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FEATURES

4-Port SpaceWire Roeit with a system interface port for a
total of 5 ports

Data rates up to 200Mbpdlifduplex onall 4 SpaceWire
ports

Compliant to the SpaceWig&tandard, Document Number
ECSS-E-ST-50-12C (http://lwww.ecss.nl/)

Group adaptive routing for 2 ports when using logical
addressing

Replicated lookup tables feach receive port no arbitration
is necessary when accessing lookup table data

Host (FIFO) clock max frequency: 50MHz for 200Mbps
-9 by 128 receive and transmit FIFOs on each port

Non-blocking cross-point dteh connecting any receive
port to any transmit port

Path and logical addressing support

Internal status/error registers accessible via the
configuration protocol

Routing is table accessible via the configuration protocol
which holds the logical address to transmit port mapping

Any SpaceWire port can READ or WRITE to the
configuration port, along with the host processor, by
utilizing the configuration protocol

U Internal control logic to support the operation of arbitration
and group adaptive routing. (Group Adaptive routing for 2
ports)

In external time-code tarface comprising TICK_IN,
TICK_OUT and currentick count value

U System Interface Features
- Low-power FIFO memories
- Clocked PUSH and POP interfaces
- Hard set Full/Almost Full/Empty/Almost Empty flags

- SpaceWire In/out ports arerdrolled by separate clock
and enable signals. Transmit FIFO input port is controlled
by a free-runninglock (HOST_CLK).

Cold spare on LVDS pins
3.3V 1/0 Supply (\bp)
2.5V Core Supply (¥pc)

ESD rating Class 2 2000 V for LVDS pins
Temperature range: -40°C to +105°C
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A passion for performance.

O Operational environment:
- Total-dose: 100 krad(Si)
- Latchup immune (LET >100 MeV-citmg)
U Packaging options:
- 255-lead CLGA
- 255-lead CBGA
- 255-lead CCGA
U Standard Microcircuit Drawing 5962-08244
-QML Q and QML V

INTRODUCTION

The Aeroflex UT200SpW4RTR i 4-Port Router capable of
operating at data rates from 10 to 200 Mbps. A parallel host
interface is also provided for a total of 5 ports on the router. The
router implements a non-blocking crosspoint switch and a
"Round Robin" arbitration schenadlowing all 5 receive ports
access to all 5 transmit ports.

Path and logical addressing are supported (Per ECSS-E-ST-50-
12C) and lookup table storage is replicated 5 times giving each
receive port a dedicated blockné&mory for logical addressing.
Configuration of lookup tabless well as access to internal
registers may occur through any of the 5 ports using a simple
configuration protocol. A group adaptive function is also
provided for 2 ports when implementing logical addressing.

Each of the four SpaceWire portscapable of running at an
independent speed. This allofes systems to be configured

with nodes/instruments running at different speeds. If one
node/instrument does not need to be sampled as often as another
a more efficient power management scheme can be achieved.

The physical interfaces can be either a LVDS or LVCMOS
interface. This allows the usergelect the interface that best
meets system and rability requirements. The LVDS interface
can directly connect and drivp to 10 meters of cable. The
LVCMOS interface must intéace to LVDS drivers and
receivers.

Independent look up table memory space is provided for each
port. Having separate look up tables reduces bottle necks by
allowing each port access to a non shared lookup table.
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APPLICATIONSINFORMATION

Aeroflex Colorado Springs' UT200SpW4RTR 4-Port Router TX_DATA o

. . L System |« —
offers a highly adaptable solution for a distributed network. The Transmit TX_PUSH
number of ports allows for a very reliable system where multi- FIFO h TX_FULL R
ple nodes can be connected togeth gain performance. Using Write TX_AFULL
the non-blocking cross-point switch the shortest path between Capable |, HOST_CLK i’
nodes can be configured. Eawbde can transmit and receive h

packets and each connection betw nodes can carry multiple
packets. The 4-Port Router idlfduplex on each of the ports.
The router also allows for a sithCentralized network config-

Figure 2. System Transmit I nterface

uration. 1.2.1 System Port Transmit FIFO

The Transmit FIFO is write caplgbby the user and is 9 bits
1.0INTERFACES wide by 128 deep. Full (TX_FULL) and Almost Full
1.1 SpaceWire (TX_AFULL) flags areprovided to help the user prevent over-
The UT200SpW4RTR 4-Port Router provides four writing the FIFO. Data will be written into the FIFO on the ris-

ECSS-E-ST-50-12C complianbde interfaces. Each node con- ing edge of the clock when TX_PUS#I“Low”. The levels of
tains a transmit and receive Flle®ed to buffer data being sent the Almost Full flags can not be changed by the user.
within the network. The transmit FIFO takes data from a host
system and transmits it to ade Where as the receive FIFO

. RX_DATA

accepts data from a node and passes it to the host system. A host System = 9%y
system is what the node isroected to and can be a micropro- Receive | RX_POP
cessor, computer, sensor or meynenit and is responsible for FIFO RX_EMPTY
data management. Read RX_AEMPTY _

e Capable ”
1.1.1 Port Initialization P < HOST_CLK
All four ports follow the initialization procedure as defined
in ECSS-E-ST-50-12C. Following are the key components of Figure 3. System Receive I nterface

the initialization process. Aftex reset or disconnect the link

will initiate operation at a signaling rate of 10 Mbps, +1 Mbps. .

This provides the system with a common data rate while the 122 ystemPort Receive FIFO _ .

system is checked for propeperation. Once the operation of A Second 9 bit wide by 128 deep FIFO is provided for the user
the system is validated each of lour ports will switch to the interface to receive data. Data received from one of the

specified transmit data rate. Eaafthe four ports must be ca-  SPaceWire ports is read frometheceive FIFO on the rising
pable of running at 10 + 1 Mbps. edge of the HOST clock when RX_P@P'Low”. This FIFO

is first Byte Fall Through.

1.2 System Interface ) ]

The UT200SpW4RTR 4-Port Router provides a system 1.3 SpaceWirePhysical Interface o
interface to the user in tlierm of Receive and Transmit The UT200SpW4RTR provides two different physical interfac-
FIFO's. Each FIFO is 9 bits wide by 128 deep. Data format for €S to the user. The first is on chip LVDS that can drive cable
the FIFO is 8-bits of data [7:0] and one bit [8] to indicate when /€ngths up to 10 meters. The second is single ended LVCMOS
an EOP or an EEP has beegeived. A EOP is an End-of- in the event the user wishesuse discrete LVDS drivers and
Packet marker and is used tdiirate that a packet of data has T€ceivers. Examples of theseotwonfigurations are shown in
been successfully sent. An E&Pan Error-End-of-Packet and ~ Figures 4 and S. In Figure Setlexternal LVDS devices are
signals that there was an error with in the packet. Table 1 showg*\eroflex quad drivers and receivers.

the EOP/EEP handling.

Table 1. EOP and EEP Handling

9-bit Data Character Type
100000000 EOP
100000001 EEP
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1.4 Power Requirements

The four-port router shall operate with a 2.5Vecgoltage supply and an I/O supply set at 3.3V.

Table 2. Power and Ground Pins

Pin Name Pin Number Description

Vb T11, T5, N8, P11, N9, P14, N13, M7, K15, M10, J4, K3, J|1/O and LVDS supply
G3,H4,E7,H13,E10,G13, C11, G15, C14, D8, A5, D9, Ovoltage
All

Vbpe T8,R1,P8,N4,M15, L6, L11, K5,K12,H1, G5, G12, F6, F|Core supply voltage
E15, D4, C8, B1, A8

Vgg T1,N14, T14, L5, R8, L13, R11, L15, P3, J15, M1, H15, NI/O and Core supply ground
F5, M8, F13, M9, F15, M12, B4 L7, L8, L9, L10, K6, K7,
K8, K9, K10, K11,J1, J5, J6, 18, J9, J10, J11, J12, H5, H
H7, H8, H9, H10, H11, H12, G6, G7, G8, G9, G10, G11,
F8, F9, F10, E1, E5, ES8, E9, E12, C3, B§, B11, A2, Al4,
P5, P6, P7, P9, P10, N5, N6, N7, N10, N11, N12, M4, M
M11, L4, K4, H2, G4, F4

N/C P12, R14, P13, M13, L12, K1B]12, E11, E13, C10, C9, C]No Connect, Pins must be
L3, M3, N2, E4, E6, D5, D6, D7, D10, D11, D12, C12, C]left floating
B14

1.4.1 Power Sequencing
To avoid large surge currentsp) should be powered up

either before Ypc or synchronously with ¥pc (Vpp >

Vppe)- DO NOT power up the core voltage supplypé

before the I/O supply Mp; doing so will cause a large in-rush
current from \bp¢ to Vpp that will stress the power supplies
and router components. For pesperation, connect allgh
pins to 3.3V, \bpc pins to 2.5V, and ground all VSS pins (i.e.,
no floating \Vpp, Vppc: Or Vsginput power pins). If ¥y and
Vppc are being powered up synchronously ensure that the
voltage difference betweernpyc and \pp does not exceed
0.4V (Vppc - Vpp < 0.4V). See AC Electrical Characteristics.

1.4.2 LVCMOSI/O

Tie unused LVCMOS inputs tod4through a 1R to 10k2
resistor. It is good design practice to tie unused inputgto V
via a resistor to reduce noise susceptibility. The resistor pro-
tects the input pin by limiting the current from high going vari-
ations in \ggwhich could damage the input to the device.

Unused LVCMOS outputs can be left open.

1.4.3LVDSI/O

All unused LVDS receiver inputs dmdriver outputs can be left
open if not in use. No termation resistors are required across
the differential LVDS driver outpytins. If the differential out-
puts on the driver are shodtéogether, there will be OV
between the 2 outputs. Assuming that the outputs are only
shorted to each other, no damagjtt occur. The output of the

LVDS drivers is a constant ment source that delivers a nomi-
nal current of ~3.5mA through the 1QQ@ermination resistor.
Assuming that the outputs are shorted, the 3.5mA flows
through the short between the outputs. If LVDS receiver
inputs are left floating, there is a fail safe mode on the
Receiver that will force theutputs to a high state. The
receiver fail-safe conditions are:

Open Input Pins

The unused inputs should be left OPEN. Do not tie unused
receiver inputs to ground onw other voltages. This internal
circuitry will guarantee a HIGHstable output state for open
inputs.

Terminated Input

If the driver is disconnected (cahlaplugged), or if the driver
is in a three-state or powerafbndition, the receiver output
will again be in a HIGH stateyven with the end of cable 1Q0
termination resistor across the input pins.

Shorted Inputs

If a fault condition occurs that shorts the receiver inputs
together, thus resulting in a OV differential input voltage, the
receiver output remains in a HiGi#tate. If both differential
inputs are at ¥p the output will be HIGH. Shorted input fail-

safe is not supported across the common-mode range of the
device (\kgto 2.4V). It is only supported with inputs shorted.



