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DESCRIPTION
BACKGROUND OF THE INVENTION

Field of the Invention

The present invention generally relates to non-volatile
memory cells and more particularly to a three-dimensional,
direct-write non-volatile random access memory (NVRAM) cell
having a high integration density and fabrication methods
thereof. '

Background Description

Non-volatile floating gate memory cells, such as in a non-
volatile random access memory (NVRAM) arrays are well known in
the industry. In NVRAM cells, the cell's conductive state is
determined by the charge state of tﬁe cell's floating gate. The
floating gate is an electrically isolated gate of a field effect
transistor (FET) stacked in a two device NAND-like structure.
Charge is forced onto or removed from the floating gate through a
thin insulator layer that, normally (during a read operation),
isolates the gate electrically from other adjoining conductive
layers. Typically, a negatively charged floating gate is
representative of a binary one state, while an uncharged floating
gate is representative of a binary zero state. The other device
in the NAND-like structure provides cell read and write

selection.
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Background Description Non-vol atile floating gate nenory cells, such
as in a non- volatile random access nenory (NVRAM arrays are well known in
the.industry. In NVRAMcells, the cell's conductive state is determ ned by
the.charge state of the cell's floating gate. The floating gate is an
electrically isolated gate of a field effect transistor (FET) stacked in a
two device NAND-like structure. Charge i forced onto or renoved fromthe
floating gate through a thin insulator |ayer that, normally (durtng a read
operation), isoFakesritidigdebele) ectodntabl yodteOncet Pesgadi @akbngigonductive

| ayers.® Typically, negatively charged floating gate is representative of
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cell read and wite selection. :
operating voltages, is placed on a control gate to bias the
cell's floating gate sufficiently to change the charge on the
cell's floating gate, i.e., to write selected cells.

. However, typical program voltages, which range from 8-20
volts, are sufficiently high to destroy single gate FETs.
Consequently, NVRAM chips require inclusion of special high
voltage devices capable of handling these higher voltages without
damage. Typical high voltage FETs have thicker gate oxides ;hat
are capable of withstanding the higher electric fields developed
FETS by the presence of the programming voltage.

Typically, areas of the particular chip die were defined,
lithographically. Unfortunately, exposing the thicker dielectric
in these high voltage device areas to lithographic processing
degraded the dielectric, causing failures, which degraded chip
yield and, left residual -contaminants that made these prior art
devices less reliable.

Thus, there is a need for a semiconductor procesé for non-
volatile memory wherein these gate oxide FETs may be included

without degrading chip yield or reliability.
SUMMARY OF THE INVENTION

IE is a purpose of the present invention to reduce NVRAM
cell size, and therefore increase the number of NVRAM cells that
may be included on a single integrated circuit chip.

The present invention is a logic chip including a non-

volatile random access memory (NVRAM) array and method of



2 For witing cells, a control gate (or programgate) is capacitively
coupled to the floating gates in a portion of an array. A program voltage
that is. nuch higher than normal operating voltages, is placed on a control
gate to bias the cell's floating gate sufficiently to change the charge on
the cell's floating gate, i.e., to witesselected cells. «However,

typi cal program vol tages, which range from8-20 volts, are sufficiently
high to destroy single gate FETs. Consequently, NVRAM chips require
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poly81llcon layer for gates The first polysilicon layer is used

solely for cell floating gates..
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages will
be better understood from the following detailed description of a
preferred embodiment of the invention with reference to the

drawings, in which:

Figure 1 is a flow diagram of the preferred embodiment
triple polysilicon method of forming a preferred embodiment
integrated circuit including logic with embedded EEPROM cells:;

Figures 2A-D show the semiconductor wafer preparation step:

Figure 3 show the step of forming a floating gate layer in
cell areas;

Figures 4A-B show the step of forming a polysilicon high
voltage gate layer;

Figures 5A-C show the sfep of defining logic device gates;

Figures 6A-B show the step of defining HiV gates and word
lines;

Figures 7A-B show the step of defining individual cell

floating gates;
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SUMVARY OF THE | NVENTI ON It is a purpose of the present invention to
reduce NVRAM cel | size, and therefore increase the nunber of NVRAM cells

that may be included on a single integrated circuit chip. The present
inventionis a logic chip including a non- volatile random access nenory
(NVRAM array and net hod of Eabrication t hereof. The chip

I ncl udes devices wth gates on one or nore of three polysilicon |ayers.
Chip logic uses normal FETs and array support includes high voltage FETs.

Both | ogi ¢ and siyppest s ® B¥Sthd herdlods iRp1 iR EEISe idburde/ehath | 0gic
are flashioned fromthe third or uppernost polysilicon |ayer. The
diffusions;
2 Figure 9 shows the step of forming nitride on the device
structure of Figure 8E;
Figure 10 shows the wafer after annealing to diffuse
implanted source/drain dopant;
Figure 11A is an expanded plan view of EEPROM cell area A in
Figure 10; and '
Figure 11B is an exploded view of the EEPROM cells in area

of Figure 11A

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Referring now to the drawings, and more particulary to
Figure 1, which is a flow diagram of the preferred method of
forming a triple polysilicon integrated circuit including logic
with embedded EEPROM cells. High vpltage (HiV) devices are
included to interface between the.chip logic and EEPROM cells.
The HiV FETs are capable of withstanding the higher than normal
voltage operating cond}tions experienced during-an erase or write
operation.

