A LOW-OVERHEAD AXI BRIDGE ON SPACEWIRE

FOR MULTI-DEVICE SPACECRAFT SYSTEMS

(s Authors: Claudio Rubattu?, Walter Errico! and Kostas Marinis?

b

Presenter: Luca Meucci?
ISITAEL S.p.A. (ITA), 2ESA - ESTEC (NL)

SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A.




A T

 Introduction

— Context
— Background
— Motivation

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 2 SITAEL

AAAAAAAAAAAAAA



A T

 Introduction

— Context
— Background

— Motivation
* System Overview

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 2 SITAEL

AAAAAAAAAAAAAA



AW cuie

 Introduction

— Context
— Background

— Motivation
* System Overview

* Bridge Description
— Read Transaction
— Write Transaction

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 2 SITAEL

AAAAAAAAAAAAAA



 Introduction

— Context

— Background

— Motivation
* System Overview

* Bridge Description
— Read Transaction

— Write Transaction
* Experimental Results

— Resource Usage Evaluation
— Response Time Evaluation

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 2 SITAEL

AAAAAAAAAAAAAA



A T

 Introduction

— Context
— Background

— Motivation
* System Overview

* Bridge Description
— Read Transaction
— Write Transaction
* Experimental Results
— Resource Usage Evaluation
— Response Time Evaluation
* Conclusion

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 2 SITAEL

AAAAAAAAAAAAAA



A SN

 Introduction

— Context
— Background
— Motivation

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 3 SITAEL

AAAAAAAAAAAAAA



A N

Programming Module (PM)

Reconfiguration
Module (RM)

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 4 SITAEL

AAAAAAAAAAAAAA



A N

Reconfiguration Programming Module (PM)
Module (RM)

FPGA ~  ~ CPU

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 4 SITAEL

AAAAAAAAAAAAAA



Context

Reconfiguration Programming Module (PM)
Module (RM)

FPGA < _ ~ CPU

FPGA

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. SITAEL



A N

Reconfiguration
Module (RM)

Programming Module (PM)

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 4 SITAEL

AAAAAAAAAAAAAA



Background: SpaceWire (SpW) Core

SpW Core
EEYZ " — " T Ty '
Lokl L o TXFIFO LE SN TX —2
FSM
gg\g ' l_: ______ R_ X [ j ______ ! Spw
Snkf | RXFIFO |« RX —1"
1 1

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 5 SITAEL

AAAAAAAAAAAAAA



Background: SpaceWire (SpW) Core

SpW Core
SpW

Wl TX v spw
Hod o TXFIFO > X —

SpW
Core

hink

|
: RX FIFO [« RX —
|

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 5 SITAEL

AAAAAAAAAAAAAA



Background: SpaceWire (SpW) Core

SpW Core
L'—”k—!:r- TX FIFO et | X HELN
- | b B B _a R __Jd b || -I
FSM

- RX SpW
Link RXFIFO |4 RX P

.

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 5 SITAEL

AAAAAAAAAAAAAA



A Background: SpaceWire (SpW)

SpW Core
(s:g\r/g " —_— " T Ty |
nkl L ol TX FIFO X X | [eY
1 1
RMAP | | "~~~ =71 "
Frontend FSM
9 R N T
k] | RXFIFO e RX ——2
1 1

SITAEL

AN ANGEL comMPANY



A Background: SpaceWire (SpW) C

Remote Memory Access Protocol
(RMAP) SpW Core
_____________________________ |
. Initiator Target X 1 [spw
1. Write 2.Write I s 1
Request Command t:"""""":j‘ """
3 Write Data Frontend FSM
Request r _____________ j ______ :
A’:)W'te Data i L RX RX 1 |oPW
uthorization - I 1
%ite Data
6.Write OK
. Write Data
9.Write 8.Write Reply Indication
Command
Complete

Confirmation

SITAEL

AAAAAAAAAAAAAA



Background: Advanced eXtensible Inter

AXI Transactions arm

Read
Address

Jii i

Write

AXI
Master Slave
Address
Data

Response

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 6 SITAEL

AAAAAAAAAAAAAA



Background: Advanced eXtensible |

AXI Transactions arm AXI Interfaces
Read AXI Full AXI Stream AXI Lite
Y Y v
memory- data control
m mapped data streaming register
e handling
I\/Iaster e Slave
Address
Response

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 6 SITAEL

AAAAAAAAAAAAAA



Background: Advanced eXtensible Int

AXI Transactions arm AXI Interfaces
Read AXI Full
v
memory-
m mapped data

I\/Iaster Write Slave
Address
= flexible access
Data
J
Response

burst-based and register-like access

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 6 SITAEL

AAAAAAAAAAAAAA



I SpW Core

oW

coref TX 1 [spw
lLnkd L 1 TX FIFO > X —

S o o .

|
:5'”'( : RXFIFO |¢ RX —
|

SITAEL

AAAAAAAAAAAAAA



I SpW Core

oW

coref TX ' lsow
Lnkl * of X FIFO > TX —

S o o .

|
:5'”'( : RX FIFO e RX —
|

network Iink!

SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. SITAEL

AAAAAAAAAAAAAA



I SpW Core

oW

coref TX ' lsow
Lnkl * of X FIFO > TX —

S o o .

customization! :ﬁ"‘kg RXFIFO ¢ RX e

network Iink!

SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. SITAEL

NNNNNNNNNNNN



A T

design effort !

I SpW Core

oW

coref TX ' lsow
Lnkl * of X FIFO > TX AN

S o o .

|
:5'”'(: RX FIFO e RX e
|

network Iink!

SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. SITAEL

NNNNNNNNNNNN



SpW Core

Spw
pb

standardizatio

SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A.

N

SITAEL

AAAAAAAAAAAAAA




A

Reading from Memory
I I SpW Core
Dest. Address 1 I Eg‘r’Z R T' X !
i 1 |SpwW
Protocol ID 1 ' lLnkd L 1 TX FIFO > X —
Packet Type 1 I I L oo #F- - __ T -———-!.
L | I
Destination Key 1
I I FSM
Source Address 1 l—b j
Transaction ID 2 I I(Sjg\rlg [ A A 1
I ILink| RX 1 [spw
Ext. Read Address 1 | | i RX FIFO < RX ——
Read Address 4 T e
I — |
Data Length 3
Header CRC 1

TOT. 1
© ° area and latency !

overhead

SITAEL

AAAAAAAAAAAAAA



A o

Dest. Address Eg\r’Z - - - - - - - - - "TTTY ST --== 1

m | TX 1 |SpwW
Protocol ID Dest. Address | —> TX FIFO > X : >
Packet Type Protocol ID | L t: - - - :j' """

Destination Key Packet Type

>

o
-
)
<

Fro

Source Address

Destination Key

5 — L Cdeee o

Transaction ID Core

1
1
1
1
Source Address 1 |5ink : RX 1 [Spw
Ext. Read Address 1.5nsaction ID 2 I : RXFIFO i RX i :
Read Address Ext. Write Address 1 L---5- -Q--— x-——-
Data Length Write Address 4
Header CRC Data Length 3
TOT- Header CRC 1 I
Data CRC 1 area and latency :

TOT.

=
~

overhead

SITAEL

AN ANGEL co



A

ertlng to MemOrV AXl'SDW'AXl Brldge SpW Core
DECHGHICIIN Fileld = |INo.ofbvtes Bl Field = | No. of bvtes |7 v =ttt s ettt i g o !
X 1 [spw
Protocol ID Dest. Address 1 o Packet Type 1 N TXFIFO 1 X : >
Packet Type Protocol ID ’g?" Read/Write Address 4 TTTT T |_ e — :j- ______
N - Vg
Destination ey packet Type - 1 / Data Size, Burst Type 1 FSM
Source Address Destination Key Data Length 1 rb Qj
Transaction ID Source Address / / End of Packet T e e S R- X — : SpW
Ext. Read Address Tansaction ID PacketCRC 1 RX FIFO < RX < :
Read Address Ext. Write Address /{ / TOT 9 """"""""""""""""""
Data Length Write Address ’ ,’ ;/ °
¢
Header CRC Datalength ¢ 3
TOT Header CRC ,/ 1 I
: ‘ d|
LEIEICIE ! drea dan atency °

TOT. 17 overhead

SITAE L

AN ANGEL com



A o

Writing'to Memory | AXI-SpW-AXI Bridge SoW Core
DECAGEICE Field = [ No.ofbvites Bl Field = | No. of bvtes [p ==l T' X : Sow
Protocol ID Dest. Address 1 o Packet Type 1 N TXFIFO 1 X : >
Packet Type Protocol ID ’,?" Read/Write Address 4 "= ==-= t: ittt :j' """
Destination Key  REEERETRIT "" 1 ,’/ Data Size, Burst Type 1 FSM
Source Address Destination Key 1 ,/ Data Length " l_. j
Transaction ID Source Address / End of Packet 1 " R- X — : SpW
Ext. Read Address Tansaction ID ,, 2 7 PacketCRC 1 RX FIFO < RX < :
Read Address Ext. Write Address /’ ,/{ / """"""""""""""""""
Data Length e Addliees /’/,’ 4 ,/ TOT. 9
Header CRC Data Length g ,//3,
TOT. Header CRC ’,/, 1 I

Data CRC 1 | area and latency :

availabilit
TOT. 17 Y e overhead

SITAEJ:

AN ANGEL co



A SN

* System Overview

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 9 SITAEL

AAAAAAAAAAAAAA



A ST

AXI-SpW-AXI Bridge

AXI-to-SpW Bridge SpW-to-AXI Bridge
axl »|AXI-to-SpW sti SpW-to-AXI FSM‘ Af
ISpW ISpW
Core Core
Link Link
SpW Core |« 2 » SpW Core

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 10 SITAEL

AAAAAAAAAAAAAA



A ST

AXI-SpW-AXI Bridge
AXI-to-SpW Bridge SpW-to-AXI Bridge

Al | AXI-to-SpW sti LAY
ISpW
Core
Link
w
SpW Core |« 2P

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 10 SITAEL

AAAAAAAAAAAAAA



A ST

AXI-SpW-AXI Bridge

SpW-to-AXI Bridge
-

SpwW

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 10 SITAEL

AAAAAAAAAAAAAA



A ST

AXI-SpW-AXI Bridge
AXI-to-SpW Bridge SpW-to-AXI Bridge

AXI

AXI-to-SpW sti SpW-to-AXI FSM

Spw

ya
7 <
A S
Y N
V4 A
/7 ~
SpW Core
(S:pW - - - - - - - - -_-—--—- --— Y- 1
ore]
; TX
Lini 1 TX FIFO T Kl
1 l________________l______!
FSM
Y, B 2O
ore]
; RX
Yokl RX FIFO RX el
1 1