1.5 Clocks

The UT200SpW4RTR requiregrmnsmit clock input for each
of the ports. Each dhe ports is capable of running at an
independent speed up to 200 Mbps. Separate external
clock signals must be providédeach port igoing to run

at a different rate.

If each Spacewire port is going run at a different rate
TX_CLK_IN_1, TX_CLK_IN_2, TX_CLK_IN_3,
TX_CLK_IN_4, as well as HOST_CLK must be provided.
Each of the SpaceWire ports is ahfe of running at an inde-

that applies to HOST_CLK and the output ports of the router. If
one port of the router is nfigured to run at 200Mbps,
HOST_CLK must run at 50MHz. And if the maximum output
frequency of one of thBpaceWire ports is 100Mbps
HOST_CLK only needs to run at 25MHz. The clock require-
ments for the 4-Port Router are shown in Table 4.

Jitter on the input clocks must be minimized in order to reduce
the cumulative effeatn the data-strobekew. Jitter on the
TX_CLK_IN_n input clocks diectly affects the data-strobe
outputs. An unstable clockige will skew the data-strobe

pendent speed up to 200 Mbps (200MHz clock). There is a onealignment. Jitter must be accounted for in the system skew bud-

to-one rule for the SpaceWire poctecks. If Port 1 is going to
run at 160Mbps a clock of 160MHz needs to be provided,
40Mbps requires a 40 MHz clock, etc.

The data values are transmittticectly and the strobe signal

changes state whenever the dataains constant from one data

bit interval to the next. The cllds recovered or extracted by
XORing the data and strobe signarhere is a slight delay be-

get calculations.

Itis recommended that the rate at which a SpaceWire link trans-
mits and receives speeds are within 10x each other. Meaning if
the UT200SpWA4RTR is transmiitgy at 100Mbps, the receive
side should be no less than 10Mbps.

1.5.1 Initialization and Link Run Data Rates

tween edges of Data/Strobe, and the recovered clock. DS en- The SpaceWire standard requiredratialization data rate of

coding allows for the SpaceWire port speeds to have same

10Mbps, this provides the system with a common data rate

transmit clock speed and offers good jitter tolerance, but the rewhile it is checked for propeperation.The TX_DIV[4:0] in-
ceiver data is asynchronous to local (transmit) clock, refer to put signals are used to load Clock Divide registers for the

ECSS-E-ST-50-12C.

The HOST_CLK is used for the FO interface and also by the
routing circuitry. The maximum HOST_CLK frequency is

50MHz. HOST_CLK frequency requirements are based on the

fastest SpaceWire port data rateefiehis a division by four rule

10Mbps initialization data rate requirement. Once initialization
is complete the data rate may go to the maximum specified by
the user up to the maximum capability of the device. The user
must know what divisin factor is needed for each port to di-
vide down to 10Mbps.

Table 3: Clock Signals

Signal /O Description
TX CLK IN_1 I Transmit clock for Port 1. Max of 200 MHz
TX _CLK_IN_2 I Transmit clock for Port 2. Max of 200 MHz
TX_CLK_IN_3 I Transmit clock for Port 3. Max of 200 MHz
TX_CLK_IN_4 I Transmit clock for Port 4. Max of 200 MHz
HOST_CLK I Used for all internal router futions and to read and write to/
from the External FIFO’and the SpaceWire FIFO'’s
TX_DIV[4:0] I Input clock divide for the initial 10 Mbps data rate




2.0ROUTER ARCHITECTURE A "Round Robin" arbiter manages access and makes sure only
The UT200SpW4RTR Router is a modular design consisting of one Read Logic Block accessthe Write Logic Block.

four major blocks with desiptions of each as follows. If more than one receive portsamiting to send data out of the
same output port a round-robin arbitration scheme has been im-
2.1 SpaceWire Link Protocol Handlers plemented.

There are four identical Link Btocol Handler (LPH) modules

in the router. Each LPH contsof a Transmit FIFO, a receive It is also important to note that the configuration block will be
FIFO, Receiver, Transmittend Initialization block. All accessing the Write Logic Blkavhen read configuration

of these blocks combined atesigned to handle the SpaceWire packets are requested. In thase, the configuration block
serial protocol as defined in document number ECSS-E-ST-504s treated as another Read Logic Block.

12C.

2.3.1 Arbitration
2.2 Read L ogic Block Each transmit FIFO (TX_FIFO in figure 6.) write logic block
There is a Read Logic Block eoected to all four of the contains an arbiter that manades flow of data to each of the

Receive FIFO's and the Systémerface Transmit FIFO. This  four physical interface ports and the System Receive Port.
block monitors the empty flag on the receive FIFO and reads aThe arbiter is a "Round Robin" type and gives each receive
byte of data whenever the FIFO is not empty. This block port equal opportunity for acceSghe arbiter starts counting
also checks the first byte of datzad after an EOP to determine whenever a request for that portéseived from any of the five
the port address or whether@néiguration transaction will be  receive ports. The countfiom Port 1, Port 2, etc.
initiated. A configuration transaction is described later in this until the count reaches Portl6pks for configuration com-
document. For Path or Logicatldressing, the Read Logic mands, and then starts over.
Block uses the first byte of data after an EOP/EEP.

Example:
Example: If a transmit Port (this is any of the physical ports or the user
If the first byte of data after an EOP/EEP is between 0x20 andinterface port) receives a requdst,example, from Port 1 and
OxFF. The Read Logic Block usttge data as an address for the Port 5 at the same time, the Port 1 packet will be sent first. If
lookup table. The data stored in the lookup table will be used agluring the time Port 1 packet issand a packet from Port 3 is
the port address. Thedi byte of data Wi value Ox00 received  requested, the Port 3 packet vl sent before Port 5 because
by any router port after reset or an EOP/EEP will initiate a con-of the way the arbiter counts.
figuration transaction. If therit byte after an EOP/EEP is be-

tween 0x01 and 0x05 path addressing will be used. 2.4 Configuration

The Configuration block is used to set up lookup tables as well
2.3 Write Logic Block as registers that control the ogtion of the router. In addition,
The Write Logic Blocks control the data to the transmit status registers and commands are accessed through this block.

FIFOs and the System ReceRert (shown in figure 3).

Aeroflex SpaceWire

LPH Core Write Lo
< Tx_int | WriteLogic |
To/From = TX_FIFO f—l_ arbiter

Init

Physical Interface

RX_FIFO

Figure 6. SpaceWire LPH Module




3.0GENERAL OPERATION The parity bit covers the previoegght bits of a data character
or two bits of a control charactehe current parity bit and the
current data-control flag. The parity bit is implemented in each
data or control character taddin detection of transmission
errors.

The ECSS-E-ST-50-12C defineso types of characters, data
and control characters. Theseardcters are then further de-
fined as either link charactess normal characters. A link char-
acter does not get passed from Exchange Level to the Packet
Level. Some examples of a Likaracter are flow control to-
3.2 Control Character
kens (FCT), escape (ESC), NULL control code (ESC + FCT), - o i
and the Time-Codes (ESC + data character). A Normal CharacA control character is made up@barity bit, data-control flag

: _ and two control bits. The data control flag is set to one to indi-
ter ends with an EOP or EEP and is passed through the router %tate that the current character is a control charalarity cov-
a packet level.

erage is similar to that for data character. One of the four
possible control characterstise escape code (ESC). This can
be used to form control codéBwo control codes are specified
and valid which are the NULLacle and the Time-Code. The
LSB of the control character is the parity bit "P", bit "DC" is the
data control Bit and should be set to one for control, and Bits
"CO and C1" are the control codes. Refer to ECCS-E-ST-50-

. o . 12C section 7.3 for further dé&a The control codes are de-
The parity bit will be calculated by adding the number of ones fined in Table 4.

that are contained in the previous 8-bits of data. If the number
of 1's in bits added togetheragen, the data character is said to
have even parity. The data-control flag is set to zero to indicate
that the current character islata character. Ehfollowing fig-

ure shows the 10-bit data charadteld. The LSB Bit "P" is the

parity bit, bit "DC" is the data-control flag and must be set to -
zero for data, and Bits "D0 to D7" is the data. P DC Q) C:_]_

3.1 Data Character

Data characters hold an eight-data value, transmitted least
significant bit (LSB) to most significant bit (MSB). A data
character contains a parity kiata-control flag, and eight bits
of data. Per ECSS-E-ST-5@Q data parity is odd.

Figure 8. Control Characters

— P|DC| Dy D| D D] D] D] B D

Figure 7A. Data Character

} Data Character } End of Packet———————Flow Control Token———
— pPlo| Dl b Bl B D B B B P| 2] 0| 2| P| 2| 0] O

} Parity Coverage |

Figure 7B. Parity Coverage



3.3 Sending Packets

The first byte of data received on the bus after power up or afterPackets that do not have a valid "Path Address" or do not have
an EOP/EEP is the Header Byldhe EOP/EEP are treated the a look up table location configenl are considered bad packets.
same by the router. The Headyte determines whether Path  Bad packets can be read from the receive FIFO, but not sent
Addressing (0x01 to 0x05), Logical Addressing(0x20 to OxFF), to any of the Transmit FIFOs. This is commonly known as

or a Configuration Transaction 0x00 occur. If no Configuration "Spilling the Packet'The router supports Path Address from 1

Write transaction had occurred path addressing will be supportto 5 (physical output ports dhe router) and logical address

ed. Path addressing wile used because the lookup
tables have not yet been configured. Currently, there is no re-
striction on the size of the packeahat can be sent through the

router.

3.4 Bad Packet

from 32 to 255, Figure 5.

Table 4. Control Character Table

Control Character Definition Character Type Cco:C1
FCT Flow control token Link 00
EOP End of packet Normal 01
EEP Error end of packet Normal 10
ESC Escape Link 11

Table 5. Bad Address | dentification

Bad Address

Description

0x06 to Ox1F

The 4-Port Router has 4 SpaceWire ports and
one external port for #otal of 5 ports that
will be supported using Path Addressing

0x20 to OxFF that contain a value of 0x

hex 0x00.

Look up tables will not be reset. Any unused
Logical addresses should be set to contdin

10




4.0 CONFIGURATION PROTOCOL

Next, the router ID byte should Bet to the value in the receiv-
ing router 1D register. The PaekType byte should be set to

The UT200SpWA4RTR 4-Port Router is configured through any Write (see table 6.), followeldy the address least significant

one of the four SpaceWire porsthe ExternaPort. The de-
fault configuration is for all port® be configuration ports. If
one or more ports are set ugb configuration ports only one
configuration command cdre sent at a time.

4.1 Configuration Ports

byte, the address most signifitdnyte, then the data least sig-
nificant byte and the data most significant byte.

