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[57] ABSTRACT 

A nonvolatile SRAM cell (20) includes a six-transistor 
SRAM cell portion (22) and a three-transistor nonvolatile 
memory portion (30). The nonvolatile memory portion (30) 
is connected to one storage node (101) of the SRAM cell 
portion (22). The nonvolatile SRAM cell (20) is three 
dimensionally integrated in four layers of polysilicon. The 
nonvolatile memory portion (30) includes a thin ?lm 
memory cell (32) having an oxide-nitride-oxide structure 
(41), and is programmable with a relatively low program 
ming voltage. The three-dimensional integration of the non 
volatile SRAM cell (20) and relatively low programming 
voltage results in lower power consumption and smaller cell 
size. 

7 Claims, 7 Drawing Sheets 
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THREE-DIIVIENSIONALLY INTEGRATED 
NONVOLATILE SRAM CELL AND PROCESS 

FIELD OF THE INVENTION 

This invention relates generally to memories, and more 
particularly, to a three-dimensionally integrated nonvolatile 
static random access memory cell and process. 

BACKGROUND OF THE lNVENTION 

In general, semiconductor memories may be divided into 
two types, volatile memories and nonvolatile memories. 
Volatile memories lose stored data when power is removed, 
whereas nonvolatile memories retain stored data when 
power is removed. Static random access memories 
(SRAMs) and dynamic random access memories (DRAMs) 
are two types of volatile memories. A SRAM cell is com 
prised of a bistable ?ip-?op, and data is stored by setting the 
state of the bistable ?ip-?op. In a DRAM cell, a capacitor is 
used to store data. 

There are several types of nonvolatile memories. One type 
of nonvolatile memory is an Erasable Programmable Read 
Only Memory (EPROM). EPROMs can be erased and 
reprogrammed by the user using special ultraviolet light 
equipment. An Electrically Erasable Programmable Read 
Only Memory (EEPROM) is a type of nonvolatile memory 
that is electrically reprograrnmable using a relatively high 
voltage, and does not require the special equipment needed 
for reprogramming EPROMs. MNOS (Metal-Nitride-Ox 
ide-Semiconductor) transistors, SNOS (Polysilicon-Nitride 
Oxide-Silicon) transistors, SONOS (Polysilicon-Oxide~Ni 
tride-OXidc-Silicon) transistors are also used for nonvolatile 
storage, where the storage of charge occurs in the nitride 
layer. 

Nonvolatile RAMs, or NVRAMs, are memories which 
combine the high speed of SRAMs and non-volatility of a 
nonvolatile memory, such as an EEPROM. The memory cell 
of a NVRAM includes a SRAM portion and a nonvolatile 
portion. During normal operation, the NVRAM appears like 
a SRAM to a user. However, upon power interruption or any 
other interrupt sequence, data is transferred from the SRAM 
portion to the nonvolatile portion. The nonvolatile portion 
retains the data for an extended period of time. The non 
volatile portion of the NVRAM can include any of the above 
nonvolatile cells, or others not listed, that have two stable 
threshold voltage (VT) states. The state of the device can be 
changed from one stable state to another by altering the 
charge stored on either a ?oating silicon gate as in a ?oating 
gate transistor of an EEPROM, or in a gate dielectric ?lm as 
in the MNOS device. 

A problem common to many of the above nonvolatile 
memories is that they require relatively large programming 
voltages of about 10 to 15 volts for changing their threshold 
voltages. Also, they can only be re-programmed a limited 
number of times (typically about 100,000 cycles) before 
they are unserviceable. In addition, exposure to the large 
programming voltage can have a detrimental effect on the 
SRAM portion of the NVRAM, complicating the design of 
the NVRAM. 

Another problem with current NVRAMs is the large size 
of the cell. A large cell increases the size and cost of the 
NVRAM array. The large array is due, at least in part, to the 
increased spacing between elements because of the high 
programming voltage. 
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2 
SUMMARY OF THE INVENTION 

