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Flash Memory Process with High Voltage LDMOS Embedded 

TECHNICAL FIELD 

[0001] This invention relates generally to semiconductor devices, and more specifically to 

the manufacturing of flash memory and high voltage laterally diffused metal-oxide 

semiconductor devices.  

BACKGROUND 

[0002]  Flash memory has become popular recently. A typical flash memory comprises a 

memory array having a large number of memory cells arranged in blocks. Each of the memory 

cells is fabricated as a field-effect transistor having a control gate and a floating gate. The 

floating gate is capable of holding a charge and is separated from source and drain regions 

contained in a substrate by a layer of thin oxide. Each of the memory cells can be electrically 

charged by injecting electrons from the drain region through the oxide layer onto the floating 

gate. The charge can be removed from the floating gate by tunneling the electrons to the source 

through the oxide layer during an erase operation. Thus the data in a memory cell is determined 

by the presence or absence of a charge on the floating gate.  

[0003] Flash cells come in two major types, stack gate flash cells and split gate flash cells, 

as illustrated in Figures 1A and 1B. A stacked gate flash cell has a control gate 14 completely 

stacked on a floating gate 10. The control gate 14, floating gate 10 and substrate 2 are separated 

by insulating layers. A split gate flash memory has a control gate 22, which includes a first 

portion overlaying a floating gate 16 and a second portion directly overlaying the channel. The 

split gate flash exhibits an improved performance over the stacked gate flash. Specifically, the 

split gate flash can be constructed to prevent over-erasing that occurs in the stacked gate flash.  

Flash Memory Process with High Voltage LDMOS Embedded  TECHNICAL FIELD [0001] This invention
relates generally to semiconductor devices, and more specifically to  the manufacturing of flash memory
and high voltage laterally diffused metal-oxide  semiconductor devices. BACKGROUND  [0002] Flash
memory has become popular recently. A typical flash memory comprises a  memory array having a large
number of memory cells arranged in blocks. Each of the memory  cells is fabricated as a field-effect
transistor having a control gate and a floating gate. The  floating gate is capable of holding a charge and
is separated from source and drain regions  contained in a substrate by a layer of thin oxide. Each of the
memory cells can be electrically  charged by injecting electrons from the drain region through the oxide
layer onto the floating  gate. The charge can be removed from the floating gate by tunneling the electrons
to the source  through the oxide layer during an erase operation. Thus the data in a memory cell is
determined  by the presence or absence of a charge on the floating gate. [0003] Flash cells come in two
major types, stack gate flash cells and split gate flash cells,  as illustrated in Figures IA and 113. A
stacked gate flash cell has a control gate 14 completely  stacked on a floating gate 10. The control gate
14, floating gate 10 and substrate 2 are separated  by insulating layers. A split gate flash memory has a
control gate 22, which includes a first  portion overlaying a floating gate 16 and a second portion directly
overlaying the channel. The  
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[0004] Flash memory is operated at high voltages for its read and write operations. The 

operation power is normally provided by laterally diffused metal-oxide semiconductor (LDMOS) 

devices that can provide higher power and have higher breakdown voltage than conventional 

MOS devices. However, the early generation of the LDMOS can only work at voltages up to 

about 14V. A high voltage LDMOS (HV-LDMOS) was then developed. Figure 3 illustrates a 

typical HV-LDMOS. Besides the source 4 and drain 6, which a typical MOS has, the drain has 

an additional lightly doped drain (LDD) region 31 and the source has an additional sinker region 

26. Region 28 is a drift region (also known as a threshold adjust region). Typically, the HV-

LDMOS is built in an epitaxy (or implant) region 24, which is formed in substrate 2. The field 

oxides 38 are formed to increase the breakdown voltage. The reason that the LDMOS shown in 

Figure 3 has higher breakdown voltage may be explained as follows. Although it appears that a 

device is broken down by a voltage applied to it, it is actually the electric field that breaks down 

the dielectric between the two nodes across which the voltage is applied. When a high voltage is 

applied between a source/drain and a gate, a strong electric field is generated between the 

source/drain and the gate. Therefore, by forming thick field oxides (FOX) 38 under the gate 40 

and between the source/drain and the gate, where the electrical field is the strongest, the 

source/drain and the gate are effectively separated far away and the electrical field is lowered, 

therefore the breakdown voltage is increased.   

[0005] In the past, flash memory and high voltage peripheral devices were either 

manufactured in separate chips, or in the same chip but by separate processes. However, it is 

considerably less expensive and higher performance can be derived from having the flash 

memory on the same substrate as the higher power and higher voltage devices. Also, it would be 

split gate flash exhibits an improved performance over the stacked gate flash. Specifically, the  split gate
flash can be constructed to prevent over-erasing that occurs in the stacked gate flash.  -1 [0004] Flash
memory is operated at high voltages for its read and write operations. The  operation power is normally
provided by laterally diffused metal-oxide semiconductor (LDMOS)  devices that can provide higher power
and have higher breakdown voltage than conventional  MOS devices. However, the early generation of
the LDMOS can only work at voltages up to  about 14V. A high voltage LDMOS (HV-LDMOS) was then
developed. Figure 3 illustrates a  typical HV-LDMOS. Besides the source 4 and drain 6, which a typical
MOS has, the drain has  an additional lightly doped drain (LDD) region 31 and the source has an
additional sinker region  26. Region 28 is a drift region (also known as a threshold adjust region).
Typically, the HV- LDMOS is built in an epitaxy (or implant) region 24, which is formed in substrate 2. The
field  oxides 38 are formed to increase the breakdown voltage. The reason that the LDMOS shown in
Figure 3 has higher breakdown voltage may be explained as follows. Although it appears that a  device is
broken down by a voltage applied to it, it is actually the electric field that breaks down  the dielectric
between the two nodes across which the voltage is applied. When a high voltage is  applied between a
source/drain and a gate, a strong electric field is generated between the  source/drain and the gate.
Therefore, by forming thick field oxides (FOX) 38 under the gate 40  and between the source/drain and
the gate, where the electrical field is the strongest, the  source/drain and the gate are effectively
separated far away and the electrical field is lowered,  
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desirable to provide an HV-LDMOS while making little or no changes to a current process flow 

used in forming a flash memory. 

[0006] A problem with this technique is that it can be quite difficult to simultaneously 

fabricate the lower power devices with the higher power devices. For instance, the gate dielectric 

on the lower power devices needs to be quite thin so that the threshold voltage of the device 

remains low and the switching speed of the device remains quite fast, but in order to be able to 

handle the higher voltages, the HV-LDMOS needs a thicker gate dielectric. What is needed, 

therefore, is a method of manufacturing HV-LDMOS devices that is compatible with standard 

flash memory processes. 

therefore the breakdown voltage is increased. [0005] In the past, flash memory and high voltage
peripheral devices were either  manufactured in separate chips, or in the same chip but by separate
processes. However, it is  considerably less expensive and higher performance can be derived from
having the flash  memory on the same substrate as the higher power and higher voltage devices. Also, it
would be  -2 desirable to provide an HV-LDMOS while making little or no changes to a current process
flow  used in forming a flash memory. [0006] A problem with this technique is that it can be quite difficult
to simultaneously  fabricate the lower power devices with the higher power devices. For instance, the gate
dielectric  on the lower power devices needs to be quite thin so that the threshold voltage of the device
remains low and the switching speed of the device remains quite fast, but in order to be able to  handle
the higher voltages, the HV-LDMOS needs a thicker gate dielectric. What is needed,  therefore, is a
method of manufacturing HV-LDMOS devices that is compatible with standard  flash memory processes.
-3 SUMMARY OF THE INVENTION [0007] The preferred embodiment of the present invention embeds
the forming of flash cells  and the forming of peripheral devices, including high voltage laterally diffused
MOS (HV- LDMOS) and low-voltage devices. Various forming steps are combined so that production cost
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SUMMARY OF THE INVENTION 

[0007] The preferred embodiment of the present invention embeds the forming of flash cells 

and the forming of peripheral devices, including high voltage laterally diffused MOS (HV-

LDMOS) and low-voltage devices. Various forming steps are combined so that production cost 

is lowered. 

