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HEX--BUS PROTOCOL. Introduction

SECTION 1

Introduction

1.1 Purpose of This Document

This specification describes the €iming and protocel for s
communications bus to connect intelligent peripherals Lo
calculator type products. This document is meant to be used in
formulating the detailed software design and to allow an accurate
review of the plans te support peripherals.

1.2 Scope aof This Document

This document describes the signals. messages, and protocol
on the peripheral bus. The slectrical interface is not described
in detail; specifically the design of hardware to implement the
bus is not discussed. The primary discussion centers avound the
method uvsed by devices to perform data €ransmission on the bhus.
The specification includes the following sections:

i. Overview of the bus characteristics.
Description of bus signals.
Bus message structurse,
Access to I/70 subroutines within the calculator,

Notes on the use of the bus

I

Bus transfer examples

An application programmer need only read the section on i/0
subsystem access in order to understand how to access peripherals
from assembly language. The document is structured with that
section providing a complete description for software use.

Texas Instruments i-1 TI Praprietary




HEX~BUS PROTOCOL Introduction

1.3 Terainology

IPBE - Intelligent Peripheral Bus

RAM -~ Random Access Memory

HEK =~ Handskake I/0 Control Line

BAV ~ Bus Available I/0 Control Line

LAT - Internal I/0 Contral Signal Derived from HSK

PAB ~ Peripheral Access Block

SAB -~ Slave Access Block
SRPAB— Service Request Peripheral Access Block

DSR - Device Service Routine

When the symbol ‘>’ precedes a number in this document, it
indicates that the number is hexadecimal.

1.4 Related Documents

Related documents may be cbtained by contacting Art Hunter
at TI Lubbock:; phone 7946-3431: MEG HEXE

Texas Instruments i~2 TI Praprietary



HEX~-BUS PROTOCOL Specification Overvisw

SECTION 2

Specification Overview

2.1 General Features

The bhus is designed to provide data transamission between a
calculator and peripherals, It is organized in a master-siave
arrangement with the controlling calculator as the master and the
periphgrals as slaves. In this manner the calculator on the bus
acts to control data activitg. NMormal communication will be
initiated by a command message from the calculator fo a
peripheral. The peripheral responds tc the calculator with a
data or status message to signal completion of the command.

Certain peripherals, when allowed by the master device, may
initiate a device poll by the master. This effects a service
regquest feature by a slave device.

Through software loaded into RAM, the calculator can also
have a slave communication mode. This allows it $o operate on
the bus as a peripheral to another calculator (teo allow two
calculators to communicate) and provides the capability for a
more complex communication structure For applications which
require it. This capability is selectable from both assembly and
high level languages. Capability has algso been given For the
calculator to pass the master conirol to another device on the
Bus. This does not allow a3 device to arbitrarily take control as
the master device but only do so by command #From €he current
master.

Transmissions on  the bus are defined in the context of a
“message frame® which consists of a command message from the
master and a response message from the slave. The form of the
messages is described in detail in a later section. This message
concept requires that each peripheral be intelliigent enough %o
doecode information and bus status and be able %o follow protocol.
It is assumed that each peripheral will contain a microcomputer
for the bus interfacs and contrel functions,

Texas Instruments 21 TI Proprietary




HEX-BUS PROTOCOL Bus Signal and Timing Descriptions

SECTION 3

Bus Signal and Timing Descriptions

3.1 S8ignals

The bus is connected to all devices in a parallel manner.
Mo buffering is provided at any point along the data bus. The
physical bus consists of 8 lines. A ground reference signal and
a line reserved for #future use make uvup 2 of the lines. There are
4 parallel data lines defining a 4 bit nibble as the basic unit
of information carried on the bus. Data within the communication
protocol is defined in 8-bit units {bytes?. Each byte
corvresponds to twe Eransmissions on the bus. least significant
nibble first. Data is output o the bus wvia open collector
drivers.

D3 most significant data bhit
b2 data bit

D1 data bit

no —= lpast significant data bit
HSK handshake

BAV bus available

FUT reserved for future use
GND ground

The spesd of ¢ransmission of the data bus is controlled by the
handshake line HSK. The BAV (bhus available) signal is wused ¢to
degignate the beginning of a command message from the master and
for a slave device t8 reguest .service as described in  later
sections.

3.2 Handshake Timing

The signal timing of HSK and the data lines is illustrated
in Figure 3. 1. The +alling edge of HMBK is the signal to
receiving devices that a nibble of data is available on the bus.
HSK triggers a signal that informs the software I/0 drivers that
a nibble of data is available on the bus. The rising edge of HEK
is the signal to the transmitting device that all receivers have
read the data. HSHM is an open collector line so that any one

Texas Instruments 3-1 T Praprietary



HEX-BUS PROTOCOL Pus Signal and Timing Descriptions

device may keep it at a low level. When the receiving device(s)
see that HEX has gone low they rapidly (through hardware} pull

HEK low aiso. The receiving device(s! then hold HSK low until
they have processed the data. The ¢$ransmitting device will
relsase HSK shartly aftter pulling it low. This normal
intersciion is illustrated in Figure 3. 2. I# the transmitting

device is slower than the receivers then it may dictate the bus
speed as shown in Figure 3. 3.

When a device is not interested in the data being
transmitted it may disable itself from the bus and wait for the
next message frame {(denoted by a BAY transition from high to
low}. Non—active devices need not even participate in the
handshake activity.

Figure 3.1
Bus Handshake Sequence

X £ N
HEK hY 7/ \
1<~ one handshake ~3i <= naxt -
4 K
XXXXKXAXX KXXAXAXAXXXX
DO-D3 XXXXXXXXX AXXAULAXLRALAXX,
L data walid —2i
Figure 3.2
Handshake Components
{Receiver Limited)
. \ 7 \
HSK{composite) \ _ / Y
{<-ona handshake—>| i<~ next -
H H
iN / \
HESK(xmit) HEAN ra AN
H 1CSus>!
i€ Bus 2}
\ ! \
HEK{TCV) \ 7/ Y
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Figure 3.3
Handshake Components
{Transmitter Limited)

\ / \
HSK (composite? \ 7/ \
1<~ gna handshake -2} i<~ next ~-
14 L1
[ 4
\ r \
HEK{xmit} AY / \
A\ / \
HSK{rcv) A\ / N\
Table 3.1

Handshake Timing Parameters
{Microseconds)

I1tem Min Max
HOK low to data valid - 0.5
HE¥® low{xmit) to HSK low(bus) - 3
HSK lowlbus) to HBK lowl(rcvi - ]
HEK lowl(zmit) to HSK highi{xmit) 8 -
HEK high to data invalid ) e 3 3
HSK high to HSK low 8 20000% SomF

* within a message

## because data is output via open collector buffers, and
HSK going high causes ones to be written into their
output latch. data becomes invalid on the rising =dge
of HESK.

3.3 Bus Time—outb

Within a message frame (when Bus Available is low), whenever
HEK is high it has 20 ms to go low, or a bus time—-out condition

Texas Instruments 33 TI Proprietary



HEX~-BUS PROTOCOL Bus Signal and Timing Descriptions

might result. Some master devices may take longer than 20 ms.

3.4 Data Transfer frder

All data and overhead information is sent in increments of
one byte. As bytes are transmitted, the least significant nibble
is sent on the bus first:, Ffollowed by ¢the most significant
nibble. Whenever 1& bit (two byte’ fields. such as the data
length in the command message. are sent, the least significant
byte is transmitted #irst.

Texas Instruments 3~4 TI Propristary
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SECTION 4

Bus Message Structure

4.1 Protocol

As mentioned earvrlier, the data bus transmits command and
response messages within the context of & message frame. In
general %he transmission of one command message from the master
device will cause a response message to be transmitted back from
the slave device selected. Each message consists of several
nibble transfers as described in the previous section

Each transmitted message contains overhead information %o
indicate such things as the slave device selected, the command
code to be performed, and the data length. The BaAV {(bus
available) signal specifies the start of a message frama. When
the master device starts a message frame it first pulls BAV  low.
The command message From the master then follows that failing
edge of BAV. The falling edge of BAV alerts all slave devices %o
look for the two-nibble device code which is always transmitted
fivrst in the command message (again., least significant nibhle
first). The BAV signal does not return to the high level wuntil
the message frame is complete. This is illustrated in Figure 4.1
below.

Figure 4.1
Message Frame

cammand i response |
message H message H

o

BAV \ 4
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HEX-BUS PROTOCOL Bus Message Structure

Table 4.1
Message Timing Paramefers
{Microseconds)

Item Min Max
BAY low $o HSK low 5 20000
HSK high to BAV high i ——
End of command to start of response ig aaad
HEBK high to HEK low 8 20000
BAV high to BAV low 8 ——

{Within a message frame)

The firs:t two nibbles of the command message always contain the
device code of the slave device fto be addressed. All devices on
the bus will read this number and test for a match. After €he
device code has been sent all devices except the one selected
will ignore all further data in the message. The hardware will
be designed such that they will not have to participate in the
handshake sequence until the next falling edge of BAV. In this
way the bus will operate at the maximum data rate of the two
“talking® devices once the device code has been transmitted.

Any device may extend the time to process data or wait for
an eperation to complete by halding HEK low until it is ready to
start the next operation. Whenever HEK is high during a message.
it must go low within 20ms or the receiver may time out (Time
outs are not required for peripheral slave handlers).

The «command and response messages are detailed in a
following section,

As mentioned previously, each device has a unique device
code. In addition, the device code 200 is reserved %o be
recognized by all devices. but only the reset and null commands
are valid. All other commands for device code 200 should be
ignored by the peripherals (no response message).

4.2 ¥Poll Request

The master device may tell a slave through a normal message
#rame that it can request service from the master. HWhen that has
been done the slave may interrupt the master by pulling the BAV
signal low. When the slave device pulls BAV low that initiates a
message frame where the master polis a slave device which has
been enablaed %o request service. The ‘“service reguest poll”
command code i3 vused for this. Figure 4.2 illustrates the

Texas Instruments 42 TI Proprietary
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standard request sequence and the way BAV is driven. The master
will poll one of the enabled devices during the message frame.
I¢# several devices have been enabled, then the master may not
poll the requesting device in the current frame. I+ that happens
then the polled device will say "No"., and the service request
handler will set up to poll the next device and return to the
interrupted application, After waiting Ffor a period. the
requesting device will pull BAV low again to initiate another
poll. The master device will cycle through the devices which are
enabled so the requesting device will be polled eventually.

I# the master receives an interrupt while in bus master
mode, and the application has not yet acknowledged a previous
service request from the current device, then the service request
handler will transmit & null operation message down the bus. If
no devices are enabled for service requests, then the I08 wiill
ignore the intarrupt.

Figure 4.2
Service Request Sequence

command { response |

H
AN H /
BAV{composite) \ H /
L]
:
N\ i fslave sees HBK
BAV(slave} \ i/ go low and
i releases BaAY
13
' S
N\ H 7/
BAV(mastar) N 7/

imaster pulls
PHSK low (1st nibble
iof transmission!

Because of timing uncertainties the service request may
nearly coincide with a normal message frame. in that case,
iljustrated in Figure 4.3, the master device will miss the
request and proceed with the normal frame. The regquesting device
will treat this similar to the case where another device was
polled and re—assert £he request after the current message is
complete. A difference arises when the master is coincidentally
sending a normal message when the device requests service. This
might occur when the master sends a message +to the requeasting
peripheral or to another peripheral. In that case the requesting
device will either see that the device code is not its device
code, or that the command code is not the "service request poll"
code and must process it normally. The requesting device would

Texas Instruments 43 Ti Proprietary



HEX-BUS PROTOCOL Bus Message Structure
then re-request service after the message is complete.

Figure 4.3
Service Request Miss

i

! command | response |

BAV(composits) A}

N re-regquest
BAV(slave} Y / 5

BAV(master? 5

Table 4-2
Pplling Timing Paramemters

Iten Min Max(us)

P T —————

—— —_

1o #% see note ##
t~wait 2000 —

Note: The slave device will wait for the first HEK from

the bus master before rTeleasing BAV.

This specification allows multiple devices to be

raguesting
service without any unresolvable conflicts.

Texas Instruments 4—4 TI Proprietary
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4.3 Command Message

Az mentioned earlier,

Bus Message Structure

communication between the calculator

and a peripheral consists of a command message and & response

message f{In some cases,
command .

there will be no response to the

The following data is contained in a command message:

Field Bytes
Device code 1
Command code 1
f.ogical Unit Number 1
Record number 2
Bu#sfer length 2
Data length 2
Data variable
NOTE
all data structures shown in this

specification are

examplies of how the data

can be organized, and are not wmeant to

restrict the use

strucftures.

of other internal data

A bus master (console’y should be able *to
transmit and receive data at a minimum rate
of 3000 bytes/second. This accomodates

paripherals that

transfer rate.

e t‘, SN
AT NS Yoy g
L

Texas Instruments

require a minimum I/70

43 TI Proprietary
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HEX-BUS PROTOCOL Bus Message Sitructure

Each device will have a unigque device code (283 codes are
available}. Devices with several separately addressable units
will have several device codes — one for each unit. Device codes
have been assigned as follows (tentative):

Device Code {in decimall:

G - all devices

i-8 -~ tape mass storage
10-11 -~ printer/plotter

12-13 -~ papgarved for printers
14-15 ~ Low cost printer

16~17 — Brother 80 column printer
i8-1%9 - ragerved for printers

20-23 - R§-232 interface

3033 - T¢ interface {(color)

240473 - T interface (black and white)
5033 -~ Centronix parallel interface

&0~&7F - calcuylator in slave mode (M C, =60-&3)
70-73 - modem

a0-a7 - BPIB interface

90~-93 - Bar code reader

F4—35 - scanner

100~10%9 — Floppy disk drive

110~-117 ~ micro floappy

240~244 ~ RAM based file manager
245-2%4 ~ vesarved for future console resident DSRs
258 -~ Conscle display

Device code O is normally used with the Null Operation or bus
reset commands. The I/0 subsystem will always return with a
time~out error in those cases. The various fields in the command
message are defined as follows:
4.3.1 Device Code.

This sslects the slave device which is to respend %o the
command.
4.3.2 {ommand Code.

This +field tells the slave device the nature of the
operation to be performed. The following lists the standard code
assignments:

Command Code {(in Hexadecimall:

0G - open

Texas Instruments f—b T Proprietary
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HEX-BUS PROTOCOL Bus Message Sitructure

0i -~ tlose

O — dolete open fils

43 — read data

04 - write data

085 ~ restore file

0& — delste

07 -~ return status

08 — servicte request enable
0% - service requast disable
0A - service regquest poll
OB — you are the master

OC - verify read/write operation
0D - format and certify media
QE — catalog directory

OF — set options

10 -~ ftransmit break

11 ~ protect/unprotect file
12 ~ read sectors

13 -~ write sectors

14 - modify file name

15 - read file descriptor
16 - write file descriptor
17 ~ read file sectors

18 — write file sectors

1% - load

1A ~ save

iB -~ inquire save

iC ~ home computer status
1D ~ home computer verify
FE - null operation

FF -~ bus reset

The specific actions of each of these commands is described in
section 5. Certain peripherals may extend this list for device
dependent features. Groups of peripherals with similar
gextensions to this standard will have similar command codes +for
those extensions. For sxample video display peripherals would
use the same command codes for direct screen access and cowuld
have a command code which returns sc¢reen characteristics such as
numbers of lines and characters per line. Command codes >30-2EF
are reserved for device dependent commands.

4.3.3 iLogical Unit Number — LUND.
This is reserved for use by devices which may contain
separately addressable segments on one physical unit (e.g. files

on disks). Each currently open file on a device must have a
unique non zero code in this byte so that the device may continuve

Texas Instruments 4-7 TI Proprietary
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to relate the commands %o the proper Files: the open command
provides both the LUNC and the file name. Certain BASIC commands
that include an OPEN (such as OLD, LIST, SAVE) may specify LUND
rero so each peripheral must alsoc be able to accept LUNG zero.
Note that LUNOs are only checked by peripherals that allow
multiple files to bs open at one time (such as a floppy disk).
Peripherals that don’t have files or only allow one file to be
open at & time are not required fo check the LUNDO for validity.

4.3.4 Record Mumber.

The record number is reserved for future devices which
support relative record (random access) files or for devices
which extend the standard command code set (e. g. display address
for a write screen command on the TV intaerface). It ig ignored
when a file is opened as a sequential file. This field must be
maintained by the application sofiware for compatibility with

possible #future random access devices. It should be zeroed
before the open and restore operations for normal access to
devices. I+ should also be incrementad by the application after

successful read, write, and verify operations. The first record
of a #file is record O. Pervipherals that do not support random
access may ignore this field.

4.3. 5 Buffer Length.

This field indicates +the size of the data buffer for
receiving data from a peripheral during the current bus
ogperaftion. It is used by the master’s IOB ¢to check that the
length of the returned data does not exceed the buffer size. If
the master ‘s IDNS determines that more data is being received than
can be put inte the buffer, the cperation will be aborted. and a
bus time—out will result. The data returned by the peripheral in
the response message must not exceed the length specified here.
This length is exclusive of the data length and refturn status
bytes which form part of the response mescage (The status byte
and data length replace their old fields in the PAB).

4.3. 6 Data Length.
This #field gives the number of bytes of data which follow in

the data field.

4.3.7 Data.

Texas Instruments 45 TI Proprietary
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This field contains data to be written to the peripheral
device. The use of the dats depends on the command code. I+ the
data length field is zero then the data field is not present.

4.4 Response Message

The response message contains the following data:

field bytes
Data length 2
Data variable
Operation status 1

4. 4.1 Data Length.

This field specifies the number of bhytes of data which
follow in the data #field.

4. 4.2 Data.

This field containeg the data to be rTeturned %o the master
davice; for example on a read dats operation, I+ the data length
field is zero then this field will be omitted. MWhenever the true
data length tcannot be determined at the time the length is sent,
the data field will be padded with trailing blanks (220} for
display type files, and with trailing zeroes for internal type
files (i.e. fixed length internal disk files).

Texas Instruments 4=~ TI Proprietary
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HEX-BUS PROTOCOL Bus Message Structure

4. 4.3 Dpervation Status.

This field contains a status of the operation. The
following lists the assigned response codes in both hexadecimal
angd decimal:

oG { O - normal operation completion
01 + 1 - device/#ile option error
o2 1 2 - atitribute error
031 3 ~ #ile/device not found srror
04 ! 4 ~ filefdevice not open error
05 { 5 ~ file/device already opsn
04 | & — device error
g7 { 7 - EOF arror
o8 ¢ B8 - data/file too long arror
g9 ! 9 ~ writs protect error
CA ! 10 - not requesting service
{response €to poll inquiry)
o8 ! 1i -~ directory #ull srror
OC 4 12 -~ buffer size error
oD ! 13 ~ unsupported command error
OE ¢ 14 — +file not opened for write
OF | 15 ~ file not opened for read
10§ 16 ~ data error (checksum failure in devicel
11 | 17 - file type (relatives/sequential) incorrect
or not supported
12 ¢ 18 -~ improper file protection information specified
13 { 1% — append mode not supported G
14 | 20 - output mode not supporied %%
15 ! 21 - input mode not supported
14 | 22 — update mode not supported
17 | 23 - file type linternal/display) incorrect
§ or not supported
ig { 24 ~ verify error
i% ¢ 2% - low batteries in pevipheral
1A ! 2& ~ uninitialized media
1B | 27 - peripheral bus ervor (timing error}
1€ § 28 ~ file is delete protectead
iD | 29 - cartridge not installed as mass storage
1E ! 30 - restore not allowed in this mode
iF ¢ 31 ~ invalid file name
20 | 32 - media full
21 { 33 —- attempted to exceed maximum number of lunos
29 1 34 ~ invalid data (too shott or incorrect contents)
FE 1254 ~ illegal in slave mode
FF 12585 - bus time oult error

Texas Instruments 410 TI Proprietary
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Error codes >30-2EF are reserved for device dependent srrors.

Texas Instruments 4-11 Ti Proprietary
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SECTION S
1/0 Subsystem Access
This section describes the Peripheral Access Biock {(PAB} and
the I/00 subsystem calling protacol. Some portions of this

section are redundant with previous sections but are included
here for completeness.

% 1 Calling Segquence

To call the I/0 subsystem the following steps are taken.

1. Place the command code and other information in the
PAB.

D, Place the address of the PAB in the #loating point
accumulator (FAC ~ two bytes at address 2>75). The most
significant byte of address is placed at >75 and the
least significant is placed at >76.

3, Call the I/0 subsystem.
4. Test the status byte in the PAB (see bhelow) for an

error condition (The +#irst two bytes of FAC will be
returned pointing to the status byte of the PAB).

Texas Instruments Se1 Ti Proprietary
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5.2 Peripheral Access Block

The PAB provides information for the I/0 subsystem to access
a4 peripheral device. The PAB contains the following fields in
the following order. The first field is at the address specified
by the PAB pointer in Fa(. The other bytes are stored at
successively lower addresses. Also, the buffer pointed te by the
PAB buffer address is stored from high %o low addresses in

memory.
fiald bytes ta/from

Device code i to

Command Code 1 to

l.ogical Unit Number 1 ta

Record number 2 to

Buffer length 2 to

Data length 2 both

Return status i from

Buffer adiress 2 —
# Link to next block 2 -~ {only in service request PAB s}
4 Service Flag i —— {only in service Tegquest PAB‘ s}
# DER Address 2 - {only in service reguest PABR‘s)

T NOTE

The 1last +three +fields {asterisked} are for
use in SRPAB’s. If the PAB is not going to
be used with a device enabled for service
reguests, then those fields are not
NeCRssary.

The DSR Address is for future expansion of
the bus. It is meant to be used to transfer
control to a DSR immediately following the
successfyl completion of & service regquest.
It should be left zeroed for compatibility
purposes {see section 5 & - Folling
Operation}.

Texas Instruments 52 TI Proprietary
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5.3 Standard Access

The access to a peripheral device is performed with a
sequence of I1/0 calls. Before using a device it should be cpenead
with an I/0 call using the open command. This may be followed by
ather /0 calls to read or write data or perform other funcltions.
When the application finishes using a device it should issue a
clase 170 call. This will ensure that any necessary device
dependent actions have been peTformed. For instance, mass
storage davices often keep file information in a local RAM memoty
and update the file directories on the medis when the device is
closed. The bus reset command code (>FF} will alse close all
open devices: but may have other undesirable actions as well.

5 4 (Command Descriptions
This section describes the PAB sztup and device response for

the wvarious standard I/0 command codes. This includes codes
>00(openi~>il(protect/unprotect file), DFE., and >FF (bus Teset).

Texas Instruments 3 TI Proprietary




HEX-BUS PROTOCOL I1/0 Subsystam Access

3.4.1 Open ~ 00,

This command code is used to initiate the use of a devics
{or +file on a device}. A device will check access modes and
ensyre that the device is not already open. The PAB should be
set up as follows:

+ield data
Davice code as required
Command (ode 00
Legical Unit Number unigue value (0 is a special cass)
Record numbar 00GC
Buffer length as required (at least 0004)
Pata length as required (0004 returned)
Return status {returned)
Buffer address as required

The data buffer contains the following which is sent to the
peripheral.

Input buffer length (2 bytes)

(if zero then device returns buffer size)
device attributes {1 bytel
device options (if any)l

The peripheral will compare the ‘Input buffer length’ &0 1ts
capabilities and return either the requested length., the default
length if the requested is zero, or an error if ¢€he regquested
length is wunacceptable. The input buffer length is used by the
master to determine what size buffer should be allecated by the
master for read operations. Thus software could open 3 device
such as an RS-232 peripheral with a one byte input buffer, and
write BO character records out to the RS-232. Each peripheral is
required to check the length of data being transferred to it in
sach write operation, and to generate an ervor if that data is
longer than the maximum write acceptable to the peripheral.

The device attributes byte contains flags used to indicate
the access mode of the peripheral. Several bits are unused by
the I/0 scheme and may be used by the application software as
desired.
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The bi% definitions for the attributes buyte are as feollows (bit O
is the lIeast significant bit):

7-& -~ access mode
00 ~ append mode {(write only at end of file)
10 — output mode (write only)
G1 - input mode {(read only}
11 - update mode (read or write)
- relativel{ll)/sequential {0)
- fixed{il)Y/variable((J
internal(1)/dispiay{G}r file type
-~ govica dependent vuse
1-0 - used by console and must be ignoured by peripheral

VAR Y
i

The access mode must match the capabilities of the particular
device:

1. Append mode specifies that datea will only be written
{or appended) tc ¢the end of a file (Note that a
peripheral opened in append mode will return the number
of the next recerd to be written %o in the record
number field of the veturned data in the apend.

2. Dutput mode specifies that data will only be written %o
the device and the "vread data™ command will not be
used.

3. Input mode specifies that data will only be read from
the device and the “write data”™ command will not be
used.

4. Update mode means that data may be both read and
written.

For instance, the +following peripherals will be expected to
support the given access modes:

calculator in slave mode input, output, update
moden input, output, update
RE-232 input, output, update
TV—interface input, oubtput, update
bar code rsader input

tape mass storage input, outpul, updaten

# update and append only work with the last file on the tape
Bit 2 may be uvsed to specify anocther device attvibute as an

extension %o this standard. Software which does not wvse any
special device dependent feature should set this hi% to zeroa.
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Mote that data transferred on the bus is wvariable length.
I a peripheral determines that data should be formatted as fized
length records, then it is up to that device to perform the
formatting.

The device options Ffield is a variable length field which
contains device-dependent information relative to setting up the
device. Examples are information for the RB-232 baud rate or the
file name for a file oriented device. This is normally ASCII
{character) data.

Examples:

10 OPEN #1, 1. DATAFILE™, INPUT
opens a file on device 1 with name
‘DATAFILE’ far input

10 OPEN #1."10. C=L., S=0%, QUTPUT
gopens device 10 for output with
eptions ‘C=lL,S8=0"

If fewer than 3 bytes of data are gsent to the peripheral (huffer
length and attributes), then it should error off (errer code 2,
i.e. not encugh information was provided to justify opening the
peripherall.

The response buffer will contain the accepted buffer length,
and the record number that the file was opened to. For some
devices this record number will be meaningless, so a zero (0}
will be returnad. This information is always returned when a
device or +ile has been successfully opened. Thus the response
message for 3 successful open will be:

Data length co04

Data (2 bytes) Accepted buffer length
{2 bytes)} Record position =

fperation status ¢

# The master device should place the record number
in the PAB for the #first I/0 call that follows.
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An unsuccessful open may not return data in the response message.
The operation status byte may contain the following error codes:

O3 - sucressful open

01 -~ device/file option errer

02 -~ error in attributes byte »®

05 — file/devite already open

0& — device related ervor’

09 - devices/file write protected

OB - directory full error

o ~ buffer size errar

11 -~ #ile type {(relative/sequential) incorrect
or nat supported

i3 - apperid mode not supported

14 — output mode not supported

15 - input mode not supported

i6 — update mode not supported

17 — ¢#ile type (internal/display) incorrect
or not supparted

19 - low batteries in peripheral

1A -~ uyninitialized media

18 -~ arror detected in bus transfer

20 -~ media full

## — This error code may be used in place of error codes
51i{~17 when code space prohibites the use of multiple
arrors.

;;T;,
[
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5 4.2 Close ~ 01,

This command terminates the use of a device. Depending on
the device this command may be used to clean up internal data
(e.g. write an end of file) or may be effectively ignored. In
general a close command must be sent between using a device and
another open command. If a close is received when the peripheral
has never heen opened, error 4 will be returned. The data length
for the close command will be zero (no command buffer is
transmitted:}. The PAB should be set up as follows:

field data

Device code as required

Command Code 01

Logicral Unit Number as in open

Record number don’t care

Buffer length don‘t care

Data length 0000 (D000 returned)
Return status {returned}

Buffer address don‘t care

The rtesponse message will only contain a status byte and a zero
data length (two bytes). The error status indications are;

00 — device or file closed

04 ~ davice or file never opened
04 ~ device related error

08 ~ data/file tac long errvror
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5.4.3 Delete open file - Q2.

Sometimes, it is desired to delete a file upon completion of
I/0 %to the file (such as reading some data and deleting the old
file}. This command may be used in place of the close command,
and causes the open file to be deleted. The PAB should be set up
as follows:

field data
Device code as required
Command Code 8=
L.ogical Unit Number as in open
Record number don’'t care
Buffer length don’t care
Data length 0000 (0000 returned)
Return status (returned}
Bu#ffer address don"t care

The response message will consist of no data (data length = 0O}
and the Tteturn status. The following error status indications
may occur:

00 - file deleted

04 - #ile not open

Gé& — device ervor

09 - write protect ervor

oD - command not supported

1C - file is delete protected
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5.4,.4 Read Data - 03

This command is used to request data from a device. The
command message will contain a zero—-length data field. The PAB
should he set up as follows:

field data
Device code as required
Command (Code 03
Logical Unit Number as in open
Record number as required
Buffer length as determined in open
Data length 0000 {(length returned:
Return status {returned}
Buffer address as required

The response message will contain the data requested. The record
number field should be incremented by %Lthe application after each
successful read data call to he compatible with random access
devices. The following error status codes may occur:

00 — read successful

02 ~ attribute srror

G4 ~ filefdevice not open error
086 ~ device error

07 - EOF errar

OC —~ buffer size error

QD -~ command not supported

OF - file/device not open for read
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5. 4.5 Write Data — 04,

This command is used to send data to a peripheral device.
The command message will contain fhe data to be sent to the
device. The PABE should be set up as follows:

field data
Device code as requirad
Command Code o4
l.ogical Unit Number as in open
Record number as required
Buffer length don’'%t care
Data length record length (0000 returned)
Return status (returned)
Buffer address as reguired

The response message will contain zero—length data and the
operation status. As in the read data operation., the application
should increment the record number after each successful
operation +to support rvandom access devices properly. The
following evror status indications may accouv:

00 - write successfully completed
02 — attribute error

04 - file/device not open

04 ~ Device srror

08 -~ filasdata too long

0% ~ write protect error

oC ~ bhuffer size error

oD ~ command not supported

OE ~ file/device not open for write
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5.4. &6 Restore — 05

This command is primarily vsed with mass storage devices %o
position & file to its first record. The PAB should be szt up as

follows:
field data
Device code as required
Commanid Code 41
Logical Unit Number as in open
Record number don’t care
Buffer langth don’t care
Data length 0000 (0000 returned!’
Return status {returned)}
Buffer address don‘t cars
i The following error status indications may be returned:

G0 — restore successful

04 — file/device not open
06 - device error

QD — command not supported
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5. 4.7 Delete -~ 06.

