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Subjects Covered

Physical and Logical Topology
Cable Signals

DS Encoding

Common Mode Signaling
Arbitration Signaling

Plug Circuitry

Connect and Bias Detect

1394
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1394 Physical Characteristics

Point-to-Point connectors
Each connection end terminated

Hot-Plugging allowed
4 Wire Cable
Two twisted Pairs for data
- No Power
6 Wire Cable
Two twisted pairs for data transmission
2 wires carry power

4.5 meters per hop limit

. 1394
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1394 Physical Topology

Multi-Port Device—>|

Point-to-Point 1394 cable Port
Connection

Unused
Port

1394 cable L 1394 cable

Multi-Port Devices repeat all bus traffic on other ports*
All Devices see all packets

* provided the remote port can handle that packet speed - described later

1394 '
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Point-To-Point Connections

DATA __ 2wires

/7

STROBE __ 2wires

P

POWER __ 2wires

/7

>

Data fed serially using DATA and STROBE signals
POWER supplies 8-30 Volts (@1.5 Amp)

1394
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The Cable

Power wire
22AWG /0.87 diameter wires

60% braided shield over foil shield
(over signal pairs - 2X)

Signal pairs: (2X)
28 AWG/0.87 diameter twisted pairs

emm
(typ)

97% braided overall shield

0.70 thick PVC jacket

Fillers for roundness (if required)

Power wire
22AWG /0.87 diameter wires

1394
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The Standard 6 Pin Connector

Socket

Conductive Outer
— Housing

Spring Contacts Traces on Insertion Wafer
Pring Note Power Makes Contact First

» 1394
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4 Pin Connector

No Power Signals
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Sect 8: Physical



Data/Strobe Encoding

Data is sent via the DATA Signal encoded NRZ (Non-Return to Zero)
STROBE toggles whenever DATA doesn't

Data: i 0 1 1 0 0 0 1

DATA

STROBE

DATA XOR STROBE
(Delayed 1/2 bit time) ‘

\ Provides clock for recovering Data

1394
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Data ReCovery

Read Clock

DATA XOR STROBE
(Delayed)

Data: 1 0 1 1 0 0 0 1

nowledgeTek, | 1394 ' 8-10
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S100

S200

S400

rev5.41E  15.H.31

Clock Rates

98.304 Mbps + 100ppm
10.17 nSec bit time

196.608 Mbps = 100ppm
5.09 nSec bit time

393.216 Mbps = 100ppm
2.54 nSec bit time

1394
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Differential Signaling

8-12

me
Common Mode
Voltage
Vcm

S e IR U L R o L B 0 DLl (i

1394
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DS S RN S R S S

i

SRR SRR LT R LT e,

DATA and STROBE signals transmitted differentially

DATA
DATA*

owledge k, Inc.
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Differential Signal Levels

S100
Max Min

Transmitting End  265mV 172mV

Receiving End 260mV  142mV

(Data Transmission)

Receiving End
(Arbitration)

260mV 173mV

S200
Max Min

2656mV 172mV

260mV 132mV

262mV 171mV

1394

S400
Max Min

265mV 172mV

260mV 118mV

265mV 168mV

Sect 8: Physical
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Crossover Cable

Cable Signal Pairs called TPA and TPB (Twisted Pairs A & B
7 SRS VP (POWGI‘) e ————
V¢ (Ground)

7
///
/

TPA Transmits STROBE
Receives DATA

TPB Transmits DATA
Receives STROBE

Crossover eliminates need for separate
upstream/downstream connectors

Similar to Null-Modem cables

.. 1394
© KnowledgeTek, Inc. -
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Cable

Pin Pin

1 Power | — Power 1

2 Ground Ground 2

G Rise Ve 3 TPB* / TPB* 3
chpie ™4 TPB x / TPB 4
CoNngem® 5 TPA* —\/ TPA* 5
FPBT 6 TPA , / TPA 5

Maximum cable length - 4.5 meters
Note: signal names are the same on both ends
pins 3 and 4 on one end connect to pins 5 and 6 on the other end

1394
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Cable Characteristics

TPA & TPB  Differential Impedance 110Q + 6Q
TPA&TPB Common Mode Impedance (to VG)  33Q + 6Q

TPA & TPB  Cable Attenuation 2.3dB max @ 100MHz
3.2dB max @ 200MHz
5.8dB max @ 400MHz

VP & VG DC Resistance 0.333Q2 max

1394
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Port Basic Interface

2200, ’\‘C\f\fé“{\ 2’3{5\};
N \\‘%\\;\&%‘
2

.
hhh

0
3 R
RN

R
Qgﬁf§§%®&ﬁﬁ

TPBias sets Common Mode Voltage
Receiving End Terminated (Either Direction)
CMQOS Driver - 4mAmp

1394

©Know|edgeek, Inc. " ] 8-17
rev5.41E  15.H.31 \ Sect 8: Physical




Speed Sensing

Node A will transmit to Node B at:
S400 if packet is for Node B
S200 if packet is for Node C
S200 if packet is for Node D
S100 if packet is for Node E

Nodes must signal transmission speed at the beginning of each packet
Nodes do not forward packets that are faster than a receiving port’s speed

1394
© KnowledgeTek, Inc. 8-18
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Speed Sensing

Common Mode Voltage used to sense speed capabilities
TPA Port sets Common Mode Voltage through termination resistors

TPB Port pulls current out of node

S100 OmA  —
S200 3.5mA These values approximate

S400 9mA  —

TPA Port senses reduced Common Mode Voltage
S100 1.665V - 2.015V
- 8200 1.438V - 1.665V
S400 1.092V - 1.438V

Bi-Directional - Each Port knows neighbors speed
Don’t need to sense for faster than your own speed

© KnowledgeTek, Inc. -
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Speed Sensing

8-20
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Speed Sensing Example

TPA I“
S100 S400
Node Node
TPA* l”
Ll ,———' 1394

rev5.41E  15.H.31

1.8V Common Mode
1.2V Common Mode

1.8V Common Mode

1.2V Common Mode

Sect 8: Physical

- 21



TP Bias and Disconnect Sensing

//{/%f%f/%g//f‘ S 3 / %
. /

. oo
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/

APy

7 7//?/ % . '

