particular memory device in 
response to the read command, and maintaining the active 
termination circuit of the particular memory device in an 
inactive state upon issuance of the read command and during 
the data read operation from the particular memory device in 
response to the read command. 

[0021] The termination control method further comprises 
the steps of issuing a write command to the particular 
memory device, maintaining the termination circuit of the 
memory controller in an inactive state upon issuance of the 
write command and during output of write data, and main-
tamning the active termination circuits of the memory devices 
including the particular memory device in an active state 
upon issuance of the write command. 

BRIEF DESCRIPTION OF THE DRAWING 

[0022] FIG. 1 is a view for describing a related memory 
system; 

[0023] FIG. 2 is a block diagram of a memory system 
according to one embodiment of this invention; 

[0024] FIG. 3 is a time chart for describing one example 
of termination control of the memory system illustrated in 
FIG. 2 during a read operation; 

[0025] FIG. 4 is a block diagram of a DRAM used in the 
memory system illustrated in FIG. 2; 
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[0026] FIG. 5 is a time chart for describing another 
example of the termination control of the memory system 
illustrated in FIG. 2 during the read operation; 

[0027] FIG. 6 is a time chart for describing one example 
of the termination control of the memory system illustrated 
in FIG. 2 during a write operation; 

[0028] FIG. 7 is a time chart for describing another 
example of the termination control of the memory system 
illustrated in FIG. 2 during the write operation; 

[0029] FIG. 8 is a view for describing termination control 
of the memory system during a write operation with respect 
to various combinations of memory devices (DRAM's); 

[0030] FIG. 9 is a view for describing termination control 
of the memory system during a read operation with respect 
to various combinations of the memory devices (DRAM's); 

[0031] FIG. 10 is a block diagram of a DRAM adapted to 
perform a termination control operation in asynchronism 
with clocks in the memory system of the one embodiment; 

[0032] FIG. 11 is a time chart for describing termination 
control in a memory system according to another embodi-
ment of this invention; 

[0033] FIG. 12 is a block diagram of one example of a 
DRAM adapted to execute a termination control operation 
illustrated in FIG. 11; and 

[0034] FIG. 13 is a block diagram of another example of 
the DRAM adapted to execute the termination control 
operation illustrated in FIG. 11. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] Referring to FIG. 1, description will be made of a 
memory system according to one embodiment of this inven-
tion. The memory system comprises a plurality of connec-
tors (not shown) arranged on a mother board (not shown) 
and having a plurality of slots Sloti and Slot2, respectively, 
and a plurality of memory modules 201 and 202 inserted into 
the slots Sloti and Slot 2, respectively. The memory mod-
ules 201 and 202 are provided with a DRAM1, a DRAM2, 
a DRAM3, and a DRAM4 as memory devices mounted on 
front and back sides thereof. Specifically, DRAM1 and 
DRAM3 are mounted on the front sides of the memory 
modules 201 and 202, respectively, while DRAM2 and 
DRAM4 are mounted on the back sides of the memory 
modules 201 and 202, respectively. On the mother board, a 
memory controller 21 is mounted together with the connec-
tors. 

[0036] The memory controller 21 is connected to the 
DRAM1, the DRAM2, the DRAM3, and the DRAM4 of the 
memory modules 201 and 202 through a single data bus 22. 
As seen from the figure, a pair of the DRAM1 and the 
DRAM2 and a pair of the DRAM3 and the DRAM4 are 
connected to the data bus 22 through the slots Sloti and 
Slot2 of the connectors, respectively. The memory controller 
21 is connected to the DRAM1, the DRAM2, the DRAM3, 
and the DRAM4 through a control signal line 25. 

[0037] The memory controller 21 comprises a control unit 
211 for delivering a termination control signal to the control 
signal line 25, a driver 212 for delivering data to the data bus 
22 upon carrying out a data write operation, a receiver 220 
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for receiving data from the data bus 22 upon carrying out a 
data read operation, and a termination circuit 213 to be put 
into an operating state in case where the data are read from 
the DRAM1, the DRAM2, the DRAM3, and the DRAM4. 
The driver 212 and the receiver 220 are selectively con-
nected to the termination circuit 213 under control of the 
control unit 211 as will later be described. 

[0038] The termination circuit 213 of the memory con-
troller 21 comprises a pair of resistors 216 and 217 con-
nected in series and N-channel and P-channel MOS transis-
tors 218 and 219 connected to both ends of a series of the 
resistors 216 and 217. The N-channel MOS transistor 218 
has a source connected to ground. The P-channel MOS 
transistor 219 has a source supplied with a power-supply 
voltage VDQ. The power-supply voltage VDQ is common to 
the power-supply voltage supplied to each of the DRAM1, 
the DRAM2, the DRAM3, and the DRAM4 as the memory 
devices. In the illustrated example, a common connecting 
point between the resistors 216 and 217 is connected to the 
data bus 22. If the resistors 216 and 217 are equal in 
resistance to each other, the data bus 22 is terminated at a 
termination voltage of VDQ/2 while the MOS transistors 218 
and 219 are turned on. The MOS transistors 218 and 219 are 
turned on and off in response to a control signal from the 
control unit 211. 

