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Motivation

Radiating element Freq Bandwidth Principle connection
Patch Narrow Unbalanced
Slot / Waveguide Medium Unbalanced
Ring Narrow Unbalanced
Spiral Wide Balanced
Bow-Tie, Fat dipole Wide Balanced
Vivaldi Wide Balanced
Log periodic Wide Balanced
Yagi Medium Balanced

Narrow: <30%, Medium: <Octave, Wide: multiple octavesNarrow: <30%, Medium: <Octave, Wide: multiple octaves
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Motivation

Active or passive balun always needed
• Active balun: differential LNA

Differential LNA:
• Lower costs (see Eloys talk today..)
• Higher freq bandwidth possible
• Higher performance
• Improved IP2
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Motivation

Differential Receiver:
• Less inference sensitivity 

(IP2 improvements possible) 
• Power supply noise suppression
• Common mode susceptibility improved
• Balanced mixer’s for LO suppression

-------- The only way to build System On Chip!
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Motivation

Differential LNA:
• (little) Higher chip cost
• Testing / design complexity
• Higher power consumption
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Design

Differential Amp
• Common mode suppression 

(just) Two amps
• Easier design / implementation
• Used in many (antenna) systems
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Design

After the second stage gain / 
phase ‘matching’ not required 
for noise
• 1st order approximation
• Still required for IP2 etc.
• Assume 20dB  CMRR11stst stagestage 22ndnd stagestage
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Technology
GaAs PsHEMT / mHEMT

SiGe BJT
with b0 =100:  FMIN~30K

CMOS
In principle similar to GaAs
• Gate leakage?
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Characterization

No IEEE definition for multiple input and 
output ports for noise figure
J Randa, MTT transactions, 2001:
• Based on noise matrixes, characterization of 

differential LNAs is possible with a series of hot-
cold measurements

• Γ=0, all ports terminated with matched loads
• 9 noise parameters 
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Characterization

(differential) hot-cold:
• The differential load;

• Arbitrary impedance e.g. 100, 150 or 200 Ohms
• 290 kelvin, 78 kelvin (N2)
• LNA temp should remain constant 
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Characterization

OMMIC COTS LNA
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Characterization: Active antenna

Hot cold test
• 290 kelvin, 8 kelvin
• Requires ground shield
• RFI issues
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Characterization

Hot cold test facility
• Metal container (funnel) with removable load
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GaAs PsHEMT LNA
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InP LNA
NGST
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GaAs mHEMT LNA

70nm OMMIC technology 
• 250GHz fT
• 150 Ohm input impedance
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mHEMT LNA
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InP LNA

S Weinreb
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CMOS

0,18µm UMC
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Conclusion

Differential LNAs essential for SKA
Work to be done on design
Work to be done on characterization
Diff. noise parameters required?
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