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(57) ABSTRACT 

Abooster plate is insulatiVely formed on a silicon semicon 
ductor substrate With a ?rst gate insulating ?lm disposed 
therebetWeen. A ?oating gate which forms a capacitor in 
cooperation With part of at least the upper surface of the 
booster plate is insulatiVely formed on the booster plate With 
a second insulating ?lm disposed therebetWeen. Further, a 
control gate is insulatiVely formed on the ?oating gate With 
a third insulating ?lIn disposed therebetWeen. 
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SEMICONDUCTOR MEMORY DEVICE HAVING 
MEMORY CELLS EACH HAVING A CONDUCTIVE 
BODY OF BOOSTER PLATE AND A METHOD 

FOR MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a semiconductor memory 
device and a manufacturing method thereof and more par 
ticularly to a semiconductor memory device including 
memory cell units (NAND cells, AND cells, DINOR cells 
and the like) each constructed by connecting a plurality of 
memory cells having conductive bodies of booster plates 
and a method for manufacturing the same. 

[0002] Conventionally, an electrically reWritable 
EEPROM is knoWn as one of the semiconductor memory 
devices. Among them, a NAND type EEPROM having 
NAND strings each constructed by serially connecting a 
plurality of memory cells receives much attention because it 
can be formed With high integration density. 

[0003] The NAND type EEPROM is disclosed in K. -D. 
Suh et al., “A 3.3V 32 Mb NAND Flash Memory With 
Incremental Step Pulse Programming Scheme, “IEEE J. 
Solid-State Circuits, vol. 30, pp. 1149-1156, November 
1995 (document 1) and Y. IWata et al., “A 35 ns Cycle Time 
3.3V Only 32 Mb NAND Flasht EEPROM,” IEEE J. 
Solid-State Circuits, vol. 30, pp. 1157-1164, November 
1995 (document 2). 
[0004] In the program operation of the EEPROM dis 
closed in the above documents, the channel potential of a 
program inhibition NAND string in the selected block is 
determined by the capacitive coupling betWeen the Word line 
and the channel. Therefore, in order to set the program 
inhibition voltage to a sufficiently high voltage, it is impor 
tant to suf?ciently effect the initial charging operation of the 
channel and set the capacitive coupling ratio betWeen the 
Word line and the channel to a relatively large value. 

[0005] The capacitive coupling ratio B betWeen the Word 
line and the channel is calculated by the folloWing equation. 

[0006] Where Cox is the total sum of the gate capacitances 
betWeen the Word line and the channel and Cj is the total sum 
of junction capacitances of the source and drain of a cell 
transistor. 

[0007] On page 1153 of the document 1, it is described 
that the coupling ratio is 80%, but in order to obtain this 
value, it is necessary to reduce the junction capacitance Cj 
to 1Aof that of the conventional case, for example. HoWever, 
in order to reduce the junction capacitance, the impurity 
concentration of a P Well must be made loW or the impurity 
concentrations of the source and drain of the cell transistor 
must be made loW. If the impurity concentration of the P Well 
is loWered, the ?eld Withstand voltage betWeen memory 
cells Will be loWered, and therefore, there is a limitation in 
loWering the impurity concentration. Further, if the impurity 
concentrations of the source and drain of the cell transistor 
are loWered, the resistances of the source and drain are 
increased, thereby causing a cell current to be reduced. 

[0008] Therefore, as a method for increasing the gate 
capacitance Cox and reducing the junction capacitance Cj, 
there is proposed a method for setting the Word line pitch to 
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2F When the design rule is set to F, and as a result, reducing 
the space betWeen the adjacent Word lines to reduce the 
junction capacitance Cj as is disclosed in a document by R. 
Shirota et al., “A 2.3 pm2 Memory Cell Structure for 16 Mb 
NAND EEPROMs,” in IEDM’90 Technical Digest, pp. 
103-106, December 1990 (document 3). 

[0009] HoWever, in this method, since tWo mask members 
are used When the Word line is etched, there occurs a 
problem that misalignment occurs betWeen a silicon nitride 
?lm (SiN) Which is the ?rst mask member and a resist Which 
is the second mask member. Therefore, a problem relating to 
the process occurs and the manufacturing yield is loWered. 
Further, tWo processing masks for Word lines are required 
and the manufacturing process becomes complicated and the 
manufacturing cost is made high. 

[0010] Further, a method for reducing the junction capaci 
tance Cj by negatively biasing the P Well at the time of 
program to expand the depletion layer of the junction 
capacitance is provided. HoWever, the junction capacitance 
is approximately inversely proportional to the reciprocal of 
the square root of the sum of the built-in potential of the 
junction and the reverse bias. Therefore, even if —2V is 
applied to the P Well With respect to the channel potential of 
6V, for example, the junction capacitance is reduced to only 
approx. 90% and a signi?cant effect cannot be expected. 
Further, an additional circuit, poWer and time for applying a 
negative bias to the P Well are required. 

[0011] As described above, various methods for increasing 
the coupling ratio B are proposed, but each method has the 
problem as described above. 

[0012] In the document 2 and Tanaka et al., “A Quick 
Intelligent Program Architecture for 3V-Only NAND-EE 
PROM’s,” in Symp. VLSI Circuits Dig. Tech. Papers, June 
1992, pp. 20-21 (document 4), the channel potential of the 
program inhibition NAND string at the time of program is 
applied in a manner different from that of the document 1. 
That is, in the document 1, the channel potential is raised by 
use of the capacitive coupling betWeen the Word line and the 
channel set in the electrically ?oating state, but in the 
document 2 and document 4, a program inhibition voltage 
raised by the charge pump of the peripheral circuit in the 
chip is directly applied to the channel from the sense 
ampli?er via the bit line. 

[0013] As the problem of the EEPROM described in the 
document 2 and document 4, the folloWing tWo problems are 
given. First, since the program inhibition voltage is supplied 
from the sense ampli?er to the bit line, it is necessary to form 
the transistors constituting the sense ampli?er by use of high 
breakdoWn voltage transistors on the design condition of the 
sense ampli?er. 

[0014] When the poWer supply voltage Vcc is 3.3V, a 
transistor applied With the voltage Vcc can be designed as a 
transistor Which has a thin gate oxide ?lm having a ?lm 
thickness of 120 angstrom, for example, and has a short gate 
length. That is, the transistor can be designed by use of the 
severe design rule of 0.4 pm, for example. 

[0015] HoWever, if the program inhibition voltage is set at 
8V, it is required to design a transistor Which can Withstand 
the voltage as a transistor having a thick gate oxide ?lm With 
a ?lm thickness of 200 angstrom, for example, and has a 
long gate length of 1 pm. That is, it is necessary to design 
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the transistor With the relatively large design rule of 1 pm, 
for example. Therefore, the layout area of the sense ampli?er 
is increased and it is dif?cult to arrange the sense ampli?er 
in tlhe narroW bit line pitch. 

[0016] As the second problem, it becomes necessary to 
apply a high voltage to a selected gate line and non-selected 
Word line Which correspond to pass transistors by taking the 
threshold voltages thereof into consideration in order to 
input the program inhibition voltage to the channel via the 
bit line. Application of a high voltage to the non-selected 
Word line causes a problem that the non-selected cell of the 
NAND string to be programmed is erroneously pro 
grammed. Therefore, in the document 2 and document 4, the 
program inhibition voltage is limited to such a potential 
Which does not cause the erroneous programming and there 
occurs a problem that the permissible potential Width (Win 
doW) of the program inhibition voltage is narroWed. 

