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MMW, Sub-MMW and Tera Hertz
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 High frequency: Wide bandwidth for high-speed RF data link and wireless communication

 Short wavelength: High precision Radar/imaging, and compact antenna-integrated RF module

 Low photon energy: Non-destructive and safe to human body, security/biomedical imaging 

 THz frequencies: Corresponding to vibrational/rotational transition energies of bio-molecules

 “THz Gap”: Hard-to-reach and, therefore, remains unexploited so far:

 Electronics: Operation speed of FET and HBT limited by line widths and layer thickness

 Optical devices: Energy gaps corresponding to such long wavelengths too small



“All RF Data Link”: Ericsson
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Cost of 10Gb/s link in Germnay

Ericsson: E-Band 139Gb/s Link, May 2019

VDI: D-Band is E-band of Tomorrow



Automobile Radar Sensors
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Exotic Applications
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670 GHz Radar Wind-meter 

(0.2 m/s resolution)
160-GHz Radar Microphone Reference Microphone 



CMOS: MMW Challenges and Accomplishments
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Gain Pursuit

Enhanced PAPR for Spectrum efficient 
coding schemes like QAM and OFDM

KU Leuven: 28nm 29-57GHz CMOS PAKU Leuven: 40nm 28GHz CMOS PA

The “State-

of-the-ART”

PAPR: Peak Average Power Ratio



More MMW Powerful SiGe BiCMOS
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Georgia Tech: CSICS 2016

The Prediction



BiCMOS: To Enable More Low-Cost MMW Applications
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InP HEMT: 25nm Device for THz Operation
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Tera-FET: 95A InAs channel, Lg=25 nm
~20 um substrate, 4um back via,

Gm=3 S/mm, fT/fmax=0.61/1.5 THz 10-stage TMIC:10dB@1THz 4 cascaded amplifiers:16dB@1THz

NGAS: EMWW 2019



AlGaAs/GaAs HBT with Diamond Collector
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GaAs P+/P- diamond 

Schottky Diode cleaning

pnp AlGaAs/GaAs/diamond HBT

Univ. of Wisconsin: BCICTS 2019

Univ. of Wisconsin: BCICTS 2019



GaN/SiC HEMT: Review of“The-State-of-the-Art”

11HRL: IEDM 2010 - 2012



Ka-Band GaN/SiC PA with 58.5% PAE

12

• HRL’s 40 nm T4A GaN process: 

ft>300 GHz, fmax>500 GHz, 

and BV > 15V

• 2 stage MMIC PA: 1st stage: 

4x37.5 μm, 2nd stage: a 4x100 

μm

• Highest attainable PAE using a 

scalable non-linear Angelov

HEMT model extracted from 

prior wafers

• Designed in MWO environment

• PAE of 58.5% with associated 

gain of 11.9 dB and associated 

Pout of 24.4 dBm at 34 GHz 

under CW

HRL: BCICTS 2019



GaN/SiC HEMT：High-Linearity FINFET
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Superimposition of properly designed FETs leads to reduced gm” and improved IMD

FINFET with different widths corresponds different Vp

MIT: IMS 2019



GaN/SiC HEMT：High-Linearity with Graded Channel
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2DEG 
spreading

DARPA DREAM: Ultra linear mmw GaN
HEMT with OIP3/PDC> 30dB at 30GHz

HRL: IMS 2019



Buried Gate GaN/SiC HEMT with High Linearity
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GaN/SiC HEMT for LNA Applications (up to W Band)
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• 0.15μm GaN HEMT: 
Surprisingly low Fmin typically 
~3dB @W band 

• Competitive versus (even 
better than) InGaAs based 
PHEMT, but with >5x 
ruggedness to incoming power 
to avoid adopting limiter design

• Another ~0.8dB Fmin

improvement achieved when 
using 0.1μm GaN HEMT

• GaN HEMT Fmin next only to 
InP MHEMTwith similar gate 
lengths

OMMIC: CSICS 2017



GaN/Si HEMT Lower Cost
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60nm GaN/Si Based PA for W Band

100nm GaN/Si Based TR for Ka Band

600mW, 12dB gain , 10%PAE @ 94GHz, 12V

OMMIC: EMWW 2018
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