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60GHz-Band Capability
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Hot-Carrier-Injection Issue in CMOS (1/2)

CMOS power amplifier
Drain efficiency: n=Pout/Pbc

Class-A
N=50%

Large Vs peak Small Vys,peak
HCIl damage Low efficiency
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Hot-Carrier-Injection Issue in CMOS (2/2)
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Hot-Carrier-Injection Mechanism
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HCI Issue In Advanced CMOS
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HCI Issues for 60-GHz Applications

2.4-GHz power amplifier
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Summary of Prior HCI Solutions@60GHz
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Power Combining Techniques

Power
combining| Output
(combiner,

antenna

array, etc.)
[*J. Chen et al.,

ISSCC 2011]
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Individual: PAE =
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© Compensate output power and linearity

® Deteriorated efficiency can not be improved
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Proposed HCI-Healing Technique
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Ultimate solution: Physically heal HCl damage
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Proposed HCI Healing Mechanism (1/2)

Damaged
gate oxide

P-Substrate

Damage mechanism: trapped electrons

[Y. Leblebici et al., JISSC 1993]
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Proposed HCI Healing Mechanism (2/2)

vG 2.2V

P-Substrate

Possible solution: charge ejection
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Measured HCI-Healing |-V Curves
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HCI-Healing Function in Transistor

First HCI healing transistor

Floating source* & low drain bias**
assisting ejection (memory cells)
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HCI-Healing Transistor Module

1.2V

= MMTL S TL
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HCI-Healing Power Amplifier (1/3)

Proposed
HCI healing
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HCI-Healing Power Amplifier (2/3)
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HCI-Healing Power Amplifier (3/3)
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HCI-Healing TRX Block Diagram
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Die Micrograph
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Measurements

Transistor TEG
— DC stress lifetime
— AC stress lifetime

Stand-alone PA TEG
- P, ,-P, ¢ With healing
— AC stress lifetime with healing

TRX Board
— EVM versus P, with healing

21 of 30



65 nm NMOSFET DC Stress Lifetime

Lifetime = 63 years
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65 nm NMOSFET RF Stress Lifetime
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Measured P;,-P,  of the PA
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Measured Lifetime of the PA

AC Stress-DC Meas.
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Measured TX EVM versus P
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60GHz TRX Performance Comparison

P TX Core
CMOS Data rate out efficiency | HCI Power
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Conclusions

— 60-GHz CMQOS transceiver with HCl damage
healing function by using charge ejection
technique.

— 81-year lifetime without sacrificing the output
power and efficiency

— The transceiver demonstrates an EVM of -27.9dB
and can transmit 7Gb/s in 16QAM within 2.16GHz
bandwidth.
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