The last byte before the endpacket (EOP) will be the arith-
metic Checksum value, which is an arithmetic sum of the final
destination address, the rouiier the Packet Type, the Address

If multiple ports are set up as configuration ports and more thanand Data bytes. If the checkswalue does not match, the com-
one configuration command is being sent within the router the mand will not be executed. If thiacket has less than eight (8)

configuration packets will be corrupted.

The first byte of data witkalue 0x00 received by any router
port after reset or an EOP/EEP will initiate a configuration
transaction. (ECSS-BT-50-12C). Configuration transactions
allow access to the lookup tables, configuration registers and
status registers. The packebiarcols for configuration reads
and writes are specified the following two sections.

4.2 Configuration Write

A configuration write packet loads a 16-bit data word to the
specified 16-bit address location in the configuration memory
space. A configuration write pagkbegins with zero (0x00) or
can contain additional router aggds bytes, followed the final
destination address byte setz&ro. A Configuration Write
packet is shown in Figure 9.

bytes or the Checksum value is not the last byte, the command
will not be executed. (ECSS-E-ST-50-12C).

4.3 Configuration Read

The Read packet will read a number (Count) of 8-bit data val-
ues from consecutive 16-bit aéds locations and transmit the
data to the return location spied. This packet begins with

zero or more hardware or logical address bytes followed by the
final destination address byte set to zero.

Next, the router ID byte should be set to the value in the router
ID register, unless the router IDbeing read. The Packet Type
byte should be set to Read, (0x01 or 0x02) followed by the ad-
dress least significant byte, the address most significant byte,

Oor More

Address Bytes 0x00

Router ID Protocol ID Packet Type

Address
LSB

Address
MSB

Check
Sum

Data
LSB

Data

MSB EOP

Check Sum Coverage

Figure 9. Configuration Port Write Packet Command

1 or more

0 or More
Address Bytes

0x00

Router ID

Protocol ID

Packet Type

Address
LSB

Address
MSB

Count

return address
bytes

Check
Sum

EOP

Check Sum Coverage

Figure 10. Configuration Port Read Packet Command

0 or More
Address Bytes

Router ID

Protocol ID

Packet Type

Address
LSB

1 or more data
An’ii/ldsrgss byte pairs Cshuerf]k EOP
(LSB-MSB)

Check Sum Coverage

Figure 11. Configuration Port Read Packet Response
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the word count byte, and one or more return path address
byte(s). The order of the returntpaddress bytes are to read in
the order they are received.

That is to say, the first return path address byte will be the path
out of the first router with subsequent bytes to be used for the
next layers of routers.

The last byte will be the checkswalue, which is an arithmetic
sum of the destination addressuyter ID, packet type, address
bytes, data bytes and return path bytes.

If the checksum received does not match the calculated value,
an error end of packet will lment to the return address. The
word count byte must be greater than zero. A value of zero will

4.4 Configuration Read Response

The read response will follow the protocol shown in Figure 11
A read response will be seradk to the requesting address after

a Read command is execut@tie Read packet command as
shown in figure 5 sets up the address to read data from (Address
LSB/MSB), how many 8-bit values to read (Count), and the re-
turn address bytes path. After the Read command is executed a
Read Response command will be issued and will contain the
data byte pairs read from the specified address.

4.5 Packet Type Byte Definition

The various configuration protocols define a "Packet Type"
byte. This byte tells the routertbre user in the case of the Read
Response type what type of transaction is being commanded or
received. Table 6 definesehilifferent Packet Types.

cause the command to not be executed. The return address path

must contain one or more bytes and the first header byte must
not be zero; otherwise the command will be considered invalid

Table 6. Packet Type Definitions

and not be executed. Figure 10 shows the bytes required for a

Read Packet Command.

4.3.1 Read No Clear Packet Type

Aread no clear packet type wilad the data as requested in by
the read request packet.

4.3.2 Read Clear Packet Type
The Read Clear packet type wilad the data in the requested

Packet Type Value (HEX)
Write 0x00
Read no clear 0x01
Read clear 0x02
Read response 0x03

Reserved 0x04-0xFF

address space and deleteitifermation contained there.
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5.0 PORT ADDRESSING 5.2.5 Enable Group Adaptive Bit

Bit [11] is used to enable the Group Adaptive function on the
5.1 Path Addressing router. Setting this bit high tells the router to use bits [9:5] for
For any byte received immedidy after an EOP/EEP byte with  the port select in the event thert select for the Primary Ad-
the value 0x01 to 0x05, path addressing will be implemented. dress Bits is busy.
Addresses from 0x06 to Ox1F will be spilled. The entire port ad-

. ) . 5.2.6 Unused Bits

dress space is defined in Table 13. ]
Look up table bits [14:12] need to be set to 0x00. In order for
5.2 Logical Addressing the parity bit to be correct allrée unused bits need to contain

lookup table is 224 by 16 and all 4 lookup tables have the saméalculation it will not be the sanaes what the router is calculat-
data written into them using the Configuration Protocol. A sin- N9

gle configuration write will load each tte lookup tables with o

identical data The format ftine lookup table data is described 9-2.7 Parity Bit

in the following sections. A Parity Bit is included for each lookup table location. The par-
ity is even. When the headertbyis decoded and falls between
5.2.1 Lookup Table Data Format address 0x20 and OxFF, a lookup table address will be retrieved

The lookup tables on the router are organized into 16-bits and PY the lookup table.

are organized as shown in Table 7 below. . o )
Again, parity will be calculated by adding the number of ones

5.2.2 Primary Logical Address Bits that are contained in the previous 8-bits data. If the total number

The five LSB bits [4:0] are tPrimary Logical Address bits ~ ©f 1's in bits added togetherddd, the parity is odd parity. And

and are for selecting ports 1 through 4 regardless of whether if the number of 1's in bits added is even it is said to have even

Group Adaptive has been enabled or not. When Group Adap- Parity. The current parity bit will then be compared to the cal-

tive has been enabled the routmks at the port address spec- culated parity and if they are niie same, the packet will be

ified by these bits first and if that port is busy will then look at réad out of the receive FIFO. istis commonly referred to as

the port specified by th@roup Adaptive Address Bits. "Spilling the Packet". Additionally, the Parity Error Register
will be incremented.

5.2.3 Group Adaptive Address Bits

Bits [9:5] are used when Qup Adaptive has been enabled and Parity error register is differéfrom the previously discusses

the port selected ke Primary Logical Address Bits is busy. ~ SpaceWire parity. The parity ern@gister is based on the data

If group adaptive routing is not enabled and port selected by thei" the lookup table.

Primary Logical Address Bits Isusy the packet will have to

wait until the selected port is free.

5.2.4 Enable Header Delete Bit

Bit [10] is used to enable the header delete function for the port
selected by either the Group &utive Address bits or the Pri-
mary Logical Address Bits. Whenever this bit is set high the
router will delete the headerfioee sending the packet out of

the requested transmit port.

Table 7. Lookup Table Data Format

Enable Enable
Parity Unused Group Header Group Adaptive Address Bits Primary Logical Address Bits
Adaptive | Delete

15 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
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6.0 CONFIGURATION AND STATUSREGISTERS

The router has a number of cnfration and status registers
which are used for initial setup of the router and for monitoring
the router's performance. Tableid4 summary of all the router
registers with detailed descriptions outlined in each subsection

6.1 Router Identification Register

The Router Identificén Register is accesd through config-
uration address 0x0100 in Hex.& touter ID defaults to 0x00
upon reset and the user can wan 8-bit value using the con-
figuration write protocol and using 00 for the router ID byte in
the protocol.

Configuring the router ID register allows multiple routers to be
networked together. Assuming eaciuter has unique identifi-
er, the router ID bits used in the configuration protocol will al-
low each individual rater on the network, to have different
look up table.

6.2 Version

Table 9. Link Run Register

Address Bit Number Port Number
0x0103 0 1

1 2

2 3

3 4

4 External

6.5 Transmit Full Register

Address 0x0104 indicates to the user which Transmit port
FIFQO's are full. Bit 0 is for port 1 and bit 4 is for the External
Port.

6.6 Router Error Count

Address 0x0105 manages errounting. The port has an error
counter that is 4-bits wide. Refer to Table 10 for the bit assign-
ments for each error counter.

Table 10. Router Error Count Registers

This read only register located address 0x0101 will tell the
user what version of the router is being accessed.

6.3 Configure Port Enable

At power up, by default all of the ports on the router can be useq
as configuration ports. A Reaahd Write register at address
0X0102 allows the usehe ability to specify certain ports as
configuration ports. Refer to Table 8 for the bit mapping for this

Address Range Error Counter
HEX
0x0105 [3:0] Port 1
[7:4] Port 2
[11:8] Port 3
[15:9] Port 4

register.
Table 8. Configure Port Enable

Address

Bit Number

Description and Comments

Low

High

0x0102

Disable Port 1

Enable Port 1

Disable Port 2

Enable Port 2

Disable Port 3

Enable Port 3

Disable Port 4

Enable Port 4

Al W| N| | O

Disable Externg

Enable Externd

6.4 Link Run Register

6.7 Parity Error Register

Any time a parity error is detted during a lookup table access
register 0x0106 will get written t@ata is formatted as follows.
Bit 5 indicates whether there hheen a parity error during a
Receive transaction. Bits 4@dndicate which Receive Port the
error occurred on.

6.8 Link Disable Register

All ports on the router can be enabled or disabled by writing
into register 0x0107. Writing the appropriate bit in the Link
Disable Register will disable thpbrt. Refer to Table 11 for the
bit assignments.

Table 11. Link Disable Register

Address 0x0103 indicates to the user which ports are in the ru

state. Bit 0 is for port 1 and bit 4 is for the External Port.
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Address

Bit Number

Description and Comments

High

Low

0x0107

Disable Port 1

Enable Port 1

Disable Port 2

Enable Port 2

Disable Port 3

Enable Port 3

Wl Nl k| O

Disable Port 4

Enable Port 4




6.9 Port Busy Registers ceived a normal characterfbee reaching the run state.
Registers 0x0109 to 0x010D are to indicate which transmit port 6.12 Router Reset

is busy administering a receive porhe five bit data field is A write command to the address 0x0114 will reset the router
used to indicate which transmitgh@ connected to the desired  with exception to the look up tad. SpaceWire ports are not re-
receive port. set, only the router which inclusi¢he state machines used to

select ports and read and write to FIFO's.
6.10 Time Master Register
The Time Code Master Register, 0x010E, is used to tell the 6.13 Receive FIFO Reset
router which port is connected to the time master of the net- Writing to address 0x0115 and setting any or all of the 5 bits

work. The default is Po#, the external port. will reset the appropriate Regei FIFO. For example, setting
bit O will reset the Receive FIF@ Port 1. Setting bit 1 will re-
6.11 Initialization Divide Registers set the Port 2 Receive FIFO and so on.

