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> Instantaneous bandwidth: 0.1 — 1.5 GHz
> Spectral resolution @ 1.5 GHz: 212 kHz
> Calibration- and aging free digital processing
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FFTS :: 1.5 GHz bandwidth Board

Max-Planck-Institut

fiir Radioastronomie
| :
_ = —— T g Ty A

5 Volt
4_
£
IF input ) - ' ' -
0-3GH2) " [ Sggsasliﬁm_ ;
L g Data
S i \/

\\ 4

> Instantaneous bandwidth: 0.1 — 1.5 GHz
> Spectral resolution @ 1.5 GHz: 212 kHz
> Calibration- and aging free digital processing
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FFTS :: Signal Processing
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i Raioastronomic Unlike the conventional windowed-FFT processing, a more
efficient polyphase pre-processing algorithm has been de-
veloped with significantly reduced frequency scallop, less
noise bandwidth expansion, and faster sidelobe fall-off.
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Today, implemented FFTS board / FPGA configurations are:

* 1 x 1.5 GHz bandwidth, 1 x 8192 spectral channels, ENBW: 212 kHz (default core)
» 1 x 1.8 GHz bandwidth, 1 x 8192 spectral channels, ENBW: 255 kHz

* 1 x 750 MHz bandwidth, 1 x 16382 spectral channels, ENBW: 53 kHz
* 1 x 500 MHz bandwidth, 1 x 16384 spectral channels, ENBW: 35 kHz
* 1 x 100 MHz bandwidth, 1 x 16384 spectral channels, ENBW: 7 kHz
1 x 50 MHz bandwidth, 1 x 16384 spectral channels, ENBW: ~4 kHz

The Equivalent Noise Bandwidth (ENBW) is the width of a fictitious rectangular filter such that
the power in that rectangular band is equal to the (integrated) response of the actual filter.
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The spectroscopic Allan variance between two 1 MHz broad channels, separated by
800 MHz within the band, was determined to be stable on a timescale of ~4000 s.
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i fadioastronomie Bandwidth: 32 x 1.5 GHz = 48 GHz (option 58 GHz) | 4re*
Spec. channels: 32 x 8k = 256k channels @ 212 kHz | -~ &
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fiir Radioastronomie The new 32 GHz AFFTS at the 30-m telescope works in two modes:
50 and 200 kHz spectral resolution. — Commissioning: July 2011

Picture provided by C. Kramer (IRAM)
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i Radioasronomie.——— |RAM IF processor (spectrum slicer) for the Array-FFT-spectrometer.

BANDPASS FILTER

SWITCH
 (selects anti-
alias filter)

INSULATOR

| ANTI-ALIASING FILTERS

'
]
o
<
-
=i
73]
o
|
N
L5
OE
o=
&

)

REFERENCE INPYT _
Picture provided by C. Kramer (IRAM)

B.Klein CCAT-Meeting, Cologne, 2011



DIGITALLABOR
AFFTS @ IRAM 30-m \ AL 25701

Max-Planck-Institut

fir Radicastronomie Frequency survey of NGC7023 covering 86 to 116 GHz at 50 kHz resolution.
The resulting spectrum consists of 740.149 spectral channels.
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AFFTS @ IRAM 30-m \ VR e
e Frequency survey of NGC7023 covering 86 to 116 GHz at 50 kHz resolution.
The resulting spectrum consists of 740.149 spectral channels.
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e Spectroscopy :: 16 x 100 - 500 MHz bandwidth, 8192 and 16384 channels
e Pulsar Search :: 16 x 250 MHz bandwidth, 512 channels, 32/64us dumping

ext. Clock Clock 1 GigaBit/s
— 3 Generator = -- Ethernet |
& interface
Control | L
|
Y 4 x 8-bits
[-Input .
£ 8 Data Data Processing Unit 100 MBit/s
Q—[nput DEMUX ey Ethernet -
S D ARGk interface
GPS / IRIG-B L2y
time signal GPS LoV on-board +5V
— > timestamp 25V Power |e——
decoding 33V Supply
additional I/Os /
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Performance:

* FPGA processing :: 250 MHz bandwidth & 8-tab polyphase filterbank
with 512 channels, ENBW: 515 kHz
e Dump time [ps]  ::32,64 or 128, 16 x 512 channels (32-bit float)

1k Bytes tail (dump counter, GPS/IRIG-B time,...)
e Data rate @ 32us ;. ~64 MBytes/sec

I 8—fold 512—point
2 2
—> wora | > FET | P+0Q
v
Ivohase filter harnk Accumulate Fic))a.ting
polyphase filter ban Z —> and Store —> omr. —>
Conversion
f 64-bit integer
: to
Q| 8foud |_, | 512-point — | P+ 32-bit float
WOLA FFT
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i fadssononie SR J1745+10 - first MSP discovery in Effelsberg, P = 2,65 ms

2 Pulses of Best Profile Search Information
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FFTS :: The Laboratory version
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2 x 1.8 GHz bandwidth, 8192 spectral channels, ENBW: 255 kHz
4 x 750 MHz bandwidth, 16384 spectral channels, ENBW: 53 kHz
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XFFTS: 2.5 GHz bandwidth / 32768 channels (ENBW 88.5 kHz)
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XFFETS: 2.5 GHz bandwidth / 32768 channels (ENBW 88.5 kHz)

i
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E2V 5 GS/s 10-bit ADC, XILINX Virtex-6 LX240T
[ 40 nm, 1.0 volt core voltage, >240°'000 logic cells, 768 DSP48 slices ]
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itz FFTS/XFFTS: Sofia/ GREAT installation
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XFFTS: 4x 2.5 GHz, 4 x 32768 spectral channels, ENBW: 88,5 kHz

7 =EFTS

Installation & Commissioning: June 2010
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XIF: 2 x 4 GHz @ 6 GHz center frequency = 4 x 2.5 GHz (XFFTS)
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Installation & Commissioning: June 2010
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XFFTS: 2.5 GHz bandwidth / 65536 channels (ENBW 44 kHz)
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ADC: ki’ 10_B|t, 4x 1.25 GS/s EVX10AQ190TRY

........

Analog signal

I """"""" \ Gain error
ﬁ
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ADC:

LVDS Buffers

LVDS Buffers

1r TrC TT

WepAs 10-Bit, 4 x 1.25 GS/s

LVDS Buffers

DIGITALLABO

e2v A

EVX10AQ190TPY

LVDS Buffers

1T

Clock Buffen ‘ ) ) ) )
. o 10-bit > 10-bit —> 10-bit 10-bit
Selecti 1.25Gsps 1.25 -Gsps 1.25 -Gsps 1.25 Gsps
election D ADC core ADCcore ADCcore ADC core
+
2.5 GHz clock —» SDA Gain I Gain Gain Gain
T/H T/H T/H T/H
/\l/\ I A I A I A T A
Phase Phase Phase Phase
&
Offset I Offset Offset Offset
Serial |_ _‘
Peripheral
Interface Analog MUX

(Cross Point Switch)
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2.5 GHz bandwidth / 10-bit / 32768 channels (ENBW 88.5 kHz)

Amplitude

e
1700 1800 1900 2000 2100 2200 2300 2400 2500

e e T
4 ; 1] 300 400 500 600 700 800 00 1000 1100 1200 1300 1400 1500 1600
ataZre Frequency  MHz

< 2.5 GHz instantaneous bandwidth >
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FFT-Spectrometer :: An Outlook H
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EV5AS210 Series ADC LCoV
Y 5-bit 20Gsps ADC with 8GHz input bandwidth

KeyI

e2v in
600m
DDR
CML
10GH
Digital

New ADCs: e.g., EV5A210 from E2V

» 20 GS/s sampling, 8 GHz Nyquist bandwidth

5 bit resolution, effective bits (ENOB): > 4.5 @ 4 GHz

* 8 GHz analog bandwidth, allows direct IF sampling

e But —is this highly interleaved ADC good enough for
Radioastronomy ??? We will try...