First, in step 50, as shown in cross-section in Figures 2A-D
a semiconductor wafer 100, preferably silicon, is prepared. In
Figure.2A pad oxide 102 and pad nitride 104 are formed on the
wafer 100. Preferably, the pad oxide layer 102 is 15nm thick and
the pad nitride layer 104 is 172nm thick. Shallow isolation
trenches 106, 108, 110 and 112 are defined, preferably
lithographically. Then, trenches 106,108, 110 and 112 are etched
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third polysilicon layer also is used as a mask for high voltage FETs and
array word |ines, both of which use the second polysilicon |ayer for gates.
The first polysilicon layer is used solely for cell floating gates..

BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoing and ot her objects,
aspects and advantages will be better un8erstood fromthe follow ng
detail ed description of a preferred enbodi nent of the invention with
reference to the drawi ngs, in which: Figure 1 is a flowTiagram of

the pref er pigeh R pdi ndotad niogl, epa@l natidideonofretdred depth asmiabgua Po@drer red
enbodiment integrated circuit including logic wth erbedded EEPROM cells;
Fi gures 2AlH% phelcHNiCIRIutPBr wafer preparation step; Figure 3

show the step Gfhef pref@fray idndatiinéntdala@uirayelring gebtess asa Fi gures

4A-B show the step of forning_a polysilicon high voltage gate |layer;
Fi gures SACOTRIRFRNERBY st2prshlaked e £agid Q§et§%£%%§{°r (Fgﬁigures

6A- B show %P@ce%tselao%oﬁfﬁ i i o b Mt @ i eMBB da N rich d1bB8S ;both nofhgur es 7A- B
show t he step of defining individual cel
FETs and higher voltage FETs and floating gate cell devices.

Thus, both normal FETs and higher voltage FETs, referred to
herein as NFETs & PFETs in areas 114, 116, HiV NFETs & HiV PFETs
in areas 118 and 120, respectively. Floating gate cell devices
in areas 122 are referred to herein as EEPROM cell. The cross-
section of the Figures is intended to illustrate formation of all
five device variations.

Thus, having defined device areas 114, 116, 118, 120 and
122, the shallow trenches 206,108, 110 and 112 ére f;lled with
oxide, preferably TEOS, and the filled structure is annealed at
1000°C for TEOS densification. Then, in Figure 2B the pad nitride
layer 104 is stripped, preferably using a hot phosphoric acid wet
etch and the surface 124 is planarized.

In Figure 2C, high voltage p-wells, for HiV NFETs 118 and
EEPROM cells 122 are defined. A mask 126 protects NFET areas 114
as well as PFET areas 116 and HiV PFET areas 120. Using a two-
step implant as represented by arrows 128, the unmasked surface
areas of silicon wafer 100 are implanted to a level sufficient
for high voltage threshold tailoring. First, boron is implanted
128 at 195KeV to a dopant level of 2.0x10*? cm?, followed by BF,
at 75KeV to a dopant level of 8.0x10'? cm™?. After this two-step
implant, the mask 126 is removed using a dry strip and the wafer
is cleaned using a S/N/O clean ({sulfuric nitric ozone clean) to
re-expose the surface 124.

Next, in Figure 2D, high voltage FET n-wells are formed for



fl oati ng gates; 4 Fi gures
8A-B show the step of inplanting device source/drain diffusions;

Figure 9 shows the step of forming nitride on the device structure of

Fi gure 8E; Figure 10 shows the wafer after annealing to diffuse

I npl ant ed source/ drai n dopant; Fi gure 11A is an expanded pl an vi ew of
EEPROM cel | area A in Figure 10; and Figure 11 B is an expl oded vi ew of
the EEPROM cells in area of Figure 11A -~

. HiV PFETs 118. Again the surface 124 is masked 130 to protect
normal PFET areas 116, normal NFET areas 114, HiV NFET areas 120

g)
1

P and EEPROM cells 122, while leaving HiV PFET areas 118 exposed.
Like the high voltage p-wells, the high voltage n-wells are doped
using a two-step doping as represented by arrows 132. First,

- arsenic is implanted at 1000KeV to a dopant level of 4.0x10% cm

2, followed by antimony at 140KeV to a dopant level of 2.0x10'?

cm?. The resist 130 is stripped away using a dry strip and
remaining pad oxide 102 is stripped from the surface 124. Thus,
wafer preparation step 50 is complete.

Next, in step 52, as represented in Figure 3, a floating
gate layer 134 is formed in cell areas. First, a 9.0nm tunnel
oxide layer 136 is grown on the surface 124. Then, a 120.0nm
amorphous polysilicon floating gate layer 134 is grown bn the
tunnel oxide 136. The floating gate layer 134 is implanted with a
suitable dopant and an oxide-nitride-oxide (ONO) layer 138 is
formed on the polysilicon floating gate layer 134. Preferably,
the ONO layer 138 is formed by forming a 9.0nm dry oxide layer on
the amorphous polysilicon floating gate layer ;34, followed by
deposition of an 8.5nm layer of nitride and a subsequent 1.5-
2.0nm oxide layer. A mask pattern 140 is formed on the ONO layer
138 and the floating gate layer 134 is patterned by etching away
exposed ONO and amorphous polysilicon. Remaining tunnel oxide on
surface 124 is stripped away to re-expose the silicon surface 124
in device areas 114, 116, 118 and 120.

Next, in step 54, as illustrated in Figures 4A-E, a high
voltage device gate oxide layer 142 in Figure 4A is formed on the
bare surface 124. Then, a high voltage gate layer 144 of
polysilicon is formed on the high voltage gate oxide layer.