[0008] In accordance with one aspect of the present invention, a layered structure with a 

first insulating layer is formed on a silicon substrate, and a poly silicon (poly-1) is formed on the 

first insulating layer in the flash memory region. A mask layer is formed on the poly silicon. 

Openings are formed in the flash memory region to expose poly silicon, and openings are formed 

in the peripheral region to expose the silicon substrate. A local oxidation of silicon (LOCOS) is 

performed to form a thick oxide in the flash memory region and in the peripheral region 

simultaneously. The mask layer is removed. A second insulating layer is formed on the first 

insulating layer, the thick oxide and the poly silicon in the flash memory region. A conductive 

layer is formed in the flash memory region and peripheral region. In the flash memory region, 

the conductive layer is patterned to form the control gate of the flash cell. In the peripheral 

region, the conductive layer is patterned to form the poly gate of the HV-LDMOS.  At least one 

end of the HV-LDMOS poly gate resides on the field oxide so that the LDMOS breakdown 

voltage is increased. The spacers and the source/drain of the flash cell and HV-LDMOS are then 

formed. 

[0009] In accordance with yet another aspect of the present invention, both the poly silicon 

and the conductive layer may be formed and patterned in the peripheral region to form devices 

such as low-voltage MOS, resistors and capacitors. The process of forming such devices is also 

integrated with the forming of flash cells and HV- LDMOS. 

is lowered. [0008] In accordance with one aspect of the present invention, a layered structure with a  first
insulating layer is formed on a silicon substrate, and a poly silicon (poly-1) is formed on the  first insulating
layer in the flash memory region. A mask layer is formed on the poly silicon.  Openings are formed in the
flash memory region to expose poly silicon, and openings are formed  in the peripheral region to expose
the silicon substrate. A local oxidation of silicon (LOCOS) is  performed to form a thick oxide in the flash
memory region and in the peripheral region  simultaneously. The mask layer is removed. A second
insulating layer is formed on the first  insulating layer, the thick oxide and the poly silicon in the flash
memory region. A conductive  layer is formed in the flash memory region and peripheral region. In the
flash memory region,  the conductive layer is patterned to form the control gate of the flash cell. In the
peripheral  region, the conductive layer is patterned to form the poly gate of the HV-LDMOS. At least one
end of the HV-LDMOS poly gate resides on the field oxide so that the LDMOS breakdown  voltage is
increased. The spacers and the source/drain of the flash cell and HV-LDMOS are then  formed. [0009] In
accordance with yet another aspect of the present invention, both the poly silicon  and the conductive
layer may be formed and patterned in the peripheral region to form devices  such as low-voltage MOS,
resistors and capacitors. The process of forming such devices is also  integrated with the forming of flash
cells and HV- LDMOS. -4 
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[0010] The advantages of the present invention include but are not limited to: lower 

production cost due to less forming steps; higher performance due to integrated low voltage and 

high voltage devices; and higher breakdown voltage of the LDMOS. The breakdown voltage of 

the HV-LDMOS made by the preferred embodiment of the present invention is above 15V, and 

the breakdown voltage may be adjusted in a wide range based on the requirement without major 

changes to the forming process. 

[0010] The advantages of the present invention include but are not limited to: lower  production cost due
to less forming steps; higher performance due to integrated low voltage and  high voltage devices; and
higher breakdown voltage of the LDMOS. The breakdown voltage of  the HV-LDMOS made by the
preferred embodiment of the present invention is above 15V, and  the breakdown voltage may be
adjusted in a wide range based on the requirement without major  changes to the forming process. -5
BRIEF DESCRIPTION OF THE DRAWINGS [0011] For a more complete understanding of the present
invention, and the advantages  thereof, reference is now made to the following descriptions taken in
conjunction with the  accompanying drawings, in which: [0012] Figure 1 is a cross-sectional view of a
conventional stacked gate flash cell;  [0013] Figure 2 is a cross-sectional view of a conventional split gate
flash cell;  [0014] Figure 3 is a cross-sectional view of a conventional high voltage LDMOS; [0015] Figures
4 through 11 illustrate the cross-sectional views of the intermediate stages of  forming a flash cell and
HV-LDMOS; [0016] Figure 12 is a schematic view of a conventional x-decoder circuit of the flash
memory; and [0017] Figure 13 is a schematic view of a preferred embodiment of the present invention
used for an x-decoder circuit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] For a more complete understanding of the present invention, and the advantages 

thereof, reference is now made to the following descriptions taken in conjunction with the 

accompanying drawings, in which: 

[0012] Figure 1 is a cross-sectional view of a conventional stacked gate flash cell; 

[0013] Figure 2 is a cross-sectional view of a conventional split gate flash cell; 

[0014] Figure 3 is a cross-sectional view of a conventional high voltage LDMOS; 

[0015] Figures 4 through 11 illustrate the cross-sectional views of the intermediate stages of 

forming a flash cell and HV-LDMOS;  

[0016] Figure 12 is a schematic view of a conventional x-decoder circuit of the flash 

memory; and 

[0017] Figure 13 is a schematic view of a preferred embodiment of the present invention 

used for an x-decoder circuit. 

-6 DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS [0018] The making and using of the
presently preferred embodiments are discussed in detail  below. It should be appreciated, however, that
the present invention provides many applicable  inventive concepts that can be embodied in a wide
variety of specific contexts. The specific  embodiments discussed are merely illustrative of specific ways
to make and use the invention,  and do not limit the scope of the invention. [0019] The preferred
embodiments present a novel method of integrating the manufacturing  of flash cells and higher voltage
peripheral devices, such as high voltage laterally diffused MOS  (HV-LDMOS) devices. The preferred
embodiments combine various masks and forming steps  by forming various elements of flash cells and
HV-LDMOS devices at the same time. The flash  cell could include stacked gate flash type or split gate
flash type. The following method uses the  split gate as an embodiment to illustrate the present invention.
[0020] The preferred embodiments are illustrated in Figures 4 through 11 wherein like  reference numbers
are used to designate like elements throughout the various views and  illustrative embodiments of the
present invention. Throughout the description, the location where  the flash memory is formed is
designated as the flash memory region, and the location where the  peripheral devices are formed is
designated as the peripheral region. Each figure number may be  followed by a letter A, B or C, where A
indicates that the devices are formed in the flash  memory region and B or C indicates that the devices
are formed in the peripheral region. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0018] The making and using of the presently preferred embodiments are discussed in detail 

below. It should be appreciated, however, that the present invention provides many applicable 

inventive concepts that can be embodied in a wide variety of specific contexts. The specific 

embodiments discussed are merely illustrative of specific ways to make and use the invention, 

and do not limit the scope of the invention. 

