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Figure 19-12. SIU FLEXIBLE Mode Transmit Flowchart
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PL/M-51 COMPILER RUPI-44 Primary Station 20:47:13 09/26/83 PAGE
b6 2 CALL XMIT(SNRM);
&7 2 IF (TIME_QUT=FALSE) AND (RCB=UA) .
THEN DO; .
&9 3 RSD(STATION_NUMBER). STATION_STATE=I_T_S;
70 3 RSD(STATION_NUMBER). NS=0;
71 3 RSD(STATION_NUMBER). NR=0;
72 3 END:
73 2 RBE=1;
74 1 END SEND_SNRM;
75 2 CHECK_NS: PROCEDURE BYTE:
/# Check the Ns Field of the received frame. If Nr(P)=Ns(S) return true */

76 2 IF (RSD(STATION_NUMBER). NR=(SHR(RCB, 1) AND 07H))

THEN RETURN TRUE:
78 2 ELSE RETURN FALSE;
79 1 END CHECK_NS;
80 2 CHECK_NR: PROCEDURE BYTE:

/% Check the Nr field of the received frame. If Ns(P)+1=Nr(S) then the frame
has been acknowledged, else if Ns(P)=Nr(S) then the frame has not been
acknowledged, else reset the secondary */

81 2 IF (((RSD(STATION_NUMBER).NS + 1) AND O7H) = SHR(RCB.5))
THEN DO;
83 3 RSD(STATION_NUMBER). NS=( (RSD(STATION_NUMBER). NS+1) AND O7H);
84 3 RSD(STATION_NUMBER). INFO_LENGTH=0;
85 3 END;
86 2 ELSE IF (RSD(STATION_NUMBER).NS <> SHR(RCB,5))
THEN RETURN FALSE;
e8 2 RETURN TRUE;:
.89 1 END CHECK_NR:
%0 2 RECEIVE: PROCEDURE
1 2 DECLARE 1 BYTE AUXILIARY:
92 2 RSD(STATION_NUMBER). BUFFER_STATUS=BUFFER_READY;

/# If an RNR was received buffer_status will be changed in the supervisory
frame decode section futher down in this procedure, any other response
means the remote stations buffer is ready #/ N

93 2 IF (RCB AND O1H)=0
THEN DO: /# I Frame Received 3/
5 3\ IF (CHECK_NS=TRUE AND BOV=0 AND CHECK_NR=TRUE)
THEN DO; |
97 4 RSD(STATION_NUMBER). NR=( (RSD(STATION_NUMBER). NR+1) AND O7H);
98 4 RBP=1;
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99 4 RECV_FIELD_LENGTH=RFL-1;
100 4 \ END:;
101 3 ELSE RSD(STATION_NUMBER). STATION_STATE=GO_TO_DISC;
102 3 END;
103 2 ELSE IF (RCB AND O3H)=01H.
THEN DO; /# Supervisory frame received #*/
105 3 IF CHECK_NR=FALSE
THEN RSD(STATION_NUMBER). STATION_STATE=GO_TO_DISC;
107 3 ELSE IF ((RCB AND OFH)=O5H) /# then RNR #/
THEN RSD(STATION_NUMBER). BUFFER_STATUS=BUFFER_NOT_READY:
109 3 END;
110 3 ELSE DO; /% Unnumbered frame or unknown frame received #/
111 3 IF RCB=FRMR
THEN DO; /# If FRMR was received check Nr for an
acknowledged I frame #/
113 4 RCB=SIU_RECV_BUFFER(1);
114 4 I=CHECK_NR;
115 4 END;
116 3 RSD(STATION_NUMBER). STATION_STATE=GO_TO_DISC;
117 3 END; . :
118 2 RBE=1;
119 1 END RECEIVE;
120 2 XMIT_I_T_S: PROCEDURE (TEMP);
121 2 DECLARE TEMP BYTE:
122 2 IF TEMP=T_I_FRAME
THEN DO; /# Transmit. I frame #/
/% Transfer the station buffer into internal ram #/
124 4 N DO TEMP=0 TO RSD(STATION_NUMBER). INFO_LENGTH-1;
125 4 SIU_XMIT_BUFFER(TEMP)=RSD(STATION_NUMBER). DATA(TEMP);
126 4 END;
/# Build the I frame control field */
127 3 TEMP=(SHL (RSD(STATION_NUMBER). NR, 5) OR SHL(RSD(STATION_NUMBER).NS, 1) OR 10H);
128 3 TBL=RSD(STATION_NUMBER). INFO_LENGTH;
129 3 CALL XMIT(TEMP);
130 3 i IF TIME_OUT=FALSE
THEN CALL RECEIVE;
132 3 END;
133 3 ELSE DO; /# Transmit RR or RNR#/
134 3 IF TEMP=T_RR
THEN TEMP=RR;
136 3 ELSE TEMP=RNR;
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3 TEMP=(SHL (RSD(STATION_NUMBER). NR, 5) OR TEMP);
3 TBL=0;
3 CALL XMIT(TEMP);
3 IF TIME_QUT=FALSE
THEN CALL RECEIVE;
3 END;
1 END XMIT_I_T_Si
2 BUFFER_TRANSFER: PROCEDURE;
2 DECLARE 1 BYTE AUXILIARY,
N BYTE AUXILIARY;
3 DO 1=0 TO NUMBER_OF _STATIONS-1;
3 IF RSD(I). STATION_ADDRESS=S1U_RECV_BUFFER(O)
THEN GOTO T1;
a3 END;
2 T1: IF I=NUMBER_OF_STATIONS /# If the addressed station does not exits,
then discard the data #/
THEN DO;
3 RBP=0;
3 RETURN; -
3 END;
2 ELSE IF RSD(I). INFO_LENGTH=0
THEN DO;
3 RSD(I). INFO_LENGTH=RECV_FIELD_LENGTH;
4 DO J=1 TO RECV_FIELD_LENGTH;
4 RSD(I). DATA(J-1)=SIU_RECV_BUFFER(J):
4 END;
3 RBP=0;
3 END;
1 END BUFFER_TRANSFER;
1 BEGIN:
CALL POWER_ON;
2 DO FOREVER;
3 DO STATION_NUMBER=0 TO NUMBER_OF_STATIONS-1;
3 STAD=RSD(STATION_NUMBER). STATION_ADDRESS:
3 IF RSD(STATION_NUMBER). STATION_STATE = DISCONNECT_S
THEN CALL SEND_SNRM:
3 ELSE IF RSD(STATION_NUMBER). STATION_STATE = 60_TO_DISC
THEN CALL SEND_DISC;
3 ELSE IF ((RSD(STATION_NUMBER). INFO_LENGTH>0) AND
(RSD(STATION_NUMBER). BUFFER_STATUS=BUFFER_READY)) M
THEN CALL XMIT_I_T_S(T_I_FRAME);
3 ELSE IF RBP=0
THEN CALL XMIT_I_T_S(T_RR);
3 ELSE CALL XMIT_I_T_S(T_RNR);
3 IF RBP=1

THEN CALL BUFFER_TRANSFER;

RUPI-44 Primary Station

179 3 END;

180 2 END;

181 1 END MAINS$MOD;
WARNINGS:

1 1S THE HIGHEST USED INTERRUPT

MODULE INFORMATION:

(STATIC+0OVERLAYABLE)
CODE SIZE 053DH 1341D
CONSTANT SIZE 0002H 2D

DIRECT VARIABLE SIZE
INDIRECT VARIABLE SIZE

40H+02H 64D+ 2D
40H+00H 64D+ 0D

Wouowowowonoun

BIT SIZE O1H+00H 1D+ 0D
BIT-ADDRESSABLE SIZE OOH+00H oD+ 0D
AUXILIARY VARIABLE SIZE 0093H 147D
MAXIMUM STACK SIZE 0019H 25D
REGISTER-BANK(S) USED: 01

456 LINES READ
0 PROGRAM ERROR(S)
END OF PL/M-51 COMPILATION
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A HIGH PERFORMANCE NETWORK
* USING THE 8044

20.2.1 Introduction

This section describes the design of an SDLC data link
using the 8044 (RUPI) to implement a primary station
and a secondary station. The design was implemented
and tested. The following discussion assumes that the
reader understands the 8044 and SDLC. This section is
divided into two parts. First the data link design
example is discussed. Second the software modules
used to implement the data link are described. To help
the reader understand the discussion of the software,
flow charts ‘and software listings are displayed, in
Appendix A and Appendix B, respectively.

Application Description

This particular data link design example uses a two wire

half-duplex multidrop topology as shown in figure 20-4.

In an SDLC multidrop topology the primary station
communicates with each secondary station. The
secondary stations communicate only to the primary.
Because of this hierarchial architecture, the logical
topology for an SDLC multidrop is a star as shown in
figure 20-5. Although the physical topology of this data
link is multidrop, the easiest way to understand the
information flow is to think of the logical (star)
topology. The term data link in this case refers to the
logical communication pathways between the primary
station and the secondary stations. The data links are
shown in figure 20-5 as two way arrows.

The application example uses dumb async terminals to
interface to the SDLC network. Each secondary station
has an async terminal connected to it. The secondary
" stations are in effect protocol converters which allows
any async terminal to communicate with any other async
terminal on the network. The secondary stations use an
8044 with a UART to convert SDLC to async. Figure
20-6 displays a block diagram of the data link. The
primary station, controls the data link. In addition to
data link control the primary provides a higher level
layer which is a path control function or networking
layer. The primary serves as a message exchange or
switch. It receives information from one secondary sta-
tion and retransmits it to another secondary station.
Thus a virtual end to end connection is made between
any two.secondary stations on the network.

Three separate software modules were written for this
network. The first module is a Secondary Station Driver
(SSD) which provides an SDLC data link interface and
a user interface. This module is a general purpose driver
which requires application software to run it. The user
interface to the driver provides four functions: OPEN,

' CLOSE, TRANSMIT, and SIU__RECV. Using these

four functions properly will allow any application soft-

~ware to communicate over this SDLC data link without

knowing the details of SDLC. The secondary station
driver uses the 8044’s AUTO mode.

The second module is an example of application soft-
ware which is linked to the secondary station driver.
This module drives the 8251 A, buffers data, and inter-
faces with the secondary station driver’s user interface.

The third module is a primary station, which is a stand--
alone program (i.e., it is not linked to any other
module). The primary station uses the 8044’s NON-
AUTO or FLEXIBLE mode. In addition to controll-
ing the data link it acts as a message switch. Each time
a secondary station transmits a frame, it places the
destination address of the frame in the first byte of the
information or I field, When the primary station receives
a frame, it removes the first byte in the I field and
retransmits the frame to the secondary station' whose
address matches this byte. :

This network provides two complete layers of the OSI

~ (Open Systems Interconnection) reference model: the

physical layer and the data link layer. The physical layer
implementation uses the RS-422 electrical interface. The
mechanical medium consists of ribbon cable and con-
nectors. The data link layer is defined by SDLC.
SDLC’s use of acknowledgements and frame number-
ing guarantees that messages will be received in the same .
order in which they were sent. It also guarantees message-
integrity over the data link. However this network will
not guarantee secondary to secondary message delivery,
since there are acknowledgements between secondary
stations.

20.2.2 Hardware

The schematic of the hardware is given in figure 20-7.
The-8251A is used as an async communications con-
troller, in support of the 8044. TXRDY and RxRDY on

- the 8251A are both tied to the two available external

interrupts of the 8044 since the secondary station driver
is totally interrupt driven. The 8044 buffers the data
and some variables in a 2016 (2K x 8 static RAM). The
8254 programmable interval timer is employed as a pro-
grammable baud rate generator and system clock driver
for the 8251A. The third output from the 8254 could
be used as an external baud rate generator for the 8044.
The 2732A shown in the diagram was not used since
the software for both the primary and secondary
stations used far less than the 4 Kbytes provided on the
8744. For the async interface, the standard RS-232
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SECONDARY
STATION

SECONDARY
STATION

SECONDARY
STATION

Figure 20-4. SDLC Multidrop Topology

mechanical and electrical interface was used. For the
SDLC channel, a standard two wire three state RS-422
driver is used. A DIP switch connected to one of the
available ports on the 8044 allows the baud rate,
parity, and stop bits to be changed on the async inter-
face. The primary station hardware does not use the
USART, 8254, nor the RS-232 drivers.

20.2.3 SDLC Basic Repertoire

The SDLC commands and responses implemented in
the data link include the SDLC Basic Repertoire as
defined in the IBM SDLC General Information manual.
Table 20-3 shows the commands and responses that the
primary and the secondary station in this data link
design recognize and send.

SECONDARY SECONDARY
STATION STATION
‘PRIMARY
STATION
SECONDARY SECONDARY
STATION STATION

Figure 20-5. SDLC Logical Topology
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Table 20-3. Data Link Commands and
Responses Implemented for This Design

PRIMARY STATION

Responses Commands
Recognized Sent
Unnumbered UA SNRM
DM DISC
FRMR
*RD
Supervisory RR RR
RNR RNR
Information - o |
SECONDARY STATION
Commands Responses
Recognized Sent
Unnumbered SNRM UA
DISC DM
*TEST FRMR
*RD
*TEST
Supervisory RR RR
RNR RNR
REJ
Information oo |

*not included in the SDLC Basic Repertoire

The term command specifically means all frames which
the primary station transmits and the secondary stations
receive. Response refers to frames which the secondary
stations transmit and the primary station receives.

Number of Outstanding Frames

This particular data link design only allows one out-
standing frame before it must receive an acknow-
ledgement. Immediate acknowledgement allows the
secondary station drivers to use the AUTO mode. In
addition, one outstanding frame uses less memory for
buffering, and the software becomes easier to manage.

20.2.4 Secondary Station Driver using
AUTO Mode

The 8044 secondary station driver (SSD) was written
as a general purpose SDLC driver. It was written to be
linked to an application module. The application soft-
ware implements the actual application in addition to
interfacing to the SSD. The main application could be,
a printer or plotter, a medical intrument, or a terminal.
The SSD is independent of the main application, it just
provides ‘the SDLC communications. Existing 8051

~

appliéations could add high performance SDLC com-
munications capability by linking the SSD to the existing
software and providing additional software to be able
to communicate with the SSD. '

-Data Link Interface and User Interface States

The SSD has two software interfaces: a data link inter-
face and a user interface as show in Figure 20-8. The
data link interface is the part of the software which con-
trols the SDLC communications. It handles link access,
command recognition/response, acknowledgements,
and error recovery. The user interface provides four
functions: OPEN, CLOSE, TRANSMIT, and
SIU__RECYV. These are the only four functions which
the application software has to interface in order to com-
municate using SDLC. These four functions are com-
mon to many I/0O drivers like floppy and hard disks,
keyboard/CRT, and async communication drivers.

The data link and the user interface each have their own
states. Each interface can only be in one state at any
time. The SSD uses the states of these two interfaces
to help synchronize the application module to the data
link. ‘

There are three states which the secondary station data
link interface can be in: Logical Disconnect State
(L__D__S). Frame Reject State (FRMR__S), and the
Information Transfer State (I__T__S). The Logical
Disconnect State is when a station is physically con-
nected to the channel but either the primary or secon-
dary have not agreed to enter the Information Transfer
State. Both the primary and the secondary stations syn-
chronize to enter into the Information Transfer State.
Only when the secondary station is in the I__T__S is
it able to transfer data or information to the primary.
The Frame Reject State (FRMR__S) indicates that the
secondary station has lost software synchronization with
the primary or encountered some kind of error condi-
tion. When the secondary station is in the FRMR__S, the
primary station must reset the secondary to resynchronize.

The user interface has two states, open or closed. In
the closed state the user program does not want to com-
municate over the network. The communications chan-
nel is closed and not available for use. The secondary
station tells the primary this by responding to all com-
mands with DM. The primary continues to poll the
secondary in case it wants to enter the I__T__S state.
When the user program begins communication over the
data link it goes into the open state. It does this by call-

" ing the OPEN procedure. When the user interface is

in the open state it may transfer information to the
primary.
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Figure 20-8. Secondary Station Software Modules
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Secondary Stations Commands, Responses anci
State Transitions

Table 20-4 shows the commands which the secondary
station recognizes and the responses it generates. The
first row in table 20-4 displays commands the secon-
dary station recognizes and each column shows the
potential responses with respect to secondary station.
For example, if the secondary is in the Logical Discon-

nect State it will only respond with DM, unless it receives

a SNRM command and the user state is open. If this
is the case, then the response will be UA and the secon-
dary station will move into the I__T__S.

Figure 20-9 shows the state diagram of the secondary
station. When power is first applied to the secondary
station, it goes into the Logical Disconnect State. As
mentioned above, the I__T__S is entered when the
secondary station receives a SNRM command and the

user state is open. The secondary responds with UA to

let the primary know that it has accepted the SNRM
and is entering the I__T__S. The I__T__S can go into
either the L__D_ S orthe FRMR_S. TheI__T__S goes
into the L__D__S if the primary sends the secondary
DISC. The secondary has to respond with UA, and then
. goes into the L__D__S. If the user interface changes
from open to close state, then the secondary sends RD.
This causes the primary to send a DISC.

The FRMR__S is entered when a secondary station is
in the I_“T_S and either one of the following
conditions occurs.

— A command can not be recognized by the
secpndary station.

— There is a buffer overrun.

— The Nr that was received from the primary
station is invalid.

The secondary station cannot leave the FRMR__S until
it receives a SNRM or a DISC command.

Software description of the SSD

To aid in following the description of the software, the
reader may either look at the flow charts which are given
for each procedure, or read the PL/M-51 listing pro-
vided in Appendix A.

A block diagram of the software structure of the SSD
is given in figure 20-10. A complete module is identified
by the dotted box, and a procedure is identified by the
solid box. Therefore the SIU__RECYV procedure is not
included in the SSD module, it exists in the application
software. Two or more procedures connected by a solid
line means the procedure above calls the procedure
below. Transmit, Power__on__D, Close, and Open are
all called by the application software. Procedures
without any solid lines connected above are interrupt
procedures. The only interrupt procedure in the SSD
module is the SIU__INT.

The entire SSD module is interrupt driven. Its design
allows the application program could handle real time
events or just dedicate more CPU time to the applica-
tion program. The SIU__INT is the only interrupt pro-

Table 20-4. Secondary Station Responses to Primary Station Commands

Data Link Primary Station Commands
States | RR RNR SNRM DISC TEST
Information | | |
transfer state RR RR RR
RNR RNR RNR RNR
"RD RD RD RD RD
FRMR FRMR FRMR
UA : UA
Test
Logical
disconnect state DM DM DM DM DM DM
UA
Frame FRMR FRMR FRMR FRMR
reject state ) UA UA
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cedure in the SSD. It is automatically entered when an
SIU interrupt occurs. This particular interrupt can be
the lowest priority interrupt in the system.
SSD Initialization

Upon reset the application software is entered first. The
application software initializies its own variables then
calls Power__On__D which is the SSD’s initialization
routine. The SSD’s initialization sets up the transmit
and receive data buffer pointers (TBS and RBS), the
receive buffer length (RBL), and loads the State
variables. The STATION__STATE begins in the L__
D__S state, and the USER__STATE begins in the closed
state. Finally Power__On__D initializes XMIT__
BUFFER__EMPTY which is a bit flag. This flag serves
as a semaphore between the SSD and the application
software to indicate the status of the on chip transmit
buffer. The SSD does not set the station address. It is
the application software’s responsibility to do this. After
initialization, the SSD is ready to respond to all of the
primary stations commands. Each time a frame is receiv-
ed with a matching station address and a good CRC,
the SIU__INT procedure is entered.

SIU__INT Procedure

The first thing the SIU__INT procedure clears the serial
interrupt __bit (SI) in the STS register. If the SIU__
INT procedure returns with this bit set, another SI in-
terrupt will occur.

The SIU__INT procedure is branches three
independent cases. The first case is entered if the
STATION__STATE is not in the I__T__S. If this is
true, then the SIU is not in the AUTO mode, and the
CPU will have to respond to the primary on its own.
(Remember that the AUTO mode is entered when the
STATION__STATE enters into I__T_S.) If the
STATION__STATE isinthe I__T__S, then either the
SIU has just left the AUTO mode, or is still in the
AUTO mode. This is the second and third case
respectively.

In the first case, if the STATION__STATE is not in
the I__T__S, then it must be in either the L__D__S or
the FRMR_S. In either case a separate procedure is
called based on which state the station is in. The In__
Disconnect__State procedure sends to the primary a DM
response, unless it received a SNRM command and the
USER__STATE equals open. In that case the SIU sends
an UA and entersintothel__T__S. The In__ FRMR__
State procedure will send the primary the FRMR
response unless it received either a DISC or an SNRM.
If the primary’s command was a DISC, then the secon-
dary will send an UA and enter into the L__D__S. If
the primary’s command was a SNRM, then the secon-
dary will send an UA, enter intothe I__T__S, and clear
NSNR register.

For the second case, if the STATION__STATE is in
the I__T__S but the SIU left the AUTO mode, then the
CPU must determine why the AUTO mode was exited,
and generate a response to the primary. There are four
reasons for the SIU to automatically leave the AUTO
mode. The following is a list of these reasons, and the
responses given by the SSD based on each reason.

1. The SIU has received a command field it does
not recognize.

Response: If the CPU recognizes the command,
it generates the appropriate response. If neither
the SIU nor the CPU recognize the command, then
a FRMR response is sent.

2. The SIU has received a Sequence Error Sent
(SES=1 in NSNR register). Nr(P) # Ns(S)+1, and
Nr(P) # Ns(S).

Response: Send FRMR.

3. A buffer overrun has occured. BOV=1 in STS
register.

Response: Send FRMR.
4. Anl frame with data was received while RPB=1.

Response: Go back into AUTO mode and send an
AUTO mode response.

In addition to the above reasons, there is one condi-
tion where the CPU forces the SIU out of the AUTO
mode. This is discussed in the SSD’s User Interface Pro-
cedures section in the CLOSED procedure description.

Finally, case three is when the STATION__STATE is
in the I__T__S and the AUTO mode. The CPU first
looks at the TBF bit. If this bit is 0 then the interrupt
may have been caused by a frame which was trans-
mitted and acknowledged. Therefore the XMIT__
BUFFER__EMPTY flag is set again indicating that the
application software can transmit another frame.

The other reason this section of code could be entered
is if a valid I frame was received. When a good I frame
is received the RBE bit equals 0. This means that the
receiver is disabled. If the primary were to poll the 8044
while RBE=0, it would time out since no response would
given. Time outs reduce network throughput. To
improve network performance, the CPU first sets RBP,
then sets RBE. Now when the primary polls the 8044
an immediate RNR response is given. At this point the
SSD calls the application software procedure SIU__RECV
and passes the length of the data as a parameter. The
SIU__RECV procedure reads the data out of the receive
buffer then returns to the SSD module. Now that the
receive information has been transfered, RBP can
be cleared.

