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Figure 8-8. Read Cycle with Bus Error
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NOTE: The above occurs when the TBC requires the bus cycle after a previous exception.

Figure 8-9. BR After Previous Exception
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Figure 8-10. Short Exception Cycle
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Figure 8-11. Clock, CLK
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Figure 8-12. TBC Serial Data (RXD and TXD) and Serial Clocks (RCLK and TCLK)
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SECTION 9

ORDERING INFORMATION AND MECHANICAL DATA

This section contains the pin assignments and package dimensions for the PGA (pin grid array)
for the MC68824RC and for the PLCC (MC68824FN). In addition, detailed information is provided
to be used as a guide when ordering.

9.1 PACKAGE TYPES

Suffix
RC

FN

Package Type

Pin Grid Array (PGA)
Ceramic

Plastic Leaded Chip Carrier

Comments

Depopulated Center Pins
Gold Lead Finish
No Standoffs

Suitable for Socketing or
Surface Mounting

9.2 STANDARD ORDERING INFORMATION

Package
Type
Pin Grid Array
RC Suffix

Pin Grid Array
IRC Suffix

Plastic Lead
Chip Carrier
FN Suffix

Serial
Range

1 MHz to 10 MHz

1 MHz to 12.56 MHz
5 MHz to 16.67 MHz
10 kHz to 10 MHz
10 kHz to 12.5 MHz

1 MHz to 10 MHz
1 MHz to 12.5 MHz
5 MHz to 16.67 MHz

1 MHz to 10 MHz
1 MHz to 12.5 MHz
10 kHz to 10 MHz
10 kHz to 12.5 MHz

MC68824 USER'S MANUAL

System Temperature Ordering -
Frequency Range Designation
10.0 MHz 0°C to 70°C MC68824RC10
12.5 MHz 0°C to 70°C MC68824RC12
16.67 MHz 0°C to 70°C MC68824RC16
10 MHz 0°C to 70°C MC68824RC10S n
12.5 MHz 0°C to 70°C MC68824RC12S
10.0 MHz 0°C to 85°C MC68824IRC10
12.5 MHz 0°C to 85°C MC68824IRC12
16.67 MHz 0°C to 85°C MC68824IRC16
10.0 MHz 0°C to 70°C MC68824FN10
12.5 MHz 0°C to 70°C MC68824FN12
10 MHz 0°C to 70°C MC68824FN10S
12.5 MHz 0°C to 70°C MC68824FN12S
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9.3 PIN ASSIGNMENTS
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9.4 PACKAGE DIMENSIONS

FN SUFFIX
CASE 780-01
PLASTIC LEADED
CHIP CARRIER
_..I l._@ Y BRK —B [#]0180001 ® [T[NO-PO[LO-NO)]
/— feo —U [#[0181000m ® [T|NO-PO[LO-MO)
b 1 NOTE 1
o4 —l—@ —
=R .
r— ACTUA ¥ [—w
0
l [e)
(NOTE 1)04:7_’ LEj } f—o
m P/ — G1
Baldas [#[o5000® [T[NOPO[LONO)
A (408000 ® [T[LOMO[NG-PB]  viewp-d
— l‘\z
R +[01810001 ® [T[LO-MO[NG-PO)
[ R [#]01810001 @ [T[LOMO[NG+ O] M o000 ® TN Gr0 o
S -
il || K1

!
c
T "‘GL:&\\Lf %02'(‘?‘:4')‘-‘"‘ __,J L_F +/01800000 ® [T|LO-MOING-PO

(NOTE 1)
DETAIL § DETAIL § 401810007 ® [T[NOPO[LO-MO

61
[#[ozs0000 [T[LO-MO[NG+0)]

MILUMETERS
MIN | MAX

30.10 | 3035 | 1185 | 1.195 NOTES:

30.10 | 3035 | 1.185 | 1.195 1. DUE TO SPACE LIMITATION, CASE
420 | 457 | 0165 | 0.180 780-01 SHALL BE REPRESENTED
229 | 279 | 00% | 0.110 BY A GENERAL (SMALLER) CASE
033 | 048 | 0013 | 0019 OUTLINE DRAWING RATHER THAN

1.27 85C 0.050 BSC SHOWING ALL 84 LEADS.
066 | 081 | 0026 | 0032 2. DATUMS -L-, -M-, -N-, AND -P- DETERMINED
0.51 - 0.020 - WHERE TOP OF LEAD SHOULDER EXIT PLASTIC
064 - 0.025 = BODY AT MOLD PARTING LINE.

2921 | 2936 | 1.150 [ 1.1 DIM G, TRUE POSITION TO BE MEASURED AT
2021 | 2936 | 1.150 | 1.156 DATUM -T-, SEATING PLANE.
107 121 | 0042 | 0.048 DIM R AND U DO NOT INCLUDE MOLD

w

-~

107 121 | 0042 | 0048 PROTRUSION. ALLOWABLE MOLD PROTRUSION
1.07 142 | 0042 | 0056 15 0.25 (0.010) PER SIDE.
- 0.50 - 0.020 5. DIMENSIONING AND TOLERANCING PER ANSI
Yl 10° 2 10° | Y145M, 1982,

2820 | 2870 | 1110 | 1130 6. CONTROLLING DIMENSION: INCH.

1.02 - 0.040 -
2 10° 2 10°

§§9~<xs<cxxszommaw>lg
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RC SUFFIX — |G l—
CASE 793-02 K
PIN GRID ARRAY

é N Kb@@@@@@@¢9 i
lcXoXelolcxoyerelons,
’ HEPPPEPEPOEO® f
. ] FONOXO) (OJONO]
A Fle@® ®O®
E|@O® O OJOXO)
b|®@O®® ©O®
clePPPEPEO®O®®
- | |oeccccceee
L _‘I:. A\@@@@@@@@@@)
DO 1 2 3 45 6 7 89 10
PIN A1 L
- B > —» C
NOTES:
1. DIMENSIONS A AND B ARE DATUMS AND T IS
A DATUM SURFACE.