[0039] On the other hand, the DRAM1, the DRAM2, the 
DRAM3, and the DRAM4 illustrated in FIG. 2 have a same 
structure. Therefore, description will be made of the struc-
ture of the DRAM1 by way of example. It is assumed here 
that a read command or a write command is delivered to the 
DRAM1. 

[0040] The DRAM1 comprises a driver 31 for delivering 
read data to the data bus 22, an active termination circuit 32 
arranged inside the DRAM1, a termination control block 33 
for controlling the active termination circuit 32, and a 
receiver 34 for receiving write data from the data bus 22. As 
will later be described, the driver 31 and the receiver 34 are 
selectively connected to the active termination circuit 32 
under control of the termination control block 33. 

[0041] The DRAM1 produces an output enable signal in 
response to the read or the write command. Supplied with a 
termination control signal from the outside of the DRAM1 
and the output enable signal produced in the DRAM1 in 
response to the read or the write command, the termination 
control block 33 produces an internal termination control 
signal ITC which is delivered to the active termination 
circuit 32. 

[0042] The active termination circuit 32 in each DRAM 
illustrated in FIG. 2 comprises an N-channel MOS transistor 
321, a P-channel MOS transistor 322, an inverter 323, and 
a pair of resistors 324 and 325 connected in series to each 
other between the MOS transistors 321 and 322. The com-
mon connecting point of the resistors 324 and 325 is 
connected to the data bus 22 together with the driver 31 and 
the receiver 34. The P-channel MOS transistor 322 has a 
source supplied with the power-supply voltage VDQ from a 
power supply used for a memory section of the DRAM1. 
Thus, the active termination circuit 32 uses the power supply 
common to the memory section so that a special power 
supply for the termination circuit is unnecessary. 

[0043] It is assumed here that the resistors 324 and 325 are 
equal in resistance to each other. As described above, the 
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common connecting point between the resistors 324 and 325 
is connected to the data bus 22. When the MOS transistors 
321 and 322 are turned on, the power-supply voltage VDQ is 
divided by the resistors 324 and 325 so that the terminal 
voltage of VDQ/2 is supplied to the data bus 22. Thus, with 
the above-mentioned structure, the data bus 22 is terminated 
at the voltage of VDQ/2 in case where the active termination 
circuit 32 is put in an active state, i.e., a valid state. On the 
other hand, when the MOS transistors 321 and 322 are 
turned off, the active termination circuit 32 is put into an 
inactive state, i.e., an invalid state to be opened. 

[0044] Referring to FIG. 3 in addition, description will be 
made of the case where the DRAJ\'Il illustrated in FIG. 2 is 
supplied with the read command (RED). Although not 
shown in the figure, each DRAM is supplied with clocks 
through a clock bus. It is assumed here that, in the illustrated 
example, a so-called DDR technique in which data are read 
or written at leading and trailing edges of each clock is used. 

[0045] At first, consideration will be made of the state 
where the DRAM1 is not accessed. The termination control 
block 33 delivers the internal termination control signal ITC 
having a low (L) level to the active termination circuit 32 to 
turn off the MOS transistors 321 and 322. As a consequence, 
the active termination circuit 32 is put in an inactive state. 
This also applies to all of the DRAM2, the DRAM3, and the 
DRAM4 as the remaining memory devices. On the other 
hand, the termination circuit 213, i.e., the terminating dlc-
ment in the memory controller 21 is kept in an active state 
because the MOS transistors 218 and 219 are turned on in 
response to the control signal. As a consequence, the data 
bus 22 is maintained at the terminal voltage (VDQ/2). Thus, 
in such unaccessed state, the active termination circuits 32 
in the DRAM1, the DRAM2, the DRAM3, and the DRAM4 
do not consume electric current so that electric power 
required in the memory system as a whole can be saved. 

[0046] Simultaneously when the read command (RED) is 
issued and delivered through a command bus (not shown) to 
the DRAM1, the control unit 211 of the memory controller 
21 delivers the termination control signal of a high (H) level 
to the control signal line 25. As a consequence, the termi-
nation control blocks 33 of the DRAM1, the DRAM2, the 
DRAM3, and the DRAM4 connected to the control signal 
line 25 are supplied with the termination control signal of a 
H level. 

[0047] In response to the termination control signal of a H 
level from the memory controller 21, the internal termina-
tion control signal ITC in each of the DRAM 1, the DRAM2, 
the DRAM3, and the DRAM4 is given a H level. This state 
is shown in @DRAM1 and @DRAM2-4 in FIG. 3. As a 
consequence, the active termination circuits 32, i.e., the 
terminating elements in all of the DRAM1, the DRAM2, the 
DRAM3, and the DRAM4 are put into an active state. 