Preferably, the high voltage gate oxide layer is 23.5nm thick and
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I NVENTI ON ' Referring now to the drawi ngs, and nore particulary to
Figure 1, which is a flow diagram of the preferred nethod of formng a
triple polysilicon integrated circuit including |logic w th enbedded EEPROM
cel-ls. H gh voltage (H V) devices are included to interface between the
chi'p logic and EEPROM cel ls. The Hi V FETs7 are capabl e of withstanding the
hi gher than normal voltage operating conditions experienced durtng an erase
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Fi gures 2A-D a sem conguc preferabl icon, is prepared. In
Fi gure. 2A pxddexiaeen Onoinasheen) rist ﬁpa@eqcnn &he p@lymdhmnt hiégh mfl@aggoo

Preferably, atel &MdeAlﬁyﬁf(ﬁpaakérLﬁﬂﬂ]EE§%§O%QHQ6%% ??@ d sl ayer

104 is 172nmth|c. a||OWIS atio trenc 1 Sare
defined, prdepesabéy dn tthegthphiaxildeylaféen, trenches 106, 108, 110 and 112
are etched In Figure 4B, a mask 148 is formed on nitride layer 146 over
HiV PFET areas 118, HiV PFET areas 120 and EEPROM areas 122.
Then, portions of polysilicon high voltage gate layer 144, thin
oxide layer and nitride layer 146 are selectively removed from
PFET areas 114 and NFET areas 116. Once the resist 148 is removed
in Figure 4C, the high voltage gate oxide layer is stripped away
from the surface 124 in PFET areas 114 and NFET aréas 116. This
is followed by growing a temporary protective oxide layer (not
shown), preferably 10.0nm £hick, in PFET areas 114 and NFET areas
116.

Next, normal wvoltage FET n-wells and p-wells are defined.:
So, in Figure 4D, an n-well mask 150 is formed on the structure
of Figure 4C and the n-wells are implanted, as represented by
arrows 152. The n-well mask 150 is stripped away and a p-well
mask, 154 in Figure 4B, is formed. The p-wells are implanted, as
represented by arrows 156. Then, the p-well mask 154 is stripped
away. The exposed surface is cleaned to remove the oxide layer
and a gate oxide layer is formed. Preferably, the gate oxide is a
7.0nm thick layer grown in N,0.

Then, in step 56 as represented in Figures 5A-C, logic
device or normal FET gates are defined in areas 114, 116. In
Figure'SA} a gate layer 158 of polysilicon is formed conformally.
Preferably, gate layer 158 is 200.0nm thick and formed on the
gate oxide layer. In Figure 5B, a mask pattern 160 is formed on
the conformal polysilicon gate layer 158 to define the gates of
all of the devices 114, 116, 118, 120 and 122. Preferably, the



5 t hrough pad oxide 102, pad nitride 104 to a depth of about 500nminto
the.silicon wafer 100. The preferred enbodi nent manufacturing process
is a complenentary 25 insulated gate field effect transistor (FET) process
commonly referred to as CMOS and i ncl udes both nornal FETs and hi gher .
vol-tage FETs and floating gate cell devices. Thus, both normal FETs and
hi gher voltage FETs, referred to herein a8 NFETs & PFETs in areas 114, 116,
H V NFETs & Hi V PFETs in areas 118 and 120, respectively. Floating gate

cel |, devi cafatienmabRagatddnaneor ef efdra@dt Qs hed & weds EEROYMBOS! hard heagi OSs-
section of the Figures is intended to illustrate formatjon of all five

devi ce varifahghgue. The popdormalinRyysdtinel IREF davare® 484, 116, 118,
120 and 122%se1tdie i982Y | Advie@N§Heen206 14081 gddd ) dptd? gt sf hkheghay th

oxi de, preferably TEGCS, and the filled structure is_anneal ed at
NFET gates 164 have been defined from the polysilicon gate layer
158, Additionally, a high voltage gate hard mask 166 and EEPROM
gate hard mask 168 pattern is formed from the patterned
polysilicon gate layer 158. Sidewall artifacts 170 remain along
vertical edges. '

Next, in step 58 as represented in Fiqures 6A-B, HiV gates
and word lines are defined. In Figure 6A, PFET gates 162 and NFET
gates 164 are masked 172 and a dry etch is applied to etch away
exposed nitride 146, nitride remaining under mask pattern 160.
This nitride etch is followed by a polysilicon etch, which
removes masking polysilicon pattern 166, 168 and sidewall
artifact 170 as it selectively removes high voltage gate layers
144 leaving, in Figure 6B, HiV PFET gates 174 and HiV NFET gates
176 in and woxrd liﬁe stacks 180 and 182 running the length of the
EEPROM array, i.e., out of the page. As seen, HiV PFET gates 174
and HiV NFET gates- 176 and EEPROM gates 168' are comprised of
portions of high voltage gate layers 144, 146. At this point, the
sidewall artifacts 170 have also been removed. Etching ends at
the ONO layer 138 on floating gate layer 134.

Then, in step 60, as represented in Figures 7A-B, individual
cell floating gates are defined. Thus, Figure 7A illustrates the
final floating gate definition step, wherein defined PFET gates
162, NFET gates 164, HiV PFET gates 174 and HiV NFET gates 176
masked 178. Exposed portions of ONO layer 138 are etched to re-
expose unmasked portions of floating gate layer 134, which is
subsequently selectively etched leaving word line stacks 180, 182
defining EEPROM cells in Figure 7B. Each EEPROM gate cell



10000C for TECS densification. Then, in Figure 2B the pad nitride |ayer 104
Is stripped, preferably using a hot phosphoric acid wet etch and the
surf.ace 124 is planari zed. In Figure 2C, high voltage p-wells, for HV
NFETs 118 and EEPROM cel |l s 122 are defined. A mask 126 protects NFET areas
114 as well as PFET areas 116 and H V PFEB areas 120. Using a two- step

