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®Home Automation, Factory Automation,

. (SPARC)

.

& (SDRAM I/F, DMAC, PCI, USB, Timers/Counters,
SIO, PIO, ..))

& (ADC, DAC, PWM Generators, Pulse Counters, ...)

1
System-on-a-chip
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Responsive Processor

Processing
Core
(SPARC)

Control I/O

(ADC, DAC, PWM
Generators,
Counters, ...)

Computer
/O




¢|EEE-1394
+¢USB
4

IEEE-1394:63, USB: 127)
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¢ (12.5 to 100M bps)
*

¢ Point-to-point Responsive
Processor



Shared traffic

m yepw mEEEL E m yepw mEEEL E m yepw mEEEL T
- o= i - o= i - o
R R el 1.

indefinite latency and
throughput

sgnc intefipt stdids ofén sigoal cafbhect
Event link

Low Latency

j — S S BB " Data link

High Throughput

U




.
¢ Point-to-point
.

(64B)
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Data Packet Format (64B)

Event Packet Format (16B)

Source|Addr. Destinatipn Addr. Source |Addr. Destination Addr.
Daylnad
Control & Status
Payload

Control & Status

1 byte
Control & Status Format (32bits)
1 bit 0 0 Full Data Length
1 Dirty0 | Dirtyl | Dirty2 | Dirty3 | Dirty4 | Dirty5 | Dirty6 | Dirty7
2 Dirty8 | Dirty9 |Dirty10 | Dirtyl1|Dirty12 | Dirty13 | Dirty14|Dirty15
3 Start End Int. Fatal |Correct] Serial Numbern (Cnt.)
Frame Format (12bits)
Data|bits Redund%ncy bits




Responsive Link Connector

Tx Datat

ResponsiveLink Cable —

Tx Data-

Rx Data+

— Data Link
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In ==iae= In-Poiter

sdram-in-flag0

sdram -out-flagD

Link Strobe

BUFD Lo|L1|L2|L3[Le
sdram-in-flag1 sdram-out-flag1

BUF 1 Lo|L1|L2|L3[Le
sdram-in-flag2 sdram-out-flag?2

BUF2 LO(L1|LZ2(L3|L4
sdram-in-flag3 sdram-out-flag3

BUF3 LO(L1(LZ2(L3|L4

\

sdram-out -pointer

A

sdram-in-pimter

b Nl

SDRAM

Out-pointerd

Out- pointer1

Out- pointer2

Out- pointer3

Out-pointerd

OutD =fise-
Priority) =g
Out1 =fiiee-
Priority1 =t
Out? =fise-
Priority? -
Out3 =fise-
Priority3 —a=
Outd =fise-
Priorityd —ea




m
Priorityl EE P1EL3 L1

Src Addr(16b) Dtn Addr(16b) DE POL4 L2 LO
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Data (Priority0) —’

Source Data (Priority1)

Event (Priority2)

®
A

Event (Priority0) Destination







¢ Forward Error Correction(FEC)
.
+ 8bit 4bit
¢ Bit stuffing
¢ NRZI(Non Return to Zero Inverted)
¢ DPLL(Digital Phase-Lock-Loop)
& (Setup Pattern)

. (100Mbaud,
50Mbaud, 25Mbaud, 12.5Mbaud)

. P-CML(LVTTL, ECL), LVDS



e

. byte
+1byte(8bit) 1frame(12bit) 8bit
4bit

X4+x+1



Bit Stuffing




NRZI (Non Return to Zero Inverted)
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+0
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¢ Processing Core (SPARCIite MB86832 100MHZz)

+ mower Management Unit (100, 80, 60, 40, 20 [MHz],
Sleep)

MMU (64way) —
Responsive Links (4 links, 200, 100, 50, 25 [MHz])
DMAC (4channels, Bus swapping, Bus sizing)
SDRAM I/F (2channels, 100MHz)

PCI I/F (Master/Target)

USB I/F (Function, Hub)

PWM Generators (50MHz, 9channels)

Pulse Counters (24bit, 9channels)
Timers/Counters (16bit, 4channels)

¢ Real-Time Clock

¢ A/D Converters (10bit, 8channels)

¢ D/A Converters (8bit, 2channels)

¢ Interrupt Controllers (43channels)

¢ SIO (RS-232C, 2channels)

¢ PIO (16hit), ...

