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- Alternate Bus

Bridging between different parallel busses
Redundant path for configuration and maintenance
For extremely low cost modules

- Low cost peripheral bus
- Bus bridge |

- Compatible architecture with other IEEE
32-bit busses

Follow 1212 CSR standard (control and status
register)

Apple
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e Modest cost

< $15 for cable, socket & interface I1Cs (very large
volume)

« High bandwidth

Fast as possible given cost goals

Lower CPU overhead via simpler protocols &
assumption of memory bus model

Performance extensibility

) <S5

 Add isochronous service

from 64 kbps for voice to 1.5 Mbps for stereo HiFi
sound to >20 Mbps for compressed video
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Apple

— Uniform in time
— Having equal duration

— Recurring at regular intervals
- Examples

- Iso (same) chronous (time) :

(source and destination for real-time data)

ISDN | 8 kHz x 8 bits

64 kbps

CD 44 .1 kHz x 16 bits x 2 channels

1.4 Mbps

DAT 48 kHz x 16 bits x 2 channels

1.5 Mbps

25 or 30 fps

1puter, Inc.

variable
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« Reduce EMC problems

Low voltage swing, low current, low skew
differential signal.

Shielding & isolation designed in from the start.

£ a5

« Improved ergonomics
Small, flexible cable
Robust small connectors with self-locking feature
No terminators, few topology rules
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. Two conductors (single-ended)
Two differential pairs for compatible busses (SCl)

- Direct repeater to cable media

« Usable in FastBus, Futurebus, VME,
NuBus, Multibus ll, SCI

Apple ¢ puter, Inc. mdt 991, <"“le 6



_Sas

Box 4 Box 4 Box 4 Box 4

CPU
I[I T T T T ?\ Terminator
Terminator Typical "supervised cabling”— daisy-chain like SCSI; (may be internal)
terminators at ends; devices with internal terminations must be
at one end
Box 1 Box 2 Box 3
CPU

”“T j.ILIl[| T 0

"unsupervised cabling"— Serial Bus "non-cyclic network";
no terminators, locations are arbitrary

Box 4 Box 6 Box 7
Box 5

LIL | l[I_— '—5JLILi
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- P1394 High Speed Serial Bus

"Memory-bus-like" logical architecture
Serial implementation of 1212 architecture

o 1212 CSR Architecture

Standardized addressing
Well-defined control and status registers
Standardized transactions

Standardized DMA and other Unit-specific features
in the future
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Apple Computer, Inc.

Module Architecture

System Bus _

|Module

Unit

Replace together

Initialize and test together

Independent in normal operation
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bus#0

bus #1

node # 0

node # 1

node # 62

initial
memory
space

IEEE 1212

Serial Bus

ROM
(1st 1K)

Example:

addressing

Apple ¢ ~puter, Inc.

b ) 1 : & 1 1 %

¢ node # 63

privale

{bmadgast)

register space

L1t 1 1 [ T T O O O T

register address

| U I T O W T O T N O O .

initial
units
space

1023

63 1048575

512w
1024

2048

all cycle timer registers on local bus

256M

1111111111, 111111, 11111111111111111111, 0000000000000000001000000000,, Mssssmss

» The serial bus uses 1212 direct 64-bit
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Firmware

Configuration &
Error Control ead, Write, Loc

Serial Bus Management

A

Channels

Transaction Layer

Link Layer

I Cycle Gontrol l

Arbitration ”PackelTransmilter lPacket Receiver |

Hardware

P'I;;(sical Layer

|[ Media Interface Ir Decode

& Mechanical

Interface

Apple Computer, Inc.
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S

Serial Bus
Cable
Intertace

[ ] | |
[ | ] | |
m [} ]
= m ||
Serial Bus Serial Bus Serial Bus
Cable Cable Cable
Interface Interface Interface

Apple Computer, Inc.

