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INTRODUCTION

The Intel 8273 is a Daia Communications Protocol Gon-
troller designed for use in systems utilizing either SDLC
or HOLC (Synchronous or High-Level Data Link Control)
protocols. In addition to the usual features such as full
duplex operation, automatic Frame Check Sequence
generation and checking, automatic zero bit insertion
and deletion, and TTL compatibility found on other
single component SDLC controllers; the 8273 features a
frame level command structure, a digital phase locked
loop, SDLC loop operation, and diagnostics.

Thé frame level command structure is made possible by
* the 8273's unique internal dual processor architecture.
A high-speed bit processor handles the serial data
manipulations and character recognition. A byte pro-
cessor implements the frame level commands. These
dual processors allow the 8273 to control the necessary
byte-by-byte operation of the data channel with a
minimum of CPU (Central Processing Unit) intervention,
For the user this means the CPU has time to take on
additional tasks. The digital phase locked loop (DPLL)
provides a means of clock recovery from the received
data stream on-chip. This feature, along with the frame
level commands, makes SOLC loop operation extremely
simple and flexible. Diagnostics in the form of both data
and clock loopback are available to simplify board
debug and link testing. The 8273 is a dedicated function
peripheral in the MCS-80/85 Microcomputer family and
- as such, it interfaces to the 80B0/B0B5 system with a
minimum of external hardware. '

This application note explains the 8273 as a component
and shows its use in a generalized loop configuration
and a typical 8085 system. The 8085 system was used ta
verify the SDLC operation of the 8273 on an actual 1BM
SDLC data communications link.

The first section of this application note presents an
overview of the SDLC/HDLG protocols. It is fairly tutarial
in nature and may be skipped by the more knowledge-
able reader. The second section describes the 8273 from
a functional standpoint with explanation of the block
diagram. The software aspects of the B273, including
command examples, are discussed In the third section.
The fourth and fifth sections discuss a loop SDLC con-
figuration and the 8085 system respectively.

SDLC/HDLC OVERVIEW

SDLC is a protocol for managing the rluw of information
on a data communications link. In other words, SDLC
can be thought of as an envelope — addressed,
stamped, and containing an s.a.s.e. — in which informa-
tion is transferred from location to location on a data
communications link. (Please note that while SDLC Is
discussed specifically, all comments also apply to
HDLC except where noted.) The link may be either point-
to-point or multi-point, with the point-to-point configura-
tion being either switched or nonswitched. The informa-
tion flow may use either full or half duplex exchanges.
With this many configurations supported, it is difficult
to find a synchronous data communications application
where SDLC would not be appropriate.
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Aside from supporting a large number of configurations,
SDLC offers the potential of a 2 x increase in through-
put over the presently most pravalent protocol: Bi-Sync.
This performance increase is primarily due totwocharac-
teristics of SDLC: full duplex operation and the implied
acknowledgement of transferred information. The per-
formance increase due to full duplex operation is fairly
obvious since, in SDLC, both stations can communicate
simultaneously. Bi-Sync supports only half-duplex {two-
way alternate) communication. The increase from |m-
plied acknowledgement arises from the fact that a sta-
tion using SDLC may acknowledge previously received
information while transmitting different information. Up
to 7 messages may be outstanding before an acknowl-

‘edgement is required. These messages may be acknowl-

edged as a block rather than singly. In Bi-Sync, acknowl-
edgements are unique messages that may not be
included with messages containing information and
each information message requires a separate acknowl-
edgement. Thus the line efficiency of SDLC is superior
to Bi-Sync. On a higher level, the potential of a 2X
increase in performance means lower cost per unit of
information transferred. Notice that the increase is not
due to higher data link speeds (SDLC is actually speed
independent), but simply through better line utilization.

Getting down to the more salient characteristics of
SDLC; the basic unit of information on an SDLC link is
that of the frame. The frame format is shown in Figure 1.

Five fields comprise each frame: flag, address, control,
information, and frame check sequence. The flag fields
(F) form the boundary of the.frame and all other fields
are positionally related to one of the two flags. All
frames start with an opening flag and end with a closing
flag. Flags are used for frame synchronization. They
also may serve as time-fill characters between frames.
(There are no intraframe time-fill characters in SDLC as
there are in Bi-Sync.) The opening flag serves as a refer-
ence point for the address (A} and control (C) fields. The
frame check sequence (FCS) is referenced from the
closing flag. All flags have the binary configuration
01111110 (FEH).

SDLC is a bit-oriented protocol, that is, the receiving
station must be able to recognize a flag (or any other
special character) at any time, not just on an 8-bit
boundary. This, of course, implies that a frame may be
N-bits in length. (The vast majority of applications tend
to use frames which are multiples of 8 bits long,
however.)

FRAME
CHECK
DREHING ADDEESS OCONTAOL  INFOREATRON SECUEHCE CLOSING

FLED FIELD (A} FIELDICH FIELD |0 S FlLivGE
BMY LEMETH
grdidvian HIUTS A BTE BT N BT e ETE gifiid11@

Figure 1. SDLC Frame Format
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The fact that the flag has a unique binary pattern would
seem to limit the contents of the frame since a flag pat-
tarn mightl inadvertently occur within the frame. This
would cause the receiver to think the closing flag was
received, invalidating the frame. SDLC handles this
situation through a technique called zero bit insertion,
This techniques specifies that within a frame a binary 0
‘be inserted by the transmitter after any succession of
five contiguous binary 1s. Thus, no pattern of 01111110
is ever transmitted by chance. On the receiving end,
after the opening flag is detected, the receiver removes
any 0 following & consecutive 15, The inserted and
deleted 0s are not counted for error determination.

Before.discussing the address field, an explanation of
the roles of an SDLC station is in ordar, SDLC specifies
two types of stations: primary and secondary. The
primary is the control station for the data link and thus
has responsibility of the overall network. There is only
one predetermined primary station, all other stations on
the link assume the secondary station role. In general, a

secondary station speaks only when spoken to. In other
words, the primary polls the secondaries for responses.

In order to specify a specific.secondary, each secondary
is assigned a unique 8-bit address. It is this address that
is used in the frame's address field.

When the primary transmits a frame o a specific sec-
ondary, the address field contains the secondary’s ad-
dress. When rasponding, the secondary uses its own
address in the address field. The primary is never iden-
tified. This ensures that the primary knows which of
many secondaries is responding since the primary may
have many messages outstanding at various secondary
stations. In addition to the specific secondary address,
an address commeon to all secondaries may be used for
various purposes. (An all 1s address field is usually used
for this “All Parties™ address.) Even though the primary

may use this common address, the secondaries are ex-

pected to respond with their unigue address. The
address field is always the first 8 bits following the
opening flag.

The & hits following the address field form the control
field. The control field embodies the link-level control of
SDLC. A detailed explanation of the commands and
responses contained in this field is beyond the scope of
this application note. Sutfice it to say that it is in the
control field that the implied acknowledgement is car-
‘ried out through the use of frame sequence numbers.
MNone of the currently available SDLC single chip con-
trollers utilize the control field. They simply pass it to
the processor for analysis. Readers wishing a more
detailed explanation of the control field, or of SDLC in
general, should consult the |IBM documents referenced
on the front page overleaf.

In some types of frames, an information field follows
the control field. Frames used strictly for link manage-
ment may or may not contain one. When an information
field is used, it is unrestricted in both content and
length. This code {ransparency is made possible
because of the zero bit insertion mentioned earlier and
the bit-oriented nature of SDLC. Even main memory core
dumps may be transmitted because of this capability.
This feature is unigue to bit-oriented protocols. Like the
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control field, the i_nff::rmaﬁi:m field is not interpreted by
the SDLC device; it is merely transferred to and. from
memory to be operated on and interpreted by the

processor.

The finai field is the frame check sequence (FGS). The
FCS is the 16 bits immediately preceding the closing
flag. This 16-bit field is used for error detection through
a Cyclic Redundancy Checkword (CRC). The 18-bit
transmitted CRC is the complement of the remainder
obtained when the A, C, and | fields are “divided” by a
generating polynomial. The receiver accumulates the A,
C, and | fields and also the FCS into its internal CRC
register. At the closing flag, this register contains one
particular number for an error-free reception. If this
number is not obtained, the frame was received in error
and should be discarded. Discarding the framé causes
the station to not update its frame sequence numbering.
This results in a retransmission after the station sends
an acknowledgement from previous frames. [Unlike all
other fields, the FCS is transmitted MSB (Most Signifi-
cant Bit) first. The A, C, and | fields are transmitted LSB
(Least Significant Bit) first.] The details of how the FCS
is generated and checked is beyond the scope of this
application note and since all single component SDLC
controllers handle this function automatically, it is
usually sufficient to know only that an error has or has
not occurred. The IBM documents contain more detailed
information for those readers desiring it.

The closing flag terminates the frame. When the closing
flag is received, the receiver knows that the preceding
16 bits constitute the FCS and that any bits between the
control field and the FCS constitute the information
field. '

SDLC does not support an interframe time-fill character
such as the SYN character in Bi-Sync. If an unusual con-
dition 'occurs while transmitting, such as data is not
available in time from memory or CTS (Clear-to-Send) is
lost from the modem, the transmitter aborts the frame
by sending an Abort character to notify the receiver to

fnvalidate.the frame. The Abort character consists of

eight contiguous 1s sent without zero bit insertion. In-
traframe time-fill consists of either flags, Abort charac-
ters, or any combination of the two.

While the Abort character protects the receiver from
transmitied errors, errors introduced by the transmis-
sion medium are discovered at the receiver through the
FCS check and a check for invalid frames. Invalid
frames are those which are not bounded by flags or are
tao short, that is, less than 32 bits between flags. All in-
valld frames are ignored by the receiver.

Although SDLC is a synchronous protocol, it provides
an cptional feature that allows its use on basically asyn-
chronous data links — NRZI (Non-Return-to-Zero-
Inverted) coding. NRZI coding specifies that the signal
condition does not change for transmitting a binary 1,
while a binary 0 causes a change of state. Figure 2 illus-
trates NRZI coding compared to the normal NRZ. NRZI
coding guarantees that an active line will have a transi-
tion at least every 5-bit times; long strings of zeroes
causea a transition every bit time, while long strings of 15
are broken up by zero bit insertion. Since asynchronous
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operation requires that the receiver sampling clock be
derived from the received data, NRZI encoding plus zero
kit insertion make the design of clock recovery circuitry
easier.

All of the previous discussion has applied to SDLC on
either point-to-point or multi-point data networks, SDLC
{but not HDLC) also includes specification for a loop
canfiguration. Figure 3 compares these three configura-
tions, IBM uses this loop configuration in its 3650 Retail
Store System. It congists of a single loop controller sta-
tion with one or more down-loop secondary stations.
Communications on a loop rely on the secondary sta-
tions repeating a received message down loop with a
delay of one bit time. The reason for the one bit delay
will be evident shortly.

oaTa 1

NARREREY

Loop operation defines a new special character: the
EQP (End-of-Paolly character which consists of a 0 fol-
lowed by 7 contiguous, non-zero bit inserted, ones. After
the loop controller transmits a message, it idles the lina
(sends all 1s). The final zero of the-closing flag plus the
first 7 1s of the idle form an EQP character. While
repeating, the secondaries monitor their incoming line
for an EOP character. When an EOP is detected, the
secondary checks to see if it has a message to transmit.
If it does, it changes the seventh 1 to a 0 {the one bit
delay allows time for this) and repeats the modified EQP
(now alias flag). After this flag is transmitted, the sec-
ondary terminates its repeater function and inseris its
meassage {(with multiple preceding flags if necessary).
After the closing flag, the secondary resumes its one bit
delay repeater function. Notice that the final zero of the

secondary's closing flag plus the repeated 15 from the

controller form an EOP for the next down-loop sec-
ondary, allowing it to insert a message if it desires.

BIT SAMPLE [ One might wonder if the secondary missed any mes-
“sages from the controlier while it was inserting its own
AT = message. It does not. Loop operation is basically half-
duplex. The controller waits until it receives an EQP
before it transmits its next message. The controller's
reception of the EQP signifies that the original message
NRz1 _ has propagated around the loop followed by any mes-
sagas inserted by the secondaries. Notice that second-
aries cannot communicate with one another directly, all
secondary-to-secondary communication takes place by
Figure 2. NRZI vs NAZ Encoding way of the controller. :
SECOMDARY SECONDARY
SECONDARY o HMARY SECONDARY /_ A ‘\
mm-m-l;mm
SECONDARY SECONDARY
PRIMARY r \ —/
SECONDARY
L
SECON DARY SECONDARY LooP
MULTI:-POINT

Figure 3. Network Configurations
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Loop protocol does not utilize the normal Abort charac-

-ter. Instead, an abort is accomplished by simply trans-
mitting a flag character. Down loop, the receiver sees
the abort as a frame which is either too short {if the
abort occurrad early in the frame) or one with an FC3
arror. Either resulls in a discarded frame. For more
details on loop cperation, please refer 1o the |BM
documents referenced esarlier.

ancther protocol very similar to SDLC which the B273
supports is HOLC {High-Level Data Link Control). There
are only three basiec differences between the two: HDLC
offers extended address and control fieids, and the
HLDC Abort character is 7 contiguous 1s as opposed to
SDLC's 8 contiguous 1s.

Extended addressing, beyond the 256 unique addresses
possible with SDLC, is provided by using the address
field's least significant bit as the exitended address
maodifier. The receiver examines this bit to determine if
ithe octet should be interpreted as the final address
octet. As long as the bit is 0, the octet that contains it is
considerad an extended address, The first time the bit is
a1, the receiver interprets that octet as the final address
actet. Thus the address field may be extended 1o any
number of octets. Extended addressing is illustrated in
Figure 4a.

A similar technigue is used to extend the control field
although the extension is limited to only one extra con-
trol octet. Figure 4b illustrates control field extension.

Those readers not yvet asleep may have noticed the simi-
larity between the SOLC loop EOP character (a D follow-
ed by 7 1) and the HDLC Abort (7 15). This possible in-
compatibility is neatly handled by the HDLC prntnml
not spacifying a loop configuration.

This completes our brief discussion of the SDLC/HDLG
protocols. Now let us turn to the 8273 in particular and
discuss its hardware aspects through an explanation of
the block diagram and generalized system schematics.

— ERTEHLIOH BITE
el

& i
man|d  agfn &g 1 a3 | @ | w | Fosg | Fess | FLaG
‘._ - INDICATES LAST ACURESS BYTE
™ FiRaT BT TRANSMITTED (LS FIRST)
B, HOLEC ARDODRRSS FUILD EXTEM S
Figura d4a
- EXTEMEION B1F (1 Ak
i
FLAD a |l o oy |cy i i3 | Fesy|| FoEz | FlLag
B. HDLC CONTADL FIELD EXTERSION
Figura 4b
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BASIC 8273 OPERATION

It will be helpful for the following discussions to have
some idea of the basic operation of the 8273, Each
operation, whether it is a frame transmission, reception
or part read, elc., is comprised ol three phases: the
Command, Execution, and Result phases. Figure 5
shows the sequence of these phases. As an illustration
of this sequence, let us look at the transmit operation.

COMMAMD

EXECUTION

RESULT

Figure 5. 8273 Operaticnal Phazes

When the CPU decides it is time to transmit a frame, the
Command phase is entered by the CPU issuing a Trans-
mit Frame command to the 8273. it is not sufficient to
just instruct the B273 to transmit. The frame level com-
mand structure sometimes requires more information
such as frame length and address and control field con-
tent. Once this additional information is supplied, the
Command phase is complete and the Execution phase
is entered. It ig during the Execution phase that the
actual operation, in this case a frame transmission,
takes place. The B273 transmits the opening flag, A and
C fields, the specified number of | field bytes, inserts
the FCS, and closes with the closing flag. Once the clos-
ing flag is transmitted, the 8273 leaves the Execution
phase and begins the Resuft phase. During the Result
phase the 8273 notifies the CPU of the outcome of the
command by supplying interrupt resuits. In this case,
the results would be aither that the frame is complete or
that some error condition causes the transmission to be
‘aborted. Once the CPU reads all of the results {there is
only one for the Transmit Frame command), the Besuli
phase and consequently the operation, is complete.
Mow that we have a general feeling for the operation of
the 8273, let us discuss the 8273 in detail. :

HARDWARE ASPECTS OF THE 8273

The 8273 block diagram is shown in Figure 8. It consists
of two major interfaces: tha CPU module interface and
the modem interface. Let's discuss each interface
saparately.
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REGISTERS
TxMR CORMMAND
RxWA PARAMETER
TEST MODE STATUS
RESULT

DATA BUS
DBg-7 @ BUFFER

TxORG

TR&ANSFER
RxDRG

LOGIC
R=DACK ——— :

T 1107

WH READY
. WRITE!
o8 . 9 CONTROL
Ag LOGIC
j|_|| —_—_—
RESET
DOLK
TELNT
AxINT

)|

CPU MODULE INTERFACE

MODEM
CONTROL

DATA Tab
TIMING —
LOGIC R ——_

7o -
T DPLL
TIACLE

INTERMAL
DATA BUS

EHDDEM INTERFACE

Flgura 6. 8273 Block Diagram

CPU Interface

The CPU interface consisis of four major blocks: Con-
trolfRead/Write logic (G/R/W), internal reglisters. data
transfer logic, and data bus buffers. -

The CPU module utilizes the C/R/W logic to issue com-
“mands to the 8273. Once the B273 receives a command
and executes it, it returns the results (good/bad comple-
tion) of the command by way of the C/RW logic. The
C/IR/W logic is supported by seven registers which are
addressed via the Ag, Ay, RD, and WR signals, in addi-
tion to CS. The Ay and A4 signals are generally derived
from the two low order bits of the CPU module address
bus while BD and WR are the normal I/Q Read and Write
signals found on the system control bus. Figure 7
shows the address of each register using the C/IR/W
logic. The function of each register is defined as
follows: '

ADDRESS INPUTS CONTROL INPUTS
Aq Ag | CS.RD CS.WR
0 0 STATUS COMMAND
i 1 RESULT PARAMETER
1 0 TxlR TEST MODE
1 1 AxliR -

Figura 7. 8273 Repister Selactlom
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Command — B273 operations are initiated by writing
the appropriate command byte into this register.

Farameter — Many commands require more informa-
tion than found in the command itself. This addi-
tional information is provided by way of the param-
eler register.

Immediate Resull {Resuit) — The completion infor-
mation {results) for commands which execute im-
mediately are provided in this register.

Transmit Interrupt Result (TxIfR) — Results of
transmit operations are passed to the CPU in this
register,

Receiver Interrupt Result (RxI/R) — Receive opera-
tion results are passed to the CPU via this register.

Status — The general status of the 8273 is provided
in this register. The Status register supplies the
handshaking necessary during various phases of the
8273 operation.

Test Mode — This register provides a software reset
function for the 8273.

The commands, parameters, and bit definition of these
registers are discussed in the following software sec-
tion. MNotice that there are not specific transmit or
receive data registers. This feature is explained in the
data transfer logic discussion.

Z31311-0m
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- -F'hg final alements of the C/IRIW logic are the interrupt
inas (RxINT and TxINT). These lines notify the CPU
module that either the transmitter or the receiver re-
quires service; i.2., results should be read from the
: appmprlatg interrupt result register or a data transfer is
raquired. The interrupt request remains active until all
the associated interrupl results have been read or the
data transfer is performed. Though using the interrupt
lines relieves the CPU module of the task of polling the
g273 to check if service is needed, the state of each
interrupt line is reflected by a bit in the Status register
and non-interrupt driven operation is possible by exam-
Ing the contents of these bits periodically.

The B273 supports two independent data interfaces
through the data transfer logic; recelve data and trans-
mit data. These interfaces are programmable for either
OMA or non-DMA data transfers. While the choice of the
configuration is up to the system designer, it is based
on the intended maximum data rate of the communica-
tions channel. Figure & illustrates the transfer rate of
data bytes that are acquired by the B273 based on link
data rate. Full-duplex data rates above 9600 baud usu-
ally require DMA. Slower speeds may or may not require
DMA depending on the task load and interrupt response
time of the processor. y

Figure @ shows the 8273 in a typical DMA environment.

