















































Destination Address Field

The hardware compares the contents of the 32-bit destination address field with the node ad-
dress of the target. Briefly, a node receives a message if the destination address field matches
its node address, or if the broadcast bit in the type field (described next) is set in the packet
header. Apollo token ring protocols do not support “grouped” addresses.

Type Field

The type field determines whether a node receives or ignores a message; our operating system
modifies the type field to control the flow of information to each receiver. Such software con-
trol enables nodes to selectively discard or ignore messages at the hardware level, effectively
enhancing ring performance.

When the broadcast bit is set in the type field, the bits in the destination address field are free
for beaconing. (Beaconing occurs when our operating system, using information at the physi-
cal layer, determines that the cable upstream from a node may be broken.) Figure 2-6 shows
and describes the type field.

Reserved for Future Use Type Field

Broadcast <7>

This bit indicates that a packet is intended for

broadcast (to all receivers). If it Is set, receivers

lhgnoge the destination address field in the packet
eader.

Currently, our operating system uses the remaining bits in the Type Field
like this:

Hardware Diagnostics <6>
This bit is used for diagnostics only.

Thank You <5>

This bit is set to indicate that the packet Is a reply
(i.e., a response from another node).

Please <4>

This bit' is set to indicate that the packet is a request
(i.e., a packet’s originator is asking for service from
the target node).

Paging <3>

This bit is set on page-outs and protocol
changes.

User <2>

This bit indicates that the packet is being
used for interprocess communications
(rather than for the operating system).

Software Diagnostics <1>

This bit identifies packets used for
network monitoring and maintenance.

Figure 2-6. Type Field
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Early Acknowledge Field

A node’s ring transmitter inserts an early acknowledge field; another node’s receiver modifies
it. The CRC doesn’t have to be recalculated each time a receiver modifies the early acknowl-
edge field because ring hardware treats this field as a string of Zeros in its CRC calculation.
Figure 2-7 shows and describes the early acknowledge field.
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intend-to-Copy <3>
An addressed receiver sets
this bit.

Parity <1>

This bit is used for odd garlty. When it is
set, an odd number of Ones appears in
the frame's early acknowledge field.

Figure 2-7. Early Acknowledge Field

Source Address Field

The 32-bit source address field contains the node address of the node that originated the
frame.

Header Data

The header data field can vary in size from 0 to 1012 bytes, but it must always consist of an
even number of bytes. Software determines the contents of this field. It can include routing
and other types of information.

2.2.2.3 Packet Data Sequence

The packet data sequence contains packet data and a separator character. The packet data are described
here. For more information about the separator character, refer to subsection 2.2.1.

The packet data field can vary in size from 0 to 4096 bytes, but it must always consist of an even number
of bytes. Typically, packet data consists of 1024 bytes. The controller may abort transmitting the packet
data field after any even byte, if it encounters an error, or if it determines (by checking the early acknowl-
edge field) that its packet is not being copied by another node. Whenever a packet is aborted, the trans-
mitter sets the error bit in the late acknowledge field. For more information about the late acknowledge
field, refer to subsection 2.2.2.5.

2.2.2.4 Frame Check Sequence

The frame check sequence contains a cyclic redundancy field and a null separator. The cyclic redun-
dancy field is described here. For more information about the null separator, refer to subsection 2.2.1.

The 32-bit cyclic redundancy check is initialized to zero and based on the following generator polynomial:
gX) = (X2 + 1)(XM + X2 + 1).
The sender transmits the CRC most-significant bit first. The receiver calculates the CRC to include the

packet header and data sequences, and the separators (treating the early acknowledge field as “Zeros,”
and ignoring those bits added during the bit-stuffing process).
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2.2.2.5 End-of-Frame Sequence

The end-of-frame sequence contains the late acknowledge field. This field tells the sending node
whether or not the frame has been received and the packet has been copied. The transmitter inserts a

late acknowledge field; the receiver modifies it.

field.
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Figure 2-8 shows and describes the late acknowledge

Copied <6>

A recelver that has successfully
copied the packet (without errors)
sets this bit.

Wait Ack <5>

An addressed recelver that
wasn’t enabled to copy the
packet sets this bit.

Intend-to-Copy <3>

An addressed receiver that

is set up to copy the packet
(and whose type field matches)
sets this bit.

Error <2>

A station that observes an error in the
packet going bx sets this bit. Alternatively,
ahltrabr:smitter that aborts the send sets
this bit.

Parity <1>

This bit is used for odd parity. When it is
set, an odd number of Ones appears in
the frame’s late acknowledge fleld.

Figure 2-8. Late Acknowledge Field
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Chapter 3

Physical Layer

3.1 Introduction

Data travels over the Apollo token ring at 12 Mb per second. Typically, we use 75-ohm, CATV-type co-
axial cable to carry the serial bit stream from node to node, but users can choose alternate media types
(fiber-optic cable, for example).

The Apollo token ring is “continuously synchronous.” In a continuously synchronous network, all of the
nodes participate in maintaining clock and bit synchronization with one another; each node is responsible
for making minor frequency adjustments and for regulating its own rate of data transmission (no “master”
node exists).

