WD2511A X.25
Packet Network Interface (LAPB)

FEATURES

Handles The Entire Link Level

Communication Protocol

e International standard CCIT X.25 LAPB protocoi for
packet switching

¢ Programmable link level timer (T1) and
retransmission counter (N2)

* Automatic framing, appending and testing of FCS,
and zero bit insertion and deletion

e Automatic error detection and retransmission

¢ Automnatic flow control when buffers are not
available

¢ Certified by Telenet, Transpac, and other major
packet switching networks

Custom Communications Architecture

Provides Top Performance

¢ Full-duplex transmission speeds to 1.1 Mbps

* Dual-channel direct memory access (DMA)
capability unburdens your CPU

¢ Bus-oriented control for easy computer interface

* Synchronous modem interface built in

* 5 Volt NMOS technology in 48-pin DIP and 68-pin
CLCC

¢ TTL compatible on all inputs and outputs

X.25 Feature Extensions For Broader Applications
¢ Half-Duplex communication option
¢ Programmable address field for multipoint opera-
tion and any point-to-point application
where throughput and data integrity are required
® Built-in loopback testing

DESCRIPTION

Western Digital is the first company to offer a complete
implementation of the CCITT Recommendation X.25
LAPB protocol in a chip. The WD2511A provides an error
free communication capability while offloading the Host
from the responsibility of meeting the realtime require-
ments of the communication channel.

The WD2511A consists of a 48-pin DIP and 68-pin CLCC.
These NMOS LS| devices provide a unique solution for
point-to-point communication requirements. The WD2511A
offloads the Host by implementing the full link layer
protocol of the International Standard Recommendation
X.25 using the two DMA channels.

This bit oriented serial link controller automatically
handles the transmission and reception of packets of data,
acknowledges the receipt of error free packets, and
requests that lost or erroneous packets be retransmitted.
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FIGURE 1A. 68-PIN DESIGNATION

The WD2511A interrupts the Host after receiving an error
free packet, acknowledgement of a transmitted packet,
and after detecting certain error or abnormal conditions
on the link.

APPLICATIONS

The WD2511A can be used on dedicated or switched lines
whenever reliable error free communication is needed.
In fact, any point-to-point application concerned with high
integrity and throughput will benefit from the WD2511A’s
integrated solution.

Examples of equipment using this chip include modems,
PADs, switching nodes, statistical multiplexers, gateways
from one network to another and equipment connecting
computers or terminals to public or private networks.
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1.0 ORGANIZATION

Figures 1 and 1A illustrate the Pin Designations and
Table 1 describes the interface signals of the WD2511A.
A detailed block diagram of the WD2511A is shown in
Figure 2. A glossary of terms used throughout this docu-
ment appears at the end of the Data Sheet.

Mode control and monitor of status by the user’s CPU
is performed through the Read/Write Control circuit which
reads from or writes into 1/O registers addressed by
IAQ-I1A3.

Transmit and receive data are accessed through the DMA
control. Serial data is generated and received by the bit-
oriented controllers.

Internal Controf of the WD2511A is by means of three
internal microcontrollers: one for transmit, one for receive,
and one for overall control.

Parallel transmit data are entered into the Transmitter
Holding Register (THR) and then presented to the
Transmitter Register (TR) which converts the data to a
serial bit stream. The Cyclic Redundancy Check (CRC)
is computed in the 16-bit CRC register and the result
becomes the transmitted Frame Check Sequence (FCS).

Parallel receive data enters the Receiver Holding Register
(RHR) from the 24-bit serial Receiver Register (RR). The
24-bit length of RR permits stripping of the FCS prior to
transfer into the RHR. The receiver CRC register is used
to test the validity of the received FCS. A 3-Byte FIFO
is included in the receiver to decouple the speed of the
user from the receiver.

Table 1. 48-PIN AND 68-PIN INTERFACE SIGNALS DESCRIPTION (All signals are TTL compatible.)

48-PIN 68-PIN
NUMBER | NUMBER SYMBOL PIN NAME FUNCTION

1 - NO CONNECTION | No Connection Leave pin open.

2 2 REPLY Reply An active low output indicates the WD2511A has
either a CS*RE or a CS*WE condition.

3 3 WE Write Enable The data on the DAL are written into the selected
register when CS and WE are low.

4 4 CS Chip Select Active low chip select for user control of I/O
registers.

5 5 RE Read Enable The contents of the selected register is placed
on DAL when CS and RE are low.

6 8 CLK Clock Clock input used for internal timing. Must be
square wave and should be 2MHZ + 5%. For
operation at less than 2MHZ, contact the factory.

7 12 MR Master Reset Active low initializes the chip. All registers reset
to zero, except control bits MDISC and LINK
which are set to 1. DACK must be stable high
before MR goes high.

8-15 13-20 DALO-DAL7 Data Access An 8-bit bi-directional three-state data bus for
Lines user and DMA controller transfers.

16 21 RD Receive Date Receive serial data input.

17 22 RC Receive Clock This is a 1x clock input. RD is sampled on the
rising edge of RC.

18 23,24 Vss Ground Ground.

19 28 TC Transmit Clock A 1x clock input. TD changes on the falling
edge of TC.

20 29 TD Transmit Data Transmit serial data output.

21 30 RTS RequestTo-Send | An open collector (drain) output which goes low
when the WD2511A is ready to transmit either
flags or data.

22 31 CTS ClearTo-Send An active low output signals the WD2511A that
transmission may begin. If high, the TD output
is forced high. May be hard-wired to ground.
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Table 1. 48-PIN AND 68-PIN INTERFACE SIGNALS DESCRIPTION (continued) (All signals are TTL compatible.)

48-PIN 68-PIN
NUMBER | NUMBER SYMBOL PIN NAME FUNCTION
23 32 DRQO DMA Request An active low output signal which initiates user
Out bus request so the WD2511A can output data
onto the bus.
24 33 DRQI DMA Request In An active low output signal which initiates user
bus request so that data may be input to the
WD2511A.
25 36 DACK DMA An active low input from the user in response
Acknowledge to DRQI or DRQO. DACK must not be low if CS
and RE are low or if CS and WE are low.
27,26 38,37, AQ0-A15 Address Lines Sixteen address outputs from the WD2511A for
38-41, 54-57, Out DMA operation. If the control bit ADRV is 1, the
28-37 39-41, outputs are TTL drives at all times. If ADRV is 0,
47-53 the outputs are three-state, and are HI-Z when-
ever DACK is high. (ADRV is in Control Regis-
ter #1.)
42 58 Voo Power Supply +12VDC power supply input.
43 63 INTR Interrupt Request | An active low interrupt service request output.
Returns to high when Status Register #1 is read.
46,47, 64,65, IAQ-1IA3 Address LinesIn | Four address inputs for user controlled read/
45,44 66,67 write operation of the I/O registers in the
WD2511A. If ADRV = 0, these may be tied to
AO0-A3. (ADRV is in Control Register = 1.)
48 1,68 Vee Power Supply +5VDC power supply input.
- 6,7, NC No Connection Leave pins open.
9-11,
25-27,
34,35,
42-46,
59-62
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Figure 2. WD2511A BLOCK DIAGRAM — DETAILED

2.0 THE STRUCTURE OF X.25

CCITT Recommendation X.25 is an international standard
for connecting computer equipment to a Public Data
Network (PDN). Its uses, however, go far beyond PDN’S.
X.25 is used for connecting dissimilar computer
equipment together, as a gateway from one Local Area
Network (LAN) to another, and in many private Wide Area
Networks (WAN).

THE WD2511A AND THE ISO MODEL

The CCITT X.25 recommendation comprises three levels
of protocols (Level 1 to 3).

LEVEL 3 PACKET LAYER SOFTWARE
LEVEL 2 DATA LINK LAYER LAPB (WD2511A)
LEVEL 1 PHYSICAL LAYER RS232, X.21

Level 1 is the physical level, which concerns the actual
means of bit transmission across a physical medium.

Level 2 is the link level which includes frame formatting,
error control and link control.

Level 3 is the packet (network) level which controls the
traffic of the different virtual calls and multiplexes these
for passage over the physical line.

These three levels are completely independent of each
other, which allows changes to be made to one level
without disrupting the operation of any other level. An
adjacent level is affected only if the changes affect the
interface to that level.

Each level performs one well defined set of functions,
using only a well defined set of services provided by the

level below. These functions implement a set of service
that can be accessed only from the level above. Each level
is strictly controlled by the systems engineer according
to formal functional and interface specifications.

The WD2511A implements level 2. Without additional
logic, it generates the frame, performs error checking,
performs link management (set up/disconnect) and
ensures reliable data transmission by evaluating the
sequence number associated with each I-frame. The
device automatically acknowledges received -frames and
fully supports up to 7 outstanding (unacknowledged)
frames, including retransmission if required.

2.1 FRAME FORMAT

The WD2511A performs LAPB, which is a “bit oriented”
data communications protocol. According to the general
format for bit-oriented procedures (HDLC, SDLC, ADCCP)
each serial block of data is called a frame. Figure 3 shows
the frame format.

Each frame starts and ends with a FLAG (01111110). A
single FLAG may be used both as the closing flag of one
frame and the opening flag of the next frame. The
WD2511A can detect this shared flag if it receives one.
However, the WD2511A generates at least three flags in-
between each frame it transmits with the exception of
ABORT frames. In this case the WD2511A couid generate
a single flag after an aborted frame.

In between flags, data transparency to easily distinguish
flags from data is provided by the insertion of a 0 bit after




all sequences of 5 contiguous 1 bits. The receiver will
strip 0 these inserted 0 bits to reconstruct the original data.

Each frame begins with an address field followed by a
control field (the A and C fields). The last 16-bits before
the closing flag make up the Frame Check Sequence
(FCS.)

The Address field consists of one byte.
The Control field consists of one byte. The content of this
field is described below.

The Information field of a frame is unrestricted with
respect to code or grouping of bits. The maximum length
of an |-field is a system parameter.

a. FRAME FORMATS
Bit order of
transmission 12345678 12345678 12345678 16 to 1 12345678
Flag Address Control FCS Flag
F A C FCS F
01111110 8-bits 8-bits 16-bits 01111110
Bit order of
transmission 12345678 12345678 12345678 16 to 1 12345678
Flag Address Control Iinformation FCS Flag
F A | FCS F
01111110 8-bits 8-bits N-bits 16-bits 01111110
FCS Frame Checking Sequence
b. WD2511A IMPLEMENTATION
- I-FRAME (PACKET) -
|————————|-FIELD (PACKET DATA)————1
PACKET
FLAG |ADDRESS|CONTROL CONTROL USERDATA FCS FLAG
INFORMATION
t———— X 25 LEVEL 2—»{  X.25 LEVEL3 A;gtmg"e” e——X.25 LEVEL 2 —»|
l«——— APPENDED >l DMA ACCESSED »—— APPENDED —»]
BY BY
WD2511A WD2511A

Figure 3. LAPB FRAME FORMAT

The FCS calcuiation includes all data between the
opening flag and the first bit of the FCS, except for 0's
inserted for transparency. The 16-bit FCS has the
following characteristics:

Polynomial = X6 4+ X12 + X5 + 1
Transmitted Polarity - Inverted

Transmitted Order - High Order Bit First

Preset Value - All 1's

After the frame is received, if there were no errors, the
remainder in the CRC register (internal in the WD2511A)

will be:
1111000010111000 (FOBS).

The WD2511A generates and tests the opening and
closing Flag, FCS, A-Field, and C-Field and performs zero
bit insertion and deletion.

According to the X.25 protocol, there are three types of
frames: supervisory (S-frame), un-numbered (U-frame),
and information (Iframe). The WD2511A performs datalink
layer access control. All S- and U-frames are automatically
generated and tested by the WD2511A. The user need
only be concerned with the I-frames, (i.e. packets).

The WD2511A will transmit contiguous flags for interframe
time fill in full duplex mode.
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Addresses, commands, responses and sequence
numbers are transmitted with the low order bit first. The
order of transmitting bits within the information field is
not specified in X.25. The WD2511A transmits the low
order bit first. The FCS is transmitted to the line
commencing with the coefficient of the highest term.
(Note — The low order bit is defined as bit 1, as depicted
in Figure 3.)

A frame not properly bounded by two flags, or having
fewer than 32 bits between flags, is an invalid frame.

Aborting a frame is performed by transmitting at least
seven contiguous 1s (with no inserted 0s).

Interframe time fill is accomplished by transmitting
contiguous flags between frames.

2.2 LINK STATES

The Link is in an ACTIVE condition when a station is
actively transmitting a frame, an abort sequence, or
interframe time fill.

The Link is defined to be in an IDLE condition when a
contiguous 1s state is detected that persists for at least
15 bit times.

2.3 CONTROL FIELD FORMATS

The control field contains a command or a response, and
sequence numbers where applicable.

Three types of control field formats (see Table 2.) are used
to perform the LAPB protocol: numbered information
transfer (I frames), numbered supervisory functions (S
frames) and unnumbered control functions (U frames).

The | format is used to perform an information transfer.
The functions of N(S), N(R) and P/F are independent; i.e.,
each | frame has an N(S), an N(R) which may or may not
acknowledge additional | frames received by the DTE or
DCE, and a P/F bit.

The S format is used to perform link supervisory control
functions such as to acknowledge | frames, to request
retransmission of | frames, and to request a temporary
suspension of transmission of | frames.

The U format is used to provide additional link control
functions. This format contains no sequence numbers.

Modulus

Each | frame is sequentially numbered and may have the
value 0 through modulus minus 1 (where “modulus” is
the modulus of the sequence numbers). The modulus
equals 8 and the sequence numbers cycle through the
range of 0 to 7.

Frame variables and sequence numbers

The send state variable denotes the sequence number
of the next in-sequence | frame to be transmitted. The
send state variable can take on the value 0 through 7.
The value of the send state variable is incremented by
1 with each successive | frame transmission, but cannot
exceed N(R) of the last received | or S frame by more
than the maximum number of outstanding 1 frames (7).
Only | frames contain N(S), the send sequence number
of transmitted frames. Prior to transmission of an in-

sequence | frame, the value of N(S) is set equal to the
value of the send state variable.

The receive state variable denotes the sequence number
of the next in-sequence |1 frame to be received. The
receive state variable can take on the value 0 through
7. The value of the receive state variable is incremented
by one with the receipt of an error free, in-sequence |
frame whose send sequence number N(S) equals the
receive state variable. All | frames and S frames contain
N(R), the expected sequence number of the next received
| frame. Prior to transmission of a frame of the above
types, the value of N(R) is set equal to the current value
of the receive state variable. N(R) indicates that the DTE
or DCE transmitting the N(R) has received correctly all
| frames numbered up to and including N(R) - 1.