Bi-directional Disconnect Sense

able istnfecke
onot

. G 1394
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Three Level Signaling

8-24

Vecm
Vecm

R R A L S L L5 P U e G g G

1394
Sect 8: Physical

PSRt S SRS SR £

R e, e

I A R A R R R R Mg ossselesseenss

>~-—

R e NG 5500 0 A 3 s o 0 G T

TPA
or
TPB
TPA*
or
TPB*

During Arbitration, a third signal level is used

wledg ék, Inc.
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Three Level Signals

<+—— +260mVmax

: A
TPA - TPA*
+168mV
or +89va
\ 4 7 o
TPB - TPB* A somy Vcm (/ﬁ?’ﬁ)/a’@fﬂﬂ/&” Vool
At Receiver . e
e Undefined

5 S

<«— -260mVmax

Drive Z signal by disabling transmitter driver
Detect Z by window comparison

1394
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Driving Three Level Signals

TPBias

TPA
or
TPB

TX

TPA*
or
TPB*

Enab

Signal TX Enab

0 0 1
1 1 1
Y4 X 0

1394

Sect 8: Physical
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Receiving Three Level Signals

' ~+128mV
POS POS NEG Meaning
- 550 False False Z
- ~128mV False True 0
o |
NEG True False 1
l True True Bad
To Rest
of
Transceiver
© KnowledgeTek, Inc. 1394 8-27
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1394 Port Transceiver
TPA Transceiver — Port x TPB Transceiver — Port y
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Transceiver Big Picture

sl Transceiver!
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Arbitration Signalin

Signal contained on both TPA & TPB

Both nodes drive both!
Both nodes receive both!
TPA Transceiver

TPA Transceiver

ARB A ARB A
Xmit Xmit

ARB A ARB A

Receive Receive

TPB Transceiver TPB Transceiver

ARB_B ARB B
Xmit Xmit

ARB B ARB B

Receive Receive

1394 8- 30
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Effect of Two Drivers

Arb A Arb B
Transmits Transmits Cable

N
N
N

-~ 24 4 00 O NN
~ OoON-= ON = O
-~ N=NOO = O

Z = Not driven

1394
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Arbitration Signaling Deduction

If | am And | He must have
sending see vn cab/& been sending

N
N
N

Z 0 0
Z 1 1
0 Z 1
0 0 OorZ
0 1 broke
1 Z 0
1 0 broke
1 1 1orZ

1394
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Arbitration Signal Encoding - Transmit

1394

Sect 8: Physical



© an!edgeTfek, Inc.
rev5.41E  15.H.31

Arbitration Si

gnal Encoding - Receive

Notice Cable Twist
Data Prefix Transmit: A

: Data Prefix Received: A
1394
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Bi-directional Signaling

Arbitration Signal Encoder chosen carefully
When both sides transmit - cable still has correct signal

Example

Transmit 0 Z Transmit
__§ 4__

Data Prefix 1 0 Request

Receive 0 1 Receive
«— —>

Data End 1 0 Data Prefix

This works. Data Prefix should nullify Request

_ . 1394
© KnowledgeTek, Inc. - 8-36
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Gap

Sending Packets

data prefix data end

1

Gap

Gap
Arb
Data Prefix

Packet
Data End

Bus is in Idle state (Send A=Z B=Z) varics in
Arbitration - covered in next section

Bus is in Data Prefix State (Send A=0 B=1)
Signals Data Coming
4 - 160 Tgg (40nSec - 1.63uSec)

Normal Data Encoding (Send A=STROBE B=DATA)

Bus is in Data End State (Send A=1 B=0)

Tgr = Base Rate Bit Time = 10 nSec

1394
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Asynchronous Subactions

data prefix dataend data prefix data end data prefix dataend data prefix data end

| Vol Vol

subaction ] _subaction \ ’ _l subaction
I | Iogrger I I
\V4 Vv
subaction 1; request subaction 2: response
\V4
Transaction

Ack Gap 4 Tgg (40 - 50 nSec)

SubAction Gap Defaults to 1036 Tg; (10uSec)

Can and should be set shorter

wledge ek, Inc. 1394 8-38
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Concatenated Asynchronous Subactions

data prefix dataend data prefix data prefix dataend data prefix data end

subaction / . 7 X » i \ subaction
gap ' : : gap

Vv V

subaction 1: request subaction 2: response

.. 1394
© KnowledgeTek, Inc. .
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Physical Review

Explain DS encoding

What are the defined speeds for 1394a - 20007?
Explain arbitration signaling

How is speed sensing done?

Explain connect detect and bias detect

S A

What does “differential” signaling mean?

1394

rev5.41E  15H.31 Sect 8: Physical
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Physical Notes
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Section 9

rbitras

1394

jon
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Subjects Covered

Normal arbitration

- Arbitration enhancements
Fairness
Priority register

1394
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Physical Topology

Device

Node ID

Nodes are numbered automatically during Configuration
Highest numbered node is the Root

l 1394
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Logical Topology

Root

Parent

Branch
3 Child

Leaf
Leaf - Only one connection
Branch - Two or more connected ports
Root - Leaf or branch with no parent
1394
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The Need For Arbitration

data end

Gap
Node O Node 2 Both
wants wants try to send

bus bus

Instead - Nodes go through Arbitration before transmitting

Arbitration grants permission to one Node
Loser waits and tries again at next gap

1394
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rev5.41E 15.H.31 Sect 9: Arbitration




Arbitration Strategy

Node must observe Idle for Sub-Action Gap Time

data end

Idle

\Can Arbitrate now
e

SubAction Gap Time
Set based on topology (section 12)

Node transmits Request to Parent

If Node Receives Grant

Node won Arbitration
Send Data Prefix and then Packet

If Node Receives Data Prefix
Node lost Arbitration
Remove Request

l 1394
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Arbitration Strategy

Multiport Nodes

Data Prefix from Parent
Request from Child

Grant from Parent

Root Node
First Request Wins

Pass it on to children

Echo Request to Parent

Send Data Prefix to other Children
Pass it on to Requester

1394

©® KnowledgeaTek, inc.
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Arbitration Example

1394 Cable
Each arrow indicates
Arbitration Signaling
Idle
f mads  Request
Grant
s (Grant
=== Data Prefix

Node 0 and Node 2 want to send a packet

i . 1394 9-8
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reS?,. 4? Eg‘: ;H.s?c Sect 9: Arbitration




Arbitration Exam

Idle
mede  Request
Srant Grant

Data Prefix

ple - Initia

© Knowledge Tek, Inc.
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| EE
o RO
=

Arbitration Example - Parents Act

Idle

R t .

