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DRAM Scaling
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1T-DRAM (Z-RAM) M
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DFM Concept
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DFM Structure
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The FB Stabilization by the PL Gate k.
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Small WL capacitive coupling to FB !
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1. K. Sakui and N. Harada, “Dynamic Flash Memory with Dual Gate Surrounding Gate
Transistor (SGT),” in Proc. IEEE IMW, pp.72-75, May 2021.
2. K. Sakui and N. Harada, “Dynamic Flash Memory with Dual Gate Surrounding Gate
Transistor (SGT) for Computation In Memory,” in SSDM, pp. 127-128, Sep. 2021.
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Wide “17-"0" Margin k.
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PL plays a storage, while WL plays a switch !
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A fixed voltage of 0.8V is applied to PL on reading.
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“1” Program Mechanism k.
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~ No negative bias is required !
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Block Refresh “1”
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Block Refresh “0” m
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Bit by Bit "0” Page Refresh k.

Flash Memory Summit

FP 10 /10
FT
WLO PLO WL1 PLL WL2 PL2 ? TOA
T 3y "—I I_ L—l
Low 0] =
BLO . CSLO
C00 02 SAO }:
TOC
-
D °
R VP TOB
&
: ’j
T1A
@ <._|
IR 99 — *
ngh T1D—l|_|
BL1 ‘ SA1 }: csL1
10 c11 c12 T1C
B - I_I
&l 1 | e T
Q%% : : el VP
D D
T2l Te [T Tl ST
0—| T2A
11 ) [ ' —
Low T20 | — L
BL2 ‘
C20 c21 | c22 T20 SA2 }: CsL2
B B I_I
ol T2B T
pal:
: @ :
1| @al:
20 | ©2022 Flash Memory Summit. All Rights Reserved.

SLO sL1 s12 YEARS OF

INNOVATION



Bit by Bit "0” Page Refresh k.
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Disturbance m
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DFM vs DRAM
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DFM Prospects and Potential k.
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Speed

1. DFM s a ‘gain cell’, which can drive the BL charges quickly. This means that it can be
sensed dynamically (like DRAM) and also statically (like NAND Flash).

2. No restore period with sense amplifiers is needed for every read cycle. DFM can be
refreshed by multiple pages of the block simultaneously, which will reduce the allocated
refresh duty ratio.

3. We are in the process of obtaining experimental data for a DFM prototype, and believe
that the system speed could be improved significantly.

Scalability

1. 3D DFM can be designed and fabricated using several architectures, such as the vertical
SGT DFM, and lateral FINFET or stacked GAA DFM.

2. If the pillar pitch of the SGT DFM could be shrunk to 40nm or 30nm, the SGT DFM has a
substantial potential to realize a higher density memory than that of DRAM.
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Potential DFM Position m
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At the present
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Conclusion m
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1. The Dynamic Flash Memory (DFM) is a uniqgue novel device.

2. 3D DFM has possibilities to be fabricated using structures
such as the vertical SGT DFM, and lateral FInFET or stacked
GAA DFM.

3. Unlike emerging memories, such as ReRAM and MRAM,
neither variable resistors nor special materials are needed,
which means that DFM can be fabricated with the conventional
Si process.

4. Alow cost DFM is a promising device positioned to DRAM and
NAND in the memory hierarchy.
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