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(57) ABSTRACT 

A data transfer circuit includes data lines for transferring 
data, interface input/output blocks connected to the data 
lines for input or output of data through the data lines, and 
a leakage current monitor and compensate circuit connected 
to the data lines to detect and store magnitudes of leakage 
currents in the data lines before input or output of data, and 
generate and supply to the data lines compensation currents 
that compensate the leakage currents upon input or output of 
data. An example of the data line is a bit line of a memory, 
and an example of the interface input/output block is a 
memory cell. 
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DATA TRANSFER CIRCUIT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The subject application is related to subject matter 
disclosed in Japanese Patent Application No. 2000-2010 
?led on Jan. 7, 2000 in Japan to Which the subject applica 
tion claims priority under Paris Convention and Which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to a data transfer circuit, and 
more particularly, to a data transfer circuit having a con 
?guration capable of preventing erroneous behaviors before 
hand, Which are caused by a leakage current from non 
selected data transfer devices connected to data lines, Which 
is suitable for preventing erroneous behaviors due to a 
leakage current from data lines of a semiconductor storage 
device highly integrated and operative With a loW voltage. 

[0004] 2. Related Background Art 

[0005] Regarding semiconductor storage devices, tech 
nologies are under continuous progress for higher recording 
density, or higher integration, and higher operation speed. 
Along With Wider and Wider diffusion of portable informa 
tion terminals, etc., technologies for enabling operation With 
a loW source voltage, as Well, are under energetic develop 
ment. 

[0006] Under the tendency, semiconductor devices form 
ing semiconductor integrated circuits are noW being required 
to operate at high speeds With loW voltages. The most Widely 
employed technique for this purpose is to loWer threshold 
voltages (Vth) of semiconductor devices. That is, by not 
only loWering source voltages but also loWering threshold 
voltages of semiconductor devices, Which are activation 
voltages thereof, speed-up of operation is being attempted. 

[0007] This tendency of loWering the threshold voltage, 
hoWever, has resulted in increasing a current that flows 
during off-period of a semiconductor device, that is, off 
leakage current. During off period of a semiconductor 
device, the semiconductor device is supplied With a voltage 
of a level that should maintain inoperative. HoWever, as a 
result of a decrease of the threshold voltage of the semicon 
ductor device, even When the current across the device is 
desired to be Zero, a certain level of leakage current (off 
leakage current) undesirably ?oWs. This off-leakage current 
Will cause an increase of erroneous behaviors of the semi 
conductor integrated circuit and the poWer consumption 
during off period of the circuit, With a high possibility. 

[0008] FIG. 1 is a block diagram of a conventional 
semiconductor storage device. Referring to FIG. 1, 
eXamples of erroneous behaviors of a semiconductor inte 
grated circuit caused by an off-leakage current Will be 
explained beloW. 

[0009] This semiconductor storage device is RAM, 
including memory cells (RAM cells) CL of n+1 roWs and 
m+1 columns. A horiZontally continuous series is called one 
roW, and each Word line WL is provided for each roW to 
select the roW by applying a signal thereto. A vertically 
continuous series is called a column, and each data line DL 
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is provided for each column to read/Write data. That is, With 
a signal applied to a Word line WL, RAM cells in a 
corresponding roW are selected for reading/Writing, and data 
read out from RAM cells of the roW, or data to be Written in 
RAM cells of the roW, is transmitted as a signal through a 
data line DL. Input and output of the data read from the 
RAM cell, or the data to be Written in the RAM cell, are 
controlled by a Write/read circuit WRC to Which data lines 
DL are connected, respectively. 

[0010] Upon reading/Writing data, memory cells in a Word 
line supplied With a non-select signal is eXpected to be 
inoperative completely, and they are absolutely discon 
nected from the data line such that no data signal is trans 
mitted to the data line. 

[0011] HoWever, With the movement to loWer source volt 
ages and loWer threshold voltages of semiconductor devices, 
there is the possibility that an off-leakage current flows in a 
semiconductor device connecting a data storage portion and 
a data line in each memory cell even during its off period. 
That is, since the threshold voltage of the semiconductor 
device is loW, a current, although small, undesirably ?oWs 
even by application of a non-selection signal. As a result, 
non-selected memory cells are also transmit data signals to 
the data line by off-leakage currents, and disturb transfer of 
a data signal from the selected memory cell to the data line. 

[0012] Normally, non-selected memory cells are much 
more than selected memory cells, and if off-leakage currents 
How in a number of non-selected memory cells simulta 
neously, erroneous behaviors of the semiconductor device 
occur. 

[0013] This problem Will be explained With reference to 
FIG. 1. 

[0014] For eXample, When a selection signal is applied to 
the Word line WLO for the No. 0 roW, the eXpected behavior 
is that data of the RAM cell CL00 in the No. 0 roW and No. 
0 column is transmitted to the data line DLO of the No. 0 
column. Assume here that the data stored in the RAM cell 
CL00 in the No. 0 roW and No. 0 column is HoWever, if all 
or almost all of data stored in non-selected memory cells in 
other roWs connected to the data line DLO for the No. 0 
column, off-leakage currents result in undesirably flowing to 
a number of non-selected RAM cells from the data line DLO. 
These off-leakage currents are going to transmit data “0” to 
the data line DLO, and disturb transmission of the intended 
data “1” from the selected RAM cell CL00 in the No. 0 roW 
and No. 0 column. 