[0019] The preferred embodiments present a novel method of integrating the manufacturing 

of flash cells and higher voltage peripheral devices, such as high voltage laterally diffused MOS 

(HV-LDMOS) devices. The preferred embodiments combine various masks and forming steps 

by forming various elements of flash cells and HV-LDMOS devices at the same time. The flash 

cell could include stacked gate flash type or split gate flash type. The following method uses the 

split gate as an embodiment to illustrate the present invention.  

[0020] The preferred embodiments are illustrated in Figures 4 through 11 wherein like 

reference numbers are used to designate like elements throughout the various views and 

illustrative embodiments of the present invention. Throughout the description, the location where 

the flash memory is formed is designated as the flash memory region, and the location where the 

peripheral devices are formed is designated as the peripheral region. Each figure number may be 

followed by a letter A, B or C, where A indicates that the devices are formed in the flash 

memory region and B or C indicates that the devices are formed in the peripheral region.  

[0021] Figures 4A and 4B illustrate a stacked structure formed on a substrate 2. In the 

preferred embodiment, the substrate 2 is a silicon substrate. In other embodiments, substrate 2 

may be formed of strained silicon, compound semiconductor, multi-layers of semiconductor, or 

[0021] Figures 4A and 4B illustrate a stacked structure formed on a substrate 2. In the  preferred
embodiment, the substrate 2 is a silicon substrate. In other embodiments, substrate 2  may be formed of
strained silicon, compound semiconductor, multi-layers of semiconductor, or  -7 other materials
comprising silicon. Where an HV-LDMOS is formed, an epitaxy region and  threshold adjust region (not
shown) may be formed (refer to Figure 3). [0022] An insulating layer 40 is formed on substrate 2. The
insulating layer 40 is preferably  a silicon oxide formed using known methods, such as thermal oxidation,
CVD, and the like. As  the insulating layer 40 may be part of the devices subject to high voltages, it is
desired for it to be  thicker than the gate oxide of a low-voltage MOS transistor and the thickness depends
on the  voltage to be applied, the material, and the forming process, etc. The preferred thickness of the
insulating layer 40 is about 60A to about 110A. [0023] Figure 4A also illustrates that a poly silicon 42 is
formed on the insulating layer 40.  The poly silicon 42 is widely known as poly-1 in the art of flash cells as
it is the first poly silicon  formed. The poly-1 42 may be deposited using chemical vapor deposition (CVD)
or other known  methods. The poly-1 42 is then doped to reduce sheet resistance. [0024] In the preferred
embodiment, a mask (not shown) covers all peripheral regions so  that no poly-1 42 is formed in the
peripheral region, as illustrated in Figure 4B. [0025] In other embodiments, poly-1 42 may be formed in
selected locations of the  peripheral region. This can be achieved by a mask covering portions of the
peripheral region, so  
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other materials comprising silicon. Where an HV-LDMOS is formed, an epitaxy region and 

threshold adjust region (not shown) may be formed (refer to Figure 3). 

[0022] An insulating layer 40 is formed on substrate 2. The insulating layer 40 is preferably 

a silicon oxide formed using known methods, such as thermal oxidation, CVD, and the like. As 

the insulating layer 40 may be part of the devices subject to high voltages, it is desired for it to be 

thicker than the gate oxide of a low-voltage MOS transistor and the thickness depends on the 

voltage to be applied, the material, and the forming process, etc. The preferred thickness of the 

insulating layer 40 is about 60Å to about 110Å. 

[0023] Figure 4A also illustrates that a poly silicon 42 is formed on the insulating layer 40. 

The poly silicon 42 is widely known as poly-1 in the art of flash cells as it is the first poly silicon 

formed. The poly-1 42 may be deposited using chemical vapor deposition (CVD) or other known 

methods. The poly-1 42 is then doped to reduce sheet resistance.  

[0024] In the preferred embodiment, a mask (not shown) covers all peripheral regions so 

that no poly-1 42 is formed in the peripheral region, as illustrated in Figure 4B. 

[0025] In other embodiments, poly-1 42 may be formed in selected locations of the 

peripheral region. This can be achieved by a mask covering portions of the peripheral region, so 

that poly-1 42 is formed only in the desired locations, or by blanket depositing poly-1 42 in the 

peripheral region, and then removing the undesired portions. The thickness of the poly-1 42 is 

related to the oxidation process and will be discussed later. The poly-1 42 formed in the 

peripheral region can be used to form devices such as capacitors (which are formed of a poly-1 

42, insulating layer 40 and substrate 2), resistors (formed of strips of poly-1), MOS transistors 

(poly-1 is used as the gate poly), etc. It is to be noted that there is no thick field oxide under 

poly-1 42, so that the resulting MOS transistors work only at low voltages.  

that poly-1 42 is formed only in the desired locations, or by blanket depositing poly-1 42 in the  peripheral
region, and then removing the undesired portions. The thickness of the poly-1 42 is  related to the
oxidation process and will be discussed later. The poly-1 42 formed in the  peripheral region can be used
to form devices such as capacitors (which are formed of a poly-1  42, insulating layer 40 and substrate 2),
resistors (formed of strips of poly-1), MOS transistors  (poly-1 is used as the gate poly), etc. It is to be
noted that there is no thick field oxide under  poly-1 42, so that the resulting MOS transistors work only at
low voltages. -8 [0026] A mask layer 44 is then formed, also illustrated in Figure 4A and Figure 4B. In the
flash memory region, mask layer 44 is formed on the poly-1 42. In the peripheral region, mask  layer 44 is
formed on the insulating layer 40. Preferably, the mask layer 44 is formed of silicon  nitride since silicon
nitride is useful as a masking layer for selective oxidation and it is difficult  for oxygen to penetrate silicon
nitride. Preferably the silicon nitride 44 is formed using low  pressure CVD (LPCVD) at a temperature of
about 700C to about 800C. It can also be  deposited by PECVD at a lower temperature of about 200C to
about 400C. The preferred  thickness of the silicon nitride is about 100nm to about 200nm. [0027] The
mask layer 44 is then masked and patterned, as shown in Figure 5A and Figure  5B. The openings 46
and 48 can be formed by dry etching or other known methods. In the flash  memory region, poly-1 42 is
exposed. In the peripheral region, further etching is conducted in  openings 48 to remove the insulating
layer 40 and expose silicon substrate 2. It is desirable to use  
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[0026] A mask layer 44 is then formed, also illustrated in Figure 4A and Figure 4B. In the 

flash memory region, mask layer 44 is formed on the poly-1 42. In the peripheral region, mask 

layer 44 is formed on the insulating layer 40. Preferably, the mask layer 44 is formed of silicon 

nitride since silicon nitride is useful as a masking layer for selective oxidation and it is difficult 

for oxygen to penetrate silicon nitride. Preferably the silicon nitride 44 is formed using low 

pressure CVD (LPCVD) at a temperature of about 700°C to about 800°C. It can also be 

deposited by PECVD at a lower temperature of about 200°C to about 400°C. The preferred 

thickness of the silicon nitride is about 100nm to about 200nm.  

