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CIRCUIT AND METHOD FOR A THREE 
DIMENSIONAL NON-VOLATILE MEMORY 

TECHNICAL FIELD 

[0001] The present invention relates to a circuit and method 
for providing a three dimensional non-volatile memory cell 
using charge trapping storage in a silicon oxide nitride-oxide 
ONO silicon (SONOS) ?ash memory device. The cell incor 
porates a uniform doping for the source, drain and channel 
regions. In one preferred embodiment a FinFET form is used 
another preferred embodiment a fully-depleted silicon on 
insulator (FD-SOI) form is used. The cell utiliZes a charge 
trapping transistor using ONO or other similar dielectrics. A 
plurality of these non-volatile memory cells may be arranged 
in three dimensions using vertical layers. Processing methods 
are presented for fabricating integrated circuits incorporating 
memory portions using the SONOS cells. These cells are 
particularly useful to increase the density of a Flash NAND 
memory array because the uniform doping in the source, 
drain and channel circumvents thermal source and drain out 
diffusion problems that occurred in prior art attempts to form 
three dimensional arrays Where SONOS cells are used. 

BACKGROUND 

[0002] Non-volatile memory cells are used to store data in 
integrated circuits. As portable and battery poWered devices 
become increasingly important in the consumer products 
industry, the need for permanent data storage When batteries 
lose poWer or betWeen uses of a battery poWered product, 
increases. Example consumer products that require non-vola 
tile storage are battery operated devices such as cell phones, 
portable computers such as laptops, notebook and PDAs, 
Wireless email terminals, MP3 audio and video players, por 
table Wireless Web broWsers and the like, and these integrated 
circuits increasingly include on-board data storage. As is 
knoWn in the art. 

[0003] A commercially important type of non-volatile stor 
age is the NAND ?ash array. These arrays offer good storage 
density and permanent data storage, hoWever the erase and 
program cycles are performed to address several cells at once. 
Another type of non-volatile storage is NOR Flash, Which is 
more suitable When random access to individual cells is 
required, NOR ?ash cells are arranged With individual bit and 
Word lines accessing individual cells, hoWever the density of 
these arrays is loWer and so the amount of data storage/unit 
area is also much loWer. Both types of non-volatile memory 
are becoming increasingly prevalent in various applications 
for storage of data, voice, images, audio and video. 
[0004] FIG. 1 depicts a type of non-volatile charge trapping 
storage cell. In FIG. 1, a semiconductor substrate region 11 is 
shoWn in a cross sectional vieW. Source and drain regions 15 
and 25 are formed using conventional semiconductor process 
doping steps to dope the substrate folloWed by an anneal step 
to cause thermal diffusion to form the source and drain dif 
fusions to the desired depth. A dielectric stack, typically 
oxide nitride oxide or so-called “ONO”, is formed from depo 
sition and patterning steps as are knoWn in the art. Oxide 23, 
nitride 13, and oxide 19 are deposited or groWn over the 
substrate. Polysilicon gate 17 is formed to complete the stor 
age cell, this gate is the control gate and Will be used to receive 
the Word line or roW line voltage. This planar non-volatile 
cell, a single gate non-volatile device, can be programmed by 
adjusting the threshold voltage so that the cell is either con 
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ducting, or non-conducting, in the presence of a read voltage 
on the control gate. By assigning a logical value of l or 0 to the 
state of conducting, or non-conducting, the cell may be pro 
grammed to store a data value. The program state involves 
trapping charge at the nitride, Which acts to make the cell 
conductive or non conductive in subsequent read cycles. This 
programming step is reversible so that the storage cell may be 
programmed for many thousands of cycles. 
[0005] As one approach to forming useful densities of the 
non-volatile cell of FIG. 1, a stacked arrangement using sili 
con on insulator or SOI layers as the vertically stacked “sub 
strate regions” could be used. FIG. 1 depicts the effect of 
repeated thermal processes on the planar silicon ONO silicon, 
or SONOS, non-volatile cell in the dashed area. For example, 
in a typical stacking arrangement, the ?rst layer of cells could 
be formed on the silicon substrate, With subsequent layers of 
cells being formed on SOI layers built up vertically. To manu 
facture this structure, each additional source drain region 
annealing step performed at each layer Would subject the 
loWer, already completed cells, to additional thermal pro 
cesses. In FIG. 1, the undesired additional thermal diffusion 
of the source and drain regions is shoWn, if this undesired 
diffusion continues over many process steps the tWo regions 
may even electrically contact and close the channel region 
betWeen them, causing device failure. Even if such a failure 
does not occur, the source and drain diffusion changes the 
channel length, and affects the operation of the device after it 
is completed, resulting in unpredictable threshold voltages 
(Vt) and other deleterious effects. 
[0006] A need thus exists for improved SONOS non-vola 
tile storage cells, methods for manufacturing the cells, and 
circuitry and methods that substantially maintain the advan 
tages of the SONOS non-volatile cells and the layout e?i 
ciency and compactness of the prior art cell approaches, While 
offering an e?icient solution to the thermal diffusion prob 
lems associated With the knoWn three dimensional cell arrays 
of the prior art. 