[0015] Then, When these off-leakage currents of the non 
selected RAM cells gather and reach a magnitude equivalent 
to or larger than the current by the behavior of the selected 
RAM cell, there occurs the error that data “0” is undesirably 
transmitted to data line DLO. 

[0016] FIG. 2 is a graph that shoWs a relation betWeen 
threshold voltage Vth of memory cells, and the cell current 
and off-leakage current. Assume here that the semiconductor 
storage device includes bit lines (Word lines) for 128 roWs. 

[0017] In this eXample, When the threshold voltage Vth is 
0.4 V or higher, there is the difference of at least 102 times 
betWeen the magnitude of the cell current of one roW and the 
off-leakage current of bit lines of 128 roWs, and erroneous 
operation Will not occur. 
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[0018] However, as the threshold voltage Vth decreases to 
0.3V and to 0.2V, the magnitude of the cell current of one 
roW and the off-leakage current of bit lines of 128 roWs get 
closer, and When the threshold voltage Vth is around 0.2V, 
both currents are very close, depending upon process varia 
tions of memory cells. If the movement toWard loWer 
threshold voltage progresses, the magnitude of the cell 
current of one roW and the magnitude of the off-leakage 
current of bit lines of 128 roWs Will become approximately 
equal, or the magnitude of the off-leakage current of bit lines 
of 128 roWs may become larger. 

[0019] Although the graph of FIG. 2 is of a semiconductor 
storage device by a 0.18 pm process, it is possible that, in a 
semiconductor storage device With 256 roWs and 256 col 
umns of a 0.07 pm process generation, the threshold voltage 
vth decreases to 0.23 V and the leakage current reaches three 
times the cell current. 

[0020] In such cases, data transmission by a cell current of 
a selected memory cell Will be disturbed by the off-leakage 
current, erroneous data Will be transmitted from non-se 
lected memory cells, and the semiconductor storage device 
Will operate erroneously. 

SUMMARY OF THE INVENTION 

[0021] It is therefore an object of the invention to provide 
a data transfer circuit having a con?guration capable of 
preventing erroneous behaviors beforehand, Which are 
caused by a leakage current of an interface input/output 
block such as non-selected data transfer devices connected 
to data lines. 

[0022] According to the invention, there is provided a data 
transfer circuit comprising data lines for transferring data, 
interface input/output blocks connected to the data lines to 
input or output data through the data lines, and a leakage 
current monitor/compensate circuit connected to the data 
lines to monitor and store the magnitude of a leakage current 
in the data lines before input or output of the data and to 
generate and supply to the data lines a compensation current 
for compensating the leakage current upon input or output of 
the data. This con?guration prevents, beforehand, erroneous 
behaviors caused by the leakage current of the interface 
input/output blocks connected to the data lines. 

[0023] In a more speci?c con?guration according to the 
invention, the data transfer circuit comprises data lines for 
transferring data, interface input/output blocks connected to 
the data lines to input or output data through the data lines, 
a leakage current monitor circuit connected to the data lines 
to monitor the potential of the data lines generated in 
response to the magnitude of a leakage current in the data 
lines before input or output of data, and a capacitor for 
storing an electric charge responsive to the detected poten 
tial of the data lines and generating a potential equivalent to 
the potential of the data lines, and a leakage current com 
pensate circuit for generating and supplying to the data lines 
a compensation current for compensating the leakage cur 
rent on the basis of the potential generated by the capacitor 
upon input or output of the data. 

[0024] These con?gurations according to the invention, 
When employed in a semiconductor storage device having 
memory cells as interface input/output blocks, can prevent, 
beforehand, erroneous behaviors caused by an off-leakage 
current of the memory cells connected to the data lines. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a block diagram of a conventional 
semiconductor storage device; 

[0026] FIG. 2 is a graph that shoWs a relation of threshold 
voltages Vth of memory cells, and cell current and off 
leakage currents; 

[0027] FIGS. 3A and 3B are block diagrams that shoW a 
con?guration of a data transfer circuit according to the ?rst 
embodiment of the invention; 

[0028] FIG. 4 is a block diagram that shoWs a con?gu 
ration of a data transfer circuit according to the second 
embodiment of the invention; 

[0029] FIG. 5 is a block diagram that shoWs a con?gu 
ration of a data transfer circuit according to the third 
embodiment of the invention; 

[0030] FIG. 6 is a block diagram that shoWs a con?gu 
ration of a data transfer circuit according to the fourth 
embodiment of the invention; 

[0031] FIG. 7 is a block diagram that shoWs a con?gu 
ration of a data transfer circuit according to the ?fth embodi 
ment of the invention; 

[0032] FIG. 8 is a block diagram that shoWs a con?gu 
ration of a data transfer circuit according to the siXth 
embodiment of the invention; 

[0033] FIG. 9 is a timing chart that shoWs Waveforms of 
control signals in the data transfer circuit according to the 
siXth embodiment of the invention; 

[0034] FIG. 10 is a timing chart that shoWs Waveforms of 
control signals in a data transfer circuit according to the 
seventh embodiment of the invention; 

[0035] FIG. 11 is a block diagram that shoWs a con?gu 
ration of a data transfer circuit according to the eighth 
embodiment of the invention; 

[0036] FIG. 12 is a block diagram that shoWs a con?gu 
ration of a data transfer circuit according to the ninth 
embodiment of the invention; and 

[0037] FIG. 13 is a block diagram that shoWs a con?gu 
ration of a data transfer circuit according to the tenth 
embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] A data transfer circuit according to the invention 
includes a leakage current monitor circuit for monitoring the 
magnitude of a leakage current in data lines by non-selected 
data transmission devices connected to data lines, a com 
pensate circuit for compensating the leakage current by 
supplying a compensation current responsive to the detected 
magnitude of the leakage current upon data transfer opera 
tion through the data lines. This con?guration prevents, 
beforehand, erroneous behaviors caused by the leakage 
current of non-selected data transfer devices connected to 
the data lines. 

