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SEMCONDUCTOR MEMORY DEVICE THAT 
DOES NOT REQUIRE A SENSE AMPLIFIER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority of Taiwanese Appli 
cation No. 102125228, filed on Jul. 15, 2013. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The invention relates to a memory device, more 
particularly to a semiconductor memory device that does not 
require a sense amplifier. 
0004 2. Description of the Related Art 
0005 FIG. 1 illustrates a conventional semiconductor 
memory device. The semiconductor memory device includes 
a memory cell group, a plurality of parallel data lines 11 
connected to the memory cell group, a plurality of parallel 
control lines 12 connected to the memory cell group, and a 
plurality of sense amplifiers 14. 
0006. The memory cell group includes a plurality of 
memory cells 13. The control lines 12 intersect the data lines 
11, and are electrically isolated from the data lines 11. The 
control lines 12 transmit a control signal to the memory cells 
13, in order to control the memory cells 13 to output the data 
stored therein. 

0007. However, as the demand for capacity of the memory 
device increases, a memory cell group 10 with much more 
memory cells 13 may be preferable. The data lines 11 that are 
coupled to the memory cells 13 are Subsequently made 
longer, which inevitably increases their parasitic capacitance. 
0008 Because of the parasitic capacitance of the data lines 
11, a voltage that is outputted by the memory cells 13 may not 
be promptly propagated to the data lines 11 (i.e., the memory 
cells 13 may not be able to “drive' the data lines 11 effi 
ciently). As a result, the sense amplifiers 14 are employed to 
assist in amplifying the Voltage on the data lines 11, in order 
to facilitate data transmission and allow the semiconductor 
memory device to operate under a higher frequency. 
0009 Nonetheless, the sense amplifiers 14 may be undes 
ired components of the semiconductor memory device due to 
their relatively large power consumption. Therefore, it may 
be beneficial to attempt to address the issue of the parasitic 
capacitance of the data lines, and to omit the sense amplifiers 
14 altogether. 

SUMMARY OF THE INVENTION 

0010. Therefore, the object of the present invention is to 
provide a semiconductor memory device that may alleviate at 
least one of the above drawbacks, and that does not require a 
sense amplifier. 
0011. According to one aspect, a semiconductor memory 
device of the present invention comprises a memory cell 
array, a data line unit, a control unit, a buffer unit, and a bias 
Voltage unit. 
0012. The memory cell array includes a plurality of 
memory cell groups, each of the memory cell groups includ 
ing at least one memory cell. The data line unit is coupled to 
the memory cell groups and includes a plurality of spaced 
apart and electrically isolated data lines for transmitting to 
be-read data and to-be-written data. 
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0013 The control unit is coupled to the memory cell 
groups, is electrically isolated from the data line unit, and is 
for transmitting a control signal. 
0014. The buffer unit includes a plurality of the tri-state 
buffers. Each of the tri-state buffers has an input terminal 
coupled to the at least one memory cell, and an output termi 
nal coupled to the data line unit. The tri-state buffers are 
controlled to Switch between a conducting State and a non 
conducting state. 
0015 The bias voltage unit coupled to the input terminal 
of each of the tri-state buffers to supply a preset bias voltage 
to the input terminals of the tri-state buffers. 
0016. According to another aspect, a semiconductor 
memory device of the present invention comprises a memory 
cell array, a data line unit, a control unit, a logic unit, and a 
bias Voltage unit. 
0017. The memory cell array includes a plurality of the 
memory cell groups, each of the memory cell groups includes 
at least one memory cell. The data line unit is coupled to the 
memory cell groups and includes a plurality of spaced-apart 
and electrically isolated data lines for transmitting to-be-read 
data and to-be-written data. The control unit is coupled to the 
memory cell groups, is electrically isolated from the data line 
unit, and is for transmitting a control signal. 
0018. The logic unit has a plurality of input terminals each 
coupled to at least one memory cell, and an output terminal 
coupled to the data line unit. Data stored in the memory cell 
groups is read through the data line unit via the logic unit. 
0019. The bias voltage unit is coupled to each of the input 
terminals of the logic unit to supply a preset bias Voltage to the 
input terminals of the logic unit. 
0020. According to yet another aspect, a semiconductor 
memory device of the present invention is configured for use 
in a system having a system clock and a Voltage source that 
provides a high Voltage and a low Voltage. The semiconductor 
memory device comprises a memory cell array, a data line 
unit, a control unit, and a bias Voltage unit. 
0021. The memory cell array includes a memory cell 
group. The data line unit coupled to the memory cell group. 
The control unit is electrically isolated from the data line unit, 
and is for transmitting a control signal. 
0022. The bias voltage unit is coupled to a junction of the 
memory cell group and the data line unit is and operable to 
control Supply of a preset bias Voltage to the junction. 
0023 Preferably, the data line unit is configured such that 
a time constant thereof is smaller than that required by the 
system clock. Preferably, amplitude of a signal read through 
the data line unit corresponds in magnitude to a difference 
between the high Voltage and the low Voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. Other features and advantages of the present inven 
tion will become apparent in the following detailed descrip 
tion of the preferred embodiments with reference to the 
accompanying drawings, of which: 
0025 FIG. 1 is a schematic block diagram of a conven 
tional semiconductor memory device; 
0026 FIG. 2 is a schematic block diagram of the first 
preferred embodiment of a semiconductor memory device 
that does not require a sense amplifier, according to the inven 
tion; 
0027 FIG. 3 is a schematic block diagram of the first 
preferred embodiment, where a plurality of memory cell lines 
are employed; 
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0028 FIG. 4 is a schematic circuit diagram of a memory 
cell of the semiconductor memory device according to the 
first preferred embodiment; 
0029 FIG. 5 is a schematic circuit diagram of an alterna 
tive of a tri-state buffer used in the first embodiment; 
0030 FIG. 6 is a schematic block diagram of a variation of 
the first preferred embodiment; 
0031 FIG. 7 is a schematic block diagram of the second 
preferred embodiment of a semiconductor memory device 
that does not require a sense amplifier, according to the inven 
tion; 
0032 FIG. 8 is a schematic circuit diagram of a memory 
cell of the semiconductor memory device according to the 
second preferred embodiment; 
0033 FIG.9 is a schematic block diagram of a variation of 
the second preferred embodiment; 
0034 FIG. 10 is a schematic block diagram of the third 
preferred embodiment of a semiconductor memory device 
that does not require a sense amplifier, according to the inven 
tion; 
0035 FIG. 11 is a schematic circuit diagram of a memory 
cell of the semiconductor memory device according to the 
third preferred embodiment; 
0036 FIG. 12 is a schematic circuit diagram of a logic unit 
of the semiconductor memory device according to the third 
preferred embodiment; and 
0037 FIG. 13 is a schematic circuit diagram of a logic unit 
of the semiconductor memory device, according to a variation 
of the third preferred embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0038. Before the present invention is described in greater 
detail, it should be noted that like elements are denoted by the 
same reference numerals throughout the disclosure. 
0039. As shown in FIG. 2, the first preferred embodiment 
of a semiconductor memory device according to the present 
invention may be configured for use in a system having a 
system clock and a Voltage source that provides a high Voltage 
(e.g., an operating Voltage) and a low Voltage (e.g., a ground 
Voltage). The semiconductor memory device comprises a 
data line unit 2, a control line unit 3 (see FIG. 4), a plurality of 
memory cell groups 4, a buffer unit, a bias Voltage unit 6, and 
an inverting unit 7. 
0040. The semiconductor memory device in the embodi 
ments of this invention may be coupled to a processor Such as 
a central processing unit (not depicted in the drawings), and 
can be accessed by the processor via a controller (not depicted 
in the drawings) to serve as, for example, a cache. 
0041. In this embodiment, a memory cell line that includes 
16 memory cell groups 4 is presented. Each of the memory 
cell groups 4 may include one or more memory cells 40. For 
example, eight memory cells 40 are included in each of the 
memory cell groups 4. 
0042. The data line unit 2 is coupled to the controller and 
the memory cell groups 4, and includes a read bit line (RBL) 
and a write bit line (WBL) that are spaced apart and electri 
cally isolated from each other, as best shown in FIG. 4. 
0043. In the embodiments, the read bit line (RBL) and the 
write bit line (WBL) are configured such that a time constant 
thereof may be sufficiently low for adequate operation in the 
system with the system clock. 
0044) Referring to FIG.4, the control line unit 3 is coupled 
to the controller and the memory cell groups 4, and includes 
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a read word line (RWL) and a write word line (WWL). The 
control unit 3 is for transmitting control signals including a 
read control signal and a write control signal, in order to 
configure the states of the memory cell groups 4. 
0045. In particular, the read bit line (RBL) is configured to 
transmit to-be-read data that is stored in the memory cells 40, 
and the write bit line (WBL) is configured to transmit to-be 
written data to the memory cells 40. The read word lines 
(RWL) are configured to transmit the read control signal to 
the memory cells 40 for controlling the memory cells 40 to be 
readable/non-readable. The write word lines (WWL) are con 
figured to transmit the write control signal to the memory 
cells 40 for controlling the memory cells 40 to be writeable/ 
non-writeable. 
0046 Referring back to FIG. 2, the buffer unit includes a 
plurality of tri-state buffers (buf) (e.g., buf7, buf15, . . . . 
bufl 19, buf127, etc.). Each of the tri-state buffers (buf) has an 
input terminal coupled to the memory cell group 4, an output 
terminal coupled to the read bit line (RBL), and a control 
terminal that is to be coupled to a system control unit (not 
depicted in the drawings). The control terminal is for receiv 
ing a command signal from the system control unit, such that 
the tri-state buffer (buf) is operable to switch between a con 
ducting state and a non-conducting State. 
0047. It is worth noting that, in some embodiments, the 

