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Applications
e Ultra-miniaturized platforms are powered by light or ultrasound
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Proposed Micro-robot: CMOS die + Actuators
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THz Energy Harvesting: Challenges

1. Device f; < 260GHz
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[F. Ellinger, et al.{ IEEE MTT-S 2011]
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2. Lack of high power source
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 THz Energy Harvester Design
* Optimum Conditions for THz Rectifier
* Proposed Design of THz Rectifier
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Conventional Switching Rectifier

Low fin, High Pin High fin, Low Pi
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Step-by-Step Optimization
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Step 1: Phase Alignment
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A controlled delay A of
Vs leads to higher igs
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Step-by-Step Optimization

Pp rr= PGRF

Step 2: Self-Gate Biasing
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A self -gate bias allows channel
to conduct igs for longer time
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Step-by-Step Optimization

PoRrr> PGRF

Step 3: Pin Redistribution
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Slmulated Performance
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THz Energy Harvester Schematic
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Dual-Antenna Architecture enables
* Separate control for Pp rr and Pg; pr through antenna widths

* Independent phase tunning of £v4,
* Simplified matching networks design
Zantc =Zg and  Zunrp =Zp
where Zg = vy5/i4s and Zp = v45/igqs are active impedances under optimum
conditions
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Schematic of 263GHz Harvester

Length
(Um)
TLi| 51
TL| 73
TLy | 121
TL| 60
TLs | 93
Tls | 92
TL7 | 56

Antenna Gain (dBi)

2 -
Wp
1-

04 Design

'3 T T T T T T T
150 200 250 300 350 400 450 500 550

Points
We

Antenna Width (um)

Antenna gain vs
antenna width

THz Energy Harvester Schematic

1.0]

05 /—\Z.Oj
Impedance normalized to 60Q
TLs

0.2] 5.0j

TL 2 TL7
Zmtpd L Zantc

0.2 5 1.0 2.0 5.0
Zs

TL 6 TL1

-1.0j

Gate and drain
impedance matching



Simulated Performance
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Simulated conversion efficiency and output power including loss of vias and matching networks
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Measured Harvester Performance
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Measured Performance and Chip Micrograph
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 Conclusion & Comparison




Performance Comparison
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Comparison with mm-Wave Energy Harvesters

CMOS Frequency Peak Efficiency 0, n at Reduced P;,

Technology (GH2) and Related Py, (<0dBm) T
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This work 22nm FinFET 263 13.6% at -8dBm 13.6% at -8dBm
T-MTT" 21 [1] 40nm Bulk 94 45.8% at 10dBm 5% at 0OdBm* 0.08#
94 24% at 16dBm 2% at 0OdBm¥* 0.09#
T-MTT" 19 [2] 65nm Bulk
35 36.5% at 15dBm 10% at 0OdBm* 0.12#
T-MTT" 16 [3] 40nm Bulk 60 32.8% at 5.7dBm 10% at -3dBm* 15600°%
24 20% at 6.4dBm 2% at -3dBm*
T-MTT" 14 [4] 65nm Bulk 35 18% at 6.6dBm 4% at 0OdBm* 0.27#
60 11% at 3dBm 6% at 0OdBm*
IMS’ 17 [5] 65nm Bulk 89 21.5% at 12.7dBm 1% at OdBm>* 0.12#
IMS’ 14 [6] 65nm Bulk 94 10% at 4.5dBm 4% at -2.3dBm* 0.48%*
RFIC’ 13 [7] 65nm Bulk 71 8% at 5dBm - 1.8%
TWithout antenna loss [1] P. He, et al., [IEEE MTT 2021. [5] E. Shaulov, et al., [EEE IMS 2017.
*Estimated from the plots in the literature [2] P. He, et al., IEEE MTT 20109. [6] N. Weissman, et al., IEEE IMS 2014.
#Area without antenna [3] M. Nariman, et al., IEEE MTT 2016. [7] H. Gao, et al., IEEE RFIC 2013.
$Area including a grid antenna [4] P. Burasa, et al., IEEE MTT 2014.
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 Future work: True THz-ID
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True THz-ID and Chip Micrograph

Intel’s 22nm FinFET Process
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