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METHOD OF MAKING FLOATING-GATE 
MEMORY-CELL ARRAY WITH DIGITAL 

LOGIC TRANSISTORS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to nonvolatile semiconductor 
memory devices and, more particularly, to ?ash electrically 
erasable, programmable, read-only memories (?ash 
EPROMs) having ?oating-gate-type memory cells and, 
more particularly to a method of making such devices on a 
chip while at the same time making digital control circuitry. 
An array structure using buried diifusion wells (tanks) is 

described in US. Pat. No. 5,411,908 issued May 2, 1995, 
and entitled “FLASH EEPROM ARRAY WITH P-TANK 
INSULATED FROM SUBSTRATE BY DEEP N-TANK”. 
That patent is assigned to Texas Instruments Incorporated. 

The prior-art includes programming and erasing ?oating 
gate memory cells by Fowler-Nordheim tunneling. During 
?ash erasure of ?oating-gate cells by Fowler-Nordheim 
tunnelling, the substrate and control gates (wordlines) of 
each cell are typically connected to 0V, the sources (source 
lines) of each cell are connected to a positive voltage of 
perhaps +10V to +15V, and the drains (bitlines) are allowed 
to ?oat (connected to a high impedance). In the prior-art, 
tunnelling areas are usually formed between the ?oating gate 
and a double-diifused source extending under the ?oating 
gate, but separated from the ?oating gate by a thin gate 
insulator. In other cases, tunneling occurs in a window 
having a thin insulator formed at or near the source. 

When using a double-diifused tunnel, the source of each 
cell is typically formed by an arsenic doping at the same 
time the drain is doped, followed by a separate mask and 
phosphorus doping steps, followed by a driving anneal step 
that causes the phosphorus of the source diifusion to expand 
under the ?oating gate to form a tunnelling region. As a 
result, the ?oating gate must have su?icient length that the 
phosphorus diifusion of the source does not reach through 
(punch-through) to the drain. 
The positive voltage applied to the sources (source lines) 

during erase reverse-biases the P-N junction formed at the 
N-type source diifusion of each cell and the P-type substrate. 
The reverse-bias voltage is the cause of undesirable cell 
breakdown-voltage problems during ?ash erase. The cell 
breakdown problem is sometimes referred to as the ?eld 
plate breakdown of the source to the substrate during erase. 
The same cell-breakdown problem occurs if a su?iciently 
large reverse voltage is applied to the drain diifusion. 
US. Pat. NO. 4,924,437 issued May 8, 1990, also 

assigned to Texas Instruments Incorporated, describes a 
Fowler-Nordheim method of programming a cell by apply 
ing a pulse of about —8V to the control gate together with 
about +5V applied to the source. While in the majority of 
nonvolatile-memory-array types, erased cells have ?oating 
gates with a neutral or almost neutral charge, in that example 
erased cells have negatively charged ?oating gates. 
A ?ash memory using negative wordline erase and triple 

well CMOS technology is described in “A 5-V-Only 16-Mb 
Flash Memory with Sector Erase Mode” by Toshikatsu 
Jinbo, et al., in Vol. 27, No. 11 of The Journal of Solid-State 
Circuits, November, 1992 at pages 154741553. The array 
described in that article ha sources of “H-type” cells, some 
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2 
times called “NOR” cells, (see FIG. 2 of the article) con 
nected to a common node. Each “H-type” cell has a drain 
implant (see FIG. 3 of the article) for the purpose of 
lowering the voltage required for hot-carrier-injection pro 
gramming. Manufacture of the cells described in the article 
requires extra masking steps that are unnecessary for con 
structing a usable nonvolatile memory with control logic 
circuitry using the minimum number of masking steps. 
“H-type” cells are relatively large when compared to the siZe 
of cells, such as “X-type” cells. “X-type” cells are described, 
for example, in US. Pat. No. 4,281,397 issued Jul. 28, 1981, 
also assigned to Texas Instruments Incorporated. In the past, 
“X-type” cells have been limited to use in ultraviolet 
erasable EPROMs. However, one of the advantages of 
“X-type” nonvolatile cells is that such cells may be scaled 
down in siZe with ongoing improvements in lithographic and 
processing techniques. 
US. Pat. No. 5,299,162 issued to Kim et al. on Mar. 29, 

1994 describes erasing to negative-threshold-voltage of a 
selected NAND-type nonvolatile cell by applying 20V to the 
substrate, source and drain with 0V on the control gate. 

There is a need for a nonvolatile-memory array/cell 
structure that is constructed simultaneously with logic cir 
cuitry on the same chip. Such a structure is, for example, 
useful for controlling data ?ow into and out of a large 
capacity hard-disk drive. Other applications include combi 
nation microcontroller/data-storage devices such as elec 
tronic cameras, answering machines, and automatic control 
devices of all kinds. Preferably the cell structure of the 
memory should use a minimum amount of space, yet be 
scalable along with the logic structure to take advantage of 
smaller photolithographic geometries as those capabilities 
become available. The cell area should be as small as the 
very small area required by ultraviolet-erasable EPROM 
cells. In addition, the cell structure should eliminate the 
problem of ?eld-plate breakdown during ?ash erase. For 
?exible application, the memory should be ?ash-erasable 
line-by-line using positive voltages. 