tri-state buffers (buf) may be embodied as other configura 
tions that can be switched between a conducting state and a 
non-conducting state. For example, FIG. 5 illustrates one 
such configuration that includes a combination of a switch 51 
and a buffer 52 connected in series. 
0048. In this embodiment, each of the memory cells 40 is 
a three-transistor dynamic random access memory (3T 
DRAM) cell which is a volatile memory cell that employs 
n-type metal-oxide-semiconductor field-effect transistors 
(N-MOS transistors). However, various types of memory 
cells may be employed in other embodiments. 
0049 FIG. 4 illustrates one such memory cell 40 used in 
this embodiment. The memory cell 40 includes a first tran 
sistor (M), a second transistor (M), a third transistor (M), 
and a capacitor (Cs). 
0050. The first transistor (M) has a first terminal, a second 
terminal coupled to the write bit line (WBL), and a control 
terminal coupled the write word line (WWL). 
0051. The second transistor (M) has a first terminal, a 
second terminal disposed to receive a first Voltage, and a 
control terminal coupled to the first terminal of the first tran 
sistor (M). In this embodiment where N-MOS transistors are 
used, the first Voltage is a ground Voltage. 
0.052 The capacitor (Cs) has one end coupled to the con 
trol terminal of the second transistor (M), and another end 
disposed to receive the first voltage. 
0053. The third transistor (M) has a first terminal coupled 
to the input terminal of the tri-state buffer, a second terminal 
coupled to the first terminal of the second transistor (M), and 
a control terminal coupled to the read word line (RWL). 
0054. In operation, the first transistor (M) is controlled by 
the write word line (WWL) to switch between conducting and 
non-conducting states. That is, when the memory cell 40 is 
selected to have data written therein, the write word line 
(WWL) is subsequently set to a high voltage level (e.g., at the 
operating Voltage), thereby Switching the first transistor (M) 
to the conducting state. 
0055. The second transistor (M) is controlled by the elec 

