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Improvement of Time Synchronization over SpaceWire Link
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Abstract: This paper deals with the time synchronization problem over SpaceWire links. SpaceWire is a standard for high-speed
links and networks between spacecraft components, which was invented for better, cheaper, faster on-board data handling in
spacecraft. The standard defines Time-Code for time distribution over SpaceWire network. When a Time-Code is transmitted,
transmission delay and jitter is unavoidable. In this paper, a mechanism to remove Time-Code transmission delay and jitter over
SpaceWire links is proposed and implemented with FPGA for validation. The proposed mechanism achieves high resolution clock
synchronization over SpaceWire links, complies with the standard and can be easily adopted over SpaceWire network.
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Data characters

o IR R R
012 3 4 5 6 7
LSB Ms8

— Parity bit

Control characters

D Lm FCT Fiow controt token
o E’I EOP Normal end of packet
e m_l EEP Error end of packet
e u ESC Escape

Control codes
“**:P'1i1[1‘[‘0|1|0|0|NULL

——

[P[1 i ! i ! |1 IO |‘0|‘1|t2|‘3|14!‘5‘tslt-/‘Time-Code
LSB MSB
a7 1. 2ol zstolof Ae] BRI} dlolE] £,

Fig. 1. SpaceWire control characters and control codes.
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Fig. 2. SpaceWire link and link interfaces.
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Fig. 3. Transmission of a time-code over SpaceWire link.
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Fig. 4. Transmission of a time-code proposed by Pinsard and Cara.
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Fig. 5. Block diagram of Tx. time-code controller.
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Fig. 13. Insertion of a NULL for a zero-delay time-code.

Tx. Time—Code Controller

—Tx. done—
K—Tx. NULL—

Transmitter

Counter Rrn-1f...J 1 | To | -—
TICKIN Tx. CLK
km"l‘“l So I ts | is I ts l o | ty | to N aton7l— Reset
e ——
Counter 8T 6-bit Time Counter T
ﬁ

8 14, 7JAE Tx. time-code controller’} ¥8HH AHo]Ae}
olo] F3 e FH o]~

Fig. 14. SpaceWire link interface with improved Tx. time-code
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