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SpaceWire Router ASIC : SpW _10X - AT7910E

Pierre Fabry
Onboard Payload Data Processing section (TEC-EDP)
With support from TEC-EDM : Agustin Fernandez-Leon and Kostas Marinis
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Presenter
Presentation Notes
Few years ago ESA started an activity aimed at developing a set of SpW equipment including a CODEC conformant to the ECSS SpW standard, SpW GSE tools, a router FPGA and a router ASIC. I’ve been in charge of this activity with the support of my colleagues from Microelectronics (namely Agustin and Kostas). The contract was awarded to a consortium made of University of Dundee, Austrian Aerospace and ASTRIUM Ottobrunn Germany. At the end of 2007 the ASIC prototype was manufactured at ATMEL and since then we are testing it. What I want to do here is to update you with the test results and the upcoming major dates … but before that I would like to make a very brief summary of the router features.
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Main Characteristics of the chip

e MHI1RT 0.35 CMOS with latch-up immunity up to 80 MeV/mg/cmz2,
e 196 pin ceramic Multilayer Quad Flat Package (MQFP)

o 8 full duplex SpW serial links (2-200 Mbps) with LVDS Tx / Rx
 Cold sparing LVDS buffers,

« 2 two external parallel ports,

 1internal RMAP configuration port (routing table, priority scheme, status and
configuration registers),

. , hon-blocking, worm-hole, group adaptive router,
 Logical and Path addressing, Priority schemes, timeouts ...
e Low w.r.t. to data rates

 Manages and distributes time-codes (network synchronization),
 External time-code and status signals,
* Very comprehensive and detailed user manual (written by UoD)
— at
— With guide for typical
— With numerous illustrations of features :
—  With all along the document and a
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MH1RT ATMEL 3V3 radiation tolerant technology (up to 300 krads) with latch up immunity up to 80 Mega Electron Volt / mg/ squared cm

The devices has been produced in the 196 pin MQFP package

8 SpW ports

2 bi-directional parallel FIFO ports which we call external ports for some strange reason 

The internal configuration port (here we have a good reason to call it internal  even if the port is accessed via external ports) allows a Network Manager :

	+ to modify (on the fly) the router configuration (routing table, priority scheme, timeouts …),

	+ to access status and configuration registers.

Low latency so just to put figures on that : here is a link to the corresponding page in the user manual

A non-blocking cross-bar is one where you can have more than one input connected to outputs at any time as opposed 

to a cross-bar switch where only one input can be connected to one output (blocking type). 

It makes use of Logical and Path addresses, priority schemes for arbitration and timeout to HANDLE PROPERLY blocking situations

User applications: we have already included in the user manual a set of standard cases of use of the router :

Case 1 : a router connected with instruments, memory and a processor unit ;

Case 2 : how to make use of the external parallel ports to use the router as THE NODE INTERFACE OF A DEVICE ;

Case 3 : SAME BUT JOINING ROUTING AND PROCESSING CAPABILITIES

Case 4 : how to make a bigger router from 2 router asics

Warnings: here are some hints which will save time for example in the time-out section, talking of the blocking allowed mode. When allowing that packet blocking at the routers than you need to implement special features into the network manager to unblock.  

I cannot enter into all details now but I encourage you to have a look to the router user manual because it is a great tutorial.

http://spacewire.esa.int/content/Home/HomeIntro.php
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Validation activities

* Design extensively validated on FPGA platform
 ASIC taped out in October 2007
« Among 20 ASIC for ESA only 8 are unused yet

* Functional validation task (ASTRIUM) completed last week with very good
results and just 2 small findings :

 Electrical characterization activity (AAE) (links speed, power consumption,
output D-S skew, clock signals, eye diagrams, PLL function) under temperature
(-55°C, +25°C, +125°C) and load stress