[0048] When the active termination circuit 32 is put into 
an active state, the DRAM1 supplied with the read command 
delivers the read data to the data bus 22 after a predeter-
mined clock latency. Prior to delivery of the read data, the 
DRAM1 puts the active termination circuit 32 into an 
inactive state (L level) under control of the termination 
control block 33 as shown in @DRAM1 in FIG. 3 and 
makes the output enable signal @DRAM have a H level. 
When the output enable signal is given a H level, the output 
control signal for the memory element in the DRAM1 is 
given a H level in synchronism with the clock. 
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[0049] On the other hand, when the output enable signal is 
given a H level, the internal termination control signal ITC 
is given a L level. The control operation for the active 
termination circuit 32 is carried out by the termination 
control block 33 in the DRAM1 by making the internal 
termination control signal ITC have a L or a H level. 

[0050] When the output control signal for the memory 
element is given a H level, the DRAJ\'Il carries out the read 
operation. Specifically, according to the DDR (Double Data 
Rate) technique, the data are read from the DRAJ\'Il in a 
burst fashion in synchronism with leading and trailing edges 
of each clock. In the illustrated example, the data have a 
continuous burst length equal to four. 

[0051] Referring to FIGS. 3 and 4, description will be 
made of an operation in each of the DRAM1, the DRAM2, 
the DRAM3, and he DRAM4. In addition to the driver 31, 
the receiver 34, the active termination circuit 32, and the 
termination control block 33 illustrated in FIG. 2, the 
DRAM comprises an output control block 35 and a control 
signal receiver 36 operating in response to the termination 
control signal and the clock signal, as shown in FIG. 4. 
Supplied with the termination control signal from the control 
unit 211 (FIG. 2) and the read command (RED) through the 
control bus, a DRAM internal controller (not shown) dcliv-
ers the output enable signal to the termination control block 
33 and the output control block 35 illustrated in FIG. 4. 

[0052] Supplied with the termination control signal 
through the control signal receiver 36 and the output enable 
signal, the termination control block 33 gives a L level to the 
DRAM internal termination control signal produced by the 
termination control block 33 to put the active termination 
circuit 32 of the DRAM into an inactive state, i.e., an invalid 
state. 

[0053] On the other hand, the output control block 35 
supplied with the output enable signal delivers the output 
control signal to the driver 31 at the timing of the clock 
signal. In this state, the DRAM1 delivers the data in a burst 
fashion until the output enable signal is given a H level and 
the output control signal is given a L level in synchronism 
with the clock signal, as illustrated in FIG. 3. 

[0054] On the other hand, for each of the DRAM2, the 
DRAM3, and the DRAM4 which are not supplied with the 
read command (RED), the output enable signal is not 
produced. Therefore, supplied with the DRAM internal 
termination control signal obtained from the termination 
control signal supplied from the control unit 211, the termi-
nation control block 33 of each of the DRAM2, the DRAM3, 
and the DRAM4 straightforwardly passes the DRAM inter-
nal termination control signal to the active termination 
circuit 32. As a consequence, the active termination circuit 
32 of each of the DRAM2, the DRAM3, and the DRAM4 
except the DRAM1 is continuously kept in an active state. 
This state continues until the termination control signal is 
given a L level and, consequently, the DRAM internal 
termination control signal is given a L level. As shown at a 
bottom line in FIG. 3, the termination circuit in the memory 
controller 21 is continuously supplied with a memory con-
troller (MC) internal termination control signal of a H level. 
Therefore, the termination circuit is continuously kept in an 
active state and can receive the data from the DRAM1 
without reflection. 

[0055] Thus, in the memory system being illustrated, only 
the active termination circuit 32 of the DRAM to be sub-
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jected to the read operation is put in an inactive state. The 
active termination circuits of other DRAJ\'I's and the termi-
nation circuit in the memory controller are put in an active 
state. It is therefore possible to avoid the influence by 
reflection. 

[0056] After the data from the DRAIVI 1 are delivered in a 
burst fashion, the memory controller 21 makes the termina-
tion control signal have a L level. Supplied with the termi-
nation control signal of a L level, all of the DRAJ\'I's on the 
data bus 22 makes the DRAM internal termination control 
signal have a L level to bring the active termination circuit 
32 in each DRAIVI into an inactive state. Thereafter, the level 
of the data bus 22 is held by the termination circuit in the 
memory controller 21. 

[0057] In the timing chart illustrated in FIG. 3, the control 
unit 211 of the memory controller 21 delivers the termina-
tion control signal of a H level to the control signal line 25 
simultaneously when the read command (RED) is issued. 
Alternatively, if the active termination circuit 32 in DRAJ\'Il 
is turned into an inactive state before the data are delivered 
from the DRAM1 as an output burst, the termination control 
signal of an H level may be delivered at a timing delayed 
from the read command (RED). 