This command is primarily used to remove data from @mass
storage devices. The PAB should be sat up as ¥follows:

$iald data
Device code as required
Cammand Code 06
l.ogical Unit Number don’t care
Record number dan‘t care
Buffer length don’'t care
Data length as nesded (QOD0C returned)
Return status {raturned} '
Buffer address as reguired

The command data buffer will contain the name of the file to be
deleted if it is appropriate to do so. The file name must be
specified in the same mannev as the optioms in the open
statement. There will be no data returned. The following
operation error status indications may occur:

00 ~ #fils deleted

03 - fils not found

0% - file is apen error

0& — device errar

0% — write protect error

oD — command not supported

1C - #file is delete protected

Texas Instruments 5-13 TI Propriestary

%%




b
R

HEX-BUS PROTOCOL I/0 Subsystem Access

5.4.8 Reiturn Status - 0O7.

This command 1is wused to return device status information.
The information is returned in the data buffer. Certain bit
fields in the return data are assigned to standard meanings while
others are rveserved for device dependent extensions. Certain
devices may return more bytes of status 1if the buffer length
allows. The PAB should be set up as follows:

field data
Davice code as reguired
Cammand Code 07
Logical Unit Number a4 in open or 00
Recovrd number as in previous call
Buffer length >= Q001
Data iength 0000 (0001 returned)
Return status (returned)
Buffer address as required

When the LUNO is given as zero, then general device status will
pbe returned. The device does not have o be open for this
command (although mass storage peripherals that only support one
open #ile will return file status when given a LUNO of O0OC). I+
the LUNDO is non—zeror then status will be given for the open file
referenced by the LUNO. The bit fields in the refurn data are as
folipws (bit O is the least significant bit}l,

7 - end of file has heen reached (i=true,O=false}
& — random access supported (i=true,O~false)

5 ~ file is protected (i=true,(O=Ffalse)

4 - filasdevice opan (l=true, O=false)

2

3-2 - filesdevice type
O — display type 2 - data communications
i1 - internal data type 3 - undefined
i~ ~ I/0 modes that the file/device can be gpened in
0 - undefined 2 - write only
1 -~ read only 3 ~ read/write

When the buffer size gpermits, a data communications type
device will include 2 extra bytes indicating the number of bytes
that remain in its ocutput buffer (LSB of the length #first).

The following cperation error status indications may occcocur:

04 ~ filesdevice not open {(issued if incorvect LUND used)
12 — buffer size errov

Texas Instruments 514 TI Prapristary



HEX-BUS PROTOCOL 1/0 Subsystem Access

5.4.9 Service Request Enable - 0OB.

The following SRPAB contents are used Yo enable & device for
service requests. Most fields are not normally used (e.g. file
type devices are not expected to support polling). An open call
is normally required before this I/0 call to initialize device
parameters,

fiald data
Device code as required
Command Code og
Logical Unit Mumber don‘t care
Racord number don’'%t care
Buffer length dan’t care
Data length normally QGO0
Raturn status {returned:’
Buffer address buyffer address for device
t.ink to next SRPAB as is
Service Flag 4]

NOTE

The application is responsible for vresetting
the service flag after acknowledging a
service request completion, The buffer
provided by the application must be separate
from that in the open to allow for normal bus
operation with that device.

The following error status codes may be veturned:
00 — command acknowledged
04 — device error

op - command not swupported
OF ~ fila/device not open for read

Texas Instruments 5—19 TI Proprietary




HEX-BUS PROTOCOL I/0 Subsystem Access

3. 4.10 Service Request Disable — 07

To disable a device from polling the application should send
an I/0 call to disable the device and then remove the SRPAB from
the list. The +following SRPAB contents are used to disable a
device for service requests. Most fields are not normally used.

fiwld data
Device code as required
Command Code o
l.ogical Unit Number don‘t care
Recard number don‘t care
Buffer length dan’t care
Data length normally OQQ0
Return status (returned)
Buffer address normally don’t carve
i.ink to next block Don’t care
Service Flag Don‘t care

The following error status code may be returned:

00 ~ service requests disabled
OD ~ command not supported
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5. 4. 11 Service Regquest Poll ~ 0OA.

This command allows a bus master to query a peripheral as to
whether it requested service from the master. The PAB should bhe
set up as follows:

field data
Device code as required
Caommand code CA
Lagical Unit Mumber dan‘t care
Record number don’t care
Buffer length as determined in open
Data length 0000 {(data Iength returned)
Return status (returned)
Buffer address as reguired
Link to next SRPAB as required
Hervice flag O (to allow the poll operation)

The response message will consist of zero or more bytes of data,

and the return status. The following error status indications
may occur:

0A - not requesting service {unsuccessful polld
00 —~ command net supported (unsuccessful poll)

# Any other error codes indicate a successful poll
ocperation, and reflect the veason for the
service request.

Tha I0S directly supports service requests by maintaining the
SRPAB pointer and sending the ‘Service Request Poll’ command
whenever a bus interrupt is received. Thus: this message is
never actually sent by an application.

A successful response to a service request poll will usvally
include data that had been received by the peripheral polled. An
example is a modem +that had received some data, and bhad
interrupted the master to transmit that data %o it
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3.4, 12 You are the Master ~ OB,

This command allows a bus master to transfer condtrol of the
bus to another device. The PAB should be set up as follows:

field data
Device code as required
Command code 0B
lL.agical Unit NMumber don’'t care
Record number don’t care
Buffer length don’t care
Data length Q0G0 (0000 vreturned}
Return status {(returned)
Buffer address don’t care
The response message will consist of no data (data length = O}

and the return status. The #following error status indications
may occur:

00 — gou are now a slave device
QL - command not suypported
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5 4. 13 Verify read/write operation — 00,

This command allows a program to verify the accurracy of a
read or write to or from a device. After a recorvd is read or
written, the rvecord is sent back %o the peripheral. The returned
status will show whether the record was verified. The PAB should
be set up as follows:

field data
Device code as required
Command code cC
Logical Unit Number as in opsn
Record number as in READ/WRITE
Buffer length don’t care
Data length record langth (0CGO0 returned)
Return status {(returned)
Bu#fer address as required

The response messaqge will consist of no data (data length = ©)
and the return sitatus. The following error status indications
may oCCur:

o0 - record verifies

Cc4 -~ file not open

0& ~ device errov

GC ~ program length mismatch (verify evror?
oD ~ command not supported

10 ~ data/checksum error

18 — verify error
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5.4.14 Format Media - 0OD.

This command tells a4 mass storage device to format the media
used hy the device. The return status will indicate whether the

format was suctcessful. The PAB should be set up as follows:
field data

Device code as rtequired

Command code oD

Logical Unit Number don’t care

Record number don‘t care

Buffer length as required

Data length as Tequired

Return status {returned)

Buffer address as required

iI# the data length in the command message is Q. the media
(wafertape, diskette, etc.) will be formatited with the default

options, and no data will be returned. In the case of the Hexbus
floppy disk peripheral, a non-zero data length means that the
data following will specify fthe options chosen by the user. &

non—~zero data length to the floppy will also cause the total
number of sectors formatted to be returned if the operation was
successful and the buffer length aliows. The following return
status indications may be returned:

00 — aperation successful
05 — file ovr device apen
08 — device srror

09 — media write pratected
oD - command not supported
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5.4.15 Read Catalog — OFE,

This command tells a mass storage peripheral to return basic
information about a particular file. It can be used tto cataloy
an entire directory through multiple uses of the command. The
PAB should be set up as follows:

field data
Device cods as required
Command code o -
l.ogical Unit Number don’t care
Record number file number
Buffer length at least 20012
Data length 0000 (012 returned)
Return status {veturnead)
Buffer address as required

The data buffer returned will contain the follopwing information:

File number 1 byte
File name 12 bytes
Maximum record length 2 hytes
"Number of records 2 bytes
Device dependent f£lags 1 bytes

The following error status codes may occcocur:

G0 ~ operation successful
03 - #ile not found

05 ~ #ile already open

0h — device error

oG - buffer lengkh ervor
oD -~ command not supportaed

By incrementing the file number with each call, & complete

directory of a device may be obtained. The end of the directory
is indicated by error 03 (file not found! being returned.
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3.4, 16 Set Dptions — OF.

This command is used 4o send device options as described in
the open command without re-ppening the device, The command data
buffer will contain fthe device options which are device
dependent. The PAB should be set up as follows:

#ield data
Pevice code as required
Command Code OF
Lagical Unit Number as in open
Record number don’t care
Buffer length don’t care
Data length as required (0000 returned)
Rpturn status {returned)
Buffer address as required

The response message will consist of no data {(data length = O)

and +the return status. The following error status indications
may occur.

Q0 «~ options changed

01t -~ error in options

04 - device or file not open
C& — device error

QD ~ caommand not supported
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5.4 17 Transmit Break — 10,

This command is used to have a data communications device
transmit a continuous break (space condition? for .29 seconds.
The peripheral will send all the data in its buffer out on tfhe
communications lines, then it will set the communications line to
send a continuous break, wait a minimum of .25 seconds, and then
return the communications lines to their mark condiftion. Atter
this point the peripheral will release the bus. The PAB should
be set up as follows:

fiald data
Device tode as reguired
Command Code 10
Logical Unit Number don‘t care
Record number don’t care
Buffer length den’t care
Data length Qo000 (QCO0 returned)
Return status {returned}
Bu#fer address as required

The response message will consist of no data (data length = Q)
and the return status. The following error status indications
may ocour.

00 ~ break transmitted

04 - device or file not apen
06 — device error

oD - command not supported
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5.4.18 Protect/Unprotect File - 11.

This command is vsed to modify file protection on a mass
storage device, With it, a file may be write protected or
unprotected, and delete protected or unprotected. The PAB should
be set up as follows:

fiald data

Device copde as regquired
Command Code 11

l.ogical Unit Number don't care
Record number dan‘t care
Bu#fer length don‘t care
Data length as reguired
Return status (returned?
Buffer address as required

The data buffer contains the following information which is sent
to the peripheral:

File protection flags (1 byte’
File name (length as required)

The file protection flags byte is formatted as follows (bit O
is the lsast significant bit):

7 ~ file is write protected(l)}/not write protected(Q}

6 ~ file is delete protected(l}/not delete protected (D)
-3 ~ reservad for future use {(must be zero}
2=C device dependent use '

}

In the case of the Hexbus floppy disk peripheral, tha flags byte

should be O for unprotected and >80 for protected (for compatibility,

>80 implies both write and delete protect!.

The response message will consist of no data (data length =
0} and the return status. The following error status indications
may occur:

Q0 — protection modified

04 — device ervar

0D ~ command not supported

12 ~ improper file protection information specified
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5 4 19 Null Operation - FE.

When the calculator receives a BAV interrupt and either no
devires are enabled for interrupts or the current service flag is
set, then a null operation code is sent to all devices. There
will usvally be no response to this message

fiald data
Device code as required (usually 00}
Command code FE
Logical Unit Number don‘t care
Recaord number don‘t care
Buffer length don’t care
Data length 00

{all other fields not needed)

5 4. 20 Reset Bus - FF.

It may sometimes be desired to tell a device {or devices) to
close all open files (or devices’. This command will vswvally
have no response by devices, they will simply perform the action
requested (If they were not open to begin with, then they will do
nothing). Thus, all devices will revert to their power wup
status. The PAB or BRPAB should be set up as follows:

field data
Device code as required (usuvally OO
Command code F¥
Logical Unit Mumber don't care
Record number don’t care
Buffer length don’‘t care
Data length 00

{all other fields not needed)

# For both the Null operabtion and Reset bus commands, no response

will be forthcoming if device code 00 is used. However, if some

othey device code is used, spme specific devices may initiate a

TESPONSS. The meaning of the response is specific to the device.
Texas Instruments 5-29
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5.9 Slave Mode

Five bytes in RAM are used to control the slave mode. These
are also used for the polling operation when in the master mode
as described below.

Flag lL.ength Addresales)
Master/Slave flag 1 byte >0805
Slave Uperation Handler 2 bytes 0BOA., »0BO7

Slave Access Block (SAB)
or Service Request Peripheral
Access Block (SRPAB) address 2 bytes 20808, >080%

When the master/slave flag is set to zero the calculator operates
in the normal master mode which allows I/0 commands as in the
previous section and polling operations for service requests as
in the next section. When the master/slave flag is set to non-
zero +then the calculator operates in the slave mode as described
in this section. In slave mode, Master Mode Handler accesses
will be inhibited. The calculator will not perform pelling in

slave mode, as another device on the bus is then expected ¢to do
it

When in the slave mode a reguest from bthe master device may
gccur at any time and will cause an INT 1 in the calculater which
will enter code in the Slave Operation Handler . This code will
receive the command message from the master device placing it in
the Slave Access Block (5ABY, fthen Fformulate and transmit a
TESPONSE.
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5.% 1 Recomnended SAB Example.

The SAB is quite similar to the PAB except that all
locations contain received data and a separate buffer size is

provided %o ensure that data sent with the command will #it in
the buffer.

The Sab:

field tytes received
Command code X
Logical Unit Number
Record number
Buffer length
Data length
Buffer size
Buffer address

BRIV
KoM M o

All locations except the buffer size and buffer address are
changed when the command is received.

The response message block exactly mimics the response
message as follows,

field bytes
Data length 2
Data data length
Operation status 1
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3.4 Polling Operation

When operating in the master mode the calculator can bhe set
up to poll one or more devices when a3 service request is issued.
A service request (BAV goes low} will cause an interrupt in the
software being run., When this interrupt occurs the I/70 subsystem
performs a device poll if a device is enabled for service
requests. If the device was nat the one that interrupted the
application, +then +the SRPAB pointer will be changed to point to
the next Bervice Request Peripheral Access Block and control will
be passed back to the application. I+ the device poll was
successful, then the data, which will be in the SRPAB data
buffer, will be passed back to the application., and the Service
flag will be set.

If the SRPAH has a non zero DEBR (Device Service Routine)
address, then control will bhe passed %p the DER. The Device
Service Routine can then process the data and return to the I0G.
which will restore registers A, B, and >&& through >78, and then
pass control back to the application. If the most significant
byte of the DER address is zero then contrel will be passed
directly back to the interrupted application — that application
can then test for a completed poll by periodically checking the
BRPEAB service flag. DSR’s can use registers 266 through 278, and
the A and B registers. I# more registers are needed, then they

will have to be saved while in the DSR, and restorsd upon
leaving.

PROCEDURE SERVICE_REQUEST_HAMDLER;
BEGIN

IF SRPAB_PQOINTER <> O THENM
BEGIN

IF SRPAB. BERVICE_FLAG = O THEN {DON'T SERVICE AN INTERRUPT IF 2>
{THE APPLICATION HASN'T SERVICED)

{THE LAST ONE by
BEGIN
SRPAB. COMMAND _CODE: =#0A;
SRPAD. DATA_LENGTH: =@;
CALL MASTER MODE HANDLER;
IF STATUE <> 10 THEN {CHECK 70 SEE IF CORRECT DEVICE ¥

BEGIN
SRPAB. SERVICE_FLAG: =1;
IF SRPAB. DSR_ADDRESS <> O THEN

CALL (DSR_ADDRESS); {EXECUTE THE DSR ~ THEN RETURN >
END;

END
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ELSE
SEND NULL OPERATION MESSAGE;
SRPAB_POINTER: =8RPAB. NEXT_LINK; { WE'LL POLL THE NEXT DEVICE

END; £ MEXT TIME
END;

# The interrupt vector handler will save the
necessary registers to assure that none are
changed by the handling of the interrupt.

For & description of the SRPAB, see section 5. 2. (It is a
PAB with the three noted fields at the end of the PAB - DSR
dispatching is not supported in the current implementation). The
peripheral regquesting service will return a device status, and
may return a data buffer. The return status byte will give a
reason code Ffor the service request. The data will be device
dependent (the amount sent will depend on the buffer size given
when the device was enabled for service reguests).

I+ a device poll is unsuccessful: a ‘not requesting service’
erraor code is rveturned, then the polling software will lcad the
SRPAB pointer from the link in the current block and return to
the application with a return from interrupt ingtruction.

To set up a device for polling the BRPAB is added to the
poll list and the device is enabled to request service with a
"gervice request enable" command in a normal I/0 call uwsing the
SRPAB created for the device. When an SRPAB is added to or
deleted +From the 1list the interrupts should be disabled to
prevent a service request interrupt while ¢the links are being
changed. The following sequence of operations will successfully
add an BRPAB to the list.

DISABLE _INTERRUPTS:

IF SRPAB_POINTER=0 THEN BEGIN
LINK(NEW): =NEW;
SRPAB_POINTER: =NEW;

END

ELSE BEGIN
LINK{NEW) =LINK(SRPAB_POINTER);
LINK(SRPAB_POINTER): =NEW;

END;

ENABLE _INTERRUPTS:

Texas Instruments 529 T Proprietary
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The following SRPAB contents are used ¢to enable a device for
service requests. Most fields are not normally used {e. g. #ile
type devices are not expected to support pollingl. An open call
is normally required before this /0 call.

$#ield data
Device code as required
Command Code 620 ]
Logical Unit Number don’t ctare
Record number don’t care
Buffer length as required
Data length normally Q00
Return status {returned)
Buffer address buffer address for device
l.ink to next SRPAB as is
Service Flag 0

NOTE

The application is responsible for resetting
the service flag after acknowledging a
gservice request completion.  The buffer
provided by the application must be separate
from that in the open to allow for normal bus
operation with that device,

The following error status codes may be returned:

Q0 -~ command acknowledged

04 ~ device error

O ~ huffer size evror

oD -~ command nat supported

OF =~ filesdevice not open for read

To disable a device from polling the application should send
an 1/0 call to disable the device and then remove the SRFAB from
the list. The following SRPAB contents are wvsed to disable a
device for service requests. Most fields are not normally used.

Texas Instruments 530 TI Proaprietary
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field
Device code
Command Code
Lagical Unit Number
Record number
Buffer length
Data length
Return status
Buffer address

1/0 Subsystem Access

data
as regquired
0%
don’'t care
don‘t care
don't care
normally 00OQQ
{returned)
normally don’'t care

Link to next block
Sarvice Flag

Don‘t care
Don‘t care

The following error status codes may be veturned:

00 - service reguests disabled
oD — command not supported

The following sequence will successfully delete an SRPAB from the
iist. Note that it does not allow for error conditions suth as
the SRPAB not appearing in the list or the SRPAB_POINTER=O,

£ MDD = address of SRPAB to be deletad )

DISABLE_INTERRUPTS;

WHILE LINK{SRPAB_POINTER)<{>OLD DO
SRPAB_POINTER: =L INK (SRPAB_POINTER):

LINK (SRPAB_POINTER): =LINK(OLD);

IF SRPAB_POINTER=0LD THEN SREAR _POINTER: =0

ENABLE _INTERRUPTE:

NDTE
1# a device that has been enabled for
interrupts is going to be accessed as a
normal slave device while interrupts are

enabled, a PAB must be established for that
device (separate from the SRPAB) for master
mode SCcCesses. Otherwise, the integrity of
the SRPAD will be +thresatened by a device
intarrupt while preparing for the I/0
operation. Intervupts should not be disabled
during preparation of a PAB or BAB to prevant
severe performance degradation of the system.
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SECTION &

Notes

4.1 Peripheral Prompts

No provision is made for peripherals which must (or would
like %o} prompt the user. However, provision has been made to
allow extensions to the language to be made €o suppert specific
pevripherals. Thus, special commands to support a device could be
added to make the system more ‘user friendly”’.

6.2 Device Options

The device options are included in the open or set options
1/0 calls. this data will be represented in ABCII in order ¢to
#llow friendly statements such as:

OPEN #1, "i00. MYFILE", UPDATE far a8 file on a disk
OPEN #1., V3. B=300, P=0", QUTPUT for RE232 at 300 baud odd parity

The open buffer would rontain the ftext within the quotes after
the decimal point and would be in ABCTI.

& 3 Motes on the Record Number

The vecord number field is primarily used by devices that
support random access files (i.e. disk drives)y. Such a device
would use the record number field to determine which record to
next perform I/70 on (if the file was opened for random access).
To support this type of access, the application running in the
master must increment the record number for sach successfyl read
or write speration so that the correct record number is always
available to the peripheral if it needs it

Texas Instruments 6~1 TI Proprietary
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SECTION 7

Bus Transfer Examples

7.1 Example of Open Command

The #ollowing example gives an open statement in BABIC, then
shows how the I/0 transfer would occur that corresponds to that
statement:

100 OPEN #1. “20. B=4800, P=0", QUTPUT
pens device 20 as file 1 (the file number in BASIC is used
as the LUNO} far output. Options are B=4B00 (4800 baud)
and P=0 {(0dd parity}.

Command:
Transmitied Transmitted

PAB Data
e e e sl o e o e
i >14 ! Device number P >00 i HE H
o e + B . B et
I 00 | Command code i >00 | i P
e e e + e e e e e e
i 201 1 LUND LIS =10 B o= 3
B s e e 3
{ »00 | Record number { B i LI = B
o s e e B + s e s
P> 00 HEE
o s s e + e e s
i >04 | Buffer length .
it e e s i e -+
i 200 i 8 i
B T o
! 20D | Data length I + B
s s e e -+ e
T 200 | LI s -
e s e s e e
Texas Instruments 7-1 Tl Proprietary
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Response:

B —.

i >04 | Data length
s

i 200 1

} 50 ¢ Data — Accepted Buffar Length
i 200 ! Data — Record Number

I 200 | Status

Mote that the Input buffer lengith in the open was zero, s0
the peripheral returned the default buffer length that it wanted.
BASIC would then use this information for allocating an 80 byte
buffer {(the default was >50 or decimal 80’ for all subsequent 1/0
operations with that peripheral until i% is closed (note that the
peripheral would accept writes of longer than 80 bytes. but would
transmit & maximum of B0 characters at a time to the master).

Taxas Instruments 72 TI Proprietary
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7.2 Example of a Read Command

Bus Transfer Examples

The following example gives an example of an input statemeni

in BASBIC.

then shows the

corresponds to that statement:

S10 INPUT #1, A%
Inputs

a string wvariable #£rom
purpose of this

I/0 transfer would occur that

£ile number one (for the

example assume that the device opened in

the above open statement is the device being input from).

Command:

Transmitted

PAR
SPO—
S & T
T 4
1 >03 |
o e e
F=2 ¢ D

i o200 )
s £
1 200
<o s et e

P 280
e e

i 200 1

i 200 3
&
{ 200 |
o o e e

Device number

Command code

Recovrd numbear

Buffer length

Data length

Response

t 205 i
s
P >00 ¢
T

i 232 1.
s e s
Po»37 i
B
io>32 1
N
¢ >39 |
e 4
{ »3%
B
[ s B
o

Data length

Data —~ ASCII 27295

Status

Note that no data was transmitted in this gxample, and 5 bytes of
data were returned to the master {(the characters 272957y, This
data will be stored in the BO byte buffer allocated by BASIC, and
then processed by the INPUT rouvting.

Texas Instruments
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HEX BUS Specification - TI11056477 OVERVIEW

SECTION 1

OVERVIEW

1.1 Purpose of This Document
This document is a complete electrical specification for the
Hex Bus {(Tm) CMOS bus used to connect intelligent peripherals to

calculator or small computer type products. This document is
meant to be used in formulating the detailed electrical design.

1.2 Scope of this document

This document describes the electrical characteristics of
the Hex Bus. Because the primary purpose 1is assisting in
electrical design, software is not discussed in this decument.

For user and saoftware assistance, see the INTELLIGENT PERIPHERAL
BUS: STRUCTURE, TIMING, AND PROTOCOL SPECIFICATION,

1.3 Organization of This Document

The electrical specifications of the Hex Bus are described
individually in the sections listed below.

Section 1 -~ Signals Description
Section 2 ~ Timing Characteristics

Section 3 ~ Electrical Characteristics

Texas Instruments : 1-1 HEX BUS



HEX BUS Specification — TI21056477 OVERVIEW

1.4 Terminaology

HSK — Handshake I/0 Control Line
BAY -~ Bus Available I/0 Control Line

NO-D3 —~ Four Data Lines on the IPB

1.9 Related Documents

This document is a general specification for the Hex Bus
hardware only. Other related documents are listed below.

INTELLIGENT PERIPHERAL BUS CONMTROLLER SPECIFICATION - TI#1052911
CABLE SPECIFICATION: B-CONDUCTOR PERIPHERAL - TI#1044500
INTELLIGENT PERIPHERAL BUS: STRUCTURE, TIMING,

AND PROTOCOL SPECIFICATION - TI PRELIMINARY
HEX BUS GENERIC I/0 PRODUCT SPECIFICATIONM - PEMNDING

Texas Instruments 1-2 HEX BUS
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HEX BUS Specification -~ TI11006477 SIGNALS DEBCRIPTION

SECTION 2

SIGNALS DESCRIPTION

2.1 Ganeral Information

the IPH contains eight lines, of which seven are currently

in use. The +function of each of these seven are discussed in
this section. The pight lines are listed below with a brief
description of each. The diagram at the bottom of the page

indicates the relative location of each line in the Hex Bus

cable. For more information refer %o the CABLE SPECIFICATION -~
TI#1044500.

I

DO-D1 Two LSB I/0 Data Bits - — = = = - = - ~ Pin 1, 2

Bav -~ Bus Availahle, I/0 Tratfic Control Line -~ Pin 3

GND ~ Gommon Sround Line -« = = = = w w o - . Pin 4
HEK «~ Mandshake, I/0 Timing Centrol Line ~ - -~ Pin §
FUT -~ Resarved for Future Use =~ = = =~ = = = « = Pin &
DR-D3 ~ Two MEB 1/0 Data Bits = = = = = = = = ~ Pin 7, B

=
-

RELATIVE PIN

H -

H I S P2 HEC B HIP: S HE LOCATION WHEN

H H H H H H H H H L

- HEH LOOKING INTO THE

H HEH

H V5 I & 1 HE A S = I - CONNECTOR OF A

¥ ] L] £ ] i 1 El 1] i ¥

E ] 1 3 [3 L1 L3 T H [§ i 1]

! P HEX BUS CABLE.

Texas Instruments 21 HEYX BUS
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2.2 HEK -~ Handshake, I/0 Timing Control Line

The HSK line is used by both the master and the peripherals
to signal +the fact that data is on the line. HEK is an open—
drain. CMOS gutput in order to allow i%t €o be pulled low by any
device on the bus. A device will pull HSK low to signal to the
other devices on the bus that data is available from that device
which may be read by %the other devices on the bus. In ovrder to
prevent cross—talk between HSK and the data lines (which may
cause unwanted spikes on the HSK line) the data lines should be
gated out to the bus by the low level of the HEK

HSK will be held low by the recieving devices until they
have latched the four bits of data on the bus. I# the
transmitter is slower than the recievers, the transmitter could
be the device which determines when the HSK line will go high.
Refer +to the diagram on the following page for a better
understanding of this communication proceedure.

For more information on the timing involved in +this

transaction: rTefer to the TIMING CHARACTERISTICS secticn of this
document.

Texas Instruments 2~2 HEX BUS
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SIGNALE DESCRIPTION
BAV

Hex Bus Handshake Sequence
A

HSK

Y
(COMPOSITEY A\

\
/
P~ HBK -3
Be~-D3

h
/!

PO HEK ~3 i
XXLXXX T

/
4
<= H8K -2
KXXXAX I C-DATA DI XXAAAXAXXI<~DATA =D IXXXNUXNXX i D~DATA =D 1 XXXX
XXAXAAXXX L
27 e ST ek S S i S e S i Tt S 20 e T T D AR S e

At s s

PEXXXLAAKXL
SnEmmmamasas

HEW \

{TRANS)

HSK COMPONENTS — SLOW RECIEVER
/
\

FXXXX
S/

-

\
HEK

' A /
N 4 h 4
THEK !

1<~ data valid
© HSK

ﬁ

\
AY

i<- data valid
(GL.OW RECVY)

{HSK !
i<— data valid
A

/ \

L~ HEBK-2> |

data received -1

\ a
7 \ /
§ CHEK~2 4 FS~HEK~0 |
data received —2>1 data received 31
— #gﬁwﬂvmﬂ'w w--—-
HEK N
(SLOW TRANS) N\

7

A
/

HEK COMPONENTS — SLOW TRANSMITTER
§ -

HE8K ~> 1

hY
i<~ data valid

! Y
/ AN
P HEK -1
i<~ data valid
\ /
\

F
4
i<—- HSK
4
THEBRKR !
data received —2>1

HEK
{RECV?

-2
1<— data valid
\ 7 \ 7
\ 7/ \
IHEK §
data received -2}

—_—
tHSK |
data received —2i

Texas Instruments
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2.3 BAV - Bus Available; I1/0 Traffic Control Line

Each message on the I/0 consists of two parts, the command
message and the response message. Whenever a message transfer is
in progress, BAV will be held low by the master peripheral wntil
the message is complete. This tells the other peripherals that
the bus is in use. BAV can be taken low by the master or a slave
peripheral but may only be held low bty the master. See tChe
diagrams below.  For more information on the timing involved in
this transaction. refer to the TIMING CHARACTERISTICS section of
this document.

BAYV Polled by Master

H command i respond H

i message H message £

% /
BAV \ /

BAV Polled by Slave -~ Held by Master

5 command H respond i
H message H message H
\ !
BAV{compaosgsite) N '
\ /
BAV{(slave?} \ / (released when HEK goes low}
H
;
A /
BAV{master) N 4
i
H
H
%ol O XXAXXAXKRAXXXAAX S (HEK goes high — low

HEK (composite) \ AXUXXAXXAXXXXX/ as nibbles of data
are transmitted)

Texas Instruments 2—4 HEX BUEB
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2 4 DpO-D3 -~ Four 1/0 Data Bits

These +#our bits are used to send data on the Hex Bus one
nibble at a time. The lower nibble of the B bit byte will be
gent first, Ffollowed by the most significant nibble. The data
lines are configured as shown below.

