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Making the select gate oxide thicker than the core tunneioxide adds several stéps to the fabrication of
the NAND string. Additional processing steps increase the cost of fabricating the device. Further, these
additional steps can affect the reliability of the NAND s&ing. For example, the masking and etching steps can
lggve contaminants on the surface of the NAND string or introduce defects into the NAND string. Sﬁch

30  contaminants and defects can degrade the core tunnel oxide and, as a result, lead to poor reliability of the
memory cells. Also, the masking step increases the amount of space required for the NAND string because

imprecision inherent in any masking step requires that a tolerance area be masked in addition to the select gate
area. ‘

35
DISCLOSURE OF INVENTION v
The present invention provides a single tunnel gate oxidation process for fabricating NAND memory'
strings where the gate oxide of the select transistors and the 16 floating gate memory transistors are fabricated
in a single oxidation step. The oxidation process can be either dry, wet or nitrided. The two select gate
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the sevgial adiRbRa &%ﬁm%d%ﬁi st ore'b RELdeds Hdte cbil Semory cells. In addition, the
NAND string is connected to several other parallel NAND strings to form a NAND array. The portion shown
25  includes a P-well 22 formed in an N-well 21, which is formed in substrate 20. The entire NAND array is
formed in P-well 22. A layer of oxide 24 is formed over P-well 22. The portion of oxide layer 24 in area 12 is
the select gate oxide. The portion of oxide layer 24 in area 13 is the tunnel oxide of memory cell 13. The
select gate oxide and the tunnel oxide are the same thickness. In one embodiment, oxide layer 24 is 85-1054
thick. Oxide layer 24 may be formed by wet oxidation or dry oxidation, or may be formed by either wet or
30  dry oxidation followed by nitridation. FIG. 7 illustrates a top view of a portion of a NAND array. Oxide layer
24 is formed over a P-well (not shown) in substrate 20. A core field oxide layer between the NAND strmgs is
-defined before oxide layer 24 is formed. :
Referring now to FIG. 3, a first layer of polysilicon 30 is formed over oxide layer 24. First
polysilicon layer 30 forms the ﬂoaﬁqg gates of the memory cell transistors. FIG. 8 illustrates a top view of é
35  portion of a NAND array. First polysilicon layer 30 of FIG. 3 is formed by masking the areas 82 between
NAND strings 80 to define the floating gates of the memory cells. The first polysilicon layer is etched to
remove the polysilicon formed over the core field oxide layer, then a channel stop implant is performed. In ' ..
one embodiment, first polysilicon layer 30 is formed by chemical vapor deposition.
Turning now to FIG. 4, separation layer 40 is formed on first polysilicon layer 30. Separation layer
40 40 separates the floating gates of the core memory cells from the control gates of the core memory cells. In
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pd‘Pf B’f a NAND array after a second polysilicon |ayer 100 is forned
OV er In one embodiment, first polysilicon Iayer 30A. (FIG. 6) and second polysilicon layer 50A of select

transistor 12 are shorted together to form a si_ngle control gate instead of a floating gate formed in first
polysilicon layer 30 and a control gate formed in second polysilicon layer 50.
Several advantages result from this method of fabricating NAND memory arrays. The single tunnel

30  gate oxidation process eliminates one major masking step, one thermal cycle and associated cleaning and
etchmg steps. Thus, a NAND memory array is less expensive to fabricate using the single tunnel gate
oxidation process rather than the dual-gate oxidation process described above. Also, eliminating the masking
step eliminates the tolerance space required for the masking step, thus a more compact NAND string can be
fabricated using the single tunnel gate oxidation approach.

35 Elimination of the masking step and the associated buffer oxide etch step also results in increased
isolation between the NAND strings. As described above, the NAND strings in the array are separated by
core field oxide layers. When the core area is etched back to silicon to form a thick select gate oxide in the
dual gate process, some of the core field oxide is also removed. A thinner core field oxide results in reduced
isolation integrity between the NAND strings. Reduced isolation integrity can increase susceptibility of the

40  strings to program disturb. |
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required to activate the select gate of a NAND string fabricated Sug'Epgzﬁb;e
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than NANDCeyiRfy arrays formed by 5 the dual gate process, as denonstrated
by in- houé‘e“e‘ﬁ%rance cycling tests, read disturb tests, and data
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claim 1. sesonhdirduttagty typmerciosogntpe ifisdt megion of first conductivity type.