SUMMARY OF THE INVENTION 

The method of this invention includes forming a ?oating 
gate cell, a line of such cells, or an array of such cells, in an 
isolated well. At the same time, high-voltage and low 
voltage logic transistors are formed. As in the prior art, 
during an erasing operation the source of each memory cell 
to be erased is driven to a ?rst positive voltage while the 
control gate is at reference voltage. Using the isolated-well 
of this invention, the drain and the channel of each cell is 
also driven to a voltage nearly equal to the ?rst positive 
voltage by driving the isolated well a second positive 
voltage that is equal to the ?rst positive voltage, thus 
eliminating the ?eld-plate breakdown-voltage problem. 
Because there is no need for a diifused source-junction erase 
window under the ?oating gate, each ?oating-gate cell is a 
one-transistor cell having roughly the same area as that of an 
ultra-violet-erasable EPROM cell made using the same 
technology. Without the prior-art requirement for a separate 
tunnelling region near the source, a masking step and a 
phosphorus implant are eliminated. The structure of this 
invention is, for example, realized in an X-cell memory 
array that has the small siZe of an ultra-violet-erasable 
EPROM and that has manufacturing complexity slightly 
greater than that of an ultra-violet-erasable EPROM. The 
high-voltage P-channel transistors and low voltage 
N-channel transistors of a microcontroller are formed on the 
chip at the same time the memory cells are formed. 

The nonvolatile memory array is encased in a P-well, and 
the P-well encased in a deep N-well, the two wells separat 
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ing the memory array from the integrated circuit substrate 
and from the other circuitry of the integrated circuit. At the 
same time the deep N-Well is formed for the nonvolatile 
memory array, deep N-Wells are formed for the high-voltage 
P-channel transistors of the logic circuitry. At the same time 
the P-Well is formed for the nonvolatile memory array, 
P-Wells are formed for the loW-voltage N-channel transis 
tors. 

With the control gate and the integrated circuit substrate 
at 0V, the deep N-Well alloWs application of a positive 
erasure voltage of perhaps +16V to the source/drain di?‘u 
sions and the P-Well of the nonvolatile memory array during 
erasure. Alternatively, With the substrate at 0V, a smaller 
positive erasure voltage (perhaps +12) is applied to the 
source/drain di?fusions and the P-Well, and a negative era 
sure voltage (perhaps —6V) is applied to the control gate. 
Applications of those voltages permits the cells of the 
memory array to be erased Without the causing ?eld-plate 
stress at the p-n junctions betWeen the source/drain di?‘u 
sions and the P-Well. 

The term “Well” as used herein refers to a relatively large 
diffusion region formed in a semiconductor substrate. Such 
diffusion regions are sometimes referred to as “tanks”, 
“tabs” or “moats”. The “Wells”, “tanks”, “tubs” or “moats” 
are generally large enough to contain the diffusion regions 
and channels of active circuit elements. 

The process results in a memory array With roWs and 
columns of cells having a siZe and structure similar to those 
of a prior-art ultra-violet-erasable X-type arrays and 
includes high- and loW-voltage logic circuitry on the same 
chip. The ?nal device combines logic transistors and a 
memory With a dense ?ash EPROM circuitry, both formed 
With the manufacturing ease of that for an ultra-violet 
erasable EPROM structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings: 
FIG. 1 is a representation in partial block form of an array 

of memory cells and associated circuitry according to this 
invention; 

FIG. 2 is a plan vieW of a part of the part of a semicon 
ductor chip having memory cells in a double tank according 
to one embodiment; and 

FIGS. 3(a)+3(k) are elevation vieWs in section of the 
semiconductor device of FIG. 2, taken along the lines AiA 
of FIG. 2 at various stages of construction. FIGS. 3(a)+3(k) 
include exemplary high-voltage and loW-voltage transistors 
not shoWn in FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, a memory device is shoWn Which has 
an array of roWs and columns of memory cells 10, each of 
Which is an insulated gate ?eld effect transistor having a 
control gate 11, a source 12 and a drain 13. The cells 10 
including a ?oating gate 14 betWeen the control gate 11 and 
the channel betWeen source 12 and drain 13. 

The control gates 11 of all cells in each roW are connected 
to one of a set of roW lines 15. RoW lines 15 are connected 
to an X address decoder 16 Which selects one of roW lines 
15 based on a roW address on lines 17. In a read operation, 
the selected one of the lines 15 goes high, the others remain 
loW. 

The drains 13 of adjacent cells 10 are connected in 
common to Y output lines 18. The lines 18 are connected 
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4 
through Y output select transistors 19 to a Y output line 20. 
The gates of the transistors 19 are connected to a Y address 
decoder 21 via lines 22 Which function to apply a supply 
level voltage Vcc to one of the lines 22 and hold the others 
at Vdd based on an address input on lines 23. 
The sources 12 of adjacent cells 10 are connected in 

common to another set of column lines 25 Which function as 
virtual ground lines. Each line 25 is connected through a 
load device 26 to Vdd or Vx, and is also connected through 
a column select transistor 27 to [ground, or Vdd] Ground. 
The gates of all of these transistors 27 are connected via 
lines 28 to a ground selector 29 Which receives the output 
lines 22 from the Y address decoder 21, along With the least 
signi?cant address bit [A0 1A0 and its complement [Aol/Ao, 
and functions to activate only one of the lines 28 for a given 
Y address. 