Accordingly, an integrated circuit nonvolatile memory is 
provided having a static random access memory cell portion, 
?rst and second switches, and a thin ?lm transistor nonvola 
tile memory cell. The static random access memory cell 
portion is for storing a bit of binary information. The ?rst 
switch having a ?rst terminal coupled to a ?rst storage node 
of the static random access memory cell portion, and a 
second terminal, the ?rst switch responsive to a ?rst control 
signal. The thin ?lm transistor nonvolatile memory cell 
having a ?rst current electrode coupled to the second ter 
minal of the ?rst switch, a second current electrode, and a 
control electrode. The second switch having a ?rst terminal 
coupled to a ?rst power supply voltage terminal, and a 
second terminal coupled to the second current electrode of 
the nonvolatile memory cell, the second switch responsive 
to a second control signal. Wherein the volatile memory cell 
is formed in ?rst, second, third, and fourth layers of poly 
silicon, and the thin ?lm transistor and the ?rst and second 
switches are formed in the third and fourth layers of poly 
silicon, the third and fourth layers of polysilicon overlying 
the ?rst and the second layers of polysilicon. 

In another embodiment, a method for forming an under 
gated thin ?lm nonvolatile memory device is provided. In 
another embodiment, a method for forming an overgated 
thin ?lm nonvolatile memory device is provided. These and 
other features and advantages will be more clearly under 
stood from the following detailed description taken in con 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates in schematic diagram form, a nonvola 
tile SRAM cell in accordance with the present invention. 

FIGS. 2-7 are cross-sectional views which illustrate a 
process for making one embodiment of a nonvolatile portion 
of the nonvolatile SRAM cell of FIG. 1. 

FIGS. 8-13 are cross-sectional views which illustrate a 
process for making another embodiment of the nonvolatile 
portion of the nonvolatile SRAM cell of FIG. 1. 

FIGS. 14-19 are cross-sectional views which illustrate a 
process for making another embodiment of the nonvolatile 
portion of the nonvolatile SRAM cell of FIG. 1. 

FIG. 20 is a cross-sectional view of an embodiment of the 
nonvolatile SRAM cell of FIG. 1. 

FIG. 21 is a timing diagram of various signals of the 
nonvolatile SRAM cell of FIG. 1. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Generally, the present invention provides a three-dimen 
sionally integrated nonvolatile SRAM cell. The nonvolatile 
SRAM cell includes a six-transistor SRAM cell portion and 
a three-transistor nonvolatile memory portion connected to 
one storage node of the SRAM cell portion. Three-dimen 
sional integration is accomplished by implementing both the 
N-channel pull-down transistors and the coupling transistors 
of the SRAM cell portion in the silicon substrate and lower 
polysilicon layers, and establishing the P-channel thin ?lm 
pull-up transistors of the SRAM cell portion as well as the 
nonvolatile cell portion on upper layers of polysilicon above 
the silicon substrate and lower polysilicon layers. The non 
volatile portion is programmed and erased at relatively low 
voltages of between 5 and 8 volts. The three-dimensionally 
integrated nonvolatile SRAM cell results in an NVRAM 

Petitioner Nanya Technology Corp. - Ex. 1013, p. 9



5,488,579 
3 

having lower power consumption and smaller size. 
The present invention can be more fully described with 

reference to FIGS. 1—21. FIG. 1 illustrates in schematic 
diagram form, nonvolatile SRAM cell 20 in accordance with 
the present invention. Nonvolatile SRAM cell 20 includes 
six-transistor SRAM cell portion 22 and nonvolatile cell 
portion 30. SRAM portion 22 includes P-channel thin ?lm 
pull-up transistors 24 and 25, N-channel pull-down transis 
tors 26 and 27, and coupling transistors 28 and 29. Non 
volatile portion 30 includes thin ?lm select transistors 31 
and 33, and thin ?lm nonvolatile memory cell 32. 

P-channel transistor 24 has a source connected to a power 
supply voltage terminal labeled “VDDI”, a drain connected 
to node 102, and a gate connected to node 101. P-channel 
transistor 25 has a source connected to VDm, a drain 
connected to node 101, and a gate connected to node 102. 
N-channel transistor 26 has a drain connected to the drain of 
P-channel transistor 24 at node 102, a source connected a 
power supply voltage terminal labeled “V SS”, and a gate 
connected to the gate of P-channel transistor 24 at node 101. 
N-channel transistor 27 has a drain connected to the drain of 
P-channel transistor 25 at node 101, a source connected to 
VSS, and a gate connected to the gate of P-channel transistor 
25 at node 102. Coupling transistor 28 is an N-channel 
transistor and has a ?rst drain/source terminal coupled to a 
bit line labeled “BL”, a gate coupled to a word line labeled 
“WL”, and a second drain/source terminal coupled to node 
102. Coupling transistor 29 is an N-channel transistor and 
has a ?rst drain/source terminal coupled to a bit line labeled 
“BL*”, a gate coupled to word line WL, and a second 
drain/source terminal coupled to node 101. In the illustrated 
embodiment, SRAM cell portion 22 is a conventional six 
transistor SRAM cell. In other embodiments, SRAM cell 
portion 22 may be a four transistor SRAM cell having load 
resistors instead of P-channel transistors 24 and 25. 