Serial Bus
Node Interface

Serial Bus Higher Layers

Silicon Bus

« Silicon bus provides
"or"ing of signal

- Cables and transceivers
are bus repeaters

 Limit of 6 cable hops and
10 meters of cable between
any two nodes
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» 3-pair shielded cable

- Small and rugged connector

Two sockets in the same area as one
mini-DIN socket

« CMOS transceiver
300 mv peak-to-peak
4 ma drive
< 160 ps random jitter (at 6 sigma)
< 500 ps worst case jitter

mdr 9/91, - "= 14
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2.0 m max. length

\ Cable material 1

En HAII End IlB"

A

/Plug (both ends identical)

/>

/ 7 | ' - Blue
/ Green
Black (Inner & outer shields shall make Black

contact within the cable material)

Low-impedance bond from outer shield to shell

Apple Computer, Inc.
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Power pair:
26 AWG /0.87 Dia twisted pair
(Ref. colors: white/black)

60% braided shield (over signzlll pairs - 2X)
Signal pairs: (2X)
30 AWG/0.87 Dia twisted pairs
(Ref. colors: red/green & blue/orange)
5.5 (typ)
97% braided overall shield
/ 0.70 thk PVC jacket
Fillers for roundness
(it req'd)
Noles:

1. Signal pairs impedance Zo = 115 Q nominal
(Dielectric is foamed polyethylene, &r = 1.7)

- Capable of operation beyond 400 Mbaud for a few metres

puter, Inc.
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» Live attach/detach
System protected from power on/off cycling

Higher layers provide simple management
remote power control
"I'm here!" message to notify monarch

- Peripheral power
8-40 VDC carried by cable

Each peripheral interface needs 1/4 - 1/2 watt while active

Total available power is system dependent
Node power requirements must be declared in configuration ROM

Cable system allows up to 1.5 A (60 watts) per link
Nodes can either source or sink power
Multiple power sources on one bus provide additional flexibility

Further specification needed

- AN

Apple Computer, Inc. mdt 9/91, slide 17



« 49.152 Mbaud data transport
DAT, ISDN & compressed video rate-compatible

2 Mbaud full duplex rate for arbitration and
acknowledgement

196 Mbaud growth path

- Data encoding

4B5B block code with NRZI translation for simple
clock recovery with good efficiency

Yields = 40 Mbps burst data rate

Apple € nuter, Inc. mdt 9/91, slide 18
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Flexible addressing using 1212
architecture
Direct 64-bit addressing (48 bits per node)

Hierarchical addressing for up to 63 nodes on 1023
busses

Standardized register addresses

- Flexible packet formats
Optimized for 4-byte data
Optional 0-256 byte packets

Longer packets at higher speeds
Actual limit is 60 pusec per packet

- Immediate acknowledge

Normal ack < 1 usec
Non-hogging retry mechanism

Apple Computer, Inc. mdt 9/91, slide 19
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ir and urgent access

Bit-serial arbitration
Automatic assignment of addresses

Access opportunities split between fair and priority
modes

» [sochronous transport

Apple ” ~puter, Inc.

Optional
Multiple "channels" each 125 psec "cycle” period
41 ns max jitter in 125 psec clock

Variable channel size up to ~480 bytes/cycle
Up to ~1900 bytes/cycle at 196 Mbaud

mdr 9/91, <lide 20
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Requester Link
Layer

Link Request §

Lhﬂ(Conﬁnnaﬂonf

Layer

|_Link Indication

EIJnkI%esponse
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4-byte subaction

subaclion subaction
gap acknowledge gap
e gap
arbitration SD dest addr SOIUSCB codes | 32-bitdata | CRC |T ack
Bbils 16 64 6 16 32 T Toil
@ 2 Mbaud i 4'byte paCket ] @ 2 Mbaud
> 1 psec 4 pnsec 1 bits @ 49.152 Mbaud = 4.2 psec 0.5 psec :
o = 0.5 pusec 21 psec
acknowledge
subaction i gap subaction
gap : gap
64 byle dala ack
i |
> 1 psec i 160 512 16+4 > 1 psec
4 psec 64-byte packet i 0.5 psec
692 bits @ 49.152 Mbaud = 17.6 pusec = 0.5 psec

64-byte subaction
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faimess _ g | g fairness interval N > |<a— fairness

interval N-1 ! interval N+1
owner A owner B owner M
S ab | data [&] | arb | data [& I_ e.. 2l | ab | data |3 arb
/ <a—subaction - \ T / \
arbitration reset gap subaction gaps arbitration reset gap

