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“EVERYTHING IS WIRELESS” 
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HIGHER ENERGY EFFICIENCY IS NEEDED 
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Source: J. Glossner: Trends in Low Power Handset Software Defined Radio, 
2007 
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ALLOCATED SPECTRUM USAGE 
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SENSING @ IMEC 

▸ Opportunistic spectrum access 

 

▸ No sensing = no cognitive radio 

 

▸ To measure is to know 

 

▸ Sensing data is outdated immediately 
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MULTI-BAND SPECTRUM SENSING 

▸ Analog front-end 

- Small area, low power 

- Highly reconfigurable 

- Low LO settling time 

▸ Digital front-end 

- Small area, low power 

- Filtering, auto/cross-correlation, Multi-band energy detection 

▸ Functionality 

- Low power 



© IMEC 2013 

OVERVIEW 

▸ Introduction 

▸ Purpose of imec’s Sensing Engine 

▸ Overview of the different components 

▸ Different modes of operation 

- Specifications 

- Generated output 

▸ Examples of usage 

▸ Hands-on / demonstration 
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PURPOSE OF IMEC’S SENSING 

ENGINE IN WILAB 

▸ Provide ready-for-use flexible sensing solution 

▸ Easy accessible and configurable 

▸ Controllable environment 

 

▸ Generate sensing data for 

- testing or verifying postprocessing functionality 

- evaluation or characterization of different scenario’s 

 

▸ Allow implementation of sensing algorithms and 

techniques 
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OVERVIEW OF THE DIFFERENT 

COMPONENTS 

▸ DIFFS 

▸ Spider 

▸ Scaldio 

▸ WARP 
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OVERVIEW OF THE DIFFERENT 

COMPONENTS: DIFFS 

▸ Digital Frontend for Spectrum Sensing 
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SENSING-ENABLED DFE  

READY FOR THE FUTURE 

Low-power synchronization 

Flexible filter/mixer/resampler 
• support for ΣΔ 
• future standards 
• concurrent reception/sensing 

Sync/sense engine: SIMD 
• dedicated accelerator cores  
• capable of “sensing” + “syncing” 
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A KEY ENABLER    

FOR CR SYSTEMS  

Fixed filter branch

Flexible filter branch

SIMD core for

• Sensing

• Correlation

Active Resource Blocks Active Resource Blocks

20Mhz (100 RB) 20Mhz (100 RB)

Current Band  Scanned Band

Packet Detection

Tx
Cognitive Radio 

System

Rx

Primary System

E.g. LTE neighboring cell detection 

E.g. 802.11af support  
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DIFFS POWER RESULTS 

 Excellent match with postlayout figures 

  

  

  

  

  

  

 All functional modes have been verified on the hardware with 

generated signals. 

  

Mode Postlayout 

(mW) 

Measured 

(mW) 

DFE 90 nm 

(mW) 

Leakage 1.2 1 - 

WLAN wait 2.6 3 16 

WLAN sync 4.7 5 35 

LTE sync 21.2 23 - 

DVB cyclostat 6.5 8 - 

LTE sensing 19.8 21 - 
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OVERVIEW OF THE DIFFERENT 

COMPONENTS: SPIDER 

 



© IMEC 2013 

COMPONENTS 

clock headers for 

external PCB 

clock oscillator 

USB jack (B - mini) 

USB chipset 512 Mbit DDR SDRAM 

SAMTEC connector 
Spartan-6 FPGA imec’s DIFFS 

power supply jack (5V in) 

analog power supply 

headers for external 
PCB  

General Purpose IO’s 

STATUS LEDS 
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FUNCTIONALITY (1): 

FPGA CONNECTIONS 

SAMTEC CONNECTOR 

SPARTAN-6 FPGA 

IO BANK 1 

IO
 B

A
N

K
 0
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DDR SDRAM 

USB-

JACK 

USB-

CHIPSET 

DIFFS 

GPIO 

STATUS 

LEDS 

GPIO 
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FUNCTIONALITY (2): 

CONNECTIVITY 

▸ USB-interface 

- FPGA-interface burst rate up to 57 Mbyte/s (16bit @ 30MHz) 

- feeds 2.5 W @ 5 V to the board 

▸ clocking 

- clock oscillator socket (input clocks up to 133 MHz) 

- 2 SMB jacks & 1 MMCX jack (copies of oscillator clock) 

▸ power supply connectors 

- 5 V – GND header 

- 1.2 V – 1.4 V – 2.5 V – GND header 
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FUNCTIONALITY (3): 

CONNECTIVITY 

▸ SAMTEC 120 pin connector 

- 2 pins with LVPECL clock (copy of oscillator clock) 

- 5 pins connected to Bank 0 of the FPGA (VCCIO = 2.5 V) 

- 112 pins connected to Bank 1 of the FPGA (VCCIO selectable 

from 2.5 V and 3.3 V through jumper T4) 

- 1 pin indicating the selected VCCIO 

▸ GPIO 

- 4 connected to Bank 0 (VCCIO = 2.5 V) 

