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(57) ABSTRACT

A semiconductor device includes a bit line; a data bus line
corresponding to the bit line; a selection transistor that con-
trols electrical connection between the bit line and the data
bus line; a write amplifier that writes data to the bit line
through the data bus; and a test circuit. The test circuit sets the
bit line to a first potential during a test period regardless of an
operation of the write amplifier, sets the data bus line to a
second potential and then sets the data bus line in a floating
state to detect transition of the data bus line from the second
potential to the first potential, with the selection transistor
being activated to electrically connect the bit line and the data
bus line.
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SEMICONDUCTOR DEVICE

REFERENCE TO RELATED APPLICATION

[0001] This application is based upon and claims the ben-
efit of the priority of Japanese patent application No. 2010-
248776, filed on Nov. 5, 2010, the disclosure of which is
incorporated herein in its entirety by reference thereto.
[0002] The present invention relates to a semiconductor
device. The invention relates to a semiconductor device
including a memory cell array, for example.

BACKGROUND

<Configuration of Common DRAM>

[0003] The following describes the outline of a DRAM
(Dynamic Random Access Memory), as a related-art semi-
conductor device. FIG. 1 is a diagram schematically showing
a configuration example of a general DRAM. As shown in
FIG. 1, the DRAM includes a memory array 1, an X decoder
and X timing generation circuit 2, a Y decoder and Y timing
generation circuit 3, a decoder control circuit 4,a DLL (Delay
Locked Loop) 9, a data latch circuit 5, an input/output inter-
face 6, an internal clock (CLK) generation circuit 7, and a
control signal generation circuit 8. The memory cell array 1
includes banks 0 to m. Each bank includes memory mats 1, 2,
and 3. A bank configuration, a memory mat configuration
within each bank, and the like are not of course limited to the
above-mentioned configurations. The control signal genera-
tion circuit 8 receives command signals (/CS (chip select),
/RAS (row address strobe), /CAS (column address strobe),
and /WE (write enable)), decodes the command, generates
control signals according to a result of the decoding of the
command, and outputs the generated control signals to the X
decoder and X timing generation circuit 2, Y decoder and Y
timing generation circuit 3, decoder control circuit 4. It is
noted that a symbol “/” before the name of a signal indicates
that the signal is active when the signal assumes a Low level.
A row address of an input address signal (ADD) is decoded by
the X decoder 2, and a word line WL is selected by a sub-word
driver (SWD). When the word line WL is selected, data are
read out from memory cells (MC) that are connected to the
word line WL, to bit lines (BL) which are connected to the
selected memory cells and then amplified by sense amplifiers
(SA) that are connected respectively to the bit lines. A column
address of the address signal (ADD) is decoded by the Y
decoder 3. The Y decoder 3 sets a selected column selection
signal active to select the bit line (BL) and the sense amplifier
(SA).

[0004] An output (read data) amplified by the sense ampli-
fier (SA) is transferred to the data latch circuit 5 and the
input/output interface 6, and is then output to an outside
through a DQ pin. DQ pins (DQ terminals) are a plurality of
pins and so-called I/O terminals which input data from an
outside and output data to an outside. Data strobe signals
DQS and /DQS are each a trigger signal for latching data
when the data is received from an outside. A data mask signal
DM is a control signal for masking data. When the data mask
signal DM is set to High simultaneously with input of data,
writing of the data to a memory cell is masked (inhibited), so
that the writing is not performed (or the write amplifier is
output-disabled). A terminal for the data mask signal DM is
an external terminal of the semiconductor device. A plurality
of external terminals are provided for the data mask signals
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DM. Each data mask signal DM is associated with one of a
plurality of groups formed by corresponding ones of the DQ
terminals.

[0005] When data is written into a memory cell, the data
mask signal DM is set to Low and the data is supplied to the
DQ pin. The write data is transferred through the input/output
interface 6 and the data latch circuit 5 to a sense amplifier
(SA) which is selected by the Y decoder 3. The sense ampli-
fier (SA) drives the bit line (BL) in accordance with the write
data, and writes the data into the memory cell connected to the
bit line (BL)) and the selected word line.

<Hierarchical Data Line Structure>

[0006] FIG. 2 is a diagram schematically showing a hierar-
chical data line structure (hierarchical I/O scheme). Though
not limited thereto, there is adopted an open bit line system in
which a pair of bit lines BLT and BLN connected to a sense
amplifier (SA) 14 are respectively assigned to mutually dif-
ferent memory mats (memory mats 1 and 2 in FIG. 2). It is
noted that the letter T in the bit line BLT indicates True
(non-inversion), while the letter N in the bit line BLN indi-
cates Bar (inversion: inversion of BLT). Similarly, letters T
and N in each of local input/output lines LIOT and LION and
main input/output lines MIOT and MION indicate True and
Bar, respectively.

[0007] A plurality of LIO line pairs LIOT/LION are con-
nected to a MIO line pair MIOT/MION through switches. For
facilitating explanation, FIG. 2 shows only one LIO line pair
LIOT/LION connected to the MIO line pair MIOT/MION
through a pair of switches 16. The pair of switches 16 corre-
sponds to a switch (SWC) 10 in FIG. 1 and includes, for
example, NMOS transistors with gates thereof connected to a
control signal IOSW. Turning on/off (conduction/non-con-
duction) of the NMOS transistors is commonly controlled by
a High/Low level of the control signal IOSW. A LIO line pair
LIOT/LION and a MIO line pair MIOT/MION connected to
a pair of switches 16 that are set to be on, are electrically
connected. A sub-amplifier (not shown) for receiving read
data transmitted to the LIO line pair LIOT/LION and driving
the MIO line pair MIOT/MION by the read data may be
further provided at a connecting portion (pair of switches 16:
switch 10 in FIG. 1) between the LIOT line pair LIOT/LION
and the MIOT line pair MIOT/MION.

[0008] A plurality of sense amplifiers (SA) 14 of the open
bit line system are respectively connected to the LIO line pair
LIOT/LION through column selection transistors (also
referred to as “Y switches™) 13. For simplicity, FIG. 2 shows
only one sense amplifier 14 connected to the LIO line pair
LIOT/LION through a pair of column selection transistors 13.
Each column selection transistor 13 is composed by an
NMOS transistor with a gate thereof connected to a column
selection signal Y'S (or also referred to as a column selection
signal CSL) output from a column decoder (YDEC) 15 that
decodes a column address. Turning on/off (conduction/non-
conduction) of the NMOS transistor is controlled by a High/
Low level of the column selection signal YS. When the
selected column selection signal YS goes High, and one pair
of the column selection transistors 13 turn on (become con-
ductive), the bit line BLT and the LIO line LIOT are electri-
cally connected, and the bit line BLN and the LIO line LION
are electrically connected.

[0009] The bit lines BLT and BLN of cell arrays (memory
mats 1 and 2) arranged on both sides of the sense amplifier
(SA) 14 are connected to first and second nodes of the sense
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amplifier (SA) (which is an open bit line structure). A
memory cell 11 connected to the bit line BLT includes a cell
transistor (NMOS transistor) 11A with a gate thereof con-
nected to a word line (sub-word line) SWL and a drain thereof
connected to the bit line BLT, and a capacitor (capacitor for
holding data) 11B with one end thereof connected to a source
of'the cell transistor and the other end thereof connected to an
electrode (plate electrode). A PMOS transistor 12 with a
source thereof connected to a precharge line VBLP and a
drain thereof connected to each of the bit line pair BLT and
BLN constitutes a bit line precharge circuit. A gate of the
PMOS transistor 12 receives an equalize control signal
BLPR_B. A precharge power supply (such as Y2 VDD) is
supplied to the precharge line VBLP from a reference voltage
circuit not shown. In the case of a folded bit line structure, a
bit line pair BLT/BLN extended in the memory mat 1 is
connected to the first node of the sense amplifier (SA) 14
through a first transfer gate, and a bit line pair BLT/BLN
extended in the memory mat 2 is connected to the second
node through a second transfer gate.

[0010] A read amplifier 18 (also referred to as a “main
amplifier”) and a write amplifier 17 are connected to the MIO
line pair MIOT/MION. When reading data from a memory
cell, the data in the memory cell (such as the memory cell 11)
connected to the selected sub-word line SWL is transmitted to
the sense amplifier 14 through the bit line (such as the bit line
BLT). It is noted that the pair of the bit lines BLT and BLN is
precharged to a predetermined precharge potential VBLP
(such as %2 VDD) before starting the reading operation. The
sense amplifier 14 differentially amplifies potentials of the
pair of the bit lines BLT and BLN, and signals obtained by
amplification by the sense amplifier 14 for a selected column
are transmitted to the LIO line pair LIOT/LION through one
pair of the column selection transistors 13, and are further
transmitted to the MIO line pair MIOT/MION through the
switches 16. The read amplifier 18 differentially amplifiers
the read data transmitted to the MIO line pair MIOT/MION.
An output (read data) from the read amplifier 18 is supplied to
the data latch circuit 5 in FIG. 1 through a read/write bus (not
shown). The write amplifier 17 is deactivated at a time of
reading, and an output of the write amplifier 17 is brought into
a high-impedance state.