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 10 SITAEL

AN HANGEL co



A System Overview

AXI-SpW-AX| Bridge T~ Xilinx Zynq Microchip PolarFire
AXI s|AXI-to-SpW FSI\/i SpW-to-AX| FSM‘ A)ﬁ AXI-to-SpW Bridge SpW-to-AXI| Bridge Memory
A AXI-to-SpW FSM SpW-to-AX| FSM Controller
Spw Spw DMA SpW Spw Il
Core Core Core Core
Link Link Link Link
SpW Core SpW Core
SpW Core |« opW » SpW Core
- -
- ~— g Interconnects
/l \\\ ;m
/ ~ .
L’ S Processing System
SpW Core
E?nrf N s T ™ : Spw
T TX FIFO X T >
------ T
o P 2 . AS\MicrocHIP Giss
o RX FIFO RX RX oW XILINX

SITAEJ:

AN ANGEL co



A\ S

* Bridge Description
— Read Transaction
— Write Transaction

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 11 SITAEL

AAAAAAAAAAAAAA



A Read Transaction: Address Channel

AXI Transaction

address
and control

Master

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 12 SITAEL

AAAAAAAAAAAAAA



A Read Transaction: Address Channel

AXI-SpW-AXI Transaction

AXI Transaction

Read Transacton ]

[ |
i - - - - - | - - - - - .- - | S . I
address ||1 S " Address Chamnel i
and control I } Axsltsaﬁﬂéeﬁ TX via SpW- —>{ RX from S pW- —>‘ X viaAXIn Gl
AXI ﬁ !L—————————-—-—-——-——— - - - - - - - - - - - - - - I
: - Data Channel :
MaSter | First Data RX _f First Data TX _: First DataRX | | Data TX ¥
i: from AX|m via SpW- from SpW+ _»‘ via AX[s |
: g ¥ — .......... :
| 2 Other Data N Other Data TX L Other Data RX 2 Last Data TX ||
| L RX from AX| via SpW from SpW _" via AX[ ¥
10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 12 SITAEL

AAAAAAAAAAAAAA



Read Transaction: Address Channe

AXI° request
starting

TX via SpW*
RX from SpW-

TX via AXI™

clk

AXI-SpW-AXI Bridge
AXI Slave
s_axi_araddr([31:0]
s_axi_arlen([7:0)
s_axi_arsize[2:0]
s_axi_arburst[1:0]
s_axi_arvalid
s_axi_arready

AXI Master
m_axi_arready
m_axi_araddr[31:0]
m_axi_arlen([7:0]
m_axi_arsize[2:0]
m_axi_arburst([1:0]
m_axi_arvalid
AXl-to-SpW FSM
state

SpW Core

rx_gqout [8:0]

rx_fe

rx_rd

tx_ ff

tx _din[8:0]

tx_wr

SpW-to-AXI FSM
state

SpW Core

rx_gqgout [8:0]

rx_fe

rx_rd

tx ff

tx_din[8:0]

tx_wr

— —
STEP1 |

addr

-len

size

type

STEP

= = ———————————————————————————————————

acldr
len
SiZE

type

IDLE  YREADY) CTRL ] NFWD }_'. FwD X EoP X cRC )

s I T 0 W W

IDLE

FWD DWAIT

SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A.




clk
AXI-SpW-AXI Bridge =
AXI Slave =
s_axi_araddr([31:0]
s_axi_arlen([7:0)
s_axi_arsize[2:0]
s_axi_arburst[1:0]

STEP3 .. STEP

s_axi_arvalid m .- .-
s_axi_arready : .- --

Ax' MaSter u X . . . N N . . . . B N . . X . F .
pf FEEEEEEEEEEE, m_axi_arready : : : — - . ' R : : |_.
] AXIs request ] m_axi_araddr[31:0] agdr
: a : m_axi_arlen[7:0] "f*"
-Illsltglltllrll-glll' m_axi_arsize[2:0] ==

m_axi_arburst([1:0] — _ : _ - - : : : : - - . . . . e
q + m_axi_arvalid g - : : : : : ' . — : : : : O : ' :
TX via SpW AXI-to-SpW FSM = — I
state W _IDLE)READ CTHL_{NFWD)_: fwp ) eop Y cro ) N f DIDLEE:-
SpW Core n N I
- L t[8:0
RX from Spw o qou I[_*x fi u . . . :-. N N . o . . . . N :--
rx_rd : : : : : ‘ : : : L : ‘ : : : N
tx ff W_ : : :._- : : - . B
o g : cirl } addr X addr { addr ¥ eop X crc
TX via AXI™ T ==
LX_WI g : : : : : N
SpW-to-AXI FSM = : g n : c 0 o . . . :
state : IDLE . lCTHLx _NREC _i__ __CRC ICHECK FWD DWAIT,
SpW Core u_ : : . . g g 3 : : : : g e : : : ;
rx_gout [8:0] - A Gl j _ L }_-.- o
rx_fe § . R T - AR S R S
rx—rd B . . . :-- . B B 5 . . . I—I B :-_ 5
e g : : - : : : o : : : : : -
tx_din[8:0] _ _ _ _ . . . . _ _ _ . . !
tx_wr . . . :_- . N N N . . . . N N :--
[ W ] [ ] T 1 T
SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. SITAEL



clk

AXI-SpW-AXI Bridge
AXI Slave
s_axi_araddr([31:0]
s_axi_arlen([7:0)
s_axi_arsize[2:0]
s_axi_arburst[1:0]
s_axi_arvalid
s_axi_arready

AXI Master
m_axi_arready
m_axi_araddr[31:0]
m_axi_arlen([7:0]
m_axi_arsize[2:0]
m_axi_arburst([1:0]
m_axi_arvalid
AXl-to-SpW FSM
state

SpW Core

rx_gqout [8:0]

rx_fe

rx_rd

tx_ ff

tx _din[8:0]

tx_wr

SpW-to-AXI FSM
state

SpW Core

rx_gqgout [8:0]

rx_fe

rx_rd

tx ff

tx_din[8:0]

tx_wr

AXI° request
starting

TX via SpW+* =

RX from SpW-

TX via AXI™

Read Transaction: Address Chann

. STEP2

;sizs *

STEP

chrl ),:.aUdr X adar f adar § eop [ crc B

IDLE

FWD

DWAIT

SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A.