[0039] For eXample, in a semiconductor storage device, in 
case an off-leakage current of a non-selected memory cell 
?oWs in a data line, the magnitude of the off-leakage current 
is previously monitored and stored. Then, upon reading data 
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from a selected memory cell, or upon Writing data into a 
selected memory cell, a compensation current that compen 
sates the detected and stored off-leakage current is generated 
and supplied to the data line. As a result, erroneous operation 
of the semiconductor storage device caused by the off 
leakage current of the non-selected memory cell connected 
to the data line can be prevented beforehand. 

[0040] Explained beloW are embodiments of the data 
transfer circuit according to the invention With reference to 
the draWings. 

[0041] FIGS. 3A and 3B are block diagrams that shoW a 
con?guration of a data transfer circuit according to the ?rst 
embodiment of the invention. 

[0042] The data transfer circuit according to the ?rst 
embodiment has the most basic con?guration for application 
of the data transfer circuit according to the invention to the 
semiconductor storage device. A leakage current monitor 
circuit and a leakage current compensate circuit are shoWn 
in a single block as the leakage current monitor and com 
pensate circuit LCMCC. For simplicity of explanation and 
illustration, here is shoWn only the part of the No. 0 column. 

[0043] The data transfer circuit according to the ?rst 
embodiment includes Word lines WLO, WLl, . . . , WLn 

provided in the No. 0 roW to the No. n roW; RAM cells CLO, 
CLl, . . . , CLn that are memory cells provided in the No. 

0 roW through the No. n roW and connected to the Word lines 
of the respective roWs; a data line DLO provided in the No. 
0 column connected to all RAM cells in the No. 0 column; 
and the leakage current monitor and compensate circuit 
LCMCC connected to the data line DLO to monitor and store 
the magnitude of a leakage current in the data line DLO, 
generate and supply to the data line DLO a compensation 
current that compensate the detected and stored leakage 
current upon subsequent input or output of data through the 
data line DLO. 

[0044] After storage of data in respective RAM cells, the 
leakage current detect and compensate circuit LCMCC 
monitors and stores the magnitude of the leakage current in 
the data line DLO before subsequent input or output through 
the data line DLO. The magnitude of the leakage current in 
the data line DLO depends upon the data stored in respective 
RAM cells connected to the data line DLO. 

[0045] For example, in the example of FIG. 3A, assume 
that data “1” is stored only in the RAM cell CLO in the No. 
0 roW and the RAM cell CLn in the No. n roW, and the other 
cells store data “0”. In the example of FIG. 3B, assume that 
the RAM cell CLO in the No. 0 roW, RAM cell CLn in the 
No. n roW and some other RAM cells store data “1”, and the 
remainder RAM cells store data “0”. In this situation, as 
apparent from comparison betWeen FIG. 3A and FIG. 3B, 
one With a larger number of RAM cells storing data “0” 
produces a larger total leakage current. 

[0046] Due to the dependency of the leakage current upon 
data, detection and storage of the leakage current has to be 
carried out betWeen storage of data to respective RAM cells 
and subsequent data input or output through the data line 
DLO. 

[0047] Further, after storage of data in respective RAM 
cells, magnitude of the leakage current in the data line DLO 
depends upon the potential of the data line. Therefore, it is 
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recommended to detect magnitude of the leakage current in 
the data line DLO as a function of the potential of the data 
line, so as to make a correction based on the function of the 
potential of the data line upon subsequent data input or 
output through the data line DLO, and generate and supply 
to the data line a compensation current that compensates the 
detected and stored off-leakage current. 

[0048] FIG. 4 is a block diagram that shoWs a con?gu 
ration of a data transfer circuit according to the second 
embodiment of the invention. The data transfer circuit 
according to the second embodiment has a more speci?c 
version of the data transfer circuit according to the ?rst 
embodiment. That is, the con?guration of FIG. 4 divides the 
leakage current monitor and compensate circuit LCMCC 
shoWn in FIGS. 3A and 3B into a leakage current monitor 
circuit LCMC and a leakage current compensate circuit 
LCCC, and connects them With an N-channel MOS transis 
tor N, Which is a transfer gate. Further, the con?guration of 
FIG. 4 includes a capacitor connected betWeen connection 
node of the N-channel MOS transistor N and the leakage 
current compensate circuit LCCC, and the ground connec 
tion node GND to store the magnitude of the leakage current 
as a function of the potential of the data line by storage of 
an electric charge derived from the detected leakage current 
and to have the leakage current compensate circuit LCCC 
generate a compensation current for compensating the leak 
age current on the basis of the potential produced by storage 
of the electric charge. Similarly to FIGS. 3A and 3B, FIG. 
4. also shoWs the con?guration of the No. 0 column alone for 
simplicity of explanation and illustration. 

