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Using
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Presentation Overview

MMIC vs MIC
Specific Application : Cryogenic MMIC LNA
Trade off approach
Noise Parameters Characterisation activity
e Measurement method
Bench setup
Bench characterisation
Measurement and data collection
Data processing

*  (Conclusion
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MMIC vs MIC

PRO CONS
Lower cost Not THE BEST
Higher repeatability Passive and active elements are limited by
Compact foundry library

Faster and easy to assembly Not Adjustable or just a little

It requires for design a very precise models

Substrate not the best for noise

There 1s another option ?
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Specific Application Cryogenic MMIC LNA

Usually cryomodels are not available from commercial foundry
Design the best for room temperature

This is the very best also at cryo temperatures?

Often we approach pioneer technologies

Models are not so consolidated as we’d like

Emerging Receiver architecture has multiple channel

We need several similar devices

We’d like to “save” as much kelvin as possble
Reduce losses

Optimize the design

Simplify the packaging
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Trade off approach :

Off-chip
section

MMIC section

VDD1

= Vee2

External Input Matching network
Tunable
Low loss substrate (Fused Silica,PTFE)

[ el ] - — -

A little bit more flexibility
We can re-optimize the Off-chip IMN
the “real” Noise parameters

sing

We need the real Fuinvvic, Rnvvic, mag and
phase INoptmmic
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Noise Parameters Characterisation activity

Method We used an InP 0.1lum NGC MMIC LNA

Setup without Input matching Network
Characterisation

l

Measurement
and
data collection

l

Data Processing

In order to get Fuminmmic, Rnmmic, Ioptmmic we
have to map the DUT Output Noise Power
under various Input Load conditions
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Noise Parameters Characterisation activity

Setup
Characterisation

In order to sintetize different Load conditions we need a Tuner
Tuner introduce accuracy and uncertainty issue

Cold source Noise measurement method doesn’t imply the
connection of the tuner between noise source and the receiver
We can forget about the Tuner losses

We have to characterise every single element in the receiver
chain
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Noise Parameters Characterisation activity

Method

Characterisation

Input Output :
m_ Network Network

Sw.itch Outpuf Probe

Isolator
Cables Isolator LNA (opt.)

Bias tee Cables 8970
Input Probe
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Noise Parameters Characterisation activity

Components characterization : Necessary to calculate Ga

Method
Setup

[S] parameters of

: Probes contribution
Switch
has been removed
using adapter
removal algorithm

cables
bias tee

Isolators
DUT

Uncertainty Accuracy

dlnstrument Warm up time
dStandardcal Connector tight and clean
Cable position
probing
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Noise Parameters Characterisation activity

Receiver Calibration : We get Gp, NFrec

Noise
Source

Method
Setup
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Noise Parameters Characterisation activity

Receiver Calibration : We get Gp, NFrec

Noise
Source

Method
Setup
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Noise Parameters Characterisation activity

Receiver Calibration : We get Gp, NFrec

Noise
Source

Method
Setup
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Noise Parameters Characterisation activity

Recelver

Move Tuner
and Repeat
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Noise Parameters Characterisation activity
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Noise Parameters Characterisation activity
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Noise Parameters Characterisation activity

F(G,B)=F +%-[(G—Ggm)2 +(B—Bopt)2} F . =A+V4-B-C-D?
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Noise Parameters Characterisation activity

Simulated
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A measurement setup to optimize LNA Performances has been presented
Accuracy and uncertainty sources had been evaluated

Good results has been obtained at some frequencies

Work is still in progress in order to reduce uncertainty and improve the

accuracy over an extended frequency range
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Marco de Dominicis
*  Walter Ciccognani
e Antonio Nanni

Their PhD Thesis and Contribution has been fundamental for This Job
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“Strumentazione e Metodologie per la Modellistica di Rumore di Dispositivi Attivi ad Alta Frequenza
“ Marco de Dominicis PDh Thesis. — Tor Vergata University - Roma

“Modelli e metodologie di progetto per circuiti a basso rumore ad alta frequenza” - Walter Ciccognani
PDh Thesis — Tor Vergata University - Roma

Antonio Nanni PDh Thesis — Tor Vergata University - Roma

R. Bauer and P. Penfield, “De-embedding and Unterminating,” IEEE Trans. On MTT, vol. MTT-

22 ,Mar. 1974, pp. 282-288

L. Glasser, “An Analysis of Microwave De-embedding Errors, “ IEEE Trans. On MTT, vol. MTT-26,
May 1978, pp. 379-380.

NIST Technical Note 1297 - “Guidelines for Evaluating and Expressing the Uncertainty of NIST
Measurement Results”
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