2.4 SUPERVISORY COMMANDS AND RESPONSES

The Receive Ready (RR) supervisory frame is used to
indicate it is ready to receive an | frame or to acknowledge
previously received | frames numbered up to and
including N(R) - 1. RR may be used to clear a busy
condition that was initiated by the transmision of an RNR.

The Reject (REJ) supervisory frame is used to request
retransmission of | frames starting with the frame
numbered N(R). | frames numbered N(R) — 1 and below
are acknowledged. Additional | frames pending initial
transmission may be transmitted following the
retransmitted | frame(s).

Only one REJ exception condition for a given direction
of information transfer may be established at any time.
The REJ exception condition is cleared (reset) upon the
receipt of an | frame with an N(S) equal to the N(R) of
the REJ.

The Receive Not Ready (RNR) supervisory frame is used
to indicate a busy condition: i.e., temporary inability to
accept additional incoming | frames. | frames numbered
up to and including N(R) - 1 are acknowledged. | frame
N(R) and subsequent | frames received, if any, are not
acknowledged; the acceptance status of these | frames
will be indicated in subsequent exchanges. An indication
that the busy condition has cleared is communicated by
the transmission of a UA, RR, REJ or SABM. The RNR,
REJ or RR command with the P bit set to 1 may be used
to ask for the status of the remote device.

2.5 UNNUMBERED COMMANDS AND RESPONSES

The SABM unnumbered command is used to place the
addressed station in the asynchronous balanced mode
(ABM) information transfer phase. No information fieid
is permitted with the SABM command. A station confirms
acceptance of SABM by the transmission at the first
opportunity of a UA response. Upon acceptance of this
command the send state variable and receive state
variable are set to 0. Previously transmitted | frames that
are unacknowledged when this command is actioned
remain unacknowledged and must be resent after the
Link has been brought back up.

The DISC unnumbered command is used to terminate
the mode previously set. It is used to inform the station



receiving the DISC that the sender is suspending
operation. No information field is permitted with the DISC
command. The receiving station confirms the acceptance
of DISC by the transmission of a UA response. Previously
transmitted | frames that are unacknowledged when this
command is actioned remain unacknowledged.

The UA unnumbered response is used to acknowledge
the receipt and acceptance of the U format commands.
No information field is permitted with the UA response.

The DM unnumbered response is used to report a status
where a station is logically disconnected from the link,
and is in the disconnected phase. The DM response may
be sent in this phase to request a set mode command,
or, if sent in response to the reception of a set mode
command, to say that the station is still in the
disconnected phase and cannot action the set mode
command. No information field is permitted with the DM
response.

The FRMR response is used to report an error condition
not recoverable by retransmission of the identical frame;
i.e., one of the following conditions, which results from
the receipt of a frame without FCS error:

1) the receipt of a command or response that is invalid
or not implemented,;

2) the receipt of an I-frame with an information
field which exceeds the maximum established
length;

3) the receipt of an invalid N(R);

4) the receipt of a frame with an information fieid
which is not permitted or the receipt of an S or
U frame with incorrect length.

An invalid N(R) is defined as one which points to an I-
frame which has previously been transmitted and
acknowledged or to an |-frame which has not been
transmitted and is not the next sequential I-frame pending
transmission.

An information field which immediately follows the control
field, and consists of 3 octets, is returned with this
response and provides the reason for the FRMR
response. This format is given in Figure 4 below.

Figure 4: FRMR information field format
Information field bits

123456789101112131415161718192021222324

Rejected
frame

control 0
field

V(S) V@A) |Wix|vlz|olololo

(See Note)

¢ Rejected frame control field is the control field of the
received frame which caused the command
(frame) reject.

* V(S) is the current send state variable value at
the station reporting the rejection condition (bit
10 = low order bit).

* V(R) is the current receive state variable value at
the station reporting the rejection condition (bit
14 = low order bit).

* W set to 1 indicates that the control field
received and returned in bits 1 through 8 was
invalid or not implemented.

e X set to 1 indicates that the control field
received and returned in bits 1 through 8 was
considered invalid because the frame contained
an information field which is not permitted or is
an S or U frame with incorrect length. Bit W
must be set to 1 in conjunction with this bit.

* Y set to 1 indicates that the information field
received exceeded the maximum established
capacity of the station reporting the rejection
condition.

* Z set to 1 indicates that the control field received
and returned in bits 1 through 8 contained an
invalid N(R).

Note - For FRMR, bits 9 and 21 to 24 shall be set to 0.
Bit 13 shall be set to 1 if the frame rejected was a
response, and set to O if the frame rejected was a
command.

2.6 EXCEPTION CONDITION REPORTING
AND RECOVERY

The error recovery procedures which are available to
effect recovery following the detection/occurrence of an
exception condition at the link level are described below.
Exception conditions described are those situations which
may occur as the result of transmission errors, device
malfunction or operational situations.

A busy condition results when a station is temporarily
unable to continue to receive |-frames due to internal
constraints, e.g., receive buffering limitations. In this case
an BRNR frame is transmitted from the busy station. I-
frames pending transmission may be transmitted from
a busy station.

An N(S) sequence exception condition occurs in the
receiver when an |-frame received error-free (no FCS
error) contains an N(S) which is not equal to the receive
state variable at the receiver. The receiver does not
acknowledge (increment its receive state variabie) the |-
frame causing the sequence error, or any I-frames which
may follow, until an I-frame with the correct N(S) is
received. The information field of all I-frames whose N(S)
does not equal the receive state variable will be discarded.

A station receiving one or more I-frames having sequence
errors but otherwise error free accepts the control
information contained in the N(R) field and the P bit to
perform link control functions; e.g., to receive
acknowledgement of previously transmitted I-frames.
Therefore, the retransmitted I-frame may contain an N(R)
field and P bit that are updated from, and therefore
different from, the ones contained in the originally
transmitted I-frame.

The REJ is used to initiate an exception recovery
(retransmission) following the detection of a sequence
error. Only one “‘sent REJ” exception condition from a
station is established at a time. A sent REJ exception
condition is cleared when the requested I-frame is
received. A station receiving REJ initiates sequential (re-)
transmission of |-frames starting with the |-frame indicated
by the N(R) obtained in the REJ frame.



If a station, due to a transmission error, does not receive
(or receives and discards) a single I-frame or the last I-
frame in a sequence of I-frames, it will not detect an out-
of-sequence exception condition and therefore will not
transmit REJ. The station that transmitted the
unacknowledged I-frame(s), following the completion of
a system specified time-out period, takes recovery action
as described in section 2.8 to determine at which I-frame
retransmission must begin.

2.7 LINK SET UP AND DISCONNECTION

Should a station wish to set up the link, it sends an SABM
command to which it expects a UA response

Should a station wish to disconnect for any reason, it
sends a DISC command, to which it expects a UA or DM
response.

2.8 USE OF POLL BIT

One use of the Poll bit (P) is in conjunction with Time-
Out Recovery. Timer T1 is started at the beginning of a
transmitted command provided it has not been previously
started. If T1 runs out, the command will be retransmitted
with P = 1.1f T1 runs out again, the command will again
be retransmitted, with P = 1 up to N2 times. At N2 +
1, an error interrupt will occur. If the command was an
S-frame, the WD2511A will reset the link by transmitting
a SABM. If the command was a SABM, the WD2511A will
send a DISC. If a DISC, the WD2511A will continue to send
a DISC indefinitely until the remote station responds.

2.9 TRANSMISSION OF ABORT

An Abort (seven contiguous 1’s) is transmitted to terminate
a frame in such a manner that the receiving station will
ignore the frame. There are two conditions which will
cause the WD2511A to transmit an ABORT.

1. Transmitter Under-Run

2. While transmitting a packet, a REJ is received.

2.10 LAPB PROCEDURE

The Link Access Procedure Balanced (LAPB) is
described in CCITT Recommendation X.25 as the Level

2 protocol for the Asynchronous Balanced Mode (ABM).

The DTE is the Data Terminal Equipment and the DCE
is the Data Circuit Termination Equipment (the network
side of the DTE-DCE connection).

Unlike the earlier Master/Slave Protocols, the DTE and
DCE are each ‘“‘combined” stations in that each can
transmit and receive commands and responses. Whether
a particular frame is to be taken as a Command or a
Response is determined by the contents of the address
field. Commands from the DCE and the associated
responses from the DTE use address A (hex 03).
Commands from the DTE and the associated responses
from the DCE use address B (hex 01).

Refer to CCITT Recommendation X.25, 1980 (Yellow
Book) for more details on the X.25 LAPB protocol itself.
Appendix D contains additional information pertaining to
the WD2511A’s specific implementation. The individual
commands and responses are summarized in Table 2.

2.11 THE DIFFERENCE BETWEEN LAP AND LAPB

In March 1976, the CCITT adopted Recommendation X.25
as an interface standard for public packet-switching
networks. The link level procedure adopted was called
Link Access Procedure (LAP) and used the HDLC
Asynchronous Response Mode (ARM). However, ARM
was not designed for peer-to-peer communications so
LAP had some subtle problems. Therefore, in 1977, when
Provisional Recommendation X.25 was adopted, a
procedure called LAPB was added. LAPB is Link Access
Procedure-Balanced and operates under the HDLC
Asynchronous Balanced Mode (ABM). Unfortunately, the
1977 LAPB lacked good symmetry between the DTE and
DCE, and was unworkable.

In the April 1979 CCITT meeting, the LAPB was greatly
enhanced, especially in the DTE/DCE symmetry. This
enhanced version was approved in the February 1980
Plenary meeting of the CCITT. We now have a good,
workable LAPB standard. LAPB is a superior procedure
and the usage of LAP is being replaced with LAPB.

FRAME TYPE | COMMAND | RESPONSE BIT #
7 6 5 4 3 2 1 0

INFORMATION I-FRAME N(R) P N(S)

) (PACKET)

UNNUMBERED SABM 0 0 1 P 11 1 1
L) DISC 0 1 0 P 0 0 1 1
UA 0 1 1 F 0 0 1 1
FRMR 1 ) F 0 1 1 1
DM 0 0 o F 1 1 1 1
SUPERVISORY RR RR N(R) P/F 0 0 0 1
(S) RNR RNR N(R) P/IF 0 1 0 1
REJ REJ N(R) PIF 1 0 0 1

LAPB Commands and Responses (Bit 0 is transmitted first). Only the FRMR and I-frame contain I-fields.
Table 2. FRAME TYPES

N(8) Transmitter send sequence number (bit 2 = low order bit)
N(R) Transmitter receive sequence number (bit 6 = low order bit)
S Supervisory function bit

M Modifier function bit
P/F Poll bit when issued as a command, final bit when
issued as a response (1 = Poll/Final)
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3.0 REGISTER DESCRIPTION
Figure 5 shows how the WD2511A interfaces to other system components.

The WD2511A is controlied and monitored by sixteen /O registers. Control, status, and error bits will be referred to
as CR, SR, or ER, respectively, along with two digits. For example, SR16 refers to status register #1 and bit 6, which
is “XBA.”

Table 3. REGISTER DEFINITION

REG REGISTER
# | 1A3 | 1A2 | 1A1 | 1A0 REGISTER GROUPING
o | o | o | o0 | o | CRo
L O A A OVERALL CONTROL
2 0 | o | 1 | 0 |*SRO D
3 | o | o | 1 1 | "SR ONITOR
a | 0 | 1 | 0 | 0  'SR2
5 1 0o | 1 | 0o | 1 |'ERO
6 | 0 | 1 1 | 0 | “CHAIN MONITOR RECEIVER
7 | o | 1 1 1 | *RECEIVED C-FIELD MONITOR
8 | 1 | 0o | o | o | T
9 | 1 o | o | 1 | Nom TIMER
Al 1 | 0 | 1 | o | TLOOKHI
B | 1 [ o | 1 1 | TLOOKLO
c | 1 1 0 | 0 | CHAIN/BUFFERSIZE DMA SET-UP
D | 1 1 | o | 1 | NOTUSED
E | 1 1 1 | 0 | XMTCOMMAND “E" o
F 1 1 1 1 | XMT RESPONSE “F" A" FIELD B

*USER READ ONLY. (Write Not Possible)
NOTE:
Registers 8 through F should be set-up while MDISC = 1.

—
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Table 4. CONTROL, STATUS, ERROR REGISTERS

BIT #
REGISTER 7 6 5 4 3 2 1 0
_ ACTIVE LOOP
CRO ADISC 0 H/F PASSIVE TEST RAMT RECR MDISC
CR1 TXMT TRCV X ADRV 0 0 0 SEND
SRO NA2 NA1 NAO RNRR NB2 NB1 NBO RNRX
SRi 'PKR 'XBA | 'ERROR 0 NE2 NET NEO 0
REC
SR2 TIOUT IRTS IDLE 0 0 0 0 LINK
ERO EROQ7 ER06 ERO5 ERO4 ERO3 ER02 ERO1 EROO
sCauses interrupt (INTR Goes Low).
3.1 CONTROL REGISTERS (CR0/CR1)
Table 5. CONTROL REGISTER 0
REGISTER| CR07 CRO6 CRO05 CR04 CRO3 CR02 CRO1 CR00O
CRO ADISC 0 HIF ACTIVE LOOP RAMT RECR MDISC
PASSIVE TEST
BIT DESCRIPTION

CRO0O MDISC (Mandatory Disconnect command). After Master Reset MDISC will be set. Clearing MDISC
causes the W2511A to move to its initialization state where it will be ready to activate the Link Layer
protocol. Setting MDISC causes the chip to send one or more DISC frames to disconnect the link.
No DMA accessed data will be transferred as long at MDISC is set.

CRO1 RECR (Receiver Ready). Indicates the CPU’s receiver buffer is Ready (CR01 = 1). If RECR = 1,
the WD2511A may begin receiving |-frames. (See SR00)

CR0O2 RAMT (RAM Test). This bit activates an internal register test. Refer to SELF TESTS section for details.

CRo03 Loop Test. The LOOP TEST bit will connect the transmit data output to the receive data input. The
receiver input pins RD an RC are then logically disconnected from the internal circuitry. The “E”
and “F” data register of the A-field must be equal and CR04-7 should equal 1001.

CRO4 ACTIVE/PASSIVE. Once MDISC has been cleared this bit takes effect. When set, the WD2511A will
initiate the link up procedures; when cleared, it will wait for a link up command or DM response
from the remote station. (See Note)

CRO5 HIF. Selects full duplex if CRO5 = 0 and half duplex if CR05 = 1 (See Appendix B for half-duplex
operation)

CRO06 Reserved, should be Zero

CR07 ADISC. Used when CR04 = 1 (ACTIVE). When the WD2511A actively initiates link set-up, a DISC
will be transmitted and acknowledged prior to transmission of the SABM if CR07 = 0. If CR07 =
1, The WD2511A will send only the SABM. (see Note)

NOTE:

Changes to CR07 and CR04 only take affect when the chip is disconnected (MDISC = 1).
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Table 6. CONTROL REGISTER 1

BIT DESCRIPTION

CR10 SEND. The SEND bit is used to command the WD2511A to send one or more packets of user data.
If SEND is set, the WD2511A will read from TLOOK the BRDY bit of the next segment to be transmitted.
1f BRDY is clear, the Send bit will be cleared, and no transmission of user data takes place. If BRDY
is set, however, the WD2511A will read TSADR and TCNT from that TLOOK segment and transmit
the data accordingly.

