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Summary
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• HEMT amplifier basics

• Background on previous generation 
amplifiers

• New short-gate length devices

• Current performance 70-116 GHz

• Future developments
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HEMT Amplifier basics
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• Best 100 GHz amplifier noise
• High Electron Mobility Transistors (HEMT)
• In  a HEMT, carriers confined to 2-D 

electron gas
– Reduces scattering
– Increases electron mobility

• Quantum noise, 

• Cryogenically cooled (20K) Indium Phosphide 
(InP) HEMTs: ~5 x quantum noise at 100 GHz

Chalmers University of Technology 

Gate formation 

Joel Schleeh, Chalmers
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 Increase fT (i.e. shorter gate)

 Reduce parasitics



CRAL – CAHILL RADIO ASTRONOMY LAB

4

MIC and MMIC
• HEMT transistors can be 

incorporated into hybrid 
“chip and wire” Microwave 
Integrated Circuit (MIC) 
amplifiers.

• These give the best noise 
performance at f<70 GHz, but 
need to be hand-built => high 
cost, long assembly time

• Monolithic Microwave 
Integrated Circuits (MMIC) 
integrate multiple transistors 
and biasing circuits onto a 
single chip

• MMICs give repeatable 
performance, within some 
profile

• Can be integrated into 
modules with other receiver 
functions 

WMAP 60 GHz MIC amplifier module

Planck 70 GHz front end module
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MMICs enable arrays

Large-format focal plane arrays benefit from repeatability of MMIC amplifiers  

QUIET W-band 
polarimeter module

QUIET W-band focal-plane array
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100 nm amplifiers from DARPA & CHOP
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• InP HEMT devices in radio astronomy from 
two programs:

– DARPA (Defense Advanced Research Projects 
Agency) 

– CHOP (Cryogenic HEMT Optimization Program)

• NASA/NGC

• By 2005, almost all transistor records from 
these programs

• Over thirty ground and space-based 
instruments
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o Cryogenic Hemt Optimization (CHOP) program (100nm)

7
Telescopes/instruments with 100nm amplifiers from CHOP/Umass programs

Amplifiers from CHOP are widely used
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100 nm MMICs:
e.g. CAPMAP (QUIET),
SEQUOIA,
Weinreb et al (1999).

CAPMAP (QUIET)

SEQUOIA Weinreb et al. (1999)

100 nm MMIC amplifier noise
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Develop 35 nm 
HEMT amplifiers 

for radio 
astronomy

Caltech 
(CRAL): 

Readhead, Cleary, 
Gawande, Monje

Caltech (EE): 
Weinreb

JPL
Gaier,

Lawrence,
Kangaslahti, 

Samoska, Fung

NGC
Lai, Sarkozy, 

Deal

NRAO
Morgan

(Bryerton)

Caltech
(OVRO):

Lamb

FUNDING

 NASA APRA
 NASA ESTO
 Keck Institute for Space 

Studies
 NSF 
 University of 

Manchester
 MPIfR, Bonn
 ALMA
 Chalmers University of    

Technology

Chalmers 
University of 
Technology
Conway, Billade

Aalto 
Varonen

University of 
Manchester

Fuller, Davis, 
George, 

Cuadrado-Calle

Collaboration to exploit 35 nm devices for 
radio astronomy

Four wafer runs to date.
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Cryogenic Probe Station allows rapid 
characterization
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Cryogenic Probe Station allows rapid 
characterization
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Cryogenic Probe station allows rapid 
characterization and selection of MMICs
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Yield of 35 nm devices

Wafer yield (RT gain): 69%. Cryogenic noise yield: 79% of those probed (55% of wafer)

5	

10	

15	

20	

25	

30	

35	

20	

30	

40	

50	

60	

70	

80	

75	 80	 85	 90	 95	 100	 105	 110	 115	

G
ai
n
	(
d
B
)	

N
o
is
e
	T
e
m
p
e
ra
tu
re
	(
K
)	

Frequency	(GHz)	

APRA3,	WP14,	116LN2C_093B,	100%	

‘good’

J. Kooi, M. Varonen
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Yield of 35 nm devices

Wafer yield (RT gain): 44%. Cryogenic noise yield: ?

J. Kooi, M. Varonen
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Current performance:  70-116 GHz
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105SW_B (35 nm MMIC) 

116LN2A (35 nm MMIC) 

EBLNA81 (35 nm MMIC) 

EBLNA81B (35 nm MMIC) 

105LN1 (100 nm MMIC) 

5 x quantum limit 

3 x quantum limit 
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Applications: Argus spectrometer array
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Argus – a 16 pixel, 85-116 GHz spectrometer array for GBT 

Using 116LN 35-nm amplifiers
Due to be commissioned on GBT by 2015
Stanford (Church PI), Caltech, JPL, Maryland, Miami
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Argus – a 16 pixel, 85-116 GHz spectrometer array for GBT 

Using 116LN 35-nm amplifiers
Due to be commissioned on GBT in 2015
Stanford (Church PI), Caltech, JPL, Maryland, Miami
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Applications: Argus spectrometer array
R. Gawande
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ALMA Band2 Prototype – 100 GHz amplifier modules for prototype 

ALMA Band2 cartridge
NRAO (Morgan), Caltech (Cleary)

Eric Bryerton/Marian Pospieszalski

Applications: ALMA Band 2 prototype
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The University of Manchester (Fuller, George, Cuadrado-Calle), Caltech/JPL

ALMA BAND 2+3 LNAs – 67-116 GHz LNAs

Simulated Noise temperatures  
TN,min: 18.2 K @ 76 GHz

TN,max: 28.9 K @ 116 GHz

MMIC characterisation → Summer 2015

Developing a new generation of LNAs           35 nm InP process (NGC)

Applications: ALMA Band 2+3 LNAs
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70-116 GHz Receiver for ngVLA

Year Task/Milestone

2016-2022 Develop 70-116 GHz LNA

2017 Demonstrate receiver in lab

2018 Demonstrate receiver on 10m at OVRO

2019 Demonstrate Dewar combining all three bands 
on ngVLA prototype dish

2022 Receiver production

Straw-man schedule for 70-116 GHz receiver development at Caltech

Improved MMIC designs, 25 nm process: 25 K noise?

Optimised waveguide probes

Demonstrate sufficient MMICs

Amplifier modules meeting gain and noise specifications