I npl ant as represented by arrows 128, the ‘unmasked surface areas of silicon
wafer 100 are inplanted to a level sufficient for high voltage threshol d
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hi gh vol t agelddting- wetés w90f haanesk,0source and drains diffusions may be
6 implemented. '
In Figures 8A-E device source/drain diffusions are
implanted. In Figure 8A, a diffusion mask 184 is formed on the
structure of Figure 7B to define areas for high voltage diffusion
implant. Windows 186 and 188 are opened through the mask 184,
leaving HiV NFET areas 120 expésed and windows 188 are opened
leaving bit line contact areas exposed in EEPROM areas 122.
- Exposed areas are implanted' (through the windows 186, 188) with
phoéphorous, as represented by arrows 190, to lightly dope both
HiV NFET diffusions in areas 120 and EEPROM cell drain diffusions
in bit line contacts in EEPROM areas 122. Then, the mask 184 is
stripped away. Layer 146 has been stripped from word lines 180,
182 and HiV gates 174 176 by a hot phosphoric acid wet etch. 1In
Figure 8B, mask 192 is formed, leaving only the EEPROM areas 122
exposed. Then, EEPROM cell source/drain diffusions are implanted
with Arsenic in EEPROM areas 122.
Having implanted the EEPROM cells and HiV NFETs, in Figure
8C, nitride sidewalls 195 are formed on each of the gates 162,
164, 174 and 176 and word line stacks 180 and 182. Preferably,
the nitride sidewalls 195 are formed by depositing a conformal
layer of nitride, followed by a directional etch, e.g., a
reacti&e ion etch (RIE), to remove nitride from horizontal
surfaces. .
Next, in Figure 8D, a mask 196 masks PFETs 114 and HiV PFETs
118 and the NFET devices are completed with a final n-type

implant, as represented by arrows 198. During the implant NFET



H V PFETs 118. Again the surface 124 is masked 130 to protect normal PFET
areas 116, normal NFET areas 114, Hi V NFET areas 120 and EEPROM cells 122,
whi l.e | eaving H V PFET areas 118 exposed. Like the high voltage p-wells,
the high'voltage n-wells are doped using a two-step doping as represented
by -arrows 132. First, arsenic is inplagjped at 1000KeV to a dopant | evel
of ‘4. Ox10[err] cm 2, followed by antinony at 14CKeV to a dopant |evel of
2.0x10[err] cr‘r{err] The resist 130 is stripped away using a dry strip and

remalning nag axidg. %fc%@tsmp&%@%g}t% hes lareﬁﬁs%%tuﬂaugou
prepar dti on step is co fe. xt, in step 52, as repres ted in
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fol |l onwed by on of 5n ay of nitride and a subsequent 1.5-
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the floating gatNextayir 81:3’4 63 mtxt@rmedand eitrc Aliggresved angxpsed ONO and

anmor phous pal ks hLCoD- « R B "Ghd WAGLeOXL H&tWe. First, the mask 200
is stripped off of the wafer, preferably using a dry strip and,
the wafer is cleaned. The wafer is annealed, preferably using a
rapid thermal annéal, to activate dopants and repair any surface
damage from dopant implants. A titanium layer is deposited,
preferably using a sputter deposition technique. The titanium
layer is annealed in nitrogen at to -form Titanium Silicide on
exposed regions. Then, unreacted Titanium is stripped from away,
followed by a silicide transformation anneal, which leaves gates
162, 164, 174 and 176 and word line stacks 180 and 182 capped
with TiSi, 204. Source/drain areas are also silicided. From
this point, processing would continue with conventional back end
of the line processing as is well known in the art.

Figure 11A is an expanded plan view of EEPROM cell area A in
Figure 10. Figure 11B is an exploded view of the EEPROM cells of
Figure 11A. Portions of four cells are shown in Figures 11A-B as
represented by floating gate 182f and floating gate portions
180%, 228 and 230. Word line 180 is capacitively coupled to
floating gates 180f and 228, while word line 182 is capacitively
coupled to floating gates 182f and 230. Each bit line diffusion
224, 232 is shared by four cells, only two of which are shown for

each bit line diffusion 224, 234 of Figures 11A~B. A source line



surface 124 is stripped away to re-expose the silicon surface 124 in device
areas 114, 116, 118 and 120. Next, in step 54, as illustrated in
Figures 4A-E, a high voltage device gate oxide layer 142 in Figure 4A is
formed ‘on the bare surface 124. Then, a high voltage gate |ayer 144 of
polysilicon is fornmed on the high voltage ﬁste oxi de layer. Preferably,

t he high voltage gate oxide |layer is 23. 51 thick and

7 the polysilicon gate layer 144 is 200.0nmthick. A thin, 4.0am oxide

| ayer (not or ned ySi h volta ate 144.
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surface 124 facilitates cell programming.

During erase, previously stored (written) electrons on the
floating gate 180f, 182f, 228, 230 tunnel to source line 222, 226
through the tunnel oxide 236, 238. During a write, electrons are
injected from the channel 240, 242 to the floating gate 180f,
182f, 228, 230.

~ During a read operation, the FET of the floating gate will
either go to the “ON” state or stay in the “OFF” state when the
wordline is selected, depending on the electron charge stored in
the floating gate. Thus, cells such as in Figures 11A-B may be
programmed, read, erased and reprogrammed by applying voltages to

cell terminals as set forth in the table below.

