
US 20010024394A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0024394 A1 

Kim et al. (43) Pub. Date: Sep. 27, 2001 

(54) SPLIT GATE TYPE FLASH MEMORY Publication Classi?cation 

(76) Inventors: Byung-Ki Kim, Yongin-city (51) Int. Cl.7 . .... .. G11C 7/00 
Won-Il Ryu, Yongin-city (52) US. Cl. ............................................................ .. 365/201 

Correspondence Address: 
The Law O?ices of Eugene M. Lee, PLLC (57) ABSTRACT 
2111 Wilson Boulevard, Suite 1200 
Arlington, VA 22201 (US) 

A split gate type ?ash memory having an active region that 
(21) Appl- N05 09/801,731 improves an endurance characteristic along With program/ 

erase e?iciency, Wherein the split gate type ?ash memory 
(22) Flled: Mal" 9’ 2001 provides for improvement in the endurance characteristic 

(30) Foreign Application Priority Data and program/erase e?iciency by making the Width of an 
active region in a portion in Which a source is overlapped by 

Mar. 16, 2000 ......................................... .. 00-13346 a ?oating gate as large as possible. 

25 29 Vwl 



Patent Application Publication Sep. 27, 2001 Sheet 1 0f 7 US 2001/0024394 A1 

FIG. '1 

FIG. 2 

25 29 Vwi 

14 



Patent Application Publication Sep. 27, 2001 Sheet 2 0f 7 US 2001/0024394 A1 

FIG. 3 (PRIOR ART) 

16 



Patent Application Publication 

Ids [A] 

Sep. 27, 2001 Sheet 3 0f 7 US 2001/0024394 A1 

FIG . 4 

1.8x16‘ 
1.6x164 
14x164 
1.2x10 

1x164 
8x165 
6x165 
4x165 
2x165 

0.0 
106 3 4 5 1 

1O 10 1o2 10 10 

NUMBER OF CYCLES [#1 

10° 



Patent Application Publication Sep. 27, 2001 Sheet 4 0f 7 US 2001/0024394 A1 

FIG. 5A 16 

Li W18 

~'—29 

r22 

“~14 

FIG. 5B 16 

L} W18 

~¢~29 

“Q22 

#44 

FIG. 50 1‘6 

L'_l W18 

“~29 

#22 

~»14 



Patent Application Publication Sep. 27, 2001 Sheet 5 0f 7 US 2001/0024394 A1 

FIG. 6A 70 

l—_i /_62 
///////////////////////// 6O 

12 

F I G . 6 B 65 70 

A i A A A x I‘ 62 

SO 

12 

FIG. 6C 
65 



Patent Application Publication Sep. 27, 2001 Sheet 6 0f 7 US 2001/0024394 A1 

FIG. 6D 

{Ww % ) 

FIG. 6E 65 69 64 

FIG. 6F 
69 65 65 69 

e2 e2 

16.r.4- ' \_].--16 



Patent Application Publication Sep. 27, 2001 Sheet 7 0f 7 US 2001/0024394 A1 

1 E-3 
Vs=11 .0V 

1 E-4‘ Vwl=2.0V 
\ —O—CONVENTIONAI. CELL 

1E—5 CELL ACCORDING TO 
\ PRESENT INVENTION 

1 E-6 

E I \ 1 E-7 
5’ I, Ii 

1 E—8 \ \ 
1 E-9 A k 

1 E-1 0 V 
1 5-8 1E-7 1E-6 1E-5 1 E-4 1E-3 

PROGRAM TIME [sec] 

—O——CONVENTIONAL CELL 
__X__CELL ACCORDING TO 

PRESENT INVENTION 
1 .4E+04 

1 .2E+04 

I .E-04 

.-. 8.E-05 

5 R 
U’ . -0 2 6 E 5 X 

4.E-05 X 
2.E-05 & 

0.E+0O 
1 .E+0O 1 .E+02 1 .E+04 1 .E+06 

‘I .E+01 1 .E+03 1 .E+05 

NUMBER OF CYCLES 



US 2001/0024394 A1 

SPLIT GATE TYPE FLASH MEMORY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a split gate type 
?ash memory. More particularly, the present invention 
relates to a split gate type ?ash memory having the shape of 
an active region that improves an endurance characteristic as 
Well as program/erase ef?ciency. 

