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Description

METHOD OF MAKING EEPROM TRANSISTORS

TECHNICAL FIELD
The invention relates to EEPROM transistor
manufacturing, and, in particular to manufacturing such

transistor with self-aligned source and drain electrodes.

BACKGROUND ART

Most EEPROM transistors have a floating gate
over a substrate surface that transfers electrons or
holes into or from a subsurface drain or drain extension
that is separated by thin oxide by a small tunnel window.
The subsurface drain is usually formed by one or more
implant regions. Because of a need to have a drain
implant region connected with the implant region under
the tunnel window, preferably directly beneath it, drain
extensions are usually implanted before a floating gate
is built and hence not aligned with edges of the floating
gate. An advantage of alignment, or preferably self-
alignment is that devices can be manufactured with good
reproducibility and dimensions of the channel can be made
more favorable, particularly in devices having feature
size dimensions. A drain extension that is partially
under the floating gate has greater cell capacitance
relative to the floating gate which leads to slower
programming. A drain or drain extension that is
partially under the floating gate must be monitored for
the short channel effect, a deleterious condition that
leads to poor transistor performance.

On the one hand it is desirable to have source
and drain separated at distances which avoid the short

channel effect. On the other hand, a subsurface implant
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is needed beneath or very close to the tunnel window. A
third consideration is that it is desirable that the
largest structures of the transistor be feature size, F,
or a few multiples of feature size, where feature size is
the smallest dimension that can be made by lithography.
As a specific dimension, F depends on lithographic
equipment, but is scalable to whatever lithographic
equipment is available. In modern stepper equipment, F
is typically in the range of 40 to 150 nanometers and is
forecast to become smaller. F depends on the wavelength
of the exposing light multiplied by a resolution factor
and divided by the numerical aperture of the lithographic
system. The resolution factor depends on several
variables in the photolithographic process including the
quality of the photoresist used and the resolution
enhancement techniques such as phase shift masks, off-
axis illumination and optical proximity correction. 1In
the industry, F is a characteristic of particular
semiconductor manufacturing equipment that uses
photolithography. For example if source, floating gate
and drain were all feature size, F, and did not overlap,
then the transistor would have a dimension of 3F in one
direction. If an accompanying select transistor had a
feature size gate and a feature size source-drain,
sharing an electrode with the floating gate transistor,
for a dimension of 2F, then the overall dimension in the
one direction would be 5F, a very small memory cell. In
actuality some dimensions are preferably based on feature
size, but are made a bit larger to optimize channel
lengths, or the like. See U.S. Pat. No. 6,624,027 to E.
Daemen et al., assigned to the assignee of the present
invention entitled, “Ultra Small Thin Windows in Floating

Gate Transistors Defined by Lost Nitride Spacers”.
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SUMMARY OF INVENTION

The present invention is a manufacturing method
for an EEPROM and for EEPROMs that can be used in NOR
arrays, i.e. having a select transistor as part of the
memory cell. 1In the method of the invention a floating
gate implant region is first established in a smaller
than F subsurface region established by a sidewall spacer
implantation technique. The technique uses dual spacers
as a mask to define an aperture that is smaller than F.
After the implant region is established, the floating
gate is established with two floating gate members that
are spaced apart but electrically joined. The gate
member spacing can also be established with a similar
dimension, F. Source-drain implantation follows using
the gates with spacers as masks, producing three self-
aligned source-drain regions at desired distances yet an
implanted region exists directly below the tunnel window
from the prior implantation step. Three of the four
regions are joined by annealing to form a drain
electrode, while the fourth region is a spaced apart
source electrode.

A single two branch floating gate mask is used
to establish a plurality of sidewalls for the three
source-drain implant regions mentioned above. Note that
all portions of the drain are self-aligned, leading to
reliable transistor manufacturing. Memory transistors
are built in rows where cell sites are defined by active
region stripes on a wafer or similar substrate. The
single floating gate mask can be made in mirrored pairs
spanning parallel active region stripes. If the floating
gate masks are made having a U-shape or an H-shape, the
correct orientation and spacing of adjacent gates within
a cell is assured for reliable transistor manufacturing.

A line of gate masks can run perpendicular to active
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region stripes as the basis for a tightly packed memory
array, i.e. rows and columns of EEPROM memory

transistors.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1-11 are side constructional views for
making a transistor memory cell of the present invention.