3. The NAND flash memory of Claim 1 wherein the memory cell further
comprises:
20 a floating gate (30) formed over the memory cell oxide layer;
a separation layer (40) formed over the floating gate; and

a control gate (50) formed over the separation layer.

4, The NAND flash memory of Claim 1 wherein the separation layer (40)
25  comprises:
a first oxide layer (40) in contact with the floating gate;
a nitride layer (40) formed over the first oxide layer; and

a second oxide layer (40) formed over the nitride layer.

30 5. The NAND flash memory of Claim 3 wherein the floating gate and control

gate are polysilicon.



a substrate (20); 5 a first region of first conductivity type (22); a
select transistor (12) conprising a select gate oxide |ayer (24) § SERe0on
the first region; and a second region of second conductivity type (62)
formed in the first region; and a nmenory cell (13) conprising: 10 a nmenory
cell oxide layer (24) formed on the fjrst region; and a third regi on of
second conductivity type (62) fornmed4 n the first region; wherein the

sel ect gate oxide layer and the nenory cell oxide |layer are substantially
t he same thickness 15 2. The NAND flash nmenory of Claim1 further

conpri si ng. a f quetMMANBOfIedh SkmosEe e aied NdMedréivi thy stlv@etranitasiufget he fir st
region of first conductivity type. 3. The NAND flash nenory of Claim1l
wher ei n tﬁ@mﬁ@wwoeﬁphgaﬁm@her conprises: 20 a floating gate (30) formed
over the nmenory cell oxide |ayer; a separation |layer (40) forned over the
floating gate; and a control gate (50) fornmed over the separation |ayer. 4.
The NABD f7l ash Tie NANDdfasiChindrl oMORER i6hvlidiein Siepnabl gite Isppbisilicdl) 25
conprises: a first oxide layer (40) in contact with the floating gate; a
nitride |layer (40) formed over the first oxide layer; and a second oxide

| ayer (40) for 3L Qe . Do . nRory of
Caim3 \M)§ér ei E%tg ﬁ‘g&gpo%%ﬁﬁgé&‘g‘g gﬁa@g%’gén‘?}%g?ﬁ t%%%égzo}ﬁ‘g%%* ﬁ?ﬁnl con. ' 8
SEP 2J0' 1tlirdregibne NAND fl ash nmenmory of Claim 1 wherein the sel ect

transi stor further conprises a control gate (50). 5 7. The NAND fl ash
menory of Claim6 wherein the control gate is polysilicon. 8 The NAND

flashigemory ofrhEhAND Y1 Sicehdty LR EIARE P MhefchPih8 Re@MdGbESn (619 anll thd d

regi on.

third region (62) are doped to a concentration of 10" — 10"/cm?,

10.  The NAND flash memory of Claim 1 wherein the select gate oxide layer (24)
and the memory cell oxide layer (24) have a thickness of 85A — 105A.

15
11.  The NAND flash memory of Claim 1 wherein the select transistor further
comprises:
a floating gate formed over the select gate oxide layer;
a separation layer formed over the floating gate; and
20 a control gate formed over the separation layer.

12.  The NAND flash memory of Claim 1 wherein the floating gate and the control

gate are shorted together to act as a single control gate.

25 13.  The NAND flash memory of Claim 11 wherein the control gate is polysilicon.

14. A NAND flash memory array comprising:
a substrate (20);
a first region of first conductivity type formed in the substrate (22);
30 a plurality of NAND strings formed in the first region, each NAND string

comprising:
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15.  The NAND flash memory array of Claim 14 further comprising an additional

region of second conductivity type enclosing the first region of first conductivity

type.
15

16.  The NAND flash memory array of Claim 14 wherein the first NAND string is
separated from the second NAND string by a core field oxide layer (82).

17.  The NAND flash memory array of Claim 14 wherein each select transistor
20  oxide layer and each tunnel oxide layer have a thickness between 85A — 105A.

18.  The NAND flash memory array of Claim 11 wherein each region of second

conductivity type is doped to a concentration of 10" — 10"/cm’.

25 19.  The NAND flash memory of Claim 11 wherein the select transistor further

comprises a control gate.

20. A method of fabricating NAND flash memory, the method comprising:
characterised by forming a first region of first conductivity type (22) over a

30  semiconductor substrate (20);
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