trical energy stored in the capacitor (Cs) to Switch between 
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conducting and non-conducting States. That is, when the 
capacitor (Cs) is Sufficiently charged to provide a Voltage 
higher than the threshold voltage of the second transistor 
(M), the second transistor (M) will be switched to the 
conducting state. 
0056. The third transistor (M) is controlled by the read 
word line (RWL) to switch between conducting and non 
conducting states. That is, when one of the memory cells 40 is 
selected so as to read the data stored therein, the correspond 
ing read word line (RWL) is Subsequently set to a high Voltage 
level (e.g., at the operating Voltage), thereby Switching the 
third transistor (M) to the conducting state. 
0057. It is noted that, in other embodiments, various num 
bers of memory cell groups 4 and/or various size of each of 
the memory cell groups 4 may be employed to constitute a 
larger semiconductor memory device. For example, in one 
embodiment as shown in FIG. 3, 32 memory cell lines iden 
tical to that depicted in FIG. 2 are arranged, thus creating a 
128*32 memory cell array. 
0058 Accordingly, the data unit 2 in this embodiment 
includes a plurality of read bit lines (RBL) (e.g., RBL0, RBL 
31, etc.) and a plurality of write bit lines (WBL) that are 
disposed alternately with the read bit lines (RBL). For each of 
the memory cell lines, a plurality of the tri-state buffers (buf) 
are coupled between the memory cell groups 4 and the cor 
responding one of the read bit lines (RBL), and the bias 
voltage unit 6 is coupled to the input terminal of each of the 
tri-state buffers (buf). 
0059 Referring back to FIGS. 2 and 3, the bias voltage 
unit 6 is operable to control Supply of a preset bias Voltage to 
the input terminal of each of the tri-state buffers (buf). 
0060. In this embodiment, the bias voltage unit 6 is oper 
able, with respect to each of the tri-state buffers (buf), to 
Switch between a biasing mode, and a non-biasing mode. In 
the biasing mode, the preset bias Voltage is Supplied to the 
input terminals of each of the tri-state buffers (buf). In the 
non-biasing mode, the preset bias Voltage is not Supplied to 
the input terminals of each of the tri-state buffers (buf). In 
default, the bias Voltage unit is kept in the biasing mode. 
When data is to be read from the memory cell groups 4, the 
bias Voltage unit 6 is Switched to the non-biasing mode. 
0061. In this embodiment, the bias voltage unit 6 includes 
a plurality of first resistors (R1), a second resistor (R2), a first 
Voltage providing circuit 61a, and a second Voltage providing 
circuit 61b. 

0062 Each of the first resistors (R1) is coupled to a respec 
tive one of the input terminals of the tri-state buffers (buf). 
The second resistor (R2) is coupled between the read bit line 
(RBL) and the second voltage providing circuit 61b. The first 
Voltage providing circuit 61a is coupled to the first resistors 
(R1) for providing the preset bias voltage the input terminals 
of each of the tri-state buffers (buf) when the bias voltage unit 
6 operates in the biasing mode. The second Voltage providing 
circuit 61b is coupled to the read bit line (RBL) for providing 
the preset bias voltage thereto when the bias voltage unit 6 
operates in the biasing mode. 
0063. While in this embodiment, one first voltage provid 
ing circuit 61a and one second Voltage providing circuit 61b 
are employed, various configurations of the bias Voltage unit 
6 may be utilized in other embodiments. For example, a 
plurality of first Voltage providing circuits 61 a may be dis 
posed to each couple to a respective one of the first resistors 
(R1). 
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0064. Alternatively, the second voltage providing circuit 
61b may be omitted when implementation costs are to be 
taken into consideration. In such a case, the first Voltage 
providing circuit 61a is also coupled to the second resistor 
(R2). 
0065. The first resistors (R1) and the second resistor (R2) 
may be embodied as poly resistor, transistor resistor, etc. 
0066. According to the configuration set forth in this 
embodiment (i.e., N-MOS transistors are used), the preset 
bias Voltage is set to a high Voltage level (e.g., at the operating 
voltage). Alternatively, when P-MOS transistors are used, the 
preset bias Voltage may be set to a low Voltage level (e.g., at 
the ground Voltage). 
0067. The inverter 7 is disposed at an end of the read bit 
line (RBL) for obtaining an inverted voltage level of the 
to-be-read data. 
0068 Referring to FIG. 4, in operation, each of the 
memory cells 40 can be controlled by the control signals to 
operate in one of a write mode and a read mode. Generation of 
the control signals may be done by the controller that is 
coupled to the semiconductor memory device. 
0069. For example, when data is to be written into a 
selected one of the memory cells 40 (i.e., the memory cell 40 
is to be switched to the write mode), the write control signal 
sets the write word line (WWL) to a high voltage level for 
Switching the first transistor (M) to the conducting state. 
Afterwards, the write bit line (WBL) is able to transmit the 
to-be-written data to the first transistor (M) for subsequent 
storage in the capacitor (Cs). 
0070 Alternatively, when data is to be read from the 
selected one of the memory cells 40 (i.e., the memory cell 40 
is to be switched to the read mode), the bias voltage unit 6 is 
switched to the non-biasing mode. This is to ensure that the 
input terminals of the tri-state buffers (buf) and the read bit 
line (RBL) are adjusted to the preset bias voltage. Afterward, 
the read control signal sets the read word line (RWL) to a high 
voltage level, in order to fetch the voltage level associated 
with the capacitor (Cs) of the selected one of the memory cells 
40. 