2. POSITIONAL TOLERANCE FOR LEADS: (84 PL)
[4]40.13{0005) O] T[A® [BO |
3. DIMENSIONING AND TOLERANCING PER

Y14.5M, 1982. |
4. CONTROLLING DIMENSION: INCH. \
MILLIMETERS INCHES
u DIM | MIN | MAX | MIN | max
A | — | 2743 — 11080
B | — [2143] — | 1.080
c | 203 | 267 | 0080 [ 0.105
D | 043 | 061 | 0017 | 0024
G 2,54 BSC 0.100 BSC
K | 356 | 495 | 0.140 [ 0.195
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APPENDIX A
IEEE 802.4 OPERATION

The IEEE 802.4 token bus standard defines a broadcast protocol where all stations on the network
hear everything (or a portion of everything) that is transmitted. While the station holds the token,
it has the right to transmit. All stations on the network do not have to be involved in token passing.
There may be stations that just “listen’’ or stations that only respond to special re-
quest_with_response frames. Every station has the capability to detect and correct network error
conditions such as multiple tokens or lost tokens. This means that no special “monitor’ stations
are required.

A.1 FUNCTIONS

The non-error condition functions of the token bus medium access control layer are to maintain
steady state operation by passing the token, establish a logical ring on initialization, and allow
stations to enter and leave the logical ring without disrupting the network. The error related
functions are to recover from multiple tokens, lost tokens, token pass failures, non-operating
receivers and transmitters, and duplicate station addresses. Explanation of error related functions
are not presented here. Descriptions may be found in the IEEE 802.4 standard.

A.2 STEADY STATE OPERATION
TERMS

This Station (TS)
The address of the station that the discussion is in reference to

Previous Station (PS)
The address of the station that TS gets the token from

Next Station (NS)
The address of the station that TS passes the token to

During steady state operation, the token is passed from the highest addressed station in the
network to the next highest addressed station, in descending order of address to the lowest
addressed station, then back to the highest addressed station. This circular passing of the token
forms a logical ring. Each station knows its previous station (PS), its next station (NS), and its
own station address referred to as this station (TS). PS and NS are dynamically determined by
the token bus protocol. Each station is allowed to hold the token for a user programmed amount
of time. The addition of all the maximum amounts of time each station may hold the token plus
the propagation delay equals the maximum token rotation time. The maximum token rotation
time is a measure of the worst case time between each station’s opportunity to transmit.

MC68824 USER'S MANUAL MOTOROLA
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A.3 INITIALIZATION
TERMS

Slot Time
A measurement of time consistent throughout the network which is defined as the maximum
amount of time any station need wait for an immediate response from another station. It is
primarily dependent on the worst case station delay in the network. The mathematical formula
is given in 2.1.24 Slot Time.

Bus Idle (Inactivity) Timer
A timer within the Token Bus Controller MAC that determines how long the station will listen
to silence before trying to initialize the logical ring. This timer is set at seven slot times unless
it is the lowest addressed station when it is set to six slot times.

“Claim.-Token” Control Frame
Control frame sent to initialize the logical ring. Any station that has not heard anything on
the bus for a specified time (the inactivity timer expired), will send a “claim-token” frame
to start the initialization sequence. A “claim-token” frame has a data field length of zero,
two, four, or eight slot times, depending on the address of the station.

Initialization of the logical ring is a special case of adding new stations. One station on the network
will claim the token and the algorithm is set up such that the station who claims the token is the
highest addressed station. Each active station on the network monitors the medium. If nothing
happens for a specified length of time, that station’s bus-idle (inactivity) timer times out. When
the bus-idle timer expires, the station sends a “claim—token” control frame. The length of the
"claim-token” frame information field is in multiples of slot time (zero, two, four, or six) and is
determined (the first time) by the two most significant bits in the station’s address. Having different
lengths of the “claim-token” frames is done in anticipation that more than one station will attempt
to establish the logical ring at the same time. After a station sends a “‘claim-token’’ frame, the
station waits one slot time for its transmission to die out, then samples the cable. If the station
hears non-silence, it knows that a station with a higher address is also attempting to establish a
logical ring, so the lower addressed station (TS) defers initialization to the higher addressed station.
If the station heard silence, it sends another *“claim_token” frame with the next two significant
bits of its address determining the length of transmission. When ali the address bits have been
used in the above manner plus one more claim token frame whose length is determined by two
random bits and silence is still sensed, the station has won the initialization sequence and now
holds the token. The logical ring is built from here by adding new stations as described in the
following paragraphs.

A.4 PASSING THE TOKEN
TERMS

“Token” Control Frame
A bit pattern used to determine when a station can transmit

“Who_Follows" Control Frame v
Control frame used to determine who the station is that is the successor to this station’s NS,
which is contained in the data field of the frame. A “‘who-follows" frame is used to skip over
a non-working station to delete it from the logical ring. After this frame is sent, the sending
station waits three slot times for a response. An appropriate response is a ‘‘set-successor”
frame.

MOTOROLA MC68824 USER'S MANUAL
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“Set-Successor’’ Control Frame
Control frame which tells the requesting station who its successor should be. It is an appro-
priate response to any ““who-follows” or “’solicit-successor’” control frame. lts destination
address is equal to the source address of the last frame received. Its data unit is equal to the
station’s NS or TS.

“Solicit-Successor-2" Control Frame
Used to allow stations to enter the logical ring if it is the lowest addressed station in the
network. Also, it is used to allow any station to respond when the station does not know the
state of the network. Two response windows always follow this frame.