[0058] Next referring to FIG. 5, description will be made 
of an operation in case where the memory controller 21 
continuously issues the read commands to the DRAM1 and 
the DRAIvI3. Generally, in case where the read operation is 
continuously carried out from different DRAM's, a time gap 
is provided between clock signals in order to avoid collision 
of data at the output driver. Taking this into account, the next 
read command (RED) is produced at the lapse of three 
clocks in the example illustrated in FIG. 5. 

[0059] At first, the read command (RED) is issued to the 
DRAM1 through the command bus. Then, the control unit 
211 (FIG. 2) delivers the termination control signal to the 
control signal line 25. In this event, the termination circuit 
in the memory controller 21 is put in an active state. The 
operation in this case is similar to that described in con-
junction with FIG. 4. The memory controller 21 delivers the 
termination control signal through the control signal line 25 
to the DRAM1, the DRAM2, the DRAM3, and the DRAM4. 
Each of the DRAM1, the DRAM2, the DRAM3, and the 
DRAM4 makes the internal termination control signal have 
a H level (see @DRAM1, @DRAM3, @DRAM2,4 in FIG. 
5) . 

[0060] Herein, a H level of the internal termination control 
signal of the DRAM2 and the DRAM4 continues until the 
read operation in the DRAM1 and the DRAM3 is com-
pleted. On the other hand, the internal control signal of the 
DRAM1 is given a L level in response to the output enable 
signal. This state continues until the data are read from the 
DRAM1. Upon completion of the data read operation from 
the DRAM1, the internal control signal of the DRAM1 is 
turned into a H level. 

[0061] When the read command (RED) is issued to the 
DRAM3 following the DRAM1, the control unit 211 of the 
memory controller 21 keeps the termination control signal at 
a H level without turning into a L level after the data of the 
DRAIVI1 are delivered in a burst fashion. The termination 
control signal of a H level is turned into a L level after the 
data are delivered from the DRAM3 in a burst fashion. 
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[0062] As shown in FIG. 5, the internal termination 
control signal of the DRAM1 or the DRAM3 takes a L level 
while the data are delivered from the DRAIVI1 or the 
DRAM3 in a burst fashion. Thus, the active termination 
circuit 32 of the DRAM delivering the data is kept in an 
inactive state, i.e., an invalid state while the active termi-
nation circuit 32 in other DRAM's which are not involved 
in the read operation as well as the termination circuit of the 
memory controller 21 are kept in an active state. 

[0063] As is obvious from the above, the memory con-
troller 21 need not individually control the active termina-
tion circuits 32 of the respective DRAM's but controls the 
delivery of the termination control signal so as to cover the 
case where the memory system as a whole is accessed. In 
case where the active termination circuit 32 in each DRAM 
is switched, switching must be carried out at a high speed in 
proportion to the frequency of the clock signal. Such switch-
ing operation itself can easily be carried out under control of 
the internal control section in each DRAM. 

[0064] In termination control in the memory controller 21, 
the termination circuit is put into an active state during a 
period after issuance of the read command (RED) and before 
the output from the DRAM itself. Therefore, a timing 
margin is large. This means that the memory controller 21 
can easily control the memory system. 

[0065] Referring to FIG. 6, description will be made of an 
operation in case where the write command (WRT) is issued 
to the DRAM1 of the memory system illustrated in FIG. 2. 
In this case, the write command (WRT) is at first issued to 
the DRAM1 through the command bus. Simultaneously, the 
memory controller 21 produces the termination control 
signal of a H level as shown in FIG. 6 and delivers the 
termination control signal to the control signal line 25. As a 
consequence, the active termination circuit 32 in each of the 
DRAM1, the DRAM2, the DRAM3, and the DRAM4 is put 
into an active state in response to the DRAM internal 
termination control signal, as seen from FIG. 6. Therefore, 
the data bus 22 is maintained at a termination voltage. 

[0066] On the other hand, after the write command (WRT) 
is issued through the command bus, the memory controller 
21 delivers the data to the data bus 22 in a burst fashion after 
a predetermined clock latency. Prior to delivery of the data 
to the data bus 22, the termination circuit in the memory 
controller 21 is put into an inactive state, i.e., an invalid 
state. Therefore, the gate of each of the MOS transistors 218 
and 219 (FIG. 2) is supplied with the MC internal termi-
nation control signal of a L level from the control unit 211 
(see FIG. 6). As seen from FIG. 6, the internal termination 
control signal in each of the DRAM1, the DRAM2, the 
DRAM3, and the DRAM4 is kept at a H level even if the 
memory controller internal termination control signal is 
turned into a L level. Therefore, the active termination 
circuit 32 in each of the DRAM1, the DRAM2, the DRAM3, 
and the DRAM4 maintains its active state. As a conse-
quence, the active termination circuit 32 in each DRAM is 
connected to the data bus 22. 