Fig. 12 is a top view of masks used to make
structures as illustrated in Fig. 11.

Fig. 13 is a top view of alternate masks used
to make structures as illustrated in Fig. 11.

Figs. 14-17 are side constructional views for
making a transistor memory cell following Fig. 11.

Fig. 18 is an electrical schematic of the

memory cell of Fig. 17.

DESCRIPTION OF PREFERRED EMBODIMENT

With reference to Fig. 1, substrate 11 is
typically a doped semiconductor p-type wafer suitable for
manufacture of MOS devices. The silicon substrate 11 is
seen to be coated with a thin layer of gate oxide 15
approximately 50-100 Angstroms thick. A first layer of
polysilicon 17 is deposited over the gate oxide layer 15
by vapor deposition to a thickness of less than 1500
Angstroms, although this dimension is not critical. Over
the polysilicon layer 17, another layer of oxide 19 is
deposited having a thickness of approximately 60-100
Angstroms.

With reference to Fig. 2, over the second layer
of oxide 19 an insulative oxide layer, preferably a TEOS
layer 21, is deposited having a thickness which is
several times the thickness of polysilicon layer 17. It
should be noted that the layers 15, 17, 19, and 21 are

all planar layers extending entirely across the wafer
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substrate. Over the TEOS layer 21 a resist layer 23 is
deposited with an opening 25 defined by a photomask.

The opening 25 is ideally the smallest opening that can
be defined by a mask, known as the feature size, F. The
TEOS layer 21 is etched, as shown in Fig. 3. Etching is
stopped at upper surface of polysilicon layer 17, meaning
that oxide layer is also removed in the opening 25.

After development of the photoresist, as shown
in Fig. 4, a nitride or polysilicon layer 27 is deposited
over the TEOS layer 21 with the layer 27 extending down
into the opening 25. Prior to deposition of the layer 27
the polysilicon layer 17 is reoxidized in region 20 so
that oxide will separate the nitride or poly layer 27
from polysilicon layer 17 in the region where reoxidation
occurs.

Next, the polysilicon or nitride layer 27 is
mostly etched away, except for spacers 33, seen in Fig.
5, which abut the TEOS layer 21 in opening 25. The
interior of this rectangle is less than the feature size
F. The gap between the spacers is 10 to 50 nm. Further
etching between spacers 33 takes the opening 25 to the
level of gate oxide layer 15, removing re-oxidized region
20 and the polysilicon below this region, as shown in
Fig. 6.

With reference to Fig. 7, an ion beam 36 is
directed through opening 25 to a shallow depth in
substrate 11 to create a P+ region in substrate 11. The
spacers 33 and TEOS layer 21 block the beam from other
areas of the substrate and poly layer 17 except where the
charge implanted region 37 is indicated.

With reference to Fig. 8, the remainder of the
TEOS layer 21, the spacers 33, oxide layer 19 and poly
layer 17 are all removed by etching, leaving only oxide

layer 15. The oxide layer 15 is also etched but then
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reoxidized. Photolithography is used to form a very thin
oxide window 40, over the implanted region 37 as a tunnel
window, with a slight step in the oxide thickness making

the window thinner than surrounding oxide regions. Such

a window oxide layer has a typical thickness of less than
65 Angstroms.

With reference to Fig. 9, a poly layer 41,
approximately 500-1000 Angstroms in thickness is
deposited over oxide layer 15. This layer will serve to
form a floating gate. Although the poly layer 41 slumps
into the window region, the poly is almost planar at its
upper surface.

With reference to Fig. 10, an insulative TEOS
layer 43 is deposited over poly layer 41. The thickness
of TEOS layer 43 is not critical but is preferably about
1000 Angstroms. Over the TEOS layer 43, a nitride layer
45 is deposited to a thickness of about 80 Angstroms.
Lastly two resist pillars 47 and 49 are formed from a
photoresist layer. The resist pillars have lateral
dimensions corresponding to desired locations and
dimensions of two portions of a single floating gate of a
non-volatile floating gate transistor. The resist
pillars 47 and 49 will be used to form floating gate
masks, or preferably a single floating gate mask with two
branches, in the TEOS layer 43. A poly gate for a select
transistor, not shown, may also be simultaneously
fabricated. Such two transistor memory cells are used in
NOR memory arrays and elsewhere.