A station passes the token by encoding it in the MAC frame control field of a frame addressed to
its successor. After the token is sent, the station listens to the medium to make sure the token
pass has been completed successfully. If the sending station hears a valid frame, it assumes its
successor has received the token correctly and is transmitting. If the sending station hears an
invalid frame, it will wait and listen for up to four slot times. If anything is heard during those
four slot times, the sending station assumes its successor has the token and is operating correctly.
If, in those four slot times, the sending station still does not hear anything, it assumes it was the
garbled token frame that it heard. The sending station will repeat the token pass once and listen
to the medium again. If nothing is heard again within the four slot times, the sending station
assumes its successor has failed. The sending station will now send a “who-follows’ frame with
its successors address in the data field of the frame. All the stations on the network compare this
address to the address of their predecessor and if they match, that station will send a “set-successor” -
frame with its address in the data field. The sending station now knows who its new successor
is and has deleted the failed station out of the ring. If the station hears no response to the
“who-follows" frame, it sends a “solicit-successor—2" frame with its address as both the source
address and destination address, asking any station in the network to respond. Any operational
station within the logical ring should respond to this control frame. If no station responds to the
“solicit-successor-2" frame, the station gives up trying to maintain the logical ring and waits for
any activity on the network.

A5 ADDING NEW STATIONS
TERMS

Any_Send-Pending )
A boolean that indicates that there is something in the transmit queues to transmit for this
station.

In—Ring—Desired
A boolean that indicates whether the station wishes to be a part of the logical ring, even if
it has nothing to send.

““Solicit-Successor-1"" Control Frame
Control frame used to allow stations between TS and NS to enter the logical ring. One
response window always follows this frame.

Response Window
Measured in slot times, the response window is opened after a MAC control frame to hear
a response. The parameter max—inter—solicit-count determines how often a station attempts
to open a response window.
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New stations attempt to join the logical ring when their any-send-pending or in-ring-desired
parameters become true. New stations are added to the logical ring through a controlled con-
tention process. On each rotation of the token for each station, the current token rotation time
{measured by the ring maintenance timer) is compared to the value set by station management
{max-ring-maintenance-rotation—time). If the ring maintenance timer value is less than the
max-ring-maintenance-time value, that station will let a new station enter if the new station’s
address is between its address and the address of its successor. This occurs by the station sending
out a “solicit-successor-1" control frame with its address and the address of its successor. Then
the sending station waits one response window (one slot time before a station starts transmitting)
for a station to begin to answer that it is within that range. Responding stations send this soliciting
station a “set-successor” frame with its address in the data field so the soliciting station will
make the responding station its new successor. It is possible for more than one station to respond
to the “solicit-successor” at the same time. If this happens, the soliciting station sends a “’resolve
contention’ control frame which works much like the initialization algorithm.

A.6 PRIORITY

The priority option within the IEEE 802.4 standard is implemented by the token bus controller.
This option allows more important messages to be transmitted the next time the station receives
the token, and less important messages to be transmitted when important messages do not need
to be transmitted. There are four priority queues {access classes) for receive and four priority
queues (access classes) for transmit. These access classes are six, four, two, and zero, with six
being the highest access class. LLC has eight access classes defined. These eight access classes
are mapped into the MAC access classes by the MAC ignoring the least significant bit.

The TBC always receives frames that are destined to it, and places them in the appropriate priority
queue. The TBC only transmits out of enabled queues. The user enables the queues in the transmit
status area of the private area (see 2.1.15 TX Queue Access Class Status). Any combination of
transmit queues may be enabled.

When a station receives a token and all the transmit queues are enabled, the station transmits
out of transmit queue six until it either has nothing more to transmit, or the
hi-priority~token-hold-time expires. If the station has finished transmitting its queue six frames
or the hi_priority-token—hold-time has expired, the TBC will then check to see whether it has
frames in a lower access queue to transmit. If transmit queue four has frames to transmit, the
TBC checks the target rotation time for access class queue four which has been set by station
management. If this target rotation time has already been reached, the station can not transmit
out of this transmit queue and checks the next lower transmit queue. If this target rotation time
has not yet been reached, the station will transmit out of this priority queue until either it has no
more frames of this priority to send, or the target rotation time for the access class queue has
been reached. Then the station checks the target rotation time for the next lower transmit queue
and so on. When the lowest transmit queue is serviced, the station performs any logical ring
maintenence if it is required, and then passes the token to its successor.

NOTE

This is only a summary of a portion of how the |EEE 802.4 standard works. For more
information, refer to the IEEE 802.4 standard 1987. This can be purchased from:

IEEE Headquarters

345E 47th Street

New York, NY 10017-2394

Telephone: (212) 705-7960
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APPENDIX B
FRAME FORMATS AND ADDRESSING

B.1 FRAME FORMATS AND ADDRESSING
The frame format used in an IEEE 802.4 network is as follows:

| Preamble | SD | FC | DA | SA | Data | FCS | ED |

Where:
Preamble =Pattern used to set receiving modem’s clock and level
{one or more octets)

SD = Start Delimiter (one octet)

FC = Frame Control {one octet)

DA = Destination Address (two or six octets)
SA = Source Address (two or six octets)
Data = Information (zero or more octets)

FCS =Frame Check Sequence (four octets)
ED =End Delimiter (one octet)

B.1.1 PREAMBLE

Preamble preceds every transmitted MAC frame. It is used primarily for the receiving modem to
acquire signal level and phase lock by using a known pattern. Preamble is also used to give
stations a minimum amount of time to process a frame previously received. The amount of
preamble transmitted depends on the data rate and modulation scheme. Preamble must always
be a minimum of 2 microseconds regardless of the data rate and an integral number of octets
must be sent. Therefore, on a 10 Mbit/sec network, three octets of preamble is the minimum. The
maximum preamble length is constrained by the jabber control in the physical layer.