Geq“fs aa Parents shut down other children
D:’:; orefin Noded4 Propagate Request upward

1394
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Beq,

Grant
| ]

Arbitration Example - Losers Remove Request
Idle

Request Node 3 sees Data Prefix from Parent
Grant Removes Request
Data Prefix Propagate Data Prefix to Requester

b

l 1394

©AKnowied e“fek, Inc. N 9-11
rev 5.4159 15.H.31 Sect 9: Arbitration



Arbitration Example - Losers Remove Request

Idle |
2d  Request
SE  Grant

Data Prefix

E

1394
© KnowledgeTek, Inc. 9-12
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Arbitration Example - Root Issues Grant

Idle
med Request
iant Grant

Data Prefix

1394
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Arbitration Example - Winner Issues Data Prefix
Idle

Request
mmmm Grant
Data Prefix

. | 1394
© Knowledge Tek, Inc.
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Arbitration Example - Roo

Idle
Request
Grant

Data Prefix

| EE
o RO
=

t Removes Grant

Data Prefix Everywhere
Ready For Packet

1394
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Fairness

Node closest to root would always win. Why?

Add Fairness:
Nodes Arbitrate after Sub-Action Gap only if enabled
When Node wins Arbitration, disable
(Other Nodes now win Arbitration)
Extra Long Gap (Arbitration Reset Gap) resets all Nodes
Concatenated Subaction does not disable

| 1394

Inc. — 9-16
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Bus Manager’s Role in Arbitration

Function residing on some node

May or may not be Root
pbslde

Builds topology andspeed-map of the bus
Computes worst case propagation times

Determines optimum timings
Data Prefix
Sub-Action Gap
Arbitration Reset

Sends timings throughout bus via PHY packet

1394
Sect 9: Arbitration
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PHY Configuration Packet Format

transmitted first

transmitted last

PID Phy Config Packet Identifier = 00b
T If set - all nodes set their Gap Count to the indicated value
gap_cnt  Gap Count Value to use if T=1

phy_ID  Node ID that is to set its Force_Root bit if R=1
Valid only if R=1)

R If set causes the indicated node to set its Force Root bit

1394
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Normal

Token

Fly-B )
(e}llmi}\,ﬁuf@ W"””/Zm)
tr paert—

ACK Accelerated

Types of Arbitration

Node Requests to use the bus

Node closest to root arbitrates and passes defined in 1394-1995
grant to it’s children. It will jump on with how obsolete
Fly-by arbitration. :

Permits a transmitted packet to be
concatenated to the end of a primary packet

of which no ACK is permitted. (P#, Ak, BRIAST, (500HrAREE
L py—oam't conafe nate

PHY can arbitrate immediately following an
observed ACK packet.
Savings = subaction gap time.

N ouns) -
gt ook |

1394

© KnowledgeTek, Inc.
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Arbitration Enhancements
ACK Accelerated Arbitration

Arbitrate after ACK, do not wait for subaction gap

Requires enable acceleration bit in Phy register=1

1394

Sect 9: Arbitration
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Arbitration Enhancements
Fly-by Arbitration

- Shall not use fly-by arbitration to concatenate an S100 packet
after any packet of higher speed

- Fly-by arbitration permits an asynchronous packet to be
concatenated to an ACK, or an isochronous packet to be
concatenated to a cycle start on another isochronous packet.

- Requires enable acceleration bit in Phy registers=1 for asynch
concatenation

- Disabled by Arbitration control until after

- arb reset gap
- cycle start packet

- 2 subaction gaps
1 1394

edgeTek, Inc. - -
rev 5.41 Eg 15.::’.31 Sect 9: Arbitration
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zxmb (i

Arbitration Enhancements: Fairness Budget Registers

2 bit
it ti times oo
18 bit times ————| €01t MeS, 51§ bit times

ADDR 218

Pri Max- Set by vendor to maximum number of requests node expects

Pri Reqg- Written by bus manager to set number of allowed priority requests
=0 Fairness as defined by 1394-1995
=0 Priority requests, in excess of fairness defined in 1394-1995

Transaction Codes Eligible peddif o) KT
Wyal/ 0 - Write request for data quadlet | per fairned= e
i ' 1 - Write request for data block
W”k Ik 4 - read request for data quadlet

;-
MWMM 4 D?Wmmmw 5 - Read request for data block

© KnowledgeTek, Inc.

Y 9 - Lock request
A - Stream data block

N
W' Applies to async subactions only
| Register to be written by bus manager only

1394
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1394 Arbitration Review

1. What signals are used for normal arbitration?

2. How does arbitration ensure isochronous gets priority
over asynchronous? |

3. What are the arbitration enhancements? How does each work?

1394

rev5.41E 15.H.31 : Sect 9: Arbitration
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1394 Arbitration Notes

l 1394
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‘Isochronous
Jperations
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Subjects Covered

Need for Isochronous

How it works

Interaction between Asynchronous and Isochronous
Cycle master node |

IRM

Applicable registers

Asynchronous streams

© KnowledgeTek, Inc.
rev5.41d 15.H.09 Sect 10: Isochronous Operations
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Asynchronous vs Isochronous

Asynchronous

Sender transmits data and receiver acknowledges receipt
If receipt was defective, then retry
Accuracy is critical, data must be delivered accurately
Used for financial, personnel data, etc.
Isochronous
Sender negotiates for bandwidth, is then guaranteed access to bus
Sender sends data on time regardless of errors
Time delivery is more critical than accuracy
Used for multimedia, movies, audio, etc.

