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e SpaceWire board : digital I/O, ADC, or DAC each with SpaceWire I/F.
e connected to a detector as a front end circuit.
e detector-dependent logic implemented in user-configurable FPGA

e SpaceCube : small size computer with TRON OS and SpaceWire I/F.
e used as a data handler and detector controller.
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e Data buffering in User-configurable FPGA or SDRAM.

e Buffered data and detector parameters can be accessed from SpaceCube
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* Compact read-out system was constructed.
* Irradiating gamma rays of 137Cs (RI), transfered 5x10° events (250MB),

then reconstructed an image. with p-ver SpW IP core
* The DAQ framework operated correctly. (to be improved)
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This DAQ framework based on SpaceWire/SpaceCube will be used in;

- ® Compton Camera (Caltech and JAXA) /2008 ;
. A hard X-ray semiconductor imager onboard HEFT balloon. :

: ® PoGO (SLAC, Hiroshima U. et al.) / 2009 :
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e SWIMuv (JAXA and Univ. of Tokyo) / 2008 i —Satellite
A nano-sized gravitational wave detector onboard Japanese

Small Demonstration Satellite (SDS-I).

o NeXT (JAXAetal)/2013
The next Japanese cosmic X-ray satellite.

e BepiColumbo-MMO (ESA and JAXA) /2013
Mercury Magnetospheric Orbiter.
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Summary

®* We have developed a DAQ framework for scientific detectors
based on SpaceWire/SpaceCube architecture.

® Successfully implemented in a gamma-ray imager.
e Compact and modular read-out system.

® The DAQ framework is used in a number of missions.
* oround based experimens, balloon missions, satellite missions.
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Remote Memory Access Protocol is ...

* one of standardized protocols over SpaceWire
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Internal block diagram of a User-alterable FPGA

* Simple on-chip bus and External Bus for data transfer
* on-chip bus arbiter, bus 1/f, External Bus adapter are prepared

* on-chip bus : ~10Mbps@50MHz clock
e External Bus : ~64Mbps@50MHz clock

User-alterable FPGA

| Deiecior DA OGN

Registers

External Bus

Circuit board with SpaceWire I/F



Test implementation of the framework
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* SpaceWire board : digital I/O, ADC, or DAC each with SpaceWire I/F.
* connected to a detector as a front end circuit.

* For modularity, a SpaceWire function block and application-dependent
user block are clearly separated as two FPGA:s.

* SpaceCube : small size computer with TRON OS and SpaceWire I/F.
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A SpaceWire board & SpaceCube (by Shimafuji & JAXA)

* SpaceWire board : digital I/O, ADC, or DAC each with SpaceWire I/F.
* connected to a detector as a front end circuit.

* For modularity, a SpaceWire function block and application-dependent
user block are clearly separated as two FPGA:s.

* SpaceCube : small size computer with TRON OS and SpaceWire I/F.
* used as a data handler and detector controller.
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Usage in other experiments

This DAQ framework based on SpaceWire/SpaceCube is planned to be used in;

e HEFT focal plane camera (Caltech and JAXA) / 2008 summer
¢ A hard X-ray semiconductor imager.

e PoGO (SLAC, Hiroshima U. et al.) / 2009
¢ A gamma-ray polarimeter.

o SWIMuv (JAXA and Univ. of Tokyo) / 2008 summer

e A gravitational wave detector onboard Japanese Small
Demonstration Satellite (SDS-I)

o NeXT (JAXAetal)/2013

® The standard data bus system for the next Japanese cosmic
X-ray satellite

e BepiColumbo-MMO (ESA and JAXA) /2013
e Mercury Magnetospheric Orbiter




T

User-alterable FPGA

Detector I/F

User-defined
Registers

1—» SDRAM
SpWV. FPGA

Circuit board with
SpaceWire I/F

SpW

User Application

(C++)

RMAP Library
SpVV driver

SpWV. I/F

SpaceCube