In the read mode, the X address decoder 16 functions, in 
response to roW line address signals on lines 17 and to a 
signal from a microprocessor, to apply a preselected positive 
voltage Vcc (about +3 to +5 volts) to the selected roW line 
Xa (and the selected control gate 11), and to apply a loW 
voltage (V dd, or ground) to deselected roW lines 15. RoW 
line Xa is one of roW address lines 15. The Y address 
decoder 21 functions, in response to column address signals 
on lines 23, turns transistor 19a on by applying a high 
voltage on lines 22a, causing a sense ampli?er (not shoWn) 
connected to the DATA OUT terminal to apply a preselected 
positive voltage Vsen (about +1 to +1.5 volts) to the selected 
drain-column line 18a. Deselected drain-column lines 18 
may be alloWed to ?oat (connected to the high impedance of 
off transistors 19), disconnected from the sense ampli?er. 
The ground select circuit 28 functions to turn transistor 27a 
on, connecting the particular source-column line 25 to 
ground (or Vdd). The conductive or nonconductive state of 
the cell 10a connected to the selected drain-column line 18a 
and the selected roW line Xa is detected by the sense 
ampli?er connected to the DATA OUT terminal. 

In a Write or program mode, the X address decoder 16 
may function, in response to roW line address signals on 
lines 17, and to signals from a microprocessor, to place a 
preselected ?rst programming voltage Vpp (about +11 to 
+13 V) on a selected roW line Xa, including the control-gate 
conductor 11 of selected cell 10a. Y address decoder 21 also 
functions to place a second programming voltage Vp (Vpp 
reduced through an impedance to about +5 to —8V) on a 
selected drain-column line 18a and, therefore, the drain 
region 13 of selected cell 10a. Deselected drain-column lines 
18 are ?oated. The selected source-column line 25 is con 
nected to reference potential [Vdd] Ground. Deselected 
source-column lies 25 are charged through transistors 26 to 
a su?icient voltage Vx that prevents deselected cell 10b from 
programming. Deselected roW lines are connected to a 
stress-reducing voltage Vy. These programming voltages 
create a high current (drain 13 to source 12) condition in the 
channel of the selected memory cell 10a, resulting in the 
generation near the source-channel junction of channel-hot 
electrons and/or avalanche-breakdoWn electrons (hot 
carriers) that are injected across the channel oxide to the 
?oating gate 14 of the selected cell 10a. The programming 
time is selected to be su?iciently long to program the 
?oating gate 14 With a negative program charge of about 
—2V to —6V With respect to the channel region. The electrons 
injected into the ?oating gate 14, in turn, render the source 
drain path under the ?oating gate 14 of the selected cell 10a 
nonconductive, a state Which is read as a “Zero” bit. Dese 
lected cells 10 have source-drain paths under the ?oating 
gates 14 that remain conductive, and those cells 10 are read 
as “one” bits. 
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During the program and read operation examples 
described above, cells 10 located in P-Wells 31 and N-Wells 
33 (see FIG. 2) are programmed and erased With the P-Wells 
31 and N-Wells 33 at 0V. 

With the substrate and the roW-lines 15/column-gates 11 
at reference voltage Vdd or 0V, erasing is accomplished by 
applying a positive voltage Vpp (perhaps (+18V) to the 
P-Well 31 and the N-Well 33 (see FIG. 2). The source 12, 
drain 13 and channel of each cell 10 may ?oat or may also 
be connected to the positive voltage Vpp. With this voltage 
betWeen control gates 11 and sources-12-channels-drains 
13, the negative charge is removed from the ?oating gates 14 
of programmed cells 10. If all of the cells 10 in the array are 
in one Well and all are erased at the same time, a “?ash” 
erase is performed. If sectors of cells 10 are formed in 
separate P-Wells 31 and N-Wells 33, each sector may be ?ash 
erased separately. 

The terms “source” and “drain”, as used herein, are 
interchangeable. For example, the voltages applied to the 
source 12 regions and the drain 13 regions of the memory 
cells 10 may be interchanged in the read example above. 

For convenience, a table of read and Write voltages is 
given in the Table beloW: 

TABLE 

Connection Read Write Flash Erase 

Selected RoW Line 35 V lil3 V 0 V (All) 
Deselected RoW Lines 0 V 0 V 
Selected Source Line 0 V 0 V Float or +16 V (All) 
Deselected Source Lines 0 V Float 
Selected Drain Line lil.5 V 5*8 V Float or +16 V 
Deselected Drain Lines Float Float 
P-Well 0 V 0 V +16 V 
N-Well 0 V 0 V +16 V 

A method of making the devices of FIG. 1 Will be 
described in reference to FIGS. 2 and 3(a)*3 (k). The method 
description relates only to the process for forming an X-cell 
array of cells 10 and for forming both the high-voltage 
P-channel transistors HVT and loW-voltage N-channel tran 
sistors LVT of the logic circuitry of logic circuitry on the 
same chip. While logic circuitry normally includes high 
voltage N-channel transistors HVT and loW-voltage 
P-channel transistors LVT, the additional steps used to form 
such high-voltage N-channel transistors HVT and loW 
voltage P-channel transistors LVT are not included in the 
folloWing discussion. 