Reduces size of buffer required in device usimpl Py lgson provtet b o8
No ACK, No retry edced (2mB bt o

l 1394
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Asynchronous Review

Translated means “not synchronized with time”
Guaranteed delivery
Acknowledged except broadcast

Used for data applications
accuracy more critical than timing

Retries OK

Arbitration  Request or Response packet  Acknowledgment

I data end I data end

data prefix

data prefix

1394
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Isochronous

Translated means “same/equal time”
Uniform in time, having equal duration
Just in time delivery system
Guaranteed timing
Recurring at regular intervals
Not acknowledged

timing more critical than accuracy
Never retry

Arbitration  Request or Response packet

data prefix

1394

data end
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How does Isochronous Work?

Every 125 uSec - A new cycle starts
Cycle Start Packet issued by Cycle Master (Root)
Isochronous Devices begin Arbitrating

Isochronous Devices win Arbitration
They don’t wait for a Sub-Action Gap

When all Isochronous Devices have transferred
Asynchronous nodes now see Sub-Action Gaps

Isochronous Cycle and Fairness Interval are independent "
e Al A

o o ol #—have 19

‘; 1394
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Isochronous Cycle

Isochronous
cycle packets

"

i .
® KnowledgeTek, Inc.
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b

Isochronous
gaps

125 usec

Asynchronous

Asynchronous acknowledgment
packets | packets cycle
i >< \ start

acknowledgment
aps
subaction gap arbitration
gaps reset gap
1394
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Cycle Start Packet Format

Indicates start of Isochronous Cycle
Places Cycle_Time_Data—> Cycle_Time_Register
(For each Isochronous capable node)

1394
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Cycle Start Packet Contents

Destination_ID
Source_ID
tl

tcode

pri

Cycle Time Register Address
Cycle Time Data

Always set to FFFFh

Node ID of Cycle Master (Root)
Transaction Label (set to 0)
Transaction Code (8 = Cycle Start)

Priority, for backplane environment
Set to Fh

Always set to FFFF FOO0 0200h

Time at transmission of packet

1394
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Example Isochronous Subactions

data prefix dataend data prefix dataend data prefix data end

I Y

isoch | : l
s \V4 \V4 | \Y4
channel x channel m channel q

e

1 .
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Example Concatenated Isochronous Subactions

data prefix data prefix data prefix data end

I

N V4 Vv
channel m channel n channel p

/ m”% - Mb/h{/l/f‘td ‘3%77 = |
5 fullong - e Ay by b el
2 falesss — combt 7 T » e
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Isochronous Data-Block Packet Format

Note that packet is different from the asynchronous packet format
Lok (& Teodt f@f’

1394
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Isochronous Data-Block Packet Contents

Data_Lehgth Number of data Bytes in packet

tag Isochronous Data Format Tag
Indicates Format of Data contents
Only 00 = unformatted defined
01 = Defined in IEC 61883

channel Used to logical connect transmitter & receiver
tcode = A Transaction Code (A = Isochronous Data)
sy Synchronization Code

(Application Specific)

1394
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Empty Isochronous Data Packets

/3‘75‘ Ohcart F re W}/O/"j/fs'?/ /Daok«f’/ﬁ;' P be W

: 1394
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Maximum Payload Size for
Asynchronous Packets with Data Block Payload

1394
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Channels

Transmitter and Receiver assigned same channel

Transmitter sends Isochronous Packet each Cycle
Packet indicates channel

Receiver listens to Isochronous Packets of correct Channel
No retry, flow control, etc. |

Broadcast - Zero or more Receivers
(Maybe no one listening)

| 1394
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Isochronous Nodes

Can transmit or receive Isochronous Packets
Uses Channel Number to identify data stream
Must have a free RMnning 24.576 MHz clock

Must implement a Cycle_Time Register
At CSR offset 0200h
Counts 24.576 MHz clock ticks

Must synchronize Cycle_Time Register to Cycle_Start Packets
Synchronization implementation dependent
Can’t ever go backwards!

Must implement Configuration ROM
Describe Isochronous Capabilities in Bus_Info_Block

1394

& . § .
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S Nk

" ;500[/15’07!
Cycle Time Register -
At Address NNNN FFFF FO00 0200h: | |
sord 5 Lo e /%w/z A & ycdt

write/read write/read

cycle_offset Counts 24.576 MHz clock ticks
Rolls over after 3071 (BFFh)
Synchronized to cycle_start offset

cycle_cnt Counts 125 uSec clock ticks (cycles)
Rolls over after 7999 (1F3Fh)

second_cnt Current time in seconds s
Colls weor affon 27 3¢ o ik ("
but (5 Kept frack q ot NNNN = Node ID

© KnowledgeTek, Inc. 1394 10-18
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Cycle Master

Sends Cycle Start Packets every 125 uySec

Always the Root Node
Must win Arbitration in order to send Cycle Starts on time

Implements the Cycle_Time Register
Uses the Cycle_Offset value in Cycle_Start Packets

Implements the Bus_Time Register

At CSR offset 0204h

Keeps universal bus time in seconds
Rolls over every 136 years

Set by the Bus Manager

Indicates Cycle Master Capable in Config ROM

1394
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Bus Time Register

Address NNNN FFFF FOOO 0204 h:

second_cnt_lo
second_cnt_hi

: > < >
write/read read only

The second_cnt field of the Cycle_Time Register
Counts overflows of Cycle_Time Register

NNNN = Node ID

1394
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Isochronous Resource Manager (IRM)

One node on bus provides the IRM

Highest numbered node with IRM capabilities
Not necessarily the Root

IRM provides registers to manage Isochronous Operations
Bandwidth_Available Register (offset 220h)
Channels_Available Registers (offset 224h) |

IRM provides location of Bus Manager
Bus_Manager_ID Register (offset 21Ch)

IRM has Bus Management Obligations (sect 11 & 12)

1394
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Bandwidth_Available Register

Address NNNN FFFF FOO0 0220h:

bw_remaining

MR 9uh apsadbims
Register for information only, no direct control

&q Phreoked b77 } RiVi

1394

Amount of Isochronous Bandwidth remaining
Measured in allocation units (au)

1 allocation unit = Quadiet time @ S1600
Mo,‘imfv(

Maximum Bandwidth (100 pSec) = 4915 au st sack by bws reset”

X . i ﬂﬂ
ﬂ/%‘g M s tor s 15N -/mm>fw/7 7
o e AP wAals 1E
F rot 11
st want
NNNN = Node ID
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Channels Available Register

Address NNNN FFFF FOO0 0224h:

X

@ owledTek, Inc.
rev5.41d 15.H.09

s : : on bus resb
Bit indicates corresponding channel available at] prts =l (or

1 = available
0 = owned, in use

Must be accessed through Lock (compare & swap)
Register for information only, no direct control

Channel 31 = default broadcast channel
(Automatically allocated by IRM)

NNNN = Node ID

1394
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Bus Manager ID Register

Address NNNN FFFF FO00 021Ch:

bmgr_id Bus Manager ID on resof = 2F
Node ID on this bus of Bus Manager

Must be accessed with a Lock (compare & swap)

NNNN = Node ID

i L 1394
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™y 00
Asynchronous Streams ;- 5% ™
X0
|< Isochronous Cycle >|
‘ !
Supdcho gap. ok
Asyncronous Stream
Aftes this (42p OM F g PacllJ(et
hae %quﬂ

Isochronous Format Packet
No physical address - Uses channel number

tcode = Ah R e
1 Quadiet Header 1o bwndwd g
No Acknowledge /

Transmitted during Asynchronous Time
Arbitration & Fairness

Uses Isochronous Hardware
Does not compete for ISOCH Bandwidth

| 1394
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Asynchronous Stream Packet

Format the same as for Isochronous packets

Maximum Data Length the same as for Asynchronous packets

1394
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Why Asynchronous Streams ?

Has Isochronous Advantages
Broadcast and Multicast
Channel Model - Easily Filtered

Does not consume Isochronous Bandwidth

: 1394
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Isochronous Operations Review

1. What is the benefit of Isochronous?
2. How does Isochronous get guaranteed bandwidth?
3. What defines Isochronous cycle?

4. What are the Isochronous resources?
How does an Isochronous owner get resources?

l 1394 10-28
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Isochronous Operations Notes

. 1394
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Isochronous Operations Notes

1394
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Subjects Covered

Resets
Tree ID
Self ID

. 1394
nowledgeTek, Inc. 11-2
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Physical Topology (Review)

Device

Numbering and Root determined during Configuration

1394
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Logical Topology (Review)

Root

Parent

Child

Leaf
Leaf - Only one connection
Branch - More than one connection
Root - Leaf or Branch with no Parent

1394

Sect 11: Configuration
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Configuration Process

Reset

!

Identifies Root

Numbers the nodes
Communicates speed info

Generates Cycle Start Packets
Prior Isochronous Transfers resume

Identifies which Node contains
Isochronous Resource Manager

Bus Management
Initialization

1394
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Higpaeor

iy TeA-TPe=|
for 16847

Resets

Power Reset
- Resets all CSRs to initial values
Reset Physical Layer (Phy)
Initiate a Bus Reset

Bus Reset

Arbitration Signaling

Senton: Change in Topology
000 Receipt of a Bus Reset
o

Power Reset

Command Reset
Does not reset Physical Layer (Phy)
Does not initiate Bus Reset
Initiated by writing to the Reset Start CSR

1394

® KnowledgeTek, Inc.
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Following Reset and Bus Initialization

Each Node knows which of its Ports are connected. How ?
Connect Zetect

Two categories of Nodes:
Leaf Only one Port connected
Branch More than one Port connected

Nodes do not know their ID
Root is unknown

| 1394
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rev5.41E 15.H.

Sect 11: Configuration

11 -



© KnowledgeTek, Inc.
rev5.41E 15.H.31

xample Topology

Unconnected Port

Connected Port

1394
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Tree Identify

Identifies Root

!

Bus Management
Initialization

1394
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Tree Identify Strategy

Leaf Nodes
Transmit Parent_Notify through only port
Wait to receive Child_Notify
Transmit Idle

Branch Nodes
Wait for Parent_Notify on ports
Return Child_Notify to those ports
Take that port off the list of possible parents
When only one port remains - That’s the Parent !
Transmit Parent_Notify to parent
Wait to receive Child_Notify
Transmit Idle

1394
owledgeTek, Inc. 39 11 -10

rev5.41E 15.H.31 Sect 11: Configuration




Tree ldentify Signaling

i

. 1394
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Tree Identify: Leaf’s Send Parent Notify

p Each leaf sends a
Parent_Notify signal
through its single
connected port

: 1394
© KnowledgeTek, Inc. 11-12
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Tree Identify: Parents Acknowledge Children

====p> Each parent acknowledges
the parent_notify signal by
returning a child_notify
signal

1394
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Tree Identify: Branches Notify Deduced Parents

BOTH branch nodes send
parent_notify signals to the
other at the same time.
This is a conflict because
they can not each be the
parent of the other...

So THEY wAIT

EACH A ARDIN
amowl T 00 TIMG -
o SO TN O

) 1394
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Tree Identify: Branch/Root Identification

» both branches withdraw their
parent notify signal and after
~arandom time, one will
reassert the signal.

L 1394
© KnowledgeTek, Inc. 11-15
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Tree Identify: Branch/Root Identification

P The other branch will respond
with child_notify. The branch
with no parents is the Root.

What can a Node do that wants to be Root ?

8 1394
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Tree Identify: Complete

All ports now know whether
they are talking to a child or
parent. Each node knows if
it is a leaf, branch or root. All
parent_notify and child_notify
signals have been withdrawn.

ROOT KNOWS I TI#
O

1394

Sect 11: Configuration

R© KnowledgeTek, Inc.
rev 5.41E 15.H.31

11-17



Self Identify

Reset

:

. Numbers the nodes
_____ - Communicates speed information

Bus Management
Initialization

. s 1394
© KnowledgeTek, Inc. 39 11-18
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Self Identify Strategy

All Nodes
Echo any Data Prefix from parent to children
Echo any Self-ID Packet to other ports
Waits for Grant from parent
Sends Grant to lowest numbered port (Data Prefix to others)
Echoes any Self-ID Packets to the other ports
When it receives ldent_Done, goes on to next port
Counts Self-ID Packets to determine next node 1D

- When there are no more ports, establishes Node ID

Sends Self-ID Packet to parent
Sends Ident_Done to parent

Root |
Same as above but issues first Grant
Doesn’t send Self-ID Packet to parent - Completes Self-ID

| 1394
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Self Identify Signaling

‘-I‘d_ém_Done' o | . [ oE to parent, self-ID done

® Knowledge Tek, Inc. 1394 11 -20
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Self-ID: Root Issues Grant To One Port

—--—--+ Root sends “grant” out its
lowest number port and
-------p “data prefix” out all others.