(0071 Moreover, the tri-state buffer (buf) that is connected 
to the selected one of the memory cells 40 is controlled to be 
in the conducting state, while other tri-state buffers (buf) are 
controlled to be in the non-conducting state. This is done 
because, when a tri-state buffer (buf) is in the conducting 
state, data read from the coupled memory cell 40 will be 
relayed to the read bit line (RBL). As a result, when multiple 
tri-state buffers (buf) are left conducting, there may be occur 
rence of undesired effects, such as errors due to non-selected 
data being read, and additional power dissipation. Therefore, 
it is necessary to ensure other tri-state buffers (buf) that are 
not coupled to the selected one of the memory cells 40 stay in 
the non-conducting state. 
0072 For example, when one memory cell 40 belonging 
to the memory cell group 4 that is coupled to the tri-state 
buffer (buf119) is selected, the third transistor (M) of the 
selected memory cell 40 outputs the to-be-read data to the 
tri-state buffer (buf119). Subsequently, the tri-state buffer 
(buf119) is switched to the conducting state, and other tri 
state buffers (buf) remain in the non-conducting state. The 
result is that the Voltage of the capacitor (Cs) being outputted 
to the read bit line (RBL), and then inverted by the inverter 7 
before being transmitted to the controller. 
0073 Details of the read operation are as follows. For the 
selected one of the memory cells 40, when the capacitor (Cs) 
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is discharged (i.e., the data stored in the memory cell 40 is 
0), the second transistor (M) is in the non-conducting state, 
and the first terminal of the third transistor (M) is in a high 
impedance State. As a result, the Voltage being fed to the read 
bit line (RBL) as the to-be-read data will be the voltage at the 
input terminal of the tri-state buffer (bufl 19), which has been 
adjusted to the preset bias voltage (high voltage level) by the 
bias voltage unit 6. After being inverted by the inverter 7, the 
voltage that correctly reflects the voltage of the capacitor (Cs) 
may be outputted to the controller. 
0074. On the other hand, when the capacitor (Cs) is 
charged (i.e., the data stored in the memory cell 40 is 1), the 
second transistor (M) is in the conducting state, and the first 
terminal of the second transistor (M) is at the predetermined 
Voltage (i.e., the ground Voltage). The ground Voltage is then 
fed to the corresponding read bit line (RBL). Similarly, after 
being inverted by the inverter 7, the voltage that correctly 
reflects the voltage of the capacitor (Cs) may be outputted to 
the controller. 
0075. It is evident from the above description that data 
read from the memory cell 40 alternates between the high 
Voltage (the operating Voltage) and the low Voltage (the 
ground Voltage), and therefore amplitude of a signal read 
through the read bit line (RBL) corresponds in magnitude to 
a difference between the high voltage and the low voltage. 
0076. It is known that, in conventional semiconductor 
memory devices, when a larger number of memory cell lines 
are incorporated, the parasitic capacitance and an effective 
resistance on each of the read bit lines (RBL) becomes rela 
tively large and may adversely affect signal transmission 
efficiency on each of the read bit lines (RBL). For example, 
when a high voltage is to be transmitted via the read bit lines 
(RBL), the large parasitic capacitance and the effective resis 
tance of the voltage read bit lines (RBL) may prevent the 
Voltage from being pulled up to the correct high Voltage. In 
such cases, a plurality of buffer amplifiers may be provided to 
connect in series with the read bit lines (RBL) respectively to 
address this issue. 
0077. However, due to the characteristic of the semicon 
ductor memory device of this invention, the need for imple 
menting a sense amplifier in cases of a large memory cell 
array may be eliminated. 
0078. Furthermore, using the design of this embodiment, 
the first Voltage providing circuit 61a and the second Voltage 
providing circuit 61b are cut off when data is to be read from 
the memory cells 40. This prevents creating a large Voltage 
across the first and second resistors (R1) and (R2) when the 
to-be-read data is the inverted form of the preset bias voltage, 
and may reduce unnecessary power dissipation attributed to 
electrical current flowing through the first and second resis 
tors (R1) and (R2). 
0079 FIG. 6 illustrates a variation of the first preferred 
embodiment. For the sake of simplicity, only one memory cell 
line is described herein since this variation can be considered 
as a combination of a plurality (e.g., 32) of identical memory 
cell lines. 

0080. In this variation, P-MOS transistors are used to con 
stitute the memory cells 40. Accordingly, the preset bias 
Voltage is the low Voltage (e.g., a ground Voltage as shown in 
FIG. 6). Additionally, the bias voltage unit 6 includes a plu 
rality of first resistors (R1), a second resistor (R2), a plurality 
of first switches 62a, and a second switch 62b. 
0081. Each of the first resistors (R1) is coupled to the input 
terminal of a respective one of the tri-state buffers (buf). The 
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second resistor (R2) is coupled to the read bit line (RBL). 
Each of the first switches 62a is coupled between a respective 
one of the first resistors (R1) and the ground Voltage source. 
The second switch 62b is coupled between the second resistor 
(R2) and the ground Voltage source. 
0082. The first switches 62a and the second switch 62b are 
closed when the bias Voltage unit 6 operates in the biasing 
mode, and are open when the bias Voltage unit 6 operates in 
the non-biasing mode. 
I0083. In brief, some of the advantages of this embodiment 
may be summarized as follows. 
I0084. Instead of coupling each of the memory cells 40 to 
the read bit line (RBL), in this embodiment, for each of the 
memory cell lines, the 128 memory cells 40 are first arranged 
in groups of eight (making 16 memory cell groups 4) and 
coupled to the read bit line (RBL) via 16 tri-state buffers (buf). 
In this case, the parasitic capacitance attributed to the 
memory cells 40 can be reduced to /16 compared to the 
conventional configuration. With a substantially smaller 
parasitic capacitance and driving capability provided by the 
tri-state buffers (buf), the read bit line (RBL) does not require 
an additional sense amplifier to ensure proper operation, 
thereby reducing the power consumption dramatically. More 
over, the inclusion of the tri-state buffers (buf) allows the 
semiconductor memory device to operate in a higher clock 
frequency. For example, a semiconductor memory device that 
does not include the tri-state buffers (buf) may have a maxi 
mum operating frequency of 20 MHz, under which the semi 
conductor memory device functions normally. When the tri 
state buffers (buf) are taken into consideration, the maximum 
operating frequency of the semiconductor memory device 
can be increased to 320 MHz. 
I0085. The bias voltage unit 6 is operable to switch between 
the biasing mode and the non-biasing mode. When in the 
biasing mode, the input terminals of the tri-state buffers (buf) 
and the read bit line (RBL) are provided with the preset bias 
Voltage, thereby preventing the input terminals from being in 
a floating state, which may induce large power consumption 
of the tri-state buffers (buf). Furthermore, by cutting off the 
first voltage providing circuit 61a and the second Voltage 
providing circuit 61b when data is to be read from the 
memory cells 40, unnecessary power dissipation that is attrib 
uted to electrical current flowing through the first and second 
resistors (R1) and (R2) can be reduced. 
I0086. As shown in FIGS. 7 and 8, the second preferred 
embodiment of the semiconductor memory device according 
to the present invention has a structure similar to that of the 
first embodiment. The main differences between this embodi 
ment and the first preferred embodiment reside in the follow 
1ng. 
I0087. The memory cells 40 in this embodiment are 
embodied as one-transistor dynamic random access memo 
ries (1T-DRAM) each including a transistor and a capacitor. 
In this case, the data read from the memory cells 40 have an 
identical phase as that transmitted to the read bit lines (RBL). 
Therefore, the semiconductor memory device of this embodi 
ment does not require the inverters 7 of the semiconductor 
memory device of the first preferred embodiment. 
I0088. The transistor of each of the memory cells 40 of this 
embodiment includes a control terminal, a first terminal 
coupled to the capacitor, and a second terminal. It is known 
that for the 1T-DRAMs, the second terminal is used for read 
ing data therefrom and writing data thereto. As a result, the 
write bit line (WBL) and the read bit line (RBL) are both 
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coupled to the second terminal. The tri-state buffer (buf) is 
coupled between the write bit line (WBL) and the read bit line 
(RBL). 
0089 For each of the memory cell lines, a plurality of 
buffer switches (SW, e.g., SW7, SW15, etc.) are connected in 
series on the write bit line (WBL). A common node of every 
adjacent pair of the buffer switches (e.g., SW7 and SW15) is 
connected to a respective one of the memory cell groups 4 and 
the bias voltage unit 6. The buffer switches (SW) are operable 
to Switch between an open state and a closed State, and each of 
the buffer switches (SW) includes a first terminal connected 
to the data line unit 2 for receiving the to-be-written data, and 
a second terminal coupled to at least one of the memory cells 
40. 

