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Motivation 
• The phase change memory targets an 

additional memory tier between DRAM 
and Flash storage. 
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Motivation 
• Low “cost per bit” is the most key-

requirement. 
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Motivation 
• Important challenges for multilevel PCRAM  

• Temporal drift 
• Temperature dependency 



Main Feature of This Work 

Bank size 

Virtues 

Architecture 

Latency 

 1Gcells (2K by 4K tile) 

 Drift mitigation 

 Temperature compensation 

 Hierarchical BL structure 

 450ns random access latency 



• Poole-Frankel conduction. 
 
 

Defect density, physical compressive/tensile 
stress influence activation energy with time. 

 
• Temporal drift power law.  

 
 
 
 
 
 

Temporal Drift 
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• Poole-Frankel conduction for constant 
electric field method. 
 
 
 

• Not strong function of activation energy. 
 

• Drift depends programmed state and 
material as well as “READ metric” 
 

Drift Resilient Nature 
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• How can we read phase change material? 

Drift Resilient Read Metric 

Criterion : Molten/TS level 



M metric Enhancement 
• M metric enhancement 

Parallel connected resistance 

Increased IDET 



• Exponential to linear projection. 

Conv. metric vs. eM metric 

~ linear function of log(resistance) 
(with slight distortion) 



• Bi-logarithmic scale 
• Drift exponents are 10 times smaller. 

Temporal Drift 
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Temperature Dependency 
• Proportional : phase change material 
• Complementary : doped silicon resistor 



Temperature Dependency 
• Effectively Compensated. 

Programed@95C
Measured@95C
1000sec after programming

Programed@25C
Measured@25C

1000sec after programming



Hierarchical Bit-line Structure 
• Suitable for cost-effective large array 

2 Banks 
RD 

global bit-line 

local bit-line bit-line 

Tile (4K X 2K) 



Read Circuitry 



Read Timing 



Bit-line Voltage Trajectory 
pre-charging 

for 65ns
Sampled at 

200ns



6bit SAR ADC 
• ADC as an sense amplifier 
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Adaptive Data Detection 
• The cells in a single frame are 

read/programmed simultaneously. 
 

• Based on statistics of temporal drift, the 
cells in a single frame are separated in 4 
distinguished states. 



Die Photo 

SA/WD 

BANK (1Gcells, 2bit/cell) 

PERI(include adaptive data detection logic) 



Reliable Multilevel PCRAM Read Scheme 

 
 
 

Summary 

 ~10 times smaller drift exponent 

 Effective temperature compensation 

 450ns random access READ latency 
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