[0017] Further, if a high voltage is applied to the selected 
gate line, a strong electric ?eld is applied to the gate oxide 
?lm of the NAND string to be programmed since the 
channel potential of the NAND string to be programmed is 
Vss (0V), and there occurs a problem that the gate oxide ?lm 
of the selected gate transistor Will be broken. 

[0018] As the measure for coping With the above prob 
lems, recently, a NAN D type EEPROM in Which the channel 
potential of a non-programming NAND string is set high by 
use of conductive bodies of booster plates and the program/ 
erase/read voltage is loWered is proposed. The NAND type 
EEPROM having the booster plates is disclosed in a docu 
ment by J. D. Choi et al., “A Novel Booster Plate Technol 
ogy in High Density NAND Flash Memories for Voltage 
Scaling-DoWn and Zero Program Disturbance,” in Symp. 
VLSI Technology Dig. Tech. Papers, June 1996, pp. 238-239 
(document 5). 
[0019] The NAND type EEPROM having the boostor 
plates has tWo advantages. The ?rst advantage is that the 
capacitive coupling y at the time of program becomes large. 
In the NAND type EEPROM having no booster plate, the 
capacitive coupling y is expressed by the folloWing equation. 

y=Ccf/(Cfs+Ccf) 

[0020] Where Ccf is a capacitance betWeen the control gate 
(Word line) and the ?oating gate and Cfs is a capacitance 
betWeen the ?oating gate and the substrate. The capacitive 
coupling Yb of the NAN D type EEPROM having the booster 
plates is expressed by the folloWing equation. 

[0021] Where Cbf is a capacitance betWeen the booster 
plate and the ?oating gate. Thus, the capacitive coupling Yb 
is larger than the capacitive coupling y in a case Where no 
booster plate is used. Therefore, the program voltage at the 
time of program can be loWered. 

[0022] Since the capacitive coupling ratio at the time of 
erase is expressed by (1-yb), the potential difference 
betWeen the substrate and the ?oating gate can be made large 
and it is possible to attain a high speed erase operation or 
loWer the erase voltage in comparison With a case Where no 
booster plate is used. Further, if yb is increased, a voltage 
applied to the pass transistor at the read time can be loWered. 

[0023] The second advantage is that the capacitive cou 
pling ratio betWeen the control gate (Word line) and the 
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channel becomes larger. The capacitive coupling ratio Bb in 
a case Where the booster plates are used is expressed by the 
folloWing equation. 

[0024] Where Cox is the total sum of gate capacitances 
betWeen the control gate (Word line) and the channel, Cboot 
is the total sum of gate capacitances betWeen the booster 
plate and the channel and Cj is the total sum of junction 
capacitances of the source and drain of the cell transistor. 
Therefore, even if the voltage of the pass transistor is not 
excessively raised at the time of program, the channel 
potential of the program inhibition NAND string can be 
raised and the margin against the erroneous programming 
can be increased. 

[0025] In the NAND type EEPROM described in the 
document 5, the capacitance Cbf betWeen the booster plate 
and the ?oating gate is determined by the area of the side 
Wall of the ?oating gate. Therefore, in order to further 
increase the capacitance Cbf, it is necessary to increase the 
?lm thickness of the ?oating gate to make the side Wall high, 
reduce the ?lm thickness of the plate oxide ?lm lying 
betWeen the side Wall of the ?oating gate and the booster 
plate, or increase the dielectric constant of a material of the 
plate oxide ?lm. 

[0026] HoWever, if the ?lm thickness of the ?oating gate 
is increased, a difference in level in the ?oating gate 
becomes larger, making it dif?cult to effect the succeeding 
process. Further, if the ?lm thickness of the plate oxide ?lm 
is reduced or a material With the high dielectric constant is 
used as the plate oxide ?lm, there is a limitation in the 
reliability. Therefore, in the NAND type EEPROM 
described in the document 5, it is dif?cult to further increase 
the capacitance Cbf and loWer the program, erase, read 
voltages. 

[0027] Further, in the NAND type EEPROM described in 
the document 5, since the ion-implantation into the source/ 
drain regions of the cell transistors of the NAND string is 
effected after the control gates (Word lines) are formed, there 
occurs a problem that the coupling ratio betWeen the control 
gate (Wotd line) and the channel is made smaller by the 
junction capacitance Cj. 

BRIEF SUMMARY OF THE INVENTION 

[0028] An object of this invention is to provide a semi 
conductor memory device capable of increasing the capaci 
tance betWeen the booster plate and the ?oating gate and 
effecting the program/erase/read operations at a loW voltage 
and a method for manufacturing the same. Further, an object 
of this invention is to provide a semiconductor memory 
device and a method for manufacturing the same in Which 
the junction capacitance of the channel portion of the 
memory cell is made small and the capacitive coupling ratio 
betWeen the control gate and the channel is increased so as 
to enhance the program inhibition voltage at the time of 
program and enlarge the margin against the erroneous pro 
gramming, thereby making it possible to enhance the reli 
ability. 

[0029] In order to attain the above object, a semiconductor 
memory device according to this invention comprises a 
conductive body formed on a semiconductor substrate; a 
?oating gate insulatively formed on the conductive body 



US 2001/0001491 A1 

With an insulating ?lm disposed therebetWeen, a capacitor 
being formed between the ?oating gate and part of the upper 
surface and the side Wall of the conductive body; and a 
control gate insulatively formed on the ?oating gate With an 
insulating ?lm disposed therebetWeen. 

[0030] According to the semiconductor memory device 
With the above structure, a capacitance betWeen the booster 
plate (conductive body) and the ?oating gate can be 
increased. As a result, the program/erase/read operations can 
be effected at a loW voltage. 

[0031] Further, a semiconductor memory device accord 
ing to this invention comprises conductive bodies formed on 
a semiconductor substrate; ?oating gates insulatively 
formed on the conductive bodies With an insulating ?lm 
disposed therebetWeen, capacitors being each formed 
betWeen the ?oating gate and at least part of the upper 
surface of the conductive body; control gates insulatively 
formed on the ?oating gates With an insulating ?lm disposed 
therebetWeen; and at least one memory cell unit including a 
plurality of memory cell transistors each of Which includes 
a corresponding one of the ?oating gates and a correspond 
ing one of the control gates. 

[0032] According to the semiconductor memory device 
With the above structure, a capacitance betWeen the booster 
plate (conductive body) and that ?oating gate can be 
increased. As a result, the program/erase/read operations can 
be effected at a loW voltage. 

[0033] In the above semiconductor memory device, 
regions of the semiconductor substrate Which lie beloW the 
conductive body and the ?oating gate have the same con 
ductivity type. 

[0034] With the semiconductor memory device of the 
above structure, since a diffusion layer having a different 
conductivity type from that of the channel portion is not 
formed in the region of the semiconductor substrate Which 
lies directly beloW the booster plate (conductive body), the 
junction capacitance of the channel portion of the memory 
cell can be made small and the capacitive coupling ratio 
betWeen the control gate and the channel portion can be 
increased. As a result, the program inhibition voltage at the 
time of program can be enhanced and the margin against the 
erroneous programming can be enlarged. 

[0035] Further, a method for manufacturing a semicon 
ductor memory device having memory cells according to 
this invention comprises the steps of forming a ?rst insu 
lating ?lm on a semiconductor substrate; forming a ?rst 
conductive ?lm on the ?rst insulating ?lm; patterning the 
?rst conductive ?lm in a linear form along the Wiring 
direction of control gates of the memory cells; forming a 
second insulating ?lm on the ?rst conductive ?lms linearly 
patterned; insulatively forming ?oating gates on part of the 
upper surfaces and the side surfaces of the ?rst conductive 
?lms With the second insulating ?lm disposed therebetWeen; 
forming third insulating ?lms on the ?oating gates; and 
forming control gates on the third insulating ?lms. 