0090. In operation, when data is to be written into one of 
the memory cells 40, parts of the write bit line (WBL) 
between the one of the memory cells 40 and the controller 
must be configured to establish a closed circuit in order for the 
data to reach the one of the memory cells 40. For example, 
when it is intended to write data into the particular memory 
cell 4011, the buffer switches SW7 and SW 15 must be closed. 
Alternatively, when data is to be read from one of the memory 
cells 40, all the buffer switches (SW) must be open. 
0091. Depending on requirements, the buffer switches 
(SW) may be embodied as normal switch components or 
tri-state buffers (buf) that have driving capability. In some 
embodiments, a driving circuit (not depicted in the drawings) 
may be incorporated at one end of each of the write bit lines 
(WBL) in order to decrease the time for driving the voltage 
thereon. 

0092. In this embodiment, the bias voltage unit 6 includes 
a plurality of first resistors (R1), a second resistor (R2), a first 
Voltage providing circuit 61a, and a second Voltage providing 
circuit 61b. 

0093. Each of the first resistors (R1) is coupled to a respec 
tive one of the input terminals of the tri-state buffers (buf) 
(that is, the common node of a respective one of adjacent pairs 
of the buffer switches (SW)). The second resistor (R2) is 
coupled between the read bit line (RBL) and the second 
Voltage providing circuit 61b. 
0094. The first voltage providing circuit 61a is coupled to 
the first resistors (R1), and provides the preset bias voltage to 
the input terminals of each of the tri-state buffers when the 
bias Voltage unit 6 operates in the biasing mode. The second 
voltage providing circuit 61b is coupled to the read bit line 
(RBL) via the second resistor (R2) for providing the preset 
bias voltage thereto when the bias voltage unit 6 operates in 
the biasing mode. 
0095. The bias voltage unit 6 is switched to the non-bias 
ing mode when data is to be written into a selected one of the 
memory cell groups 4. 
0096 FIG.9 illustrates a variation of the second preferred 
embodiment. In this variation, each of the buffer switches 
(SW) is connected between the write bit line (WBL) and the 
input terminal of a respective one of the tri-state buffers (buf). 
0097. In operation, when data is to be written into one of 
the memory cells 40 (in the write mode), parts of the write bit 
line (WBL) between the one of the memory cells 40 and the 
controller must be configured to establish a Closed circuit in 
order for the data to reach the one of the memory cells 40. 
Alternatively, when data is to be read from one of the memory 
cells 40 (in the read mode), all the buffer switches (SW) must 
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be open. Also, the bias voltage unit 6 is switched to the 
non-biasing mode when data is to be read from a selected one 
of the memory cells 40. 
(0098. In brief, when 1T-DRAMs are used as the memory 
cells 40, the second terminals are responsible for both read 
and write operations. Therefore, the parasitic capacitance on 
the write bit line (WBL) may adversely affect the capability 
of the memory cells 40 to drive the tri-state buffers (buf), 
Subsequently reducing the maximum frequency of the 
memory cells 40. 
(0099. The buffer switches (SW) are then used to “frag 
ment the write bit line (WBL). As a result, the parasitic 
capacitance attributed to the write bit line (WBL) can be 
reduced to /16 compared to the conventional configuration. 
0100. The second preferred embodiment has the same 
advantages as those of the first preferred embodiment. 
0101. As shown in FIGS. 10 and 11, the third preferred 
embodiment of the semiconductor memory device according 
to the present invention has a structure similar to that of the 
second preferred embodiment. The main difference between 
this embodiment and the second preferred embodiment 
resides in the following. 
0102. In this embodiment, the memory cells 40 are 
embodied as six-transistor static random access memories 
(SRAM). As shown in FIG. 11, the write bit line (WBL) of 
each of the memory cell lines includes a positive write bit line 
(PBL) and a negative write bit line (NBL). Specifically, the 
to-be-written data is provided to the memory cells 40 by the 
positive write bit line (PBL) and the negative write bit line 
(NBL) as a voltage difference therebetween. 
0103) The control line unit 3 includes a plurality of control 
lines (WL) that are electrically isolated from the read bit line 
(RBL), the positive write bit line (PBL) and the negative write 
bit line (NBL). The control lines (WL) are for transmitting the 
control signal to the memory cells 40 for Switching the same 
between the write mode and the read mode. 
0104. The semiconductor memory device further com 
prises a plurality of logic units 8 each coupled to a respective 
one of the memory cell lines. Each of the logic units 8 has a 
plurality of input terminals coupled respectively to the 
memory cell groups 4, and an output terminal coupled to the 
read bit line (RBL). Data stored in the memory cells 40 is read 
through the read bit line (RBL) via the logic unit 8. That is, an 
output Voltage produced by the logic unit 8 is dependent on 
the data read from the memory cells 40. 
0105. The bias voltage unit 6 is coupled to the inputter 
minals of the logic unit 8, and is operable to control Supply of 
a preset bias Voltage to the input terminals of the logic unit 8. 
In this embodiment, the preset bias Voltage is a ground Volt 
age, while in other embodiments, the preset bias Voltage may 
be a high voltage level or a low voltage level that is other than 
the ground Voltage. 
0106 For each of the memory cell lines, the bias voltage 
unit 6 includes a plurality of switches 62 and a plurality of 
resistors (R). It is noted that, in embodiments where the 
Voltage source itself has an equivalent resistance (e.g., being 
other than a ground), the resistors (R) may be omitted. 
0107 The switches 62 are coupled to a voltage source that 
provides the preset bias voltage. The resistors (R) are coupled 
respectively between one of the input terminals of the logic 
unit 8 and one of the Switches 62. The Switches 62 are closed 
when the bias Voltage unit 6 operates in the biasing mode, and 
are open when the bias Voltage unit 6 operates in the non 
biasing mode. That is, when the bias Voltage unit 6 operates in 
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the biasing mode, the preset bias Voltage is Supplied to the 
input terminals of the logic unit 8. When the bias voltage unit 
6 operates in the non-biasing mode, the preset bias Voltage is 
not supplied to the input terminals of the logic unit 8. 
0108. As shown in FIG. 11, in operation, when data is to be 
written into one of the memory cells 40 (in the write mode), 
data is fed to the memory cell 40 through both the positive 
write bit line (PBL) and the negative write bit line (NBL), and 
is Subsequently stored in a parasitic capacitor of the memory 
cell 40. Alternatively, when data is to be read from one of the 
memory cells 40 (in the read mode), the bias voltage unit 6 is 
Switched to the non-biasing mode. Additionally, the Switches 
62 are opened. Such that a case in which the to-be read data is 
an inverted form of the preset bias voltage is prevented, thus 
reducing unnecessary power dissipation attributed to electri 
cal current flowing through the resistors (R). 
0109 Then, data stored in the memory cell 40 can be read 
through the read bit line (RBL) via the logic unit 8. Since 
operations of a 6T-SRAM may be readily appreciated by 
those skilled in the art, details thereof are omitted herein for 
the sake of brevity. 
0110. In other embodiments where power dissipation is 
not a critical factor, the switches 62 may be omitted. That is, 
the resistors (R) are directly coupled to the voltage source, 
and the bias voltage unit 6 always provides the preset bias 
Voltage. In this case, the resistors (R) may be configured to 
have a relatively large resistance to reduce the current flowing 
therethrough. 
0111. In this embodiment, the data read from the memory 
cells 40 have an identical phase as those transmitted to the 
read bit lines (RBL). Therefore, the semiconductor memory 
device of this embodiment does not require the inverters 7 of 
the semiconductor memory device of the first preferred 
embodiment. 