.ooorc .




AXI° request
starting

TX via SpW*

gfE EEEEEEEEERER Ih

E RX from SpW- E

TX via AXI™

Read Transaction: Address Chann

clk

AXI-SpW-AXI Bridge
AXI Slave
s_axi_araddr([31:0]
s_axi_arlen([7:0)
s_axi_arsize[2:0]
s_axi_arburst[1:0]
s_axi_arvalid
s_axi_arready

AXI Master
m_axi_arready
m_axi_araddr[31:0]
m_axi_arlen([7:0]
m_axi_arsize[2:0]
m_axi_arburst([1:0]
m_axi_arvalid
AXl-to-SpW FSM
state

SpW Core

rx_gqout [8:0]

rx_fe

rx_rd

tx_ ff

tx _din[8:0]

tx_wr

SpW-to-AXI FSM
state

SpW Core

rx_gqgout [8:0]

rx_fe

rx_rd

tx ff

tx_din[8:0]

tx_wr

Mo L e 1 Yy Yy I Y Iy

STEP1| _ STEP2 3 STEP3 __ STEP

addr

len

size

acldr
len

size

type

= type
:  \
—_—

-

/S s s e

IDLE  YREADY) CTRL ] NFWD }_'. FwD X EoP X cRC ) : DIDLE;:

—  Erararac
: ; | e : : :

IDLE

SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. SITAEL



Read Transaction: Address Chann

cix I LI LI LI J I I I S I B B B

AXI-SpW-AXI Bridge - U L S A A S R

AXlslave STEP 1 - STEP2 = : . : :STEP3 : = : : TEP

s_axi_araddr[31:0] 3 addr

s_axi_arlen[7:0] : len

s_axi_arsize[2:0] : size

s_axi_arburst[1:0]

s_axi_arvalid

s_axi_arready

AXI Master

m_axi_arready

AXIs request m_axi_araddr[31:0]
o m_axi_arlen([7:0]

Sta rtln_g_ m_axi_arsize[2:0]
m_axi_arburst([1:0]

m_axi_arvalid

TX via SpW* AXI-to-SpW FSM

state IDLE  XREADY CTHL{NFwn}_: FwD X EoP X cRC )

SpW Core : : : : : : : : : ; ~

RX from SpW' rx_qgout [8:0]

rx_fe

= = ———————————————————————————————————

acldr
len

size

type

= type
:  \
—_—

\ [

rx_rd ; \l‘ ; ; : ;
EEEEEEEEEEEER e o - \ : : : : : S :

™ - : : : :: : : ,

: : g el 20 O mraoomooaWw o . |
. TXvia AXI™ : exdin(e:0) NN IR T8 78 0

[ | L ] . : : :

LX_WwWr g : : -- \
SpW-to-AXIFSM i p i INL RN _ _
P state : ! : T oE : : o / : Ycorro )l nmec. ) R Ycrec FWD__ JOwAT
SpW Core ' : : : : : : : : : : : '
rx_gqgout [8:0]
rx_fe

rx_rd

tx_f£f
tx_din([8:0]
Lx_wr

SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. SITAEL



A Read Transaction: Data Channel

AXI Transaction AXI-SpW-AXI Transaction

. ReadTransacton
i 1 - Address Ch??nnel - |
J E AXs request ] ) - s . . E 1
: } L TX via SpW —>‘ RX from SpW —»‘ TX viaAXI :
AX]| i  —— — —— _*_-___- i
il Data Channel :
MaSter | First Data RX _f First Data TX _: First DataRX | | Data TX "
d d II from AX|» via SpW- from SpW+ _" via AXls
e L Z .......... — ---------
rea rea i7" OtherData _f Other Data TX _f"‘Other DataRX | ' Last Data TX
data data II RX from AX|m via SpW- from SpW+ _" via AX[s
e R St e ety SR e Rl Y e Y e R e B s M el
h

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 14 SITAEL

AAAAAAAAAAAAAA



A Read Transaction: Data Channel

First Data RX
from AXI™

First Data TX
from SpW-
First Data RX
from Spw*
Data TX
via AXI®

Other Data
RX from AXI™

Other Data
TX via SpW-
Other Data
RX via SpW*

Last Data TX
via AXIs

AXI-SpW-AXI Bridge
AXI Slave
s_axi_rready
s_axi_rdata[31:0]
s_axi_rresp(2:0]
s_axi_rlast
s_axi_rvalid

AXI Master
m_axi_rdatal[31:0]
m_axi_rresp([2:0]
m_axi_rlast
m_axi_rvalid
m_axi_rready
AXI-to-SpW FSM
state

SpW Core

r¥_qgout [8:0]
rx_fe

rx_rd

tx_ff
tx_din[8:0]
tx_wr

SpW-to-AXI FSM
state

SpW Core

rx_qgqout [8§:0]
rx_fe

rx_rd

tx ff
tx_din([8:0]
tx_wr

STEP 1

STEP 2

STEP 5

clkmmm_mﬂ_mmu—\_m_ﬂ_
| STEP 4 :

STEP 6 STEP 8

% £op YcRe

LFWD X IDLE

$ -

. FWD

DWAIT  FREADY’

X T s

coios
__»DWAIT JREADY

FWD

) EcP Y cre ) T TmE

et
data

AAAAAAAAAAAAAA



A Read Transaction: Data Channel

IIIIIIIIIIIII.