_Notice that a separate DMA controller, in this case the
intel B257,is required. The DMA controller supplies the
timing and addresses for the data transfers while the
g273 manages the requesting of transfers and the actual
gounting of the data block lengths. In this case,
 glements of the data transfer interface are:

TxDRQ: Transmit DMA Reguest — Asserted by the
8273, this line requests a DMA transter from memory
to the 8273 for transmit.

. TxDACK: Transmit DMA Acknowledge — Returned
by the 8257 in response to TxDRQ, this line notifies
the 8273 that a request has been granted, and pro-
vides access to the transmitter data register.,

RxDRQ: Receiver DMA Request — Asserted by the
8273, it requests a DMA transfer from the 8273 to
memory for a receive operation.

TxDACK: Receiver DMA Acknowledge — Returned by
the 8257, it notifies the 8273 that a receive DMA cycle
has been granted, and provides access to the
receiver data register.

AD: Read — Supplied by the 8257 to indicate data is
to be read from the 6273 and placed in memory.

WR: Write — Supplied by the 8257 to indicate data 15
- to'be written to the 8273 from memory.

To request a DMA transfer the B273 raises the appropri-
ate DMA reguest line; let us assume it is a transmitter
request (TxDRQ). Once the 8257 obtains control of the
system bus by way of its HOLD and HLDA (hold
acknowledge) lines, it notifies the 8273 that TxDRQ has
been granted by returning TxDACK and WR. The
TxDACK and WR signals transfer data to the 8273 for a
ransmit, independent of the 8273 chip select pin (CS). A
similar sequance of events occurs for receiver requests.
This "hard select” of data into the transmitter or out of
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the receiver alleviates the need for the normal transmit
and receive data registers addressed by a combination
of address lines, CS, and WR or RD. Competitive
devices that do not have this “hard select” feature re-
guire the use of an external multiplexer to supply the
correct inputs for register selection during DMA. (Do not
forget that the SDLC controller sees both the addresses
and control signals supplied by the DMA controller dur-
ing DMA cycles.) Let us look at typical frame transmit
and frame receive sequences to better see how the B273
truly manages the DMA data transfer.

Before a frame can be transmitted, the DMA controller is
supplied, by the CPU, the starting address for the
desirad information field. The 8273 is then commanded
to transmit a frame. (Just how this is done is covered
later during our software discussion.) After the com-
mand, but before transmission begins, the 8273 needs a
little more information (parameters). Four parametars
are required for the transmit frame command: the ad-
dress field byte, the control field byte, and two bytes
which are the least significant and most significant
bytes of the information field byte length. Once all four
parameters are loaded, the 8273 makes RTS (Request-to-
Send) active and waits for GTS (Clear-to-Send) to go ac-
tive. Once CTS is active, the 8273 starts the frame trans-
mission. While the 8273 is transmitting the opening flag,
address field, and control field; it starts making trans-
mitter DMA requests. These requests continue at char-
acter (byte) boundaries until the pre-loaded number of
bytes of information field have been transmitted. At this
point the requests stop, the FCS and closing flag are
transmitted, and the TxINT line is raised, signaling the
CPU that the frame transmission is complete. Notice
that after the initial command and parameter ioading,
absolutely no CPU intervention was required (since
DMA is used for data transfers) until the entire frame
was transmitted. Now let’s look at a frame reception.

8w
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The receiver operation is very similar. Like. the initial
transmit sequence, the DMA controller is loaded with a
starting address for a receiver data buffer and the B273
is commanded to receive: Unlike the transmitter, there
are two different receive commands: General Receive,
where all received frames are transferred to memory,
and Selective Receive, where only frames having an ad-
dress field matching one of two preprogrammed 8273
address fields are transferred to memory. Let's assume
for now that we want to general receive. After the
receive command, two parameters are required before
the receiver becomes active: the least significant and
most significant bytes of the receiver buffer length.
Once these bytes are loaded, the receiver is active and
the CPU may return to other tasks. The next frame
appearing at the recéiver input is transferred to memory
using receiver DMA requests, When the closing flag is
received, the 8273 checks the FCS and raises its RxINT
line, The CPU can then read the results which indicate if
the frame was error-free or not. (If the received frame
had been longer than the pre-loaded buffer length, the
GPU would have been notified of that occurrence earlier
with a receiver error interrupt. The command description
section contains a complete list of error conditions.)
Like the transmit example, after the initial command,
the CPU is free for other tasks until a frame is com-
pletely received. These examples have illustrated the
8273's management of both the receiver and transmitter
'DMA channels.

it is possible to use the DMA data transfer interface in a
non-DMA interrupt-driven environment. In this case, 4 in-
terrupt levels are used: one each for THINT and RxINT,
and one each for TxDRQ and RxDRQ. This configuration
is shown in Figure 10. This configuration offers the
advantages that no DMA controller is required and data
reguesis are still separated from result (completion) re-

quests. The disadvantages of the configuration are that

4 interrupt levels are required and that the CPU must ac-
tually supply the data transfers. This, of course, reduces
the maximum data rate compared to the configuration
based strictly on DMA. This system could use an Intel
8259 8-level Priority Interrupt Controller to supply a vec-
tored CALL (subroutine) address based on requesis on
its inputs. The 8273 transmitler and receiver make data
requests by raising the respective DRQ line. The CPU is
interrupted by the 8252 and veclored to a data transfer
routine. This routine either writes (for transmit) or reads
{for receive) the 8273 using the respective TxDACK or
RxDACK line. As in the case above, the DACK lings
serve as “hard" chip selects into and out of the 8273.
{TxDACK + WR writes data into the 8273 for transmit.
RxDACK + RD reads data from the 8273 for raceive.)
The CPU is notified of operation completion and results
by way of TxINT and RxINT lines. Using the 8273, and
the 82589, in this way, provides a very effective, yel sim-
ple, interrupt-driven interface.

Figure 11 illustrates a system very similar to that
described above. This system utilizes the 8273 in a non-
DMA data transfer mode as opposed to the two DMA ap-
proaches shown in Figures 9 and 10. In the non-DMA
case, data transfer r&quas’fs are made on the TxIMT and
RxINT lines. The DRQ lines are not used. Data transfer
requests are separated from resull requests by a bit in
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“the Status register. Thus, in respunse.tﬂ an interrupt,

the CPU reads the Status register and branches to either
a result or a data transfer routine based on the status of
one bit. As before, data transfers are made via using the
DACK lines as chip selects to the transmitler and
receiver data registers.

INT

aiEs
INTERRLFT SONTRALLER FROCESEOR

|

TelNT ExINT TeDRQ HxlEG

L]
I—- TalACK Al 4
ADGRESS
:> DECIGER B [Ta]''3
]

B DA ‘ah 1

L oS 07 =00

t+— D&TH BUS

Figure 10. Interrupl-Based DMA System
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ABGRESE
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I_. cE *_n Iil Br- nn
., ] -
II__'__ e —————
- DATA BUS

Figure 11. Men-DMA Interrupl-Driven System

Figure 12 illustrates the simplest system of all. This
system utilizes polling for all data transfers and results.
Since the interrupt pins are reflected in bits in the
Status register, the software can read the Status
register periodically looking for one of these to be set. If
it finds an INT bit set, the appropriate Result Available
bit is examined to determine if the “interrupt” is a data
transfer or completion result. If a data transfer is called
for, the DACK line is used to enter or read the data from
the 8273. If the interrupt is a completion result, the ap-
propriate result register is read to determine the good/
bad completion of the operation.

The actual selection of either DMA or non-DMA modes
is controlied by a command issued during initialization.
This command is covered in detail during the software
discussion.
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The final block of the CPU module interface is the Data
pus Buffer. This block suppiies the tri-state, bidirec-
tional data bus interface to allow communication to and
from the 8273. :

Modem Interface

As the name implies, the modem interface is the modem
side of the 8273. i consists of two major blocks: the
madem control block and the serial data timing block.

The modem control block provides both dedicated and
user-defined modem control functions. All signals sup-
ported by this interface are active low so that EIA
inverting drivers (MC1488) and inverting receivers
(MC1489) may be used to interface to standard modems.

Port A is a modem control input port. Its representation
on the data bus is shown in Figure 13. Bits Dy and D,
have dedicated functions. Dgreflects the logical state of
the CTS (Clearto-Send) pin. [If CTS is active (low), Dgis a
1.] This signal is used to condition the start of a trans-
mission. The 8273 waits until CTS is active before it
starts transmitting a frame. While transmitting, if TS
goes inactive, the frame is aborted and the GPU is inter-
rupted. When the CPU reads the interrupt result, a CTS
failure is indicated.

D; reflects the logical state of the TD (Carrier Detect)
pin. €D is used to condition the start of a frame recep-
tion. CD must be active in time for a frame's address
field. If GD is lost (goes inactive) while receiving a frame,
an .interrupt is generated with a CD failure result. CD
may go inactive between frames.

Bits Da thru D, reflect the logical state of the ﬁﬁ thru
PA; pins respectively, These inputs are user defined.
The B273 does not interrogate or manipulate these bits.
Bits D5, Dg.and Dy are not used and each is read as a 1
for a Read Port A command.

Port 8 is a modem control output port. Its data bus
representation is shown in Figure 14. As in Port A, the
bit values represent the logical condition of the pins. Dg
and Dg are dedicated function outputs. D, represents
the ATS (Request-to-Send) pin. ATS is normally used to
notify the modem that the 8273 wishes to transmit. This
function is handled automatically by the 8273. If RTS is
inactive (pin is high) when the B273 is commanded to
transmit, the 8273 makes it active and then waits for
CTS before transmitting the frame. One byte time after
the end of the frame, the 8273 returns RTS to its inactive
state. However, if ATS was active when a transmit com-
mand is issued, the 8273 |eaves if active when the frame
is complete.

Bit Dg reflects the state of the Flag Detect pin. This pin
is activated whenever an active receiver sees a flag
character. This function is useful to activate a timer for
line activity timeout purposes,

Bits Dy thru Dy provide four user-defined outputs. Pins
PB, thru PB, reflect the logical state of these bits. The
8273 does not interrogate or manipulate these bits. Dy
- and Dy are not used. In addition 1o being able to output
to Port B, Port B may be read using a Read Port B com-
mand. All Modem controf output pins are forced high on
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reset. (All commands mentioned in this section are
coverad in detai! later.). -

The final block to be covered is the serial data timing
block. This block contains two sections; the serial data
lagic and the digital phase locked loop (DPLL).

Elements of the serial data logic section are the data
pins, TxD (transmit data output) and RxD (receive data
input), and the respective data clocks, TxC and RxC. The
tFal'lﬁlTl_:i't and receive data is synchronized by the TxC
and RxC clocks. Figure 15 shows the timing for these
signals. The leading edge (negative transition) of TxC
generates new transmil data and the trailing edge
(positive transition) of RxC is used to capture the
receive data.

It is possible to reconfigure this section under pragram
control to perform diagnostic functions; both data and
clock loopback are available. In data loopback mode, the
TxD pin is internally routed to the RxD pin. This allows
simple board checkout since the CPU can send an SDLC
message to itself. (Note that transmitted data will still
appaar on the TxD pin.) '

HE WC NG MG

[ 1 1 1

= ARDREES RS ToibT finid? TeDRS AeDRG e COWTRGL
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Figure 12. Polled Systom
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When data loopback Is utilized, the receiver may be
presented incorrect sample timing (AxC) by the external
circuitry. Clock loopback overcomes this problem by
allowing the internal routing of TxC and RxC. Thus the
same clock used to transmit the data is used to receive
it. Examination of Figure 15 shows that this method en-
sures bit synchronism. The final element of the serial
data logic is the Digital Phase Locked Loop.

The DPLL provides a means of clock recovery from the
received data stream. This feature allows the 8273 1o in-
terface without external synchronizing logic to low cost
asynchronous modems (modems which do not supply
clocks) It also makes the problem of clock timing in
loop contigurations trivial.

To use the DPLL, a clock at 32 times the required baud
rate must be supplied 1o the 32 x CLK pin. This clock
provides the interval that the DPLL samples the received
data. The DPLL uses the 32x clock and the received
data to generate a pulse at the DPLL output pin. This
DPLL pulse is positioned at the nominal center of the
recelved data bit cell. Thus the DPLL output may be
wired to RxC andior TxC to supply the data timing. The
exact position of the pulse is varied depending on the
line nolse and bit distortion of the received data. The ad-
justment of the OPLL position is determined according
to the rules outlined in Figure 16.

Adjustments to the sample phase of DPLL with respect
to the received data is made in discrete increments.
Referring to Figure 16, following the occurrence of
DPLL pulse A, the DPLL counts 32 x CLK pulses and ex-
amines the received data for & data edge. Should no
edge be detected in 32 pulses, the DPLL positions the

next DPLL pulse (B) at 32 clock pulses from pulse A.

Since no new phase information is contained in the data
stream, the sample phase is assumed to be at nominal
1% baud rate. Now assume a data edge occurs after

DPLL pulse B. The distance from B to the next pulze Cis
influenced according to which guadrant (A4, B4, Bj, or
As) the data edge falls in. (Each quadrant represents 8
32 x GLK times.) For example, if the edge is detected in
quadrant Aq, it is apparent that pulse B was too close to
the data edge and the time to the next pulse must be
shortened. The adjustment for quadrant A, is specified
as —2. Thus, the next DPLL pulse, pulse G, is posi-
tioned 32-2 or 30 32x CLK pulses following DPLL
pulse B. This adjustment moves pulse C closer to'the -
nominal bit center of the next received data cell. A data
edge occurring In quadrant B» would have caused the
adjustment to be small, namely 32+ 1 or 33 32x CLK
pulses. Using this technigue, the DPLL pulse converges
to the nominal bit center within 12 data transitions,
worse case — 4-bit times adjusting through quadrant A
or A; and B-bit times adjusting through B, or B..
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Wwhen the receive data stream goes idle after 15 ones,
DPLL pulses are generated at 32 pulse intervals of the
© a32¢ CLK. This feature allows the DPLL pulses 1o be
used as both transmitter and receiver clocks.

In order to guarantee sufficient transitions of the re-
ceived data to enable the BPLL to lock, NRZI encoding
of the data is recommended. This ensures that, within a
frame, data transitions occur at least every five bit times
— the longest sequence of 15 which'may be transmitted

with zero bit insertion. It is also recommended that -

frames following a line idle be transmitted with pre-
frame sync characters which provide a minimum of 12
transitions. This ensures that the DPLL is generating
OPLL pulses at the nominal bit centers in time for the
opening flag. (Two O0H characters meet this require-
ment by supplying 16 fransitions with NRZI encoding.
The 8273 contains a mode which supplies such a pre-
frame sync.) '

Figure 17 illustrates 8273 clock configurations using
gither synchronous or asynchronous modems. Notice
how the DPLL output is used for both TxC and RxC in
the asynchronous case. This feature eliminates the
need for external clock generation logic where low cost)
asynchronous modems are used and also allows direct
connection of 8273s for the ultimate in low cost data
links. The configuration for loop, applications is dis-
cussed in a following section.

This completes our discussion of the hardware aspects

of the B273. Its software aspects are now discussed.

SOFTWARE ASPECTS OF THE 8273

The software aspects of the 8273 involve the communi-
cation of both commands from the CPU to the 8273 and
the return of results of those commands from the B273

3

to the CPU. Due to the internal processor architecture of
the 8273, this CPU-8273 communication is basically a
form of interprocessor communication, Such communi-
cation usually requires a form of protocal of its own.
This protocol is implemented through use of handshak-
ing supplied in the 8273 Status register. The bit defini-
tion of this register is shown in Figure 18.

CBSY: Command Busy — CBSY Indicates when the
8273 is in the command phase. CBSY is set when the
CPU writes a command into the Command register,
starting the Gommand phase. It is reset when the last
parameter-is deposited in the Parameter register and
accepted by the 8273, compleling the Command
phase,

CBF: Command Buffer Full — When set, this bit in-
dicates that a .byte is present in the Command
register. This bit is normally not used.

CPBF: Command Parametar Buffer Full — This bit in-
dicates that the Parameter register contains a
parameter. It is set when the CPU deposits a
parameter in the Parameter register. It is reset when
the 8273 accepts the parameter.

CRBF: Command Result Buffer Full — This bit is set
when the 8273 places a result from an immadiate
type command in the Result register, It is reset when
the CPU reads the rasult from the Result reqgister.

RxINT: Receiver interrupt — The siate of the RxINT
pin’is reflected by this bit. RxINT is set by the 8273
whenever the receiver needs servicing. RxINT is reset
when the CPU reads the results or performs the data
transfer. '

TxINT: Transmitter Interrupt — This bit is identical to
RxINT except action is initiated based on transmitter
interrupt sources.

TeC
T=D
aFra
RxC
AxD |=
ATNCLE  DPLL
= MG

SYNCHRONOQUS MODEM INTERFACE

BzTa

TG
e |

JEXCLE  DFLL

2K
CLOCK

o
' Tl ASYHC '
AxD | MODEM

ASYMCHROMNOUS MODEM INTERFACE

Figure 17. Serlal Dala Timing Configuration
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RxIRA: Receiver Interrupt Result Available — Rx|RA
is set when the 8273 places an interrupt result byte
into the RxI/R register. RxIRA is reset when the CPU
reads the RxI/R register.

TxIRA: Transmitter Interrupt Result Availfable —
TxIRA is the corresponding Result Available bit for
the transmitter. It is set when the 8273 places an in-
terrupt result byte in the TxI/H register and reset
when the CPU reads the register.

The significance of each of these bits will be evident
shortly. Since the software requirements of sach
8273 phase are essentially independent, each phase
is covered separately.

Oy DOy Oy Dy By By 09 Ly

N N

-l—TrIHﬁ = TalNT RESIILT A%WAILARLE
RiulFd = RedT RESULT AVAILABLE
—————————— TaiNT — T i TER BT
BT = Fu (MTERH ST
‘ CRAF = COMMAND RESILT

— BUFFER FULL
E— CPOF — COMMAND PARAMETER

BLIFFER FULE
CBF = COMMNAND BUFFER FULL
COSY — COMBEND BUSY

Figure 18. Stalus Register Formal

Command Phase Software

Recalling the Command phase description in an earlier
section, the CPU starts the Command phase by writing a
command byte into the 8273 Command register. If fur-
ther information about the command is required by the
8273, the CPU writes this information into the Parameter
register. Figure 19 is a flowchart of the Command
phase. Notice that the CBSY and CPBF bits of the
Status reqgister are used to handshake the command
and parameler byles. Also note that the chart shows
that a command may not be issued if the Status register
indicates the 8273 is busy (CBSY =1). If a command is
issued while CBSY =1, the original command is over-
written and lost. (Remember that CBSY signifies the
command phase is in progress and not the actual execu-
tion of the command.} The flowchart also includes a
Parameter buffer full check. The CPU must wait until
CPBF =0 before writing a parameter to the Parameter
register. If a parameter is issued while CPBF =1, the
previous parameter is overwritten and lost. An example
of command output assembly language software is pro-
vided in Figure 20a. This software assumes that a com-
mand buffer exists in memory. The buffer is pointed at
by the HL register. Figure 20b shows the command buf-
fer structure,

The B273 is a full duplex device, i.e., both the transmitter
and receiver may be executing commands or passing in-
terrupt results at any given time. (Separate Bx and Tx in-
terrupt pins and result registers are provided for this
reason.) However, there is only one Command register.
Thus, the Command register must be used for only one
command sequence at a time and the transmitter and
receiver may never be simultaneously in a command
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phase. A detailed description of the commands and
their parameters is presented In a following section.

{ START ]

-

READ
STATUS
NHD
CHSY =07
YES

WRITE
COMBAND, CBSY =1

-

L

MORE i
PARAM: CBSY =0
ETERS?