Pata Line Configuration

D3 -~ Mast Significant Bit
D2 pData Bit
D1 Data Bit
DO — Least Significant Bit

2.% OND — Floating Reference Ground Line
A common ground line is rum to all the peripherals in order
to reference all voltages egqually to the same point. This is a

signal reference and should not be used as a power line or t%ied
to earth—~ground.

o & FUT -~ Reserved for Future Use

Texas Instruments 2-5 HEX BUS
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SECTION 3

TIMING CHARACTERISTICS

3.1 General Information

This section will deal with the timing of the various
signals aof the Hex Bus. The first part will deal with the timing
requirements of the signals listed in Sections 1 and 2. The

spcond part will deal with actual rise and fall timing perameters
of the signals.

Handshake Timing Parameters

Item Min. {usec. } Max. (usec. }
HEK low to data wvalid - 0.5
HBK low(xmit) to HESK low{bus} - 3
HEK low(bus) fto HSK lowl(rcv) - 5
HEK low(xmit) to HEK high (xmif) 8 -
HEK high %o data high G 2. 9%
HEK high to HBK low 8 20, 000#*

# Because data is output via open drain bu#fers, and HSK going
high causes ones to be written into their output latch, data
must be set high on the rising edge of HEK,

## Within a message (when BAV is held low) HEK has 20 ms to go low
or a bus timeout (error} condition results.

Texas Instruments 3-1 HEX BUS
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TIMING CHARACTERIBTICS

BUS HANDSHAKE TIMING

\ / N
HEBK X !/ \
{ ==~ ogne handshake -~—>i i<~ next
DO--D3 AXXARXKAXAXXN (S data valid XXX NAXAAKKXAXNX
XXAAUNKAXEXY XX XALAXKKXKLAAXAXX
3 o o o - 1 o s e e e e Y s -]
HANDSHAKE COMPOMENTS - SLOW RECIEVER
HEX \ / \
{composite) \ . / \
<= one handshake -—>| i<~ next
H H
: -
HEK AN / \ /
(transmitier) N F i AY /
j<{~ data valid H i<~ data
i H valid
1}
HEK AY / \
{reciever) \ 7/ \
data received ~>i
-y o S Rt S T S T T - o .;.#ﬂ#"".‘
HANDSHAKE COMPONENTS — SLOW TRANSMITTER
HBK \ /7 \
{composite) \ 7 Y
i<-— one handshake -3} <~ next
H H
; :
HESK L / \
(transmitter) A 4 \
{€<~ data valid H i<~ data
H H valid
HEK \ / \
(reciever) % 7 AY
data received ~>i
Texas Instruments b 2 HEX BUS
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BAY Timing Parameters

Item Min. (usec) Max. {usec)
BAV low to HEK low b 20, 000
HSK high to BAV high i m——
End of Command to start of response 1G ——
HSK high to HSK low B 20, 060
BAYV low(slave}) to BAV highi(slave) 3% see note #*
BAV high to BAV low(slave) : 2000%# -

## These two timing parameters occur only when a slave peripheral
polls the master (by pulling BAV low) at the same time the
master BAV goes low. The slave will then continue fto hold BAV
low until it receives the first HSK signal from the master.
The slave will then release BAV and waift two milliseconds after
the master has relsased BAV ta poll again.

BaV Timing - Polled by Master
H command H regpond H
H message H message H
\ /
BAV 5 /
-l A TR S R T e B RS S S v e o YR L T R R IR R T g3

BAV Timing ~— Polled by Slave — Held by Master

i zommand H respond H
H message H message :
\ 7
BAV{composite) N /
\ I'4
BAV{slave) A\ / (released when HSK goes low)
t
E
A : /
BAV{master) Y /
4
d
H
{
NP OXXXUXXXNXLXAKXXXX/ (HEK goes high — low

HEK (master) A\ XXXXUXXXXXXXXX/ as nibbles of data
are transmitted}

Texas Instruments a3 HEX BUS
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3.2 Signal Rise/Fall Times

The chart below gives the specified AC characteristics of
all bus lines. The risa and +all times #for ¢this chart arve

defined #or all load conditions over operating temperature ranges
from O € to 70 C.

Hex Bus AC Specification

Parameter Max. Units
Rise Time 3. o% UsSeC.
Fall Tims : 2. 5 uses.
* These times are calculated from the initiation of the

signal transition (including propagation time through

any bus interface devices) and areg terminated when the
level reaches 0.4 V for fall times and 4.0 V for rise

times.

3.3 MNaminal Device Values

The equivalent capacitance of a typical device is 200 pF
{not including the Ceq of the cable and connector? and should be
connected to the bus with a 8 2K oha pull~up resistor. A device
with a higher Ceq should be considered as two (or more) devices
and the Rpull—up of this device should be decreased accordingly.
This will affect the number of peripherals allowed on the bus.
Mote that when calculating the value of the pull-up resistance
used, the 30pF equivalent capacitance of the cable and connecfor
must be considered.

1. Pullups resisters are 8.2 Kohms +/— 104,

2. Cin for each device is 20 pF.

3. Ccable = 20pF 7 £t

4. Cconnector = 16 pF.

3. 180 pF Capacitors are used on all outputs for RFI

and crosstalk problems.

Taxas Instruments 3-4 HEX BUS
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SECTION &

ELECTRICAL CHARACTERISTICS

Hex Bus DC Specification

ELECTRICAL CHARACTERISTICS

Operationg Temperature = QL _ 70 £

! Symbol ! Conditions H Min. i Max i Units H
H Vdd {(of device { Ref. Valtage | 4.5 L N~ H Vv :
i on Bus} ! H H H i
H Vii(reéngnizabla)% Any ;;put H O R ¢ NS - i v H
H Vih{recognizable)! Any Input i 4.0 HE- N H ¢ H
} Valiisink#&.QmA) ! Any Qutput { i 0.4 H W H
} Voh i Any Output i * H * H v H
H Inl(Val = €. 4 V} | Anyg Output i i B.0C i mA :
H Iin/line i Each Device | -2 H +2 T uA H
H Rpullup/line !} Each Device | 8. 2 ~10%4 | 8.2 +10%4 ! K ohm !
H Cin/line ! Each Device | H 30 i pF ":
{ {gxcluding cable | H H i H
H capacitance) H H H H i
i Number of devices on tha“;us H | H 11 I Units H

Use B. 2K ohm pull—ups tied to an

Texas Instruments

allowable Vdd level.
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Hex Bug - Specipl Electrical Considerations

4.1 Protection From External Power—up

A problem occurs when some peripherals connected to the Hex
Bug are powered up when others are turned off. The high signals
on the bus can interfere with the operation of the powered down
peripherals.

For example, most CMOS device inputs have a protection diode
to pass high wvoltages +to the Vdd rail in order o protect the
device from static electricity. This diode will pass the high
voltages #from the bus to the Vdd rail of an off peripheral. This
voltage may cause the peripheral ¢o furn on or float in an
undefined state.

& recommended solution is to ground the Vdd rail when the
device is turned of#f. Another metheod is to eliminate the
protection diode; the TPO370 Hex Bus Interface chip will
accomplish this.

Texas Instruments B d HEX BUS
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REQUEST SERVICE SEQUENCE

MASTER MODE DIFFERENCES

MUODES OF OPERATION

MODE
MODE
MODE
MODE
MODE
MODE
MODE
MODE
MODE
MODE
MODE
MODE
MODE
MODE
MODE

MODE

Q
0
G
o

i

E O T T L L

SPECIFICATION

INTERFACE CONFIGURATION

WRITE SEQUENCE AC CHARACTERISTICS
READ SEQUENCE AC CHARACTERISTICSH

SRECIFICATION

INTERFACE CONFIGURATION

WRITE SEQUENCE AL CHARACTERIGTICS
READ SEGUENCE AC CHARACTERISTICSHS

SPECIFICATION

INTERFACE CONFIGURATION

WRITE SEGUENCE AC CHARACTERISTICS
READ SEQUENCE AC CHARACTERISTICS

SPECIFICATION

INTERFACE CONFIGURATION

WRITE SEQUENCE AL CHARACTERISTICS

READ GEGUENCE AC CHARACTERISTICS
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OQUTLINE (continued)

MODE S SPECIFICATION

MODE & SPECIFICATION

MODE & INTERFACE CONFIGURATION

MODE & WRITE SEGUENCE AC CHARACTERISTICS
MODE & READ SEGUENCE AC CHARACTERISTICS
MODE 7 SPECIFICATION

MODE 7 INTERFACE CONFIGURATION

MODE 7 WRITE SEGQUENCE AC CHARACTERISTICS

MODE 7 READ SEGUENCE AC CHARACTERISTICS
PERIPHERAL BUS INTERFACE AC CHARACTERISTICS
SPECIAL FUNCTIONS SPECIFICATIONS

DATA REGISTER SELF-CLEAR

PROCEDURE FOR TESTING DATA REGISTER SELF-CLEAR
DATA REGISTER SELF-CLEAR AC CHARACTERISTICS
BAV HOLD LATCH SELF-CLEAR

PROCEDURE FOR TESTING BAV HOLD LATCH SELF-CLEAR
BAV HOLD LATCH SELF-CLEAR AC CHARACTERISTICS
BAV SETUP TIME

GUALITY ASSURANCE PROVISIONS

RESPONSIBILITY FOR INSPECTION

LOT ACCEPTANCE

LIFE FAILURE RATE

PREPARATION FOR DEL IVERY
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1.0

SCOPE:

THIS SPECIFICATION DETAILE THE REQUIREMENTS FOR AN INTELLIGENT
PERIPHERALS BUS CONTROLLER (IBC). THIS IS A BUS CONTROLLER
INTEGRATED CIRCUIT.

APPLICABLE DOCUMENTS

THE FOLLOWING DOCUMENTS FORM A PART OF THIS SPECIFICATION
TO THE EXTENT SPECIFIED HEREIN. UNLESS OTHERWISE INDICATED,
THE REVISION AND ISSUE IN EFFECT ON THE DATE OF INVITATION
FOR BIDE SHALL APPLY. IN THE EVENT OF ANY CONFLICT BETWEEN
THIS DOCUMENT AND THE REFERRED DOCUMENTS, THIS DOCUMENT
SHALL GOVERN.

1500005 — GENERAL REGUIREMENTS FOR IC’s
QRAs 10237 — PRODUCT QUALIFICATION
GRAs 10349 - IC GUALIFICATION

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE AIR TEMPERATURE
RANGE, ESee Note 1:

BUPPLY VOLTAGE, Vdd .. ... .. ... ..... ... ..... ~Q. 9 to +7 Vdc
INPUT/0UTPUT VOLTAGE, Vin . ................ =0 8 to Vdd+3, SVdc
INPUT CURRENT, Iiwm ........... .00ty /- 10 mA

STORAGE TEMPERATURE, Tstg ................. ~40 € %o 128 C
NOTE: 1 STRESSES BEYOND THOSE LISTED UNDER "ABSOLUTE
MAXIMUM RATINGS" MAY CAUSE PERMANENT DAMAGE
T THE DEVICE
EXPOSURE TO ABSOLUTE MAXIMUM RATED CONDITIONS FOR
EXTENDED PERIODS MAY AFFECT DEVICE RELIABILITY

RECOMMENDED OPERATING CONDITIONS:

SUPPLY VOLTABGE, Vdd . . ... ... . ............. 4.3 t£to 5.5 \Wdc
OPERATING TEMPERATURE, Top ................ 0 C to 70 C
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4.0

4.1

ELECTRICAL CHARACTERISTICS

D.C. CHARACTERISTICS: .
Top = O C to 70 C, Vdd = 4 5-5.5 Vdc, Vss = O Vdc, see Note 2

MIN MAX UNITS

INPUT LOW VOLTAGE (TTL INTERFACE), WVill ..... 0.8 L
INPUT LOW VOLTARE (CMOS INTERFACE), Wil2 . ... 1.5 £
INPUT HIGH VOLTAGE (TTL INTERFACE), WViht .... 2.0 Y
INPUT HIGH VOLTAGE (CMOS INTERFACE), Vih2 . 393 A%
CUTPUT LOW VOLTAGE (TTL INTERFACE).

Tol = 1 mé. VoL .o e e e - D, 4 1
OUTPUT LOW VOLTAGE (IRG DUTPUT).

Iol = 2 mA, VOI2 .. e e e 0.4 LY
CUTPUT LOW VOLTAGE (CMUS INTERFACE),

Iol = 8 mA, Vol .. .. e e e e e s O 4 v
OQUTPUT HIGH VOLTAGE (TTL INTERFACE},

Ioh = -1 mA, VYohl ... . . ... . e 2.4 Vv
OUTPUT HIGH VOLTAGE (CMDS INTERFACE AND IRG) OFEN DRAIN
INPUT LOW CURRENT (ALl INPUTS)Y, Iil ......... -1 i UA
INPUT HIGH CURRENT (ALL INPUTS), Iih ........ -1 - 1 uh
OUTRUT 3 STATE CURRENT (TTL IHTERFACE), 1oz .. -1iC 10 uh
STANDBY CURRENT., Idd ... ... ... . . 250 A

INPUT CAPACITANCE, Cin ... ... ... ...t nvennn 10 pF

ALL INPUTS ARE SCHMITT TRIGGERS. TTL INPUTE HAVE TRIGGER
POINTS AT ABOUT 0.8 ¥V AND 2.0 V. CMOS TRIGGER POINTS ARE
ABOUT 1.5 V AND 3.3 V.

A.C. CHARACTERISTICS

OUTPUT LOW TRANSITION TIMES
{CMOS INTERFACE) ... 3000pF load, | .. 2.5 usec

NOTE: 2 TTL INTERFACE - 1/00-1/03.CS,RS, E: R/W, 00-02, ME, RES
CMOS INTERFACE — DOQ-D3: HSK. BAV

REQUIREMENTS:

PHYSICAL: 22 — 400, DUAL-IN-LINE PACKAGE, 100 MIL PIN CENTERS.
SEE FIGURE 1.

LEADS: SOLDERABLE PER MIL-STD-883. METHOD 2003, WITHOUT AGING.
PFIN CONFIGURATION: SEE FIGURE 2.

MARKING: PARTS SHALL BE MARKED WITH THE TI PART NUMBER
AND TNE DATE CODE,
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15¢——— D-1
14!-— D-0

13{~—— RS

20— 0~Q
12i~—— C8

22t— 0-2
21 ~— O~1
19 ——— Vdd
igi—— MS

17~ D3
1&{— D2

PACKAGE DUTLINE
z
scale

“wNMTNODo

W we wE wie e

REG ———110
R/W-03~—111

BAV

HSK

IRG

Vss ———
FIGURE 2. PIN CONFIGURATIOM.
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PIN ASSIGNMENT FUNCTIONS

NAME PIN I/0 DESCRIPTION

D-0 i4 I/0 Data 1/0 lines that aliow data transfer

D1 1% I/0 between IBC and ALLC I/0 bus.

D—-2 it 170

D~3 i7 170

HEBK bH 170 HANDEHAKE LINE: set low by source device %o
indicate to listeners that there is valid
data on the ALC I/0 bus and held low by the
1isteners until they accept the data.

BAV 5 (/0 BUS AVAILABLE LINE: set low by source
device in the beginning of the message and
held low until the end of the message.

The new source tan originate & new message
ar "Request Service” only if this line is
high.

1/0-0 1 I/0 Dbata I/0 lines that allow data transfer

I/70-% 2 Is70 between IBC and the microprocessor.

170-2 3 170 I+ ME=1 lines act as inputs onily.

1/0-3 4 1/0

IiRG 7 g INTERRUPT OUTPUT (popen dvain): indicates to
to the microprocessor the occurence of the
next data nibble on the ALC I/0 bus.

cs 12 I CHIP SELECT INPUT: selects and enables ihe
IBC for microprocessor data transfer.

RS 13 1 REGISTER SELECT INPUT:. addrese line through
which the IBC ragisters can be accessed by
the microprocessor. When IBC operates in the
latchad mode this input works as address
strobe.

E @ 1 ENABLE INPUT: if M8=0 there are several

.-

- -

options in combination with a pin R/W for
controlling data transfer between IBC and
the microprocsssor,

If ME=1, E is used as active low strobe
for writing data into IBC.

]
-
L3
©

-
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PIN ABSIGNMENT

FUNCTIONS (continusd)

NAME PIN I/3 DESCRIPTION

R/W 11 1/0 READ~WRITE CONTROL: i# MS8=0 there are seve—

(0-3) ral options in combination with a pin E
for controlling direction of data transfer
betwean IBC and the microprocessor.
If M8=1, R/W is used as most significant
bit of data oufputs.

o-¢ 20, I/70 OUTPUT DATA LINES: if MS=1 these lines are

0-1 21, I1/0 used as three least significant bits of

g-2 22 1/0 data outputs.
I# M8=0 these lines are used for selecting
the aptioens for pins R/W E and RS

Ms 18 I MODE SELECT: input which selects %the mode
of operation.

RES 10 I RESET INPUT: low level on this input will
puft IBC into resst state.

Vdd i9 I Positive supply ( 3 —~ 7 Vdec ).

Vas ? 1 ¢ Volt reference.
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7.0

7.1

BO-D3C——2

HEK om0

BAVC~~2

INTERNAL ORGANIZATION

BLOCK DIAGRAM: SEE FIGURE 3.

{ P o MG
H I8C L= RES
H | = E
{ CONTROL. Lo RG
H P Lo 05
H LOGIC § e R W
1 - (0333
HE P i H H
LI $d H i H
I HE ' H i
. - - S D i ST S i
FALC { ¢+ ¢ Dat H H H I
H H L iregisteri—>—. i foutput |-——¥-200-02
1170 i< +—+=r | i e T3 H
H i HEE S RO P Cmomndewn ibuffer —.
lbus | P H H HEHE ! I
H H $d . P ;
i b H . H LI B H
fuw . - I B I R H
HEE S i ALC I Cantroll I i I
I ! bus | t Btatwus -2 | ! input | |
t g 1<-Digontrolid->iregisteri Yo ==} 1 == 1 /00—
e i i logic | i R1 P Cmmes ? ibhuffer ! ~1/703
[ 1 3 £ t H L $
4 ¥ L [ 1 ] ] 2
H
* > IRG
FIGURE 3. BLOCK DIAGRAM.
REGISTERS

The IBC has four registers which are accessible to the user.

All registers are 4~-bit wide.

technique used to access each register.
is used to manipulate HEK and BAV lines.

{ Inhibit,

Tabl

¢ 1 shows addressing
The Control Register
The mode of operation

Disable and Enable )} is determined by the Control

Register, which is depicted in Figure 4. The Status Register
ie used to indicate %o the processor the status of HEK and
BAV lines and the state of Interrupt request and the Inhibit

#lag.

The Status Register is shouwn in 7.2 3.

Transmit and

Receive Data Registers are 4-bit buffers into and from

the ALC’s I/0 Bus.
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7.2.1 REGISTER DECODING

] C8 [ RE | WRITE !  READ H
i 0 1 O | Transmit | Receiver |
H H i Data H Data i
H H ! Ragister | Register |
i 0 I & | Contrel | Status |
i H ! Register | Register |}

CONTROL. REGISTER

i3 12481

— e, —
& -

S R mw m

o

HARDWARE REBET

Y——— HEK/RESET: 1-Sat HBK low.

O-Release HEK

7.2.3 Btatus Register

HARDWARE RESET

reset IRQ

— BAV: 1-Gat BAV low:(O-Release BAV when HBEK low
————ee INMIBIT: 1~-Inhibits HS8K latching and IRG til new BAV
— DISABLE: 1-Disables clearing of Inhibit by new BaAV

3 =2 1 o
S S 0.5 s B
i3t 2411101
H i i Ve HEK LIME  (I=line low)
H ! Y. BAV LINE (1=1ine low)}
:*g“:‘;”; ENABLE STATE
:Mg“:_;“: INHIBIT/DISABLE STATE
:‘;‘T“;“; ACTIVE IRG (HSK latched low)
:w;v:~;~: START OF MESESAGE (new BAV)
3 2 1 0
ol 1 X1 X
fsizei 4 drawing no
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INTERRUPT

The IBC has an interrupt which indicates when the data is
availablie on the bus. Interrupt can be disabled completaly
oy until the next message. The interrupt output is open
drain with a low active level., The pull-up resistor

value is between 3.3 K and 4.7 K Chms.

7.3.1 INTERRUPT AC CHARACTERISTICS
Vih
HEK N
\ Vil
1 =T d =2}
Vih
IRG \
Y Vil
Td. .. .. IRG active after HEK $#all. .. ................ 200 ns (max)
8.0 FUNCTIONAL OPERATION DESCRIPTION
8.1 POWER~UP CONSIDERATIUONS
If system’s power up reset is tied to the RESET pin on IBC,
the controller will come up in the Disable state which means
that transitions on HEK line will not be latched and no
interrupt will be generated. In order to enable the controller,
the user has to write *"C000" into Control Register. However
it might not be desirable to enable the controller in the
middle of the message therefore user may perform Enable with
"Inhibit Until New Message" by Writing "0100" into Control
Register. This will keep the controller in disable state
until a new message starts.
g 2 DISABLE MODE
In disable mode the controller will not latch HEK signal
and will not produce interrupt, but user will be able
to monitor state of BAV and MSK by reading Status Register.
In order to put device in disable mode user should Write
"1100" into the Control Register.
8. 3 INHIBIT (UNTIL NEW MESSAGE)

tn inhibit (until new message) mode the controller will be
disabled during current message and fully snabled when next
message starts. In order to put device into inhibit (until
new message) user should Write "0100" into the Control
Register,
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LISTEN MODE

In listen mode the user has to read the first two nibhles on
the bus:. determine if he was selacted, and if he was. the user
can start communication with the master. If he was not selacted
the usevr should pevrform “Inhibit Until New Message”™ by Writing
*0100" into the Control Register.

MONITOR MODE

The capability exists for user to monitor the communication
aven if he was not selected, however, this is not recommended
since it may slow down the bus operation. This capability
allows monitoring and recording of all bus communications.

TRANEMIT MDDE

In $ransmié mode, the user has to send ¢the data uvtilizing

the Write Sequence, monitor the HEBK line and when the HBEK

line goes into an inactive state the user may transmit the
next data.

DATA TRANSFER OPERATION

All receive and transmit data can be handled by executing
the Read and Write Bequences respectively.

READ SEQUENCE

The Read Sequence allows the user to obtain the data
transmitted on the bus and prepares IBC to receive the next
transmigssion. The Read Sequence has o be vsed whenever the
user is in the listen mode and receives an interrupt from IBC.

a — Reset Interrupt - Write “"0O0O0L1" into Controel Ragister
b ~ Obtain Data -~ Read Receiver Data Register
£ - Reset HS8K Latch ~ Write "OOOO6" into Control Register

WRITE SEQUENCE

The Write Sequence allows the user to place the data on
the bus and to signal the other devices that the data is
available., The Write Sequence has to be used whenever the
user is in transmit mode and ready to send the data.

a — Prepare Data —~ HWrite Data into Transmit Data Register
b —- Set HSK Signal - Write "COOI1" into Contrel Register
€ — Reset HBK Signal - Write "0000" into Control Register
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REQUEST SERVICE SEGUENCE

The Request Service Sequence allows the user tn signal

the master by putting the BAYV line ints the low state

until the first HSK transition. The Request Service Sequence
may be used whenever the user has permission from the master
to request the service.

a — Set BAV signal - MWrite "0Q10" into Control Register
b — Enable BAY Reset - Write “0000" into Control Register

MASTER MUDE DIFFERENCES

The difference between master and slave modes of operation
axists because in master mode the user has to hold the Bav
line low during the entire message. Therefore the Read and
Write Sequences shown above must be modified for master mode
operation. The modification requires that all accesses to the
Control Register must maintain the BAV bit in the high state.

MODES OF OPERATION

The IBC can operate in 7 different modes which allows simple
interface with several popular microprocessor families.

The desired mode can be selected by setting the Mode Select
input (M5}, If input MS is set low three modes can be selected
by setting pins O0-0 and O-1. Table | shows the modes selected
by different bit patterns on these pins.

In addition, when MS is set low, a high on pin 0-2 will enable
the latching capability for CS and RS signals. This feature
is useful for multiplex address/data bus similar to TMS-7000

-or INTEL-BOB3. In this mode ALATCH is connected to the RS pin

and on the falling edge of a pulse, RS will latch the level on
I/0-0 pin as internal RS and the level on €8 pin as internal
CS which should be high to select the chip.

I¥ the MS is set high the IBC is in Mode 7 and reconfigured
as shown in Section 9.7. This mode is useful with 4-bit MPUs
which don’t have a bidirectional bus. Please note that pin
R/W is used as MBB of the output data.
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MODES OF OPERATION (continued)
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ode ¢ — EMABLE activ

o (see Figure 30
ode 1 — ENABLE active

igh (see Figure 4)

800 compatible

MODE DESCRIPTION
ME-7000 compatible

M
1
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00
O
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-
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Modes of Operation.
H

0o-1

T
1

A -

02

Table 1.
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5. 1.5 MODE O WRITE SEQGUENCE AC CHARACTERISTICS

s \ f
\ 7/
RS don’'t care \/ atidress valid \ don’t care
AN FAY
R/ don’t care \ / don‘t care
N . 7
§ Lo | i |
Tas | Tea t Tah
£ \ /
LY . !/
1< >i< >
H Tds Tdh |
1700~ high z v/ data valid N/ high :z
1/03 VAN FAY
Tas. ... Address and R/W wvalid before E fall.......... 50 ns (min)
Tah....Addrass and R/W hold valid after E rise...... 30 ns {min}
Tds....Data in valid before E rige. .. ............... 150 ns (min)
Tdh....Data in hold valid after E vise. ............. &5 ns {min)
Tea. .. . Enable active, . ..ot oo ittt i i a e e 300 ns {(min)
9. 1.3 MODE O READ SEQUENCE AC CHARACTERISTICS
cy \ /
\ 7/
R& don’t care W/ address valid v don‘t care
WA VAN
R/W dnn’t care / v don‘t care
—_——f Tas Tah M
e >i1< Tea > >
£ \ !
\ 4
s e
Tds H Tdh ¢
1/00- high z \/ data out valid \/ high z
I/03 S FaY .
Tas....Address and R/W valid before E fall.......... S0 ns (min}
Tah....Address and R/W hold valid after E rTise. ..... 30 ns {(min3}
Tds. ... Data out valid atter E Fall .. .. ... . ... ... 120 ns (max)
Tdh. ... Data out hold valid after E vise............. &0 ns {(max)}
Tea....Enable ackive. ... ... i e e 3C0 ns (min)
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Vil
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9. 2.

cs

RY

R/W

1700
1/03

Tas. .

Tah. ..
Tds. ..
Tdh. ..
Tea. ..

MODE 1 SPECIFICATIONS

1 MODE 1 INTERFACE CONFIQURATION

&500 IBc

H H i :
H HIY N i
i D~Q ~ D~3i< 4-bit data bus >1I1/0~-0 ~ I/0-3 |
H LI /1 H
H H H H
i RAW—] >IR/W i
4 E - ¥ %
4 L4 i L
! PHI-2: >iE 001
H H H H
i IRG~i< {IRG 0-11
H H o-2i
H H

LU

= e b aapes sty ot e .

el {address | ———2>IRE

.

H i H
H A0 ~ A~151] >4 H H R D
' {———/ ldecodari——2ICS8 L N 4 Y
i H e e s i H
F.2.2 MODE 1 WRITE SBEQUENCE AC CHARACTERISTICS
' Vih
\ /!
\ s Vil
_ Vih
don't care \/ address valid N don‘t care
FAS AN Vil
Vih
dan’t care \ / don’t care
"4 Vil
RS LRSSt
Tas i< Tea > Tah
: Vih
/ \
/ Ay Vil
i< i€ >4
H Tds Tdh |
Vih
high z A/ data valid N/ high z
FAS AN Vil
.. Address and R/W wvalid before E rvise.......... 50 ns (min)
. Address and R/W hold valid after E fall...... 30 ns {(min}
.Data in valid before E #23311.................. 100 ns (min)
.Data in hold valid after € fall.............. &0 ns {(min}
.Enable active. . ... .. .. ... .. 140 ns (min)
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9.2.3 MODE 1 READ SEQUENCE AC CHARACTERISBTICS

Yih
s AY /
\ /! Vil
Vih
RS don’t care \/ address valid v don‘t care
I\ AN Vil
Vih
R/W don’'t care / v don‘t care
/ \ Vil
HE e § L= §
Tas i< Tea i Tah
. Vih
E / \
! \ Vil
§ AL e e T HE e
Tds H Tdh ¢
. Yih
170G~ high z \/ data out valid \/ high z
I/03 A" AN Vil
Tas....Address and R/W valid before E rise.......... 30 ns (min)
Tah. ... Address and R/W hold valid atter E fall...... 30 ns (min?
Tds....Data out valid atter E vrise. . .... ... ... ..., 120 ns (max)}
Tdh....Data out hold valid after E fall............. 60 ns {max)
Tea....Enable acbtive. . .. . .. .. . . e e 140 ns {(min)
9 3 MODE 2 SPECIFICATIUONS
2. 3.1 MODE 2 INTERFACE COMNFIGURATION
8085 IBC
! H i §
H I - A H
H AD-0 - AD-3!1< 4—-hit data bus >i11/0-0 - 1/0-3 ¢
H FA i H
H H H H
H WR-{ PIR/U H
{ H H H
H RD-§ JiE 01~y +Y
i i H H
i RST 3. 51 1IRG e
! H ! (=G § e |
H H e e e i MGt~
H % laddressi————2IRS H H
H AT -~ A-133 - H : L T
H e f tdecodar |- {CH AN
H H s s i H !
isize! { drawing no
H H H
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2.3.2 MODE 2 WRITE SEQUENCE AaC CHARACTERISTICS

cs \ F
\ /!
RS don’t care \/ address valid AN don’t care
AN VAN
Rt H § Ly |
Tas i< Tsv 21 Tah
R/W X\ 4
Y /
H
E H
Tds i  Tdh
A >i< >
1/00- high z \/ data valid \/ high 2
1/03 FAN AN
Tas. ... Address valid before R/W #all................ 50 ns {(min)
YTah....Address hold valid after R/W rise............ 30 ns (min?
Tds....Data in valid before R/W rise. . . ............. 150 ns (amin}
Tdh....Data in hold valid after R/W rise. . .......... &0 ns (min}
Tav. ... Write pulse width on R/W pin. . ........ ... ... 140 ns {min}
9. 3.3 MODE 2 READ SEGUENCE Al CHARACTERISTICS
cS N s
i e
RS don’t care \/ address valid \/ don’t care
FAN FAN
H H
R/W H H
! Tas Tah |
o >i< Tea >iL p3
& \ /
\Y /
| L § e H
Tds i Tdh 1§
1700~ high 2z \/ data out valid \/ high z
I/03 FAY FAY
Tas. ... Address valid before € fall. .. ... ............ S0 ns {min)
Tah. ... Address hold valid after E vise. .. ... ... ..... S0 ns (min?}
Tds....Data out valid after E fall..... ... ... ... .... 120 ns (max)
Tdh. ... Data out hold valid affter E rise. .. .......... &0 ns (max)
Tea....Read pulse width on E pin. . ... ... . ... ... ..... 14C ns (min)
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2. 4.