[0036] According to the method for manufacturing the 
semiconductor memory device having the above steps, a 
semiconductor memory device having memory cells in each 
of Which a capacitance betWeen the booster plate (conduc 
tive body) and the ?oating gate can be increased can be 
manufactured. 
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[0037] Further, a method for manufacturing a semicon 
ductor memory device having at least one memory cell unit 
including a plurality of memory cells according to this 
invention comprises the steps of forming element isolation 
regions on a semiconductor substrate; forming a ?rst insu 
lating ?lm on the semiconductor substrate; forming a ?rst 
conductive ?lm on the ?rst insulating ?lm; patterning the 
?rst conductive ?lm into a plurality of linear portions along 
the control gate line direction of the memory cells; forming 
a second insulating ?lm on the ?rst conductive ?lms pat 
terned into the linear portions; forming a second conductive 
?lm on the second insulating ?lm; forming isolation 
trenches in the second conductive ?lm above the element 
isolation regions Which are adjacent in the control gate line 
direction of the memory cells; forming a third insulating ?lm 
on the second conductive ?lm; forming a third conductive 
?lm on the third insulating ?lm; patterning the third con 
ductive ?lm, third insulating ?lm and second conductive 
?lm in a self-aligninent manner to form control gate lines 
formed of the third conductive ?lm and ?oating gates 
formed of the second conductive ?lm at least betWeen the 
?rst conductive ?lms Which are adjacent to each other; and 
forming diffusion layers in a self-alignment manner in 
regions acting as source/drain regions of the at least one 
memory cell unit by ion-implantation by use of the ?rst 
conductive ?lms patterned into the linear portions and the 
control gate lines. 

[0038] According to the method for manufacturing the 
semiconductor memory device having the above steps, a 
semiconductor memory device having at least one memory 
cell unit in Which a capacitance betWeen the booster plate 
(conductive body) and tho ?oating gate can be increased can 
be manufactured. Further, according to the manufacturing 
method, since a diffusion layer having a different conduc 
tivity type from that of the channel portion is not formed in 
the region of the semiconductor substrate Which lies directly 
beloW the booster plate (conductive body), a semiconductor 
memory device having at least one memory cell unit in 
Which the junction capacitance of the channel portion of 
each memory cell can be made small and the capacitive 
coupling ratio betWeen the control gate and the channel 
portion can be increased can be manufactured. 

[0039] Further, a method for manufacturing a semicon 
ductor memory device having memory cells according to 
this invention comprises the steps of forming a ?rst insu 
lating ?lm on a semiconductor substrate; forming a ?rst 
conductive ?lm on the ?rst insulating ?lm; forming a second 
conductive ?lm on the ?rst conductive ?lm; patterning the 
second and Cirst conductive ?lms in a linear form along the 
Wiring direction of control gates of the memory cells; 
forming a second insulating ?lm on laminated bodies of the 
second and ?rst conductive ?lms linearly patterned; insula 
tively forming ?oating gates on part of the upper surfaces 
and the side surfaces of the laminated bodies of the second 
and ?rst conductive ?lms With the second insulating ?lm 
disposed therebetWeen; forming third insulating ?lms on the 
?oating gates; and forming control gates on the third insu 
lating ?lms. 

[0040] According to the method for manufacturing the 
semiconductor memory device having the above steps, a 
semiconductor memory device having memory cells in each 
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of Which a capacitance between the booster plate (conduc 
tive body) and the ?oating gate can be increased can be 
manufactured. 

[0041] Further, a method for manufacturing a senticon 
ductor memory device having at least one memory cell unit 
including a plurality of memory cells according to this 
invention comprises the steps of forming a ?rst insulating 
?lm on a semiconductor substrate; forming a ?rst conductive 
?lm on the ?rst insulating ?lm; patterning the ?rst conduc 
tive ?lm into a preset pattern and forming element isolation 
trenches in the semiconductor substrate With the preset 
pattern used as a mask; ?lling an insulating material into the 
element isolation trenches to form element isolation regions; 
forming a second conductive ?lm on the semiconductor 

substrate; patterning the second and ?rst conductive ?lms 
into a plurality of linear portions along the Wiring direction 
of control gates of the memory cells; forming a second 
insulating ?lm on laminated bodies of the second and ?rst 
conductive ?lms patterned into the linear portions; forming 
a third conductive ?lm on the second insulating ?lm; form 
ing isolation trenches in the third conductive ?lm above the 
elenment isolation regions Which are adjacent in the control 
gate line direction of the memory cells; forming a third 
insulating ?lm on the third conductive ?lm; forming a fourth 
conductive ?lm on the third insulating ?lm; patterning the 
fourth conductive ?lm, third insulating ?lm and third con 
ductive ?lm in a self-alignment manner to form control gate 
lines formed of the fourth conductive ?lm and ?oating gates 
formed of the third conductive ?lm at least betWeen the 
laminated bodies of the second and ?rst conductive ?lms; 
and forming diffusion layers in a self-alignment manner in 
regions acting as source/drain regions of the at least one 
memory cell unit by ion-implantation by use of the lami 
nated bodies of the second and ?rst conductive ?lms pat 
terned into the linear portions and the control gate lines. 

[0042] According to the method for manufacturing the 
semiconductor memory device having the above steps, a 
semiconductor memory device having at least one memory 
cell unit in Which a capacitance betWeen the booster plate 
(conductive body) and the ?oating gate can be increased can 
be manufactured. Further, according to the manufacturing 
method, since a diffusion layer having a different conduc 
tivity type from that of the channel portion is not formed in 
the region of the semiconductor substrate Which lies directly 
beloW the booster plate (conductive body), a semiconductor 
memory device having at least one memory cell unit in 
Which the junction capacitance of the channel portion of the 
memory cell can be made small and the capacitive coupling 
ratio betWeen the control gate and the channel portion can be 
increased can be manufactured 

[0043] Additional objects and advantages of tire invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 
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BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0044] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodimelnts of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to eXplain the principles of the invention. 

[0045] FIG. 1 is a plan vieW shoWing the construction of 
a NAND type EEPROM according to a ?rst embodiment of 
this invention; 

[0046] FIG. 2 is a cross sectional vieW taken along the line 
2-2 of FIG. 1; 

[0047] FIG. 3 is a cross sectional vieW taken along the line 
3-3 of FIG. 1; 

[0048] FIG. 4 is a diagram shoWing the bias state of the 
program, erase and read operations in the NAND type 
EEPROM of the ?rst embodiment; 

[0049] FIG. 5 is a plan vieW shoWing a manufacturing 
step of the NAND type EEPROM of the ?rst embodiment; 

[0050] FIG. 6 is a cross sectional vieW taken along the bit 
line direction of FIG. 5; 

[0051] FIG. 7 is a cross sectional vieW taken along the 
Word line direction of FIG. 5; 

[0052] FIG. 8 is a plan vieW showing a manufacturing 
step of the NAND type EEPROM of the ?rst embodiment; 

[0053] FIG. 9 is a cross sectional vieW taken along the bit 
line direction of FIG. 8; 

[0054] FIG. 10 is a cross sectional vieW taken along the 
Word line direction of FIG. 8; 

[0055] FIG. 11 is a plan vieW shoWing a manufacturing 
step of the NAND type EEPROM of the ?rst embodiment; 