After transmitting the data, the WD2511A clears BRDY of the segment just sent and reads BRDY
for the next TLOOK segment. If BRDY is set, the user data is sent as above. If BRDY is not set,
the SEND bit is cleared and transmission of user data stops until SEND is set again. As a matter
of good practice, SEND should be set each time a BRDY bit is set.

CR11-13 Reserved - should be zeros.

CR14 ADRV. The Address Valid bit is the control for the 16-bit output addresses (AQ-A15). if ADRV is clear,
the outputs are tri-state and are in Hi-z (except when DACK is low). if ADRV is set, the outputs are
always low impedance (TTL) and are forced hi-level (logical 1) when DRQO,
DRQ1, and DACK are all high.

CR15 XI. This bit is used in conjunction with CR17 (TXMT) for transparent mode transmission. If Xl is
clear, the frame to be sent has an I-ield, i.e. is 3 or more bytes long; if X! is set, the frame is 2
bytes long. (excluding FCS and Flag). (See Note)

CR16 TRCV. The Transparent Receive bit, when set, causes the WD2511A to pass all received unknown
frames to the user. (See Note)
CR17 TXMT. The Transparent Transmit bit, when set, allows the user to build a frame for the WD2511A.
(See Note).
NOTE:

Refer to Appendix A for a complete description of Transparent MODE.

3.2 STATUS REGISTERS (SR0/SR1/SR2)
Table 7. STATUS REGISTER 0

REGISTER| SR07 SR06 SR05 SR04 SR03 SR02 SRO1 SR00
SRO NA2 NA1 NAO RNRR NB2 NBt NBO RNRX
BIT DESCRIPTION
SR00 RNRX. An RNR has been transmitted or will be at the next opportunity. The CPU should set RECR

when receive buffers are available and leave it set.
SR03-SR0O1 | NB2-NBO. Next block to be transmitted. (See Note)

SR04 RNRR. This bit is set when an RNR frame is received. Once set, it is cleared when an RR, REJ,
SABM, or UA is received.

SRO7-SR05 | NA2-NAO.Next block of transmitted data to be acknowledged.

NOTE:

Values zero through 7 correspond to NS in the control field of transmitted information trames. When reading the
values in SRO, read the value until 2 consecutive reads produce identical values.
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Table 8. STATUS REGISTER 1

REGISTER| SRi17 SR16 SR15 SR14 SR13 SR12 SR1 SR10
SR1 4PKR 1XBA JERROR 0 NE2 NEt NEO 0
BIT DESCRIPTION
SR10 0 (not used)
SR13-SR11 | NE2-NEO. Next expected packet number and next RLOOK segment number. (See Note 2)
SR14 0 (not used)

SR15 ERROR. The ERROR bit indicates: An error has occurred which is not recoverable by the WD2511A
or a significant event has occurred. (see Note 3) )

For the specific reason for the ERROR bit being set, see error register (ER0) on next page.

SR16 XBA. The XBA (transmitted block acknowledgement) bit set indicates that one or more previously
transmitted Blocks have been acknowledged by the remote Station. Upon acknowledgement, the
ACK'ED bit is set for each segment in TLOOK which was acknowledged.

SR17 PKR. The PKR (Packet Received) bit set indicates one or more packets have been received error-
free and in correct sequence according to the received NS field. The I-field data is in the user’s
RAM memory. NE is advanced.

Table 9. STATUS REGISTER 2

REGISTER| SR27 SR26 SR25 SR24 SR23 SR22 SR21 SR20
SR2 TIOUT IRTS REC 0 o] 0 0 LINK
IDLE
BIT DESCRIPTION

SR20 LINK. If the link is established, LINK = 0. If the link is logically disconnected, LINK = 1.

SR24-SR21 | Unused Bits-0.

SR25 REC IDLE. Receiver Idle indicates that the WD2511A has received at ieast 15 contiguous 1’s.

SR26 IRTS. Internal RequestTo-Send indicates that the transmitter is attempting (successful or not) to send
either data or flags.

SR27 T1OUT. Timer T1 has timed-out when set. This bit returns to 0 when T1 is re-started. When TIOUT
= 1, T1 is not running. NOTE: This bit could be a 1 for a few microseconds in between intervals
when T1 stops and is restarted.

NOTE 1:

The three interrupt-causing bits are SR17, SR16, and SR15. Any of the three will cause an interrupt request (INTR
goes low). After SR1 is read, all three bits are rest to 0, and INTR returns to high. Before exiting the interrupt service
routine, re-read SR1 to insure there are no new interrupts to be processed.

NOTE 2:
Values 0 through 7 correspond to NS in the Control field of received information frames. When reading this field,
read the value until the results of 2 consecutive reads are identical.

NOTE 3:

After MR, there exists a possibility that the chip will falsely report one transmitter underrun when MDISC is cleared.
This error after MR is not significant; clear by reading register SR1 then continue with initialization.
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3.3 ERROR REGISTER (ER0)
Table 10. ERROR REGISTER 0

HEX VALUE ERROR/EVENT

02 Receiver overrun (ROR). The Receiver Register (RR) had a character to load into the FIFO
but the FIFO was full. (Note 2.)

04 Transmitter underrun (TUR). The transmitter (TR} needed a character from the Transmitter
Holding Register (THR) but the THR was not ready. The frame being transmitted is
aborted. (Note 2.)

10 RLOOK not ready. REC RDY bit of next segment is 0 but RECR - 1. This interrupt will not
occur if RECR = 0.

21 Link is up. Was down.

22 DISC sent. REC IDLE for time T1 x N2.

24 DISC sent. SABM sent N2 times without receiving UA.

30 Received DISC or DM while link was up.

4 Going to next receive chain segment.

42 Next chain segment of the Receiver was not ready.

80 Link reset (SABM) received.

88 S-command sent N2 times without acknowledgement.

co Frame Reject (FRMR) received. (Note 1.)

C1 Frame Reject (FRMR) transmitted. (Note 3.) The received C-Field (returned in the first I-
field byte of the FRMR (frame) was invalid. (W)

C3 Frame Reject (FRMR) transmitted. (Note 3.) The received and rejected frame contained an
|-field which is not permitted with this frame type. (W,X)

C4 Frame Reject (FRMR) transmitted. (Note 3.) Received I-field exceeded the total amount of
Ifield data bytes established in Register C. (Y)

Cc8 Frame Reject (FRMR) transmitted. (Note 3.) The received frame contained an invalid N(R).
@

NOTES: contains W-XY-Z-0-0-0-0 where W is the LSB.

1. Whenever a Frame Reject (FRMR) is received, the
\-field will have been placed in the next available
RLOOK memory location by the DMA. A link reset
(SABM) will be transmitted but no additional interrupt
is generated. The NB is not advanced.

2. Receiver overrun and Transmitter underrun are an
indication that the TC/RC clocks are either too fast
for the WD2511A, or the DACK response is too
slow, or both. The chip recovers from these errors
the same as for line noise errors — the protocol time
out recovery. The host need only monitor TUR/ROR
for excessive occurance. An initial TUR interrupt (at
start up) is not valid and should be ignored unless
it occurs a second time.

3. As aresult of FRMR transmitted, a SABM is received,
causing link reset. In this case, only the Frame Reject
interrupt is indicated.

FRMR FORMAT

A frame reject (FRMR) contains a three byte I-field. The
first byte is the rejected frame control field. The second
byte contains the current N(S) and N(R) counts of the
station reporting the reject condition. The third byte

W indicates that the control field received and returned
in the first I-field byte was invalid.

X indicates the rejected frame contained an I-field which
is not permitted with this command. W is also set in this
case.

Y indicates the received |-field exceeded the maximum
I-field data byte count established (CHAIN/BUFFER
SIZE). Y is mutually exclusive with W.

Z indicates the received control field contained an invalid
N(R). Z is mutually exclusive with W.

In the FRMR i-field, bit 4 of the second byte is set if the
rejected frame was a response.

Upon receiving a FRMR, the WD2511A will place the 3
byte I-field in memory by DMA, just as if the FRMR were
a packet.

When the WD2511A transmits a FRMR, the frame reject
condition is entered. Only a received SABM or DISC will
clear this condition. If any other command is received,
the WD2511A will retransmit the FRMR. Also, the
WD2511A will not transmit packets while in the frame
reject condition. If no SABM is received after N2 X T
time, the WD2511A will send a SABM.

#
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3.4 RECEIVED C-FIELD REGISTER

Register 7 contains the C-field of the last received frame,
provided the Afield of the frame was equal to either
register E or F, the FCS was good, the frame contained
32 or more bits, and the WD2511A is not waiting for a
SABM or DISC in response to a transmitted FRMR.

3.5 TIMER/COUNTER REGISTER

Registers 8 and 9 define a 10-bit timer (T1) and a 6-bit
Maximum Number of Transmission/Retransmissions
counter (N2).

BIT #
REGISTER| 7 [ 6 [5 [4[3 2|10
8 T1 LSB
9 N2
MSB LSB MSB
MSB = Most Significant Bit

LI

LSB Least Significant Bit

T1 provides the value of a delay in waiting for a response
and/or acknowledgement. The delay is the binary count
multiplied by time CT where:

_ 16384
CT = CLK sec

Thus, if CLK = 2 MHz, then T1 may be set in increments
8,192 milliseconds, to a maximum delay of 8.39 seconds.
All ones in T1 is the maximum delay.

Once the CPU establishes T1 and N2, there is no need
to write into T1 and N2 again unless a master reset (MR)
has occurred, there is a power loss, or the user needs
to change T1 or N2. If a time-out occurs, the WD2511A
will still retain T1 and N2.

The conditions for starting, stopping, or restarting T1 are
shown in Figure 6. (“Re-start” means starting T1 before
it ran-out).

3.6 ADDRESS REGISTERS

Registers E and F provide a programmable A-field. This
allows the WD2511A to be a super-set of the X.25
document. That is, the WD2511A can handle a wider
range of applications than the DTE-DCE links defined in
X.25. These wider ranges include: DTE-to-DTE
connection, multipoint, and loop-back testing. If the

WD2511A is strictly in an X.26 DTE-DCE link, use the
values shown below:

DTE Register E = 01
Register F = 03
DCE  Register E = 03
Register F = 01

If performing a loop-back test, either internal (CRO3 =
1) or external (CR03 = 0), registers E and F should be
the same.

4. MEMORY ACCESS METHOD

The WD2511A memory access is accomplished by the
use of DMA and two look-up tables. These tables are set-
up to allow up to 7 |-frames to be outstanding in each
direction of the communication link. The look-up tables
are divided into a transmit and a receive area. (TLOOK
and RLOOK) and are located in memory external to the
WD2511A.

TLOOK
RLOOK

These tables contain address and control information for
individual Transmit/Receive packets.

To provide the WD2511A access to TLOOK and RLOOK

load only the starting address of TLOOK into the
WD2511A registers A and B.

A8
A0

REG A
REG B

A15 | A14| A13 | A12| A11 [ A10 | A9
A7 | AB| A5 | A4| A3 | A2 | Al

A0-A15 16 bit TLOOK starting address

The TLOOK and RLOOK tables are each divided into 8
segments and each segment contains 8 bytes. Figure 7
illustrates the segmentation of TLOOK and RLOOK.
Figures 9 and 11 illustrate the contents of a single TLOOK
and RLOOK segment.

START T1

RE-START T1

STOP T1

1. *l-frame sent and T1 not already
in progress due to previous |-
frame.

2. —_

3. *SABM or DISC sent. (N2
restarted at first occurrence)

4. Receiver Idle (REC IDLE = 1)

=1

5. S —command sent

* Acknowledgement received
to some, but not all, I-frames.

*RNR received while link up.

*Frame sent, while REC IDLE

Acknowledgement received
for all I-frames.

UA or DM Received

Detected RECIDLE = 0

*N2is restarted.

15

Figure 6. TIME OUT CONDITIONS
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TLOOK .————____ = SEND
© SEGMENT 0 PACKET et
SEGMENT 1 \ =
SEGMENT 2 \TSADR »
SEGMENT 3 SEND |1 SEND
SEGMENT 4 PACKET PACKET #1
#1 (SECOND PART)
SEGMENT 5 TSADR #2 (FIRST PART) FOR THIS EXAMPLE,
SEGMENT 6 TCNT#VQ SEND XFR ADR TCNT #1118
PACKET #2 GREATER THAN
RLOOK SEGMENT 7 _ BUFFER SIZE. THUS,
SEGMENT 0 SECOND PART
OF #11S
SEGMENT 1 \ OFs1iS
SEGMENT 2 - vy
RECEIVE
SEGMENT 3 PACKET #0 PACKET #0
SEGMENT 4 (FIRST BLOCK) (SECOND BLOCK)
SEGMENT 5 | XFRADR XFR ADR
— RSADR #1
SEGMENT 6 RECENE
SEGMENT 7 LMI paCKET
ERROR AR #1
COUNTERS p—

Figure 7. MEMORY ACCESS SCHEME

4.1 TRANSMIT (TLOOK)

Figure 9 details the individual segments of the TLOOK
table which the user must program to cause data to be
sent. The WD2511A will transmit data from host memory
buffers when the next sequential TLOOK segment
(starting at 0, modulo 8) has a buffer available, indicated
by BRDY = 1 in TLOOK, and SEND = 1 in CR1.

The address field (TSADR) contains a 16 bit binary field
pointing to the user’s memory buffer. HI represents the
upper 8 bits; LO the lower 8. The length field (TCNT) is
a 12 bit binary field representing the length of the
Information field to be sent including any Chain Pointers
(refer to section 4.5 on Chaining even if you do not intend
to use Chaining.)

To transmit, the WD2511A reads from TLOOK the starting
address and length of the packet to be transmitted. It
automatically transmits the Flag, Address, and Control
fields. Next, the Information field data is transmitted from
the memory buffer using DMA. At the end of the
Information fieid, the WD2511A automatically appends the
FCS and the closing Flag.

After the frame has been sent, the WD2511A will clear
BRDY in the current TLOOK segment and move to the
next. If BRDY is set, the process will repeat. If the
WD2511A encounters a TLOOK segment where BRDY
= 0, it will stop transmitting and clear SEND. To cause
new buffers to be sent, the user need only set up the next
sequential TLOOK segment(s), set BRDY, and then set
SEND again.