Figure 3-1 shows a functional block diagram of the Apollo token ring controller, representing the major
components visible to protocols at the physical layer. The sections that follow Figure 3-1 provide a de-
tailed description of Apollo token ring protocols at the physical layer.
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Figure 3-1. Apollo Token Ring Controller Functional Block Diagram
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3.2 Data Stream

Nodes in the Apollo token ring transceive. This means that they receive data in, and then immediately
send it out (alternatively, they strip it from the ring). For more information about transceiving, refer to

Section 1.1. For more information about stripping, refer to Section 2.1.

When transmitting, each node uses the 24-MHz clock generated by its transmit phase-lock loop to en-
code an NRZ (non-return-to-zero) signal into a bi-phase waveform containing clock and data. When
receiving, each node uses the 24-MHz clock generated by its receive phase~lock loop to servo around —
and track the transitions contained within — the bi-phase waveform. This enables each node to recover
the bi-phase signal and then to accurately decode clock and data information from within it.

In the time it takes to transmit one bit (this is a bit cell, or 83.33 nsec), two windows exist: the clock win-
dow and the data window. In each clock window, a transition (i.e., a clock signal) must always be present
or a bi-phase error will occur and the corresponding data will be interpreted as having a bit value of Zero.
In each data window, transitions {or the lack of them) signal bit values. A transition within the data win-
dow indicates a bit value of One; no transition within the data window signals a bit value of Zero.

Figure 3-2 shows an NRZ data stream before and after bi~phase demodulation takes place.

An NRZ data stream. It is
encoded with clock and data
information during bi-phase
modaulation.

Once encoded, the bi-phase
stream can look like either of
these waveforms.

The clock signal — generated
by the receive phase-lock loop
during bi-phase demodulation
— appears here in gray.

The bracket shows a bit cell (83.33 nsec).
Each bit cell contains two windows: a
c(z-l%:"'() window (“C”) and a data window

Figure 3-2. NRZ Data Stream Before arrd After Bi-Phase Demodulation
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3.3 Network Stability

In order for a ring to be stable (i.e., to maintain clock and bit synchronization), the total delay around the
network must be exactly an integral — rather than a fractional — number of bit-times.

Under normal circumstances, delay always exists in the ring. Such delay can be caused by static elements
(for example, cable plant and connected nodes) and by dynamic conditions (for example, electrical dis-
tortion).

Each node in the Apollo token ring uses its receive and transmit phase-lock loops and an elastic-store
buffer to ensure that the total amount of delay within the ring will be an integral number of bit-times. For
more information about phase~lock loops and the elastic-store buffer, refer to subsections 3.3.1 and
3.3.2.

3.3.1 Phase-Lock Loops

Phase-lock loops are the means by which the network is kept continuously synchronous. Each node in
the ring contains one receive and one transmit phase-lock loop. Since receive phase-lock loops can track
over a greater range of frequencies and adjust faster than transmit phase-lock loops, a node’s receive
phase-lock loop will always be synchronized to the preceding node’s transmit phase—lock loop.

In steady state, a node’s receive phase-lock loop locks to the frequency and phase of the incoming (re-
ceived) bi-phase data. A node’s transmit phase-lock loop tracks the frequency of the receive phase-lock
loop, but the relationship between a node’s receive and transmit phase-lock loops may include a phase
offset, and always includes some phase jitter.

Phase offset is proportional to the deviation of the received frequency from the transmit phase-lock loop’s
nominal center frequency (i.e., 24 MHz). Phase offset is at its minimum value (0.5 bit-times or less) at
24 MHz -3 kHz. It increases linearly to its maximum value (1.5 bit-times or more) at 24 MHz +3 kHz.

In the Apollo token ring, the phase offset between the transmit and receive phase-lock loops allows the
network to achieve stability (i.e., an integral number of bit-times) without changes in frequency greater
than 13 kHz from nominal center. Because the transmit phase-lock loop tracks the receive phase-lock
loop with a damped response, most phase jitter never propagates to the next node. Because the transmit
phase-lock loop’s phase gain is always less than one, stability around the network is ensured.

In steady state, all nodes in the Apollo token ring settle at the same frequency (i.e., within 3 kHz of
24 MHz, the nominal center frequency). Each node uses a circular buffer, or FIFO (the elastic-store
buffer, described next) to insert some fractional bit delay into the serial bit stream, thus keeping ring
length an integer number of bits.

3.3.2 Elastic-Store Buffer

The elastic-store buffer introduces a variable delay into the NRZ serial data stream. Essentially, the elas-
tic-store buffer holds the phase offset between each node’s transmit and receive phase-lock loops.

Nominally, when a node’s transmit and receive phase-lock loops are in phase, the elastic-store buffer in-
troduces a 1-bit delay. When the phase offset between a node’s transmit and receive phase-lock loops
exceeds the range of the elastic-store buffer (0.5 bits < ESB delay <1.5 bits) — i.e., when frequency ex-
cursions greater than *3 kHz occur — elastic-store buffer errors occur.