The starting material is p-epi on a slice of p+ substrate 30, 
only a very small portion shoWn in the FIGS. The slice is 
perhaps 8 inches in diameter, While the portion shoWn in 
FIG. 2 is very small fraction of that slice. A pad oxide PO 
of about 400 Angstroms is groWn on the surface. 

Referring noW to FIGS. 3(a), and 3(b) deep N-Wells 31 are 
formed in the substrate 30 using the folloWing process. Deep 
N-Wells 31 are patterned With photoresist PR. The length 
and Width of the implant area in the region Where the 
memory cells 10 are to be formed must be su?iciently large 
that the dimensions encase a P-Well 33 Which in turn encases 
the memory array (or subarray). The length and the Width of 
each implant area in the region Where a high-voltage 
P-channel transistor HVT is to be formed must be su?i 
ciently large that the dimensions encase the source 12 and 
drain 13 of each of that transistor HVT. The N-Well 31 
implant is then conducted, preferably With phosphorus P at 
a dose of about 4.0><l0l2 ions/cm2 and at an energy level of 
about 80 KeV. The photoresist is then stripped. An anneal of 
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6 
the N-Well 31 dopant is performed at high temperature, 
perhaps 12000 C. for 700 minutes in a nitrogen atmosphere, 
to form a junction perhaps 7 microns deep. This completes 
creation of deep N-Well regions 31. The implantation de?nes 
the channel regions of high-voltage P-channel transistors 
HVT. 

Referring noW to FIG. 3(c) and 3(d), P-Wells 33 are 
formed in each N-Well 31 Where the memory is to be formed 
and in each region Where a loW-voltage N-channel transistor 
LVT is to be formed. The P-Wells 33 are patterned With a 
photoresist layer PR and a P-type implant is performed, 
preferably With boron B at a dose of about 6.0><l0l2 ions/ 
cm2 and an energy of approximately 40 KeV. In regions 
Where the memory array is to be formed, the length and 
Width of the pattern must be su?iciently small to alloW the 
P-Well 33 to be encased by the deep N-Well 31, but su?i 
ciently large to encase the memory array (or sub-array). The 
depth of P-Well 33 must not exceed the depth of N-Well 31. 
The length and the Width of each implant area in the region 
Where a loW-voltage N-channel transistor LVT is to be 
formed must be su?iciently large that the dimensions encase 
the source 12 and drain 13 of each transistor LVT. The 
implantation, de?nes the channel Ch regions of the memory 
cells 10 and of loW voltage transistors LVT. The photoresist 
layer is then stripped. An anneal of the P-Well 33 dopant is 
performed at high temperature, perhaps 1100° C. for about 
500 minutes in a nitrogen atmosphere, to form a junction 
perhaps 2 microns deep. 

Referring to FIG. 3(e), further processing is described. A 
conventional nitride/oxide masking oxide NOM is deposited 
and patterned to de?ne oxide regions 41. Oxide regions 41 
are groWn by localiZed oxidation (LOCOS) to a thickness in 
the range of about 6300 to 7800 Angstroms (the thicknesses 
of the sections shoWn in FIGS. 3(e)*3 (k) not being to scale). 
The groWth occurs under an oxidiZing atmosphere such as 
steam for about 120 minutes at about 900° C. The thermal 
oxide groWs beneath the edges of the mask, creating a 
“bird’s beak” instead of a sharp transition. The masking 
layers are removed using a hydro?uoric acid dip for tWo 
minutes and using hot phosphoric acid at about 177° C. for 
about 45 minutes. 

After a cleanup step, a pre-gate oxide layer (not shoWn) 
is groWn on the exposed silicon surface to a thickness of 
about 300 Angstroms. 
At this point, a threshold-voltage-adjust implant may be 

performed in active areas including Where channels Ch of 
memory cells 10 are to be located, those areas patterned 
using photoresist. For example, boron may be implanted in 
the memory cell regions at a dose in about the range of about 
4><l0l2 to 9><l0l2 ions/cm2 and at an energy level of about 
40 KeV. The photoresist is stripped and the oxide over the 
active areas is stripped. 

Referring to FIG. 3(f), oxide is regroWn over the structure 
using conventional techniques to form a relatively thin gate 
insulator layer 43 approximately 105 Angstroms thick. A 
?rst polycrystalline silicon layer (“poly l”) 14 about 1500 
Angstroms thick, Which Will become ?oating gates of 
memory cells 10 is deposited over the face and is doped to 
be N+ using phosphorus. The ?rst polysilicon layer 14 is 
patterned With a photoresist and strips are etched to partially 
form What Will be ?oating gates of the memory cells 10. At 
the same time, the ?rst polysilicon layer 14 is removed form 
the region Where logic transistors such as high-voltage 
P-channel transistors HVT and loW-voltage N-channel tran 
sistors LVT are to be formed. This step is folloWed by a 
photoresist strip and clean-up. 