MODE 4 SPECIFICATIONS

1 MODE 4 INTERFACE CONFIGURATION

THMS—-7000 IBC
i - 4 A :
H pL-0 —- PC-31< 4-hit data bus 2i1/0-0 -~ I/0-3 1
H I A . /i H
! RAW~1 —r PIR/YW T e e & 2V
H E—% >E H
! H H O~1 §
H INTIIC 1 IRG Qe i ———|
H H H MG | -1
H ALATCHI > IRS - S
H C-71 >iCs AN
9. 4.2 MODE 4 WRITE SEGQUENCE AC CHARACTERIETICS
Vih
C8 don’t care/ \ dan’‘t care
fTes | Teh A Vil
e Rl B
Vih
RS /! Y
{ALATCH) / Taa \ Vil
e e S
{L==2>! Tahi
_Tas!t Tev: Vih
R/W don’t care \ H fdon‘t care
N\ H / Vil
! § L= § LD }
H Tras 1} Tea ! Trhe
i Vih
E H \ /
H A Tds /  Tdh Wil
H H i< >ig >
: Vih
I1/00~ high z \/ address\/ high z \/ data wvalid A/ high z
1703 N TN FAS AN Vil
Taa....Alatech pulse width on RS pin.. . ... ... ... ... 100 ng {(min}
Tas....Address valid before RB(ALATCH)Y fall......... 30 ns (min}
Tah. ... Address hold walid afier RS(ALATCH} fall..... 30 ns {min)
Tes....Chip Select valid before RS(ALATCH) fall..... 30 ns (min)
Tch....Chip Select hold valid after RS(ALATCH)} fall. 30 ns (min)
Tav. .. .E valid after RS(ALATCH! fall................ 30 ns {min)
Trs....R/W valid before E fall. ... ... .. ... ... 30 ns (min)
Trh....R/W hold valid after E rise. . ....... ... .. ... 30 ns (min}
Tds. ... Data in valid before E vise. ... ... .. ... ... 150 ns {(min)
Tdh....Data in hold valid after E rise. ............. &% ns {(min)
Tea....Enable active. . . . .. . e e 230 ns (min)
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9. 4.3 MODE 4 READ SEQUENCE AC CHARACTERISTICS

s

RE
(ALATCH?}

R/W

1760~
1703

Taa. ..
Tas. ..
Tah. ..
Tes. ..
Teh, ..
Tav. ..
Trs. ..
Trh. ..
Tds. ..
Tdh. ..
Tea. ..

2.9

Vih
don‘t care/ N\ doan’‘t care
/ H AN Vil
H et F Rt H
Tcs § Teh
_ Vih
/ A%
/ Taa S\ Vil
R s |
i<—>1 Taht!
! Tas! Tevl
. _ ' Vih
dan‘t care / H Zvdon‘t care
/ Trs | Trhe \ vil
i i< > Tea >i< 3
H Vih
H % 4
H HEEAN / Vil
H H Tds ! Tdh
! § oot e o i § T
Vih
high z \/ address\/ high z \/ data out valid \/ high z
FAN FAY FAN FAN Vil
.Alatch pulse width on RS pin. . ... ... .. ..., ... 100 ns {(min)
.Address valid before RS(ALATCH)Y fall......... 30 ns (min}
.Address hold valid after RS(ALATCH)Y fall... . . 30 ns (min}
.Chip Select valid hefore RS(ALATCH} fall. . ... 30 ns (min?
.Chip Select hold valid after RSC(ALATCH) fall. 30 ns (min)
.E valid after RS(ALATCH) €211................ 30 ns {min?
.R/W valid before E fall........... ... ... ..... 30 ns (min)
.R/W hold valid a#ter E rise. .......... ... .. .. 30 ns (min}
.Data ouwt valid after E fall.................. 120 ns (max)
.Data out hold valid after E rise. . ........... &0 ns (max)
CEnable achive. . ... e e e e 230 ns {(min)
MODE 5 SPECIFICATIONS
MODE 5 SPECIFICATIONS ARE THE SAME AS IN MODE 4 EXCEPT
PULSE ON “ENABLE®" LINE IS INVERTED.
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2.6

MODE & SPECIFICATIONS

9. 6.1 MODE & INTERFACE CINFIGURATION

808s IBC
H HI A H
H AD~0O ~ AD-3i1< 4-bit data bus 2i1/0-0 -~ I/70-3 |
H LAY 7 3 !
! WR—! >iR/W }
H RO~} ~>iE D=2 —mtemmlr +Y
H H H O~14=—
H RET §_8Bi{———um s s s e T TR G '
! H H Q- § -
i ALE >iRG MG § - §
H AL~ i >1C8 - N
YA
9. 4.2 MODE & WRITE SEQUENCE AC CHARACTERISTICS
Vih
C8 den‘t care/ \ don’‘t care
/ N Vil
§olmmmele } L |
Tecs § Tch
Vih
2453 / Y
{alLE) 7/ Taa Y Vil
} Comaam i D § A o 3 |
{ =21 Tahi
i Tasit Twvi
. Vih
R/W H A /
i HEAY ! Vil
[ ¥
H < Twa >4
H H H Vih
E H H Tds ! Tdh Vil
H H i< > i >
- Vih
1/0Q0~ high z \/ address\/ high 2z \/ data valid N/ high z
1/03 VAN N\ N\ FAY Vil
Taa....ALE pulse width oen RE pin. . ..... ... ... ..., 80 ns (min}
Tas. ... Address valid before RS{ALE) fall............ 50 ns (min?
Tah....Address hold valid atter RS(ALE) fall........ 3C ng (min?
Tes....Chip Select valid before RS(ALE) fali........ 50 ns {(min)
Tch....Chip Select hold valid after RS(ALE) fail.... 350 ns {(min}
Twv. ... R/W valid atter RE(ALE) fall. ................ 80 ns {(min)
Tds. ... Data in valid before R/W vise. .. ............. 150 ns {(max}
Tdh. ... Data in hold wvalid after R/W rise.. .......... &0 ns (max}
Twa....Write pulse width on R/W pin. . ... ............ 200 ns (min)
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?. 6.3 MODE & READ SEGUENCE AC CHARACTERISTICS

cs

RS

(ALATCH?

R/W

1780~
i/03

Taa. ..
Tas. ..
Tah. ..
Tcs. ..
Tch. ..
Tav. ..
Tds. ..
Tdh, ..
Tea. ..

Vih
don‘t care/ \ don’t care
/ N\ Vil
[ (D
Tcs + Tch
Vih
s N
/ Taa A\ Vil
HECE e B Rl
i<—2>1 Tah!
I Tasi Tevi
H H Vih
H H
i H Vil
H 1< ———Tea >
H Vih
' \ 4
H HEEAN / Tdh Vil
H } L 5 | §Lmmmrnn o
H Tds H Tdh |
_ _ Vih
high z \/ address\/ high z \/ data out wvalid \/  high 1z
FAY A FAY AN Vil
.ALE pulse width on RS pin. ... ... ... ... ..... 1830 ns (min)
.Address valid before RS(ALE) fall............ B0 ns (min}
.dddress hold valid after RS(ALE) fall. ... .. .. 30 ns (min?
.Chip Select valid before RS(ALE)} fall........ 30 ns (min)
.Chip Select hold valid after REB(ALE) fall.... 50 ns {(min}
.E valid after RG(ALE)Y fall......... ... ....... 50 ns (min)
.Data out valid after E fall......... ... ... . ... 120 ns (max)
.Data out hold valid after E rise. ............ 60 ns (max)
.Read pulse width on E pin. ................... 200 ns (minl
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Q.7

MODE 7 SPECIFICATIONS

@.7.1 MODE 7 INTERFACE CONFIGURATIUON

TMS- 1000 IBC
i i AN
i 0-¢ - 0-31 4~-pit data ovt >11/0~-0 - 1/0-3
H i /o
i i
H K—1,K-21 /
< 4~bit data in 0-C - 0-2:.R/W

K4, K—81 \

. L
-

o mim W W me e W

M mam wae s deee BN TR Wmow W Wk deow

R0 DIE
R-11 PiRS MS |3 +V
R-21 >iC8
. 7.2 MODE 7 &0 CHARACTERIBTICS
Vih
8 N /
\ / Vil
E L]
. _ Vih
RE don’t care \/ address valid Nodon't care
FAN FA Vil
¥ [
L3 L3
§ Qe e
| Tas i< Tea >1 Tah |
i H Vih
E H Ay / :
H by / Vil
H i< i >
H H Tds Tdh {1
H Vih
I1/00~ thigh z v/ data valid N high z
I/703 H AN FAY Vil
H Tdo ¢ Tdoz
i< > e
Vih
0002, high S data out valid N/ high 2
R/W . AN VA Vil
Tas. . .. Address valid before E fall. . ... ....... ... 30 ns {min?
Tah. ... Address hold valid after E rise.............. 50 ns {min)
Tds. ... Data in valid before E vTigse. ... ........... ... 120 ns {(max)
Tdh....Data in hold valid after E vige. ............. &0 ns (mayx)
Tdo....Data out valid after €8 fall................. &0 ns (max}
Tda....Data put valid after €8 rigse. .. ... ........... &0 ns (max}
Tea....Write pulse width on E pin. .. ......... ... ... 200 ns {(min)
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10.0 PERIPHERAL BUS INTERFACE AC CHARACTERISTICS

Write Operation Complete

L3
f e e Td D |

! Vih
CLEAR IRG- H /
! / Vil
¥
{{=—=Tdbl———21
H Vih
SET BAV LOMW H \
i \ Vil
t
%
T dh D |
H Vih
SET HEK LOW H A}
i \ Vil
1]
{———Tdd 121
H Vih
SET DATA LOW H N
H b Vil
j L Td b §
H Vih
SET BAV HIGH i /
! 4 Vil
14
§ Comomm T By >
H Vih
SET HBK HIGH ' !
i 4 Vil
]
[ ]
| C———Tddh~—3|
Vih
SET DATA HIGH I'4
4 Vil
Tdi....IRG high after Write cycle completion....... 200 ns (max}
Tdh....BAV low after Write cycle completion. ........ 200 ns (max)
Tdh. .. . HBK low after bWrite cycle completion. . .. .... 200 ns (max)
Tdd. ... Data pin low after Write cycle completion.... 200 ns {(max)
Tdbh. .. BAV high atfter Write cycle completion........ 200 ns {(max)} + Tbd
Tdhh. . . HSK high after Write cycle completion. ..... .. 200 ns {(max} + Thd

Tddh. .. Data pin

Thd ~ Bus delay
nuymber of

high after Write cycle crompletion... 200 ns (max) + Thd

timing depends on Pull-up value and
peripherals on the bus.

Write cycle completion means end of the Write pulse on E or
R/W pins corresponding toc the mode selected and assuming that
the right command is executed.
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11.0 SPECTAL FUNCTIBNS BPECIFICATIONS

11.1 BATA REGISTER SELF-CLEAR

11. 1.1 PROCEDURE FOR TESTIMG DATA REGISTER SELF~CLEAR

Set HSK low by writing
Hold HSK low externally

3 R RV

far Data Lines to rTise

11.1.2 DATA REGISTER SELF—CLEAR

Set Data Lines DO~D3E to "0000" By writing into Data Register

Q001" into Control Register

AGC CHARACTERISTICS

Release internal HEK by writing
Release HEK externally and observed time delay

!I{){}(}(}#!

into Control Register

Vih
HEK /

/ Vil
i< Tdsé >i

Vih
Do-D3 /

/! Vil

Tdsf. .. Data lines high after HMEK rise. .............. 200 ns {(max} + Thd

Thd ~ Bus delay timing depends on Pull-up value and

number of peripherals on th

11.2 BAV HOLD LATCH SELF-CLEAR

2 bus.

11. 2. 1 PROCEDURE FOR TESTING BAV HOLD LATCH SELF-CLEAR

1 Get BAV low by writing

2 Rglease intermnal BAV hold by writing

Cuntrol Registar

“0010*

into Control Register
*QC00" into

3 Set HBK low externally and observed time delay for

BAV to rise

11. 2.2 BAV HOLD SELF-CLEAR AC CHARACTERISTICS

Vih
HEK N
M Vil
i< Thsf =i
Yih
BAV 7
4 Vil

Thad. .. Internal BAV release after HEK +fall

Thd ~ Bus delay timing depends on Pull-up

number of peripherals on th

g bus.

value and

200 ns (max} + Thd
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Vih
i
Vih
Vil

.. 5 u sec (min}

1<~Thsy—>2§

.BAV satup time before HSK f£all.

11. 2.3 BAV BETUP TIME
HEK
BAV

Thsu.
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12,

12. 2

12,

12,

13

13.

13.

QUALITY ASSURANCE PROVISIONS

RESPONSIBILITY FOR INSPECTION

UNLESS OTHERWISE SPECIFIED IN THE CONTRACT OR PURCHASE ORDER,

THE SUPPLIER SHALL BE RESPONSIBLE FOR PERFORMING INSPECTIONS
THAT ARE SUFFICIENT TO ASSURE THAT THE PARTS SUPPLIED MEET
THE REQUIREMENTS SPECIFIED HEREIN.

L.OT ACCEPTANCE

LOTS FURNISHED TO THIS SPECIFICATION SHALL BE CAPABLE oF
PASSING A SAMPLING INSPECTION FOR DEFECTS TO AN ACCEPTABLE
QUALITY LEVEL (AGL} OF ONE PERCENT FOR NORMAL SINGLE
SAMPLING, LEVEL II, PER MIL-GTD~-105. FAILING LOTS SHALL BE
SUBJECT TO REJECTION.

L.IFE FAILURE RATE

THE MEAN LIFE FAILURE RATE FOR DEVICES SHALL BE EGUAL T8
OR LESS THAN . 018%/1000 HOURS AT 35 deg C DERATED AT 0. 8 EV.

ALL PARTS SHALL BE FUNCTIONALLY TESTED AFTER BEING BURNED
IN FOR 24 HOURS AT 125 deg C AT NOMINAL DC VOLTAGES AND FOR
A MINIMUM OF EIGHT HOURS AT 129 deg C AT RECOMMENDED HIGH
STRESS VOLTAGES.

PREPARATION FUR DELIVERY

PACKAGING

PACKING AND WRAPPING SHALL BE SUFFICIENT TO PROTECT ACAINGT
DAMAGE OR LOSS DURING SHIPMENT FROM THE SUPPLIER TO THE
DESTINATION SPECIFIED IN THE PURCHASE ORDER

MARKING

THE SHIPPING CONTAINER SHALL BE MARKED WITH TI PART NUMBER

(SEE PART NUMBER BLOCK! AND THE GUANTITY CONTAINED. ADDITIOMAL

MARKINGS ARE PERMITTED.
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SPECIFICATION

INTERFACE CONFIGURATION

WRITE SEQUENCE AC CHARACTERISTICS
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SPECIFICATION

INTERFACE CONFIGURATION

WRITE SEQUENCE AC CHARACTERISTICS
READ SEQUENCE AC CHARACTERISTICS
SPECIFICATION

INTERFACE CONFIGURATION

WRITE SEQUENCE AC CHARACTERISTICS
READ SEQUENCE AC CHARACTERISTICS
SPECIFICATION |

INTERFACE CONFIGURATION

WRITE SEQUENCE AC CHARACTERISTICS

READ SEQUENCE AC CHARACTERISTICS
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MODE 6 INTERFACE CONFIGURATION

MODE & WRITE SEGUENCE AC CHARACTERISTICS
MODE &6 READ SBEQUENCE AC CHARACTERISTICS
MODE 7 SPECIFICATION

MODE 7 INTERFACE CONFIGURATION

MODE 7 WRITE SEQUENCE AC CHARACTERISTICS

MODE 7 READ SEQUENCE AC CHARACTERISTICS
PERIPHERAL BUS INTERFACE AC CHARACTERISTICS
SPECIAL FUNCTIONS SPECIFICATIONS
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SCOPE:

THIS SPECIFICATION DETAILS THE REGUIREMENTS FOR AN INTELLIGENT

PERIPHERALE BUS CONTROLLER (IBC). THIS IS A BUS CONTROLLER
INTEGRATED CIRCUIT.

APPLICABLE DOCUMENTS

THE FOLLOWING DOCUMENTS FORM A PART OF THIS SPECIFICATION
TO THE EXTENT SPECIFIED HEREIN. UNLESS OTHERWISE INDICATED.
THE REVISION AND ISSUE IN EFFECT ON THE DATE OF INVITATION
FOR BIDS SHALL APPLY. IN THE EVENT OF ANY CONFLICT BETWEEN
THIS DOCUMENT AND THE REFERRED DOCUMENTS. THIS DOCUMENT
SHALL, GOVERN.

1300005 — GENERAL REQUIREMENTS FOR IC's
GRAs 102037 -~ PRODUCT GUALIFICATION
OGRAs 10349 ~ IC GUALIFICATION

ABBOLUTE MAXIMUM RATINGS OVER OPERATING FRFE AIR TEMPERATURE
RANGE. Ses Note 1:

SUPPLY VOLTAGE, Voo ... ... . . i, ~3. 5 to +7 Vdc
INPUT/ZEITPUT VOLTABE, Vin ... ... ... ... ... —Q.8 to +7 Vdc =
INPUT CURRENT, Iin ........... ..., . +/~ 10 mh
STORAGE TEMPERATURE, Tstg ................. -40 £ fo 1285 C

# I/0 pins which are designated “CMOS INTERFACE" (see
note 2 on next page) are designed to allow overvuoliage
when enabled with a mask option. When this option
is used /0 pins may exceed Voo voltage by as much as
5.8 Vde as long as the voltage with respect to ground
does not exceed 7 Vde.

NOTE: 1 STRESSESE BEYOND THOSE LISTED UNDER "ABSOLUTE
MAXIMUM RATINGS™ MAY CAUSE PERMANENT DAMAGE
T THE DEVICE
EXPOSURE TO ABSOLUTE MAXIMUM RATED CONDITIONE FOR
EXTENDED PERIOGDS MAY AFFECT DEVICE RELIABILITY

RECOMMENDED OPERATING CONDITIONS:

SUPPLY VOLTAGE., Voo ... .. .. . ... .. . ... 4.5 to 3.5 Wc
OPERATING TEMPERATURE., Top ................ CC to 70 C
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FLECTRICAL CHARACTERISTICS
Top = 0 ¢ to 70 €, Voo = 4, 5-5. 5 Vdc

411 wvoltages referenced to ground.

NOTE: 2 TTL INTERFACE - I/00-1/03,CS, RS, E.R/W, 00-02. MS. RES
CMOS INTERFACE — DO-D3, HSK. BAV

D.C. CHARACTERIGTICSH:

ALL INPUTS ARE SCHMITT TRIGGERS. TTL INPUTS HAVE TRIGGER

POINTS AT ABOUT 1.3 V AND 1.7 V. CMOS TRIGGER POINTS ARE
ABOUT 1.7 V¥V AND 3. 6 V. ’

MIN MAX UNMITES

INPUT LOW VOLTAGE (TTL INTERFACED)., Willi ... .. 0.9 1.6 V
INPUT LOW VOLTAGE (CMOS INTERFACE), wvil2 . ... 1.4 2.1 1%
INFUT HIGH VOLTAGE (TTL INTERFACE), Vihl ..., 1.4 2.3 v
INPUT HIGH VOLTAGE {(CMOS INTERFACE), Vih2 ... 3.0 4.2 Y
OUTPUT LOW VOLTAGE (TTL INTERFACE},

Ionl = 1 mA, Voll .. e e e .4 "
OQUTPUT LOW VOLTAGE (IRG QUTPUT),

Tal = 2 mA, Vol ... . e e e e 0.4 A
DQUTPUT LOW VOLTAGE (CMDS INTERFACE),

Inl = 8 mA, Vol .. .. . . e e Q.4 ¥
QUTPUT HIGH VOLTAGE (TTL INTERFACE),

Ioh = —1 mA: Vobl ... .. e e e 2.4 \

OUTPUT HIGH VOLTAGE (CMOS INTERFACE AND IRG) éPEN DRAIN

Current specifications for all I/70 lines within O 5
vaolts of Vece or GND.

INPUT LOW CURRENT (ALL INPUTS), Til ......... -1 1 UA

INPUT HIGH CURRENT {ALL INPUTS}, Iih ........ -1 i U

OUTPUT 3 STATE CURRENT (TTL IHTERFACE}, Ioz .. =10 10 uA

BTANDRBY CURRENT, Idd .. ... ... ... ¢ 2590 ué

INPUT CAPACITANCE, Cin ... .. ... . . ... . ... 10 pF

A.C. CHARACTERISTICS

Top = 25 DEGREES C

OQUTPUT LOW TRANSITION TIMES.. 100p$#/45100hms. . 250» Nneec
{CMDS INTERFACE)  ...... 3000/6700hms. . . .. 2. B## usec

# MEASURED FROM 90% OF Vdd TO 104 OF Vdd

#% MEASURED FROM THE INITIATION OF THE TRANSITION INCLUDING
PROPAGATION DELAY AND UNTIL THE OUTPUT REACHES 0. 4 VOLTS
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O REGUIREMENTG:

1 PHYSICAL: 28 - 400,

. 1.2 PIN CONFIGURATION: SEE FIGURE 2.

DUAL~-IN-LINE PACKAGE, 70 MIL PIN CENTERS.

. 1.1 LEADS: SOLDERABLE PER MIL-ETD-883, METHOD 2003, WITHDOUT AGING.

. 1.3 MARKING: PARTS SHALL BE MARKED WITH THE TI PART NUMBER
AND THNE DATE CODE.

1700t
/01w
1/70-8=——1
I /03t
BAVI —om
BAY
HEK1
HSK
IRG
E
<8
RES
MS
GND

P
i1
|

i
|
i

e mem dem s R R M AW e m

b ek ke ok ok

m
i i

SRR OO0 R

281~
27 t e
261-—-
251w
24 tmm
231 —
22—
21 {-—
201-—
19§ e
181w
17—
161~
15—

Ve

o-G % # changed from
0O-1 previouys spec.
o-2 #

0-3: R/W

D-31

D3

D—-21

D=z

D-1X&

-1

B0

-G

RS

FIGURE 2. PIN CONFIGURATION.
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PIN ASSIGNMENT

NaME PIN I/0Q

FUNCTIONS

DESCRIFPTION

DG 16717
D~1 18719
D~-2 20/21
p-3 2=2/23
HSK 7/8
BAV 3/4
1/0-0 1
I1/0-1 2
I70-2 3
I/0-3 4
iRG 9
cs i1
RS 15
E 10

I/G
/0
1/0
1/0

is/0

1/0

/90
/0
i/0
/0

P .

Data I/0 lines that allow data transfer
between IBC and ALC I/0 bus.

HANDSHAKE LINE: set low by source device to
indicate to listeners that there is valid
data on the aAlLC I/D bus and held low by the
listeners until they accept the data.

BUS AVAILABLE LINE: set low by source
device in the beginning of the message and
held low until the end of the message.

The new source can originate a new message
or “"Request Service™ only if this line is
high.

Pata I1/0 lines that allow data %transfer
between IBC and the microprocessor.
If MSB8=1 lines act as inputs only.

INTERRUPT QUTPUT (open drain): indicates to
to the microprocessor the occurence of the
next data nibble on the ALC I/0 bus.

CHIP SELECT INPUT: selects and enables the
IBC fovr microprocessor data transfaer.

REGISTER SELECT INPUT: address line through
which the IBC registers can be accessed by

the microprocessor. When IBC operates in the

latched mode this input works as address
strobe.

ENABLE INPUT: if M8S=0 there are several
options in combination with a pin R/W Ffor
controlling data transfer betwesn IBC and
the microprocessor,

If M8=1, E is used as active low strobe
for writing data into IBC.
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PIN ASSIGNMENT FUNCTIONS (continued)

NAME PIN I/0 DESCRIPTION

R/W 24 I/0 READ-WRITE CONTROL: if MS=0 there are sgve-
{3} ral gptions in combination with a pin E
for controlling direction of data transfer
beftween IBC and the microprocessor.
If MB8=1, R/W is used as most significant
bit of data ouvtputs.

-0 27 I/0 QUTPUT DATA LINES: if MS=1 these lines are
o-1 26 I1/0 used as three least significant bits of
o-2 25 170 data outputs.
If MS=0C these lines are used for selecting
the options for pins R/W, E and RS.

M5 13 I MODE SELECT: input which selects the mode
of operation.

RES 12 I RESET INPUT: low level on this input will
put IBC into reset state.

Veo 28 Positive supply ( 4.5 -~ 5.5 Vdc 1,

GND 14 0 Volt reference.

NOTE:

DO~D3, HEK., and BAV have two pin numbers listed. These I/0
lines are designed with options so that the input and ocutput
of each function may be brought out to a common pin or to
separate pins. When brought out separately the even pins

( &:8, 16: 18, 20,22 } are outputs and the odd numbered pins
are inputs. When combined as I/0 pins. the input and ocutput
are bhoth tied to the even numbered pins.
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7.0

7.1

DO~ D3

HER L

B AV el

INTERNAL ORGANIZATION

BLOCK DIAGRAM: SEE FIGURE 3.

[P a—"

1
H 1BC } L RES
H § Crmmrmes B
H CONTROL. } e RE
i f L 5
i LOGIC G R S W
H HE (03
I HE H H H
£ H H H H
HEH i H H |
. . HE R DI D H R — H
TALC L ¢t Bata | - H H H
! H f! t iregisteri—>— ! loutput |-——#-00-02
1170 1< S s e S e 3 H
H H Vo H RO R S ibuffer |[——.
ihus | - : i iq i H H H
b - : forod E
fu . R P Vo N S H
IR R i ALC | ! Controll H H i
R i bus | i Status 1-20—7 | i input H
i e i<—>icontroli<-Piregister! ] | it T SO0~
Fr 0 { logic ! i RrR1 { e ! thuffer | -1/03
: H H H H H H H
H
* ——— —— > IRG
FIGURE 3. BLOCK DIAGRAM.
REGISTERS

The IBC has four registers which are accessible to the user.
All registers are 4-bit wide. Table 1 shows addressing
technique used to access each register. The Control Register
is used to manipulate HSK and BAV lines. The mode of operation
( Inhibit, Disable and Enable ’ is determined by the Control
Register, which is depicted in Figure 4. The Status Register
is used to indicate to the processor the status of HSK and
BAV lines and the state of Interrupt request and the Inhibit
#lag. The Status Register is shown in 7.2. 3. Transmit and
Receive Data Registers are 4—bi%t buffers into and from

the ALC's 1I/0 Bus.
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7.2.1 REGISTER DECODING

READ H

! C8 [ RE ! WRITE H

P90 ¢+ O 1 Transmit | Receiver |

: H i Data : Data i

H i { Register | Register |

¢ 0+ 1t Qontrul | Status |

H H ! Register | Register !
7.2.2 CONTROL REGISTER

3211400

—
o e

P e e -

HARDWARE RESET

13
1
[
t
A

Vom— HSK/RESET: i-8Set HSA low,

C~Release

7.2.3 Status Register

HARDWARE RESET

HEK

reset IRG

———— BAV: 1--Bat BAV low, O~Release BAY when HSK low
memem— INHIBIT: I-Inhibits HSK latching and IRG til new BaV
e DIGABLE: 1-Disables clearing of Inhibit by new BAV

3 2 i Q
P18 1101t 0
13 12 111014
H H H Yomeeeeeee HGK LINE {1=line low)
H H Ve BAY LINE (1=line low)}
F 01 0 ENABLE STATE
F 0 81 INHIBIT/DISABLE STATE
i1 10 ACTIVE IRG (H8K latched low)
S S B S START OF MESSAGE (new BAV)
3 2 1 e}
HE + S SR G I S
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INTERRUPTY

The IBC has an interrupt which indicates when the data is
available on the bus. Interrupt can be disabled completely
oy until the next message. The interrupt output is open
drain with a low active level. The pull-up resistor

value is hetween 3.3 K and 4.7 K Ohms.

7.3.1 INTERRUPT AC CHARACTERIGTICS
Vih
HBK Y
hY Vil
{{r——Td——21
Vih
IRG N
Y : Vil
Td. . ... IRQ active after HEBK #all................... 200 ns (max)
8.0 FUNCTIONAL OPERATION DESCRIPTION
a8 1 POWER-UP CONSIDERATIONS
I# system’s power up reset is tied to the RESET pin on IBC,
the controller will come up in the Disable state which means
that transitions on HSK line will not be latched and no
interrupt will be generated. In order to enable the controller.
the user has to write “0000" into Control Register. However
it might not be desirable to enable the controller in the
middle of the message therefore user may perform Enable with
"Inhibit Until New Message” by Writing “0100" into Control
Register. This will keep the controller in disable state
until & new message starts,
8 2 DISABLE MODE
In disable mode the controller will not latch HSK signal
and will not produce interrupt, but user will be able
to monitor state of BAV and HSK by reading Status Register.
In order to put device in disable mode user should Write
"1100" into the Control Register.
8. 3 INHIBIT (UNTIL NEW MESSAGE)

In inhibit (until new message) mude the controller will be
disabled during current message and fully enabled when next
message starts. In order to put device into inhibit (until
new message) user should Write "0100" into the Control
Register.

drawing no

m e ww R

rev ! sheet 12 of 29

-

-

P . I L R ]

e kel e ko shds WM WEM emc shie R Bem

W Mm sem A W M W

P L L

Wew e s sedn Wede R mew e aeie

— ke sk M R G s ek

[ . L

-



P L . L LT R

e e kAR ma m e e

-

e WM MU e s e s

-

T I I TR e

s mw e dwaw tew dedh e M e e wom i ek M e e

i e e M e

B.7.2

L.ISTEN MODE

In listen mode the user has to read the first two nibbles on
the bus, determineg if he was selected, and i¥ he was, the user
can start communication with the master. If he was not selected
the user should pevform "Inhibit Until New Message" by Writing
*"O100" into the Contral Register.