 Fairness Cycle is bounded by arbitration reset gaps

- Reset gaps are longer than normal subaction gaps

Apple Computer, Inc. mdr 9/91, slide 23



_fairmness . | fairness interval N gon | g fairness
interval N-1 interval N+1

owner = node B

s YT
;d’f/ i e

arbitration_enable flag

set at arbitration reset gap cleared when node wins arbitration

- Each node gets one access opportunity each
Fairness Cycle

Apple C  Huter, Inc. mdt 9/91, ¢*" e 24



ET.5

. fairness
interval N+1

~fairmess g |y fairness interval N
interval N-1 gz

] owner = node B owner = node B
% 0 roY e 2| arb &z o @
phase_flag { fair only | fair or urgent | fair only | fair or urgent "

f

inverted at each subaction gap

cleared at arbitration reset gap

 Node ID of A > node ID of B > node ID of C

Apple Computer, Inc.
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Apple

channel (short) gaps

subaction (long) gaps

packet A

cycle start
dala = x

ack

ch# 1

ch# 2

ch# 3

1puter, Inc.

i '-eﬁ* cycle #m

' start delay = x

nominal cycle period = 125 psec

o000

el
cycle synch

ch# n | |packet B E packet C 2 cgglleaita;n chi# 1
' cycle #m+1
start delay =y
Y
cycle synch

mdt /91
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 Multiple transaction types
Optimized for 4-byte operations
Read and write quadlet are required
Variable-length block operations optional

Lock transactions optional

Swap and Compare-and-swap are needed for distributed
sharable-list DMA

» Advanced management

Automatic address assignment (no switches)

Standardized addresses from 1212 architecture
command, status, interrupt, etc.

Configuration ROM from 1212 architecture

device type, name, manufacturer, power requirements,
capabilities, driver code

Apple Computer, Inc. mdt 991, slide 27



Requester Responder
Transaction Transaction

Layer Layer

Transaction Request]

|_Transaction Indication

st

|l—

| Transaction Response

Transaction Confirmation §

Apple ” puter, Inc. mdt 991, <lide 28
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Requester R ter Responder Responder .
Transaction Li?]?(ul?asyer Linl? Layer  lransaction
Layer Layer
Write Medi
Request edia
— Data Packel

Other Link-Layer

operalions can _
take place  #77

batween the two

subaclions

Write
Confirmation
(Complete)

Apple Computer, Inc.

Confirmation
(Pending)

\

X

No-data Packet
Indication

Response
(Complele)

A\

[

% Hasponse

&

__Data Packel

-~

Ecknowledge
(Pending)

o
-
i s

No-data
Packet _ -

{ Subaction &j

1

g ]

Acknowledge

(Complete)

Data Packet
Indication

/

Response

(Pending) (tim

Write Indication

\

eout)

—~— Wrile

-1

No-data Packet

Request

\

Confirmation
(Complete)

\

Response
(Complele)
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Requester Requester Responder Responder
Transaction Link Layer Link Layer Transaction
Layer Layer
Write ]
Request Data Packet |  Media K

Request
Data Packet

R | Data Packet
i “~~m! _ Indication

| Write Indication

| Acknowledge | Re\gvp;g?l se
. Confirmation (Conlp_hft,e-)—" Response || (Complete)
Write ~ #§ (Complete) e (Complete) §
Confirmation |
(Complete) i
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« Configuration
Using 1212 configuration ROM
Automatic minimal configuration
Extensive self-identification possible
Software finishes configuration, possible user interaction

 Bridges to other busses
Full support for 1212 transactions and addressing
Can use LAN as bus extender
High interest in SCSI adapter

 DMA standard in development

Part of P1212.1 standard

Need standard command interface
Unfortunately beyond scope of P1212.1

L5
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e Current draft 4.1

Link layer and transaction layer mostly complete
Detailed simulation has been completed
Minor changes to fields have been proposed

Physical layer needs more work
Initial simulations and implementations look good
Connector & cable work almost complete
Scalable speed/lower cost proposal coming

- Working group to be finished
winter-spring 1992
Formal approval within working group
Foward to Microcomputer Standards Committee

Apple ' puter, Inc. mdt 991, slide 32
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Michael Teener
Roger Van Brunt
Florin Oprescu
Apple Computer, Inc.
September 10, 1991
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 History

Pressure to increase speed and lower cost
/O bus requirements increasing fast :

Clock recovery most complex part of Physical Layer
Possible patent problems with 4B5B code

- Roger & Florin observation:
2nd signal pair unused during packet transmission
Use to carry explicit clock

« Further improvements

Resynchronize data at each node
Automatic speed scaling

Apple ”

1puter, Inc. mdr 9/91 ~ide 2



« Simpler
No analog circuitry for clock recovery .
No coding of data to guarantee clock edges

» Higher performance
Single hop for clock and data before resynch
Jitter margins much improved

100 Mbit/sec for the same or lower cost as 40
Mbit/sec

 Scalable performance much easier

200 Mbit/sec possible very, very soon with CMOS
400 Mbit likely with BiICMOS technology

£€S
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é?gca,i =1 Resynch

.