Thin ?lm P-channel transistor 31 has a source connected 
to a power supply voltage terminal labeled “VDDQ”, a gate 
for receiving a control signal labeled “SI”, and a drain. Thin 
?lm nonvolatile memory cell 32 has a source connected to 
the drain of P-channel transistor 31, a control gate for 
receiving a control signal labeled “M”, and a drain. Thin ?lm 
P-channel transistor 33 has a source connected to the drain 
of nonvolatile memory cell 32, a gate for receiving a control 
signal labeled “S2”, and a drain connected to node 101. 
Power supply voltage terminals VDD1 and VDD2 both 
receive a power supply voltage equal to about 3.3 volts. 
However, during power-up of nonvolatile SRAM cell 20 and 
during nonvolatile recall operating mode, the supply voltage 
provided to VDD1 ramps up more slowly than the supply 
voltage provided to VDDZ. V SS is connected to ground. Thin 
?lm nonvolatile memory cell 32 has two stable threshold 
voltage (VT) states, a low VT state, and a high VT state. 

Nonvolatile SRAM cell 20 has three operating modes: 
nonvolatile store, nonvolatile recall, and read. Refer to FIG. 
21 for a timing diagram of various signals of the nonvolatile 
SRAM cell of FIG. 1 during each of the three operating 
modes. 

During the nonvolatile recall operating mode, data is 
transferred from the thin ?lm nonvolatile memory cell 32 to 
the SRAM portion 22 via storage node 101. In FIG. 21, the 
nonvolatile recall operation mode is illustrated during 
power-up of nonvolatile SRAM cell 20. Control signals S1 
and S2 are a logic low voltage, which causes thin ?lm 
P-channel transistors 31 and 33 to be conductive. P-charmel 
transistors 31 and 33 function as conventional transistor 
switches. A power supply voltage equal to about 3.3 volts is 
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4 
then provided to V DB2. Then, a power supply voltage equal 
to about 3.3 volts is provided to VDm. VDD2 receives a 
power supply voltage before V DB1. SRAM portion 22 
powers-up in the logic state as determined by the VT of thin 
?lm nonvolatile memory cell 32. If thin ?lm nonvolatile 
memory cell 32 has been programmed to have a low VT, thin 
?lm nonvolatile memory cell 32 is conductive, coupling 
storage node 101 to VDDZ. This causes storage node 101 to 
receive a logic “one” voltage, which is latched by SRAM 
portion 22. If thin ?lm nonvolatile memory cell 32 is 
programmed to have a high V7, storage node 101 is not 
connected to VDDZ. Storage node 101 will then store a logic 
“zero”, which is latched by SRAM portion 22. 

In the nonvolatile store mode, data is transferred from 
SRAM cell portion 22 to the nonvolatile portion 30. Control 
signal S2 is provided as a logic low voltage, causing 
P-channel transistor 33 to be conductive. Control signal M 
is initially pulsed to a programming voltage equal to a 
negative VDD2 (—3.3 volts) for a period of about I millisec 
ond and then pulsed positive to about 2 VDD2 (6.6 volts). 
Depending on the logic state of storage node 101, nonvola 
tile memory cell 32 will either be programmed (high VT) or 
erased (low VT). For example, if storage node 101 is in a 
logic low state, the VT of nonvolatile memory cell 32 does 
not change during the negative pulse, but is erased to have 
a low VT during the positive pulse. On the other hand, if 
storage node 101 is storing a logic high (about 3.3 volts), 
nonvolatile memory cell 32 is programmed to a high VT. 
After the store mode operation is complete, control signal S2 
is provided as a logic high voltage, causing P-channel 
transistor 33 to be substantially non-conductive. This iso 
lates nonvolatile memory cell 32 from storage node 101 so 
that a change of the voltage at storage node 101 does not 
inadvertantly change the VT of nonvolatile memory cell 32. 