[0067] When the data are written in a burst fashion into the 
DRAM1 designated by the write command (WRT), the 
memory controller 21 makes the memory controller internal 
termination control signal have a H level and makes the 
termination control signal on the control signal line 25 have 
a L level. As a consequence, the internal termination control 
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signal of the active termination circuit 32 in each of the 
DRAM1, the DRAM2, the DRAM3, and the DRAM4 
connected to the data bus 22 is given a L level so that each 
of the active termination circuits 32 is put into an inactive 
state. Thereafter, the level of the data bus 22 is maintained 
again by the termination circuit in the memory controller 21. 

[0068] In the timing chart shown in FIG. 6, the memory 
controller 21 makes the termination control signal have a H 
level simultaneously when the write command (WRT) is 
issued to the DRAJ\'Il. Alternatively, if the active termina-
tion circuit 32 in each DRAM is turned into an active state 
before the write data are delivered from the memory con-
troller 21 in a burst fashion, the termination control signal 
may be given a H level at a timing delayed from the write 
command (WRT). 

[0069] Next referring to FIG. 7, description will be made 
of an operation in case where the write commands (WRT) 
are continuously issued to the DRAM1 and the DRAM3. As 
seen from FIG. 7, when the write command (WRY) is issued 
to the DRAM1, the termination control signal on the control 
signal line 25 (FIG. 2) is given a H level. Therefore, the 
internal termination control signal in each of the DRAJ\'Il, 
the DRAM2, the DRAM3, and the DRAM4 is also given a 
H level. The active termination circuit 32 in each of the 
DRAM1, the DRAM2, the DRAM3, and the DRAM4 is put 
into an active state and the data bus 22 is applied with the 
termination voltage. After a predetermined clock latency, the 
data are written into the DRAM1 and the DRAM3 in a burst 
fashion. While the data are written in the DRAJ\'Il and the 
DRAIvI3, the memory controller internal termination control 
signal is given a L level so that the termination circuit in the 
memory controller 21 is turned into an inactive state. Upon 
completion of the data write operation into the DRAM1 and 
the DRAIvI3, the memory controller internal termination 
control signal is given a H level and the termination control 
signal supplied to each of the DRAM1, the DRAM2, the 
DRAM3, and the DRAM4 is given a L level. As a conse-
quence, the active termination circuit 32 in each of the 
DRAM1, the DRAM2, the DRAM3, and the DRAM4 is 
returned to an inactive state. 

[0070] As is obvious from the above, the memory con-
troller 21 simply transmits the termination control signal via 
the single control signal line 25 to all DRAM's and each 
DRAM produces the internal control signal to control the 
termination circuit of each DRAM. Thus, the memory 
system having a simple structure can transmit and receive 
the data at a high speed without the influence of reflection. 

[0071] As described above, in the memory system illus-
trated in FIG. 2, the termination circuit transmitting the 
termination control signal is put into an inactive state while 
the termination circuit receiving the termination control 
signal is put into an active state. Thus, data transmission! 
reception is carried out in the state where the termination 
circuit receiving the data alone is connected while the 
termination circuit transmitting the data is disconnected. 
With this structure, the data can be transmitted and received 
between the transmitting and the receiving sides at a high 
speed without the influence of reflection.. 

[0072] The memory system illustrated in FIG. 2 has a 
structure in which two connectors are mounted on the 
mother board with the slots connected to the memory 
modules each of which has two DRAM's. However, in an 
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actual memory system, various combinations are used in 
dependence upon the condition of use. 

[0073] Referring to FIGS. 8 and 9, the memory system 
according to this invention may have various structures. 
Herein, the states of the DRAM's and the active termination 
circuit of the memory controller (MC) are shown in case 
where the number of slots is equal to two at maximum. FIG. 
8 shows the state of the active termination circuit during the 
write operation. FIG. 9 shows the state of the active termi-
nation circuit during the read operation. In FIGS. 8 and 9, 
1R and 2R represent the cases where one DRAM and two 
DRAM's are inserted in each slot, respectively. It is noted 
here that the DRAM in the slot is generally called RANK. 
"Empty" represents the case where no memory module is 
inserted in each slot. 

[0074] In FIGS. 8 and 9, on and off represent the cases 
where the active termination circuit is in an active state and 
in an inactive state, respectively. x represents the case where 
no DRAM is connected. 

[0075] As seen from FIG. 8, during the write operation, 
the termination circuit of the memory controller (MC) 
transmitting the data is kept in an off state while the 
termination circuit (active termination circuit) of each 
DRAM as a far end is kept in an on state. 

[0076] As seen from FIG. 9, during the read operation, the 
termination circuit of the memory controller (MC) receiving 
the read data is turned on to be put in a valid state while only 
the termination circuit of the DRAM to be subjected to the 
read operation is turned off to be put in an invalid state. The 
termination circuit of the DRAM which is not subjected to 
the read operation is turned on to be kept in a valid state, i.e., 
an active state. 