0112. In some embodiments, the read bit line (RBL) may 
include a positive read bit line and a negative write bit line for 
obtaining the to-be-read data as a voltage difference therebe 
tWeen. 

0113. The logic unit 8 may be implemented in a number of 
ways. For example, in a variation illustrated in FIG. 12, the 
logic unit 8 includes a plurality of OR gates 81. Accordingly, 
the resistors (R) in this variation serve as pull-down resistors, 
and the preset bias Voltage is a ground Voltage. Alternatively, 
in a variation illustrated in FIG. 13, the logic unit 8 includes a 
plurality of AND gates 82. Accordingly, the resistors (R) in 
this variation serve as pull-up resistors, and the preset bias 
Voltage is a high level Voltage (Vcc). The output Voltage 
produced by the logic unit 8 is therefore dependent on the data 
read from the memory cells 40. 
0114 For example, in the variation of FIG. 12, initially all 
the input terminals of the OR gates 81 receive the ground 
Voltage, thus outputting the ground Voltage to the read bit line 
(RBL). When a selected one of the memory cells 40 has the 
to-be-read data that has a high level voltage, the high level 
voltage is transmitted through the OR gates 81 to the read 
bitline (RBL). In the variation of FIG. 13, initially all the input 
terminals of the AND gates 82 receive the high level voltage 
(Vcc), thus outputting the high level voltage (Vcc) to the read 
bit line (RBL). When a selected one of the memory cells 40 
has the to-be-read data that has a low level voltage, the low 
level voltage is transmitted through the AND gates 82 to the 
read bit line (RBL). 
0115. In this embodiment, each of the memory cell groups 
4 includes 16 memory cells 40. Accordingly, the OR gates 81 
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and the AND gates 82 may be 16-to-1 logic gates. However, 
in other embodiments, various configurations may be 
employed. 
0116. In this embodiment, the logic unit 8 serves to assist 
driving of the read bit line (RBL), and the switches 62 are 
open when data is to be read from the memory cells 40. Such 
a configuration allows the third preferred embodiment to have 
the same advantages as those of the second preferred embodi 
ment. 

0117. In an embodiment, there is provided a semiconduc 
tor memory device that does not require a sense amplifier. The 
semiconductor memory device is configured for use in a 
system having a system clock and a voltage source that pro 
vides a high Voltage and a low Voltage. The semiconductor 
memory device comprises a memory cell array including a 
memory cell group, a data line unit coupled to the memory 
cell group, a control unit electrically isolated from the data 
line unit for transmitting a control signal, and a bias Voltage 
unit. The bias Voltage unit is coupled to a junction of the 
memory cell group and the read bit line, and is operable to 
control Supply of a preset bias Voltage to the junction. 
0118. The semiconductor memory device may be config 
ured such that a time constant of the read bit line is smaller 
than that required by System clock. 
0119 The semiconductor memory device may be config 
ured Such that amplitude of a signal read through the read bit 
line corresponds in magnitude to a difference between the 
high Voltage and the low Voltage. 
0120 To sum up, embodiments of the present invention 
eliminate the need to incorporate a sense amplifier into the 
semiconductor memory device, thus reducing the power con 
Sumption thereof. Various types of memory cells may be used 
without compromising the effect of the present invention. In 
addition, the maximum frequency under which the semicon 
ductor memory device can operate may be increased. 
I0121. In this disclosure, the term “coupled to should not 
be restricted to a mechanical or physical coupling based on an 
inference from the written description, but could include elec 
trical coupling. 
I0122) While the present invention has been described in 
connection with what are considered the most practical and 
preferred embodiments, it is understood that this invention is 
not limited to the disclosed embodiments but is intended to 
cover various arrangements included within the spirit and 
Scope of the broadest interpretation so as to encompass all 
Such modifications and equivalent arrangements. 
What is claimed is: 
1. A semiconductor memory device that does not require a 