: First Data RX ;
: fro AXIM a

F|rst Data TX
from SpW-

First Data RX
from Spw*
Data TX
via AXI®

Other Data
RX from AXI™

Other Data
TX via SpW-
Other Data
RX via SpW*

Last Data TX
via AXIs

clk

AXI-SpW-AXI Bridge
AXl Slave g
s_axi_rready =&
s_axi_rdata[31:0]
s_axi_rresp(2:0]
s_axi_rlast
s_axi_rvalid

AXI Master
m_axi_rdatal[31:0]
m_axi_rresp([2:0]
m_axi_rlast
m_axi_rvalid
m_axi_rready
AXI-to-SpW FSM
state

SpW Core

r¥_qgout [8:0]
rx_fe

rx_rd

tx_ff
tx_din[8:0]
tx_wr

SpW-to-AXI FSM
state

SpW Core

rx_qgqout [8§:0]
rx_fe

rx_rd

tx ff
tx_din([8:0]
tx_wr

gEEEERER
. STEP 1 STEP 4STEP 5

% €op Ycre §—_ Xirwo (ToLe

IE s EEE
HEl-

DDLE : CTRL: REC ; k FWD x T DWAIT

$ -

OWAIT_{READW CTRL § " 3 DWAIT (READY ¥ Eor Y Tcre |

AAAAAAAAAAAAAA



A Read Transaction: Data Channel

clk w_%mmmmmmﬂ_
AXI-SpW-AXI Bridge :

AXI Slave STEP 1 STEP 2 STEP 3 STEP 4STEP 5 STEF’ 6 STEP7 STEPS
First Data RX s_axi_rready —___ S .

s_axi_rdata[31:0] data data ]
from AXIm s_axi_rresp(2:0] ISER resp
g"ESEEEEEEEEREE s_axi_rlast —— .. : - e— — .
= First Data TX . s_axi_rvalid E SR N el R 1
: u AX| Master : . . . : : :" : . : . : . . : : .
[ IfEOIrInI§E M- -: m_axi_rdata[31:0] data o : e
m_axi_rresp[2:0] : = j _ _ _ _ P... . _ _ : : ] :
FIrSt Data RX m_axi_rlast . : : - — : N i : L FO : S .. :
+ m_axi_rvalid ; - : : : : ; : .
from SPW m_axi_rready : y _ : : : _ _ : i i
AXI-to-SpW FSM : L. : : : : : : : : : | : : :
Data TX Sale 1 ] DDLE : .CTPILx REC ), _& FWD x T DWAT g ¥ €or Xore § — Yrwo ((ioie

. SpW Core
s
via AXI rx_gout[8:0]

rx_fe

Other Data rx_rd

RX from AXI" ] I, ————
Other Data e — | ———— ——— ————————— T M e A

SpW-to-AXI FSM : ] : S 3 L : - : » 3
g 5 state DWAIT  KREADYS CTRL } ._FwD 1 L SYN. 3 Dwarm)(ReADY FwD ) EOP ) CRC X I IDLE
TX via S-pW SpW Core : : : : : : : : : E : : : : :
Other Data TsmmE e . . i . e ze— : s _ B
rx_fe : ‘ : : : : : : : : : : : : : :
RX via SpW~* e —
_— X : : e : — = = e———
Last Data TX tx_din(g:0] M [on ¥ gas ) oo { oua
Via AXIS ERSWE . EEEEEEEEEEEES"

AAAAAAAAAAAAAA



A Read Transaction: Data Channel

First Data RX
from AXI™

First Data TX
from SpW-

IIIIIIIIIIIII.

First Data RX .
from Spw+

Data TX
via AXI®

Other Data
RX from AXI™

Other Data
TX via SpW-
Other Data
RX via SpW*

Last Data TX
via AXIs

AXI-SpW-AXI Bridge
AXI Slave
s_axi_rready
s_axi_rdata[31:0]
s_axi_rresp(2:0]
s_axi_rlast
s_axi_rvalid

AXI Master
m_axi_rdatal[31:0]
m_axi_rresp([2:0]
m_axi_rlast
m_axi_rvalid
m_axi_rready
AXI-to-SpW FSM
state

SpW Core

r¥_qgout [8:0]
rx_fe

rx_rd

tx_ff
tx_din[8:0]
tx_wr

SpW-to-AXI FSM
state

SpW Core

rx_qgqout [8§:0]
rx_fe

rx_rd

tx ff
tx_din([8:0]
tx_wr

STEP 1

STEP 2

STEP 3 STEP 4

STEP 6

Clk_l—\_r\_ru—\_u—l_rl_ m_n_mu—l_m_u—l_u—u—\_
| STEP5 :

————F———F“——————
=

STEP 8

data I

resp

data
resp

: ’ DIDLE .  cTRL | REC FwD Y DWAIT % €op Ycre §—_ Xirwo (ToLe
| ot Y Coata TN
: : T : - ] :
: : : : : : —_— [srem——
: . . : : | : :
.. Q ! : —
: l o | S ——— 1
: v o : : DA : : J J : ;
CTRL | ECE b " ¥ DWAIT JREADY, FWD ) EOF ) GRC ) IOLE