[0077] The memory system operable at a high frequency 
and the individual DRAM's are operable in synchronism 
with the clock signal. In order to cope with the high-
frequency operation, the signal supplied to the DRAM is 
introduced into the DRAM with reference to the clock 
signal. However, in order to distribute the high-speed clock 
signal to the respective receiver circuits in the DRAM and 
to operate the receiver circuits, an internal DLL (Delay-
Locked Loop) circuit and the receiver circuit operable at a 
high speed require large current consumption. For example, 
in case of the high-speed DRAM currently used, the current 
consumption is normally on the order of 80 mA at the 
power-supply voltage of 2.5V. Generally, the memory sys-
tem of the type has a power down mode such that the 
operations of the clock signal, the DLL circuit, and the 
receiver circuit in the DRAM are stopped if the DRAM is 
not accessed. In the power down mode, current consumption 
can be reduced to about 3 mA. 

[0078] In the memory system of this invention, it is 
assumed that the DRAM's of some RANKS have a power 
down mode. In this event, if the DRAIVI of another RANK 
is accessed, the termination circuit of the DRAM in the 
power down mode must be enabled or validated. Therefore, 
if the DRAM is in the power down mode and the clock 
signal is stopped, the termination control signal receiver 
circuit in the DRAM preferably has a circuit structure 
operable in asynchronism with the clock signal. In the 
system of this invention, the termination control signal need 
not operate at a speed as high as an operation frequency of 
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the memory system. Therefore, the termination control 
signal receiver circuit can be operated in asynchronism with 
the clock signal. 

[0079] Referring to FIG. 10, description will be made of 
a terminating section of a DRAM used as a memory device 
of a memory system according to another embodiment of 
this invention. The DRAM illustrated in FIG. 10 is different 
from the DRAIVI illustrated in FIG. 4 in that the receiver 36 
is replaced by a CMOS inverter circuit as a termination 
control signal receiver circuit 38 for receiving the termina-
tion control signal. The termination control signal receiver 
circuit 38 illustrated in the figure is operable independent of 
the clock signal and delivers the termination control signal 
to the termination control block 33. Thus, the termination 
control signal receiver circuit 38 illustrated in the figure is 
operable in asynchronism with the clock signal. 

[0080] In the memory system comprising the DRAM 
illustrated in FIG. 10, the memory controller delivers the 
termination control signal to the DRAM which is not 
accessed, in order to save the current consumption at the 
termination circuit in each DRAM. In this event, the termi-
nation circuit in each DRAM is put into an inactive state 
while the termination circuit of the memory controller alone 
is put into an active state. 

[0081] In order to further reduce power consumption of 
the memory system by the use of the termination circuit 
illustrated in FIG. 10, it is proposed that all DRAM's have 
the power down mode. In case where all DRAM's have the 
power down mode, termination control may be carried out 
by invalidating the termination circuits in the DRAM's put 
in the power down mode. In this event, the memory con-
troller need not control the termination control signal. With 
the above-mentioned structure, the memory controller can 
be easily controlled so that the memory system highly 
controllable is obtained. In this case, in order to control entry 
(start) or eject (end) of the power down mode, the memory 
controller delivers a power down control signal to the 
DRAM. As an example of such control system, description 
will be made of the control by a particular pin like a CKE 
(Clock Enable) signal in SDRAM (Synchronous Dynamic 
Random Access Memory). It is assumed here that the 
DRAM used herein has a function of automatically produc-
ing the power down control signal in the DRAM to invali-
date the termination circuit if the entry of the power down 
mode is requested. 

[0082] As shown in FIG. 11, when the power down 
control signal is supplied from the memory controller, an 
internal power down control signal is automatically pro-
duced in the DRAM. In response to the internal power down 
control signal, the DRAM internal termination control signal 
is produced. 

[0083] Referring to FIG. 12, the DRAM has a structure 
for implementing the operation shown in FIG. 11. The 
DRAM illustrated in the figure has a function of producing 
the internal power down control signal in the DRAM when 
the power down control signal is supplied from the memory 
controller. The internal power down control signal is sup-
plied to a termination control block 33'. The termination 
control block 33' illustrated in the figure is supplied with the 
termination control signal through the receiver 36, together 
with the output enable signal, like in FIG. 4. 

[0084] In the above-mentioned structure, when the termi-
nation control signal of a H level is supplied and when the 
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internal power down control signal and the output enable 
signal are supplied, the termination control block 33' makes 
the internal termination control signal have a L level to 
automatically put the active termination circuit 32 into an 
invalid state, i.e., an inactive state. In this case, the memory 
controller produces the termination control signal when the 
device condition is unstable upon turning on of the system 
power supply and the active termination circuit 32 must 
forcedly be invalidated or disabled to interrupt an unneces-
sary current path or when the active termination circuit 32 
must be invalidated upon testing the DRAM. The termina-
tion control block 33' illustrated in the figure can easily be 
formed by a NAND circuit for the termination control 
signal, the internal power down control signal and the output 
enable signal. Therefore, the termination control block 33' is 
not described in detail. 