sense amplifier, said semiconductor memory device compris 
ing: 

a memory cell array including a plurality of memory cell 
groups, each of said memory cell groups including at 
least one memory cell; 

a data line unit that is coupled to said memory cell groups 
and that includes a plurality of spaced-apart and electri 
cally isolated data lines for transmitting to-be-read data 
and to-be-written data; 

a control unit that is coupled to said memory cell groups, 
and that is electrically isolated from said data line unit, 
and that is for transmitting a control signal; 

a buffer unit including a plurality of said tri-state buffers, 
each having an input terminal coupled to said at least one 
memory cell, and an output terminal coupled to said data 
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line unit, said tri-state buffers being controlled to switch 
between a conducting state and a non-conducting state; 
and 

a bias Voltage unit coupled to said input terminal of each of 
said tri-state buffers to Supply a preset bias Voltage to 
said input terminals of said tri-state buffers. 

2. The semiconductor memory device of claim 1, wherein: 
said bias voltage unit is operable to switch between a 

biasing mode, in which the preset bias Voltage is Sup 
plied to said input terminals of said tri-state buffers, and 
a non-biasing mode, in which the preset bias Voltage is 
not supplied to said input terminals of said tri-state buff 
ers; and 

said bias Voltage unit is Switched to the non-biasing mode 
when data is to be read from said memory cell groups. 

3. The semiconductor memory device of claim 2, wherein 
said bias Voltage unit includes: 

a first voltage providing circuit coupled to said input ter 
minals of said tri-state buffers for providing the preset 
bias Voltage thereto in the biasing mode, and for not 
providing the preset bias Voltage thereto in the non 
biasing mode; and 

a second Voltage providing circuit coupled to said data line 
unit for providing the preset bias voltage thereto in the 
biasing mode, and for not providing the preset bias Volt 
age thereto in the non-biasing mode. 

4. The semiconductor memory device of claim 2, wherein 
said bias Voltage unit includes a first Switch for coupling said 
input terminal of one of said tri-state buffers to a voltage 
Source that provides the preset bias Voltage, and a second 
Switch for coupling said data line unit to the Voltage source: 

said first Switch and said second Switch are closed when 
said bias Voltage unit operates in the biasing mode, and 
are open when said bias Voltage unit operates in the 
non-biasing mode. 

5. The semiconductor memory device of claim 1, wherein 
said bias Voltage unit includes a first resistor coupled between 
said input terminal of one of said tri-state buffers and a volt 
age source that provides the preset bias Voltage, and a second 
resistor coupled between said data line unit and the Voltage 
SOUC. 

6. The semiconductor memory device of claim 1, further 
comprising a plurality of buffer Switches connected in series 
on said data line unit, wherein a common node of every 
adjacent pair of said buffer Switches is connected to a respec 
tive one of said memory cell groups; 

wherein each of said buffer switches includes a first termi 
nal coupled to said data line unit for receiving the to-be 
written data, and a second terminal coupled to at least 
one of said memory cells. 

7. The semiconductor memory device of claim 6, wherein: 
said bias Voltage unit is able, with respect to each of said 

tri-state buffers, to switch between a biasing mode, in 
which the preset bias Voltage is Supplied to said input 
terminal of said tri-state buffer, and a non-biasing mode, 
in which the preset bias Voltage is not supplied to said 
input terminal of said tri-state buffer; 

said bias Voltage unit is Switched to the non-biasing mode 
when data is to be read from a selected one of said 
memory cell groups; 

said common node of every adjacent pair of said buffer 
Switches is further connected to said bias Voltage unit; 
and 
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said bias Voltage unit is Switched to the non-biasing mode 
when data is to be written into a selected one of said 
memory cell groups. 

8. The semiconductor memory device of claim 1, wherein 
said data line unit further includes a write bit line for trans 
mitting to-be-written data, said semiconductor memory 
device further comprising a plurality of buffer switches, each 
connecting said write bit line to at least one of said memory 
cells; 

wherein each of said buffer switches includes a first termi 
nal coupled to said data line unit for receiving the to-be 
written data, and a second terminal coupled to at least 
one of said memory cells. 

9. The semiconductor memory device of claim 8, wherein: 
said bias Voltage unit is operable, with respect to each of 

said tri-state buffers, to switch between a biasing mode, 
in which the preset bias Voltage is Supplied to said input 
terminal of said tri-state buffer, and a non-biasing mode, 
in which the preset bias Voltage is not supplied to said 
input terminal of said tri-state buffer; 

said bias Voltage unit is Switched to the non-biasing mode 
when data is to be read from a selected one of said 
memory cell groups; 

each of said buffer switches is connected between said 
write bit line and said bias Voltage unit; and 

said bias Voltage unit is Switched to the non-biasing mode 
when data is to be written into a selected one of said 
memory cell groups. 

10. The semiconductor memory device of claim 1, wherein 
said data line unit includes: 

a plurality of read bit lines coupled to said memory cell 
array for transmitting the to-be-read data therefrom; and 

a plurality of write bit lines coupled to said memory cell 
array for transmitting the to-be-written data therefrom; 
and 

wherein each of said tri-state buffers is coupled between 
one of said read bit lines and a respective one of said 
memory cell groups, and has an input terminal coupled 
to said at least one memory cell of a respective one of 
said memory cell groups, and an output terminal coupled 
to a respective one of said read bit lines. 

11. The semiconductor memory device of claim 1, 
wherein, the control signal includes a read control signal and 
a write control signal, said control unit includes: 

a plurality of read word lines configured to transmit the 
read control signal to said memory cells groups; 

a plurality of write word lines configured to transmit the 
write control signal to said memory cell groups; and 

each of said memory cell groups is controlled by the read 
control signal to be readable/non-readable, and is con 
trolled by the write control signal to be writeable/non 
writeable. 