[0003] 2. Description of the Related Art 

[0004] As shoWn in FIG. 1, a split gate type ?ash memory 
has a structure Wherein a ?oating gate 22 and a control gate 
29 are separated from each other. The ?oating gate 22 is 
electrically insulated from the outside. Adjacent the ?oating 
gate 22 is an intergate insulating layer 25 and a gate 
insulating layer 20. Information is stored in a memory cell 
by using the properties that current in a memory cell changes 
depending on electron injection (program)/electron dis 
charge (erase) into/from the ?oating gate 22. Electron injec 
tion of hot electrons in a channel 18 into the ?oating gate 22 
is performed by a channel hot electron injection (CHEl) 
mechanism. Electron discharge is carried out by FoWler 
Nordheim (F-N) tunneling through a tunnel insulating layer 
24 betWeen the ?oating gate 22 and the control gate 29. In 
connection With the electron injection (program) and elec 
tron discharge (erase), a voltage distribution is eXplained in 
an equivalent capacitor model shoWn in FIG. 2. 

[0005] In the electron injection (program) operation, a 
voltage VWl is applied to the control gate 29 such that, When 
the voltage of a source 14 is about Vs=11 V and the voltage 
of a drain 16 is about Vbl=0 V, the channel 18 opens slightly. 
In this case, a voltage corresponding to about Vs//Cs/Ctot is 
applied to the ?oating gate 22, Where Cs, Ctun, and CgoX 
denote capacitances and Cs+Ctun+CgoX=Ctot. Accordingly, 
Cs/Ctot is an important factor for determining the ef?ciency 
of a cell. Since the voltage Vf Which is applied to the ?oating 
gate 22 generates a vertical ?eld by Which hot electrons are 
injected into the ?oating gate 22, the value of this voltage 
must be increased in order to increase electron injection 
(program) ef?ciency. 
[0006] In the electron discharge (erase) operation, F-N 
tunneling through the tunnel insulating layer 24 made of an 
interpoly oXide is used. In this case, voltages of Vs=0 V and 
VWl=15 V are applied. Here, the voltage of the ?oating gate 
22 is proportional to (Ctot—Cs—CgoX)/Ctot. Thus, in order to 
increase an effective voltage (VWl-Vf), Cs has to be 
increased, and Ctun has to be reduced. An effective voltage 
in the electron discharge operation signi?cantly affects the 
endurance characteristic of a cell as Well as the electron 
discharge (erase) efficiency. In the F-N tunneling mechanism 
through the tunnel insulating layer 24 made of an interpoly 
oxide, a reduction in tunnel current caused by electron traps 
in an insulating layer is knoWn to be a major cause of 
degradation. This degradation can be suppressed by an 
increase in effective voltage. Accordingly, if materials of an 
insulating layer are the same, each capacitance depends on 
a cell structure, in particular the thickness and area of the 
insulating layer. On-going efforts are being made in order to 
overcome this draWback. 

[0007] As shoWn in FIG. 3, a conventional split gate cell 
has a structure in Which the Width of an active region is 
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uniform like in the eXisting metal oXide semiconductor ?eld 
effect transistor (MOSFET). The capacitance Cs affects the 
area A, Which is formed by eXpanding the source 14 so that 
it is overlapped by the ?oating gate 22, and the thickness of 
a gate insulating layer 20 (not shoWn). There is, hoWever, a 
limitation in reducing the thickness of the gate insulating 
layer and increasing the expansion length of the source 14. 
As a result, the conventional split gate cell has a disadvan 
tage in that it is dif?cult to increase the capacitance Cs. 
Additionally depicted in FIG. 3 are a control gate 29, a 
channel 18, and a drain 16. 

[0008] FIG. 4 indicates that during an electron discharge 
operation of a split gate type ?ash memory the current Ids is 
reduced by electron traps as the number of electron injec 
tion/discharge cycles, i.e., the number of program/erase 
cycles is increased. Such an endurance failure in a split gate 
type memory cell is knoWn to result from a reduction in 
tunneling current during electron discharge. HoWever, it is 
impossible to completely remove this phenomenon because 
the phenomenon is intrinsic due to electron traps formed by 
an interpoly tunnel insulating layer being of poor quality and 
thick compared With the gate insulating layer. Accordingly, 
a cell having a structure addressing this point needs to be 
adopted. 

SUMMARY OF THE INVENTION 

[0009] To solve at least the above problem, it is a feature 
of at least one embodiment of the present invention to 
provide a split gate type ?ash memory having an active 
region Which increases, and thereby improves, the program/ 
erase ef?ciency and the endurance characteristic. 