During the read mode, control signals S1 and S2 are 
provided as logic high voltages, causing P-channel transis 
tors 31 and 33 to be substantially nonconductive. This 
isolates nonvolatile memory cell 32 from node 101 and 
V DB2. SRAM portion 22 can now function independently as 
a conventional SRAM cell having normal read and write 
cycles. 

FIGS. 2-7 are cross-sectional views which illustrate a 
process for making one embodiment of nonvolatile memory 
cell 32 of FIG. 1. In FIG. 2, thin ?lm nonvolatile memory 
cell 32 includes insulating substrate 34. The composition of 
insulating substrate 34 can be any appropriate insulating 
substrate including, but not limited to, silicon dioxide, 
silicon nitride, and aluminum oxide. Insulating substrate 34 
may also be a substrate having an overlying dielectric layer. 
A highly doped polysilicon gate 36 is formed on insulating 
substrate 34. The surface of polysilicon gate 36 is oxidized 
and nitride sidewall spacers 37 are constructed laterally 
adjacent to each edge of polysilicon gate 36. Oxide layer 35 
is shown between sidewall spacers 37 and polysilicon gate 
36. The nitride spacers will serve to smooth the topography 
created by polysilicon gate 36 and eliminate any sharp 
comers or edges of polysilicon gate 36 from protruding into 
overlying layers. 

FIG. 3 illustrates the formation of O-N-O (oxide-nitride 
oxide) structure 41. O-N-O structure 41 includes oxide layer 
38, nitride layer 39, and tunnel oxide 40. CVD (chemical 
vapor deposition) oxide layer 38 is deposited on insulating 
substrate 34 and a top surface of polysilicon gate 36. Oxide 
layer 38 is relatively thick (40—60 angstroms), and could 
also be constructed from a TEOS (tetraethyl orthosilicate) 
?lm. The thickness of oxide layer 38 is tailored to allow 
programming in the 5—8 volt range. A relatively thin silicon 

Petitioner Nanya Technology Corp. - Ex. 1013, p. 10



5,488,579 
5 

nitride layer 39 is deposited over oxide layer 38. A thin 
tunnel oxide 40 is formed on the surface of nitride layer 39 
either by low temperature thermal oxidation of the surface of 
nitride layer 39, or by deposition of an ultra-thin TEOS ?lm. 
Thin tunnel oxide 40 has a thickness in the range of 15-20 
angstroms. If tunnel oxide 40 is too thick, the required 
programming voltage will be larger, and if tunnel oxide 40 
is too thin (less than 10 angstroms), charge retention time 
will be small as the charge will tend to leak away. 
As illustrated in FIG. 4, a polysilicon layer 42 having a 

thickness of between 500-1000 angstroms is chemically 
deposited on O-N~O structure 41 and annealed to form a 
relatively defect free conductive polysilicon channel region. 
The thickness of polysilicon layer 42 is such that nonvolatile 
memory cell 32 is a fully depleted device. As illustrated in 
FIG. 5 and FIG. 6, polysilicon layer 42 is then doped using 
conventional implant techniques to a form a lightly doped 
P-channel region, P- LDD (lightly doped drain) region, and 
P+ source/drain regions. Note that the P-LDD regions are in 
asymmetrical alignment with respect to polysilicon gate 36. 
The implants overlap one end but underlap the other end of 
the polysilicon gate 36. The asymmetry is useful for reduc 
ing a leakage current of thin ?lm nonvolatile memory cell 32 
when nonvolatile memory cell 32 is non-conductive. 

FIG. 7 illustrates low temperature BPSG (borophospho— 
silicate glass) 44, deposited over polysilicon layer 42. BPSG 
44 is a dielectric layer. Contact holes 45 are etched in BPSG 
44 expose a contact portion of the source and drain regions 
of nonvoltage memory cell 32. A tungsten plug is used to 
form an electrical contact for the source and drain regions. 
Thereafter, a layer of aluminum, or aluminum based alloys, 
is deposited and etched to form electrical contacts 46. Note 
that only source and drain contacts are shown in FIG. 7. A 
contact to polysilicon gate 36 is made laterally and is 
therefore not shown. 

FIGS. 8-13 are cross-sectional views which illustrate a 
process for making an overgated nonvolatile memory cell 
32', which can be substituted for nonvolatile memory cell 32 
in FIG. 1. 