B.1.2 START DELIMITER

The start delimiter informs the modem that a frame is coming. The signaling patterns of the start
delimiter are always distinguishable from data. The start deliminter is represented as follows:

First Bit Transmitted H

[n[wf[ofw]w]oJo[ o]

Most Significant Bit

Non Data

N =
0 = Zero
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B.1.3 Frame Control
The frame control field determines the type of frame. The three types of frames are MAC control,
LLC control, and station management. A MAC control frame looks as follows:

First Bit Transmitted
LofoJelefelcfe]c |

Most Significant Bit
Where:
C C C C C C
0 0 0 0 0 0 [claim_token
0 0 0 0 0 1 solicit_successor_1
0 0 0 0 1 0 [solicit_successor_2
0 0 0 0 1 1 |who_follows
0 0 0 1 0 0 |resolve_contention
0 0 1 0 0 0 |token
0 0 1 1 0 0 set_successor

Data frames are represented as follows:

Bts0 1 2 3 4 5 § 7 ‘
First Bit Transmitted

Lefelm[mlmfe]e]er] |

Most Significant Bit
Where:
Frame Type E_F
0 1 LCC Data Frame
1 0 Reserved (Former Systems Management)
1 1 Reserved {
MAC Action M M M
0 0 O Request with No Response
0 0 1 Request with Response
0o 1 0 Response
Priority P_P P
1 1 1 Highest Priority (6)
1 1 0 (6)
1 0 1 4)
1 0 O (4)
0 1 1 (2)
0 1 0 (2)
0 0 1 (0)
0 0 O Lowest Priority (0}

. For example, an LCC data frame of priority six would have a frame control field in the TBC frame
descriptor as follows:

Bits 7 6 5 4 3 2 1 0

Frame Control I 0|1l||u|0J0|141 DJ
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B.1.4 Address Fields

Addresses may be either 16 or 48 bits in the TBC as set in bit 14 of offset 7A in the initialization
table upon initialization. All addresses on a local area network must be of the same length. The
least significant bit of the destination address determines if the address is individual or group (I/
G bit). The I/G bit in the source address field is reserved by IEEE 802.4. The next least significant
bit determines if a 48-bit address is locally administered or globally administered. Globally ad-
ministered addresses are unique throughout the world and are assigned by IEEE.

B.1.5 Data

The number of octets between the start deliminiter and the end deliminiter must be 8191 or fewer,
not counting SD and ED. The least significant bit is always transmitted first.

B.1.6 Frame Check Sequence (FCS)

The FCS is a 32-bit frame check sequence. The TBC always performs a frame check sequence on
incoming frames. The TBC always generates an FCS for transmitted frames unless the TCDS bit
is set in the SET MODE 3 command. If this mode is selected, the TBC treats the last four bytes
of data as the FCS. The user may also choose to write the FCS to memory through the SET MODE
3 command. The TBC can accept frames with an incorrect FCS by setting the receive error mask
in the initialization table appropriately. The term CRC (cyclic redundancy check) is used synony-
mously with FCS throughout this document.

B.1.7 End Delimiter

The end delimiter ends the frame and determines the position of the FCS. The end delimiter
consists of signalling patterns that are always distinguishable from data. The end delimiter is
represented as follows:

First MAC Symbol Transmitted
v [n[ o fwfwfoefife ]
Most Significant Bit

N=Non Data

1=0ne

[=Intermediate Bit {"“1” — More to Transmit, “0” — End of Transmission)
E=Error Bit {“0”" — No Error, “1” — Error)

B.1.8 Invalid Frames

An invalid frame is defined by IEEE 802.4 to meet at least one of the following conditons:
. ldentified as invalid by the physical layer (contains non-data or invalid symbols).

. Is not a integral number of octets in length.

Does not contain the proper fields or the fields are in an improper order.

The FCS computation fails.

The frame control field contains an undefined bit pattern.

. The error bit is set to one.

SOpwWN
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B.1.9 Abort Sequence

An abort sequence prematurely terminates the transmission of a frame. The abort sequence is
sent by a station that does not wish to continue to send a frame it has already begun sending.
The TBC will automatically generate an abort sequence if the conditions require it to do so. For
example, the TBC will generate an abort sequence if it gets an underrun condition while trans--
mitting a frame. The abort sequence is a start delimiter immediately followed by an end delimiter
and is represnted as follows:

First Symbol Transmitted

[nInlofwlwlo oo [w[w]ofnfw]ifr]e]

B.2 ADDRESSING

IEEE 802.4 uses the IEEE addressing notation and two types of addressing: individual and group.
Individual addressing identifies a particular station and group addressing identifies a group of
logically related stations. These two types of addresses are differentiated by the least significant
bit in the destination address field of the frame.

B.2.1 IEEE Addressing

The IEEE globally administered 48-bit address contains 12 hexadecimal digits with each digit
paried in groups of two. The bits within each octet or pair, are transmitted from the least significant
bit to the most significant bit. For example, an address supplied by IEEE is represented as follows:

F0-2E-15-6C-77-9B
It would be transmitted onto the local area network as follows:

First Bit Transmitted
0000 1111 0111 0100 1010 1000 0011 0110 1110 1110 1101 1001

This address would appear in the TBC private area as:

Least Significant Bit
TS Low 2EF0 TS Medium 6C15 TS High 9B77

This address would appear in the TBC frame descriptor as:
Offset 28 502E Offset 30 166C Offset 32 7798

B.2.2 Individual Addressing

The individual address, or this station (TS), of a station is set during initialization through the
initialization table. The TBC also contains an individual address mask that allows the station to
accept individually addressed frames for more than one station. The individual address mask is
also set on initialization through the initialization table. This means the TBC can be used in the
configuration below. In this example, station 0036 is the only member of the logical ring and
therefore the only station to receive and send the token. Station 0036 will receive frames addressed
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TOKEN BUS

TBC 0036

STATION 0030 STATION 0032 STATION 0034

The IA mask is not applied to control frames and the IA mask least significant bit should always
be zero. [f the I/G bit is zero indicating individual addressing, the following opertion is performed
to determine whether to accept the frame:

DA AND IA Mask=This Station Address (TS) AND IA Mask
Some examples are shown below. All examples have this station address (TS) equal to 0036 hex
and an address length of 16 bits.