Specifically, an elastic-store buffer underflow will occur if a node’s transmit and receive phase-lock loops
are out-of-phase by 0.5 bit-times or less. An overflow will occur if a node’s transmit and receive phase-
lock loops are out-of-phase by 1.5 bit-times or more. Under these circumstances, the network is forced
to re—initialize at a new operating frequency (24 MHz).
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3.4 Signal Characteristics

The coaxial driver’s output signal is band-limited with a cutoff frequency of 18 MHz. Transmitted signal
power is 18 dBm into 75 ohms (typically, 2.5 V peak-to-peak). The coaxial receiver has a —-20 dBm
minimum sensitivity, based upon this transmitted signal over a maximum cable length of 1 km between
nodes.

For additional information about signal characteristics and coaxial cable for the Apollo token ring, see
Appendix A.

3.5 Passive Network Bypass

When powered off or under command of the controller, relays connect a node’s input coaxial cable to its
output coaxial cable. At the same time, these relays connect the node’s transmit output to its receive in-
put. This allows the network to bypass a disconnected node, and enables the node to perform loopback
self-tests. The passive network bypass connection provides an insertion loss of < 1 dB in the signal band.
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Appendix A

Coaxial Driver and Receiver

This appendix describes the coaxial line driver and receiver. It also contains brief specifications for
Apollo token ring coaxial cable, and provides pointers so that you can easily find additional information
about it.

A.1 Coaxial Driver

The coaxial driver pre-equalizer is a fourth-order Bessel low-pass filter with a cutoff frequency of ap-
proximately 18 MHz. The transmitted output power is approximately +18 dBm into 75 ohms. Figure
A-1 shows a typical voltage waveform.

Volts
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Figure A-1. Typical Voltage Waveform
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A.2 Coaxial Receiver

The coaxial receiver provides for line isolation, equalization, amplification, and logic-level conversion of
the incoming network signal. The nominal input impedance of this receiver is 75 ohms.

An RF transformer is used for line isolation. The line equalizer/amplifier compensates for intersymbol in-
terference and provides approximately 30 dB of gain in the signal band. The received signal is converted
to logic levels suitable for use in the bi-phase demodulator and remaining physical layer circuitry.

A.3 Coaxial Cable

Although it is beyond the scope of this document to provide complete cable specifications, we provide an
abbreviated set of them in Table A-1. For additional information about using coaxial cable in the Apollo
token ring, see Installing Coaxial Cable and Accessories for a Domain Token Ring Network (009860) and
Planning Domain Networks and Internets (009916).

Table A-1. Apollo Token Ring Coaxial Cable Specifications

Characteristic

Spgcification

Operating Voltage
Delay

Conductor
Conductor Resistance

Shield Resistance

30 volts rms minimum

1.3 nsec/ft maximum

18 AWG solid copper

7.5 ohms/304.8 m (1000 ft) maximum
5.2 ohms/304.8 m (1000 ft) maximum

Impedance 75 ohms
Capacitance 17.3 pF/ft
Velocity of Propagation 78%
Attenuation MH:z dB Loss/30.5 m (100 ft)

10 0.70 (+/-0.10)

50 1.40 (+/-0.10)

100 2.10 (+/-0.10)
Jacket Material PVC TEFLON-FEP

Outside Diameter
(Jacket)

Temperature Range

Conductor Diameter

Dielectric

Outside Diameter
(Dielectric)

Shield Tape

Shield Braid

6.86 £+/-0.25g mm
0.27 (+/-0.01

10°to 60° C
(14°t0 140°F)

6.38 €+/—0.25 mm
in. 0.25 (+/-0.01) in.

60°to 200°C
(-76°to 394°F)

0.00091 to 0.01016 mm 0.01016 mm
(0.036 to 0.040 in. — 18 AWG)| (0.014 in. — 18 AWG)

Foam TEFLON
45.7 mm (0.180 in.)

Cellular Foam Polyethylene
45.7 mm (0.180 in.)

Aluminum/Mylar

Aluminum/Mylar
100% coverage

100% coverage

Tinned Copper

Tinned Copper
60% coverage minimum

60% coverage minimum

Coaxial Driver and Receiver




Reader’s Response

Please take a few minutes to send us the information we need to revise and improve our manuals from
your point of view.

Document Title: Apollo Token Ring Media Access Control Layer and Physical Layer Protocols
Order No.: 010005 Revision: 00 Date of Publication: October, 1987

What type of user are you?
System programmer; language
Applications programmer; language

____ System maintenance person _____ Manager/Professional
__ System Administrator _____ Technical Professional
___ Student Programmer __ Novice

_____ Other

How often do you use the Domain system?

What parts of the manual are especially useful for the job you are doing?

What additional information would you like the manual to include?

Please list any errors, omissions, or problem areas in the manual. (Identify errors by page, section, figure,
or table number wherever possible. Specify additional index entries.)

Your Name Date

Organization

Street Address

City State Zip

No postage necessary if mailed in the U.S.
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