Referring again to FIG. 3(f), inter-level insulator layer 45 
is then formed over the structure in the areas Where memory 
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cells 10 are to be formed. Inter-level insulator layer 45 may 
be formed by growing an oxide layer to about 150 
Angstroms, then depositing a nitride layer about 195 Ang 
stroms thick. The equivalent oxide thickness of the inter 
level insulator may be about 200 Angstroms. The poly1 and 
inter-level insulator are etched. The patterned photoresist for 
this step is stripped. 

Referring again to FIG. 3(f), a second polycrystalline 
silicon layer (“poly 2”) 15 about 4500 Angstroms thick, 
Which Will become control gates/roW lines of the memory 
array and the gates of high-voltage P-channel transistors 
HVT and loW-voltage N-channel transistors LVT of the 
logic circuitry, is then deposited over the face of the slice and 
is highly doped With phosphorus to be N+. 

Referring to FIG. 3(g), after de-glaZing and patterning 
With photoresist, the gates of high-voltage P-channel tran 
sistors HVT and loW-voltage N-channel transistors LVT of 
the logic circuitry are etched in the logic area of the chip. 
After again patterning With photo resist, a stack etch of (i) 
the second polysilicon layer 11,15, (ii) the inter-level insu 
lator layer 45, and (iii) the ?rst polysilicon strips 14 is 
performed in the memory area of the chip. This stack etch 
de?nes a plurality of elongated control gates ll/roW lines 15. 
The roW lines 15 connect roWs of memory cells 10. This 
same stack etch separates and de?nes the remaining edges of 
the ?oating gates 14. 

Referring noW to FIG. 3(h), a photoresist layer PR is 
deposited and patterned to open a WindoW over the entire 
?ash array. An arsenic implant A is performed at a dosage of 
about 5><10l3 ions/cm3 at 120 KeV at Zero degrees to the 
normal to create the sources 12 and drains 13 of memory 
cells 10. 

Referring to FIG. 3(i), an arsenic implant A is performed 
at a dosage of about 3><10l5 ions/cm2 at 120 KeV, using 
photoresist PH to protect areas of the chip not implanted, to 
create the sources 12 and drains 13 of the loW-voltage 
N-channel transistors LVT. 

Referring to FIG. 3(j), a phosphorus implant P is per 
formed at a dosage of about 4><10l4 ions/cm2 at 20 KeV, 
using photoresist PR to protect areas of the chip not 
implanted, to create the sources 12 and drains 13 of the 
high-voltage P-channel transistors HVT. 

Referring to FIG. 3(k), the dopants of memory cells 10, of 
loW-voltage N-channel transistors LVT and high-voltage 
P-channel transistors HVT are driven With an anneal step at 
perhaps 900° C. for 20 minutes to complete formation of 
sources 12 and drains 13. Oxide is deposited or groWn and 
removed in conventional manner to form sideWall spacers 
S0. 
A cap oxide (not shoWn) about 300 Angstroms thick is 

deposited over the surface. A borophosphosilicate glass 
(BPSG) layer (not shoWn) may then be deposited over the 
face of the slice. Following the BPSG deposition, the 
substrate 30 is heated again at about 9000 C. for about one 
hour in an annealing ambient to provide BPSG densi?cation, 
repair implant damage and junction pro?le drive. Column 
lines 18 and 25 are formed from a layer or aluminum after 
etching holes to sources 12 and drains 13 and other place on 
the chip Where connection is desired. At the same time that 
column lines 18 and 25 are formed, other conductors are 
formed for logic circuitry. Off-array contacts for both 
memory and logic are masked and etched through the BPSG 
layer. 
One problem With an isolated P-Well 33 is high Well 

resistance. The high Well resistance causes a signi?cant 
voltage drop during programming. The voltage drop is 
decreased by implant a P-type impurity P+ in the contact 
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areas to P-Well 33. The contact areas should be strips, 
preferably extending along at least one side of each P-Well 
33. 

Metal is deposited, masked and etched to form metal lines 
to respective di?fused regions, such as terminals 36 and 37 
and the substrate terminal indicated Vdd. (The contact to 
P-Well 33 may include a layer of previously-deposited doped 
polysilicon DP to decrease resistance.) This is folloWed by 
a protective overcoat process. 
The invention described herein is usable With many other 

types of ?oating-gate memory cell arrays. 
While the invention has been described With reference to 

an illustrative embodiment, this description is not meant to 
be construed in a limiting sense. Various modi?cations of the 
illustrative embodiment, as Well as other embodiments of 
the invention, Will be apparent to persons skilled in the art 
upon reference to this description. it is, therefore, contem 
plated that the appended claims Will cover any such modi 
?cations or embodiments that fall Within the true scope of 
the invention. 
We claim: 
1. A method for making a nonvolatile, ?oating-gate 