Used to set the correct 10Mbps transmit data rate during initial-
ization. Value stored in registers 0x010F, 0x0110, 0x0111, and6.14 Transmit FIFO Reset

0x0112 are 5-bit registers are used to divide the TX_CLK thus This 5-bit register at address 0x0116 is used to reset any or all
deriving the 10Mbps clock. On power up or reset the router will of the Transmit FIFOs. Bit O will reset Port 1, Bit 1 will reset
load the TX_DIV[4:0] bits into all 4 registers. The port that will Port 2 and so on.

be used to configure the routelhiaave to have the correct val- Table 13. Header Byte Memory Map

ue set by TX_DIV.

Port Address Byte (HEX) Port
Example: If the user wishes t_o configure the router thrqugh 0x00 Configuration access
Port 3 and the transmit speedl be 100Mbps the user will
need to set TX_DIV to 0xOA or 10 in decimal. Port 3 will have 0x01 Path address for Port 1
t_he_ correct divider f_or t_he 10Mbps clock and will be_ a_ble to ini- 0x02 Path address for Port 2
tialize the SpaceWire link. If thether ports areansmitting at
different data rates the 10Mbps initialization data rate will not 0x03 Path address for Port 3
be correct. The user will then use I_Do_rt 3_to set the Tran_smlt 0x04 Path address for Port 4
10Mbps Register such that the initialization data rate will be
10Mbps. Table 13 shows some common data rates along with 0x05 Path address for Port 5
the correct register value &zhieve the 10Mbps initialization 0x06 to OxX1F Not used
data rate.

0x20 to OxFF Logical address locationfs

Table 12. Clock Settingsand Unit Data Rate

TX_CLK TX_DIV[4:Q] Initialization Data
(Mbps) (HEX) Rate (Mbps)
200 0x14 10
150 OxOF 10
10 0x01 10
5 0x01 5

It is important to note that if TX_CLK is set to less than
10Mbps the Initialization Divide Register must be set to 0x01.

The 4-Port Router will be able toitialize at these data rates.
The user needs to be aware heereto be careful not to send
any data until the links are indhrun state. If the initialization
data rates are different, one safehe link could reach the run
state before the other and if that link begins to send data there
is a good possibility the other side will disconnect because it re-
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Table 14: Configuration and Status Registers

Address | R/W Name Default Description Number
(Hex) (Hex) Bits
0x0020- | R/W Lookup table XXXX' |Logical Address Lookup Table. Look
O0x00FF tables are not reset. User should initial
the unused addresses to 0x00.
0x0100 RIW Router ID 0X00  |Router Identification Register 8
0x0101 R Version register 0X01  |Router Version Register
0x0102 R/W OX1F  |Using this register, ports can be enable|5
disabled as configuration ports.
0x0103 R Link run register 0X00  |Indicates which ports are in the run stq4
One bit for each port
0x0104 R Transmit full register 0X00 | Transmit FIFO Full Register. Indicates 5
which Transmit FIFO's are Full, one bit {
each Transmit FIFO
0x0105 | R/RC Router error count 0X00  |Router Error Count Resfiers. Each nibbl
within this register represents the
SpaceWire error count for a given rou
port.
0x0106 R/RC Parity error register 0X00 Indicates when a parity error has occun 6
and the receive port number that last
showed an error
0x0107 R/W Link disable register 0X00  |Enables or Disables individual links |4
0x0108 R/W Reserved 0X00
0x0109 to R Port busy registers 0X00  |These registers dficate the current 5
0x010D receive port to trasmit port connection,
Address 0109 is for Receive Port 1 an
address 010D is for the External Port
0x010E RIW Time master select register |  0X05 | Thisregisteris used to tell the router wh(3
port is connected to the time master
0x010F R/W |Port 1 initialization divide registy TX_DIV |Port 1 10Mbps data rate divider 5
0x0110 R/W |Port 2 initialization divide registy TX_DIV |Port 2 10Mbps data rate divider 5
0x0111 R/W |Port 3 initialization divide registy TX_DIV |Port 3 10Mbps data rate divider 5
0x0112 R/W |Port 4 initialization divide registy TX_DIV |Port 4 10Mbps data rate divider 5
0x0113 R/W Protocol ID 0X00  |Programmable Protocol Identifier
0x0114 W Router reset N/A A write command to this address will re
the entire router. The data in this case
don't care
0x0115 w Receive FIFO reset N/A Used to Reset any or all of the Receiv|5
FIFO's
0x0116 W Transmit FIFO reset N/A Used to Reset any or all of the Transnm 5

FIFO's
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70TIME CODES

Time codes are handled as tlaeg described in the standard. A The transmitter sends N-Char#hié node at the other end of the

time code distributes system time over a network. A Time code link has room in the receive FIH@ffer. A transmit transaction

does not get saved into the FIFO memory buffer. Any valid is initiated by the node at the end of the link sending a FCT, this

time code received on a router peill be sent to all of the oth-  tells the transmitter that the node that it is ready to accept anoth-

er ports of the router. A valid time code is defined as a time codeer 8 N-Chars. The transmitter keeps track of the FCTs received

value that is one greater thtre previous time code value. and the number of N-Chars sent to avoid input buffer overflow.
This is done by the transmittlolding a credit count of the

A time code is made up of an ESC character followed by eight number of characters it has been given permission to send.

bit data character. The data chaer holds six bits of system

time and two reserved bits. Bits "TO to T5" are the 6-bit time 7.3 Time Code L atency

counter and are the LSB of the time code. Bits "T6 to T7" are SpaceWire system time accuracgépendent on the number of

the timing control flags (currently reserved by the working links traversed and éhoperating speed of each link. A delay ap-
group) and should both be setztero. Figure 12 illustrates a proximately 14 bit periods (ESC + data character) is added to
time-code packet the system time for each link ttime code traverses. Time code
skew across a network is eqt@tTCSKEW = (14*S)/A where
7.1 System Time M anagement S is the number of SpaceWire linkkaversed, A is the average

The timing of the system is controlled by two signals, TICK_IN link operating speed, and 14 is the time code bit period.
and TICK_OUT. TICK_IN and TICK_OUT are the system

time controllers is the externpbrt is the time master. Whena 7.4 Transmitter Status

TICK_IN is received it tells the node to send a Time Code The transmitter can be ome of four states:

Character. Only one node in the system should have an active

TICK_IN and that node will mvide the master time reference  Reset: The transmitter does nothing.

for the entire network. Then TICK_OUT is asserted it tells the

user that a Valid time code character has been received. Send NULLs: Transmitter will only send NULLs out on the
link. No N-Chars are read indm the Transmit Host Interface.
7.2 Transmit Time Transmitter will not acceman order to send FCT from the Host

The transmitter encodes data and transmits it through the net- System. It does not send Time-Codes.

work using DS encodg. The transmitter nafi receive either a

Time-Code, flow control token (T), or an N-Char (data, EOP ~ Send FCTs or NULLs: Transmitter can send flow control to-
or EEP) to initiate a transmit transaction. If the transmitter does kens or NULLSs, but still does not read N-Chars from the Trans-
not have any data to send it will send NULL characters. mit Host Interface. It des not send Time-Codes.

Send Time-Codes, FCTs, N-Char NULLs: Normal system
operation. Transmitter is sending NULLs, FCTs, Time-Codes
and N-Chars.

A PII[I] T[]0 T T T Ta| Ty Tg| Tg| Ty

Figure 12. Time Code

17



8.0CONTROL SIGNALS

81LV_CM

Allows the user to select theternal interface either LVDS or
LVCMOS. When LV_CMis high the LVDS interface will be
active. For example signlD that will be active are
TX1_D_LV[1:0], TX1_S_LVI[1:0], RX1_D_LV[1:0], and
RX1_S_LVI[1:0]. While TX1_D, TX1_S, RX1_D,and RX1_S
would be tri-stated. Table 15 shows the relationship between
LV_CM and the transmiteceive interface.

8.2 OE

This signal is used to contriile outputs of the Receive FIFO.
OE supports the memory interfacentng of host controller that
incorporates multipbeed address and data on the bus. if no OE
signal is available for thieost controller, and the CSHignal

is asserted while the controller still has its address information

8.3 CSEL

Allows the state of th control signals foFIFOs to be connect-
ed to internal rowr logic. If CSELis "High" the signals
TX_PUSH RX_POR and any other backend inputs should not
be allowed to be passed on to internal logic. Additionally, out-
put signals RX_DATA and TIME_CODE]7:0] should be tri-
stated. See Table 16.

It should be noted that TICK_IN and TICK_OUT are indepen-
dent of the states of output enable jQfhip select (CSE), re-

set (RS7. And the time code (TIME_CODE[7:0]) port will
come up as an input port becattse default time master is the
external port.

on the bus, data may be driven onto the bus and cause bus con-

tention.
Table 15. Control Signals
Lv_m TX# D_LVITX# S LV TX# DITX# S
RX# D_LV/RX# S LV RX# DIRX#_S
(LVDS) (LVCMOS)
1 Active z
0 z Active
Table 16. Enable and Select Signals Truth Table
OE CSEL RST TIME_CODE[7:Q] RX_DATA[8:0] TX _PUSH
RX_POP
1 1 1 Active d Inactive
1 1 0 Z d Inactive
1 0 1 Active d Active
1 0 0 z Z Inactive
0 1 1 Active Z Inactive
0 1 0 Z Z Inactive
0 0 1 Active Active Active
0 0 0 Z 7 Inactive
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9.0 SERVICE CONFIGURATION Routers can be connected togethiarthe system ports to ex-
There are a few different waylat the UT200SpW4RTR can pand to an 8-Port Router. External logic will be required to con-

be configured to service multiple system requirements nect the system ports togethier this way. The router ID
register for each of the routers connected in this way should be
9.1 Stand Alone Router unique. An extra path addressing byte will be needed to route

The router can be used as andtalone router with up to four  packets between the routecsnnected through the system
SpaceWire links connected to Ejgure 13. Configuration of  ports.

the lookup tables should be done by sending packets containing

configuration commands. Three routers can be connecteé FPGA or processor through
the system port and to eactheit through the SpaceWire ports.
This configuration generates eight SpaceWire ports for connec-

——| Spw Node 3 tion to SpaceWire nodes. The syst ports of each router are
SpwNodel || used to connect to usegjic in an FPGA or processor.
4 Port
Router 1 4 Port

2 4
Router
SpW Node 2

—— Processor

Figure 13. Stand Alone Router Configuration

' 4 Port
. . < Processor
9.2 Interfacing Multiple Routers Router .
Network topology may require a router with more than four 2
SpaceWire ports or more systemtgoMultiple four port rout-
ers can be interfaced togethiernumerous comjurations to
produce the required 1/O count.
' 4 Port °
Router
1 3 2
4 port Figure 15. 8-Port Extended Configuration Using uP

Router ° }
4

Control
Logic

1 3
4 Port 5

Router
2 4

Figure 14. 8-Port Extended Configuration
using External Logic
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10.0 NETWORKING

Many network configurations are possible using the 4-Port
Router. Certain parameters naede considered when choos-
ing a network topology to use. Performance, fault-tolerance,
and harness mass, are key atii@s a designer must consider
when designing a SpW network.