To accept only data from this station (DA=TS), the IA mask is set as below:
IA Mask= 1111 1111 1M 1110 (FFFE hex)

To accept data frames that are for one of the four stations 0030, 0032, 0034, or 0036:
IA Mask= 1111 1111 1M1 1000 (FFF8 hex)
To cite a specific example, if the destination address of an incoming frame is set to 0032, the
operation for acceptance of the frame is performed by the TBC as follows:'
0032 {DA) ANDed with FFF8 (IA Mask)=0036 (TS) ANDed with FFF8 (IA Mask)

Since the equation is true, the frame is accepted. A binary representation of the acceptance
equation is shown below:

DA =0000 0000 0011 0010
IA Mask =111 111 "M 1000
DA AND IA Mask: : =0030 hex
IA Mask =0000 0000 0011 0000
TS =0000 0000 0011 0110
IA Mask =111 11N 1M 1000
TS AND IA Mask: =0030 hex
TS =0000 .0000 0011 0110

The equation would also be true if DA=0030, 0031, 0033, 0034, 0035 and 0036 so frames with
these DAs would also be accepted.

To accept data frames that are only for one of the two stations 0036, 0136:
IA Mask =1111 110 1111 1110  (FEFE hex)
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The source address identifies the station originating the frame and has the same format as the
destination address, except the individual/group bit is always set to zero.

B.2.3 Group Addressing

The TBC recognizes group addressing when the I/G bit (least significant bit of the destination
address) is equal to one. Only information frames can have group addresses. Messages are sent
to only one group, but each station may belong to many groups. Therefore, if the sending station
wants to send a message to multiple groups, a separate message is sent to each group, one for
each group address.

The group address may be divided into as many fields as the user requires different groups. In
the following example, four fields make up the 48-bit group address, even though not all 48 bits
are used. Unused bits are set to zero. Within the example network, the following group address
field definition is used:

Bit # ‘
0 1 34 9 10 15 16 21 22 47
0 Floor # Cell # Project ID Department ID Zeros
0 | 001 Floor 1 |000001 Cell 1) 000001 Proj. 1 | 000001 Dept. 1 Zeros
0 | 010 Floor 2 | 000010 Cell 2 | 000010 Proj. 2 | 000010 Dept. 2 Zeros
0 | 100 Floor 3 [ 000100 Cell 3 | 000100 Proj. 3 { 000100 Dept. 3 Zeros
etc. 001000 Cell 4 | 001000 Proj. 4 | 001000 Dept. 4 Zeros
Example of Group Address Mask
Bit #
0 1 34 9 10 15 16 21 22 47
0 | 010 Floor 2 | 001000 Cell 4 | 000011 Proj. 1 | 000010 Dept. 2 000....00000

Proj. 2

The equation for accepting a group address (GA) frame:
Destination Address (DA) AND GA Mask=DA

To calculate the value for the group address mask field, the logical OR of the group address is
used. For example, if a station is a member of both projects 1 and 2, the station’s group address
mask segment for the department ID portion should be set to the logical OR of the group address
field or 000011. The same is true for the rest of the fields. When assigning group addresses, zeros
should be used in any field the station doesn’t use. By carefully dividing the address into fields,
a large number of group addresses may be supported.

A broadcast address is a group address that is all ones. A broadcast addressed frame will go to
all stations on the network regardless of IA and GA masks.

B.2.4 Promiscuous Listener

The TBC can be programmed to operate in a special mode called “promiscuous listener’”” mode.
In promiscuous listener mode, a station records everything on the network. This mode is imple-
mented by setting the individual address mask to all zeros (receive all frames), setting the group
address mask to FFF (receive all group addressed frames) and setting copy for all control frames
as data (through the SET MODE command).

MOTOROLA
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APPENDIX C
BRIDGING

C.1 INTERCONNECTION OF NETWORKS

Bridges, routers, and gateways are all used to interconnect networks. Bridges are the simplest of
interconnecting devices and are defined to connect similar networks by using only the first two
OSl layers. Routers, also referred to as “level 3 relays”, are more complicated than bridges and
utilize the ISO OSlI level 3 function of segmenting. Gateways, also referred to as “level 7 relays”,
are the most complicated of interconnecting devices and connect networks with different protocol
architectures. The type of interconnecting device used depends on the networks being connected
and the performance required.

MAC bridges are specified by IEEE 802.1 and the MAP specification because of MAP’s requirements
for performance, transparency, ease of use and cost. Bridges have the best performance of any
interconnecting device since they connect only similar LANs and do not require much software
to operate. The end user never needs to know where a station that it addresses physically resides,
meaning bridges are transparent. When nodes change location within an extended LAN, little or
no human or LAN intervention is required using bridges as interconnecting devices, making them
very easy to use and maintain. Since bridges have the least amount of hardware and software
of any interconnecting device, they are the least expensive to implement.