L 2R 2R 2B 2R 2 2% 2% 2R 4



AEEEEE

100--400M bps ;
400MB/s
CEE B
Link1 - i ,
Y- K| switeh 1T - == SDRAM
[ :" Laink2 H:K: r" L} I.I'IF
: I\"l P ¥
b LIS A | Rrofine || event 32bit
Link4
u—:“ N —
f'“ preas | ——— == H
PLL|I Breq3 | Gate DPM h bnﬁ#m
100mrz] | X e —1= i
s s I 32bit
E =._._._= ....... -4 Arbiter - A .y .
il ALAE iy [y . 5 -t
b I Rt SN SO0 b ey ey s Sp————— e -
A Breq2 i i Breq0 ] 1 It = \| PCIUF
i | e THEMRE | A e e p———— i
- —_——— [ REQZ H
LT owac el s .
1 i I C C 1 ¥
[ Lec.cikifum.o Local
T H‘_ 1= ?‘F 3| Bus I/F
i Power O — ¥ e _‘——————j
1§ 1| Management = DREQ1 1 REQO ") g1 6/32
ti )l tnit i bit
i!
i : 1 Noncache MMU :
gl MEXC i
i
it I
i ASI 1L '
s
i i I Gemiock ""“‘"“"'F] “"”"'“5"[ Beas | ) Timers ADC
i : | IR 5PARC Integer Unit (lllitlgig} 16bit x 4 8ch
il e : -
i N Timers! DAC
!E MmiElaEI} H“"Em'“‘" 1 Dhata Counters || Zch
Ly - IRL (PWM) | ——
! i._._BREQ T IRL Sch USB
I~ —BGEMT. T SI0 Pulse
waitsute | f Counters .
I&l v -L,L l,l' {2phase) RTC
IERAN Supgpand
SPARClite
MB#6§32 Ho Peripherals
100MHz CPU Core p
[ Data Interrupt
ress ontro
0 Add Controll




¢ Process 0.35u m, CMQOS, 4 layered metal
¢ Usable gates : 2,378 k gates

¢ Die size :14.5 mm x 14.5mm = 210mm?2

¢ Package : 416pin BGA (40mm x 40mm)

¢ Voltage : 3.3V

¢ Max. power : 2W
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- Performance of MPU
Clock(MHz) 100 80 60 40 20 Sleep
Speed(MIPS)
Power(W)

Performance of Responsive Link
Clock (MHz) 200 100 50 25
Max. Speed (Mbaud)
Speed of Data (Mbps)

Latency of Event(y sec)
Power (W)

Latency of Event (Worst) =1 (M sec) + 2 (U sec/hop) x n (hop)



¢ PCI card (PCI half size)
¢ CardBus card (PCMCIA size)
¢ Embedded board (Credit card size)



PCI Card
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.016bit DAC 6channels
¢12bit ADC 6channels
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¢ PC(Windows or UNIX) PCI,USB,RS-
232C

¢ GNU (gcc, as, Id,
make, etc.)

¢+ WIinGDB



B gdb =parclite

Gdb Edit Window  Debug Help W
@lEl o le] [OE sslEE)|E =los)] Bl e @) ) VINGDB
u. Source 1 Regl Lx]
A l ga (SRS S RSIS]aNs) 1FFFFFFF dfgogeeR |~
: - - gh A0gaaAna Bz20800008 820000008
volatile unsigned long *ptr; of 308100084 FFFFFO0A FFFF6000
int 1, j; oh FFFFFFFF FFFFFFFF 8207F8A8
char buf[BUF3IZ2]; 18 pOoAOEA0e10 B2 8165BC A2 B165C8
char =token; 1h 82016800 82817989 g2e1B008
i A281ABLR 219480 FFFFFFFF
» » 1
1] ASThput{0x 023010008, OxfFrrfaoa) ; ih FFFFFFFF FFFFFFFF A2B7FD30
: {1 (SRS S RSIS]aNs) 8F 8868FC A pogoeeay
while{ 1 }_{ pc B281082n0 Bz2e102AaL dddooaaa
[ printf{ “HMON>" }; _ ddal ©G@@0ea00 GLLELT T LT LT
if{ tfgets({ buf, BUF3IZ, stdin } |dcr AOAROAGA ABABEB0OA3
break; PC B2e182n0 Bx208182a8 <main+4%>:
edit{ buf )}; nTr AC AAGE™ O _J:J
if{ t{token = strtok( buf, " “tinl | B
USEgE{ “mon' ) ; Ell::::IZIITIITI-ElrIl:' Logl
continue; (gdb) -
H ; it
- . {gdb}) break main
pre *tukeg, Hote: breakpoint 1 also set at pc Bx2818288.
i1f{ *{token = strtok{ HULL, . z 2 g
usage{ “mon" }; Breakpqlnt_z at 2|1 0288: file mon.c, line 4@.
continue; ; (gdb) ] main
| ¥ = | Continuing at 8x2818288.
4
[ printf{ "HMON>" }; Breakpoint 1, main () at mon.c:48@
if{ tfgets( buf, BUFSIZ, si|48 AST4put{Bx 83810888, BxfFHrraea)
break; {gdb) step _
edit({ buf }; he vhile{ 1 } {
if{ *{token = strtok{ buf, |{gdb) next ]
ugaget “"mon'' }; n3 pt‘lntF{ "MOMZ>" 3 ;
< | (gdb) | ~
4| _'|_
AD#90 [



¢ VxXWorks

¢ PSOSystem
¢ U ITRON

¢ 0S-9

¢RT-Mach
>
¢ RT-Linux



ISO/IEC JTC1 SC25

+99 ISO/IEC JTC1 SC25
Responsive Link NWIP

¢ ANSI



JTC1 SC25 WG4 Responsive Link  SGums

Responsive Link SG

JTC1 SC25 WG4 RWCP NTT



Responsive Processor
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¢ Responsive Link

# Processing Core (SPARC)
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