10.1 Centralized Networks

In a centralized network configation all communications are
routed by a router at the centdrthe network. Allows certain
functions are handled by the reutresulting in high perfor-
mance. If a failure occurs on one node, other nodes are not af-
fected. Centralized networkseasimple to configure because

the look up tables do not need to be configured. Data can be eas-

ily accessed from all nodes \ilae central router. Centraliza-
tion's weaknesses is the heawarece on the central router and
the high harness mass required.

10.2 Distributed Networks

Distributed network configurains are characterized by small-

er routers all connected togethMany configurations are pos-
sible, allowing for a more relble system. All nodes on the
network are connected together through some route. Data can
be accessed from all nodes but a path must be specified for how
to route the data through the network. Distributed networks are
more complex to configure beaaithe Lookup tables usually
need to be configured resulting in slower performance.

SpW Node 3

SpW Node 1

(

4 Port
Router

» Processor

SpW Node 2 — SpW Node 4

Figure 16. Centralized Network Example
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Figure 17A. Distributed Network Example #1

4 Port
Router 1

4 Port

4 Port
Router 2

N

4 Port

Router 0

—
~

4 Port
Router 5

/

4 Port
Router 4

Router 3

Figure 17B. Distributed Network Example #2
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12.0 PIN DESCRIPTIONS

K

ny

ny

ny

ny

System Pins
Pin No. Pin Name 1/0 Type Description
Vbbe PWR Power Core Power Supply 2.5V
Vb PWR Power 1/0 Power Supply3.3V
GND PWR Power Ground VSS
N1 HOST_CLK | LVCMOS  |50MHz system clock
SpaceWire Interface
Pin No. Pin Name 1/0 Type Description
B2 RST I LVCMOS  |RST must remain low for 6 clock cycles before transitioni
Schmitt high, and must transition high 3 clock cycles before valid data.
P1 TXCLK_IN_1 I LVCMOS  |Clock input 1 to transmitter used to clock LVDS output. A
phase relationship is allowed between TXCLK _IN &
HOST_CLK.
P2 TXCLK_IN_2 I LVCMOS  |Clock input 2 to transmitter used to clock LVDS output. A
phase relationship is allowed between TXCLK_IN &
HOST CLK.
P4 TXCLK_IN_3 I LVCMOS | Clock input 3 to transmitter used to clock LVDS output. A
phase relationship is allowed between TXCLK_IN &
HOST CLK.
N3 TXCLK_IN_4 I LVCMOS | Clock input 4 to transmitter used to clock LVDS output. A
phase relationship is allowed between TXCLK_IN &
HOST CLK.
T12 TX1_D o) HS-LVCMOS |Transmit data for Port 1
High speed CMOS 12mA 1/O buffers
T13 | TXLS O | HS-LVCMOS |Transmit strobe for Port 1
R12 RXI_D I HS-LVCMOS |Receive data for Port 1
R13 RXI_S I HS-LVCMOS |Receive strobe for Port 1
T9 TX2_ D o) HS-LVCMOS | Transmit data for Port 2
T10 |TX2_S O | HS-LVCMOS |Transmit strobe for Port 2
R9 RX2_ D I HS-LVCMOS |Receive data for Port 2
R10 |RX2_S I HS-LVCMOS |Receive strobe for Port 2
A9 TX3_D O | HS-LVCMOS |Transmit data for Port 3
A10 TX3 S o) HS-LVCMOS | Transmit strobe for Port 3
B9 RX3_D I HS-LVCMOS |Receive data for Port 3
B10 RX3_S I HS-LVCMOS |Receive strobe for Port 3
Al12 TX4 D o) HS-LVCMOS | Transmit data for Port 4
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SpaceWire Interface

Pin No. Pin Name 110 Type Description
Al3 | TX4_S O | HS-LVCMOS |Transmit strobe for Port 4
B12 RX4 D I HS-LVCMOS |Receive data for Port 4
B13 |RX4_S I HS-LVCMOS |Receive strobe for Port 4
M2 TX_DIV[4:0] I LVCMOS  |Initial Transmit divide by input. On power up of R&%sertion
L2 the data set by these pins will be loaded into all 4 of the
K2 Initialization Divide Registers.
J3
H3
R16 |RX1_D_LV+ I LVDS Port 1 Non-inverting receive data input pin
T16 RX1 D LV- Port 1 Inverting receive data input pin
N16 |RX1_S LVv+ I LVDS Port 1 Non-inverting receive strobe input pin
P16 RX1 S LVv- Port 1 Inverting recee strobe input pin
R15 | TX1_D_LV+ o} LVDS Port 1 Inverting transmit data output pin
T15 TX1 D _Lv- Port 1 Non-inverting transmit data output pin
N15 |[TX1 S Lv+ o} LVDS Port 1 Non-inverting transmit strobe output pin
P15 TX1 S LV- Port 1 Inverting transmit strobe output pin
L16 RX2_D_LV+ I LVDS Port 2 Non-inverting receive data input pin
M16 RX2_D_LV- Port 2 Inverting receive data input pin
J16 RX2_S LV+ I LVDS Port 2 Non-inverting receive strobe input pin
K16 RX2_S_LV- Port 2 Inverting recee strobe input pin
L14 TX2_D_LV+ 0 LVDS Port 2 Non-inverting transmit data output pin
M14 TX2_D_LV- Port 2 Inverting transmit data output pin
J14 TX2_S LV+ 0 LVDS Port 2 Non-inverting transmit strobe output pin
K14 TX2_S LV- Port 2 Inverting transmit strobe output pin
G16 |RX3_D_LV+ I LVDS Port 3 Non-inverting receive data input pin
H16 RX3 D _LV- Port 3 Inverting receive data input pin
E16 |RX3_S_LV+ I LVDS Port 3 Non-inverting receive strobe input pin
F16 RX3 S LV- Port 3 Inverting recee strobe input pin
Gl4 | TX3_D_Lv+ o} LVDS Port 3 Non-inverting transmit data output pin
H14 TX3 D_LV- Port 3 Inverting transmit data output pin
E14 | TX3_S_LV+ o} LVDS Port 3 Non-inverting transmit strobe output pin
F14 TX3 S LV- Port 3 Inverting transmit strobe output pin
C16 |RX4 D _LV+ I LVDS Port 4 Non-inverting receive data input pin
D16 RX4_D_LV- Port 4 Inverting receive data input pin
A16 RX4 S LV+ I LVDS Port 4 Non-inverting receive strobe input pin
B16 RX4_S_LV- Port 4 Inverting recee strobe input pin
C15 |TX4 D Lv+ 0 LVDS Port 4 Non-inverting transmit data output pin
D15 TX4_D_LV- Port 4 Inverting transmit data output pin
Al5 | TX4 S LV+ 0 LVDS Port 4 Non-inverting transmit strobe output pin
B15 TX4 S LV- Port 4 Inverting transmit strobe output pin
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SpaceWire Interface

ent

te

Pin No. Pin Name 1/0 Type Description
J2 LV_CM I LVCMOS  |Interface Enable used to select LVDS I/O or LVCMOS
Time Code Signal
Pin No. Pin Name 110 Type Description

T6 TICK_IN I LVCMOS  |When asserted and the link irfece is in the Run state the
transmitter sends a Time-Code immediately after the curri
character has been transmitt8ik-bit time input port, a two-
bit control flag input port.

T7 TICK_OUT o) LVCMOS | wiill be asserted whenever theKimterface is in the Run sta|
and the receiver receives a valid Time-Code. A six-bit tim
output port and a two-bit control flag output port.

T2 TIME_CODEO /0 LVCMOS |8 bit Time code port.

T3 TIME_CODE1

T4 TIME_CODE2

R2 TIME_CODES3

R3 TIME_CODE4

R4 TIME_CODES

R5 TIME_CODE®6

R6 TIME_CODE7

System Interface FIFOs
Pin No. Pin Name 110 Type Description

c1 TX_DATAO | LVCMOS | Data Inputs for 9-bit Bus

D1 TX_DATA1

F1 TX_DATA2

Gl TX_DATA3

Cc2 TX_DATA4

D2 TX_DATAS

E2 TX_DATAG6

F2 TX_DATA7

G2 TX_DATAS8

A3 RX_DATAO o) LVCMOS  |Data Outputs for 9-bit Bus

A4 RX_DATAl

A6 RX_DATA2

A7 RX_DATAS

B3 RX_DATA4

B4 RX_DATAS

B5 RX_DATA6

B6 RX_DATA7

B7 RX_DATAS8

K1l OE I LVCMOS | External Port Output Enable

L1 CSEL I LVCMOS | External Chip Select input
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System Interface FIFOs

[}

Pin No. Pin Name 110 Type Description

D3 TX_PUSH I LVCMOS | Transmit Push signal. One locatiofdata will be loaded in th
Transmit FIFO on the Rising Edge of HOST_CLK when
TX PUSH is Low

c4 RX_POP I LVCMOS  |Receive Pop Signal. FIF@op request, active low

C5 RX_EMPTY o} LVCMOS  |Empty Flag: When RX_EMPTY¥ High, the RECEIVE FIFQ
is empty. Synchronized to HOST_CLK.

E3 TX_FULL o LVCMOS | Full Flag: When TX_FULL iHIGH, the TRANSMIT FIFO ig
full. FF is synchronized to HOST-CLK.

C6 RX_AEMPTY o} LVCMOS | Almost Empty: Whenthe RX_BMPTY is High, the RECEIVE
FIFO is 8 locations from being empty.

F3 TX_AFULL o LVCMOS | Aimost Full: When the TX_R&ULL is High, the TRANSMIT

FIFO is 8 locations from being full.
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13.0 OPERATIONAL ENVIRONMENT

PARAMETER LIMITS UNITS
Total lonizing Dose (TID) >1E5 rads(Si)
Single Event Latchup (SEP) >100 MeV-cm?/mg
SEU Saturated Cross-Section 1.1E-6 cmé/port
Onset Single Event Upset (SEU) LET >28 MeV-cm?/mg
Neutron Fluence 1E14 n/cn?