YES

READ
STATUS

CPFR =07

WRITE
FARAMETER

]

Figura 19. Command Phase Flowchart

sFURCTION: COMMAND DISPATCHER

JINPUTS: HL - COMMAND BUFFER ADCDRESS

sOUTPUTS: WONE

TCALLSy HONE

;DESTROYS: AB,H,L,FSF'S

JOESCRIFTION: CMODOUT ISSUES THE COMMANMD + PARBMETERS
71N THE COMMAND BUFFER POINTED AT BY HL

CHEDUT: LKI

H,CMDBUF : FOENT HL AT BUFFER
HOW B, H 15T ENTRY IS PAR. COUNT
LHK H FPOINT AT COMMAND BYTE
CHDL: I8 - ETATTY READ 82731 STATUS
RLC jRUTATE CBSY InTO CAREY
JC CHDl sWALIT UNTIL CBSY=Q
ROV Ay M s MOVE COMMAND BYTE TO A

LuT COMMTY  :PUT COMMANLD IN COMMAND REG

CHLZ « HOW BB ;GET" PARMMETER COUNT
ANE A JTEST IF TERQ
RE i IF B THER DWE
INX H FHOT DOME, 50 POINT AT HEXT PAR
DCR B fDEC PARRMETER COLUNT
CHO3: In STATTI READ- 8273 STATUS
ANL CPBF TEST CPaF BIT
JHL CHD] iWARIT UWTIL CPBF IS @
HOW A M i GET PARRAMETER FROM BUFFER

ouT BARMTI :OUTPUT PAR TO PARAMETEE REG
JHE CHD ;CHECK IF HORE PARMRMETERS

Figurs 20A. Command Phase Software
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+i PARAMETER 3
+a PARAMETER 2
+2 PARAMETER 1
+1 COMMAND
CMDBUF: PARAMETER COUNT = HL

Figure 20B. Command Buffer Format

Exacution Phase Software

During the Execution phase, the operation specified by
the Command phase is performed. If the system utilizes
DMA for data transfers, there is no CPU involvement
during this phase, 50 no software is required. If non-
DMA data transfers are used, either interrupts or polling
is used to signal a data transfer request,

For interrupt-driven transfers the 8273 raises the appro-
priate INT pin. When responding to the interrupt, the
CPU must determine whether it is a data transfer re-
quest or an interrupt signaling that an operation is com-
plete and results are available. The CPU determines the
cause by reading the Status register and interrogating
the associated IRA (interrupt Result Available) bit {Tx-
IRA for TxINT and Rx/RA for RxINT). If the IRA =0, the in-
terrupt |5 a data transfer request. If the IRA=1, an
operation is complete and the asscciated Interrupt
Result register must be read to determine the comple-
tion status (good/bad/elc.). A software interrupt handler
implementing the above seguence s prasantad as part
of the Result phase software.

When polling is used to determine when data transfers
are required, the polling routine reads the Status
reqister looking for one of the INT bits to be set. When a
set INT bit is found, the corresponding IRA bit is ex-
amined. Like in the interrupt-driven case, if the IRA =0, a
data transfer is required. If IRA =1, an operation is com-
plete and the Interrupt Result register needs to be read.
Again, example polling software is presented in the next
section.

Result Phase Software

During the Result phase the 8273 notifies the CPU of the
outcome of a command. The Result phase is initiated by
either a successiul completion of an operation or an er-
ror detected during execution. Some commands such
as reading or writing the VO ports provide immediate
results, that is, fthere is essentially no delay from the
issuing of the command and when the result is avall-
able. Other commands such as frame transmit, take
time to complete so their result is not available im-
mediately. Separate result registers are provided to
distinguish these two types of commands and to avoid
interrupt handling for simple results.

Immediate results are provided in the Result register,
Validity of information in this register is indicated to the
CPU by way of the CRBF bit in the-Status register. When
the CPU completes the Command phase of an im-
mediate command, it polls the Status register waiting
until GRBF = 1. When this occurs, the CPU may read the
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Hesult register to obtain the immediate result. The
Hesult register provides only the results from immedi-
ale commands.

Example software for handling immediate results is
shown in Figure 21. The routine returns with the result

“in the accumulator. The CPU then uses the result as is

appropriate.

All non-immediate commands deal with either the trans-
mitter or receiver. Results from these commands are
provided in the Txi/8 (Transmit Interrupt Hesult) and
RxI/R {Receive Interrupt Result) registers respectively.

. Results in these registers are conveyed to the CPU by

the TxIRA and RxIRA bits of the Status register. Results

af non-immediate commands consist of oné byte result

interrupt code indicating the condition for the interrupt

and, if required, one or more byles supplying additional

information. The interrupt codes and the meaning of the
additional results are covered following the detailed

command description.

Mon-immediate results are passed to the CPU in
response to either interrupts or polling of the Status
register. Figure 22 illustrates an interrupt-driven result
handler. (Please note that all of the software presented
in this application note is not optimized for either speed
or code efficiency. They are provided as a guide and to
illustrate concepts.) This handler provides for interrupt-
driven data transfers as was promised in the last sec-
tion. Users employing DMA-based transfers do not need
the lines where the IRA bit is tested for zero. (These
lines are denoled by an asterisk In the comments col-
ummn.) Mote that the INT bit is used to determine when all
results have been read. All results must be read. Other-
wise, the INT bit (and pin) will remain high and further in-
terrupts may be missed, These routines place the
results in a result buffer pointed at by RCRBUF and
TxRBUF.

A typical result handler for systems utilizing polling is
shown in Figure 23, Data transfers are also handled by
this routine. This routine utilizes the routines of Figure
22 to handle the results.

At this point, the reader should have a good conceptual
feel about how the B273 operates, It is now time for the
particulars of each command to be discussed. -

JTFUNMCTION: IMBRLT
TiHPUTS: EIE
SOUTPUTS; HESULT HEGISTER IN A
sCALLS: NONE
'thblkb?5 AFSF'S
tDESCRIFTION: IHGRLY I& CELLEE AFTER A CHODOUT FGE AN
;IHHhhlATE CommAnD TO READ THE RESULT REGIEZTER

T
ISCALTY IN

STATTY :RBAD H2TY STATUS
ANI CREF ;TesT IF RESULT REG EEALY
3% IMEHLT wWAIT 1F CEBF=B
I RESLTY ;REAL KEGULT REGISTER
LYA i BETUEN

Figura 21. Immedlate Result Handles
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i FUHCTION: EXI - INTERRUFT DRIVEN RESULT/DATA HANDLER
FINFUTS : RURBUE, RCVENT

fCARLLE s NOME

;OUTPUTS : RCRBUF, RCVPHT

FUESTROYS : NOTHING

FOESCRIPTION: RXI IS ENTERED AT A RECEIVER INTERRUPT.
;THE INTERRUPT IS5 TESTED FOR DATA TRANSFER [(IRA=Q)
$OR RESULT {IRA=l). FOR DATA TRANSFER, THE CATA 15
FPLACED IN A BUFFER AT RCVPNT. RESULTS ARE FPLACED IN
sA BUFFER AT RCRBUF.

P PLAG (RXFLAG) IS SET IF THE INTERRUPT WAS A RESULT.
F {OATA TRANSFER INSTAUCTIONS ARE DEROTED &Y (*) AND
FMAYBE ELIMINATED BY USERS USING DMA. :

RHI: FUSH H TSRVE HL

PUSH P5W +5RVE FEW

PUSH B ;SAVE B

1M STAT73 1 (*®) READ B273 STATUH

ANI BXIRA & {®) TEST LRA BIT :

J2 RR12 ; (") IF @, DATA TRANSFER NEEDED
RXIl:  LHLD ECRBUF ;GET RESULT BUFFER POINTLR

In STATTY GREARD 5277 STATUS AGALN

ANI BXINT  ;TEST INT BIT

Jz RX14 {IF @, THEN CONE

In STATTY HEAD &277 STATUS ACAIN

ART BEXILRA PTEST [RA AGAIN

JE RELL RGP UNTIEL RESULT IS5 READY R
In EXIRTY ;READY, READ HXL/E

ROy M A J5TURE RESULT 1IN BUFFER

IkE B jEOMP RESULT POINTER

SHLD ECEBUF yRESTORE BUFFER POLNTER

JHE RXI1 ;GO BACK TO SEE IF MOHE

RXI2:  SHED RCVPNT ; (%) GET DATA BUEFER POINTER
1N RCVLAT ;7 {*) BREAD DATA VIA RAGACK
MOV Heb ;%) STORE PATA IN BUFFEK
THX H i (%) BUMF DATA POINTER
JHE RXI% ;oi*)} LOHE r

RxI4:  H¥I ABIH  JSETAX FLAGC TO SHOW COMPLETION
STh REFLAG ;COMPLETICN

RXISz BOp B : RESTORE BC
POE PSW rHRESTORE P5W
FOF H jRESTORE HL
EI sENRELE INTERROPTL
RET $ DONE

{

sFUMCTIGN: THY = IWTEHRUET DRIVEN RESULT/DATA HANDLER

§ INPUTS: TERBUF, TEPNT, TAFLAG

FOUTPUTS : TRAEBUF, TAPRT,. TAFLAG

JCALLS: HNOWE

JODESTROYE : WOTHING

SLESCRIPTION: TXI [5S EKTEAED AT A TREANSMITTER INTERRUFT.
s1nE INTERKUPT IE TESTED DY WAY OF THE IRA BIT TO S5EE
iIF A CATA' TRAKSFER OR RESULT COMPLETION HAS OCCURELD.
FFOR DATA TREHSFERS |IRA=0],; THE DATA IS5 OBTALIWED FHOM
jA DUFFLK LOCATION PUINTED AT BY THPHY. FOR COMPLETION,
:[1RA=1) , TeE RESULTS ARE READ ARC FLACED AT A RESULT
[BUFFER POINTED AT BY TEXRBUF, AND THE THFLAG I5 BET

s INCICATE TU THE MALn PROGRAM THAT A GPERATION IS
;COMPLETE. TR QPERATIONS HAVE ONLY OWE RESULT.

LATA TRAMSFER INSTRUCTIONS ARE DENOTED BY (®]. THEEE
MAYBE REMOWED BY USEERS USING DMA.

F
Txl: PUSH H FSAVE HL

FLiEH FS'm FEAVE FEW

Lk STATTI ; (%} READ B273 STATUS
ANT TAIRA ;7 (¥} TEST TXIEA BIT

JiE THIZ ; (%} IF &, DATA TRANGFER
IH THIRTY 1, THEN REAL TXIR

LHLD TxrBUOF ;GET RESULT BUFFER BOINTER
MO LT {ETORE RESULT In BUFFER
Ing i} 1BUMP REGULT FUINTGLE

SHLD TERBUF jRESTORE HESULT PFOIWNTER

MVI AyB81H PEET TEFLAS TO SHW COMPLETION
&'TA TEFLAG EEDT FLAG | g
TEIL: POF Fow i EESTORE PSW
FaF i i RESTORE ML
EL TEHABLE. LENTERBRUPTS
AET FRLNE
TKIZ: LHLD TEENT p (¥} GET DATAR POINTER
My AaH ¢ IY) GET DATR FROH BUFFER
QuT TEDATA ; (%) OQUTPUT TO BITI VIA TRDACK
1BE H § (%) BUMP DATA FOINTER
GHLD TRENT i (*) RESTORE POINTER
JEE TXI1 1 [*) RETURM AFTEE RESTORE

Figure ZZ. Interrupt-Driven Result Handlars
with Non-DMA Data Transfers
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JFUNCTION: BOLOP

;INPUTS: WOME r
OUTPUTS: Ce=@ [(NO STATUS) . =1 (RX COMPLETIONY »
;=2 (TX COMPLETION), =3 {BOTH)

sCALLS: THI, RXT

' DESTROYS: B,C :

;DESCRIPTION: POLOF 15 CALLED TO POLL THE B273 FOR
DATHA TRANSFERS AND COMPLETION RESULTS. THE

: ROUTINES TXI AND RXI ARE USED FOR THE ACTUAL

P TRANSFERS AND BUFFER WORK. POLOP RETURNS

' THE STATUS OF THEIH ACTION.

FOLOF: PUSH PEW FSAVE PER
HYI C,ddH CLEAR €
POLOEL: 1IN STATTY GREAD 8271 STATUS
AT Int sARE THXINT OR RXINT SET?
o PEXIT jhiG, EXIT
IH STATTY pHEARD H2731 STATUS
RHL RXINT i TEST RE INT
Jug RXIC $YES, GO SERVICE RN
CALL TKI MUST BE TX, GO SEREVICE IT
LA TEXFLAG ;GET TX FLAG :
Cil BlH sWAS IT A COMPLETIONZ (@d1)
S E FEXLIT FHO, 50 JUST EXIT
' INA = ;fES, UPDATE C
InKE C
JHEP BOLOPL  ;TRY AGALN
HATC: ChLL EKL 160 SERVICE AR
LI/ EEFLAG GET HX FLAG
CPI 1l 1wAS IT A COMPLETION? {81}
JHZ FEXIT $HG, 50 JUST EMIT
Lkl C TYESy UPLRATE
JHMP FOLOPL TRY AGAILN
¥
BERIT: POAP rEh $RESTORE P5W

RET JRETURN WiTHE COMP, STATUS IN C
Flgura 23. Polling Result Handler

8273 COMMAND DESCRIPTION

In this section, each command is discussed in detail. In
order to shorten the notation, please refer to the com-
mand key in Table 1. The 8273 utilizes five different
command types: Initialization/Configuration, Receive,
Transmit, Reset, and Modem Control.

Initialization/Configuration Commands

The Initialization/Configuration commands manipulate
registers internal to the 8273 that define the various
operating modes, These commands either set or reset
specified bits in the registers depending on the type of
command. One parameter is required. Sel commands
perform a logical OR operation of the parameter (mask)
and the. internal register. This mask contains 15 where
register bits are to be set. A 0 in the mask causes no
change in the corresponding register bit. Reset com-
mands perform a logical AND operation of the param-
eter (mask) and the internal register, i.e., the mask is 0 to
resel a register bit and a 1 to cause no change. Before
presenting the commands, the register bit definitions
are discussed.

TABLE 1. COMMAND SUMMARY KEY

Bg. By — LSE AND MSB OF RECEIVE BUFFER LENGTH
Ro. By — LSB AND MSB OF RECEIVED FRAME LENGTH
Ly, Ly — LSB AND MSB OF TRANSMIT FRAME LENGTH
Ay, A: — MATCH ADDRESSES FOR SELECTIVE RECEIVE
RIC — RECEIVER INTERRUPT RESULT CODE

TIC — TRANSMITTER INTERRUPT RESULT CODE

A — ADDRESS FIELD OF REGEIVED FRAME

o — CONTROL FIELD OF RECEIVED FRAME
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s

Operating Mode Register (Figure 24)

D,-Dg Not Used —  These bits must not be manipu-

De:.

Da:

Dy

lated by any command; t.e,, D;-Dg must be 0 for
the Set command and 1 for the Reset command.
HOLC Abort — When this bit is set, the 8273 will
interrupt when 7 1s {HDLC Abort) are received
by an active receiver. When reset, an SDLC
Abort (8 18} will cause an interrupt.

EOQP interrupt — Reception of an EOP character
{0 followed by 7 1s5) will cause the 8273 to inter-
rupt the CPU when this bit is set. Loop con-
troller stations use this mode as a signal that a
polling frame has completed the lcop. No EOP
interrupt is generated when this bit is reset.

Early Tx Interrupt — This bit specifies when the
transmitter should generate an end of frame in-
terrupt. If this bit is set, an interrupt is gener-
ated. when the. last data character has been

passed to the 8273. If the user software issues

another transmit command within two byte
times, the final flag interrupt does not occur and
the new frame is transmitted with only one flag
of separation. If this restriction is not met, more
than one flag will separate the frames and a
frame complete interrupt is generated after the
closing flag. If the bit is reset, only the frame

complete interrupt cccurs. This bit, when set,

allows a single flag to separale conseculive
frames.

Buffered Address and Control — When set, the
address and control fields of received frames
are buffered in the B273 and passed to the CPU
as results after a received frame interrupt (they
are not transferred to memory with the informa-
tion fleld). On transmit, the A and C fields are
passed fo the B273 as parameters. This mode
simplifies buffer management. When this bit is
reset, the A and C fields are passed to and from
memory as the first two data transfers.

Preframe Sync — When set, the 8273 prefaces
each transmitted frame with two characters
betore the opening flag. These two characters
provide 16 transitions to allow synchronization
of the opposing receiver. To guarantee 16 tran-
sitions, the two.characters are 35H-35H for non-
NRZI mode (see Serial /O Register description)
or OO0H-00H for NRZI mode. When reset, no
preframe characters are transmitted.

Flag Stream — When set, the transmitter will
start sending flag characters as socon as it is
idle; i.e., immediately if idle when the command
is issuad or after a transmission if the transmit-
ter 1s active when this bit is set. When reset, the
transmitter starts sending Ildle characters on
the next character boundary if idle already, or at
the end of a tfransmission if active.

oy Py

oy By Oy By Iy Do

DE[j(]II

.
| |—ﬁ.A.'I' ETREAR MODE
PREFRARE S¥E MODE

DUFFERED MODE
EARLY Ta INTERAUFT ENABLE

EQP INTERAWFT ENASLE
ML ARCAT EMABLE
HOT BSED — PO MOT CHARGE

Figura 24. Qperating Mode Raglstar

Serial /0 Mode Regisier (Figure 25)
D-Ds Not Used — These bits must be 0 for the Set

DEZ

.Di:

command and 1 for the Reset command.

Data Loopback— When set, transmitted data
{TxD} is internally routed to the receive data cir-
cuitry. When reset, TxD and RxD are indepen-
dent.

Clock Loopback — When set, TxC is internally
routed to AxC. When reset, the clocks are inde-
pendent. ' :

NRZI {Non-Return to Zero Inverted) — When set,
the 8273 assumes the received data is NRZI en-
coded, and NRZ| encodes the transmitted data.
When reset, the received and transmitted data
are treated as a normal positive logic bit stream.

Daia Transfer Mode Register (Figure 26)
Dy-Dy: Not Used — These bits must be 0 for the Set

Dg:

command and 1 for the Reset command.

Interrupt Data Transfer — When set, the 8273
will interrupt the CPU when data transfers are
required (the corresponding |RA Status register
bit will be 0 to signify a data transfer interrupt
rather than a Result phase interrupt). When
reset, 8273 data transfers are performed through
DMA requests on the DRG pins without inter-
rupting the GPU.

By DOs D By O3 O By Wy

ﬁ% | énu MEE
CLOCE LHFBALCR

G LODFICE
MOT USED — DO BT CHARDL

Figure 25. Serlal VO Mode Reglster

by

Dg 9 02 D03 O3 Dy Og

i i i i i i i INTERRUPT ATE TRANSFERS

HAT ESED — 00 NOT CHANGE

Figurg 26. Data Transier Mode Haeglster
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One Bit Delay Register (Figure 27)

D One Bit Delay — When set, the 8273 retransmits
the received data stream one bit delayed. This
mode is entered and exited at a received char-
acter boundary. When reset, the transmitted and
received data are independent. This mode is
utilized tor loop operation and is discussed In a
later section.

Nof Used — These bits must be 0 for the Set
command and 1 for the Reset command.

Dg=Dy:

Oy mDg D3 Gy 03 Dy Oy Op

HOT USED — [EF HOT CHAMGOE
Sl T DELAY ENABLE

Figure 2¥. One Bli Delay Mode Regisler

Figure 28 shows the Set and Reset commands associ-
ated with the above registers. The mask which sets or
resets the desired bits is treated as a single parameter.
These commands do not interrupt nor provide results
during the Result phase. After resel, the B273 defaults to
all of these bits reset.

HEX
REGISTER COMMAND | .o | PARAMETER
SET A4 | SET MASK
ONE BIT DELAY MODE AEECT 51 | RESET MASK
SET g7 SET MASK
DATA TRANSFER MODE RESET 5T RESET MASE
BET ai SET MASK
CPERATING MODE e =1 | RESET MASK
BET Al | SET MASBK
SERIAL 1D MODE REGET &) | RESET MASK

Figure 28. Inftlalizailen/Conliguration Commeand Summary

Receive Commands

The B273 supports three receive commands plus a
receiver disable function.

General Raceive

When commanded to General Receive, the 8273 passes
all frames either to memary {DMA mode) or to the CPU
(non-DMA mode) regardless of the contents of the
frame's address field. This command is used for primary
and loop coniroller stations. Two pararnefera are re-
quired: By and B4. These parameters are the LSBE and
MSE of the receiver buffer size. Giving the 8273 this
extra information alleviates the CPU of the burden of
checking for buffer overflow, The B273 will interrupt the
CPU if the received frame attempts to overfill the
allotted buffer space.