After transmitting a packet, LAPB requires that an
acknowledgement (ACK) be received from the remote
device. ACKs are contained in the N(R) field of a received
S-frame or |-frame. Upon receipt of an ACK, the WD2511A

will set the ACK'ED bit in the appropriate TLOOK
segment(s) and generate a Transmitted Block
Acknowledged interrupt (XBA = 1). Note that more than
one packet at a time can be ACK’d by the remote. This
means that more than one TLOOK's ACK’ED bit could
be set on one XBA interrupt.

Before assigning a new buffer to a TLOOK segment, the
user must make sure that the previous block which used
the segment has been ACK'd, i.e. ACK’'ED = 1.

The WD2511A sets a timer (T1) to monitor the receipt of
frame acknowledgements. If the timer expires, the
WD2511A will poll the remote device for its status. The
WD2511A also responds to requests to resend packets
that were missed or received in error. If retransmission
of one or more (up to a maximum of 7 out of the 8) packets
becomes necessary, the WD2511A automatically resends
the required packets. The user’s software does not
become involved in this retransmission. An error counter
is incremented when this occurs (see Error Counters,
section 4.8). The status of SEND has no effect on the
WD2511A’s monitoring of frame acknowledgement.

Under normal operation, the user brings up the link by
programming CRO. Once communication with the remote
device has been established and the link has been
initialized (LINK = 0), user data can be sent using the
above procedures. Note, however, that if the user sets up
TLOOK and sets SEND, the WD2511A will begin to send
the user’s data, even if LINK = 1 (Link is “down”). In this
state, the WD2511A will not monitor for ACKs received
and will reset itself once the Link Initialization does occur.
Therefore, the user should never set SEND until after the
Link is up (LINK = O) unless operating in the Transparent
mode (see Appendix A).

[



4.2 RECEIVE (RLOOK)

Figure 11 details the individual segments for the RLOOK
table which the user must program to cause data to be
received from the remote device. The WD2511A will DMA
data to host memory buffers when the next sequential
RLOOK segment (starting at 0, modulo 8) has a buffer
available, indicated by REC RDY = 1 in RLOOK, and
RECR = 1 in CRO.

The address field (RSADR) contains a 16 bit binary field.
HI represents the upper 8 bits; LO the lower 8. The length
field (RCNT) is a 12 bit binary field representing the length
of the received Information field including any Chain
Pointers (refer to section 4.5 on Chaining even if you do
not intend to use Chaining).

To receive user data into memory, the WD2511A reads
from RLOOK the starting address and length of an empty
buffer. As an incoming frame is being received, it is
checked for correct Address and FCS fields and for
Control field content. If it is an Information frame, the
Information field is placed in the empty user buffer. If it
arrives without an FCS error and with the proper N(S)
sequence number, the WD2511A will, in order:

¢ Clear REC RDY, set FRCML (frame complete), and
store any received residual count for non-8 bit byte
data) in byte 0 of the current RLOOK segment,

® Store the received length in bytes of the I-field in RCNT
HI and RCNT LO (includes chain pointers)

e Advance the NE count (modulo 8) in SR1,

e Generate a Packet Received (PKR) interrupt (even if
the N(R) field is not valid).

Then, if the N(R) field was valid, the WD2511A prepares
for the next packet by moving to the next RLOOK segment
(modulo 8) and acknowledges the received |-frame at the
first opportunity.

Note that if the host is processing the RLOOK entries,
sequentially examining the FRCML bits, there is a
possibility that the host could read the byte count of a
completed frame before the chip updates it. For this
reason, the RCNT HI/LO should be initialized to 0 each
time a new empty buffer is stored into an RLOOK
segment. Then, if the host ever reads an RCNT of 0, it
should read RCNT once more.

If the WD2511A encounters an RLOOK segment where
REC RDY = 0, it wili stop receiving Information frames
and transmit an RNR (Receiver Not Ready) to the remote
device. It will also generate an Error interrupt 10 (RLOOK
not ready) if RECR = 1. To cause new frames to be
received, the user must set up the next sequential
RLOOK segment(s) again and set REC RDY. The
WD2511A will begin to receive data again after the remote
device sends its next command. Refer to Appendix D,
State Table 1V, and to appendix E for more details.

r______CH_A ______________ CH_B_____]
LOOK-UP LOOK-UP |
MEMORY—>| TABLE TABLE |
| TLOOK ] 0] TLOOK I
| 4 ! I
] ¢ 2 |
I . < 3 |
| 4— - — —_ - 4 |
___—E_ Ve ~ 5 |
| el / A 3
| P RSADR #3 TSADRV 7 |
| ‘| CHA CHB, |
RLOOK ]/ 0] RLOOK
‘ E— DATA |
/ BUFFER ! |
! < 2 ]
| RECENED ; ,
7 RCNT #3 TCNT #6
| | ¢l “cha | CHA I chHe 4 |
| | & 5
| 3 SENT 6 |
—~ THRU |
| L CHB 7 |
| |
L - _ _/_ _ _ _ ___ N —
wgaspA After the Data Buffer is received by CH A, the length wgﬁsém
(RCNT) is in RLOOK segment #3. The user interrogates
the packet header (at the beginning of the Data Buffer) +
seriaL  and concludes that the buffer must be sent outon CH .z,
RECEIVE B, RSADR and RCNT are transferred from #3 segment TRANSMIT
CHANNELA 1o next available TLOOK segment in CH B which is #6 CHANNELB
in this example.

Figure 8. STORE-AND-FORWARD EXAMPLE
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Note that, unlike SEND described above, RECR is not
cleared by the WD2511A and may be set up before the
link is up. If RECR is set and if there is a buffer available
in RLOOK segment 0, DMA into that buffer can occur
even when the link has not been brought up. If the
WD2511A has been programmed to come up as a passive
station (CR04 = 1), then an arriving Information frame
with a good FCS and an N(S) = O, will cause the
WD2511A to generate a PKR interrupt as described above.
The WD2511A will not, however, send out the ACK.

Therefore, the user will have to initialize RLOOK again.
The remote device will resend the frame after the link is
up. The PKR is not generated if the WD2511A has sent
a SABM or FRMR.

Whether the WD2511A accesses RLOOK/TLOOK
information or a user buffer, a DMA cycle is required for
each access.

Figure 8 shows a Store and Forward example that is
useful in a network node.

BIT # ]

BYTE # IN \
SEGMENT 7 6 5 4 3 2 1 0

1 ACK'ED 0 0 0 0 BRDY | BRDY"

2 TSADR HI

3 TSADR LO

4 0 TCNT Hi

5 TCNT LO

6 SPARE FOR USER DEFINITION

7 SPARE

8 SPARE

* BRDY is cleared after the last flag is transmitted and NB is incremented.

Figure 9. TLOOK SEGMENT

The control bits in TLOOK (BRDY and ACK’ED) and in RLOOK (FRCML and REC RDY) define various states for

each segment. These states are shown below:

TLOOK STATES
ACK’ED BRDY STATE
0 1 Ready To Transmit (user set BRDY, cleared ACK’ED)
0 0 *Transmitted and Awaiting Acknowledge (WD2511A cleared BRDY)
1 0 Received Acknowledge (WD2511A set ACK’ED)
1 1 This state not allowed

*State 0-0 could also occur whenever there is no data ready to send.

NO DATA
/ TOSEND USER SETS
USER 0-0 BRDY

CLEARS
ACK’ED

RECEIVED
ACKNOWLEDGE

USER CLEARS ACK'ED
AND SETS BRDY

READY TO
SEND

1-0

WD2511A SETS
ACK'ED

DATA HAS BEEN
SENT WAITING
FOR ACKNOWLEDGE

0-1

WD2511A CLEARS
BRDY

0-0

Figure 10. TLOOK SEGMENT STATE FLOW

Notice that in a TLOOK segment, the 0-0 state could have two meanings. Due to control internal to the WD2511A

this will not pose an ambiquity to the WD2511A. However, if it is a difficulty to the user, the user could at start-up,
set all ACK’ED bits. Since this would only be a start-up procedure, this would not violate the “deadly embrace’’ rule.

In the “WAITING FOR ACKNOWLEDGE” state, one or more re-transmissions could occur.

f
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RLOOK STATES

BIT #
BYTE #IN
SEGMENT 7 6 5 4 3 2 1 0
1 *FRCML 0 0 0 RES2 RES1 RESO Egs
2 RSADR HI
3 RSADR LO
4 NOT USED RCNT HI
5 RCNT LO
6 SPARE FOR USER DEFINITION
7 SPARE
8 SPARE

*FRCML = Frame Complete

Figure 11. RLOOK SEGMENT

FRCML REC RDY STATE
0 1 Ready to Receive (user set REC RDY, cleared FRCML)
1 0 Received Packet (WD2511A set FRCML, cleared REC RDY)
0 0 Not Ready (user cleared FRCML)
1 1 This state not allowed

NOT
READY
, 00 \\

USER - USER SETS
CLEARS REC RDY
FRCML USER CLEARS

FRCML AND
SETS

PACKET HAS
BEEN RECEIVED
1-0

REC RDY ——— 9

READY TO
RECEIVE

- — WD2511A CLEARS REC RDY — 01
AND SETS FRCML

Figure 12. RLOOK SEGMENT STATE FLOW

4.3 “DEADLY EMBRACE” PREVENTION

A “deadly embrace” can occur when two processes reach

a state where each is waiting for the other. In this case,

the two processes are the user and the micro-controller

inside the WD2511A. Therefore, to prevent “deadly
embrace,”’ the following rule is obeyed by the WD2511A
and should also be obeyed by the user.

RULE: If a bit is set by the user, it will not be set by the
WD2511A, and vice versa. If a bit is cleared by
the WD2511A, it will not be cleared by the user,
and vice versa.

This rule applies to TLOOK, RLOOK and to the l/O
registers. This rule does not apply to the error counters.

As an example, the BRDY bit in a TLOOK segment and
the SEND bit in CRI are only set by the user and only
cleared by the WD2511A.

4.4 SEND BIT CONTENTION

The WD2511A could be clearing the SEND bit when the
Host is setting it. To insure that the bit is set the Host
should read the status of the SEND bit after it is set. If
the SEND bit is cleared, the Host should set it again.
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REGISTER CHAIN BUFFER SIZE
C BIT BIT BIT BIT BIT BIT BIT BIT
7 6 5 4 3 2 1 0

4.5 BUFFER SIZE/CHAINING REGISTER

The lower 4 bits of Register C define the user’s buffer
size in multiples of 64 bytes, including a two byte transfer
address (XFR ADR). If BUFFER SIZE is 0000, all buffers
are 64 bytes long. For 0001, the size is 128, for 0010, the
size is 192, and so on up to a maximum buffer size of
1024.

The maximum amount of |-field data bytes that can be
contained in any buffer is the buffer size minus 2 bytes
(XRF ADR) for all Transmit and Receive buffers, except
for the last Receive buffer. For this buffer, the maximum
amount of I-field bytes is the buffer size minus 3.

If you need to send and receive more bytes than your
defined buffer size minus 3, you must select chaining.
If you need to send and receive more than 1021 bytes
of data {i.e. the maximum buffer size minus 3), you must
select chaining.

The CHAIN value is not checked on transmit. The
WD2511A uses the TCNT and buffer size as the user
specifies it. It is up to the user notto setup a TCNT that
exceeds the BUFFER/CHAIN Register definition.

The WD2511A includes a chained-buffer feature which
allows the user more efficient use of memory, particularly
in situations where the maximum packet size is much
larger than the average packet size.

Chaining is restricted to transmit speeds less than or
equal to 100 KBPS and to memory locations above 00FF
hex.

Register C is used to program the chaining feature. The
upper 4 bits, CHAIN, define the number of chain
segments allowed in addition to the first segment. (i this
feature is not used, make CHAIN all 0's).

For example, suppose that the buffer size defines a
segment size of 128 and that CHAIN defines 8 additional
segments in addition to the first. (Register C would be
hex 81 in this example.) When 126 bytes of I-field data
have been received, the WD2511A will read the next two
buffer bytes as a transfer address (XFR ADR) pointing
1o another segment. At the end of that segment is another
XFR ADR, and so on, up to a maximum of 9 total
segments, (in this example.)

For the receiver, a XFR ADR of 00XX will mean that the
next segment is not ready. If the WD2511A reaches a XFR
ADR on the receiver with 00XX, there will be an Error
Interrupt Code 42; otherwise there will be an Interrupt
Code 41 which is a status indication that the WD2511A
is going to the next segment. The upper 4 bits of 110
Register 6 gives a status of which chain segment is
currently being used.

The transmitter chaining works like the receiver with the
following exceptions:

1. XFR ADR = 00XX will not indicate next segment
not ready.

20

2. There is no interrupt when going from one segment
to another.

3. There is no status of the current segment being used.

4. Last chaining block is allowed to contain one more I-
field data byte.

Total amount of Ifield data bytes in receiver =
(64 x (1 + BUFFER SIZE) -2) x (1 + CHAIN) - 1.
The total amount of I-field data bytes in transmitter =
(64 x (1 + BUFFER SIZE) -2) x (1 + CHAIN).

Also, note that the transmitter and receiver counts are
modified by 2 for each time a chain boundary is crossed.
For example, if BUFFER SIZE = 0001 (segment size =
128 bytes including XFR ADR) and if an I-field of 270 bytes
is to be transmitted, then there will be two times that a
chain boundary is crossed. The TCNT must equal 274
to send the 270 bytes. The same is true for RCNT. Note
that the largest block of data that can be received without
chaining is 1021 bytes.

4.6 TLOOK AND RLOOK POINTERS

There are three 3-bit counters for the status of the
segments in TLOOK and RLOOK. Status Register #0
(SRO) contains counters NA and NB which are used in
conjunction with TLOOK. NB is the TLOOK segment
number of the next block to be transmitted and is
advanced at the end of each block transmission. NA is
the value of the TLOOK segment of the next block to be
acknowledged. If all transmitted blocks have been
acknowledged, then NA = NB.

In SR1 is a 3-bit counter, NE, used in conjunction with
RLOOK. NE is the value of the RLOOK segment number
where the next received packet will be placed.

NA = Next to be Acknowledged
NB = Next Block to be Transmitted
NE = Next Expected to be Received
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4.7 VARIABLE BIT LENGTH AND RESIDUAL BITS

The WD2511A will send only 8 bits per character and all
transmitted frames wilt have an integral number of bytes.

The WD2511A can receive a packet with, or without, an
integral number of bytes. The “RES” bits in the RLOOK
tables indicate the number of received residual bits. The
residual bits occupy the lower portion of the last received
character.