FIG. 8 illustrates polysilicon layer 71 chemically depos 
ited on insulating substrate 70. The composition of insulat 
ing substrate 70 is the same as that of insulating substrate 34 
of FIG. 2, and can be any appropriate insulating substrate 
including, but not limited to, silicon dioxide, silicon nitride, 
and aluminum oxide. Polysilicon layer 71 is a conductive 
layer that is doped to provide a background doping concen 
tration and etched to delineate the various device regions. 
Non-recrystalized polysilicon is used for polysilicon layer 
71. 

In FIG. 9, relatively thin tunnel oxide 72 is grown or 
deposited over polysilicon layer 71. Thin tunnel oxide 72 is 
grown by oxidizing a surface of polysilicon layer 71. Thin 
tunnel oxide 72 has a thickness in the range of 15-20 
angstroms. Thin silicon nitride layer 73 is then deposited 
over thin tunnel oxide 72. Oxide layer 74 is formed by 
oxidizing the surface of nitride layer 73, or by depositing 
oxide layer 74 over nitride layer 73. 

FIG. 10 illustrates a heavily doped and etched polysilicon 
gate 75 deposited on oxide layer 74. 

In FIG. 11, asymmetric source/drain LDD regions are 
de?ned using a P-mask in a manner which produces an 
overlap of the gate-source region and an underlap of the 
gate-drain region. After oxidation of the surface of polysili 
con gate 75 to form a thin oxidation layer 77, nitride spacers 
76 are formed around the edges of polysilicon gate 75. FIG. 
12 illustrates implanted P+ source/drain regions in polysi1i— 
con layer 71. 
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6 
FIG. 13 illustrates the conventional process steps of 

deposition of a BPSG lLD (interlevel dielectric) layer 80 
overlying nonvolatile memory cell 32'. Contact holes 81 are 
etched in BPSG layer 80 to the source, drain, and gate 
regions of nonvoltage memory cell 32'. Thereafter, a layer of 
aluminum or aluminum based alloys is deposited and etched 
to form electrical contacts 78 and 79. Electrical contacts 78 
are source/drain contacts, and electrical contact 79 is a gate 
contact. 

FIGS. 14-19 are cross-sectional views which illustrate a 
process for making nonvolatile cell portion 30 of FIG. 1. The 
process of FIGS. 14—19 merges the nonvolatile memory 
device 32‘ with P-charmel transistors 31 and 33 (FIG. 1) in 
one single overgated, thin ?lm nonvolatile cell portion 30. 
The merging of the series transistors further reduces the size 
of nonvolatile cell portion 30. 

FIG. 14 illustrates insulating substrate 50 having overly 
ing thin polysilicon layer 52 deposited thereon. Polysilicon 
layer 52 is doped to form a channel region. 

In FIG. 15, oxide layer 54 is formed on polysilicon layer 
52 using a conventional oxidation or deposition process to 
produce an oxide thickness of about 100 angstroms. Gate 
oxide layer 54 functions as the gate oxide for P-channel 
transistors 31 and 33. 

FIG. 16 illustrates polysilicon gates 56 and 57. Polysili 
con gates 56 and 57 are formed from a heavily doped 
polysilicon layer that is formed on top of gate oxide layer 54 
and de?ned to produce the gates of P-channel transistors 31 
and 33, respectively. Using an etch mask, oxide from the 
middle of the two gate regions is removed to provide a 
window region in gate oxide layer 54. 

FIG. 17 illustrates the formation of tunnel oxide layer 58, 
nitride layer 59, and oxide layer 60. Thin tunnel oxide 58 is 
grown or deposited over and between polysilicon gates 56 
and 57. Thin tunnel oxide 58 has a thickness in the range of 
l5-20 angstroms. Thin silicon nitride layer 59 is then 
deposited over thin tunnel oxide 58. Oxide layer 60 is 
formed by oxidizing the surface of nitride layer 59, or by 
depositing oxide layer 60 over nitride layer 59. 

FIG. 18 illustrates polysilicon gate 61 deposited, doped 
and de?ned to form'the gate of nonvolatile memory cell 32 
of FIG. 1. 