SUMMARY OF THE INVENTION 

[0007] These and other problems are generally solved or 
circumvented, and technical advantages are generally 
achieved, by embodiments of the present invention, Which 
provide circuits and methods of manufacture for forming an 
improved SONOS non-volatile storage cell, three dimen 
sional circuit arrays, and semiconductor processes for use in 
an integrated circuit. The improved circuit and methods solve 
the thermal diffusion problems associated With repeated ther 
mal cycles used to form three dimensional arrays of SONOS 
storage cells. 
[0008] In one preferred embodiment, a SONOS storage cell 
is provided as a triple gate or FinFET cell formed of intersec 
tion polysilicon regions, the source drain and channel are 
formed in a ?rst doped polysilicon region, and a FinFET gate 
structure is formed by depositing and patterning an ONO 
dielectric and a triple gate over the source drain poly using, 
for example, a second perpendicular or similarly oriented 
polysilicon gate structure. Because the doped polysilicon of 
the source drain region is uniformly doped When formed, and 
there are not separate source drain diffusion regions, no ther 
mal diffusion occurs during subsequent processing and the 
thermal budget for the semiconductor processes can be 
relaxed as compared to three dimensional SONOS cell struc 
tures of the prior art. 
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[0009] In another preferred embodiment, a SONOS cell is 
provided as a patterned FD-SOI structure that is uniformly 
doped to provide the source drain and channel region, and a 
polysilicon gate structure is formed overlying an ONO dielec 
tric layer. The SONOS storage cell is provided as a uniformly 
doped region in an SOI layer of silicon over the interlevel 
dielectric layers, because there are not separate source drain 
diffusion regions, the cell is not adversely affected by unde 
sirable diffusion as subsequent layers are processed. 
[0010] Three dimensional memory arrays are provided in 
additional preferred embodiments of the invention. Layers of 
SONOS cells are provide With Word lines, and bit line are 
coupled vertically through the layers using select circuits. As 
is knoWn in the non-volatile storage cell art, cycles of pro 
gramming, erasure, and read are used to store data into the 
cells and to retrieve data from the cells. The three dimensional 
array may include many layers of cells to provide a very dense 
and compact non-volatile memory array. 
[0011] In another preferred embodiment, the non-volatile 
storage array may be provided as a core of memory cells that 
is integrated With logic or processor circuitry to provide an 
application speci?c integrated circuit (ASIC) or system on a 
chip (SOC) that is highly integrated. These highly integrated 
circuits may reduce the component count required to imple 
ment important electronic systems functions such as cell 
phone circuitry, PDAs, laptop or portable computers, music 
and video players, and the like. 
[0012] In another preferred embodiment a discrete memory 
integrated circuit is provided using the three dimensional 
arrays of SONOS cells. 
[0013] Additional embodiments of NAND Flash circuitry 
using the SONOS cells in a three dimensional array are pro 
vided. Control circuitry and vertical and horiZontal conduc 
tors are formed to implement a Flash memory array using the 
SONOS cells in a vertical arrangement. 
[0014] Preferred methods of manufacturing the cells are 
disclosed. In a preferred method using the FinF ET SONOS 
cells, polysilicon regions of source, drain, and channel mate 
rial are formed in a ?rst direction, and uniformly doped. 
Dielectric layers forming an ONO dielectric are arranged 
over the polysilicon and forming the triple gate dielectric by 
lying over the top and the sides of the polysilicon channel 
region. Polysilicon gate regions are formed overlying the 
dielectric and laying over the top and adjacent the sides of the 
channel region to form the triple gate structure. In an alternate 
preferred method, regions of uniformly doped SOI material 
are formed and isolated electrically using shalloW trench 
isolation techniques. ONO dielectric regions are formed 
above the SOI to de?ne channel regions for each SONOS cell, 
and a gate polysilicon is formed over the dielectric, subse 
quent layers of SOI material are formed vertically using semi 
conductor processing steps. Multiple layers may be added to 
vertically increase the number of cells Without requiring addi 
tional planar area on the integrated circuit. Highly integrated 
non-volatile arrays are therefore practical using the storage 
cells of the invention. 
[0015] The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present invention in 
order that the detailed description of the invention that fol 
loWs may be better understood. Additional features and 
advantages of the invention Will be described hereinafter, 
Which form the subject of the claims of the invention. It 
should be appreciated by those skilled in the art that the 
conception and speci?c embodiment disclosed may be 

