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(57) ABSTRACT 

An array of non-volatile memory cells is arranged in a 
plurality of roWs and columns Where each cell has a ?rst 
region and a second region spaced apart from one another 
With a channel region therebetWeen for the conduction of 
charges betWeen the ?rst region and the second region. A 
?rst plurality of roW lines electrically connect the second 
region of cells in the same roW. Aplurality of column lines 
electrically connect the ?rst region of cells in the same 
column. Aplurality of strap lines connect certain of the roW 
lines With each strap line electrically connecting a second 
plurality of roW lines not immediately adjacent to one 
another, Wherein roW lines connected to a ?rst strap line are 
interleaved With roW lines connected to a second strap line. 
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ARRAY OF INTEGRATED CIRCUIT UNITS WITH 
STRAPPING LINES TO PREVENT PUNCH 

THROUGH 

TECHNICAL FIELD 

[0001] The present invention relates to an array of semi 
conductor integrated circuit units, and more particularly 
?oating gate memory cells, With strapping lines, to strap roW 
lines With a high voltage applied thereto to reduce the affect 
of punch through. 

BACKGROUND OF THE INVENTION 

[0002] Non-volatile semiconductor memory cells using a 
?oating gate to store charges thereon and memory arrays of 
such non-volatile memory cells formed in a semiconductor 
substrate are Well knoWn in the art. Typically, such ?oating 
gate memory cells have been of the split gate type, or 
stacked gate type. 

[0003] In either ?oating gate memory cells of the split gate 
type or stacked gate type, the memory cell has a ?rst region 
and a second region spaced apart from one another With a 
channel region therebetWeen for the conduction of charges. 
A ?oating gate stores the charges thereon to control the 
conduction of charges in the channel region. Finally, a 
control gate controls the conduction charges in the channel 
region either directly, in the split gate type, or indirectly, in 
the stacked gate type. 

[0004] In the prior art, an array of such non-volatile 
memory cells are arranged in a plurality of roWs and 
columns With memory cells in the same roW having their 
second region connected together and memory cells in the 
same column having their ?rst region connected together. In 
addition, typically, the memory cells in the same roW have 
their control gate connected together. RoW decoders and 
column decoders, Which are Well knoWn in the art, are also 
provided to decode addresses and to select a memory cell 
de?ned by the intersection of a selected column line and a 
selected control gate line. Typically, hoWever, in the prior 
art, either all of the second regions of all the memory cells 
are connected together, or a plurality of immediately adja 
cent roWs of memory cells have their second regions con 
nected together to de?ne a sector. A sector select line then 
connects to each of the sectors and appropriate sector 
address decoders are provided to activate particular sectors. 
Referring to FIG. 10A there is shoWn a schematic circuit 
diagram of the prior art in Which four sectors are shoWn With 
each sector having four roWs of memory cells having their 
second regions connected together. A sector line is con 
nected to each of the four sectors and When a sector line is 
activated, all of the second region of memory cells in that 
sector receive a voltage supplied on the sector line. 

[0005] Referring to FIG. 10B, there is shoWn in greater 
detail the schematic diagram of an array of non-volatile 
memory cells of the prior art. Each of the memory cells is 
of the type shoWn and disclosed in US. Pat. No. 5,029,130, 
Which is of the split gate type having a control gate, ?rst 
region (designated as bit line BL) and second region (des 
ignated a source line VSS). As can be seen in FIG. 10B, the 
control gates of each of the roWs of memory cells, desig 
nated as WLX (or Word line), are connected singularly and 
not With each other. Similarly, the column lines Which are 
the bit lines, designated as BLX, are connected individually 
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to the ?rst region of the memory cells in the same column 
and not to one another. HoWever, the source line, designated 
as V55, Which is connected to the second region of the 
memory cells, are connected together at least for tWo of the 
roWs of memory cells that are immediately adjacent to one 
another. 