[0011] At atime of writing, the write amplifier 17 receives
write data supplied from the DQ terminal and transferred
through the input/output interface 6 and the data latch circuit
5, and differentially drives the MIO line pair MIOT /MION
according to the value of the write data. The data on the MIO
line pair MIOT/MION is transferred to the sense amplifier 14
for a selected column through a selected one of the LIO line
pairs LIOT/LION, and is then written into the memory cell
connected to a selected word line.

<Configuration Example of Bit Line System>

[0012] FIG. 3 is a diagram showing a configuration
example of a bit line system (open bit line system) in the
hierarchical I/O scheme. In the configuration example in F1G.
3, there are provided bit lines DL-A-0, DL-B-0, DL-C-0, and
DL-D-0 extended on the side of a cell array 0 and bit lines
/DL-A-0, /DL-B-0, /DL-C-0, and /DL-D-0 extended on the
side of a cell array 1. It is noted that /DL-A-0, for example,
represents a complementary signal of DL.-A-0, in which a
symbol “/” and a signal name indicates a complementary
signal of a signal having the signal name. There are also
provided eight PMOS transistors Q1 connected between the
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precharge line VBLP and the respective bit lines DL-A-0,
DL-B-0, DL-C-0, DL-D-0,/DL-A-0, /DL-B-0, /DL-C-0, and
/DL-D-0. Each of the PMOS transistors Q1 receives a pre-
charge signal BLPR_B at a gate thereof and is set to a pre-
charge power supply VBLP when each of the PMOS transis-
tors Q1 turns on. There are also provided PMOS transistors
Q1 between the precharge line VBLP and respective bit lines
DL-A-1 and /DL-A-1 to DL-D-1 and /DL-D-1, DL-A-N and
/DL-A-N to DL-D-N and /DL-D-N.

[0013] One of column selection signals YS0 to YSN for a
selected one of columns is set High, and in response to the
High level, one bit line pair out of (N+1) pairs of the bit lines
DL-A-0 and /DL-A-0 to DL-A-N and /DL-A-N is connected
to a pair of LIO lines LIOT-A and LION-A, one bit line pair
out of (N+1) pairs of the bit lines DL-B-0 and /DL-B-0 to
DL-B-N and /DL-B-N is connected to a pair of LIO lines
LIOT-B and LION-B, one bit line pair out of (N+1) pairs of
the bit lines DL-C-0 and /DL-C-0 to DL-C-N and /DL-C-N is
connected to a pair of LIO lines LIOT-C and LION-C, and one
bit line pair of (N+1) pairs of the bit lines DL-D-0 and /DL-
D-0 to DL-D-N and /DL-D-N are connected to a pair of LIO
lines LIOT-D and LION-D.

[0014] Referring to FIG. 3, a main amplifier (including the
write amplifier 17 and the read amplifier 18 in FIG. 2) is
connected between the MIOT and MION lines connected to
each of the pairs of the LIO lines LIOT-A and LION-A, the
LIO lines LIOT-B and LION-B, the LIO lines LIOT-C and
LION-C, and the LIO lines LIOT-D and LION-D through
switches. In FIG. 3, only for the sake of simplicity, the main
amplifier is illustrated to be connected between each of the
pairs of the LIO lines LIOT-A and LION-A, the LIO lines
LIOT-B and LION-B, the LIO lines LIOT-C and LION-C,
and the LIO lines LIOT-D and LION-D.

[0015] As shown in FIG. 3, NMOS transistors Q3 are
respectively connected between the bit line DL-A-0 and the
LIO line LIOT-A, between the bit line /DL-A-0 and the L1IO
line LION-A, between the bit line DL-B-0 and the LIO line
LIOT-B, between the bit line /DL-B-0 and the L1O line LION-
B, between the bit line DL-C-0 and the LIO line LIOT-C,
between the bit line /DL-C-0 and the LIO line LION-C,
between the bit line DL-D-0 and the LIO line LIOT-D, and
between the bit line /DL-D-0 and the LIO line LION-D. Then,
turning on/off (conduction/non-conduction) of the NMOS
transistors Q3 are commonly controlled by the column selec-
tion signal YS0.

[0016] NMOS transistors Q3 are respectively connected
between the bit line DL-A-1 and the LIO line LIOT-A,
between the bit line /DL-A-1 and the LIO line LION-A,
between the bit line DL-B-1 and the LIO line LIOT-B,
between the bit line /DL-B-1 and the LIO line LION-B,
between the bit line DL-C-1 and the LIO line LIOT-C,
between the bit line /DL-C-1 and the LIO line LION-C,
between the bit line DL-D-1 and the LIO line LIOT-D, and
between the bit line /DL-D-1 and the LIO line LION-D. Then,
turning on/off of the NMOS transistors Q3 is commonly
controlled by the column selection signal YS1.

[0017] Similarly, NMOS transistors Q3 are connected
between the bit line DL-A-N and the LIO line LIOT-A,
between the bit line /DL-A-N and the LIO line LION-A,
between the bit line DL-B-N and the LIO line LIOT-B,
between the bit line /DL-B-N and the LIO line LION-B,
between the bit line DL-C-N and the LIO line LIOT-C,
between the bit line /DL-C-N and the LIO line LION-C,
between the bit line DL-D-N and the LIO line LIOT-D, and
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between the bit line /DL-D-N and the LIO line LION-D.
Then, turning on/off (conduction/non-conduction) of the
NMOS transistors Q3 is commonly controlled by the column
selection signal YSN.

<Redundancy Circuit>

[0018] In DRAMSs, in order to rescue a defective cell, a
configuration including a redundancy circuit is also
employed, in which redundancy cells are provided. A fail map
is generated by making determination of defective or non-
defective cells, for example, in a wafer test of a semiconduc-
tor fabrication process, and a defective cell is replaced by a
redundancy cell. When an access address coincides with the
address of a defective cell, programming which includes for
example, blowing of a corresponding fuse in a fuse circuit is
performed so that the defective cell is not accessed and the
address of the defective cell is replaced with an address for
accessing a redundancy cell. When the redundancy cell is
selected, control is performed so that a column selection
transistor (column selection transistor to be rescued) for the
bit line (bit line to be rescued) and the word line connected to
the defective cell (cell to be rescued) are not selected (deac-
tivated). That is, a gate electrode of the column selection
transistor to be rescued which is connected to the bit line to be
rescued is fixed at a Low level by a column selection signal
and is brought into a non-selection state.

<Multiple-Selection State>

[0019] When a gate electrode of a column selection tran-
sistor (Y switch) is in a floating state due to a connection
failure of a via which transmits a column selection signal to
the gate electrode of the column selection transistor, the gate
electrode of the column selection transistor is disconnected
from the column selection signal, and cannot discharge elec-
tric charge at the gate electrode to the GND (ground). For this
reason, when a potential of a neighboring wiring varies, for
example, the gate electrode of the column selection transistor
may assume a High level (or a gate-to-source voltage of the
NMOS transistor constituting the column selection transistor
exceeds its threshold voltage) due to capacitive coupling or
the like. As a result, the column selection transistor that
should not been selected may turn on (become conductive). In
this case, both of the column selection transistor that should
not been selected and a column selection transistor for the bit
line selected for reading may be simultaneously selected
(which is referred to as a “multiple-selection state™). This
case may be beyond control. The following describes the
problem with reference to FIG. 4.

[0020] A LIO line pair LIOT/LION is connected to a MIO
line pair MIOT/MION through a switch pair. The LIO line
pair LIOT/LION is connected to a pair of bit lines through
column selection transistors. Bit line selection is performed
by a column decoder (YDEC), and a column selection signal
corresponding to a selected column is set to High by the
column decoder (YDEC). Then, the column selection tran-
sistors with gate electrodes thereof connected to the column
selection signal become conductive.

[0021] When reading data, a sense amplifier (SA) differen-
tially amplifies a difference potential between the pair of the
bit lines, and potentials of the selected bit lines are differen-
tially output to the LIO lines LIOT and LION. The column
selection signal supplied to the gate electrode of the column
selection transistor (Y-Switch for reading) selected at the time
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of'reading is set to have a High level. The data (which is High
in FIG. 4) in a selected memory cell MC (for which a word
line WL is High) connected to the selected bit line (Bit Line
for reading) is read to the bit line (Bit Line for reading). It is
usually expected that a High level be output to the LIO line
LIOT through the column selection transistor (Y Switch for
reading) and a Low level be output to the LIO line LION
(Expectations of the High and Low levels).

[0022] On the other hand, the gate electrode of a column
selection transistor (Y-Switch to be rescued) connected to the
bit line to be rescued (Bit Line to be rescued) by a redundancy
circuit is fixed at Low by the column selection signal so as to
be constantly in a non-selected state. The following problem,
however, may arise. The gate potential of the column selec-
tion transistor (Y-Switch) to be rescued may not be fixed at
Low due to a connection failure of a via connected to the gate
electrode and may go High in a floating state, and the column
selection transistor (Y-Switch) to be rescued becomes con-
ductive though the column selection transistor is not selected.
In this case, data (at a Low level) in a memory cell MC
connected to the bit line to be rescued and the selected word
line and an inverted signal of the data are respectively output
to the LIO lines LIOT and LION. As a result, though a read
value (expectation value) of the LIO line LIOT should be
usually High, the data (at a Low level) in the selected cell
connected to the bit line to be rescued is simultaneously read,
so that the read value goes Low. However, depending on an
initial state or a potential at a floating portion, defective read-
ing may not occur. In the example shown in FIG. 4, for
example, the data in the memory cell MC to be rescued is set
to Low. However, defective reading may not occur, depending
on the initial state or the like. For example, when the data in
the memory cell MC to be rescued is High, defective reading
does not occur because the data in the memory cell MC to be
rescued operates to strengthen the read data. That is, in this
case, a read value (expectation value) of the LIOT becomes
High.