Selactive Receive

In Selective Receive, two additional parameters besides
By and B, are required: Ay and Az These parameters are
two address match bytes. When commanded to Selec-
tive Receive, the 8273 passes to memory or the CPU
only -those frames having an address field matching
gither A, or A, This command is usually used for sec-
ondary stations with A, being the secondary address
and A, is the “All Parties" address. |f only one match
byte is needed, A, and A, should be equal. As in General
Receive, the B273 counts the incoming data bytes and
interrupts the CPU if By, B, is exceeded,

Selective Loop Receive

This command is very similar in operation to Selective
Receive except that One Bit Delay mode must be set and
that the loop is captured by placing transmitter in Flag
Stream mode automatically after an EQP character is
detected following a selectively received frame. The
details of using the 8273 in loop configurations is
discussed in a later section so please hold questions
until then.

The handling of interrupt results is common among the
three commands. When -a frame is received without
error, i.e., the FCS is correct and CD (Carrier Detect) was
active throughout the frame or no attempt was made o
overfill the butfer; the B273 interrupts the CPU following
the closing flag to pass the completion resuits. These
results, in order, are the receiver interrupt result code
(RIC), and the byte length of the information field of the
received frame (Ry, R4). If Buffered mode is selected, the
address and control fields are passed as two-additional
results. |f Buffered mode is not selected, the address
and control fields are passed as the first two daia
transfers and Ry, Ry reflect the information field length
plus two. :

Receive Disable

The receiver may also be disabled using the Receive
Disable command. This command t{erminates any
receive cperation immediately. No parameters are re-
guired and no results are returned.

The details for the Receive command are shown in
Figure 29. The interrupt result code key is shown in
Figure 30. Some explanation of these result codes is
appropriate. .

The interrupt result code is the first byte passed to the
CPU in the RxI/R register during the Result phase. Bits
Ds~Dy define the cause of the receiver interrupt. Since
each result code has specific implications, they are
discussed separately below.

HEX Pa R &M BRESULTS"
COMMAND CODE | ETERS Ruxlfft
GENERAL RECEIVE £0 | Bp By RIC, Rg, Ry, &, C
SELECTIVE RECEIVE &1 | By By, Ay, A2 | RIS, Ag, Ry, A C
SELECTIVE LOOP RECEIVE | C2 | Bp B4, Aq. Az | RIC, Hg, g, A C
DEABLE RECEIVER CH NONE HOMNE

*# AND C ARE PASSED A5 RESULTS ONLY IN BUFFERED MODE

Figure 28. Receiver Command Summary
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RIC Fix STATLES
Dr-0p  RECEIVER INTERRUPT RESULT CODE AFTER INT

* 00000 Aq MATCH OR GENERAL RECEIVE ACTIVE

* 00001 Az MATCH ACTIVE
000 00011 CRC ERAOR ACTIVE
000 08100 ABORT DETECTED ACTIVE
600 00101 IDLE DETECTED DISABLED
000 00110 EOP DETECTED DISABLED

000 00711 FRAME < 32 BITS ACTIVE

000 01000 DMA OVERRUN DISABLED
000 01001 MEMORY BUFFER OVERFLOW DISABLED
0ol 010 CARRIER DETECT FAILURE DISABLED
apd 01011 RECEIVER INTERRUPT OVERRUN DISABLED

*Dy-Dg PARTIAL BYTE RECEIVED

111 ALL 8 BITS OF LAET BYTE

000 Bg

100 04-Dg
010 Dg-Dg
110 Dy-DOg
001 D4b-g
101 I]I;-Iln
011 Dg-Dp

Figure 30. Recalver Interrupt Resull Codas (RIC)

The first two result codes result from the error-free
reception of a frame. If the frame is received correctly
after a General Receive command, the first result is
returned. If either Selective Receive command was used
(normal or loop), a match with A, generates the first
result code and a match with A- generates the second.
In either case, the receiver remains active after the inter-
rupt; however, the internal buffer size counters are not
reset. That is, if the receive command indicated 100
bytes were allocated to the receive buffer (By, By) and an
80-byte frame was received correctly, the maximum next
frame size that could be received without recomman-
ding the receiver (resetting By and B4) is 20 bytes. Thus,
it is common practice to recommand the receiver after
- each frame reception, DMA andior memory pointers are
usually updated at this time. (Note that users who do
not wish to take advantage of the 8273's buffer manage-
ment features may simply use By, B, =0FFH for each
receive command. Then frames of 65K bytes may be
received without buffer overflow arrors.)

The third result code is a CRC error. This indicates that
a frame was received in the correct format (flags, etc.);
however, the received FCS did not check with the inter-
nally generated FCS. The frame should be discarded.
The receiver remains active. (Do not forget that even
though an error condition has been detected, all frame
information up until that error has either been trans-
ferred to memory or passed to the CPU. This informa-
tion should be invalidated. This applies to all receiver
error conditions,) Note that the FCS, either transmitted or
received, is never available to the CPU.

The Abort Detect result occurs whenever the receiver
sees either an SDLC (8 1s) or an HDLC (7 1s), depending
on the Operating Mode register. However, the interven-
ing Abort character between a closing flag and an Idle
does not generate an interrupt. If an Abort character
(seen by an active receiver within a frame) is not pre-
ceded by a flag and is followed by an |dle, an interrupt
will be generated for the Abort, followed by an Idle inter-
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rupt one character time later. The Idle Detect result oc-
curs whenever 15 consecutive 1s are received. After the
Abort Detect interrupt, the receiver remains active. After
the Idle Detect interrupt, the receiver is disabled and
must be recommanded before further frames may be
racelved.

It the EQP Interrupt bit is set in the Operating Mode
register, the EOP Detect result is returned whenever an
EOP character is received. The receiver is disabled, so
the Idie following the EOP does not generate an Idle
Detect interrupt.

The minimum number of bits in a valid frame between
the flags is 32, Fewer than 32 bits indicates an error, If
Buffered mode is selected, such frames are ignored, i.e.,
no data transfers or interrupts are generated. In non-
Buffered.mode, a < 32-bit frame generates an interrupt
with the < 32-bit Frame result since data transfers may
already have disturbed the 8257 or interrupt handler. The
recefver remains active,

The DMA Overrun result results from the DMA controller
being too slow in extracting data from the 8273, i.e., the
AxDACK signal is not returned before the next mcaived
byte is ready for transfer. The receiver is dlsablad if this
error condition oceurs.

The Memory Buffer Overflow result occurs when the
number of received bytes exceeds the receiver buffer
length supplied by the By and B, parameters in the
receive command. The receiver is disabled.

The Carrier Detect Failure result occurs when the CD
pin goes high {inactive) during reception of a frame. The
CD pin is used to qualify reception and must be active
by the time the address field starts to be received. if CD
is lost during the frame, a CD Fallure interrupt is
generated and the receiver is disabled. No intarrupt is
generated if CD goes inactive between frames,

If a condition occurs requiring an interrupt be generated
before the CPU has finished reading the previous inter-
rupt results, the second interrupt is generated after the
current Result phase is complete (the RxINT pin and

-status bit go low then high). Howaver, the interrupt

result for this second interrupt will be a Receive Inter-
rupt Overrun. The actual cause of the second interrupt is
lost. One case where this may occur is at the end of a
received frame where the line goes idle. The 8273
generates a received frame interrupt after the closing
flag and then 15-bit times later, generates an Idle Detect
interrupt. i the interrupt service routine is slow in
reading the first interrupt’'s results, the internal RxI/R
register still contains result information when the Idle
Detect interrupt occurs. Rather than wiping out the
previous results, the 8273 adds a Receive Interrupt Over-
run result as an extra result. If the sysiem's interrupt
structure is such that the second interrupt is not
acknowledged {(interrupts are still disabled from the first
interrupt), the Receive Interrupt Overrun result is read as
an extra rasult, after those from the first interrupt. If the
second interrupt is serviced, the Receive Interrupt Over-
run is returned as a single result. (Note that the INT pins
supply the necessary transitions to support a-Program-
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mable Interrupt Controller such as the Intel 8259, Each

interrupt generates a positive-going edge on th&'apprr:ua
priate INT pin and the high level is held until the intar-
rupt is completely serviced.) In general, it is possible to
have interrupls occurring at one character time inter-
vals. Thus the interrupt handling software must have at
least that much response and service time.

The occurrence of Receive Interrupt Overruns is an In-
dication of marginal software design; the system’s inter-
rupt response and servicing time is not sufficient for the
data rates being attempted. It is advisable to configure
the interrupt handling software to simply read the inter-
rupt results, place them into a buffer, and clear the inter-
rupt as quickly as possible. The software can then ex-
amine the buffer for new results at its leisure, and take
appropriate action. Thig can easily be accomplished by
using a result buffer flag that indicates when new
resulls are available. The interrupt handler sels the flag
and the main program resets it once the results are
retrieved. C

Both SDLC and HDLC allow frames which are of arbi-
trary length (>32 bits). The'B273 handles this MN-bit
reception through the high order bits (Dy-Ds) of the
result -code. These bits code the number of valid re-
ceived bits in the last received information field byte,
This coding is shown in Figure 3{. The high order bits of
the received partiali btye are indelerminate. [The ad-
dress, control, and information fields are transmitted
least significant bit (Ag) first. The FCS is complemented
and transmitted most significant bit first.]

Transmit Commands

The 8273 transmitter is supported by three Transmit
commands and three corresponding Abort commands.

Transmit Frame

The Transmit Frame command simply transmits a
frame, Four parameters are required when Buffered
mode ig selected and twao when it is not. In either case,
the first two parameters are the least and the most
significant bytes of the desired frame length (L, Ly). In
Buffered mode, Ly and Ly equal the length in bytes of
the desired information field, while in the non-Buffered
mode, Lg and Ly must be specified as the information
field length plus two. {Ly and L, specify the number of
data transfers to be performed.) In Buffered mode, the
address and control fields are presented to the transmit-
ter as the third and fourth parameters respectively. In
non-Buffered mode, the A and C fields must be passed
as the first two data transfers.

When the Transmit Frame command is issued, the B273
makes RTS (Request-to-Send) active {pin low) if it was
not already. It then waits until CTS (Clear-to-5end) goes
active (pin low) before starting the frame. if the Preframe
Sync bit in the Operting Mode register is set, the trans-
mitter prefaces two characters (16 transitions) before
the opening flag. If the Flag Stream bit is set in the
Operating Mode register, the frame (including Preframe
sync if selected) is started on a flag boundary. Other-
wise the frame starts on a character boundary.
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At the end of the frame, the transmitter interrupts the
CPU {the interrupt results are discussed shortly} and
returns to either Idle or Flag Stream, depending on the
Flag Stream bit of the Operating Mode register, |f ATS
was active before the transmit command, the 8273 does
not change it. If it was inactive, the 8273 will deactivate
it within ona character time.

Loop Transmit

Loop Transmit is similar o Frame Transmit {thé param-
eter definition is the same). But since It deals with loop
configurations, One Bit Delay mode must be selected.

If the transmitter is not in Flag Stream mode when this
command is issued, the transmitter waits until after a
received EQP character has been converted to a flag
(this is done auicomatically) before transmitting. (The
one bit delay is, of course, suspended during transmit.)
If the transmitter Is already in Flag Stream mode as a
result of a selectively received frame during a Selective
Loop Receive command, transmission will begin at the
next flag boundary for Buffered mode or at the third flag
boundary for non-Buffered mode. This discrepancy is to
allow time for enough data transfers to occur to fill up
the internal transmit buffer. At the end of a Loop Trans-
mit, the One Bit Delay mode is re-entered and the flag
stream mode is reset. More-detailed loop operation is
covered later.

Transmil Trar_n;parant

The Transmit Transparent command enables the 8273 to
transmit a block of raw data. This data is without SDLC
protocol, i.e., no zero bit insertion, flags, or FCS, Thus it
Is possible to construct and transmit a Bi-Sync message
for front-end processor switching or to construct and
transmit an SOLC message with incorrect FCS for diag-
nostic purposes. Only the Ly and Ly parameters are used

-gince there are not fields in this mode. (the B273 does

not support a Receive Transparent command.)

Abort Com manﬂs

Each of the above transmit commands has an associ-
ated Abort command. The Abort Frame Transmit com-
mand causes the transmitter to send eight contiguous
anes (no zero bit insertion) immediately and then revert
o either idle or flag streaming based on the Flag Stream
bit. (The 8 15 as an Abort character Is compatible with
both SDLC and HDLC.)

For Loop Transmit, the Abort Loop Transmit command
causes the transmitter to send one flag and then revert
to one bit delay. Loop protocol depends upon FGS
arrors to detect aborted frames.

The Abort Transmit Tranalparent simply causes the
transmitter to revert to either idles or flags as a function
of the Flag Stream mode specified.

The Abort commands require no parameters, however,
they do generate an interrupt and return a result when

. completa.

A summary of the Transmit commands is shown in
Figure 31. Figure 32 shows the various transmit inter-
rupt result codes. As in the receiver operation, the
transmitter generates interrupts based on either good
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completion of an operation or an error condition to start
the Resull phase.

The Early Transmit Interrupt result occurs after the ldst
data transfer to the 8273 if the Early Transmit interrupt
bit is set in the Operating Mode register. |Jf the 8273 is
commanded to transmit again within two character
times, a single flag will separate the frames. (Buffered
mode must be used for a single flag to separate the
frames. If non-Buffered mode is selected, three flags
will separate the frames.) If this time constraint is not
met, another interrupt is generated and muitiple flags or
idles will separate the frames. The second interrupt is
the normal Frame Transmit Complete interrupt. The
Frame Transmit Complete result occurs at the t::l::aslng
flag to signify a good completion.

The DMA Underrun resull is analogous to the DMA Over-
run result in the receiver. Since SDLC does not support
intratrame time fill, if the DMA controller or CPU does
not supply the data in time, the frame must be aborted.
The action taken by the transmitter on this error is auto-
matic. It aborts the frame just as if an Abort command
had baen issued.

Clear-to-Send Error result is generated I CTS goes inac-
tive during a frame transmission. The.frame is aborted
as above.

The Abort Complete result is self-explanatory. Please
note however that no Abort Complete interrupt is
generaied when an automatic abort occurs. The next
command type consists of only one command.

HEX . . | RESULTS

COMMAND couE | PARAMETERS TRiR
TRANSMIT FRAME | ce Ly, Ly, &, © TIC
ABORT 1 cc MOMNE TIC
LOOP TRANSMIT CA Lg, Ly, A, € Tz
ABORT CE MONE TIC
TRANSMIT TRANSPARENT | CO La, Ly TIC
ABORT cD NONE TIC

"A AND C ARE PASSED AS PARAMETERS IN BUFFERED MODE OMLY,

writing of the 1 and the 00. The action taken is the
same as if a hardware reset is performed, namely:

1. The modem control outputs are forced high
inactive).

2. The 8273 Status register is cleared.
J4. Any commands in progress cease.

4. The B273 enters an idle state until the next com-
mand is issued. .

Modem Control Commands

The modemn control ports were discussed earlier in the
Hardware section. The commands used to manipulate
these ports are shown in Figure 33. The Read Port A and
Read Port B commands are immediate. The bit defini-
tion for the returned byte is shown in Figures 13 and 14.
Do not forget that the returned value represents the
logical condition of the pin, i.e., pin active {low) = bit
set.

HEZ REG
PORT | COMMAND CODE PARAMETER RESULT
A INPUT READ i HDH:E PORT VALUE
READ &3 HOME PORT VALUE
B OUTPUT SET AJ SET MASHK NOME.
RESET 83 RESET MASK HOME

Figure 33, Modem Contrel Command Summary

Flgure 31. Transmittor Command Summary

The: Tz STATUS
D=0y TRANSMITTER INTERRUPT RESULT CODE AFTER INT
000 01100 EARLY Tx INTERRUPFT ACTIVE
000 01104 FRAME Ty COMPLETE IDLE OR FLAGS
oo 01410 OMA UNDERRUN KREORT
0ol 0111 CLEAR TO SEMD ERACH BBORT
000 10000 ABODRT COMPLETE IDLE QR FLAGS

Figure 32. Transmitter Interrupl Resull Codes

Reset Command

The Reset command provides a software reset function
for the B273. It is a special case and does not utilize the
‘normal command interface. The reset facility is provided
in the Test Mode register. The 8273 is reset by simply
outputting a 01H followed by a O0H to the Test Mode
register. Writing the 01 followed by the 00 mimicks the
action required by the hardware reset. Since the 8273 re-
Quires time to process the reset internally, at least 10
cycles of the @CLK clock must occur between the

The Set and Reset Port B commands are similar to the
initialization commands in that they use a mask param-
eter which defines the bits to be changed. Set Port B
utilizes a logical OR mask and Reset Port B uses a
logical AND mask. Setting a bit makes the pin active
(low). Resetting the bit deactivates the pin (high).

To help clarify the numerous timing relationships that
occur and their conseguences, Figures 34 and 35 are
provided as an illustration of several typical sequences.
it is suggested that the reader go over these diagrams
and re-read the appropriate part of the previous sections
if necessary.

HLDC CONSIDERATIONS

The 8273 supports HOLC as well as SDLC. Let's discuss
how the 8273 handles the three basic HOLC/SDLC dif-
ferences: extended addressing, extended control, and
the 7.1s Abort character.

Recalling Figure 4A, HDLC supports an address field of
indefinite length. The actual amount of extension used
is determined by the least significant bit of the charac-
ters immediately following the opening flag. If the LSB
is 0, more address field bytes follow. If the LSB is 1, this
byte is the final address field byte. Software must be
used to determine this extension.

It non-Buffered mode is used, the A, C, and | fields are in
memory. The software must examine the initial charac-
ters to find the extent of the address field. If Buffered
mode is used, the characters corresponding to the
SDLC A and C fields are transferred to the CPU as inter-
rupt results. Buffered mode assumes the two characters
following the opening flag are to be transferred as inter-
rupt results regardless of content or meaning. (The 8273
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does not know whether it is being used in an SDLC or an
HDLC environment) In SDLC, these characters are
necessarily the A and C field bytes, however in HDLC,
their meaning may change depending on the amount of
extension used. The software must recognize this and
examine the transferred results as possible address
field extenslons.

Frames may still be selectively received as is needed for
secondary stations. The Selectlve Receive command is
still used. This command qualifies a frame reception on
the first byte following the opening flag matching either
of the A4 or As match byte parameters. While this does
not allow qualification over the complete range of HOLC
addresses, it does perform a qualification on the first
address byte. The remaining address field bytes, it any,
are then examined via software to completely qualify
the frame.

Once the extent of the address field is found, the follow-
ing bytes form the control field. The same LSB test used
for the address field is applied to these byles to deter-
mine the control field extension, up to two bytes maxi-
mum. The remaining frame byles in memory represent
the information field.

The Abort character différence is handled in the
Operating Mode register. If the HDLC Abort Enable bit is
set, the reception of saven contiguous ones by an active
receiver will generate an Abort Detect interrupt rather
than eight ones. (Mote that both the HDLC Abort Enable
bit and the EOP Interrupt bit must not be set simultane-
ously.)

Now let's move on to the SDLC loop configuration

LOOP CONFIGURATION -

Aside from use in the normal data link applications, the
B273 is extramely attractive in loop configuration due to
the special frame-level loop commands and the Digital
Phase Locked Loop. Toward this end, this section
detaills the hardware and software considerations when
using the 8273 in a loop application.

The loop configuration offers a simple, low-cost solu-
tion for systems with multiple stations within a small
physical location, i.e., retail stores and banks. There are
two primary reasons to consider a loop configuration.
The interconnect cost is lower for a loop over a multi-
point configuration since only one twisted pair or fiber
optic cable is used. (The loop configuration does not
support the passing of distinct clock signals from sta-
tion to station.) In addition, loop stations do not need
the intelligence of a multi-point station since the loop
protocal is simpler. The most difficult aspects of loop
station design are clock recovery and implameantation of
one bit delay (both are handled neatly by the B273).