Command__Decode Procedure

The Command__Decode procedure is called from the
SIU__INT procedure when the STATION__STATE =
I__T__S and the SIU left the AUTO mode as a result
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C-FIELD OF THE REJECTED COMMAND, AS RECEIVED

THIS STATION’S PRESENT Ns
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HIGH-ORDER

RECEIVED DISAGREES WITH TRANSMITTED Ns

BUFFER OVERRUN (I-FIELD IS TOO LONG)

PROHIBITED I-FIELD RECEIVED

INVALID OR NONIMPLEMENTED COMMAND

Figure 20.11. Information Field of the FRMR Response, as Transmitted

of not being able to recognize the receive control byte.
Commands which the SIU AUTO mode does not
recognize are handled here. The commands recogniz-
ed in this procedure are: SNRM, DISC, and TEST. Any
other command received will generate a Frame Reject
with the nonimplemented command bit set in the third
data byte of the FRMR frame. Any additional un-
numbered frame commands which the secondary sta-
tion is going to implement, should be implemented in
this procedure. )

If a SNRM is received the command__decode procedure
calls the SNRM__Response procedure. The SNRM__
Response procedure sets the STATION__STATE=1__
T__S, clears the NSNR register and responds with an
UA frame. If a DISC is received, the command_- decode
procedure sets the STATION__STATE =L_D: S,
and responds with an UA frame. When a TEST frame
is received, and there is no buffer overrun, the
command__decode procedure responds with a TEST
frame retransmitting the same data it received. However
if a TEST frame is received and there is a buffer over-
run, then a TEST frame will be sent without any data,
instead of a FRMR with the buffer overrun bit set.

Frame Reject Procedures

There are two procedures which handle the FRMR state:
XMIT__FRMR and IN_ FRMR__STATE. XMIT__
FRMR is entered when the secondary station first goes
into the FRMR state. The frame reject response frame
contains the FRMR response in the command field plus
three additional data bytes in the I field. Figure 20-11
_displays the format for the three data byte in the I field

of a FRMR response. The XMIT__FRMR procedure
sets up the Frame Reject response frame based on the
parameter REASON which is passed to it. Each place
in the SSD code that calls the XMIT__FRMR pro-
cedure, passes the REASON that this procedure was
called, which in turn is communicated to the primary
station. The XMIT__FRMR procedure uses three bytes
of internal RAM which it initializes for the correct
response. The TBS and TBL registers are then chang-
ed to point to the FRMR buffer so that when a response
is'sent these three bytes will be included in the I field.

The IN__FRMR__STATE procedure is called by the
SIU__INT procedure when the STATION__STATE
already is in the FRMR state and a response is

" required. The IN__FRMR__STATE procedure will only
allow two commands to remove the secondary station
from the FRMR state: SNRM and DISC. Any other
command which is received while in the FRMR state
will result a FRMR response frame.

XMIT__UNNUMBERED Procedure

This is a general purpose transmit procedure, used
only in the FLEXIBLE mode, which sends unnumbered
responses to the primary. It accepts the control byte as
a parameter, and also expects the TBL register to be
set before the procedure is called. This procedure waits
until the frame has been transmitted before returning.
If this procedure returned before the transmit interrupt
was generated, the SIU__INT routine would be entered.
The SIU__INT routine would not be able to distinguish
this condition. .
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SSD’s User Interface Procedures -- OPEN, CLOSE,
TRANSMIT, SIU__RECV -- are discussed in the
following section.

The OPEN procedure is the simplest of all, it changes
the USER__STATE to OPEN__S then returns. This lets
the SSD know that the user wants to open the channel
for communications. When the SSD receives a SNRM
command, it checks the USER__STATE. If the
USER__STATE is open, then the SSD will respond with
an UA, and the STATION__STATE enters the
I_T_S.

The CLOSE procedure is also simple, it changes the
USER__STATE to CLOSED__S and sets the AM bit
to 0. Note that when the CPU sets the AM bit to 0 it
puts the SIU out of the AUTO mode. This event is asyn-
chronous to the events on the network. As a result an
I frame can be lost. This is what can happen.

1. AM is set to 0 by the CLOSE Procedure.
2. An I frame is received and a SI interrupt occurs.

3. The SIU__INT procedure enters case 2.
(STATION_STATE=1_T_S, and AM = 0)

4. Case 2 detects that the USER__STATE =
CLOSED__S, sends a RD response and ignores
the fact that an I frame was received.

Therefore it is advised to never call the CLOSE pro-
cedure or take the SIU out of the AUTO mode when
it is receiving I frames or an I frame will be lost.

For both the TRANSMIT and SIU__RECYV procedures,
it is the application software’s job to put data into the
transmit buffer, and take data out of the receive buf-
fer. The SSD does not transfer data in or out of its
transmit or receive buffers because it does not know
what kind of buffering the application software is im-
plementing. What the SSD does do is notify the applica-
tion software when the transmit buffer is empty,
XMIT__BUFFER__EMPTY = 1, and when the receive
buffer is full.

One of the functions that the SSD performs to syn-
chronize the application software to the SDLC data link.
However some of the synchronization must also be done
by the application software. Remember that the SSD
does not want to hang up the application software
waiting for some event to occur on the SDLC data link,
therefore the SSD always returns to the application soft-
ware as soon as possible.

For example, when the application software calls the
OPEN procedure, the SSD returns immediately. The
application software thinks that the SDLC channel is
now open and it cantransmit. This is not the case. For
the channel to be open, the SSD must receive a SNRM
from the primary and respond with a UA. However,
the SSD does not want to hang up the application soft-
ware waiting for a SNRM from the primary before
returning from the OPEN procedure. When the

TRANSMIT procedure is called, the SSD expects the
STATION__STATE to be in the I__T__S. If it isn’t,
the SSD refuses to transmit the data. The TRANSMIT
procedure first checks to see if the USER__STATE is
open, if not the USER__STATE__CLOSED parameter
is passed back to the application module. The next thing
TRANSMIT checks is the STATION__STATE. If this
is not open, then TRANSMIT passes back LINK__
DISCONNECTED. This means that the USER__
STATE is open, but the SSD hasn’t received a SNRM

commmand from the primary yet. Therefore, the .

application software should wait awhile and try again.
Based on network performance, one knows the
maximum amount of time it will take for a station to
be polled. If the application software waits this length
of time and tries again but still gets a LINK__
DISCONNECTED parameter passed back, higher level
recovery must be implemented.

Before loading the transmit buffer and calling the
TRANSMIT procedure, the application software must
check to see that XMIT__ BUFFER__EMPTY = 1. This
flag tells the application software that it can write new
data into the transmit buffer and call the TRANSMIT
procedure. After the application software has verified
that XMIT__ BUFFER__EMPTY = 1, it fills the
transmit buffer with the data and calls the TRANSMIT
procedure passing the length of the buffer as a
parameter. The TRANSMIT procedure checks for three
reasons why it might not be able to transmit the frame.
If any of these three reasons are true, the TRANSMIT
procedure returns a parameter explaining why it
couldn’t send the frame. If the application software
receives one of these responses, it must rectify the pro-
blem and try again. Assuming these three conditions
are false, then the SSD clears XMIT__ BUFFER__
EMPTY, attempts to send the data and returns the
parameter DATA__ TRANSMITTED. XMIT__
BUFFER__EMPTY will not be set to 1 again until the
data has been transmitted and acknowledged.

The SIU__RECV procedure must be incorporated
into the application software module. When a vaild I
frame is received by the SIU, it calls the SIU__RECV
procedure and passes the length of the received data as
a parameter. The SIU__RECYV procedure must remove
all of the data from the receive buffer before returning
to the SIU__INT procedure.

Linking up to the SSD

Figure 20-12 shows necessary parts to include in a
PL/M-51 application program that will be linked to the
SSD module. RLS1 is used to link and locate the SSD
and application modules. The command line used to
do this is: :
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RLS51 SSD.obj, fnlename obj, PLMSl LIB TO filename
& RAMSIZE(192)

$registerbank(0)
user$mod: do;
S$include (regd4.dcl)

" declare -

lit . literally ‘literally’,
buffer__length lit ' ‘60°,
siu__xmit__buffer
(buffer__length) byte external idata,
siu__recv__buffer )

~ (buffer__length) - byte external,
xmit__buffer__empty = bit external;

/* external procedures */

power__on__d: procedure external;

end power__on__d;

close: procedure external using 1;

end close;

open: ‘procedure external using 1;

end open;

transmit: procedure ‘

(xmit__buffer__length) byte external;

declare
end transmit;

xmit__buffer__length byte;

/* local procedures */

siu__recv: procedure (length) public
declare length byte,

using 1;

end siu__recv;

Figure 20-12. Applications Module Link
Information

PL/M-51 and Register Banks

- The 8044 has four register banks. PL/M-51 assumes that
an interrupt procedure never uses the same bank as the
procedure it interrupts. The USING
attribute of a procedure, or the SREGISTERBANK
control, can be used to ensure that.

The SSD module uses the SREGISTERBANK(1)

attribute. Some procedures are modified with the
USING attribute based on the register bank level of the
calling procedure.

20.2.5 APPLICATION MODULE; Async to
SDLC protocol converter

One of the purposes of this application module is to
demonstrate how to interface software to the SSD.
Another purpose is to implement and test a pratical ap-
plication. This application software performs I/0 with
an async terminal through a USART, buffers data, and
also performs I/0 with the SSD. In addition, it allows
the user on the async terminal to: set the station ad-

dress, set the destination address, and go online and
offline. Setting the station address sets the byte in the
STAD register. The destination address is the first byte
in the I field. Going online or offline results in either
calling the OPEN or CLOSE procedure respectively.

After the secondary station powers up, it enters the
‘terminal mode’, which accepts data from the terminal.
However, before any data is sent, the user must con-
figure the station.. The station address and destination
address must be set, and the station must be placed
online. To configure the station the ESC character is
entered at the terminal which puts the protocol converter
into the ‘configure mode’. Figure 20-13 shows the menu
which appears on the terminal screen.

(/) 8644 Secondary Station
/ N

1 - Set the Station Address

2 - Set the Destination Address
3 - Go Online

4 - Go Offline

S - Return to terminal mode

Enter option __

Figure 20-13. Menu for the Protocol
Converter

In the terminal mode data is buffered up in the secon-
dary station. A Line Feed character ‘LF’ tells the secon-
dary station to send an I frame. If more than 60 bytes
are buffered in the secondary station when a ‘LF’ is
received, the applications software packetizes the data
into 60 bytes or less per frame. If a LF is entered when
the station is offline, an error message comes on the
screen which says ‘Unable to Get Online’.

The secondary station also does error checking on the
async interface for Parity, Framing Error, and Over-
run Error. If one of these errors are detected, an error
message is displayed on the terminal screen.

Buffering

There are two separate buffers in the application
module: a transmit buffer and a receive buffer. The
transmit buffer receives data from the USART, and
sends data to the SSD. The receive buffer receives data
from the SSD, and transmits data to the USART. Each
buffer is a 256 byte software FIFO. If the tranmsit FIFO
becomes full and no ‘LF’ character is received, the
secondary station automatically begins sending the data.
In addition, the application module will shut off the
terminal’s transmitter using CTS until the FIFO has
been partially emptied. A block diagram of the buffer-
ing for the protocol converter is given in Figure 20-14.

Application Module Software

A block diagram of the application module software
is given in Figure 20-15. There are three interrupt
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routines in this module: USART__RECV__INT,
USART_XMIT__INT, and TIMER_ 0__INT.
The first two are for servicing the USART.
TIMER__ 0__INT is used if the TRANSMIT pro-
cedure in the SSD is called and does not return
with the DATA__TRANSMITTED parameter.
TIMER__0__INT employs Timer 0 to wait a finite
amount of time before tring to transmit again. The
highest priority interrupt is USART__RECV__INT. The
main program and allithe procedures it calls use register
bank 0, USART__XMIT__INT and TIMER__0__INT
and FIFO__R__OUT use bank 1, while USART__
RECV__INT and all the procedures it calls use register
bank 2.

Power__On Procedure

The Power__On procedure initializes all of the chips
in the system including the 8044. The 8044 is initial-
ized to use the on-chip DPLL with NRZI coding,
PreFrame Sync, and Timer 1 auto reload at a baud rate
of 62.5 Kbps. The 8254 and the 8251A are initialized
next based on the DIP switch values attached to port
1 on the 8044. Variables and pointers are initialized,
then the SSD’s Power-Up Procedure, Power_ On__
D, is called. Finally the interrupt system is enab]ed and
the main program is entered.

Main Program

The main program is a simple loop which waits for a
frame transmit command. A frame transmit command
is indicated when the variable SEND__DATA is greater
than 0. The value of SEND__DATA equals the number
of ‘LF’ characters in the transmit FIFO, hence it also
indicates the number of frames pending transmission.
Each time a frame is sent, SEND__DATA is
decremented by one. Thus when SEND__DATA is
greater than 0, the main program falls down into the
next loop which polls the XMIT__ BUFFER__ EMPTY
bit. When XMIT__BUFFER__EMPTY equals 1, the
SIU__XMIT__BUFFER can be loaded. The first byte
in the buffer is loaded with the destination address while
the rest of the buffer is loaded with the data. Bytes are
removed from the transmit FIFO and placed into the
SIU__XMIT__BUFFER until one of three things
happen: 1. a ‘LF’ character is read out of the FIFO,
2. the number of bytes loaded equals the size of the
SIU__XMIT__BUFFER, or 3. the transmit FIFO' is
empty.

After the SIU__XMIT__BUFFER is filled, the SSD
TRANSMIT procedure is called and the results from
the procedure are checked. Any result other than
DATA_ TRANSMITTED will result in several retries
within a finite amount of time. If all the retries fail then
the LINK__DISC procedure is called which 'sends a
message to the terminal, ‘Unable to Get Online’.

USART__RECV__INT Procedure
When the 8251A receives a character,the RXRDY pin

~

on the 8251A is activated,and this interrupt procedure

_ isentered. The routine reads the USART status register

to.determine if there are any errors in the character
received. If there are, the character is discarded and the
ERROR procedure is called which prints the type of
error on the screen. If there are no errors, the received
character is checked to see if it’s an ESC. If it is an ESC,
the MENU procedure is called which allows the user
to change the configuration. If neither one of these two
conditions exits the received character is inserted
into the transmit FIFO. The received character may or
may not be echoed back to the terminal based on the
dip switch settings.

Transmit FIFO

The transmit FIFO consists of two procedures: FIFO__
T__IN and FIFO__T_ OUT. FIFO__T__IN inserts a
character into the FIFO,and FIFO__T__OUT removes
a character from the FIFO. The FIFO itself is an array

of 256 bytes called FIFO_ T. There are two pointers

used as indexes in the array to address the characters:
IN_PTR_T and OUT_PTR_T. IN_PTR_T
points to the location in the array which willstore the
next byte of data inserted. OUT__PTR__T points to
the next byte of data removed from the array. Both
IN_PTR_T and OUT__PTR_T are declared as
bytes. The FIFO__T__ IN procedure receives a character
from the USART__RECV__INT procedure and stores
it in the array location pointed to by IN__ PTR__T, then
IN__PTR__Tisincremented. Slmllarly, when FIFO

T__OUT is called by the main program, to load the
SIU__XMIT__BUFFER, the byte in the array pointed
to by OUT__PTR__T is read, then OUT__PTR__T s
incremented. Since IN_ PTR__ T and OUT_PTR_T
are always incremented, they must be able to roll over
when they hit the top of the 256 byte address space. This
is done automatically by having both IN__ PTR__T and
OUT__PTR__T declared as bytes. Each character
inserted into the transmit FIFO is tested to see if it’s
a LF. If it is a LF, the variable SEND__DATA is
incremented which lets the main program know that it
is time to send an I frame. Similarily each character
removed from the FIFO is tested. SEND__DATA is
decremented for every LF character removed from the

' FIFO.

IN__PTR_ T and OUT__PTR__T are also used to in-
dicate how many bytes are in the FIFO, and whether
it is full or empty. When a character is placed into the
FIFO and IN__PTR__T is incremented, the FIFO is full
if IN_PTR_T equals OUT_PTR_T. When a
character is read from the FIFO and OUT_PTR_T
is incremented, the FIFO is empty if OUT__PTR__T
equals IN__PTR__T. If the FIFO is neither full nor
empty, then it is in use. A byte called BUFFER__
STATUS__T is used to indicate one of these three con-
ditions. The application module uses the buffer status
information to control the flow of data into and out
of the FIFO.-When the transmit FIFO is empty, the
main program must stop loading bytes into the SIU__
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XMIT__BUFFER. Just before the FIFO is full, the
async input must be shut off using CTS. Also if the
FIFO is full and SEND__DATA=0, then SEND__
DATA must be incremented to automatically send the
data without a LF.

Receive FIFO

The receive FIFO operates in a similiar fashion as the
transmit FIFO does. Data is inserted into the receive
FIFO from the SIU__RECV procedure. The SIU__
RECYV procedure is called by the SIU__INT procedure
when a valid I frame is received. The SIU__RECYV pro-

cedure mearly polls the receive FIFO status to see if it’s -

full before transfering each byte from the SIU__
RECV__BUFFER into the receive FIFO. If the receive
FIFO is full, the SIU__RECYV procedure remains poll-
ing the FIFO status until it can insert the rest of the
data. In the meantime, the SIU AUTO mode is respond-
ing to all polls from the primary with a RNR supervisory
frame. The USART__XMIT__INT interrupt procedure
removes data from the receive FIFO and transmits it
to the terminal. The USART transmit interrupt remains
enabled while the receive FIFO has data in it. When
the receive FIFO becomes empty, the USART transmit
interrupt is disabled.

20.2.6 PRIMARY STATION

The primary station is responsible for controlling the
data link. It issues commands to the secondary stations
and receives responses from them. The primary station
controls link access, link level error recovery, and the
flow of information. Secondaries can only transmit
when polled by the primary.

Most primary stations are either micro/minicomputers,
or front end processors to a mainframe computer. The
example primary station in this design is standalone.
It is possible for the 8044 to be used as an intelligent
front end processor for a microprocessor, implemen-
ting the primary station functions. This latter type of
design would extensively off-load link control functions
for the microprocessor. The code listed in this paper
can be used as the basis for this primary station design.
Additional software is required to interface to the
microprocessor. A hardware design example for inter-
facing the 8044 to a microprocessor can be found in
the applications section of this handbook.

The primary station must know the addresses of all the
stations which will be on the network. The software for
this primary needs to know this before it is compiled,
however a more flexible system would down load these
parameters.

From the listing of the software it can be seen that the
variable NUMBER__OF__STATIONS is a literal

object code file at compile time, which lists the addresses
of each secondary station on the network.

Remote Station Database

The primary station keeps a record of each secondary
station on the network. This is called the Remote
Station Database (RSD). The RSD in this software is
an array of structures, which can be found in the listing
and also in Figure 20-16. Each RSD stores the necessary
information about that secondary station.

To add additional secondary stations to the network,
one simply adjusts the NUMBER__OF__STATIONS
declaration, and adds the additional addresses to the
SECONDARY__ADDRESSES table. The number of
RSDs is automatically allocated at compile time, and
the primary automatically polls each station whose
address is in the SECONDARY__ADDRESSES table.

Memory for the RSDs resides in external RAM. Based
on memory requirements for each RSD, the maximum
number of stations can be easily buffered in external
RAM. (254 secondary stations is the maximum number
SDLC will address on the data link; i.e. 8 bit address,
FF H is the broadcast address, and 0 is the nul address.
Each RSD uses 70 bytes of RAM. 70 x 254 = 17,780.)

The station state, in the RSD structure, maintain the
status of the secondary. If this byte indicates that the
secondary is in the DISCONNECT _S, then the primary
tries to put the station in the I__T__S by sending a
SNRM. If the response is an UA then the station state
changes into the I__T__S. Any other frame received
results in the station state remaining in the

* DISCONNECT__S. When the RSD indicates that the

station state is in the I__T__S, the primary will send
either a I, RR, or RNR command, depending on the
local and remote buffer status. When the station state
equals GO__TO__DISC the primary will send a DISC
command. If the response is an UA frame, the station
state will change to DISCONNECT_S, else the station
state will remain in GO__TO__DISC. The station state
is set to GO__TO__DISC when one of the following
responses occur:

1. A receive buffer overrun in the primary.
2. An I frame is received and Nr(P) #Ns(S).

3. An I frame or a Supervisory frame is received and

.~ Ns(P) + 1 # Nr(S) and Ns(P) #Nr(S).

declaration, which is 2 in this design example. There -

were three stations tested on this data link, two secon-
daries and one primary. Following the NUMBER __
OF__STATIONS declaration is a table, loaded into the
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4. A FRMR response is received.
5. An RD response is received.

6. An unknown response is received.

The send count (Ns) and receive count (Nr) are also
maintained in the RSD. Each time an I frame is sent
by the primary and acknowledged by the secondary, Ns
is incremented. Nr is incremented each time a valid I
frame is received. BUFFER__STATUS indicates the
status of the secondary stdtions buffer. If a RR response
is received, BUFFER__STATUS is set to BUFFER__
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READY. If a RNR response is received, BUFFER__
STATUS is set to BUFFER__NOT__READY.

Buffering .

The buffering for the primary station is as follows:
within each RSD is a 64 byte array buffer which
is initially empty. When the primary receives an I frame,
it looks for a match between the first byte of the I frame
and the addresses of the secondaries on the network.
If a match exits, the primary places the data in the RSD
buffer of the destination station. The INFO__LENGTH
in the RSD indicates how many bytes are in the buffer.
If INFO__LENGTH equals 0,then the buffer is emp-
ty. The primary can buffer only one I frame per sta-
tion. If a second I frame is received while the address-
ed secondary’s RSD buffer is full, the primary cannot
receive any more I frames. At this point the primary
continues to poll the secondaries using RNR supervisory
frame.

Primary Station Software

A block diagram of the primary station software is
shown in Figure 20-17 The primary station software con-
sists of a main program, one interrupt routine, and

several procedures. The POWER__ON procedure
begins by initializing the SIU’s DMA and enabling the
receiver. Then each RSD is initialized. The DPLL and
the timers are set, and finally the TIMER 0 interrupt
is enabled.

The main program consists of an iterative do loop within
a do forever loop. The iterative do loop polls each secon-
dary station once through the do loop. The variable
STATION__NUMBER is the counter for the iterative
do statement which is also used as an index to the
array of RSD structures. The primary station issues one
command and receives one response from every secon-
dary station each time through the loop. The first state-
ment in the loop loads the secondary station address,
indexed by STATION__NUMBER into the array of the
RSD structures. Now when the primary sends a com-
mand, it will have the secondary’s address in the
address field of the frame. The automatic address
recognition feature is used by the primary to recognize
the response from the secondary.

Next the main program determines the secondary
stations state. Based on this state, the primary knows
what command to send. If the station is in the
DISCONNECT__S, the primary calls the SNRM.__P

RSD.’ ‘STATION-ADDHESS

STATION-STATE

NS

NR

BUFFER-STATUS

INFO-LENGTH

DATA (0)

DATA (63)

Figure 20-16. Remote Station Database
Structure
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procedure to try and put the secondary in the I__T__
S. If the station state is in the GO__TO__ DISC state,
the DISC__P is called to try and put the secondary in
the L__D__S. If the secondary is in neither one of the
above two states, then it is in the I__T__S. When the
secondary is in the I__T__S, the primary could send one
of three commands: I, RR, or RNR. If the RSD’s
~ buffer has data in it, indicated by INFO__ LENGTH
being greater than zero, and the secondary’s
BUFFER__STATUS equals BUFFER__READY, then
an I frame will be sent. Else if RPB=0, a RR super-
visory frame will be sent. If neither one of these cases
is true, then an RNR will be sent. The last statement
in the main program checks the RPB bit. If set to one,
the BUFFER__TRANSFER procedure is called, which
transfers the data from the SIU receive buffer to the
appropriate RSD buffer.