- 8 connected to Bank 2 (VCCIO = 3.3 V) 
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OVERVIEW OF THE DIFFERENT 

COMPONENTS: SCALDIO 
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IMEC’S SCALABLE RADIOS 
AN OUTSTANDING FAMILY 

 
 

 

130nm digital CMOS 1.2V 

Tx:  0.8-5GHz 

Rx:  0.1-5GHz 

2x PLL:  0.1-5.5GHz 

Pdc: 50-130mW 

2006 2008 2009 2010 

 
45nm digital CMOS 1.1V 

 

Rx:  0.1-6GHz 

PLL:  0.1-6GHz 

Pdc: 50-110mW 

 

40nm LP CMOS 1.1/2.5V 

Tx:  0.8-2.8GHz 

Rx:  0.1-5GHz 

2x PLL:  0.1-6GHz 

Pdc:  50-150mW 

 

 

40nm LP CMOS 1.1/2.5V 

Transmitter:  0.5-5.5GHz 

Receiver:  0.4-6GHz 

2x PLL: 0.1-6GHz 

Pdc: 50-150mW 
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130nm 45nm 40nm 40nm 

Scaldio-1 
World’s first SDR front-end 

Scaldio-2A 
SDR Rx with power, area & 

performance competitive to 

SotA single- mode 

Scaldio-2B 
5 mm2 SDR transceiver incl. 

ADC competitive to SotA 

single-mode 

 

Scaldio-2C 
SAW-less SDR transceiver 

incl. low-noise Tx and highly 

linear Rx 
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SCALDIO-2B:  A 5 MM2 RECONFIGURABLE 

TRANSCEIVER IN 40NM CMOS (TAPE-OUT APRIL 09) 

• Low Noise Direct Up-conversion 

full transmitter 
– Out-of-band noise floor compatible with 

SAW-less WCDMA/LTE requirements 

• Improved receiver incl. ADC 
– Improved linearity 

– On-Chip 10b 65MS/s SAR ADC 

• With performance, power and area 

competitive with SotA single-mode 

radios 
– Area: 5mm2 (incl. 2 Freq synth,ADC) 

– Power: 40 – 100mW, depending on mode 

• 40nm digital 1.1/2.5V CMOS TSMC 

technology  
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OVERVIEW OF THE DIFFERENT 

COMPONENTS: WARP 
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WARP RADIO BOARD 

▸ Wireless Open Access Research Platform developed 

at Rice University 

▸ Dual-band IEEE 802.11a/b/g Transceiver 

▸ 2 antenna ports, MIMO capable 

▸ On board DAC, ADC, RSSI ADC and dual band PA 
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SENSING ENGINE WITH SCALDIO 
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SENSING ENGINE WITH WARP 

RADIO BOARD 
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DIFFERENT MODES OF OPERATION 

▸ FFT-sweep 

- Full Analog Frontend frequency range 

 500 MHz – 6 GHz for Scaldio 

 2.4 GHz – 2.5 GHz and 4.9 GHz – 5.875 GHz for WARP 

Radio board 

- 128-points hardware accelerated FFT for each 20 MHz 

subband (“channel”) 

- Programmable RX gain 

 

▸ Output:  

- Power value in dBm 

- 128 bins per channel 
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DIFFERENT MODES OF OPERATION 

▸ WLAN-G 

- IEEE 802.11g power assessment 

 14 channels 

 Accumulated power value for x samples 

- Fast reconfiguration and “processing” 

- Programmable RX gain 

- Programmable threshold 

 

▸ Output:  

- 1 dimensionless power value per channel 

- Binary comparison to threshold 
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DIFFERENT MODES OF OPERATION 

▸ WLAN-A 

- IEEE 802.11a power assessment 

 23 channels 

 Accumulated power value for x samples 

- Fast reconfiguration and “processing” 

- Programmable RX gain 

- Programmable threshold 

 

▸ Output:  

- 1 dimensionless power value per channel 

- Binary comparison to threshold 
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DIFFERENT MODES OF OPERATION 

▸ Zigbee 

- IEEE 802.15.4 power assessment 

 16 channels 

 Accumulated power value for x samples 

- Fast reconfiguration and “processing” 

- Programmable RX gain 

- Programmable threshold 

 

▸ Output:  

- 1 dimensionless power value per channel 

- Binary comparison to threshold 
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DIFFERENT MODES OF OPERATION 

▸ Other sensing modes, not (yet) available on CREW 

Sensing Engine 

- DVB-T cyclostationary detection 

- Other FFT-sweep modes (16/32/64 points) 

- IEEE 802.15.1 Bluetooth sensing 

- ADC-samples logging 

- ... 
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EXAMPLES OF USAGE 

ZIGBEE MODE 
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EXAMPLES OF USAGE 

FFT SWEEP 
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EXAMPLES OF USAGE 

 Video? 
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HANDS-ON / DEMONSTRATION 

▸ See iMinds training 
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A VERSATILE SPECTRUM SENSING 
ENGINE FOR MOBILE DEVICES  
 
QUESTIONS? 

REMARKS / FEEDBACK 

mdesmet@imec.be 