Figure 36 illustrates a typical loop configuration with
one controller and two down-loop secondaries. Each
station must derive its own data timing from the
received data stream. Recalling our earlier discussion of
the DPLL, notice that TxC and RxC clocks are provided
by the DPLL output. The only clock required in the
secondaries is a simple, non-synchronized clock at 32
times the desired baud rate. The coniroller requires both
32 and 1% clocks. (The 1 x isusually implemented by
dividing the 32 x clock with a 5-bit divider.- However,
there is no synchronism reguirement between these
clocks so any convenlent implementation may be used.)

discussion.
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Flgura 38, SDLC Loop Application

A quick review of loop protocol is appropriate. All com-
munication on the loop is controlled by the loop con-

trolier. Wheén the controller wishes to allow the sec-

andarias to transmit, it sends a polling frame (the con-
trol field contains a poll code) followed by an EOP (End-
of-Poll) g¢haracter. The secondaries use the EOP
character to capiure the loop and insert a response
frame as will be discussed shortly.

The secondaries normally operate in the repeater mode,
retransmitting received data with one bit time of delay.
All received frames are repeated. The secondary uses
the one bit time of delay to capture the loop.

When the logp is idlé (no frames), the controller trans-
mits continuous flag characters. This keeps transitions
on the loop for the sake of down-loop phase locked
loops. When the controlier has a non-polling frame to
transmit, it simply transmits the frame and continues to

send flags. The non-polling frame is then repeated

around the loop and the controller receives it to signify a
complete traversal of the loop. At the particular second-
ary addressed by the frame, the data is transferred to
memaory while being repeated. Other secondarias simply
repeat it. - '

If the controlier wants to poll the secondaries, it
transmits a polling frame followed by all 1s {no zero bit
insertion). The final zero of the closing frame plus the
first seven 1s form an EOP. While repeating, the secon-
daries monitor their incoming line for.an EOP. When an
EOP is received, the secondary checks if it has any
response for the controller. If not, it simply continues
repeating. If the secondary has a response, it changes
the seventh EOP one into a zero (the one bit time of
delay allows time for this) and repeats it, forming a flag
for the down-loop stations, After this flag is transmitted,
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the secondary terminates its repeater function and in-
serts its response frame (with multiple preceding flags
if necessary). After the closing flag of the response, the
secondary re-enters its repeater function, repeating the
up-loop controller 1s. Motice that the final zero of the
response’s closing flag plus the repeated 15 from the
controller form a new EOP for the next down-loop
secondary. This new EOP allows the next secondary to
insert a response if it desires. This gives each secon-
dary a chance to respond. .

Back at the controller, after the polling frame has been
fransmitted and the continuous 1s started, the con-
troller waits until it receives an EQOP. Receiving an EOP
signifies to the controller that the original frame has
propagated around the loop followed by any responsgses
inserted by the secondaries. At this point, the controlier
may either send flags to idle the loop or transmit the
next frame. Let's assume that the loop is implemented
completely with the B273s and describe the command
flows for a typical controller and secondary.

The loop controller is initialized with commands which
specify that the NRZI, Preframe Sync, Flag Stream, and
EQP Interrupt modes are set, Thus, the controller en-
codes and decodes all data using NRZI format. Preframe
Sync mode specifies that all transmitted frames be
prefaced with 16 line transitions. This ensures that the
minimum of 12 transitions needed by the DPLLs to lock
after an all 1s line have cccurred by the time the second-
ary sees a frame's opening flag. Setting the Flag Stream
mode starts the transmitter sending flags which idles
the loop. And the EOP Interrupt mode specifies that the
controller processor will be interrupted whenever the

.active receiver sees an EOP, indicating the completion

of a poll cycle.

When the controller wishes to transmit a non-polling
frame, it simply executes a Frame Transmit command.
Since the Flag Stream mode is set, no ECP is formed
after the closing flag. When a polling frame is to be
transmitted, a General Receive command is executed
first. This enables the receiver and allows reception of
all incoming frames; namely, the original polling frame
plus any response frames inserted by the secondaries.
After the General Receive command, the frame is trans-
mitted with a Frame Transmit command. When the
frame 1s completa, a transmitter interrupt is generated.
The loop controller processor uses this interrupt to |
reset Flag Stream mode. This causes the transmitter to
start sending all 1s. An EQOP is formed by the last flag
and the first 7 1s. This completes the doop controller
transmit sequance,

At any time following the start of the polling frame
transmission the loop controller receiver will start
recalving frames. (The exact time difference depends, of
course, on the number of down-loop secondaries due to
each inserting one bit time of delay.) The firsi received
frame is simply the original polling frame. However, any
additional frames are those inserted by the secondaries.
The loop controller processor knows all frames have
been received when it sees an EOP Interrupt. This inter-
rupt is generated by the B273 since the EOP Interrupt
mode was set during initialization. At this point, the
transmitter may be commanded either to enter Flag
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Stream mode, idling the loop, or to tranamit the ﬁext
frame. A flowchart of the above sequence is shown in
Figure 37.

The secondaries are initialized with the NRZI and One
_Bit Delay modes set. This puts the 8273 into the repeater
mode with the transmitler repeating the received data
with one bit time of delay. Since a loop station cannot
transmit until it sees and EOP character, any transmit
command is queued until an EOP is received. Thus
whenever the secondary wishes (o transmit a response,
a Loop Transmit command is issued. The 8273 then
waits until it receives an EOP. At this point, the recelver
changes the EOQOP into a flag, repeats it, resets One Bit
Delay mode stopping the repeater function, and sets the
transmitter inte Flag Stream mode, This captures the
loop. The transmitter now inserts its message. At the
closing flag, Flag Stream mode is reset, and One Bit
Delay mode is set, returning the B273 to repeater func-
tion and forming an EOP for the next down-loop station.
These actions happen automatically after a Loop
Transmit command is issued.

IMITIALIZE —

SET MRZI, FLAG STREAM
PREFRAME S¥NC, EOP

! INTERRUPT MODES

POLL TRANSMIT NON.POLL
FRAMEY
GENERAL FRAME
RECEIVE TRANSMIT
FRAME
TRANSMIT
RESET FLAG
RECEIVER
r| ETREAM WODE ~= INTERRUPT —
1 [ READ Axlf
|
WAIT FOR )
RECEIVER
INTERRUPT

MUST BE SET ELAG
ERROR ~ STREAM
00 RECOVERY
PROCEDCURE MODE
Q DENDOTES COMMAND PR s
RECEIVED —
DBEHMES INTERRUPT CODE FRAMES

Figure 37. Loop Controller Flowchart
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When the secondary wants its receiver enabled, a Selec-
tive Loop Receive command is issued. The receiver then
looks for a frame having a match in the Address fieid.
Once such a frame is received, repeated, and trans-
ferred to memory, the secondary's processor is inter-
rupted with the appropriate Match interrupt result and-
the 8273 continues with the repeater function until an
EOP is received, at which point the loop is captured as
above, The processor should use the interrupt to deter-
mine if it has a message for the controller. If it does, it
simply issues a Loop Transmit command and things
progress as above. If the processor has no message, the
software must reset the Flag Stream mode bit in the
Operating Mode register. This will inhibit the B273 from
capturing the loop at the EQP. (The match frame and the
EOP may be separated in time by several frames de-
pending on how many up-loop stations inserted mes-
sages of their own.) If the timing is such that the
receiver has already captured the loop when the Flag
Stream mode bit is reset, the mode is exited on a flag
boundary and the frame just appears to have extra clos-
ing fiags before the EQP. Notice that the 8273 handles
the queuing of the transmit commands and the setting
and resetting of the mode bits automatically. Figure 38
iflustrates the major points of the secondary command
sequence.

INITIALLZE =
EET WAII, ONE
NIT DELAY MODES

RESPOMEE TO
TRaREMITY

'

M ENABLE
RECEVERT

I}

BELECTIWE
Lo
RECEIVE
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INTERAUPT

W |MUET BE ERRDR —
& RECEVERY

D DEMHOTES CORMANDN
() chnoTEs INTERAUPT CODES

Figure 38, Loop Secondary Flowchart
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When an off-line secondary wishes to come on-line, it
must do so in a manner which does not disturb data on
the |oop. Figure 39 shows a typical hardware interface.
The line labeled Port could be one of the 8273 Port B out-
puts and is assumed to be high (1) initially. Thus up-loop
data is simply passed down-loop with no delay; how-
ever, the receiver may still monitor data on the loop. To
come on-ling, the secondary is initialized with only the
EOF Interrupt mode set. The up-oop data is then moni-
tored until an EOP occurs. At this point, the secondary’s
CGPU is interrupted with an EOP interrupt. This signals
the GPU to sel One Bit Delay mode in the 8273 and then
to set Port low (active). These actions switch the sec-
ondary's one bit delay into the loop. Since after the EQP
only 15 are traversing the loop, no loop disturbance oc-
curs. The sescondary now waits for the next EOP, cap-
tures the loop, and inserts a “new on-line" message.
This signals the controller that a new secondary exists
and must be acknowledged. After the secondary re-
ceives its acknowledgement, the normal command flow
is used.

It is hopetully evident from the above discussion that
the 8273 offers a very simple and easy to implement
solution for designing loop stations whether they are
controllers or down-loop secondaries.

RaD UF-LODF DATA

DOWH-LOOF DATA

TeD

PORT

Flgura 39. Loop Intariace

APPLICATION EXAMPLE

This section describes the hardware and software of the
82738085 system used to verify the 8273 implementa-
tion of SDLC on an actual IBM SDLC Link. This 1BM link
was gratefully volunteered by Raytheon Data Systems in
Morwood, Mass. and | wish to thank them for theair
generous cooperation. The |IBM system consisted of a
370 Mainframe, a 3705 Communications Processor, and
a 3271 Terminal Contreller. A Comlink || Modem sup-
plied the modem interface and all communications took
place at 4800 baud. In addition to observing correct
responses, a Spectron DE01B Datascope was used to
verify the data exchanges. A block diagram ot the
system is shown in Figure 40. The actual verification
was accaomplished by the B273 system receiving and
responding to polls from the 3705. This method was
used on both point-to-point and multi-point configura-
tions. No attempt was made to implement any higher
protocol software over that of the poll and poll re-
sponses since such software would not affect the veri-
fication of the B273 implementation. As testimony to the
ease of use of the 8273, the system worked on the first

try.

o5
MAIMFRAME L. '_'I“mE"Hm"E"'I“' ar

SOK-E3
HH

Figure 40. Raytheon Block Diagram

6-168

An SDK-85 (System Design Kit) was used as the core
BORS system. This system provides up to 4K bytes of
ROM/EPiITOM, 512 bytes of RAM, 76 /O pins; plus two
timers as provided in two 8755 Combination EPROM/IIO
daevices and two 8155 Combination RAMNOITimer
devices. In addition, 5 interrupt inputs are supplied on
the BOB5. The address, data, and control buses are buf-
fered by the 8212 and 8216 |latches and bidirectional bus
drivers. Although it was not used in this application, an
8279 Display Driver/Keyboard Encoder is included to in-
terface the on-board display and keyboard. A block
diagram of the SDK-85 is shown in Figure 41. The B273
and associated circuitry was constructed on the ample
wire-wrap area provided for the user.

The example B273/8085 system is interrupt-driven and
vees DMA for all data transfere superviged by an 8257

DMA Controller. A 2400 baud asynchronous line, imple-
mented with an B251A USART, provides communication
between the software and the user. 8253 Programmable
Interval Timer is used to supply the baud rate clocks for
the 8251A and 8273. (The 8273 baud rate clocks were
used only during initial system debug. In actual opera-
tion, the modem supplied these clocks via the RS-232 in-
terface.) Two 2142 1K x 4 RAMs provided 512 bytes of
transmitter and 512 bytes of receiver buffer memory.,
{Command and result buffers, plus miscellanecus
variables are stored in the 8155s.) The RS-232 interface
utilized MGC1488 and MC1489 RS-232 drivers and
receivers. The schematic of the system Is shown in
Figure 42, '

One detail to note is the DMA and interrupt structure of
the transmit and receive channels. In both cases, the
receiver is always given the higher priority (82567 DMA
channel 0 has priority over the remaining channels and
the 8085 RST 7.5 interrupt input has priority over the
RST 6.5 input) Although the choice is arbitrary, this
technigue minimizes the chance that received data
could be lost due to other processor or DMA com-
mitments.

 Also note that only one 8205 Decoder is used for both

the peripherals’ and the memorys’ Chip Selects, This
was done to eliminate separate memory and VO
decoders since it was known beforehand that neither
address space would be completely filled.

The 4 MHz crystal and 8224 Clock Generator were used
only to verify that the 8273 operates correctly at that
maximum spec speed. In a normal system, the 3.072
MHz clock from the 8085 would be sufficient. (This fact
was verified during initial checkout.)-
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The software consists of the normal monitor program
supplied with the SDK-85 and a program t¢.input com-
- mands to the 8273 and to display resuits. The SDK-85
monitor allows the user to read and write-on-board RAM,
start execution at any memory location, to single-step
through a program, and to examine any of the B0B5's in-
ternal registers. The monitor drives either the on-board
keyboard/LED display or a serial TTY interface. This
monitor was modified slightly in order to use the 8251A
with a 2400 baud CRT as opposed to the 110 baud nor-
mally used. The 8272 program implements monitor-like
user interface. 8273 commands are enfered by a two-
character code followed by any parameters required by
that command. When B273 interrupts occur, the source
of the interrupt is displayed along with any results
associated with it. To gain a flavor of how the user/pro-
gram interface operates, a sample output is shown in
Figure 43. The 8273 program prompt characterisa ™ -"
and wser inputs are underlined.

The “S0O 05" implements the Set Operating Mode com-
mand with a parameter of 05H. This sets the Buffer and
Flag Stream modes. "S5 01" sets the 8273 in NRZI mode
using the Set Serial I'0 Mode command, The next com-
mand specifies General Receiver with a receiver buffer
size of 0100H bytes (By=00, By=01). The "TF" com-
mand causes the 8273 to transmit a frame containing an
address field of C2H and control field of 11H. The infor-
mation field is 001122. The “TF"” command has a special
format. The Ly and Ly parameters are computed from the
number of information field bytes entared.

After the TF command is entered, the 8273 transmits the
frame (assuming that the modem protocol is observed).
After the closing flag, the 8273 interrupts the 8085. The
8085 reads the interrupt results and places them in a
buffer. The software examines this buffer for new
results and if new results exist, the source of the inter-
rupt is displayed along with the results.

In this axample, the 0DH result indicates a Frame Com-
plete interrupt. There is only one result for a transmitter
interrupt, the interrupt's trailing zero results were in-
cluded to simplify programming.

The next event Is a frame reception. The interrupt
results are displayed in the order read from the B273.
The EOH indicates a General Receive interrupt with the
last byte of the information field received on an 8-bit
boundary. The 03 00 (Rg, Ry} results show that there are
3H bytes of information fleld received. The remaining
two results indicate that the received frame had a C2H
address field and a 34H control field. The 3 bytes of in-
formation field are displayed on the next line.

B273 MONITOR V1.2

TxINT — 0D 00 GO 00 00

Figure 43. Sample B2T3 Monitor /O

Figures 44 through 51 show the flowcharts used for the
8273 program developmenti. The actual program listing
is included as Appendix A. Figure 44 is the main status
potl loop. After all devices are initialized and a prompt
character displayed, a loop is enterad at LOOPIT. This
toop checks for a change of status in the result butfer or
it a keyboard character has been received by the 8251 or
if a pall frame has been received. If any of these condi-
tions are met, the program branches to the appropriate
routine. Otherwise, the loop is traversed again.

The result buffer is implemented as a 255-byte circular
buffer with two pointers: CNADR and LDADR. CNADR is
the console pointer. It points to the next result to be
displayed LDADR is the load pointer. It points 10 the
next empty position in the buffer into which the inter- -
rupt handler places the next result. The same buffer is
used for both transmitter and receiver results, LOOPIT
examines these pointers to detect when CNADR is not
equal to LDADR indicating that the buffer contains
results which have not been displayed. When this oc-
curg, the program branches to the DISPLY routine.

DISPLY determines the source of the undisplayed
results by testing the first result. This first result is
necessarily the interrupt result code. If this result is
OCH or greater, the result is from a transmitter interrupt.
Otherwise it is from a receiver source. The source of the
result code is then displayed on the console along with
the next four results from the buffer. If the source was a
transmitter .interrupt, the routine merely repoints the
pointer CNADR and returns to LOOPIT. For a receiver
source, the receiver data bulfer is displayed in addition
to the receiver interrupt results before returning to
LOOPIT. :

INITIALEZE
EVERYTHING

,

DISPLAY PROMPT

1

CHECK RESULT
BUFFER

Q=

READ 8254
STATUS

!

START

CMDREC

L0

"

READ POLL
STATUS

Figure 44. Maln Status Poll Loop
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C o )
GET CONSOLE . '
POINTER
; : GET PARAMETERS
FROM EEYBDARD
READ RESULT |- {
FROM BUFFER

GET AND LOAD DATA
INTO Tx BUFFER
FROM KEYBOARD

!

SETUP COMMAND
BUFFER

DISPLAY DISPLAY
RxINT TzINT

MESSAGE MESSAGE @
Crsore>

Flgure 47. TF Subroutine
AEAD AND DISPLAY AEAD AND DISPLAY )
REMAINING HEMAINING )
RESULTS RESULTS
GET Ax BUFFER RETURN TO
POINTER " LOOP
READ AND CISPLAY .
Rx BUFFER CLEAR POLL
* . _ STATUS
RETURN TO ' :
LOOP SETUP AESPONSE

COMMAND BUFFER

Figure 45. DISPLY Subrouting -

Caereme

:l?E;:D KEYBOARD ' _ Flgure 48. TxPOL Subroutine

GET RECUIRED # OF
FARAMETERS FROM
EEVHOARD — PARIN

SETUF COMBAE KD
BUFFER

'
CHANGE SET CORMBAND b
PROMPT CHR BUFFER POWTER [HL] .
4 FERAMETER #3
[ (A1) Eﬂ“iﬁﬂﬂ PAHAMETER #1
G = COMMAMD
B + # OF PARAMETERS , er | e[ vor asamerers |
¢
Figure 46. GETCMD Subroutine Figure 9. COMM Subroutine with Command Buffer Format
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<

BAVE STATUS

!

CHECHK IF RESULTE
WILL FILL RESULT
BUFFER

FILL

AESULT

BUFFER
?

EXIT TO
MOMNITOR

READ RESULTS
AMD PLACE IN
RESULT BUFFER

i

UPDATE DMA
CHAMNNEL

i

RESTORE STATUS

—t

RETURM

ﬂuuu 50. Txl (Transmittar Intermupt) Routing

If the result buffer pointers indicate an empty buffer, the
8251A is polled for a keyboard character. If the B251 has
a character, GETCMD is called. There the character is
read and checked if legal. lllegal characters simply
cause a reprompt. Legal characters indicate the start of
a command input. Most commands are organized as two
characters signifying the command action; i.e,, GR —
General Receive. The software recognizes the two char-

acter command code and takes the appropriate action. .

For non-Transmit type commands, the hex equivalent of
the command is placed in the C register and the number
of parameters associated with that command is placed
in the B register. The program then branches to the
COMM routine. F

The COMM routine builds the command buffer by
reading the required number of parameters from the
keyboard and placing them at the buffer pointed at by
CMDBUE. The routine at COMM2 then issues this com-
mand buffer to the 8273.

If a Transmit type command is specified, the command
buffer is set up similarly to the the COMM routine;
however, since the information field data is entered
from the keyboard, an intermediate routine, TF, is
called. TF loads the transmit data buffer pointed at by
TxBUF. It counts the number of data bytes entered and
loads this number into the command buffer as Ly,
L. The command is then issuead to the 8273 by Jumping
to CMDOUT.