[0056] FIG. 12 is a cross sectional vieW taken along the 
bit line direction of FIG. 11; 

[0057] FIG. 13 is a cross sectional vieW taken along the 
Word line direction of FIG. 11; 

[0058] FIG. 14 is a plan vieW shoWing a manufacturing 
step of the NAND type EEPROM of the ?rst embodiment; 

[0059] FIG. 15 is a cross sectional vieW taken along the 
bit line direction of FIG. 14; 

[0060] FIG. 16 is a cross sectional vieW taken along the 
Word line direction of FIG. 14; 

[0061] FIG. 17 is a plan vieW shoWing the construction of 
a NAND type EEPROM according to a second embodiment 
of this invention; 

[0062] FIG. 18 is a cross sectional vieW taken along the 
line 18-18 of FIG. 17; 

[0063] FIG. 19A is a cross sectional vieW taken along the 
line 19A-19A of FIG. 17; 

[0064] FIG. 19B is a cross sectional vieW taken along the 
line 19B-19B of FIG. 17; 
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[0065] FIG. 20 is a plan vieW showing a manufacturing 
step of the NAND type EEPROM of the second embodi 
ment; 

[0066] FIG. 21 is a cross sectional vieW taken along tho 
bit line direction of FIG. 20; 

[0067] FIG. 22A is a cross sectional vieW taken along the 
Word line direction of FIG. 20; 

[0068] FIG. 22B is a cross sectional vieW taken along the 
Word line direction of FIG. 20; 

[0069] FIG. 23 is a plan vieW shoWing a manufacturing 
step of the NAND type EEPROM of the second embodi 
ment; 

[0070] FIG. 24 is a cross sectional vieW taken along the 
Word line direction of FIG. 23; 

[0071] FIG. 25A is a cross sectional vieW taken along the 
Word line direction of FIG. 23; 

[0072] FIG. 25B is a cross sectional vieW taken along the 
Word line direction of FIG. 23; 

[0073] FIG. 26 is a plan vieW shoWing a manufacturing 
step of the NAND type EEPROM of the second embodi 
ment; 

[0074] FIG. 27 is a cross sectional vieW taken along the 
Word line direction of FIG. 26; 

[0075] FIG. 28A is a cross sectional vieW taken along the 
Word line direction of FIG. 26; and 

[0076] FIG. 28B is a cross sectional vieW taken along the 
Word line direction of FIG. 26. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0077] There Will noW be described semiconductor 
memory devices according to embodiments of this invention 
by taking a NAND type EEPROM as an eXample With 
reference to the accompanying draWings. First, the construc 
tion of a NAND type EEPROm according to a ?rst embodi 
ment of this invention is explained. 

[0078] FIG. 1 is a plan vieW shoWing the construction of 
a NAND type EEPROM according to a ?rst embodiment of 
this invention. FIG. 2 is a cross sectional vieW taken along 
the line 2-2 of FIG. 1. FIG. 3 is a cross sectional vieW taken 
along the line 3-3 of FIG. 1. 

[0079] As shoWn in FIG. 2, an N Well 2 is formed on a 
P-type silicon semiconductor substrate 1. A P Well 3 is 
formed in the N Well 2. As shoWn in FIG. 3, ?eld oXide ?lms 
(element isolation insulating ?lms) 4 Which are element 
isolation regions are formed on the P Well 3. A NAND cell 
having four memory cell transistors and tWo selection gate 
transistors disposed on both sides thereof is formed in a 
region surrounded by the ?eld oXide ?lm 4 as folloWs. 

[0080] As shoWn in FIG. 2, ?rst gate insulating ?lms 5 
each formed of a thermal oXide ?lm With a ?lm thickness of 
5 nm to 20 nm is formed on the P Well 3. Further, booster 
plates 6 each formed of a conductive body Which is con 
structed by a ?rst polysilicon ?lm (or a ?rst laminated ?lm 
of a silicide ?lm and a polysilicon ?lm) With a ?lm thickness 
of 100 nm or more are formed on part of the ?eld oXide ?lms 
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4 and the ?rst gate insulating ?lms 5 in a linear form 
extending along the direction of Word lines 13a. 

[0081] Further, as shoWn in FIG. 2, a second gate insu 
lating ?lm 9 formed of a thermal oXide ?lm With a ?lm 
thickness of 5 nm to 10 nm is formed on the P Well 3 and 
the booster plates 6. Floating gates 10 each formed of a 
second polysilicon ?lm (or a second laminated ?lm of a 
silicide ?lm and a polysilicon ?lm) With a ?lm thickness of 
100 nm or more is formed on the second gate insulating ?lm 
9. 

[0082] Athird gate insulating ?lm 12 With a ?lm thickness 
of 15 nm to 40 nm is formed on each of the ?oating gates 
10 as shoWn in FIGS. 2 and 3. Further, a third polysilicon 
?lm (or a third laminated ?lm of a suicide ?lm and a 
polysilicon ?lm) With a ?lm thickness of 100 nm to 400 nm 
is formed on each of the third gate insulating ?lms 12. The 
Word lines (control gates) 13a of the four memory cell 
transistors and the selection gate lines 13b of the selection 
gate transistors disposed on both sides of the memory cell 
transistors are formed of the third polysilicon ?lms (or the 
third laminated ?lms). Further, in the drain portion and 
source portion of the NAND cell, N+ diffusion layers 14 are 
formed. 

[0083] As shoWn in FIG. 2, an insulating ?lm 15 is 
deposited on the entire surface of the resultant structure and 
a tungsten plug 17 connected to the drain portion or source 
portion is forned in the insulating ?lm 15. Further, a bit line 
18 connected to the tungsten plug 17 is formed on the 
insulating ?lm 15. The bit line 18 is formed of aluminum 
(Al), for eXample. A passivation ?lm 19 is formed on the 
entire surface of the resultant structure. 

[0084] That is, the NAND type EEPROM of the ?rst 
embodiment is constructed as folloWs. The booster plates 
(?rst electrodes) 6 are insulatively formed on the P-type 
silicon semiconductor substrate 1 With the ?rst gate insu 
lating ?lms 5 disposed therebetWeen and the ?oating gates 
(second electrodes) 10 are insulatively disposed on at least 
parts of the upper surfaces of the booster plates 6 With the 
gate insulating ?lm 9 disposed therebetWeen. Further, the 
Word lines (third electrodes) 13a are formed above the 
?oating gates 10 With the third gate insulating ?lms 12 
disposed therebetWeen. A memory cell unit (NAND cell) is 
constructed by serially connecting a plurality of (in this 
eXample, four) electrically reWritable memory cells each 
having the above tWo-layered stacked structure and connect 
ing the selection gate transistors to both sides of the series 
connected memory cells. Then, memory cell units having 
the same construction as the above memory cell unit are 
arranged in a matriX form to form a memory cell array. 

[0085] The NAND type EEPROM has the selection gate 
lines 13b, roW selection means and column selection means. 
The selection gate line 13b is arranged to cross the bit line 
18 to connect the memory cell unit to the bit line 18 or 
common source line (not shoWn). The roW selection means 
selects the Word line 13a and selection gate line 13b of the 
memory cell array. The column selection means selects one 
of the bit lines 18 of the memory cell array. 

[0086] The operation of the NAND type EEPROM With 
the above construction is substantially the same as that of the 
NAND type EEPROM disclosed in the document 5 and the 
bias states at the time of the program, erase and read 
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operations are shown in FIG. 4. The booster plate 6 is 
applied With a program voltage of 13V at the time of 
program, a voltage of 0V at the time of erase and a poWer 
supply voltage Vcc at the time of read. 

