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DRAM Technology Road
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Memory Cell Transistor mﬂm ‘

Planar MOSFET Recess channel array transistor ~ Buried channel array transistor
(RCAT) (BCAT)
Gate Gate
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Recess Channel ArrayiTr NM&A CAT‘

> Why RCAT?
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DRAM Capacitor W\ ¢ -

Planar Concave Cylinder Pillar
® Capacitance & history of capacitor scheme ® Projected road map for DRAM capacitor
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4F2 DRAM

> 4F2 DRAM : BCAT - Vertical transistor
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* By applying a vertical transistor, the feature size can be improved from 6F? to 4F2.

DRAM cell structure.

* Currently, due to the extremely high complexity of 3D DRAM fabrication, 4F> DRAM is planned for the next
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> 3D DRAM (Samsung, 2023 IEDM)
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Fig. 2 (2) Conceptual illustration of mcreasing bit density by
shnnkmg 2D patterns, then switching to 3D cubic bleck and (b)
the scalmg forecast by 3D stack.

iedm 2021 K. Kim (Samsung)

TS

(b) =
Fig. 4 Two possible onientations of confrol lines; (a) horizontal

WL and (b) vertical WL. The choice lies between vertical or
horizontal complexity. horizontal complexity

Fig. 3 TEM images of (a) multiple layered epitaxial stack of St
/S1Ge layer, (b) zoom-in view, and (c) silicon laftice structure
confirming single crystallimty.

* 3D DRAM: A design where capacitor is formed horizontally, enabling vertical stacking of DRAM cells.
* 3D DRAM requires highly complex process such as Si/SiGe epitaxial growth and selective etching.
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DRAMS] Scaling Limitation \‘ ‘

DRAM cell : 1T1C MRAM cell : 1T1R
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Parallel state (LRS)
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Spin-transfer-torque MRAM
(STT MRAM)




Introduction \

It is a fundamental fact that the macroscopic magnetization intensity of a magnet such as iron
arises from the cooperative mutual alignment of elementary magnetic moments carried by
electrons. An electron is little more than a mass particle carrying an electrostatic charge, which
spins at a constant rate, like a planet about its axis. The electric current of this spin induces a
surrounding magnetic field distribution resembling that which surrounds the Earth. Thus, each
electron is effectively a miniscule permanent magnet. . .
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. .. The exchange interaction is that force, arising quantum-mechanically from electrostatic
interactions between spinning electrons, which causes this mutual alignment . . . Not only does it
couple the bound spins of a ferromagnet to each other, but it also couples the spins of moving
electrons, such as those partaking in current flow, to these bound electrons.
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Spin Polarization of Fre M'ﬁ inFMs
@ Spin-dependent scattering
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<Conventional MRAM> <p-STT MRAM>
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@ Spin filtering

electron
é Up spin Down spin Function
NM Equally scattered Equal population
N ‘ M L Equally scattered of the two spins
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 Bounded electrons in FM
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* Free electrons in polarized current
: switching magnetization . (STT switching)
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Types of ReRAMs
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