[0006] For the memory cell of the type disclosed in US. 
Pat. No. 5,029,130, during programming, a high voltage is 
supplied to the source line While the bit line has a loW 
voltage supplied thereto. Thus, there creates a high voltage 
differential betWeen the second region and the ?rst region of 
the selected memory cell. When a high voltage is supplied 
to the second region of the selected memory cell and a loW 
voltage is supplied to the ?rst region of the selected cell, a 
depletion region is formed in the channel region of the 
selected memory cell. To a ?rst order effect, the selected 
source line and the selected bit line of the selected memory 
cell can potentially provide possible punch through betWeen 
the source line and the bit line. Thus, as shoWn in FIG. 10B, 
When the memory cell 210 is selected, there is the possibility 
of punch through effect on memory cell 212 Which is in the 
same column as the selected memory cell and having the 
same high voltage supplied to its second region due to its 
source line being connected With the source line of the 
selected cell 210. 

[0007] If the source lines are suf?ciently proximate to the 
depletion regions betWeen adjacent memory cells, the deple 
tion region can merge Which can enhance the punch through. 
This is because the lack of mobile carriers in the merged 
depletion region Which signi?cantly increases the local 
substrate resistance. In addition, the high voltage sets up a 
potential barrier betWeen the bit line junction and the 
substrate. The result of this is that hole current generated 
near the bit line junction is retarded from draining to the 
substrate. This is conceptually equivalent to a base resis 
tance in bi-polar devices or a history effect in partially 
completed silicon-on-isolated devices. Both of these effects 
are Well knoWn to enhance punch through. The impact of 
this effect further increases if there are signi?cant sources of 
substrate current, such as that Which occurs either inherently 
or parasitically during certain high voltage erase and pro 
gramming operations in non-volatile memory devices. 

[0008] Finally, the possibility of punch increases as the 
scale of integration increases, i.e., as the siZe of each 
non-volatile memory cell decreases. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, in the present invention, a plurality of 
integrated circuit units are arranged in a plurality of roWs 
and columns Where each unit has a ?rst region and a second 
region spaced apart from one another With a channel region 
therebetWeen for the conduction of charges betWeen the ?rst 
region and the second region. During its operation, a select 
unit has a voltage applied to its second region. A ?rst 
plurality of roW lines electrically connects the second region 
of units in the same roW. A plurality of column lines 
electrically connects the ?rst region of units in the same 
column. Finally, a plurality of strap lines is provided With 
each strap line electrically connecting a second plurality of 
roW lines not immediately adjacent to one another Wherein 
roW lines strapped together by a ?rst strap line are inter 
leaved With roW lines strapped together by a second strap 
line. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1A is a top vieW of a semiconductor substrate 
used in the ?rst step to form isolation regions. 

[0011] FIG. 1B is a cross sectional vieW of the structure 
taken along the line 1B-1B shoWing the initial processing 
steps. 

[0012] FIG. 1C is a top vieW of the structure shoWing the 
neXt step in the processing of the structure of FIG. 1B, in 
Which isolation regions are de?ned. 

[0013] FIG. 1D is a cross sectional vieW of the structure 
in FIG. 1C taken along the line 1D-1D shoWing the isolation 
trenches formed in the structure. 

[0014] FIG. 1E is a cross sectional vieW of the structure 
in FIG. 1D shoWing the formation of isolation blocks of 
material in the isolation trenches. 

[0015] FIG. 1F is a cross sectional vieW of the structure 
in FIG. 1E shoWing the ?nal structure of the isolation 
regions. 

[0016] FIGS. 2A-2Q are cross sectional vieWs of the 
semiconductor structure in FIG. 1F taken along the line 
2A-2A shoWing in sequence the steps in the processing of 
the semiconductor structure in the formation of a non 
volatile memory array of ?oating gate memory cells. 

[0017] FIGS. 3A-3Q are cross sectional vieWs of a 
periphery region of the semiconductor structure shoWing in 
sequence the steps in the processing of the semiconductor 
structure in the formation of the non-volatile memory array 
of ?oating gate memory cells. 

[0018] 
[0019] FIGS. 5A-5J are cross sectional vieWs of the 
semiconductor structure in FIG. 1F taken along the line 
2A-2A shoWing in sequence the steps in a ?rst alternate 
processing embodiment of the semiconductor structure. 

