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Abstract—High density 3D memory cell array using SGT
(Surrounding Gate Transistor) on 3D IC is proposed. SGT
with 4F” cell size shows uniform cell characteristics with a low
resistive bit-line path on 3D IC. Parasitic bit-line capacitance
of the structure can also be much lower compared to
conventional 2D memory cell array or SGT cell array on bulk
substrate, which is especially good for memory feature size at
or below 10 nm cell node. A combination of 3D memory cell
and 3D IC seems to be the ideal memory architecture for the
low cost-per-bit of high density memories.
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I. INTRODUCTION

SGT has been known for many decades and is still being
developed by many companies and universities [1-7] due to
its advantages over conventional planar transistor, such as
high cell density, excellent temperature stability with low
standby and active leakage currents, and low parasitic
capacitance as a DRAM cell driver. However, market
introduction of 3D memory using SGT has been
continuously delayed. One of the reasons is the quality of
gate oxide grown on the side wall of the vertical pillar due
to the exposure of silicon crystalline in all directions during
gate oxidation. Therefore, weak gate oxide at certain spots
may exist. Another reason comes from the non-uniformity
of cell characteristics depending on cell location at the cell
array due to high series bit-line (BL) junction resistance as
shown in Fig. 1.
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Figure 1.Non-uniformity of SGT cell characteristics depending on cell
location.(a) array structure of SGTand (b) Ip-Vp depending on cell location.

For DRAM application, SGT as a cell driver has another

issue with parasitic BL junction capacitance as shown in Fig.

2. As device feature size shrinks, the doping concentration
of the substrate increases in order to suppress the leakage
current between junctions and, therefore, the parasitic
junction capacitance which is connected in parallel to the

storage node also increases. Conventional 6F° DRAM does
not have as big a BL parasitic junction capacitance issue
because a BL contact shares just two BL junctions with
adjacent cells. However, in the case of SGT for DRAM
application, a BL shares 256 BL junctions in a row.
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Figure 2.Parasitic BL junction capacitance. (a) array structure of SGT
for DRAM and (b) equivalent circuit with parasitic junction capacitance
between BL and substrate junction

Gate oxide independent to crystalline orientation, non-
uniform cell characteristics along the BL, and high parasitic
BL junction capacitance are all challenges for high density
SGT memory cell structure and this paper addresses these
issues with novel 3D IC structure.

II. EXPERIMENT AND RESULTS

The gate oxide quality of SGT can be improved by
plasma enhanced oxidation (PEO). PEO replaces thermal
energy by plasma for oxygen diffusion through oxide film
during oxidation and, therefore, it enables low temperature
oxidation, which is especially crucial for 3D IC integration
because low temperatures do not alter device functions and
metal lines underneath the SGT memory cells on top.

It is well-known that PEO is independent to crystalline
orientation [8-9]. Comparisons between conventional high
temperature oxidation and PEO in Fig. 3 suggest that PEO is
a better method for gate oxidation for SGT memory cells.
The high gate leakage current in Fig. 3 (a) from conventional
thermal oxidation may come from weak gate oxide spots.
Another interesting observation from Fig. 3 (b) is that
distribution of hard breakdown for PEO is somewhat
narrower than that for conventional high temperature
oxidation.
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Figure 3.Gate oxide quality comparison. Tox is about 6 nanometers (a)
soft breakdown and (b) hard breakdown distribution.

Non-uniform cell characteristics of SGT array, depending
on cell location comes from high BL series resistance
because the BL junction is shallow and narrow on the silicon
substrate as explained in Fig. 1. In order to solve this issue, a
3D IC structure [10] with a low resistance metal path under
the BL is proposed as shown in Fig. 4

Drain Voltage (V)

Figure 4.Uniform SGT cell characteristics across the 256 cells. (a) array
structure of SGT on 3D IC and (b) Ip-Vp depending on cell location.

The metal line path directly connected to the BL provides
low series resistance and, therefore, SGT cell characteristic is
independent to the cell location. Various metals, such as
aluminum and tungsten, can be used as a BL path. An SEM
picture of the proposed 3D IC structure with SGT cells is
shown in Fig. 5.
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Figure 5.SEM picture of the proposed 3D IC with SGT cells on top.

Unlike SGT on silicon substrate shown in Fig. 2, the high
density SGT cell array on 3D IC in Figs. 4 and 5 does not
include parasitic junction capacitance at all because the BL is
on the metal line, not on the silicon substrate.

As a result, the proposed 3D memory cell structure on 3D
IC eliminates both high BL series resistance and parasitic BL
junction capacitance.

Another interesting observation is that BL-BL parasitic
capacitance of SGT cell array on 3D IC is much lower than
on bulk silicon because permittivity of silicon dioxide is
about 3 times less than that of silicon.

Therefore, high density SGT memory cells on 3D IC
provide very low parasitic capacitance. Fig. 6 shows the
comparison of calculated [11-12] parasitic capacitance
between conventional 2D DRAM with 6F cell size and 3D
DRAM with 4F” SGT on 3D IC.
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Figure 6.Comparison of parasitic BL capacitance between conventional
2D DRAM with 6F on silicon substrate and SGT DRAM with 4F* on
3DIC

III. CONCLUSION

High density 3D memory cell array using SGT on 3D IC
has been discussed. SGT with 4F” cell size shows uniform
cell characteristics with a low resistive metal BL path on 3D
IC. Parasitic bit-line capacitance of the structure can be much
lower compared to conventional 2D memory cell array or
SGT cell array on bulk substrates, which will eventually
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enable memory cells to work at or below 10 nm cell node. A
combination of 3D memory cell and 3D IC seems to be the
ideal memory architecture for the low cost-per-bit of high
density memories.

[10]

[11]

[12]
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