[0085] Referring to FIG. 13, the DRAM has another 
structure implementing the operation illustrated in FIG. 10. 
This structure is different from the structure of FIG. 12 in 
that no termination control signal is supplied from the 
memory controller. This structure can be used in case where 
the active termination circuit 32 need not forcedly be 
invalidated. As compared with FIG. 12, no termination 
control signal terminal is required so that the device and the 
system can be simplified. 

[0086] Specifically, a termination control block 33" sup-
plies the internal termination control signal of a L level to the 
active termination circuit 32 to put the active termination 
circuit 32 in an invalid state in response to the internal power 
down control signal and the output enable signal. 

[0087] In the foregoing embodiments, the power-supply 
voltages of the DRAM and the termination circuit are 
identical with each other. However, different power-supply 
voltages may be used. In the foregoing, the DRAM's are 
identical in structure. However, use may be made of a 
combination of DRAM's different in structure. Thus, this 
invention can be modified in various other manners within 
the scope of this invention. 

[0088] As described above, in the memory system com-
prising the memory controller and the memory devices 
connected through the data bus to the memory controller, the 
memory devices are provided with the active termination 
circuits selectively operable while the memory controller is 
provided with the termination circuit. It is therefore possible 
according to this invention to transfer the data through the 
data bus at a high speed without the influence of reflection 
or the like. By the use of the power down control signal used 
in the power down mode, power consumption can consid-
erably be reduced. 

What is claimed is: 
1. A memory device which is used with said memory 

device connected to a data bus and which comprises: 

an active termination circuit for terminating said memory 
device when said active termination circuit is electri-
cally put into an active state and for unterminating said 
memory device when said active termination circuit is 
electrically put into an inactive state; and 

a control circuit for controlling said active termination 
circuit to electrically put said active termination circuit 
into said active state or said inactive state. 
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2. A memory device as claimed in claim 1, wherein said 
control circuit is responsive to a data output enable signal 
produced in said memory device and a termination control 
signal which is supplied from the outside of said memory 
device for putting said active termination circuit into said 
active state or said inactive state, said control circuit pro-
ducing an internal termination control signal from said data 
output enable signal and said termination control signal. 

3. A memory device as claimed in claim 2, wherein said 
control circuit comprises: 

a receiver supplied with said termination control signal 
and a clock signal for receiving said termination control 
signal in synchronism with said clock signal; and 

a termination control section for producing said internal 
termination control signal in response to said data 
output enable signal and said termination control signal 
received by said receiver. 

4. A memory device as claimed in claim 2, wherein said 
control circuit comprises; 

a receiver for receiving said termination control signal in 
asynchronism with a clock signal; and 

a termination control section for producing said internal 
termination control signal in response to said data 
output enable signal and said termination control signal 
received by said receiver. 

5. A memory device as claimed in claim 2, wherein said 
active termination circuit comprises a pair of transistors 
different in channel type from each other and a resistor 
circuit connected in series between said transistors, one of 
said transistors having a gate supplied with said internal 
termination control signal, a remaining one of said transis-
tors having a gate supplied with an inverted signal of said 
internal termination control signal, said active termination 
circuit being electrically put into said active state by turning 
said transistors on, said active termination circuit being 
electrically put into said inactive state by turning said 
transistors off. 

6. A memory device as claimed in claim 5, wherein said 
resistor circuit comprises two resistors connected in series 
and equal in resistance, a common connecting point of said 
two resistors being connected to said data bus. 

7. A memory device as claimed in claim 5, wherein a 
power-supply voltage of said active termination circuit is 
common to that of said memory device. 

8. A memory device as claimed in claim 1, wherein said 
control circuit is responsive to a data output enable signal, 
a termination control signal, and a power down signal, said 
output enable signal and said power down signal being 
produced in said memory device, said termination control 
signal being supplied from the outside of said memory 
device for putting said active termination circuit into said 
active state or said inactive state, said control circuit pro-
ducing an internal termination control signal from said data 
output enable signal, said power down signal, and said 
termination control signal. 

9. A memory device as claimed in claim 8, wherein said 
control circuit comprises: 

a receiver for receiving said termination control signal; 
and 

a termination control section for producing said internal 
termination control signal in response to said data 
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output enable signal, said power down signal, and said 
termination control signal received by said receiver. 

10. A memory device as claimed in claim 8, wherein said 
active termination circuit comprises a pair of transistors 
different in channel type from each other and a resistor 
circuit connected in series between said transistors, one of 
said transistors having a gate supplied with said internal 
termination control signal, a remaining one of said transis-
tors having a gate supplied with an inverted signal of said 
internal termination control signal, said active termination 
circuit being electrically put into said active state by turning 
said transistors on, said active termination circuit being 
electrically put into said inactive state by turning said 
transistors off. 

11. A memory device as claimed in claim 10, wherein said 
resistor circuit comprises two resistors connected in series 
and equal in resistance, a common connecting point of said 
two resistors being connected to said data bus. 

12. A memory device as claimed in claim 10, wherein a 
power-supply voltage of said active termination circuit is 
common to that of said memory device. 