With reference to Fig. 11, the TEOS layer is
dry etched to leave a TEOS gate mask with TEOS members 57
and 59. TEOS member 57 is directly over charge region 37
and has a dimension that is at least feature size since
it is made by photolithography. TEOS member 59 has a

slightly wider dimension.
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In the top view of Fig. 12, the TEOS members 57
and 59 are seen to be arms of a unitary TEOS hard mask
53. This hard mask is U-shaped but could be H-shaped or
have another shape that will yield a single poly floating
gate. The TEOS member arms span an active region stripe
51 defined in the substrate. The active region is
typically defined by field oxide barriers, not shown. A
second TEOS gate mask 63 of adjacent cell is
symmetrically opposite, spanning the active region stripe
61, parallel to active region stripe 51. These two masks
define floating poly gates of memory cells, one
associated with gate mask 53 and one associated with gate
mask 63. In gate mask 53 the implant region 37 of Fig.
11 is shown in the center of the width of the active
region stripe 51. A corresponding implant region 73 is
associated with gate mask 63. Not shown in Fig. 12 is
poly layer 41 and oxide layer 15 of Fig. 11.

With reference to Fig. 13, active area stripes
71, 81 and 91 are all parallel and would be part of
patterning a wafer for a memory array, or the like. All
of the stripes defining active areas could be part of a
first mask set. Similarly, TEOS masks could be
integrated into a single mask 70, to be used for making
floating gates, with arm regions 72 and 74 of the mask
portion over active area stripe 71 joined with arm
regions 82 and 84 of the mask portion over active area
stripe 81. 1In turn, arm regions 82 and 84 are joined to
arm regions 92 and 94 for making a unitary TEOS stripe
mask associated with a plurality of memory cells. One
such stripe mask would be associated with each column of
the array, while one active area stripe would be
associated with each row. 1In other words a first mask
would have TEOS stripe masks for all columns of a memory

array and a second mask would define all active areas for
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all rows of the array. Note that arm regions 72, 82, 92
have dimension A, while arm regions 74, 84 and 94 have
dimension B where A is at least 20% greater than B as a
preferred ratio.

With reference to Fig. 14, the TEOS mask
members 57 and 59 over poly layer 41 are widened with
spacers 101 and 103 for mask member 57 and spacers 105
and 107 for mask member 59 in order to create a less than
feature size opening “x” in region 111. In other words,
the widening of the mask members 57 and 59 with spacers
creates a narrow aperture 111 between the spacers. By
narrow aperture is meant that the aperture is preferably,
although not necessarily, smaller than the feature size.
In Fig. 15, the aperture is made deeper since all poly is
etched to oxide layer 15, except under the masks, leaving
a pair of floating poly gate members 113 and 115. Poly
floating gate member 113 is directly above implanted
charge region 37 and thin window 40. The widening of
mask members 57 and 59 with spacers 101, 103, 105 and 107
permits self-aligned ion implantation of source-drain
regions 123, 125 and 127, seen in Fig. 16. Returning to
Fig. 15, floating gate member 113, including associated
spacers has first and second sidewalls defined by spacers
101 and 103. Gate member 115 has third and fourth
sidewalls defined by spacers 105 and 107, respectively.
Separdtion distances are optimized for channel lengths as
well as other dimensional and performance criteria.
Returning to Fig. 16, regions 125 and 127 are joined to
implant region 37 by annealing to form a single elongate
drain electrode beneath floating gate member 113. The
effect of annealing is indicated by dashed line 126 where
drain regions 125, 37 and 127 are joined. The source-
drain regions 123, 125 and 127 are self-aligned to poly

floating gate members 115 and 113. As was seen in Fig.
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15, sidewall spacer 101 guides drain implant region 127.
Sidewall spacers 103 and 105 guide drain implant region
125, a drain extension. Thermal annealing joins implant
region 37 to the implant regions 127 and 125, indicated
by dashed line 126, to form a single drain electrode that
has been built from three self-aligned implant regions in
the two implant steps shown in Figs. 7 and 16. Sidewall
spacer 107 of Fig. 15 guides source implant region 123
for forming a single source electrode region 123 spaced
from the drain extension defining a channel. In this
manner, the entire source and drain region structures are
formed by self-alignment, including a region directly
below the tunnel window and on both sides of the tunnel
window. After the ion implantation of source-drain
regions, the hard mask members 57 and 59 of Fig. 15, with
spacers, are removed by both dry and wet etching, leaving
the floating poly gate members 113 and 115. The floating
poly gate members 113 and 115 are connected, as seen in
the top view of Fig. 12, to form the memory transistor
having a channel “B”, seen in Fig. 16, between two
source-drain regions, region 123 considered as a source
and region 125 considered as a drain. In Fig. 17 drain
125 has drain extensions 127 and 37. An ONO film 119 is
deposited over the entire structure followed by a control
poly layer 129 deposition. Simultaneously with the
formation of control poly layer a select gate for a
select transistor is formed. The select gate and control
gate of the memory transistor are formed in a
conventional manner. The select transistor 141 is not
shown in Fig. 17 but would be used in a NOR memory array
with a non-volatile memory transistor.