Examples of where bridges are intended to be used are given in the MAP specification and include:
connecting two or more identical LANs, multiplying the maximum allowable nodes and maximum
allowable cable distances without affecting the token rotation times of each segment (a bridge is
not a repeater); connecting LANs with different data rates (connecting 10 Mbps 802.4 broadband
to 5 Mbps 802.4 carrierband); and connecting two different broadband channels on a broadband
backbone. When using a bridge, it is important to consider the different frame length limitations
of the segments being connected.

There are many different ways to implement bridging. Some of the different ways the TBC may
be used to implement bridging are described in the following paragraphs.

C.2 HIERARCHICAL ADDRESSED BRIDGING

The hierarchical addressed bridging mechanism requires a hierarchy of address assignment to

easily “filter” the appropriate frames into or out of segments. The discussion here focuses on

the TBC MAC capabilities in hierarchical addressed bridges and how to use them. A typical

interconnected network is shown below connected with hierarchical bridges. .
C

Each hierarchical bridge is made up of two MAC entities. One MAC entity belongs to the logical
ring of the network above it (upper bridge) and one MAC belongs to the logical ring of the network
below it (lower bridge). The upper bridge takes frames that are destined for networks below it
and passes them down to the lower bridge for transmission onto the lower network. The lower
bridge takes frames that do not belong on the lower network, or on any networks below it, and
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passes them up to the upper bridge to be transmitted onto the upper network. Both upper and
lower bridges use the TBC individual address mask to consider only that part of the address that
is relevant to it.

BACKBONE BUS

UPPER BRIDGE UPPER BRIDGE
A B
LOWER BRIDGE LOWER BRIDGE
REGION 1 REGION 2
UPPER BRIDGE UPPER BRIDGE UPPER BRIDGE UPPER BRIDGE
C D E F
LOWER BRIDGE LOWER BRIDGE LOWER BRIDGE LOWER BRIDGE

o @ @ o
i 2

C.2.1 Hierarchical Addressed Bridging Implementation

Each upper bridge in the above figure is responsible for passing information down from the
backbone. In the addressing scheme, the address field can be logically divided into regions. For
example, the two most significant bits of the address differentiate which region the frame goes
to; the next two significant bits of the address differentiate which segment the frame goes to;
and the four least significant bits differentiate which station the frame goes to. For simplicity in
the following example, we assume that only those eight bits form the address.

Bridges A and B recognize frames for regions 1 and 2 respectively. Bridges C, D, E, and F recognize
frames for their respective segments. As an example we'll follow a frame with a destination
address of 1010 0101 (region 1, segment 1, station 5).

The equation individual address (IA) AND destination address (DA)=IA AND this station (TS) is
true, so bridge A accepts the frame. If the example were using a group address, the equation
would be GA mask AND DA=DA.
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Bridge B's individual address mask is set to C0. The address mechanism would work as follows:

1A 1100 0000 1A 1100 0000
‘ DA 1010 0101 TS 01xx XxXX
IA AND DA 1000 0000 IA AND TS 0100 0000

The equation individual address (IA) AND destination address {DA)=IA AND this station (TS) is
| not true, so bridge B does not accept the frame.

Bridge C’s individual address mask is set to 03. The address mechanism would work as follows:

A 0011 0000 1A 0011 0000
DA 1010 0101 TS 0010 xxxx
IA AND DA 0010 0000 IAAND TS 0010 0000

The equation individual address (I1A) AND destination address (DA)=IA AND this station (TS) is
true, so bridge C accepts the frame.

C.2.2 Lower Bridges

Each lower bridge is responsible for passing frames up from the segment to the backbone. In
order to be a lower bridge, the LBRM bit must be set using the SET MODE 2 command. In lower
bridge mode, the bridge will forward frames only when the frame is not addressed to a station
below the bridge (IA mask AND DA are not equal to IA mask AND TS or GA mask AND DA are
not equal to DA). This means that lower Bridge C will forward to region 1 only those frames which
do not belong in segment 1.

C.3 FLAT ADDRESSED BRIDGING OVERVIEW

Flat addressed bridges can interconnect segments where the addresses have been assigned
randomly. A Spanning Tree uses flat addresses yet it is a hierarchical bridge. The Spanning Tree
approach is currently being investigated by the IEEE 802.1 committee.

A table of translations is required at each station in some flat addressed bridging schemes such
as 1BM defined source routing. In source routing, the route taken by, or chosen for a frame as it
traverses the network is reflected in the routing information field which is imbedded in the frame
itself. Source routing is being proposed by the IEEE 802.5 committee for interconnection of 802.5
segments. The token bus controller provides the MAC functions necessary to implement a source
routing bridge or station, making it possible to interconnect 802.4 segments into 802.5 networks
or to other 802.4 segments. Stations not implementing source routing can coexist on the same
segment (network) with stations that do use source routing, but cannot send messages through
bridges using source routing.

If a station wishing to send a frame to another segment already knows the routing information
on how to get it there, the station sends the frame with the routing information imbedded in the
routing information field of the frame. If the station that wishes to send the frame does not know
the routing information on how to get there, the station can dynamically discover the necessary
routing information. The routing information is obtained by the station sending a ““broadcast”
frame which travels over every bridge in the network, eventually reaching its destination. On their
way, broadcast frames record where they have been. If a bridge receives a broadcast frame which
"has already been on the segment it connects to (it finds its identifier in the routing information
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field), it does not retransmit that frame. When the destination station receives the frame, it re-
sponds using the route noted in the frame. Multiple frames may reach the destination station
because of different routes that exist, and each of these multiple frames received will be sent
back to the originating station by the route that it took to get to the target station. The sending
station will choose which route to save in its routing table according to different rules. Examples
of these rules include: the frame that was received first, or the frame that took the shortest path
(went through the least number of bridges).

