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Application Space

Commercial Industry
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Millimeter Wave Components

THE NEED FOR CHARACTERIZATION

A Millimeter wave components are underlying building blocks of systems in:

A Imaging and sensing
A Cyber security
A EW Radar and communication systems

A Device characterization and validation of millimeter wave components
A Millimeter wave couplers & filters i Front - end Tx/Rx
A Mixers (Fundamental, Harmonic and differential) - Receivers and upconverters

A Millimeter wave amplifiers - Transmitters
A Millimeter wave sources - Transmitters

:
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A Magnitude and phase information crucial for simulation during design stage

A Ensure devices meet specifications during manufacturing

APNA-TDR & USB VNA
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Typical System Implementation

DISTRIBUTED ARCHITECTURE

Vector Network Analyzer 4= N\ etwork Analyzeas the measurement
engine
Millimeter Wave Test Set Controller 4 Requiredest Set Controllerterfaces to
modules
F F F F -
pecuency | Frequency | ey | ey || 4SEEEEEE requency Extendepsovide frequency

conversion and signal coupling

Network Analyzer

Test Set Controller

Frequency Extenders
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Millimeter VNA Architecture

MEASUREMENT REQUIREMENTS

ABring the measurement to the device
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_ 1.2 Loss for 8 cm
AStable system architecture

i L LU L
i == R = R B S R SR )

ASufficient power to get desired compression
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AAccurately control the phase of the stimulus Dt Impact On Calibrted egsuremerts

AFully corrected and traceable measurements | Device failures after 8 Hrs.
with uncertainty
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Distributed Architectures Challenges

ADDING LOW FREQUENCY

LFE Source / Receiver Module

[ ] [ ]

LFE Input

_T External bias
@—M S S T 0

—— s ><< ><< s Test port
modulator
Standard ij
source
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26.5/67 GHz
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S Keysight implementation of low frequency coverage 500 Hz i 100 MHz
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Accurate Device Models

MESFET LOW FREQUENCY ANOMALIES

Linear region

: : — 11 7
A Shows up as frequency dispersion of the G, or N
. T :
transconductance impedance term < 1051
= (D :
A Impacts on device performance are: ~ 15
A Causes |, lag effects of the MESFET 2 095
A Hysteresis in current-voltage characteristics £ 09
A Low frequency oscillation 2 ;
= 085 |
3 :
. y . i . o 0.8 .
S ,
A Complicates the device models and circuit designs. G, Dlspersm: - =
_ 0.75 |- ANBRYOFOLA e .
A Source is not well understood ~ Vge =0V ! easurement Start Freq |
07 L \ ...\.HI N N PR ot
A LFE enables more accurate device models and less 10’ 10° 10° 10° 10°
complex device designs Frequency (Hz)

Reference: Characterization of the frequency Dispersion of Transconductance
and Drain Conductance of GaAs MESFET Yumiko Hasumi, Nobutoshi
Matsunaga, Tsutoma Oshima,
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Distributed Architectures Challenges

ACTIVE DEVICE CHARACTERIZATION

AProvide Kelvin bias at the DUT
ALimited ground loops.
ALow leakage typically less than 400 pA is desirable

LEMO Sense Connector

BNC Force Connector

Vd =0.1 and 1.5V

The measured Ids for Low Vd are
different (from RF and DC).

This will cause the differences with
extraction
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Distributed Architectures Challenges

Prabe Positioner with fully X~Y~Z: control
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Millimeter Wave System Calibration

MILLIMETER WAVE CALIBRATION CHALLENGES

0.02 T

AWide frequency coverage 500 Hz to 125 GHz

ABroadband load

AClosed form polynomial models are limited

Alnductance short model
ACapacitance open model

ALoad match and delay

0.015

0.01

Mbdel Accuracy 11 Lin

0.005

ATraditional SOLT methods of error extraction limited

ALimited Smith chart coverage
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Calibration

DATABASED OFFSET SHORTS

AKey features of a millimeter wave
coaxial calibration kit

AEliminate need for broadband load

Almplements multiple shorts to cover
frequency range

ACharacterize devices using a
database model

AEnhanced least squares fit method of
calibration
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Millimeter Wave System Calibration

MAINTAIN TRACEABILITY AND UNCERTAINTY

AUse of standard connectors versus frequency coverage
AStandards compliant connectors imply ease of traceability

ATraceable 1.0 mm calibration through 1.0 mm calibration kit devices

Instrument Response Stimulus Uty Halp
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Keysight IEEE 287-2007
compliant 1.0 mm Connector
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Broadband Millimeter Wave System Calibration

ON-WAFER CALIBRATION STANDARDS

ASupported Calibration Methods
A SOLT - Short Open Load Thru
A SOLR - Short Open Load Reciprocal
ALRM - Line Reflect Match
ALRRM - Line Reflect Reflect Match
ATRL - Thru Reflect Line

W

ASpecial requirements > 50 GHz

A Microwave absorbing ISS holder reduces unwanted mismatch 3. .
Aldeal Calibration applications LRRM, LRM & SOL-R calibrations X
AISS enhanced for CPW transmission mode i thinned to 10 mils \ |
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