Receive Time Out

Each time a frame is transmitted, the primary sets a
receive time out timer; Timer 0. If a response is not
received within a certain time, the primary returns to
the main program and continues polling the rest of the
stations. The minimum length of time the primary
should wait for a response can be calculated as the sum
of the following parameters.

1. propagation time to the secondary station
2. clear-to-send time at the secondary station’s DCE

3. appropriate time for secondary station processing
4. propagation time from the secondary station -
5. maximum frame length time

The clear-to-send time and the propagation time are
negligible for a local network at low bit rates. However,
the turnaround time and the maximum frame length
time are significant factors. Using the 8044 secondaries
in the AUTO mode minimizes turnaround time. The
maximum frame length time comes from the fact the
8044 does not generate an interrupt from a received
frame until it has been completely received, and the CRC
is verified as correct. This means that the time-out is
bit rate dependent.

Ns and Nr check Procedures

Each time an I frame or supervisory frame is received,
the Nr field in the control byte must be checked. Since
this data link only allows one outstanding frame, a valid
Nr would satisfy either one of two equations;
Ns(P) + 1 = Nr(S) the I frame previously sent by the
primary is acknowledged, Ns(P) = Nr(S) the I frame
previously sent is not acknowledged. If either one of
these two cases is true, the CHECK__NR procedure
returns a parameter of TRUE; otherwise a FALSE
parameter is returned. If an acknowledgement is
received, the Ns byte in the RSD structure is in-
cremented, and the Information buffer may be cleared.
Otherwise the information buffer remains full.

MAIN PROGRAM

SEND_SNRM SEND_DISC XMIT_I_T_s BUFFER_TRANSFER | |POWER_ON
7
TIME_ouT XMIT RECEIVE TIMER_ O _INT
CHECK_NS CHECK_NR

Flgure 20.17. Block Diagram of Prlmary
Station Software Structure
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-When an I frame is received, the Ns field has to be
checked also. If Nr(P) = Ns(S), then the procedure
returns TRUE, otherwise a FALSE is returned.

Receive Procedure

The receive procedure is called when a supervisory or
information frame is sent, and a response is received
before the time-out period. The RECEIVE procedure
can be broken down into three parts. The first part is
entered if an I frame is received. When an I frame is
received, Ns, Nr and buffer overrun are checked. If
there is a buffer overrun, or there is an error in either
Ns or Nr, then the station state is set to GO__TO__
DISC. Otherwise Nr in the RSD is incremented, the
receive field length is saved, and the RPB bit is set. By
incrementing the Nr field, the I frame just received is
acknowledged the next time the primary polls the secon-
dary with an I frame or a supervisory frame.
Setting RBP protects the received data, and also tells

the main program that there is data to transfer to one
of the RSD buffers.

If a supervisory frame is received, the Nr field is
checked. If a FALSE is returned, then the station state
is set to GO._TO__DISC. If the supervisory frame
received was an RNR, buffer status is set to not ready.
If the response is not an I frame, nor a supervisory
frame, then it must be an Unnumbered frame.

The only Unnumbered frames the primary recognizes
are UA, DM, and FRMR. In any event, the station state
is set to GO__TO_ DISC. However if the frame
received is a FRMR, Nr in the second data byte of the
I field is checked to see if the secondary. acknowledged
an I frame received before it went into the FRMR state.
If this is not done and the secondary acknowledged an
I frame which the primary did not recognize, the
primary transmits, the I frame when the secondary
returns to the I__T__S. In this case, the secondary would
receive duplicate I frames.

20-53



RUPI™.44

APPENDIX A |
8044 SOFTWARE FLOWCHARTS
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POWER-ON-D PROCEDURE

USER-STATE = CLOSED-S

STATION-STATION = DISCONNECT-S

TBS = SIU-XMIT-BUFFER STARTING ADDRESS

RBS = SIU-RECV-BUFFER STARTING ADDRESS

RBL = BUFFER LENGTH

ENABLE SIU RECEIVER: RBE = 1

XMIT-BUFFER-EMPTY = 1

.

RETURN

CLOSE PROCEDURE

AM =0

USER__STATE = CLOSED_S

RETURN

OPEN PROCEDURE

USER__STATE = OPEN_S

RETURN

Figure 20-18. Secondary Station Driver Flow Chart
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XMIT-UNNUMBERED PROCEDURE

[ 7ce = controLavTE |

TRANSMIT PROCEDURE 4

/

USER-STATE =
CLOSED-S

STATUS = USER-STATE-CLOSE

STATION STATE =
DISCONNECT_S

STATUS =
LINK__DISCONNECTED

“XMIT-BUFFER-LENGT!
BUFFER-LENGTH,

STATUS =
QVERFLOW

L XMIT-BUFFER-EMPTY = 0 J
‘ |

l TBL = XMIT-BUFFER-LENGTH ]

|

I I-FRAME-LENGTH -= XMIT-BUFFER-LENGT!ﬂ

[ STATUS = DATA-TRANSMITTED 1
i

t
I RETURN STATUS J

Figure 20-20. Secondary Station Driver Flow Chart
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XMIT-FRMR PROCEDURE

' TCB = FRMR

l

TBS = FRMR-BUFFER (0)

I

TBL=3

FRMR-BUFFER (0) = RCB

FRMR-BUFFERED (1) = NR NS

FRMR-BUFFER (2) = REASON

|

!
STATION-STATE = FRMR-S

SEND FRMR
FRAME

RETURN

Figure 20-21. Secondary Station Driver Flow Chart
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IN-DISCONNECT-STATE PROCEDURE

USER-STATE = OPEN N
AND
RCB = SNRM
| TBL=0 I
v CALL
XMT-UNNUMBERED
rcALL SNRM-RESPONSE | (oM)
| |
RETURN
SNRM-RESPONSE PROCEDURE
I STATION-STATE = I-T-S _ | ,
.
CALL XMIT-UNNUMBERED
(UA)
' XMIT-BUFFER-EMPTY N

FBL = I-FRAME-LENGTH |

RETURN

Figure 20-22. Secondary Station Driver Flow Chart
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IN-FRMR-STATE PROCEDURE

RCB = SNRM
CALL SNRM-RESPONSE
N
RESTORE TBS v .
RCB = DISC
N STATION-STATE
= DISCONNECT-§
SEND
FRMR
RESTORE TBS
N
Y
TBL = 0
_ CALL
XMIT-UNNUMBERED
(UA)

RETURN

Figure 20-24. Secondary Station Driver Flow Chart
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CCOMMAND DECODE PROCEDURE

CALL SNRM-RESPONSE AJ

STATION-STATE
= DISCONNECT-S

<>

CALL XMIT-UNNUMBERED
(a)

G4

RCB = DISC

IF NAME RECEIVED
WHILE RBP = 1

Y KMIT-BUFFER-EMPTY
CALL XMIT-FRMR
(UNKNOWN COMMAND)
RTS, TBF = 1

| RETURN I

CALL
XMT-UNNUMBERED
(TEST)

= RFL

TBS = RBS

CALL XMIT-II;‘NU“BEﬂED

RESTORE

XHIT-BIIFFEGR-EHPTV
=

Y

TBL = TBL-PENDING

Figure 20-25. Secondary Station Driver Flow Chart
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SIU-INT PROCEDURE

STATION-STATE*
= DISCONNECT_S

CALL
IN-DISCONNECT-STATE

STATION-STATE
< I-T-8

I RBE = 1 ]

|

CALL COMMAND-DECODE

USER-STATE CALL XMIT-UNNUMBERED

= CLOSED (REQ-DISC)

CALL XMIT-FRMR

CALL COMMAND DECODE

’—.-

RETURN

.CALL XMIT-FRMR

1

RETURN
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MAIN PROGRAM

| CALL POWER-ON |
|

SEND-DATA
>0

Y

XMIT-BUFFER-EMPTY
=1

LOAD DESTINATION

ADDRESS IN FIRST

BYTE OF SIU-XMIT
BUFFER

LOAD INFORMATION
INTO SIU__XMIT-BUFFER
SIU BUFFER LENGTH
OR FIFO-T EMPTY

|

~

I _ CALL TRANSMIT

OUTPUT MESSAGE
TO TERMINAL
“UNABLE TO GET ON LINE’

Figure 20-27. Application Module Flow Chart
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USART-RECV-INT INTERRUPT PROCEDURE

READ CHAR
FROM USART

/NY
Y / RECEIVE

CALL ERROR

ERRORS

MENU

CALL
CALL FIFO-T-IN
ECHO Y
ON
CALL CO
N
RETURN

Figure 20-28. Application Module Flow Chart
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OUTPUT MENU
TO TERMINAL

|
| = GET-OPTION

MENU PROCEDURE

CALL OUTPUT-MESSAGE
‘ENTER THE STATION ADDRESS:____’

1

CALL GET-HEX
SHIFT TO LEFT BY FOUR P

CALL GET-HEX
OR WITH PREVIOUS
HEX CHAR

LOAD ADDRESS
INTO STAD

CALL OUTPUT-MESSAGE
‘THE NEW STATION ADDRESS:___’

N
RETURN
y N
CALL OPEN
|
i CALL OUTPUT-MESSAGE
RETURN , ‘ENTER THE DESTINATION ADDRESS:___’
T—
CALL GET-HEX
: SHIFT.TO LEFT BY FOUR
N ‘ ]
CALL GET-HEX
OR WITH PREVIOUS
HEX-CHAR
CALL CLOSE LOAD ADDRESS

| : INTO DESTINATION-ADDRESS

RETURN : CALL OUT-MESSAGE
e ‘ “THE NEW DESTINATION ADDRESS IS:_’

] ] N

RETURN ‘ RETURN

Figure 20-29. Application Module Flow Chart
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ERROR PROCEDURE

STATUS =
PARITY ERROR

ERR MESSAGE-PTR
= . PARITY

ERR-MESSAGE-PTR
= . FRAMING

ERR-MESSAGE-PTR
= . OVER-RUN

RESET ERROR FLAGS ON USART

I

ERR-MESSAGE-INDEX = 0

ERROR__FLAG =1

TURN ON TX INTERRUPT

RETURN

Figure 20-30. Application Module Flow Chart
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FIFO-T-OUT PROCEDURE

REMOVE CHAR FROM FIFO-T

BUFFER__

STATUS_T
FULL

ARE THERE
80 BYTES

LEFT IN FIFO

CLEAR TO
SEND .

DISABLE
INTERRUPTS

BUFFER__STATUS_T
= EMPTY

SEND-DATA = 0

ENABLE
INTERRUPTS

BUFFER_STATUS_T = IN_USE

SEND-DATA =
SEND-DATA -1

RETURN CHAR

Figure 20-31. Application Module Flow Chart
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FIFO-T-IN PROCEDURE

INSERT CHAR INTO FIFO-T

NOT CLEAR
TO SEND

i

BUFFER-STATUS-T
= FULL

SEND-DATA

SEND-E:ATA

SEND-DATA
= SEND-DATA + 1

T

BUFFER-STATUS-T
= IN USE

ARE THERE
ONLY 20
BYTES AVAILABLE
IN FIFO

RETURN

Figure 20-32. Application Module Flow Chart
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SIU-RECV PROCEDURE

RECEIVE LENGTH PARAMETER

BUFFER
STATUS R
= FULL

TRANSFER A BYTE FROM
SIU-RECV-BUFFER
INTO FIFO-R-IN

ALL
BYTES
TRANSFERRED

RETURN

Figure 20-33. Application 'Module Flow Chart
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POWER ON

INITIALIZE SIU REGISTERS

FOR EACH STATION
INITIALIZE RSD RECORDS
1. STATION-ADDRESS
2. STATION-STATE = DISCONNECT
3. BUFFER-STATE = BUFFER-NOT-READY
4. INFO-LENGTH = 0

RETURN

Figure 20-34. Primary Station Flow Charts
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{

ADDRESS NEXT STATION
SET STAD

PRIMARY STATION MAIN PROGRAM

STATION-STATE
CALL SEND-SNAM = DISCONNECT_S -
Y
] STATION-STATE
CALL SEND-DISC = GO-TO-DISC
INFO-LENGTH > 0
CALLXMIT_I_T_s M AND
A RANE) REMOTE BUFFER STATUS
= BUFFER-READY
CALL XMIT-I-T-S A
(T-RR)

CALL XMIT_I_T_S
T-RNR

CALL BUFFER-TRANSFER .

Figure 20-35. Primary Station Flow Charts
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SEND-SNRM PROCEDURE

TBL = 0

CALL XMIT
(SNRM)

TIMEOUT

STATION-STATE

|

Ng, Ng, = 0

—
A

RBE = 1

RETURN

SEND-DISC PROCEDURE

TBL =0

CALL XMIT (DISC)

TIME-OUT
" = FALSE AND
RCB = UA OR
RCB = DM

STATION-STATE = DISCONNECT-S
BUFFER-STATUS = BUFFER-NOT-READY

]
1

RBE = 1

RETURN

Figure 20-36. Primary Station Flow Charts
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XMIT-I-T-S PROCEDURE

BUILD CONTROL
FIELD USING EITHER

I, RR, RNR
AND NR AND/OR Ng

|

CALL XMIT (CONTROL-FILED)

Y TIME-OUT
CALL RECEIVE TIME O

NO

RETURN

XMIT PROCEDURE

TCB = CONTROL-BYTE

“TBF = 1, RTS = 1

~ WAIT FOR S INTERRUPT

Sl=0

1

RETURN

Figure 20-38. Primary Station Flow Charts
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BUFFER-TRANSFER PROCEDURE

DESTINATION ADDRESS
FOUND IN RSD

RBP

BUFFER FULL
IN RSD

MOVE DATA FROM
SIU-RECV-BUFFER
TO RSD BUFFER

RBP = 0

RETURN

Figure 20-39. Primary Station Flow Charts
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Ng (P) = Ng (P) + 1

|

IN FO-LE;JGTH

CHECK__ Np PROCEDURE

Ng P)+1= &R (S)

RETURN
FALSE

RETURN

TRUE

) CHECK-Ng PROCEDURE

RETURN
FALSE

RETURN
TRUE

Figure 20-40. Primary Station Flow Charts
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| REMOTE BUFFER-STATUS = BUFFER-READY

CHECK-Ng = TRUE
AND BOV = 0
AND CHECK Ng = TRUE

STATION-STATE
= GO-TO-DISC

RECEIVE-FIELD-LENGTH
= RFL -1

CHECK Np FIELD
FOR ACKNOWLEDGED
| FRAME

= BUFFER-NOT-READY

l

L REMOTE BUFFER STATUS —I

STATION-STATE
= DISCONNECT-S

b, IdNY
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inter ‘ ADVANCE INFORMATION

8044AH/8344AH
HIGH PERFORMANCE 8-BIT MICROCONTROLLER
WITH ON-CHIP SERIAL COMMUNICATION CENTER

B 8044AH — CPU/SIU with Factory Mask Programmable ROM
B 8344AH — An 8044AH used with External Program Memory
B 8744H — An 8044AH with User Programmable/Erasable EPROM

8051 MICROCONTROLLER CORE SERIAL INTERFACE UNIT (SIU)
B Optimized for Real Time Control @ Serial Communication Processor that
12 MHz Clock, Priority Interrupts, Operates Concurrently to C.P.U.

32 Programmable 1/0 lines. .

Two 16-bit Timer/Counters W 2.4 Mbps Maximum Data Rate

B Boolean Processor B 375 Kbps using On-Chip Phase
Locked Loop

W 4K x 8 ROM, 192 x 8 RAM B Communication Software in Silicon:

B 64K Accessible External Program — Complete Data Link Functions
Memory ' — Automatic Station Responses
M 64K Accessible External Data Memory B Operates as an SDLC Primary or

B 4 ;s Multiply and Divide Secondary Station

The RUPI-44 family integrates a high performance 8-bit Microcontroller, the Intel 8051 Core, with an
intelligent/high performance HDLC/SDLC serial communication controller, called the Serial Interface
Unit (SIU). See Figure 1. This dual architecture allows complex control and high speed data communica-
tion functions to be realized cost effectively.

Specifically, the 8044’s Microcontroller features: 4K byte On-Chip program memory space; 32 /O lines;
two 16-bit timer/event counters; a-5-source; 2-level interrupt structure; a full duplex serial channel; a
Boolean processor; and on-chip oscillator and clock circuitry. Standard TTL and most byte-oriented
MCS-80 and MCS-85 peripherals can be used for I/O and memory expansion.

The Serial Interface Unit (SIU) manages the interface to a high speed serial link. The SIU offloads the
On-Chip 8051 Microcontroller of communication tasks, thereby freeing the CPU to concentrate on real
time control tasks.

The RUPI-44 family consists of the 8044, 8744, and 8344. All three devices are identical except in respect
of on-chip program memory. The 8044 contains 4K bytes of mask-programmable ROM. User program-
mable EPROM replaces ROM in the 8744. The 8344 addresses all program memory externally.

The RUPI-44 devices are fabricated with Intel’s reliable +5 volt, silicon-gate HMOSII technology and
packaged in a 40-pin DIP. )

8044's Dual Controller Architecture

Contrci_ L HDLC/
Lines 8051 : ;
-1 Micro- 2-port Slu. | =t=sbLC
:_’: controller RAM port

Figure 1. Dual Controller Architecture
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ADVANGCE INFORMATION

Table 1. RUPI™ -44 Family Pin Description

VSsS ' )
Circuit ground potential.

vce
+56V power supply during  operation and program
verification. .

PORT 0

Port 0 is an 8-bit open drain bidirectional I/0 port. It is
also the multiplexed low-order address and data bus
when using external memory. It is used for data output
during program verification. Port O can sink/source eight
LS TTL loads.

PORT 1

Port 1 is an 8-bit quasi-bidirectional /O port. It is used for
the low-order- address byte during program verification.
Port 1 can sink/source four LS TTL loads.

In non-loop mode two of the I/O lines serve alternate

functions:

—RTS (P1.6). Request-to-Send output. A low mdlcates
that the RUPI-44 is ready to transmit.

—CTS (P1.7) Clear-to-Send input. A low indicates that a
receiving station is ready to receive.

PORT 2

Port 2 is an 8-bit quasi-bidirection 1/O port. It also emits
the high-order address byte when accessing external
memory. It is used for the high-order address and the
control signals during program verification. Port 2 can
sink/source four LS TTL loads.

PORT 3 i

Port 3 is an 8-bit quasi-bidirectional I/O port. It also
contains the interrupt, timer, serial port and RD and
WR pins that are used by various options. The output
latch corresponding to a secondary function must be pro-
grammed to a one (1) for that function to operate. Port 3
can sink/source four LS TTL loads.

In addition to I/0, some of the pins also serve alternate

functions as follows:

—1/0 RxD (P3.0). In point-to-point or multipoint configura-
tions, this pin controls the direction of pin P3.1. Serves
as Receive Data input in loop and diagnostic modes.

—DATA TxD (P3.1) In point-to-point or multipoint con-
figurations, this pin functions as data input/output. In
loop mode, it serves as transmit pin. A ‘0’ written to
this pin enables diagnostic mode.

—INTO (P3.2). Interrupt 0 input or gate control input for
counter 0.

—IiNT1 (P3.3). Interrupt 1 input or gate control input for
counter 1. -

—TO(P3.4). Input to counter 0.

. ches all instructions from external Program Memory.
. The pin also receives the 21V EPROM programmmg sup-

—SCLK T1 (P3.5). In addition to I/O, this pin provides in-
put to counter 1 or serves as SCLK (serial clock) input.

—WR (P3.6). The write control signal latches the data
byte from Port 0 into the External Data Memory.

—RD (P3.7). The read control signal enables External
Data Memory to Port 0. .

RST/VPD

A high level on this pin resets the RUPI-44. A small inter-
nal pulldown resistor permits power-on reset using only a
capacitor connected to VCC. If VPD is held within its
spec while VCC drops below spec, VPD will provide
standby power to the RAM. When VPD is low, the RAM’s
current is drawn from VCC.

ALE/PROG

Provides Address Latch Enable output used for latching | .
the address into external memory during normal opera-
tion. It is activitated every six oscillator periods except
during an external data memory access. It also receives
the program pulse input for programming the EPROM
version.

PSEN

The Program Store Enable output is a control signal
that enables the external Program Memory to the bus
during external fetch operations. It is activated every
six oscillator periods, except during external data
memory accesses. Remains high during mternal pro-
gram execution.

EAIVPP

When held at a TTL hlgh level, the RUPI-44 executes in-
structions from the internal ROM when the PC is less
than 4096. When held at a TTL low level, the RUPI-44 fet-

ply voitage on the 8744.

XTAL 1

Input to the oscillator's' high gain amplifier. Required
when a crystal is used. Connect to VSS when external
source is used on XTAL 2.

XTAL 2

Output from the oscillator’s amplifier. Input to the inter-
nal timing circuitry. A crystal or external source can be
used.
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RSTIVPD
. VSS vcC ‘
v ]
XTALY e > % Pro(]! wbwc
) il hiall K P11 ]2 39[]P0.0 ADO
> Je» | I P1.2[]3 38[)P0.1 ADY
[ —lad> | o -
XTALZ Dy PGy ¢ P1i[]a 7[po2 AD2
le> > e @ Pra(]s 36 [)P0.3 AD3
il had F P15[]6 35 )P0.4 AD4
EA./VPP —pd > Ja>. 8 RTS P16(]7 3a[)P0.S ADS
<> ) < &S pi7( |8 33[ P06 ADE
PSEN <— s
| <> RST VPD( ]9 soas 2 P07 AD7
ALE/PROG <-—] 23:} ol § vo Axo Pao(jro .. NLIER wvep
8744 > & DATA TXD P31[ | n o744 30 [JALE PROG
il INTO P32(]12 29| PSEN
" - J<_ 2;: INT1 P33( |13 8[P27 At5
5 WO RXD— <> <> W — To P34[ |14 27 )P26 A4
S OATA TXDw— | ] e 11— ], SCLK T1 Pas[]15 26 E} P25 A13
z '%:_“-’ - - i md B WR P36(]1s 5[1P24 A12
S INTI =} <> il @ ¥ RO Par( |17 2a] Jp23 AN
@ TO— O -1 e f—> fu
] sck - % | > " § XTAL2( |18 23[]P22 A10
3 WRe—| = - —» |« XTAL1[ ] 19 22[)P21 A9
Q RD -— e ) —>. vss|[]20 21[]p20 a8
w
Figure 2. Figure 3. Pin
Logic Symbol Configuration
FREQUENCE
REFERENCE
|| osew 4096 BYTES 192 BYTES siu ld———— DATA
LATOR PROGRAM OVAL PORT (SERIAL
| & MEMORY . RAM INTERFACE |+ o 0
TIMING (8044 & 8744) UNIT) HDLC/SDLC
| | SERIAL
* ? ] [ j\[ | COMMUNICATIONS
| 8051 A
l T . Alyl Jyl I
I 64K-BYTE BUS TWO 16-BIT |
[ EXPANSION b PROGRAMMABLE TIMER EVENT |
CONTROL 110 COUNTERS
| INTERRUPTS j I
INTERRUPTS CONTROL PARALLEL PORTS COUNTERS
ADDRESS DATA BUS
AND 1/0 PINS
Figure 4.