There also exists a limited broadcast mode, chosen by the SRLB bit in the SET MODE 2 command,
in which only those stations that are in limited broadcast mode may rebroadcast a broadcast
frame. This reduces the number of frames the receiving station gets by strategically placing the
limited broadcast stations, thus reducing the amount of traffic on the network.

C.3.1 Source Routing Implementation

The source routing mechanism is implemented when the source address (SA) I/G bit is equal to
one. In the IEEE 802.4 standard, the SA I/G bit equal to one is reserved for future use. When using
source routing, the routing field is a subset of the data field of the 802.4 standard. The frame
format is shown as follows:

NORMAL 802.4 FRAME
SD FC DA SA DATA FCS ED

SOURCE ROUTING IMPLEMENTED

SD FC DA SA RI DATA FCS ED
IG=1

The routing information (RI) field is present only when the SA field least significant bit, referred
to as the routing information indicator, or Rll bit, is set to one. The Rl field can be from 2 to 30
octets. If the Rl bit is equal to zero, a routing information field is not present. If this bit is one in
a control frame, the frame is considered invalid and is treated as a noise burst. If this bit is one
in a data frame and recognize source routing (RSR) is not enabled in the TBC, the TBC treats the
frame as a normal frame. If this bit is one and RSR is enabled, the frame is accepted if the
destination address matches the specified criteria set by the host or if the Rl field specifies that
the frame is to be routed to another segment via the TBC. In this case, the Rl field is copied to
the first data buffer like normal data. Note that lower bridge mode and recognize source routing
mode are mutually exclusive modes. If both mode bits are set, RSR dominates. The routing
information field has the format shown below.

RC Field .
RC RD Fields
Where: RD1 RD2 .. RDp
RC The Routing Control {2 Octets)
RD Route Designators {2 Octets Each)
MOTOROLA : MC68824 USER'S MANUAL
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The format of the routing control octets is shown below:

F E D c B A 9 8 7 6 5 4 3 2 1 0
[ Broadcast | Length I D l Reserved

Broadcast
The coding is as follows:
0XX — Non-Broadcast
10X — All Routes Brodcast
11X — Limited Broadcast

Where an X indicates don’t care.

Non-broadcast frames always contain the specific route through the network which the frame
will take. All routes broadcast frames are transmitted on every route to the destination address.
Limited broadcast frames are only retransmitted by bridges who are in the special limited
broadcast mode. This restricts the number of routes a broadcast frame will take, thus reducing
the traffic on the network.

Length
The length of the Rl field, including the control field and the route designator field is measured
in octets. The length field consists of five bits.

D — Direction Bit
The direction bit indicates to a bridge whether a frame is travelling from the originating
station to the target or vice versa. This bit allows the route designators to appear in the same
order regardless of the direction of transmission.

Reserved Bits
Reserved bits are set to zero when transmitting, and ignored when receiving.

When the recognize source routing (RSR} bit is set by the SET MODE 2 command, the TBC provides
source routing based frame reception in addition to normal address based frame reception. The
TBC does not by itself provide a bridge function but does receive and transmit frames containing
the source routing fields as any other MAC frames. Frames are copied based on recognition of
a segment pair as described in route designators. To implement a bridge, a MAC function (such
as the TBC) for each segment the bridge is attached to is required, as well as a host to provide
the additional bridge functionality.

C.3.2 Route Designators

Route designators (RDs) are pairs of octets which indicate the specific ssgments and bridges
through which the frame passes. Route designators contain bit strings with no arithmetic signif-
icance; i.e., concepts like addition, subtraction, greater than, or less than, do not apply to route
designators. Thus, the two bytes of an RD can not really be described as high and low, or most
significant and least significant. What is preserved in all 802 LANs is the byte transmission order.
The bit transmission order of each octet depends on the type of MAC. IEEE 802.4 transmits the
least significant bit first.

Each route designator can be shown as follows:

RD1 RD2
[ Breo | Byt | [ Breo | Byer |
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The first byte to be transmitted is byte 0 and the second byte to be transmitted is byte 1. The
TBC data buffer looks as follows: ’

MOTOROLA MODE INTEL MODE
15 0 15 0

RC ) RC
RD1 RD1

BYTEQ BYTE! BYTE 1 BYTEO
RD2 RD2

BYTEO BYTE1 BYTE 1 BYTED
LX) (XX ]

In order to perform source routing based reception, the TBC requires three parameters: SID, TID,
and SR-MASK. The initial values of these parameters are taken from the initialization table. They
may be changed during operation by the SET VALUE command. They have the following format:

15 0
INIT_TABLE +1E SR_SID
PRIVATE_AREA  + IE BYTE1 BYTEO
INIT_TABLE +20 SR_TID
PRIVATE_AREA  +20 BYTE1 BYTEO
INIT_TABLE +22 SR_MASK
PRIVATE_AREA  + 22 BYTE1 BYTEOD

As proposed by IEEE 802.5, each RD has the following format:

15 43 0
SEGMENT NUMBER BRIDGE NUMBER

The segment number identifies a specific segment. The bridge number identifies a specific bridge
between that segment and another segment. Thus, two segments connected by three different
bridges would have three different bridge numbers creating three distinct routing designators.
Bridge numbers are local to segment pairs, meaning bridge numbers can be the same as long
as they are not connecting the same two segments.

Source ID (SID) is the identification of the segment where the frame comes from. The target ID
(TID) is the identification of the segment where the frame is going to. The source routing mask
(SR MASK) is a two-octet parameter defining which bits in the RDs are the segment number
(denoted by a ““1”") and which bits are the bridge number (denoted by a “‘0"). The definition of
the RD currently calls for 12 bits for the segment number and four bits for the bridge number, or
a mask of FOFF. For broadcast frames with the Rl bit set, the TBC will scan the Rl field of ordered
RD pairs and accept frames based on the value of SR SID and SR TID. On non-broadcast frames,
accept/reject criteria are based on the values of SR SID and SR TID.

