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PHASE CHANGE MEMORY (PCM) 

TECHNOLOGY

º The PCM concept relies on the 

phase change transition from 

crystalline into amorphous and 

vice versa of an active 

chalcogenide material such as the 

Ge2Sb2Te5 (GST).

º The crystalline phase is 

associated with the SET state of 

the memory and it can be 

obtained by an erase operation 

(logical ô1õ stored). 

º Dually, the amorphous phase is 

associated with the RESET state 

of the memory and can be 

obtained by a program operation 

(logical ô0õ stored). 

RESET SET



PHASE CHANGE MEMORY (PCM) 

OPERATION PRINCIPLES

º The active material phase change between amorphous (a-GST) 

and crystalline state ( x-GST) relies on Joule Heating

º The transition from x-GST to a-GST (storage of a logical ô0õ) 

takes place by applying a long time voltage pulse (typ . 5V for

4 s) which melts and subsequently amorphize the material  

º The viceversa transition (storage of a logical ô1õ) exploits the 

theory for Field -Induced Nucleation on which a crystalline shunt 

grows into the amorphous dome until saturation by applying a 

shot time voltage pulse (typ . 3.75V for 100 ns)



EXPERIMENTAL SETUP

ºElectrical Characterization measurements were 

performed on a 512kbit cells population of a PCM test 

chip device in 0.18 m technology with BJT selector
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Single cell architecture

Both Writing and Reading 

operations have been performed 

with a dedicated ATE capable of 

applying fully arbitrary waveforms. 

The sensed Iread current when a 

read voltage VREAD is applied 

gets converted into RGST values 

by appropriately accounting the 

cells connections to the array.

VREAD = 1.8 V (typ.)

Iread = 4 A (RESET) to 70 A (SET)
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EXPERIMENTAL EVIDENCE OF 

SEASONING IN PCM (R RESET /RSET)

º Although the phase 
transition between SET 
and RESET conditions is 
always reversible an 
alteration of the 
properties of the active 
material during cycling 
conditions may occur

Seasoning is evidenced as an increase of RRESET and a consequent 

decrease of RSET during cycling

Appears to not 

threatens the overall 

reliability

Read 

window



EXPERIMENTAL EVIDENCE OF SEASONING 

IN PCM (I -V DEVICE CHARACTERISTICS)

Equivalent device I-V SET/RESET device I-V

ÅIn cycling a constant increase of 

programming voltage required is 

appreciable

ÅIncrease also of Iread current

ÅBoth SET/RESET characteristics 

exhibits a slope change in cycling

ÅThe effect is stronger on RESET 

operation



FIRST MODELING APPROACH: R RESET

SEASONING

ºA first explanation /modeling of seasoning was

performed by Sarkar et al. which attributed the 

RESET seasoning to an alteration of the 

programmable volume due to stoichiometric

modification of GST material in cycling

º The permanent change in material characteristics

during the programming (RESET) operation of

the memory allows to melt and amorphize more x-

GST cycle after cycle (Tmelt decrease)

º This augments the amorphous hemispherical

dome and therfore increase the resistance RRESET



The analytical dependence of 

the Ohmic resistance change  

RSET of a hemispherical 

dome - shaped resistor with 

increasing radius is:

ɟa = 3 ɋcm

r1 = 50 nm (fixed)

50 < r2Ò 300 nm

An initial steep increase of the resistance up to 

approximately 100% increase is then followed by 

an asymptotic taper in good agreement with 

electrical characterization data


