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Schwegman Lundberg’ Woessner & Kluth’ P‘A‘ vertical body transistors are provided. The Flash memory 
3'13: ggrvgggsJ’ Brooks’ HI includes an array of memory cells including ?oating gate 
N'I. ' 1. MN 55 402 (Us) transistors. Each ?oating gate transistor includes a pillar 
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extending outwardly from a semiconductor substrate. The 
(73) Assignee; Micron Technology, Inc_ pillar includes a single crystalline ?rst contact layer and a 

second contact layer vertically separated by an oxide layer. 
(21) Appl- NO-I 09/ 780,169 Asingle crystalline vertical transistor is formed along side of 

_ the pillar. The single crystalline vertical transistor includes 
(22) Flled: Feb‘ 9’ 2001 an ultra thin single crystalline vertical body region Which 

Publication Classi?cation separates an ultra thin single crystalline vertical ?rst source/ 
drain region and an ultra thin single crystalline vertical 

(51) Int. c1.7 ........................ .. H01L 29/76; H01L 29/94; second source/drain region- A?oa?ng gate Opposes the ultra 
H01L 31/062; H01L 31/113; 
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thin single crystalline vertical body region, and a control 
gate separated from the ?oating gate by an insulator layer. 
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FLASH MEMORY WITH ULTRA THIN VERTICAL 
BODY TRANSISTORS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to the following co 
pending, commonly assigned US. patent applications: 
“Open Bit Line DRAM With Ultra Thin Body Transistors,” 
attorney docket no. 1303.005US1, Ser. No. , “Folded 
Bit Line DRAM With Ultra Thin Body Transistors,” attorney 
docket no. 1303.004US1, Ser. No. , “Programmable 
Logic Arrays With Ultra Thin Body Transistors,” attorney 
docket no. 1303.007US1, Ser. No. , and “Memory 
Address and Decode Circuits With Ultra Thin Body Tran 
sistors,” attorney docket no. 1303.006US1, Ser. No. , 
“Programmable Memory Address and Decode Circuits With 
Ultra Thin Body Transistors,” attorney docket no. 
1303.008US1, Ser. No. , “In Service Programmable 
Logic Arrays With Ultra Thin Body Transistors,” attorney 
docket no. 1303.009US1, Ser. No. , Which are ?led 
on even date hereWith and each of Which disclosure is herein 
incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to inte 
grated circuits, and in particular to Flash memory With ultra 
thin vertical body transistors. 

BACKGROUND OF THE INVENTION 

[0003] Semiconductor memories, such as dynamic ran 
dom access memories (DRAMs), are Widely used in com 
puter systems for storing data. A DRAM memory cell 
typically includes an access ?eld-effect transistor (FET) and 
a storage capacitor. The access FET alloWs the transfer of 
data charges to and from the storage capacitor during 
reading and Writing operations. The data charges on the 
storage capacitor are periodically refreshed during a refresh 
operation. 
[0004] Memory density is typically limited by a minimum 
lithographic feature siZe that is imposed by lithographic 
processes used during fabrication. For example, the present 
generation of high density dynamic random access memo 
ries (DRAMs), Which are capable of storing 256 Megabits of 
data, require an area of SF2 per bit of data. There is a need 
in the art to provide even higher density memories in order 
to further increase data storage capacity and reduce manu 
facturing costs. Increasing the data storage capacity of 
semiconductor memories requires a reduction in the siZe of 
the access FET and storage capacitor of each memory cell. 
HoWever, other factors, such as subthreshold leakage cur 
rents and alpha-particle induced soft errors, require that 
larger storage capacitors be used. Thus, there is a need in the 
art to increase memory density While alloWing the use of 
storage capacitors that provide sufficient immunity to leak 
age currents and soft errors. There is also a need in the 
broader integrated circuit art for dense structures and fab 
rication techniques. 

[0005] Flash memory cells are one possible solution for 
high density memory requirements. Flash memories include 
a single transistor, and With high densities Would have the 
capability of replacing hard disk drive data storage in 
computer systems. This Would result in delicate mechanical 

Aug. 15, 2002 

systems being replaced by rugged, small and durable solid 
state memory packages, and constitute a signi?cant advan 
tage in computer systems. What is required then is a ?ash 
memory With the highest possible density or smallest pos 
sible cell area. 