C.3.3 Source Routing Operation

When a station wants to send a frame to another station on a different LAN, it first sends a
broadcast frame to all segments. (The host must prepare the frame, the TBC transmits it). In this
frame, the routing information indicator (RIl bit) is set to one, the broadcast field is set to 1XX,
and the direction bit is set to zero. The source address is the individual address of the transmitter,
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and the destination address is the individual address of the target station. This frame goes out
from all bridges on the originating LAN. (The bridge TBC will receive the frame, the host must
either add the information to the RC field and transmit the frame onto the next segment or discard
it). Each bridge scans the RD field for the number of the target segment it attaches to and, if it is
there, the bridge will not forward the frame because it has already been on that segment. If the
bridge’s next segment number is not there, the bridge adds its segment and bridge numbers to
the frame’s RI field, increments the Rl length by two, and forwards the frame. A number of
differently routed frames may arrive at the target station. The routing designator is copied for
each bridge as the frame travels through in the network. (The host must add this information
before transmitting the frame onto the connecting segment). The first routing designator is the
RD of the first bridge to copy the broadcast frame. The target station responds to each differently
routed frame by sending it back to the transmitting station. (The target host must change the RC
field and put the frame into the transmit queue). Each follows the route of its routing designator
field in the opposite direction. In these frames that are sent back, the RIl bit is set to one, the Rl
field is as it arrived, the broadcast field is set to 0XX, the D bit equals one, the SA is the individual
address of the target, and the DA is the individual address of the station that sent the original
broadcast frame. The sending station receives as many responses as there are routes. The host
at the sending station chooses the route according to its specific criteria, then saves this route
and uses it for all subsequent communications with that DA. The target learns of this selected
route when it receives its first non-broadcast frame.

The host is responsible for changing the routing control field if necessary. The TBC does not
interpret the routing control field. The TBC transmits a source routing frame exactly as it appears
in its transmit queue (i.e., the host must prepare the frame according to the source routing
protocol).

More detail can be found on bridging in: IEEE 802.5, IEEE 802.1, and MAP.
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APPENDIX D
PERFORMANCE

Itis necessary to understand certain aspects of the token bus controller to compute certain network
parameters such as slot time. The following describes simulations that were done to give the
user the required performance numbers. In general, the numbers given are for the worst case
situation. The simulations were run for network data rates of 10 Mbps and 5 Mbps. The numbers
given are in symbol times (bits) elapsed from the end of the end delimiter (ED) to the start of
TBC preamble and take into account the I/O sampling delays in the TBC.

System Parameters:
Address Length: 48 bits

TBC mode bits are in their default state except predefined response mode is enabled, in—ring
desired is enabled, and all statistics are enabled.

Bus Width: 16 bits

Bus Latency: one cycle

Wait States: none

Commands: none

BD and FD pools are not empty with no warning bits
Preamble: minimum length

Interrupt Status Bits: none are set

Counters: not equal to thresholds

For performance reasons, it is required that a frequency ratio of systems clock to serial clock is
greater than 1:1.
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DESCRIPTION OF CASES

0. The TBC receives a token. A :

1. The TBC observes a three byte, group addressed data frame not for the TBC, and immediately
after, receives a token frame that is addressed to the TBC.

2. The TBC receives a three byte data frame that is a broadcast address, and immediately after,
receives a token frame that is addressed to the TBC.

3. The TBC receives a three byte, group addressed data frame not for the TBC, and immediately
after, receives a solicit_successor—1 control frame that it must respond to.

4. The TBC receives a three byte data frame that is a broadcast address; and immediately after,
receives a solicit—successor—1 control frame that it must respond to.

5. The TBC receives a three byte request with response frame that it must respond to (remember
the TBC is in predefined response mode).

6. The TBC receives a token frame addressed to it right after the TBC has passed the token
{two station ring).

7. The TBC observes a three byte, group addressed data frame not for the TBC, and immediately
after, receives a token frame that is addressed to the TBC, just after it has passed the token
(two station ring).

8. The TBC receives a three byte data frame that is a broadcast address, and immediately after,
receives a token frame that is addressed to the TBC just after it has passed the token (two
station ring).

9. The TBC receives a three byte request with response frame (predefined response mode) for
the TBC, just after the TBC has passed the token.

10. The TBC receives a set—successor control frame for itself, immediately following this it
receives the token, just after it has passed the token (two station ring with no—successor—
1).
TBC CONTRIBUTION TO STATION DELAY
2A60S/1B59B MASK SETS
systems clock:serial clock in MHz
Case

12.5:10 125:5 10:10 10:5 8:10 8:5

0 66 35 105 42 1583/ 53

1 66 35 150 42 261 53

2 310 38 460 94 647 184

3 78 40 121 43 173 59

4 322 43 476 102 667 194

5 376 156 498 199 651 268

6 124 66 179 81 246 100

7 135 35 242 -4 375 52

8 382 68 551 139 761 242

9 449 186 589 242 765 326

10 133 35 249 42 390 79
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MC68824

This first edition of the Motorola MC68824 Token Bus Controller User’'s Manual provides
the latest, complete information to engineers using the MC68824. This manual includes
programming information as well as detailed signal descriptions and electrical
specifications. Also provided is ordering information and mechanical data to aid the user
in selecting the best part for his application.

The Motorola MC68824 Token Bus Controller is a silicon integrated circuit which
implements the media access control (MAC) portion of the |IEEE 802.4 standard. This
standard has been selected for the Manufacturing Automation Protocol (MAP)
specification. The MC68824 built in features make it ideally suited for many
communications applications.