I_(f'[a_”f___! ; | VERY NIDE HPS

| e . ) ,
Data SELIF 1p ciuNTER

Prefix

Self-ID count =0 [

1394
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e Self-ID: Node 0 Sends Self-ID Packet

The node that received
the Grant either passes
it on to its children, if any,
or IDs itself and returns
Data_prefix followed by
the Self-ID packet.

=:=jp Each branch that received
a Data_prefix passes that
on to its children

Self-ID count =0

1394
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Self-ID Counter |

Each Node has a Self-ID Counter
Counts each new Self-ID observed

Can’t just count packets! (Self-ID can be multiple packets)
Value of Counter determines Node ID when Node Identifies itself
Who increments each Node’s Self_ID Counter ?

: | : ' 1394
edg . Inc. 11-23
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Self-ID: Node 0 Sends Ident_Done

===« When node and all its children
are identified, it sends
ident_done to its parent.

» Parent responds with
data_prefix. In this example
Root Port 1 is completed.

Self-ID count = 1

\ ) 1394
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Self-ID: Root Sends Grant To Second Port

=====3 The root now sends a
Grant out its next lowest
numbered port and a
data_prefix out all other
ports

1394
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Self-ID: Branch Sends Grant To Lowest Port

======9 The Branch will send
Grant out its lowest
child port and
data_prefix out all other

ports

Self-ID count = 1

1394
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Self-ID: Node 1 Sends Self-ID Packet

=== The |eaf that receives

the Grant has no children
so takes the

Self-ID count and

returns the Self-ID
packet, with a

data_prefix and data_end.

Self-ID count = 1 v irmimimimim ey

1394

Sect 11: Configuration
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Self-ID: Node 1 Sends Ident_Done

«==uuunsPp Following the self-ID
packets, the node will
send ident_done.

-=:=:=:3 The branch sends
data_prefix to the
newly identified

node

Self-ID count = 2

Ident_done
The self-ID
count
incremented
on data_end.
© KnowledgeTek, Inc. 1394 11 -28
rev5.41E 15.H.31

Sect 11: Configuration



Self-ID: Branch Sends Grant To Other Node

== The root issues a Grant
to its lowest, unidentified
port (again port 2) to its
child, who passes it to
its lowest unidentified
child port.

S IR gy &1 o

Self-ID count =2 I eeea==a; :

1394
© KnowledgeTek, Inc,
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Self-ID: Node 2 Sends Self-ID Packet

======3» The lowest node on the
tree to receive this

Grant will take the Self-ID
count

Self-ID count =2

1394
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Self-ID: Node 2 Sends Ident_Done

«exunnaPp After sending its self-ID
packet, the node will
send ident_done.

Each node

will increment its
self-ID count when it
sees data_end at the
end of the Self_ID
packet. |

Data_prefix

Self-ID count = 3

1394
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Self-ID: Finished

After all nodes have
taken a Node number
and passed their self-ID
packets to all other
nodes, the self-ID

l 1 step is finished.

KNMW  WHEN SEVF -(D
PROVESS @N‘?f/
BUs ces PRFE

SELF D%
PACKETS ARE

PHY PAKET=

Self-ID count=5 . l 1

Nodes can also know the Node ID of the Root. How ?
HIGHEST MIDE  OR SELF-1D (NT —)

1394
owledgeTek, Inc.
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Self-ID Packet Format
First Packet of Self-ID :

transmitted first

e

transmitted last

Packet #2 (if required) of Self-1D :

transmitted first

A transmitted last

. 1394
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Self-ID Packet Fields

SID Self-ID Packet Identifier = 10b
phy_ID Physical Node ID of packet originator
L ~ Link Active (1 = Link and Transaction active)
gap_cnt ~ Current value of the Phy gap count
sp Speed 00b =S100
~01b =S200

10b = S400

11b = Reserved for future expansion aay 23pts
. 1394-1995 Delay (00b = 144nsec) 'Wup e

1394-2000 Obsolete 4% = 2P

1394.1 Bridge
o 00b = Not a bridge
01b = unspecified
10b = Bridge - net topology unchanged
11b = Bridge - net topology changed

C Contender for Bus Manager or IRM
i Initiated Reset (it's my fault)
Vv m More Self-ID Packets (IF vMire PORTS)

- 1394
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Self-ID Packet Fields (continued)

po, ..., p15 Port Status 00b = Not Present
01b = Not Active, Disabled or Suspended
10b = Connected To Parent
11b = Connected To Chiid

pwr Power Class:
Power Node Power Phy Layer Link Layer
Code Power Supplied Power Power
000 None None None None
001 Self 15W

010 Self 30W
011 Self 45W

100 Bus/Self 3W None
101 Reserved
110 Bus 3W 3W

111 Bus 3W 7W

1394
© KnowledgeTek, Inc.
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| Cycle Master Starts

Reset

!

‘Generates Cycle Start Packets
Prior Isochronous Transfers resume

HeHesr Al pE- 1
pespe oF (RT)

!

Bus Management
Initialization

N 1394
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Cycle Master Starts

After Self-ldentify previous Cycle Master checks to see if it is Root
If it is not - Turns off

Root turns on Cycle Master
Starts issuing Cycle Start Packets

Cycle Time Register is NOT Reset
Transfers pick up where they left off
Devices should have 1 sec (reset & config time) of buffer

s 1394
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Isochronous Resource Manager Identified

Reset

!