DWAIT  FREADY’




A Read Transaction: Data Channel

First Data RX
from AXI™

First Data TX
from SpW-

First Data RX
from SpW+

Data TX

n
n
]
n 1 S
: |

Other Data

RX from AXI™

Other Data
TX via SpW-

Other Data
RX via SpW*

Last Data TX
via AXIs

AXI-SpW-AXI Bridge
AXI Slave
s_axi_rready
s_axi_rdata[31:0]
s_axi_rresp(2:0]
s_axi_rlast
s_axi_rvalid

AXI Master
m_axi_rdatal[31:0]
m_axi_rresp([2:0]
m_axi_rlast
m_axi_rvalid
m_axi_rready
AXI-to-SpW FSM
state

SpW Core

r¥_qgout [8:0]
rx_fe

rx_rd

tx_ff
tx_din[8:0]
tx_wr

SpW-to-AXI FSM
state

SpW Core

rx_qgqout [8§:0]
rx_fe

rx_rd

tx ff
tx_din([8:0]
tx_wr

STEP 1

STEP 2

STEP 3 STEP 4

?M—
L

resp

STEP 6

clkmmm_mﬂ_mmu—\_m_ﬂ_
' .TEP5 :

STEP 8

data I

resp

DIDLE

CTRL){ REC ),

FWD

DWAIT

% £op YcRe

LFWD X IDLE

_ _ T T

!_5

: : : : :
: l \ /: : : :
. 1 \ e — 2 .
. Vi : . - \

owAIT__{READY) GTRL | ECE X SYN “EowarmfRreaov) Fwo ) EOP ) CRC ) IOLE
' — L L

ccccc



A Read Transaction: Data Channel

clk_ﬂ_ﬂ_ﬂ_ﬂ_mm_m_ﬂ_mmmm_ﬂ_

AXI-SpW-AXI Bridge ; _ mEmE : _
AXI Slave STEP 1 STEP 2 STEP 3 STEP 4 TEP STEP 6 : STEP7 STEPS8
First Data RX s_axi_rready : o : T

s_axi_rdata[31:0] | [ data ]
from AXIm s_axi_rresp[2:0] | i resp

s_axi_rlast

First Data TX ¢ cesl_mveddd
AXI| Master

from SpW- m_axi_rdata[31:0] % )

. m_axi_rresp[2:0] = J _ _ _ _ Y . §*
FIrSt Data RX m_axi_rlast : 3 : e : ——— 4

m_axi_rvalid

from SPW+ m_axi_rready

AXI-to-SpW FSM

Data TX state A DIDLE - CTRL){ REC ), _& FWD x

DWAT : % €op Ycre §—_ Xirwo (ToLe

- SpW Core I
via AXI® rx_qout [8:0] — _ EB TS X8
.IIIIIIIIIIIII. rx_fe ! '.-
= Other Data ! B B A
u m tx_ff : i :__ : :
« RX from AXI" : i q i m—|
tx_wr : ! \ e
Other Data SpW-to-AXI FSM N ) N
TX via SpW- state ALl NRERDY CTRL_I Witk A el : J e _;__EOP l CRC I L mE
2 SpW Core : : . . . . . : : : : : : : :
Other Data Tx_qout [8:0] - S ETE——.
rx_fe A L ; S P
RX via SpW* rx_rd — _— .
= tx_ff : : P : .

Last Data TX Frocin (8101
via AXI® .




A Read Transaction: Data Channel

clk_mmm_m_ﬂ_m

First Data RX
from AXI™

First Data TX
from SpW-
First Data RX
from Spw*
Data TX
via AXI®

Other Data
RX from AXI™

Other Data
TX via SpW

Other Data
RX via SpW*

Last Data TX
via AXIs

AXI-SpW-AXI Bridge
AXI Slave
s_axi_rready
s_axi_rdata[31:0]
s_axi_rresp(2:0]
s_axi_rlast
s_axi_rvalid

AXI Master
m_axi_rdatal[31:0]
m_axi_rresp([2:0]
m_axi_rlast
m_axi_rvalid
m_axi_rready
AXI-to-SpW FSM
state

SpW Core

r¥_qgout [8:0]
rx_fe

rx_rd

tx_ff
tx_din[8:0]
tx_wr

SpW-to-AXI FSM
state

SpW Core

rx_qgqout [8§:0]
rx_fe

rx_rd

tx ff
tx_din([8:0]
tx_wr

STEP1|  STEP2 STEP3 STEP 4STEP & STEPG STEP§7 STEP 8
SO - N— S —

ST T |
D.IDLE - CTRL[REC; _&FWDx mifm'r ::_'_Eopixcac i}.:_' LFWD:xIDLE

. : : : L : :
_.'ELE@.'.'
R §
R . ]
RN .

! CEE —
. :
: \ : : : :
: l\ : : : :
. 1 \ e — 2 .
. Vi : . - \

owaT_ [Rreaov) cTRL | " TFWD b T SYN.