[0087] NoW, the above-described tWo advantages of the 
memory cell having the booster plate are considered. First, 
the capacitive coupling ratio at the time of program becomes 
as folloWs. As described above, the capacitive coupling ratio 
yb of the memory cell having the booster plate is expressed 
as folloWs. 

[0088] Where Ccf is the capacitance betWeen the control 
gate (Word line) and the ?oating gate, Cbf is the capacitance 
betWeen the booster plate and the ?oating gate, and Cfs is the 
capacitance betWeen the ?oating gate and the substrate. 

[0089] Cbf of the memory cell in the NAND type 
EEPROM disclosed in the document 5 is determined by the 
capacitance formed betWeen the side Wall of the ?oating 
gate and the booster plate. HoWever, in the memory cell of 
the NAND type EEPROM of the ?rst embodiment, Cbf is 
the sum of the capacitance formed betWeen the side Wall of 
the booster plate 6 and the ?oating gate 10 and the capaci 
tance formed betWeen part of the upper surface of the 
booster plate 6 and the ?oating gate 10. Therefore, since the 
capacitive coupling ratio Yb becomes larger in the memory 
cell in the ?rst embodiment than in the memory cell in the 
NAND type EEPROM disclosed in the document 5, the 
program voltage at the time of program can be loWered. 

[0090] Further, since the capacitive coupling ratio at the 
time of erase is expressed by (1-yb), a potential difference 
betWeen the substrate and the ?oating gate 10 can be 
increased, the erase operation can be effected at a higher 
speed or the erase voltage can be loWered in comparison 
With a case of the NAND type EEPROM disclosed in the 
document 5. If the capacitive coupling ratio Yb becomes 
larger, a voltage applied to the pass transistor at the time of 
read can be loWered. 

[0091] Next, the capacitive coupling ratio betWeen the 
control gate (Word line) and the channel Which is the other 
advantage is as folloWs. As described above, the capacitive 
coupling ratio Bb of the memory cell having the booster 
plate is expressed by the folloWing equation. 

[0092] Where Cox is the total sum of gate capacitances 
betWeen the control gate (Word line) and the channel, Cboot 
is the total sum of gate capacitances betWeen the booster 
plate and the channel, and Cj is the total sum of junction 
capacitances of the source and drain of the memory cell 
transistor. 

[0093] In the memory cell of the NAND type EEPROM 
disclosed in the document 5, the source/drain region is 
formed directly beloW the booster plate. HoWever, in the 
memory cell of the NAND type EEPROM of the ?rst 
embodiment, the source/drain region directly beloW the 
booster plate 6 is omitted and the portion can be formed as 
a semiconductor region having the same conductivity type 
as a portion directly beloW the ?oating gate. Therefore, the 
junction capacitance Cj of the channel portion of the NAND 
cell becomes smaller and the capacitive coupling ratio 
betWeen the control gate (Word line) 13a and the channel can 
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be made larger. As a result, even if the voltage of the pass 
transistor is not set to an excessively high voltage at the time 
of program, the channel potential of the program inhibition 
NAND cell can be sufficiently raised and the margin against 
the erroneous programming can be improved. 

[0094] Next, a method for manufacturing the NAND type 
EEPROM of the ?rst embodiment is explained. FIGS. 5 to 
16 are plan vieWs of cross sectional vieWs shoWing the 
manufacturing process of the NAND type EEPROM of the 
?rst embodiment. FIGS. 5, 8, 11, 14 are plan vieWs shoWing 
the manufacturing process of the NAND type EEPROM of 
the ?rst embodiment. FIGS. 6, 9, 12, 15 are cross sectional 
vieWs taken along the bit line direction of the above plan 
vieWs and FIGS. 7, 10, 13, 16 are cross sectional vieWs 
taken along the Word line direction of the above plan vieWs. 

[0095] As shoWn in FIGS. 5 to 7, an N Well 2 is formed 
on a p-type silicon semiconductor substrate 1 and a P Well 
3 is formed in the N Well 2. Field oxide ?lms (element 
isolation insulating ?lms) 4 are formed on the P Well 3. A 
method for manufacturing a NAND cell in a region sur 
rounded by the ?eld oxide ?lm 4 is explained beloW. In this 
example, it is assumed that the NAND cell is formed of four 
memory cell transistors and tWo selection gate transistors 
disposed on both sides of the memory cell transistors. 

[0096] After forming the ?eld oxide ?lms 4 on the P Well 
3, a ?rst gate insulating ?lm 5 formed of a thermal oxide ?lm 
With the ?lm thickness of 5 nm to 20 nm is formed as shoWn 
in FIGS. 8 to 10. Further, a ?rst polysilicon ?lm (or a ?rst 
laminated ?lm of a silicide ?lm and a polysilicon ?lm) 6 
With a ?lm thickness of 100 nm or more is formed on the ?rst 
gate insulating ?lm 5. 

[0097] Next, as shoWn in FIG. 9, silicon nitride ?lms 
(SiN) 7 used as a mask member are formed by the lithograph 
method and side Wall ?lms 8 are formed on the side Walls of 
the silicon nitride ?lms 7. Then, as shoWn in FIG. 12, the 
?rst gate insulating ?lm 5 and ?rst polysilicon ?lm (or the 
?rst lamninated ?lm) 6 are etched in a linear form along the 
gate line direction to form booster plates 6 by using the 
silicon nitride ?lms 7 and the side Wall ?lms 8 as a mask. 

[0098] Next, as shoWn in FIGS. 12, 13, a second gate 
insulating ?lm 9 formed of a thermal oxide ?lm With a ?lm 
thickness of 5 nm to 10 nm is formed. Then, a second 
polysilicon ?lm (or a second laminated ?lm of a silicide ?lm 
and a polysilicon ?lm) 10 With a ?lm thickness of 100 nm 
or more is formed on the second gate insulating ?lm 9. 
Further, as shoWn in FIGS. 11, 13, isolation trenches 11 are 
formed in the second polysilicon ?lm (or the second lami 
nated ?lm) 10 on the ?eld oxide ?lms 4 Which are adjacent 
to each other in the control gate line direction. 

[0099] After this, a third gate insulating ?lm 12 With a ?lm 
thickness of 15 nm to 40 nm is formed on the second 

polysilicon ?lm (or the second laminated ?lm) 10. Further, 
a third polysilicon ?lm (or a third laminated ?lm of a silicide 
?lm and a polysilicon ?lm) 13 With a ?lm thickness of 100 
nm to 400 nm is formed on the third gate insulating ?lm 12. 

[0100] Next, as shoWn in FIGS. 14 to 16, the third 
polysilicon ?lm (or the third laminated ?lm) 13, third gate 
insulating ?lm 12 and second polysilicon ?lm (or the second 
laminated ?lm) 10 are selectively etched in a self-alignment 
manner so that pats of them can be left behind betWeen the 
adjacent booster plates 6 and on parts of the upper surfaces 
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of the booster plates 6. As a result, Word lines (control gates) 
13a, selection gate lines 13b and ?oating gates 10 are 
formed. 

[0101] After this, N+diffusion layers 14 are formed into 
the drain portion and source portion of the NAN D cell by the 
ion-implantation. At this time, since the drain/source region 
betWeen the cell transistors of the NAND cell are covered 
With the booster plates 6, the N+ diffusion layers 14 are not 
formed betWeen the cell transistors. 