READ WRITE ERASE
Bit line lv "o" = 5V floating
"l = QV
Word line K\% “110v ov
Source 1line ov . Ov 10v

Having thus formed the preferred embodiment integrated
circuit chip, including logic and an embedded non-volatile array,
e.g., a microprocessor with embedded flash memory, the triple
polysilicon process of the preferred embodiment provides an
integrated circuit logic chip with an embedded EPROM array
without suffering the dilatory effects of prior art semiconductor
processes.

While the invention has been descrlbed in terms of preferred



oxide layer and nitride |layer 146 are selectively renoved from PFET areas
114 and NFET areas 116. Once the resist 148 is renoved in Figure 4C, the

hi gh voltage gate oxide layer is stripped away fromthe surface 124 in PFET
areas 114 and NFET areas 116. This is followed by growing a tenporary '
protective oxide |ayer (not shown), prefeiably | O Onmthick, in PFET areas
114 and NFET areas 116. Next, nornmal voltage FET n-wel I s and p-wells
are defined. So, in Figure 4D, an n-well mask 150 is forned on The
st-ructure 4 t t $2 fAsenked b

arr ows® 1528&?5&&#1&1\%& I tﬁggi g1155'101'1;3 élegl rStlrﬁlr %g't gﬁméﬁ:{‘afn%é&ogﬁ %\eetlnf mask 1531/r in
Fi gure 4B, mselfxbmmd:anThe mrmJJ%daVbth rﬁﬂ%ﬁ#éﬂgl% erébﬁés"etfﬁ escﬁ’lﬁﬁtarrows
156. Then, _the p- IJIFG desi 8isimped away. The exposed surface is

cl eaned t o%rendv he OXI ayer and a gate oxide layer is forned.
Preferably, the gate oxide is a 7.0nmthick |ayer grown in N20. Then,
in step 56 as represented in Figures 5A-C, | ogic device or normal FET gates
are defined in areas 114, 116. In Figure 5A, a gate |ayer 158 of
polysilicon is fornmed conformally. Preferably, gate layer 158 is 200. Onm
thick and formed on the gate oxide layer. In Figure 5B, a mask pattern 160
is formed on the conformal polysilicon gate |layer 158 to define the gates
of all of the devices 114, 116, 118, 120 and 122. Preferably, the



gate mask pattern 160 is fornmed using a well known TECS hard mask

techni que. The conformal polysilicon gate layer 158 is selectively renoved
so'that, in Figure 5C, PFET gates 162 and NFET gates 164 have been defi ned
fromthe polysilicon gate |layer 158. Additionally, a high voltage gate hard
mask 166 ‘and EEPROM gate hard mask 168 pattern is forned fromthe patterned
pol ysilicon gate layer 158. Sidewall arti¥acts 170 remain al ong verti cal
edges. Next, in step 58 as represented in Figures 6A-B, H™V gates and
word lines are defined. In Figure 6Aq gates 162 and NFET gates 164 are
masked. 172 and a dry etch is applied to efch away exposed nitride 146,
nitride remai ning under nask pattern 160. This nitride etch is foll owed by
a polysilicon, etch, which renoves masking polysilicon pattern 166, 168 and
sidewal | a¥%4%RdM:170 as it selectively rempves high voltage gate |ayers
144 | eaving,-tn Figure 6B, H V PFET gates 174 and H V NFET gates

%A integrated circuit logic (IC) chip.comprising:
non-volatile random access memory {NVRAM} array of one or
T :f%f NVRAM cells, each of said cells including:

— a floating gate between a bit line and a source line,

—aloating gate being on a first conduction layer, and

a Word line device on a second conduction layer;

nﬂ

ell selection circuits, said cell selection circuits

ing é plurality of first FETs having gates on said second

#ction layer; and

 ‘a plurality of logic gates including a plurality of second
?ﬁ%ﬁﬁhaving gates on a third conduction layer, said cell
ééfﬁétion circuits selecting cells in said array responsive to
§§iﬁ'plurality of logic gates, said plurality of logic gates

fé%éiving selected data from said array.

. rThe IC chip of claim 1, wherein said first FETs have a

tHidker gate dielectric than said second FETs.

Jl The IC chip of claim 2, wherein said first FETs includes one
d%%%ﬁre FETs of a first conduction type and one or more FETs of a

ééﬁgﬁd conduction type.

4. '%he IC chip of claim 3, wherein said second FETs includes
offe “or more FETs of a said conduction type and one or more FETs

df said second conduction type.

—
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176 in and word line stacks 180 and 182 running the |l ength of the EEPROM
array, i.e., out of the page. As seen, H V PFET gates 174 and H V NFET
gates 176 and EEPROM gates 168" are conprised of portions of high voltage
gate layers 144, 146. At this point, the sidewall artifacts 170 have al so
been removed. Etching ends at the ONO | ayldr 138 on floating gate |ayer 134.
Then, in step 60, as represented in Figures 7A-B, individual cell floating
gates are defined. Thus, Figure 7A illustrates the final floati'hg gate

def i ni ti gn. st epnewberaish def Ligth FEEINGabes % SMEET: Galanglgdve H V PPET
gates .17# and H V NFET gates 176 masked 178. Exposed portions of ONO | ayer
138 are etidddes aetunnedpesédermmskddopbing gadeofhaneet bhegwganesaigier 134,

which | s sifsqauenthy salesbhyel v elched: Leauiig o1de hidiagstAgkReA80, 182

defini'ng EEP ell's 1n Figure 7B. Eac gate ce
9 than gate dielectric of said second FETs,
6. The IC chip of ¢laim 5, wherein said chip is a silicon IC

chip, said gate dielectric is Si0,, said tunnel oxide is 9.0nm,
. said first FETs have a 22.5nm thick gate oxide and said second .

FETs have a 7.0nm thick gate oxide.

