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D I S C U S S I O N  T O P I C S
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M I L L I M E T E R  WAV E  F R E Q U E N C I E S

Aerospace Defense
Industry

Commercial Industry

Automotive radar

Millimeter Wave imaging

Wireless backhaul

Radar/EW

WiGig 802.11 ad

Secure communication systembŜȄǘ DŜƴ ǿƛǊŜƭŜǎǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ άрDέ
Courtesy www.NIST.gov 
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ÅMillimeter wave components are underlying building blocks of systems in:

ÅImaging and sensing

ÅCyber security 

ÅEW Radar and communication systems

ÅDevice characterization and validation of millimeter wave components

ÅMillimeter wave couplers & filters ïFront - end Tx/Rx

ÅMixers (Fundamental, Harmonic and differential)  - Receivers and upconverters 

ÅMillimeter wave  amplifiers - Transmitters 

ÅMillimeter wave sources - Transmitters

ÅMagnitude and phase information crucial for simulation during design stage

ÅEnsure devices meet specifications during manufacturing

ÅPNA-TDR & USB VNA

T H E  N E E D  F O R  C H A R A C T E R I Z AT I O N

Millimeter Wave Components
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D I S T R I B U T E D  A R C H I T E C T U R E  

Typical System Implementation

Device under test

Vector Network Analyzer

Millimeter Wave Test  Set Controller

Frequency

Extenders

Frequency

Extenders

Frequency

Extenders

Frequency

Extenders

Network Analyzer

Test Set Controller

Frequency Extenders

Network Analyzer  is the measurement 

engine

Required Test Set Controller interfaces to 

modules

Frequency Extenders provide frequency 

conversion and signal coupling
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ÅBring the measurement to the device

ÅStable system architecture

ÅSufficient power to get desired compression 

behavior

ÅAccurately control the phase of the stimulus 

ÅFully corrected and traceable measurements 

with uncertainty

M E A S U R E M E N T  R E Q U I R E M E N T S  

Millimeter VNA Architecture

1.2 dB Loss for 8 cm

Device failures after 8 Hrs.



8

A D D I N G  L O W  F R E Q U E N C Y

Distributed Architectures Challenges 

Keysight implementation of low frequency coverage 500 Hz ï100 MHz

Standard

source

10 MHz ï

26.5/67 GHz

Pulse

modulator

AR1

Test port

AR1

External bias

LFE Input

LFE Source / Receiver Module
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ÅShows up as frequency dispersion of the Gm or 

transconductance impedance term

ÅImpacts on device performance are:

ÅCauses Id lag effects of the MESFET

Å Hysteresis in current-voltage characteristics

Å Low frequency oscillation

ÅComplicates the device models and circuit designs. 

ÅSource is not well understood 

ÅLFE enables more accurate device models and less 

complex device designs 

M E S F E T  L O W  F R E Q U E N C Y  A N O M A L I E S

Linear region

Saturation region

Reference: Characterization of the frequency Dispersion of Transconductance 

and Drain Conductance of GaAs MESFET Yumiko Hasumi, Nobutoshi 

Matsunaga, Tsutoma Oshima, 

GaAs MESFET

N5290/91A

Measurement Start Freq 
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ÅProvide Kelvin bias at the DUT

ÅLimited ground loops.

ÅLow leakage typically less than 400 pA is desirable

A C T I V E  D E V I C E  C H A R A C T E R I Z AT I O N  

Distributed Architectures Challenges

LEMO Sense Connector

BNC Force Connector

Å Vd = 0.1 and 1.5V

Å The measured Ids for Low Vd are 

different (from RF and DC). 

Å This will cause the differences with 

extraction

Mag (Ids ) v.s. 

Mag (Vgs) 
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S I Z E  S TA B I L I T Y  T R A D E O F F

Probe Positioner with fully X-Y-Z control 

Current Industry Capability

Current Industry Capability
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ÅWide frequency coverage 500 Hz to 125 GHz

ÅBroadband load

ÅClosed form polynomial models are limited 

ÅInductance short model

ÅCapacitance open model

ÅLoad match and delay

ÅTraditional SOLT methods of error extraction limited

ÅLimited Smith chart coverage

M I L L I M E T E R  WAV E  C A L I B R AT I O N  C H A L L E N G E S

Millimeter Wave System Calibration
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ÅKey features of a millimeter wave 

coaxial calibration kit

ÅEliminate need for broadband load

ÅImplements multiple shorts to cover 
frequency range

ÅCharacterize devices using a 
database model

ÅEnhanced least squares fit method of 
calibration

D ATA B A S E D  O F F S E T  S H O R T S
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ÅUse of standard connectors versus frequency coverage

ÅStandards compliant connectors imply ease of traceability

ÅTraceable 1.0 mm calibration through 1.0 mm calibration kit devices

M A I N TA I N  T R A C E A B I L I T Y  A N D  U N C E R TA I N T Y  

Keysight IEEE 287-2007 

compliant 1.0 mm Connector
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ÅSupported Calibration Methods

ÅSOLT - Short Open Load Thru

ÅSOLR - Short Open Load Reciprocal

ÅLRM - Line Reflect Match

ÅLRRM - Line Reflect Reflect Match

ÅTRL - Thru Reflect Line

ÅSpecial requirements > 50 GHz

ÅMicrowave absorbing ISS holder reduces unwanted mismatch

ÅIdeal Calibration applications LRRM, LRM & SOL-R calibrations

ÅISS enhanced for CPW transmission mode ïthinned to 10 mils

O N - WA F E R  C A L I B R AT I O N  S TA N D A R D S

Broadband Millimeter Wave System Calibration