[0049] For control of the leakage current monitor circuit 
LCMC, leakage current compensate circuit LCCC and N 
channel MOS transistor N, a precharge signal pre for con 
trolling the precharge of the data line DLO is used. In this 
example, the precharge circuit controlled by the precharge 
signal pre is loW-active. That is, the precharge circuit is 
activated for precharge operation When the input control 
signal is L (loW) level. Although FIG. 4 does not shoW, the 
leakage current monitor circuit LCMC can be con?gured to 
function as the precharge circuit as Well as explained later 
With reference to another embodiment. 

[0050] The precharge circuit is supplied With a reverse 
precharge signal /pre (the symbol “/” pre?xed to a signal 
label herein means a logical reversal) such that precharge 
operation takes place When the precharge signal becomes a 
H (high) level, and therefore, the reverse precharge signal 
/pre is input also to the leakage current monitor circuit 
LCMC. On the other hand, the precharge signal pre is input 
to the leakage current compensate circuit LCCC and the 
N-channel MOS transistor N. 

[0051] In summary, the data transfer circuit according to 
the second embodiment of the invention includes: the Word 
lines WLO, WLl, . . . , WLn provided in the No. 0 roW to 

the No. n roW; the RAM cells CLO, CLl, . . . , CLn that are 

memory cells provided in the No. 0 roW through the No. n 
roW and connected to the Word lines of the respective roWs; 
the data line DLO provided in the No. 0 column and 
connected to all RAM cells in the No. 0 column; the leakage 
current monitor circuit LCMC connected to the data line 
DLO and detecting the magnitude of the leakage current in 
the data line DLO in receipt of the reverse precharge signal 
during data line precharge operation; an N-channel MOS 
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transistor N that is a transfer gate having one end connected 
to the leakage current monitor circuit LCMC to transfer the 
detected leakage current in receipt of the precharge signal 
during data line precharge operation; the capacitor C pro 
vided betWeen the connection node of the other end of the 
N-channel MOS transistor N and the leakage current com 
pensate circuit LCCC, and the ground connection node 
GND to store the magnitude of the leakage current by 
storage of an electric charge by the detected leakage current 
and generate a potential corresponding to the magnitude of 
the detected leakage current to a high-potential electrode; 
and the leakage current compensate circuit LCCC connected 
to the data line DLO and, in receipt of the precharge signal, 
generate a compensation current corresponding to the poten 
tial of the high-potential electrode of the capacitor C during 
data transfer operation through the data line DLO and 
supplies it to the data line DLO. 

[0052] Next explained are behaviors of the data transfer 
circuit according to the second embodiment. When the 
precharge signal pre becomes the H level, i.e., When the 
reverse precharge signal /pre becomes the L level, simulta 
neously With the start of the precharge operation, the leakage 
current monitor circuit LCMC starts its leakage current 
monitor operation. Eventually, upon completion of the pre 
charge operation, the leakage current monitor operation is 
also completed. 

[0053] During the leakage current monitor operation, the 
precharge signal pre remains the H level. Therefore, the 
N-channel MOS transistor N remains ON. Thus the capaci 
tor C is charged With an electric charge by the detected 
leakage current. Since the precharge signal pre changes from 
the H level to the L level upon completion of the precharge 
operation, at that moment, the N-channel MOS transistor N 
is turned OFF, charging of the capacitor C by the detected 
leakage current ?nishes, the amount of the electric charge 
accumulated in the capacitor C is determined, and the 
detected leakage current is stored. Since the magnitude of 
the leakage current is stored by charging the capacitor C 
With the detected leakage current from the data line DLO, 
magnitude of the leakage current is necessarily corrected in 
response to the potential of the data line DLO. 

[0054] Upon sWitching of the precharge signal pre from 
the H level to the L level, completion of the precharge 
operation and storage of the detected leakage current in the 
capacitor C, simultaneously thereWith, data read from the 
RAM cell or data Write in the RAM cell, i.e. data transfer 
operation through the data line DLO, is started, and simul 
taneously thereWith, leakage current compensate operation 
by the leakage current compensate circuit LCCC is also 
started. Magnitude of the compensation current is deter 
mined by the potential of the high-potential electrode of the 
capacitor C. The compensation current generated in 
response to the detected leakage current and the potential of 
the data line DLO has the same polarity as the leakage 
current and the oppositely equal magnitude, it compensates 
the leakage current, and prevents, beforehand, erroneous 
behaviors caused by the off-leakage current of non-selected 
RAM cells during data transfer operation. 

[0055] The transfer gate is not limited to the N-channel 
MOS transistor N, but any desirable sWitching element such 
as P-channel MOS transistor, bipolar transistor, or the like, 
may be used. 
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[0056] FIG. 5 is a block diagram that shoWs a con?gu 
ration of a data transfer circuit according to the third 
embodiment of the invention. The data transfer circuit 
according to the third embodiment has a more speci?c 
version of the data transfer circuit according to the second 
embodiment. Similarly to FIGS. 3A, 3B and FIG. 4, FIG. 
5 also shoWs the con?guration of the No. 0 column alone for 
simplicity of explanation and illustration. 