RES 2|RES 1|RES 0|/RECEIVED RESIDUAL BITS

0 0 0 0
0 0 1

0 1 0 6
0 1 1 5
1 0 0 4
1 0 1 3
1 1 0 2
1 1 1 1

4.8 ERROR COUNTERS

Following contiguously after RLOOK are six 8-bit error
counters. The WD2511A will increment each counter at
the occurrence of the defined event. However, the
WD2511A will not increment past 255 (ali 1's). The user
has the responsibility of clearing each counter. The first
counter past RLOOK is #1, etc.

ERROR
COUNTER TYPE OF ERROR

1 *Received Frames with FCS Error
(includes frames ABORTed in the
I-fieid).

2 Received Short Frames (less than 32
bits)

3 **Number of times T1 expired

4 Not used

5 *REJ Frames Received

6 REJ Frames Transmitted

*These counters are incremented only if the received A-
field is equal to either Register E or F.

**Incremented only when attempting to transmit a
command.

The Error Counters are accessed by the WD2511A
transmitter DMA channel. Therefore, if multiple errors are
received while the WD2511A is transmitting a long frame,
only the last error will be counted. The only Counters
which could miss counts because of this are Counters
#1, #2, and #5. The error Counters are incremented only
when the link is up (LINK = 0).

5.0 SELF-TESTS

There are two self-test features: 1) Internal RAM Register
Test and 2) Loop-Back Test. Both tests are suitable for
manufacturing testing, user incoming inspection testing,
or system diagnostics and trouble-shooting.

5.1 INTERNAL RAM REGISTER TEST

There are eleven 8-bit registers internal to the WD2511A
which are not directly accessible by the user’s CPU.
Seven of these registers can be tested by the Loop-Back
Test. The internal RAM test provides a means to check
the other four registers.
The contents of Register A are placed in two even internal
registers and the contents of Register B in two odd internal
registers. The four registers are then added together
without carry and the result is placed in Registers 2, 5,
6 and 7. This test is initiated when RAMT (CR02) = 1.
Use the following procedure:

1. Set-up Registers A and B.

2. Set RAMT.

3. Wait at least 50 times the CLK Period.

4. Read Registers 2, 5, 6 and 7.

To repeat the test for new values in Registers A and B:
5. Clear RAMT.

6. Wait at least 100 times the CLK period.
7. Go back to step 1.

Refer to Appendix E for more details.

5.2 LOOP-BACK TEST

The loop-back may be internal (CRO3 = 1) or external
(CRO3 = 0). If external, RD and TD must be tied together
either directly or remotely.

If CRO3 = 1, TD is internally tied to RD and the RD signal
(pin 16) is internally disconnected. Also, TC is internally
tied to RC and the pin at RC (pin 17) is internally
disconnected.

Early versions of the WD2511 required CTS to be
connected externally to GND or to RTS. This is not true
for the WD2511 “A”.

CRO7 and CRO04 (active, no disc) should be set when
running Loopback and Registers E and F must be
identical.

Refer to Appendix E for more detailed information.

6.0 WD2511A ELECTRICAL SPECIFICATIONS:
Tables 11 and 12 list the DC Operating Characteristics
and AC Timing Characteristics. Refer to Figure 13 for the
Timing Diagrams.

ABSOLUTE MAXIMUM RATINGS:

Voltages referenced to V¢

High Supply Voltage (V) - ... ... ... -03V to +15V
Voltage at any Pin (except V) ... ... -03V to +7.0V
Operating Temperature Range ......... 0°C to 70°C*

Storage Temperature Range —-550C to +125°C

Maximum limits indicate where permanent device
damage occurs. Continuous operation at these limits is
not intended and should be limited to those conditions
specified in the DC Electrical characteristics.

*Contact WD for information regarding extended
temperature screening.
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Table 11. DC OPERATING CHARACTERISTICS
DC Operating Characteristics: Vg = OV, Voo = 50V £ 0.25V, Vg = 120V + 06V, T, = 0°C to 70°C

SYMBOL PARAMETER MIN TYP | MAX | UNIT CONDITIONS
lop Vpp Supply Current 20 50 mA
lec Vee Supply Current 200] 280 mA
Voo High Voltage Supply 1.4 12| 126 \
Vee Low Voltage Supply 4.75 5| 5.25 \%
Vin Input High Voitage 20 \
Vi Input Low Voltage 08 \%
Vou Output High Voltage 24 V]l = -01mA
Voo Output Low Voltage 04 Vil = 1.6mA
ILh Input Source Current +10 pA | Vin = Vg
I Input Sink Current -10 pA | Vin = +04V
lozn Output Leakage High (High -10 +10 pA | Vout = Voo
impedance)
lozL Output Leakage Low (High -10 +10 wA | Vout = +04V
Impedance)
Table 12. AC TIMING CHARACTERISTICS
AC Timing Characteristics: Vgg= OV, Voo = 5V + 25V, Vpp= + 120V ¢ 68V, T, = 0° to + 700C
SYMBOL PARAMETER MIN | TYP | MAX | UNIT CONDITIONS
CLK Clock Frequency 19 20 2.1 | MHz | Note 1
RC Receive Clock Frequency 0 1.1 | MHz | Note 4
TC Transmit Clock Frequency 0 1.1 | MHz | Note 4
Tac Receive Clock Period 900 ns
Tre Transmit Clock Period o 900 ns
Tur Master Reset Pulse Width (MR) 1 ms
Tar Input Address Set-up Time to REEnable 0 ns
Tua miut Address Hold Time after RE Disable 0 ns
Tar RE PULSE Width o 375 ns | Note 2,3, 7
Troo Data Valid Delay _fr_om RE Enable 2 375 ns | Note 2,3, 5 7
Tvo Data Valid after RE Disable 20 100 ns | Note 2, 3,5, 7
Taw Input Address Set-up Time to WE Enable 50 ns
Tanw Input Address Hold Time after WE Disable | 50 ns
Tow WE Pulse Width s 150 ns | Note 2,3, 7
Tow Data Set-up Time to WE Disable 50 ns
or DACK Disable for DMA In
Tonw Data Hold Time after WE Disable 100 ns
or after DACK Disable for DMA In
Tesr Chip Select Set-up Time to ﬁEEnable 0 ns
Tenr Chip Select Hold Time after RE Disable 0 ns
Tosw Chip Select Set-up Time to WE Enable 0 ns
Tenuw Chip Select Hold Time after WE Disable 0 ns
Tane REPLY Enable from CS-RE Enable 325 ns
TrRD REPLY Disable from ESE Disable 325 ns
Tewe REPLY Enable from CS-WE Enable 200 ns
Tawo REPLY Disable from CS-WE Disable 225 ns
Toko DACK Pulse Width - DMA Out 375 ns | Note 2, 3, 6
Toki DACK Puise Width ~ DMA In 375 ns | Note 2, 3, 6, 9

#
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Table 12. AC TIMING CHARACTERISTICS (continued)
AC Timing Characteristics: Vgq= OV, Voo = 5V + .28V, Vpp= + 120V + 6V, T, = 0°to + 70°C

SYMBOL PARAMETER MIN | TYP | MAX | UNIT CONDITIONS
Toat Output Address Valid from DRQO (or DRQI) 80 ns | Note 5
Enable if ADRV =
Toso Output Address Valid from DACK 375 ns | Note 5, 6, 9
Enable if ADRV =
Toan Output Address Valid after DACK Disable 20 125 ns | Note 5, 6
TesH CS-WE Disable or CS-RE Disable Time
(High) 500 ns | Note 2, 3, 7
Tocs DACK Enable after CS-WE Disable or
CS-RE Disable 500 ns | Note 3
Tokn DACK Disable Time (H|gh) 500 ns | Note 2, 3, 6
Tesp CS-WE Enable or CS-RE Enable after
DACK Disable 500 ns | Note 2, 3, 6
Toko Data Valid Delay from DACK Enable 2 375 ns | Note 5, 6
Touw Data Valid after DACK Disable for DMA Out 20 125 ns | Note 5, 6
Tov Transmit Data Valid Delay 120 ns
Tsro Receive Data Setup Time 0 ns
Turo Receive Data Hold Time 350 ns
Too DRQO or DRQI Disable after DACK Enable 375 ns | Note 5, 6, 9
Toao DACK Enable after DRQO Enable 0 7 Thpe | Note 5, 6, 8
Thai DACK Enable after DRQI Enable 0 8 Trc | Note 5, 6, 8

NOTES
1. Clock must have 50% duty cycle + 10%.

2. No user READ (CS-RE) or WRITE (CS-WE) is allowed within 500 nanoseconds after the trailing (rising) edge
of DACK.

3. The leading (falling) edge of DACK is not allowed within 500 nanoseconds after the completion of a user WRITE
(CS-WE) or READ (CS-RE).

See “Ordering Information” for maximum serial data rates.

C(load) = 100pf.

There must be at least 500 ns between the trailing (rising) edge of DACK to the next leading (falling) edge of DACK.
There must be at least a 500 ns time interval between any two or more consecutive user READs or WRITEs.

Maximum time for DACK to become active (i.e. leading (falling) edge of DACK) after the WD2511A
issued a DMA request (DRQO or DRQI). Exceeding of this time interval will cause a Receiver Overrun
(DRQO) or a Transmitter Underrun (DRQI) Error to occur.

9. These parameters can be screened for 250ns. Contact factory.

® N OO

CS-RE or CSWE

DACK ‘ {

Figure 13. TIMING DIAGRAMS
a. INTER ACCESS TIMING
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7.0 ORDERING INFORMATION

ORDER NUMBER MAXIMUM DATA RATE

WD2511A AN-01 100 Kbps
WD2511A AN-05 500 Kbps
WD2511A AN-11 1.1 Mbps

Contact the factory for information on other speeds or
package types.
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Figure 13. TIMING DIAGRAMS (continued)
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APPENDIX A
TRANSPARENT MODES

The WD2511A is intended to be a link level controller
meeting the requirements of X.25 LAPB. However, there
has been an increasing demand from potential WD2511A
users for additional frame types not included in the LAPB
repertoire.

For example, the Bell System standard, BX.25, calls
for the use of XID (exchange identification) in LAPB
connections of DTE-to-DTE and in Dial access. (DTE-
to-DTE and Dial access are not X.25 in the strictest
sense.) Also, Western Digital has received several
requests for the use of a SIM (Set Initialization Mode).
Also, there has been one request to allow “unknown’
frames to pass through the chip for the purpose of
teleloading.

For this reason we have added two selectable modes to
the WD2511A: transparent transmit and transparent
receive. Basically, these two modes allow the user the
option to pass certain non-LAPB frames thru the chip
without the chip controlling these frames according to
the LAPB protocol.

FEATURES OF THE TRANSPARENT MODES

* May transmit any A and C field under transparent
control.

* May receive any U-frame not part of the LAPB
repertoire when Tranparent-Receive enabled if
address equals register E or F.

* Transparent modes are link state independent.

1.0 HOW TRANSPARENT MODES WORK

Two control bits activate this mode. TXMT (CR17) enables
the Transparent Transmit and TRCV (CR16) enables the
Transparent Receive.

1.1 TRANSPARENT TRANSMIT

When TXMT = 1, the WD2511A will transmit the frame in
the next TLOOK segment provided SEND (CR10) ~ 1 and
BRDY of that TLOOK segment is 1. The link may be either
UP or DOWN. The WD2511A will not add the A and C
fields to the Transparent Transmitted frame. The user must
add these fields as the first two bytes in the transmit
buffer. Thus the significance of the transmit count (TCNT)
is different from normal packet transmission. In packet
transmission, TCNT is the count of the I-field. In
transparent transmission, TCNT is the I-field plus the A
and C fields (I-field plus two bytes).

The timer, T1, will be disabled in transparent transmission.
Therefore, if using this feature while the link is UP, it is
advised that TXMT be set only when there are no
outstanding (unacknowledged) packets (indicated
whenever NA = NB.)

At the end of the transparent transmission, there will be
an interrupt with XBA = 1. The SEND bit will be cleared
but the BRDY will not be cleared. The NB pointer will not
be incremented. To send another transparent frame, store
its address in the same TLOOK segment and set SEND.

To resume packet transmission, clear TXMT and set
SEND. (Of course the TLOOK segment must be set-up
prior to setting SEND.)

If SEND is set while the link is down, a transmission will
occur even if TXMT = 0. Under this condition, a packet
will be transmitted from current TLOOK SEGMENT, NB
and V(S) will be incremented, and the chip will go on to
the next TLOOK segment (up to a maximum of seven
frames), just as if link were UP. However, the WD2511A
will expect no acknowledgement to the packet(s). If the
link is brought UP later, NB and V(S) are cleared to 0 at
the time the link comes UP.

The bit Xi (CR15) is used only when TXMT = 1. Xl stands
for Transmit I-field. If the frame contains three, or more
bytes, not counting FCS, clear XI. If the frame contains
two bytes not counting FCS, set XI. When XI = 1, only two
frame bytes will be transmitted regardiess of TCNT. DO
NOT attempt to transmit a frame with TXMT = 1 and XI
= 0if TCNTis 2, 1, or 0.

1.2 TRANSPARENT RECEIVE

For the purposes of this discussion, it is necessary to
define an “unknown frame” (that is, a frame which is
“unknown” to the WD2511A).

Unknown Frame: A U-frame (unnumbered) frame which
is not part of the LAPB repertoire. The U-frame repertoire
in LAPB is SABM, DISC, DM, UA, and FRMR. For the
purpose of this discussion, “UF” will refer to an unknown
frame without an I-field, and “UFI” will refer to an
unknown frame with an |-field.

A received SREJ (Selective REJect), which is an S-frame,
is not considered an unknown frame by the WD2511A.
If the link is DOWN and a SREJ command is received,
a DM response will be sent or the frame will be ignored.
If the link is down and a SREJ response is received, the
SREJ is disregarded. If the link is UP and a SREJ
command or response is received, a FRMR will be sent.
The WD2511A will treat a received SREJ the same
whether TRCV is 0 or 1.

A received packet (I-frame) response is not considered
an unknown frame by the WD2511A. If the link is DOWN,
the frame is disregarded. If the link is UP, a FRMR will
be sent with W = 1 and X = 1. The received packet
response is treated the same whether TRCV is 0 or 1.

Whether TRCV is 0 or 1, the WD2511A will check all
received frames to insure that the A-field equals either
Register E or F, that the FCS is correct, and that the frame
contains 32 bits or more. If TRCV = 0, and if a UF or UFI
is received, and if the link is UP, the WD2511A will send
a FRMR with W = 1 (W and X are 1 in case of UFI). Refer
to Appendix D.

When TRCV = 1, the WD2511A will be enabled to receive
all frames. If the frame is “known” by the WD2511A, it
will be treated according to the protocol just as if TRCV
= 0. However, if the frame is a UF or UFI, it will be passed
on to the user.