[0023] In the multiple-selection state, a column selection
transistor with a gate electrode thereof being in a floating state
due to defective contact is brought into a selection state
because the gate electrode of column selection transistor is in
a High floating state, i.e., at a High level in a floating state.
Then, in addition to the column selection transistor connected
to a selected bit line, the column selection transistor (with the
gate electrode in a High floating state) that should not be
selected is also selected. This multiple-selection state may
also occur for any one of the column selection transistors (Q3)
shown in FIG. 3 or the like, being not limited to a case where
control is performed over a bit line to be rescued in the
redundancy configuration. Further, the multiple-selection
state occurs when a gate-to-source voltage VGS of the col-
umn selection transistor that should not be selected exceeds a
threshold voltage. The multiple-selection state may occur
anytime, with no limitation in a time. When the multiple-
selection state occurs in a write cycle, for example, the col-
umn selection transistor that should not be selected may turn
on (becomes conductive), and data may be written to a
memory cell connected to abit line that should not be selected
and becomes conductive to the LIO line due to the column
selection transistor.

[0024] Patent Document 1 discloses a configuration of a
semiconductor memory device in which reduction of a bitline
capacitance is achieved by reducing the number of bit line
contacts in a sense amplifier unit. Each of FIGS. 15 and 16 of
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Patent Document 1 discloses a configuration in which a col-
umn selection signal (YS) is supplied to gate electrodes of
eight transistors through respective vias for the eight transis-
tors. Patent Document 2 discloses as a data compression
circuit a configuration including a two-input NAND circuit
which receives outputs of two two-input NOR circuits. In this
configuration, a logical sum of outputs of the two two-input
NAND circuits are taken.

Patent Document 1

[0025] JP Patent Kokai Publication No. JP-H10-313101A,
which corresponds to U.S. Pat. No. 6,094,390.

Patent Document 2

[0026] JP Patent Kokai Publication No. JP-H04-121900A
SUMMARY
[0027] The following describes an analysis of the related

arts by the present inventors.

[0028] The above-mentioned open failure of a column
selection transistor or the like appears as a defective local
input/output line LIO, and the open failure is poorly repro-
ducible. Accordingly, it is difficult to detect the open failure at
atime of wafer inspection, production test, or the like, or after
shipment of products, A product may be shipped without
detection of an open failure in the product.

[0029] Further, even if a column including a column selec-
tion transistor with a gate open failure is rescued by a redun-
dancy column at the time of wafer inspection, a gate potential
of the column selection transistor may rise to High by some
chance, and the local input/output line and the bit line to be
rescued may be electrically connected (which is the multiple-
selection state), inducing a malfunction or unpredicable
behavior. Then, this problem of the multiple-selection state
may occur in an arbitrary column selection transistor, being
not limited to the case where control over a bit line to be
rescued is performed in the redundancy configuration.
[0030] Itis difficult to carry out a test for inducing a defect
in the LIO line by setting the gate of a column selection
transistor in a floating in order to detect the gate open failure
of the column selection transistor.

[0031] Further, when a chip having a column selection tran-
sistor with a gate thereof set in a floating state is considered to
be defective without being rescued, it is difficult to make
distinction between the following failures:

[0032] (I) an open failure (floating state) of a gate of a
column selection transistor;

[0033] (II) a defect of a sense amplifier or a defect of a bit
line capable of being remedied to a good product by replace-
ment using a redundancy column (redundancy rescue). That
is, the gate open failure in item (I) is detected just as a defect
for each bit line connected by the defective column selection
transistor, when the open gate is to be turned off. For that
reason, it is difficult to make distinction between this gate
open failure and the defect of the sense amplifier or the defect
of'thebitline (bit line short) as listed in item (II). The problem
described above may also occur when a redundancy circuit
(redundancy function implemented by a redundancy
memory) is not included in a semiconductor device. In this
semiconductor device as well, it is important to carry out atest
for inducing a defect in the LIO line with a gate of a column
selection transistor in a floating state in order to detect the gate
open failure of the column selection transistor.
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[0034] The present invention which seeks to solve at least
one of the above-mentioned problems, is generally config-
ured as follows, but not limited thereto.

[0035] According to the present invention, there is provided
a semiconductor device comprising:

[0036] a bit line;
[0037] a data bus line corresponding to the bit line;
[0038] aselection transistor that controls electrical connec-

tion between the bit line and the data bus line;

[0039] a write amplifier that writes data to the bit line
through the data bus; and

[0040] a test circuit, wherein during a test period,

[0041] the test circuit sets the bit line to a first potential
regardless of an operation of the write amplifier, sets the data
bus line to a second potential and then sets the data bus line in
a floating state,

[0042] the selection transistor is activated to electrically
connect the bit line and the data bus line, and

[0043] the test circuit detects transition of the data bus line
from the second potential to the first potential. When the data
bus line does not transition from the second potential to the
first potential, the selection transistor is decided to be defec-
tive.

[0044] According to the present invention, a defect or fail-
ure of the column selection transistor that controls connection
between the bit line and the data bus line can be detected
through the data bus line.

[0045] Still other features and advantages of the present
invention will become readily apparent to those skilled in this
art from the following detailed description in conjunction
with the accompanying drawings wherein only exemplary
embodiments of the invention are shown and described, sim-
ply by way of illustration of the best mode contemplated of
carrying out this invention. As will be realized, the invention
is capable of other and different embodiments, and its several
details are capable of modifications in various obvious
respects, all without departing from the invention. Accord-
ingly, the drawing and description are to be regarded as illus-
trative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG.1 isadiagram showing an overall configuration
of a DRAM;
[0047] FIG. 2 is a diagram showing a hierarchical data line

structure in an open bit line system;

[0048] FIG. 3 is a diagram showing a configuration
example of the open bit line system;

[0049] FIG. 4 is a diagram explaining multi-selection when
an open failure occurs;

[0050] FIG. 5 is adiagram showing a configuration of'a first
exemplary embodiment of the present invention;

[0051] FIG. 6 is a diagram showing operations in the first
exemplary embodiment of the present invention;

[0052] FIG. 7 is a diagram showing a configuration of a
second exemplary embodiment of the present invention; and
[0053] FIGS. 8A to 8C are diagrams each showing a con-
figuration of a third exemplary embodiment of the present
invention.

PREFERRED MODES

[0054] A typical example of technical concepts for solving
the problems of the present invention is shown below. The
claimed contents in the present application, however, are not
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limited to the technical concepts. Needless to say, the claimed
contents in the present application are contents of claims of
this application. A semiconductor device according to one of
preferred modes of the present invention includes a test cir-
cuit (CTL2) that outputs first and second test control signals
(FB, TL) when a test mode signal (Test_Mode_en) is acti-
vated, a first control circuit (CTL1) that controls a bit line
precharge line (VBLP) at a predetermined potential (such as
14 VDD) at a time of normal operation to be at a first potential
(VSS) in a DC manner, during a period in which the test
circuit is enabled, a plurality of precharge elements (Q1) that
respectively supply the first potential to a plurality of True and
Bar bit lines (DL) in the DC manner during a predetermined
second period in which the first test control signal (FB)
assumes a second value, a plurality of column selection tran-
sistors (Q3) that electrically connect the plurality of bit lines
and a plurality of data bus lines (LIO) respectively corre-
sponding to the plurality of bit lines by a column select signal
(YS), a plurality of precharge elements (Q2) for the plurality
of data bus lines that respectively charge the plurality of data
bus lines (L.IO) to a second potential different from the first
potential (VSS) during a predetermined period of time in
which the first test control signal (FB) assumes a first value,
and a detection circuit (20) that is enabled by the second test
control signal (TL). The detection circuit (20) detects that all
potentials of the plurality of data bus lines (LLIO) change from
the second potential to the first potential (VSS) of the bit line
precharge line (VBLP) controlled by the first control circuit
(CTL1), during a period in which the detection circuit (20) is
enabled by the second test control signal (TL) and the column
selection signal (YS) is controlled to be enabled for a prede-
termined second period of time after the first predetermined
period of time.

[0055] According to one preferred mode of the present
invention, the semiconductor device comprises:

[0056] a precharge line (VBLP) that supplies a first poten-
tial (VSS) to the bit line; and

[0057] a precharge element (QQ1) that electrically connects
the bit line and the precharge line (VBLP);

[0058] the test circuit setting the precharge line (VBLP) to
the first potential (VSS), in place of the first predetermined
potential (¥2 VDD), and setting the bit line (DL, /DL) to the
first potential (VSS) by activation of the precharge element
(Q1) by a precharge control signal (BLPR_B).