With reference to Fig. 18, a cell having two
transistors, namely select transistor 141 and non-

volatile memory transistor 143 are shown.
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Claims

1. Method of making an EEPROM transistor comprising:

on a semiconductor substrate building a spacer
mask defining a first aperture;

implanting a charge region in the substrate
through the first aperture;

removing the spacer mask;

building a floating gate with a first gate
member having first and second side walls, the gate
member situated over the charge region and a second gate
member spaced from the first gate member but electrically
joined thereto, the second gate member having third and
fourth sidewalls;

using said side walls for self-aligned
placement of one source region and two drain regions all
adjacent to the side walls, the two drain regions joined
to the charge region in the substrate thereby forming a
single drain; and

building a control gate over floating gate.

2. The method of claim 1 further defined by situating
the first and second gate members such that the second
sidewall of the first gate member and the third sidewall
of the second gate member define a second aperture for
self-aligned placement of a first of the two drain

regions.

3. The method of claim 2 further defined by using the
fourth sidewall of the second gate member for self-

aligned placement of the source region.
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4. The method of claim 2 further defined by using the
first sidewall of the first gate member for self-aligned

placement of a second of the two drain regions.

5. The method of claim 1 further defined by forming the
spacer mask by widening a photolithographic mask wherein

said first aperture is less than feature size.

6. The method of claim 1 further defined by establishing
active region stripes across a semiconductor substrate

and building the spacer mask in a stripe.

7. The method of claim 6 further defined by building a

single gate mask for the floating gate members.

8. The method of claim 7 further defined by shaping the

gate mask as a stripe.

8. The method of claim 7 further defined by orienting
the gate mask stripe perpendicular to the active region

stripes.

10. The method of claim 2 wherein the second aperture is

less than feature size.



WO 2008/064106 PCT/US2007/084926

1/9

NN N N S Y NS SIS SN N A A N\ N S S b AN N N

121

/17

A 4 VAV 4 Z 2 V4 Z Z Z Z Z V4 L2772 Z L. VAV 4 2 Z I\

1

Tig._ 2



WO 2008/064106 PCT/US2007/084926

2/9

25

<« F—>

AN NSNS S SN 2N N

Z 2 Z Z Z Z Z VAL AV A 4 4 Z 27 7787 L7 L Z Z Z A4 A A

1

Fig._ 3

L

\\\\\\\\\\\\\\\\\\\\\\\\\\\

/17

AV AV AV 4 Z Z Z £ 2 Z Z 2 2 A A VAV 4 2 Z Z L 7 L L7 Z Z

11

Fig._ 4




WO 2008/064106

N

21\7//

3/9

25

PCT/US2007/084926

33 *33

A

/17

15

21\

N
4

/

A

/17

,,,,,,,,,

\.15




WO 2008/064106 PCT/US2007/084926

4/9

o
/17
i iy R i ACP
37 1
Fig._7
/40
"""""""" - — - — .15
37 1"




WO 2008/064106 PCT/US2007/084926

5/9

Y

L L7 L L7 LI 7T 7T T TP LY

40
37 ”

45

“// y2d //J‘ // ;/ Vs yd 77 yd yd 77 Vi /43

Vi Vd
4 77 27 yd 2 yd yZd y2d yid pZd yd yid yid yZd yd yd 77

7 V% 7 7 7 % 7 7 7 7 7 7 s’ s 7 7 »
NN
P77 7772277777 277777777777 Frrr ,_. ,_, I PP 2T P72 P77 772777777727 \15

37 1

Fig._10



WO 2008/064106 PCT/US2007/084926
6/9
< Ve v A Ve ved 57
59\ yd yd yZd 77 yZd /

Vs Y ps A v e |
NIy
/\/ 7777722272277 7772 Z. ///\\\,,,y// 2272777777722 2772777777