Analog Input Bandwidth: 8GHz (at -3dBFs)

Power supply: 3.3V i

Power dissipation: 10W %J—D
1z

Full power input bandwidth (-3dB): 8GHz j

Sampling = 20Gsps, Fin = 4GHz

Preliminary Performances e

Availability: o
Demonstrator prototypes: Now

Output mode selection (data only, PRBS only, scrambled data) ‘
Gain (+/-10%), Oftset (+/-30mV), per channel delay adjust (0-10ps), test modes...

ENOB = 4.5 Bit
SFDR = 35dBc {>

[ SSOP, SSON

ernal Clocl
t 10 GHz
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FFT-Spectrometer :: An Outlook N
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MICROWAVE CORPORATION 00.0700
8-BIT, 5 GS/s
ANALOG-TO-DIGITAL CONVERTER

Typical Applications Features
The HMC5448 is ideal for: ¢

=6 GHz Input Bandwidth

-]
=linlnllinle®- 2, <

» RF Test Instruments and ATE

» Digital Sampling Oscilloscopes

» Radar / Lidar Systems

» Software Defined Radio and Digital Receivers

Direct-coupled Differential Signal, Clock Inputs
1:4 LVDS-compatible Output Data Demux
Synchronous Output Clock, Over-range Bit

16 x 16 pin (17 x 17 mm?) BGA Package

Input Bandwidth [

Functional Diagram
lfﬂ__,,__ﬂ———'
L . 1:4 g Dout g
TH_in—Z TS |Demux%”:¢> (Lvbs) o
—] o
CLKin—* \L’-b:ocu«(
1 —F
ADCclkin —* (optional) FREQUENCY (GHz)
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BP FFT51
46-6.1 (lower band)
IF:4 -8 GHz —— -0 dB
BP FFTS2
5.9-17.35 {upper band)
2.8 GHz
200 MHz

5. Nyquist Zone

DIGITALLAB

R

T AT

} 4. Nyquist Zone | |

| GHz
7.375

4.575 5.9 6.1
IF center: 6 GHz
Lower Bandwidth: 1.475 / Frequency Spacing @ 2K channels: 0.720 MHz
Upper Bandwidth: 1.525 / Frequency Spacing @ 2K channels: 0.745 MHz
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Advantages of our new generation of compact FFT spectrometers:

v FFTS offer high instantaneous bandwidth up to 2.5 GHz with many thousands
frequency channels, thus offering wideband observations with high spectral
resolution without the complexity of the IF processing in a hybrid configuration.

v" They provide very high stability by exclusive digital signal processing. Allan stability
times of > 1000 seconds have been demonstrated routinely.

v Our optimized polyphase FFT signal processing pipeline provides a nearly loss-free
time to frequency transformation with significant reduced frequency scallop, less noise
bandwidth expansion, and faster side lobe fall-off.

v Field-operations of our FFTS over the last 5 years have proven to be very reliable, with
calibration- and aging-free digital processing boards, which are swiftly re-configurable
by Ethernet for special observation modes.

v" Low space and power requirements — thus safe to use at high altitude (e.g. APEX at
5100-m) as well as on spacecrafts (Sofia) and future satellites (Millimetron?).

v" Production cost are low compared to traditional spectrometers through use of only
commercial components.

B.Klein CCAT-Meeting, Cologne, 2011
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Max-Planck-Institut

T T — Contact:
For further information about the MPIfR FFT spectrometer,
future developments and applications, please contact
Prof. Bernd Klein (bklein@mpifr.de) or
Dr. Rolf Glsten (rguesten@mpifr.de) at the

Max-Planck-Institut fir Radioastronomie in Bonn, Germany.

Distribution:
Radiometer
hysics

Embh

http://www.radiometer-physics.de -«
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