One command does not directly result in a command be-
ing issued to the 8273. This command, Z, operates a
software flip-flop which selects whether the software
will respond automatically to received polling frames. If
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the Poll-Response mode is- selected, the prompt
character is changed to a '+ '. If a frame is received
which containg a prearranged poll control field, the
memory location POLIN is made nonzero by the receiver
interrupt handler. LOOPIT examines this location and if
it is nonzero, causes a branch to the TxPOL routine. The
TxPOL routine clears POLIN, sets a pointer to a special
command buffer at CMDBUF1, and issues the command
by way of the COMM2 entry in the COMM routine. The

_special command. buffer contains the appropriate

response frame for the poll frame received. These ac-
tions only occur when the Z command has changed the
prompt to a "+ '. If the prompt is normal *~"', polling
frames are displayed as normal frames and no response
iz transmitted. The Poll-Response mode was used dur-
ing the IBM tests.

/
!
Rl
SAVE STATUS
CHECHK IF RESULT=
WiLL FILL RESULY
BUFFER
EXIT TO
MONITOR

READ RESULTS AMND
PLACE IN RESULT
BUFFER

uppATE DMA | _| RESTORE

CHANNEL STATUS
RETURN
TEST CONTROL

FIELD

i:]
RESPONSE
MEEDED
¥

SETUP SPECLAL
COMMAMND BUFFER

i
SETPOLLSTATUS |—————

Figure 51. Rxl (Recevier Interrupt) Routine
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The final two software routines are the transmitter and
receiver interrupt handlers. The transmit interrupt
handler, Txl, simply saves the registers on the stack and
checks if loading the result buffer will fill it. If the result
buffer will overfill, the program is exited and control is
passed to the SDK-85 monitor. If not, the results are
read from the TxI/R register and placed in the result buf-
fer at LDADR. The DMA pointers are then reset, the
registers restored, and interrupts enabled. Execution
then returns to the pre-interrupt location,

The receiver interru pifhandlarl Rxl, is only slightly more
complex. As in Txl, the registers are saved and the
possibility of overfilling the result buffer is examined. If
the result buffer is not full, the results are read from
RxWR and placed in the buffer. At this point the prompt
character is examined to see if the Poll-Response mode
is selected. If so, the control field is compared with two
possible polling control fields. If there is a match, the
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special command buffer is loaded and the poll indicator,
POLIN, is made nonzero. If no match occurrad, no action
is taken. Finally, the receiver DMA buffer pointers are
reset, the processor status restored, and interrupts are
enabled. The RET instruction returns execution to the
pre-interrupt location.

This completes the discussion of the B273/8085 system
design. -

CONCLUSION

This application note has covered the 8273 in some
detail. The simple and low cost loop configuration was
explored. And an 8273/8085 system was presentad as a
sample design llustrating the DMAfinterrupt-driven in-
terface. It is hoped that the major features of the 8273,
namely the frame-level command structure and the
Digital Phase Locked Loop, have been shown to be a
valuable asset in an SDLC system design.
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APPENDIX A
ASMAA -F1:RAYTIZ. SRC
1S15-11 9A36,/9635 MACRD RSSEMBLER, $168 WIALE  PAGE 1
LOC ORY SER SOURCE STRATEMERT
1 NDPAGING MODAS  NOCOND
AGRH 2T EQG  80H ;80 FOR RAYTHEON
1 ; FF. FOR SELF-TEST
. PARA 4 TRUEL EQU  G@H ;92 FOR NORMAL RESPONSE
5 ;FF FOR LOOP RESPONGE
ARG & DEM  EOU 2eH ;6 FOR NO DEMD
7 iFF FOR DEMD
g
9 ;
1@ ; GENERRL 8273 MOMITOR WITH RAYTHEON POLL MODE ADDED
11
AT
18 .
1% ; COMMAND SUPRORTED ARE: RS - RESET SERIAL 10 MODE
28 ; S5 - SET SERIAL [40 MODE
21 B0 - RESET OPERATING MODE
22 ; S0 - SET OPERATING HODE
2% ; R0 - FECEIVER [ISRBLE
24 ; 4R - GENERAL RECEIVE
25 ; SR - SELECTIVE RECEIVE
28 ; TF - TRANSHIT FRAME
27 i . AF - ABORT FRAME
28 %P - SET FORT B
29 ; FP - RESET POET B
W ' RE - RESET BNE BIT DELRY (PAR = 7F)
2 5B ~ SET ONE BIT DELAY (PAR = 2@)
2 ; 5L - SELECTIVE LOOF RECEIVE
31 TL - TRANSMIT LOOP
34 T2 - CHANGE MODES FLIP/FLOP
By

3 ,-*ﬂtﬂtmmwnrmwnc*mwwmw*wtmmimw****mmwm#t
:? '“;HETE; TSETY COMMANDS IMPLEMENT LOGICAL “OR‘ FUNCTIONS

E .- "EESET” COMNANDS IMPLEMENT LOGICAL “AhD” FUNCTLONS

:; : iAo o A K A b b bk o
:: ;EH_FFEFE{I HODE WUST BE SELECTED WHEN SELECTIVE RECEIVE IS WSl

:; :EIJWIFI'I'E' FORMAT IS: “COMMAND (2 LTRS)® ‘PAR #1° ‘PAR. #2° ETC.

43 ; -

59 1 THE TRANSHIT FRRME COFMAND FORMAT IS: ‘TF ‘A" “C° “BUFFER CONTENTS".
% WO LENGTH COUNT IS NEEDED. BUFFER CONTENTS IS ENDED MITH A CR
B2 ;

I e L
54 5 '
53 ;POLLED WODE:  WHEN POLLED MODE IS SELECTED (DEMDTED BY R+ PROMPT), IF

6-175 231311-001 |
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56 A SNRM-F OR RR(B)-F 15 PECEIVED, R RESPONSE FRAME OF NSA-F
57 OR RECOI-F 15 TRANSMITTEC.  OTHER COMMANDS OPERATE NORNALLY.
Bn ;*:hﬂ:*%*#**ﬂtﬁﬁ#ii***ﬂt**#***#*ﬁ'+H-!=H-llH:i-ﬂ:#**#**#*ﬂ#wﬂﬂ#****ﬂuﬁit#
o ;
65 ;2272 EQUATES
A9 67 STAT7Z €00 50H ; STRTUS REGISTER
] 63 COMMPZ EOW FEH ; COMMAND REGISTER
@334 6% PARNTI B I : PRRAMETER REGISTER
Ba3L 7 BESLTT EON GiH JRESULT REGISTER
pa32 71 THIRFS EOM 32H i Té INTERRUPT RESULT REGISTER
BRgz 72 RMIRFI EMG 9IH iR INTERRUFT RESULT PEGISTER
Baaz 72 TESTFT Eolr 3 - TEST MOOE REGISTER
A3 74 CPRF  EQE 20 | PRRAVETER BUFFER FULL BiT
R 7S OTAINT E@W oM ;Td INTERRUPT Bi7 IN STATUS REGISTER
ARG 7R RAINT  Edb @M iRy INTERRUPT BIT IN STATUS REGISTER
aaat 7T OTMIRA EGU ALH i T INT RESULT AYAILRBLE EIT
Aanz 78 RAIRA . EDG G2H iB% INT RESULT AYAILABLE BIT
ey
2 ;8252 ECURTES
Bl e .
2% 22 MODEST EOL 9BM 8257 MODE WORD REGISTER
50 83 CHTEST EOU SO s COUNTER @ REGISTER
4850 84 CNTISZ EM  S0H s COUNTER: 1 REGISTER
BASE 95 CNIZ52 EQU M i COUNTER 2 REGISTER
(AEC 26 COBF  EQU  A0@CH . COKSOLE BAUD RATE <2408
BAZE 87 WOCHTA EAU 38H ; MOGE FOR COUNTER 3
2T 8% WOONTZ EOU 9BeH P MDDE FOR COUNTER: 2
2017 83 LKEBRY  ERU 204MW i 8271 BAUD RATE LSE AR
2018 op LKERZ EOU  2018H | 3277 BAUD RATE HSB ADR
' 91 ;
92 ; BALD RATE TRELE: BALID FATE LKERL  LKERZ
947 LR EL B R Fadokion debiel
% ; - L i @
a5 4203 50 ol
3 ; 2400 cE Al
o7 ; 2 5, 02 a1
4 2 ES az
99 36 -
196 | ”
91
102 ;8257 EMURTES
163
DIERE 164 WIES? E0U BAEH 18257 MWOOE PORT
AaRA 195 CHERDR EOL @FEd ;CHA (Re) ADR REGISTEF
AL 1@6 CHETC EQU BRIM ; CHB TERMINAL COUNT REGISTER
B0R2 107 CHIADR ERU OAZH ;CHL (T4 ADR REGISTER
BEAZ 18R CHATC  EOU @AM ; CHL TERMINAL COUNT REGISTER
BARE 143 STRTST €00 GRSH ; STATUS REGISTER
3280 118 FABUF EQL B209H s RY BUFFER START ADDRESS
2080 111 THEUF  EOU  O@ i T BUFFER STRRT RODRESS
gasz 112 DROMR  EQU 62K sDISABLE R DMA CHANNEL. TA STILL ON
41FF 113 RATE EOD 44FFH ; TERMINAL COUNT AND MODE FOR RY CHANMEL
BRE2 114 ENDHA EOU €3H :ENABLE BOTH T4 AND RX CHANNELS-EXT. WR. TX STOP
ane1 45 0TOMA  EOU 6IH ;DISARLE T DMA CHANNEL. RX STILL ON
SLFF 114 THTC  EOL B4FFH - S TERNINAL COUNT AND MODE FOR Ti CHANNEL
147 ;
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Bagg

AAs2
B
BECE

aazy

G

dedF
BSFE
73k
#3EB
s
Baly

28Ca
BEa3
e
26084
ZHz@
BBEL

2004
2ACE
2018
2013

Beo3
k]
Qe x
@a11
2013

118 82518 EQURTES

119 ; T

126 CNTL3L EQU 394
121 3TATSA  EQG g9H
122 THOS:  EQU B2H
12% E¥IS1  EQU SEH
124 MBESL  EQU ACEH
125 CHDSL  EQU 2rH

sCONTROL WORD REGISTER
;5TRTUS REGISTER

;T4 DATA REGISTER

;R DATA REGISTER

+MODE 15, 2 STOF. NO PARITY
i COMMAND. ENRELE THaRx

12 RV EQL AzH i RARDY BIT
137 ;

122 MONITOR SUBPOUTINE EQUATES

129 . '

178 GETCH  EQU Je1FH
131 ECHO EOU HoFEH
132 WALDG  EQU g7 SEH
153 CNVBN  Edu HoEEH
134 CRLF  E&Y GoEEH
135 NMOUT  Eni BECTH
136 ;

157 S HISC EQUATES

128 ;

139 STKSRT  EQu 20CaH : STRCK STRRT

148 CNTLC  EOO @3H i CNTL-C EQUIVALENT

141 HONTOR Edu HEREH P MONITOR

142 CHDBLF  EQU 200aH P STRART OF COMMAND BUFFER

143 CRDEFL EU L +FOLL MODE SPECIAL Tx COMMAND BUFFER

144 (7 EGH B0 +ASCIT CR

43 LF - QL i iHSCET LF :

146 RSTPS EQU JH04H iRET7.5 JUHP ADDRESS

147 RETSS  EOU 2BCEH (EST6. 5 JUMF ADDRESS

145 [DAD®  EOU 2HA1AH sRESULT BUFFER LORD POINTER STORRGE

14% CHRDE  EBU JA1TH sRESULT BUFFER CONSOLE POIMTER STORRGE

156 RESEUF FOU | 2o96 i RESULT BUFFER STRRT - 255 BYTES

151 SNEMP  ECU a3k i ShEN-F CONTROL CODE

102 RRGF  EOU 11H ;RR(8x=P CONTROL CODE

15 NSRF EQY 7H : N5A=~F COWTROL CODE

154 BRBF  EOU 11H F RROE-F CONTROL CODE

155 PRMPT  EQU 8154 :FRMFT STORAGE

13 FOLIN  Equ 2algh sPOLL MODE SELECTION INDICATOR

157 DEMODE EOU 2927H :DEMD WODE INGICHTOR

1s1 ; :

162§ wrtctobp bbbk ok et ol ok oot koo kol b iR ook ik
162 ;

164 ;RAMN STORAGE DEFINITIONS:

JGET CHR FROM KEYBOARD, ASCIL IN CH
iECHO CHE TO DISPLAY

sCHECK IF VALID DIGIT. CARRY SET IF VALID
 CONVERTS RSCIT TO HEX

;DISPLAY CR, HENCE LF TOO

s CONVERT BYTE TO 2 ASCI] CHR AND DISPLAY

165 ; Lo DEF

166 ; -— -

167 ; 2688-266F COrAAND BLUFFER

1468 ; 2e1E-2811 RESLLT BUFFER LORD POINTER
169 ; 2d13-2R14 RESULT BUFFER CONSOLE POINTER
178 2915 . PROMPT CHARACTER STORAGE

174 | 2816 POLL MODE INDICATOR

172 ; 2817 BAUD RATE LSB FOR SELF-TEST
173 ; 2845 BAUD RATE WSB FOR SELF-TEST
177 M SPRRE

179 ; 2820-2826 RESPONSE COMMAND BUFFER FOR POLL MODE
188 ; Z080-28FF RESULT BUFFER

181 ;

14z § skt dedton doob eoloioolofof o o ool ek ool ol b ool ok skt Rtk ks ok ok
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18%

185

184 : PROGRRM STRRT

¥

186 ; INITIFLIZE 8252, 9257, 2254A, AND PESET 82732

187 ;ALSD SET NORMAL MODE. AND PRINT SIGNON NESSRGE

188 ;
sl 189 ORG EH
: 190
Gepe 310azd 191 STRRT. LK1 aF: STRSET i INITIARLIZE 5P
BENT IEZR 192 MYl A MCHTE ;8232 MODE SET
@A DB B K ouT MODESZ ;8233 HUDE PORT
BEAT ZRL72E 1% LDA LKBR1 s GET 8272 BAUD RATE LB
BAAR DISE 195 T CHTES3 ;USING COUNTER @ AS BAUD RATE GEN
960 IRLEZN 194 LDA LKERZ :GET 8272 BURD RATE MSE
wagF D390 197 auT CHTBGE i COUNTER @
#8511 CDisaR 158 CALL PRl s IMITIALIZE 23357 R DMA CHANNEL
#eid CO3%9R 199 CRLL THIHA i INITIALIZE 8257 T DMA CHANMWEL
BEL7 SEM 2R My A. 81K ;OUTPUT 1 FOLLOWED BY A @
Beis DIgg 2 ouT TESTAZ # T0 TEST HOGE REGISTER
B21E 3EMA a2 i H: BiBH ; TO RESET THE g272
BaLD OIS Pl IS ouT TEST?3 '
AalF ZEZD 24 MY'T Hs 7= s RORHAL MODE FROMPT CHE
Bg21 21524 265 STH FEMPT PUT IN STORAGE
#2124 Bl L HVI s BBH :Té POLL PESFONSE INDICATOR
226 321628 287 STH FOLTIN 8 MEANS N SPECIAL TH
A9 322770 - 208 STH DEMIEE : CLEAR DERG ROOE
B0 21A2AC 212 L¥l  H.SIGNON ; SIGHON HESSHGE RDR
ae2F Clozo0 213 CALL TYHSG i DISPLAY STGNON
244 ;¢ : C
245 HONITOR USES JUMFS IM RRM TD DIRECT INTERRUPTS
246 ;
@RI 0420 217 L H,B5T73 sRSTT. S JUMP LOCATION USED BY MONITOR
B335 B1ann 218 Lal B: KRl i ADDRESS OF RX INT ROUTINE
CBEEE 3elE 219 Ayl H: BC3H i LORD - P’ OPCODE
gaIn 22 229 INx H . i INC FOINTER
#iB 1 2l My - f.C ;LORD EXI LSE
ansc 22 Y [N= H ;i ING POINTER
B30 70 PYE MY M.B ; LOAD RAT MSE |
A8zE 21CEz0 224 L®l H: RSTES sRETA. 5 JUMP LOCATION USED BY MONITOR
BR41L @LCEAC 2ea LxI B, T¥I ;ADDRESS OF Té INT ROUTINE \
@44 gl 226 My L M, BCZH ;LORD C JME OFCODE
BB4e 23 227 - INK H ; INC PDINTER
Be47 71 228 Koy W C SLOAD TAI LSB
@248 22 2249 INE H i INC POINTER
#a49 i 3 Moy N:-B ;LOAD THI HSE
@84R 3E12 251 MYl A 188 sGET SET TO RESET INTERRLFTS
BR4C 30 £id SIM ; RESET INTERRUPTS
ABd0 FB 235 EL. s ENABLE INTERRUFTS
234
235 ; INITIALIZE BUFFER POINTER
b
237 i
A84E iea28 228 Lxl H: REGEUF P SET RESULT BUFFER POINTERS
B851 221328 239 SHLD  CNADR i RESULT CONSOLE POINTER
@e5d 2214859 248 SHLD LDADR sRESULT LOAD POINTER
241
242 ; MAIN PROGRAM LOOP - CHECKS FOR CHANGE IN RESULT POINTERS. USART STATUS
242 ; OR FOLL STATUS _
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244 -
#8537 CDEERS <43 CHWOREC: CALL  CRLF i DISPLAY CR
B85A 3A1520 246 LCR FRMPT ; GET CURRENT PROWPT (MR
4530 4F M7 - HeY €A GHOWE TO C
BESE CDFEE3 4% CRLL  ECHO DISPLRY IT
A%l ZAL320 249 LOOPIT: LHLD  CMADR ; GET CONSOLE POINTER
Age4 7D 208 MY AL ; SAYE FOINTER LSE
BB 2Al92¢ 2ol LHLD  LDAGR i GET LUAD POENTER
AR BD 252 CHP L : SHME LSBY
BE69 T2790R 292 INZ DISPY i N, RESULTS MEED DISPLAYING
AReC Dess 239 IN STATAL :YES: CHECK KEYBOARD
ABRE Ecd2 Zod AR ROV i CHR RECEIVED?
@878 (27088 2el - INZ GETCHD i MUST BE CHR S0 GD GET IT
G873 FAle2a 2be LDA POLIN ; GET POLL MODE STATUS
8878 AT 263 ANA A ;IS IT @7
HaTY C24089 264 INZ TAPOL i ND, THEN POLL OCCURRED
#H3TR 26168 265 JHp LOORIT ; YES, TRY RGAIN

268 ;

267 i

268 ; COMMAND RECOGHIZER ROUTINE

269 ;

_ 2rd 5 -
@870 CDiFde 271 GETCMD: CALL . GETCH i GET CHE
@ERA COFBES e . CALL ECHOD SECHD IT .
ARa: ¥9 ari iy A. € ; SETUP FOR COMPARE
ARR4 FESZ 274 CPI ‘R Ht
A3 CARFA3 2ra JE RO4M i GET MORE
A239 FES3 276 CPI ‘5 i 57
PR2B TAle8 277 JZ SDRN sGET MORE
Be2E FE47 28 CPI ‘G 7
AR%A CAFFaR 279 JZ - [GDUWN s GET MORE
BE92 FES 268 CFI ‘T 17
8855 [ADEES 261 JZ TORM FGET MORE
#4898 FE41 282 CPI ‘R if? :
BESH CRz299 283 1z AUEIN - iGET MORE
BESh FESA 2a4 CFI Al id?
wEsF CAZ193 285 JZ CHODE i+ YES. G0 CHAMGE MODE
38A2 FEAC 258 CFI CNTLC PCNTL-C?
aefd CRESEN 291 JZ MONTOR SERIT TO MOMITOR
B3R7 BEZF 292 ILLEG: MYI G PPRINT 7
BEAS COFA8S 293 CALL  ECHD :DISPLAY IT
BERC 35788 o34 JHF CHOREC sLOOP FOR COMHAND -
' : 295
BBRF CDIFBE 29 RDWN: CHLL  GETCH i GET MEXT CHR
Beg2 (DF383 297 CHLL ECHO (ECHD IT
BeES 79 298 Mi& A C s SETUP FOR COHPRRE
AEES FE4F 299 CPI ‘0 i 07
AERR [ASDES 268 JZ ROCHD ;RO COMMAND
ABER FESZ Eizil LFI ‘5 i 57
BRED (Re/E9 282 JE RECHE RS COMMAND
HECH FE44 JEEd Crl ‘hr :D?
@aC2 CAF1a9 384 3z FOCHD ;R0 COMMAND
BACT FESE a5 (k| P ;iP?
gecy CACEas 286 R RFCHD SRP COMMAND
g8CA FEZE 287 CPi ‘R iR?
QECC ChBEEE 08 i STRRT i START (VER
AeCF FEdz 305 CFI ‘B i87
AEDL TH7EQS ksl X - RBCHD - i R COFMAND
6-179
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#8hd C3A7EE

@807 CDiF@s
a30f CDF365
BeDD 78

BBDE FE4F
83Ee CAReAd
BREZ FESI
ABES CRBBEY
B8EE FESZ2
B8ER CABAAY
B3ED FESH

A8EF CRE283

88F2 FE42
ARF4 CABSAY
BOF7 FEC
BEF9 CASFEs
| @BFC C3A76R

B8FF CD1FBs
B8z COFEEa
Agas 7
386 FESZ
33g8 CRC469
BME CIA7E3

B30E CLAFBs
8311 COFess
B9ld 73
#3135 FEde
A7 CRECED
B51R FE4C
@510 ChAssad
BILF CIATER

#922 CDIFE
A32S COF3aS
Aazg 7R
329 FE46
A928 CACEDS
B32E C3IAFAR

331 F2
A932 ZA1520
9935 FE2D
@937 C24309
A93A 3E2R
AI3C 321520
AS3F FB
A48 25798
A943 3620
Aa45 321520
R348 FB
9349 £35798

i ILLEGAL. TRY RGAIN

; GET NERT CHR
ECHD IT

;SETUP FOR COMPARE
;07

250 COMPAND

;57

#55 COFHAND

iR?