[0057] The data transfer circuit according to the third 
embodiment of the invention includes: the Word lines WLO, 
WL1, . . . , WLn provided in the No. 0 roW to the No. n roW; 

the RAM cells CLO, CL1, . . . , CLn that are memory cells 

provided in the No. 0 roW through the No. n roW and 
connected to the Word lines of the respective roWs; the data 
line DLO provided in the No. 0 column and connected to all 
RAM cells in the No. 0 column; and a ?rst P-channel MOS 
transistor P1 With its source connected to a source potential 
node and its gate supplied With a reverse precharge signal; 
a second P-channel transistor P2 connected betWeen the 
drain of the ?rst P-channel MOS transistor P1 and the data 
line DLO; a third P-channel MOS transistor P3 With its 
source connected to a source potential node and its gate 
supplied With a precharge signal; a fourth P-channel MOS 
transistor P4 connected betWeen the drain of the third 
P-channel MOS transistor and the data line DLO; a ?rst 
N-channel MOS transistor N1 connected betWeen the gate 
and the drain of the second P-channel MOS transistor P2 and 
the gate of the fourth P-channel MOS transistor P4 and 
having the gate supplied With the precharge signal; and a 
capacitor transistor made up of a second N-channel MOS 
transistor With its gate connected to the gate of the fourth 
P-channel MOS transistor P4 and its source and drain 
connected to the ground potential node. 

[0058] It may be regarded that the ?rst and second P-chan 
nel MOS transistors P1, P2 and the ?rst and second N-chan 
nel MOS transistor N1, N2 correspond to the leakage current 
monitor circuit LCMC Whereas the third and fourth P-chan 
nel MOS transistor P3, P4 correspond to the leakage current 
compensate circuit LCCC. Alternatively, it may be regarded 
that the ?rst and second P-channel MOS transistors P1, P2 
correspond to the leakage current monitor circuit LCMC, the 
third and fourth P-channel MOS transistors P3, P4 corre 
spond to the leakage current compensate circuit LCCC, the 
?rst N-channel MOS transistor N1 corresponds to the trans 
fer gate connecting the leakage current monitor circuit 
LCMC and the leakage current compensate circuit LCCC, 
and the second N-channel MOS transistor N2 corresponds to 
a capacitor for storing an electric charge by the detected 
leakage current. 

[0059] Next explained are behaviors of the data transfer 
circuit according to the third embodiment. During precharge 
period of the data line DLO, the precharge signal pre 
becomes the H level, and the reverse precharge signal /pre 
becomes the L level. Therefore, the ?rst P-channel MOS 
transistor P1 is ON, the third P-channel MOS transistor P3 
is OFF, and the ?rst N-channel MOS transistor N1 is ON. 
Further, at the start of the precharge operation, since the 
potential of the data line DLO is the L level, the second 
P-channel MOS transistor P2 is ON. Since the ?rst and 
second P-channel MOS transistor P1, P2 are ON, the data 
line DLO is precharged, and its potential gradually increases. 
When VDD is the source potential and Vthp is the threshold 
voltage of the P-channel MOS transistor, the potential of the 
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data line DLO increases only to VDD-Vthp in maximum. 
However, if an off-leakage current of RAM cells ?oWs in the 
data line DLO, the potential of the data line DLO becomes 
loWer than VDD-Vthp. 

[0060] The potential of the data line DLO is transmitted to 
the gate of the second N-channel MOS transistor N2 through 
the ?rst N-channel MOS transistor N1, and an electric 
charge corresponding to the potential of the data line DLO is 
accumulated in the capacitor transistor made up of the 
second N-channel MOS transistor N2. 

[0061] As the precharge of the data line DLO progresses 
and the potential of the data line DLO sufficiently rises, since 
the potential of the data line DLO is input to the gate of the 
second P-channel MOS transistor P2, the second P-channel 
MOS transistor P2 turns OFF. 

[0062] After that, When data read from a RAM cell in the 
No. 0column, or data Write to the RAM cell in the No. 0 
column, i.e. the period of data input/output operation 
through the data line DLO, is started, the precharge signal pre 
becomes the L level, the reverse precharge signal /pre 
becomes the H level, and the precharge operation ?nishes. 
Therefore, the ?rst P-channel MOS transistor P1 turns OFF, 
the third P-channel MOS transistor P3 turns ON, and the ?rst 
N-channel MOS transistor N1 turns OFF. 

[0063] At that time, the gate potential of the second 
N-channel MOS transistor N2 is input to the gate of the 
fourth P-channel MOS transistor P4. That is, since the 
potential generated on the basis of the electric charge 
accumulated in the capacitor transistor made up of the 
second N-channel MOS transistor N2 by the leakage current 
of the data line DLO is input to the gate of the fourth 
P-channel MOS transistor P4, the fourth P-channel MOS 
transistor P4 turns ON to pass the compensation current of 
a magnitude corresponding to the leakage current of the data 
line DLO, and the compensation current ?oWs into the data 
line DLO. As a result, the off-leakage current in the data line 
DLO is compensated by the compensation current, and 
erroneous behaviors of the semiconductor storage device 
caused by the off-leakage current can be prevented before 
hand. 

[0064] Strictly, it is desirable that the potential of the data 
line DLO, i.e. the drain potential of the fourth P-channel 
MOS transistor P4, is sufficiently loW, and operation of the 
fourth P-channel MOS transistor P4 is conducted in the 
saturation region. In this embodiment, since a voltage drop 
occurs in the second P-channel MOS transistor P2, the 
potential of the data line DLO is sufficiently loW. 

[0065] The ?rst and third P-channel MOS transistors P1, 
P3 may be replaced by N-channel MOS transistors. The 
transfer gate made up of the ?rst N-channel MOS transistor 
N1 need not be an N-channel MOS transistor, but any 
desired sWitching element such as P-channel MOS transis 
tor, for example, may be used. The capacitor made up of the 
second N-channel MOS transistor N2 need not be an 
N-channel MOS transistor, but any desirable capacitor may 
be used. Additionally, each MOS transistor may be replaced 
by a bipolar transistor. 