« SpaceNet SpW_10X testing (UoD, Wahida Gasti): test traffic load stress,
boundary cases, throughput, operation in various configurations for FDIR
purposes.
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FPGA Validation : tested by UoD, test benches at Austrian Aerospace, 2 functional validation exercises by EADS, tested by stagiaire in our ESA lab 

ASIC taped out in October 2007 and tested on ASIC tester at ATMEL, 1st delivery was 3 ASICs in November 

The 12 Asics are spread over different testing activities 

The Functional Validation at ASTRIUM showed that all features are perfectly on line with requirements except two little things that I am going to detail now: 

a: the tri-state mode (main goal is power saving) is AS EXPECTED when no failsafe network resistor is implemented ; but a  SMALL CURRENT (power loss 0.6mW) when failsafe resistor network implemented.

b: due to the version of the CODEC, some simultaneous transitions and non clean signals may happen if you reset the device while some ports are active. If the connected nodes have the same CODEC : no consequence, otherwise some cautions in the resetting procedure shall be taken and  will be documented in the user manual. 

Electrical Characterization : specific board being developed for temperature testing : measurements of dynamic parameters under temperature and load stress : to fill in the ATMEL data sheet.

SpaceNet: 
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Upcoming Dates

 ASIC Validation (ASTRIUM within the main activity) :
— ASIC Validation Review on 25.02.2008

 ASIC Characterization activity (Austrian Aerospace) :
—  Start of Measurements on 01.03.2008
— All measurements and test results available by end of May 2008.

 Flight parts :
— Prototype approval expected by 25.02.2008
— 1 month later AT7910E preliminary data sheet on ATMEL website
— then customers can order flight parts to ATMEL
— 3 to 6 months for delivery depending on QML-V, QML-Q or EQML.
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QML-V : US military qualification level

QML-Q : US space qualification level

EQML : European qualification level
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Thank you
for
your attention

For Further Information Contact
SpaceWire.Components@esa.int
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Tri-state mode without failsafe resistor network

« Without failsafe resistor at LVDS Diff Input = at the other side of
the link LVDS Drivers can effectively be tri-stated (high
Impedance, no power consumption)

2850 Q 2850 Q
+
. +
Ij R=100 Q S

/ [} -
Tri-state =
NMOS
Transistors
OFF
1725Q -« 1725 Q

Vss 77 S77
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We see on the left side the resistor network that characterizes the LVDS drivers when tri-stated

On the right we have the other end of the line with a 100 Ohm impedence matched LVDS differential input (similar for Data and Strobe).



When all this is connected one can see that no current will flow into the 100 Ohm resistor.



BUT in case of an unexpected physical disconnection the cables, the connectors and PCB tracks may act as an antenna that will pickup the EMI noise and generate 0 and 1 transitions at the receiver input, causing potentially a FAKE LINK START UP and fake packets to run across the network. 
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Tri-state mode with failsafe resistor network

With Failsafe resistor network (used to avoid that PCB tracks - or
connectors/cables of a disconnected input pick-up EMI noise and
trigger the receiver input in series of 0 and 1 that will potentially start up

a fake link ...).

3V3

Not a pure tri-state mode:
won [ o [ . Joalcurent; 1304
—> shall be called “deactivated mode ”

100 Q

16 kQ

All Details to be in the user manual !
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THEREFORE TO AVOID THIS IT IS CONVENIENT TO PLACE A PULL UP AND PULL DOWN RESISTOR IN ORDER TO IMPOSE A SMALL CURRENT AND A DIFFERENTIAL VOLTAGE THAT WILL ACT AS A THRESHOLD AGAINST PICKED UP NOISE.



Here we have added the pull up and pull down resistors AS THEY ARE CALCULATED AND RECOMMENDED ON THE USER MANUAL and now we can see that some current will flow over the resistor network between the Vdd and the ground.



CONNECTING THIS TO TRANSMITER RESISTOR NETWORK OF THE TRI-STATED TRANSMITTER OUTPUT RESULTS IN THIS DIAGRAM and now we can see that some current will flow over the resistor network between the Vdd and the ground. 