Identifies which Node contains
Isochronous Resource Manager

Bus Management
Initialization

1394
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Isochronous Resource Manager (IRM) Identified

IRM is the highest number node with IRM Capabilities

IRM and other interested nodes monitor Self-ID Packets:

The last Self-ID Packet with the Contender Bit and link active set is the IRM

1394
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Configuration Review

1. Name and describe each of the three types of resets.

2. Define the signals and process of tree-ID.
3. Define the signals and process of self-ID.
4. Define selection of cycle master and IRM.

l 1394
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Configuration Notes

] 1394
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Section 12

Bus Management

1394
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Subjects Covered

Functions of:

Root
Cycle Master
IRM and Bus Manager

Gap Time determination

1394
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Bus Management

Logical functions that supervise and control bus operations
Usually implemented in software #iceer FoR ROV * cqCLE MASTER NN
Six standardized managers:

Root

Cycle Master

Isochronous Resource Manager (IRM)

Bus Manager

Power Manager (covered in section 14)

IP Manager (not covered in this course)
Each of these management functions implemented on a node

(Not necessarily the same node)

- 1394
geTek, Inc. 12-3
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Possible Bus Configuration

Root
Cycle Master
Bus Manager

Power Manager

IRM

IP Manager

1394
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Anoiher Possible Bus Configuration

SAME NODE

ROOt NOT NWWIU/
Cycle Master }

NOT NECESSARILY

) IRM SAME NIVE

IP Manager

)

\,(
(ws\t\}ﬁs .
SKN@ { Bus Manager

W L Power Manager
KeQuires
LTS OF INTRLLGENCE

1394

'
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Logical
Functions
Software)

Hardware
Functions

Node Capabilities

Bus Man‘ager‘ECép_éble

1394

Each level must be
capable of all lower
level functions

Sect 12: Configuration
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Hardware Level Node Capabilities

Repeater
All multiport nodes are repeaters
Repeat Packets onto other ports

Transaction
Active Link Layer (can be source and destination)
Must implement the following Registers:
State_Clear, State_Set, Node_IDs, Reset_Start, & Split_Timeout

— v
Isochronous 71 REAUIRED REGIRED (N SBP-2
Must implement Cycle_Time Register Wt CIST AppDrTTaT
Free RMnning 24.576 MHz clock (NeED  BSUWATIR © oR‘!ﬁ‘mQ

Configuration ROM in General ROM format

1394
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Cycle Master Capable

Bus Manager Capable

1394
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Cycle‘ Master - ~vo sagprrionae cosT Repioy

Additional Hardware Responsibilities

Isochronous Capable - implements Cycle_Time Register
Implement Bus_Time Register

Originate Cycle_Start Packets every 125 pysec (8 KHz)
Must be the Root Node

Additional Logical Function Responsibilities

KnowledgeTek, Inc.
rev 5.41d 15.H.09

Indicates Cycle Master Capable in Config ROM
Automatically starts if Root Node
Should monitor for too much Isochronous traffic and turn off

1394
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Root

Additional Hardware Responsibilities
Arbitration Resolution

Additional Logical Function Responsibilities
Initiates Self-ldentify after Tree-ldentify
Starts Cycle_Master

What if a Node without Cycle Master Capabilities ends up Root ?

1394
nowledgeTek, Inc. 39 12-10
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sochronous Resource Manager (IRM) Capable

1394

© KnowledgeTek, Inc. 12 - 11
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Isochronous Resource Manager

Additional Hardware Responsibilities
Implement Bus_Manager_ID Register
Implement Bandwidth_Available register
Implement Channels_Available register(s) 2 o7 TNV

Additional Logical Function Responsibilities

Recognize itself from Self_ID Packets
Verify received Self_ID Packets are good
Node IDs in order and the Check-Quadlets good
Issue a Bus Reset if not
Initialize Bus_Manager_ID to indicate none
If no Bus_Manager 625mSec after reset - assumes limited Bus_Manager role
Turns-on powered down links
Sets default Gap Timing
Implements No Cycle Master detection

1394
© KnowledgeTek, Inc. 12-12
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us Manager Capable

R Capable

\ f I 1394
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Bus Manager Selection

Occurs after Self-Identify process

Previous (before reset) Bus Manager
Sets its ID in the Bus_Manager_ID Register (in IRM)
Uses Lock Compare & Swap transaction
If it receives 3Fh - It is now Bus Manager

All other Bus Manager Capable nodes
Wait 125 mSec after reset
Set their IDs in the Bus_Manager_ID Register
Using Lock Compare & Swap transaction

Isochronous Resource Manager
Waits 625 mSec after reset
If no Bus Manager - declares itself to be a limited Bus Manager

1394
@ KnowledgeTek, Inc,
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Bus Manager

Additional Hardware Responsibilities
None

Additional Logical Function Responsibilities
Power on units whose link layer is off *
Builds Topology Map
Perform gap count optimization * If enough power is available
Performs power management
Detects absence of Cycle Master
Sets Force Root bit in a Cycle Master Capable node
Issues a Bus Reset

widt- &3 ¢ sende, i)

| 1394
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Bus Manager - Building The Topology Map ~

Used to determine Speed Map and Gap Timing

Self-ID Packets during Self Identify furnish the information

Node ID
Port Status for every port on that node ,
transmitted first rmanage” &~ f ¢
noos will ST A
A id PW
R
whioh (% o>
dd,(_ M ng se%v ]
transmitted last W)
Port Status Meaning
00 Unimplement port (no port)
01 Port not active
10 Connected to parent
1 Connected to child
© Knowledge Tek, Inc. 1394 12-16
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Building The Topology Map - Example Topology

= Connected to Parent
Connected to Child

O
I

1394
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Topology Map for Example Topology

s
VOV%MTE D

WIRLING  PACKWARDS FRIN ROIT (o wT NEXT WIGHEST ppeT = (1)

i v 1394
© KnowledgeTek, Inc.
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Reconstructing Topology from the Topology Map

Bottom Up Approach
Detailed in the 1394-1995 Specification Annex E
Look for Leaves (no children)
|dentify Branches above Leaves by their node numbering

Top Down Approach
Recursive Approach
Start with Root: Count = Root ID
Evaluate Node by: <
If this Node is a Leaf, evaluation of this node complete
Test each connected Port on this node from highest to lowest
Count = Count -1
This port connected to Node ID Count
Evaluate that Node
When all connected Ports tested, evaluation of this node complete

o o, | 1394 12 -19
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Reconstructing Topology

ROOT Count=3

. 1394
© KnowledgeTek, Inc. 12-20
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Reconstructing Topology

ROOT Count=2

L 1394
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econstructing Topology

ROOT Count = 1

1394
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Reconstructing Topology

ROOT Count=0

- . | 1394
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Bus Manager - Gap Timing

Cycle : Acknowledgment

Start / Gap

Isochronous \ Subaction / Arbitration Reset

Gaps Gaps Gap

What is the timing on each gap type?