7 . A method of forming an integrated circuit chip, said
integrated circuit -chip including a plurality of logic circuits
having an embedded non-volatile random access memory (NVRAM)
array, said method comprising the steps of

a) defining device areas on a semiconductor wafer, said
device areas including array areas, first device type areas and
second device type areas;

b) selectively forming a floating gate layer on said
semiconductor wafer in said array areas;

c) selectively forming a first'gate layer on said
semiconductor wafer in said first device areas and on said
floating gate layer; .

d) forming a second gate'layer on said semiconductor wafer
in said second device type areas an on said first gate layer;

e) defining device gates in each of said areas; and

f) forming source and drain diffusions at said defined

device gates.

g. The method of claim 7, wherein the step (a) of defining

device areas comprising:

-
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includes a floating gate 180f or 182f and a word |ine 180w or 182w. After
defining PFET gates 162, NFET gates 164, H V PFET gates 174, H V NFET gates
176, word lines 180w, 182w, and floating gates 180f and 182f, source and
drai ns diffusi ons may be inpl ement ed. In Figures 8A-E device
source/drain diffusions are inplanted. In Figure 8A, a diffusion mask 184
is forimed on the structure of Figure 7B tig define areas for high voltage

di ffusion inplant. Wndows 186 and 188 are opened through the fask 184,

| eaving H V NFER 308a8$nd 254RISR: AsHENUsNIAVS A& aakeopRened | eaving bit
| i ne contact areas exposed in EEPROM areas 122. - Exposed areas are

i npl ant ed PERkRARGMCLAE WakRiowsnd86, 188) with phosphorous, as represented
by arrows 190, 4o fb_&cabﬁéjyisdﬂ%%iggﬁ@eﬂsViNFEEi@'foféy 208ag Brrf §3$4120 and

EEPROM cel | drain diffusions in bit line contacts I'n areas 122.
Then, the fbsKt B¥ics tYRe pye@saway. Layer 146 has been stripped from word
lines 180, 182 and H V gates 174 176 by a hot phosphoric acid wet etch. In
Figure 8B, nask 192 is forned, |eaving only the EEPROM areas 122 exposed.
Then, EEPRBM cdlhe getihed/afr silaini 87 udlanednatke i spsligenddcinn wakeseh$ 2 i n

EEPROM ar e@?lﬁ&ﬁr ggfgfdaed\gﬁhsrég ]S-ngli@;t e& tsggeggP Eg%ﬁ?:r&(ﬂel_ﬁ V NFETs, in

Figure SC,_ nitri . formed on each o gates 162,
164, 174 ahdcatimdagdtaotaydad gomprigss: 180 and 182. Preferably, t he

nitride sidewali)s (L90; 4¢ & fQLERY bY: SLRASELEA%E-S0At or mal
2) forming a polysilicon layer on said tunnel oxide; and3)
etching said polysilicon layer, said polysilicon layer being
removed from said first device type areas and said second device

type areas.

"10. The method of claim 9, wherein the step (b) of selectively
forming the floating gate layer further comprises, before the
step (3) of etching the polysilicon layer, the step of:

2A) forming an oxide-nitride-oxide (ONQO) layer on said

polysilicon layer.

{ - The method of claim 9, wherein the step (c) of selectively .
forming the first gate layer. comprises the steps of:
1) forming a first gate oxide layer on said silicon surface;
2} forming a polysilicon layer on said first gate oxide
layer; and
3) etching said polysilicon layer, said polysilicon layer

being removed from said second device type areas.

12. The method of claim 11 wherein the step (c¢) of selectively

forming the first gate layer further comprises, before the step

————
B
————
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Iayef of nitride, followed by a directional etch, e.g., a reactive ion

eteh (RIE), to renove nitride from horizontal surfaces. .Next., in
Figure 8D, a nmask 196 masks PFETs 114 and H V PFETs 118 and the NFET
devi'ces ‘are conpleted with a final n-type i npl ant, as represented by

arrows 198. During the inplant NFET _
10 198 n-type source/drain diffusions al® defined sinultaneously wth
dopi ng NFET gates 164 and Hi V NFET gates 176. Mask 196 is stripped away and

in Figure 88 smdtcifg M Polysieseantilely endegali yg.of mask 196, masks
n-type: regions, while %FET 222351114 an§®hf PFET areas 118 are i npl anted

wi th germani umZhd BEEBAAGRD spesand ad thjpdar kawer 20252i@ riEfisidiponype
source drangyghffusions and dope gates 162, 174.

3 - The method of claim 11, wherein the step (d) of forming the

second gate layer comprises the steps of:

1) forming isolation wells in said second device type areas;

2) forming a second gate oxide layer on said silicon
surface; and’

3) forming a polysilicon layer on said second gate oxide
layer.
14. The method of claim 13, Qherein the step (e} of defining

device gates layer comprises the steps of:

1} patterning said second gate iayer, said patterned second
gate layer defining gates in said second device type areas and a
mask pattern in said first device type areas and said érray
areas; )

2) defining first gates in said first device type areas and
word lines in said array afeas; and

3) defining floating gates in said array areas.