Computations have been made and lead to 190 uA total current with power of 0.627 mW *8 = 5mW which is very acceptable compare to the 1 W of device at 10Mbps


SpaceWire Router ASIC : SpW_10X - AT7910E
esa..

Chip RESET while SpW links are running

If SpW links are running then :
— When reset is activated (high-to-low) :

D & S hold their previous values on the output ports until reset
IS released,

« a glitch may occurs on D & S on the output ports.
— When reset is released (low-to-high) :
« part of a NULL may be generated on the output ports,
e Simultaneous transitions may happen on the output ports.

Proposed solution : if the whole network is sensitive
(presence of a sensitive CODEC) to the RESET
effects of an active router - first isolate that router
by use of the link-disable commands and then reset!

- will be documented in user manual !
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10.6.5 Time-code Jitter

The variation in time to propagate a time-code through a routing switch.

Time-code jitter occurs in the synchronisation handshaking circuits and the transmitter where the
maximum delay time the time-code has to wait to be transmitted is one data character. The jitter is
measured as

Trenr = (2 xTs YSPER]OD) + (5 x T TXPERIOD)

10.6.6 200M bits/s Input and Output Bit Rate Example

The following table defines the latency and jitter measurements when the transmit bit rate and receive
bit rate are 200M bits/s.

Table 10-6 SpaceWire Router Latency and Jitter Measurements (Bit rate = 200Mbits/s

Description Symbol Value Units
Switching Latency TswitcH 133.3 ns, max
Router Latency — SpaceWire to SpaceWire port TsspaTa 546.6 ns, max
Router Latency — SpaceWire to External port Tsepata 316.6 ns, max
Router Latency — External to SpaceWire port TespaTA 363.3 ns, max
Router Latency — External to External port Teepata 166.6 ns, max
Time-code Latency — SpaceWire to SpaceWire port Tsstc 409.3 ns, max
Time-code Latency — SpaceWire to External port Tsetc 316.6 ns, max
Time-code Latency — External to SpaceWire port Testc 359.9 ns, max
Time-code Jitter Treur 116.6 ns, max

[1] Note all figures are worst case

Preliminary 132
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11. ELECTRICAL CHARACTERISTICS

The electrical characteristics for the SpaceWire router are defined in this section

11.1 DC CHARACTERISTICS

The operating conditions are listed in Table 11-1. For a detailed list of the operating conditions see

[AD3].
Table 11-1 Operating Conditions
Symbol Description Value Units
Vb Supply voltage 3.0t0 3.6 V
Static power 1.3 w
Dynamic power with all interfaces active including 3.8 at 200 Mb/s TBC | W
external ports.” 1.9 at 100 Mb/s TBC | W
0.9at10 Mb/s TBC | W
Ta Ambient temperature -55to +125 °C

(1) Ifa SpW IF is not active (switched off) assume a reduction of the static and dynamic power by 5%

11.2 ABSOLUTE MAXIMUM RATINGS

The absolute maximum ratings are listed in Table 11-2. For a detailed list of the maximum conditions

see [AD3].
Table 11-2 Absolute Maximum Ratings
Symbol Description Value Units
Vop Supply voltage range -0.5to0 +4.0 Vv
VN Input voltage range -0.5 to Vppt+0.5 \Y
Iin Input pin current
Signal pin -10 to +10 mA
Power pin -60 to +60 mA
Lead temperature (soldering 10 sec) +300 °C
Ts Storage temperature range -65 to +150 °C
T, Maximum junction temperature 175 °C
Preliminary 133
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2. USER APPLICATIONS

The SpW-10X SpaceWire router device may be used in several different ways as described in the
following sub-sections.

Note: SpW-10X is pronounced “SpaceWire Ten X'. This name derives from the abbreviation for
SpaceWire (SpW), the fact that the router has eight SpaceWire ports and two external ports giving ten
ports in total, and the used of “X” to represent a cross-bar switch.