[0010] Another feature of at least one embodiment of the 
present invention provides a split gate type ?ash memory 
including a substrate; a source, a drain and a channel 
provided over the substrate; a gate insulating layer provided 
on the source, the drain and the channel; a ?oating gate 
stacked on the gate insulating layer overlying the source and 
channel; an intergate insulating layer and a tunnel insulating 
layer stacked on the top and the side of the ?oating gate, 
respectively; and a control gate stacked on the intergate 
insulating layer, the tunnel insulating layer, and the gate 
insulating layer. In this split gate type ?ash memory, an 
active region is formed so that the channel Width under the 
?oating gate is larger than the channel Width under the 
control gate. 

[0011] Another feature of an embodiment of the present 
invention provides a split gate type ?ash memory including 
a substrate; a source, a drain and a channel provided over the 
substrate; a gate insulating layer provided on the source, the 
drain and the channel; a ?oating gate stacked on the gate 
insulating layer overlying the source and channel; an inter 
gate insulating layer and a tunnel insulating layer stacked on 
the top and the side of the ?oating gate, respectively; and a 
control gate stacked on the intergate insulating layer, the 
tunnel insulating layer and the gate insulating layer. In this 
split gate type ?ash memory, an active region is formed so 
that the source underlying the ?oating gate is larger than the 
Width of the channel under the control gate. 

[0012] Yet another feature of an embodiment of the 
present invention provides a split gate type ?ash memory 
including a substrate; a source, a drain and a channel 
provided over the substrate; a gate insulating layer provided 
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on the source, the drain and the channel; a ?oating gate 
stacked on the gate insulating layer overlying the source and 
channel; an intergate insulating layer and a tunnel insulating 
layer stacked on the top and the side of the ?oating gate, 
respectively; and a control gate stacked on the intergate 
insulating layer, the tunnel insulating layer and the gate 
insulating layer. Furthermore, in this split gate type ?ash 
memory, an active region is formed so that the Width of the 
channel under the ?oating gate is larger than the Width of the 
channel under the control gate, and the source underlying the 
?oating gate is larger than the Width of the channel under the 
control gate. 

[0013] These and other features of the embodiments of the 
present invention Will be readily apparent to those of ordi 
nary skill in the art upon revieW of the detailed description 
of the preferred embodiments that folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The above features and advantages of one or more 
of the embodiments of the present invention Will become 
more apparent by describing in detail a preferred embodi 
ment thereof With reference to the attached draWings in 
Which like reference characters indicate like elements and in 
Which: 

[0015] FIG. 1 illustrates a vertically cross-sectional vieW 
shoWing the con?guration of a typical split gate type ?ash 
memory cell; 

[0016] FIG. 2 illustrates a diagram shoWing a capacitor 
model of the split gate type memory cell of FIG. 1; 

[0017] FIG. 3 illustrates a schematic projected plan vieW 
depicting an active region of a conventional split gate type 
memory cell knoWn in the prior art; 

[0018] FIG. 4 is a graph depicting an endurance charac 
teristic of the split gate type memory cell of FIG. 3; 

[0019] FIGS. 5A-5C illustrate a series of schematic pro 
jected plan vieWs depicting active regions of split gate type 
memory cells according to various embodiments of the 
present invention; 
[0020] FIGS. 6A-6F illustrate vertical, cross-sectional 
vieWs depicting a method of manufacturing the split gate 
type memory cells of FIGS. 5A-5C; 

[0021] FIG. 7 is a graph depicting electron injection 
characteristics of the split gate type memory cell according 
to the embodiment of the present invention of FIG. 5C and 
the conventional split gate type memory cell of FIG. 3; and 

[0022] FIG. 8 is a graph depicting the endurance charac 
teristics of the split gate type memory cell according to the 
embodiment of the present invention of FIG. 5C and the 
conventional split gate type memory cell of FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0023] Korean patent application number 00-13346, ?led 
on Mar. 16, 2000, and entitled: “Split Gate Type Flash 
Memory,” is incorporated by reference herein in its entirety. 