15. The method of claim 14, wherein the first .gate layer
includes a dielectric layer on said polysilicon layer and, the
step (2) of defining first gates and word lines comprises the
steps of:

A) forming a protective layer over said defined second
gates;

B) removing said dielectric layer, said polysilicon layer in
said first gate layer being exposed between shapes of said mask

pattern; and

—_—
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Next, in step 64 as represented in Figures 9 and 10, silicide is forned on
t he. device structure. First, the mask 200 is stripped off of the wafer,
preferably using a dry strip and, the wafer is cleaned. The wafer is
anneal ed, preferably using a rapid thermal anneal, to activate dopants and
repair any surface damage from dopant inplants. A titaniumlayer is
deposited, preferably using a sputter depggition technique. The titanium

| ayer is annealed in nitrogen at to form T Titanium Silicide on exposed

regions. Then, ureack &y Halianbdmddey i,gﬁggpffgd‘nr qoyapay, followed by a

si lieci de transformation anneal , which ves gates 162, 164, 174 and 176
and word |ine stacks 180 and 182 capped with Ti Si 2 204. Source/dral n areas

are al so S|j[¢ ci dgd. mEFMR I Elgﬂhnﬂs ROACERS 11G %HLQJ{@D% @Uﬁaﬁét he art.

conventional back end of the Tine processing as is we Known |
Fi gure 11 A inclalegxpaditRlegsiran lagsy oh EEQlecz@lllllamealwarnanm dgithee 10.

rLoure 115 oo 37XBE OMBA Mg MRE 1108 FRERAN epresgﬂs{é BHeCstogy SHULEONS

of four cells are shown i n Frgures nted by % ng gate
182f and floati Ag §armirgnret pyatedigofe lazermmgeldv@eﬂnemélxso gates
capaci tivel y, %glogg % J | oati ng gates 180f and 228, while word |ine 182
is capacitive y coupl&d t0 floating gates 182f and 230. Each bit line

di ffusion 224, 232removing caigydielnctedr| sayeml ypaidopotysiliichnataveshdwn f or

each bit | ié@icpiffl]:)ﬂﬁiﬁ’é" gza%%’ 1§§é‘r q;eilleigggggﬁésécl AsBrebhn SO L& oklNBines;
and

C) etching said exposed polysilicon layer.

17. The method of claim 16, whereiln the step (f) of forming
source and drain diffusions comprises the steps of:

1) implanting dopant into source and drain areas:;

2) diffusing said implanted dopant;

3) forming a nitride layer on said defined gates and said
implanted source and drain areas;

4) implanting and diffusing said standard logic FETs; and

5) forming a silicide on said defined gate and said

implanted source and drain area.

1% . The method of claim 17, wherein said tunnel oxide is grown
to a thickness of 9.0nm, said first gate oxide is grown to a
thickness of 23.5nm and said second gate oxide is grown to a

thickness of 7.0nm.
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222, 226 runs parallel to and, provides the source voltage for cells on one
Wrd |ine 180w, 182w, respectively. Tunnel oxide 236, 238 between the

fl oating gates 180f, 182f, 228, 230 and the surface 124 facilitates cel
progr anm ng. During erase, previously stored (witten) electrons on
the floating gate 180f, 182f, 228, 230 tunnel to source line 222, 226

t hrough the tunnel oxide 236, 238. Dut§ng a wite, electrons are injected
fromthe channel 240, 242 to the floating gate 180f, 182f, 228, 230.

During a reag dperation, the FET of the floating gate will either go to the
"ON' state or stay in the "OFF" state when the wordline is selected,
dependi ng on the el ectron charge stored in the floating gate. Thus, cells

such as in Fi gures TRAPBERQLESIIAAONHMBEDDEIAXNVRAMsEBLEND r epr ogr anmmed
by appl ying voltages to cell tAWﬁ(ﬁfoﬁiEéﬁrth in the table bel ow.

A logic chip including a non-volatile random access memory (NVRAM) array and
method of fabrication thereof. The chip includes devices with gates (162, 164, 174,
176) on one or more of three polysilicon layers (158, 144, 148). Chip logic uses
normal FETs and array support includes high voltage FETs (174, 176). Both logic
and support are CMOS. The gates (162, 164) of normal FETs in the chip logic are
from the third, uppermost polysilicon layer (158). The third polysilicon layer (158)
also is used as a mask for high voltage FETs (174, 176) and array word lines (180w,
182w), both of which use the second polysilicon layer (148) for gates. The first
polysilicon layer (144) is used solely for cell floating gates (180f, 182f).

Fig 1



READ VR TE ERASE Bit I|ine

| v "o"
= .bVv* floating "1" = OV Word line
3V 10v Ov  Source line Ov Ov
10v Having thus fornmed the preferred enbodi ment integrated circuit

chip, i.ncluding logic and an enbedded non-volatile array, e.g., a

m croprocessor wth enbedded fl ash menor y, the triple polysilicon process
of the preferred enbodi ment provides an iH?egrated circuit logic chip with
an enbedded EPROM array w thout suffering the dilatory effects of prior art
sent conduct or processes. Wil e the invention has been described in
ternms of preferred 12
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enbodi ments, those skilled in the art wll

be:practiced with nodification within the spirit and scope of the appended

cl ai ns.

Aintegrated circuit logic (1C chip conpri
access nmenory (NVRAM array of one or
cells including:
li ne, -

£ .
&

nmore of NVRAM cel | s,
a floating giﬁf between a bit |line and a source

recogni ze that the invention can

CLAI M5 We claim 1
a non-vol atile random

si ng:
each of said

PFET NFET  HWVPFET WV NPT EEPROM CELL
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said.floating gate being on a first conduction |ayer, and a Wrd

li-ne *device on a second conduction |ayer; cell selection circuits, said
cell selection circuits including a plurality of first FETs having gates
on sai d second conduction |ayer; and a plurality of logic gates

including a plurality of second FETs having gates on a third conduction

| ayer, said cell selection circuits seleg ﬁ ¢ng cells in said array
responsive to said plurality of |ogic gate said plurality of "Togic gates
receiving selected data fromsaid array. The IC chip of claiml1, wherein
said first FETs have a thicker gate dielectric than said second FETs.