memory With logic transistors in a face of a semiconductor 
body having a ?rst conductivity type, comprising the steps 
of: 

forming ?rst and second opposite-conductivity-type dif 
fusion regions [having a ?rst depth] at a ?rst time in 
said semiconductor body, said ?rst and second 
opposite-conductivity-type diffusion regions doped to 
have primarily a second conductivity-type opposite 
said ?rst conductivity-type; 

forming ?rst and second same-conductivity-type diffusion 
regions [having a second depth] at a second time in said 
semiconductor body, said ?rst same-conductivity-type 
di?fusion region encased in said ?rst opposite 
conductivity-type di?‘usion region, said second same 
conductivity-type di?usion region separate from said 
?rst and second opposite-conductivity-type di?‘usion 
regions, said ?rst and second same-conductivity-type 
diffusion regions doped to have primarily said ?rst 
conductivity-type; 

forming at least one ?oating-gate memory cell in and on 
said ?rst same-conductivity-type diffusion region; 

forming at least one high-voltage logic transistor in said 
second opposite-conductivity-type diffusion region; 
and 

forming at least one loW-voltage logic transistor in said 
second same-conductivity-type diffusion region. 

2. The method according to claim 1, Wherein said semi 
conductor body is silicon of P conductivity-type, said ?rst 
and second opposite-conductivity-type diffusion regions are 
primarily of N conductivity-type and said ?rst and second 
same-conductivity-type diffusion regions are primarily of P 
conductivity-type. 

3. The method according to claim 1, Wherein said ?rst 
opposite-conductivity-type diffusion region and said ?rst 
same-conductivity-type diffusion region are connected to a 
positive potential With respect to the potential of said 
semiconductor body during erasure of said ?oating-gate 
memory cell. 

4. The method according to claim 1, Wherein FoWler 
Nordheim [tunnelling] tunneling is used to program said 
?oating [gates of memory cells] gate of said at least one 
memory cell. 

5. The method according to claim 1, Wherein said 
?oating-gate memory cell is part of an X-cell memory array 
having single-dopant sources and drains. 



US RE39,697 E 
9 

6. The method according to claim 1, further including 
formation of ?eld oxide regions on the surface of said 
semiconductor [substrate] body, said ?eld oxide regions 
formed over the edges of said diffusion regions. 

7. The method according to claim 1, further including 
formation of ?eld oxide regions on the surface of said 
semiconductor [substrate] body, said ?eld oxide regions 
formed over the edges of said diffusion regions and formed 
Within said diffusion regions surrounding at least one con 
nection point. 

8. The method according to claim 1, further including 
formation of ?eld oxide regions on the surface of said 
semiconductor [substrate] body, said ?eld oxide regions 
formed to surround connection points to said diffusion 
regions, said ?rst opposite-conductiVity-type diffusion 
region and said ?rst same-conductiVity-type diffusion 
regions having multiple connection points at the periphery 
of said di?‘usion regions. 

9. The method according to claim 1, further including 
formation of diffused contacts in said ?rst same 
conductiVity-type diffusion region, Wherein said diffused 
contacts include additional doping of said same 
conductiVity-type. conductivity-type. 

10. The method according to claim 1, further including 
formation of diffused contacts in said ?rst same 
conductiVity-type diffusion region, Wherein said diffused 
contacts are connected to doped polysilicon. 

1]. The method according to claim 1, wherein said?rst 
and second opposite-conductivity-type dijjrusion regions 
have approximately a same depth. 

12. The method according to claim 1, wherein said?rst 
and second same-conductivity-type dijjrusion regions have 
approximately a same depth. 

13. The method according to claim 1, wherein said at least 
one high-voltage logic transistor is a P-channel transistor, 
and wherein said at least one low-voltage logic transistor is 
an N-channel transistor. 

14. The method according to claim 1, comprising the step 
of applying a supply voltage having a first voltage with 
respect to ground to said at least one low-voltage logic 
transistor, said?rst voltage having a?rst magnitude. 

15. The method according to claim 14, comprising the 
step ofapplying a high voltage having a second magnitude 
greater than said first magnitude to said at least one 
high-voltage logic transistor 

16. The method according to claim 14, comprising the 
step ofapplying a high voltage having a second magnitude 
greater than said first magnitude to a control gate of said at 
least one?oating-gate memory cell during a write mode. 

17. The method according to claim 14, comprising the 
step ofapplying a voltage havingpolarity opposite said?rst 
voltage to a control gate ofsaid at least one ?oating-gate 
memory cell during an erase mode. 

18. The method according to claim 1, wherein said at least 
one ?oating-gate memory cell comprises a drain terminal 
and a source terminal, and wherein said source terminal is 
?oating during an erase mode. 

19. The method according to claim 1, wherein said at least 
one ?oating-gate memory cell comprises a drain terminal 
and a source terminal, and wherein said source terminal is 
coupled to receive a high voltage during an erase mode. 

20. The method according to claim 1, comprising the step 
ofapplying a ground voltage to said?rst opposite conduc 
tivity type dijjrusion region and to said?rst same conductivity 
type dijjrusion region during a write mode. 