In FIG. 19, P+ source/drain implants are formed in a 
self-aligned manner in polysilicon layer 52. A conventional 
BPSG ILD layer 68 is formed overlying nonvolatile portion 
30. Contact holes 62, 64, and 63 are etched in BPSG layer 
68 to expose the source, drain, and gate regions, respec 
tively. Thereafter, a layer of aluminum or aluminum based 
alloys is deposited and etched to form electrical contacts 65, 
66, and 67. 
The drain of P-channel transistor 31 is connected to the 

power supply voltage terminal VDm, and the source of 
P-channel transistor 33 is connected to storage node 101 (not 
shown in FIG. 19). 

FIG. 20 is a cross-sectional view of nonvolatile SRAM 
cell 20 of FIG. 1. Nonvolatile SRAM cell 20 is fabricated on 
substrate 10 and is implemented using four layers of poly 
silicon. Field oxide regions 90 and 91 are diffused into 
substrate 10 to isolate the active regions of nonvolatile 
SRAM cell 20. Implants 92, 93, 98 and 99 are source/drain 
implants for N-channel transistors 26, 27, 28, and 29. Buried 
contacts 106 connect the gate of P-channel transistor 24 to 
the gate of N-channel transistor 26, and the gate of P-chan 
nel transistor 25 to the gate of N-channel transistor 27. 

First polysilicon layer 94 is deposited over substrate 10 
and forms the gates of N-channel transistors 26, 27, 28 and 
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29. Tungsten silicide layer 95 is deposited over ?rst poly 
silicon layer 94 and is used to provided word line strapping 
for coupling transistors 28 and 29. ARC (anti~re?ective 
coating) 108 is formed above tungsten silicide layer 95, and 
is used for de?ning the gate regions of transistors 26, 27, 28, 
and 29. Oxide cap 96 is a TEOS layer that isolates the 
source/drain contacts in polysilicon layer 95 and polysilicon 
layer 94 from second polysilicon layer 100. TEOS structure 
97 isolates the gates of P-channel transistors 24 and 25, from 
the gates of N-channel transistors 26 and 27. Note that TEOS 
structure 97 can also be any other form of plasma deposited 
oxide using low temperature deposition. Plug contact 103 
forms the gate contacts for P-channel transistors 24 and 25 
and N-channel transistors 26 and 27 . Thin ?lm gate oxide 
107 forms the gates of P-channel transistors 24, 25, 31, and 
33. 

Second polysilicon layer 100 is deposited over oxide layer 
97, and is used as window poly for connecting the source/ 
drain regions of N-chanrrel transistor 26 to VSS and the 
source/drain regions of N-channel transistor 28 to bit line 
BL. Also, second polysilicon layer 100 is used as window 
poly for connecting the source/drain regions of N-channel 
transistor 27 to V SS and the source/drain regions of N-chan 
nel transistor 29 to bit line BL*. Titanium silicide 109 is 
deposited over second polysilicon layer 100 and etched to 
provide strapping from power supply terminal V SS to 
ground. O-N-O structure 41 is deposited as described above 
with reference to FIG. 3. 

A third polysilicon layer is used to form polysilicon gate 
36 (also illustrated in FIG. 2). Oxide layer 105 isolates 
BPSG 44 from the other layers of nonvolatile SRAM cell 20. 
Oxide layer 105 is approximately 1000 angstroms thick and 
consists of TEOS. BPSG 44 is also shown in FIG. 7. Alayer 
of aluminum or aluminum based alloys is deposited over 
BPSG 44 and etched to form electrical contacts 46 (shown 
in FIG. 7). 
A fourth polysilicon layer is deposited over O-N-O struc 

ture 41 and forms thin ?lm polysilicon layer 42 as illustrated 
in FIG. 5 and FIG. 6, and also gate contacts 103 for 
P-channel transistors 24 and 25, and N-channel transistors 
26 and 27. ARC 104 is formed above thin ?lm polysilicon 
layer 42 for patterning the gates of P-channel transistors 24 
and 25. 

By three-dimensionally integrating nonvolatile SRAM 
cell 20 in four layers of polysilicon, surface area on semi 
conductor substrate 10 is more efficiently used, resulting in 
a higher density NVRAM array. Three-dimensional integra 
tion is made possible by the use on nonvolatile portion 30, 
which can be programmed and erased with relatively low 
voltages (5- 8 volts). The use of lower power supply 
voltages and lower programming voltages results in lower 
power supply consumption. As the feature size is reduced in 
advanced sub-half micron technologies, the maximum oper 
ating voltages are reduced. Thus, three-dimensional integra 
tion using a power supply voltage of 3.3 volts with a 
conventional nonvolatile memory cell process results in a 
very dense array. In addition, the lower programming volt 
age reduces the stress on the SRAM portion without com 
plicated isolation devices. 