[0066] FIG. 6 is a block diagram that shoWs a con?gu 
ration of a data transfer circuit according to the fourth 
embodiment of the invention. Similarly to FIG. 3A through 
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FIG. 5, FIG. 6 also shoWs the con?guration of the No. 0 
column alone for simplicity of explanation and illustration. 

[0067] The data transfer circuit according to the fourth 
embodiment of the invention is an example in Which each 
RAM cell forming a semiconductor storage device has a 
differential type double-end con?guration, such as SRAM, 
for example. 

[0068] Therefore, in comparison With the data transfer 
circuit according to the third embodiment, although they are 
equal in that the data line DLO of the No. 0 column is 
connected to one-side ends of RAM cells in the No. 0 
column, the fourth embodiment is different from the third 
embodiment in further including a complementary data line 
DLOb of the No. 0 column, Which is connected to the 
other-side ends of the RAM cells in the No. 0 column, and 
an additional MOS transistor circuit forming the leakage 
current monitor circuit LCMC and the leakage current 
compensate circuit LCCC also for the complementary data 
line DLOb in the No. 0 column. More speci?cally, it 
includes, also for the complementary data line DLOb, a ?fth, 
a sixth, a seventh and an eighth P-channel MOS transistors 
P5, P6, P7 and P8 and a third and a fourth N-channel MOS 
transistors N3 and N4 corresponding to the ?rst, second, 
third and fourth P-channel MOS transistors P1, P2, P3 and 
P4 and the ?rst and second N-channel MOS transistors N1 
and N2 provided on the part of the data line DLO. Connec 
tion of MOS transistors and input portions of the precharge 
signal pre and the reverse precharge signal /pre on the part 
of the complementary data line DLOb are identical to those 
on the part of the data line DLO. Operations of the leakage 
current monitor circuit LCMC and the leakage current 
compensate circuit LCCC on the part of the complementary 
data line DLOb are also identical to those on the part of the 
data line DLO. 

[0069] The ?rst, third, ?fth and seventh P-channel MOS 
transistors P1, P3, P5 and P7 may be replaced by N-channel 
MOS transistors. The transfer gate made up of the ?rst and 
third N-channel MOS transistors N1 and N3 need not be 
N-channel MOS transistors, but any desirable sWitching 
element such as P-channel MOS transistors, for example, 
can be used. The capacitors made up of second and fourth 
N-channel MOS transistors N2, N4 need not be those made 
of N-channel MOS transistors, but any desired capacitors 
may be used. Further, each MOS transistor may be replaced 
With a bipolar transistor. 

[0070] FIG. 7 is a block diagram that shoWs a con?gu 
ration of a data transfer circuit according to the ?fth embodi 
ment of the invention. Similarly to FIG. 3A through FIG. 6, 
FIG. 7 also shoWs the con?guration of the No. 0 column 
alone for simplicity of explanation and illustration. 

[0071] Similarly to the data transfer circuit according to 
the fourth embodiment, the data transfer circuit according to 
the ?fth embodiment is an alternative of the con?guration in 
Which each RAM cell forming a semiconductor storage 
device has a differential type double-end structure, such as 
SRAM, for example. 

[0072] In comparison With the data transfer circuit accord 
ing to the fourth embodiment, the data transfer circuit 
according to the ?fth embodiment is different in including 
additional components. That is, the data transfer circuit 
according to the ?fth embodiment includes: a ninth P-chan 
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nel MOS transistor P9 connected between the data line DLO 
and the complementary data line DLOb and supplied at is 
gate With a reverse equalize signal /eq to equalize the 
potential of the data line DLO and the potential of the 
complementary data line DLOb; a tenth P-channel MOS 
transistor P10 forming a pair With the ?rst N-channel MOS 
transistor N1 to form a transfer gate and supplied at its gate 
With a reverse precharge signal /pre; and an eleventh P-chan 
nel MOS transistor P11 forming a pair With the third 
N-channel MOS transistor N3 to form a transfer gate and 
supplied at its gate With a reverse precharge signal /pre. 
operations of the leakage current monitor circuits LCMC 
and the leakage current compensate circuits LCCC on the 
part of the data line DLO and on the part of the comple 
mentary data line DLOb are identical to those of the data 
transfer circuit according to the fourth embodiment. HoW 
ever, With the additional tenth and eleventh P-channel MOS 
transistors P10 and P11, even When potentials of the data 
line DLO and the complementary data line DLOb are rela 
tively high, these potentials can be readily transmitted to the 
capacitor transistors N2 and N4 Without a potential loss. 

[0073] Additionally, since the ninth P-channel MOS tran 
sistor P9 is added, in the data transfer circuit according to the 
?fth embodiment, potential of the data line DLO and poten 
tial of the complementary data line DLOb are equalized. 

[0074] HoWever, in the data transfer circuit according to 
the ?fth embodiment shoWn in FIG. 7, since the leakage 
current monitor circuits LCMC of both the data line DLO 
and the complementary data line DLOb are con?gured to be 
controlled by the precharge signal pre and the reverse 
precharge signal /pre, detection of the leakage current of the 
data line DLO and the complementary data line DLOb is 
performed during precharge operation. 