— = 15
37 11
Tig. 11
/5 3
Ve Vid Ved Ve Ve ol ! 7
9 Y yVd e Ve Ve 57
5 7 s 7 7 V% /
\\ S—— 51
v i’:—_—:—j ACTIVE
o =7
oo 2
v -
s’ yd 77 I__ _—_:]
yd Ve 77 I__:_.—:_: .
7 i Vi 77 77
VZd Vi Ved 77 Ve
67
69\ 2 77 yZd y2d yd / 61
N Fe—
,7 v Vi |_—_—_—— _1 ACTIVE
o 73
Ve 7 i I:_:_—__jr
Vi 4 Ve I_—_—:—_|
R ——
ot !__—_ :_:j.J
Ve Vd Ve Ve Ved
2z v e Vi Ve Ve 77
i 7 yid pad Vid AN

Fig._ 12



WO 2008/064106

719

PCT/US2007/084926

81
N
82 TN a4
94
92— _L—"
i Y

[ A ——>

<«— B —>

Fig-._ 13




WO 2008/064106

107

59
e

105

Vd

pd

yd

T 7

Ve Vd

/]

103

8/9

7

PCT/US2007/084926

yd

yd

~—n

77

yd

101

111111

\\\\\\m\\\\\\i\\\\\\\\\\\

Ll L, L //////II/////T

L2777 77 P77 7777l 777l

F&-x—,J

11

107

59
/
4 iz Ve
Vi yzd v
/ yZe yd A

116~

-

N

Tig._14

101

N
/////////////////////////

\\\\/113
27777777 77T 7T 777 I TITI 77

40

37

uf

l

Tig. 15

15

15



WO 2008/064106 PCT/US2007/084926

L el

123\' 115 ;\/}\»/\/uk\\\x\\]pm

r:JI :c;?&q?/ a—

Y 113
r:—_:—_:/ Il\_\:____:__:—; r\E%_—JS?/ \:—__-:::::—

125 126 37 127 1

Fig._ 17

O

113: l:/




- INTERNATIONAL SEARCH REPORT intornational application No.

PCT/US 07/84926

i

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO1L 29/66; HO1L 27/115; HO1L.29/788 (2008.01)
USPC - 257/318; 257/300, 257/321

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) : HO1L 29/66; HO1L 27/115; HO1L 29/788 (2008.01)
USPC : 257/318; 257/300, 257/321 :

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC : 257/318; 257/300, 257/321, search terms below ' : :

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PubWEST (USPT,PGPB,EPAB,JPAB), Google Scholar, Google
Search terms : EEPROM, substrate, spacer, floating gate, drain, source, stripes, mask, aperture and sidewall. .

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 6,861,698 B2 (Wang), 01 March 2005 (01.03.2005), Abstract, col 4 In 58, 60, col 9 In 10-11, | 19

col 10 In 29-31, col 22 In 10-15, col 24 in 50-53.
A US 5,910,912 A (Hsu et al.) 08 June 1999 (08.06.1999), col 1 In 31-35, col 2 In 53-54, col 31n | *1°

5, 50-51 and 60-61 ) )

US 5,280,446 A (Ma et al.) 18 January 1994 (18.01.1994), entire document, col 6, In 38-55 1-10

US 5,472,887 (Hutter et al.) 05 December 1995 (05.12.1995), entire document 1-10
D Further documents'are listed in the continuation of Box C. D
*  Special categories of cited documents: : “T" _later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

“E” earlier application or patent but published on or after the international  “X” document of particular relevance; the claimed invention cannot be
filing date : : considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited ‘;’r"-:;:l"‘]'(z}; thecp‘l_ﬂ;g)catlon date of another citation or other wy» gocument of particular relevance; the claimed invention cannot be -
speeial re S specili . L - considered 10 involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“p”  document published prior to the international filing date butlater than  «g»  g5cument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
10 March 2008 (10.03.2008) ‘ - 09 APR 2008

Name and mailing address of the ISA/US Authorized officer: :

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young

P.O. ?o)'( 1450, Alexandria, Virginia 22313-145¢ PGT Helpdesk: §71-272-4300

Facsimile No. 5§71-273-3201 . PCT OSP: §71-272-7774

Form PCT/ISA/210 (second sheet) (April 2007)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report

