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FAST & it’s optics
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Main specs

• Spherical reflector: Radius~300m
Aperture~500m
Opening angle 110~120o

• Illuminated aperture:  300m
• Focal ratio:       0.467
• Zenith angle:    40o

• Frequency:       70-3000MHz



In layout 2000 
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Frequency range





No Band (GHz) Beams Pol. Cryo Science

1 0.07 – 0.14 1 RCP 
LCP

no High-z HI(EoR),PSR, VLBI, Lines

2 0.14 – 0.28 1 RCP 
LCP

no High-z HI(EoR),PSR, VLBI, Lines

3 0.28 – 0.56 1 or multi RCP 
LCP

no High-z HI(EoR),PSR, VLBI, Lines
Space weather, Low frequency DSN

4 0.56 – 1.02 1 RCP 
LCP

yes High-z HI(EoR),PSR, VLBI, Lines
Exo-planet science 

5 0.320 – 0.334 1 RCP 
LCP

no HI,PSR,VLBI

6 0.55 – 0.64 1 RCP 
LCP

yes HI,PSR,VLBI

7 1.15 – 1.72 1  L wide RCP 
LCP

yes HI,PSR,VLBI,SETI,Lines

8 1.23 – 1.53 19 Lnarrow
multibeam

RCP 
LCP

yes HI and PSR survey, Transients

9 2.00 – 3.00 1 RCP/
LCP

yes PTA，DSN，VLBI,SETI

9 sets of FAST receivers NAOC - JBO



0.07-0.56 GHz

• Log periodic antenna
• Room tempeture

receiver
• Optical fibre for IF
• HI line, VLBI
• Tsys: sky dominated



0.56-1.02GHz

• Log periodic antenna

• Cooled receiver

• Optical fibre for IF

• Line, VLBI 

• Tsys ～60K



1.15-1.72GHz

• Corrugated horn

• Cooled receiver

• Optical Fibre for 
IF

• Line, Pulsar, VLBI

• Tsys～ 25K



Multi-horn 1.23-1.53GHz

• Coaxial feeds

• No.of beams: 19

• Cooled receiver

• Optial Fibre for IF

• Line, Pulsar, VLBI

• Tsys ～ 25K



Receive layout design (2000 & 2006)



Receiver Monitoring & Diagnostics

• Temperature
• Vacuum
• Power supply
• IF bandpass
• RFI spectrum
• Tsys
• Aeff

• Status of the 
receiver, remote 
trouble diagnostics  



Summary of the layout

• Based on existing, proven design 
• Frontend and backend
• Weight and size
• Important input to the focus cabin design



Recommendations from the 
International Review 

• Large-scale HI surveys
• Pulsar Surveys
• Pulsar timing and emission properties
• Search for extrogalactic mega masers. 
• EoR
• VLBI
• High redshift HI absorptions
• Diffuse emission from the Galaxy
• SETI
• Planetary radar



Next step, development work

• Lesser sets of receivers, wideband feeds/receiver
• Multi-horn /PAF at core band

focal field analysis
• Multi-beam for incoherent radar
• IF transmission, experiment on the stability of the 

signal transmission
• Using the whole 500m aperture
• Digital backend



Frequency coverage：

70 – 140MHz

140 – 280MHz

280 – 560MHz

560 – 1024MHz

70 – 1000MHz

Low frequency receiver

Frequency coverage：
70MHz ～ 1GHz

ATA  0.5 – 11GHz

LOFAR 120 – 240MHz

WSRT 115 – 180MHz

VLA: low frequency@74MHz



Mulbi-beam at L-band



multi-horn, OMT



Focal field distribution
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PAF on FAST



Multi-beam for incoherent radar

Transmitter:
Location: Qujing, Yunan
Diameter: 25m
Power: 2MW @ 480MHz



IF transmission

• Amplitude & Phase
• Linearity to strong 

signal
• Lifetime 



Using the whole 500m 



Digital Backend

• Current fast development in this field
CASPER
ATNF PDFB
Digital BBC for VLBI

• As for FAST(no correlator)
Comercial A/D+FPGA + PC-cluster 
might also be possible. 







BEE2, IBOBPFB vs. FFT



FPGA based backends

• PDFB @ ATNF, timing residual~50ns
• Digital BBC for VLBI



COBRA, CPSRII







A solution based on Commercial 
Available Products

• A fast A/D with on-board FPGA
• Polyphase Filterbank
• Data distrubution via network
• Data processing by PC-cluster



Thanks



Active main reflector
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Deviation from the paraboloid

• Spherical: 2-3mm
• Optimized: ~1mm



Focal cap diameter 206m
Cabin in total ~30t
Load on lower plate ~3t
Maximum tracking 11.6mm/s
Slewing 400mm/s

Position error 
<10mm
Pointing accuracy 8’’

Focus Cabin Suspension
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