[0006] The continuous scaling, hoWever, poses problems 
even for ?ash memories since the single transistor in the 
?ash memory has the same design rule limitations of con 
ventional MOSFET technology. That is, the continuous 
scaling to the deep sub-micron region Where channel lengths 
are less than 0.1 micron, 100 nm, or 1000 A causes signi? 
cant problems in the conventional transistor structures. As 
shoWn in FIG. 1, junction depths should be much less than 
the channel length of 1000 A, or this implies junction depths 
of a feW hundred Angstroms. Such shalloW junctions are 
dif?cult to form by conventional implantation and diffusion 
techniques. Extremely high levels of channel doping are 
required to suppress short-channel effects such as drain 
induced barrier loWering; threshold voltage roll off, and 
subthreshold conduction. Sub-threshold conduction is par 
ticularly problematic in MOSFET technology as it reduces 
the charge storage retention time on the capacitor cells. 
These extremely high doping levels result in increased 
leakage and reduced carrier mobility. Thus making the 
channel shorter to improve performance is negated by loWer 
carrier mobility. 

[0007] Therefore, there is a need in the art to provide 
improved ?ash memory densities While avoiding the delete 
rious effects of short-channel effects such as drain-induced 
barrier loWering; threshold voltage roll off, and sub-thresh 
old conduction, increased leakage and reduced carrier 
mobility. At the same time charge storage retention time 
must be maintained. 

SUMMARY OF THE INVENTION 

[0008] The above mentioned problems With semiconduc 
tor memories and other problems are addressed by the 
present invention and Will be understood by reading and 
studying the folloWing speci?cation. Systems and methods 
are provided for transistors With ultra thin bodies, or tran 
sistors Where the surface space charge region scales doWn as 
other transistor dimensions scale doWn. 

[0009] In one embodiment of the present invention, the 
Flash memory includes an array of memory cells including 
?oating gate transistors. Each ?oating gate transistor 
includes a pillar extending outWardly from a semiconductor 
substrate. The pillar includes a single crystalline ?rst contact 
layer and a second contact layer vertically separated by an 
oxide layer. A single crystalline vertical transistor is formed 
along side of the pillar. The single crystalline vertical 
transistor includes an ultra thin single crystalline vertical 
body region Which separates an ultra thin single crystalline 
vertical ?rst source/drain region and an ultra thin single 
crystalline vertical second source/drain region. A ?oating 
gate opposes the ultra thin single crystalline vertical body 
region, and a control gate separated from the ?oating gate by 
an insulator layer. 

[0010] These and other embodiments, aspects, advan 
tages, and features of the present invention Will be set forth 
in part in the description Which folloWs, and in part Will 
become apparent to those skilled in the art by reference to 
the folloWing description of the invention and referenced 
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drawings or by practice of the invention. The aspects, 
advantages, and features of the invention are realized and 
attained by means of the instrumentalities, procedures, and 
combinations particularly pointed out in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is an illustration of a convention MOSFET 
transistor illustrating the shortcomings of such conventional 
MOSFETs as continuous scaling occurs to the deep sub 
micron region Where channel lengths are less than 0.1 
micron, 100 nm, or 1000 

[0012] FIG. 2 is a diagram illustrating a vertical ultra thin 
body transistor formed along side of a pillar according to the 
teachings of the present invention. 

[0013] FIGS. 3A-3C illustrate an initial process sequence 
Which for forming pillars along side of Which vertical ultra 
thin body transistors can later be formed according to the 
teachings of the present invention. 

[0014] FIGS. 4A-4C illustrate that the above techniques 
described in connection With FIGS. 3A-3C can be imple 
mented With a bulk CMOS technology or a silicon on 
insulator (SOI) technology. 

[0015] FIGS. 5A-5C illustrate a process sequence continu 
ing from the pillar formation embodiments provided in 
FIGS. 3A-4C to form vertical ultra thin body transistors 
along side of the pillars. 

[0016] FIGS. 6A-6F illustrate a process sequence for 
forming a stacked horiZontal ?oating gate and control gate 
structure embodiment according to the teachings of the 
present invention. 

[0017] FIGS. 7A-7F illustrate a process description of one 
embodiment by Which vertical ?oating gates and vertical 
control gates can be formed alongside vertical ultra-thin 
transistor body structures according to the teachings of the 
present invention. 