Block Diagram
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\Functibnal Description
General

The 8044 integrates the powerful 8051 microcontroller
with an intelligent Serial Communication Controller
to provide a single-chip solution which will efficiently
implement a distributed processing or distributed
control system. The microcontroller is a self-sufficient
unit containing ROM, RAM, ALU, and its own
peripherals. The 8044’s architecture and instruction
set are identical to the 8051’s. The 8044 replaces the
8051’s serial interface with an intelligent SDLC/HDLC
Serial Interface Unit (SIU). 64 more bytes of RAM
have been added to the 8051 RAM array. The SIU
can communicate at bit rates up to 2.4 M bps. The
SIU works concurrently with the Microcontroller so
that there is no throughput loss in either unit. Since
the SIU possesses its own intelligence, the CPU is
off-loaded from many of the communications tasks,
thus dedicating more of its computing power to con-
trolling local peripherals or some external process.

The Microcontroller

The microcontroller is a stand-alone high-
performance single-chip computer intended for
use in sophisticated real-time application such as
instrumentation, industrial control, and intelligent
computer peripherals.

The major features of the microcontroller are:
8-bit CPU

on-chip oscillator

4K bytes of ROM

192 bytes of RAM

32 1/0 lines

64K address space for external Data Memory

64K address space for external Program
Memory

two fully programmable 16-bit timer/counters
a five-source interrupt structure with two priori-
ty levels

m bit addressability for Boolean processing

m 1pusec instruction cycle time for 60% of the in-
structions 2 usec instruction cycle time for
40% of the instructions

4 usec cycle time for 8 by 8 bit unsigned
Multiply/Divide

Internal Data Memory

Functionally the Internal Data Memory is the most
flexible of the address spaces. The Internal Data
Memory space is subdivided into a 256-byte Internal
Data RAM address space and a 128-byte Special
Function Register address space as shown in Figure
5.

The Internal Data RAM address space is 0 to 255.
Four 8-Register Banks occupy locations 0 through 31.
The stack can be located anywhere in the Internal
Data RAM address space. In addition, 128 bit loca-
tions of the on-chip RAM are accessible through
Direct Addressing. These bits reside in Internal Data
RAM at byte locations 32 through 47. Currently loca-
tions 0 through 191 of the Internal Data RAM address
space are filled with on-chip RAM. :

SPECIAL
FUNCTION
REGISTERS
—
255255 248 :B: -
0|
EBH <J
EOH <
DBH ~=—
RAM DOH ~<—|
<—| ADDRESS-
—— i
191 \ BITSIN
B8H < SFRs
BOH <—{ (128 BITS)
ABH ~—
INDIRECT
ADDRESS- AOH <~
ING 98H «—
90H «—|
88H <
128135 120 80K <
DIRECT
27 }ADDHESS-
48
ADDRESS- , 48
ABLE 127 120|
BITSIN
(1F25 BITS) > 2 % S
) 2 :; BANK 3
~Ir7 P
16 [ro BANK2
REGISTERS { — to————
8 |mo BANK1
T [R7
o |ng BANKO
— ~ A - _ 4
INTERNAL  SPECIAL FUNCTION
DATARAM  REGISTERS

Figure 5. Internal Data Memory
Address Space

Parallel 1/0

The 8044 has 32 general-purpose /O lines which
are arranged into four groups of eight lines. Each
group is called a port. Hence there are four ports;
Port 0, Port 1, Port 2, and Port 3. Up to five lines
from 1 and Port 2 are dedicated to supporting the
serial channel when the SIU is invoked. Due to
the nature of the serial port, two. of Port 3's 1/O
lines (P3.0 and P3.1) do not have latched outputs.
This is true whether or not the/serial channel is

~ used.
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Table 1. MCS®-51 Instruction Set Description

ARITHMETIC OPERATIONS LOGICAL OPERATIONS (CONTINUED)
Mnemonic Description Byte Cyc Mnemonic Destination Byte Cyc
ADD ARn Add register to ORL A @Ri OR indirect RAM to
Accumulator 1 1 Accumulator 1 1
ADD  Adirect Add direct byte to ORL A #data OR immediate data to
Accumulator 2 1 Accumulator 2 1
ADD A @Ri Add indirect RAM to ORL  direct,A OR Accumulator to
Accumulator 1 1 direct byte 2 1
ADD A tdata Add immediate data to ORL  direct,#data OR immediate data to
Accumulator 2 1 direct byte 3 2
ADDC ARn Add register to XRL ARn Exclusive-OR register to
Accumulator with Carry 1 1 Accumulator 1 1
ADDC A, direct Add direct byte to A XRL A.direct Exclusive-OR direct
with Carry flag 2 1 byte to Accumulator 2 1
ADDC A @Ri Add indirect RAM to A XRL A @Ri Exclusive-OR indirect
with Carry flag 1 1 RAMto A 1 1
ADDC A, #data Add immediate data to XRL A #data Exclusive-OR
A with Carry flag 2 1 immediate data to A 2 1
SuBB ARn Subtract register from A XRL direct,A Exclusive-OR Accumu-
with Borrow 1 1 - lator to direct byte 2 1
SUBB A.direct Subtract direct byte XRL direct,#data  Exclusive-OR im-
from A with Borrow ‘2 1 mediate data to direct
SUBB A,@Ri Subtract indirect RAM CLR A Clear Accumulator 1 1
from A with Borrow 1 1 CPL A Complement
SUBB A #data Subtract immed data Accumulator 1 1
from A with Borrow 2 1 RL A Rotate Accumulator Left 1 1
INC A Increment Accumulator 1 1 RLC A Rotate A Left through
INC Rn Increment register 1 1 the Carry flag 1 1
INC direct Increment direct byte 2 1 RR A Rotate Accumulator
INC @Ri Increment indirect RAM 1 1 Right 1 1
INC DPTR Increment Data Pointer 1 2 RRC A Rotate A Right through
DEC A Decrement Accumulator 1 1 Carry flag 1 1
DEC Rn ‘Decrement register 1 1 SWAP A Swap nibbles within the
DEC  direct A Decrement direct byte 2 1 Accumulator 1 1
DEC (@Ri Decrement indirect
RAM 1 1 DATA TRANSFER
MUL  AB M.”'.t'p lyA&B 1 4 Mnemonic Description Byte Cyc
DIV AB Divide A by B 14 MOV  ARn Move register to
DA A Decimal Adjust Accumulator 1 1
’ Accumulator L MOV  A.direct Move direct byte to
Accumulator 2 1
LOGl*CAI.' OPERATIONS MOV A @Ri Move indirect RAM to
Mnemonic Destination Byte Cyc Accumulator 1 1
ANL  ARn AND register to MOV A #data Mov immediate data to
Accumulator 1 1 Accumulator 2 1
ANL  A.direct AND direct byte to MOV  Rn,A Move Accumulator to
Accumulator 2 1 register . 1 1
ANL A @Ri AND indirect RAM to MOV  Rn,direct Move direct byte to
Accumulator 1 1 register . 2 2
ANL  A,#data AND immediate data to MOV  Rn,#data Move immediate data to
Accumulator 2 1 register 2 1
ANL  direct,A AND Accumulator.to MOV  direct,A Move Accumulator to
direct byte : 2 1 direct byte 2 1
ANL  direct#data - AND immediate datato MOV  direct,Rn Move register to direct
direct byte 3 2 T byte 2 2
ORL ARn OR register to MOV  direct,direct Move direct byte to
Accumulator 1 1 X direct 3 2
ORL  Adirect OR direct byte to MOV  direct,@Ri Move indirect RAM to )
Accumulator 2 1 direct byte 2 2
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Table 1. (Cont.) _

DATA TRANSFER (CONTINUED)
Mnemonic

MOV
MoV
MOV
MoV
Mov
MOVC
MOVC
MOVX
MOVX
MOVX
MOVX
PUSH
POP
XCH
XCH
XCH

XCHD

direct,#data
@Ri,A
@Ri,direct

@Ri,#data

Description

Move immediate data to
direct byte

Move Accumulator to
indirect RAM ,

Move direct byte to
indirect RAM

Move immediate data to
indirect RAM

DPTR,#data16 Load Data Pointer with

A @A+DPTR
A,@A+PC
A @Ri
A,@DPTR
@Ri,A
@DPTRA
direct
direct
ARn

A direct

A @Ri

A@Ri

a 16-bit constant

Move Code byte relative
toDPTRto A :
Move Code byte relative
toPCto A

Move External RAM (8-
bit addr) to A

Move External RAM (16-
bit addr) to A

Move A to External RAM

(8-bit addr)

Move A to External RAM
(16-bit addr)

Push direct byte onto
stack ’
Pop direct byte from
stack

Exchange register with
Accumulator

Exchange direct byte
with Accumulator
Exchange indirect RAM
with A

Exchange low-order
Digitind RAM w A

BOOLEAN VARIABLE MANIPULATION

Mnemonic
CLR C
CLR  bit
SETB C
SETB bit
CPL (o}
CPL bit
ANL  C,bit
ANL  C,/bit
ORL  C/bit
ORL  C/bit
MOV C//bit
MOV  bit,C

Description

Clear Carry flag

Clear direct bit

Set Carry flag

Set direct Bit
Complement Carry flag
Complement direct bit
AND direct bit to Carry
flag

AND complement of
direct bit to Carry

OR direct bit to Carry
flag

OR complement of
direct bit to Carry
Move direct bit to Carry
flag

Move Carry flag to
direct bit

Byte Cyc
i
3 2
1 1
2 2
2 1
3 2
1 2
1 2
1 2
1 2
1 2
1 2
2 2
2 2
1 1
2 1
-1 1
1 1

Byte Cyc
1 1
2 1
1 1
2 1
1 1
2 1
2 2
2. 2
2 2
2 2
2 1
2 2

'PROGRAM AND MACHINE CONTROL

Mnemonic Description Byte Cyc
ACALL addr11 Absolute Subroutine

Call 2
LCALL addr16 Long Subroutine Call 3 2
RET Return from subroutine 1 2
RETI Return from interrupt 1 2
AJMP addri1 Absolute Jump 2 2
LJMP addr16 Long Jump 3 2
SJMP rel + Short Jump (relative

addr) - 2 2
JMP  @A+DPTR  Jump indirect relative to

the DPTR 1 2
Jz rel Jump if Accumulator is

Zero 2 2
JNZ rel Jump if Accumulator is

Not Zero 2 2
JC rel Jump if Carry flag is set 2 2
JNC  rel Jump if No Carry flag 2 2
JB bit,rel Jump if direct Bit set 3 2
JNB  bit,rel Jump if direct Bit Not

set 3 2
JBC bit,rel Jump if direct Bit is set

& Clear bit 3 2
CJNE A.direct,rel Compare directto A &

Jump if Not Equal 3 2
CJNE A, #datarel Comp,immed,to A& ~

Jump if Not Equal 3 2
CJNE Rn,#data,rel Comp,immed, toreg &

- Jump if Not Equal 3 2

CJNE @Ri,#data,rel Comp,immed, to ind, &

Jump if Not Equal 3 2
DJNZ Rnyrel Decrement register &

Jump if Not Zero 2 2
DJNZ direct,rel Decrement direct &

Jump if Not Zero 3
NOP No operation 1 1

Notes on data addressing modes:

Rn —Working register RO-R7 .

direct —128internal RAM locations, any I/0 port,
control or status register

@Ri —Indirectinternal RAM location addressed by
register RO or R1

#data —8-bit constant included ininstruction

#data16 —16-bit constant included as bytes 2 & 3 of
instruction

bit —128 software flags, any 1/0 pin, control or
status bit

Notes on program addressing modes:
addr16 —Destination address for LCALL & LUMP may
be anywhere within the 64-K program
memory address space
—Destination address for ACALL & AJMP will be
within the same 2-K page of program
memory as the first byte of the following
instruction .
rel —SJMP and all conditional jumps include an 8-
bit offset byte, Range is +127-128 bytes relative
to first byte of the following instruction

All mnemonics copyrighted © Intel Corporation 1979
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Port 0 and Port 2 also have an alternate dedicated
function. When placed in the external access
mode, Port 0 and Port 2 become the means by
which the 8044 communicates with external pro-
gram memory. Port 0 and Port 2 are also the
means by which the 8044 communicates with ex-
ternal data memory. Peripherals can be memory
mapped into the address space and controlled by
the 8044.

Timer/Counters

The 8044 contains two 16-bit counters which can
be used for measuring time intervals, measuring
pulse widths, counting events, generating precise
periodic interrupt requests, and clocking the serial
communications.. Internally the Timers are clocked
at 1/12 of the crystal frequency, which is the instruc-
tion cycle time. Externally the counters can run up
to 500 KHz.

Interrupt System

External events and the real-time driven on-chip
peripherals require service by the CPU asyn-
chronous to the execution of any particular sec-
tion of code. To tie the asynchronous activities of
these functions to normal program execution, a
sophisticated multiple-source, two priority level,
nested interrupt system is provided. Interrupt
response latency ranges from 3 usec to 7 ysec
when using a 12 MHz clock.

All five interrupt sources can be mapped into one
of the two priority levels. Each interrupt source
can be enabled or disabled individually or the en-
tire interrupt system can be enabled or disabled.
The five interrupt sources are: Serial Interface
Unit, Timer 1, Timer 2, and two external interrupts.
The external interrupts can be either level or edge
triggered.

Serial Interface Unit (SIU)

The Serial Interface Unit is used for HDLC/SDLC
communications. It handles Zero Bit Inser-

tion/Deletion, Flags, automatic address recogni--

tion, and a 16-bit cyclic redundancy check. In ad-
dition it implements in hardware a subset of the
SDLC protocol such that it responds to many
SDLC frames without CPU intervention. In certain
applications it is advantageous to have the CPU
control the reception or transmission of every
single frame. For this reason the SIU has two modes
of operation: “AUTO’’ and “‘FLEXIBLE"’ (or ‘“‘NON-
AUTO”). It is in the AUTO mode that the SIU
responds to SDLC frames without CPU intervention;
whereas, in the FLEXIBLE mode the reception or
transmission of every single frame will be under CPU
control.

There are three control registers and eight parameter
registers that are used to operate the serial inter-
face. These registers are shown in Figure 5 and
Figure 6. The control registers set the modes of
operation and provide status information. The eight
parameter registers buffer the station address, receive
and transmit control bytes, and point to the on-chip
transmit and receive buffers.

Data to be received or transmitted by the SIU must
be buffered anywhere within the 192 bytes of on-
chip RAM. Transmit and receive buffers are not
allowed to “wrap around” in RAM; a “‘buffer end”
is generated after address 191 is reached.

AUTO Mode

In the AUTO mode the SIU implements in hard-
ware a subset of the SDLC protocol such that it
responds to many SDLC frames without CPU in-
tervention. All AUTO mode responses to the
primary station will conform to IBM’s SDLC defini-
tion. The advantages of the AUTO mode are that
less software is required to implement a secondary
station, and the hardware generated response to polls
is much faster than doing it in software. However, the
Auto mode can not be used at a primary station.

To transmit in the AUTO mode the CPU must load
the Transmit Information Buffer, Transmit Buffer
Start register, Transmit Buffer Length register,
and set the Transmit Buffer Full bit. The SIU
automatically responds to a poll by transmitting
an information frame with the P/F bit in the con-
trol field set. When the SIU receives a positive
acknowledgement from the primary station, it
automatically increments the Ns field in the NSNR
register and interrupts the CPU. A negative acknow-
ledgement would cause the SIU to retransmit the
frame.

To receive in the AUTO mode, the CPU loads the
Receive Buffer Start register, the Receive Buffer
Length register, clears the Receive Buffer Protect
bit, and sets the Receive Buffer Empty bit. If the
SIU is polled in this state, and the TBF bit in-
dicates that the Transmit Buffer is empty, an
automatic RR response will be generated. When a
valid information frame is received the SIU will
automatically increment Nr in the NSNR register

. and interrupt the CPU.

While in the AUTO mode the SIU can recognize
and respond to the following commands without
CPU intervention: | (Information), RR (Receive
Ready), RNR (Receive Not Ready), REJ (Reject),
and UP (Unnumbered Poll). The SIU can generate
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SYMBOLIC BYTE

REGISTER NAMES ADDRESS BIT ADDRESS ADDRESS

— A e A
B REGISTER B 247 through - 240 | 240 (FOH)
ACCUMULATOR ACC 231 through 224 | 224 (EOH)
*THREE BYTE FIFO FIFO 223 (DFH)

FIFO 222 (DEM)

FIFO ——— ] 221 (DDH)
TRANSMIT BUFFER START T8S 220 (DCH)
TRANSMIT BUFFER LENGTH TBL 219 (DBH)
TRANSMIT CONTROL BYTE TCB 218 (DAH)
* SIU STATE COUNTER SIUST 217 (D9H)
SEND COUNT RECEIVE COUNT NSNR 223 through 216 | 216  (DBH) «—|
PROGRAM STATUS WORD PSW 215 through 208 | 208  (DOH) «—
*DMA COUNT DMA CNT 207 - (CFH)
STATION ADDRESS STAD 206 (CEH)
RECEIVE FIELD LENGTH RFL . 205 (CDH)
RECEIVE BUFFER START RBS 204 (CCH)
RECEIVE BUFFER LENGTH RBL 203 (CBH) SFR's CONTAINING
RECEIVE CONTROL BYTE RCB 202 (CAH) " [ DIRECT ADDRESSABLE BITS
SERIAL MODE . SMD 201 (CH)
STATUS REGISTER sTS 207 ___through 200 | 200 (C8H) «— o
INTERRUPT PRIORITY CONTROL P 19 through 84 | 184 (BBH) —
PORT 3 P3 8: through 76 | 176  (BOH) «—|
INTERRUPT ENABLE CONTROL IE 7 through 68 | 168 (ABH) «— |
PORT 2 P2 6 through 60 160 (AOH) «—
PORT 1 P1 . 5 C'Fr_gﬁogg_ 44 | 144 (90H) «— ]
TIMER HIGH 1 TH1 141 (8DH)
TIMER HIGH 0 THO 140  (8CH)
TIMER LOW 1 TLt 139 (8BH)
TIMER LOW 0 TLO . 138 (8AH)
TIMER MODE T™OD - 137 (89H)
TIMER CONTROL TCON 143 through 136 | 136 (88H) «— |
DATA POINTER HIGH DPH 131 (83H)
DATA POINTER LOW DPL 130 (82H) '
STACK POINTER sP 129 (81H)
PORT 0O PO 135 through 128 128 (80H) <*——

*ICE Support Hardware registers. Under normal operalmg condmuns there
is no need for the CPU to access these registers.
1

Figure 5. Mapping of Special Function registers

SERIAL MODE REGISTER (SMD) [SCM2 | scM1 [ scMo [ NRzi [LoorP | PFS | NB [ NFCs]

[ NO FRAME CHECK SEQUENCE
NON-BUFFERED

PRE-FRAME SYNC

LOOP

NON RETURN TO ZERO INVERTED
SELECT CLOCK MODE

STATUS REGISTER(STS) [ TBF | RBE | RTS | SI | BOV | oPpB | AM | RBP |

L RECEIVE BUFFER PROTECT

AUTO MODE/ADDRESSED MODE
OPTIONAL POLL BIT

RECEIVE INFORMATION BUFFER OVERRUN
SERIAL INTERFACE UNIT INTERRUPT
REQUEST TO SEND

RECEIVE BUFFER EMPTY ‘
TRANSMIT BUFFER FULL

SEND COUNT RECEIVE

COUNT REGISTER (NsNR) [ NSZ | Ns1 | Nso | SES | NR2 | NRi | NRO | SER
L | [ L SEQUENCE ERROR RECEIVED
RECEIVE SEQUENCE COUNTER
SEQUENCE ERROR SEND
SEND SEQUENCE COUNTER

Figure 6. Serial Interface Unit Control registers
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the following responses without CPU interven-
tion: | (Information), RR (Receive Ready), and RNR
(Receive Not Ready).

When the Receive Buffer Empty bit (RBE) in-
dicates that the Receive Buffer is empty, the
receiver is enabled, and when the RBE bit in-
dicates that the Receive Buffer is full, the receiver
is disabled. Assuming that the Receive Buffer is
empty, the SIU will respond to a poll with an |
frame if the Transmit Buffer is full. If the Transmit

Frame Format Options

In addition to the standard SDLC frame format,
the 8044 will support the frames displayed in
Figure 7. The standard SDLC frame is shown at
the top of this figure. For the remaining frames

. the information field will incorporate the control

Buffer is empty, the SIU will respond to a poll -

with a RR command if the Receive Buffer Protect
bit (RBP) is cleared, or an RNR command if RBP is
set.

FLEXIBLE (or NON-AUTO) Mode

In the FLEXIBLE mode all communications are under
control of the CPU. It is the CPU’s task to encode
and decode control fields, manage
acknowledgements, and adhere to the requirements
of the HDLC/SDLC protocols. The 8044 can be used
as a primary or a secondary station in this mode.

To receive a frame in the FLEXIBLE mode, the CPU
must load the Receive Buffer Start register, the
Receive Buffer Length register, clear the Receive Buf-
fer Protect bit, and set the Receive Buffer Empty bit.
If a valid opening flag is received and the address
field matches the byte in the Station Address register
or the address field contains a broadcast address, the
8044 loads the control field in the receive control byte
register, and loads the | field in the receive buffer.
If there is no CRC error, the SIU interrupts the CPU,
indicating a frame has just been received. If there is
a CRC error, no interrupt occurs. The Receive Field
Length register provides the number of bytes that
were received in the information field.

To transmit a frame, the CPU must load the transmit
information buffer, the Transmit Buffer Start register,
the Transmit Buffer Length register, the Transmit

Control Byte, and set the TBF and the RFS bit. The-

SIU, unsolicited by an HDLC/SDLC frame, will
transmit the entire information frame, and interrupt
the CPU, indicating the completion of transmission.
For supervisory frames or unnumbered frames, the
transmit buffer length would be 0.

CRC

The FCS register is initially set to all 1’s prior to
calculating the FCS field. The SIU will not interrupt
the CPU if a CRC error occurs (in both AUTO and
FLEXIBLE modes). The CRC error is cleared upon
receiving of an opening flag.

21-9

or address bytes and the frame check sequences;
therefore these fields will be stored in the
Transmit and Receive buffers. For example, in the
non-buffered mode the third byte is treated as the
beginning of the information field. In the non-
addressed mode, the information field begins after
the opening flag. The mode bits to.set the frame
format options are found in the Serial Mode
register and the Status register.

EXTENDED ADDRESSING

To realize an extended control field or an extended
address field using the HDLC protocol, the FLEXI-
BLE mode must be used. For an extended control
field, the SIU is programmed to be in the non-buffered
mode. The extended control field will be the first and
second bytes in the Receive and Transmit Buffers.
For extended addressing the SIU is placed in the non-
addressed mode. In this mode the CPU must imple-
ment the address recognition for received frames. The
addressing field will be the initial bytes in the Transmit
and Receive buffers followed by the control field.

The SIU can transmit and receive only frames which
are multiples of 8 bits. For frames received with other
than 8-bit multiples, a CRC error will cause the SIU
to reject the frame.

