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MMIC vs MIC

PRO CONSPRO

Lower cost

CONS

Not THE BEST

Higher repeatability

Compact

Passive and active elements are limited by 

foundry library

Faster and easy to assembly Not Adjustable or just a little

It requires for design a very precise modelsq g y p

Substrate  not the best for noise

There is another option ?
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Specific Application Cryogenic MMIC LNA

U ll d l il bl f i l f dUsually 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 e’d like

This is the very best also at cryo temperatures?  

Models are not so consolidated as we’d like

Emerging Receiver architecture has multiple channel

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

We need several similar devices 

Reduce losses

Optimize the design

Si lif h k i
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Trade off approach : 

External Input Matching network
Tunable Off-chip

VDD1 VDDn

MMIC sectionOff-chip
section

Off-chip

VDD1 VDDn

MMIC sectionOff-chip
section

Tunable
Low loss substrate (Fused Silica,PTFE)

Off-chip
IMN OMN

VGG1 VGG2

ISMN1Off-chip
IMN OMN

VGG1 VGG2

ISMN1

A little bit more flexibility
W ti i th Off hi IMN iWe can re-optimize the Off-chip IMN using 
the “real” Noise parameters 

We need the real Fmin,MMIC, RnMMIC, mag and 
phase Γopt,MMIC
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N i P Ch i i i iNoise Parameters Characterisation activity

Method
Setup

We used an InP 0.1um NGC MMIC LNA 
without Input matching NetworkSetup

Characterisation
without  Input matching Network

Measurement 
and 

data collectiondata collection

In order to get Fmin,MMIC, RnMMIC, Γopt,MMIC we

Data Processing

In order to get Fmin,MMIC, RnMMIC, Γopt,MMIC we 
have to map the DUT Output Noise Power 

under various Input Load conditions
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N i P Ch i i i iNoise Parameters Characterisation activity

Method
Setup

• In order to sintetize different Load conditions we need a Tuner
T i t d d t i t iSetup

Characterisation
• Tuner introduce accuracy and uncertainty issue

Measurement 
and 
data collection • Cold source Noise measurement method doesn’t imply the data collection p y

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 

Data Processing
chain
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N i P Ch i i i iNoise Parameters Characterisation activity

Method
Setup

VNA
Setup
Characterisation

Input 
Network DUT ReceiverOutput 

NetworkTuner

Measurement 
and 
data collection

Network Network

data collection
Switch
Cables 
Bias tee

Output Probe
Isolator
Cables

Isolator
LNA (opt.)

8970

Data Processing
Input Probe
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N i P Ch i i i iNoise Parameters Characterisation activity
Components characterization : Necessary to calculate Gav

Method
Setup

p y

[S] parameters of
Setup
Characterisation Switch

cables
bi t

Probes contribution
has been removed 

using adapter 

Measurement 
and 
data collection

bias tee
Isolators
DUT

g p
removal algorithm

data collection

Uncertainty Accuracy

Data Processing δInstrument
δStandardcal

Warm up time
Connector tight and clean

Cable position
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N i P Ch i i i iNoise Parameters Characterisation activity
Receiver Calibration : We get Gp, NFREC

Method
Setup

g p,

NFMNoise 
Source

ГREC

ГSSetup
Characterisation

ГS

Cal Ref. Plane

Measurement 
and 
data collection

Uncertainty

δI t t

Accuracy

W ti1010 log measP
Meas

kBT
⎛ ⎞

= ⋅ ⎜ ⎟
⎝ ⎠data collection δInstrument

δENR
δГREC

Warm up time
Connector tight and clean

10
0

g
kBT⎜ ⎟

⎝ ⎠

1( )meas rec S pP kB T T G
MM

= + ⋅ ⋅

Data Processing
Hp 

Low ENR Noise Source
ГNS-ON ≈ ГNS-OFF

meas ec S pMM

( ) ( )
2

2 2

1

1 1
S recav

i

P
MM

P
−Γ Γ

= =
Γ Γ ( )2

1

1
av

cal
i

P
MM

P
= =

Γ
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N i P Ch i i i iNoise Parameters Characterisation activity
Receiver Calibration : We get Gp, NFREC

