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PIDS Roster C=Chair, CC=Co-Chair, 
VC=Vice-Chair 
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Outline 

 PIDS Mission and Technical Sub-Groups 

1.  Logic     

2.  Memory: DRAM 

3.  Memory: Non-Volatile Memory 

4.  Reliability  

 2012 (minor) Edition Update   

 Plans for 2013 (major) Edition 
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 PIDS =  
Process Integration, Devices, & Structures 

 Mission: 

o Forecast device technologies (15 years) in main-stream 
manufacturing and device specs, for digital/logic and 
memory technologies. 

o Provide physical and electrical requirements, and 
solutions to sustain scaling. 

o Scopes: 

• Performance (speed, density, power…) 

• Structures 

• Process-integration challenges 

• Reliability 
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PIDS Technical Sub-Groups 
 Logic (Leads = Ng and Cheung) 

o  HP = High Performance (speed) (e.g., P…) 

o  LOP = Low Operating (Dynamic) Power (e.g., notebook…) 

o  LSTP = Low Standby (Static) Power (e.g., cellular…) 

o  III-V/Ge = Alternate channel for low dynamic power and high 
speed 
                   
 
 
 

 

 Memory: DRAM  (Lead = Inoue) 

 Memory: Non-volatile  (Leads = Liu and Inoue) (Device types in 
next page) 

 Reliability  (Lead = Cheung) 

 

HP LOP LSTP III-V/Ge 

Speed (I/CV) Ref lower Lowest Higher 

Dynamic Power (CV2) Ref Lowest Lower Lowest 

Static Power (Ioff) Ref Lower Lowest Ref 
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Types of NVM 

3-terminal charge-storage FET 
o  Floating-gate (NOR and NAND) 

o  Charge-trapping (NOR and NAND) (SONOS, MNOS…) 

2-terminal non-charge-based 
o  FeRAM 

o  PCRAM 

o  MRAM 

o  STT-MRAM 
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2012 Update: Logic 

 Per market announcement, pulled in FD-SOI and multi-gate 
(FinFET) to 2012. 

 Below is for HP. Same done for LOP and LSTP. 
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2012 Update: DRAM 

Based on survey performed by Japan PIDS, completed in 
March 2012. 

o Half pitch unchanged (compared to 2011 version). 

o Cell size factor transition from 6F2 to 4F2 in 2014, delayed by 1 
year. 

o Vertical channel transistor will be launched in 2014, in place of 
recessed channel, delayed by 1 year, and continues till end of 
roadmap. 
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2012 Update: Non-Volatile Memory 

Based on survey performed by Japan PIDS, completed in 
March 2012, together with market observations. 

o Compared to 2011 Edition, half-pitch scaling is unchanged. 

o Some revisions for FeRAM (cell size, switching charge density…). 

NAND Flash                             

Year of Production 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Uncontacted poly 1/2 pitch  

(nm) 
20  18  17  15  14  13  12  11  10  9  8  8  8  8  

Number of word lines in one 

NAND string 
64 64 64 64 64 64 64 64 64 64 64 64 64 64 

Dominant Cell type FG FG 
FG/C

T 

FG/C

T 

CT-

3D 

CT-

3D 

CT-

3D 

CT-

3D 

CT-

3D 

CT-

3D 

CT-

3D 

CT-

3D 

CT-

3D 

CT-

3D 

Maximum number of bits per 

chip (SLC/MLC)         
128G / 

256G 

256G / 

512G 

256G / 

512G 

512G / 

1T 

512G / 

1T 

512G / 

1T 

1T / 

2T 

1T / 

2T 

1T / 

2T 

2T / 

4T 

Minimum array 1/2 pitch - 

F(nm) [15]         32nm 32nm 32nm 28nm 28nm 28nm 24nm 24nm 24nm 18nm 

Number of 3D layers for array 

at minimum 1/2 array pitch [16]         8 16 32 32 64 64 98 98 98 128 



ITRS Winter Public Conf/Dec. 5, 2012/Hsinchu, Taiwan     10 

2012 Update: Non-Volatile Memory 

Based on survey performed by Japan PIDS, completed in 
March 2012, together with market observations. 

o Compared to 2011 Edition, half-pitch scaling is unchanged. 

o Some revisions for FeRAM (cell size, switching charge density…). 
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 2012 Update: Reliability 

No change. 
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Plans for 2013 Edition 

 To address low-power requirement, and with chip clock 
frequency increase-per-year has slowed down, transistor 
speed CV/I  slope will be decreased from 13%/yr. 
Consequences: Lower Vdd  and/or relaxed gate length. 

 Start to use Purdue University TCAD tools (NanoHub) to 
project device characteristics, along with MASTAR. 

 New websites within NanoHub will be created for interactive 
tools and files for public access. 

 LOP will be dropped. LSTP will be renamed as LP (Low 
power), the only low-power technology. 

 Consider adding new parameter in logic to reflect layout 
advantage (higher current per area) of FinFET, by 
Vdd/Ion/Wfootprint. 

 Longer-term: Compact models are considered to be added 
        for circuit simulation. 
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Some Take-Away Comments 
Logic: 

 No theoretical scaling limit seen yet for Si (to 2026, gate length ~6 nm). 

 Power is the limiting factor, not speed. Device speed requirement is 
relaxed from circuit perspectives. 

Alternative channel III-V/Ge can offer lower power with similar speed. 

Low Vdd  near end of roadmap (~0.5 V) posts noise/variability challenges. 

Series resistance can be a practical limitation. 

DRAM: 

 Capacitor scaling increasingly difficult. 

4F2 is the limit for cell size. 

NVM: 

Many cell versions: 

 3-terminal (charge-based): Floating-gate and charge-trapping FETs still 
dominate. 3-D projected. 

 2-terminal (non-charge-based): FeRAM, PCRAM, MRAM, STT-RAM, for 
more diverse applications. Efficient selection device needs to be 

developed and integrated.                                                        End 


