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CODE ADDRESSABLE MEMORY CELL IN FLASH 
MEMORY DEVICE 

FIELD OF THE INVENTION 

[0001] This invention relates to a ?ash memory device; 
and more particularly, to a code addressable memory (CAM) 
cell in a ?ash memory device. 

DESCRIPTION OF THE PRIOR ART 

[0002] A ?ash memory device is a nonvolatile memory 
device capable of electrically erasing and programming. The 
?ash memory device performs protection/nonprotection of 
code information that needs to be protected during a use of 
a ?ash memory product and performs repair required to 
increase a yield in a progress of performing a product test. 

[0003] FIG. 1A shoWs roughly a section of a conventional 
code addressable memory (CAM) cell of a ?ash memory 
device. 

[0004] FIG. 1B is a circuit diagram equivalent to the 
conventional CAM cell shoWn in FIG. 1A. 

[0005] As shoWn in FIG. 1A, a ?oating gate 12 and a 
control gate 13 are stacked on a semiconductor substrate 11 
to thereby form a gate. Also, a source (S) and a drain (D) are 
formed on the semiconductor substrate 11. The conventional 
CAM cell has the same architecture as a main cell as shoWn 
in the draWing. 

[0006] Generally, to read out information of a cell, it is 
required that a predetermined voltage is applied to the 
control gate and current quantity ?oWing into the drain is 
sensed. Mostly a poWer source voltage (Vcc) is directly 
used as the voltage applied to the control gate in order to 
reduce a time delay that it Will take to perform the read 
operation in utiliZing a boosting voltage internally in the 
?ash memory device. HoWever, in this case, there is caused 
a problem that the current quantity ?oWing into the drain is 
too small to sense. 

[0007] That is to say, at a read operation of the CAM cell, 
a conductance of the cell (Gm) is dropped by a coupling ratio 
about 0.55 that is generated at a dielectric layer betWeen the 
?oating gate 12 and the control gate 13. Also, in a threshold 
voltage (VT) of 2.0 V, as an operation voltage gets loWer, 
Which operates the memory device and is used as a control 
gate voltage, the cell current quantity is suddenly decreased. 
Accordingly, it is di?icult to read out cell information and 
thus, it is unavoidable to get a cell threshold voltage loWer 
than 0V in order to perform data sensing by erasing the cell 
excessively. 
[0008] HoWever, erasing the cell excessively caused a 
problem that data is not easy to keep in store for long time, 
due to a leakage current of the cell under lots of disadvan 
tageous environments Where high temperature, high voltage 
or the like are generated. 

[0009] Also, the ?ash memory device needs to be capable 
of keeping data in store for about 10 years and it is required 
to form a tunnel oXide layer and an inter-layer insulating 
layer thickly in order to satisfy the capability. At this point, 
it is not easy to perform a vertical shrink of the cell in a 
high-integrated device. Accordingly, since a limitation of 
data storage capability of the cell keeps the tunnel oXide 
layer and the inter-layer insulating layer from being formed 
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thin, the cell current quantity can’t be increased to thereby 
be di?icult to read out information of the main cell. 

[0010] Therefore, it is general to read out the cell infor 
mation by raising the cell gate voltage using a Word line 
boosting circuit. 

[0011] HoWever, adding the boosting circuit in the ?ash 
memory device causes space for a neighboring circuit to 
become Wider and also, there is a problem that a perfor 
mance of the device is dropped since it takes an undesired 
latency time to read out the data stored in the CAM cell. 

SUMMARY OF THE INVENTION 

[0012] It is an object of the present invention to provide a 
code addressable memory (CAM) cell included in a ?ash 
memory device that can be operated stably at a loW voltage 
by increasing a coupling rate of the CAM cell. 

[0013] In accordance With an aspect of the present inven 
tion, there is provided a code addressable memory (CAM) 
included in a ?ash memory device comprising a unit cell 
including a ?oating gate and a control gate; and a gate 
coupling unit coupled to the unit cell or further comprising 
a sWitching circuit for connecting and disconnecting the unit 
cell With the gate coupling unit respectively at a read 
operation of the CAM and a programming or an erasing 
operation of the CAM. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Other objects and aspects of the invention Will 
become apparent from the folloWing description of the 
embodiments With reference to the accompanying draWings, 
in Which: 

[0015] FIG. 1A shoWs roughly a section of a conventional 
code addressable memory (CAM) cell of a ?ash memory 
device; 
[0016] FIG. 1B is a circuit diagram equivalent to the 
conventional CAM cell shoWn in FIG. 1A; 

[0017] FIG. 2A shoWs a layout of a ?ash memory device 
in accordance With a ?rst embodiment of the present inven 
tion; 
[0018] FIG. 2B is a circuit diagram equivalent to the 
layout shoWn in FIG. 2A; 

[0019] FIG. 3 is a circuit diagram equivalent to a ?ash 
memory device in accordance With a second embodiment of 
the present invention; and 

[0020] FIG. 4 is a graph illustrating voltage-current char 
acteristics of each ?ash memory cell respectively in accor 
dance With the present invention and the conventional 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0021] FIG. 2A shoWs a layout of a ?ash memory device 
in accordance With a ?rst embodiment of the present inven 
tion. 