[0027] The mask layer 44 is then masked and patterned, as shown in Figure 5A and Figure 

5B. The openings 46 and 48 can be formed by dry etching or other known methods. In the flash 

memory region, poly-1 42 is exposed. In the peripheral region, further etching is conducted in 

openings 48 to remove the insulating layer 40 and expose silicon substrate 2. It is desirable to use 

an etchant that attacks both the mask layer 44 and the insulating layer 40, but not the poly silicon 

42 or the silicon substrate 2, so that the desired effect can be achieved in one step.  

[0028] Although in the preferred embodiment, the first insulating layer 40 in the flash 

memory region is the same material formed at the same time as the first insulating layer 40 in the 

peripheral region, in other embodiments, they can be different materials formed at different 

times. Also, the mask layer 44 in the flash memory region may also be a different material and 

formed at a different time from the mask layer 44 in the peripheral region. 

[0029] The chip is then subjected to an oxidation step, as shown in Figures 6A and 6B. The 

silicon nitride 44 oxidizes very slowly but is not penetrated by the oxygen. As a result it protects 

the underlying silicon from oxidizing, while allowing a thermal SiO2 layer to grow on regions of 

exposed silicon. A gate oxide 50 (sometimes referred to herein as a thick oxide) is grown on poly 

an etchant that attacks both the mask layer 44 and the insulating layer 40, but not the poly silicon  42 or
the silicon substrate 2, so that the desired effect can be achieved in one step. [0028] Although in the
preferred embodiment, the first insulating layer 40 in the flash  memory region is the same material
formed at the same time as the first insulating layer 40 in the  peripheral region, in other embodiments,
they can be different materials formed at different  times. Also, the mask layer 44 in the flash memory
region may also be a different material and  formed at a different time from the mask layer 44 in the
peripheral region. [0029] The chip is then subjected to an oxidation step, as shown in Figures 6A and 6B.
The  silicon nitride 44 oxidizes very slowly but is not penetrated by the oxygen. As a result it protects  the
underlying silicon from oxidizing, while allowing a thermal SiO2 layer to grow on regions of  exposed
silicon. A gate oxide 50 (sometimes referred to herein as a thick oxide) is grown on poly  -9 silicon 42 at
the same time an oxide 52 is grown on silicon substrate 2. Wet oxidation is  preferably used. The
oxidation may also be performed in a plasma environment. However,  plasma assisted oxidation is
desired to be thermal treated to enhance electric properties since the  oxides 52 will be subjected to high
electrical fields. The rate of the oxidation depends on the  temperature, oxidation time, etc. For example,
a typical oxidation at a temperature of about  1000C for about two to four hours can grow an oxide with a
thickness of about 0.3um to 1.0um.  Since the thick oxide 52 and the thick oxide 50 are formed
simultaneously, and the performance  of the flash cell is relatively insensitive to the thickness of the thick
oxide 50, the thickness  
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silicon 42 at the same time an oxide 52 is grown on silicon substrate 2. Wet oxidation is 

preferably used. The oxidation may also be performed in a plasma environment. However, 

plasma assisted oxidation is desired to be thermal treated to enhance electric properties since the 

oxides 52 will be subjected to high electrical fields. The rate of the oxidation depends on the 

temperature, oxidation time, etc. For example, a typical oxidation at a temperature of about 

1000°C for about two to four hours can grow an oxide with a thickness of about 0.3um to 1.0um. 

Since the thick oxide 52 and the thick oxide 50 are formed simultaneously, and the performance 

of the flash cell is relatively insensitive to the thickness of the thick oxide 50, the thickness 

requirement of the thick oxide 52 dominates the oxidation process.  

[0030] Now back to the discussion of poly-1 42. The thickness of the poly-1 42 depends on 

two factors. The first factor is the desired breakdown voltage of the HV-LDMOS, which in turn 

determines the thickness of the thick oxide 52, and the thickness of the thick oxide 50. Since 

thick oxide 50 is grown out of poly-1 42, the thicker the oxide 50, the more poly-1 42 is 

consumed. The second factor is the requirement of the flash cell. After oxidation, remaining 

poly-1 42 will become the floating gate of the flash cell. Therefore, it is desirable that poly-1 42 

be formed to a thickness that equals the sum of the thickness of the flash cell floating gate and 

the thickness reduced by oxidation. 

[0031] Thick oxide 52 increases the breakdown voltage of an LDMOS formed on it by 

enlarging the distance between the source/drain and the gate of the LDMOS. For example, an 

800Å to 1000Å oxide allows the device to withstand about 30V. Further increasing the thickness 

of the thick oxide 52 allows the breakdown voltage to be increased to hundreds of volts. 

However, if the voltage is very high, the thick oxide 52 becomes very thick, and problems such 

as lateral diffusion become significant. Therefore the forming process needs to be controlled 

requirement of the thick oxide 52 dominates the oxidation process. [0030] Now back to the discussion of
poly-1 42. The thickness of the poly-1 42 depends on  two factors. The first factor is the desired
breakdown voltage of the HV-LDMOS, which in turn  determines the thickness of the thick oxide 52, and
the thickness of the thick oxide 50. Since  thick oxide 50 is grown out of poly-1 42, the thicker the oxide
50, the more poly-1 42 is  consumed. The second factor is the requirement of the flash cell. After
oxidation, remaining  poly-1 42 will become the floating gate of the flash cell. Therefore, it is desirable that
poly-1 42  be formed to a thickness that equals the sum of the thickness of the flash cell floating gate and
the thickness reduced by oxidation. [0031] Thick oxide 52 increases the breakdown voltage of an LDMOS
formed on it by  enlarging the distance between the source/drain and the gate of the LDMOS. For
example, an  800A to 1000A oxide allows the device to withstand about 30V. Further increasing the
thickness  of the thick oxide 52 allows the breakdown voltage to be increased to hundreds of volts.
However, if the voltage is very high, the thick oxide 52 becomes very thick, and problems such  as lateral
diffusion become significant. Therefore the forming process needs to be controlled  -10 more carefully. It
is known that different materials have different breakdown voltages, and the  breakdown voltages are also
affected by the forming process even when the materials are the  same. For example, a slowly formed
oxide has a higher breakdown voltage than a quickly  formed oxide; a condensed oxide has a higher
breakdown voltage than a porous oxide, and a  



 - 11 - 

more carefully. It is known that different materials have different breakdown voltages, and the 

breakdown voltages are also affected by the forming process even when the materials are the 

same. For example, a slowly formed oxide has a higher breakdown voltage than a quickly 

formed oxide; a condensed oxide has a higher breakdown voltage than a porous oxide, and a 

uniform oxide has a higher breakdown voltage than a non-uniform oxide. It is desired that the 

process of the field oxide be carefully controlled so that higher breakdown voltages may be 

achieved with a thinner oxide 52.  