[0059] According to one preferred mode of the present
invention, the semiconductor device comprises:

[0060] a first sense amplifier (SA) that is connected to the
bit line and senses information stored in a memory cell (MC)
which is connected to the bit line and stores information
therein;

[0061] the first predetermined potential (2 VDD) being a
potential set as an initial potential for the sensing before the
information stored in the memory cell is transmitted to the bit
line. The semiconductor device may be configured to com-
prise a reference potential generation circuit that generates
the first predetermined potential and supplies the first prede-
termined potential to the precharge line (VBLP).

[0062] According to one preferred mode of the present
invention, the semiconductor device may be configured to
comprise:

[0063] a first signal line (VSS line) having the first poten-
tial; and
[0064] a switching element (SW2) that electrically con-

nects the first signal line and the precharge line (VBLP);
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[0065] the first control circuit (CTL1) setting the precharge
line (VBLP) to the first potential (VSS) by activation of the
switching element (SW2) and setting the bit line to the first
potential (VSS) through the precharge element (Q1) that is
made conductive by the precharge control signal (BLPR_B).
[0066] According to one of preferred modes of the present
invention, the test circuit may be configured to perform con-
trol so that the bit line maintains the first potential (VSS)
during a test period. That is, during the test period, the pre-
charge control signal (BLPR_B) is held to the value that
renders the precharge element (Q1) conductive.

[0067] According to one of preferred modes of the present
invention, the semiconductor device may be configured to
comprise a first transistor (Q2) that sets the data bus line
(LIOT/LION) to the second potential (VDD1). The test cir-
cuit performs control so that the first transistor (Q2) is acti-
vated (conductive) during an initial period of the test period,
and the first transistor (Q2) is deactivated (non-conductive)
during a late period of the test period after the initial period,
using the first test control signal (FB).

[0068] According to one of preferred modes of the present
invention, the semiconductor device may comprise:

[0069] a second sense amplifier (MainAmp: Read AMP)
that is connected to the data bus line (LIOT/LION) and senses
information stored in the memory cell through the bit line and
the selection transistor; and

[0070] asecond transistor (transistors Q4-1to Q4-3 in FIG.
7) that supplies a second predetermined potential (VDD2) to
the data bus line. The second predetermined potential
(VDD2) is a potential set as an initial potential for the sensing
of'the second sense amplifier (MainAmp: Read AMP) before
the information stored in the memory cell is transmitted to the
data bus line (LIOT/LION). The second predetermined
potential (VDD2) may be set to be the same as the second
potential (VDD1). The second potential (VDD1) may be a
power supply potential (VDD).

[0071] According to one of preferred modes of the present
invention, the test circuit may control the write amplifier (17)
to be deactivated during the test period.

[0072] According to one of preferred modes of the present
invention, the semiconductor device may be configured to
include:

[0073] a plurality of the bit lines;

[0074] aplurality of the data bus lines corresponding to the
bit lines; and

[0075] aplurality of the selection transistors (Q3) that elec-

trically connect the plurality of the bit lines and the plurality
of the data buses, respectively.

[0076] The plurality of the selection transistors are con-
nected in common to a first selection signal line (YS). The test
circuit (20) detects that the potentials of the plurality of the
data bus lines changes from the second potential to the first
potential.

[0077] According to one of preferred modes of the present
invention, the semiconductor device may be configured to
comprise:

[0078] a memory cell that is connected to the bit line and
stores information therein; and

[0079] a sense amplifier (SA) that senses the information
stored in the memory cell.

[0080] A first one (DL) of the bit lines included in the
plurality of the bit lines is connected to a first node of the first
sense amplifier. A second one (/DL) of the bit lines included
in the plurality of the bit lines is connected to a second node
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of'the sense amplifier. The sense amplifier senses information
stored in the memory cell related to one of the first and second
bitlines. The plurality ofthe selection transistors (QQ3) respec-
tively correspond to the first and second bit lines being con-
nected in common to the first selection signal line (Y'S). The
detection circuit (20) commonly sets the first and second bit
lines to the first potential (VSS) and detects that the potentials
of the plurality of the data bus lines respectively correspond-
ing to the first and second bit lines (DL, /DL) changes from
the second potential to the first potential.

[0081] According to one of preferred modes of the present
invention, the semiconductor device may be configured to
include:

[0082] a plurality of the bit lines;

[0083] aplurality of the data bus lines corresponding to the
plurality of the bit lines; and

[0084] a plurality of the selection transistors (Q3) that elec-
trically connect the plurality of the bit lines and the plurality
of the data bus lines, respectively. The plurality of the selec-
tion transistors (3) are respectively connected to first and
second selection signal lines (YS0,YS1 or YSN). The detec-
tion circuit (20) detects that the potential of the plurality of the
data bus lines change from the second potential to the first
potential.

[0085] According to one of preferred modes of the present
invention, the semiconductor device further comprises:
[0086] a plurality of memory cells connected to the plural-
ity of the bit lines, each of the memory cells storing informa-
tion therein; and

[0087] first and second sense amplifiers each of which
senses the information in a corresponding one of the plurality
of memory cells. A first one of the bit lines included in the
plurality of the bit lines is connected to a first node of the first
sense amplifier. A second one of the bit lines included in the
plurality of the bit lines is connected to a second node of the
first sense amplifier. A third one of the bit lines included in the
plurality of the bit lines is connected to a first node of the
second sense amplifier. A fourth one of the bit lines included
in the plurality of the bit lines being connected to a second
node of the second sense amplifier, The first sense amplifier
senses information stored in the memory cell related to one of
the first and second bit lines. The second sense amplifier
senses information stored in the memory cell related to one of
the third and fourth bit lines. The plurality of the selection
transistors (Q3) respectively corresponding to the first and
second bit lines are connected in common to the first selection
signal line (such as YS0). The plurality of the selection tran-
sistors (Q3) respectively corresponding to the third and fourth
bit lines are connected in common to the second selection
signal line (such as YS1, . . . or YSN). The test circuit com-
monly sets the first to fourth bit lines to the first potential
(VSS) to detect that the potential of the plurality of the data
bus lines respectively corresponding to the first to fourth bit
lines change from the second potential (VDD) to the first
potential (VSS).

[0088] Further, according to one of preferred modes of the
present invention, the semiconductor device includes:

[0089] first and second groups each including a plurality of
the bit lines;
[0090] a plurality of the data bus lines corresponding in

common to the first and second groups; and

[0091] third and fourth groups each including a plurality of
the selection transistors electrically connecting the plurality
of'the bit lines included in a corresponding one of'the first and
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second groups and the plurality of the data bus lines corre-
sponding to the plurality of the bit lines. The plurality of the
selection transistors of third and fourth groups are respec-
tively connected to the first and second selection signal lines
(YS0 and YS1, . . . or YSN) corresponding thereto. The test
circuit detects that potentials of the plurality of the data bus
lines changes from the second potential to the first potential.
[0092] According to one of preferred modes of the present
invention, the semiconductor device further includes:

[0093] fifth and sixth groups each including a plurality of
the bit lines;
[0094] a plurality of the data bus lines corresponding in

common to the fifth and sixth groups; and

[0095] seventh and eighth groups each including a plurality
of'the selection transistors electrically connecting the plural-
ity of the bit lines included in a corresponding one of the fifth
and sixth groups and the plurality of the data bus lines corre-
sponding to the plurality of the bit lines.

The plurality of the selection transistors of the seventh and
eighth groups are respectively connected to the first and sec-
ond selection signal lines (YS0 and YS1, . . . or YSN) corre-
sponding thereto. The test circuit detects that the data bus
lines corresponding in common to the first and fifth groups
and each of the data lines corresponding in common to the
second and sixth groups change from the second potential to
the first potential.

[0096] According to one of preferred modes of the present
invention, the semiconductor device further comprises:
[0097] a plurality of memory cells which are connected to
the pluralities of the bit lines and each of which stores infor-
mation therein; and

[0098] a plurality of sense amplifiers each of which senses
the information in a corresponding one of the pluralities of
memory cells.

The plurality of sense amplifiers including:

[0099] a plurality of first sense amplifiers common to the
first and fifth groups; and

[0100] aplurality of second sense amplifiers common to the
second and sixth groups.

The plurality of the bit lines included in the first group are
connected to first nodes of the plurality of first sense ampli-
fiers respectively corresponding to the plurality of the bit
lines. The plurality of the bit lines included in the fifth group
are connected to second nodes of the plurality of first sense
amplifiers respectively corresponding to the plurality of the
bit lines. The plurality of the bit lines included in the second
group are connected to first nodes of the plurality of second
sense amplifiers respectively corresponding to the plurality of
the bit lines. The plurality of the bit lines included in the sixth
group are connected to second nodes of the plurality of sec-
ond sense amplifiers respectively corresponding to the plu-
rality of the bit lines. Each of the plurality of first sense
amplifiers senses information stored in one of the memory
cells related to one of the plurality of the bit lines included in
the first group and the plurality of the bit lines included in the
fifth group. Each of the plurality of second sense amplifiers
senses information stored in one of the memory cells related
to one of the plurality of the bit lines included in the second
group and the plurality of the bit lines included in the sixth
group. The plurality of the selection transistors included in
the third group and the plurality of the selection transistors
included in the seventh group are connected in common to the
first selection signal line (Y'S0). The plurality of the selection
transistors included in the fourth group and the plurality of the
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selection transistors included in the eighth group are con-
nected in common to the second signal line (YS1 or YSN).
Thetest circuit commonly sets the pluralities of the bit lines to
the first potential to detect that the potentials of the plurality of
the data bus lines corresponding in common to the first and
second groups and the plurality of the data bus lines corre-
sponding in common to the fifth and sixth groups change from
the second potential to the first potential. The following
describes exemplary embodiments with reference to draw-
ings.