[0022] Architecture of a code addressable memory (CAM) 
cell is same as that of a general unit cell 300. HoWever, since 
data can’t be read out correctly at a loW voltage from the 
CAM cell of this architecture, a gate coupling unit including 
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a stack capacitor 301 is added in the CAM cell to thereby 
increase overall gate coupling ratio of the CAM cell. 

[0023] As shoWn in FIG. 2A, a unit cell 300 includes a 
?oating gate 31, a control gate 32, a soured terminal (S) and 
a drain terminal A gate coupling unit is formed of the 
stack capacitor 301 so that the ?oating gate 31 and the 
control gate 32 of the unit cell 300 can be coupled each 
other. In other Words, an upper electrode and a loWer 
electrode of the stack capacitor 301 are respectively con 
nected to the ?oating gate 31 and the control gate 32 of the 
unit cell 300. 

[0024] A transmission gate 302 is placed betWeen the unit 
cell 300 and the stack capacitor 301, Wherein the transmis 
sion gate 302 is operated as a sWitching circuit. The trans 
mission gate 302 is coupled With the unit cell 300 by 
coupling a cell control gate contact 35 and a transmission 
gate ?rst contact 36, betWeen Which a metal line 33 is placed 
and to Which a cell gate voltage (VCG) is applied. Also, the 
transmission gate 302 is coupled With the stack capacitor 
301 by coupling a stack gate contact 39 and a transmission 
gate second contact 37, betWeen Which the metal line 33 is 
placed. 
[0025] The ?oating gate 31 connects the stack capacitor 
301 With the unit cell 300. A reference numeral 38 denotes 
a transmission gate third contact that is used as an input 
terminal of the transmission gate 302. 

[0026] At a read operation of the CAM cell, the transmis 
sion gate 302 is turned on to connect the unit cell 300 and 
the stack capacitor 301 electrically, so that a coupling rate of 
the overall CAM cell is increased as much as a coupling rate 
that is generated at the stack capacitor 301. 

[0027] On the other hand, at a program and erase operation 
of the CAM cell, the transmission gate 302 is turned off to 
disconnect the unit cell 300 and the stack capacitor 301 
electrically. 
[0028] FIG. 2B is a circuit diagram equivalent to the 
layout shoWn in FIG. 2A. 

[0029] FIG. 3 is a circuit diagram equivalent to a ?ash 
memory device in accordance With a second embodiment of 
the present invention. 

[0030] As shoWn in FIG. 3, a unit cell 400 is directly 
connected With a stack capacitor 401 Without placing a 
transmission gate betWeen the unit cell and the stack capaci 
tor. Since a coupling rate of overall CAM cell is increased 
by the stack capacitor 401, an erase and a read operations of 
the CAM cell is easy to perform. 

[0031] In architecture of the CAM cell in accordance With 
the present invention, the CAM cell has a high coupling rate 
at the erase operation because the CAM cell includes not 
only a unit cell but also an additional gate coupling unit 
Which is formed of the stack capacitor. Accordingly, it is 
easy to perform a data sensing since a higher current can be 
generated at a designated threshold voltage for the erase. 
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[0032] FIG. 4 is a graph illustrating voltage-current char 
acteristics of each ?ash memory cell respectively in accor 
dance With the present invention and the conventional 
invention. 

[0033] As shoWn in the graph, a curve A shoWs a voltage 
current characteristic of a ?ash memory cell in accordance 
With the present invention and a curve B shoWs a voltage 
current characteristic of a ?ash memory cell in accordance 
With the conventional invention. 

[0034] A cell current at a predetermined control gate 
voltage (VCG), for eXample at a VT, is increasing more in 
the ?ash memory cell of the present invention than the 
conventional invention, because the gate coupling rate is 
higher in the curve A than the curve B. 

[0035] In accordance With the present invention, it is 
easier to perform a read operation since a cell current can be 
increased as the coupling rate of the CAM cell is increased. 
Accordingly, reliability of the CAM cell Will be improved 
because it is avoidable for a characteristic of a charge 
retention due to an eXcessive erase of the CAM cell to make 
Worse. 

[0036] Also, there is another advantageous effect that an 
erase speed of the CAM cell can be higher to thereby operate 
the CAM cell stably. 

[0037] Although the preferred embodiments of the inven 
tion have been disclosed for illustrative purpose, those 
skilled in the art Will appreciate that various modi?cations, 
additions, and substitutions are possible, Without departing 
from the scope and sprit of the invention as disclosed in the 
accompanying claims. 

What is claimed is: 
1. A code addressable memory for use in a ?ash memory 

device, comprising: 

a unit cell having a ?oating gate and a control gate; and 

a gate coupling unit coupled to the unit cell. 
2. The code addressable memory as recited in claim 1, 

Wherein the gate coupling unit comprises a stack capacitor 
With an upper electrode and a loWer electrode coupled to the 
control gate and the ?oating gate, respectively. 

3. The code addressable memory as recited in claim 1, 
further comprising a sWitching circuit for electrically cou 
pling and decoupling betWeen the unit cell and the gate 
coupling unit. 

4. The code addressable memory as recited in claim 3, 
Where in the sWitching circuit comprises circuitry for elec 
trically coupling betWeen the unit cell and the gate coupling 
unit during a read operation of the code addressable 
memory, and decoupling betWeen the unit cell and the gate 
coupling unit during a programming or erasing operation of 
the code addressable memory. 

* * * * * 