[0020] FIGS. 6A to 6D are cross sectional vieWs of a 
semiconductor structure shoWing in sequence the steps in a 
second alternate processing embodiment of the semiconduc 
tor structure shoWn in FIG. 2B. 

[0021] FIGS. 7A-7D are cross sectional vieWs of the 
isolation region of the semiconductor structure shoWing in 
sequence the steps in the second alternate processing 
embodiment of the structure shoWn in FIG. 3B. 

[0022] FIGS. 8A to 8D are cross sectional vieWs of a 
semiconductor structure shoWing in sequence the steps in a 
third alternate processing embodiment of the semiconductor 
structure shoWn in FIG. 2B. 

[0023] FIGS. 9A-9D are cross sectional vieWs of the 
isolation region of the semiconductor structure shoWing in 
sequence the steps in the third alternate processing embodi 
ment of the structure shoWn in FIG. 3B. 

[0024] FIG. 10A is a schematic circuit diagram of the 
interconnection of source lines to a sector line in a non 

volatile memory cell array of the prior art. 

[0025] FIG. 10B is a detailed circuit diagram of one 
embodiment of the non-volatile memory array of the prior 
art. 

FIG. 4 is a top plan vieW of the memory cell array. 
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[0026] FIG. 11 is a schematic circuit diagram of the 
connection of the source lines in the array of non-volatile 
memory cells of the present invention, Wherein the con 
nected sources lines are interleaved With one another. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0027] Referring to FIG. 11, there is shoWn a schematic 
circuit diagram of a non-volatile memory cell array of the 
present invention. Schematically, there is shoWn a plurality 
of source lines 220A. . . 220N, each source line connecting 
the second region or the source region of a non-volatile 
memory cell in the same roW. The plurality of source lines 
220A . . . 220N are divided into a plurality of sectors With 

each sector electrically connected to a plurality of source 
lines 220 that are not immediately adjacent to one another. 
Thus, for example, sector line 230A is electrically connected 
by a ?rst strap line 240A Which is connected to source lines 
220A, 220C, 220E and 220G. A second sector line 230B is 
electrically connected by a second strap line 240B to source 
lines 220B, 220D, 220F and 220H. A third sector line 230C 
is electrically connected by a strap line 240C to source lines 
2201, 220K, 220M and 2200. Finally, a fourth sector line 
230D is electrically connected to a fourth strap line 240D 
Which electrically connects to source lines 220], 220L, 220N 
and 220P. As a result, the source lines 220 connecting to one 
sector line are interleaved With respect to the source lines 
220 that are connected to another sector line. As a result, no 
adjacent source lines have high voltages applied simulta 
neously at any one operation. 

[0028] In comparison to the array of the prior art, it should 
be noted that the number of sector lines per array is the same, 
the decoding is the same, and the resistance is the same, 
although the present invention requires space for an eXtra 
vertical strapping line per source contact to alloW the 
interleave. Finally, the amount of disturbance is the same. 
Although punch through due to source junction at high 
voltage can still occur in the array of the present invention, 
there is noW no enhancement due to depletion region merg 
mg. 

[0029] As previously stated, the present invention of strap 
ping alternate source lines can be used With any array of 
non-volatile memory cells, such as stacked gate, or split gate 
(such as that disclosed in US. Pat. No. 5,029,130, Whose 
disclosure is incorporated herein by reference). Further 
more, the present strapping invention can be used With any 
array of integrated circuit units in Which a voltage is applied 
and punch through may result, so long s the integrated 
circuit units are arranged in an array pattern consisting of 
roWs and columns With the ?rst regions in the same column 
connected by a column line and With the second regions in 
the same roW connected by a roW line. One preferred 
non-volatile memory cell in an array to be used With the 
present strapping invention is described as folloWs: 

[0030] The method of making non-volatile memory cells 
that can be used in the present invention is illustrated in 
FIGS. 1A to 1F and 2A to 2Q (Which shoW the processing 
steps in making the memory cell array), and FIGS. 3A-3Q 
(Which shoW the processing steps in making the periphery 
region(s) of the semiconductor structure). The method 
begins With a semiconductor substrate 10, Which is prefer 
ably of P type and is Well knoWn in the art. The thicknesses 


