2.1 STAND-ALONE ROUTER

The SpaceWire Router may be used as a stand-alone router with up to eight SpaceWire links
connected to it. Configuration of the routing tables etc. may be done by sending SpaceWire packets
containing configuration commands to the router.

SpaceWire Links
Instrument
1
SpW-10X
Router
Instrument
2
Instrument
3 Memory
Unit
Instrument Processor
4

Figure 2-1 Stand-Alone Router

In Figure 2-1 an example of use of the SpW-10X device as a stand-alone router is illustrated. There
are four instruments connected to the SpW-10X device along with a memory unit and processor. The
processor can communicate with all the instruments and memory unit to control them and is also able
to configure the SpW-10X device. The instruments can send data to the memory unit for storage or to
the processor for immediate processing. The processor can also read data from the memory for later
processing, writing the processed data back into memory. A pair of SpW-10X devices can be used to
provide a redundant configuration.

Preliminary 15
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2.2 NODE INTERFACE

The SpaceWire Router has two external ports which enable the device to be used as a node interface.
The equipment to be connected to the SpaceWire network is attached to one or both external ports.
One or more SpaceWire ports are used to provide the connection into the SpaceWire network.
Unused SpaceWire ports may be disabled and their outputs tri-stated to save power. In this
arrangement configuration of the routing tables and other parameters may be done by sending
configuration packets from the local host via an external port or from a remote network manager via a
SpaceWire port.

Active
SpaceWire >
Links ~
—  spw-10x User FPGA
Disabled —  Router Processor
SpaceWire __| >
Links

1
1

1

1

1

1

1

1

1

1

1

or 1

1

1

1

1

1

1

1

1

1

1

SpaceWire Node 1
1

Figure 2-2 Node Interface

In Figure 2-2 a SpW-10X router is used as an interface to a user FPGA or processor, which may be
part of a SpaceWire enabled instrument, control processor or other sub-system. The interface to the
user FPGA or processor is via the external FIFO ports of the SpW-10X router. Only three SpaceWire
links are needed for this SpaceWire node so the other five links are disabled to save power.

2.3 EMBEDDED ROUTER

The SpaceWire Router device can also be used to provide a node with an embedded router. In this
case the external ports are used to provide the local connections to the node and the SpaceWire ports
are used to make connections to other ports in the network. The difference between this configuration
and that of section 2.2 is just a conceptual one with the Node interface configuration normally using
fewer SpaceWire ports than the Embedded Router configuration.
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SpaceWire Links
Instrument

1

1

1

1

1

1

1

l >

1 P
Instrument 1 «

1

1

1

1

[

1

1

1

1
1

1

1

1

1

1

1
SpW-10X !

2 P Processor !
Router 1
1

1

1

1

1

1

1

1

1

1

Instrument
3

Instrument
4 1 ] | Nememmmer e e e e e e e e e ————- 4

Instrument
5

Memory
Instrument Unit

6

Figure 2-3 Embedded Router

In Figure 2-3 a SpaceWire system similar to that shown in Figure 2-1 is shown with the SpW-10X
router embedded in a SpaceWire node along with a processor. The processor interfaces can interface
to the SpW-10X router using the external FIFO ports saving some SpaceWire ports for connecting to
additional instruments. For redundancy a pair of the SpaceWire nodes with embedded routers may be
used.

2.4 EXPANDING THE NUMBER OF ROUTER PORTS

If a routing switch with a larger number of SpaceWire (or external) ports is required then this can be
accomplished by joining together two or more routers using some of the SpaceWire links. For example
using two SpaceWire links to join together two router devices would create an effective router with
twelve SpaceWire ports and four external ports. Note, however, that an extra path addressing byte is
needed to route packets between the two routers and that there is additional routing delay.