[0024] Several embodiments of the present invention Will 
noW be described more fully With reference to the accom 
panying draWings, in Which preferred embodiments of the 
invention are shoWn. This invention may, hoWever, be 
embodied in many different forms and should not be con 
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strued as being limited to the embodiments set forth herein; 
rather, these embodiments are provided so that this disclo 
sure Will be thorough and complete, and Will fully convey 
the concept of the invention to those of ordinary skilled in 
the art. In the draWings, the thicknesses of layers and regions 
are exaggerated for clarity. It Will also be understood that 
When a layer is referred to as being “on” or “over” another 
layer or substrate, it can be directly on the other layer or 
substrate, and one or more intervening layers may also be 
present. Further, it Will be understood that When a layer is 
referred to as being “under” another layer, it can be directly 
under, and one or more intervening layers may also be 
present. 

[0025] A split gate type ?ash memory according to an 
embodiment of the present invention has a distinctive fea 
ture in that the Width of an active region is increased as it 
goes to a source. This feature improves the endurance 
characteristic of the memory and the program/erase ef? 
ciency. Embodiments in Which an active region is increased 
are shoWn in FIGS. 5A-5C. FIGS. 5A-5C depict a source 14, 
a ?oating gate 22, a control gate 29, a channel 18 and a drain 
16. Additionally, the cross-hatched region depicts the area 
Wherein the expanding source is overlapped by the ?oating 
gate. 

[0026] More speci?cally, the shape of an active region of 
a split gate memory cell according to a ?rst embodiment, 
shoWn in FIG. 5A, is changed by a fabricating process, as 
shoWn in FIGS. 6A-6F, to make the Width of a channel 18 
under a ?oating gate 22 larger than that of the channel 18 
under a control gate 29. 

[0027] Furthermore, the Width of an active region of a split 
gate memory cell according to a second embodiment is 
made as large as possible by increasing a portion of a source 
14, Which is overlapped by the ?oating gate 22, as shoWn in 
FIG. 5B. 

[0028] In the ?rst embodiment, since conductance of the 
?oating gate 22 becomes larger When a threshold voltage 
Vth of the ?oating gate 22 is increased by electron traps, as 
compared to a conventional ?ash memory cell, reduction in 
current during a reading operation can be suppressed. This 
reduction is current provides for the improvement in the 
endurance characteristic. The endurance characteristic for 
program/erase data is usually expressed as a ratio of current 
after a cycle stress to initial current. The split gate type cell 
can be understood as a series connection of tWo metal oxide 
semiconductor ?eld effect transistors (MOSFETs). In sim 
pler terms, this can be also understood as a series connection 
of resistance Which is expressed in the folloWing Equation 
(1)1 

Rcell=r1(?oating gate)+r2(control gate) 

Ids=Vds/(r1+r2) (1) 
[0029] Where Rcell denotes a cell resistance and Ids 
denotes a drain current. 

[0030] It can be found that a reduction in the value of Ids 
shoWn in FIG. 4 is caused by the change of a cell resistance, 
Rcell. In this case, assuming that r2, Which is the resistance 
of a channel under a control gate, is almost constant, 
reducing the effect of r1 by making it as small as possible is 
effective in improving the endurance characteristic. Further 
more, assuming that a cell resistance Rcell=r2(otk+1), a 
change in the cell resistance Rcell With respect to a speci?c 
value 0t can be lessened by loWering the value of k (k equals 
r1/r2). In this case, 0t denotes an increase in r1 With respect 
to the number of program/erase cycles. Thus, When it comes 
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to the value of 0t, an initial value is 1. The value of 0t is 
increased as the degree to Which the channel of a ?oating 
gate is opened is reduced by electron trapping. Given the 
fact that resistance r in a MOSFET is inversely proportional 
to a channel Width W and is proportional to a channel length 
L, if the Width of a channel under the ?oating gate is larger 
than that of the channel under the control gate, the value of 
k is reduced. This reduction in the value of k provides for 
improvement in the endurance characteristic. In this case, it 
is not desirable to change the length of a channel in order to 
achieve the above purpose since it causes a change in the 
overall siZe of a cell. 

[0031] Moreover, in a memory cell according to the sec 
ond embodiment, Cs is large as compared With the conven 
tional memory cell, Which makes program ef?ciency better 
for the reason described above. In addition, the erase ef? 
ciency and endurance characteristic are signi?cantly 
improved. 

[0032] Although it is possible to apply the ?rst and second 
embodiments separately, it is more preferable to apply a 
third embodiment in Which the expanded active regions in 
the ?rst and second embodiments are adopted at the same 
time. FIG. 5C illustrates a schematic projected plan vieW 
depicting an active region adopted in the third embodiment. 
A manufacturing process of a cell in the embodiment is 
performed as shoWn in FIGS. 6A-6F, see, for example, US. 
Pat. No. 5,242,848. 