[0032] Silicon nitride 44 is then completely removed from both the flash memory region 

and the peripheral region simultaneously, as illustrated in Figures 7A and 7B. In the flash 

memory region, using the thick oxide 50 as a hard mask, a portion of the poly-1 42 and the first 

insulating layer 40 is sequentially removed to expose the surface of the substrate 2 by an etching 

process. The portions of the poly-1 42 and the first insulating layer 40 under the floating gate 

oxide 50 remain. The oxide grown on poly-1 42 becomes the floating gate oxide 50 and the 

remaining poly-1 42 becomes the floating gate 54 of the flash cell. The remaining oxide 40 will 

be denoted as the tunneling oxide 56 since, when the flash memory is written, the electrons 

tunnel through oxide 56 from the drain into the floating gate 54. In Figure 7B, the thick oxide 52 

and the first insulating layer 40 are exposed. 

[0033] Figure 8 illustrates a second insulating layer 58 formed on the thick oxide 50, the 

floating gate 54 and the tunneling oxide 56 in the flash memory region. Preferably, the second 

insulating layer 58 is formed to a thickness of about 50Å to about 250Å by oxidation or CVD. 

Preferably, the peripheral region is masked during this process, so that the second insulating 

layer 58 is not formed over the peripheral region. Figures 9A and 9B illustrate a conductive layer 

60, preferably formed of doped poly silicon and often denoted as poly-2 60, is formed both on 

uniform oxide has a higher breakdown voltage than a non-uniform oxide. It is desired that the  process of
the field oxide be carefully controlled so that higher breakdown voltages may be  achieved with a thinner
oxide 52. [0032] Silicon nitride 44 is then completely removed from both the flash memory region  and the
peripheral region simultaneously, as illustrated in Figures 7A and 7B. In the flash  memory region, using
the thick oxide 50 as a hard mask, a portion of the poly-1 42 and the first  insulating layer 40 is
sequentially removed to expose the surface of the substrate 2 by an etching  process. The portions of the
poly-1 42 and the first insulating layer 40 under the floating gate  oxide 50 remain. The oxide grown on
poly-1 42 becomes the floating gate oxide 50 and the  remaining poly-1 42 becomes the floating gate 54
of the flash cell. The remaining oxide 40 will  be denoted as the tunneling oxide 56 since, when the flash
memory is written, the electrons  tunnel through oxide 56 from the drain into the floating gate 54. In Figure
7B, the thick oxide 52  and the first insulating layer 40 are exposed. [0033] Figure 8 illustrates a second
insulating layer 58 formed on the thick oxide 50, the  floating gate 54 and the tunneling oxide 56 in the
flash memory region. Preferably, the second  insulating layer 58 is formed to a thickness of about 50A to
about 250A by oxidation or CVD.  Preferably, the peripheral region is masked during this process, so that
the second insulating  layer 58 is not formed over the peripheral region. Figures 9A and 9B illustrate a
conductive layer  60, preferably formed of doped poly silicon and often denoted as poly-2 60, is formed
both on  -11 
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the second insulating layer 58 in the flash memory region and on the first insulating layer 40 and 

the thick oxide 52 in the peripheral region, respectively. The second conductive layer 60 

typically has a thickness of about 1000Å to 2000Å. 

[0034] As shown in Figure 10A, portions of the second insulating layer 58 and the second 

conductive layer 60 are then removed by photolithography. The remaining part of the poly-2 60 

in the flash memory region forms the control gate 62 of the flash cell, and the remaining part of 

the second insulating layer 58 becomes the second gate-insulating layer 58 of the flash cell.  

[0035] Also shown in Figure 10B, at the time the second conductive layer 60 is removed 

from the flash memory region, portions of the second conductive layer 60 and the first insulating 

layer 40 are also removed from the peripheral region, and the remaining portions form the gate 

electrode of an HV-LDMOS. As discussed previously, the breakdown voltage of the LDMOS is 

increased by the thick oxide 52; therefore, an HV-LDMOS has at least one end of its gate 

electrode formed partially on a thick oxide 52. The gate electrode 64 has both its source and 

drain ends formed on the field oxides 52, so that the resulting HV-LDMOS has high breakdown 

voltages at both its drain and source ends. The gate electrode 66 has its drain end formed on a 

thick oxide 52, so that only the drain end has a high breakdown voltage, and the source end has a 

low breakdown voltage. However, an HV-LDMOS having both ends of the gate electrode 

formed on thick oxide 52 sustains smaller current than an HV-LDMOS having only one end of 

the gate electrode on the thick oxide 52.  

[0036] In another embodiment, a stacked gate flash cell is formed by removing the second 

conductive layer 60 and the second insulating layer 58 that are not on oxide 50, as illustrated in 

Figure 10C. The resulting flash cell is subject to over-erase problems but has a smaller gate 

region than a split gate flash cell. 

the second insulating layer 58 in the flash memory region and on the first insulating layer 40 and  the thick
oxide 52 in the peripheral region, respectively. The second conductive layer 60  typically has a thickness
of about 1000A to 2000A. [0034] As shown in Figure 10A, portions of the second insulating layer 58 and
the second  conductive layer 60 are then removed by photolithography. The remaining part of the poly-2
60  in the flash memory region forms the control gate 62 of the flash cell, and the remaining part of  the
second insulating layer 58 becomes the second gate-insulating layer 58 of the flash cell.  [0035] Also
shown in Figure lOB, at the time the second conductive layer 60 is removed  from the flash memory
region, portions of the second conductive layer 60 and the first insulating  layer 40 are also removed from
the peripheral region, and the remaining portions form the gate  electrode of an HV-LDMOS. As
discussed previously, the breakdown voltage of the LDMOS is  increased by the thick oxide 52; therefore,
an HV-LDMOS has at least one end of its gate  electrode formed partially on a thick oxide 52. The gate
electrode 64 has both its source and  drain ends formed on the field oxides 52, so that the resulting
HV-LDMOS has high breakdown  voltages at both its drain and source ends. The gate electrode 66 has
its drain end formed on a  thick oxide 52, so that only the drain end has a high breakdown voltage, and
the source end has a  low breakdown voltage. However, an HV-LDMOS having both ends of the gate
electrode  formed on thick oxide 52 sustains smaller current than an HV-LDMOS having only one end of
the gate electrode on the thick oxide 52. [0036] In another embodiment, a stacked gate flash cell is
formed by removing the second  
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[0037] As shown in Figure 11A and Figure 11B, spacers 68, sinker region 26, LDD region 

31, source regions 4 and drain regions 6 are then formed by implanting n or p type dopant. The 

formation of the flash cell and HV-LDMOS is well known in the art, therefore, the details are not 

discussed herein. It is to be appreciated that some steps, such as forming a source/drain for flash 

cells and HV-LDMOS, and forming gate spacers for flash cells and HV-LDMOS may be 

integrated also, and a person skilled in the art can select the most appropriate forming methods 

based on the requirements. 

[0038] In other embodiments, the second conductive layer 60 may be formed of poly silicon 

in the peripheral region and used to form devices such as capacitors, resistors, high-voltage 

MOS, and low-voltage MOS (with neither end of the poly gate on oxide 52).  

[0039] The preferred embodiments of the invention have several advantages over the prior 

art. First, the flash cell and the high voltage LDMOS are embedded in the same chip, so that the 

performance of the circuit is improved. Second, the embodiments of the present invention 

combine the forming of various elements for flash cells and peripheral devices in order to lower 

the production cost. Third, the flash memory usually needs high voltage circuits to write, erase, 

and read, and an HV-LDMOS built using embodiments of the present invention has breakdown 

voltages well above 15V. Through increasing the thickness of the field oxide, the breakdown 

voltage can be adjusted in a wide range. By using the HV-LDMOS to replace conventional high 

voltage circuits, the circuit has better reliability under repeated memory cycles.  