;SR COMPAND

iP?

#SF COMMAND

ig?

;58 COMMAND

il?

3 SL COMMAND
:ILLEBAL. TRY AGRIN

FGET MERT CHR
SECHD IT

FSETUP FOR COMPRRE
iR? '

i GR COMMAND

; ILLEGAL, TRY AGRIM

;GET HEXT CHR

FECHD IT

FSETUP FOR COMPARE -
iF?

; TF COMMAND

iL?

5 TL - COMMAND

s ILLEGAL: TRY AGRIN

sGET NEXT CHR
SECHO IT

FSETUR FOR COMPRRE
iF?

s BF COMHAND

s [ILLEGAL: TRY AGRIN

353 ;RESET POLL MODE PESPONSE - CHRNGE PRONPT CHR RS INDICRTOR

1 WM ILLEG
" :
347 SOMN:  CALL  GETCH
314 CALL  ECHO
245 My AR
6 CPI 0
U7 1z SOCHD
318 CPI ‘g
19 12 S5CHD
120 £PI R
M 1 SRCMD
Ev) CPI p
37 i SPCHD
124 CPI B
125 1z SBOMD
1% P L
327 1z SLCMD
128 MP ILLEG
129
120 GIMN:  CALL  BETCH
gEs | CALL  ECHO
£, WY RB
13 CP] R
134 JZ' GRCMD
319 P ILLEG
136
337 TOWN:  CALL  GETCH
138 CRALL  ECHO
339 HY  AB
48 0 S
241 hri TFCHD
342 CPI L
43 7 TLEHD
144 P ILLEG
245 .
345 AMWN: . CALL  GETCH
347 CRLL  ECHO

48 WY AR
49 =3 S
154 12 AFCHD
351 M ILLES
352
M ;
155 CHODE: DI .
156 LDA PRHPT
357 CPI =t
358 MNZ S
159 I R4
350 STR  PRMPT
365 El
66 P CMOREC
WM W R~
268 STR  PRKPT
169 El
178 JMP CMDREC
371
72 ;

;DISRBLE INTERELPTS
i GET CURRENT PROMPT
; NORMAL MIDE?

j”DJ Ei-ﬂ-'HI IT
iHEW PROHPT

;STORE HEW PRORFT

s ENRELE INTERRUPTS
JRETURN TO LOOP

: NEW PROWMPT CHR

s STORE IT

+ ENAELE [NTEPRUPTS
FRETURN TO LOOP
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B34C 3Edn
BME 321620
8351 216188
BS54 ES
955 Bobd
B0 212820
#50H CIFFER

B350 BeRd
A33F BEIL
8%l CDESHA
#9ed4 L3786

BI67 G50
8963 GEZE

AR CDESHA
B36E 35783

H971 Dol
@973 BeLS
€975 CDESOR
@378 L3503

LE R T
@970 Bl
BS7F COESEA
agE? C35746

B985 869t
BI87 EEAd -
B3B3 COESEA
@%eC C357aa

@98F Beld
@991 eec:
8333 CLESHR
#9936 (35786

[

I3 (TRANSMIT ANSWER TO POLL SETUF

3Td ;
302 TAPOL: H¥I H. a4 ;CLERE POLL INCICATOR
B4 STH FOLIN . i INDICATOR ADR :
385 LK1 H: LOOPIT SSETUP STACK FOR COMHAND OUTFUT
86 PlUsH H sPUT RETURN TO CHDREC ON STRCK
257 vl B. B4H iGET # OF PARAMETERS RERDY
8 L¥I H: CHOBF1 :POINT T SPECIAL BUFFeR
i85 THP CORKZ s JUHP TO CONMAND CUTPUTER
394
3
392
357 S COMMAND [MPLEMENTING ROUTINES
254
355
396 R0 - PESET CPERATING MODE
397 _
399 ROCHD: - Wyl E. 61H i# OF PARAMETERS
399 HY'I . J1H  COMEAND
4 CRLL  COMM sBET PARAMETERS GND ISSUE COMMAND
41 Je CHDREE sGET NEXT COMMAKD
482 ; :
48% ;RS - BESET SERIAL I/0 MODE COMAAND
484 ;
485 RSCMD:  HYI B, B1H i# OF PARAMETERS
46 vl T, €K  COFMAND
407 CALL  COMM ;QET PARAMETERS AND ISSUE COMMAND
405 T CMDREC FBET NEKT COHMAMD -
4@9 :
416 ;RD - RECEIVER DISRELE COMHAND
41
412 EDCHD:  #Mvi E- B8H i# OF PRRRMETERS
413 Myl C. 8CSH ; COMHAND
414 CALL  CO4H ; ISSUE CORFAND
413 JHP CMDREC i GET MEKT COMMAND
446 ; .
417 iRB - RESET ONE BIT DELAY COMMAND .
418 ;
419 RBCML-  HYI B. &iH ;% OF PRRRMETERS
428 Y1 C: 64K i COMMAND
424 CALL  COnM ;GET PARAHETER AND ISSUE COMMAND
422 JHP CHDREC #GET MEST COMPAND
422 ; .
424 ;SB - SET OHE BIT DELAY COFEIAND
423 ;
426 SBCHD:. MV E: BiH ;& OF PARAMETERS
427 MYl C. ol s COMHRND _
428 CALL  COMM ; GET PARAHETER AND ISSUE COMMAND
429 JHF (HDREC i GET NEXT COFMANG
428 ;
431 s 5L - SELECTIVE LOOP RECEIVE COMMAND
432
433 SLCMD:  MVI E: 84H i# OF PARAMETERES
434 Hy1 C. 82N i COMBAND '
433 CALL  COWH ;GET PARAMETERS AND ISSUE CO
436 JHF CHDREC s GET NEXT COMMAND
437

438 +TL - TRRNSHIT LOOP COMMAND
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#9353 21aa2e
eoC fedd
B39E 26CA

8O0 218228

A5H3 C3Feds

B9R6 61
B5HE BEDL
G9RA COESER
B3RD Cio/8s

8968 fasel
B5p2 AERA
#5984 COEDOA
B387 CI57ae

#OBR BeB4d
a3ac BeCL
B9BE CDESEA
#3C1 (35768

8304 el
&90c BECA
#9C8 COEIER
A3CE 35798

BICE Gcoa
ASkA AECC
#ap2 CDEJEA
A5 35788

9308 Bedl
a50A Bes2
gopc COESSA
A90F CI57eR

BSE2 8581
@3E4 BERZ
@%E6 COESOA
995 C35798

APPLICATIONS

s SET COMHAND BUFFER POINTER

; LORD PRRAMETER COUNTER

7LORD COMMAND INTO BUFFER

s POINT AT ADR AND CNTL POSITIONS
iFINISH OFF COMMAND IN TF ROUTINE

+# OF PARRFETERS

5 COMPAND

;GET PRRAMETER RND ISSUE COMMAND
s GET NERXT COMHAND

439 ; _ :

448 TLOWMD: LRI H. CHDEBLF
441 HvVI B, 824

442 MYI M. BCAH

443 LKI H, CHDBUF+2
444 JHP TFCHDL
443 ;

446 ;50 = SET OPERATING MODE COMMAMD
447 ; -

448 SOCHD: MV B. B1K

449 Myl C. 914

458 CALL  COMM

451 JHP CHOREC

432 ;

453 ;55 - S_ET SERIAL [/0 COMMRNC
454 ;

455 SOCMD: MV B. B1H

456 Myl C. BN

457 CRLL  COMM

458 Ju CHOREL

453 ;

468 ; SE = SELECTIVE RECEIVE COMMAND

d6l ;

462 SRCHMD: MVI 8. B4H

463 YT i, BC1H

ded CALL LI

465 Jup CHDREC

466 | - -

467 i GR - GENERAL RECEIVE COMMAND

468 ;

463 GRCHD: M1 B. B2H

M - LRI C. 8CaH

471 CALL  COMH

472 THP CHOREC

a3

474 ;/F - ABORT FRAME COMMAND

475 °

476 AFCHD: MY B, B8H

477 WVl - O, 8CCH

478 CRLL  COM#

479 - T CHORELC
404 ;

4391 ;RP ~ RESET PORT COWMAND

432 ;

483 RPCHD: V1 B BN |

434 M1 L. 63H

483 CALL  Com

486 THP CHDREC

487 ;

483 ;5P - SET PORT COMMAKD
489 ;

458 SPCMD: MY B 81H
451 HYI C. BAZH
492 CRLL  COM
493 e CHOREC
454 ;

435 ; TF — TRAMSMIT FRAME COMMAND
456 ;

i# OF PARAMETERS

+ COMFRND :
; GET PARAMETER AND ISSUE COMHAND
i GET WEXT COMMRND '

: % OF PARAMETERS

3 COMPIRND

i GET FARAMETER: ANMD ISSUE COMFRND
sBET NEXT COMMAND

+ N0 PRARAMETERS

i COMHAND

; TSSUE CORMAND
+BET NEXT CORMAND

;N0 PARAMETERS

i CURMARD

: ISSUE COMMAND
SGET MEXT COMMAND

i % OF PRARANETERS
; COMMAND

;GET PARAMETER AND ISSUE COMMAND
s GET NEXT COMMAND

i # OF PREAMETERS

; COMMAND

;GET PARAMETER AND ISSUE CORMAND
PGET NEX COHRAND -
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BOEC 218020 497 TFCHMD: LXI  H, CMOBUF i SET COMMAND BUFFER POINTER
" B9EF BeRz 498 MVI B, @M ;LORD PARAMETER COUNTER
B9F1 2608 499 W1  H.ecsH i LOAD COMMAND INTO BUFFER
893 218228 568 LXI W CHDBUF+2 ; POINT AT ADR AMD CNTL POSITIONS
@96 78 Sal TFCHDL: WOV AB ; TEST PARAMETER COUNT
B9F7 A7 582 A - A ;15 IT 97
B9F28 CRE7GA 583 e TRUFL ;'YES, LOAD TX DATA BUFFER
@3FB CDADAA S84 CALL  PARIN i GET PRRAMETER
@9FE DRATES Sg5 JC - ILLES i ILLEGAL CHR RETURNED
BRBL 23 506 Ny H ; INC COMMAND BUFFER POINTER
BREZ 85 587 DR 8 ; DEC PARAMETER COUMTER
BRaz 77 508 MY MA i LORD PARAMETER INTO COMMAND BUFFER
BRA4 CIFER9 569 M TFCHL ;GET NEXT PARAMETER
518 :
BRAT 210ase 541 TBUFL: LI H THRUF ;LOAD TX DATR BUFFER POINTER
BROA Alee9s 12 WXl B @83eH ; CLEAR BC - BYTE COUNTER
8AED C5 513 TRUFLL: PUSH B i SAVE BYTE COUNTER
BAGE CORDAR 14 - CALL  PARIN iGET DATA, ALIAS FRARAFETER
" @A11 DALBAA 519 Ic ENDCHK ;i MAYEE END IF TLLEGRL
BAld 77 516 MOV MR ;LOAD DATA BYTE INTO BUFFER
BA15 23 517 CINX H i INC BUFFER POINTER
BALE T 518 POP B RESTORE BYTE COUNTER
PAL7 &3 519 N8 B + INC BYTE COUNTER
BAL8 C3E08R 529 WP TBUFLL i GET NEXT DRTA
BALE FEAD 521 ENDCHK: CPI R ;RETURNED ILLEGRL CHR CR?
BALD CA240A 522 1z TEUFFL sYES, THEW TX BUFFER FULL
BA28 C1 523 POP B :RESTORE B TD SAVE STACK
BA?L CIA788 24 JHP TLLEG ; ILLEGAL. CHR
BAR4 1 525 TBUFFL: POP B i RESTORE BYTE COUNTER
BAZT 218120 526 LEI  H, CHDBUF+1 ;POINT INTO COMMAND BUFFER
BRZE 71 527 MY M i STORE BYTE COUNT LSB
BR23 23 528 X H ; INC POTNTER
BA2A 79 529 LNV HEB : STORE BYTE COUNT MSB
9R28 Asad 538 MYl B.BdH ;LORD PARAMETER COUNT INTO B
BA2D 2LTE0A 534 L¥I  H TFRET :GET RETURN ADR FOR THIS ROUTINE
AAZA C5 532 PUSH B ; PUSH OMCE
ARzl EZ 533 THL . ;PUT RETURN ON STRCK
BAZ2 €5 534 PISH B PUSH IT SO CHDOUT CAN USE IT
BA3Z CIFBOA 535 P CHOoUT 5 ISSUE COMMAND '
BAZ6 £35708 53 TFRET: JHP  CHDREC FGET MEXT COMMAMD
517
538 _
539 ;ROUTINE TO DISPLAY RESULT IN RESULT BUFFER WHEM LORD AMD CONSOLE
S48 ; FOINTERS RRE DIFFERENT,
541 :
542 ;
BRI9 1605 543 DISPY: WVI D, 85H 7D IS RESULT COUNTER
ORIR 2A128 544 LHLD  CHADR ; BET CONSOLE POINTER
9R3E ES 545 PUSH H i SAVE IT
9R3F 7E 546 1 - N GET RESULT IC
A48 E6LF 547 - ANI 1FH ;LIMIT TO RESULT CODE
BR42 FERC 548 2 - i TEST IF RX OR TX SOURCE
BR44 DRE20R 543 I RESORC ;CARRY, THEN RY SOURCE
BR47 210700 950 TWSORC: LXI  H, THIMSG i TX INT MESSRGE
BR4A D928 550 - CALL - TYmsG ; DISPLAY IT
9R4D E1 552 DISPY2: POP  H i RESTORE CONSOLE POINTER
"ORIE TE 553 DISPYL: MOY .M JGET RESILT
BRIF COCTEE 554 CALL  NWOUT ; CONVERT AND DISPLAY
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BASZ GE28
BAS4 CDF8E
gfoy 2C
BASe 15
ARSI C24E6R
BRoC 221328
BROF L1378

BRe2 21B38C
8Re3 CDa2ac
BReE E1
BREY 7E
BRER COCTBG
-BRED BE2R
BReF LDFEI0
gRvZ 20
BA73 15
BA74 7R
BATS FEB4
BAY7 CARZER
BA7A FEBZ
BR7C CAATEA
BR7F A7
gned C2656R
- BAB3 221320

BABE CDEBES

gAE3 218BB2
@Rl €1
@RED 78
BREE B
BREF CRS/ES
BA32 7E
BR3: €3
BA%4 CDCYE6
BR37 BE28
AA3S COFER
BRSC C1
BASD OB
BRSE 23
BA3F C3z0eA

BRAZ 4E
BAAZ CS
BAA4 C27FeR

aRR7T €1
BRAS 46
BRAS C5
ERRA C37FER

ki) W1
536 CRLL
ST INR
258 R
359 JNZ
568 SHLD
561 TP
562

963

364

565 ;

566 ; '

967 RESORC: LAl
368 CRLL
569 PP
578 PMSi: MOV
57l CRLL
572 MVl
373 CALL
574 INR
BT - DCR
576 il
577 CPI
7B J2
979 CP1
589 JZ2
581 R¥S2: ANA
582 JHZ
383 SHLD
384 CALL
583 LEI-
206 POP

7 RESZ: MOy

J88 ORA
589 JZ
553 Y
5591 PLUSH
A9 CALL
992 MVl
554 CALL
593 FOP
956 DCR
597 INx
598 TP
299

GRB RBPT: MOV
gad FUSH
b THP
603

604 R4PT: FOF
&85 MO
(203 PUSH
oy JHpP
688 :

ol9

&18 ;

I:n" &
ECHO

L

b
DISFYL
CHADR
CHEREC

H. RXIHSG
TYHSG
H

AH
NHOUT
E‘ ¢
ECHD

L

D

A D
B4
RBPT
@3H
R1FT

A

RAS1
CRADR
CRLF
H. RABUF
B

f. B

C
CHOREC
A,

HHOUT

':.l L
ECHO

RH53
L, M

RxSd

RES2

;5P CHR

;DISPLAY IT

s IHC BUFFER POINTER
iDEC RESULT COUNTER

i ROT [OME

s UPDATE CONSOLE POINTER
;RETURN TO LOOP

s RECETVER SOURCE - DISPLAY RESULTS RND RECEVIE BUFFER CONTENTS

iRA INT HMESSAGE ADR

; DISPLAY MESSRGE

s RESTORE CONSOLE POINTER
;RETRIEVE RESILT FROM BUFFER
; CONVERT AND DISPLAY 1T

;RSCIT SP '

DISPLAY IT

i INC CONSOLE PORINTER

s DEC RESULT COINTER

FGET SET TO TEST COUNTER

+ IS THE RESULT Ra?

iYES, GO SAVE IT

;IS THE RESULT RL?