SDLC Loop Networks

The SIU can be used in a ADLC loop as a secondary
or primary station. When the SIU is placed in the Loop
mode it receives the data on pin 10 and transmits the
data one bit time delayed on pin 11. It can also
recognize the Go ahead signal and change it into a
flag when it is ready to transmit. As a secondary sta-
tion the SIU can be used in the AUTO or FLEXIBLE
modes. As a primary station the FLEXIBLE mode is
used; however, additional hardware is required for
generating the Go Ahead bit pattern. In the Loop
mode the maximum data rate is 1 Mbps clocked or
375 Kbps self-clocked.

SDLC Multidrop Networks

The SIU can be used in a SDLC non-loop configura-
tion as a secondary or primary station. When the SIU
is placed in the non-loop mode, data is received and
transmitted on pin 11, and pin 10 drives a tri-state
buffer. In non-loop mode, modem interface pins, RTS
and CTS, become available.
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FRAME OPTION NFCS NB AM' FRAME FORMAT
Standard SDLC 0 (1] 0 F|lA] C I FCS| F
NON-AUTO Mode I I r J I l I
Standard SDLC 0 0 1 Lefalcl 1 |Fcs] F ]
AUTO Mode -
Non-Butfered Mode 0 1 1 [rlal 1 lres] F |
NON-AUTO Mode
Non-Addressed Mode 0 1 0 Lel ] [res] F ]
NON-AUTO Mode
No FCS Field 1 0 0 [FTaTcl ! [F]
NON-AUTO Mode
No FCS Fleld 1 0 1 [FTalc] 1 I
AUTO Mode
No FCS Field 1 1 1 [ETal 1 [e]
Non-Buffered Mode
NON-AUTO Mode
Non-Addressed Mode
NON-AUTO Mode
Mode Bits:

AM  — “AUTO” Mode/Addressed Modo

NB  — Non-Buffered Mode

NFCS — No FCS Field Mode
Key to Abbreviations:

F = Flag (01111110) | = Information Field

A = Address Field FCS = Frame Check Sequence

C = Control Field
Note 1: The AM bit function is controlled by the NB bit. When NB = 0, AM becomes AUTO mode select,

when NB = 1, AM becomes Address mode select.

Figure 7. Frame Format Options

Data Clocking Options

The 8044’s serial port can operate in an externally .

clocked or self clocked system. A clocked system pro-
vides to the 8044 a clock synchronization to the data.
A self-clocked system uses the 8044’s on-chip Digital
Phase Locked Loop (DPLL) to recover the clock from
the data, and clock this data into the Serial Receive
Shift Register.

In this mode, a clock synchronized with the data is
externally fed into the 8044. This clock may be
generated from an External Phase Locked Loop, or
possibly supplied along with the data. The 8044 can
transmit and receive data in this mode at rates up to
2.4 Mbps.

This self clocked mode allows data transfer without
a common system data clock. An on-chip Digital
Phase Locked Loop is employed to recover the data
clock which is encoded in the data stream. The DPLL
will converge to the nominal bit center within eight

bit transitions, worst case. The DPLL requires a
reference clock of either 16 times (16x) or 32 times
(32x) the data rate. This reference clock may be ex-
ternally applied or internally generated. When inter-
nally generated either the 8044’s internal logic clock
(crystal frequency divided by two) or the timer 1
overflow is used as the reference clock. Using the in-
ternal timer 1 clock the data reates can vary from 244
to 62.5 Kbps. Using the internal logic clock at a 16x
sampling rate, receive data can either be 187.5 Kbps,
or 375 Kbps. When the reference clock for the DPLL
is externally applied the data rates can vary from 0
to 375 Kbps at a 16x sampling rate.

To aid in a Phase Locked Loop capture, the SIU has
a NRZI (Non Return to Zero Inverted) data encoding
and decoding option. Additionally the SIU has a pre-
frame sync option that transmits two bytes of alter-
nating 1’s and 0’s to ensure that the receive station
DPLL will be synchromzed with the data by the time
it receives the opening flag.

21-10
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Control and Status Registers SCM Data Rate
There are three SIU Control and Status Registers: 2 1 0 Clock Mode (Bits/sec)*
Serial Mode Register (SMD) : 0 1 :e::: c:oc::eg, externallf32xd (;;;i?.SK
: 1 0 elf clocked, internal fixe
c .
Status/Command Register (STS) 1 1 1 Self clocked, internal fixed 187.5k

Send/ Receiv_c Count Register (NSNR)

The SMD, STS, and NSNR registers are all cleared by
system reset. This assures that the SIU will power up in
an idle state (neither receiving nor transmitting).

These registers and their bit assignments are
described below.

SMD: Serial Mode Register (byte-addressable)
Bit: 7 6 s 4 3 2 1 0
[scM2[scM1 [sCcMo|NRZI[LOOP|PFS|NB[NFCS]

The Serial Mode Register (Address C9H) selects the
operational modes of the SIU. The 8044 CPU can both
read and write SMD. The SIU can read SMD but can-
not write to it. To prevent conflict between CPU and
SIU access to SMD, the CPU should write SMD only
when the Request To Send (RTS) and Receive Buffer
Empty (RBE) bits (in the STS register) are both false
(0). Normally, SMD is accessed only during
initialization.

The individual bits of the Serial Mode Register are as
follows:

Bit # Name Description

SMD.00 NFCS No FCS field in the SDLC frame.

SMD.1 NB Non-Buffered mode. No control
field in the SDLC frame.

SMD.2 PFS Pre-Frame Sync mode. In this
mode, the 8044 transmits two bytes
before the first flag of a frame, for
DPLL synchronization. If NRZI is
enabled, O0H is sent; otherwise,
55H is sent. In either case, 16 pre-
frame transitions are guaranteed.

SMD.3 LOOP Loop configuration.

SMD.4 NRZI NRZI coding option.

SMD.5  SCMO Select Clock Mode — Bit 0

SMD.6 SCM1 Select Clock Mode — Bit 1

SMD.7  SCM2 Select Clock Mode — Bit 2

The SCM bits decode as follows:

_S(_:_M_;_ Data Rate

2 1 0 Clock Mode (Bits /sec)*

0 0 O Externally clocked 0-2.4M**

0 0 1 Reserved ) :

0 1 0 Selfclocked, timer overflow 244-62.5K
0 1 1 Reserved _

1 0 0 Self clocked, external 16x

0-375K

*Based on a 12 Mhz crystal frequency
**0-1M bps in loop configuration

STS: Status/Command Register (bit-addressable)

Bit 7 6 5 4 3 2 1 0
[TBF[RBE[RTS[SI[BOV]OPB|AM[RBP]

The Status/Command Register (Address C8H) pro-
vides operational control of the SIU by the 8044 CPU,
and enables the SIU to post status information for the
CPU’s access. The SIU can read STS, and can alter cer-
tain bits, as indicated below. The CPU can both read
and write STS asynchronously. However, 2-cycle in-
structions that access STS during both cycles (‘JBC/B,
REL and ‘MOYV /B,C.’) should not be used, since the
SIU may write to STS between the two CPU accesses.

The individual bits of the Status/Command Register
are as follows:

Bit #
STS.0

Name Description

RBP Receive Buffer Protect. Inhibits
writing of data into the receive buff-
er. In AUTO mode, RBP forces an
RNR response instead of an RR.

AUTO Mode/Addressed Mode. Se-
lects AUTO mode where AUTO
mode is allowed. If NB is true,
(=1), the AM: bit selects the ad-
dressed mode. AM may be cleared
by the SIU.

Optional Poll Bit. Determines
whether the SIU will generate an
AUTO response to an optional poll
(UP with P=0). OPB may be set or
cleared by the SIU. .

Receive Buffer Overrun. BOV may
be set or cleared by the SIU.

SIU Interrupt. This is one of the five
interrupt sources to the CPU. The
_ vector location = 23H. SI may be
set by the SIU. It should be cleared
by the CPU before returning from
an interrupt routine.
Request To Send. Indicates that the
8044 is ready to transmit or is trans-
mitting. RTS may be read or writ-
ten by the CPU. RTS may be read
by the SIU, and in AUTO mode
" may be written by the SIU.

STS.1 AM

STS.2 OPB

STS.3 BOV

STS.4 SI

STS.S RTS

21-11
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Receive Buffer Empty. RBE can be
thought of as Receive Enable. RBE
is set to one by the CPU when it is
ready to receive a frame, or has just
read the buffer, and to zero by the
SIU when a frame has been
received.

Transmit Buffer Full. Written by
the CPU toindicate that it has filled
' the transmit buffer. TBF may be
cleared by the SIU.

STS.6 RBE

STS.7 TBF

NSNR: Send/Receive Count Register (bit-
addressable)

Bit 7 6 S5 4 3 2 1 0
[Ns2[Ns1[NSo[SES[NR2[NR1[NRO[SER |

The Send/Receive Count Register (Address D8H) con-
tains the transmit and receive sequence numbers, plus
tally error indications. The SIU can both read and write
NSNR. The 8044 CPU can both read and write NSNR
asynchronously. However, 2-cycle instructions that ac-
cess NSNR during both cycles (‘JBC /B, REL’, and
‘MOV /B,C’) should not be used, since the SIU may
write to NSNR between the two 8044 CPU accesses.

The individual bits of the Send/Receive Count Register
are as follows:

Bit # Name Description
NSNR.0 SER - Receive Sequence Error:

NS (P) # NR (S)
NSNR.I NRO Receive Sequence Counter—Bit 0
NSNR.2" NRI1 - Receive Sequence Counter—Bit 1
NSNR.3 NR2 Receive Sequence Counter—Bit 2
NSNR:4 SES Send Sequence Error:

NP (P) # NS (S) and

NP (P) # NS(S) + 1
NSNR.5 NSO Send Sequence Counter — Bit 0
NSNR.6 NS1 Send Sequence Counter — Bit 1
NSNR.7. NS2 Send Sequence.Counter — Bit 2

Parameter Registers

There are eight parameter registers that are used in con-
nection with SIU operation. All eight registers may be
read or written by the 8044 CPU. RFL and RCB are
normally loaded by the SIU. .

The eight parameter registers are as follows:

STAD: Station Address Register
(byte-addressable)

The Station Address register (Address CEH) contains
the station address. To prevent access conflict, the CPU
should access STAD only when the SIU is idle (RTS=0

and RBE=0). Normally, STAD is accessed only during
initialization.

TBS: Transmit Buffer Start Address Register
(byte-addressable)

The Transmit Buffer Start address register (Address
DCH) points to the location in on-chip RAM for the be-
ginning of the I-field of the frame to be transmitted. The
CPU should access TBS only when the SIU is not trans-
mitting a frame (when TBF=0). :

TBL: Transmit Buffer Length Register
(byte-addressable)

The Transmit Buffer Length register (Address DBH)
contains the length (in bytes) of the I-field to be trans-
mitted. A blank I-field (TBL=0) is valid. The CPU
should access TBL only when the SIU is not transmit-
ting a frame (when TBF=0).

NOTE: The transmit and recieve buffers are not allowed
to “wrap around” in the on-chip RAM. A “buffer end”
is automatically generated if address 191 (BFH) is
reached.

TCB: Transmit Control Byte Register
(byte-addressable)

The Transmit Control Byte register (Address DAH)
contains the byte which is to be.placed in the control
field of the transmitted frame, during NON-AUTO
mode transmission. The CPU should access TCB only
when the SIU is not transmitting.a frame (when
TBF=0). The Ng and N, counters are not used in the
NON-AUTO mode.

RBS: Receive Buffer Start Address Register

(byte-addressable)

The Receive Buffer Start address register (Address
CCH) points to the location in on-chip RAM where the
beginning of the I-field of the frame being received is to
be stored. The CPU should write RBS only when the
SIU is not receiving a frame (when RBE=0).

RBL: Receive Buffer Length Register
(byte-addressable)

The Receive Buffer Length register (Address CBH)
cor‘ntains the length (in bytes) of the area in on-chip

RAM allocated for the received I-field. RBL=0 is val-
id. The CPU should write RBL only when RBE=0.

RFL: Receive Field Length Register
(byte-addressable)

The Received Field Length register (Address CDH)
contains the length (in bytes) of the received I -field that
has just been loaded into on-chip RAM. RFL is loaded
by the SIU. RFL=0 is valid. RFL should be accesssed
by the CPU only when RBE=0.
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RCB: Receive Control Byte Register
(byte-addressable)

The Received Control Byte register (Address CAH)
contains the control field of the frame that has just been
received. RCB is loaded by the SIU. The CPU can only
read RCB, and should only access RCB when RBE=0.

ICE Support Registers

The 8044 In-Circuit Emulator (ICE-44) allows the user
to exercise the 8044 application system and monitor the
execution of instructions in real time.

The emulator operates with Intel’s Intellec® develop-
ment system. The development system interfaces with
the user’s 8044 system through an in-cable buffer box.
The cable terminates in a 8044 pin-compatible plug,
which fits into the 8044 socket in the user’s system. With

the emulator plug in place, the user can excercise his sys-
tem in real time while collecting up to 255 instruction
cycles of real-time data. In addition, he can single-step
the program.

Static RAM is available (in the in-cable buffer box) to
emulate the 8044 internal and external program mem-
ory and external data memory. The designer can display
and alter the contents of the replacement memory in the
buffer box, the internal data memory, and the internal
8044 registers, including the SFRs.

SIUST: SIU State Counter (byte-addressable)

The SIU State Counter (Address D9H) reflects the
state of the internal logic which is under SIU control.
Therefore, care must be taken not to write into this
register. This register provides a useful means for
debugging 8044 receiver problem.
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ADVANCE INFORMATION

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias
Storage Temperature
Voltage on Any Pin With
Respect to Ground (Vss)
Power Dissipation

0to70°C
............. -65°C to +150°C
-05Vto +7V
2 Watts

“Notice: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to-
the device. This is a stress rating only and functional

operation of the device at these or any other conditions

above those indicated in the operational sections of

this specification is not implied. Exposure to absolute

maximum- rating conditions for extended periods may

affect device reliability.

DC CHARACTERISTICS (TA=0°C to 70°C, VCC = 5V % 10%, VSS = 0V)

Parameter

Symbol Min Typ Max Units Test Conditions

VIL Input Low Voltage -05 0.8 \

VIH Input High Voltage 20 VCC +0.5 \
(Except RST/VPD and XTAL2)

VIH1 Input High Voltage To 25 \ XTAL1 to VSS
RST/VPD For Reset, XTAL2

VPD Power Down Voltage 45 5.5 \' VCC =0V

) To RST/VPD

VvOL Output Low Voltage 0.45 \Y 10L=16mA
Ports 1, 2, 3 (Note 1) R

vou1 Output Low Voltage 0.45 \ 10L=3.2mA
Port 0 ALE, \PSEN (Note 1)

-VOH Outpt High Voltage 2.4 v IOH= -80uA

Ports 1,2, 3

VOH1 Output High Voltage 2.4 \ IOH = - 400uA
Port 0, ALE, \PSEN

e Logical 0 Input Current - 800 uA XTAL1 at VSS
Ports 1, 2,3 VIL =0.45V

HH1 Input High Current.TO 500 uA Vin=VCC - 1.5V
RST/VPD For Reset

Ll Input Leakage Current 10 uA 10.45V < Vin < VCC| -
To Port 0, \EA

ICC Power Supply Current 125 200 mA TA=25°C

IPD Power Down Current 15 30 mA

ClO Capacitance of 70 Buffer 10 pF fc=1MHz

L2 Logical 0 Input Current -25 mA XTAL1 = VSS
XTAL 2 ) VIL = 0.45V

Note 1: VOL is degraded when the RUPI-44 rapidly discharges external capacitance. This A.C. noise is most pronounced during
emission of address data. When using external memory, locate the latch or buffer as close to the RUPI-44 as possible.

VoL

Emitting Degraded (peak)

Datum Ports /0 Lines (max)
Address P2, PO P1, P3 .8V
Write Data PO P1, P3, ALE .8V
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A.C. CHARACTERISTICS (TA0°Ct070°C, VCC =5V + 10% VSS=0V, CL for Port 0, ALE and PSEN Outputs = 100pF;
CL for All Other Outputs = 80 pF)
Program Memory

Variable Clock
. 12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz
Symbol ’ Parameter Min | Max | Units Min Max Units
TLHLL ALE Pulse Width 127 ns |2TCLCL-40 ns
TAVLL Address Setup to ALE 43 ns | TCLCL-30 ) ns
TLLAX' | Address Hold After ALE 48 ns | TCLCL-35 ns
TLLIV ALE To Valid Instr In 233 ns 4TCLCL-100 ns
TLLPL ALE To PSEN 58 ns TCLCL-25 ns
TPLPH PSEN Pulse Width 215 ns |3TCLCL-35 | . - ns
TPLIV PSEN To Valid Instr In 125 ns 3TCLCL-125 ns
TPXIX Input Instr Hold After PSEN 0 ns 0 ns
TPXIZZ | Input Instr Float After PSEN 63 ns TCLCL-20 ns
TPXAV? | Address Valid After PSEN 75 ns TCLCL-8 ns
TAVIV Address To Valid Instr In 302 ns 5TCLCL-115 ns
TAZPL | Address Float To PSEN 0 ns 0 ns.
Notes:

1. TLLAX for access to program memory is different from TLLAX for data memory.
2. Interfacing RUPI-44 devices with float times up to 75ns is permissible. This limited bus contention will not cause any damage to Port
O drivers.

External Data Memory

: Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz

Symbol Parameter Min | Max | Units Min Max Units
TRLRH RD Pulse Width 400 rs |6TCLCL-100 ns
TWLWH | WR Pulse Width 400 ns [6TCLCL-100 ns
TLLAX' Address Hold After ALE 48 ns |[TCLCL-35
TRLDV RD To Valid Data In 250 ns 5TCLCL-165 ns
TRHDX Data Hold After RD 0 ns 0 ns
TRHDZ | Data Float After RD 97 ns 2TCLCL-70 ns
TLLDV ALE To Valid Data In ' 517 ns 8TCLCL-150 ns
TAVDV Address To Valid Data In 585 ns 9TCLCL-165 ns
TLLWL | ALE To WR or RD . {200 | 300 ns |3TCLCL-50 | 3TCLCL+50 ns
TAVWL Address To WR or RD 203 ns |4TCLCL-130 ns
TWHLH | WR or RD High To ALE High | 43 | 123 ns | TCLCL-40 TCLCL + 40 ns
TDVWX | Data Valid To WR Transition 33 ns | TCLCL-50 ns
TQVWH | Data Setup Before WR 433 ns |7TCLCL-150 ) ns
TWHQX | Data Hold After WR 33 ns | TCLCL-50 ns
TRLAZ | Address Float After RD 0 ns 0 ns

No!e 1. TLLAX for access to program memory is different from TLLAX for access data memory.

Serial Interface
Symbol Parameter Min| Max | Units

TDCY Data Clock 420 ns

TDCL Data Clock Low 180 ns

TDCH Data Clock High 120 ns
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Serial Interface (Continued)

tTD | Transmit Data Delay 80 ns
tDSS Data Setup Time 60 . ns
tDHS Data Hold Time 40  ns
WAVEFORMS

Memory Access

Progrém Memory ‘Read Cycle

| TcY |
TLLIV
TLLPL \
ALE
le— TPLPH
PSEN _——/_-T—LL_A;— \_____F TPXAV
— |-
TAVLL — e, | i;i;',}’(*rvx-x”’ TPXIZ
porTo  INSTRIN A7-AD INSTRIN A7-AD (INSTRIN >
TAVIV

ADDRESS y - s - ~
PORT 2 A C ADDRESS A15-A8 ><( ADDRESS A15-A8
Data Memory Read Cycle

: : TWHLH—»|
- TLLDV
ALE f\
PSEN _/
— TLLWL
RD .
. TRLAH ¥ TRHDZ
At “’:_TRLDV /
TAVDV - TRHOX I
PORT 0 D—< A7-A0 < DATAIN
— o] |«— TRLAZ

ADDRESS -~

PORT2 QR SFR.P2 )< ADDRESS A15-A8 OR SFR-P2 >

Data Memory Write Cycle

TWHLH—|
ALE *_/———\\ . :

i TLLWL
WR . TWLWH
N .
TAVWL - /
le TLLAX Sy ~——TOVWX TQVWH le- TWHOX
PORTO D——< A7-A0 J.X DATA OUT
“ADDRESS
PORTZ  OBERESS, ><F ADDRESS A15-AB OR SFR-P2 \
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SERIAL /O WAVEFORMS

Synchronous Data Transmission
TDCY

SCLK X( . 7[ oo Bk

oaTA , . X

Synchronous Data Reception

TDCY

SoLK l TDCL é B

TDCH

DATA

 TDSS TDHS i
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AC TESTING INPUT, OUTPUT, FLOAT WAVEFORMS

INPUT/OUTPUT . FLOAT .
24 ' FLOAT
} N 20 2.0
. 2.4.———! 20 20 — 24
TEST POINTS N
0.8 0.8 y - \
0.45 T
0.45 et 08 OB 045
AC testing inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0."
Timing measurements are made at 2.0V for a logic "1 and 0.8V for a logic "0."
EXTERNAL CLOCK DRIVE XTAL2
[«———TCHCX TCLCH—
25 25
jz K08 . 0.8+
TCLCX

Variable Clock
Freq = 1.2 MHz to 12 MHz

Symbol Parameter Min Max Unit
TCLCL Oscillator Period 83.3 833.3 ns
TCHCX High Time 20 TCLCL-TCLCX ns
TCLCX Low Time 20 TCLCL-TCHCX ns
TCLCH ‘Rise Time 20 ns .
TCHCL | Fall Time 20 ns
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CLOCK WAVEFORMS
INTERNAL | STATE4 | STATES | STATE6 | STATE1 | STATE2 | STATE3 | STATE4 | STATES
cLock prlp2 e P2 lpi|p2|pi|p2lei|p2|er|p2|pi|p2]pi]r
XTAL 2
ALE

THESE SIGNALS ARE NOT

ACTIVATED DURING THE
EXTERNAL F.’ROGRAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION

PSEN
PO _ Joaral ] rcLour] loatal [ pcrout | Jparal__[Pcrour |
SAMPLED SAMPLED SAMPLED
FLOAT FLOAT———| ——rioaT
P2(EXT) | INDICATES ADDRESS TRANSIONS | |

READ CYCLE

RD l ‘ |
00H IS EMITTED PCL OUT (IF PROGRAM
DURING THIS PERIOD MEMORY IS EXTERNAL)

1
| DPLORRi | / [paTal l
PO out rd FLOAT SAMPLED .

P2 _ INDICATES DPH OR P2 SFR TO PCH TRANSITIONS L
WRITE CYCLE

WR : 1 | PCL OUT(EVEN IF PROGRAM
MEMORY IS INTERNAL)

, [ opLommi | F\ :
PO

out fe————————DATA OUT———}=1+} PCL OUT (IF PROGRAM

MEMORY IS EXTERNAL)
P2 S INDICATES DPH OR P2 SFR TO PCH TRANSITIONS PERoRT > =Y
PORT OPERATION
MOV PORT, SRC OLD DATA [ NEW DATA PO PINS SAMPLED

MOV DEST, PO J-:A

MOV DEST, PORT (P1, P2, P3) PO PINS SAMPLED
(INCLUDES INTO, INT1, T0, T1)

. P1,P2,P3
P1, P2, P3 PINS SAMPLED , P2,
SERIAL PORT SHIFT CLOCK . PINSSAMPLED
TXD .'*-;’l\ L \ .
(MODE 0) RXD SAMPLED ' RXD SAMPLED

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the pins, however,
ranges from 25to 125 ns. This propagation delay is dependent on variables such as temperature and pin loading. Propagation
also varies from output to output and component to component. Typically though, (T = 25°C, fully loaded) RD and WR prop-
agation delays are approximately 50 ns. The other signals are typically 85 ns. Propagation delays are incorporated in the AC
specifications. : :

21-19



ADVANCE INFORMATION

8744

HIGH PERFORMANCE 8-BIT MICROCONTROLLER
WITH On-CHIP SERIAL COMMUNICATION CENTER

8044AH — CPU/SIU with Fa’ctofy Mask Programmable ROM
8344AH — An 8044AH used with External Program Memory
8744H — An 8044AH with User Programmable/Erasable EPROM

8051 MICROCONTROLLER CORE SERIAL INTERFACE UNIT (SIU) .
B Optimized for Real Time Control © M Serial Communication Processor that
12 MHz Clock, Priority Interrupts, Operates Concurrently to C.P.U.