When an unknown frame is received while TRCV = 1,
there will be an interrupt with ERROR = 1 and the Error
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Register (ERO) will contain one of the following
hexidecimal values:

ERO FRAME RECEIVED
60 UF! Response
61 UFi Command
62 UF Response
63 UF Command

The C-field of the received frame is contained in Register
#7. If the frame had an I-field, the frame will be placed
in the next RLOOK segment and the value of RCNT will
represent the count of bytes in the I-field (not including
the A and C fields). The RLOOK pointer, NE, will be
incremented. Therefore, the relationship between NE and
V(R) will not be guaranteed if transparent receive is used
while the link is UP. However, this will not cause a
sequence problem in the protocol since the actual V(R)

is maintained in an internal register in the WD2511A. Note
that NE is cleared when the link is brought UP. Thus, if
transparent receive is used only when the link is DOWN,
then NE will be equal to V(R).

A word of caution. If the next RLOOK segment is not
ready when a UFI is received, the Error Register (60 or
61) will be overwritten aimost immediately with an error
code 10 {(RLNR) and the user will not know if the received
UFi was a command or a response.

If RECR is set while the link is DOWN, the WD2511A will
prepare to receive |-fields, whether TRCV is 0 or 1. 1fa
packet command is received, there will be a PKR interrupt
and the NE and V(R) will be incremented. Of course, no
acknowledgement is sent and NE and V(R) are cleared
once the link is brought up.

The following tables show what action the WD2511A will
take when various frames are received.

TABLE A.1 PACKET RECEIVED (command, not response)

LINK RLOOK READY TRCV ACTION BY WD2511A
DOWN NO Oor1 DISREGARD
DOWN YES Oor1 If N(S) = V(R), PKR interrupt, V(R) and NE
incremented.
upP NO Oor1 No ack transmitted. If N(S) not = V(R), DISREGARD.
upP YES 0or1 If N(S) = V(R), RNR sent, else, REJ condition entered.
If N(S) = V(R), PKR interrupt, V(R) and NE
incremented.
Acknowledgement sent at next opportunity. If N(S) not
= V(R), enter REJ condition.
TABLE A.2 UFI RECEIVED
LINK RLOOK READY TRCV ACTION BY WD2511A
DOWN NO Oort DISREGARD
DOWN YES ] DISREGARD
DOWN YES 1 Error interrupt 60 or 61. NE incremented.
UP NO 0 FRMR sent. W = 1, X = 1
up NO 1 DISREGARD
UP YES 0 FRMR sent. W = 1, X = 1
upP YES 1 Error interrupt 60 or 61. NE incremented.
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If TRVC = 1 and UF (no I-field) is received, there will be
an Error interrupt 62 or 63, independent of the link state
or the readiness of RLOOK.

Of course, the received C-field of any frame will be in
Register 7 provided the A-field matched either Register
E or F, the FCS was good, and the frame contained 32,
or more, bits.

APPENDIX B
HALF DUPLEX OPTION (LAPX)

The WD25M11A is basically a full duplex device. The
receiver is maintained in an “always ready’’ condition
even if the receive buffer is not ready. Thus, whether the
received frame came from a full or haif duplex system
is of no consequence to the WD2511A.

Therefore, the half duplex option affects only the
WD2511A transmitter. Half duplex is enabled when H/F
(CROS5) = 1.

The WD2511A will transmit one frame at a time according
to the following procedure:

A. Enable RTS (RTS goes low).

B. Wait for CTS (CTS input goes low).

C. Transmit frame (when CTS is active).

D. Remove RTS (RTS goes high 2 Y bit-time after
the last 0 of the trailing flag).
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NOTES:

The leading flag will be transmitted somewhere between
5 and 13 bits after CTS goes low.

Interframe fill will be all 1's (IDLE): If no frames are
received after T1 x N2 time, a link reset will occur due
to RECIDL (SR25).

If T1 is internally activated, it is started when RTS goes
low.

Atter RTS goes low, the frame will not begin transmission
until CTS goes low. After the frame has started, the
transmission of that frame is completed even if CTS
returns high during the frame.

See section titled USE OF FLAGS BY THE WD2511A
in Appendix D.
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APPENDIX C

OPERATING THE WD2511A IN A MULTIPOINT
CONFIGURATION

A typical multipoint consists of a primary station controller
connected to one, or more, secondary controllers by
means of a four wire connection as shown in Figure C.1.
One wire pair carries serial data from the primary for
broadcast to all secondaries. One wire pair carries serial
data from all secondaries to be received by the primary.
Thus, the primary communicates with secondaries, and
secondaries never communicate directly with one another.
Also, the primary can only “talk” to one secondary at a
time.

ADCCP (Advanced Data Communication Control Pro-
cedures, ANSI X366) specifies three modes: Normal
Response Mode (NRM), Asynchronous Response Mode
(ARM), and Asynchronous Balanced Mode (ABM). NRM
is strictly an association between a primary and one, or
more, secondaries. Therefore NRM has been specifically
designed for use with multipoint, and is the best choice
for multipoint. ABM and ARM are not as well suited for
multipoint as NRM, but can be used for multipoint
operation.

The WD2511A is LAPB controller, which is an
implementation of ABM. For multipoint, the primary will
establish a link with one secondary and communicate |-
frames with that secondary. After this “session,” the
primary will initiate link disconnect and go on to another
secondary.

The control of the WD2511A is by means of Registers E
and F which control the command/response definitions
for the A-field. This may be handled in one of two ways:
First, make Register E the same for all secondaries; this
value will be used in Register F of the primary. Register
F will be unique for each secondary, and the primary will
modify Register E for each session with an individual
secondary. Second, Register E and F could be equal in

each secondary, but unique for that secondary. The
primary would modify Registers E and F for each session
with a given secondary. Neither of the above methods
appears to have an advantage over the other.

For example, suppose the second method is chosen, and
there are five secondaries. Register E and F for the five
will be 1, 3, 5, 7, and 9. Each secondary will be an idle
state with CRO bits 5 and 1 set (hex 22: half-duplex). The
RTS pin will be off for the secondaries. As soon as a
secondary receives DISC with an A field which matches
Register F, RTS will be asserted. If the A field does not
match Register F, the frame is discarded, and RTS
remains off.

When the primary needs to communicate to #1, Register
E and F in the primary are set to 1. The primary will set
CRO bits 4 and 1 (hex 12). The primary will initiate a link
set-up procedure with #1. After the link is brought up with
#1, there will be a link-up interrupt with ERO = hex 21
in both the primary and secondary. If, however, #1 is off-
line, there will be no fink-up time-out from the WD2511A
for failure to bring-up a link. The user must provide this
time-out.

After the link is up, if a WD2511A is being used, the user
may wish to clear CRO bit 5 to become full duplex when
the bit is cleared.

To discontinue a session, the primary will set bit 0in CRO
{hex 01). This will cause a DISC to be generated to the
secondary. The user may change Registers E and F for
the next secondary after waiting a few milliseconds (2
or 3) after the LINK bit becomes set.

When the secondary receives the DISC, the secondary
will generate a disconnect interrupt (ERO = hex 30) and
transmit a UA.

SECONDARY
#1

SECONDARY

SECONDARY

#3 #N

PRIMARY

-

.‘ l

—_—

Figure C.1 TYPICAL MULTIPOINT CONFIGURATION
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APPENDIX D
STATE DESCRIPTIONS
1.0 OVERVIEW OF WD2511A OPERATION

The following flow diagrams show a general overview of
how the chip begins operation after MDIC is cleared and
how it reacts to link resetting and disconnect conditions.
These charts do not show the details of S-frame and
I-frame management. These actions are shown in State
Tables IlI-V. In full dupiex implementations of LAPB, the
device must account for independent TRANSMIT and
RECEIVE State machines with signals between them.
Therefore, boxes marked “SEND” indicate where the chip
decides it must send a certain frame and sets a flag for
the transmitter, not where the frame is actually transmitted.

State Tables | and Il describe the action of the chip for
certain frames received in the link up and link down
states. They are referenced in the Flow Charts as | or Il
where applicable. These diagrams are meant as a general
overview of chip operation and not intended to reflect all
of the internal processes.

The flow diagrams begin at START, after Master Reset.
Initially the chip can only run the RAM test. To activate
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the protocol, the user programs CRO0. The chip can be
a passive device (CR04 = 0) where it will wait for a DM,
DISC, or SABM from the remote device. If the chip is
active, (CR04 = 1), it can be made to send a SABM (CR07
= 1) or a DISC (CRO7 = 0) to the remote device. This
is where STATE TABLE | begins. Note that once
programmed for ACTIVE/PASSIVE, this cannot be
changed without setting MDISC first or Master Reset.

To bring down the link, the user sets MDISC (CR00 =
1). The chip will then send a DISC. The chip could also
send a DISC if it has not received an answer to its SABM’s
(based on N2, registers 8/9). Either of these reasons
moves the chip to STATE TABLE |I.

After the link has been disconnected successfully, i.e.
either:

a) Chip sends DISC, receives DM/UA, or
b) Chip gets DISC, transmits DM/UA,

if MDISC is clear (CROO = 0) and the chip is in the
ACTIVE mode (CR04 = 1), it will try to re-establish the link.



INTITIALIZE
CHIP
REGISTERS

FRAME
TRANSMIT

ACTIVE

1 — LINK
SUBROUTINE
D3
=
INIT RECEIVER
(REG E/F)

NOTES:

“SEND" means set up to send. Frame actually transmitted via IDLE loop.
FRAME TRANSMIT and TIMEOUT routines are not shown.

FRAME RECEIVE is shown in Figure D2.

Figure D.1
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Figure D.2
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SEND
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DOWN
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RECEIVED
A SABM

INTERRUPT
80—~ERO

INITIALIZE
CHIP REGS

DISREGARD
RECEIVED
SABM

WAITING FOR
UA/DM

Figure D.4
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2.0 STATE TABLE | LINK DOWN, BUT GOING UP

(Column 2 also applies to link reset)

ACTION BY WD2511A

T1 and N2 run out

Re-send DISC. P=1.

Send SABM Go to column 2.

COLUMN 1: COLUMN 2:
STIMULUS: DISC sent.
Waiting for UA or DM. SABM sent. Waiting for UA.
T1 runs out Re-send DISC. P=1. Re-send SABM. P=1.

Send DISC, interrupt ERO = 24.

Go to column 1.
Clear NA, NB, NE, V(R), V(S).

Received UA
Received DISC Send DM.
Received SABM Disregard.

Received DM

Received something (NOTE 1)
other than UA, DM,
DISC, or SABM

Disregard.

Send SABM. Go to column 2.

Go to IDL loop.

Send DM (NOTE 2)

Send UA. Clear NA, NB, NE,
V(R), V(S). Keep waiting for UA.
Send DISC. Go to column 1
(NOTE 3)

Disregard.

NOTES ON STATE TABLE 1

1. This applies to ADM, even if no DISC was sent, suc

h as initially coming up in Passive Mode.

5 A UA will be sent if the chip sent the SABM in response to a FRMR.

3. If the chip sent SABM in response to a FRMR, a DM will cause the chip to begin as if from Master Reset.

3.0 STATE TABLE Il LINK UP, BUT GOING DOWN

ACTION BY WD2511A

—

DISC sent. Waiting

T S

STIMULU for UA.

T1 runs out Re-send DISC. P = 1.
Received UA or DM Go to start

Received SABM Disregard

Received DISC Send DM. Wait for DM.

Received something
other than DISC.

Disregard

SABM, UA, or DM

4.0 USE OF FLAGS BY THE WD2511A

Once MDISC has been reset, the WD2511A will send
interframe flags (hex 7E) if full duplex is selected (CRO5
— 0). If half duplex is selected, (CROS5 - 1), interframe
fill will be all 1's (IDLE).

The WD2511A does not require the interframe time fill
flags. Either idle or flags will be accepted. However, if
the receiver detects idle for time T1 x N2, the WD2511A
will send a DISC. If a UA is received, the link will be
brought back up with a SABM from the chip.

When sending continuous flags, the WD2511A will send:

011111100111111001111110011......

The WD2511A will accept either the above sequence as
continuous flags, or the “shared zero” pattern:

011111101111110111111011111 ...

With one exception, the chip will not send a shared flag
to terminate one frame and begin another but is capable
of receiving this. If a frame is aborted, there may be only
one flag after the aborted frame, if there is an I-frame
pending transmission.

5.0 DEFINITIONS OF COMMAND AND RESPONSE

A transmitted or received command or response is a
frame with the A-field defined below:

FRAME A-FIELD
Transmitted Command Register E
Received Command Register F
Transmitted Response Register F
Received Response Register E

For non-transparent transmitted frames, only commands
or responses are transmitted. A transparent transmitted
frame (TXMT) may have any A-field the user chooses.

All received frames must be either commands or
responses or the frame is disregarded (“‘thrown away”’),
even if transparent receive is enabled (TRCV = 1).
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6.0 STATE TABLE Ill SENDING I-FRAMES (PACKETS) AND S-COMMANDS

NOTES:
In all subsequent pages, the link is considered UP (LINK = 0) unless otherwise stated. X = don’t care. TXMT =

0 for Table HI.
SEND BRDY NA AND NB RNRR T1 EXPIRES |RCVD REJ ACTION BY WD2511A

1 0 X 0 No No Clear SEND (CR10)

1 1 X No No Send next packet with N(S) = NB.
After transmission complete,
increment NB. Exception: if NB +
1 = NA, do not send next packet.
There are 7 outstanding.

X X X 1 Yes No Send S-command, P = 1.

X not = Yes No Send S-command, P = 1.

X X not = No Yes Make NA = received N(R). Start
sequential retransmission of
packets beginning with N(S) =
NA. (Note 3)

NOTES ON STATE TABLE Il

1.
2.

7.0 RECEIVING AND TRANSMITTING A NULL PACKET

If

correct N(8) but has no I-field, that packet will be treated
the same as a packet with an I-field. The fact that there
was no |-field is shown by RCNT equal to 0.

The WD2511A will not transmit a null packet. TCNT must
not be allowed to be all 0’s.

8.0 SENDING A REJ (RESPONSE)
1.

Received S-frames in the Table are assumed to have valid N(R)’s.

When an acknowledgement of one or more previously transmitted packets is received, NA is set equal to the received
N(R). All TLOOK segments from the old value of NA up to N(R) -1 are acknowledged and the appropriate ACKED bits
in the TLOOK segments will be set. After setting the ACKED bits, an XBA interrupt is generated.

. Assuming appropriate TLOOK segments are ready, packets are transmitted sequentially without waiting for an

acknowledgement, with three exceptions:
a. There are already seven outstanding (unacknowledged) packets (NB + 1 =~ NA).

b. The remote station has indicated a busy condition by sending an RNR frame (RNRR). T1 is started and an S-command
will be transmitted with P = 1 when T1 expires.

c. T1 expired and there are one or more outstanding packets. An S-command will be transmitted with P =1.