MONITOR MODE

The capability exists for user to monitor the communication
even if he was not selected, however, this is not recommended
since it may slow down the bus operation. This capability
allows monitoring and recording of all bBus communications.

TRANSMIT MODE

In transmit mode, %the user has to send the data utilizing

the Write Sequence, monitor the HSK line and when the HSK

line goes into an inactive state the user may transmit the
next data.

DATA TRANSFER DOPERATION

All receive and transmit data can be handled by executing
the Read and Write SBequences respectively.

READ SEQUENCE

The Read Sequence allows the user to obtain the data
tranasmitted on the bus and prepares IBC to receive the next
transmission. The Read Sequence has to be used whenever the
user is in the listen mode and receives an interrupt from IBC.

a - Reset Interrupt - Write “0001" into Control Ragister
b — Obtain Data — Read Receiver Data Register
c —~ Reset HEK Latch ~— Write "O000" into Control Register

WRITE SEQUENCE

The Write Sequence allows the user to place the data on
the bus and to signal the other devices that the data is
available. The Write Sequence has to be used whenever the
yger iz in tranemit mode and ready to send the data.

a — Prepare Data -~ Write Data intyg Transmit Data Register
b ~ Set HBK Signal - Write "0001" into Control Register
¢ — Reset HBK Signal — MWrite "0000" into Contrul Register
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REQUEST SERVICE SEQUENCE

The Request Service Sequence allows the user to signal

the master by putting the BAV line into the low state

until the first HSK transition. The Request Jervice Bequence
may be used whenever the user has permission from the master
to request the service.

a — Set BAV signal - tWrite "0010" into Control Register
b — Enable BAYV Reset ~ Write "0000" into Control Register

MASTER MORE DIFFERENCES

The difference between master and slave modes of operation
#xists because in master mode the user has %o hold the BAV
line low during the entire message. Therefore the Read and
Write Sequences shown above must be modified for master mode

operation. The modification requires that all accesses to the

Control Register must maintain the BAV bit in the high state.

MODES OF OPERATION

The IBC can operate in 7 different modes which allows simple
interface with several popular microprocessor families.
The desirved mode can be selected by setiting the Mode Select

input (MS). If input MS is set low three modes can be selected
by setting pins 0~0 and O~1. Table 1 shows the modes selected

by different bit patterns on these pins.

Iin addition, when MS is set low, & high on pin 0-2 will enable

the latching capability for CS and RS signals. This feature
is useful for multiplex address/data bus similar teo TMSE-7000

or INTEL-808%. In this mode ALATCH is connected to the RS pin
and on the falling edge of a pulse, RS will latch the level on

1/0-0 pin as internal RS and the level on €8 pin as internal
CS which should be high to select the chip.

I+ the M5 is set high the IBC is in Mode 7 and reconfigured
A5 shown in Section 9.7. This mude is useful with 4-bit MPUs
which don’t have a bidirectional bus. Please note that pin
R/W is used as MER of the autput data.
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ade 0 — ENABLE activ

ow {see Figure 3}
correspond to non-

ultiplex modes O, 1,2

ME-7000 compatible
gde 1 — ENABLE active
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S00 compatible
ut addressing arranged

and WR~ signals (see
Figure 5) 8085 and B048
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Modes of Operation.
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PC~Q ~ PC~3i< 4-bit data bus »i11/0~0C - I/0-3

THMS-7000
PD~0Q — PD-7
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MODE O SPECIFICATIONS
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MODES OF OPERATION {(continuved)

Table 1.
O

O S B T B

.0
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F.1.1 MODE O INTERFACE CUNFIGURATION
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9. 1.2 MODE O WRITE SEGUENCE aC CHARACTERISTICS

N .

Vih
sy \ /!
A 4 Vil
Vih
RS don’t care \/ address valid N don’t care
AN AN Vil
Vih
R/W don’t care \ / don‘t care
7/ Vil
§ ey : A e
Tas i< Tas ! Tah
Vih
£ \ /
\ / Vil
i< > >4
H Tds Tdh |
Vih
1/00~ high z v/ data valid \/ high 2
1703 N\ N\ Vil
Tas....Address and R/W valid before E fall.......... 50 ns {min}
Tah....Address and R/W hold valid after E rise. ..... 30 ns (min)
Tds. ... Data in valid before E vise. . . ... ... .00 150 ns (min)
Tdh....Data in hold wvalid after E rise.............. &3 ns (min)
Tea. .. .Enable active. ... ... .. v 300 ns {(min)
9. 1.3 MODE O READ SEGUENCE AC CHARACTERISTICS
Vih
e \ /
\ Fs Vil
_ Vih
RE don't care \/ address valid N don’t care
AN AN Vil
Vih
R/W don’t care / \ don’'t care
/ Tas Tah \ Vil
i< >i< Tea »i< >
Vih
£ \ /
/ Vil
e 3K J Lo
Tds H Tdh i
Vih
1/00~ high 2 \/ data out valid \/  high z
1/03 AN AN Vil
Tas....Address and R/W valid before E fall....... ... 50 ns (min)
Tah....Addvess and R/W hold valid after E rise. ..... 30 ns (min}
Tdes....Data out valid after E fall.............. ... 120 ns (max}
Tdh....Data out hald valid after E vise. .. .......... &0 ng {max)
Tea. ... .Enable ackive. . ... e e 300 ns (min}
tsgizel i drawing no
[ 3 1 1
H H H
iscale sheet 16 of 29
H

i rev
1
L

-

e A MR M Se M KR e e R s ol e A em e v e e

dmae Wede M sl e e e

- -

[ L T

o Gnae WS M e U etk el A e Ak e



o

e e

o

e e mwe s mEe R A A W e memr A i e G T e ke e s e e e

[ A L R T P

e e L T

i mas R mm mR s

9.2

9. .

MODE 1 SPECIFICATIONS

1 MODE 1 INTERFACE CONFIGURATION
&500 IBC
H H H H
H - 4 - A H
H D= = D-31< 4~bit data bus >11/70-0 - 1/70-3 |
H HEEAN F A H
H H H H
H R/~ >IR/W H
{ 4 H H
H PHI-21 >I1E 0~0
H H i i
H IRG~ 1L {IRG Q-1
H i ! 0-21
H i ee————— H M
H i——\ laddresgi——2iREB
¥

{
>1 H :
>1CS
3

1

AQ - A1

-—f tdecoderi

—
LU

-~

F.2.2 MODE 1 WRITE BEQUENCE AC CHARACTERISTICS

Cs

RS

R/W

/00~
I/03

Tas. ..
Tah. ..
Tds. ..
Tdh. ..
Tea. ..

Vih
\ 7
A / Vil
. Vih
don’t care \/ address valid \/ don’t care
AN AN Vil
. . Vih
don’t care \ / don't care
\ 7 Vil
§ = | § Lo B3 ]
Tas i< Tea——- >1 Tah
Vih
/ A\
/ Y Vil
i< >i< >
H Tds Tdh |
Vih
high z N/ data valid A high z
FAN FAN Vil
.Address and R/W valid before £ rise. .. ....... 90 ns {(min}
.Address and R/W hold valid after E fall...... 30 ns {min)
.Data in wvalid before E fall............... .. 100 ns {(min)
.Data in hold wvalid after E #all.............. &0 ns {(min)
JEnable active. ... ... e e 140 ns (min)
isize drawing no
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9. 2.3 MODE 1| READ SEQUENCE AC CHARACTERISTICS

Vih
cs A\ /
A\ 7 Vil
Vih
RE don’t care \/ address valid v don‘t care
FAN AN Vil
_ Vih
R/W don‘t care / 5 don’t care
/ \ : Vil
[ LD § f———2
Tas i< Tea >1 Tah
Vih
E 4 \
/ \ Vil
R e § e
Tds H Tdh
Vih
1/00~ high z \/ data out valid \/  high z
1/03 VAN AN Vil
Tas. ... Address and R/W valid bhefare E rise. ... ...... 50 ns {(min)
Tah. ... Address and R/W hold valid after E fall... ... 30 ns (min)
Tds....Data gut valid after E rise. . ... ... ... n.n 120 ns (max)
Tdh....Data out bhold valid after E #all. .. .......... &0 ns {(max)
Tea. .. .Enable achive. .. .. ... i i it e, 140 ns {(min)
¢. .3 MODE 2 SPECIFICATIONS
2.3.1 MODE 2 INTERFACE CONFIGURATION
BOSS IBC
{ H H H
H 1 7 A H
i AD~O — AD-3i< 4~bit data bus 2iI/0-0Q0 - I/0-3 |
H HIEAN A H
H H H H
H WR~— | >IR/W H
H H H H
H RD~} >iE i R LY
3 [} 4 1]
H RET 3. H{L——wmm— et R I $ T4 02 | =i
! H H g-0fj——1
H H e e et e H MG § =
H fre—m laddvress)~~—2iRE H H
i AT - A-151 b H H - D
H tonm—f tdecoderi—-2>iCH oA
! P ——— H H
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$.3.2 MODE 2 WRITE SEGQUENCE AC CHARACTERISTICS

e Vih
CH A /
AN 7 Vil
. Vih
RS don’% cars \/ address valid v/ doan’'t care
FAY FAN Vil
H e Lt
Tas i< Tsv i Tah
Vih
R/W AY /
N\ /! Vil
H Vih
E H
Tds { Tdh Vil
HES > i H
Vih
1/00- high 2z \/ data wvalid \/ high z
1/03 N\ . FAY Vil
Tas. ... Address valid before R/ fall................ 530 ns (min)
Tah. ... Address hold valid after R/W rise. ... ... .. ... 30 ns (min}
Tds. ... Data in valid before R/W rise. . ... ........... 150 ns {(min)
fdh....Data in hold valid after R/W rise. . ........ .. &0 ns {(min)
Tesv....Write pulse width on R/W pin................. 130 ns (min}
$.8.3 MODE 2 READ SEGUENCE AC CHARACTERISTICS
Vih
cs A /
™ /3 Vil
Vih
RS doan’t care \/ address valid A/ don‘t care
AN FAY Vil
H H Vih
R/W H H
i Tas Tah | Vil
HE Ji€ Tea > K >4
Vih
£ \ 7/
AY /7 Vil
e H P 3
Tds H Tdh ¢
Vih
1/00~- high z \/ data out valid \/ high 2z
1/93 AN . FAN Vil
Tas. ... Address valid before E #all..... ... ... ... ... ... 90 ns {(min)
Tah.... Address hold valid after E rige. . ... ... ..... 50 ns {(min)
Tds. ... Data out valid after E #fall......... ... ... .. 120 ns {max)
Tdh....Data aut hold valid after E vise............. &0 ns (max)
Tea....Read pulse width on E pin. .. ... ... ... ... ..., 140 ns (min)
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3.4

MODE 4 SPECIFICATIONS

9. 4.1 MODE 4 INTERFACE CONFIGURATION

THMS-~-7000 iBC
H HE S N H
; PC—0 — PC~3i< 4-bit data bus >i11/0-0 -~ I/0-3 H
H LA VA H
H R/AW—1 >IR/W g-21-—=——2t¥
H E-1i »iE i
H H H 0-1i~——t
H INT1:<C {IRG O0-Qi~=——1i
H H H MG
H ALATCH! >iRS N I
H C~714 >iCs H AN
9. 4.2 MODE 4 WRITE SEGUENCE AC CHARACTERISTICS
Yih
€8 don’t care/ \ don’t care
fTes ¢ Teh N Vil
HE S B R e
Vih
RS / \
{ALATCH?} / Taa \ Vil
e R S
1 C-=—2>1 Tah!
Tasi Tewvi Vih
R/W don‘t care \ H fdon'%t care
AY H / Vil
H § Lo Tr § } L2
H Tres 1 Tea >i Trhe
H Vih
E H X /
H HEEAN Tds /  Tdh Vil
H H < i< >
YVih
[/00- high z \/ address\/ high z \/ data valid \/ high z
1703 VAN VAN AS AN Vii
Taa....Alatch pulse width on RS pin. ..........o e 100 ns (min)
Tas. ... Address valid before RS(ALATCHY fall......... 30 ns (min)
Tah....Address hold valid after RS{ALATCH] fall.. ... 30 ns {(min)
Tes....Chip Select valid before RS(ALATCH) fall. . ... 30 ns (min)
Tch....Chip Select hold valid after RS(ALATCH} £all. 3C ns (min)
Tev....E valid after RS(ALATCH) fall................ 30 ng {min}
Trs....R/W valid before E Fall. ... ... ... 30 ns {min?
Trh....R/W hold valid after E rise. ... ....... ... 30 ns {(min}
Tds. ...Data in wvalid before £ vise. . ........... ... 150 ns {(min)
Tdh....Data in hold wvalid after E vise.............. 6% ns {min)
Tea....Enable active. . .. .. o it e s 2%0 ns (min}
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2.4,

s

RS

{ALATCH}

R/W

1700~
Is03

Taa. ..
Tas. ..
Tah. ..
Tes, ..
Tch. ..
Tewv, ..
Trs. ..
Trh. ..
Tds. ..
Tdh. ..
Tea. ..

2.5

3 MODE 4 READ SEGUENCE AC CHARACTERISTICS

don’t care/s \ don’t care

/ H A}

T D F L
Tes ¢ Teh
/ \
Fi Taa \

§ o Ty § L T
$ L=t Tahl
i Tast Tevi

don‘t care /

. -

Vdon‘%t care

4 Trs Trhe \
§ e pEE Tea > >4
1]
H A\ /7
H HEAY _ /
H H Tds i  Tdh
H HE { Lmmmmmd t
high z \/ address\/ high z \/ data out valid \/ high z
/\ TAY VAN N\
.Alatch pulse width on RS pin. . ............... 100 ns (min}
.Address valid before RS(ALATCH) #all. ... ..... 30 ns {(min}
.Address hold valid after RS{(ALATCH)Y fall. .. .. 30 ns {(min)
.Chip Select valid before RE(ALATCH) fall..... 30 ns (min)
.Chip Select hold valid after RS(ALATCH) fall. 30 ns (min)
.E wvalid after RSAMATCH) fall_ . ... ... .. ...... 30 ns (min)
.RZW valid before E fa8il. ... ... ... . ... .. .. .. 30 ns (min}
.R/7W hold valid after E rvise. . .. ... ... ... ...... 30 ns {min}
.Data out valid after E fall. ... ...... ... ... ... 120 ns (max?’
.Data ocut hold wvalid after E vrise............. &0 ns {(max}
CEnable active. . ... e e e e 250 ns {(min)}
MODE 5 SPECIFICATIONS
MODE % SPECIFICATIONS ARE THE SAME AB IN MODE 4 EXCEPT

PULSE ON “ENABLE® LINE IS INVERTED.

Vih

Vil

Vih

Vil

Vih
Vil
Vih

Vil

Vih

Vil
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2.6

MODE & SPECIFICATIONS

Q.61 MODE & INTERFACE CINFIGURATION

BO8S IBC
H HE S \ i H
H AD-0 —~ AD-3i< 4~bit data bus >1I/0-0 -~ 1/0-3 1
H HEEAN -~f H
H WR—§ >IR/W H
H RD—! >E O=2§——t——>1r Y
H H H g-1i—"
; RST S_50i< 1 IRG H
H i H 8o A
H ALE: > iRS ME § oo §
H AD~T7 § > 08 HE N
VRAN
9. 4.2 MODE &4 WRITE SEGUENCE AC CHARACTERISTICS
Vih
C8 don’t care/ \ den‘t care
! A\ Vil
§ L= =2
Tes | Tch
Vih
RS / \
{ALE 7/ Taa \ Vil
§ Lo 3 § LoD §
>l Tahl
i Tas! Twv!
Vih
R/W H A\ £
H A r Vil
H H
H  L— Twa 2
i H H Vih
£ H H Tds i Tdh Vil
H H H iC >
Vih
1700~ high z \/ address\/ high 1 \/ data valid %/ high z
/03 EAN FAY FAY T Vil
Taa. ... ALE pulse width on RE pin. . . ...... ... .. ... ..., 83 ns (min)
Tas. ... Address valid before RG{(ALE) €fall............ 50 ns {(min)
Tah. ... Address hold valid after RS{ALE) fall........ %0 ns (min)
Tes. ... Chip Select valid befores RS(ALE) fall........ 50 ns (minj
Tch. ... Chip Select held valid after RS(ALE) fall.... 50 ns (min}
Twy. .. .R/W valid after RS(ALE} fall. ... ... ... ....... 50 ng {(min)
Tds. ... Data in valid before RA vise. . .............. 150 ns (max)
Tdh. ... Data in hold valid after R/AW rise. . ... ....... &O ns (max)
Twa. .Write pulse width on R/W pin. ... ... ... ... ... 200 ns (min)
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9. 6.3 MODE & READ SEGUENCE AC CHARACTERISTICS

Vih

vil

Vih

Vil

Vih

Vil

Vih

Vil

Vih

Vil

C8 don’'t care/ \ don‘t care
/! \
§ LTy § LT
Tes | Tch
RE /! \
(ALATCH? / Taa \
= IR
fC—=>1 Tahi
i Tas! Tev!
H H
R/W H H
13 4
H i< Tea ]
4
¥
E H \ /
i AN / Tdh
H A e e
H Tds ! Tdh
1/00- high 2 \/ address\/ high z \/ data out valid \/ high 2
I1/03 FAN AN VAN AN
Taa....ALE pulse width on RS pin.. .. ...... ... ... ..., 130 ns (mim)
Tas....Address valid before RSALE)Y #all. . ... ... .... 50 ns (min?
Tah....Addrass hold valid after RS(ALE)} fall. .. ..... B0 ns (min)
Tecs....Chip Select valid before RS(ALE) fall........ 5C ns {(min)
Tch....Chip Select hold valid after RS(ALE) #fall.... 350 ns {(min)
Tev....E valid atter RS{ALE) fall................... 50 ns {min)
Tds. ... Data out valid after E fall.................. 120 ns {(max)
Tdh....Data out hold valid after E vrige. .. .......... &0 ns (max)
Tea....Read pulse width on E pin. ... ... ............ 200 ns (min)
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9.7 MODE 7 SPECIFICATIONS

?.7.1 MODE 7 INTERFACE CONFIGURATIOUN

TME~1000 IBC
i . H A H
i a0 - 0-3i% 4~bit data out >11/0~-0 ~ 1/70-3 1
H i /i H
i i H H
H K—1,K-21 / H H
H i< 4-bit data in 100 -~ 0«2, R/W |
H K—-4, K—81 \ i §
H H H H
H R-01 CiE H
H R—-1! FIR8 MG =2
1 R-21 >iC8 H
9.7.2 MODE 7 AC CHARACTERISTICS
Vih
s \ !/
N\ r Vil
H i
_ _ Vih
RS don’t cares \/ address valid S\ don’'t care
FAY FA Vil
H i
§ A L |
! Tas | Tea >i Tah i
H H Vih
) H \ : / i
H Y /! Vil
H < > i< >
H H Tds Tdh {1
H Vih
1/700- thigh 2z A/ data valid NS high 2
1703 H FAN P Vil
H Tdo i Tdoz
i< > § Lommem s §
Vih
0002, high z NS data out valid AN/ high z
R/W AN FAY Vil
Tas. ... Address valid before E fall. ... ....... ... ... SO ns {min)
Tah. ... Address hold valid after E vise. .. ... .... .. .. 80 ns {(min)
Tds. .. .Data in valid tefore E vise. .. ............... 120 ns {(max)
Tdh. .. .Data in hold valid after € rige. . ............ &0 ns (max?
Tdo....Data out valid after C8 fall.......... ... ... ... &0 ns (max}
Tdo. ... Data out valid after €S vise. .. .............. &0 ns (max?
Tea. ... Write pulse width on E pin. .. ...... ... ... ..., 200 ns (min}
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10. 0

PER IPHERAL BUS INTERFAGE AC CHARACTERISTICS
Write Operation Complete

A s £ 3 S b

H Vih
CLEAR IRG—- H /
H 7/ Vil
+
L3
LT 1 ——=2{
H Vih
SET BAV LOW ¢ \
H A Vil
4
§L——=Tdh L |
H Vih
SET HSK LOW H \
H \ Vil
L]
{ {——~Tdd w31
H Vih
8ET DATA LOW H \
H \ Vil
§ L TG D> |
i Vih
SET BAV HIGH ! /
{ / Vil
H
ek £ 1 B B
H Vih
SET HSK HIGH H 7
i, / Vil
4
]
{{——Tddh———21}
Yih
SET DATA HIGH /
/ Vil
Tdi. ... IRQ high a#ter Write cycle completion.... ... 200 ns {(max)
Tdh. ... BAV low after Write cycie completion.. . ... ... 200 ns (max}
Tdh. ... .HSK low after Write cycle completion. . . ..., 200 ns {(max)
Tdd. ... Data pin low after Write cycle completion.... 200 ns (max)
Tdbh. .. BAYV high after Write cycle completion........ 200 ns (max) + Thd
Tdhh. . HSK high after Write tycle completion .. .. ... 200 ns {(max) + Thd
Tddh. .. Data pin high after Write cycle completion.. . 200 ns (max) + Thd
Tbd «~ Bus delay timing depends on Pull-up value and

Write cycle completion means end of the Write pulse on E or

number of peripherals on the bus.

R/W pins corresponding to the mode selected and assuming that
the right command is executed.
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11.0Q SPECIAL FUNCTIONS SPECIFICATIONS
11.1% DATA REGISTER SELF~CLEAR
11. 1. 1 PROCEDURE FOR TESTING DATA REGISTER SELF—-CLEAR

Set MSK low by writing "0001" into Control Register
Hold HSK low externally

A b L) REw

fRelease HEK externally and observed time delay
for Data Lines to rise

11. 1.2 DATA REGISTER SELF-CLEAR AC CHARACTERISTICS

Get Data Lines DO-D2 to *0000" by writing into Data Register

Releasa internal HSK by writing "0000" into Control Register

Vih
HEK 7/
7 Vil
i< Tdsf >
Vih
0o-D3 7/
/ Vil
Tds#...Data lines high after HOK rise............... 200 ns (max) + Thd
Thd — Bus delay timing depends on Pull-up value and
number of peripherals on the bus.
11. 2 BAV HOLD LATCH SELF-CLEAR
11. 2. 1 PROCEDURE FOR TESTING BAV HOLD LATCH SELF-CLEAR
1 Set BAV low by writing “0010" into Control Register
2 Release internal BAV hold by writing “0000" into
Control Register :
7 Set HMSK low externally and observed btime delay far
BAV to rise
11. 2.2 BAV HOLD SELF-CLEAR AC CHARACTERISTICS
Vih
HSK AN
b _ Vil
$ Lo Th G femme—T2 §
Vih
BaY 4
7/ Vil

Tha#f. .. Internal BAV release after HSK fall

Thd — Bus delay timing depends on Pull-up value and
number of peripherals on the bus.

.......... 200 ns {(max) + Thd
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12. ¢

2.1

12.2

12.3

QUAL.ITY ASSURANCE PROVISIONS
RESPONSIBILITY FOR INSPECTION

UNLESS OTHERWISE SPECIFIED IN THE CONTRACT OR PURCHASE ORDER.
THE SUPPLIER SHALL BE RESPONSIBLE FOR PERFORMING INSPECTIONS
THAT ARE SUFFICIENT TD ASSURE THAT THE PARTS SUPPLIED MEET
THE REGQUIREMENTS SPECIFIED HEREIN.

LOT ACCEPTANCE

LOTE FURNISHED TO THIS SPECIFICATION SHALL BE CAPABLE OF
PASSING A SAMPLING INGPECTION FOR DEFECTS TO AN ACCEPTABLE
QUALITY LEVEL (AGL) OF ONE PERCENT FOR NORMAL SINGLE
SAMPLING, LEVEL II, PER MIL-STD-103. FAILING LOTS SHALL BE
SUBJECT TO REJECTION.

LIFE FAILURE RATE

THE MEAN LIFE FAILURE RATE FOR DEVICES SHALL BE EGUAL TO
OR LESS THaAN . 01B%Z/1000 HOURS AT 59 deg C DERATED AT 0.5 EV.

W
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13. 0 BUS LOADING CALCULATIONS

Ceg{pF) RISE TIME Ceql{pF; RISE TIME

# OF DEVICES Req{Kohms} &"CABLES { usec. ) 3'CABLES { usec. )}

CC-40 PLUS 1 4. 951 430 2. 92 480 2. 81

' 2 3.01 &60 2. 58 760 2. 97

3 2.25 890 2. &0 1040 3. 04

4 1.80 1120 2. &2 1320 3. 09

9 1. 30 1350 2. 63 1600 3. 12

& 1. 29 1580 2. &35 1880 3,13

7 1. 13 1810 2. &4 2140 3,17

8 1. 60 2040 2. &5 2440 3,17

? Q. 90 2270 2. 6& 2720 3. 18

10 Q.82 2500 2. 67 3000 3. 20
ASEUMPTIONS

1. RISE TIMES ARE CALCULATED FOR Vdd=4 0 VOLTS, MEASURING
RISE FROM O TO 3.5 VOLTS.

CPULLUPS ARE 8. 2Kohms +/- 10%
.Cin FOR EACH DEVICE IS 20 pF.
.Ccable = 20 pF / £t

.Coconnecteor = 10 pF.

rouw N L R

. 180 pF CAPACITUORS ARE USED ON ALL OUTPUTS FOR RFI.

MAXIMUM DC CURRENT CALGULATION

Req MINIMUM = 470 ohms
Vdd MAXIMUM = 5.5 volts

Isink MAXIMUM = B. 2 millismps.
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¢ Display Interface Introduction

SECTION 1

Introduction

i.1 Purpose

This document describes a base set of functional aspects for
all future displays that are either resident in a compact

computer system, or interface %o the TI HEX-BUS(TM). In
addition, a section is included that overviews the peripheral’s
interface with the HEX-BUS, A +final section overvisws some

optional enhancements to the base functional specification.
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CC Display Interface Product Overview

SECTION 2

Product Overviesw

2.1 CQConcept

All display devices incorporated in any way in a compact
computer system should be interchangeable among themselves. That
is, software that uses the display should be able to interchange
displays without great difficulty. To allow this, all display
devices will be accessed as peripheral devices (even those built
in to consoles). Software to interface to a “‘general’ display
device would be responsible for allowing for varying display
sizes (the display size can be determined by $he return status
vommard ).

Texas Instruments 21 cC
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CC Display Interface Operation

SECTION 3

Operation

3.1 Introduction

The display is cleared and initialized to scrolling mode at
power up. reselt, and open, The blinking block (reverse video)
cursor will appear in the  upper left corner of the display.
Power up, reset, and open also enable line wrap. unprotect the
tap and bottom lines, and initialize the cursor to position (&, Q)
en page 0. While the display remains in scrolling mode, line
feeds received while the cursor is at the bottom of the display
will result in the contents of the display being shifted up by
one line, with the old topmost unprotected line being lost. The
bottom line will then be cleared. {Note that if the bottom line
is protected, the same thing results when the cursor is on the
display line second from the bottom). The reverse occurs when a
line up is received when the cursor is at the top of the display
and the displayg is in scroll mode.

It displays characters corresponding to the ASCII formatted
input data. It also accepts nine control codes. The character
set and control codes are shown in Figure 1. Control codes not
defined are ignovred.

Teras Instruments 3—-1 9



Operation

CC Display Interface
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CC Display Interface Operation

Control codes:

Bell (BELL}: Sounds an awdible tone.
If the device is capable of producing an audible tone, it
produces such a tone upon the receipt of the BELI. code
within a write command.

Backspace (BS): Moves cursor backward one character space.
1f the cursor is at the first unprotected display location
on the page and line wrapping is enabled, 1% will always wrap
to the last unprotected display location on the page. I# the
curser is in column O on any other line and line wrapping is
enabled, the cursor is positioned to the last column of the
previous line when a backspace is received.

tine Feed (LF): HMoves the cursor down one line.
I# the cursor is on the last unprotected line of the page.
the display will scroll if in scroll mode, inserting a blank
1ine at the bottom of the page and losing the topmost
unprotected line. The cursor will wrap to the topmoast
unprotected line if in page mode. In both cases the column
position of the cursor will remain unchanged.

Line Up (LU} Moves the cursor up one line.
1f the cursor is on the topmost unprotected line of the page.

[
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it will wrap to the bottommost unprotected line if in page
mode, or will ctause a reverse scroll to occur if in scroll
mode, losing the contents of the bottommost unprotected line
and inserting @ blank line at the top. In both cases the
column position of the cursor will remain unchanged.

Forward space (FS): Moves the cursor one position to the right.

If the cursor is at the last unprotected display location on
the page and line wrapping is enabled. it will always wrap
to the first unprotected display location on the page. If
the cursor is in the last column of any other line and line
wrapping is enabled, the cursor is positioned to column O

of the next line when a forward space is received.

Carriage Return (CR): Returns cursor to column zero of the

current line.

TEST: Ruyns through display self test.
Escape (ESC): Prefaces a digplay control seqguence.

Erase Page (EP): Homes the cursor and erases to end of page.

If the top line is protected, the cursor homes to the start
of the second line. I# the bottom line is protected, the

Texas Instruments 33 cC
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display is cleared only to the end 0f +the line second from
the bottom.

Note that the cursor is not allowed ¢tn be on protected

lines. Thus, when the top line is protected., a command that
would normally put the cursor on that line will put the cursor in
the same column position on the second line. In addition: if the

bottom line is protected, commands {(such as srase to end of page)
that would normally affect it will not.

The display will automatically generate its own Carriage

Return/Linefeed to sagment a data record of displayable
characters that exceeds the display line length (except when line
wrap is disabled — see Disable/Enable Line Wrap commands).

Texas Instruments 34 e
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CC Display Interface Opesration

3.2 Display Control Sequences

The display has several escape sequences that can be sent
that allow it %o perform wvarious operations, including line
editing functions and mode control.

Mote that these sequences may be split across record
transmissions. In other words, part of a command may be sent in
ane record, and the rest of the command in the next reacord.

Unrecognized escape seguences are ignored — i.e. <ESCO# would be
ignored.

3.2.1 <EBCOM - Scroll Mode Select (default).