First Exemplary Embodiment

[0101] FIG.5is adiagram showing a configuration of'a first
exemplary embodiment of the present invention. Though no
particular limitation is imposed, a description will be given in
connection with an example in which the present invention is
applied to a semiconductor device described with reference to
FIGS. 1 to 3. In the present exemplary embodiment, descrip-
tions of components that are the same as those in FIG. 3 will
be appropriately omitted so as to avoid repetition. The fol-
lowing description will be mainly directed to a difference
between FIG. 5 and FIG. 3. The following description will be
given, using an open bit line structure as an example. The
present invention is not, however, limited to such a configu-
ration, and can be, as a matter of course, similarly applied to
a folded bit line structure or the like.

[0102] Referring to FIG. 5, in the present exemplary
embodiment, the following circuits and transistors are further
provided for the configuration shown in FIG. 3:

[0103] (a) a first control circuit CTL1 that includes
changeover switches (SW1, SW2) for performing switching
so that

[0104] apower supply voltage VSS is supplied at a time of
atest
[0105] and a voltage %2 VDD from a reference voltage

generation circuit is supplied at a time of a normal operation,
[0106] as a voltage (precharge voltage) for a bit line pre-
charge line VBLP, based on a Test_Mode_Enable signal
which is activated in a test mode;

[0107] (b) a second control circuit CTL2 that receives the
Test_Mode_Enable signal and in the test mode, sets a first test
control signal TL to Low and sets a second test control signal
FB to Low for a predetermined period (first period of time)
and then sets the second test control signal FB to High;
[0108] (c)PMOS transistors Q2 which are respectively pro-
vided between a predetermined power supply potential
(VDD1) and each of LIOT and LION lines of LIOT-A to
LIOT-D lines and LION-A to LION-D lines, each of the
PMOS transistors Q2 receiving the second test control signal
FB at a gate thereof, and

[0109] (d) a detection circuit 20 that includes:

[0110] a five-input NOR circuit NOR1 that receives poten-
tials on the LIOT-A to LIOT-D lines and the first test control
signal TL;

[0111] afive-input NOR circuit NOR2 that receives poten-
tials on the LION-A to LION-D lines and the first test control
signal TL; and

[0112] atwo-input NAND circuit NAND that receives out-
puts of the NOR circuits NOR1 and NOR2.

[0113] When the first test control signal TL is Low in the
detection circuit 20, the circuits NOR1 and NOR2 are acti-
vated. When LIOT-A to LIOT-D lines and the LION-A to
LION-D lines are all Low, each of the circuits NOR1 and
NOR2, whose five inputs are all Low, outputs a High level.
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Then, the circuit NAND, receiving two input of the High
level, outputs a Low level. When one of the LIOT-A to
LIOT-D lines and the LION-A to LION-D lines is High in the
test mode, at least one of the circuits NOR1 and NOR2
outputs a Low level and the circuit NAND outputs a High
level, thereby enabling detection of a defect of the column
selection transistor. An output signal HL, of the circuit NAND
in the detection circuit 20 may also be output to a tester from
an external terminal of the semiconductor device. Though no
particular limitation is imposed, if an open failure of a column
selection transistor in the device under test (DUT) is detected,
the device under test (DUT) may be discarded as an unrescu-
able device (noGO (fail device)). Alternatively, in a semicon-
ductor device for which a remedy for recuing a chip is pro-
vided for a defect of a column selection transistor, when the
output signal HL of the circuit NAND of the detection circuit
20 is High as a result of the test, the remedy may be taken for
a column in which the defect has occurred.

[0114] The detection circuit 20, the first control circuit
CTL1, the second control circuit CTL2, and the transistors
Q2 in FIG. 5 added to the configuration shown in FIG. 3
constitute a test circuit introduced according to the present
invention.

<Normal Mode>

[0115] Atatime of anormal operation in the present exem-
plary embodiment, the second control circuit CTL2 fixes the
first test control signal TL at High and fixes the second test
control signal FB at High. The transistors Q2 thereby turn off.
The first control circuit CTL1 chooses the voltage 2 VDD as
a precharge line voltage VBLP. For this reason, the configu-
ration in FIG. 5 performs the normal operation (in which read
and write accesses are normally performed), which is the
same as that of the configuration in FIG. 3. The first test
control signal TL is fixed at High. Thus, outputs ofthe circuits
NORI1 and NOR2 are Low, so that an output of the circuit
NAND is High. The value of the output signal HL of the
detection circuit 20 is ignored in the normal operation.

<Test Mode>

[0116] When entry of the test mode is decoded as a result of
decoding a command by a control signal generation circuit 8
in FI1G. 1, the Test_Mode_En signal is activated. Upon receipt
of this Test_Mode_En signal, the first control circuit CTL1
switches the bit line precharge line voltage VBLP from the
voltage %2 VDD to the power supply voltage VSS. This
switching is performed by two switch elements (SW1 and
SW2) shown in FIG. 5. The switch elements SW1 and SW2
can be replaced by one change over switch element. A pre-
charge control signal BLPR_B (generated by the control sig-
nal generation circuit 8 in FIG. 1) is set Low, the PMOS
transistors Q1 are turned on (made conductive), and bit line
pairs DL-A-0 and /DL-A-0 to DL-D-0 and /DL-D-0, and
DL-A-N and /DL-A-N to DL-D-N and /DL-D-N are com-
monly set to the power supply voltage VSS. During a test
period, the precharge control signal BLPR_B may be fixed at
Low, and the bit line pairs may be constantly connected to a
power supply VSS.

[0117] When the Test_Mode_En signal is activated, the
second control circuit CTL2 sets the first test control signal
TL to Low. When the Test_Mode_En signal is activated, the
second control circuit CTL2 temporarily sets the second test
control signal FB to Low, thereby turning on the PMOS
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transistors Q2 (making the PMOS transistors conductive) to
precharge the LIO lines LIOT and LION to a High level.
Then, before a column selection signal is activated, the sec-
ond control circuit CTL2 sets the second test control signal
FB to High from Low, thereby turning off the PMOS transis-
tors Q2 (making the PMOS transistors Q2 non-conductive).
The LIO lines LIOT and LION are thereby in a High floating
state. When a column selection signal (YS0) selected by a
column decoder goes High in this state, column selection
transistors Q3 with gates thereof connected to the column
selection signal (YS0) turn on (become conductive). The LIO
line LIOT-A and the bit line DL-A-0 of the bit line pair
DL-A-0 and /DL-A-0 become electrically connected. The
LIO line LION-A and the bit line /DL-A-0 of the bit line pair
DL-A-0 and /DL-A-0 become electrically connected. The
LIO line LIOT-B and the bit line DL-B-0 of the bit line pair
DL-B-0 and /DL-B-0 become electrically connected. The
LIO line LION-B and the bit line /DL-B-0 of the bit line pair
DL-B-0 and /DL-B-0 become electrically connected. The
LIO line LIOT-C and the bit line DL-C-0 of the bit line pair
DL-C-0 and /DL-C-0 become electrically connected. The
LIO line LION-C and the bit line /DL-C-0 of the bit line pair
DL-C-0 and /DL-C-0 become electrically connected. The
LIO line LIOT-D and the bit line DL-D-0 of the bit line pair
DL-D-0 and /DL-D-0 become electrically connected. The
LIO line LION-D and the bit line /DL-D-0 of the bit line pair
DL-D-0 and /DL-D-0 become electrically connected. Elec-
tric charges on the L.1IO lines LIOT-A and LION-A to LIOT-D
and LION-D are then discharged to the power supply VSS,
and potentials on the LIO lines LIOT-A and LION-A to
LIOT-D and LION-D gradually become Low (a gradientto a
LOW level of the voltage of each LIO line being defined by
the capacitance of the L.IO line and drain current (discharge
current) that flows through the column selection transistor).
As aresult, the LOW potentials are all supplied to the circuits
NORI1 and NOR2. A High level is thereby output from each of
the circuits NOR1 and NOR2. The two-input NAND circuit
NAND outputs a Low level as the output signal HL. (in this
case, the column selection transistors Q3 are normal).