@ 1394
© KnowledgeTek, Inc.
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Bus Manager - Gap Timing

Maximum of 16 hops:

Root just'sent a cycle start packet

Must wait sub-action gap time before next packet
Time for gap to propagate to Node A (16 hops)
Time for Node A to respond (40-50 nSec)

NOV%(;’; Time for request to propagate back to root (16 hops)
N7 ™ L
Hop delay time = Cable delay + Phy delay * /6745
Cable delay =5 nSec/m +4.5m = 22.7 nSec
Phy delay = Electronic repeater delay (see self-1D packet) Y ns

lb/f/wb nd t0 add tie 19 p%’(/ef/‘iﬁ‘
3 : B.d
Wromﬁw £ 1.8

I U 1394
© KnowledgeTek, Inc.
rev5.41d 15.H.09 Sect 12: Configuration



Optimizing Gap Timing

Use fewer hops (requires human planning)

Bus Manager optimizes gap timing based on cable topology
Computes maximum number of hops from Topology Map
If IRM acting as a limited Bus Manager: hops = 16
Sends PHY_Config Packet to configure all nodes
Issues a Bus_Reset to activate timing
Checks gap count in each node

1394
© KnowledgeTek, Inc. 39 12-26
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Setting Gap Timin

Base rate = 98.304 MHz

- 1394
© KnowledgeTek, Inc. 12 -27
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Setting Gap Timing

All times in
microseconds

‘ . 1394
© KnowledgeTék, Inc. 12 -28
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For Your Reference:

7 Node Bus Configuration
Example

1394
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Bus Configuration with Bus Manager and IRM

Configuration after Reset, Tree identify, Self-ID

Bus Manager is only device
that is Bus Manager capable

IRM is the device with the
highest Phy_ID and is IRM
capable

' | Bus Manager

Lo

]
%

,

: 1394
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Phy Packets

Configuration Packet

P

Ping Packet
Link On

S

G

i

12 - 31

1394
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Bus Configuration with Bus Manager and
Configuration after Phy_ID 6 Link layer is powered on

IRM

- 1394
@ KnowledgeTek, Inc. 39 12 -32
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us Configuration with Bus Manager and IRM
Configuration after Second Reset

IRM

Bus Manager

1394
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Bus Management Review

1. Name and define each management responsibility on the bus.

owledgeTek, Inc. 12-34
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Bus Management Notes

1394
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Bus Management Notes

1394
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' Subjects Covered

Phy duties and responsibilities
Link duties and responsibilities
Phy - Link communication

Phy registers

i S 1394
owledgeTek, Inc.
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1394 Protocol Stack

Isochronous

Channels

ver

Packet Rece

tter

Packet Transm

ion

itrat

Arb

Encode/Decode

Media Interface

=

1394
Implementat
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Phy Layer Functions

Implemented all in hardware

Serializes, deserializes data

Acts as repeater wt wyiTipeC P>

Drives cables (differential and common mode)

Detects speed, port connected, arbitration

Provides control and clock to Link

Generates PHY packets, checks validity of incoming PHY packets
Tree ID, Self ID

Implement PHY registers

i . 1394
© KnowledgeTek, inc.
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Link Layer Functions

Manage packets
Add headers
Generate and check CRC
Examine RX packets, ignore if not for this node or if bad
If packet is good, send ACK as directed by Transaction layer & As{NY

Current communication between Phy & Link = 50 MHz Akt |
Different complexity depending on functions - somenives, LNk 1> owor>. (% ULP
Recognize channels assighed by application
Detect ARB Reset Gap and ACK missing
Generates or detects the start of an Isochronous cycle
Communicate Transaction layer request for TX to PHY so

PHY can arbitrate

edgeTek, Inc.
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Transaction Layer Function

Implement split timeout and busy timeout registers
Implement ACK and Retry protocols

Handle the following inbound errors gﬂm @Vm@(l v
Request data error ias

0¥
Unsolicited response WV
Response format error
ACK missing

Response retry timeout

Form Read, Write or Lock transactions based on input from the
Bus Management or application
Set Transaction code

Does not manage Isochronous packets

1394
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Bus Management Functions

IRM |
Implement IRM registers
Verify Self-ID packets
Limited Bus Manager function

Bus Manager
Power management
Speed and Topology maps

Detect errors
Exceed maximum occupancy
Cycle too long (detected by cycle Master in 1394a)
Duplicate Channel Detected (detected by talker on a given channel)
Unknown Transaction code detected
etc (see 1394-1995 8.2.3)

Implement CSRs and Configuration ROM
Implement Cycle Master, IRM and Bus Manager state machines

— 1394

edek, Inc.
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Standard Link/Phy Connection

Data [0:n] ‘ TPA
Control [0:1]
LReq TPB
SCLK
LPS
Link on
Clk 25 | Backplane
/
KW O Direct Direct
, @ﬂﬁ%@ ‘4\‘, . \1
N N Electrical Power (&H0Y,
D Isolation
1394
@ KnowledgeTek, Inc. 13-8
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Standardized Link/Phy Connection Definitions

Data  [0:1]for S100 Speed frozen at 50 MHz
[0:3] for S200 Move more bits to go faster
[0:7] for S400 __

Control Defines the meaning of the data lines

LReq Serial command to the Phy

SCLK 49.152 MHz clock

LPS Link power status, defined in 1394a
Backplane Set high if PHY is connected to backplane
CLK25 Set high to notify link to use 24.565 MHz
Link On Commands Link to Power On

Direct Indicates Link and Phy are directly connected

1394
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Control [0:1]
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LREQ

Requests from Link to the Phy

Request Formats
Bus Request for Cable Environment (8 bit)
Bus Request for Backplane Environment (11 bit)
Register Read Request (9 bit)
Register Writes Request (17 bit)

1394
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LREQ - Bus Requests
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LREQ - Arbitration Control Request
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LREQ - Register Requests

Register read request
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Note: Always follow a LReq with 2 stop bits, not just one
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Request Types
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Status
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Note: Bits 4:15 are transferred only in response to a register read
request or to transfer the PHY’s new physical ID after a bus reset

Note: Status is transferred across D[0:1]

J