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Motivation: Si-Based Quantum Computing
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➢ Undoped Si/SiGe heterostructures are a promising platform for quantum computing

• Long spin decoherence times by in enriched 28Si host

• CMOS compatible

• 2DEG mobility > 1.6x 106 crri2/vs at 0.3 K, low density — 101°cm-2
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Motivation: Classical/Quantum Interface

Quantum Computer

Quantum Processor
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> Challenges

• Interconnects between classical (digital) and quantum computing
devices (e.g. wiring, heating, efficiency and latency)

• Only few studies on cryogenic logic and memory devices on the
NTUEE QEL Si/SiGe platform
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Motivation: Cryogenic Memory
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Motivation: Si/SiGe-Based Memory

b) Future perspective
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Prior Work: Surface Tunneling in Undoped Si/SiGe Heterostructure
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Prior Work: Surface Tunneling in Undoped Si/SiGe Heterostructure
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Prior Work: Surface Tunneling in Undoped Si/SiGe Heterostructure
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Experiment: Epitaxy by Chemical Vapor Deposition
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Device Fabrication
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Operation Principle of Charge-Trapping Flash Memory
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Operation Principle of Si/SiGe Flash Memory
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Operation Principle of Si/SiGe Flash Memory
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Device Characteristics

Program speed (Write 0)
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> The larger the erase voltage, the faster the erase speed.
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Device Characteristics
National
Taiwan

University

Retention

4

3

2

> 1

0

-1
1

g-1

4P-0

. ■

10 100

Time (s)

1000 10000

Endurance

5

4

3

2

1

0

Fivernmell•-•••••••••••••••••• W.* eissere 0_

- Vth(1)

- Vth(0)

I. • er• • • • • • • Ire ere • • • ellb gre • • • .4 • • • • • • • • el• • II

2000 4000 6000

P/E number

➢ A large memory window (AVT ) of more than 4 V is
obtained and retention is longer than 10,000 s.

➢ Endurance > 10,000 times without memory window
Ale,r,e--‘r•l•-%+;e‘v,
UC51 ClUCILIVI .

8000 10000

NTUEE QEL

vs kiAD
16



Comparison of Other Memories
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Conclusions
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Summary

> Undoped Si/SiGe heterostructures insulated-gate FETs
were fabricated and used as a cryogenic Flash memory.

> Electrons tunneled from buried QW to surface layer get
trapped in the A1203/Si interface states, causing Vth shift.

> Endurance is tested by operating 10000 times without
memory window degradation

> A large memory window (AVT ) of more than 4 V is
obtained and retention is longer than 10000 s.
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Device Characteristics

Program speed
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Device Characteristics

Erase speed
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> The longer the erase time, the bigger the AVth.
> The larger the erase voltage, the faster the erase speed.
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Temperature Dependence
National
Taiwan

University

Program speed

Program by 5 V

• 4K
--- 20K
•— 40K 

10-3 10-2 10-1

Proqram time (s)

10°

Erase speed

4

3

o

1
10-3 10-2 10-1 100

Erase time (s)

_ Erase by -11 V

•

■ 4K
• 20K
•— 40K

•

> Programming speed is insensitive to temperature
> Erasing speed increases with temperature

10'

NTUEE QEL

\1110
24



Write speed: Channel length effect

• Choose 5V as program voltage, pulse duration=1 s
-11V as erase voltage, pulse duration= 1 s

• Program speed is not sensitive to channel length

• Erase speed is relevant to channel length:
the shorter the channel, the faster the erase speed
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Operation principle of our device
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