32 Programmable 1/0 lines, .
Two 16-bit Timer/Counters 8 2.4 Mbps Maximum Data Rate

B 375 Kbps using On-Chip Phase
@ Boolean Processor Locked Loop

B 4K x 8 EPROM, 192 x 8 RAM B Communication Software in Silicon:

B 64K Accessible External Program : — Complete Data Link Functions
Memory — Automatic Station Responses
B 64K Accessible External Data Memory B Operates as an SDLC Primary or

W 4 us Multiply and Divide - Secondary Station
The RUPI-44 family integrates a high performance 8-bit Microcontroller, the Intel 8051 Core, with an
intelligent/high performance HDLC/SDLC serial communication controller, called the Serial Interface
Unit (SIU). See Figure 1. This dual architecture allows complex control and high speed data communica-
tion functions to be realized cost effectively.

Specifically, the 8044’s Microcontroller features: 4K byte On-Chip program memory space; 32 I/O lines;
two 16-bit timer/event counters; a 5-source; 2-level interrupt structure; a full duplex serial channel; a
Boolean processor; and on-chip oscillator and clock circuitry. Standard TTL and most byte-oriented
MCS-80 and MCS-85 perlpherals can be used for I/O and memory expansion. .

The Serial Interface Unit (SIU) manages the interface to a high speed serial link. The SIU offloads the
On-Chip 8051 Microcontroller of communication tasks, thereby freeing the CPU to concentrate on real ‘
time control tasks.

The RUPI-44 family consists of the 8044, 8744, and 8344. All three devices are identical except in respect
of on-chip program memory. The 8044 contains 4K bytes of mask-programmable ROM. User program-
mable EPROM replaces ROM in the 8744. The 8344 addresses all program memory externally..

The RUPI-44 devices are fabricated with Intel’s reliable +5 volt, silicon-gate HMOSII technology and
packaged in a 40-pin DIP.

8044's Dual Controller Architecture

Control

Lines =T 8051 HDLC/
=T~ | Micro- - Zport sI1U. | =—f=sDLC
:“’ controller RAM port

Figure 1.Dual Controller Architecture

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied.

* INTEL CORPORATION, 1982
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Table 1. RUPI™ -44 Family Pin Description

VSss
Circuit ground potential.

vCcC
+5V power supply during operation and program
verification.

PORT 0

Port 0 is an 8-bit open drain bidirectional /O port. It is
also the multiplexed low-order address and data bus
when using external memory. It is used for data output
during program verification. Port 0 can sink/source eight
LS TTL loads..

PORT 1 .

Port 1 is an 8-bit quasi-bidirectional 1/O port. It is used for
the low-order address byte during program verification.
Port 1 can sink/source four LS TTL loads.

In non-loop mode two of the I/O lines serve alternate

functions:

—RTS (P1.6). Request-to-Send output. A low indicates
that the RUPI-44 is ready to transmit.

—CTS (P1.7) Clear-to-Send input. A low indicates that a
receiving station is ready to receive.

PORT 2
Port 2 is an 8-bit quasi-bidirection I/O port. It also emits
the high-order address byte when accessing external

control signals during program verification. Port 2 can
sink/source four LS TTL loads.

PORT 3

Port 3 is an 8-bit quasi-bidirectional 1/0 port. It also
contains the interrupt, timer, serial port and RD and
WR pins that are used by various options. The output
latch corresponding to a secondary function must be pro-
grammed to a one (1) for that function to operate. Port 3
can sink/source LS TTL loads.

In addition to 1/0, some of the pins also serve alternate

functions as follows:

—I1/0 RxD (P3.0). In point-to-point or multipoint configura-
tions, this pin controls the direction of pin P3.1. Serves
as Receive Data input in loop and diagnostic modes.

—DATA TxD (P3.1) In point-to-point or multipoint con-
figurations, this pin functions as data input/output. In
loop mode, it serves as transmit pin. A ‘0’ written to
this pin enables diagnostic mode.

—INTO (P3.2). Interrupt O input or gate control input for
counter 0.

—INT1 (P3.3). Interrupt 1 input or gate control input for
counter 1.

—TO(P3.4). Input to counter 0.

* —SCLK T1 (P3.5). In addition to I/O, this pin provides in-

memory. It is used for the high-order address and the’

' gram execution.

put to counter 1 or serves as SCLK (serial clock) input.
—WR (P3.6). The write control signal latches the data
byte from Port O into the External Data Memory.
—RD (P3.7). The read control signal enables External
Data Memory to Port 0.

RST/VPD

A high level on this pin resets the RUPI-44. A small inter-
nal pulldown resistor permits power-on reset using only a
capacitor connected to VCC. If VPD is held within its
spec while VCC drops below spec, VPD will provide
standby power to the RAM. When VPD is low, the RAM'’s
current is drawn from VCC.

ALE/PROG

Provides Address Latch Enable output used for latching
the address into external memory during normal opera-
tion. It is activitated every six oscillator periods except
during an external data memory access. It also receives
the program pulse input for programming the EPROM
version.

PSEN

The Program Store Enable output is a control signal
that enables the external Program Memory to the bus
during external fetch operations. It is activated every
six oscillator periods, except during external data
memory accesses. Remains high during internal pro-

EA/VPP .

When held at a TTL high level, the RUPI-44 executes in-
structions from the internal ROM when the PC is less
than 4096. When held at a TTL low level, the RUPI-44 fet-
ches all instructions from external Program Memory.
The pin also receives the 21V EPROM programming sup-
ply voltage on the 8744.

XTAL 1

Input to the oscillator’s high gain amplifier. Required
when a crystal is used. Connect to VSS when external
source is used on XTAL 2.

XTAL 2

Output from the oscillator's amplifier. Input to the inter-
nal timing circuitry. A crystal or external source can be
used.
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RST/VPD
vss vce ‘
—u——
XTAL1 . <> § Pro[]1 %0 [Jvce
e je la Pr1(]2 39 P00 ADO
g nta] niad -8 P1.2(]3 38[JPO.1 AD1
s> ~la> | o .
XTALZ e e 2 P 1[4 4 37[JPo2 AD2
D Py P Pra(]s 36[7P03 AD3
ft>  § ﬁ P15 ]s 35[JP0.4 ADs
EA./VPP — e Ja>/g RTS P16(]7 34[JPO.5  ADS
— ¢ e ) < TS p17( |8 33[ 1P0.6 ADE
PSEN < « RST VPO (1o 0., 32 [Ipo7 AD?
ALE/PROG -— :2}2 e _ § WG Rxp P3O(J10 .. 3 [IER wep
8744 e DATA TXD P3.1[ |1 30[JALE PROG
a . 8744 —_—
i ats INTO P3.2( |12 29[} PSEN
>  |—> —
" ) d cTs INTT P33[ |13 28| P27 A1S
z IO RXD—> , <) >  —> To P3.4[ ]1a 27[)P26 A4
5 DATA TXD-@— D i — 8, SCLK T1 P3S[]15 6[]P25 A13
z INTO—> |, <>} pia e B WR Pas[]1s 5[1P24 A12
w INT1—9 Ji- < -} e ¢ RD Pa7[ |17 2af 1P23 ANt
= T04- O <t~ [t>-a [—> fw
af sck 1 <> |l > " 3 XTAL2( ] 18 23{)P22 A10
z WRe—] = s> [—» < xTAL1( ] 19 22{]P2.1 A9
9 RD w— <> > 7 —>- vss|{]z20 21[JP20 A8
w
Figure 2. + : ' Figure 3. Pin
Logic Symbol ) Configuration
FREQUENCE
'REFERENCE
=t ——————
| | osew 4096 BYTES siy pi———l DATA
LATOR PROGRAM 33%3;’,{)%’} : (SERIAL
| & MEMORY AL e K| INTERFACE +—— 10
TIMING (8044 & 8744) k ) UNIT) HDLC/SDLC
| | SERIAL
] ﬁ j‘[ | COMMUNICATIONS
3 8051 “
l - ) U U |
I 64K-BYTE BUS TWO 16-BIT |
EXPANSION [ PROGRAMMABLE TIMER EVENT
| v CONTROL ) counters | |
I INTERRUPTS |
~ >
INTERRUPTS CONTROL PARALLEL PORTS COUNTERS
ADDRESS DATA BUS
AND 1/0 PINS
Figure 4.

Block Diagram
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ... 0°Cto70°C
Storage Temperature .......... -65°C to +150°C
Volitage On Any Pinto Vgg

(ExceptVpp) ...iviiiiiiiinn.. -0.5V to +7V
Voltage fromVpptoVgg ..ot 21.5V
Power Dissipation........................ 2W

*NOTICE: Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent
damage to the device. This is a stress rating only
and functional operation of the device at these or
any other conditions above those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS: (Tp = 0°C to 70°C; VoG = 4.5V t0 5.5V, Vgg = 0V)

Symbol Parameter Min Max Unit Test Conditions
VIL Input Low Voltage -0.5 0.8 Vv
VIH Input High Voltage (Except XTAL2, RST) 20 |Vcc+05) V |.
VIH1 Input High Voltage to XTAL2, RST 25 |Vgcc+05| V |XTAL1=Vgg
VPD Power Down Voltage to RST/Vpp 45 5.5 vV Ve =0V
VOL Output Low Voltage Ports 1, 2, 3 (Note 1) 0.45 V |IOL=1.6mA
VOL1 | OutputLow Voltage Port 0, ALE, PSEN 0.60 vV |loL=3.2mA

(Note 1) 0.45 V [IOL=2.4mA
VOH Output High Voltage Ports 1, 2,3 2.4 V |IOH =-80uA
VOH1 Output High Voltage Port 0 (in External 2.4 V [IOH =-4001A.

: Bus Mode), ALE, PSEN
1L Logical 0 Input Current P1, P2, P3 500 uA |[Vin=0.45V
e Logical 0 Input Current to EA/Vpp ~15 mA [Vin =0.45V
HL2 Logical 0 Input Current to XTAL2 ! -2.5 mA |XTAL1=Vgg Vin=0.45V
ILI Input Leakage Current to Port 0 100 pA 1045 <Vin<Vce
InH Logical Input Current to EA/Vpp 500 pA [Vin =24V
1HH1 Input Current to RST/Vpp to activate reset 500 pA [Vin<(Vcg-1.5V)
ICC Power Supply Current 250 mA ]All outputs disconnected,
EA=Vcc

IPD Power Down Current to RST/Vpp 10 mA [Vcc =0V Vpp =5V
(e][e} Capacitance of I/0 Buffers 10 pF |fc=1MHzTp =25°C
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AC CHARACTERISTICS (Tp =0°Cto 70°C, Vo =4.5V t0 5.5V, Vgg = 0V, Load Capacitance for Port 0,

ALE, and PSEN = 100 pF; Load Capacitance for all other outputs = 80 pF)

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

~ 8744H
12 MHz Osc Variable Oscillator .
Symbol Parameter Min Max Min Max Units
TCLCL Oscillator Period 83.3 833.3 ns
TLHLL ALE Pulse Width 127 2TCLCL-40 ns
TAVLL Address Valid to ALE © 53 TCLCL-40 ns
TLLAX Address Hold after ALE 48 TCLCL-35 ns
TLLIV ALE to Valid Instrin 183 ) 4TCLCL-150 ns
TLLPL | ALEtoPSEN 58 TCLCL-25 ns
TPLPH | PSEN Pulse Width 190 3TCLCL-60 ns
TPLIV PSEN to Valid Instr In 100 3TCLCL-150 | ns
TPXIX Input Instr Hold after PSEN 0 0 ns
TPXIZ Input Instr Float after PSEN 63 TCLCL-20 ns
TPXAV | PSEN to Address Valid 75 TCLCL-8 ns
TAVIV Address to Valid Instr In 267 ) 5TCLCL-150 ns
TAZPL | Address Floatto PSEN 0 0 ns
EXTERNAL DATA MEMORY CHARACTERISTICS
8744H )
12 MHz Osc Variable Oscillator

Symbol Parameter Min Max Min Max Units
TRLRH RD Pulse Width 400 6TCLCL-100 ns
TWLWH | WR Pulse Width 400 6TCLCL-100 ns
TLLAX Address Hold After ALE - 48 TCLCL-35 ns
TRLDV ITD to Valid Data In 252 5TCLCL-165 ns
TRHDX | Data Hold after RD 0 ' 0 ns
TRHDZ | Data Float after RD 97 .2TCLCL-70 ns
TLLDV ALE to Valid Data In 517 8TCLCL-150 ns
TAVDV Address to Valid Data In 585 9TCLCL-165 ns
TLLWL ALE toWR or RD 200 300 3TCLCL-50 3TCLCL+50 ns
TAVWL | Addressto WR or RD 203 4TCLCL-130 ns
TQVWX | Data Valid to WR Transition 13 TCLCL-70 ns
TQVWH | Data Setup to WR High 433 7TCLCL-150 ns
TWHQX | Data Held after WR 33 "“TCLCL-50 ns
TRLAZ | RD Low to Address Float 0 ' 0 ns
TWHLH | RD or WR High to ALE High 33 133 TCLCL-50 TCLCL+50 ns
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AC TESTING INPUT, OUTPUT, FLOAT WAVEFORMS

INPUTIOUTPUT FLOAT
24 FLOAT
g 2.0 2.0 24 24
g X 20 204 g
TEST POINTS N\ 7
045 0.8 08 / . a'\
0.45—F 08 T Re——o0.45

AC testing inputs are driven at 2.4V for a logic 1 and 0.45V for a logic 0
Timing measurements are made at 2.0V for a logic 1 and 0.8V for a logic 0
For timing purposes, the float state is defined as the point at which a PO pin sinks 3.2mA or sources 400uA at the voltage test Ievels

SERIAL /O WAVEFORMS . '

Synchronous Data Transmission
TDCY

TDCL

soix S‘ 7[ N SK

DATA X

fe—TTD

Synchronous Data Reception

TDCY

s\ s /T \

TDCH

DATA

| TDSS TDHS |
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Serial Interface

Symbol Parameter Min | Max Units

TDCY Data Clock 420 ns

TDCL Data Clock Low 180 ns

TDCH Data Clock High 120 ns

TTD  |Transmit Data Delay 80 ns

TDSS Data Setup Time 60 ns

TDHS Data Hole Time 40 ns
Memory Access

Program Memory Read Cycle
} TCY

TLHLL — TLLIV

TLLPL \ ’
ALE S

|e——— TPLPH——

s — \____jgm_/_
— T
TPXIX

TLLAX —» =

e TPLIV—] PXIZ
TAVLL == [~—TazpL <
porTo  'NSTRIN A7-AD INSTRIN ] A7-AD INSTRIN >——
TAVIV

ADDRESS 4 . R N
PORT 2 OR SFR-P2 ><}‘ ADDRESS A15-A8 ><[ ADDRESS A15-A8 >

Data Membry Read Cycle

TWHLH —»
\ TLLOV
ALE / L
PSEN __/
—_ TLLWL
RD \ TRLRH —
TAVWL N TRHDZ
—
TAVOV la——TLLAX —~ <———7RLDV——-—E' TRHDX .
PORTO A7-A0 DATAIN
— ] |e— TRLAZ
ADDRESS — N
PORT 2 OR SFR-P2 - ADDRESS A15-A8 OR SFR-P2 ,

Daté; Memory Write Cycle

TWHLH—

ALE §
en S
POEN TLLWL
wR . TWLWH
TAVWL / '
le TLLAX S l=—TOVWX TQVWH < TWHOX
PORTO A7-A0 )( I _DATAOUT
ADDRESS - _
PORT2  ORSFR-P2 ><F ADDRESS A15-A8 OR SFR-P2
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NOTE: VOL is degraded when the 8744H rapidly discharges external capacitance. This AC noise is most pronounced
during emission of address data. When using external memory, locate the latch or buffer as close to the 8744H
as possible. ' ’

| voL
Emitting Degraded (peak)
Datum Ports I/0 Lines (max)
Address P2, PO - P1,P3 0.8v
Write Data PO P1, P3, ALE 0.8v
EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL2)
Symbol Parameter Min Max Units
TCLCL ~ Oscillator Period: 8751H 83.3 833.3 ns
TCHCX High Time 20 ns
TCLCX Low Time 20 ns
TCLCH Rise Time 20 ns
TCHCL Fall Time 20 ns

TCLCH—
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CLOCK WAVEFORMS
INTERNAL | STATE4 | STATESs | STATES® I STATE1 | STATE2 | STATE3 | STATE4 | STATES ‘
cLock p1lp2 | P P2 lpileeleilpa|p|p2|pi|r2fr|pa]p]epe
XTAL 2

. \

ALE ___r——_—] I I | I
THESE SIGNALS ARE NOT
EXTERNAL PROGRAM MEMORY FETCH ACTIVATED DURING THE

EXECUTION OF A MOVX INSTRUCTION

N

PO _ Joatal___| pcLourt | Joatal [ Pcrout | Joaral [ PcLouT |
SAMPLED SAMPLED SAMPLED
FLOAT !‘ FLOAT ! "’—‘FLOAT —’l
P2(EXT) - lINDICATES ADDRESS TRANSIONS l I

READ CYCLE

PSEN E

RD _ 1 |
00H IS EMITTED PCL OUT (IF PROGRAM
DURING THIS PERIOD MEMORY IS EXTERNAL)

1 F
| DPL OR Ri ] ,'/ [oaTal |
PO
out e FLOAT SAMPLED \

P2 —_ INDICATES DPH OR P2 SFR TO PCH TRANSITIONS | S
WRITE CYCLE
wR o l | PCL OUT(EVEN IF PROGRAM

MEMORY IS INTERNAL)

[ opLorAi | r.\ ;
PO

out je———————DATA OUT———————={=1~{ PCL OUT (IF PROGRAM

MEMORY IS EXTERNAL
P2 _— INDICATES DPH OR P2 SFR TO PCH TRANSITIONS | MEMORY IS EXT )
PORT OPERATION
D DATA :
MOV PORL.SRE == I NEW DATA PO PINS SAMPLED

MOV DEST, PO

MOV DEST, PORT (P1, P2, P3) PO PINS SAMPLED
(INCLUDES INTO, INT1, T0, T1)

P1,P2,P3
P1, P2, P3 PINS SAMPLED MG
SERIAL PORT SHIFT CLOCK - ) . PINS SAMPLED
TXD X L \
* (MODE 0) - 'RXD SAMPLED ) RXD SAMPLED

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the pins, however,
ranges from 25to 125 ns. This propagation delay is dependent on variables such as temperature and pin loading. Propagation
also varies from output to output and component to component. Typically though, (Ta =25°C, fully loaded) RD and WR prop-
agation delays are approximately 50 ns. The other signals are typically 85 ns. Propagation delays are incorporated in the AC
specifications.
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ADVANGE INFORMATION

8744H EPROM CHARACTERISTICS

Erasure Characteristics

Erasure of the 8744H Program Memory begins to
occur when the chip is exposed to light with wave-
lengths shorter than approximately 4,000 Angstroms.
Since sunlight and fluorescent lighting have wave-
lengths in this range, constant exposure to these
light sources over an extended period of time (about
1 week in sunlight, or 3 years in room-level fluores-

cent lighting) could cause unintentional erasure. If

an application subjects the 8744H to this type of
exposure, it is suggested that an opaque label be
placed over the window.

The recommended erasure procedure is exposure
to ultraviolet light (at 2537 Angstroms) to an inte-
grated dose of at least 15 W-sec/cm? rating for 20
to 30 minutes, at a distance of about 1 inch, should
be sufficient.

Erasure leaves the array in an all 1s state.

Programming the EPROM

To be programmed, the 8744H must be running with
a 4 to 6 MHz oscillator. (The reason the oscillator
needs to be running is that the internal bus is being
used to transfer address and program data to appro-
priate registers.) The address of an EPROM location
to be programmed is applied to Port 1 and pins
P2.0-P2.3 of Port 2, while the data byte is applied to
Port 0. Pins P2.4-P2.6 and PSEN should be held low,
and P2.7 and RST high. (These are all TTL levels
except RST, which requires 2.5V for high.) EA/VPP
is held normally high, and is pulsed to +21V. While
EA/VPP is at 21V, the ALE/PROG pin, which is
normally being held high, is pulsed low for 50 msec.
Then EA/VPP is returned to high. This is illustrated
in Figure 3. Detailed timing specifications are pro-
vided in the EPROM Programming and Verification
Characteristics section of this data sheet.

Program Memory Security

The program memory security feature is developed
around a “‘security bit”” in the 8744H EPROM array.
Once this “‘hidden bit’’ is programmed, electrical
access to the contents of the entire program memory
array becomes impossible. Activation of this feature
is accomplished by programming the 8744H as
described in ‘‘Programming the EPROM”’ with the
exception that P2.6 is held at a TTL high rather than
a TTL low. In addition, Port 1 and P2.0-P2.3 may be
in any state. Figure 4 illustrates the security bit pro-
gramming configuration. Deactivating the security
feature, which again allows programmability of the
EPROM, is accomplished by exposing the EPROM
to ultraviolet light. This exposure, as described in
“Erasure Characteristics,” erases the entire EPROM
array. Therefore, attempted retrieval of ““protected
code” results in its destruction.