Nov. 20, 2008 

readily utiliZed as a basis for modifying or designing other 
structures or processes for carrying out the same purposes of 
the present invention. It should also be realiZed by those 
skilled in the art that such equivalent constructions do not 
depart from the spirit and scope of the invention as set forth in 
the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] For a more complete understanding of the present 
invention, and the advantages thereof, reference is noW made 
to the folloWing descriptions taken in conjunction With the 
accompanying draWing, in Which: 
[0017] FIG. 1 illustrates a planar SONOS non-volatile 
memory cell of the prior art; 
[0018] FIG. 2 illustrates a simpli?ed three dimensional dia 
gram of a portion of a SONOS non volatile memory cell using 
a FinFET or triple gate transistor; 
[0019] FIG. 3 illustrates in a ?rst cross section the non 
volatile FinFET device of FIG. 2; 
[0020] FIG. 4 illustrates in a second cross section of the non 
volatile FinFET device of FIG. 2; 
[0021] FIG. 5 illustrates in a simpli?ed three dimensional 
draWing a planar, fully depleted SOI (“FD-SOI”) preferred 
embodiment of a SONOS non volatile memory cell; 
[0022] FIG. 6A illustrates a ?rst cross section of a P-chan 
nel cell of FIG. 5, FIG. 6B illustrates a second cross section of 
an N-channel cell of FIG. 5, FIG. 6C is a table indicating 
operations of the cells of FIGS. 6A and 6B; 
[0023] FIG. 7 illustrates a plan vieW of a portion of a 
memory array implemented using the FinFET embodiment of 
the SONOS non-volatile memory cells; 
[0024] FIG. 8 depicts a ?rst cross sectional vieW of the 
memory array portion of FIG. 7; 
[0025] FIG. 9 depicts a second cross sectional vieW of the 
memory array portion of FIG. 7; 
[0026] FIG. 10 depicts a cross sectional vieW of a preferred 
embodiment of a three dimensional memory array incorpo 
rating the invention, the three dimensional array implemented 
using the SONOS non-volatile memory cells to form multiple 
layers of memory arrays coupled together; 
[0027] FIG. 11 illustrates a schematic vieW of a preferred 
embodiment circuit diagram of the memory array incorporat 
ing the SONOS non-volatile memory cells of the invention; 
[0028] FIG. 12 illustrates the circuit diagram of FIG. 11 and 
depicts an exemplary ERASE operation; 
[0029] FIG. 13 illustrates the circuit diagram of FIG. 11 and 
depicts an exemplary PROGRAM operation; 
[0030] FIG. 14 illustrates the circuit diagram of FIG. 11 and 
depicts an exemplary READ operation; 
[0031] FIG. 15 depicts an intermediate process step in 
forming the three dimensional array of FIG. 10; 
[0032] FIG. 16 depicts the array of FIG. 15 after additional 
processing steps are completed; and 
[0033] FIG. 17 depicts the array of FIG. 6 after further 
processing steps are completed. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0034] The making and using of the presently preferred 
embodiments are discussed in detail beloW. It should be 
appreciated, hoWever, that the present invention provides 
many applicable inventive concepts that can be embodied in a 
Wide variety of speci?c contexts. The speci?c embodiments 
