Method
Setup

g p,

NFMNoise 
Source

ГREC

ГSSetup
Characterisation

ГS

Cal Ref. Plane

Measurement 
and 
data collection ( )

hot cold
p cal

H C

P P
G MM

T T
−

= ⋅
−

/10
0 010ENR

HT T T= ⋅ +
data collection ( )H CT T

cal
rec hot H

MM
T P T

kBG
= ⋅ −

Data Processing

0
1

p

rec
rec

kBG

T
F

T
= +
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N i P Ch i i i iNoise Parameters Characterisation activity
Receiver Calibration : We get Gp, NFREC

Method
Setup

g p,

NFMNoise 
Source

ГREC

ГSSetup
Characterisation

ГS

Cal Ref. Plane

0 0C Cper T T T T T≠ ⇒ Δ = −

Measurement 
and 
data collection

( ) ( ) ( )
( )

0 0

,

1
C C

NFM iso
rec NS iso NS

av iso NS

F
F F

G
Γ −

Γ = Γ + =
Γ

⎛ ⎞data collection

( )
( )
( )

( ) ( )
0 , ,

111 1

1

NFM isoC

av iso NS av iso NS

FT
T G G

G FT

⎛ ⎞ Γ −
= + ⋅ − + =⎜ ⎟⎜ ⎟Γ Γ⎝ ⎠

ΓΔ
Data Processing

( )
( )

( )
( )

, 22

0 , ,

1 av iso NS NFM iso

av iso NS av iso NS

G F sT
T G G

− ΓΔ
= ⋅ +

Γ Γ
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N i P Ch i i i iNoise Parameters Characterisation activity
Receiver

Method
Setup

Receiver

NMEAS

Setup
Characterisation VNA

Г
Measurement 

and 
data collection DUT

Bias 
Tee

ГT

data collection Tee

Data Processing Tuner
Probe the DUT

Measure ГT
SWITCHMeasure NMEASMove Tuner 

and Repeat
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N i P Ch i i i iNoise Parameters Characterisation activity
DUT OUT NET

Method
Setup

ΓLOAD

DUT OUT NET

Calibration Plane

0
1 DUT

DUT
T

F
T

= +
Setup
Characterisation

( ), , , , ,
1 1meas av rec misura C av DUT av RETEOUT C av RETEOUTDUTT T T G G G

G
T T

⎛ ⎞
= + + ⋅ ⋅ + ⋅ − ⋅⎜ ⎟⎜ ⎟

⎝ ⎠

0T

Measurement 
and 
data collection

,av RETEOUTG⎜ ⎟
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, ,
,

,
1 1C av RETEOUTmeas

av RETEOUT
C

rec misav ur

DUT

aT G
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p
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, ,
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av DUT av RET
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( ) ( ) ( )221 av iso S NFM isoF sGT − ΓΔ

( )( ), 0 1rec misur rea c ST T F= ⋅ Γ −

pG

Engineering Forum Workshop  - Low Noise Figure Measurements at Cryogenic and Room Temperatures - April 23-24 , 2009 Gothenburg

( ) ( )
( )

( )
( )

,

0 ,

2

,

2av iso S
rec S

av i

NFM

so S av S

i

iso

soF sGTF
T G G
Δ

Γ = ⋅ +
Γ Γ



INSTITUTE of RADIOASTRONOMY

I N A F

N i P Ch i i i iNoise Parameters Characterisation activity
1 1SW SW

TUNERS S⋅ ⋅Γ

Method
Setup

( )
12 21

11

1

1

22
1

TUNERSW
MEAS SW

TUNER

S SS
S

Γ
Γ = +

− ⋅Γ
ΓTUNER

Setup
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Γ 2 2SW SWS T⎡ ⎤ ⎡ ⎤⇒⎣ ⎦ ⎣ ⎦

Measurement 
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data collection
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N i P Ch i i i iNoise Parameters Characterisation activity
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N i P Ch i i i iNoise Parameters Characterisation activity

⎧
Results @6.5 GHz : Simulated & Measured

Method
Setup

0

0

A

B

ε

ε

∂⎧ =⎪ ∂⎪
∂⎪ =⎪⎪ ∂Setup

Characterisation 0

B

C
ε

ε

⎪⎪ ∂
⎨ ∂⎪ =
⎪ ∂
⎪ ∂⎪

Measurement 
and 
data collection

0
D
ε∂⎪ =

⎪ ∂⎩

data collection

Data Processing
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Conclusion

• A measurement setup to optimize LNA Performances has been presented

Conclusion

• 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• 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 rangeaccuracy over an extended frequency range
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