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Part 01.
Introduction & Overview



3

01 Introduction &Overview 
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01 Introduction &Overview 

Gordon Moore - “Moore’s Law”

Law on speed technology development.
Performance of semiconductor memory chips 
is doubled from 18 months to 24 months.
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01 Introduction &Overview 

# physical limitations in process of refinement
# flood of information

BUT, IN MODERN
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01 Introduction &Overview 

“Requirements from society”

Portability / networking

# improving integration

# accelerating operation

# low power

NEXT
GENERATION

Top 3 functional 
elements of memory 
chips : density, non-
volatility, speed



7

01 Introduction &Overview 

PRESENT - DRAM, Flash memory

DRAM

small size, high speed

volatile

Flash Memory

nonvolatile

speed, refinement
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01 Introduction &Overview 

property advantage

PRAM
(Phase change RAM)

State change of 
materials

Fine line width

RRAM
(Resistive RAM)

change in electrical 
resistance

Low voltage

MRAM
(Magnetic RAM)

magnetic field High speed
Universal memory
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The comparison of existing and new memory devices

※reference

01 Introduction &Overview 
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Theory
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02 Theory 

PRESENT NEXT GENERATION
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Mechanism of PRAM

- Current, voltage applied 
- Occurred reversible phase changing between
crystal(Low electrical resistance)
&amorphous(High electrical resistance)
- Store information using resistance differences.

02 Theory <PRAM> 
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02 Theory  <MRAM> 

MRAM is a memory that have the unit 
cell, MTJ(Magnetic Tunnel Junction).
-MTJ based on resistance changing.

MRAM
has the Shrink Limitation!!

Shrink : The operation of reducing a 
designed chip to a constant ratio 
depending on the process conditions.
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Spin direction

Parallel
-tunneling ↑, resistance↓

Antiparallel
-tunneling↓, resistance↑

02 Theory  <MRAM> 

MRAM
has the Shrink Limitation!!

Shrink : The operation of reducing a 
designed chip to a constant ratio 
depending on the process conditions.
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02 Theory <STT-MRAM> 

STT-MRAM (Spin-Transfer-Torque Magnetoresistive Random Access Memory)

STT : The physical phenomenon that 
we can control the spin direction of 
magnetic material when we inject 
current or voltage.

Mechanism of STT-MRAM

-Injecting Voltage or Current
-Transport the spin from electron to magnetic material
-Control the direction of spin
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02 Theory  <RRAM> 

Mechanism of RRAM

- the insulator between two 
electrode has a large resistance
- Injecting Voltage
- forming filament
- electron flows(lower resistance)
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Part 03.
Experiment
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03 Experiment <Voltage-Current>

Grey line : crystallized set state
Green line : amorphous reset state

Crystallized set state
- Similar as metal

Amorphous reset state
- High resistance
- Over the threshold voltage
→characteristic reversed
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03 Experiment <Voltage-Current>

Make voltage 0.4V↓
⇒ Do not cause 

phase change by reading

Grey line : crystallized set state
Green line : amorphous reset state
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03 Experiment <Current-Resistance>
>

Crystallized state
- Change to amorphous state

Amorphous state
- Change to crystallized state
⇒ Change to amorphous state 

again
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03 Experiment <Voltage-Current>

Crystallized set state
- resistance lower than 1 kΩ.

Amorphous reset state
- resistance about 100 kΩ.

Yellow line : crystallized set state
Blue line : amorphous reset state
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Part 04.
Application
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04 Application of PRAM

Advantages of PRAM

• Smaller

• Faster

• More reliable

• More mass-produced
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04 Application of PRAM

Stable in high temperature 
- useful for mobile device memory

Time to store data would greatly reduce
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04 Application of MRAM

Advantages of MRAM

• Fast speed

• High capacity

• High density



26

04 Application of MRAM
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04 Application of RRAM

Advantages of RRAM

• Improving integration

• Storing large quantities with 
low power

-> make memory smaller

• Semipermanent
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04 Application of RRAM

Miniaturized memory -> larger capacity of electronic devices
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04 Application
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Thank you for 
listening