“vowarfreao®™  Fwp ) Eop Y GRC ) T mE

ccccc



A Read Transaction: Data Channel

clk_mmm_mmm LI_|_|_|_

AXI-SpW-AXI Bridge ; _ i 8w e By
AXI Slave STEP 1 STEF’ 2 STEP3 STEP 4STEF’ 5 STEP 6 : STEP 7 STEP 8
First Data RX s_axi_rready S '-
s_axi_rdata[31:0] ' data
from AXIm s_axi_rresp(2:0] =3 resp
= sl eilea : : o : L : : :
First Data TX s_axi_rvalid T R g
AXI Master : : : : : : : : :
from S_pw- m_axi_rdata[31:0] : ‘ ',\ : d t_}: 5
. m_axi_rresp[2:0] ‘ ) _ : _ . e
FIrSt Data RX m_axi_rlast . : : - — : N ! / : i :
m_axi_rvalid et : N f :
from SPW+ m_axi_rready : ‘ _ ; . . -—\ L --- —o— oo ;
AXI-to-SpW FSM : \ : 3 : : : : g : ! : : :
Data TX =P state : ’ DIDLE - : : CTRL){ REC ), _& FWD x T\ % DWAT : :_'_Eop Y cre . rwo(ioLe
: SpW Core ' N SRR S S N SR ;
via AXI® — ' o
rx_gout [8:0] _ _Eta " " _L ce 3
Other Data et - | | =l

m tx_ff : : o :
RX from AXI B q |
tx_wr : ! - : : : : . \ - :
Other Data SpW.to-AXl FSM : ¥ S : L - : N : L : o L s
q = Fraie DWAIT _ {READY} GTRL X ._FwD X = SYN. : __f'D_mexREADY FwD ) EOP ) CRC X . IDLE
TX via SpW SPW Core __ . e 5 5 B .

= Other Data - TR0 L N
v .RX via SpW? - e

tx_ ff

x_din[8:0 ' =
Last Data TX Frodini9:0] P s
via AXIs




A Read Transaction: Data Channel

clk _l_l_l_l_l_l_l_l_. LI_I_I_I_. L|_|_. L|_|_|_|_ LI_LI_LI_I_. LI_I_I_I_. LI_I_. T
AXI-SpW-AXI Bridge i EEEEE)

AXI Slave STEP 1 STEP 2 STEP?S STEP 4STEP 5 STEP 6 STEP 7 STEP 81

First Data RX s_axi_rready : .. : ....
s_axi_rdata[31:0] - . S —...—...—..._
from AXIm s_axi_rresp(2:0] '

. s_axi_rlast : : et : ot 2
First Data TX s_axi_rvalid —_ A SR S U VS S S | I
AXI Master : : : : : : :
from S_pw- m_axi_rdata[31:0]

m_axi_rresp([2:0]

FirSt Data RX m_axi_rlast

+ m_axi_rvalid
from SPW m_axi_rready : y _ e : . _ _ i \
AXI-to-SpW FSM : \ : 3 : : [ : : g : | : A\ :
Data TX Sale 1 DIDLE . : : CTRL){ REC ), _& FWD x T T z ¥ €or X ore § — Wirwo ((ioiE
. SpW Core 3 E E : : : E E :
s -
via AXI rx_qout [8:0] — _ E
rx_fe ! — :

Other Data o ra 1.
RX from AXI™ e dinao) q _ —

Lx_wr \

Other Data SpW-to-AXI FSM - T | L N
. 5 state DWAIT _ KREADY CTRLI :_ fwn : [ = SYN. 3 Dwarm)(ReADY FwD ) EOP ) CRC X I IDLE

TX via S-pW SpW Core : : : : : : : : : f : : : : :
Other Data e [Te] . . i . e . ze— : s _ B

rx_fe o o - 5 5 o L
RX via SpW* rx_rd — — — e ———— e —
REEsmsEEEEEEE tx_ ff : : P : : : : SO : A : P

= Last Data TX . Apraln] L S — ; ; —— .
= viaAXP_ ) | | | | | |

SITAE L

AN ANGEL com



A Write Transaction: Address Channel

AXI Transaction AXI-SpW-AXI Transaction

T e |
| o — o — - — — - — - — — ---—--—---—---—--I
dd II1 Address Channel i
aaaress [ s #
| { Axsltar;?];eSt —ﬂ TX via SpW+ —»‘ RX from SpW- —»‘ TX viaAXIm §]
. - - B - - - - - - - . - - - - - - - - - - - - - - - . - - - -
and control :|_ i
— | Data Channel - 1
AX] i 1 'AirstDataRX |  FirstData X | | FirstDataRX | Data7X ||
i { from AX s via SpW-+ from SpW- _" via AXIm 1
Master | 2" Other Data _f Other Data TX _f";Other DataRX | | LastDataTX | :
| \ RX from AXIs via SpW+ from S pW- _" via AX|m 5 I
o e e * e i
P FUEEpeliEE C I - i
I ( AXIr _lrt_axsponse —ﬂ TX via SpW —»‘ RX from SpW+ —»‘ TX viaAXEs |i]
!_'.-;: e o ¢ e e 4 1 & 1 1 5 — . — 1 — 1 — . — T 1 — 1 — . — 1 — 1 __"._ﬂ
10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 16 SlTAE L

AN ANGEL com



AXI° request
starting

TX via SpW*
RX from SpW-

TX via AXI™

clk

AXI-SpW-AXI Bridge
AXI Slave
s_axi_awaddr([31:0]
s_axi_awlen([7:0)
s_axi_awsize[2:0]
s_axi_awburst[1:0]
s_axi_awvalid
s_axi_awready

AXI Master
m_axi_awready
m_axi_awaddr[31:0]
m_axi_awlen([7:0]
m_axi_awsize[2:0]
m_axi_awburst([1:0]
m_axi_awvalid
AXl-to-SpW FSM
state

SpW Core

rx_gqout [8:0]

rx_fe

rx_rd

tx_ ff

tx _din[8:0]

tx_wr

SpW-to-AXI FSM
state

SpW Core

rx_gqgout [8:0]

rx_fe

rx_rd

tx ff

tx_din[8:0]

tx_wr

— —
STEP1 |

addr

len

size

= type
f © A\

STEP

\f—— T

= = ———————————————————————————————————

-

acldr
len
SiZE

type

IDLE

XRreEaDY) CTRL J NFWD }_'. FwD X EoP X cRC )

™

|

LN

S e e L e e ) e e
T y y s 1 i . ) . B . . f . \ . B

\

.