[0075] The ?rst, third, ?fth, seventh and ninth P-channel 
MOS transistors P1, P3, P5, P7 and P9 may be replaced by 
N-channel MOS transistors. The transfer gate made up of the 
?rst N-channel MOS transistor N1 and the tenth P-channel 
MOS transistor P10, and the transfer gate made up of the 
third N-channel MOS transistor N3 and the eleventh P-chan 
nel MOS transistor P11 are not limited to these con?gura 
tions, but any desired sWitching elements may be used. The 
capacitor made up of the second and fourth N-channel MOS 
transistors N2 and N4 need not be made of N-channel MOS 
transistors, and any capacitor may be used. Further, each 
MOS transistor may be replaced With a bipolar transistor. 

[0076] FIG. 8 is a block diagram that shoWs a con?gu 
ration of a data transfer circuit according to the siXth 
embodiment of the invention. Similarly to FIG. 3A through 
FIG. 7, FIG. 8 also shoWs the con?guration of the No. 0 
column alone for simplicity of explanation and illustration. 

[0077] Similarly to the data transfer circuit according to 
the fourth and ?fth embodiment, the data transfer circuit 
according to the siXth embodiment is an alternative of the 
con?guration in Which each RAM cell forming a semicon 
ductor storage device has a differential type double-end 
structure, such as SRAM, for eXample. 

[0078] The circuit arrangement of the data transfer circuit 
according to the siXth embodiment is identical to the circuit 
arrangement of the data transfer circuit according to the ?fth 
embodiment. HoWever, the data transfer circuit according to 
the siXth embodiment is different in part of control signals 
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used for controlling operations, as compared With the data 
transfer circuit according to the ?fth embodiment. 

[0079] That is, gates of the third and seventh P-channel 
MOS transistor P3 and P7 are supplied With reverse com 
pensation control signals /comp instead of the precharge 
signals pre. Further, gates of the ?rst and third N-channel 
MOS transistors N1 and N3, Which are counterparts of 
transfer gates of the data line DLO and the complementary 
data line DLOb, are supplied With detection control signals 
cal instead of the precharge signals pre. Furthermore, gates 
of the tenth and eleventh P-channel MOS transistors P10 and 
P11, Which are counterparts of transfer gates of the data line 
DLO and the complementary data line DLOb, are supplied 
With reverse detection control signals /cal instead of the 
reverse precharge signal /pre. 

[0080] FIG. 9 is a timing chart that shoWs Waveforms of 
control signals in the data transfer circuit according to the 
siXth embodiment of the invention. 

[0081] With reference to FIGS. 8 and 9, behaviors of the 
data transfer circuit according to the siXth embodiment of 
the invention Will be eXplained. 

[0082] When the reverse precharge signal /pre and the 
potential of the Word line WL fall to the L level, the ?rst and 
?fth P-channel MOS transistors P1 and P5 turn ON, and the 
RAM cells are turned OFF. At that time, since the data line 
DLO and the complementary data line DLOb are in the L 
level, the second and siXth P-channel MOS transistors are 
also ON. Therefore, precharge operations of the data line 
DLO and the complementary data line DLOb are started, and 
they are continued for periods TA, TB and TC as shoWn in 
FIG. 9. 

[0083] On the other hand, in the period TA, the reverse 
equaliZe signal /eq falls to the L level. Therefore, the ninth 
P-channel MOS transistor P9 turns ON, and equaliZe opera 
tion is carried out. 

[0084] Further, in the period TA, since the reverse com 
pensation control signal /comp is in the L level, the third and 
seventh P-channel MOS transistors P3 and P7 are ON. 
Further, since the reverse detection control signal /cal are 
also in the L level, all of the ?rst and third N-channel MOS 
transistors N1 and N3 and the tenth and eleventh P-channel 
MOS transistors P10 and P11 forming the transfer gates of 
the data line DLO and the complementary data line DLOb are 
turned ON. Therefore, gate potentials of the fourth and 
eighth P-channel MOS transistors P4 and P8 become the L 
level, and the fourth and eighth P-channel MOS transistors 
P4 and P8 also turn ON. 

[0085] As a result, in the period TA, the data line DLO is 
precharged trough the ?rst, second P-channel MOS transis 
tors P1, P2 and the third and fourth MOS transistors P3, P4. 
Additionally, the complementary data line DLOb is pre 
charged through the ?fth and siXth P-channel MOS transis 
tors P5, P6 and the seventh and eighth P-channel MOS 
transistors P7, P8. 

[0086] Therefore, in the period TA, the data transfer circuit 
according to the siXth embodiment carries out precharge 
operation and equaliZe operation of the data line DLO and 
the complementary data line DLOb With the current double 
that of the data transfer circuit according to the ?fth embodi 
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ment of the invention. As a result of doubling the current, 
precharge operation and equalize operation can be improved 
in speed and reliability. 

[0087] Additionally, since the transfer gates of the data 
line DLO and the complementary data line DLOb are ON, 
respectively, leakage current detection operations of the data 
line DLO and complementary data line DLOb are also started 
from the period TA. 

[0088] In the neXt period TB, the reverse equaliZe signal 
/eq and the reverse compensation control signal /comp rise 
to the H level, and the ninth P-channel MOS transistor P9 
and the third and seventh P-channel MOS transistors P3 and 
P7 turn OFF. Therefore, in the period TB, equaliZe operation 
does not take place, and the data line DLO and the comple 
mentary data line DLOb are electrically separated. HoWever, 
since the ?rst and ?fth P-channel MOS transistors P1 and P5 
remain ON, precharge operation is continued. Further, since 
the transfer gates of the data line DLO and the complemen 
tary data line DLO also remain ON, leakage current monitor 
operations of the data line DLO and the complementary data 
line DLO are also continued. 