[0102] Next, as shoWn in FIGS. 1 to 3, an insulating ?lm 
15 is formed on the entire surface of the resultant structure 
and a contact hole 16 is formed in the insulating ?lm 15. 
Further, a tungsten plug 17 is ?lled in the contact hole 16 and 
a bit line 18 formed of aluminum and connected to the 
tungsten plug 17 is formed. Then, a passivation ?lm 19 is 
formed to cover the entire surface. Thus, the NAND type 
EEPROM of the ?rst embodiment is manufactured. 

[0103] As described above, according to the ?rst embodi 
ment, the program/erase/read operations can be effected at a 
loWer voltage in comparison With the NAN D type EEPROM 
having the booster plates described in the document 5 by 
increasing the capacitance betWeen the booster plate and the 
?oating gate. 

[0104] Further, the junction capacitance of the channel 
portion of the NAND string is made smaller by eliminating 
the source/drain region directly beloW the booster plate and 
the capacitive coupling ratio betWeen the control gate and 
the channel portion can be increased. As a result, the 
program inhibition voltage can be enhanced and the margin 
against the erroneous programming can be enlarged accord 
ingly, thereby making it possible to enhance the reliability. 

[0105] Next, the construction of a NAND type EEPROM 
according to a second embodiment of this invention is 
explained. In the ?rst embodiment, the ?eld oxide ?lm is 
used as the element isolation region, but this invention can 
be effectively applied When the trench element isolation 
technique (STI : ShalloW Trench Isolation) is used instead of 
the ?eld oxide ?lm. 

[0106] FIG. 17 is a plan vieW shoWing the NAND type 
EEPROM of the second embodiment. FIG. 18 is a cross 
sectional vieW taken along the line 18-18 of FIG. 17. FIG. 
19A is a cross sectional vieW taken along the line 19A-19A 
of FIG. 17. FIG. 19B is a cross sectional vieW taken along 
the line 19B-19B of FIG. 17. 

[0107] As shoWn in FIG. 18, an N Well 22 is formed on 
a p-type silicon semiconductor substrate 21. A P Well 23 is 
formed in the N Well 22. As shoWn in FIGS. 19A, 19B, 
trench element isolation regions 26 Which are element 
isolation regions are formed in the P Well 23, A NAND cell 
having four memory cell transistors and tWo selection gate 
transistors disposed on both sides thereof is formed in a 
region surrounded by the trench element isolation region 26 
as folloWs. 

[0108] As shoWn in FIGS. 18, 19A, 19B, ?rst gate insu 
lating ?lms 24 each formed of a thermal oxide ?lm With a 
?lm thickness of 5 nm to 20 nm are formed on the P Well 23. 
Further, ?rst polysilicon ?lms 25 With a ?lm thickness of 
100 nm or more are formed on the respective ?rst gate 
insulating ?lms 24. A second polysilicon ?lm (or a second 
laminated ?lm of a silicide ?lm and a polysilicon ?lm) 27 
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With a ?lm thickness of 100 nm or more is formed on each 
of the ?rst polysilicon ?lms 25 and part of the trench element 
isolation regions 26. The ?rst polysilicon ?lm 25 and the 
second polysilicon ?lm (or the second laminated ?lm) 27 are 
formed in a linear form extending along the direction of 
Word lines 32a so as to constitute a booster plate With 
tWo-layered structure. 

[0109] Further, as shoWn in FIG. 18, a second gate 
insulating ?lm 28 formed of a thermal oxide ?lm With a ?lm 
thickness of 5 nm to 10 nm is formed on the P Well 23 and 
the booster plates. Floating gates 29 each formed of a third 
polysilicon ?lm (or a third laminated ?lm of a silicide ?lm 
and a polysilicon ?lm) With a ?lm thickness of 100 nm or 
more are formed on part of the trench element isolation 
regions 26 and the second gate insulating ?lm 28. 

[0110] A third gate insulating ?lm 31 With a ?lm thickness 
of 15 nm to 40 nm is formed on each of the ?oating gates 
29 as shoWn in FIG. 18. Further, a fourth polysilicon ?lm (or 
a fourth laminated ?lm of a silicide ?lm and a polysilicon 
?lm) With a ?lm thickness of 100 nm to 400 nm is formed 
on each of the third gate insulating ?lms 31. The Word lines 
(control gates) 32a of the four memory cell transistors and 
the selection gate lines 31b of the selection gate transistors 
disposed on both sides of the memory cell transistors are 
formed of the fourth polysilicon ?lms (or the fourth lami 
nated ?lms). Further, in the drain portion and source portion 
of the NAND cell, N+ diffusion layers 33 are formed. 

[0111] As shoWn in FIG. 18, an insulating ?lm 34 is 
formed on the entire surface of the resultant structure and 
tungsten plugs 36 connected to the drain or source portions 
are formed in the insulating ?lm 34. Further, intermediate 
contact regions 37 each formed for contact betWeen the 
source line and the bit line and connected to the tungsten 
plug 36 are formed on the insulating ?lm 34. 

[0112] As shoWn in FIGS. 18, 19A, 19B, an insulating 
?lm 38 is formed on the entire surface of the resultant 
structure and bit lines 40 connected to the intermediate 
contact regions 37 are formed on the insulating ?lm 38. 
Then, a passivation ?lm 41 is formed on the entire surface 
of the resultant structure. 

[0113] That is, the NAND type EEPROM of the second 
embodiment is constructed as folloWs. The booster plates 
(?rst electrodes) each having a tWo-layered structure formed 
of the ?rst polysilicon ?lm 25 and the second polysilicon 
?lm (or the second laminated ?lm) 27 are insulatively 
formed on the P-type silicon semiconductor substrate 1 With 
the ?rst gate insulating ?lms 24 disposed therebetWeen. The 
?oating gates (second electrodes) 29 are disposed on at least 
parts of the upper surfaces of the booster plates With the 
second gate insulating ?lm 28 disposed therebetWeen. 

[0114] Further, the Word lines (third electrodes) 32a are 
insulatively formed on the ?oating gates 29 With the third 
gate insulating ?lms 31 disposed therebetWeen. A memory 
cell unit (NAND cell) is constructed by serially connecting 
a plurality of (in this example, four) electrically reWritable 
memory cells each having the above tWo-layered stacked 
structure and connecting the selection gate transistors to 
both sides of the series-connected memory cells. Then, 
memory cell units having the same construction as the above 
memory cell unit are arranged in a matrix form to form a 
memory cell array. 
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[0115] The NAND type EEPROM has the selection gate 
lines 32b, roW selection means and column selection means. 
The selection gate line 32b connects the memory cell unit to 
the bit line 40 or source line (the intermediate contact 
region) 37. The roW selection means selects the Word line 
32a and selection gate line 32b of the memory cell array. The 
column selection means selects the bit line 40 of the memory 
cell array. 

[0116] The operation of the NAND type EEPROM With 
the above construction is substantially the same as that of the 
NAND type EEPROM disclosed in the document 5 and the 
bias states at the time of the program, erase and read 
operations are shoWn in FIG. 4. The booster plate is applied 
With a program voltage of 13V at the time of program, a 
voltage of 0V at the time of erase and a poWer supply voltage 
Vcc at the time of read. 

[0117] NoW, the above-described tWo advantages of the 
memory cell having the booster plate are considered. First, 
the capacitive coupling ratio at the time of program becomes 
as folloWs. As described above, the capacitive coupling ratio 
yb of the memory cell having the booster plate is expressed 
as folloWs. 

[0118] Where Ccf is the capacitance betWeen the control 
gate (Word line) and the ?oating gate, Cbf is the capacitance 
betWeen the booster plate and the ?oating gate, and Cfs is the 
capacitance betWeen the ?oating gate and the substrate. 