The <ESCOM character sequence gsets the display to scroll
mode. In scroll mode %the peripheral will scroll a2ll unprotected
text on the page up one line whenever a Line Feed is received
when the curser is at the bottom of the page, inserting a blank
line and 1losing the top unprotected line. All unprotected text
on the page will be scrolled down one line whensver & Line Up is
recepived and the cursor is at the top of the page, inserting a
blank line and losing the bottom unprotected line.

3.2 2 <ESCim — Page Mode Select.

The <ESC>m character sequence sets the display %o page mode.
When the cursor is on the bottom ungrotected line of the page. a
line feed control <code moves +the curser to the same column
position on the top unprotected line. When the cursor is on the
top wunprotected line of the page, a line up moves the cursor to
the bottom unprotected line.

3.2 2.1 <ESC>Q3 — Character Insert.

<ESC>G moves the character at the cursor position and all
following characters to the right by one position. The character
at the end of the line will be lost.

3.2.3 <ES8CPW — Character Delete.

This command deletes +the character at the current cursor
position, and moves all following characters on that line to the
left by one position. A blank will be moved into the rightmost

Texas Instruments 35 cC
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CC Display Interface Operation

character position on the line.

3.2 4 <ESCOE ~ Line Insert.

The line insert command inserts a line of blanks at the line
where the cursor is positioned. The line where the cursor was
located and all following unprotected lines will move one line
downwards. The line at the bottom of the page will be lost (Note
that the cursor will remain where it is relative %o its screen
location}.

3.2.5 <ESBCPR -~ Line Deleate.

CESCOR deletes the line where the cursor is located. All of
the following unprotected lines will be moved one line vpwards,
and @ line of blanks will be placed at the bottom of the page.
The cursor will move to the start of the line.

3.2.6 <ESC>T — Erase Through End of Line.

This command erases all character positions starting with
the cursor to the end of the line.

3.2 7 <ESC>Y — Erase Through End of Page.

This command erases all character positions starting with
the curser +through the end of %the page (if the last line is
protected., it is left as is).

3.2 .8 <ESCH=Crowd<lcolr - Set Cursor Position,

The <ESCr=<{row><col’ segquence sets the cursor position. The
Crow> character specifies the line (starting with line O} and the
<col> specifies the column (starting with column O} for the new
cursor position. {coordinates are in binary).

3.2.9 <LESC>0 - Protect Top Line.

CESC>D sets +the status of the first line of the page to
protected. When protected, no commands except the unprotect top
line command have any effect on that line. I# the display page
is changed, the top 1line of +the new page will be the new
protected top line.

Texas Instruments 3~ co
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CC Display Interface Operation

3.2.10 <ESC>I — Unprotect Top Line {(defauli).

<ESC>1 sets the status of the +fop line of the page to
unprotected.

2211 <ESCO>2 ~ Protect Bottom Line.

The protect bottom line command sets the status of +the

bottom 1line of the page to protected. When protected. no
commands except unprotect bottom line will have any effect oan
that line. I# the display page is changed. the bottom line of

the new page will be the new protected bottom line.

3.2.12 <EBC>3 — Unprotect Bottom Line (default).

The unprotect hottom line command gsets the status of the
bottom line of the page to unprotected.

3.2.13 <ESC>4 — Disable Line Wrap.

If +the cursor is in column zero, a back space will be
ignored. it the cursor is in the last column (end of the line)l,
a forward space will be ignored; or, if a printing character is
received, it will replace the character at the cursor position.

3.2. 14 <ESC>5 — Enable Line Wrap (default).

The <EBC>S sequence sets the display to allow line wrapping.
If the cursor is in column zere: %the back space moves the cursor
to the end of the previous line unless the cursor is in column

zero on the first unprotected line of the page. In this case,
back space moves the cursor to the end of the bottom unprotected
line of the page. I# the cursor is at the end of a line, a

forward space control code or any character moves the cursor to
column zero on the next line unless the cursor is at the end of
the bottom unprotected line of the page. In this cage the cursor
will move to column zero in the top unprotected line of the page.

3. 2. 15 LESCHé&<chr 1y, . <chrN> ~ Shift Page Right and Load
Column.

This command shifts all unprotected text on the page right
one column and loads the next "M’ characters into column zero.
‘M’ is the number of unprotected lines on the current page. The
rightmost column will be lost. After the completion of this

Texas Instruments 3~7 CC
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command, the cursor is left at its original position.

3.2 186 <ESCI7<chri>. .. <chrN» - Shift Page Left and Load Column.

This command shifts all unprotected text on the page lefi
one column and loads the next ‘N° characters into the last column
gn the page. ‘N’ is the number of unprotected lines on the
current page. Column zervo will be lost. After the completion of
this command., the cursor is left at its original position.

2.2.17 <ESC>? ~ Read Cursor Address.

The <ESC>9 rommand causes the next read data command to read
back 2 bytes of binary data -~ the cursor’s Tow coordinate
(starting with line O©), and the cursor’s column coordinate
{starting with column O). When multiple pages are supported by
the display peripheral, and the buffer size allows. the read data
command will send back one additional hyte of binary data — the
number of the current display page (starting with page O).

Texas Instruments 3-8 ca
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3.2.18 <ESC>. <cmd> -~ Changing Cursor Attributes.

The cursor attributes commands change how the cursor is
displayed o the screen. I# a particular cursor is not
supported, the rlosest cursor that is supported should be used.

# <ESC>. 0 —~ Don't Display Cursor
# <EBC>. 1 - Blinking Reverse Video Cursor (default)

*  EBCS. 2

So0lid Reverse Video Cursor

# <LEBC>. 3 — Blinking Underline Cursor

# <ESC>. 4 Solid Underline Cursor

3.2.192 <ESCG<cmd?> — Text Attributes,

3. 2.12.1 <ESCOG0 —~ Forward Video {(default),

This command causes subsequent characters sent tn the
display to be displayed as foreground colored text (white if B&W)
e a background colored screen (black if BLW).

3.2.19. 2 <ESC>G4 —~ Reverse Video.

This command causes all subsequent characters sent to the
display to be displayed as background colored text (black if BaW)
on a foareground colored screen {white if BiW}, This also
includes any blanks generated by insert, delete, shift page.
erase page, erase line, etc.
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SECTION 4

Bus Interface

4.1 Standard Access

The access to a display is performed with a sequence of I/0

calls. Befare using the display it should be opened using the
open command. This may be followed by other I/0 calls to vead or
write data or perform other functions. When the compufer

finishes wusing the peripheral it will issue a close command code
(>01). This will ensure that any necessary device dependent
actions have been performed. The bus reset command code (OFF)
will also close the display if it is apen,

4.2 Command Descriptions

This section describes the Command message setup and device
response for the various standard I1/0 command codes.

Texas Instruments 4-1 o
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4.2.1 Open -~ OO0,

This command code is used to initiate the wuse of a
peripheral. The display will check access modes and ensure that
it is not already open. If it is open or any other error occurs
while the open is being attempted. then the appropriate error
will be issued. Otherwise, the peripheral will be opened and
reset to its initialized (power up)} state. The command message
will be set up as follows:

field data
Device code as reguired
Caommand Code oo
i.ogical Unit Number don‘t care
Record number don’t care
Buffer length as required {(at least QCQ4)
Data length as requived (QQ04 returned)

The data buffer contains the following which is sent to the
paripheral.

Input buffer length (2 bytes)

(if zero then device returns buffer size)
device attributes (1 byte)
device options (if any)

The peripheral will compare the ‘Input buffer length’ %o its
capabilities and return either the requested length, the defauvit
length if the requested length is zero. or an error 1f the
requested length is unacceptable. The input buffer length is
used by the bus master to determine what size buffer should be
allocated by the master for read operations. Thus software could
open a device such as an RS-232 peripheral with a one byte input
buffer, and write 80 character records out to the RE-232. Each
peripheral is rveguired ¢to check the length of data being
transferred to it in each write operation, and %o generate an
error if that data is longer than the maximum write acceptable to

the peripheral. The default buffer size for the display is BC
bytes.

The device attributes byte contains flags used to indicate
the access mode of the peripheral. Several bits are unused by
the I/0 scheme and may be used by the application software as
desired.

Texas Instruments &2 CC
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CC Display Interface Bus Interface

The bit definitions for the attributes byte are as follows (bit O
is the least significant bit):

7-6 - access mode

00 - append mode (noft allowed)

10 - output mode (write oniy)

01 - input mode (read only)

11 — update mode (read or write)
-~ yelative(1)/sequential(0) (always zero for display)
— ¢ixed(i)/variable(Q) (display should ignore)
internal(1)/display{Q) file type (always O for display)
- device dependent use
1-0 - unused (may be used as desired by application}

VAR
}

The access mode must match the capabilities of the particular
device:

1. Append mode specifies that data will only be written
(or appended) to the end of a file (Note that the
display does not allow append mode}.

2. Output mode specifies that data will only be written %o
the device and the “read data” command will not be
used.

3. Input mode specifies that data will only be read Ffrom
the device and the "write data" command will not be
used.

4. Update mode means that data wmay be both read and
written.

Taxas Instruments 4-3 ce
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CC Display Interface Bus Interface

The device options #field is a variable length field which
contains device-dependent information relative to setting up the
device, For the display., +this $field could either not be
inciuded, or consist of the following options:

Carriage Return Options:

R==( This option indicates that the display
{and .LF} should asppend a tarriage return to the
end of each recovrd written.

R=t. (Default if option not included:}.
This option indicates that the display
should append a carriage return and
line feed to the end of each record
written.

Rz=N This opltion indicates that neo carriage
{and .CR) return or linefeed is to be appended
te the end of each record written.

The response buffer will contain the accepted buffer length,

and the record number that the Ffile was opened to. For the
display., this record number is meaningless, s0o a zero {(0) will be
returned. This information 1is always returned. Thus the

response message for a successful open will be:

Data length 4

Data (2 bytes) Accepted buffer length (LGB first:
(2 bytes) always >0000

Operation status O

An unsuccessful open may not return data in the response message.

The operation status byte may contain the following error codes
(decimal}:

O0 - successPul open
01 -~ device/file aptions error
# pen options not correct
02 ~ Invalid attributes
# flpen mode not sequential
# Attributes byte (poassibly including /0
Buffer length) not included in data
0% - +ile/device already open
i2 — buffer size error (Given if the buffer size in
the PAB < QQQC4:}
19 — append mode not supported
23 - internal file type not supported

Texas Instruments 4~4 e
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4.2.2 Close — 0O1.

This command %terminates the use of a device. Depending on
the device this command may be used $to clean up internal data
{e. g. write an end of file) or may be effectively ignored. In
general a close command must be sent between using a device and
another open command. When the display is closed. the current
data will remain on the screen. The data length for the close

command will be zers {(no data buffer is transmitted). The PAB
should be set up as follows:

field data
Device code as required
Cammand Code 01
togical Unit Number don’‘t care
Record numbev don’t care
Buffer length don’t carve
Data length 0000 (0000 returned)

The response message will only contain a status byte and a zevro

data length (two bytes). The error status indications are
(decimal):

00 - device or file closed
04 — device or file never ogpened
08 —- data too long error
#* data sent with close command

Texas Instruments {43 cC
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4. 2.3 Read Data - 03.

This command is used to read the current line. It transm

all characters starting with the current cursor position ¢€hro
the end of the line. The PAR should be set up as follows:

The

field data
Device code as required
Command Code o3
t.ogical Unit Number don’t care
Racord number don’t care
Buffer length as required
Data length 0000 (record length returned)

response message will contain the requested data and

operation status. The following evrror status indications
occur {(decimal):

00 -~ read svccessfully completed
04 ~ #ile/device not open

06 — Device error

15 - not open #or read

I# an <ESC>% was sent prior to issving the read data
command, the read data command will send back the
cursor coovrdinates as described in the Read Cursor
&ddress command description.

In addition, if the display peripheral supporis
multiple screen pages, and the buffer size allows, the
read data command will also send back the current
screen page.

When reading to the end of & line, all character codes
must be reburned the same as they are written - i.e.
character graphic codes and user defined characters
must be returned as the same code as when they werse
written out, even if they were mapped &¢ a different
range of the character set.

When in graphics mode the read data command always
raturns the coordinates of the cursor (relative to the
origin). This will consist of 4 bytes of data — 2 For
the line coordinate and 2 for the column coordinate.
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CC Display Interface

o 4,2. 4 Write Data — 04

This command is

device.

fiald
Device code
Command Code
Logical Unit Number
Record number
Buffer length
Data length

The response message
operation status.
occur {decimal):

will

The following

Bus Interface

used to send data to a peripheral device.
The command message will contain the

The PAB should be set up as follows:

data to be sent %o the
data
as regquired
04
don‘t care
don’t care
don’t care
record length (0000 returned)
contain zero-length data and the
error status indications wmay

00 ~ write successfully completed

o4 -
04 ~ Device error
iq4 ~
80 -~
81 ~

Texas Instruments
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4. 2.5 Return Status — O7.

This command is used to return device status information.
The information is veturned in the data buffer. Certain bit
fields in the return data are assigned to standard meanings while
others are reserved #for device dependent extensions. Cartain
devices may return more bytes of status if the huffer length
allows - if the buffer length is five bytes or greater, the
display will return the display attributes. The PAB should be
s8t up as Ffollows:

field data
Device code as required
Command Code 07
Logical Unit Number don‘t care
Record number don't carse
Bu#ffer length = 0001
Data length 0000 {(at least 0001 returned)

The bit fields in the returned data are as follows (bit O is the
least significant bit).

First byte: 213 if the peripheral is open
203 if the perxpheral is closed

Second byte: number of lines in the display
Third byte: number of columns in the display #
Fourth byte: ?139 byte one

bits: bit mapped graphics supported
- tharacter graphics supported
- gxtended text attributes supported
multiple grey levels/colors supported
- yser defined characters supported
- window an an BO character line supporied
- undefined (should be zero)

QN&J&GG‘\J
i

i:

# — the display peripheral will either return the actual
screen width, or, if it has been configured as a
window on a larger line, the actual line length will
he returned for the number of columns.

Texas Instruments {8 cC
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Return Status (continued):

Fifth byte: +flag byte two
bits: 7:& —~ 00: page command not supported

O1: 2 screen pages supported
10: 3 screen pages supported
1i: 4 screen pages supported

5.4 - yndefined (should be zero)

30 - reserved for device dependent use
(aex. total # of pages if more than 4}

Sixth byte: LSB of number of horizontal pixels %
Seventh byte: M™MSB of number of horizontal pixels *
Eighth byte: LSB of number of vertical pixels #
Ninth byte: MSB of number of vertical pixels *

# -~ only when bit mapped graphics are supported and the
buffer size allows the transmission of the extra
data.

A bit being set to one in the #lag bytes indicates that the
corresponding option is supported. The following evror status
indications may occur (decimal):

00 — status returned
12 — buffer size error

Texas Instruments {5 cC
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4.2. & Service Request Poll — OA.

This command allows a bus master to guery a peripheral as to

whether it requested service from the master. The PAB should be
set up as follows:

field data
Device code as required
Command code 04
Logical Unit Mumber don‘t care
Racord number dogn‘t care
Buffer length as determinad in open
Pata length 0000 (0000 returned)
Return status 0A

The response message will consist of zero bytes of data. and the
following refturn status for a display peripheral.

OA - it wasn't me (unsuccessful poll:}
# Any other error code indicates a successful poll
operation, and reflects the reason for the
service reguest. Thus even deviges that don‘t
support service requests need +¢o return the “it
wasn ‘'t me" status code.

YTexas Instruments 4-10 ¢C
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4. 2.7 Null Operation — FE.

Bus Interface

When the master computer receives a BAV interrupt and gither
no devices are enabled for interrupts or the current service flag

is set, then a null operation code is sent to all devices.
will be no response to this message.

field
Device code

data

Command caode FE
togical Unit Mumber don’t
Revord number don’t
Buffer length don’t
Data length 00

4.2. %8 Reset Bus - FF.

1t may sometimes be desired to
clase all open files (or devices).
responssg by devices, they will
requested (If they were not open fto
nothing). The display reverts %o a
should be set up as follows:

field
Device code
Command code
lagical Unit Number
Record number
Buffer length
Data length

data
Fr
don‘t
00

# For bath the NMull aoperation
will be forthecoming.

Texas Instruments 411

and Reset bus commands,
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as required

care
care
care

tell a device (or devices) to
Thisz command will have no
simply perform the action
begin with, then they will do
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as required

don’t care

care

don’t care

no response

e



CC Display Interface Enhancements to the Base Definition

SECTION 5

Enhancements to the Base Definition

5.1 Introduction

This section overviews a few pre—~defined enhancements to the
base funcitional specification of the video peripheral. It is
intended to provide. a few optional features that may he
implemented in a standard format, and is not intended to limit
the features provided in a video paeripheral (i e. some video
peripherals may provide more (or other} features than those
documented hevrein).

3.2 Vector Graphics
In this instance, the display would have tweo modes -~ text
mode and qgraphic wmode. In text mode. it would mimic a video

terminal. When in graphic mode. the peripheral would accept
certain graphic commands to enable ‘drawing’ on the display.

9.3 Text Mode

The display is initialized to both text and screlling moades
at power up and reset.

I+ displays characters corresponding to the ASCII +formatted
input data. It also accepts extra control codes TEXT

{Hexadecimal 11), and GRAPH (Hexadecimal 13},

When in text mode the following restriction applies - All
control codes from 200 €0 >iF not defined will be ignored.

Control codes:
Text: Selects Text Mode

Graph: Balacts Graphic Mode

Texas Instruments -1 ce
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The Text control code is the only control code valid in the
Graphic Mode (The graph control code will be ignorved?. User
defined characters are not supported while in graphic mode
{although the definitions will be maintained).

Texas Instruments 52 cC
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2.4 Graphic Mode

In the Graphic Mode input data is processed as graphic
commands. When graphic mode is entered, the screen will be
cleared, and the cursor homed to the upper left corner of the
screen. Graphic commands are:

Define Origin : O
Set current location as origin.

Draw iLine : LAx1, gL Lid0:pld. (x2, 4220 CidL:pl2,
- CxnaymdE L1300
Draws lines between coordinates (x1,yl’, (22, y2), through
(xn,yn). Each point coordinate after the first represents
the endpoint of the next line segment to be drawn. Just as
present position is assumed to be the beginning point for
that line segment.

p specifies the line type; p=0 specifies a solid line with
p=1-F cpecifying a dotted line with increasingly greater
pitch.

i specifies the intensity level (i=—1 turns subsequent
pixels off, i=0 indicates low intensity. and i=1 indicates
high intensity). If multiple intensities are not
supported, this field is ignored. Far color displays, the
intensity field indicates ¢the color desired (as per the
home caomputer extended basic COLOR subprogram).

- a2

{
i
i

- e G e wa wm wm
[

# — prigin x2

L S L
Rl R R L T,
-

g e |

Lixt.gl), (22, y2)
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Note: Point coordinates may be specified to +/— 999
Internally, they are maintained to +/- 9999,
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Draw Relative Line : R{x1,¢4idC:Cil0:pdd, (x2, 4220 0i30:p10,
o {xnayn)C:Lid0:pdd
Same as Line Command except &1l point coordinates are

taken relative %o the present cursor position rather
than the oarigin,

Y
H
R o+
L S
i oy2
L3 1 ]
13 1 ¥
g1 + @
§ o —— +
1 1
¥ 4
# x
# - cyrrent i
pasition | xl H x2 H

Rixi,y4i), (x2. 42}

Move Cursor : Mix.y?}
The cursor is positioned to coordinate x.y.

Relative Move Cursor @ Jix,y)

The cursor is positioned to coordinate x,y relative
tg the current cursor position.

Scale Character : Sn
Specifies character size n=0-9. The scale is
initialized to 1 by power up or reset. The value
set by Sn is retained when the mode is shiftaed

from graphic mode to text mode and then back to
graphic mode.

Home : H
Homes the cursor to the upper left corner of the screen.

Angle : An
Specifies the angle at which %o display characters. n=0 is
an upright character, n=1 rotates the character 90 deg
clockwise, n=2 rotates the character 180 deg clockwise and
n=3 rotates the character 270 deg clockuwise.

Text Display : T(cl €2 ¢3 .... cn)
Displays %the text enclosed in parenthesis starting at the
current cursor position. If the end of the line is reached

while printing the text, remaining text will be los%. Mote
that parenthesis may be embedded within the text.

Texas Instruments G G co
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PROGRAM EXAMPLES

Pragram Characters Printad
10 PRINT #1, CHR%$(i9) ! Enter graphics y gy’
20 PRINT #1, "M(1&,-4)" | Position cursori H
30 PRINT #1, "0 ! Set origin H R
40 PRINT #1,"L(&,12):1:3, (30, 12)" H H
% %
A
+ H - X
a H
u!

In this example statement 10 selects Graphics Mode,
moves the
Statement 30 redefines the origin as (16, ~4).

xl

Enhancements to the Base Definition

Statement 20

cursor to coordinates (16.-4) without drawing a line.

a dotted line #rom new coordinates (6,12} to (30, 12).

Delaete statements 20 and 30.

40 PRINT #1,°L(22,8):0:3:, (46. 80"

This will

Re—insert

30
This will
Add lines
50
6
This will

where the

draw the same line in low intensity.

statement 20. Change statement 40 to read
PRINT #1i,"R(&,12):0:3, (24, 00"
again draw the same line in low intensity.

50 and 60 ~

PRINT #1, "az"

PRINT #1, "T(ABCH*

print the characters ABC upside down to  the
line had terminated.

Texas Instruments S—é

Change statement 40 %o read
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Statement 40 draws
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CC Display Interface Enhancements to the Hase Definition

5. % Displaying Characters in Graphic Mode

Each character i3 displayed within an area on the screen
calied a character cell. Within this cell 1is the actual
character as well as spacing to separate the character from the
next. All character sizes are obtained by getting the integer

multiple of the size of the smallest character as described
below:

L

Scale Size

i

oG
E- N

Wwi-g

# Chrs/line =

i ol b
NPl w
B b~

[ AR R

Size ratio

b
0
3

10 111

ot st i

L T ST R 4
[ U T T
(=]
oem o o
-

Q
R R el 1
WInIiN
(s
o omm e e o
Pob
o
g oww o omn e omm e
L BTN W U
A Bl
P lm o

I
o o e wa o
own o omem o omn
L T T A &

# -« I+ displayed horizontally across the screen

Note that the above chart only provides an approximation of the
relative sizes of characters and number of characters obtainable
per line when using an 80 column (standard) display.

In graphic mode, the starting cursor position for that
character defines +the lower left corner of the character cell.
From that point (for all four display angles) the character is
drawn. Each successive scale size is an integer multiple of the
number of rows and columns used in the above cell

When the display angle is rotated, what actually happens is
that the character cell is rotated to the desired angle (0. 90,
180, 270 degrees). Characters are then displayed in the
direction indicated by that angle.

A3 /

]
{ ot
+ HH 2 AC (Characters are displayed in %he
e dfmnpnat direction indicated by the arrows)
Az < HE ¥
S e Al
AR ¥4 * — Starting cursor position

Texas Instruments 2 cC
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CC Display Interface Enhancements to the Base Definition

3.6 Sprites

%5 7 Character Graphics

The 32 characters (character c¢odes hexadecimal 80 -
hexadecimal 9F) shown in appendix A are the characters defined
for use when character graphics are supported. These characters
are useful for box drawing and may alsc be used to create simple
bar charts. Mote +that the character cell size vsed in the
appendix is 6 X 8. This cell size will change %o correspond to
the cell size of the particular display. If a 7 X 10 cell size
is desired, the Model 911 VDT Graphics Character Set should be
usad.

5.8 Extended Text Attributes

The below commands allow for various text highlighting
abilities often desired on displays for word processing. Any of
the below commands that are not supported will be ignored. The

<ESCSCO command will return the display to normal (white on
black).

5.8.1 <ESC>G) — Half Intensity On.

Half intensity on causaes subsequent characters sent to the
display to be displayed in half intensity (or different coloar in
color display).

5.8.2 <ESC>@{ — Half Intensity OFff.

Half® intensity off causes subsegquent characters sent to the
display %o be displayed in normal intensity (or normal color in
color display).

5 8.3 <ESCHS — Underline.

This sequence causes subsequent chavacters to be underlined.

5.8.4 <ESC>GC - Underline Reverse.

Texas Instruments 58 ¢C
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CC Display Interface Enhancements to the Base Definition

Underliine reverse displays wunderlined characters wusing
reverse video (black characters on a white background -~ or per
color display}.

5.8.5 <ESC>62 ~ Blinking.

The blinking command causes subsequent characters to blink.

5.8. 6 <ES8COE: ~ Blinking Underlined.
<ESC>GE: causes subsequent characters to be underlined and
to blink.

5.8.7 <ESC>@>— Blinking Underlined Reverse.

This command causes subsequent characters to be wunderlined.
in reverse video, and to blink,

Texas Instruments 59— CC
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CC Display Interface Enhancaments to the Base Definition

5 9 Special eoptional commands

5 9. 1 <ESCOBCchr>Irowld<Crou>. .. <rowN> — Define Character.

The define character command takes the next N (usually 8)
bytes and loads the character definition corvesponding to <chro
<ehr> is the B-bit code of the character to be defined. I+ that
character is not definable, the command is ignored.

5 9.2 JESC3C<color> — Define Foreground and Background Colors.
Different foreground and background colors may be desived

when using a color monitor. CESCH>C<Ccolor> tells the pevipheral

to use the <color> byte it receives to define ¢the foreground

(first nibble) and background (second nibble) colors.

Nihble (Hex) Color

Transparent
Black

Medium Green
Light Green
Dark Bilue
i.ight Blue
Dark Red
Cyan

Medium Red
Light Red
Dark Yellow
Light Yellow
Dark Green
Magenta

Gray

White

MMUOASIPINNCUROGN-O

MHX~1100 Viden Interface Color Tabls

3.9.3 CESCOK<CchrlY>. .. <chrN> —~ Shift Partial Page Right and Load
Column,

Texas Instruments 510 [
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This command shifts all unprotected text on the page right
one column beginning with the column the cursor is in and loads
the next ‘N’ characters into the newly created colomn. N is
the number of wunprotected lines on ¢the current page. The
rightmast column will be lost and the cursor will return %o the
same rTelative position after the new column is loaded.

3.9.4 <ESC>L<chrl>. .. <chrN> - Shift Partial Page Left and Load
Column. :

This command shifts all unprotected text on the page 1left
one column beginning with the column the cursor is in and loads
the next ‘N’ characters into the newly created coluen. ‘MY is
the number of unprotecited lines on the current page. Column zevro

will bhe lost and the cursor will return to the same relative
position after the new column is loaded.

Texas Instruments 5-11 cC
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5.10 Page Control Commands

5. 10. 1 <ESC>P<page> — Change Display Page.

This command switches to the display page number indicated
by <page> (in binary). This command changes nothing but the page
- all previous modes and options and the cursor address remain
unaffected. Bits 7 and 6 in the #ifth byte of the returned
status indicate whether this command is supported and how many
pages of display memory are available if it is suppovrted. Note
that if there are protected lines on the display., and the display
page is changed, those lines will still be protected on the new
page. Pages are numbered beginning with O.

Texas Instruments S5-12 e
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CC Display Intertace Enhancements to the Base Definition

$.11 Window on a Line Longer Than the Screen Width

Some video peripherals will support a mode that allows the
screen fo be a window on & longer line (such as BO characters).
These peripherals will auvtomatically move the window (if
necessary) at <the end of easch write command in order that the
window position indicated by the cursor position be displayed on
the screen,

o S A4 79
H H H H &
t Off H window I off :

} screent i scraen i

H : # i H 24 lines
H H {cursor) |} H

L] ¥ ] L]

E ¥ ¥ *

¥ ¥ 3 4

1 i 4 ¥

i 1= 840 chrs =D} 123

Example of Display Window on an 80 Character Line

Figure 50

9.11.1 Meving the Window.

i. Whenever the cursor is at the end of a line as
displayed on the screen, and text exists off the screen
to the right of the cursor, and either a character is
printed to the display or a forward space code is
received, the entire window will move to the right one
column. The cursor will remain at the end of the
displayed 1line (i e, the cursor position was actually
incremented. but as the window moved to the right one
column., the apparent cursor position relative to the
screen is unchanged).

2. Whenever the cursor is at the beginning of a 1line as
displayed on the screen, and text exists off the screen
te the 1left of the curser, and a backspace code is
received, the entire window will move to the left one
column. The cursor will remain at the beginning of the
displagyed 1lines (i.e. the cursar position was actually
decremented, but as the window moved to the left one
column, the apparent cursor position relative to the

Texas Instruments 513 cC
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CC Display Interface Enhancements to the Base Definition

screen is unchanged).

3. Whenever the cursor is at the beginning or end of the
actual 1line, then the display will perform whatever
wrap or scrolling is called #for.

4. Whenever it has been determined (at the end of a write
command) that the new cursor position is not in the
current window, the window will be vrepositioned so
that, if possible, the cursor position will not change
relative to the screen (i.e. I¥# the cursor is5 at the
3rd Tows 15th column of the display, and & move cursor
position command is issued that causes the cursor ¢to
move off the screen, if it is possible to move the
window and maintain the cursor at the Jrd rouw 15¢h
column, it will be done. If not, if the new cursor
position is to the left, the cursor will be placed in
column zero of the display. and i+ the new position is
to +the tight, the cursor will be placed in the
rightmost column of the display}.

5 11.2 Commands for Changing the Window Configuration.
5 11.2.1 <ESCOD - Use Physical Display Size.

The <ESC>D command causes the display to use its physical
display size for displaying data.

5 11.2.2 <ESC>d — Use Window on 80 Character .ine.

The <ESCY>d command causes the display %o have its screen act
as a window on an 80 character line.

5 11. 2.3 <ESCOS<rows><{cols> — Define Page Dimensions.

CESC>S tells the peripheral to use the next 2 bytes it
receives to define the page dimensions. <rows> (in binary? sets
the number of lines per page and the second byte <cols> sets the
number of columns per page.

Note: The internal display memory is treated as one
continuvous block of data with tags where sach new
page begins. Changing page dimensions changes the
location of the tags, without inserting orv
deleting any characters, possibly causing the
contents to appear scrambled.