2]. The method according to claim 1, wherein said at least 
one ?oating-gate memory cell comprises selected and unse 

20 

25 

30 

35 

40 

45 

50 

55 

60 

10 
lected ?oating-gate memory cells, each ?oating-gate 
memory cell having a respective drain terminal and source 
terminal, and wherein a source terminal of said selected 
?oating-gate memory cell is coupled to receive a ground 
voltage, and a source terminal of said unselected ?oating 
gate memory cell is coupled to receive a voltage dijjrerent 
from said ground voltage during a write mode. 

22. The method according to claim 1, wherein said at least 
one ?oating-gate memory cell comprises plural arrays of 
?oating-gate memory cells, each array of ?oating-gate 
memory cells comprising a sector of said nonvolatile, 
?oating-gate memory, wherein each said sector includes a 
respective ?rst opposite-conductivity-type dijjrusion region 
and a respective ?rst same-conductivity-type di usion 
region, said dijjrusion regions being separatefrom di usion 
regions of other sectors. 

23. The method according to claim 22, wherein each said 
respective ?rst same-conductivity-type dijjrusion region 
includes a respective dijjrusion contact having said first 
conductivity type. 

24. A methodfor making a memory with logic transistors 
in a face of a semiconductor body having a first conductivity 
type, comprising the steps of.‘' 

simultaneously forming first and second dijjrusion regions 
having a second conductivity type in said semiconduc 
tor body, said second conductivity type being opposite 
said first conductivity type; 

simultaneouslyforming third andfourth dijjrusion regions 
having said first conductivity type in said semiconduc 
tor body, said third dijjrusion region isolatedfrom said 
semiconductor body by said?rst dijjrusion region, said 
fourth dijjrusion region separate from said first and 
second dijjrusion regions; 

forming at least one memory cell in and on said third 
dijjrusion region; 

forming at least one logic transistor having a channel in 
said second dijjrusion region; and 

forming at least another logic transistor having a channel 
in saidfourth dijjrusion region. 

25. The method according to claim 24, wherein said 
semiconductor body is silicon of P conductivity-type, said 
first and second dijjrusion regions are N conductivity-type 
and said third and fourth dijjrusion regions are P 
conductivity-type. 

26. The method according to claim 24, wherein said?rst 
and third dijjrusion regions are coupled to receive a positive 
voltage with respect to said semiconductor body during 
erasure ofsaid memory cell. 

27. The method according to claim 24, wherein Fowler 
Nordheim tunneling is used to program said at least one 
memory cell. 

28. The method according to claim 24, wherein Fowler 
Nordheim tunneling is used to erase said at least one 
memory cell. 

29. The method according to claim 24, wherein said 
memory cell is part ofa nonvolatile, ?oating-gate memory 
array having single-dopant sources and drains. 

30. The method according to claim 24, comprising the 
step offorming ?eld oxide regions on the surface of said 
semiconductor body, said ?eld oxide regions formed over the 
edges ofsaid dijjrusion regions. 

3]. The method according to claim 24, comprising the 
steps of.‘' 
forming at least one connection point within at least one 

ofsaid?rst and third dijjrusion regions; and 
forming?eld oxide regions within said at least one ofsaid 

first and third dijjrusion regions surrounding said at 
least one connection point. 



US RE39,697 E 
11 

32. The method according to claim 3], wherein said at 
least one connection point comprises multiple connection 
points. 

33. The method according to claim 3], wherein said at 
least one connection point comprises a dijjrused contact 
having a same conductivity type as said at least one ofsaid 
first and third dijjrusion regions. 

34. The method according to claim 32, wherein said 
dijjrused contact isformed by doped polysilicon. 

35. The method according to claim 24, wherein said at 
least one logic transistor having a channel in said second 
dijjrusion region is a high voltage transistor arranged to 
receive a voltage having a greater magnitude than said at 
least another logic transistor having a channel in saidfourth 
dijjrusion region. 

36. The method according to claim 24, comprising the 
step ofapplying a low voltage having a?rst magnitude to 
said at least another transistor. 

37. The method according to claim 36, comprising the 
step ofapplying a high voltage having a second magnitude 
greater than said first magnitude to a control gate of said at 
least one memory cell during a write mode. 

38. The method according to claim 36, comprising the 
step ofapplying a voltage havingpolarity opposite said low 
voltage to a control gate ofsaid at least one memory cell 
during an erase mode. 

39. The method according to claim 24, wherein said at 
least one memory cell comprises a drain terminal and a 
source terminal, and wherein said source terminal is ?oating 
during an erase mode. 

40. The method according to claim 24, wherein said at 
least one memory cell comprises a drain terminal and a 
source terminal, and wherein said source terminal is 
coupled to receive said high voltage during an erase mode. 

4]. The method according to claim 24, comprising the 
step of applying a ground voltage to said first and third 
dijjrusion regions during a write mode. 

42. The method according to claim 24, wherein said at 
least one memory cell comprises selected and unselected 
memory cells, each memory cell having a respective drain 
terminal and source terminal, and wherein a source terminal 
ofsaid selected memory cell is coupled to receive a ground 
voltage, and a source terminal of said unselected memory 
cell is coupled to receive a voltage dijferentfrom said ground 
voltage during a write mode. 

