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I. INTRODUCTION 

Phase change random access memory (PCRAM) has 
emerged as one of the leading candidates for non-volatile 
memory (NVM) technology due to its high bandwidth, 
endurance and scalability. Considering cost-effectiveness, 
which is key requirement to be competitive in newly 
emerging memory market, i.e. storage class memory 
system, the multi-level cell (MLC) capability of phase 
change material (PCM) makes PCRAM more attractive 
for increasing memory density and reducing cost-per-bit 
[1]. Despite the promising MLC capability of PCRAM, 
most of previously demonstrated high density PCRAM 
designs have proposed single-level cell (SLC) operation 
[2]. This is mainly because of the temporal drift of stored 
resistance levels which causes overlap between stored 
levels over time resulting in shorter retention. Recently, a 
non-resistance based read metric (M-metric) has been 
shown to be resilient to temporal drift. In our work, a 
32Gbit-ready multi-level PCRAM which adopts ‘M-
metric’ is described. The ‘M metric’ based read scheme 
has been further enhanced to be suitable for high density 
cell array (~1G cells per bank).  

II. NON-RESISTANCE READ METRIC 

Conventionally, the PCM cell state as well as many of 
other resistive memories are read by sensing the current 
when the fixed low voltage (VREAD in Fig. 1 (a)) is applied. 
This traditional resistance metric, also known as the ‘
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A. M-metric enhancement 

Typical I-V characteristics of the 25nm technology PCM 
cell are shown with various read metric line, (a) low field 
electrical resistance metric (b) constant electric field resistance 
(M-metric) and (c) enhancement of ‘M metric’. The squares 
denote threshold switching (TS) point. The PCM cell structure is 
sketched in (d). 
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B. Performance of enhanced M metric 

 

C. Temperature Dependency 

The temperature dependency of the PCM cell state is 
one of the crucial challenges to be overcome to achieve 
MLC functionality. In case of the eM-metric, the 
resistance of the bleeding resistor which consists of n+ 
doped silicon increases proportionally to the temperature, 
while the PCM cell which consists of chalcogenides 
material (its current flows could be described by Poole-

The measured eM-metric values are scattered versus the 
traditional low field electrical resistance metric. Both are 
measured with selector device and ~15KΩ parasitic resistance.

(a)

(b)
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Frenkel conduction.) exhibits lower resistivity as the 
temperature increases. By connecting these 
complementary materials in parallel, the dependency on 
the temperature can be effectively compensated. Fig. 4 
shows the measured sensitivity of the eM-metric on the 
temperature. The PCM cells are programmed and 
measured at room temperature and at high temperature 
identically. Despite the intra-cell variability (the metric 
value fluctuation of identical cell even though identical 
program pulses are applied) and slightly up-biased results 
of SET-like region, the measured eM-metric values at 
high temperature are analogous to those of room 
temperature to be scattered on the line with unit slope as 
shown in Fig. 4.  

III. CHIP ARCHITECTURE, READ CIRCUITRY AND 
MEASUREMENT 

A. Chip Architecture 
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B. Read Circuitry 
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cell’s state

IV. MEASUREMENT 

 Fig. 6 shows the tracked voltage of the bit-line over 
time for several typical states of PCM cell. Regarding the 
full dynamic-range of MLC state which means the range 
from the lowest SET to the highest RESET, the voltage of 
bit-line can be settled to be sampled at 200ns including 
65ns pre-charging phase. Note that the highest state does 
not need to be fully-settled. With 40ns for the WL settling 
and 60ns for the ADC operation (not shown in Fig. 6), 
300ns is needed to get 6bit code of the raw data of eM-
metric. Subsequently, 6bit code is decoded to 2bit data by 
a logic circuit spending another 150ns. Totally the read 
latency (from WL to data-out) can be achieved to be 
450ns. Fig. 6 also shows the typical DNL of one of 32 
ADCs in a bank over the whole input range of MLC PCM. 

It shows that the measured DNL is less than 0.5LSB, 
which means that the monotonic characteristics are 
achieved. Fig. 7 shows the micro-photography of the 
fabricated die. The full chip has 16 banks of 1G cells each 
within practical die size, exhibiting 32Gb multi-level 
density.

V. CONCLUSION 
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