[0040] Figures 12 and 13 illustrate an application of the present invention. Figure 12 is a 

conventional x-decoder (decoder in the x direction of the flash memory array) circuit. Device 82 

is a high voltage pMOS and devices 84 and 86 are high voltage nMOS devices. Typically, for an 

erase operation, a voltage of 13V may be applied at node 92. In other kinds of flash memories, 

conductive layer 60 and the second insulating layer 58 that are not on oxide 50, as illustrated in  Figure
IOC. The resulting flash cell is subject to over-erase problems but has a smaller gate  region than a split
gate flash cell. -12 [0037] As shown in Figure 11A and Figure 11B, spacers 68, sinker region 26, LDD
region  31, source regions 4 and drain regions 6 are then formed by implanting n or p type dopant. The
formation of the flash cell and HV-LDMOS is well known in the art, therefore, the details are not
discussed herein. It is to be appreciated that some steps, such as forming a source/drain for flash  cells
and HV-LDMOS, and forming gate spacers for flash cells and HV-LDMOS may be  integrated also, and a
person skilled in the art can select the most appropriate forming methods  based on the requirements.
[0038] In other embodiments, the second conductive layer 60 may be formed of poly silicon  in the
peripheral region and used to form devices such as capacitors, resistors, high-voltage  MOS, and
low-voltage MOS (with neither end of the poly gate on oxide 52). [0039] The preferred embodiments of
the invention have several advantages over the prior  art. First, the flash cell and the high voltage LDMOS
are embedded in the same chip, so that the  performance of the circuit is improved. Second, the
embodiments of the present invention  combine the forming of various elements for flash cells and
peripheral devices in order to lower  the production cost. Third, the flash memory usually needs high
voltage circuits to write, erase,  and read, and an HV-LDMOS built using embodiments of the present
invention has breakdown  
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the high voltage values used for program or erase operations may go as high as 25V. Since many 

cycles of read and write operations may be performed in the flash cell 88, the devices 84 and 86 

may be under high voltage stress for many cycles. That is why the high voltage nMOS 84 is 

cascaded with a high voltage nMOS 86 so that each of the devices is subject to only half the 

voltage, and the reliability is improved. Figure 13 illustrates a circuit using the embodiments of 

the present invention. The high voltage nMOS 84 and 86 are replaced with an HV-LDMOS 94 

formed by the embodiments of the present invention. Since HV-LDMOS 94 has a higher 

breakdown voltage and its breakdown voltage can be designed well above the voltage applied, it 

is more reliable. It is observed that by using the embodiments of the present invention, fewer 

devices are needed so that less chip area is used. 

[0041] It is to be appreciated that throughout the description, the HV-LDMOS is preferred. 

However, the present invention is not limited to forming the HV-LDMOS in the peripheral 

region. Any MOS device that may be subject to high voltages may be formed using the 

embodiments of the present invention.  

[0042] Although the present invention and its advantages have been described in detail, it 

should be understood that various changes, substitutions and alterations can be made herein 

without departing from the spirit and scope of the invention as defined by the appended claims. 

Moreover, the scope of the present application is not intended to be limited to the particular 

embodiments of the process, machine, manufacture, and composition of matter, means, methods 

and steps described in the specification. As one of ordinary skill in the art will readily appreciate 

from the disclosure of the present invention, processes, machines, manufacture, compositions of 

matter, means, methods, or steps, presently existing or later to be developed, that perform 

substantially the same function or achieve substantially the same result as the corresponding 

voltages well above 15V. Through increasing the thickness of the field oxide, the breakdown  voltage can
be adjusted in a wide range. By using the HV-LDMOS to replace conventional high  voltage circuits, the
circuit has better reliability under repeated memory cycles. [0040] Figures 12 and 13 illustrate an
application of the present invention. Figure 12 is a  conventional x-decoder (decoder in the x direction of
the flash memory array) circuit. Device 82  is a high voltage pMOS and devices 84 and 86 are high
voltage nMOS devices. Typically, for an  erase operation, a voltage of 13V may be applied at node 92. In
other kinds of flash memories,  -13 the high voltage values used for program or erase operations may go
as high as 25V. Since many  cycles of read and write operations may be performed in the flash cell 88,
the devices 84 and 86  may be under high voltage stress for many cycles. That is why the high voltage
nMOS 84 is  cascaded with a high voltage nMOS 86 so that each of the devices is subject to only half the
voltage, and the reliability is improved. Figure 13 illustrates a circuit using the embodiments of  the
present invention. The high voltage nMOS 84 and 86 are replaced with an HV-LDMOS 94  formed by the
embodiments of the present invention. Since HV-LDMOS 94 has a higher  breakdown voltage and its
breakdown voltage can be designed well above the voltage applied, it  is more reliable. It is observed that
by using the embodiments of the present invention, fewer  devices are needed so that less chip area is
used. [0041] It is to be appreciated that throughout the description, the HV-LDMOS is preferred.
However, the present invention is not limited to forming the HV-LDMOS in the peripheral  
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embodiments described herein may be utilized according to the present invention. Accordingly, 

the appended claims are intended to include within their scope such processes, machines, 

manufacture, compositions of matter, means, methods, or steps. 

region. Any MOS device that may be subject to high voltages may be formed using the  embodiments of
the present invention. [0042] Although the present invention and its advantages have been described in
detail, it  should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the particular  embodiments
of the process, machine, manufacture, and composition of matter, means, methods  and steps described
in the specification. As one of ordinary skill in the art will readily appreciate  from the disclosure of the
present invention, processes, machines, manufacture, compositions of  matter, means, methods, or
steps, presently existing or later to be developed, that perform  substantially the same function or achieve
substantially the same result as the corresponding  -14 embodiments described herein may be utilized
according to the present invention. Accordingly,  the appended claims are intended to include within their
scope such processes, machines,  manufacture, compositions of matter, means, methods, or steps. -15
What is claimed is: 1. A method of forming an integrated circuit comprising the steps of: forming a first
structure at a first region of a substrate wherein the first structure  comprises a first insulating layer formed
on the substrate, and a poly silicon feature  



What is claimed is: 

 

1.      A method of forming an integrated circuit comprising the steps of:  

forming a first structure at a first region of a substrate wherein the first structure 

comprises a first insulating layer formed on the substrate, and a poly silicon feature 

formed on the first insulating layer;  

forming a second insulating layer at a second region of the substrate, the second 

insulating layer having an opening formed therein;  

forming a first thick oxide on the poly silicon feature and simultaneously forming a 

second thick oxide in the opening of the second insulating layer;  

forming a first conductive feature over at least a portion of the first thick oxide, and 

simultaneously forming a second conductive feature physically separated from the first 

conductive feature, wherein the second conductive feature is over a portion of the second 

insulating layer, and wherein at least one end of the second conductive feature is over a 

portion of the second thick oxide;  

forming a first source and a first drain at the first region and a second source and a 

second drain at the second region;  

forming a first spacer along a sidewall of the first conductive feature, the 

polysilicon feature and the first thick oxide; and  

forming a second spacer along sidewall of the second conductive feature.  