[0018] FIGS. 8A-8E illustrate a process description of one 
embodiment by Which vertical ?oating gates can be formed 
alongside vertical ultra-thin transistor body structures and a 
horiZontal oriented control gate can be formed above the 
vertically oriented ?oating gates according to the teachings 
of the present invention. 

[0019] FIG. 9 illustrates a block diagram of an embodi 
ment of an electronic system including a novel memory cell 
formed according to the teachings of the present invention. 

[0020] FIG. 10 illustrates an embodiment of a memory 
array including a novel memory cell formed according to the 
teachings of the present invention, as can be included in a 
memory device, eg on a memory chip/die. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] In the folloWing detailed description of the inven 
tion, reference is made to the accompanying draWings Which 
form a part hereof, and in Which is shoWn, by Way of 
illustration, speci?c embodiments in Which the invention 
may be practiced. The embodiments are intended to describe 
aspects of the invention in suf?cient detail to enable those 
skilled in the art to practice the invention. Other embodi 

Aug. 15, 2002 

ments may be utiliZed and changes may be made Without 
departing from the scope of the present invention. In the 
folloWing description, the terms Wafer and substrate are 
interchangeably used to refer generally to any structure on 
Which integrated circuits are formed, and also to such 
structures during various stages of integrated circuit fabri 
cation. Both terms include doped and undoped semiconduc 
tors, epitaXial layers of a semiconductor on a supporting 
semiconductor or insulating material, combinations of such 
layers, as Well as other such structures that are knoWn in the 
art. The folloWing detailed description is not to be taken in 
a limiting sense, and the scope of the present invention is 
de?ned only by the appended claims. 

[0022] FIG. 2 is a diagram illustrating an ultra thin single 
crystalline vertical transistor, or access FET 200 formed 
according to the teachings of the present invention. As 
shoWn in FIG. 2, access FET 200 includes a vertical ultra 
thin body transistor, or otherWise stated an ultra thin single 
crystalline vertical transistor. According to the teachings of 
the present invention, the structure of the access FET 200 
includes a pillar 201 extending outWardly from a semicon 
ductor substrate 202. The pillar includes a single crystalline 
?rst contact layer 204 and a second contact layer 206 
vertically separated by an oXide layer 208. An ultra thin 
single crystalline vertical transistor 210 is formed along side 
of the pillar 201. The ultra thin single crystalline vertical 
transistor 210 includes an ultra thin single crystalline verti 
cal body region 212 Which separates an ultra thin single 
crystalline vertical ?rst source/drain region 214 and an ultra 
thin single crystalline vertical second source/drain region 
216. The an ultra thin single crystalline vertical ?rst source/ 
drain region 214 is coupled to the ?rst contact layer 204 and 
the ultra thin single crystalline vertical second source/drain 
region 216 is coupled to the second contact layer. A gate 218 
is formed opposing the ultra thin single crystalline vertical 
body region 212 and is separated therefrom by a thin gate 
oXide layer 220. 

[0023] According to embodiments of the present inven 
tion, the ultra thin single crystalline vertical transistor 210 
includes a transistor having a vertical length of less than 100 
nanometers and a horiZontal Width of less than 10 nanom 
eters. Thus, in one embodiment, the ultra thin single crys 
talline vertical body region 212 includes a channel having a 
vertical length (L) of less than 100 nanometers. Also, the 
ultra thin single crystalline vertical body region 212 has a 
horiZontal Width of less than 10 nanometers. And, the 
ultra thin single crystalline vertical ?rst source/drain region 
214 and an ultra thin single crystalline vertical second 
source/drain region 216 have a horiZontal Width of less than 
10 nanometers. According to the teachings of the present 
invention, the ultra thin single crystalline vertical transistor 
210 is formed from solid phase epitaXial groWth. 

[0024] As one of ordinary skill in the art Will understand 
upon reading this disclosure, the ultra thin single crystalline 
vertical transistors With ultra thin bodies of the present 
invention provide a surface space charge region Which 
scales doWn as other transistor dimensions scale doWn. This 
structure of the invention facilitates increasing density and 
design rule demands While suppressing short-channel effects 
such as drain-induced barrier loWering; threshold voltage 
roll off, and sub-threshold conduction. 

[0025] An n-channel type transistor is shoWn in the 
embodiment of FIG. 2. HoWever, one of ordinary skill in the 
