[0118] Then, the test is carried out with respect to each of
column selection signals YS1 to YSN as well, as in the case of
the column selection signal YS0. The column selection signal
YS1, which is adjacent to the column selection signal YSO0,
will be described as an example. The second test control
signal FB is set from High to Low to precharge LIO lines
LIOT and LION to the power supply voltage VDD. Then, the
second test control signal FB is set from Low to High. The
LIO lines LIOT and LION are thereby in a High floating state.
The column selection signal (YS1) is set to High in this state.
The LIO line LIOT-A and the bit line DL-A-1 become elec-
trically connected and the L.IO line LION-A and the bit line
/DL-A-1 become electrically connected. The LIO line
LIOT-B and the bit line DL-B-1 become electrically con-
nected and the LIO line LION-B and the bit line /DL-B-1
become electrically connected. The LIO line LIOT-C and the
bit line DL-C-1 become electrically connected and the LIO
line LION-C and the bit line /DL-C-1 become electrically
connected. The LIO line LIOT-D and the bit line DL-D-1
become electrically connected. and the LIO line LION-D and
the bit line /DL-D-1 become electrically connected. Electric
charges on the LIO lines LIOT-A and LION-A to LIOT-D and
LION-D are gradually discharged to the power supply VSS,
and potentials on the LIO lines LIOT-A and LION-A to
LIOT-D and LION-D are gradually set to a Low level. As a
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result, the Low levels are all supplied to the circuits NOR1
and NOR2. The circuits NOR1 and NOR2 each output a High
level. The two-input NAND circuit NAND outputs a Low
level as the output signal HL. The column decoder generates
the column selection signals (YS0 to YSi), in response to
addresses supplied from an outside. Alternatively, the TEST_
MODE_En signal may be supplied to the column decoder,
and the column selection signals (YS0 to YSi) may be arbi-
trarily generated according to the TEST_Mode_En signal.
Further, an internal address which a BIST (Built-In Self Test)
circuit not shown generates according to the TEST_Mode_En
signal may be used. The BIST circuit is included in the
semiconductor device.

<In the Case of Defect of Column Selection Transistor>

[0119] When a contact failure or the like is present in a gate
of'aspecific column selection transistor Q3, the column selec-
tion transistor Q3 does not turn on (become conductive), even
if the column selection signal is set to a High level. Out of the
LIO line pairs of the LIOT and LION lines connected to the
bit line pairs through the column selection transistors Q3, one
LIO line of the LIO line pair connected to the defective
column selection transistor is not electrically connected to the
bit line that has been precharged to a VSS level. For this
reason, the one LIO line of the LIO line pair is at a High level
in a floating state. One of four inputs (LIOT-A to LIOT-D or
LION-A to LION-D) except the first test control signal TL is
set to a High level at the circuit NOR1 or NOR2. An output of
the circuit NOR1 or NOR2 is therefore Low, and the circuit
NAND outputs a High level. The High level of the output
signal HL, of the circuit NAND indicates the defect of the
column selection transistor for the selected column.

<Example of Timing Operations>

[0120] FIG. 6 is a timing diagram for explaining an opera-
tion example in the present exemplary embodiment shown in
FIG.5.FIG. 6 shows a part of operations (operations when the
column selection signal YSO is selected) when the TEST_
Mode_En signal indicates a test mode. In FIG. 6, (a) shows a
timing waveform of the bit line precharge control signal
BLPR_B;

(b) shows a timing waveform of the precharge potential
VBLP:

(c) shows a timing waveform of each bit line pair (DL-A-0
and /DL-A-0, DL-B-0 and /DL-B-0, DL-C-0 and /DL-C-0,
and DL-D-0 and /DL-D-0);

(d) shows a timing waveform of each L1O line pair (LIOT-A
and LION-A, LIOT-B and LION-B, LIOT-C and LION-C,
and LIOT-D and LION-D);

(e) shows a timing waveform of the signal HL;

(f) shows a timing waveform of the column selection signal
YSo0;,

(g) shows a timing waveform ofthe second test control signal
FB; and

(h) shows a timing waveform of the first test control signal
TL.

[0121] Whenthetest modeis entered, the precharge control
signal BLPR_B is set to a Low level, and the bit line precharge
line VBLP is set to the output voltage VSS from the first
control circuit CTL1. That is, the transistors Q1 turn on, and
the bit line pairs DL-A-0 and /DL-A-0 to DL-D-0 and /DL-
D-0 are all set to the voltage VSS.
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[0122] The second test control signal FB is set to a Low
level temporarily (for a first period of time) by the second
control circuit CTL2, thereby turning on the transistors Q2 to
precharge the LIO line pairs LIOT-A/LION-A to LIOT-D/
LION-D to the power supply potential VDDI1. Then, the
second test control signal FB is set to High, and all of the LIO
line pairs LIOT-A/LION-A to LIOT-D/LION-D are set in a
floating state.

[0123] The second test control signal FB may be set from
Low to High, being delayed by a predetermined delay period
of'time from when a READ access decoded and output by the
control signal generation circuit 8 in FIG. 1 transitions to an
activated state, for example. In this case, a test to check
whether or not the gates of the column selection transistors
are in a floating state is carried out according to the READ
access. Since an output of a write amplifier 17 is set to a
high-impedance state ata time ofa READ operation, the need
for control for deactivation of the write amplifier 17 by the
first test control signal TL is eliminated. Alternatively, timing
control may be of course performed so that the second test
control signal FB is set to be Low for the predetermined
period of time (first period of time) from a timing of transition
of the precharge control signal BLPR_B from High to Low
and then the second test control signal FB is set to High.
[0124] After the second test control signal FB has transi-
tioned to High, the column selection signal YSO for the
selected column is set to High, thereby turning on the selected
column selection transistors (Q3) (making the selected col-
umn selection transistors (Q3) conductive). The bit line pairs
and the LIO line pairs connected to the selected column
selection transistors are thereby electrically connected. As a
result, the LIO line pairs that are set in a floating state at a
High level are electrically connected to the bit line pairs at a
power supply potential VSS. Accordingly, electric charges of
the LIO line pairs are gradually discharged to a Low level.
[0125] The second test control signal FB is set to be High
for a predetermined period of time. The column selection
signal YSO transitions from High to Low with the second test
control signal FB being High. When the column selection
signal YS0 goes Low, the column selection transistors (Q3)
with the gates thereof connected to the column selection
signal YS0 turn from on (conductive) to off (non-conductive).
The LIO line pairs are electrically disconnected from the bit
line pairs at the power supply potential VSS, and the LIO line
pairs are set to a Low level in a floating state (are brought into
a Low floating state). The Low level of the LIO line pair is
detected by the circuits NOR1, NOR2, and NAND. When the
column selection transistors are normal, the output signal HL.
of the circuit NAND assumes the Low level.

[0126] On the other hand, even if the column selection
signal YSO0 goes High, at least one LIO line of the LIO line
pair is not electrically connected to one bit line of the bit line
pair due to a defect of at least one transistor of a column
selection transistor pair or the like, electric charge on the at
least one LIO line is not discharged to the power supply VSS,
and the at least one LIO line remains in a High floating state.
During a period in which the column selection signal is High,
and after the column selection signal changes from High to
Low, the at least one LIO line remains in a High floating state.
At least one output of the circuit NOR1 and NOR2 connected
to the one LIO line goes Low. The output signal HL. of the
circuit NAND therefore goes High, thereby notifying detec-
tion of the defect of the at least one column selection transis-
tor.
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[0127] After detection by the detection circuit 20 has been
finished, the second test control signal FB is set to Low again
for a test for a next column. Though no particular limitation is
imposed, a GO/noGO test, for example, may be finished
when a defect of one column selection transistor is detected
by the detection circuit 20, and the device including the defec-
tive column selection transistor may be sorted out as a defec-
tive product. On the other hand, when a predetermined rem-
edy is prepared for the defect of the column selection
transistor in the semiconductor device, detection of a column
selection transistor defect for still another column is per-
formed. In this case, association between the output signal
HL of the detection circuit 20 and each of the column selec-
tion signals YSO0 to YSN may be recorded in a non-volatile
memory or the like in the semiconductor device. The remedy
for the defect of the column selection transistor is not directly
related to the subject of the present invention. Thus, details of
the remedy will be omitted.

[0128] The PMOS transistors Q2 that set the LIO line pairs
LIOT and LION to the power supply potential VDD1 in the
test mode in FIG. 5 when the second test control signal FB is
Low may be functioned as precharge transistors for the LIO
line pairs LIOT and LION in a normal mode (normal opera-
tion). In this case, precharge voltages for the LIO line pairs
LIOT and LION in the normal mode and the test mode may be
set to be the same, and a changeover switch may be provided
so that a LIO equalize signal LIO_EQ is supplied in place of
the second test control signal FB as the signal to be supplied
to the gates of the PMOS transistors Q2 in the normal mode
(normal operation). Alternatively, the PMOS transistors Q2
may be of course provided separately from a circuit for pre-
charging the LIO line pairs.

Second Exemplary Embodiment

[0129] FIG. 7 is a diagram showing a configuration of a
second exemplary embodiment of the present invention. In
addition to PMOS transistors Q2 (corresponding to the
PMOS transistors Q2 in FIG. 5) that set LIO line pairs LIOT/
LION to a power supply potential VDD1 when a second test
control signal FB is Low in a test mode, PMOS transistors
Q4-1, Q4-2, and Q4-3 for precharging and equalizing the LIO
line pairs LIOT/LION to a power supply potential VDD2 in a
normal mode (normal operation) operation are provided.
During a (normal) operation in the normal mode, the second
test control signal FB is fixed at High, so that the transistors
Q2 are constantly turned off (non-conductive). When a LIO
equalize signal LIO_EQ is Low, the LIO line pairs LIOT/
LION are precharged and equalized to the power supply
potential VDD2.