43. The method according to claim 24, wherein said at 
least one memory cell comprises plural arrays of memory 
cells, each array ofmemory cells comprising a sector ofsaid 
memory, wherein each said sector includes a respective first 
and third dijjrusion region being separatefrom?rst and third 
dijjrusion regions of other sectors. 

44. The method according to claim 24, wherein each said 
third dijjrusion region includes a respective dijjrusion contact 
having said first conductivity type. 

45. A methodfor making a memory with logic transistors 
in a face of a semiconductor body having a first conductivity 
type, comprising the steps of' 
forming?rst and second dijjrusion regions having a?rst 

concentration at a first depth and having a second 
conductivity type in said semiconductor body, said 
second conductive type being opposite said first con 
ductivity type: 

forming third andfourth dijjrusion regions having a sec 
ond concentration at a second depth and having said 
first conductivity type in said semiconductor body, said 
third dijjrusion region isolatedfrom said semiconductor 
body by said first dijjrusion region, said fourth di usion 
region separate from said first and second di usion 
regions; 
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12 
forming at least one memory cell in and one said third 

dijjrusion regions; 
forming at least one memory cell in and on said third 

dijjrusion region; 
forming at least one logic transistor having a channel in 

said second dijjrusion region; and 
forming at least another logic transistor having a channel 

in saidfourth dijjrusion region. 
46. The method according to claim 45, wherein said 

semiconductor body is silicon of P conductivity-type, said 
first and second dijjrusion regions are N conductivity-type 
and said third and fourth dijjrusion regions are P 
conductivity-type. 

47. The method according to claim 45, wherein said?rst 
and third dijjrusion regions are coupled to receive a positive 
voltage with respect to said semiconductor body during 
erasure ofsaid memory cell. 

48. The method according to claim 45, wherein Fowler 
Nordheim tunneling is used to program said at least one 
memory cell. 

49. The method according to claim 45, wherein Fowler 
Nordheim tunneling is used to erase said at least one 
memory cell. 

50. The method according to claim 45, wherein said 
memory cell is part ofa nonvolatile, ?oating-gate memory 
array having single-dopant sources and drains. 

5]. The method according to claim 45, comprising the 
step offorming ?eld oxide regions on the surface of said 
semiconductor body, said ?eld oxide regions formed over the 
edges ofsaid dijjrusion regions. 

52. The method according to claim 45, comprising the 
steps of" 
forming at least one connection point within at least one 

ofsaid?rst and third dijjrusion regions; and 
forming?eld oxide regions within said at least one ofsaid 

first and third dijjrusion regions surrounding said at 
least one connection point. 

53. The method according to claim 52, wherein said at 
least one connection point comprises multiple connection 
points. 

54. The method according to claim 52, wherein said at 
least one connection point comprises a dijjrused contact 
having a same conductivity type as said at least one ofsaid 
first and third dijjrusion regions. 

55. The method according to claim 53, wherein said 
dijjrused contact isformed by doped polysilicon. 

56. The method according to claim 45, wherein said at 
least one logic transistor having a channel in said second 
dijjrusion region is a high voltage transistor arranged to 
receive a voltage having a greater magnitude than said at 
least another logic transistor having a channel in saidfourth 
dijjrusion region. 

57. The method according to claim 45, comprising the 
step ofapplying a low voltage having a?rst magnitude to 
said at least another transistor. 

58. The method according to claim 52, comprising the 
step ofapplying a high voltage having a second magnitude 
greater than said?rst magnitude to a control gate ofsaid at 
least one memory cell during a write mode. 

59. The method according to claim 57, comprising the 
step ofapplying a voltage havingpolarity opposite said low 
voltage to a control gate ofsaid at least one memory cell 
during an erase mode. 

60. The method according to claim 45, wherein said at 
least one memory cell comprises a drain terminal and a 
source terminal, and wherein said source terminal is ?oating 
during an erase mode. 
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6]. The method according to claim 45, wherein said at 
least one memory cell comprises a drain terminal and a 
source terminal, and wherein said source terminal is 
coupled to receive said high voltage during an erase mode. 

62. The method according to claim 45, comprising the 
step of applying a ground voltage to said first and third 
dijjrusion regions during a write mode. 

63. The method according to claim 45, wherein said at 
least one memory cell comprises selected and unselected 
memory cells, each memory cell having a respective drain 
terminal and source terminal, and wherein a source terminal 
ofsaid selected memory cell is coupled to receive a ground 
voltage, and a source terminal of said unselected memory 

10 

14 
cell is coupled to receive a voltage dijjrerent?’om said ground 
voltage during a write mode. 

64. The method according to claim 45, wherein said at 
least one memory cell comprises plural arrays of memory 
cells, each array ofmemory cells comprising a sector ofsaid 
memory, wherein each said sector includes a respective first 
and third dijjrusion region being separatefrom?rst and third 
dijjrusion regions ofother sectors. 

65. The method according to claim 45, wherein each said 
third dijjrusion region includes a respective dijjrusion contact 
having said first conductivity type. 