Notes:

1. Worst case temperature and voltage 9 F125C, Vpp = 3.6V, Vppc = 2.7V for SEL.
2. Worst case test temperature and voltage-of ¥25°C, Vpp = 3.0V, Vppc = 2.5V for SEU.
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140 ELECTRICAL CHARACTERISTICS

14.1 ABSOLUTE MAXIMUM RATINGS:!

(Referenced to VSS)
SYMBOL DESCRIPTION LIMITS UNITS
Vbbe Core supply voltage -0.3t0 3.6 Vv
Vbp I/0 supply voltage -0.3t04.3 Vv
Vio Voltage on any pin during operation -0.3t0 Vpp + 0.3 \Y;
I DC Input Current +10 mA
PD2 Maximum Pacl_<age Power Dissipation 1 W
permitted at F=105°C
Tsto Storage Temperature -65 to +150 °C
0;c Thermal Resistance, Junction to Case 4.0 °C/W
T, Junction Temperature 150 °C
Notes:

1.Stresses outside the listed absolute maximatings may caught permanent damageeadtvice. This is stress rating onlyn€tional operation of the device at
these or any other conditions begdimits indicated in the operational sectimaot recommended. Expare to absolute marum rating conditions for extended
periods may affect device reliability and performance.

2. Per MIL-STD-883, Method 1012.1, Section 3.4 =PT (MAX) -T <(MAX)
O;c

14.2 RECOMMENDED OPERATING CONDITIONS

SYMBOL DESCRIPTION LIMITS UNITS
Vppe Core supply voltage 23t02.7 Vv
Vb I/O supply voltage 3.0t0 3.6 \Y

ViN Input voltage on any pin 0to Vpp Vv
Te Case Temperature -40 to +105 °C
CMOS Inputs (VIL-VIH) <20 ns
tRISE Input Rise Time
LVDS Inputs (VTL-VTH) <20 ns
CMOS Inputs (VIH-VIL) <20 ns
trALL Input Fall Time
LVDS Inputs (VTH-VTL) <20 ns
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143 DC ELECTRICAL CHARACTERISTICS- LVDS Driver (Preand Post-Radiation) *

(Vpp = 3.3V_+0.3V; Vppc = 2.5V +0.2V) Unless otherwise noted, Tc is per the temperature range ordered

SYMBOL PARAMETER CONDITION MIN MAX UNIT
VoL Low-level output voltage R= 1002 0.8 \Y
Vor® High-level output voltage R= 100 21 Y

Vopt® Differential Output Voltage R, = 10 250 600 mv
AVopt Change in Magnitude ofyp for | R = 10 35 mvV
Complementary Output States
Vo Offset Voltage R =10ay, 11 1.8 \
AV g Change in Magnitude of s for R. =102 Vgy + VoL Vv 25 mv
Complementary Output States > ="0S
log 2 Output Short Circuit Current MuT+ =0V or Vpp -9.0 9.0 mA
VOUT— =0V or VDD
loz Output Three-Stte Current LV_CM= Vgg -10 +10 RA
VO =0Vor VDD, VDD = 3.6V
COUTLVDS4 LVDS Output Capacitance - 10 pF
Notes:

*For devices procured with a total iomigj dose tolerance guarantee, the pwatiiation performance is guaranteed &i@per MIL-STD-883 Method 1019, Con-

dition A, up to the maxhum TID level procured.

1. Current into device pins is definedpassitive. Current out of device pinsdsefined as negative. All voltages are refesshto ground except differential voltages.

2. Guaranteed by characterization
3. Output short circuit current (I0S) is specifiechaegnitude only, minus sign indicates direction only.

4. Capacitance is measured for initial lifization and when design elnges may affect the input/output capacitance. Capaeitameasured between the designated

terminal and VSS at a frequency of 1Mb#zd a signal amplitude of 50mV maximum.

5. Supplied as a design guideline, not tested or guaranteed.
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14.4 DC ELECTRICAL CHARACTERISTICS- LVDS Receiver (Preand Post-Radiation) **
(Vpp = 3.3V +0.3V; Vppc = 2.5V +0.2V) Unless otherwise noted, Tc is per the temperature range ordered.

SYMBOL PARAMETER CONDITION MIN MAX UNIT
VCMR2 Common mode supply voltage iD/= 200mV peak-to-peak 0.1 2.3 V
I .vDIN Receiver input current N =2.4V -15 +15 LA
les Cold spare leakage current INV= 3.6V, Vpp = Vgg -10 +10 LA
Vgl Differential input high threshold VCM = +1.2V Mg +0.1 \
Vo 2 Differential input low threshold VCM = +1.2V Vcenm-0.1 \
Ve Input Clamp Voltage N =+1.0mA -1.5 -0.4 \
CINLVD33 LVDS Input Capacitance 10 pF
Notes:

*For devices procured with atad ionizing dose tolerance guarantee, the-poadiation performance is guaranteed ét@per MIL-STD-883 Method 1019, Con-
dition A, up to the maximum TID level procured.
1. Current into device pins is defined as positive. Currenpfodeevice pins is defined as negative. All voltages are refeteto ground.

2. Guaranteed by charactetiion and functionally tested.
3. Capacitance is measuredifutial qualification and when degi changes may affect the input/output capacitance. Capacitance is measured between the designated
terminal and VSS at a frequency of 1Matzd a signal amplitude of 50mV maximum.
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145DC ELECTRICAL CHARACTERISTICS- LVCMOSI/O (Preand Post-Radiation)*
(Vpp = 3.3V +0.3V; Vppc = 2.5V +0.2V) Unless otherwise noted, Tc is per the temperature range ordered.

SYMBOL PARAMETER CONDITION MIN MAX UNIT
V|H1 High-level input voltage 0.7Vpp \
VL Low-level input voltage 0.3Vpp \Y
VoL Low-level output voltage IOL = 8.0mA 0.4 \%

IOL = 12mA 0.4
IOL = 10QLA 0.25
Von High-level output voltage IOH = -8.0mA Vpp-0.6 \%
IOH = -12mA Vpp.0.6
IOH = -10QLA Vpp.0.25
lcmosin | Input leakage current M = Vpp Or Vgg -1 1 LA
V1. RST Pin Input Low Threshold --- 13 \Y
V14 RST Pin Input HIGH Threshold 1.65 \Y
VH RST Pin Hysteresis 0.6 --- \Y
|OS3,4 Output Short Circuit Current &= Vpp and Vg -100 100 mA
loL12 Output Current (Sink) ¥ = VpporVss 12 mA
VoL = 0.4V
TX1_D, TX1_S, TX2_D, TX2_S,
TX3 D, TX3 S, TX4 D, TX4 S
loH12 Output Current (Souce) N =VpporVss -12 mA
VOH = VDD -0.6V
TX1 D, TX1_ S, TX2 D, TX2_S,
TX3_D, TX3_S, TX4_D, TX4_S
|OL85 Output Current (Sink) ¥ = Vop orVss 8 mA
VOL = 0.4V
TICK_OUT, RX_DATA[8:0],
RX_EMPTY, TX_FULL,
AEMTY_FLAG, AFULL_FLAG,
TIME_CODE[7:0]
long® Output Current (Source) N =Vpp orVss -8 mA
VOH = VDD -0.6V
TICK_OUT, RX_DATA[8:0],
RX_EMPTY, TX_FULL,
AEMTY_FLAG, AFULL_FLAG,
TIME_CODEJ[7:0]
CINCMOS6 Input Capacitance 15 pF
CouteM ose Output Capacitance 15 pF
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Notes

*For devices procured with attd ionizing dose tolerance guarantee, the-preadiation performance is guaranteed #t@per MIL-STD-883 Method 1019, Con-

dition A, up to the maximum TID level procured.

1. Functional tests are conducted in accordance with MIL-STD-883 weittollowing input test conditions: | = V, (min) + 20%, - 0%; }{{ = V,_(max) + 0%, -
50%, as specified herein, for TTL, CMOS, or Schmitt compatilgatsr Devices may be tested gsamy input voltage within thabove specified range, but are
guaranteed to 4 (min) and \{_ (max).

. Per MIL-PRF-38535, for current density 5.0E5 amps/cm2, txéman product of load capacitance (per output buffer) timegiéacy should not exceed 3,765
pF/MHz.

. Supplied as a design limit tooot guaranteed or tested.

. Not more than one output may be shorted at a time for maximum duration of one second.

. Guaranteed by characterization.

. Capacitance measured for initial qualifioa and when design changes may affeetvhlue. Capacitance is measured betvikemlesignated terminal anddét
frequency of 1MHz and a signainplitude of 50mV rms maximum.

N

o0~ W
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14.6 DC ELECTRICAL CHARACTERISTICS- Power Supply Operating Characteristics (pre- and post-radiation) *

(Vpp = 3.3V +0.3V; Vppc = 2.5V +0.2V) Unless otherwise noted, Tc is per the temperature ordered.

SYMBOL

PARAMETER

CONDITION

MIN

MAX

UNIT

IppcLva

Active core power supply
current one SpW port
Active (LVDS)

VDDC =2.7V

HOST_CLK = 2.5MHz

One TXCLK_IN =
10MHz

60

HOST_CLK = 25MHz

One TXCLK_IN =
100MHz

480

mA

HOST_CLK = 50MHz

One TXCLK_IN =
200MHz

960

IppcLva

Active core power supply
current four SpW ports
Active (LVDS)

VDDC =2.7V

HOST_CLK = 2.5MHz
TXCLK_IN[1:4] =
10MHz

75

HOST_CLK = 25MHz
TXCLK_IN[1:4] =
100MHz

650

mA

HOST_CLK = 50MHz
TXCLK_IN[1:4] =
200MHz

1275

IppLvi

Active I/O power supply
current one SpW port
Active (LVDS)

VDD = 3.6V

HOST_CLK=2.5MHZz

One TXCLK_IN =
10MHz

21

HOST_CLK = 25MHz

One TXCLK_IN =
100MHz

26

mA

HOST_CLK = 50MHz

One TXCLK_IN =
200MHz

29

IppLv4

Active 1/0O power supply
current four SpW ports
Active (LVDS)

VDD = 3.6V

HOST_CLK =2.5MHZ
TXCLK_IN[1:4] =
10MHz

30

HOST_CLK = 25MHz
TXCLK_IN[1:4] =
100MHz

50

mA

HOST_CLK = 50MHz
TXCLK_IN[1:4] =
200MHz

60

Ibbcs

Standby core power suppl
current

yVDDC:2'7V

HOST_CLK=0MHz
TXCLK_IN1=0MHz
TXCLK_IN2=0MHz
TXCLK_IN3=0MHz
TXCLK_IN4=0MHz

ROOM/COLD

200

pA

HOT

12

mA
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SYMBOL

PARAMETER

COND

ITION

MIN

MAX

UNIT

Ipps

Standby 1/0 power supply
current

VDD = 3.6V
HOST_CLK = OMHz,
TXCLK_IN1=0MHz,

TXCLK_IN3 = OMHz,

TXCLK2_IN =0MHz,
TXCLK_IN4 = OMHz

20

Ipbcemi

Active core power supply
current one SpW port
Active (LVCMOS)

VDDC =2.7V

HOST_CLK=2.5MHZ

One TXCLK_IN =
10MHz

60

HOST_CLK = 25MHz

One TXCLK_IN =
100MHz

480

mA

HOST_CLK = 50MHz

One TXCLK_IN =
200MHz

960

Ippccma

Active core power supply
current four SpW ports
Active (LVCMOS)

VDDC =2.7V

HOST_CLK =2.5MHZ

TXCLK_IN[1.4] =
10MHz

74

HOST_CLK = 25MHz

TXCLK_IN[1.4] =
100MHz

650

mA

HOST_CLK = 50MHz

TXCLK_IN[1.4] =
200MHz

1275

lbpemi

Active 1/0 power supply
current one SpW port
Active (LVCMOS)

VDD = 3.6V

HOST_CLK=2.5MHZ7

One TXCLK_IN =
10MHz

20

HOST_CLK = 25MHz

One TXCLK_IN =
100MHz

35

mA

HOST_CLK = 50MHz

One TXCLK_IN =
200MHz

45

Ibbcma

Active 1/0O power supply
current four SpW ports
Active (LVCMOS)

VDD = 3.6V

HOST_CLK = 2.5MHz

TXCLK_IN[1.4] =
10MHz

22

HOST_CLK = 25MHz

TXCLK_IN[1.4] =
100MHz

60

mA

HOST_CLK = 50MHz

TXCLK_IN[1.4] =
200MHz

110

* For devices procured with total ionizing dose toleragucarantee, the post-radiation performance is guarantee8Cap265MIL-STD-883 Méhod 1019 Condition

A up to the maximum TID level procured.
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14.7 AC ELECTRICAL CHARACTERISTICS - Power Sequencing and Reset *
(Vpp = 3.3V +0.3V; Vppc = 2.5V+0.2V) Unless otherwise noted, iB per the temperature ordered.