[0119] Cbf of the memory cell in the NAND type 
EEPROM disclosed in the document 5 is determined by the 
capacitance formed betWeen the side Wall of the ?oating 
gate and the booster plate. HoWever, in the memory cell of 
the NAND type EEPROM of the second embodiment, Cbf 
is the sum of the capacitance formed betWeen the side Wall 
of the booster plate and the ?oating gate 29 and the capaci 
tance formed betWeen part of the upper surface of the 
booster plate and the ?oating gate 29. Therefore, since the 
capacitive coupling ratio Yb becomes larger in the memory 
cell in the second embodiment than in the memory cell in the 
NAND type EEPROM disclosed in the document 5, the 
program voltage at the time of program can be loWered. 

[0120] Further, since the capacitive coupling ratio at the 
time of erase is expressed by (1-yb), a potential difference 
betWeen the substrate and the ?oating gate 29 can be 
increased, the erase operation can be effected at a higher 
speed or the erase voltage can be loWered in comparison 
With a case of the NAND type EEPROM disclosed in the 
document 5. If the capacitive coupling ratio Yb becomes 
larger, a voltage applied to the pass transistor at the time of 
read can be loWered. 

[0121] Next, the capacitive coupling ratio betWeen the 
control gate (Word line) and the channel Which is the other 
advantage is as folloWs. As described above, the capacitive 
coupling ratio Bb of the memory cell having the booster 
plate is expressed by the folloWing equation. 

[0122] Where Cox is the total sum of gate capacitances 
betWeen the control gate (Word line) and the channel, Cboot 
is the total sum of gate capacitances betWeen the booster 
plate and the channel, and Cj is the total sum of junction 
capacitances of the source and drain of the memory cell 
transistor. 
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[0123] In the memory cell of the NAND type EEPROM 
disclosed in the document 5, the source/drain region is 
formed directly beloW the booster plate. HoWever, in the 
memory cell in the NAND type EEPROM of the second 
embodiment, the source/drain region directly beloW the 
booster plate is omitted and the portion can be formed as a 
semiconductor region having the same conductivity type as 
a portion directly beloW the ?oating gate 29. Therefore, the 
junction capacitance Cj of the channel portion of the NAND 
cell becomes smaller and the capacitive coupling ratio 
betWeen the control gate (Word line) 32a and the channel can 
be made larger. As a result, even if the voltage of the pass 
transistor is not set to an excessively high voltage at the time 
of program, the channel potential of the program inhibition 
NAND cell can be sufficiently raised and the margin against 
the erroneous programming can be improved. 

[0124] Next, a method for manufacturing the NAND type 
EEPROM of the second embodiment is explained. FIGS. 20 
to 28B are plan vieWs and cross sectional vieWs shoWing the 
manufacturing process of the NAND type EEPROM of the 
second embodiment. FIGS. 20, 23, 26 are plan vieWs 
shoWing the manufacturing process of the NAND type 
EEPROM of the second embodiment. FIGS. 21, 24, 27 are 
cross sectional vieWs taken along the bit line direction of the 
above plan vieWs and FIGS. 22A, 22B, 25A, 25B, 28A, 28B 
are cross sectional vieWs taken along the Word line direction 
of the above plan vieWs. 

[0125] As shoWn in FIGS. 20 to 22A, an N Well 22 is 
formed on a p-type silicon semiconductor substrate 21 and 
a P Well 23 is formed in the N Well 22. Then, trench element 
isolation regions (STI) 26 are formed in the P Well 23. A 
method for manufacturing a NAND cell in a region sur 
rounded by the trench element isolation region 26 is 
explained beloW. In this example, it is assumed that the 
NAND cell is formed of four memory cell transistors and 
tWo selection gate transistors disposed on both sides of the 
memory cell transistors. 

[0126] After forming the P Well 23 in the N Well 22, a ?rst 
gate insulating ?lm 24 formed of a thermal oxide ?lm With 
a ?lm thickness of 5 nm to 20 nm is formed. Further, a ?rst 
polysilicon ?lm 25 With a ?lm thickness of 100 nm or more 
is formed on the ?rst gate insulating ?lm 24. 

[0127] Next, the ?rst polysilicon ?lm 25 is patterned into 
a NAND string form. Trenches are formed With the pat 
terned ?rst polysilicon ?lms 25 used as a mask and a silicon 
oxide ?lm (SiO2) Which is an insulating ?lm is ?lled in the 
trenches by the CVD method to form trench element isola 
tion regions 26. 

[0128] Next, a second polysilicon ?lm (or a second lami 
nated ?lm of a silicide ?lm and a polysilicon ?lm) 27 With 
a ?lm thickness of 100 nm or more is formed on the entire 

surface of the resultant structure. Then, the second polysili 
con ?lm (or the second laminated ?lm) 27 and the ?rst 
polysilicon ?lm 25 are both patterned in a linear form along 
the control gate line direction. As a result, the booster plates 
each having the tWo-layered structure including the ?rst 
polysilicon ?lm 25 and the second polysilicon ?lm (or the 
second laminated ?lm) 27 Which are electrically connected 
to each other are formed. 

[0129] Next, as shoWn in FIGS. 23 to 25B, a second gate 
insulating ?lm 28 formed of a thermal oxide ?lm With a ?lm 



US 2001/0001491 A1 

thickness of 5 nm to 20 nm is formed. A third polysilicon 
?lm (or a third laminated ?lm of a silicide ?lm and a 
polysilicon ?lm) 29 With a ?lm thickness of 100 nm or more 
is formed on the second gate insulating ?lm 28. Further, as 
shoWn in FIG. 25A, isolation trenches 30 are formed in the 
third polysilicon ?lm (or the third laminated ?lm) 29 above 
the trench element isolation regions 26 Which are adjacent in 
the control gate line direction. 

[0130] After this, a third gate insulating ?lm 31 With a ?lm 
thickness of 15 nm to 40 nm is formed on the third 
polysilicon ?lm (or the third laminated ?lm) 29. Further, a 
fourth polysilicon ?lm (or a fourth laminated ?lm of a 
silicide ?lm and a polysilicon. ?lm) 32 With a ?lm thickness 
of 100 nm to 400 nm is formed on the third gate insulating 
?lm 31. 

[0131] Next, as shoWn in FIGS. 26 to 28B, the fourth 
polysilicon ?lm (or the fourth laminated ?lm) 32, third gate 
insulating ?lm 31 and third polysilicon ?lm (or the third 
laminated ?lm) 29 are selectively etched in a self-alignment 
manner so that pats of them can be left behind betWeen the 
adjacent booster plates and on parts of the upper surfaces of 
the booster plates. As a result, Word lines (control gates) 32a, 
selection gate lines 32b and ?oating gates 29 are formed. 

[0132] After this, N+diffusion layers 33 are formed into 
the drain portion and source portion of the NAN D cell by the 
ion-implantation. At this time, since the drain/source regions 
betWeen the cell transistors of the NAND cell are covered 
With the booster plates, the N+diffusion layers are not 
formed betWeen the cell transistors . 

[0133] Next, as shoWn in FIGS. 17 to 19B, an insulating 
?lm 34 is formed on the entire surface of the resultant 
structure and ?rst contact holes 35 are formed in the insu 
lating ?lm 34. Further, a tungsten plug 36 is ?lled in each of 
the contact holes 35 and intermediate contact regions 37 for 
contact betWeen the source lines and the bit lines are formed 
of ?rst metal Wirings connected to the tungsten plugs 36. 