While the invention has been described in the context of 
a preferred embodiment, it will be apparent to those skilled 
in the art that the present invention may be modi?ed in 
numerous ways and may assume many embodiments other 
than that speci?cally set out and described above. For 
example, thin ?lm P-channel transistors 26 and 27 can be 
replaced with resistor loads and thin ?lm P-channel transis 
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8 
tors 31, 32, and 33 may be replaced by thin ?lm N-channel 
transistors. Nonvolatile memory cell 32 can be produced in 
a self-aligned manner resulting in a smaller memory cell but 
at the expense of complicated and expensive processing. The 
charge storage region of nonvolatile memory cell 32 can also 
be easily changed. Nitride layer 39 can be replaced by 
another high dielectric constant material such as Ta2 05, 
A1203, and TiOZ. Various forms of oxynitridation processes, 
well-known in published literature, can also be used to 
construct thin tunnel oxide 38 or the thicker oxide 40 in 
O-N-O structure 41. Accordingly, it is intended by the 
appended claims to cover all modi?cations of the invention 
which fall within the true spirit and scope of the invention. 
What is claimed is: 
1. An integrated circuit nonvolatile memory, comprising: 
a static random access memory cell portion for storing a 

bit of binary information; 
a ?rst switch having a ?rst terminal coupled to a ?rst 

storage node of the static random access memory cell 
portion, and a second terminal, the ?rst switch respon 
sive to a ?rst control signal; 

a thin ?lm transistor nonvolatile memory cell having a 
?rst current electrode coupled to the second terminal of 
the ?rst switch, a second current electrode, and a 
control electrode; and 

a second switch having a ?rst terminal coupled to a ?rst 
power supply voltage terminal, and a second terminal 
coupled to the second current electrode of the thin ?lm 
transistor nonvolatile memory cell, the second switch 
responsive to a second control signal; 

wherein the volatile memory cell is formed in ?rst, 
second, third, and fourth layers of polysilicon, the thin 
?lm transistor nonvolatile memory cell and the ?rst and 
second switches are formed in the third and fourth 
layers of polysilicon, the third and fourth layers of 
polysilicon overlying the ?rst and the second layers of 
polysilicon. 

2. The integrated circuit memory of claim 1, wherein the 
volatile memory cell is characterized as being a six-transis 
tor static random access memory cell having P-channel thin 
?lm pull-up transistors. 

3. The integrated circuit memory of claim 1, wherein the 
?rst and second switches are both characterized as being 
P-channel thin ?lm transistors. 

4. The integrated circuit memory of claim 1, wherein the 
thin ?lm transistor nonvolatile memory cell is characterized 
as being an undergated thin ?lm transistor nonvolatile 
memory cell comprising: 

a gate electrode overlying an insulating substrate, the gate 
electrode having a ?rst edge, a second edge, and a top 
surface; 

a ?rst oxide layer overlying the insulating substrate and 
overlying the top surface of the gate electrode; 

a silicon nitride layer formed over the ?rst oxide layer; 
a relatively thin second oxide layer overlying the silicon 

nitride layer; and 
a conductive layer overlying the second oxide layer, the 

conductive layer having a source region and a drain 
region implanted therein and in assymmetrical align 
ment with the gate electrode. 

5. The integrated circuit memory of claim 4, further 
comprising a ?rst sidewall spacer positioned adjacent to the 
?rst edge of the gate electrode and a second sidewall spacer 
positioned adjacent to the second edge of the gate electrode. 

6. The integrated circuit memory of claim 1, wherein the 
thin ?lm transistor nonvolatile memory cell is characterized 
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as being an overgated thin ?lm transistor nonvolatile a second oxide layer formed over the silicon nitride layer; 
memory cell comprising: and 

a Conductive layer overlying the Surface of an insulating a gate electrode overlying the second oxide layer. 
Substrate, the coPductive layer_having a drain region 7. The integrated circuit memory of claim 1, wherein the 
and a Source reglon form them”; 5 ?rst and second switches are merged into the thin ?lm 

a relatively thin ?rst oxide layer overlying the conductive transistor nonvolatile memory Cd}, 
layer; 

a silicon nitride layer overlying the ?rst oxide layer; * * * * * 
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