Mode
Control

[t

Link /

Inteface

Apple puter, Inc.

- p— 1 .,  Redefine TPO and TPI
Pk i P P inte;rrface signals
Y I I * TPA is transmit arb, transmit
Hy Hﬁ “ Y fuoas clock, receive data
RxClock/RxArb . . "
TxData e TPB is receive arb, receive
W TxClock/TxArb clock, transmit data

- Both are bidirectional signals

- Resynchronize repeated
packet data signals

mdt 991 “e 4
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- Arbitration operation is unchanged
except:
TPA is tristated after driving signal pair to "0"
Hysterisis required on receivers
- Shift to packet mode (resynch)

On winning node, start driving TPB high

On losing nodes, port that is receiving arb signals
will see a high signal on TPA.

Starts driving TPB on other ports.

- Shift back to arb mode at end of packet
(no clock)

Apple Computer, Inc. mdt 9/91, slide 5



Il-1 H IIOII ll1 I‘T IIO!I II-I I.i |IO|I IlO“ Il1 L1 '

4

B A
Part 3 Port
ggic Logi
A Al
3 * RxData
§ ' RxClock/RxArb
TxData
ey g TxClock/TxArb

Local
Clock 1 Resynch

Control Port 4 receiving from winning node, all others
transmitting

T l l\ Mode End of arbitration at losing node:

Link
Inteface
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(A

ClkData Data Clk

ClkData Clk Data

5o

RxClock/RxArb
TxData
TxClock/TxArb

Local

Clock Y Repeating packet data:

Port 4 receiving, all others transmitting

Apple Computer, Inc.

Mode
Control

Link /

Inteface
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- First data bit is clocked at 100 Mhz

- If high, double clock speed and get next
bit

Repeat until a low data bit is found

- If low, clock is unchanged
Next bit is start of link packet

Apple C  Huter, Inc. mde 991, "= 8



LES

S D s VY s VY s VR s VY e VD e VY s WY s W

§ | { |
E Low Speed Code =0 % Bit 1 Bt 2 Bit 3 Bit 4 Bit5 Bit6
§ g
i \ [ \ / \ / \
B A Bit 1 X Bit2 4 Bit 3 X Bit 4 X Bit 5 ] Bit 6
3§ K
Medum Speed Code = 10 "1 0" Bit1 Bit2 Bi 3 Bit 4 B} 5 Bit 6 Bit7 B8 Bit9 Bit10  Bit11
. N s U A WY A WD WY W
™8 ; \ {Biv Y enz Y\ 6ia ) Bia ) Bes ) Bte )\ su7 ) ste ) Bes ) mtio X st |
: ”
Hgh Speed Code =110 ™17 4" 0" Bl Be2 Bud Bu4 BuS Bi6 BL7 Be8 BiS BriwoBiun Bit12 Bt 13Bx 14 B115Bil 16 Bt 178118 B119Be 20 Bit21
A LM ;
. —
PB f,ﬁ \_ Bil1YBe2)Buia)sita {Bus Ba6Y 87 Bas) 819 BnmeunE‘nséms@u1e'al1sailzol&12u

_‘_Spead_Sebcl Iniefaca
\ Perod “—Dala Symbol
Period

Packet Mode Signal
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 No 4B5B code
Just NRZ data

 Variable speed
Speed code associated with each packet

Implementations probably use variable width interface
2 bits @ 50 Mhz = 100 Mbits/sec
4 bits @ 50 Mhz = 200 Mbits/sec

etc.

Apple ~  puter, Inc. mdt 9/91. ~"de 10
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» Configuration ROM must mclude speed
capabilities

Requester free to use higher speed if responder
and the path to it is capable

- Backplane interface

100 Mbit/sec possible with ECL
What are BTL limits?

- Do we want to specify an upper limit?
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