Texas Instruments S5--14 cC
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CC Display Interface Escape Sequence Bummary

SECTION &
Escape Sequence Summary
Standard escape sequencss:

SESCOM —~ Scroll mode select (default:

<EBCOm -~ Fage mode select

<ESCHG ~ Character insert

<EBC>W ~ Character delete

<EBC2>E — Line insert

<ESCOR ~ Line delete

<EBC>T — Erase through end of line

<ESC>Y — Erase through end of page

<ESC>= - Set cursor position

<ESC>0 — Protect ftop line of page

<ESC>1 — Unprotect top line of page (default?
<ESC>2 ~ Protect bottom line of page

CESC>3 — Unpratect bottom line of page {(default)
<EBC>4 — Disable line wrap

<EEC>5 - Enable line wrap (default)

<ESC>6 — Shift page right and load column
<ESCO>7 ~ Shift page left and load celumn
CEGC>? - Read cursor address

<ESC>. — Change cursor attributes

<ESC>EG ~ Text attributes

Uptional escape sequences:

CESCoG — Extended text attributes

<EBEC>B ~ Define character

CEBC2C — DBefine foreground and background colors

<ESC>K — Bhift partial page right and load column
LESC>i. —~ Shift partial page left and load column

<ESC>P — Change display page

<ESC>D — Usze physical display size

<ESC2>d — Use window on 80 character line

<ESCHS — Define page dimensions

Tezas Instruments b—-1 cC
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CC Display Interface Extended Open Options

SECTION 7

Extended Open Options

7.1 Introduction

This section averviews a few pre-~defined enhancements to the
options in the open statement. It is intended to provide a few
optional features that may be implemented in a standard format,
and is not intended to limit the features provided in a video
peripheral (i.e. saome video peripherals may provide more {or
other) features than those documented herein).

7.2 _NI - No Initialization

The option .NI in the open statement causes the peripheral
to save all previously defined modes, settings, and data instead

of initializing to the power up state as is usually done during
an open command.

7.3 .80 - Window on an B0 Character Line

The option .80 when included in the open statement causes
the peripheral to format to a 24 X BO page dimension so that the
actual screen acts a#s a window on the page.

Tezas Insiruments 71 cC



Character codes 280 ~ >9F in a 6 X 8 Cell

CC Display Interface

APPENDIX A

-

Character codes >80 - 29F in a 4 X 8 Cell
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ALC Printer/Plotter Introduction

SECTION 1

Introduction

1.1 Purpose

This document describes the features and operational aspects
of a printer peripheral to a calculator. The interface of this
device to the calculator is described.

Texas Instruments i-1 ALC



ALC Printer/Plotter Product Overview

SECTION 2

Product Uverview

2.1 Concept

The printer is an porftable accessary £p a calculator. I% is
a low power, low <cost, plain paper printing device. it has a
graphics mode in addition to a text mode.

Texas Instruments 21 ALC



ALC Printer/Plotter Product Overview

2.2 Featurss

#Print mechanism : Alps Micrographic Printer DPG 13
... Print method : Ball point Pen

Printing speed : 12 characters/second
Characters/line : 18 std. 346 compressed
Printing area : 43,2mm. 216 steps
Line drawing speed

X axis -~ 52mm/sec

Y axis — S2mm/sec

45 deg vector — 73mm/sec
Line drawing resolution

X axis -~ 0O.2mm

Y axis —~ 0. 2mm

#Paper
Width : S8mm
Diameter : 230mm internal., &63. 3 esxternal
length : 8.9M internal, external

*Characﬁer set
Characters : 96 ASCII
Character size: 2 (text mode), 10 (graphics mode)

#Bupply voltage
... 85 Ni—-Cd batteries

AC adapter 120 VAC input., & VDC regulated and unregquliated
oubtput

#Current consumption
500 ma max when printing character set
80 microamps standby

#Physical
Size : 118mm(W) X 14Bmm(LY X 44mm{H)
Case : Injection molded painted thermoplastics

#Loanneciors

Interface to calculator : 2 ea Berg &5945-208
AL adapter

Texas Instruments 2-2 at.C



ALC Printer/Plotter {dperation

SECTION 3

Operation

3.1 Text Maode

The printer is initialized to the text mode on power up and
on regset. It prints characters corresponding ¢te the ASCII
formatted input data. 1t also accepts thirteen control codes.
The charactar set and contrel ecdes are shown in Figure 1.

When in text mode the following restrictions apply:

1. All control codes from 200 to 20OF not defined in Figure
1 will be ignored

2. All conirol codes from 210 to FiF must be the

only
character in the transmitted record

Texas Instruments 3-1 ALC
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ALC Printer/Plaotter
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ALL Printer/Plotter Operation

Control codes:

Pen 1 — Pen 4 — Black., Blue:. Green, and Red respectively

Backspace — Moves pen carriage backward one character space

i.ine Feed — Advances paper one line

Line Up — Advances paper one line in dirvection opposite LF

Carriage Return ~ Returns pen to left edge of paper
Text ~ Selects Text Mode

Comp -~ 3& char/line

Graph ~ Selects Graphic Mode

Norm ~ 18 char/line

Test -~ Draw a box in each of four colors

The Text control code is the only control code valid in the
Graphic Mode (The graph control code will be ignored).

When in text mode the printer will automatically generate
its own Carriage Return/Line Feed to segment a data record of
printable characters that exceeds character line length.

As an option the printer will also generate a Carrviage
Return/Line Feed after each data record ¢transmission. This
option will be selected in the open statement from the

calculator. Additionally, the wuser @may select one of tfwo
character sizes in the open statement. See BUS MESSAGE
STRUCTURE.
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ALC Printer/Plotter

PROGRAM EXAMPLE

Program

PRINT #1,"LOW COST PRINTER"®

10 FOR I=33 TO 96

20 PRINT #1, CHR$(I);
30 NEXT I

40 END

Texas Instruments

Operation

Characters Printed

LOW COST PRINTER

PREELk (2 e, — /01284
5678%: ; <=>7@ABCDEFGH
I JKLMNOPGRSTUVIWXYZLIN
} *

ALC



AL.C Printer/Plotter {Jperation

3.2 @Graphic Mode

In the Graphic Mode input data is processed as graphic
commands. Graphic commands are:

Define Origin : O
Set current location as origin.

Draw Line : L(x1,yi3C:CclL:pll, (x2,y2¥L:Ccll:plld,
c.-Cxn.ynd L LedEpll
Draws lines between coordinates (xl,yl}, (x2, y2}, through
(xn,yn). Each point coordinate after the first represents
the endpoint of the next line segment to be drawn., Just as
present position is assumed to be the beginning point for
for that line segment.

p specifies the line type; p=0 specifies a solid line with
p=1-2 specifying a dotted line with pitch . Z2mm+p*. 2mm.

¢ specifies the pen color (c=1 specifies black, c=2
selects blue, ¢=3 gives green. and c=4 specifies red}.

Y
+
b s e e . § -+
] i
3 1
H H
¥ L]
+ L)
I ——— } +
HE H
yl i
Poy2
L3 k4 +
% £ 4
£ 1] [ ]
1 ] T
% %
# -~ grigin | x2 H

Eixi. gl): {x2s 92)

Mote: Point coordinates may be specified to $+/— 999
Internally, they are maintained to $+/- 9999,
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Bram Raiative Line

ROx1, g1l Cedl:plly (x2, y2)0: LeICipldd,
: A dxme yn) L el p Xl .
;;Same as Line 65mmand except all point cooridinates are
Staken relative to the pvesent gen paa;tion rather than
_'the erigin . SR

* — current
position

4
i
H o+
R T S |
-
oy 1
L T
yi i
§f = 1 +
H i
H H
H !
#* X
H
HES

x1

-
"
A
.-

R{x1,yll, {(x&, 42}

Move FPen @ M{x,y)

The pen is raised and positioned to coordinate x,y.
The next command which causes the pen to draw will
put the pen douwn,

Relative Move FPen : Jlx,y}
Tha pen is raised and positioned to coordinate x4
relative to the current origin. The next command
which causes the pen to draw will put the pen down.

Scale Character : Sn =
Specifies character size n=0-9 The scale is
initialized to 1 by power up or rveset. The value
set by Sn is retained when the mode is shifted

fram graphic mode to text mode and then back to
graphic mode.
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Operation
Home : H .
Picks the pen up and positions it to 'the beginning of the
line. The origin will be reset to that location. The pen
will be set down by the next command that causes it +to
draw.
Angle @ An
Specifies the angle at which to print characters. n=0 is

an upright character, n=1 rotates the character 90 deg
clockwise, n=2 rotates the character 180 deg clockwise and
n=3 rotates the characier 270 deg clockwise.

Text Printing : T(ci c2 ¢3 .... cn}
Prints the text enclosed in parenthesis starting at the
current cursor poesition. I# the end of the line is reached
while printing the text, scissorving will occur. Note that

parenthesis may be embedded within the text stream.

Color : Cn

Specifies pen color. n=1 selects black, n=2 selects blue, n=3
selects green, and n=4 selects red.

Texas Instruments 3~7 AL
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PROGRAM EXAMPLES

Program Characters Printed
10 PRINT #1, CHR${(19) ! Enter graphics y y’
20 PRINT #1,"M{16,~-4}" ! Position pen i H
30 PRINT #1,*0" ! Sef origin H A
40 PRINT #1,"L(&, 12):4:3, (30, 123" H i
1 %
H ;
+ H X
o i
- x*
Gt

In this example statement 10 selects Graphics Mode. Statement 20
moves the pen to coordinates (16,-4) without drawing a line.
Statement 30 redefines the origin as (16, ~4). Statement 40 draws
a dotted line from new coerdinates (& 12y to (30, 12).

Delete statements 20 and 30. Change statement 40 to Tead
40 PRINT #1, "L(22,8):2:3, (46, 83"
This will draw the same line with the blue pen.

Re~insert statement 20. Change statement 40 to read
40 PRINT #1.,"R(&,12):2:3, (24,0}"
This will again draw the same line again in blue.

Add lines %0 and &0 —
5C PRINT #1, "A2"
&0 PRINT #1, "T{ABC:*

This will print the characters ABC upside dowun to the left of
where the ling had terminated.
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3.3 Initialization

The printer powers up and initializes to the Text Mode.
Assuming a 18 character/line character scale. The x and y axis
will be initialized as recommended in the specification +for the
printer mechanism. As recommended, the trial print for pen
acclimatization will also be executed on power up. Upon
completion of the initialization, &the pen will recide at column

position zern, the color used will be black, and pitch zero will
be selected.

Texas Instruments 35 ALLC
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SECTION 4
Printing Characters in Graphic Mode

Each character is printed within an area on the paper called
a character cell. Within this cell is the actual character as
well as spacing to separate the character from the next. All
character sizes are obtained by getting the integer multiple of
the size of the smallest character as described below:

| Scale Size 10 i1 12 13 14 1% 16 17 18 19 i

+ + ¢ + + + + + + ¥ + +

! # Chrs/line #!36 118 112 19 {7 6 18 {4 14 13 i

! Meight ratie I1I (2 I3 4 {3 16 17 8 19 110 ¢

+ + ¥ + + + e + + + +

! Width ratio 1 12 i3 {4 15 & 17 B 19 110 i
# — I+ displayed horizontally across the page

Figure 4-1 Relative Character Scale Size
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ALC Printer/Plotter Printing Characters in Graphic Mode

In graphic mode, the starting pen pasition for that
character defines the lower left corner of the character cell.
From that point (for all four grint angles) the character |is
drawn. The below figure describes the character cell for
compressed print (scale S50).

123456

e e ot -

A Caolumns 1 throwgh 9 and rows A through G
s s s s e N - are normally uvsed for character drawing.
LI I A Column & is always left blank %o provide
B e e e I 4 spacing between characters, and rouw H is
L A A A used for lower case letter descenders,
s ot s St T

] 1 2 4 13 ¥
* ] L ¥ L3 4+

B s s I -

2 1 4 t L4
3 ! 3 & ¥

B B sl
L A T 0.2 mm
B e L~ B

3 13 ¥ ¥ H 4
] ¥ % [ 4 * L]

s T T s s N o |

3 4
¥ 1

0.2 mm
Figure 4-22 Character Cell Example

£ach successive scale size is an integer multiple of the number
of rows and columns used in the above cell (i.e. 81 would have
12 columns and 16 rows, S2 would have 18 columns and 24 rows,
ete. ). Note that unlike dot matrix printers. characters are
formed from lines drawn between the vortices of the cell.

When the print angle is rotated. what actually happens is
that the character cell is rotated to the desired angle (O, 90,
180, 270 degrees). Characters are then prinfted in the direction
indicated by that angle

A3 /N
bt
+ I > AD (Characters are printed in the
et e direction indicated by the arrows)
A2 < L +
=t | Al
AR ¥4 # - Starting pen position

Figure 4-3 Character Rotations
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SECTION 5

Bus Interface

9.1 Genaral

The printer communicates with the calculator via a
peripheral bus. The bus supports communications between the
calculator and other peripherals in addition to the printer.

Transmissions on the bus are defined in the context of a

“message frame" which consists of a command message from the
calculator and one or more response messages from the peripheral.

Texas Instruments -1 ALC
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SECTION &

Bus Signal and Timing description

.1 Signals

The physical bus consists of B lines. There are 4 parallel
data lines defining a 4 bit nibble as the basic unit of
information carried on the bus. Data within the communication
protocpl is defined in 8-hit units {bytes). Each byte
corresponds to <two transmissions on the bus, least significant
nibthle first. The last tws lines include a ground referance
signal and a line reserved for future use. Data is output to the
bus via open drain drivers.

B3 -— most significant data bit
D2 data bit

Dt data bit

314 — least significant data bit
HEK - handshake

BAV bus available

FUT - papgerved for future use
GND ground

The speed of transmission of the data bus is controlled by the
handshake line HSK. The BAV (bus available) signal is used to
designate the beginning of a command message from the calculator.

&L 2 Handshake Timing

The signal timing of HSK and the data lines is illustrated
in Figure 2. The falling edge of HEK is the signal to receiving
devices that a nibble of data is available on the bus. The
rising edge of HSK is the signal to the transmitting device that
all receivers have read the data. HSK is an apen drain line so
that any one device may hold it at a low level.

When the receiving device{(s) see that HSK has gone low they
rapidly (through hardware} pull HSK low also. The receiving
device(s) then hold HSK low until they have processed the data.
The transmitting device will release HEK shortly after pulling it

-
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low. This nermal interactien is illustrated in Figure 3. If the
transmitting device is slower than the receivers then it may
dictate the bus speed as shown in Figure 4.

When a device is not interested in the data being
transmitted it may disable itself from the bus and wait for the
next message frame (denoted by BAV going low}. Once a device has
disabled itself from the bus, it need not participate in the
handshake activity.

Figure 2
Bus Handshake Sequence

\ 7 A
HSK \ / \
L] ] 4
] ¥ 13
i<~ one handshake ——2| <~ next ——
AXAXXANXXX 108895959 884
DO-D3 XXXAKXXANKXX . XXAAAXAXKKLK
j L data valid -—21}
Figure 3
Handshake Components
{Receiver Limited}
AN / _ hY
HEK{composite) h 4 Y
i<~ one handshake ——2>! i<~ next ~-
\ / AY
HE8K(xmit} hY s AY
\ /! N
HSK(Tcv) \ 4 \

Teras Instruments &2 ALC
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Figure 4
Handshake Components
{Transmitter Limited)

\ i A"
H8K {composite} AN 4 Y
L] i ¥
| 13 [§
i<~ one handshake ~——>} i<~ next -
AY f Y
HBK {xmi%} N\ 4 \
N ! \
HEK{Tcv) hY / \

Table 1
Handshake Timing Parameters
{Microseconds)

Item Min Max
HEK low to data valid - o
HEK low{xmit} to HEK low(bus) - 3
HSK lowil{bus) to HSK low(rcwv} - 5
HEK low(xmit) %o HSK high(xmit) 8 -
HEK high to data invalid Q -
HSK high to HMSK low 8 20000 #

# within a message
#% because data is output via open drain buffers, and
HEK going high rauses ones to be written into their

sutput latch, data becomes invalid on the rising edge
af HSK, :
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SECTION 7

Bus Message Structure

7.1 Pratocol

As mentioned earlier, the data bus transmits command and
response messages within the context of a message Fframe. In
general the transmission of one command message from the
calculator will cause one or more response messagses to be
transmitted back from the peripheral device selected. Each
message consists of several nibble transfers as described in the
previous section.

Each <transmitted message contains overhead information to
indicate such things as the selected device, the command code to
be performed, and data length. The BAV (bus available) signal
specifies the start of a message frame, When the calculator
starts a message frame it first pulls BAV low. The command
message from the master then follows that falling edge of BAV
The ¢falling edge of BAV alerts all peripherals to look for the
two-nibble device code which is always transmitted first in the
command message (least significant nibble then most significant
nibble). The BAV signal does not return to the high level until

the message frame is complete. This is illustrated in Figure 5
below.

Figure 5
Message Frame
other i command i responsea }
lines H message H message i
A\ /
BAV \ // 4 7
¥4 r7

Texas Instruments 71 AaL.C



ALC Printer/Plotter Bus Message Structure

Table 2
Message Timing Parameters
Item Min Max
BAV low to HEK low 3 20000
HSK high %o BAV high i e
End of command to start of response i0o ———
HS¥ high to HSK low 8 20000
BAV high to BAV low 2 ——

(Within a message frame)

The first two nibbles of the command message always contain the
device code of +the peripheral to be addressed. All devices on
the bus will read this number and test for a match. After the
device code has been sent all devices except the ane selected
will ignore all further data in the message. The hardware will
be designed such that they will no%t have to participate in the
handshake sequence until the next falling edge of BaAV.

Any device may extend the time to process data or wait for
an operation to complete by holding HSK low until it is ready to
start the next operation. Whenever HSK is high during a message,
it must go low within 2Oms or the receiver will time out.

The command and response messages are detailed in a
following section.

As mentioned previously each device has a uynique device
code. In addition. the device code 200 is veserved to be
recognized by all devices.
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7.2 Command Message

The standard command message is divided into two distinct

transmission phases. The first phase is the ¢ ommand
transmission. The information necessary to the peripheral
(including the data) is ¢transmitted to the peripheral. The

second phase consists of the peripheral transmitting its rTesponse
to +the command (In some cases, %there will be no response to the
cammand ).

The following data is ceontained in a standard command
message:

Field Bytes
Device code
Command code
Leogival Unit Number
Record number
Buffer length
Data length
Data variable

BRI M) m o

The fields in a command message are described below.
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7.2.1 Device Codse.

This selects the peripheral which is to respond to the
command. The printer peripherals have been assigned device codes
10 - 13 (decimal}. Each printer on the bus must have a unique
code within this vrange.

All devieces on the bus will respond %o device code 00, hut
will not return a respoOnNse message.

7.2.2 Logical Unit Number -~ LUNO.

This is veserved. This field should be zero.

7.2. 83 Command Code.

This field tells the peripheral the nature of the aoperation
to be performed. The following lists the standard code
assignments to be supported by the printer (hexadecimal).

00 — open

01 - close

Q4 — write data

07 - return status
OA - was it you?
FE — null operation
FF — bus resst

The specific actions of each of these commands is described
later.

7.2.4 Reacord Mumber,

This is reserved. This #field shculd be zero.

7.2.5% Buffer Length.

This field indicates the size of the data buffer for
receiving data from a peripheral during the current bus
operation. It is wused by the master’s I0S to check that the
length of returned data does not exceed the buffer size, and may
be ignored by the peripheral. This length is exclusive of the
data length and return status bytes which form part af the
response message (The status byte and data length replace their
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old #ields in the PAB).

7.2. & Data Length.

This field gives the number of bytes of data which follow in
the data field.

7.2.7 Data.
This field contains data to be written to ¢the peripheral

device. The use of the data depends on the command code. I+ the
data length field is zevro then the data field is not present.

7.3 Response Message

The response message contains the following data

field bytes
Data length 2
Data variahle
Dperation status 1

7.3.1 Data Length.

This +field specifies +the number of bytes of data which
follow in the data field.

7.3.2 Data.

This field contains the data to be returned to the master
device; for example on an open operation. I+ the data length
field is zero then this field will be omitted. Whenever the true
data length cannot be determined at the time the length is sent,
the data field will be padded with trailing zeroes for internal
type files or devices, and with trailing blanks (>20) for display
type #iles or devices.
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7.3.3 0Operation Status.

This #field contains a status of the operation. The
following lists the assigned response codes to be supported by
the printer (decimal).

0 — normal operation completion

i - Incorrect device opption

2 - Attempt ¢oc open in incorrect mode (1.e. input?
4 - £ile/device not apen error

% - filefdevice already open

6 — device error

10 — it wasn’t me

12 - buffer sire error

13 -~ unsupporited command error
2% ~ low batteries in peripheral (opfional)
80 — Sygntax error in data
81 ~ Coordinates out of bounds ( > $+/— FI999)

7.4 Standard Access

The access to a printer is performed with a sequence of I1/0
calls. Before wusing the printer it should be opened with using
the open command. This may be followed by other I/0 calls %o
read or write data or perform other Ffunctions. When the
calculator finishes using the printer it will isswe a close I/0
call. This will ensure that any necessary device dependent
actions have been performed. The bus reset command code (OFF)
will also clase the printer if it is open.

7.5 {Command Descriptions

This section describes the Command message setup and device
response for the various standard I/0 command codes.
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7.5. 1 Open - OO

This command code is wused to initiate +the wuse of a
peripheral. The printer will check access modes and ensure that
it is not already open. I# it is open ov any other error acours
while the open is being attempted, then the appropriate error
will be issued. Dtherwise, the printer will be opened and reset

tp its initialized state. The command message will be set up as
follows:

field data
Device code as reguired
Cammand Code 00
i.ogical Unit Number don’t care
Record number don’t care
Buffer length as required (a%t lesast 0004}
Data length as required (0004 returned)

The data buffer contains the Ffollowing which is sent to the
peripheral.

1/0 buffer length (2 bytes)

{if zero then device veturns bhuffer size)
device attributes (i byte:}
gdevice characteristics (if any)

The printer will compare the ‘I/0 buffer length’ o its
capabilities and return either the requested length or the
default 1length if the requested is zero (Default for the printer
is 0050, The I/0 buffer length is wused by ¢the master to
determine what size buffer should be allocated by the master for
read operations. It differs from the buffer length field in <the
PAB in that the buffer length field in the PAB only indicates the
size of the buffer for the current bus operation.

The device attributes byte contains flags used %o indicate
the access mode of the peripheral. Several bits are wunused by
the I/0 scheme and may be used by the application software as
desired. Other hits must be set to zero %o allow compatibility
with future peripheral protocol enhancements.
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The bit definitions are as follows (bkit O is +the least
significant bit):

7-& — access mode
00 — invalid mode
10 - output mode (write only — MUST be in this mode)
01 — invalid mode
11 -~ invalid mode
5 - MUST be zero{0) — otherwise ervror
{relative/sequential file type)
4 - don‘t care {(fixed/variable length rvecords)
3 - don‘t care {internal/display type’
2 — don‘t care (reserved for device dependent use)
0 — don‘t care (these two bits may be used as desired)

The device characteristics field is @ variable length +field
which contains device-dependent information relative to setting
up the device.

Printer device dependant features:

C=LM or L1
C=N causes the printer £o NOT issue a carraige relturn
and line fesed at the end of each write command.
C=l_ (default i# omitited) causes the printer to issve
a carraige return and line feed fFfollowing each
write command while in text mode.

S={0 or 11
B=0 sets the text mode print size to compressed. and
the graphic mode scale to S0,
8=1 (default if omitted) sets the text mode print
size to normal, and the graphic mode scale to B1.
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Examples:
10 OPEN #1. 710 S=1", OUTPUT
causes the printer to set the text mode print
size to normal., and the graphic mode scale to 51.

10 OPEN #1, “10. C=N", QUTPUT
causes the printer %to never issue carraige return

or linefeed uniess the end of the line has been
passed.

10 OREN #1, "10. C=N, §=0", QUTPUT
causes the printer to never issue carraige return
or linefeed unless the end of the 1line has been
passed, and sets the text mode print size to
compressed and the graphic mode scale to 50.

10 OPEN #1. "10%, QUTPUT
uses both of the defauvlts described above,

NOTE

I# both options are included in the open at
the same time, the C option must precede the
8 option.

The response buffer will contain the accepted buffer length,

and the record number that the #file was opened ¢to. For the
printer, this record number is be meaningless. so0 a zevo {(0) will
be returned. Thig dinformation is always returned. Thus the

response message for a successful open will be:

Data length 4

Data (2 bytes) Accepted buffer length
(2 bytes) always 0000

Operation status O
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aAn unsuccessful open may not return data in the response message.

The operation status byte may contain the following error codes
(decimall:

00 — successful apen
01 - device/file characteristics evrror
# Open options not correct
# attributes byte (possibly including I/0
buffer length) not included in data
02 — Invalid attributes
# Open made not output
# Open mode not sequential
05 - file/device already open
04 — device related error
# Pen detection mechanism broken
12 — buffer size error (Given if the buffer size in
the PAB < Q0O4)
2% -~ hatteries low in peripheral
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7.5 2 Close — 01

This command terminates the use of a device. Depending on
the device this command may be used to clean wup internal data

{e.g. write an end of file) or may be effectively ignored. In
general a close command must be sent between uvsing a device and
another open command. The data length for the close command will

be zero {no data buffer is transmitted). The PAB should be set
up as follows:

fiald data
Device code as required
Lommand Code 01
l.ogical Unit MNumber don’%t care
Raecord number don’t care
Buffer length don“t care
PData length 000Q {0000 returned?

The response message will only contain a status Byte and a zero

data length (two Dytes). The error status indications are
(decimall:

00 — device or file closed
04 — device or file never opened
04 — device related error
# — The ALC printer gives this error if data
is transmitted to it in the close command
2% — batteries low in peripheral
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7.5 3 HWrite Data - 04,

This command is wsed to send data to a peripheral device,
The command message will contain the data to be sent to the
device. The PAB should be set up as follows:

field data
Device code as required
Caommand Code Q4
i.ogical Unit Number don‘t care
Record number don‘t care
Buffer length don't care
Data length record length (0000 returned)

The response message will contain zero~length data and the
operation status, The +following error status indications may
occur (decimall:

00 ~ write successfully completed

04 -~ file/device not open

0& ~ Device error

2% - batteries low in peripheral {(optional)
80 — Syntax error in data

g1 —~ Cpoordinates out of range
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7.5. 4 Return Status - G7.

This command is used to return device status information.
The information is returned in the data buffer. Certain bit
fields in the return data are assigned to standard meanings while
others are reserved for device dependent extensions. Certain

devices may return more bytes of status if the buffer length
allows, The PAB should be set up as follows:

field data
Davice code as required
Command Code o7
l.ogical Unit Number don’t care
Record number don’t care
Buffer length >= G001
Data length o000 (0001 veturned)

The bit fields in the return data are as follows (bit O 1is the
least significant bit).

7 -~ always one{l)

& - always zevol(Q)

5 ~— always zero(G}

4 - 1 it open O if closed
3~2 -~ always zera(00)
1-0 — always two{10)

No errors can octur
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7.5 5 Bervice Request Poll — QA

This command allows a bus master €o query a peripheral as to

whether it requested service from the master. The PAB should be
set up as follows:

field data
Device code as required
Command code Ga
Logical Unit Number don‘t care
Record number don’t care
Buffer length as determined in open
Data length 0000 (data length returned)
Raturn status OA

The response message will consist of zero or more bytes of data,

and the return status. The following error status indicaticns
may occur:

04 — it wasn’'t me (unsuccessful poll)

# Any other error code indicates a successful poil
operation, and reflects the reason for the
service request. Thus even devices that don’%
support service requests need $o Teturn the "it
wasn‘'t me” status code.

7.5. 6 Null Operation -~ FE.

When the caliculator receives 3 BAV interrupt and either no
devices are enabled for interrupts or the current service flag is
set, then a null eperation code is sent to all devices. There
will be no response %o this message

field data
Device code 414)
Command code FE
il.ogical Unit Number don‘t care
Record number don‘t care
Buffer length don‘t care
Data length a0
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7.5.7 Reset Bus — FF.

It may sometimes be desived to tell a device (or devices) to
close all open files (or devices). This command will have no
Tesponse by devices, they will simply perform the action
requested (If they were not open to begin with, then they will do
nothing). The ALC printer will initialize the print head and

revert te a ‘closed’ status. The PAB should be set up as
follows:
field data

Davice code 00

Command code FF

Logical Unit Mumber don’t care

Record number don‘t care

Buffer length don‘t care

Data length Go

# For both the Null operation and Reset bus commands, no response
will be forthcoming.
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SECTION B

Gpecifications

B.1 Mechanical

B.1.1 Tap Case.

Injection molded thermoplastic part to provide upper portion
of printer enclosure. Painted.

8.1.2 Boattom {ase.

Injection molded thermoplastic part to provide mounting For
PCB: mechanism, battery clips. and lower poriion of arinter
enclosure. Painted.

8.1.3 Window.

Transparent injection molded thermoplastic part to permit
viewing of the most recent line of printed information. Upper
edge to be serrated to facilite tearing of paper.

8. 1.4 Paper Storage Cuaver.

Injection molded thermoplastic part to enclose paper storage
area. Lifts off to provide easy access to paper. Painted.

B8.1.% Retractable External Paper Spindle.

Detented in rebtracted and extended position to provide
mointing for &43. 5mm diameter paper roll external Yo the printer.

B.1.4 Faet,

Elastomer strips which attach to the bottom case and provide
cushianing to raduce vibrations transmitted from the print
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mechanism and to prevent unwarranted movement on a working
surface,

8.1.7 Pen Storage Area.
An area will be provided for the user to store four extra

pens vertically oriented and capped. This storage area will be
located under the paper access doar.

8.2 Connectors

The printer includes a connector for the power adapter.

The printer inclpdes two bus connectors wired in parallel.
The connectors are Berg type 6£5945-208. Connector pin layout is
shown in Figure & (looking into connector).

———

—-——

¥
1

E-1
N
oy

]
~ W
i~
(4}

Terminal Hignal

fr 4
b1
BAY
GND
HEK
FUT

WMNB LW

D3

Figure &
Bus Connector Layout
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8.3 Switches

The printer has a on/off slide switch located on the front
of the enclosure. It will also serve t0 reset the ALC Printer.

The printer has an internal 2 position slide switch to allow
user programming of the least significant bit in the device code
(decimal addresses 10 and 11). Additionally, there will be a
jumper option to select the other two addresses in congunction
with the switch (decimal addresses 12 and 13).