13. A memory device as claimed in claim 1, wherein said 
control circuit comprises a termination control section for 
producing an internal termination control signal only from a 
data output enable signal and a power down signal which are 
produced in said memory device. 

14. A memory device as claimed in claim 13, wherein said 
active termination circuit comprises a pair of transistors 
different in channel type from each other and a resistor 
circuit connected in series between said transistors, one of 
said transistors having a gate supplied with said internal 
termination control signal, a remaining one of said transis-
tors having a gate supplied with an inverted signal of said 
internal termination control signal, said active termination 
circuit being electrically put into said active state by turning 
said transistors on, said active termination circuit being 
electrically put into said inactive state by turning said 
transistors off. 

15. A memory device as claimed in claim 14, wherein said 
resistor circuit comprises two resistors connected in series 
and equal in resistance, a common connecting point of said 
two resistors being connected to said data bus. 

16. A memory device as claimed in claim 14, wherein a 
power-supply voltage of said active termination circuit is 
common to that of said memory device. 

17. A memory system comprising a plurality of memory 
devices connected to a single data bus, wherein each of said 
memory devices comprises: 

a control circuit for producing an internal termination 
control signal for indicating an inactive state when data 
are delivered to said data bus and when a termination 
control signal is received from the outside of each of 
said memory devices through said data bus; and 

an active termination circuit to be kept in said inactive 
state when said internal termination control signal 
indicates said inactive state. 

18. A memory system as claimed in claim 17, wherein 
said termination control signal is simultaneously supplied to 
all of said memory devices sharing said data bus. 
19. A memory system as claimed in claim 17, wherein 

each of said memory devices is operable in synchronism 
with a clock signal and acquires said termination control 
signal in asynchronism with said clock signal. 

in asynchronism with said clock signal. 
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20. A memory system as claimed in claim 17, wherein 
said control circuit of each of said memory devices produces 
said internal termination control signal indicating said mIlac-
tive state when each of said memory devices is put in a 
power down state, said active termination circuit being put 
in said inactive state in response to said internal termination 
control signal. 

21. A memory system as claimed in claim 17, further 
comprising a memory controller connected to said data bus 
and connected to each of said memory devices through a 
control signal line, said memory controller comprising a 
termination circuit selectively put into an active state or an 
inactive state on accessing to each of said memory devices 
is accessed. 

22. A memory system comprising a plurality of memory 
devices connected to a single data bus and a memory 
controller connected through said data bus to said memory 
devices, wherein: 

said memory controller comprises a termination circuit 
selectively put into an active state or an inactive state 
on accessing to each of said memory devices and a 
control unit for delivering a termination control signal 
to each of said memory devices on accessing to each of 
said memory devices; 

each of said memory devices comprising a control circuit 
responsive to said termination control signal from said 
memory controller for producing an internal termina-
tion control signal and an active termination circuit to 
be put into an inactive state when said internal termi-
nation control signal indicates an inactive state. 

23. A memory system as claimed in claim 22, wherein 
said memory controller comprises means for producing said 
termination control signal requesting to put said active 
termination circuits of said memory devices connected to 
said data bus into said active state when a read command or 
a write command is issued to a particular one of said 
memory devices, said termination circuit of said memory 
controller being put into said active state when said read 
command is produced and put into said inactive state when 
said write command is produced to said particular memory 
device and data are written into said particular memory 
device. 
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24. A memory system as claimed in claim 23, wherein 
said memory system is operable in the manner such that, 
when said read command is received, said control circuit of 
said particular memory device receives from said memory 
controller said termination control signal indicating said 
active state and delivers said internal termination control 
signal indicating said inactive state to said active termination 
circuit of said particular memory device upon reading the 
data from said particular memory device and that, when said 
write command is received, data are written into said par-
ticular memory device while said active termination circuit 
of said particular memory device is kept in said active state. 
25. A termination control method for a memory system 

comprising a plurality of memory devices connected to a 
single data bus and a memory controller connected through 
said data bus to said memory devices, said method com-
prising the steps of: 

issuing a read command from said memory controller to 
a particular one of said memory devices; 

maintaining a termination circuit of said memory control-
1cr in an active state upon issuance of said read com-
mand; 

maintaining active termination circuits in said memory 
devices except said particular memory device in said 
active state upon issuance of said read command and 
during a data read operation from said particular 
memory device in response to said read command; and 

maintaining said active termination circuit of said par-
ticular memory device in an inactive state upon issu-
ance of said read command and during said data read 
operation from said particular memory device in 
response to said read command. 

26. A method as claimed in claim 25, wherein said 
termination control method further comprises the steps of 
issuing a write command to said particular memory device, 
maintaining said termination circuit of said memory con-
troller in said inactive state upon issuance of said write 
command and during output of write data, and maintaining 
said active termination circuits of said memory devices 
including said particular memory device in said active state 
upon issuance of said write command. 

* * * * * 
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