SYES. G0 SAVE IT

s TEST RESULT COUNTER

;NOT DONE YET, GET MEXT RESULT -

- ;DONE. S0 UPDATE CONSOLE POINTER

; DISPLAY CR

;POINT AT R4 BUFFER

; RETRIEVE RECEIVED COUNT
i IS COUNT @7

i YES, G0 BACK TO LOOF

;ND, GET CHR

i SAYE BC

; COMYERT AND DISPLAY CHR

i HSCED SP

:DISPLAY IT TO SEPARATE DATA
; RESTORE BC

. iDEC COUNT

; INC POINTER
s GET NEXT CHR

i GET R@ FOR RESULT BUFFER
P5RVE [T o
; RETURN .

iGET RS :
:GET RL FOR RESULT BLFFER
FSRVE IT

611 ;PARARETER INFUT - PARAMETER RETURMED IN E REGISTER

Bl2
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Bl3 ;
BRAD 5 6id PARIN: PUSH B i SAYE BC
BRRE 1694 6135 M1 D. ¢1H :SET CHR COUNTER
BhB8 CD1FRE bl& CALL  GETCH ; GET CHR
A2 COFBES 617 CALL  ECHD ;ECHO IT
BABe 72 618 Hoy A:C JFUT CHR IN A
YAET FE28 619 CFI o - §5P?
gABS C2ERR B2l JNZ PARINL iW0, ILLEGAL. TRY RGAIN
BREC CDiFas bel PARING: CRLL  GETCH iGET CHR OF PRRANETER
BREF COFg8S 627 CALL  ECHO ;ECHD IT
BRCZ CDScaT 623 CALL  VALDG IS IT A YALID CHR?
dRCS DZEEDR 624 JHC PARTHL i N0, TRY AGAIN
BACE CDBBES 623 CALL  CHNVEN i CONVERT 1T TD HEX
BACE 4F £ Moy C:A iSAVE ITIN C
BACC TR 827 Hov B D sGET CHR COUNTER
BRCD A7 628 kA A P18 17 a7
BARCE CADCR 629 JZ PARTNZ i YES, DONE WITH THIS PARRMETER
gAld 15 538 DCR [ iDEC CHR COUNTER
BRDZ AF B3l XRA A  iCLERR CARRY
dRbE 73 Bi2 MY A C ; RECOVER 15T CHR
BAb4 17 6I3 RAL + ROTRTE LEFT 4 PLACES
BRLS 17 634 RAL
8R0s 17 833 RAL
BROT 17 836 RAL . '
BRb3 SF 637 HoY £ R iSAYE IT INE
@AD3 CIBCOA 638 JHP PARTME iGET NEXT CHR
gADC 79 619 PARINZ: WOV A C (26D CHE TN A
GRG0 B3 T ORA E i COMBINE BOTH CHES
gR0E Cf Rdd FoP B i RESTORE BC
BRDF 9 642  RET (RETURM TO CALLING PROGRAM
aREa 79 642 PARINL: MOV A sPUT ILLEGRL CHE IN A
WREL 37 od4 STC iSET CRRERY AS ILLEGRL STRTUS
drE2 C1 £45 FOP B : RESTORE BC
BREZ C9 a6 C RET JRETURN TO CRLLING PROGRAM
647 ; '
BAB ;
649 ; JUMP HERE IF BUFFER FULL
g0l
BRE4 CF 631 BUFFUL: [8 HCFH FEXIT TO MOMITOR
652 L]
653 ;
634 COMMAND DISPRATCHER
B33
636 ;
BRES 218429 BT COMM:  LXI H: CHOBUF " SET POINTER
BREE (S 538 PUSH B i SRVE BC
SRES T1 #99 MY MC i LOAD: COMMAND INTO BUFFER
BARER 73 ol COMML: MOV A.B i CHECK PREARWETER COUNTER
JRER A7 gEl AMA | 19 IT &7
UREC CAFEAR s JZ CHDOUT i YES, GO ISSUE COMMAND
BREF CORDOR BEZ CALL  PARIN i GET FRRAWETER
BRF2 DRARTES BEd JC ILLEG s ILLEGAL CHR RETURNED
BRFS 23 665 INX H i INC BUFFER POINTER
BRFE 85 666 DR B : DEC PARAMETER COUNTER
o7 7T 6e7 0% MR : PARAMETER TO BUFFER
23 CIEREA chE . JHp CORML i GET NEXT FARAMETER
gAFB 210829 pad CHDOUT: LHI H. CHDBUF i REPOINT POINTER
BRFE C1 &7 PP B s RESTORE PRRAMETER COUNT
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gfFF DB38 |
eBal v
AERzZ DRFFBA
HERS 7E
BE8s D258
es8g 78
9869 A7
HEeA L8
@eRe 23
BBac a5
Beal DESA
BRaF Ec2@
ag11 C2A0a8
agis 7E
8gLs D331
aB17 (I85eE

B1A 3E62
BRIC D3RG
GRIE A1AGR2
BR2L 79
8822 A0
8824 78
A825 D3R
0827 BAFF4L
OB2A 79
BB28 D3A1
2620 78
982E DIRL
9870 3E63
@832 DIAR
B34 09

BBIT ZEel
@BI7 D3RE
BB39 Bidesa
HB3IC 73
ABID D2A2
g83F 78
aB48 DiA2
BRd2 BIFF31
AB45 79
d4e DIA3
AB4E 78
#4849 DIAZ
BB4E 3ER3
aB4D DIRE
BE4F C3

arL COMM2: 1IN STAT/Z JRERD 2273 STRTUS
672 RLC ; ROTATE CBSY INTG CARRY
672 JC COMp2 FHALT FOR QK
674 Hon H: M 0K, MOVE COMMAMD INTO A
¥ out COMMY2 s OUTRUT COMMAND
A6 PARL: MDY RE i GET PARAHETER COUNT
&7 ANA A ;15 17 @7
678 RZ ;YES, DOME. RETURN -
&79 INK H ; INC COMHAND BUFFER POINTER
BEd OCR B ; DEC PREAMETER COUNT
g81 PARZ: IN STATVZ i RERD STRTUS
Ba2 ANI CPEF ; 1S CPEF BIT SET?
BB JHE PHRZ sHALT TIL ITS 8
684 oY A:H ; 0K, GET PARAMETER FROM BUFFER
&85 ouT PARN72 ; DUTPUT PRRARETER
656 JHF PARL s ET HEXT PARAMETER
BET i
688
689 ; INITIRLIZE AND ENABLE RX DMA CHANNEL
694 ;- —-—
B3l | . .
632 REDMA:  MYI H: DRDHA s DISRELE R¥ DHA CHANMEL
693 . JuT HODEST s 8257 MODE PORT
£94 Lal B, RXBUF ;¥ BUFFER STRRT RDDRESS
635 iy ARG ; B BUFFER L5E
BI6 L 1] CHBROR iCHA RDE PORT
&97 Hoy B iKY BUFFER HSE
698 CoouT - ChBR0R - ;CHA ADE PORT _
B59 LI B. R¥TC ;R¥ CH TEERMIMAL COUNT
b Mo A, C SR TERMINAL COUNT LSE
s | auT CHETC ;CHA TC PORT
82 HoY A B ;R TERMINAL COUNT nsB
m: outT CH&TC iCHA TC PORT
784 MY T A ENDHA :ENABLE DMA WORD
F85 QT HODEST i 3257 MODE PORT
785 RET 1 RETURN
787 : ‘
788 ;
789 ; INITIALIZE AND ENAELE TX DMA CHANKEL
718 ;

Bk
712 THDMR: MYI A DTOHA iDISRELE T¥ DMA CHAMMEL
73 - ouT MODES? ;8297 MODE PORT
714 LxI B, THBUF i T% BUFFER STRRT RDDRESS
713 MoY A : T% BUFFER LSE
76 auT CHiADR iCHL ADR PORT
77 MY A:B ; TX BUFFER MZB
748 ouT CHiADR - iLH1 ADR PORT
719 TADMAL: LA B. TATC s TH CH TERMINAL COUMT
728 HOY AL s T¥ TERMINAL COUNT LS
72l T CHATC :CHL TC PORT :
722 Moy A:B ; TR TERMINAL COUNT HMSB
722 -OuT CHATC ;CHL TC PORT
724 MY A, ENDHA ;ENAELE DHA WORD
s ouT MODEST i 8257 MODE PORT
726 RET . ; RETURN
TET '
728 i
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aCan

ACee E5
AcE F5
82 05
a2 [5
B84 2E62
096 T3R8
088 IELR -
80oR 30
#COE 1604
BLED 2A1920
8C10 £5
3011 E5
812 45
813 2A1320
oCi6 @4
@17 78
BC18 ED
@019 CRE4ER
acac 15
arip C2146C
28 1685
ac22 E1
#C23 DE9A
aC25 Eane
BC27 CAZ9C
BC2R 898
et E6D2
BC2E CRZZ6C
BU31 DBIZ
BC32 77
6C34 20
B35 15
BC36 CI2260
8Ce 7
BC2A A7
AC28 CR4SEC
O3 660
acag 26
a8C41 15

BC42 C3200C

BC4S 224620
BC4R 3M1526
BC4B FE2D

BC4D CABSAC

BCae 1
e 7E

723 ; INERRUFT FROCESSING SECTION

738 ;
721

732 ;
733 ;

ORG BCaeEH

734 :RECEIYER INTERRUPT - RST 7.5 <LOC 3CH»

733 ;
736 R¥I:
737
738
738
744
T4l
i
i
744
7d5
746
47
748
743
798 RXIL:
7ol
722
7oz
fi
[
756
7o
798 RNI2:
799
T6R
761
762
762
7ed
7ES
Tk
767
768
769 RXIZ:
Tre
77l
m .
fra
774
7o
776 R¥I4:
7T
778
e
fE8 ;
781 ;
782 ;
781 ;
784 ;
783
786

PLISH H 5 SAYE ML
PUSH FaH i SHYE PSH
PUSH B i SAYE BC
PUSH 0 . i SAYE DE
MYI A DROMA ; DISHBLE R DHR
BT MOGESY ; 8257 MODE PORT
_I"Tv'] A, 184 i RESET RSTT. 5 F/F _
SIH '
M1 [, B4H i IS RESULT COUNTER
LHLD L DRDR: s GET LORD FOINTER
PLISH H i SAVE TIT
PUSH H i SAVE IT AGAIN
HOY 8L i SRYE LSB
LHLD CHADR :GET COMSOLE POINTER
INE B i BUMP LORD POINTER LSEB
HY H B ;GET SET TO TEST
- CHP L : LOAD=CONSOLE?
JZ BUFFLL i YES, BUFFER FULL
BCR b i DEC COUNTER
JRE R&I1 i NOT DONE; TRY RGAIN
- MYI [, 85H i RESET COUNTER
FOP H i RESTORE LORD PCINTER
iN STRT 2 ;RERD STATUS
ANI REINT ; TEST RE INT BIT
Z RAIZ - DONE. G0 FINISH UP
IN STATTZ iREAD STATUS AGAIN
ANI REIRA i IS RESUILT RERDY?
JZ R¥I12 ;NO. TEST RGAIN
N RRIR72 i YES, RERD RESULT
KoV M A s STORE IN BUFFER
N L i INC BUFFER POINTER
R X {DEC COUNTER
e RHI2 +GET MORE RESWLTS
HOY A, D ;GET SET TO TEST
AR A ;ALL RESULTS?
J2 Rx14 ;YES, S0 FINISH UP
My M, aaH ) sN0: LOAD @ TIL DONE
INR L i BUMP POINTER -
LR b S DEC COUNTEE
JHF RAIZ i G0 RGAIN -
SHLD LD'RDR s UFDATE LOAD POINTER
LDA  PRMPT  GET MODE INDICATOR
[ o) O i NORMAL MODE?
JZ RRI& :%¥ES, CLEAN UP BEFORE RETURN

POLL MODE SO CHECK CONTROL BYTE
IF CONTROL 1S A POLL. SET UP SPECIAL TX COMMAND BUFFER
AND RETURN WITH POLL INDICATOR NOT @

POP H _ :GET PREYIOUS LOAD ADR POINTER
MY - AN ;GET IC BYTE FROM BUFFER
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#Ca2 EelE
BC54 CZagaC
B3 2C
BCa8 2C
acas 2C
BL3A 35
Acse 2C
BCal 7E
8ol FESZ
BCSF CReCRC
aCE2 FEL1
Ble4 C2E96C
eCe? 1E11
8Ce5 CIcEAC
aCel 1E73
BleE 212929
AC71 3808
BC7E 22
4074 3508
BC7e 23
BL77 lc0@
WL 23
act7h 72
eCre 23
acic 73
87D 3E8i
ek 32129
652 C3856C

8css F1
BC96 38960

8089 ChLReR
eCel bt
BCED (1
BCeE F1
BCAF E1
BC38 FE
acsl €3

Bcsz oo
@Caz 7E
BCoq 22
aCa5 FEFF
8C57 CAR18C
BC3A 4F
#CSE COFBA5
BLE C29380
#CAL C1
HCHZ C9

1EH
RIS

L

L

L

DK

L

A4
SHENP
T1
RRaF
RxI3
E. RRaF
TARET
E. NSAF
H: CHDBFL
H. BCEH

M BiH
i, 6H
.0

ME
R, giH

~ POLIN

RALS

RilS

; LOOK AT G0OD FRAME BITS
+IF NOT @, INTERRUPT WRSN‘T FROM A GOOD FRARE
+BYPASS RO AND R4 IN BUFFER _

+GET AiDR BYTE AND SAYE IT IN D

s GET CNTL BYTE FROM BUFFER

iWAS 1T SNRM-F?

iYES. G0 SET RESPONSE

iHRS IT RR{8)-F?

sYES. GO SET RESPONSE. OTHERWISE RETURN
iER(Q)-P S0 SET RESPONSE TO RR{@)-F
iG0 FIMISH LORDIKG SPECIAL BUFFER
i SHRM=-P S0 SET RESPONSE TO NSR-F
JSPECIAL BUFFER ROR

i LORD Tx FRAME COMMAMND

i INC POINTER

:L8=a

i INC POINTER

:L1=8

i INC POINTER

{LOAD RCYD ROR BYTE

i INC POINTER

i LOAD RESFONSE CHTL BYTE

+SET POLL INDICATOR WOT ©

{LOAD POLL INDICRTOR

; RETURN

i CLERN UF STACK IF NORKAL HODE
i RETURN

JRESET DA CHANNEL
+RESTORE REGISTERS

+ ENRELE. INTERRUPTS
i RETURN

812 ;MESSAGE TYPER - ASSUMES MESSAGE STARTS AT HL

Bdr s SIGNON MESSHGE

B43

7a7 Al
788 INZ
789 [HE
798 INR
7ol INR
7az MOY
793 INF
794 MO
795 CPI
7ag JZ
a7 CPI
5 INE
739 H¥'I
£ae JHF
T M1
BAZ THRET: LXI
et O WYI
BaE T
EAS H I
g1 TN
okl MYl
Biz TNX
8132 MY -
214 INK
B13 MY
BiE M
817 STH
818 JHF
219
B28 RWI&: FOP
821 JHP
822
823 RAIS:  CALL
824 Fip
B23 FOF
g26 POP
827 POF
B28 EI
829 RET
838 ;
83l ;
BIL i
a4 ;
835 TYMSG: PUSH
836 TYHSG2: WOV
837 ThX
828 Pl
839 JZ
248 L
Bl CALL
842 JHF
B42 TYMSGL: POP
B4 RET
843

846

B

A. H

H
BFFH
T¥MSGL
C.h
ECHO
TYMSG2
E

i SAYE BC ‘
sGET ASCII CHR

i INC POINTER

i STOP?

sYES, GET SET FOR EXIT
:SET UP FOR DISPLAY

; DISPLAY CHE

i GET NEXT CHR

sRESTORE BC

;RETURN
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CR, 78272 WONITOR Vi 1°,CR. BFFH

BCA2 AD 849 SIGNON: DB
BCA4 28323733
BCARE 284D9F4E
BLAC 43044F52
BLEY 20285631
8BB4 2831
Bles ab
BCEF FF

598 ;

8ol ;

852 ; . .

#52 ; RECEIVER INTERRUPT MESSAGES

204

855 .
aCes ap 856 RAIMSG: DB CR, "B INT - ‘. 8FFH
BCR2 52582049
BCBD 4E542020
BCC1 28

~ BLLZ FF

857 ;

258 ; TRANSHMITTER INTERRUPT HESSAGES

858 ;
BCCE &b 868 TAIMSG: DB CR: “Tx IMT - “,8FFH
BCC4 54582049 '
BCCE 4ES426820
gcce 29
8Lch FF

851

gl _

862 ; TRANSMITTER INTERRUPT ROUTIRE

Béd '
BCCE E5 g5 THI: FUSH. H i SAYE HL
BCCF F3 BEE PUSH  PSH S SAVE PSW
8coa .5 867 FUSH B + SAYE BC
801 D5 8e8 FISH D s SHYE DE
BCD2 3E6L 869 MYl A.DTDHA ;s DISRBLE TX DA
8ch4 D3RS a7 0T MODESY i B257 WODE PORT
BCDE 1684 a7 HYI D, B4H i SET COUNTER
8che 2Alaze 872 LHLD  LDADR sGET LOAD POINTER
BCDE E3 8r3 FUSH H SSHVE IT
BCOC 45 874 HOY B L iSAYE LSE IN B
BChD ZAiioe 873 LHLD  CHADR s GET CONSOLE POINTER
BCER &4 g76 TEIL: INR B + INC POINTER
BCEL 78 877 WOy A B sGET SET TO TEST
BCEZ2 BD B78 CHe L i LORD=COHSOLE?
BCES CRE484 ar9 JZ BUFFUL iYES, BUFFER FULL
8CEe 15 o) DCR 0 ;N0 TEST MEXT LOCATION
BCE? CZewaC 881 INZ - THIL i TRY AGAIM
BCEA E1 oag POF H ' ; KESTORE LOAD POINTER
BCER DB92 BB2 IN THIRTZ i EERD RESULT
BCED 77 B84 MOy M A i STORE IN BUFFER
8CEE 2C 8RS INE L i INE FOINTER
BCEF 088 &8¢ M1 . BeH ; EXTRA RESLLT SPOTS @
@CFL 2C BRY INE L
BCF2 2688 g66 MYl M. B8H
BCF4 2C 8E9 IR L
BCFS 3688 £58 My1 . BBH
BCF7 20 80 INR L
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BCFE l60e g9z Myl M. 804
dCFR 2C 893 INE L
BCFE 221828 B34 SHLD  LDADR ; UPDATE LORD POINTER
OCFE CDI5EE 899 CALL  THXDWA i RESET DHA CHANNEL
80ad i Sa6d PopP D s RESTORE DE
alaz C1 981 POF B i RESTORE BC
o048 Fi 992 PGP PSR s RESTORE PSW
d08d Ei 98z PGP H s RESTORE ML
#0485 FB 984 EI i ENABLE INTERRUPTS
808 C9 95 RET s RETURN
F6
o8y :
952 ;
953
954 END
PUBLIC SYMEOLS
EXTERMAL SYMBOLS
LEER SYMBOLS '
AOWN A @322  AFCHD A @SCE  BUFFUL A BAE4 CHeADR A @8A@ CHATC A edfL  CHIADR A 98A2  CHATC A B8R
LMD31 A @827  CROBFL A 2820  CHDBUF A 28@@  CMDOUT A @AFE  CMDREC A BES7  CMODE A @931  CNADR A 2813
CNTBSZ A B@SC  CHTIS: A @3>  CNT25S A @ASE  CNTLSL R @423  CNTLC A B883  CNVEN A 85BE COBR A Beac
COMM ARBRES CMML AGAEA COMM2 A GAFF COMM2 A B@99 CPBF A Be20 (R Aegel CRLF A 858
DEM A@9P@ DEMODE A 2027 DISPY A BAZY DISPYL A BAYE  DISFY2 A GRA4D DRDMA R 8862  DTDHA A Bast
ECHO A @38  ENDCHE AGALE ENDMA A @9 GDWN A B8FF GETCH R BSIF  GETCHD A @870  GRCHD A A9C4
ILLEG A B8A7T LDADR A 2018 LF ABBBA LKBRL A 2017 LKBRZ A 2043 LOOPIT A @861  MDCNTE A @036
MOCNT2 A @eBe  WDESL A @BCE  MODES: A @@9E  MODEST A BBAS  MONTOR R 8883  NMOUT A B6C7 NSHF A 86873
PARL ABBAE PARZ A GBED PARIN A BAAD  PARINL A GAE@  PARINZ A AADC  PARING A BABC  PARNYZ A 8891
POLIN R 2046 PRMPT A 2815 RBPT A OARZ  RIPT A GW7 FECND A G978 RDCND A 8971 ROWN A BEAF
RDY A B0R2 RESBUF R 2808 RESLYI A @@91 ROCMD A 6330 RPCHMD A @908 - RREF A 9611 RREP A 8911
RSCMD A @9%7  RSTES A 28CE  RST7S A 2004 RWBUF A G200 RMDSL AGESS RYDMA A @BIA RYI A BCed
R<I1 R BCI6 RMI2Z2 A BC2T  RXIZ ABC39 RYI4 AABC4S RXIS ABCS9 RWIE A BCES  RMIMSG R BCRS
RRINT A 086 RAIRYZ A BE93 REIRA A G8E2 RRS1L A 6GMS RS2 - ABARTF  RXSZ A 8ASD  RXSORC A BRs2
RXTC A 44FF  SBOHD A @985  SDRN R 8807  SIGNON A GCAZ  SLOMD A GSBF  SHRMWP A 8893  SOCHD A 99R
SPCRD A @2 SRCMD A P9BA  SSCHD A @988  STRART A @388  STATSL A BBB9  STRTS7 A @8R8 STATYI A @89
STKSRT R 28C8  SH AEs4: T1 ABCEC TBUFFL AdA24 TBUFL A BARD7Y TBUFLL A SR80 TDMN A B%E
TEST/R A @852 TFCHD A ASEC  TFCHMDA A @9FE  TFRET A BARE  TLOMD A @999 TRUE A ooee TRUEL A 8888
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