SYMBOL PARAMETER CONDITION MIN MAX UNIT
tyept | VoD valid to Vppc delay \Vbp > 3.0V; Vppc> 2.25V 0 - ns
torsT | Minimum number of full clock cycles - 3 - HOST_CLK

(HOST_CLK) betweerrising Edge of RST
and inputs valid

Minimum number of full clock cycles - 6 - HOST_CLK
(HOST_CLK) that RSTmust remain low
before RSTcan transition high

t l
CRST

* For devices procured with total ionigj dose tolerance guarantties post-radiatio performance is guaranteed af@%er MIL-STD-883 Méhod 1019, Condition
A up to the maximum TID level procured.
1. Guaranteed by design.
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HOST_CLE

YDD
4—wcn—p|
YDDC
RET
1—tVHBA—.| 1—LCHBIV—.-|

TIME_CODE[5:0] _ ACTIVE ACTIVE

Figure 18. Power Sequencing and Reset Timing Diagram

sl T e R

F Y

tCRET

¥

RST

tDR3T

¥

&

Ri[4:1]_0, R[4:1]_5, T%_DaTA[5:0]

Figure 19. Reset Timing Diagram

35



14.8 AC ELECTRICAL CHARACTERISTICS- LVDS Transmit Port 12"

(Vpp = 3.3V +0.3V; Vppc = 2.5V _+0.2V) Unless otherwise noted, Tc is per the temperature ordered

SYMBOL PARAMETER MIN | MAX | UNIT
tskpp Differential Skew --- 500 ps
trisen’ Rise Time 2.2 ns
eaLn? Fall Time 2.2 ns
tsSKEWLY LVDS Data/Strobe Output Skew (Per Port) ns
Notes:

*For devices procured with total ionizing dose toleragiearantee, the post-radiation performance is guarantee®apabMIL-STD-883 Méhod 1019 Condition

A up to the maximum TID level procured.

1. Generator waveform for all tests unless otherwiseifipd: f =1 MHz, Zo = 50, tr < 1ns, and tf < 1ns.
2. Q. includes probe and jig capacitance.

3. Guaranteed by characterization.

4. Guaranteed by design.

O DOUT+
DIN
— § RL =1000

4-Port Router

O DOUT-

Figure 20. LVDS Driver Differential Skew, Riseand Fall Time Test Circuit
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Ted_D_Lv+ ! \ / \

tSkDD tSKDD

e T\ / \
TS L+ / \

tSKDD tSKDD

Tr#_5_L\- \ /

The LYDS Data Strobe Qukput Skew is between each signal in the differential signalling pair

Figure21. LVDS Driver tSKDD Timing Diagram

50%

T # D Lv+ i
L 20%

TCH S v+ |

T # S L I |

| tFALLD |

tRISED

Figure22. LVDSDDriver Riseand Fall Timing Diagram

37



Ideal To#_D_LV-+)-

Actual Te#_D_LV-+-

Ideal Te#_S_LY+/-

Actual Tea_5_LY-+-

|<—1 U|—>{

"l 1 UL = Unit Interval = 1 ] FTRCLE_IN_#

|«ﬂ {DSSKEWLY

|<—b| DS EKEWLY

e

—>| DSSKEWLY

r—1 LIl ——

M

PR U|—-|<—1 U|—-{<—1 Ul

tDSSEEWLY
|<—-| DS EKENLY

Figure 23. LVDS Driver Data/Strobe Output Skew
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14.9 AC ELECTRICAL CHARACTERISTICS- LVDS Receiver Port 12
(Vpp = 3.3V_+0.3V; Vppc = 2.5V +0.2V) Unless otherwise noted, Tc is per the temperature ordered.

SYMBOL PARAMETER MIN MAX

UNIT

tssep Minimum Data/Strobe Separation (Per Port) 3.5

ns

Notes:

*For devices procured with total ionizing dose toleraguarantee, the post-radiatiorrfeemance is guaranteed at’25per MIL-STD-883 Méhod 1019 Condition

A up to the maximum TID level procured.
1. Generator waveform for all tests unless otherwiseifipd: f =1 MHz, Zo = 50, tr < 1ns, and tf < 1ns.
2. Q. includes probe and jig capacitance.

ROUT

40pF

I

Figure 24. LVDS Receiver Equivalent Test Circuit

4-Port Router

DS SEP— [-—DSSEP—| [-—DSSEP—|

RE# D L+ | }{ X }{

K

tDSSEF {DSSEP—wstDSSER

Ri#_S_LY+H- | b by A

Figure 25. LVDS Receive Port Minimum Data/Str obe Separ ation

VDDIO VDDIO
% 100Q2
DUT
—— 40pF 100Q

Figure 26. CMOS Equivalent Test Load
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14.10 AC ELECTRICAL CHARACTERISTICS-LVCMOS SpW TRANSMIT PORT *
(Vpp = 3.3V +0.3V; Vppc = 2.5V +0.2V) Unless otherwise noted, Tc is per the temperature ordered.

SYMBOL PARAMETER MIN MAX UNIT

'hsskewem | Data/Strobe Output Skew (Per Port) 15 ns
S Hem? LVCMOS SPW Transmit Oput Rise Time 2.4 ns
Chiem? LVCMOS SPW Transmit Output Fall Time - 1.3 ns

Notes:

*For devices procured with total ionizing dose tolerance guarantee, the giasisraperformance is guaranteed ét@per MIL-STD-883 Method 1019, Condition

A up to the maximum TID level procured.
1. Guaranteed by design.

1 UT = Unit Interval = 1 § FTHCLEK_IN_#
|<—1 UI—.-| —1 U——
Ideal Tx#_D
M
|<— tDSSKEWCM
|<—b|tDSSKEWCM |<——b|tDSSKEWCM
Actual TH#_D
—1 UI—D~|<—1 U— 1 UI—.~|<—1 U—»
Ideal Tx#_5
{DDSKEWCM
|<_| tDSKEWCM |<—.|tDDSKEWCM

Ackual TE#_S

Figure 27. LVCMOS Transmit Port Data/Strobe Output Skew

1411 ACELECTRICAL CHARACTERISTICS-LVCMOS SpW RECEIVE PORT*
(Vpp = 3.3V +0.3V,; Vppc = 2.5V +0.2V) Unless otherwise noted, Tc is per the temperature ordered.

SYMBOL PARAMETER MIN MAX

UNIT

tbssepcm Minimum Data/Strobe Separation (Per Port) 3.5

ns

Notes:

*For devices procured with total ionizing dose tolerance guarantee, the giagiraperformance is guaranteed &#@per MIL-STD-883 Method 1019, Condition

A up to the maximum TID level procured.

+HDSSEPCM je +DSEEPCM|e tDSSEPCM fe
R¥# D —\,\—/ ' kY / -
IDSSEPCM
tDSSEPCHM tDSSEPCH

R#_S

| \ / \

Figure 28. LVCMOS Receive Port Minimum Data/Strobe Separ ation
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14.12 AC ELECTRICAL CHARACTERISTICS-HOST CLOCK and SpW INPUT CLOCKS”
(Vpp = 3.3V +0.3V; Vppc = 2.5V +0.2V) Unless otherwise noted, Tc is per the temperature ordered.

SYMBOL PARAMETER MIN MAX UNIT
fosT HOST_CLK frequency 25 50 MHz
f SpaceWire ports Input clock frequaes TXCLK_IN_1, TXCLK_IN_2, 10 200 MHz
TXCLKIN TXCLK_IN_3, and TXCLK_IN_4
Notes:

*For devices procured with total ionizj dose tolerance guarantee, the padtation performance is guaranteed &2per MIL-STD-883 Method 1019, Condition
A up to the maximum TID level procured.
1. HOST_CLK must run at 0.25X the fastest TXCLK_IN frequency.

[ |
" SOMHz ™

HOST_CLK ¢ ", iy ", iy

F— 200MHz—>|
reou/ N\ /NN L\ S L

|<—1UDMHZ—.|

|t A0LAH »
" i il

THCLK_IN_3

THCLK_IN_4

Figure29. HOST_CLK max TXCLK_IN requirements
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14.13 AC ELECTRICAL CHARACTERISTICS- Time Code I nterface
(Vpp = 3.3V +0.3V; Vppc = 2.5V +0.2V) Unless otherwise noted, Tc is per the temperature ordered.

SYMBOL PARAMETER MIN MAX UNIT
t 2 Time Code Data Setup time to HOST_CLK Rising Edge and TICK| IN >
TCDS High ns
t 2 Time Code Data Hold time from HOST_CLK Rising Edge and TICK | IN 0
TCDH High - ns
t TICK_IN Setup time to HOST_kK Rising Edge and TIME_CODE o5
TIS . . ns
Valid
t TICK_IN Hold time from HOST_CLK Rising Edge and TIME_CODE 0
TIH i ns
Valid
tTCVZ Time from HOST_CLK Rising Edge to TIME_CODE Transition 5.753 15 ns
v Time from HOST_CLK Rising Edge to TICK_OUT High 3 15 ns
trrvL Time from HOST_CLK Rising Edge to TICK_OUT Low 3 15 ns
L on™? TICK_OUT High to Low (HOST_CLK) 1.5 ns
CoLpt? TICK_OUT Low to High (HOST_CLK) 1.5 ns
Notes:

*For devices procured with total ionizing dose toleragnearantee, the post-radiation performance is guarantee®p2bMIL-STD-883 Méhod 1019 Condition
A up to the maximum TID level procured.