 

2. The method of claim 1 further comprising the steps of:  

forming a drift region at the second region of the substrate;  
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formed on the first insulating layer; forming a second insulating layer at a second region of the substrate,
the second  insulating layer having an opening formed therein; forming a first thick oxide on the poly
silicon feature and simultaneously forming a  second thick oxide in the opening of the second insulating
layer; forming a first conductive feature over at least a portion of the first thick oxide, and  simultaneously
forming a second conductive feature physically separated from the first  conductive feature, wherein the
second conductive feature is over a portion of the second  insulating layer, and wherein at least one end
of the second conductive feature is over a  portion of the second thick oxide; forming a first source and a
first drain at the first region and a second source and a  second drain at the second region; forming a first
spacer along a sidewall of the first conductive feature, the  polysilicon feature and the first thick oxide; and
forming a second spacer along sidewall of the second conductive feature.  2. The method of claim 1
further comprising the steps of: forming a drift region at the second region of the substrate;  -16 forming a
lightly doped drain region adjacent the second drain at the second region;  and 



forming a lightly doped drain region adjacent the second drain at the second region; 

and  

forming a source sinker region adjacent the second source at the second region.  

 

3. The method of claim 1 wherein the step of forming a first thick oxide on the poly 

silicon feature and simultaneously forming a second thick oxide in the opening of the 

second insulating layer comprises:  

forming a first mask layer on the poly silicon feature at the first location;  

forming a second mask layer on the second insulating layer at the second location;  

forming a first opening in the first mask layer to expose the poly silicon feature;  

forming a second opening in the second mask layer and the second insulating layer 

to expose the substrate;  

exposing the exposed poly silicon feature and the exposed substrate to an oxygen 

source;  

removing the first mask layer; and  

removing the second mask layer.  

 

4. The method of claim 3 wherein the first mask layer and the second mask layer are the 

same silicon nitride layer formed at the same time.  

 

5. The method of claim 1 wherein the first insulating layer and the second insulating layer 

are the same layer formed at the same time.  
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forming a source sinker region adjacent the second source at the second region.  3. The method of claim
1 wherein the step of forming a first thick oxide on the poly  silicon feature and simultaneously forming a
second thick oxide in the opening of the  second insulating layer comprises: forming a first mask layer on
the poly silicon feature at the first location; forming a second mask layer on the second insulating layer at
the second location;  forming a first opening in the first mask layer to expose the poly silicon feature;
forming a second opening in the second mask layer and the second insulating layer  to expose the
substrate; exposing the exposed poly silicon feature and the exposed substrate to an oxygen  source;
removing the first mask layer; and  removing the second mask layer. 4. The method of claim 3 wherein
the first mask layer and the second mask layer are the  same silicon nitride layer formed at the same
time. 5. The method of claim 1 wherein the first insulating layer and the second insulating layer  are the
same layer formed at the same time. -17 6. The method of claim 5 wherein the first insulating layer and
the second insulating layer  are formed by thermal oxidation. 



6. The method of claim 5 wherein the first insulating layer and the second insulating layer 

are formed by thermal oxidation.  

 

7. The method of claim 1 wherein the first insulating layer has a thickness of about 60 Å 

to about 110 Å.  

 

8. The method of claim 1 wherein the substrate comprises silicon.  

 

9. The method of claim 1 wherein a portion of the first conductive feature is not over the 

first thick oxide.  

 

10. The method of claim 1 wherein the first thick oxide and the second thick oxide are 

formed by local oxidation of silicon (LOCOS).  

 

11. The method of claim 1 further comprising the step of:  

forming a compound structure at the second region wherein the compound structure 

comprises the second insulating layer over the substrate and the second conductive 

feature over the second insulating layer, and wherein the compound structure is not 

formed on the second thick oxide.  

 

12. The method of claim 11 further comprising the step of patterning the second 

conductive feature to form a resistor.  
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7. The method of claim 1 wherein the first insulating layer has a thickness of about 60 A  to about 110 A.
8. The method of claim 1 wherein the substrate comprises silicon. 9. The method of claim 1 wherein a
portion of the first conductive feature is not over the  first thick oxide. 10. The method of claim 1 wherein
the first thick oxide and the second thick oxide are  formed by local oxidation of silicon (LOCOS). 11. The
method of claim 1 further comprising the step of: forming a compound structure at the second region
wherein the compound structure  comprises the second insulating layer over the substrate and the
second conductive  feature over the second insulating layer, and wherein the compound structure is not
formed on the second thick oxide. 12. The method of claim 11 further comprising the step of patterning
the second  conductive feature to form a resistor. -18 13. The method of claim 12 further comprising the
steps of: forming a third spacer along a sidewall of the second conductive feature and the  second
insulating layer; and farming a third source and a third drain region adjacent the third spacer. 14. The
method of claim 13 further comprising the step of connecting the third source  



 

13. The method of claim 12 further comprising the steps of:  

forming a third spacer along a sidewall of the second conductive feature and the 

second insulating layer; and  

farming a third source and a third drain region adjacent the third spacer.  

 

14. The method of claim 13 further comprising the step of connecting the third source 

and the third drain to form a capacitor.  

 

15. A method of forming an integrated circuit comprising the steps of:  

forming a first insulating layer at a first location and a second location of a silicon 

substrate;  

forming a poly silicon feature on the first insulating layer at the first location;  

forming a mask layer over the poly silicon feature and the first insulating layer;  

forming a first opening in the mask layer at the first location to expose the first poly 

silicon feature, and forming a second opening in the mask layer and the first insulating 

layer to expose the silicon substrate at the second location;  

forming a first thick oxide on the exposed poly silicon feature and in the first 

opening;  

forming a second thick oxide on the exposed silicon substrate and in the second 

opening;  

selectively removing the poly silicon and the first insulating layer not covered by 

the first thick oxide;  
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and the third drain to form a capacitor. 15. A method of forming an integrated circuit comprising the steps
of: forming a first insulating layer at a first location and a second location of a silicon  substrate; forming a
poly silicon feature on the first insulating layer at the first location;  forming a mask layer over the poly
silicon feature and the first insulating layer;  forming a first opening in the mask layer at the first location to
expose the first poly silicon feature, and forming a second opening in the mask layer and the first
insulating  layer to expose the silicon substrate at the second location; forming a first thick oxide on the
exposed poly silicon feature and in the first  opening; forming a second thick oxide on the exposed silicon
substrate and in the second  opening; selectively removing the poly silicon and the first insulating layer
not covered by  the first thick oxide; -19 forming a second insulating layer at the first location; forming a
conductive layer at the first location and the second location; at the first location, removing portions of the
conductive layer and the second  insulating layer, such that a remaining conductive layer and a remaining
second  



forming a second insulating layer at the first location;  

forming a conductive layer at the first location and the second location;  

at the first location, removing portions of the conductive layer and the second 

insulating layer, such that a remaining conductive layer and a remaining second 

insulating layer in the first region each have a portion over the first thick oxide;  

at the second location, removing portions of the conductive layer and the first 

insulating layer, such that a remaining conductive layer in the second location has at least 

one end over a portion of the second thick oxide and extending over part of the first 

insulating layer, wherein the remaining conductive layer in the first location is 

electrically disconnected from the remaining conductive layer in the second location;  

forming a source and a drain in the first location of the silicon substrate;  

forming a spacer along a sidewall of the remaining conductive layer at the first 

location; and  

forming a spacer along a sidewall of the remaining conductive layer and the thick 

oxide at the second location.  