The 1C chip of claim2, wherein said first FETs includes one or nore FETs
of a first conduction type and one or nore FETs of a second conduction
typé. - 4. The IC chip of claim3, wherein said second FETs includes one
or nore FETs of a said conduction type and one or nore FETs of said second

conduction type. PEET NFET HiV PFET HV NFET FEPROM CELL
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|
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incl udes a tunnel
and sai d source |ine,
of said second FETs,
silicon IC chip,
said first FETs have a 22.5nmthick gate
7.Onm t hi ck gate oxide.
chi p,
havt ng. an enbedded non-vol atil e random access nenory (NVRAM array,
nmet hod conpri sing the steps of
sem conduct or wafer,

The 1C chip of claim4, wherein each said floating
oxide on a floating gate channel between sai
sai d tunnel oxide being thicker

6.
said gate dielectric is Si Q2,

7 . A net hod®
said integrated circuit chip including a plurality of

sai d tunnel

a) defining device areas
said device areas including array areas,
second devi ce type areas;

typé areas and
. PFET NFET  HV PFET  Hyv NFET
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The 1C chip of claim5, wherein said chipis a
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b) selectively formng a floating gate |layer on said sem conductor wafer

in said array areas; - c) selectively formng a first gate |ayer on
sajd sem conductor wafer in said first device areas and on said floating
gate | ayer; d) form ng a second gate |ayer on said sem conduct or
waf er - .in said second device type areas an on said first gate |ayer

e) defining device gates in each of said eas; and f) formng source
and drain diffusions at said defined deVice gates. 8. The et hod of

claim7, wherein the step (a) of defining device areas conprising:
15 . 1) formng isolation trenches in a surface of ‘a sem conduct or
waf er; and

a

I;i-‘ar NFET  HVPFET WV NFET  EEPROM CELL
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2) formng isolation wells in said array areas and said first device type

ar-eas. 9. The nmethod of claim8, wherein the seni conductor wafer is a
siJicon wafer and the step (b) of selectively formng the floating gate
| ayer conpri ses: 1) formng a tunnel oxide on said surface; 2)

formng a polysilicon |ayer on said tunnel oxide; and3) etching said
polysilicon |ayer, said polysilicon Iaygﬂgbeing renmoved fromsaid first
device type areas and said second device type areas. 10. The "mret hod of
claim9, wherein the step (b) of selectively formng the floating gate

| ayer further conprises, before the step (3) of etching the polysilicon

| ayer, the step of: 2A) form ng an oxide-nitride-oxide (ONO |ayer on
said polysilicon |ayer. The nethod of claim9, wherein the step (c)
of sel®ectively forning¥hhe first ate.&g r conﬁrises t he steps of: 1)
forming a first gate de | ayelffon sH i | BONEur f aBPROM CELL 2) fornming a
polysilicon | ayer on said first gate oxide |ayer; and 3) etching said
polysilicon |layer, said polysilicon |ayer
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bei ng renoved from said second device type areas. 12. The method of claim
11 wherein the step (c) of selectively formng the first gate |ayer further.

conprises, before the step 16
(3) of etching the polysilicon |ayer, the step of: 2A) form ng an
oxide and nitride layer on said polysilicon |ayer. The net hod of
cfaim1l, wherein the step (d) of forning@the second gate | ayer conprises
the steps of: 1) fornming isolation ¥dtls in said second device type
ar eas; 2) form ng a second gate oxide |ayer on said silicon surface;
and® . 3) formng a polysilicon |ayer on said second gate oxide
178 1, ® 1
— 146
162 176 ~_
A 138
M &‘“
164 100 ) 13%

184

162




| ayer. 14. The method of claim 13, wherein the step (e) of defining
‘device gates |ayer conprises the steps of: 1) patterning said second
gate layer, said patterned second gate |ayer defining gates in said second
device type areas and a nmask pattern in said first device type areas and

said array areas; 2) defining first gates in said first device type
areas and word I|nes I n sai-d array areas; and 3) defining floating
gates in said array areas. 15. The neﬁﬁ@d of claim 14, wherei-n the first

gate layer includes a dielectric layer on said polysilicon |ayer and, the
step (2) of defining first gates and word |ines conprises the steps of:

A) forming a protective layer over said defined second gates; B)
renoving said dielectric layer, said polysilicon |ayer |n sald first gate
| ayér -bei ng exposed between shapes of said mask patten

182
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164 174 176%/_196
162 96 ;%195 196
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17 - C) etching said exposed polysilicon |ayer. 16. The net hod of
claim 15, wherein the floating gate layer includes a dielectric |ayer on
said polysilicon layer and, the step (3) of defining the floating gates

conprises the steps of: A) formng a protective |ayer over said
defined first gates and second gates; B) renoving said dielectric
| ayer, said polysilicon layer in said fl,oating gate | ayer being exposed
bet ween said word |ines; and O &Y hi ng sai d exposed polysilicon
| ayer . 17. The method of claim 16, wherein the step (f) of
formng source and drain diffusions conprises the steps of: 1)

I npl anting dopant into source and drain areas;

A
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64
2 216 226

162
2087-' '- ' \ { -
‘ 16\212 100 918 22 224>

FIG.10



2) diffusing said inplanted dopant;

4) .
5) formng a
to a

i mpl ant ed source and drain area.
oxi de is grown

3) formng a nitride | ayer on
and

wherein said tunnel

I npl ant ed source and drai n areas;
thi ckness of 9.0nm said first gate oxidg

i Mpl anting and di ffusing said standard | ogi c FETs;
The method of claim 17,

silicide on said defined gate and said

sal d ‘defined gates and said

18.
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