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Cost



The Elephant in the room: DRAM Not Scaling



• Continue 2D scaling...4F2(?)
• +HBM…

• CIM (??)

• Emerging Memory (???)

• System: CXL (?)

•3D DRAM (?)

OK, We Know the Motivation, But Solutions?



How to Have More Bits Per Unit Area?       
And to Meet Perf./Cost/Bandwidth/Power Needs?

5

1 bit / 3bits

Advanced DRAM and NAND are of similar heights (w/ same dry etch tools). 

Photos here are not the most up to date nodes. 
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Looks Who’s Not Talking…

• Near zero technical publications.

• The major players are not talking, but busy filing 
tons of patents the past few years. 

“3D DRAM” patents
(Source: USPTO)

Only two 1T1C 3D DRAM papers published in technical conf. by DRAM vendors.
• 2023 IMW Conf. “A 3D Stackable 1T1C DRAM: Architecture, Process…” by CXMT
• 2023 VLSI Symp. “ Ongoing Evolution of DRAM Scaling via 3rd Dimension: V-DAM” by Samsung

Also, capacitorless DRAM approaches: 2T0C Gain cell(mostly academic), and Gate-controlled-thyristor 
DRAM (Macronix)



What Some Tool Vendors Are Saying



Tool Vendors: Can Make Lots of $$$ like in 3D NAND



Some Options and A Million Challenges

Source: 2023 VLSI Symp. “Ongoing Evolution of DRAM Scaling via 3rd 
Dimension: V-DAM” by JW Han et al.

Vertical 3-WL GCT (Micronix)

Source: 2023 IEDM. “A 3D Stackable DRAM: Capacitor-less …”  by W.C. Chen et al.



Outlook: Wild Wild West
• For DRAM timing/perf., Si channel needed? (Si/SiGe)
• Still need sizable capacitor/area/high-K.
• Architectures: Vertical BL or Vertical WL? Staircase contact?
• Access transistor? How to fix peripheral with scaling?
• Chances of the capacitorless approaches?
• Many more process challenges:

• HAR etch, lateral etch, ALD, ALE, Epi, deposition, 
• Doping, silicide, contact, stress management…

Further: 
• Does it really need to be compatibility w/2D DRAM? 
• Another memory layer? (lower perf./cost but higher capacity), taking advantage of CXL?
• Today, cost of DRAM/NAND>65X, maybe, 3D DRAM is the new SCM. 
•   Fertile ground for research and innovation, full of opportunities.
•   What about Rowhammer problem?  Coming patent war? 
•   And, then what? If CapEx too high, fall into the situation like 3D NAND today?
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