Program Verification

Program Memory may be read only when the
“'security feature’ has not been activated. Refer to
Figure 5 for Program Verification setup. To read the
Program Memory, the following procedure can be
used. The unit must be running with a 4 to 6 MHz
oscillator. The address of a Program Memory loca-
tion to be read is applied to Port 1 and pins P2.0-
P2.3 of Port 2. Pins P2.4-P2.6 and PSEN are held at
TTL low, while the ALE/PROG, RST, and EA/VPP
pins are held at TTL high. (These are all TTL levels
except RST, which requires 2.5V for high.) Port 0
will be the data output lines. P2.7 can be used as a
read strobe. While P2.7 is held high, the Port 0 pins
float. When P2.7 is strobed low, the contents of the
addressed location will appear at Port 0. External
pullups (e.g., 10K) are required on Port 0 during
program verification.
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ntel 8744H
+5V
!
. H /
- v
ADDR. AO@ P1 cC
0000H- B 8744H
OFFFH )
P2.0- PO PGM DATA
is_jﬁ) P23 -
s o i
= Ta P25 ALE|-— —— ALE PROG
——{ P26
TTLHIGH - ————— P27
S EA EA
T XTAL2 EA A/VPP
a-6MHz [] 1
T 5 xTau RST|—— VIH1
Vss PSEN .
Figure 3. Programming Configuration
+5V
i
vee |-
NC| P1 ce =
8744H
PO | NC
P2.0-
NC P23
_ P2.4
= ]: P25 ALE|-— —— ALE/PROG 50 ms PULSE TO GND
P2.6
TTLHIGH - L~ P27
7 1 o xTAL2 EA ‘EA/VPP +21V PULSE
TasMHz () T - .
T T 5 xTALt RST|——— VIH1
+— Vss PSEN [—
= -

Figure 4. Security Bit Programming Configuration
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+5V

\7
ADDR. cc
0000H- Ao- Al> 1

8744H
OFFFH ro PGM DATA
P2.0- : ) E 10K PULLUPS,
Ag-A11 ) po3 (UsE 1o )

P2.4

— P25 ALE TTL HIGH
P26
ENABLE —— | P2.7 EA [-—

] XTAL2 RST VIH1
4-6 MHz[]

XTAL1 PSEN 1

Figure 5. Program Verification Configuration

EPROM PROGRAMMING, SECURITY BIT PROGRAMMING AND VERIFICATION CHARACTERISTICS
(TA=21°Ct027°C, Vg =4.5Vt0 5.5V, Vgg = 0V)

Symbol Parameter Min Max Units
Vpp Programming Supply Voltage 20.5 215 Vv
IPP Programming Current . 30 mA
1/TCLCL Oscillator Frequency 4 6 MHz
TAVGL Address Setup to PROG 48TCLCL

TGHAX Address Hold after PROG 48TCLCL

TDVGL Data Setup to PROG 48TCLCL

TGHDX Data Hold after PROG 48TCLCL

TEHSH ENABLE High to Vpp 48TCLCL .
TSHGL Vpp Setup to PROG . 10 usec
TGHSL Vpp Hold after PROG 10 psec
TGLGH PROG Width 45 55 " msec
TAVQV Address to Data Valid 48TCLCL

TELQV ENABLE to Data Valid 48TCLCL

TEHQZ Data Float after ENABLE 0 48TCLCL
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EPROM PROGRAMMING, SECURITY BIT PROGRAMMING AND
VERIFICATION WAVEFORMS

PROGRAMMING VERIFICATION

P1.0-P1.7 ’ Y N\

p2.0-P23 — ADDRESS & ADDRESS >—-

N /
. TAVQV
PORT 0 ——-< DATA IN ¥ | DATAOUT |
P faee]
TDVGL | 'TGHDX
|
TAVGL TGHAX
ALE PROG ' |
TSHGL _| | TGHSL
ITGLGH | [ .
21V = 5V l
TTLHIGH / \ \ TTL HIGH TTL HIGH TTL HIGH
EA VPP
\
TEHSH |--{ TELQV lol TEHQZ
P2.7 ; !
(ENABLE) .
i

FOR PROGRAMMING CONDITIONS SEE FIGURE 3.
FOR SECURITY BIT PROGRAMMING CONDITIONS SEE FIGURE 4.
FOR VERIFICATION CONDITIONS SEE FIGURE 5.
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SUMMARY

The 8044 offers a lower cost and higher performance
solution to networking microcontrollers than conven-
tional solutions. The system cost is lowered by
integrating an entire microcomputer with an intelligent
HDLC/SDLC communication processor onto a single
chip. The higher performance is realized by integrating
two processors running concurrently on one chip; the
powerful 8051 microcontroller and the Serial Inter-
face Unit. The 8051 microcontroller is substantially
off-loaded from the communication tasks when
using the AUTO mode. In the AUTO mode the SIU
handles many of the data link functions in hardware.
The advantages of the AUTO mode are: less software
is required to implement a secondary station data link,
the 8051 CPU is offloaded, and the turn-around time
is reduced, thus increasing the network throughput.
Currently the 8044 is the only microcontroller with
a sophisticated communications processor on-chip. In
the future there will be more microcontrollers available
following this trend.

INTRODUCTION

Today microcontrollers are being designed into
virtually every type of equipment. For the household,
they are turning up in refrigerators, thermostats,
burglar alarms, sprinklers, and even water softeners.
At work they are found in laboratory instruments,
copiers, elevators, hospital equipment, and telephones.
In addition, a lot of microcomputer equipment con-
tains more than one microcontroller. Applications
using multiple microcontrollers as well, as the office
and home, are now faced with the same requirements
that laboratory insttuments were faced with 12 years
ago — they need to connect them together and have
them communicate. This need was satisfied in the
laboratory with the IEEE-488 General Purpose
Instrumentation Bus (GPIB). However, GPIB does
not meet the current design objectives for network-
ing microcontrollers.

Today there are many communications schemes and
protocols available; some of the popular ones are
GPIB, Async, HDLC/SDLC, and Ethernet. Common
design objectives of today’s networks are: low cost,

reliable, efficient throughput, and expandable. In

examining available solutions, GPIB does not meet
these design objectives; first, the cable is too expen-
sive (parallel communications), second, it can only be
used over a limited distance (20 meters), and third,
it can only handle a limited number of stations. For
general networking, serial communications is
preferable because of lower cable costs and higher
reliability (fewer connections). While Ethernet pro-
vides very high performance, it is more of a system
backbone rather than a microcontroller interconnect.
Async, on the other hand, is inexpensive but it is not
an efficient protocol for data block or file transfers.
Even with some new modifications such as a 9 bit pro-
tocol for addressing, important functions such as
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acknowledgements, error checking/recovery, and data
transparency are not standardized nor supported by
available data comm chips.

SDLC, Synchronous Data Link Control, meets the
requirements for communications link design. The
physical medium can be used on two or four wire
twisted pair with inexpensive transceivers and connec-
tors. It can also be interfaced through modems, which
allows it to be used on broadband networks, leased
or switched telephone lines. VLSI controllers have
been available from a number of vendors for years;
higher performance and more user friendly SDL.C con-
trollers continue to appear. SDLC has also been
designed to be very reliable. A 16 bit CRC checks the
integrity of the received data, while frame number-
ing and acknowledgements are also built in. Using
SDLC, up to 254 stations can be uniquely addressed,
while HDLC addressing is unlimited. If an RS-422
only requires a single +5 volt power supply.

What will the end user pay for the added value pro-
vided by communications? The cost of the com-
munications hardware is not the only additional cost.
There will be performance degradation in the main
application because the microcontroller now has
additional tasks to perform. There are two extremes
to the cost of adding communication capability. One
could spend very little by adding an 1/0 port and have
the CPU handle everything from the baud rate to the
protocol. Of course the main application would be
idle while the CPU was communicating. The other ex-
treme would be to add another microcontroller to
the system dedicated to communications. This
communications processor could interface to the main
CPU through a high speed parallel link or dual port
RAM. This approach would maintain system per-
formance, but it would be costly. '

Adding HDLC/SDLC Netowrking Capability
Figure 1 shows a microcomputer system with a con-
ventional HDLC/SDLC communications solution.
The additional hardware needed to realize the con-
ventional design is: an HDLC/SDLC communication
chip, additional ROM for the communication soft-
ware, part of an interrupt controller, a baud
rate generator, a phase locked loop, NRZI en-
coded/decoder, and a cable driver. The NRZI
encoder/decoder, and phase locked loop are used
when the transmitter does not send the clock on a
separate line from the data (i.e. over telephone lines,
or two wire cable). The NRZI encoder/decoder is
used in HDLC/SDLC to combine the clock into the
data line. A phase locked loop is used to recover the
clock from the data line.

The majority of the available communication chips
provide a limited number of data link control func-

.tions. Most of them will handle Zero Bit Inser-

tion/Deletion (ZBI/D), Flags, Aborts, Automatic
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BAUD
RATE

NRZI
SERIAL CODER
MICROCONTROLLER COMMUNICATIONS RS422 |
SDLC/HDLC PHASE DRIVER
LOCKED
LooP

GENERATOR

Figure 1. Conventional microcontroller networking solution

address recognition, and CRC generation and check-
ing. It is the CPU’s responsibility to manage
link access, command recognition and response,
acknowledgements and error recovery. Handling these
tasks can take a lot of CPU time. In addition, servic-
ing the transmission and réception of data bytes can
also be very time consuming depending on the method
used.

The Using a DMA controller can increase the overall
system performance, since it can transfer a block of
data in fewer clock cycles than a CPU. In addition,
the CPU and the DMA controller can multiplex their
access to the bus so that both can be running at
virtually the same time. However, both the DMA con-.
troller and the CPU are sharing the same bus,
therefore, neither one get to utilize 100% of the bus
bandwidth. Microcontrollers available today do not
support DMA, therefore, they would have to use
interrupts, since polling is unacceptable in a multitask-
ing environment.

In an interrupt driven, the CPU has overhead in ad-
dition to servicing the interrupt. During each inter-
rupt request the CPU has to save all of the important
registers, transfer a byte, update pointers and
counters, then restore all of its registers. At low bit
rates this overhead may be insignificant. However, the
percentage of overhead increases linearly with the bit
rate. At high bit rates this overhead would consume
all of the CPU’s time. There is another nuisance fac-
tor associated with interrupt driven systems, interrupt
latency. Too much interrupt latency will cause data
to be lost from underrun and overrun errors.

The additional hardware necessary to implement the
communications solution, as shown in Figure 1, would
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require 1 LSI chipand about 10 TTL chips. The cost
of CPU throughput degradation can be even greater.
The percentage of time the CPU has to spend servic-
ing the communication tasks can be anywhere from
10-100%, depending on the serial bit rate. These high
costs will prevent consumer acceptance of network-
ing microcomputer equipment.

A Highly Integrated, High Performance Solution
The 8044 reduces the cost of networking micro-
controllers without compromising performance. It
contains all of the hardware components necessary to
implement a microcomputer system with communica-
tions capability, plus it reduces the CPU and software
overhead of implementing HDLC/SDLC. Figure 2
shows a functional block diagram of the 8044.

The 8044 integrates the powerful 8051 microcontroller
with an intelligent Serial Interface Unit to provide a
single chip solution which efficiently implements a
distributed processing or distributed control system.
The microcontroller is a self sufficient unit contain-
ing ROM, RAM, ALU and its own peripherals. The
8044’s architecture and instruction set are identical to
the 8051’s. The Serial Interface Unit (SIU) uses
bit synchronous HDLC/SDLC protocol and can com-
municate at bit rates up to 2.4 Mbps, externally
clocked, or up to 375 Kbps using the on-chip digital
phase locked loop. The SIU contains its own pro-
cessor, which operates concurrently with the micro-

_ controller.

The CPU and the SIU, in the 8044, interface through
192 bytes of dual port RAM. There is no hardware
arbitration in the dual port RAM. Both processor’s
memory access cycles are interlaced; each processor
has access every other clock cycle. Therefore, there
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T
I
: . Siu
i siu __| NRzi
CONTROL HDLC/SDLC CODER
AND Q COMMUNICATIONS ' Rsa22|
STATUS PROCESSOR SASE DRIVER
8051 | |REGISTERS| - S _
_ _ LOCKED
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CONTROLLER| L __ @ LOOP
|
DUAL | ‘
@ PORT CONTROLLER
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b -

Figure 2. 8044 single chip microcontroller networking solution

is no throughput loss in either processor as a result
of the dual port RAM, and execution times are deter-
ministic. Since this has always been the method for
memory access on the 8051 microcontroller, 8051 pro-
grams have the same execution time in the 8044.

By integrating all of the communication hardware
onto the 8051 microcontroller, the hardware cost of
the system is reduced. Now several chips have been
‘integrated into a single chip. This means that the
system power is reduced, P.C. board space is re-
duced, inventory and assembly is reduced, and
reliability is improved. The improvement in reli-
ability is a result of fewer chips and interconnections
on the P.C. board.

As mentioned before, there can be two extremes in
a design which adds communications to the microcom-
puter system. The 8044 solution uses the high end ex-
treme. The SIU on the 8044 contains its own processor
which communicates with the 8051 processor through

dual port RAM and control/status registers. While .

the SIU is not a totally independent communications
processor, it substantially offloads the 8051 processor
from the communication tasks.

The DMA on the 8044 is dedicated to the SIU. It can-
not access external RAM. By having a DMA controller
in the SIU, the 8051 CPU is offloaded. As a result
of the dual port RAM design, the DMA does not share
the running at full speed while the frames are being

- 22-4

transmitted or received. Also, the nuisance of over-
run and underrun errors is totally eliminated since the
dedicated DMA controller is guaranteed to meet the
maximum data rates. Having a dedicated DMA con-
troller means that the serial channel interrupt can be
the lowest priority, thus allowing the CPU to have
higher priority real time interrupts.

Figure 3 shows a comparison between the conventional
and the 8044 solution on the percentage of time the
CPU must spend sending data. This diagram was
derived by assuming a 64 byte information frame is
being transmitted repeatedly. The conventional solu-
tion is interrupt driven, and each interrupt service

.routine is assumed to take about 15 instructions with

a1 psec instruction cycle time. At 533 Kbps, an in-
terrupt would occur every 15 usec. Thus, the CPU
becomes completely dedicated to servicing the serial
communications. The conventional design could not
support bit rates higher than this because of under-
runs and overruns. For the 8044 to repeatedly send
64 byte frames, it simply has to reinitialize the DMA
controller. As a result, the 8044 can support bit rates
up to 2.4 Mbps.

Some of the other communications tasks the CPU has_
to perform, such as link access, command recogni-
tion/response, and acknowledgements, are per-
formed automatically by the SIU in a mode called
““AUTO.”” The combination of the dedicated DMA
controller and the AUTO mode, substantially offload
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Figure 3. SIU offloads CPU

the CPU, thus allowing it to devote more of its power
to other tasks.

8044’s Auto Mode

In the AUTO mode the SIU implements in hardware
a subset of the SDLC protocol such that it responds
to many SDLC commands without CPU intervention.
All AUTO mode responses to the primary station con-

form to IBM’s SDLC definition. In the AUTO mode

the 8044 can only be a secondary station operating
in. SDLC specified ‘‘Normal Response Mode.”
Normal Response Mode means that the secondary
station can not transmit unless it is polled by the
primary station. The SIU in the AUTO mode can
recognize and respond to the following SDLC com-
mands without CPU intervention: I (Information), RR
(Receive Ready), RNR (Receive Not Ready), REJ (Re-
ject), and for loop mode UP (Unnumbered Poll). The
SIU can generate the following responses without
CPU intervention: I, RR, and RNR. In addition, the
SIU manages Ns and Nr in the control field. If it
detects an error in either Ns or Nr, it interrupts the
CPU for error recovery.

How does the SIU know what responses to send to
the primary? It uses two status bits which are set by
the CPU. The two bits are TBF (Transmit Buffer Full)
and RBP (Receive Buffer Protect). TBF indicates that
the CPU wants to send data, and RBP indicates that
the receive data buffer is full. Table 1 shows the
-responses the SIU will send based on these two status

bits. This is an innovative approach to communica-

tion design. the CPU in the 8044 with one instruction
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can directly set a bit which communicates to the
primary what its transmit and receive buffering status
is.

When the CPU wants to send a frame, it loads the
transmit buffer with the data, loads the starting
address and the count of the data into the SIU, then
sets TBF to transmit the frame. The SIU waits for the
primary station to poll it with a RR command. After
the SIU is polled, it automatically sends the informa-
tion frame to the primary with the proper control field.
The SIU then waits for a positive acknowledgement
from the primary before incrementing the N field and
interrupting the CPU for more data. If a negative
acknowledgement is received, the SIU automatically
retransmits the frame.

When the 8044 is ready to receive information, the
CPU loads the receive buffer starting address and the
buffer length into the SIU, then enables the receiver.
When a valid information frame with the correct
address and CRC is received, the SIU will increment
the Nr field, disable the receiver and interrupt the CPU
indicating that a good I frame has been received. The
‘CPU then sets RBP, reenables the receiver and pro-
cesses the received data. By enabling the receiver with
RBP set, the SIU will automatically respond to polls

~ with a Receive Not Ready, thus keeping the link

moving rather than timing out the primary from a
disabled receiver, or interrupting the CPU with

" another poll before it has processed the data. After

the data has been processed, the CPU clears RBP,
returning to the Receive Ready responses.
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"Table 1. SIU’s automatic responses in auto mode

STATUS BITS

TBF RBP
0 0
0 1
1 0
1 1

SDLC communications can be broken up into four
states: Logical Disconnect State, Initialization State,
Frame Reject State, and Information Transfer State.
Data can only be transferred in the Information
Transfer State. More than 90% of the time a station
will be in the Information Transfer State, which is
where the SIU can run autonomously. In the other
states, where error recovery, online/offline, and in-
itialization takes place, the CPU manages the protocol.

RESPONSE

(RR) Receive ready
(RNR) Receive not ready
(1) Information

(I) Information

In the Information Transfer State there are three com-
mon events which occur as illustrated in Figure 4, they
are: 1) the primary polls the secondary and the secon-
dary is.ready to receive but has nothing to send, 2)
the primary sends the secondary information, and 3)
the secondary sends information to the primary.
Figures 5, 6, and 7 compare the functions the con-
ventional design and the 8044 must execute in order
to respond to the primary for the cases in Figure 4.

Note: RR = Receive ready

PRIMARY |— I I
SECONDARY SECONDARY
Case 1. Primary polls secondary :
secondary has nothing to send
‘Command Response
RR —_—
-=—— - RR
Case 2. Primary polls secondary
secondary sends information frame
Command -Response
RR, NR R '
—=—— |nformation frame
RR, NR+1 —_—
Case 3. Primary sends secondary information frame
‘ Command Response
RR —_—
-<——— RR, NR
Information frame ——— : ‘
-=—— RR, NR+1

Figure 4. SDLC commands and responses in the information transfer state
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CASE 1

8044 CONVENTIONAL
AUTO MODE PRIMARY DESIGN
~«——RR— Receive interrupts
Poll

Decode received control field

Check NR field

Load response into transmit control field
Send frame

Transmit interrupts

Figure 5. Primary polls secondary, secondary has nothing to send

CASE 2

, 8044 ' CONVENTIONAL

- AUTO MODE PRIMARY ’ DESIGN

Load transmit buffer , Load transmit buffer and transmit
Set TBF bit . control byte

—-——RR ——>  Receive interrupts
poll ~ Decode receive control byte
Check NR field '
Send frame
Transmit interrupts
-« RR ——> Receive interrupts
. : poll Decode receive control byte
Transmit interrupt " Check NR field
Increment NS

Figure 6. Primary polls secondary, secondary sends information frame
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8044

AUTO MODE PRIMARY

poll

Receive interrupt

-=—— RR —=

—-=—I| frame —»

CASE 3

CONVENTIONAL
DESIGN
Receive interrupts
Decode received control field
Check NR field

Load response into transmit control
field

Send frame

Transmit interrupts

Receive interrupts

Decode receive control field
Check NS NR fields '
Increment NR

Load response into transmit control
field

Send frame
Transmit interrupts

Figljre 7. Primary sends information frame to secondary

Using case 1 as an example, the conventional design
first gets receive interrupts bringing the data from the
SDLC comm chip into memory. The CPU must then
decode the command in the control field and deter-
mine the response. In addition, it must check the Nr
field for any pending acknowledgements. The CPU
loads the transmit buffer with the appropriate address
and control field, then transmits the frame. When the
8044 receives this frame in AUTO mode, the CPU
never gets an interrupt because the SIU handles the
entire frame reception and response automatically.

In SDLC networks, when there is no information
transfers, case 1 is the activity on the line. Typically
this is 80% of the network traffic. The CPU in the
conventional design would constantly be getting in-
-~ terrupts and servicing the communications tasks, even
when it has nothing to send or receive. On the other
hand, the 8044 CPU would only get involved in com-
municating when it has data to send or receive.

Having the SIU implement a subset of the SDLC pro-
tocol in hardware not only offloads the CPU, but it
also improves the throughpgt on the network. The
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most critical parameter for calculating throughput on
any high speed network is the station turnaround time;
the time it takes a station to respond after receiving
a frame. Since the 8044 handles all of the commands
and responses of the Information Transfer State in
hardware, the turnaround time is much faster than
handling it in software, hence a higher throughput.

8044’s Flexible Mode

In the “NON-AUTO”’ mode or Flexible mode, the
SIU does not recognize or respond to any commands,
nor does it manage acknowledgements, which means
the CPU must handle link access, command recogni-
tion/response, acknowledgements and error recovery
by itself. The Flexible mode allows the 8044 to have
extended address fields and extended control fields,
thus providing HDLC support. In the Flexible mode
the 8044 can operate as a primary station, since it can
transmit without being polled.

Front End Communications Processor

The 8044 can also be used as ap intelligent
HDLC/SDLC front end for a microporcessor, capable
of extensively off-loading link control functions for
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the microporcessor. In some applications the 8044 can
even be used for communications preprocessing, in
addition to data link control. For this type of design
the 8044 would communicate to the Host CPU
through a FIFO,.or dual port RAM. A block diagram
of this design is given in Figure 8. A tightly coupled
interface between the 8044 and the Host CPU would
be established. The Host CPU would give the 8044
high level commands and data which the 8044 would
convert to HDLC/SDLC. This particular type of
design would be most appropriate for a primary
Station which is normally a micro, mini, or mainframe

computer. Sophisticated secondary stations could also
take advantage of this design.

Since the 8044 has ROM on chip, all the communica-
tions software is non-volatile. The 8044 primary
station could down-line-load software to 8044 secon-
dary stations. Once down-line-loading is implemented,
software updates to the primary and secondary
stations could be done very inexpensively. The only
things which would remain fixed in ROM are the
HDLC/SDLC communications software and the soft-
ware interface to the HOST.

HOST

SYSTEM
MEMORY

@ SYSTEM DATA BUS

{

‘D

ki

)

INTERFACE
HARDWARE

8044 DATA BUS

-

¢

8044
EXPANSION

8044

MEMORY

HDLC/SDLC DATA LINK

Figure 8. 8044 front end processor
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PACKAGING INFORMATION Al dimensions in inches and (millimeters)

NOTES:
. All packages drawings not to scale.

2. All packages seating plane defined by .0415 to .0430 PCB holes.
3. Type P packages only. Package length daes not include end flash burr. Burr is .005 nominal, can be .010 max. at one end.
4. All package drawings end view dimensions are to outside of leads
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1Pior
9100 Gaither Road

* Gaithersburg 20877

Tel. (30% 948-0710
TWX: 710-828-0545

MASSACHUSETTS

tArrow Electronics,  Inc.
1 Arr Dlve
Wob

urn
Tel: (61 7) 933 8130
TWX: 710-393-6770

tHammon/Avnel Electronics
Office Park .

Wob 01 801
Tel: 161 7) 935-9700
TWX: 710-393-0382

tHarvey/Boston

44 Hartwell Avenue

Lexington 02173

Tel (617) 863-1200
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2524 Baylor Drive S.E
Albuquerque 87106

Tel: (505) 765-1500

TWX: 910-989-0614

Inc.

NEW YORK
Yarow Eketronis, I
900 Hollow Road

Farmingdale 11735
Tel: (516) 694-6800
TWX: 510-224-6126

tArrow Elemmmcs, Inc.
South Winton Road

Rochester 14623 .