Third Exemplary Embodiment

[0130] FIGS. 8A to 8C is a diagram showing a configura-
tion of a third exemplary embodiment of the present inven-
tion. In the exemplary embodiments described before, the
detection circuit 20 is connected to the local input/output
lines, thereby detecting a defect of at least one of the column
selection transistors. In the present exemplary embodiment,
as shown in FIG. 8A, a detection circuit 20 is connected to
main input/output lines MIOT and MION. A logic configu-
ration of the detection circuit 20 is configured to be the same
as that of the detection circuit 20 in the first exemplary
embodiment shown in FIG. 5. A first control circuit CTL1
shown in FIG. 8B outputs a voltage to the bit line precharge
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line VBLP for precharging bit line pairs (VLBP is connected
to sources of PMOS transistors Q1 with drains connected to
the bit line pair BLT and BLN, respectively). The first control
circuit CTL1 outputs a voltage output from a reference volt-
age generation circuit to the VBLP, when the Test_Mode_En
signal is inactive (in a normal mode), and outputs a VSS
voltage to the VBLP, when the Test_Mode_En signal is active
(in a Test mode). A second control circuit CTL2 shown in
FIG. 8C generates first and second test control signals TL. and
FB based on the Test_Mode_FEn signal. The second test con-
trol signal FB is supplied to gates of PMOS transistors Q2
with sources connected in common to VDD1 and drains con-
nected to LIOT and LION, respectively. The first test control
signal TL is supplied to the detection circuit 20 and the write
amplifier 17.

[0131] Control sequence of

[0132] precharging of bit line pairs BLT and BLN to a
power supply voltage VSS;

[0133] setting of the first test control signal TL to Low by
the second control circuit CTL2;

[0134] setting of a second test control signal FB by the
second control circuit CTL2 to High (turning on Q2 to pre-
charge LIOT and LION to VDD1) after setting of the second
test control signal FB to Low for a predetermined period of
time;

[0135] turning on of a column selection transistor (Q3) due
to setting of a column selection signal for a selected column to
High; and

[0136] subsequent turning off of the column selection tran-
sistor; is the same as that in the first exemplary embodiment
described with reference to FIGS. 5 and 6. A test mode enable
signal Test_Mode_En is supplied to a column decoder
(YDEC) 15, and a column selection signal YS is output at a
timing as shown in FIG. 6, for example.

[0137] Aselected LIO line pair LIOT/LION is connected to
a kth MIO line pair MIOT <k>/MION <k> (k being one or a
predetermined positive integer) through switches (SWCs) 16
set to be on, so that levels of the LIO line pair LIOT/LION are
transmitted to the kth MIO line pair MIOT <k>/MION <k>.
[0138] The configuration in the third exemplary embodi-
ment includes a circuit NOR1 that receives a plurality of
MIOT <k> lines and the first test control signal TL, a circuit
NOR2 that receives a plurality of MION <k> lines and the
first test control signal TL, and a circuit NAND that receives
outputs of the circuits NOR1 and NOR2.

[0139] Inthe test mode, the column selection signal is set to
High with LIO line pair LIOT/LION being in a High floated
state, and the LIO line pair LIOT/LION is connected to the bit
lines BLT and BLN at the power supply voltage VSS. Then,
the LIO line pair LIOT/LION is discharged to a Low level.
Then, the column selection signal is set to Low, and both of
Low levels (Low floating) of the LIO line pair LIOT/LION
are detected by the levels transmitted to the MIO line pair
MIOT <k>/MION <k> connected to the LIO line pair LIOT/
LION through the switches 16. This test is carried out in a
READ mode. An output of a write amplifier is thereby set to
a High-impedance state. Alternatively, a write amplifier 17
may be so configured that when a control signal TL is Low,
the output of the write amplifier 17 is set to the High-imped-
ance state, in the test mode.

[0140] According to this exemplary embodiment, one
detection circuit 20 is provided in common to a plurality of
MIO line pairs. Thus, this exemplary embodiment is effective
in terms of reduction of an increase in the circuit size of the
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test circuit. That is, when a defect is present in one of column
selection transistors corresponding to one bit line of (M) bit
line pairs connected to (L) LIO line pairs connected to (K)
MIO line pairs, or the one of the column selection transistors
corresponding to KxL.xM bit line pairs, this column selection
transistor is decided to be defective. The configuration in the
present exemplary embodiment is effective when applied to a
case where when even one of defects (such as an open failure
of'the gate of) of a column selection transistor is detected in a
device test, a process of identifying a defective location of the
column selection transistor, for remedy, is not performed, and
the device with the detective column selection transistor is
sorted out as not capable of being rescued (noGO).

[0141] In each of the exemplary embodiments described
above, the description was given, using the open bit line
structure as an example. The present invention can be of
course applied to a memory of a hierarchical 1/O structure in
a folded bit line system as well.

[0142] The technical concepts of the present application
can be applied to a transfer route for a data signal of a memory
oradata processor, or the like, for example. The configuration
of the control circuit for generating a control signal is not
limited to a circuit type disclosed in an example. Referring to
FIGS. 2, 3, 5, and 8, the description was given to the example
where the column selection transistors Q3 are the NMOS
transistors and each of the precharge elements Q1 and Q2 is
formed of the PMOS transistor. Polarities of various transis-
tors in the present invention are not of course limited to the
configurations that have been illustrated.

[0143] The technical concepts of the present invention can
be applied to various semiconductor devices. To take an
example, the present invention can be applied to semiconduc-
tor devices in general such as CPU (Central Processing Unit),
MCU (Micro Control Unit), a DSP (Digital Signal Proces-
sor), ASIC (Application Specific Integrated Circuit), ASSP
(Application Specific Standard Product), and memory
(Memory). As types of products of semiconductor devices to
which the present invention is applied, SOC (system on chip),
MCP (multi-chip package), POP (package on package), and
the like can be pointed out. The present invention can be
applied to these semiconductor devices having arbitrary types
of'products or arbitrary package types. The transistors should
be just field effect transistors (Field Effect Transistors; FETs).
The present invention can be applied to various FETs such as
MIS (Metal-Insulator Semiconductor) and TFT (Thin Film
Transistor) other than MOS (Metal Oxide Semiconductor).
The present invention can be applied to various FETs such as
transistors. Further, some transistors in the device may be
replaced by bipolar type transistors. Further, the PMOS tran-
sistor (P channel MOS transistor) is a typical example of the
transistor of a second conductivity type, while the NMOS
transistor (N channel MOS transistor) is a typical example of
the transistor of a first conductivity type.

[0144] Modifications and adjustments of the exemplary
embodiments and an example of the present invention are
possible within the scope of the overall disclosure (including
claims) of the present invention, and based on the basic tech-
nical concept of the invention. Various combinations and
selections of various disclosed elements are possible within
the scope of the claims of the present invention. That is, the
present invention of course includes various variations and
modifications that could be made by those skilled in the art
according to the overall disclosure including the claims and
the technical concept.
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What is claimed is:
1. A semiconductor device comprising:
a bit line;
a data bus line provided corresponding to said bit line;
a selection transistor that controls electrical connection
between said bit line and said data bus line;
a write amplifier that writes data to said bit line through
said data bus; and
a test circuit, wherein
during a test period,
said test circuit sets said bit line to a first potential, regard-
less of an operation of said write amplifier, sets said data
bus line to a second potential and then sets said data bus
line in a floating state,
said selection transistor being activated to electrically con-
nect said bit line and said data bus line,
said test circuit detecting transition of said data bus line
from said second potential to said first potential.
2. The semiconductor device according to claim 1, further
comprising:
a precharge line that supplies a first predetermined poten-
tial to said bit line; and
a precharge element that when activated, electrically con-
nects said bit line and said precharge line, wherein
said test circuit sets said precharge line to said first poten-
tial, in place of said first predetermined potential, and
activates said precharge element to set said bit line to
said first potential.
3. The semiconductor device according to claim 2, further
comprising:
a memory cell that is connected to said bit line and stores
information therein; and
a first sense amplifier that is connected to said bit line and
senses information stored in said memory cell,
said first predetermined potential assuming a potential that
is set as an initial potential for sensing by said first sense
amplifier, before information stored in said memory cell
is transmitted to said bit line.
4. The semiconductor device according to claim 3, further
comprising
a reference potential generation circuit that generates said
first predetermined potential and supplies said first pre-
determined potential to said precharge line.
5. The semiconductor device according to claim 2, further
comprising:
a first signal line having said first potential; and
a switch element that electrically connects said first signal
line and said precharge line, wherein
said test circuit activates said switch element to set said
precharge line to said first potential and sets said bit line
to said first potential through said precharge element.
6. The semiconductor device according to claim 1, wherein
said test circuit performs control so that said bit line maintains
said first potential, during said test period.
7. The semiconductor device according to claim 1, further
comprising
a first transistor that sets said data bus line to said second
potential, wherein said test circuit performs control so as
to activate said first transistor during an initial period of
said test period, and to deactivate said first transistor
during a late period of'said test period which follows said
initial period.
8. The semiconductor device according to claim 7, further
comprising:
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a memory cell that is connected to said bit line and stores
information therein;

a second sense amplifier that is connected to said data bus
line and senses information stored in said memory cell
through said bit line and said selection transistor; and

a second transistor that supplies a second predetermined
potential to said data bus line,

said second predetermined potential assuming a potential
that is set as an initial potential for sensing by said
second sense amplifier before information stored in said
memory cell is transmitted to said data bus line.