[0033] Turning noW to FIGS. 6A-6F, ?rst, as shoWn in 
FIG. 6A, a gate oxide 60 is formed over a silicon substrate 
12, on top of Which a polysilicon layer 62 and a nitride layer 
are sequentially deposited. After the nitride layer is selec 
tively etched by a photolithography process to form a nitride 
mask pattern 70, an oxide layer 65 is deposited over the 
exposed polysilicon layer 62 as shoWn in FIG. 6B. Next, as 
shoWn in FIG. 6C, the polysilicon layer 62 and nitride mask 
pattern 70 are removed by etching to leave only the poly 
silicon layer 62 underlying the oxide layer 65. Then, as 
shoWn in FIG. 6D, an interpoly tunnel insulating layer 64 is 
formed. As shoWn in FIG. 6E, 21 control gate 69 is provided 
on the oxide layer 65, the interpoly tunnel insulating layer 64 
and the gate oxide 60. Finally, as shoWn in FIG. 6F, 
impurities are doped betWeen the adjacent polysilicon layer 
62 and oxide layer 65 to form a source 14 and a drain 16, 
thereby completing a cell. 

[0034] FIGS. 7 and 8 indicate the program characteristic 
and endurance characteristic of the memory cell manufac 
tured according to the third embodiment, respectively. 
Referring to FIGS. 7 and 8, in the case Where an active 
region according to the present invention is adopted, the 
program time is quickened compared With that of a conven 
tional ?ash memory cell, While signi?cantly improving the 
endurance characteristic. 

[0035] As described in the foregoing, the split gate type 
?ash memory according to the present invention makes the 
Width of an active region in a portion in Which a source 
expands under a ?oating gate as large as possible, thereby 
alloWing for the increased program/erase efficiency and 
improved endurance characteristic. 

[0036] Although this invention has been described With 
reference to preferred embodiments thereof shoWing the 
effect of expanding an active region in the illustrated 
embodiments the preferred embodiments are exemplary 
only, and should not be taken as limiting the scope of the 
invention. Speci?cally, those of ordinary skill in the art Will 
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recogniZe that various modi?cations may be made to the 
invention Without departing from the spirit and the scope 
thereof. 

What is claimed is: 
1. A split gate type ?ash memory comprising: 

a substrate; 

a source, a drain and a channel provided over the sub 

strate; 

a gate insulating layer provided on the source, the drain 
and the channel; 

a ?oating gate stacked on the gate insulating layer over 
lying the source and the channel; 

an intergate insulating layer and a tunnel insulating layer 
stacked on the top and the side of the ?oating gate, 
respectively; and 

a control gate stacked on the intergate insulating layer, the 
tunnel insulating layer and the gate insulating layer, 

Wherein an active region is formed so that the Width of the 
channel under the ?oating gate is larger than the Width 
of the channel under the control gate. 

2. A split gate type ?ash memory comprising: 

a substrate; 

a source, a drain and a channel provided over the sub 

strate; 

a gate insulating layer provided on the source, the drain 
and the channel; 

a ?oating gate stacked on the gate insulating layer over 
lying the source and the channel; 

an intergate insulating layer and a tunnel insulating layer 
stacked on the top and the side of the ?oating gate, 
respectively; and 

a control gate stacked on the intergate insulating layer, the 
tunnel insulating layer and the gate insulating layer, 

Wherein an active region is formed so that the source 
underlying the ?oating gate is larger than the Width of 
the channel under the control gate. 

3. A split gate type ?ash memory comprising: 

a substrate; 

a source, a drain and a channel provided over the sub 

strate; 

a gate insulating layer provided on the source, the drain 
and the channel; 

a ?oating gate stacked on the gate insulating layer over 
lying the source and channel; 

an intergate insulating layer and a tunnel insulating layer 
stacked on the top and side of the ?oating gate, respec 
tively; and 

a control gate stacked on the intergate insulating layer, the 
tunnel insulating layer, and the gate insulating layer, 

Wherein an active region is formed so that the Width of the 
channel under the ?oating gate is larger than the Width 
of the channel under the control gate, and the source 
underlying the ?oating gate is larger than the Width of 
the channel under the control gate. 

* * * * * 