[0089] As the precharge of the data lien DLO and the 
complementary data line DLOb progresses, potentials of the 
data line DLO and the complementary data line DLOb 
gradually increase. The potential of the data line DLO is 
stored in the capacitor made up of the second N-channel 
MOS transistor N2 via the transfer gate made up of the ?rst 
N-channel MOS transistor N1 and the tenth P-channel MOS 
transistor P10. Similarly, the potential of the complementary 
data line DLOb is stored in the capacitor made up of the 
N-channel MOS transistor N4 via the transfer gate made up 
of the third N-channel MOS transistor N3 and the eleventh 
P-channel MOS transistor P1. Since the data line DLO and 
the complementary data line DLOb are electrically separated 
in the period TB, the leakage current detecting capacitors of 
the data line DLO and the complementary data line DLOb 
store potentials re?ecting respective leakage currents of the 
data line DLO and the complementary data line DLOb. 

[0090] In the neXt period TC, the reverse detection control 
signal /cal rises, transfer gates of the data line DLO and the 
complementary data line DLOb turn OFF, respectively, and 
the leakage current detecting operations of the data line DLO 
and the complementary data line DLOb terminate. 

[0091] Additionally, the reverse equaliZe signal /eq and 
the reverse compensation control signal /comp fall to the L 
level, the ninth P-channel MOS transistor P9 and the third 
and seventh P-channel MOS transistors P3 and P7 turn ON, 
and the leakage current compensation operation is started. 
At that time, although the second and siXth P-channel MOS 
transistors P2 and P6 become semi-conductive in response 
to potentials of the data line DLO and the complementary 
data line DLOb, they turn OFF When the potentials of the 
data line DLO and the complementary data line DLOb rise 
sufficiently. On the other hand, the fourth and eighth P-chan 
nel MOS transistors P4 and P8 become semi-conductive in 
response to the potentials stored in the capacitors made up 
of the second and fourth N-channel MOS transistors N2 and 
N4. 

[0092] That is, since the gates of the fourth and eighth 
P-channel MOS transistors P4 and P8 are supplied With 
potentials based on electric charges accumulated in the 
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capacitor transistors N2 and N4 by leakage current of the 
data line DLO and the complementary data line DLOb, 
respectively, the fourth and eight P-channel MOS transistors 
P4 and P8 turn ON to pass compensation currents of 
magnitudes corresponding to the leakage currents of the data 
line DLO and the complementary data line DLOb, respec 
tively, and the compensation currents ?oW into the data line 
DLO and the complementary data line DLOb, respectively. 
As a result, the off-leakage currents of the data line DLO and 
the complementary data line DLOb are compensated by the 
compensation currents, and erroneous behaviors of the semi 
conductor storage device caused by the off-leakage currents 
can be prevented beforehand. 

[0093] Moreover, since the data transfer circuit according 
to the siXth embodiment starts the leakage current compen 
sation operation earlier than the data transfer circuit accord 
ing to the ?fth embodiment, erroneous behaviors of the 
semiconductor storage device caused by the off-leakage 
current can be prevented reliably. 

[0094] In the neXt period Td, the reverse precharge signal 
/pre and the reverse equaliZe signal /eq rise to the H level, 
and precharge operation and equaliZe operation terminate. 
On the other hand, since the reverse compensation control 
signal /comp still maintains the L level, the leakage current 
compensation operation is continued. In this status, Write or 
read operation of a desired RAM cell CL is carried out. 

[0095] FIG. 10 is a timing chart that shoWs Waveforms of 
control signals in a data transfer circuit according to the 
seventh embodiment of the invention. 

[0096] Circuit arrangement of the data transfer circuit 
according to the seventh embodiment is identical to the 
circuit arrangement of the data transfer circuit according to 
the siXth embodiment, and input portions of control signals 
used for controlling operations are also identical. HoWever, 
as apparent from comparison betWeen the timing chart of 
FIG. 10 With the timing chart of FIG. 9, the Waveform of 
the reverse precharge signal /pre and the Waveform of the 
reverse compensation control signal /comp are eXchanged in 
the period TB. 

[0097] That is, the data transfer circuit according to the 
seventh embodiment uses the fourth and eighth P-channel 
MOS transistors P4 and P8 instead of the second and siXth 
P-channel MOS transistors P2 and P6 for leakage current 
detecting operation, and uses the fourth and eighth P-chan 
nel MOS transistors P4 and P8 also for the leakage current 
compensating operation. 

[0098] Since all P-channel MOS transistors used here have 
the same characteristics, even When using the second and 
siXth P-channel MOS transistors P2 and P6 for leakage 
current detecting operation and using the fourth and eighth 
P-channel MOS transistors P4 and P8 for leakage current 
compensating operation, as the data transfer circuit accord 
ing to the siXth embodiment, no particular problems occur 
normally. 

[0099] Strictly, hoWever, P-channel MOS transistors are 
different in characteristics to a certain level. Therefore, if 
different transistors are used for leakage current detecting 
operation and leakage current compensation operation, there 
may occurs a difference betWeen the magnitude of the 
detected leakage current and the magnitude of the compen 
sated leakage current. 