9. The semiconductor device according to claim 1, wherein
said test circuit controls to deactivate said write amplifier
during said test period.

10. The semiconductor device according to claim 1, com-
prising:

a plurality of said bit lines;

a plurality of said data bus lines corresponding to said bit

lines; and

a plurality of said selection transistors that electrically
connect said plurality of said bit lines and said plurality
of said data buses, respectively, wherein

said plurality of said selection transistors are connected in
common to a first selection signal line, and

said test circuit detects that respective potentials of said
plurality of said data bus lines change from said second
potential to said first potential.

11. The semiconductor device according to claim 10, com-

prising:

a memory cell that is connected to said bit line and stores
information therein; and

a sense amplifier that senses information stored in said
memory cell, wherein

a first one of said plurality of said bit lines is connected to
a first node of said sense amplifier,

a second one of said plurality of said bit lines is connected
to a second node of said sense amplifier,

said sense amplifier senses information stored in said
memory cell related to one of said first and second bit
lines,

said plurality of said selection transistors respectively cor-
responding to said first and second bit lines, are con-
nected in common to said first selection signal line, and

said test circuit commonly sets said first and second bit
lines to said first potential and detects that respective
potentials of said plurality of said data bus lines respec-
tively corresponding to said first and second bit lines
change from said second potential to said first potential.

12. The semiconductor device according to claim 1, includ-
ing:

a plurality of said bit lines;

a plurality of said data bus lines corresponding to said

plurality of said bit lines; and

a plurality of said selection transistors that electrically
connect said plurality of said bit lines and said plurality
of said data bus lines, respectively, each of said plurality
of said selection transistors being connected to a corre-
sponding one of first and second selection signal lines,
wherein

said test circuit detects that respective potentials of said
plurality of said data bus lines change from said second
potential to said first potential.

13. The semiconductor device according to claim 12, fur-

ther comprising:
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a plurality of memory cells connected to said plurality of
said bit lines, each of said memory cells storing infor-
mation therein; and

first and second sense amplifiers each of which senses
information stored in a corresponding one of said plu-
rality of memory cells, wherein

a first one of said plurality of said bit lines is connected to
a first node of said first sense amplifier,

a second one of said plurality of said bit lines is connected
to a second node of said first sense amplifier,

athird one of said plurality of said bit lines is connected to
a first node of said second sense amplifier,

a fourth one of said plurality of said bit lines is connected
to a second node of said second sense amplifier,

said first sense amplifier senses information stored in said
memory cell related to one of said first and second bit
lines,

said second sense amplifier senses said information in said
memory cell related to one of said third and fourth bit
lines,

said plurality of said selection transistors respectively cor-
responding to said first and second bit lines are con-
nected in common to said first selection signal line,

said plurality of said selection transistors respectively cor-
responding to said third and fourth bit lines are con-
nected in common to said second selection signal line,
and

said test circuit commonly sets said first to fourth bit lines
to said first potential to detect that respective potentials
of said plurality of said data bus lines respectively cor-
responding to said first to fourth bit lines change from
said second potential to said first potential.

14. The semiconductor device according to claim 1, com-

prising:

first and second groups, each of said first and second
groups including a plurality of said bit lines;

aplurality of said data bus lines corresponding in common
to said first and second groups; and

third and fourth groups, each of said third and fourth
groups including a plurality of said selection transistors
electrically connecting said plurality of said bit lines
included in said first and second groups respectively, and
said plurality of said data bus lines corresponding to said
plurality of said bit lines, wherein

said plurality of said selection transistors included said
third and fourth groups are respectively connected to
said first and second selection signal lines corresponding
thereto, and

said test circuit detects that respective potentials of said
plurality of said data bus lines change from said second
potential to said first potential.

15. The semiconductor device according to claim 14, fur-

ther comprising:

fifth and sixth groups, each of said fifth and sixth groups
including a plurality of said bit lines;

aplurality of said data bus lines corresponding in common
to said fifth and sixth groups; and

seventh and eighth groups, each of said seventh and eighth
groups including a plurality of said selection transistors
electrically connecting said plurality of said bit lines
included in said fifth and sixth groups and said plurality
of said data bus lines corresponding to said plurality of
said bit lines, wherein
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said plurality of said selection transistors of said seventh
and eighth groups are respectively connected to said first
and second selection signal lines corresponding thereto,
and

said test circuit detects that respective potentials of said
data bus lines corresponding in common to said first and
fifth groups and said data lines corresponding in com-
mon to said second and sixth groups change from said
second potential to said first potential.

16. The semiconductor device according to claim 15, fur-

ther comprising:

a plurality of memory cells that are connected to said
plurality of said bit lines and that store information
therein; and

a plurality of sense amplifiers, each of which senses infor-
mation stored in a corresponding one of said pluralities
of memory cells, said plurality of sense amplifiers
including:

aplurality of first sense amplifiers common to said first and
fifth groups; and

a plurality of second sense amplifiers common to said
second and sixth groups, wherein

said plurality of said bit lines included in said first group are
connected to first nodes of said plurality of first sense
amplifiers respectively corresponding to said plurality
of said bit lines,

said plurality of said bit lines included in said fifth group
are connected to second nodes of said plurality of first
sense amplifiers respectively corresponding to said plu-
rality of said bit lines,

said plurality of said bit lines included in said second group
are connected to first nodes of said plurality of second
sense amplifiers respectively corresponding to said plu-
rality of said bit lines,

said plurality of said bit lines included in said sixth group
are connected to second nodes of said plurality of second
sense amplifiers respectively corresponding to said plu-
rality of said bit lines,

each of'said plurality of first sense amplifiers senses infor-
mation stored in one of said memory cells related to one
of said plurality of said bit lines included in said first
group and said plurality of said bit lines included in said
fifth group,

each of said plurality of second sense amplifiers senses
information stored in one of said memory cells related to
one of said plurality of said bit lines included in said
second group and said plurality of said bit lines included
in said sixth group,

said plurality of said selection transistors included in said
third group and said plurality of said selection transistors
included in said seventh group are connected in common
to said first selection signal line,

said plurality of said selection transistors included in said
fourth group and said plurality of said selection transis-
tors included in said eighth group are connected in com-
mon to said second signal line, and

said test circuit commonly sets said plurality of said bit
lines to said first potential to detect that respective poten-
tials of said plurality of'said data bus lines corresponding
in common to said first and second groups and said
plurality of said data bus lines corresponding in common
to said fifth and sixth groups change from said second
potential to said first potential.
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17. The semiconductor device according to claim 7,
wherein said test circuit includes

first and second control circuits; and

a logic circuit, wherein

said first control circuit connects said bit line to a precharge
line, at a time of a test, to set a potential of said bit line to
said first potential,

said second control circuit generates a first control signal
for controlling electrical connection of said first transis-
tor, and makes said first transistor conductive for a pre-
determined period of time to set said data bus line to said
second potential by said first control signal, and then
makes said first transistor non-conductive, thereby con-
trolling said data bus line to be brought in a floating state,

said semiconductor device activates a selection signal for
controlling said selection transistor to electrically con-
nect said data bus line and said bit line, with said first
transistor being made non-conductive, and then deacti-
vates said selection signal to electrically disconnect said
data bus line and said bit line,

said second control circuit further generates a second con-
trol signal to be supplied to said logic circuit, said second
control signal being activated at said time of said test,

said logic circuit outputs a first logic value when said
second control signal indicates activation of said logic
circuit and when said logic circuit detects that a potential
of'said data bus line indicates a logic level corresponding
to said first potential,

said logic circuit outputs a second logic value when said
second control signal indicates activation of said logic
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circuit and said potential of said data bus line does not
indicates said logic level corresponding to said first
potential, and

said logic circuit outputs said second logic value when said

second control signal indicates deactivation of said logic
circuit.

18. The semiconductor device according to claim 17,
wherein said logic circuit outputs said first logic value when
said second control signal indicates activation of said logic
circuit and when said logic circuit detects that each potential
of a plurality of said data bus lines indicates said logic level
corresponding to said first potential, and

said logic circuit outputs said second logic value when said

potential of at least one of said plurality of said data bus
lines does not indicate said logic level corresponding to
said first potential.

19. The semiconductor device according to claim 17,
wherein said data bus line includes:

a local input/output line connected to said bit line through

said selection transistor; and

a main input/output line connected to said local input/

output line through a switch,

said logic circuit being connected to said local input/output

line.

20. The semiconductor device according to claim 19,
wherein said main input/output line is connected to said write
amplifier that drives said main input/output line based on
write data externally supplied and a read amplifier that ampli-
fies data transmitted to said main input/output line from said
local input/output line.
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