1. Guaranteed by design.

2. Time code signals Time-Code6 and Time-Code7 are excluded.
3. Guaranteed by characterization.

HOST_CLK

TIME_CCODE[7:0]

TICK_IM

}ditTCDS—bd—tTCDH—.{

00001000

Q0001001

Q00001010

0000

}qus-pq—mH;p{

Figure30. TICK_IN

The TICK_IN signal requests the transmissiém time code. The 8-bit TIME_CODE porngks the time code value. When the roigen the
Run state and TICK_IN is asserted, the router will send a time-code immediately after the character curretréypmiitigchas finished.
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HOST_CLK

—— tch—.l

TIME_CODE[7:0] 00000000 >< 0000001 Y

TICK_OUT

20%

Figure 31. TICK_OUT Interface
TICK_OUT signals that a time code has arrived at a SpaceWire interface. TICK_OUT is asserted whenever the tiaksnbgmaRun state and
the receiver receives a valid time co@lee 8-bit time code port TIME_CODE[7:0] will reflect the current value of the time.oddalid time code
is a time code that is one more thaa tlrrent value of the router's time-counter.

HOST_CLE
4—.l| RN

}4—.‘ RAHMAK)

Ri_DATA[S:0]

Figure 32. HOST_CLK to TIME_CODE Transition
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14.14 AC ELECTRICAL CHARACTERISTICS- Transmit FIFO *
(Vpp = 3.3V +0.3V; Vppc = 2.5V +0.2V) Unless otherwise noted, Tc is per the temperature ordered.

SYMBOL PARAMETER MIN MAX UNIT
t Transmit Data Setup time to HOST_CLK Rising Edge 3 ns
™S (TX_PUSHand GSEL Valid Low)

t Transmit Data Hold time from HOST_CLK Rising Edge 0 ns
TXH (TX_PUSHand GSEL Valid Low)
t Transmit PUSH Setup time to HOST_CLK Rising Edge and CiS#L
TXPUSHS 6 ns
Transmit PUSH Hold time from HOST_CLK Rising Edge and CSEL

“TXPUSHH Low 0 ns

t~sPUSHS Chip SelectSetup time to HOST_CLK Rising Edge and TX_PUSM 12 ns

t Chip Select Hold time from HOST_CLK Rising Edge and TX_PUS$H 0

CSPUSHH Low ns
imzrull s | Almost Full to Full flag 8 # PUSHES
tTxAF Time from last Transmit PUSH to TX_AFULL 9.5 ns
bE Time from last Transmit Push to TX_FULL 9.5 ns
Notes:

*For devices procured with total ionizing dose toleragearantee, the post-radiation performance is guarantee®apasMIL-STD-883 Méhod 1019 Condition
A up to the maximum TID level procured.
1. Guaranteed by design.

T%_PUSH

HOST_CLE

UL

N S N N

Hiuuiuuiutuuuuivvrmu i vy uu

UL

TH_DATA[:0]

Qaooooo aooo100t 10000000¢ 01100110c 01110001c 11110010c

01100000

aooo1o1oc

110001101

T¥_FULL

M- THF

TH_AFULL

CSEL

-t TALMZFULL

W HTHAR

Figure 33. Transmit FIFO Almost Full Flag

44



s T N R s I A

» | tTXPUSHH
{tTFUSHS (o

T_PUSH

Ii— 1TEE —md— {TXH —D|

T#_DATalg:0] DATA T DATA N41

Ti_FULL

CSEL

Figure 34.Transmit Port PUSH

Note: This figure is for illustrative purposelax throughput on stem port is 200Mbps.

HOST_CLEK
Te_PLISH
Tr_DaTA[S:0] DATA
T_FULL
P—tCSF‘USHS—b!—D{ tCSSPUSHH
CSEL

Figure 35.Transmit Port PUSH with Chip Select Transition
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14.15 AC ELECTRICAL CHARACTERISTICS- Receive FIFO *
(Vpp = 3.3V +0.3V; Vppc = 2.5V _+0.2V)Unless otherwise noted, Tc is per the temperature ordered.

SYMBOL PARAMETER MIN MAX UNIT
t Receive Data Transition time from 3 2 ns
RXH HOST_CLK Rising Edge (R_PORand CSELValid Low) 12.2
t Receive POP Setup time to 3 ns
RXPOPS HOST_CLKRising Edge and CSHLow
t Receive POP Hold time from 0 . ns
RXPOPH HOST_CLK Rising Edge and CSHlow
tespops Chip Select Setup time to HOST_CLK Rising Edge and RX_PQ@# 13 ns
— Chip Select Hold time from HOST_CLK Rising Edge and RX_RO®R 0 ns
Ymzemy S | Almost Empty flag to Empty flag 8 # POPS
tRXAE Time from last Receive daROP to RX_AEMPTY 9.5 ns
toxE Time from last Receive data POP to RX_EMPHIMgh 9.5 ns
Notes:

*For devices procured with total ionizing dose toleraguarantee, the post-radiation performance is guarantee8ap25MIL-STD-883 Méhod 1019 Condition
A up to the maximum TID level procured.
1. Guaranteed by design.

2. Guaranteed by characterization.

= | U U U u U oo u

HOST_CLE

Rix_DATA[S:0]

R _EMPTY

R¥_AEMPTY

CSEL

DATA DATA DATA DATA DATA DATA DATA DaTA DaTA
»  |erxE
le AL MZEMY.
M [wRMAE

Figure 37. Receive FIFO Almost Empty Flag
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HCET_CLE ‘

»  |atRPOPH
|<—tR}<POPS+

R¥_POP Y

» }<-tR><H

R¥_DaTA[S:0] DAaTA M DATA M+1 DaTA M+1 DATA T+2 DATA M+2

tCSPOPH

F—thSF’OF’S
]

CSEL

R¥_EMPTY

Figure 37. Receive Port POP
System port read timing specificatiorading data out of System Port FIFO

HOST_CLK
4—.| R IM)

}4—.‘ RAH A

Ris_DaTA[S:0]

Figure 38. HOST_CLK to RX_DATA Transition
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14.16 AC ELECTRICAL CHARACTERISTICS- CONTROL INPUTS and RESET *
(Vpp = 3.3V +0.3V; Vppc = 2.5V +0.2V) Unless otherwise noted, Tc is per the temperature ordered.

SYMBOL PARAMETER MIN MAX UNIT
tXOE Time from OELow to valid Output Data (See Table 16) 10 ns
trxcs Time from CSELLow to valid Output Data (See Table 16) 10 ns
'RXOEZ Time from OEHigh to Tri-state (See Table 16) - 10 ns
tRxCsz Time from CSELHigh to Tri-state (See Table 16) 10 ns

Notes:
*For devices procured with total ionizing dose toleragearantee, the post-radiation performance is guarantee®pabMIL-STD-883 Méhod 1019 Condition

A up to the maximum TID level procured.

HOST_CLE |

R \ /

CSEL / i
CE / \

a‘ }«Rxcsz a‘ |4tR><cs L—.{tRmEz L—.{tRKOE

y

R¥_DATA[S:0] ~< DATA M >< DATA M+1 >—< DATA MN+1 >< DATA MN+2 } < DATA N+2

T%_FULL

Figure 39. Control Inputs Timing Information
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Figure 40. 255-CCGA
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Figure 41. 255-CBGA
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ORDERING INFORMATION
UT200SpW4RTR 4-Port SpaceWire Router:

UT200SpW 4RTR - * * x

T—Lead Finish{Note 1)

(A) = Hot Solder Dipped or Tinned
(C) = Gold

creening(Notes2 & 3)

(P) = Prototype Flow (Temperature Range’@®nly)
(E) = HiRel Flow (Temperature Range: 2@to +103C)

———Package Type:

(Z) = 255-lead ceramic land grid array (CLGA)
(S) 255-lead ceramic column grid array (CCGA)
©) 255-lead ceramic ball grid array (CBGA)

TID Tolerance:
(-) = None

Device Type:
(4RTR) =4-Port SpaceWire Router

Device Type:
Generic UT200SpW SpaceWire Base Part Number

Notes:
1. Lead finish (A or C) must bepecified according to the table below.

2. Prototype flow per Aeroflex Colorado Smys Manufacturing Flows Document. Tested &@6nly. Radiation neither tested nor guaranteed.
3. HiRel Flow per Aeroflex Colorado Springs Manufacturingw® Document. Radiation negthtested nor guaranteed.

Package Option Associated Lead Finish
(Z) 255 CLGA (C) Gold

(S) 255 CCGA (A) Hot Solder Dipped
(C) 255 CBGA (A) Hot Solder Dipped
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4-Port SpaceWire Router: SMD

5962 * 08244 ** * * *
L Lead Finish{Note 1)
) = Gold

Case Outline(Note 2)
(X) = 255-lead ceramic land grid array

Class Designator:

(Q) = QMLClass Q
= QML Class V

Device Type
(01) = UT200SpWA4RTR (Temperature Range’@@o +105C)

Drawing Number: 08244

Total Dose
(R) = 1E5rad(Si)

Federal Stock Class Designator: No Options

Notes:

1. Lead finish is "C" (gold) only.

2. Using an Altered Item Drawing (AID), Aaflex offers Column Attachment as andiéttbnal service for th€eramic Land Grid Amy (Case outline X). If
needed, please ask for COLUMN ATTACHMEN#hen submitting your est for quotation.
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Aeroflex Colorado Springs - Datasheet Definition

Advanced Datasheet - Product In Development

Preliminary Datasheet - Shipping Prototype

Datasheet - Shipping QML & Reduced Hi-Rel

COLORADO INTERNATIONAL NORTHEAST

Toll Free: 800-645-8862 Tel: 805-778-9229 Tel: 603-888-3975
Fax: 719-594-8468 Fax: 805-778-1980 Fax: 603-888-4585
SE AND MID-ATLANTIC WEST COAST CENTRAL

Tel: 321-951-4164 Tel: 949-362-2260 Tel: 719-594-8017
Fax: 321-951-4254 Fax: 949-362-2266 Fax: 719-594-8468
www.aeroflex.com info-ams@aeroflex.com

Aeroflex Colorado Springs, Inc., reserves the right to make
changes to any products and services herein at any time
without notice. Consult Aeroflex or an authorized sales
representative to verify that the information in this data sheet
is current before using this product. Aeroflex does not assume
any responsibility or liability arising out of the application or
use of any product or service described herein, except as
expressly agreed to in writing by Aeroflex; nor does the
purchase, lease, or use of agurct or service from Aeroflex
convey a license under any patent rights, copyrights,
trademark rights, or any other of the intellectual rights of

(\EROFLEX

A passion for performance.

®9G
Our passion for performance is defined by three

attributes represented by these three icons:
Aeroflex or of third parties. solution-minded, performance-driven and customer-focused
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