Preliminary 17
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— | SpW-10X
N Router
SpaceWire
Ports

— | SpW-10X
N Router

Figure 2-4 Expanding the number of SpaceWire Ports (1)

Figure 2-4 shows a pair of SpW-10X routers connected together using the external FIFO ports to
provide a 16 port router. A small amount of external logic is required to connect the external FIFO
ports in this way. Note that the bandwidth between the two SpW-10X devices is limited by the two
external FIFO ports used to interconnect them. Each FIFO port can handle one SpaceWire packet at a
time in each direction.

SpW-10X
Router
SpaceWire User FPGA
Ports or
Processor
SpW-10X
Router

Preliminary 18



4 S pW_1 (1) 4 Ref.. UoD_SpW-10X_

EADS
ASTRIUM . UserManual
SpaceWire Router
School of Computing |Ssue 3-1
User Manual Date: 20" Jan 2008

) Austrian Aerospace

Figure 2-5 Expanding the number of SpaceWire Ports (2)

Figure 2-5 shows two SpW-10X router devices interconnected using two of the SpaceWire ports on
each router. This leaves twelve SpaceWire ports for connection to other SpaceWire nodes. The
External FIFO ports of each router are used to connect to user logic in an FPGA or to a processing

device.
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Addresses
80 — HIGH Priority
52 — LOW Priority

®

2
R1 : -
52 i
80 A
Two packets waiting to use port 5 Packet from port 1 is selected
(Previous port which accessed port 5 = 4) HIGH priority packet arrives at port 4

Packet from port 1 completes Packet from port 4 completes
HIGH priority packet from port 4 is selected Previous low priotity packet which accessed port 5 = 1
Port number 3 waits Therefore port 3 is selected
Packet arrives on port 1 Packet on port 1 waits
© - O :
2 —_—2
R1 N R1 55—

3 -3
A A

Packet from port 3 completes Packet from port 1 completes

Packet waiting on port 1 is selected

Figure 8-7 Arbitration of two packets with different priority (2)
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8.3.5 Packet Blocking

The Time-Out Enable bit (bit 0) of the router control register enables the watchdog timers on the ports.
When this bit is set and the watchdog timers are enabled the router is in “Watchdog Timer” mode.
When it is clear and the watchdog timers are disable then the router is in the “Blocking Allowed’mode.

In Blocking Allowed mode packets wait indefinitely on other packets to complete. An exception to this
is when an output port that a packet is to be routed to is a SpaceWire port and that port is not started.
In this case the packet waits as long as the timeout period and is then discarded if the output port has
not started. If group adaptive routing is being used and at least one of the destination ports is running
then the packet will wait indefinitely for that output port to become free or another one in the group to
start.

In Watchdog Timer mode watchdog timers on the ports are used to clear packets from the network if
they become blocked, either while being routed or while waiting on a port which is not granted to any
other port. The watchdog timers are restarted every time a data character is transferred. They are
stopped after an EOP and started again on the first data character of a packet. In this way the time to
transfer a complete packet is not checked but instead the watchdog timers check if a packet has
blocked (i.e. no data transfers).

A blocked packet is spilt by terminating the packet at the router output port with an EEP and spilling
the remainder of the packet to be transmitted up to and including the EOP at the router input port. If
the router output port is blocked (full) and cannot accept data then the EEP is added after the port is
unblocked.

WARNING

Blocking Allowed mode is not recommended and should be used with caution.

When Blocking Allowed mode is used (Watchdog timers disabled) then it is important that provision is
made for a network manager to detect blocking situations and to reset the nodes or routers causing
the problem.

The various ways in which an input port can become blocked and the resulting actions taken by the
router are considered in the following sub-sections:

8.3.5.1 Blocked destination

In a blocked destination scenario data cannot be transmitted to the destination port because there is
no more transmit credit (no more FCTs received) in a SpaceWire port or an external port output FIFO
has become full. Since the destination node is blocked the packet data is left strung out across the
SpaceWire network from the packet source to the blockage. In this situation the tail of the packet is
distributed across multiple routers and other network paths can become blocked waiting on the
original blocked packet to complete.
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