IDLE

G|

- NREC -

i

- CRC

YCHECK

FWD

DIDLE -

SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A.




A Write Transaction: Data Channel

AXI Transaction AXI-SpW-AXI Transaction

i 1 AXE request
( starting

I - - - - - N - - - - - - - . - - - - - - - - - - - .- - - -
1

|l Data Channel

“First Data RX _f First Data TX _: FirstDataRX | | Data TX
I { from AX s via SpW+ from SpW- _" via AXIm
- . Y -

|

| 5 6 7 '8

| 7 OtherData _’ 'Other Data TX _:‘"Other Data RX | | Last Data TX
| \ RX from AXIs via SpW-+ from S pW- _" via AXIm

AXI write | write
Master data | data

e P e 4 |
I {AXI _lrt_axsponse —ﬂ TX via SpW —»‘ RX from SpW+ —»‘ TX viaAXEs |i]
 ———p i ——— o ————————————— ¥
10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 18 SlTAE L

AN ANGEL com



Write Transaction: Data Channe

S SN O Y I S Y Y e Y e Y I Yy I 6 o B
AXI-SpW-AXI Bridge N — |

m_axi_wvalid

axisae STEP1|  STEP2 | STEP3 STEP4STEP5 _ STEP6 | STEP7 STEPS
First Data RX e e o
s axi wstr : : strobe strobe -
from AXIs - ;_axi_u[rlasi 5 ‘ i :
s_axi_wvalid
First Data TX s_axi_wready
AXI Mast : :
from SpW+ m_axi_wr::de; —\\\
. m_axi_wdata[31:0] | N
First Data RX m s wetrb (3001 NN
N\

from Spw_ m_axi_wlast

AXI-to-SpW FSM : \
Data TX state DWAIT  KREADY

: SpW Core : : : : - : ;"--.
via AXIT rx_qout (s:01 I N
Other Data e N T

_ AN
rx_rd — L N S - N ?
S tx_ff . . A . _\ . ] . I : NP : ) . ] .

RX from AXI cxcaineo) R e o) S — s ) S E—
tx_wr __ [ W A\ N T W A\ r

Other Data SpW-to-AXI FSM _ [ S S e o T T S S R ) e (o

. + state : ‘ DIDLE © : _CTRL {_REC } _ FwD f N pwar o ¢ :  EOP ) CRG } LFWD § BWAIT

TX via SPW SpW Core : : : : : A : : : : : : . :

rx_qout [8:0] I o Y ceis A e o> . 3

QUL fe T T ; ; I T

RX via SpW- T rd —— — e —— —— N

- X - - oo - : : : - - : n oo n n n n

Last Data TX crctin 901
via AXI™ B




A Write Transaction: Response Channe

AXI Transaction AXI-SpW-AXI Transaction

\ _________ WrteTransacton |

i _ Address Channel |

I { starting —ﬁ via SpwW —»‘ rom Sp —»‘ TX via AXIm |

_________________________________________________________________________________ 1

——— | ————

i - Data Cha}[%nel 4 E

AX| {1 FrstDataRX | f FrstDataTX | | FistDataRX || DataTX 1
i { from A X Is via SpW+ from SpW- _" via AXI !

T ¥ .......... — .......... :

Master i7" OtherData | OtherDataTX |_[OtherDataRX | | LastDataTX | :
| \ RX from AXIs via SpW+ from S pW- _" via AXIm I

write II . S Response Cgannel " :

response I (AX"" e -ﬂ TX via SpW- -L(Rx from S pW ' -»‘ TX viaAXE i

G !_._: eSO |

10/19/2022 SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A. 20 SITAEL

AN ANGEL co



Write Transaction: Response Cha

AXI™
response TX

TX via SpW-

RX from
SpW*

TX via AXF

clk

AXI-SpW-AXI Bridge
AXI Slave
s_axi_bready
s_axi_bresp([1l:0]
s_axi_bvalid

AX| Master
m_axi_bresp[1:0]
m_axi_bvalid
m_axi_ bready
AXl-to-SpW FSM
state

SpW Core

rx_qout [8:0]
rx_fe

rx_rd

tx_ff
tx_din[8:0]
tX_wWr

SpW-to-AXI FSM
state

SpW Core

rx_gout [8:0]
rx_fe

rx_rd

tx_ff
tx_din[8:0]
tTx_wr

_ — :_ — — ‘
: A : : : : . : : : : : . : : c A\ :
; ; BIDLE ; ; o : | (GG | " REC _ f —  cac Ycreck Fwo IDLE
_ — B — o E— |
I—|+| _I I :

i\

BWAIT IHEADY cTRL{ FWD 1 EOP [ CRC l

SITAEL PROPERTY - Copyright ©2020 SITAEL S.p.A.

ccccc



* Experimental Results

— Resource Usage Evaluation
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A Resource Usage Evaluation: AXI-SpW
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A Resource Usage Evaluation: Comparisc
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[2] ESA. “SpW-RMAP-Astrium”
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A Response Time Evaluation
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A Response Time Evaluation

AXI-SpW-AXI Bridge
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e Conclusion
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