12. The semiconductor memory device of claim 1, wherein 
said memory cells are static random access memories. 

13. A semiconductor memory device that does not require 
a sense amplifier, said semiconductor memory device com 
prising: 

a memory cell array including a plurality of said memory 
cell groups, each of said memory cell groups including 
at least one memory cell; 

a data line unit that is coupled to said memory cell groups 
and that includes a plurality of spaced-apart and electri 
cally isolated data lines for transmitting to-be-read data 
and to-be-written data; 
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a control unit that is coupled to said memory cell groups, 
and that is electrically isolated from said data line unit, 
and that is for transmitting a control signal; 

a logic unit having a plurality of input terminals, each 
coupled to at least one memory cell, and an output ter 
minal coupled to said data line unit, wherein data stored 
in said memory cell groups is read through said data line 
unit via said logic unit; and 

a bias Voltage unit coupled to each of said input terminals 
of said logic unit to Supply a preset bias Voltage to said 
input terminals of said logic unit. 

14. The semiconductor memory device of claim 13, 
wherein: 

said bias voltage unit is operable to switch between a 
biasing mode, in which the preset bias Voltage is Sup 
plied to said input terminals of said logic unit, and a 
non-biasing mode, in which the preset bias Voltage is not 
Supplied to said input terminals of said logic unit; and 

said bias Voltage unit is Switched to the non-biasing mode 
when data is to be read from said memory cell group. 

15. The semiconductor memory device of claim 14, 
wherein said bias Voltage unit includes a Voltage providing 
circuit coupled to said input terminals of said logic unit for 
providing the preset bias Voltage thereto in the biasing mode 
and for not providing the preset bias Voltage thereto in the 
non-biasing mode. 

16. The semiconductor memory device of claim 14, 
wherein said bias Voltage unit includes a Switch for coupling 
one of said input terminals of said logic unit to a Voltage 
Source that provides the preset bias Voltage; 

said Switch is closed when said bias Voltage unit operates in 
the biasing mode, and is open when said bias Voltage 
unit operates in the non-biasing mode. 

17. The semiconductor memory device of claim 14, 
wherein said bias Voltage unit includes a resistor coupled 
between one of said input terminals of said logic unit and a 
Voltage source that provides the preset bias Voltage. 

18. The semiconductor memory device of claim 13, 
wherein said data line unit includes: 

a plurality of read bit lines coupled to said memory cell 
array for transmitting the to-be-read data therefrom; and 

a plurality of write bit lines coupled to said memory cell 
array for transmitting the to-be-written data therefrom; 
and 

wherein said semiconductor memory device comprises a 
plurality of logic units, each coupled between one of said 
read bit lines and a respective one of said memory cell 
groups for receiving the to-be-read data from said 
respective one of said memory cell groups and providing 
the to-be-read data to said one of said read bit lines. 

19. The semiconductor memory device of claim 18, further 
comprising a plurality of buffer Switches connected in series 
on said write bit lines, wherein each of said buffer switches 
includes a first terminal coupled to one of said write bit lines 
for receiving the to-be-written data, and a second terminal 
coupled to at least one of said memory cells. 

20. The semiconductor memory device of claim 19, 
wherein: 

said bias Voltage unit is operable, with respect to each of 
said input terminals of said logic units, to Switch 
between a biasing mode, in which the preset bias Voltage 
is Supplied to said input terminals of said logic units, and 
a non-biasing mode, in which the preset bias Voltage is 
not supplied to said input terminals of said logic units; 
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said bias Voltage unit is Switched to the non-biasing mode 
when data is to be read from a selected one of said 
memory cell groups; 

said common node of every adjacent pair of said buffer 
Switches is connected to said bias Voltage unit; and 

said bias Voltage unit is Switched to the non-biasing mode 
when data is to be written into a selected one of said 
memory cell groups. 

21. The semiconductor memory device of claim 18, further 
comprising a plurality of buffer Switches, each connecting 
one of said write bit lines to a respective one of said memory 
cell groups, wherein each of said buffer switches includes a 
first terminal coupled to one of said write bit lines for receiv 
ing the to-be-written data, and a second terminal coupled to at 
least one of said memory cells. 

22. The semiconductor memory device of claim 21, 
wherein: 

said bias Voltage unit is able, with respect to each of said 
input terminals of said logic units, to Switch between a 
biasing mode, in which the preset bias Voltage is Sup 
plied to said input terminals of said logic units, and a 
non-biasing mode, in which the preset bias Voltage is not 
Supplied to said input terminals of said logic units; 

said bias Voltage unit is Switched to the non-biasing mode 
when data is to be read from a selected one of said 
memory cell groups; 

each of said buffer switches is connected between said data 
line unit and a respective one of said input terminals of 
said logic units; and 

said bias Voltage unit is Switched to the non-biasing mode 
when data is to be written into a selected one of said 
memory cell groups. 

23. The semiconductor memory device of claim 18, 
wherein, the control signal includes a read control signal and 
a write control signal, said control unit including: 

a plurality of read word lines configured to transmit the 
read control signal to said memory cells groups; a plu 
rality of write word lines configured to transmit the write 
control signal to said memory cell groups; and 

each of said memory cell groups is controlled by the read 
control signal to be readable/non-readable, and is con 
trolled by the write control signal to be writeable/non 
writeable. 

24. The semiconductor memory device of claim 13, 
wherein said memory cells are static random access memo 
ries. 

25. The semiconductor memory device of claim 13, 
wherein said logic unit includes at least one OR gate. 

26. The semiconductor memory device of claim 13, 
wherein said logic unit includes at least one AND gate. 

27. A semiconductor memory device that does not require 
a sense amplifier, said semiconductor memory device being 
configured for use in a system having a system clock and a 
Voltage source that provides a high Voltage and a low Voltage, 
said semiconductor memory device comprising: 

a memory cell array including a memory cell group; 
a data line unit coupled to said memory cell group; 
a control unit that is electrically isolated from said data line 

unit, and that is for transmitting a control signal; and 
a bias Voltage unit coupled to a junction of said memory 

cell group and said data line unit and operable to control 
Supply of a preset bias Voltage to said junction; 
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wherein said data line unit is configured such that a time 
constant thereof is smaller than that required by the 
system clock; and 

wherein amplitude of a signal read through said data line 
unit corresponds in magnitude to a difference between 
the high Voltage and the low Voltage. 

k k k k k 
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