. If an S-frame command with P = 1 is received, the WD2511A will transmit an S-frame response with F = 1 at the next

opportunity.

. If SEND is set and TXMT is set, a frame will be transmitted from the next TLOOK segment if BRDY is set. After transmission,

SEND is cleared by the WD2511A.

the REJ condition is cleared and re-entered. The REJ
condition is cleared if a packet is received with correct
N(S), if a SABM is received, or if a SABM is transmitted
and a UA received.

6. When the REJ is transmitted, error counter #6 is
incremented.

9.0 RECEIVING A REJ (RESPONSE OR COMMAND)
If a REJ is received error-free, then:

1. If the N(R) is not valid, an interrupt is generated with
ERO = C8 and a FRMR is transmitted.

2. If the N(R) is valid and greater than NA, at ieast cne

an error-free (FCS good) packet is received with a

The REJ condition is entered any time an error-free
packet is received with an out-of-sequence N(S).

2. When the REJ condition is entered, the REJ frame
with N(R) = V(R) is transmitted immediately if a packet
is not being transmitted, or, at the completion of the
current packet. There are two exceptions, as noted in

transmitted packet is acknowledged. The appropriate
ACKED bits in TLOOK are set and an XBA interrupt
is generated.

3 and 4 below. 3. If the N(R) is valid and less than NB, the WD2511A
: : . will begin sequential retransmission starting with V(S)
3. If alink resetting SABM needs to be transmitted, the — received N(R). If a packet is being transmitied when
SABM is sent. When the UA is received for the SABM, : : :
P the REJ is received, that packet is aborted. If the N(R)
the REJ condition is cleared. h - . .
. . ) is valid and equal to NB and a packet is being
4. If the receiver is not ready (RNRX - 1), the REJ is transmitted, that packet (which will be #NB) is aborted
not sent. and retransmission will begin.
5. Once the REJ condition is entered, only one REJ will 4. If the N(R) is valid and equal to NB and there is no

be transmitted. Another REJ is not transmitted unless

packet being transmitted, there is no retransmission

s ]
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initiated. In this case the REJ has the same effect as 10.0 RECEIVING A SREJ (RESPONSE OR COMMAND)

an RR. ) . . The SREJ (Selective Reject) is an unimplemented frame
5. If in 2, 3, or 4 above, the received REJ with P = 1is 5 25 and, as such, results in FRMR being transmitted
a command, the WD2511A will transmita RRor RNR i¢ aceived by the WD2511A. If the N(R) field in the SREJ
response with F = 1 at the next respond opportunity. s yalid, a FRMR + W is sent with Vr incremented to
reflect the Nr in the SREJ. If the Nr in the SREJ is invalid,
aFRMR + Zis sent to the remote. In both cases an Error
interrupt is generated for the user and the remote will send

a link resetting SABM.

11.0 STATE TABLE IV LOCAL STATION BUSY (SENT RNR: RNRX = 1)

LINK RECR | REC RDY ACTION
1 X X No S-frame transmitted when link down.
1-0 1 1 RLOOK ready. No RNR frame sent.
1-0 1 0 RNR response sent immediately after link Up. RNRS set. RLNR interrupt.
1-0 0 X RNR response sent immediately after link UP. RNRX set. No RLNR
interrupt.

0 1 1 Receiver ready to accept packets.

0 1i-0 1 Receiver ready to accept packets.

0 1 0 RNR response sent. RNRX set. RLNR interrupt.

0 1-0 1 1f RNRX was set, then RNRX will be cleared after the next received packet
or S-=COMMAND. After that, an RR or REJ response is sent. RR response
is not automatically sent upon setting of RECR.

0 0 0 RNR response sent. RNRX set. There is no RLNR interrupt.

NOTES ON STATE TABLE IV

1. The arrow — indicate a change in state from the value on the left to the value on the right. The user should not clear
RECR, once set.

2. The RNRX status bit is set at the time the receiver-not-ready condition was established. The RNR frame will be sent
immediately if no packet is being sent or after the end of the current packet.

3. When a received packet is brought into memory with RNRX - 0, the packet will be accepted provided the FCS and
N(S) are correct and the I-field is not too long. The N(R) may or may not be correct but is checked separately. If N(R)
is not valid, a FRMR is transmitted.

4. Whenever RNRX = 1, the I-field of a received frame is not brought into memory. For received packets, the N(S) and
N(R) are checked as usual. If the N(S) is out-of-sequence, the REJ will not be transmitted.

5. If a link resetting SABM is transmitted when RNRX = 1, RNRX will be cleared when the UA is received. If the condition
which caused receiver-not-ready still exists, an RNR is sent and RNRX is set. However, if the receiver instead is ready,
I-field data may be brought into memory. The same also applies when a link resetting SABM is received.

12.0 STATE TABLE V REMOTE STATION BUSY (RECEIVED RNR: RNRR = 1)

RECVD | RECVD RECVD RR,

SEND |[NA AND NB| ACK RNR REJ OR UA T1 EXPIRES ACTION
X not equal Yes Yes No No Set RNRR. Restart T1 and N2.
Update NA.
0 equal No Yes No No Set RNRR. Start T1.
X not equal No No No Yes Send S-Command (P = 1). I

RNR subsequently received,
restart T1 and N2.

X not equal Yes No Yes, but not UA No Clear RNRR. Restart T1 and N2.
Update NA.
X X X No Yes No Clear RNRR.
01 equal No No No No Send next packet. increment NB

after transmission. (Then, NB does
not = NA). Start T1 and N2.

f
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While in the FRMR condition, the WD2511A will act as

NOTES ON TABLE V
1. If SEND = 1, it is assumed for this table that BRDY
of the next TLOOK segment is set.

2. IFRNRR = 1, an RR or RNR command is transmitted
at T1 intervals.

13.0 DEFINITION OF VALID RECEIVED N(R)

Reference

CCITT Recommendation X.25 paragraphs 2.4.10 and

2.34.10.

Definition

A valid received N(R) is greater than or equal to NA, and

less than or equal to NB.

1. The “greater than” and “less than” relationships must
be understood in a circular sense. 0 could be greater
than 7 depending on the values of NA and NB.

2. If NA = NB, there is only one possible valid received
N(R): N(R) =

3. IfNB + 1 = NA, there are seven outstanding packets
and any received N(R) will be valid.

N(R) =NB ACK’S all of the out-standing frames,
N(R) =NA ACK’S none of them, and an
N(R} in between ACK’s some of the packets.

4. Basically, a received N(R) which is not valid is one
which acknowledges a packet, or packets, not yet
transmitted.

14.0 SENDING S-FRAME COMMANDS

When an S-frame command is to be transmitted, a RR
command is transmitted if RNRX = 0 or a RNR command
is transmitted if RNRX = 1. If RNRX = 0 and a REJ is
waiting to be transmitted, a REJ command is transmitted.

For all transmitted S-commands, the P bit is set to 1.

An S-command will be transmitted at T1 intervals if an
RNR is received (RNRR = 1) or if T1 has expired due
to waiting for an acknowledgement to previously
transmitted packets.

15.0 CONDITIONS FOR SENDING SABM (LINK RESET)
1. FRMR received.

2. Have sent an S-command N2-1 times with P =1 (at
T1 intervals) without receiving an S-response with F =1.

UNSOLICITED UA OR UNSOLICITED F BIT

If an unsolicited UA or an unsolicited F bit is received
with the link up, 2 FRMR will be transmitted with W = 1.

SENDING AN FRMR

AN FRMR may be transmitted for any of the reasons
indicated in X.25 (W,X,Y,Z). An FRMR is transmitted only
if the link is up.

Upon sending a FRMR, the WD2511A will not send a
packet until the FRMR condition is cleared. The WD2511A
will also discard any received I-fields. The FRMR
condition is cleared when either a SABM or DISC is
received.

shown below:

FRAME RECEIVED

ACTION BY WD2511A

SABM

DISC

Packet with good N(R)

S-FRAME with good N(R)
(Command or response)

Packet or S-frame with
bad N(R)

Any frame with violation
W,XY,Z

1st FRMR

Subsequent FRMR

Send UA. Clear FRMR
condition. Enter informa-
tion transfer phase.

Send UA. Clear FRMR
Condition. Enter logical
disconnect state.

Retransmit FRMR
Retransmit FRMR

Retransmit FRMR
Retransmit FRMR

Send SABM
ignore, let T1 expire

RECEIVING AN FRMR

After a FRMR has been received:
. The FRMR Ifield will be in the memory referenced by
the current NE segment, provided the receiver was
ready. RECRDY is not cleared.

2. The SEND bit is cleared.

3. No more I-field data is allowed to come into memory
until the user makes the receiver memory ready.

4. A link resetting SABM is transmitted and an error
interrupt, ERO = CO is generated.

5. After the UA is received for the SABM, the NA, NB,
NE, V(R), and V(S) are cleared to 0.

16.0 PROTOCOL SIGNIFICANCE OF TLOOK/RLOOK
POINTERS

The NE, NA, and NB pointers have a relationship with
the sequence counters used in the LAPB protocol.
The RLOOK pointer NE is equal to V(R) at all times if
TRCV = 0. However TRCV = 1 and the link is UP, there
is no guaranteed relationship between NE and V(R).
TLOOK pointer NB is the Next Blook to be transmitted.
If the chip is not in packet retransmission, NB is equal
to the V(S) of the next packet to be transmitted.
TLOOK pointer NA is the Next packet to be
Acknowledged. It represents the V(S) number of the
oldest packet in the retransmission buffer.
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APPENDIX E
SOFTWARE APPLICATION NOTES
1.0 PROGRAMMING

Initialization of the WD2511A and I-field data processing
(level 3) is accomplished by user software. The real time
requirements of a driver for the WD2511A are less than
for other drivers because the WD2511A responds to link
exceptions and overhead functions on its own.

Configuring the WD2511A for certain test functions,
modes, timer values, location of initial memory pointers,
chain buffer lengths and link level addresses is performed
via the sixteen /O registers.

All buffer management support, buffer chaining and
free/busy flags occur in user memory. Two look-up tables
(TLOOK/RLOOK), located in the user memory, contain
pointers/counters for up to eight outstanding transmit/
receive packets. The WD2511A contains only one address
pointer: the starting address of Segment #0 in the TLOOK
table. Segment #0 in the RLOOK table always begins
40(Hex) bytes after TLOOK, Segment #0, byte #0. See
section “Memory Access Method” in the WD2511A
specifications, section 4.

Link monitoring is done by use of the I/O registers and
the memory buffers. The WD2511A indicates to the system
CPU that a certain event has occurred by setting a bit
in status register 1 and setting the interrupt flag. This
indicates whether a packet has been received a
transmitted packet has been acknowledged, a non-
recoverable error condition or some other condition needs
the attention of the CPU.

The sample driver PDL (program design language)
included in Figures E.1 through E 6 is an example of how
a general purpose WD2511A driver might be constructed.
It is published in PDL, rather than a real programming
language, in order to address the largest possible
audience of programmers.

The driver is constructed with 3 major routines:

1. Initialization — to initialize the WD2511A, set up
registers, and RLOOK segments, and to bring up a
link.

2. Transmit a frame - to send a frame to WD2511A.

3. Interrupt handler — to handle interrupts generated f-om
WD2511A.

This is just a simplified example for the WD2511A driver,

all error detection and recovery logic is omitted. However,

notes are added appropriate for readers who need to
develop a real WD2511A driver. A more detailed PDL. for

a WD2511A driver to run on IBM PC is included in Section

4 for reference.

NOTE:

Initialization

Reset WD2511A

Set Register 8 (T1)

Set Register 9 (N2)

Set Register A (TLOOK HI)
Set Register B (TLOOK LO)

IF to operate as DTE

Set Register E (COMMAND) = 1

Set Register F (RESPONSE) = 3
ELSE to Operate as DCE

Set Register E (COMMAND) = 3

Set Register F (RESPONSE) = 1

ENDIF
Set Register C (CHAIN/BUFFER SIZE)
Initialize Buffer Pools

DO UNTIL Window Full
Get Buffers from Pool (Receive Buffer)
IF (CHAIN)
Set XFR ADR in each Buffer
ENDIF
Set RLOOK parameters for this
segment (RSADR, RCNT, RECRDY)

ENDDO

Set Register 0 (CRO)
ACTIVE and RECR
(to bring up link)

Figure E.1 INITIALIZATION

Transmit a Frame

IF outstanding LE. Window
Get Buffers from Pool (transmit buffer)
IF (CHAIN)

Set XFR ADR in each Buffer

ENDIF
Copy User Data to Transmit Buffer
Set Next Available TLOOK Segment
Parameters (TSADR, TCNT, BRDY)
increment Outstanding
Set SEND in Register 1 (CRI)

ENDIF

Figure E.2 TRANSMIT A FRAME

When presenting packets to the chip for transmission, the host should implement a Level 3 timer. The value of the
timer is system dependent and varies with packet size and line speed but should be in the order of seconds. If a
packet has not been acknowledged by the time the timer expires, the host should check the SEND bit. If it is reset,
set it to 1 again and restart the timer. If it was still set, the link must be reset. Do this by setting the MDISC bit (CR00
= 1), waiting for the link to go down (LINK = 1), then resetting MDISC (CROO = 0), and waiting for the link to come
back up (ERO = 21 or, if RLOOKO was not ready, 10 and LINK = 0). The reason for this timer exists in the X.25
protocol itself. There are certain conditions where the link layer is operating according to protocol but transmission
of user packets is blocked. For example, if the remote station is busy and sends an RNR, the WD2511A will not be
able to successfully transmit user packets to it, as long as this condition persists. The WD2511A will pol! for the remote
status at T1 intervals to insure that leaving the busy state is detected. However, as long as the remote responds RNR
to the poll, no more user data will be sent.
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interrupt Handler

Read Register 3 (SRI)
{F PKR

Process Received Data
ENDIF
IF XBA

Process Acknowledgement
ENDIF
IF ERROR

Process Error

ENDIF

Process Acknowledgement

DO WHILE (outstanding GT.0) and (TLOOK
Segment ACKED)
Confirm to User
(data successfully transmitted)
Release Buffers in this TLOOK Segment
to Pool
Decrement QOutstanding
TLOOK Segment = Next TLOOK Segment

ENDDO

Figure E.3 INTERRUPT HANDLER

Process Received Data

DO WHILE RLOOK Segment FRMCL
Remove Buffer from Segment to
Receive Queue
Indicate Data to User (to remove data
from receive queue)
Get Buffers from Pool (receive buffer)

IF (CHAIN)
Set XFR ADR in each Buffer

ENDIF
Set Next Unused RLOOK Segment
(RSADR, RCNT, BRDY)

ENDDO

Figure E.4 PROCESS RECEIVED DATA

NOTE:
USE OF THE RECR BIT

The RECR (CRO1) bit should be understood as an
instruction to the WD2511A to enable the receiver
function. The WD2511A will test RECR as soon as MDISC
is cleared and will retest RECR after each link set-up and
each link reset. Once the receiver is ready, the WD2511A
will not test RECR again unless there is a link set-up, a
link reset, or a receiver not ready condition. Once the
RECR bit has been set by the user, it should not be
cleared by the user.

