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Development of Three-Dimensional DRAM Cell
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Introduction Cell array arrangement

[Appropriate cell-array design for scaled DRAM? ]

/ DRAM trend \ Scaling of DRAM capacity has . .
| — 5 . /H - 3-D In this work, cross-point array has been adopted
~ Scaling 3-D capacitor <l been progressed for 38 years. . . . .
100G ransistor. 10,000 in the viewpoint of memory-cell-area scaling.
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a memory-cell structure of smaller sense amplifier
area and cell array design is needed. [Folded bitline) N
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Objective: Development of a new 3-D memory-
cell structure for future DRAM.
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Three types of memory-cell array arrangement

[In this work, a pillar-shaped vertical transistor for future DRAM J

[Memory-cell structure to realize 4F? cell area?] _ _
cell has been fabricated and characterized.
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g Bit line : 3 P (Device structure) 7 | Process Sequence
\ G R : : < @ R
B . \—/( N Si-pillar formation
Word linex y . .. .
I : i Storage node ; < Bottom diffusion area Device isolation by local
: : > Capacitor \ oxidation of silicon (LOCOS)
Storage node Storage ”:Ode ~Top diffusion area Bottom diffusion area formation
Pate Swordline - / | t \ Gate electrode formation |
: Bit line = Pillar-shaped \ Interlayer dielectric film formation
: : vertical transistor Sisub. | i i /_ Top diffusion area formation
- | e : | St wx Al-electrode formation
Plate : : Si sub 7
Si sub. - . :
(a) Cross point cell (b) SGT (surrounding gate E (c) Vertical stack of E
(trench capacitor),1985. trangistor),1989. ‘.’ capacitor and transistor ;'
_ 4 . .
Candidates for 4F2 memory cell structure. A vertical stack of capacitor (b) Gate-electrode
and vertical channel transistor surrounding the pillar
IS adopted.
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ISUB | —e— @ Device fabrication
: O Si-sub. (. ) : : :
__Top-drain measurement | c i Off-leakage current -Vertical device structure is successfully formed
o 5107} Vo=15(V) IS suppressed by by process optimization
/D'_VG characterlstlps of.a 5 Vsue = -1.0 (V) substrate biasing.
vertical MOSFET with Si ol o \
pillar of 150 nm in diameter. -4 -2 0 2 . .
Gate Voltage, Vo (V) @ Device characteristics
Vin = Vo@lb = 1x10° A/ _ N *Normal operation of a vertical MOSFET with Si pillar of 150 nm
0 ' Threshold-voltage lowering of in diameter is observed.
- ! devices when the drain voltage
< 0.2p ! 1 | changes 0.5to 1.5V is observed. - Threshold-voltage lowering of devices when the drain voltage
S D 1%10°8 \ / changes 0.5 to 1.5 V is observed.
4 off > 1x10™ A
1 -0.4} > -
S | Future work:
3 -0.6 ! s ~\
g : From these result, sensitive control of Control of impurity distribution in Si-pillar for
X -08 i impurity distribution in Si-pillar is needed for device characteristics control.
! device characteristics control.
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