Tel: (716) 275-0300

TWX: 510-253-4766

fArrow Electronics, Inc.
7705 M nage Drive

Tel: (315) 552.1000
TWX: 710-545-0230
tArrow “Electronics, Inc.
20, Oser Avenue

TWX: 510-227- 6623

tMicrocomputer System Technical Demonstrator Centers



NEW YORK (Cont'd)

tHamilton/Avnet Electronics

333 Metro Park

Rochester 14623

Tel (716) 475-9130
510-253-5470

tHamilton/Avnet Electronics
16 Corporate C|1c|7e

Tel: (315) 437.2641
TWX: 710-541-1560

tHamilton/Avnet  Electronics

Hub Drive
Melville, Long Island 11747
Tel (5|5) 454-6000
510-224-6166

1Harvey Elaclronlcs
P.O. 120¢

Bmghamlon 13902
Tel: (607) oy
TWX: 510-252-0893

tHarvey Electronics
60 Cross way Park West
Long lsland 11797
(5!6) 921-8700
TW)(‘ 510-221-2184

tHarvey/Rochester

840 Farrport Park

Fairport 14450

Tel: (716) 381-7070

TWX: 510-253-7001

tMTl Systems Sales

38 Harbor. Park Drive
Washmg\on noso

Tel (516) 6:

TWX: 510-; 223 0846

NORTH CAROLINA

tArrow Electronics, Inc.
938 Burke Street
Winston-Salem 2710!
Tel‘ (919) 7:

X:" 510-931- 3l69

tHamilton/Avnet Electronics
3510 Spn;\ Forest Drive

Tel: g(9‘9 878-0819
TWX: 510-928-1836

tPioneer/Carolina
103 Induslnal Avenue
Greensboro 27406
Tel: (919) 27344«
TWX: 510-925-1114

OHIO

Mrvow Electronics, Inc.

Cemzrvllle 45459

Tel: (513) 435-5563

TWX: 810-459-1611

1A"ow Elec\romcs, Inc.
6238 Coc Ro:

Solon
Tel (2‘6 2483990
810-427-3409

tHar:.ilton/Avnet Eleclronu:s
954 Sena D

(5|3) 433 0610
TW)( 810-450-2531
1Hamullon/Avne( Electronics
Emery Industrial Parkway
Warlensvllle Hm%hls 44128
Tel: (216) 831-3!

3 310-427-9452

DOMESTIC DISTRIBUTORS

OHIO (Cont'd)

tPioneer/Dayton

4433 Inlerpoml Boulevard
Dayton 45424

Tel: (5|Cl 236-9900
TWX: 810-459-1622

1P|oneev/CIeveland
4800 E. 131st Slreel

Cleveland 4410!

Tel (216) 587- 3600

TWX: 810-422-2211

OKLAHOMA

'Anow Electronics, Inc.”
Memorial Drive

TuI

Tel: (918) 665-7700
OREGON

rAlmac Electronics COIporanon
e s Nimbus, Bidg. 7
e

a n 97005
(503) 641.9070
TWX 910-467-8743

tHamilton/Avnet Electronics
6024 SW. an Road

10-455- 3179
PENNSYLVANIA
tArrow Electronics, Inc.
650 S Roa

eco d
Monroevile 15146
Tel: (412) 856-7000

710-795-3122

;PlcneevIDelaware Valley
61 Gibralter Road
Horsham

Tel: (2|5) 674- 4000
TWX: 510-665-6778

TEXAS

tArrow Electronics, Inc.
l37|5 G Road
Dallas

Tel: (214) 386—7500
TWX: 910-860-5377

tArrow Electronics,  Inc.
10899 Kinghurst

uite 100

Houston 77099

Tel: (713) 530-4700
TWX: 910-880-4439

tArrow Electronics, Inc. 10125
Metropolitan

Austin 78758

Tel: (512) 835-4100

TWX: 910-874-1348

THarmIlon/Avnel Eléctronics
2401 Rutlar

Austin 73757

Tel: (512) 837-8911

TWX: 910-874-1319

tHamlnon/Avnel Electronics
alnut Hill Lane

lwlng 75062

Tel: (214) 659-4100

TWX: 910-860-5929

TEXAS (Cont'd)

tHamitton/Avnet Electronics
8750 West Park

Hosuton

Tel (m) o

TWX: 910-881-5523

tPioneer/Austin

Tel (5|2) 835-4000
910-874-1323

moneerloauas

las 7!
Tel: (214) 386-7300
TWX: 910-850-5563

tPioneer/Houston

5853 Poml West Drive

Houston 77036

Tel: (713) 988-5555
TWX: 910-881-1606

UTAH

1Hlm|llon/Avnel Eleclronlcs
1585 West uth
Sai Lake Gy 8418
Tel. (©0Y 9722800

. -925-4018

Wyle Dlsmbuhon Group

1959 South 4130 West, Unit B

Salt Lake City 84104
Tel: (801) 974.9953

WASHINGTON

tAImac _Electronics Corporation
14360 SE. Easigate Way
Bellevue 98007

Tel: (206) 643-9992

TWX: 910-444-2067

tArrow Electronics, Inc.
4 21st Street

/

m
2238
g8
H
g

800
(206) 643-4800
TWX 910-444-2017

YHarmIlnn/Avne( Elecuonics
eet
Bellevu

Tel: (zos; S5 5674
TWX: 910-443-2469

WISCONSIN

TA"ow Electronics, Inc.
sson Avenue

Oakcr

(414) 764 6600
TW)( 910-262-1193

tHamilton/Avnet Electronics
2975 Moorland Rnad
New Berlin_531.

Tel: (414) 7844510

TWX: 910-262-1182

CANADA
ALBERTA
tHamilton/Avnet Electronics
2816 21t Street NE
T2E 623
Tel: (403) 230-3586
TWX: 03-827-642

LA, Varah, Ltd.

4742 4 Sueel NE.

Calgary

Ter (403)230 5535
038-258-97

ALBERTA (Cont'd)
Zenlromcs

3350 Mlh Avenue NE
Calgary T. 4
Tel: (403) 272 1021

BRITISH COLUMBIA
LA. Varah, Ltd

Tol: (604) 8733211
TWX: 610-929-1068

Zentronics

108-11400 Bridgeport Road
Richmond V6X 112

Tel (604) 273-5575

TWX: 04-5077-89

MANITOBA

LA, Varah,

12-1832 ng Edward Street

Winnipeg R2R ON1

Tel (204) 633-6190
7-55-365

Zentronics

590 Berry s Street
innipeg R3H OS1

: (204) s Sean

ONTARIO
Hamilton/Avnet Electronics
845 Rexwood Road

Units G & H
Mississauga L4V 1R2
Tel: (416) 677-7432
TWX: 610-492-8867

Hamilton/Avnet  Electronics
210 Colonnade Road South
Nepean K2E

Tel: (613) 226-1700

TWX: 05-349.71

LA. Varah, Ltd.

505 Kenora Avenue
Hamilton L8E 3P2

Tel (416) 561993"

Zentronics

8 Tilbury Court

Brampton L6T 374

Tel (416) 451 9600
6-976-7!

Zentronics

564/10 Weber Street North
Waterloo N2L

Tel: (519) 864 5700

Zentronics

590 Berry Street
Winnipeg  R3H OS1
Tel: (204) 775-8661

QUEBEC
Hamilton/Avnet  Electronics
2

TWX: 610-421-3731

Zentronics

505 Locke Street
St. Laurent_H4T 1X7
Tel (5|4) 735535|

tMicrocomputer System Technical Demonstrator Centers



BELGIUM

Intel" Corporation S.A.

Parc %o N

Rue du ulin a Papier 51
ite

B-1160 Brussels

Tel: (02)66! 07 1

TELEX:

DENMARK

Inls| Denmark_A/S*

FINLAND

Intel Finland OY

Hameentie 10:

SF - 00550 Helsinki 55

Tel: 0/716 955

TELEX: 123 332

FRANCE

Inlal Corp:vabon SARL'
e

S‘hc 223

Fungis. Cedex
S (01) 7 22 2
TELEX: 270475

EUROPEAN SALES OFFICES

FRANCE (Cont'd)
Intel Corporation, S.ARL.
BBC

Immeuble
4 Oual des Etroits

6
(7) 842 40 89
YELEX 305153

WEST GERMANY

Intel Semxconduclov GmbH*
Seuulslvasse
D-8000 M nchen 2
Tel: (89) 53891

TELEX: 05-23177 INTL D

Intel “Semiconductor GmbH*
Mainzer Strasse 75'

“Tel: (6121) 70 08
TELEX: 04186183 INTW D

Intel Semiconductor GmbH
Brueckstrasse 61

7012 Fellbach

West Germany

Tel: (711) 5t

TELEX: 7254826 INTS D

Intel  Semiconductor GmbH*
Hohenzollern Strasse 5°*

Hannover 1
Tel: (511) 34 40 81
TELEX: 923625 INTH D
Intel Semiconductor GmbH
Ober- Ratherstrasse
D-4000 mort 30
Tel: (211) 85 10
Teiel e aor? m. D

ISRAEL

Intel Semiconductor Ltd.*
P.O. Box 1659

Haifa

Tel: 4/524

TELEX: 46511

ITALY .
Intel Corporation ltalia Spa®
Milanofiori, Palazzo E
20094 Assago (leano)

Tel: (02) 8: 06
TELEX: 315183 INTMIL
NETHERLANDS

Intel Semlconduclor Nederland B.V.*
Alexanderpoort Building
Marten Meesweg 93

3 Rotterdam

Tel: (10) 21 23 77

TELEX: 22283

NORWAY

Intel Norway A/S

P.O. Box 92

Hvamveien 4

N 20‘3

Tef-e (2) 742 420

TELEX: 18018

SWEDEN

Inte! Sweden AB.*
Box 20092
Archimedesvagen 5
$-16120

Bromma
Tel: (08) 98 53 85
TELEX: 12261

SWITZERLAND

Intel Semiconductor A.G.*
Forchstrasse 95

H Zunch

Tel: (01) 55 45

TELEX: 57989 ICH CH

UNITED KINGDOM
Intel Cofporahon (UK) Ld.®
5 Hospital
Nantwich, Cheshwe CWS SRE
Tel: (0270) 626 560
TELEX: 36620
Intel Cofporation (UK) Ld.*
Pipers

Wlnshue SN3 1RJ

Swindon
Tel: (0793) 488 388
TELEX: 444447 INT SWN

*Field Application Location

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Eleklmmsche Geraete GmbH
Rolemuehlgasse
1120 Vienna
’lel (222) 83 63
TELEX: 11532 BASAT A

BELGIUM

Inelco Belgium S.
. des Croix de Guerre 94

TELEX:
DENMARK
MulllKomwnenl A/S
Fabrikspa 3

DK 2600 G
Tel 02) 45 *sePes

Scandmawan Semiconductor
A/S

Suppl
Nannssgade 18
DK-2200 Copenhag
Ter 0 (m) 83 50

FINLAND
Oy Fintronic_AB
Melkonkatu 24 A

Tﬂ (0) 2 60 2
TELEX: 124 224 Flvon SF

FRANCE

Gener

Z1. de Courtaboeuf

Avence dora Ballique
9|94:: )Le;o Uis_ Cedex.5.P.68

TELEX: F691 700

Jermyn
e ies Fevry 35
83170, Bagnolet, "
TELEX: 21810 F

Metrologie
La Tour d' Asnieres

1, Avenue Lamenl Cely
92606-A:

Tel: (1) 791 44 44
TELEX: 611-448

FRANCE (Cont'd)
Tekelec Airtronic

TELEX 204552

WEST GERMANY

Electronic 2000 Ver\nebs AG
Neumarkter Slrasse

o (89 43 40°81

TELEX 522561 EIEC D

Jermyn GmbH
Postfach 1180

(06434) 2.
TEI.EX 484426 JERM D
Celdis Enaiechmk Sys\ems GmbH
Gutenbel
2359 Henstedt Ulzbuvg 1
Tel: «msa)
TELEX:

oneleclron Vertriebs GmbH
lax Planck Strasse 1-3
6072 Dreieich bei Frankfurt

. Tel:_(6103) 33564

TELEX: 417983
IRELAND

Micro Marketing
Glenageary Office Park
Glena a

Co.
Tel: (I) 85 62 88
TELEX: 31584

ISRAEL

Eastronics Ltd.
1 Rozams Street

P.O. Box 39300
Tel Aviv 61390
Tel: (3) 47 5a 51
TELEX: 3363
ITALY °
Eledra 3S S.PA.
v|a|e Elvezia, 18
0154 IEY

TELEX 332332

. (

ITALY (Cont'd)

Intesi

Milanfiori Pal. E/S

20090 Assago .
Milano

Tel: (02) 82470

TELEX: 311351

NETHERLANDS

Koning a. Hartman
Kope rt 30

P.O. Box 4322

2544 EN's Glavenha e
Tel: 31 (70) 210.101
TELEX: 31528

NORWAY

Nordisk Elekkomc (Norge) A/S
Postoffice

Smedsvir en 4

1364 Hvalstad

Tel: (2) 786 210

TELEX: 77546

PORTUGAL

Ditram
Componentes E Electronica LDA
Av. M| uel Bombarda, 133

P100¢ boa
Tel: (|9)
TELEX: 14‘82 BﬂeksP

SPAIN

Interface

Ronda san Pedlo 223
Barcelona

Tel: (3) 30| 78 51

TWX: 51508

ITT SESA

Mbguel Angel 233

Madrid
Tel: (1) "9 54 00
TELEX: 27707

AB Gos!a Backstrom
Box 1
|s1roemerga|an
S|022 Svockho!m 12
Tel: (8) 541 080
TELEX: 10135

SWEDEN (Cont'd)
Nofdlsk Elec(vonik AB

anchamnsgavan 7
§-10254 Stockholm
Tel: (8) 635_040
TELEX: 10547

SWITZERLAND

Industrade AG
Gemsenstrasse 2
Posicheck 80 - 21190
C -8021 Zurich

(01) 363 23 20
TELEX: 56788 INDEL CH

UNITED KINGDOM

Earley, Reading
rkshire

Be:
Tel: (0734) 61031
TELEX: 848215

Comway _Microsystems Ltd
Market Street
UK-Bracknell, Berkshire
Tel: 44 (344) 55333
TELEX: 847201

Jermyn Industries
Vestry Estate
Sevenoaks, Kent
Tel: (0732) 450144
TELEX: 95142

MED.L.

East Lane Road

North Wembte;

Middlesex HAS 7

Tel: (01) 904 93 07
TELEX: 28817

Rapid Recall, Ltd:

Rapid House/Denmark St
High Wgcu
Be ngland - HP11 2ER
Tel: (0494 26 271
TELEX 837931

YUGOSLAVIA

H. R. Microelectronics Enterprises
P. X

San Jose, California 95150

Tel: 408/978-8000
TELEX: 278-559




AUSTRALIA

Intel Semiconductor Pty. Lid.
Spectrum Building
200 Pacific Highway

evel
Elowsl Nest, NSW, 2089
Tel: 011-61-2-436-2744

TELEX: 790-20097
FAX: 011-61-2-923-2632

HONG KONG

Intel Semiconductor Ltd.

1 /F Hong Konq Trade Centre
1-167 Des Voeux Road Central

Tel 011-85:

2! 5450
TELEX: 63869 ISLHKHX
JAPAN

Intel Japan

5.6 Tokodan Tuyosal

Tsukuba- Ibaraki-ken 300 26
Tel: 029 47 -8511

TELEX: 03656-160

INTERNATIONAL SALES OFFICES

JAPAN (Cont'd)
Intel Japan KK.*
2-1-15 Naka-machi
Atsugi, Kanagawa 243
Tel. 0462-23-3511

Intel Japan K.KK* -
2-51-2 Kojima-cho

hofu, Tokyo 1
Tel: 0424-88-3151
I2n|e1 .Iapan KK'

maga a. Saﬂﬂma 360
&gﬁ -24-6871

JAPAN (Cont'd)

Intel Japan KK.*
%441 Terauéhi
oronaka.

Tel: 06-863-1091

Intel Japan KK.
1-6-1 Marunouchi

Chiyoda-ku, Tokyo 100
Tel: 03-201-3621/3681
Intel Jay KK.*
et
elagaya Y. Tokyo
Tol: 044262231

*Field Application Location

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA

VLC SARL.
Sarmnemo 1630, 1 Piso
2 Buenos Aires
Tel 35-1201/9242
TELEX: Public Booth 9900 or 9901

Mailing Address

Soimex  International Corporahon
15 Park Row, Room #17:

New York, New York |0036
(212) 406-3052

Attn: Gaston Briones

AUSTRALIA

“Total Electronics
9 Harker Street

Vlclona 3125
61 3 288-4044
TELE)( AA 31261

Mailing Addless

Private Ba%
Burw lictoria 3125
Australia

Total Electronics

#1 Johnstone Lane
Lane Cove, N.SW. 2066
TELEX: 26297

BRAZIL

05“0 Av Mullnga 3650-6 Andar
Pirituba Sao Paulo

Tel:_261-0:

TELEX: 1122274/ICOTBR

CHILE

OIN
AV. VIC MCKENNA 204
Casilla
Santiag o
Tel: 227
TELEX: 352 003
COLUMBIA
International Computer Machines
Carrera 7 No. 72-34
e0 19403

Tel: 211 7282

TELEX: 45716 ICM CO
HONG KONG

Schmidt & Co. L.
Wing_on Centre, 28th

111 Connaught Road Cemral
Tel: 5 8521 2

TELEX: 74766 SCHMC HX
INDIA

Mu:vomc Devi
S 04/109C, Numal Industrial Estate

€

Bomba 400022

Tel: 486-170

TELEX: 011-71447 MDEV IN

JAPAN

Asahl Electronics Co le
M Bldg. Room

2-14-1 Asar\o Koku

Kita-Ku, Kllakyus‘;l;l City 802

Tel: (093) 511
TELEX: AECKY 7126-16

JAPAN (Cont'd)

Hamlllon Avnet Electronics Japan Ltd.
U and YOU Bldg. 1-4 Horidome-

Nihonbashi Chuo-Ku, Tokyo 103
Tel: (03) 662-9911
TELEX: 2523774

Ryoyo Elec(m: Corp.
Konwa

Tel 103) 543 77“/541 7311

Tokyo Electron Lid.

Shin Juku, Nomura Bldg.
262 Nishi-Shin _Juku-Ichome
Shin Juku-Ku, Tokyo 160

Tel._(03) 343-4411
TELEX: 232-2220 LABTEL J

KOREA
Kofam D| ital

2n Govemmem Pension Bidg.

Seoul 15

Tel: 782-8039 or 8049

TELEX: KODIGIT K25 299

NEW ZEALAND

McLean Information Technology Ltd.
459 r Pass Road, Newmarket,
P.O. Box 9464, Newmarket
Auckland 1, New Zealand

Tel: 501-801, 501-219, 587-037
TELEX. NZ21570 THERMAL

SINGAPORE

General Engineers Corporation Pty.

18 Pasir Panj an’g

11-05/08 PSA Multi S(orey Complex

Singapore 0511

Tel: 011-65-271-3163

TELEX: RS23987 GENERCO

SOUTH AFRICA

Elacﬂomc Bulldlng Elemems. Pty. L.
509

Tel OII 27- 12 46 922‘ Dl 9227
TELEX: 3-0181 SA

TAIWAN

Taiwan Automation Corp.
3rd Floor #75, Semmn 4
Nankmg East Road

Tel 771-0940 or 0941
TELEX: 11942 TAIAUTO

YUGOSLAVIA

H. R. Microelectronics Enterprises
P.0. Box 5604

San Jose, California 95150

Tel: (408) 978-8000

TELEX: 278-559

*Fietd Application Location



CALIFORNIA

intel Corp.
1350 Shorebird W.y
ML View 94043
Tei. (415) 968-8211
TWX: 910-339-9279
910-338-0255
Intel Corp.
2000 E. 4th Street
Suite “0
Santa_Ana 92705
Tel: (714 835-5577
TWX: -595-2475
Intel Corp.
7670 Oppomnﬂ? Road
San Dvexo 92111
Tel: (714) . 268-3563
Intel Corp.
5530 :l Corbin Avenue

Tarzana 91356
Tel: (213) 708:0333

Denver 8
Tol (303 32| 8086
;- 910-931-2289

CONNECTICUT

Intel Corp.

36 Padanaram Road
D!nb\g 06810

Tel: (203) 792-8366
FLORIDA

Intel Oovx

1500 N.W. 62nd Street
Suite 104

Ft. Lauderdale 33309
Tel: (3058 771-0600
TWX: 510-956-3407
Intel OOTE

500 N. Maitland Avenue
Suite 205

Mmlland
(3053 628-2393
10-853-9219

inte!  Corp.
515\ Adanson Street
Orlando
Tel: (305) 628-2393

U.S. SERVICE OFFICES

Norcross
Tel: (404) 4411171
ILLINOIS

50 Golf Road
Suh 815

Meadows 60008
Tel: n&‘ 981-7270
TWX: 910-253-1825

KANSAS

intel Corp.

8400 W. 110th Street
Suite 170

Overland Park 66210
Tel: (913) 642-8080

MARYLAND

Intel Corp. 7257 Parkway Orive
Hanover 21076 Y

Tel: (301) 796-7500
TW)(:( 71&-862-‘944
MASSACHUSETTS
Intet Corp.

27 Industrial Avenue
heimsford 01

Tel: (617) 256-1800
TWX: 710-343-6333

MICHIGAN

Intel co'%

'4.’65005‘e m Highway
Southfield 48075
Tel: (313) 354-1540

TWX: 810-244-4915
m‘

7401 Metro Boulevard
Edl 554

Tel: (612 8356722
TWX: -567-2867

Intel Corp.
4203 Earth Expressway
s-mo 143 c"y

Yoi: (314 291-2015

NEW JERSEY

asss\%n

Clvﬂs 07632
Tol (201) 567-0820
TWX: 710-991-8593

NEW YORK
IntelCorp.

2255 Lyell Avenue
Tel: (716) 254-6120

NORTH CAROLINA
Intel

Tel: (704) 568

Intel . ’
gapscxvmsdwvm Road
Greensboro 27407

Tel: (919) 294-1541

OHi0

Chaannu rainard Bidg.

28001 Chagrin Boulevard
Cleveland 4122

TM”O(BOO 325-4415
810-450-2528

OKLAHOMA

Intet .

4157 Cs?mﬂawd

uite 123

Tulsa 74101

Tel: (918) 744-8068
OREGON

IntelCorp.

10700 S.W. Beaverton-Hillsdale
S

Beaverton 97005
Tel: (503) 641-8086
TWX: 910-467-8741

PENNSYLVANIA

%mecom ania A

ia Avenue -
shuaws 19034
(215) 1000

TWX 510-661-2077

507 Panh Conter Boulevard
Suite 301 W

15235
Tel: (313) 354-1540

Tei (512)454-3628’
TWX: 910-874-1347

Intel Corp.

12300 Ford Road
ne 380

1e| (2“&825.1!58&87

755 S Freeway

Suite 1490

Houston 77074

Tel: (7'3&‘ 988-8088

TWX: 910-881-2490

VIRGINIA

;700 cl.o;gsburg Pike
uite

Falls Church 22043
Tel: (7038 734-9707
-931-0625

WASHINGTON

Intel’ Corp.

!10 1!0‘7(!) Avenue N.E.
Be e 98004

Tel: 1—800—538-0
TWX: 910-443-3002
WH

5 Scmgunnysmpe Road
Sute 148

L (m) Sads0s0
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