The receiver-not-ready condition is indicated by RNRX
= 1. This condition is cleared after the user sets RECR
and RECRDY (in the next RLOOK) and after either a
packet or an S-frame is received from the remote station.

If RECRDY of the next RLOOK is 0 and RECR = 0, there
will not be an RLNR interrupt, but RNRX will be set. If
RECR = 1 but the RECRDY bit of the next RLOOK
segment is 0, there will be an RLNR interrupt (error code
10) and RNRX will be set.

Figure E.5 PROCESS ACKNOWLEDGEMENT

Process Error
Read Register 5 (ER0)

IF (ERO) .EQ. 0 X 21
Indicate LINKUP

ELSE IF [(ERO) .EQ. 0 X 22]
OR [(ERO) .EQ. 0 X 24]
OR [(ER0) .EQ 0 X 30]
Indicate LINKDOWN

ELSE
Indicate LINK RESET

ENDIF

Figure E.6 PROCESS ERROR

NOTE:

The host should keep its own set of variables to determine
the index of the Next Packet to be Received and the Next
Packet to be Acknowledged because if a Link Reset
occurs, the chip resets its NA, NB, and NE counters. After
a Link Reset the host should look for unprocessed
received packets (FRCML = 1) in the RLOOK table
beginning at its Next Packet to be Received segment and
proceeding in order until it finds FRMCML = O.
Furthermore, if RLOOKO has RECRDY = 1 and RECR
is set to 1, a packet can be stored into RLOOKO
immediately after a Link Reset. Therefore, the host should
also look for received packets beginning at RLOOKO after
a Link Reset.

The chip resets the SEND bit after a Link Reset so no
new TLOOK buffers will be sent until the host sets SEND
again. After a Link Reset the host should look for any
unprocessed acknowledged packets (ACKED = 1)inthe
TLOOK table beginning at its Next Packet to be
Acknowledged segment and proceeding in order until it
finds a segment with ACKED = 0. Then the host must
set up the TLOOK segments again so that the oldest
unacknowiedged packet is in TLOOKO, the next in
TLOOK1, and so on, setting the BRDY = 1 in each
occupied segment. (New packets may be added to the
TLOOK at the next available segment.) When the host
has finished setting up the TLOOK segments, it should
set the SEND bit to 1. At this point packet transmission
will resume if the remote station is up and is not in a
receiver not ready (RNRR = 1) condition.

|
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2.0 INTERNAL LOOP-BACK TEST

The loop-back test feature is an internal programmable
loop-back of data, enabling the user to make an almost
complete test of the WD2511A. It allows diagnostic testing
of the WD2511A and the interfacing circuitry. In this mode,
transmitted data to the TD pin is internally routed to the
received data input circuitry, thus allowing this WD2511A
to set-up a link, send a number of packets to itself and
then reset the link.

The RC clock is internally connected to TC clock and the
CTS input is internally connected to the RTS output.

The loop-back test allows the verifying of proper operation
of practically all the various functions of the WD2511A.
The features tested here, the addresses and values of
the variables chosen are only used as examples and are
as follows:

TLOOK segments starting address = 0800H
Transmit Data buffer #0 starting address = 1000H
Received Data buffer #0 starting address = 1800H
Number of packets transferred = 1

Number of |-field bytes per packet = 1024
Number of residual bits = 0

T = 101H

N2 = 20H

40

Chaining is used in this example. The 1024 bytes are
divided into 256 byte chain segments. Five segments are
needed for this operation with 254 bytes of I-field data
and two XFR ADR bytes per segment in the first four
chain-segments. The rest of the I-field data (8 bytes) are
located in the fifth chain-segment.

Programming:

CHAIN = 4 =
LIMIT =3 =

Il

number of CHAIN segments — 1
(number of bytes per segment divided
by 64) — 1

For buffer management programming, see memory
access scheme, Figure E.7.

XMIT Command Address and XMIT Response Address
(REG E and F) must be the same value.



TRANSMITTER

GHAIN-
SEGMENT
#0 #1 #2
1180 1300
DATA DATA DATA
XFR ADR XFR ADR XFR ADR
#0 # #2
TLOOK 0800 0
! #3 #4
2 1600
1480
3
DATA DATA
4 TRAN
DATA BUFFERS
5
XFR ADR
6 #3
7
RLOOK 0840 o - ————_—_— Y — — — — — — —
! RECEIVER
CHAIN
2 SEGMENT
#0 #1 #2
3 1980 1B00
1800
4
5 DATA DATA DATA
6
XFR ADR XFR ADR XFR ADR
7 #0 #1 #2
0880 ERROR
COUNTERS
#3 #4
1C80 1800
DATA DATA
RECEIVE
DATA BUFFERS
XFR ADR
#3

Figure E.7 MEMORY ACCESS METHOD FOR LOOP-BACK TEST

a1
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Loop-Back Test
Reset WD2511A
Set Registers T1, N2, TLOOK HI, TLOOK
LO, CHAIN/BUFFER SIZE
Set Register E (COMMAND)
Set Register F (RESPONSE)
Allocate Transmit Buffers
Set up all 8 TLOOK Segments Parameters
(TSADR, TCNT, BRDY)
Aliocate Receive Buffers
Set up all 8 RLOOK Segments Parameters
(RSADR, RCNT, RECRDY)
Set Register 0 (CRO) to bring up link
(LOOP TEST, RECR, ACTIVE, NO.ADISC)
Set Register 1 (CR1) to Start Transmission
(SEND, ADRV)
Delay
DOFOR i =1t08
Compare Data in TLOOK Segment [ i ]
and
Data in RLOOK Segment | ¢ ]

IF .NE.
Test Failed
UNDO

ENDIF

ENDDO
Reset WD2511A

=1
-1

Figure E.8 LOOP BACKTEST

3.0 INTERNAL RAM REGISTER TEST

There are eleven 8-bit registers internal to the WD2511A
which are not directly accessible by the user's CPU.
Seven of these registers can be tested by the Loop-Back
Test. This test provides the means to check the other four
registers.

The contents of Register A are placed in two even internal
registers, and the contents of Register B in two odd
internal registers. The four registers are then added
together without carry and the result is placed in Registers
2,5, 6 and 7. This test is initiated when RAMT (CR02)
= 1. Use the following procedure:

1. Set-up Registers A and B.

2. Set RAMT.

3. Wait at least 50 times the CLK Period.

4. Read Registers 2, 5, 6 and 7.

To repeat the test for new values in Registers A and B:
5. Clear RAMT.

6. Wait at least 100 times the CLK period.
7. Go back to step 1.

The following is the PDL to outline the software design
for internal RAM Register Test.

42

Internal RAM Register Test

Reset WD2511A

Test-failed = FALSE

DOFOR i =1t02
UNDO IF Test-failed
Select Register A and Register B Values
Calculate Expected Result

([Reg A)) + [Reg B)) * 2

Set MDISC and RAMT in Register 0 (CRO)
Delay 50 Clock Ticks
Read Registers 2,5,6 and 7

IF [Reg 2] .NE. Expected Result
Test-failed = TRUE

ELSEIF [Reg 5] .NE. Expected Result
Test-failed = TRUE

ELSEIF [Reg 6] .NE. Expected Result
Test-failed = TRUE

ELSEIF [Reg 7] .NE. Expected Resuit
Test-failed = TRUE

ENDIF

Reset RAMT in Register 0 (CRO0)

Delay 100 Clock Ticks

ENDDO

Figure E.9 INTERNAL RAM TEST

4.0 EXAMPLE PDL DRIVER

This is an example driver which was originally
implemented on an 1BM PC. In this example, data is
copied between system buffers and WD251 1A buffers
in order to simplity OS!I layer interactions. However, two
stages of buffering are not a requirement of the
WD2511A. The driver implements a variable link layer
window.

Not provided in PDL are the Kernel and Timer routines
used by this driver. These are somewhat generic and vary
with each user’s system. This information is believed to
be accurate and retiable. However, no responsibility is
assumed by Western Digital for its use.
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APPENDIX F
HARDWARE APPLICATION NOTES
1.0 THE WD2511A GENERAL DESCRIPTION

The WD2511A is an LS| device that fully handles the link
level (level 2) of the CCITT X.25 communications protocol.

In addition to the traditionai parallel/serial converters and
FCS logic, the WD2511A incorporates a highly efficient
micro-programmed processor that fully handles the
required link set-up and frame sequencing operations
conventionally delegated to a “user defined” processor.
The WD2511A also contains an intelligent two-channel
DMA controller to further simplify its integration into a
user’s system plus the necessary T1 timer and N2 counter.

2.0 HARDWARE

The WD2511A must be connected to the Physical Level
(Level 1), usually with simple line drivers/receivers.

A typical X.25 DTE/DCE station block diagram is shown
in Figure F.1.

A modem is needed for long-distance communication
lines.

2.1 READ/WRITE CONTROL OF 1/0 REGISTERS

The sixteen I/O registers are directly accessible from the
CPU data bus (DALO-DAL7) by a read and/or write
operation by the CPU. The CPU must activate the
WD2511A register address (IA0-IA3), Chip Select (CS),
Write Enable (WE), or Read Enable (RE) before each data
bus transfer operation. The read/write operation is
completed when CS or RE/WE is brought high. During
a write operation, the falling edge of WE will initiate a
WD2511A write cycle. The addressed register will then
be loaded with the content of the Data Bus. The rising
edge of WE will latch that data into the addressed register.

During a read operation, the falling edge of RE will initiate
a WD2511A read cycle. The addressed register will then
place its contents onto the Data Bus.

The user must set-up all transmit data, TSADR H! and
LO, and TCNT HI and LO, before setting BRDY in the
applicable TLOOK segment.

The user must set aside receiver memory (at least one
chain segment with transfer address), and set-up RSADR
HI and LO before setting REC RDY in the applicable
RLOOK segment.

This procedure is described in detail in Appendix E.

2.2 DMA IN/OUT OPERATION

The Direct Memory Access (DMA) operation is completely
controlled by the WD2511A. During a DMA cycle, the CPU
sets its address bus, data bus, and three-state control
signals to their high impedance states.

During a DMA In cycle, the task of transferring one byte
of I-field data from memory into the WD2511A is performed
by the chip. The CPU time (in the example described in
this paragraph to execute this task) is five T-states for a
low speed CPU clock system and ten T-states for a high
speed CPU clock system. The DMA In function starts
when the WD2511A is ready to receive a byte from
memory to be transmitted to the remote station.

The DMA out operation is very similar to the DMA In
function. During this cycle, one byte of I-field data is
transferred from the WD2511A to the memory. The CPU-
time in this example described to perform this task is the
same as for the DMA In cycle. The DMA Out function
starts when the WD2511A is holding a received I-field byte
and is ready to transfer this to the memory.

2.3 SERIAL INTERFACE

The receiver and transmitter sub-systems are completely
independent of each other, the CPU Read/Write functions
and the DMA In/Out functions.

The serial data is synchronized by the externally supplied
TC clock and RC clock. The falling edge of TC generates
new transmitted data and the rising edge of RC is used
to sample the received data.

After initilization and before the first frame is sent, the
TD output sends IDLEs (continuous 1s).

After the first frame is sent or the ACTIVE/PASSIVE bit
is set, continuous flags are sent in between frames.

For detailed information on what type of frames are sent
for certain conditions, see the WD2511A specifications.

LINE TOIFROM
COMPUTER &%@gglgz »{ wD2511A »| DRIVERS -+ Mopem fe— REMOTE
RECEIVERS STATION
L J
~

Figure 5 (Section 2, Data Sheet)

Figure F.1 DTE/DCE STATION BLOCK DIAGRAM

63



GLOSSARY OF DATA COMMUNICATIONS TERMS
The following is a list of industry-accepted data communications terms that are applicable to this specification

ABM
ADCCP

ANSI
ARM
CCIT

DCE

DIsC
DTE
DM
ECMA
FCS
FDX
FRAME

FRMR
HDLC
HDX
HOST
|-Frame

I1SO
LINK

Asynchronous Balanced Mode

Advanced Data Communications Control Procedure
(ANS} BSR X366)

American National Standards Institute
Asynchronous Response Mode

International Consultative Committee for Telegraphy and
Telephony

Data Circuit Termination Equipment (the network s.de of
the DTE/DCE link)

Disconnect. A U-Frame Command

Data Terminal Equipment

Disconnect Mode. A U-Frame Response
European Computer Manufacturers Association
Frame Check Sequence

Full Duplex (also called: “two way simultaneous’)

Basic serial block of bit-oriented data. Includes leading
and training flags, address field, control field. FCS field,
and an optional information field.

Frame Reject. A U-Frame

High-Level Data Link Control (ISO 3308)
Half Duplex (also called “two way alternate’)
Another name for a DTE

Information Frame. Control field bit 0'is 0. In X.25 an
I-frame is a packet.

International Standards Organization

The logical and physical connection between twe data
terminals.

LAP
LAPB
N2

NODE
N(R)
N(S)
OCTET
PACKET
PAD
REJ*
RNR*
RR*
S-Frame
SABM

SDLC
T

U-Frame
UA
X.25

Link Access Procedure
Link Access Procedure Balanced

Maximum number of retransmissions of a frame. (Also
called retransmission count variable.)

Another name for a DCE or DTE

Sequence number of next frame expected to be received
Sequence number of current frame being transmitted
An 8-bit byte

An I-Frame in X.25

Packet Assembly/Disassembly facility

Reject. An S-Frame Command or Response

Receiver Not Ready. An S-Frame Command or Response
Receiver Ready. An S-Frame Command or Response
Supervisory Frame. Control field bit0 =1 and bit1 = 0

Set Asynchronous Balanced Mode. A U-Frame
Command

Synchronous Data Link Control (IBM document
GA27-3093)

A Primary Timer for a delay in waiting for a response to
a frame

Unnumbered Frame. Control Field bit0 = 1andbit1 = 1
Unnumbered Acknowledge. A U-Frame Response

Recommendation by CCITT on Interfacing to Public
Packet Switching Networks

X.3, X.28, X.29 Recommendations by CCITT involving PAD facilities

*There are also RR, RNR, and REJ packets which are not the same as the S-Frame RR, RNR and REJ discussed in this document.
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