 

16. The method of claim 15 wherein the first opening and the second opening are formed 

simultaneously.  

 

17. The method of claim 15 wherein after the step of removing portions of the conductive 

layer and the second insulating layer, the remaining conductive layer and second 

insulating layer are coterminous with the poly silicon remaining after the step of 

selectively removing the poly silicon and the first insulating layer not covered by the 
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insulating layer in the first region each have a portion over the first thick oxide; at the second location,
removing portions of the conductive layer and the first  insulating layer, such that a remaining conductive
layer in the second location has at least  one end over a portion of the second thick oxide and extending
over part of the first  insulating layer, wherein the remaining conductive layer in the first location is
electrically disconnected from the remaining conductive layer in the second location; forming a source
and a drain in the first location of the silicon substrate;  forming a spacer along a sidewall of the remaining
conductive layer at the first  location; and forming a spacer along a sidewall of the remaining conductive
layer and the thick  oxide at the second location. 16. The method of claim 15 wherein the first opening
and the second opening are formed  simultaneously. 17. The method of claim 15 wherein after the step of
removing portions of the conductive  layer and the second insulating layer, the remaining conductive layer
and second  insulating layer are coterminous with the poly silicon remaining after the step of  selectively
removing the poly silicon and the first insulating layer not covered by the -20 thick oxide at the first
location. 18. The method of claim 15 wherein after the step of removing portions of the conductive  



thick oxide at the first location.  

 

18. The method of claim 15 wherein after the step of removing portions of the conductive 

layer and the second insulating layer, a portion of the remaining conductive layer extends 

beyond the poly silicon remaining after the step of selectively removing the poly silicon 

and the first insulating layer not covered by the thick oxide at the first location.  

 

19. The method of claim 15 wherein the first insulating layer has a thickness of about 60 

Å to about 110 Å.  

 

20. The method of claim 15 wherein the first and the second thick oxides are formed by 

local oxidation of silicon (LOCOS).  

 

21. The method of claim 1, wherein the second conductive feature further comprises a 

second horizontal portion physically connected to the vertical portion, wherein the second 

conductive feature is over the poly silicon feature.  

 

22. The method of claim 1, wherein after the step of forming the first structure, the 

second region is free from the poly silicon feature.  

 

23. The method of claim 1, wherein the first and the second insulating layers are a same 

layer.  
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layer and the second insulating layer, a portion of the remaining conductive layer extends  beyond the
poly silicon remaining after the step of selectively removing the poly silicon  and the first insulating layer
not covered by the thick oxide at the first location. 19. The method of claim 15 wherein the first insulating
layer has a thickness of about 60  A to about 110 A. 20. The method of claim 15 wherein the first and the
second thick oxides are formed by  local oxidation of silicon (LOCOS). 21. The method of claim 1,
wherein the second conductive feature further comprises a  second horizontal portion physically
connected to the vertical portion, wherein the second  conductive feature is over the poly silicon feature.
22. The method of claim 1, wherein after the step of forming the first structure, the  second region is free
from the poly silicon feature. 23. The method of claim 1, wherein the first and the second insulating layers
are a same  layer. -21 24. The method of claim 15, wherein after the step of forming the poly silicon on
the first  insulating layer, the second location is free from the poly silicon. 25. A method of forming an
integrated circuit comprising the steps of: forming a first structure at a first region of a substrate wherein
the first structure  comprises a first insulating layer formed on the substrate, and a poly silicon feature  



24. The method of claim 15, wherein after the step of forming the poly silicon on the first 

insulating layer, the second location is free from the poly silicon.  

 

25. A method of forming an integrated circuit comprising the steps of:  

forming a first structure at a first region of a substrate wherein the first structure 

comprises a first insulating layer formed on the substrate, and a poly silicon feature 

formed on the first insulating layer;  

forming a second insulating layer at a second region of the substrate, the second 

insulating layer having an opening formed therein;  

forming a first thick oxide on the poly silicon feature and simultaneously forming a 

second thick oxide in the opening of the second insulating layer;  

forming a first conductive feature over at least a portion of the first thick oxide, and 

simultaneously forming a second conductive feature, wherein the first feature has a 

vertical portion on a sidewall of the poly silicon feature and a sidewall of the first thick 

oxide, and a horizontal portion extending away from the poly silicon feature, and wherein 

the first and the second conductive features are physically separated and are each 

continuous;  

forming a first source and a first drain at the first region and a second source and a 

second drain at the second region;  

forming a first spacer along a sidewall of the first conductive feature, the 

polysilicon feature and the first thick oxide; and  
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formed on the first insulating layer; forming a second insulating layer at a second region of the substrate,
the second  insulating layer having an opening formed therein; forming a first thick oxide on the poly
silicon feature and simultaneously forming a  second thick oxide in the opening of the second insulating
layer; forming a first conductive feature over at least a portion of the first thick oxide, and  simultaneously
forming a second conductive feature, wherein the first feature has a  vertical portion on a sidewall of the
poly silicon feature and a sidewall of the first thick  oxide, and a horizontal portion extending away from
the poly silicon feature, and wherein  the first and the second conductive features are physically
separated and are each  continuous; forming a first source and a first drain at the first region and a
second source and a  second drain at the second region; forming a first spacer along a sidewall of the
first conductive feature, the  polysilicon feature and the first thick oxide; and -22 forming a second spacer
along a sidewall of the second conductive feature.  26. The method of claim 25 further comprising the
steps of: forming a drift region at the second region of the substrate; forming a lightly doped drain region
adjacent the second drain at the second region;  



forming a second spacer along a sidewall of the second conductive feature.  

 

26. The method of claim 25 further comprising the steps of:  

forming a drift region at the second region of the substrate;  

forming a lightly doped drain region adjacent the second drain at the second region; 

and  

forming a source sinker region adjacent the second source at the second region.  

 

27. The method of claim 25, wherein the step of forming a first thick oxide on the poly 

silicon feature and simultaneously forming a second thick oxide in the opening of the 

second insulating layer comprises:  

forming a first mask layer on the poly silicon feature at the first location;  

forming a second mask layer on the second insulating layer at the second location;  

forming a first opening in the first mask layer to expose the poly silicon feature;  

forming a second opening in the second mask layer and the second insulating layer 

to expose the substrate;  

exposing the exposed poly silicon feature and the exposed substrate to an oxygen 

source;  

removing the first mask layer; and  

removing the second mask layer. 
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and forming a source sinker region adjacent the second source at the second region.  27. The method of
claim 25, wherein the step of forming a first thick oxide on the poly  silicon feature and simultaneously
forming a second thick oxide in the opening of the  second insulating layer comprises: forming a first
mask layer on the poly silicon feature at the first location; forming a second mask layer on the second
insulating layer at the second location;  forming a first opening in the first mask layer to expose the poly
silicon feature;  forming a second opening in the second mask layer and the second insulating layer  to
expose the substrate; exposing the exposed poly silicon feature and the exposed substrate to an oxygen
source; removing the first mask layer; and  removing the second mask layer. 23 


	P100702_descriptions.pdf
	P100702_new claims_clear.pdf