[0134] After this, an insulating ?lm 38 is formed on the 
entire surface of the resultant structure and second contact 
holes 39 are formed in the insulating ?lm 38. Further, bit 
lines 40 of second metal Wirings connected to the interme 
diate contact regions 37 are formed in the contact holes 39. 
Then, a passivation ?lm 41 is formed to cover the entire 
surface. Thus, the NAND type EEPROX of the second 
embodiment is manufactured. 

[0135] As described above, according to the second 
embodiment, the program/erase/read operations can be 
effected at a loWer voltage in comparison With the NAND 
type EEPROM having the booster plates described in the 
document 5 by increasing the capacitance betWeen the 
booster plate and the ?oating gate. 

[0136] Further, the junction capacitance of the channel 
portion of the NAND string is made smaller by omitting the 
source/drain region directly beloW the booster plate and the 
capacitive coupling ratio betWeen the control gate and the 
channel portion can be increased. As a result, the program 
inhibition voltage can be enhanced and the margin against 
the erroneous programming can be enlarged accordingly, 
thereby making it possible to enhance the reliability. 

[0137] As described above, according to the embodiments 
of this invention, a NAND type EEPROM in Which the 
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capacitance betWeen the booster plate and the ?oating gate 
can be increased and the program/erase/read operations can 
be effected at a loW voltage and a manufacturing method 
thereof can be provided. Further, by eliminating the source/ 
drain region directly beloW the booster plate, that is, by not 
forming the diffusion layer having a different conductivity 
type from the channel portion in the region of the semicon 
ductor substrate lying directly beloW the booster plate, the 
junction capacitance of the channel portion of the NAND 
string can be made small and the capacitance coupling ratio 
betWeen the control gate and the channel can be increased. 
Thus, a NAND type EEPROM in Which the program inhi 
bition voltage at the time of program can be enhanced and 
the margin against the erroneous programming can be 
enlarged accordingly, thereby making it possible to enhance 
the reliability and a manufacturing method thereof can be 
provided. 
[0138] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

1. A semiconductor memory device comprising: 

a conductive body formed on a semiconductor substrate; 

a ?oating gate insulatively formed on said conductive 
body With an insulating ?lm disposed therebetWeen, a 
capacitor being formed betWeen said ?oating gate and 
part of the upper surface and the side Wall of said 
conductive body; and 

a control gate insulatively formed on said ?oating gate 
With an insulating ?lm disposed therebetWeen. 

2. A semiconductor memory device according to claim 1, 
Wherein said conductive body is formed in a linear form 
along the Wiring direction of said control gate. 

3. A semiconductor memory device according to claim 1, 
Wherein regions of said semiconductor substrate Which lie 
beloW said conductive body and said ?oating gate have the 
same conductivity type. 

4. A semiconductor memory device according to claim 1, 
Wherein said conductive body has a laminated structure 
having ?rst and second conductive ?lms laminated and an 
insulating material is ?lled in trenches formed in self 
alignment With said ?rst conductive ?lm to form trench 
element isolation regions. 

5. A semiconductor memory device comprising: 

conductive bodies formed on a semiconductor substrate; 

?oating gates insulatively formed on said conductive 
bodies With an insulating ?lm disposed therebetWeen, 
capacitors being each formed betWeen said ?oating 
gate and at least part of the upper surface of said 
conductive body; 

control gates insulatively formed on said ?oating gates 
With an insulating ?lm disposed therebetWeen; and 

at least one memory cell unit including a plurality of 
memory cell transistors each of Which includes a cor 
responding one of said ?oating gates and a correspond 
ing one of said control gates. 
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6. A semiconductor memory device according to claim 5, 
Wherein said conductive bodies are formed in a linear form 
along the Wiring direction of said control gates. 

7. A semiconductor memory device according to claim 6, 
Wherein said conductive bodies are formed betWeen the 
memory cell transistors. 

8. A semiconductor memory device according to claim 7, 
Wherein regions of said semiconductor substrate Which lie 
beloW said conductive body and said ?oating gate have the 
same conductivity type. 

9. A semiconductor memory device according to claim 5, 
Wherein said conductive body has a laminated structure 
having ?rst and second conductive ?lms laminated and an 
insulating material is ?lled in trenches formed in self 
alignment With said ?rst conductive ?lm to form trench 
element isolation regions. 

10. Asemiconductor memory device according to claim 5, 
Wherein a program voltage is applied to said conductive 
body at the time of program into the memory cell transistor. 

11. Asemiconductor memory device according to claim 5, 
Wherein a poWer supply voltage is applied to said conductive 
body at the time of read of the memory cell transistor. 

12. Asemiconductor memory device according to claim 5 
Wherein said memory cell unit has a NAND structure. 

13. Amethod for manufacturing a semiconductor memory 
device having memory cells, comprising the steps of: 

forming a ?rst insulating ?lm on a semiconductor sub 

strate; 

forming a ?rst conductive ?lm on the ?rst insulating ?lm; 

patterning the ?rst conductive ?lm along the Wiring 
direction of control gates of the memory cells; 

forming a second insulating ?lm on the ?rst conductive 
?lms patterned; insulatively forming ?oating gates on 
part of the upper surfaces and the side surfaces of the 
?rst conductive ?lms With the second insulating ?lm 
disposed therebetWeen; forming third insulating ?lms 
on the ?oating gates; and forming control gates on the 
third insulating ?lms. 

14. A method according to claim 13, Wherein said 
memory cells constitute at least one memory cell unit and 
Which further comprises a step of implanting ions into a 
region that functions as a source and drain of said at least one 
memory cell unit, thereby forming a self-aligned diffusion 
layer by using said ?rst conductive ?lm and said control 
gates. 

15. A method according to claim 14, Wherein said 
memory cell unit has a NAND structure. 
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16. A method according to claim 13, Wherein said ?rst 
conductive ?lm is a tWo-layered ?lm, and the step of 
forming said ?rst conductive ?lm is to from tWo layers one 
on the other. 

17. Amethod for manufacturing a semiconductor memory 
device leaving at least one memory cell unit including a 
plurality of memory cells, comprising the steps of: 

forming a ?rst insulating ?lm on a semiconductor sub 

strate; 
forming a ?rst conductive ?lm on the ?rst insulating ?lm; 

patterning the ?rst conductive ?lm into a preset pattern 
and forming element isolation trenches in the semicon 
ductor substrate With the preset pattern used as a mask; 

?lling an insulating material into the element isolation 
trenches to form element isolation regions; 

forming a second conductive ?lm on thie semiconductor 

substrate; 
patterning the second and ?rst conductive ?lms into a 

plurality of linear portions along the Wiring direction of 
control gates of the memory cells; 

forming a second insulating ?lm on laminated bodies of 
the second and ?rst conductive ?lms patterned into the 
linear portions; 

forming a third conductive ?lm on the second insulating 
?lm; 

forming isolation trenches in the third conductive ?lm 
above the element isolation regions Which are adjacent 
in the control gate line direction of Lhe memory cells; 

forming a third insulating ?lm on the third conductive 
?lm; 

forming a fourth conductive ?lm on the third insulating 
?lm; 

patterning the fourth conductive ?lm, third insulating ?lm 
and third conductive ?lm in a self-alignment manner to 
form control gate lines formed of the fourth conductive 
?lm and ?oating gates formed of the third conductive 
?lm at least betWeen the laminated bodies of the second 
and ?rst conductive ?lms; and 

forming diffusion layers in a self-alignment manner in 
regions acting as source/drain regions of the at least one 
memory cell unit by ion-implantation by use of the 
laminated bodies of the second and ?rst conductive 
?lms patterned into the linear portions and the control 
gate lines. 