The printer will have a momentary contact switch located on
the top case to the vight of the paper advance door to allow the
yser to advance the paper roll. This switech will only be active
when the printer is not busy printing.

8.4 Packaging

The printer, AC adaptor, batteries. manuval, paper roll., and
pens will be packaged in a cardboard box and appropriate insert

to meet Texas Instruments Consumer Products Group document 4A
10237, Group A :
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RS-232 FUNCTIONAL SPEC INTRODUCTION

SECTION 1

INTRODUCTION

1.1 PURPOSE

The RS~232/Parallel port interface provides the ALC with the
ability to communicate with an RS-232 compatable device using %the
RE-232 port. 1% is also can communicate with a printer attachad
to the Centronix parallel port.

1.2 S8COPE
This document covers the functions of the RE-232/Parallel
port software. Discussed are the software switch options, how

BASIC and assembly language are top access the devices hooked up
to the ports, how esach port will respond to the IOS commands.

1.3 TERMINOLOGY

108 - INPUT/OUTPUT SUBSYETEM

1.4 RELATED DOCUMENTS

INTELLIGENT PERIPHERAL BUS STRUCTURE, TIMING, AND PROTOCOL
SPECIFICATION

RS-232/PARALLEL PORT SOFTWARE DESIGN SPECIFICATION
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SECTION 2

OVERVIEW OF THE RS—-232/PARALLEL PORT

2.1 OPTION SUMMARY FOR RS-232

The RS-232 has several software switch options that are used
to +tell the peripheral and the computer how they are to
communicate. These switches are specified when the device is
opened.

1. BAUD RATE ~ The rate (in bits per second) at which data
will be transferred.

2. DATA BITS - The number of bits of data in sach
character transfarred.

3. PARITY ~ The method of checking the data transmission
far errors.

4. NULLS ~ The number of null characters sent after a
tarriage rveturn to allow for the printer carrviage
mechanism timing.

5. STOP BITS ~ The number of bits sent at the end of each
character %o indicate the end of the transmission of
the character.

&. ECHO - Whether ¢o retransmit each character received.
7. CARRIAGE RETURN - The adding of a linefeed and 3
carriage return or a carriage return to each variable

length display type recovd.

8. TRANSFER TYPE ~ The method used %o transfer data to the
ALC (record ovr character).

. DATA OVERRUN — Whether to report a data overrun errovr
from the RS-232.
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2.1.1 SPECIAL COMMAND CODES FOR THE RS232. There is a special
command code in the RS-232 which cauvses the RE~-232 to issuve a
continuous break (space condition) for .29 seconds on the
communication lines. The RS-232 vupon recieving ¢this command
hoids up the bus until all of the characters in the output buffer
are sent out and then until the break is complete. During this
time it is still enabled %o recieve characters if it is in update
mode. The RS-232 is required to be in output or update mode *o
accept the command. The command code is 2>10( decimal 16} for
this break commatnd. This command is usefull in
Telecommunications applications and is commonly used to get the
user up to the top command level of a system that you are
communicating with.
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2.2 O0OPTION SUMMARY FOR PARALLEL PORT

The parallel port has the following softuware switches which

controls how it communcates with the device on the parallel port.
These switches are:

i1. CARRIAGE RETURN - The adding of a 1linefeed and a

carriage return or a carriage return to each variable
length display type recard.

2. STROBE LEVEL ~ The level of the strobe pulse sent out
on the Parallel port to tell the device data is ready.
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SECTION 3
RS-232 OPTIONS IN DEPTH

This section contains a list of the software options and
their defaults. Then it goes into a good description of the
software options which may be sepecified as part of the OPEN
operation. The defaults will be set up at every open statement
s0

3.1 DEFAULT VALUES FOR THE SOFTWARE SWITCH OPTIONG

DEFaAULT FORMAT OPTIONS
BAUD RATE (300 = B= 50, 75, 110, 135, 130

300, 600, 1200, 1800,
2400, 3600, 4800, 7200,

9600, 19200
DATA BITS (7 # )3 S &7 B
PARITY () = P 0, E, NS0 M
CHECK PARITY (N3 L N, Y
NULLSE (O b= G 1...99 _
370P BITS (1) G= 1,2 ~1 1/2 IF 5 DATA BIT!
ECHO (Yl E= M. Y
CARRIAGE RETURN (L R M.Ce L
TRANSFER TYPE {RY T R C W
DATA OVERRUN (Y) == M Y

% indicates the default is set at powerup and then remains
the same as its last value if it is not specified in the
ppen.
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NOTE

The RS-232 is also compatable with the TI
home computer RS-232 software switches. All
of the switches are supported and they are:

.BA= 15 TREATED THE SAME AS SAYING B=
.PA= IS TREATED THE SAME AS SAYING P=
.DA= 13 TREATED THE SAME AS ESAYING D=
_TW IS TREATED THE SAME AS SAYING S=2
_NU IS TREATED THE SAME AS SAYING N=6
.CH IS TREATED THE SAME AS SAYING (=Y
_EC IS TREATED THE SAME AS BAYING E=N
_CR IS TREATED THE SAME AS SAYING R=N
_LF IS TREATED THE SAME AS SAYING R=C

The defaults are also completly TI home
computer compatable.

3.2 BAUD RATE

The BAUD RATE is measured in bits per second. The default
powerup BAUD RATE for the RE-2732 is 300 BAUD., Once it has been
set in an OPEN statement it will remain that way until it is
specified in another OPEN statement. Any of the following baud
rates may be selected by the option: 50, 7% 110, 13%, 1850, 300,
&00, 1200, 1800, 2400, 3600, 4800, 7200, 9600, 19200, In
addition to bheing one of the above the Baud Rate selected must be
compatible with the device being attached to the RS-232 port.

For example if the option B=300 were specified in an open
the device would be set up to transmit at a rate of wup to 300
bits per second.

3.3 DATA BITS

The Data Bits switch specifies how many bits are in the
characters being sent. The default value for data bits is 7.
The values which can be used are 5, & 7, and 8.

o
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For example the option D=7 will indicate that 7 bits are to
he taken as a character, &his is the ABCII standard.

-----
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3.4 PARITY

The PARITY switch specifies which type of parity is being
ysed in the data transmission schems. Some of the parity types
will be checked for by the RS-232 interface and if they were not
received correctly it will generate an ervor. The powerup
default is P=0 this implies an odd parity bit will be sent. Once
the parity is set by an OPEN command it will stay at that wvalue
until a new OPEN command which specifies a different parity has
basn issued. the options are:

E for even parity, that is i# there are an odd number af 1's
in the transmission a the parity bit will be one, if not
it will be a zero. If specified will be checked if the
parity check flag is set.

0 for odd parity, %that is if there are an even number of 1‘s
the parity bit will be a one, if not then it will be a
zevo. If specified will be checked for by the RE-232
interface if parity check flag is set.

& for space paritys, that is the parity bit will allways be a
zero. Will never he checked for by the RE-232 interface.

M for mark parity, that is the parity bit will allways be a
one. Will never be checked for by the RS5-232 interface.

M for don‘%t send a parity bit at all.

For example the option P=0 means that the parity bit is one
if the transmission contains an even number of 1's and it is zerTo
if the transmission contains an odd number of 173,

3.5 CHECK PARITY

The CHECK PARITY switech tells the RE-232 weather or not +to
check parity. The default is N so the RS-232 will not check to
make sure the parity returned by an attached device is correct.
The Y option allows the RS-232 to check for any parity ervors and
if one occurs it issues an i/o errvor 81 parify error.
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For ayample C=Y will cause the RS-232 to report any parity
errors when they occur.

3.6 NULLS

The NULLS switch tells the software how many null characters
to put after a carriage return. The default is zero nulls, You
may specify any number between 0 and 99 for the number of nulls
you wish to issue after a carriage rveturn so that a printer
mechanism will have time to complete it’s return before it has to
start printing characters.

For example %the option N=27 will send 27 null characters
after a carriage return to allow the printer mechanism to return
to the beginning of a line before it starts to print,

3.7 STOP BITS

The STOP BITS switch tells the RS-232 how many stop hits to
transmit with the data in a transmission. The default is 1 stop
bit +this means that 1 bit will be transmitted beyond the data to
indicate the transmission is terminated. The options are 1 or 2.

For example the option S=2 would cause the RE-232 to
generate 2 stop bits %o terminate its transmission if data bits
<> 3. 1f data bits = B then it would generate 1-1/2 stop bits to
tarminate its transmission.

3.8 ECHOD

The ECHO switch tells the RS-232 whether or not to send a
character it has just received back to the sending device. The
detault for this switch is VY. The two options are N which does
not echo the characters back, and Y which echos the character
back to the sending device.

For example E=Y would send back any character to the device
it came from
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3.9 CARRIAGE RETURN

The CARRIAGE RETURN switch tells the RE-232 to send an
automatic linefeed and carriage return or carriage return at the
end of each display type record. The default is L for carriage
return and linefeed. The options are:

N for no carriage return or linefeed.
¢ for carriage teturn only.
L for carriage return and linefeed.

For example R=N means the RS-232 will not send a carriage
return and a linefeed at the end of every display %type record.
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3. 10 TRANSFER TYPE

The TRANSFER TYPE switch +tells the RS-232 whether
transfer a record, a charvacter if it has one or wait for
character to come in and then transfer it. The default option
R for record. The optiaons are:

R Transfers input to the ALC in records. These records are
of the same length as the bhuffer length in the open. It a
CCR> is encountered before a record as large as the buffer
length has been received, the transmission is blank filled
up to the buffer length. The RG-232 interface will hold
up the IPB %ill enough characters or a <CR>» has been

received.

C Allows character by character transfers to the ALC. If
any characters have been received, they will be sent to
the ALLC. If more characters have been received than the

buffer allows for only the number of characters that fit
in to the buffer will be sent. The vest will be kept in
the buffer for fubture transmission. If no characters have

been received then the RS-232 will return with a data
length of O.

W Also allows character by character transfers to the ALC.
I¢# any characters have been received it will behave like
pption C. if no characters have been received it will
wait until a character is sent on the RS-232 and then send
that character cut on the IPB.

RS-232 OPTIONS IN DEPTH

to
a
is

For example T=C will transfer one or more characters if the

buffer is net empty. I+ the buffer is empty it will return
data length of zero and a status of O.

a
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3. 11 DATA OVERRUN

The DATA OVERRUN aoption ¢ells the RS-232 whether to report a
data overrun error or not. When a data overrun error occurs data
has been lost. The reason for a data overrun error is that the
buffers filled up and no more characters could be received. Data
received after this point is ignored till there is room for more
characters. The default option is Y for report a data overrun as
an errer. The oither option is N for do not report a data overrun
condition ta the ALC.

For example O=N will ignore data overruns when they happen.
If the device is in echo mode the overrun character will not be
gchoed. The data will be lost which is received from the RE~-R232
during this time. Since there will be no data overrun error
generated, a basic program will not stop running with an I/0
error. This allows a basic program to do input #from an RS-2032
terminal and have a type ahead capability without erroring off if
the user has typed too many characters ahead.

O=Y will issue an error when a data overrun ervor has
oceured. This will terminate execution of a basic program with
an I/0 errvor. This is important if you are using a modem or
pther data transfering device because if you have lost data the
rest of the communication may be useless.
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SECTION 4
PARALLEL PORT OPTIONS IN DEPTH
This section contains a list of the Parallel port software
switch options and their defaults. Then it contains a good

description of each option which may be specified as part of the
open command.

4.1 DEFAULT VALUES FOR THE SOFTWARE SWITCH OPTION

DEFAULT FaRMAT OPTIONS
CARRIAGE RETURN L) = N.Co L
STROBE LEVEL (N3 E= PN

4.2 CARRIAGE RETURN

The CARRIAGE RETURN switch tells €he RS-232 teo send an
automatic linefeed and carriage return or carriage teturn at the
end of each display %type record. The default is L for carriage
return and linefeed., The options are:

N for no carriage return or linefeed.
C for carriage return only.
L. for carriage return and linefeed,
For examplie R=N means that the Parallel port will not send

out a carriage return and a linefeed at the end of every display
type record.
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4.3 STROBE LEVEL

The STROBE LEVEL switch %ells the Parallel port to which
level to use for the data strobe. The defavlt is N for negative
strobe. The option P causes the strobe to be positive.

For example S=P sets the Parallel port streobe to a positive
pulse.
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' GENERAL OPERATION

. BECTION %

©© - GENERAL OPERATION

"~ The programmer can communicate with the RS-232 port and the
Paralliel port in two ways, in assembly language, and thru BABIC
commands and statements.

5.3.1 USE FROM ASSEMBLY LANGUAGE.

Communicating with devices using the Intelligent Pervipheral
Bus is explained in depth in the Lonestar Intelligent Peripheral
Bus Structure, Timing, and Protocol Specification. The device
numbers for the RS-232 port will range between 20 and 27. The
device numbers for the Parallel por¢ will range between SO and
87.

5.3.2 USE FROM BASIC.

COMMANDS WHICH CAN BE USED WITH THE RS-232/PARALLEL PORT

COMMAND RE-232 PORALLEL PORT
LIST YES YES
oLD NO NO
SAVE NC NO
OPEN YES YES
PRINT YES # YES #
INPUT YES # NO
LINPUT YES *# NO
CLOSE YES # YES #
cali. I/0 YES YES
EQF YES YES #&
FORMAT N NO

DIR NG NE)
VERIFY NG N

=

* AFTER AN OPEN
% ALWAYS RETURNS NO END OF FILE

AN RS-232 EXAMPLE IN BASIC

Texas Instruments S5-1 PRELIMINARY
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10 BIM A%(80)

20 OPEN #20; "25. B=94600, P=E, R=N, T=W", DISPLAY. UPDATE
30 FOR I = 1 TO 80 : INPUT #20; A%(I)

40 NEXT 1

S50 FOR I = 1 TO 80 : PRINT #20; A%(1)

60 NEXT I

70 CLOSE #20

This program segment opens an RS-232 port, reads in at least
80 characters, writes them back to the RS-232 device, and then
closes it. File number 20 is assigned to device 25 which is an
RS~232 port by the open. The RS5-232 is set up with a Baud rate
of 9600, even Parity, and the transfer mode is +to wait wuntil
there is at least one character received. The records will be of
display +type and you may read from and write to the device since
it is in update mode. VYou will first input all 80 characters
strings of 1 or more characters from using the file number 20 to
indicate which #ile gou are to wuse. Next the 80 character
strings will be sent out to the RS-232 port. At the end the file
number 20 must be closed. This close statement will wait for the
output buffer of the RS-232 port to empty before allowing the
program to complete.

ANOTHER RS-232 EXAMPLE IN BABIC

10 OPEN #7; “20. P=0, T=R", DISPLAY, INPUT
20 INPUT 47; A%

30 PRINT AS

40 CLOSE #7

This program segment opens an RS-232 port, reads in 80
characters and prints them to the LCD display of the ALC. File
number 7 is assigned to device number 7 which is an RE-232 port
by the open. The RS-232 is set up with a baud rate of 300 (which
is the defauvlit), odd parity, now carriage return or linefeed at
the end of the record {which is the default), transfer will be by
records. These records will be B0 characters which is the
default assigned by the RS~232 interface. The characters will be
in ASCII form as specified by the display file %type. The open
mode will he Input so characters will be received from the RSE-232
port. The 80 characters will be put in to the string A. The RS-
292 interface will wait until either 80 characters or a carriage

return have besen typed. If a carriage return is typed the rest
of the transmission will be padded with blanks wuvp to B0
characters. The string a will then be printed out. The device

will be closed imediately since there will be nothing in the
autput buffer €o print out.
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AN PARALLEL PORT EXAMPLE IN BASIC

10 DIM A$(40)

20 FOR I = 1 TO 40 : READ A%(I)

B0 NEXT I

40 OPEN #23; "S5&6. R=L*%, DISPLAY, QUTPUT
50 FOR I = 1 TO 40 : PRINY #23:;A%(1)
60 NEXT 1

70 PRINT #23: CHR$(12?

BC CLOSE #23

In this example 40 strings are read from data statements.
File number 23 is assigned to device 5& which is a pavrallel port.
The Parallel port is opened for output in display mode so it is
to receive ASCII characters. The L option has been selected for
the carriage return this means that at the end of the record a
Carriage Return and a Linefeed are appended. The default for the
strobe has heen selected which is a negative strobe. The FOR
loep will be executed 40 times and each of the strings read in
will bhe printed oput on a new line. After all the strings have
been printed a form feed (ASCII 12) is sent to tell the printer

to go to top of the form. Then the device must be closed using
the close command.
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Refar

clarification
deal with what commands
Both the LUNDO and the RECORD MUMBER are ignoved by the

generate.

SECTION &

RESPONSE TO 1085 COMMANDS

RESPONSE TO I0S COMMANDS

the 1/0
of each

bus

are

RE-232 and the Parallel port.

OO (QPEN)

specification
of the command codes.
supported

and

ACTION: AS IN 1/0 BUS SPECIFICATION

far a better

This section will
which

errars they

UNSUPPORTED: APPEND mode for both the Parallel port
and the RE-232
UPDATE MODE for the Parallel port
INPUT MDDE for the Parallel port
RELATIVE files for both the parallel
part and the RS-232
Error Possible Passible
Code Causes Fixes
1 ~-Bad option

17

12

21

Texas Instruments

-No separator

~Bus Ffailure

-No attributes in
the IO call

-Ma buffer length in
the Il caill

~Device was opened
hefore and never
closed

~Device opened for
relative files

-Device opened in
append mode

—Parallel port opened
in input mode

~Check options and fix

incorrect
~Check for
ar eguals

-~Try again.

~Fix PAB.

~Fix PAB.

~Close the

gne.
comma: period
in the correct place.

device and try again.

~Belect a different file type.

-Change %o

another open mode,

~Belect output mode.
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RESPONSE TO I0S COMMANDS

~Balect output mode.

The R8-232 will not close until its output

Possible
Fixes

o o e e T

~Qpen device first

22 —Parallel port opened
update mode
01 (CLOSES
ACTION: As in I/0 BUS SPECIFICATION
buéfer is empty.
Error Possible
Code Causes
4 ~Device not open
8 ~Bus failure

~Pata too long in
I call

O2(DELETE OPEN FILE)

-Try again
-Fix PAB

Possible
Fixes

~Use regular close command.

As in 1/0 BUS SPECIFICATION for RS-232

Possible
Fixes

~Open the device before read.

-Try again
~Fix PAB

—Don’t try to read Parallel
Port.

~Change the open statement
to open the device in input
mode.

ACTION: UNSUPPORTED
Error Possible
Code Causes
13 ~Peripherals won't
support this command
O3 (READ
ACTION:
tnsupported for the Parallel port
£rror Possible
Code Causes
4 ~Device not apen
8 -Bus failure
~Data too long in
I0 caill
13 ~Parallel Port read
not supported
16 —~Bevice not opened in
input mode
80 -Data was lost due to

Texas Instruments

a full input buffer
or output buffer if

b2

-Do input statements from the
RE-232 more frequently.
~I# it is not important that

PRELIMINARY
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you are in echo mode this data was lost you may
set the Data averrun option
to D=N so the error is not

reported.
81 ~& parity ervor has ~Check parity setting in the
occured. open with that of the RS-232
device and Set them to the
same parity.
82 —-A Framing error has ~Check the number of stop bits
occured. in the open against the setting
of the device connected make
syre they are the same.
~Check the Parity and Data
bits to make sure they are
set the same as the device.
83 ~Framing and parity - —Refer to errors 81 and 82
errors have occured fixes.
CA(WRITE)
ACTION: As in I/0 BUS SPECIFICATION
The Parallel port will hald up the bus until
the last character is sent by the alc. It will
then issue a return message to the alc. Then i%
will print the last character followed by & cv and
1# depending wpon the carrviage return optionm specified
in the apen. If for some reason writing these last
characters fails it could hold up the bus the next
time bus communications are attempted. The only way
to clear this condition would be to fturn off the
RS-232/Parallel port interface to reset it
The RS-232 will hold bus up until it has
buffered up the data.
Error Possible Possible
Code Causes Fixes
4 ~Ppvice not open —{pen the device,
14 ~Device noft open for ~Opan the device in
output gutput mode.

OS(POSITION FILE)

ACTION:

Error
Code

UNSUPPORTED
Possible Paossible
Cavses Fixes
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i3 —Peripherals won’t ~Don’t use this command
support this command

O6(DELETE}
ACTION: UNBUPPORTED

Error Possible Possible
Code Causes Fixes
13 —~Paripherals won't -Don 't use this command

suypport this command

O7{(RETURN STATUS)

ACTION: As in 170 BUS SPECIFICATION under data comunications dev
If the buffer allows (ie buffer size of 3 or greater)
then two additional bytes of data are sent back they a 3
amount of data in the devices input buffer. The LSE of t
length is sent first then the MSB followed by the device

us.
Error Possible Faossible
Code Causes Fizes
8 ~Bus evrror -Try it again.
~misuse of IO -Fix PAB.
call by sending
data

C8(YDU MAY REQUEST SERVICE]
ACTION: As in I/0 BUS SPECIFICATION for RS-232
UNSUPPORTED for Parallel port

Error Possible Passible
Code Causes Fizes
4 -Device not open ~Open device before issuing

this command.

13 ~Peripherals won't -Don‘t use this command
gupport this command

O9(¥OU MAY NOT REGQUEST SERVICE)
ACTION: As in I/0 BUS SPECIFICATION for R5-232
UNSUPPORTED ¢or Parallel port

Error Possible Possible
code Causes fixas

P e I LY
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4 ~Device net open

13 ~Peripherals won‘t
support this command

CALWAS IT YOU?)

RESPONSE TD 108 COMMANDS

~Open device before issuing

this command.

~Don‘t use this command

ACTION: As in 1I/0 BUS SPECIFICATION
Parallel port will allways return OA

Error Posgsible
code causes
g ~Bus error
-misuse aof I0
call
106 ~Migsuse of the
status from an
I0 call
16 -Device not opened in

input mode

B8O ~Data was lost dve to
a #ull input buffer
gr output buffer if
you are in echo mode

81 —-& parity error has
occured,

B2 ~A Framing ervor has
occured.

g3 ~Framing and parity

errors have occured

Tezxas Instruments a5

Possible
fixes

~Try it again.
-Fix PAB.

~-ilse response for
correct purpose.

~Change the open statement
to open the device in input
mode.

-Po input statements from the
RE—-232 more frequently.

-~ it is not important that
this data was lost you may
set the Data overrun option
to O=N so the evror is not
reparted.

~Check parity setting in the
open with that of the RE-ZIZ
device and Set them teo the
same parity.

~Check the number of stop bits
in the open against the setting
of the device connected make
syre they are the same.

-Check the Parity and Data
bits to make sure they are
set the same as the device.

~Rafer to errovrs 81 and B2
fixaes,

PRELIMINARY



RS-232 FUNCTIONAL SPEC RESPONSE T 108 COMMANDS

OB (YQU ARE THE MASTER)

ACTION: UNSUPPORTED
Error Possible Possible
ctode causes fixes
13 ~Pgripherals won’t ~Don‘t use this command
support this command
OC{(VERIFY READ/WRITE OPERATION?
ACTION: UNSUPPORTED
Error Hossible Pogssible
conde causes fixes
13 ~Pevripherals won’'t ~Don ‘t use this command
support this command
OD(FORMAT MEDIA}
ACTION: UNSUPPORTED
Error Possible Passible
code CAUSes Fixes
i3 ~Peripherals won’t —~Don‘t use this command
suypport this command
QE(READ CATALOG)
ACTION: UNSUPPORTED
Error Possible Possible
code CAVEESs fixes
13 ~Pgripherals won’% ~pon’%t use this command

support £his c ommand

OF (SET CHARACTERISTICS?

ACTION: AS IN I/0 BUS SPECIFICATION
Error  Possible Possible
code causes fixes
1 -Bad option ~Check options and fix
incorrect one,
-Nug separator ~Check for comma. period
or equals in the correct place-
4 ~Device not open ~Open device before issuing
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this cammand.
10(SEND BREAK)

ACTION: SENDS A BREAK SIGNAL OUT OF THE RS-232 FOR . 23 SECONDS

Errar Possible Possibise
code causes fixes
4 -Device not open ~Open device before issuing
B -Bus error ~Try it again.
~misuse of IO ~Fix PAD.
call
i4 -Device not open for ~Open the device in
output nutput mode.

FE(NULL OPERATION)
ACTION: AS IN 1/0 BUS SPECIFICATION

will be ignored by both devices
ERARURS: NONE

FF{(RESET BUS)
ACTION: AS IN I/0 BUS SPECIFICATION
1£ the device is open it will be closed
and the peripheral will reset thru its
initialization routine
ERRORS: NONE
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17 #
FE #

SURNPUBAWON-O

23
254
259

SECTION 7

1/0 ERROR CODES

DECIMAL MEANING

Everything is ok

Device/file characteristics ertor
Error in attributes byte

File not found

File/device not open

File/device already open

Device rror

EQOF error

Datasfile tooc leng errov

Write protect errvor

I+ wasn’'% me

Directory full error

Buffer size ervror

Unsupported command error

File not open for write

File not open for read

{ow batteries in peripheral
Relative file not supported
Sequential file not supported
Append mode not supported

Output mode not supported

Input mode not supported

Update mode not supparted
Internal or display type file not supported
Call to bus master from slave application evvor
Bus time out ervor

A # indicates that this error is not used in the RS-232 interface
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SECTIUON B

SPECIAL SOFTWARE MODES
There are several software modes available in the RS-232 Parallel
port interface Version VE21006. These modes are selected by the
state of certain lines on the A Port of the TMS 7040 containing
the code. The different modes select what device range the
parallel port is selected whether or not the RE-232 is enabled.
Below is a table of the way to select the modes.

A PORT VALUE ! Parallel port address range | RE~-282 state
mxxxooxxx : 50 TO G4 H ON
”XXX01XX; H 15*;3 19 § G;
XXXLOXXX ! 50 TO 34 H OFF o
KAXLLIXXX ' iS-TB 19 H OFF )
NOTE

¥ Means don‘t care
1 Means a high value on the port bit
0 Means a low value on the port bit

Bit 3 on the A port selects device range 1519 if it is set for
parallel port.

If it is not set then it selects device range 20-24 #for the
paraliel port.

Bit 4 on the A port if it is set turns off the R5-232.
If it is not set then it turns on the RE-2J2
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MODEM FUNCTIONAL SPEC INTRODUCTION

SECTION 1

INTRODUCTION

1.1 PURPOSE

This document describes the €functional attributes of a modem
designed for use with the CC-40, TI-99/2, and other TI computers
with Hex~bus interface capability.

1.2 SCOPE

This document covers the features and basic operation of the
Modem including software switch options and the basic electrical
and mechanical features.

1.3 RELATED DOCUMENTS

INTELL IGENT PERIPHERAL BUS STRUCTURE, TIMING, AND PROTOCOL
SPECIFICATION

INTEGRATED CIRCUITS., INTELLIGENT PERIPHERAL BUS
CONTROLLER (IBC) drawing no. 1052711
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SECTION 2

OVERVIEW

2.1 BASIC FEATURES

1. BELL 103 COMPATIBILITY -~ 300 baud FBK originate or
answer made, #ull or half duplex.

2. DIRECT CONNECT ~ Connects to a standard RJLIC Type of
modular phone jack.

3. HEX-BUS — Operates directly with all compuiers equipped
with Hex—bus interface.

4. INTELLIGENCE — A microprocessor is wvsed to implement
the Hex~bus interface as well as provide many of the
teatures which would be found in an RSE-232 interface.
Some of the features include options for parity, number
of bits, echa, etc. Data buffers are alsc provided:

8¢ characters for incoming data and 1 character for
output.

5. INDICATOR - An LED is provided to signal Hex—bus
activity.

&. BATTERY OPERATIONM —~ The Modem uses 4 AA alkaline cells
for portable operation and has a battery life of at

least 30 hours. An AC adaptor is an optional
accessory.

2.2 O0OPTION SUMMARY

The Modem has several software switch options that are used
to tell the peripheral and the computer how they are %o
communicate. These switches are specified when the device is
gpened,

1. ANSWER/DRIGINATE MODE ~ Selects which set of tones are
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used for ftransmitting data.

2. DATA BITS -~ The number of bits of data in each
character transferred.

3. PARITY — The method of checking the data transmission
far errors.

4. STOP BITS — The number of bits sent at the end of each
character to indicate the end of the transmission of
the character.

5 ECHO -~ Whether to retransmit pach character received.

4, CARRIAGE RETURN — The adding of a linefeed and a
carriage return or a carriage return to each record.

7. TRANSFER TYPE - The metheod used to transfer data to the
computer (record or character).

8. DATA OVERRUN - Whether te¢ report a data overrun error
from the Modem.

9. BAUD RATE - {nly 300 baud may be specified.

10. MESSBAGE ~ Whether to transmit the “CARRIER DETECT®
message.

2.3 SPECIAL COMMAND CODES FOR THE MODEM

There is a special command code in the Modem which causes
the Modem %o issue a continuous break {(space condition) for O 25
seconds on +the communication lines. The Modem upon receiving
this command holds up the bus until all of the characters in the
output buffer are sent out and then until the break is complete.
During this %time i% is still enabled to receive characters if it
is in update mode. The Modem is required to be in outpuf or
update mode to accept the command, The command code is 210
{decimal 14&) for this break command. This command is commonly
used to get the user up to the top command level of a system that
you are communicating with.
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SECTION 3
MODEM OPTIONS IN DEPTH

This section contains a list of the software options and
their defaults. Then it goes into a description of the saftuare
options which may be specified as part of the OPEN pperation.
The defaults will be set up at every OPEN statement unless
otherwise specified.

3.1 DEFAULT VALUES FOR THE SOFTWARE SWITCH OPTIONS

DEFAULT FORMAT GPTIONS

AMNGWER/ORIGINATE (3 M= YR
MODE

DATA BITS {70 % D= 7.8
PARITY (O) = p= L E, N B, M
CHECK PARITY (N3 Cw= My Y
STOP BITS {13 8= 1.2
ECHO (Y? B N. Y
CARRIAGE RETURN (L) R= M, G L
TRANBFER TYPE {(R? T= R.Co W
DATA OVERRUN (Y} O== N:. Y
BAUD RATE {300 B= 300 #%
NO MESSAGE MM

# Indicates the default is set at powerup and then remains
the same as its last value if it is not specified in the
OPEN.

## Only one value may be used. The command is used to
provide commonality with software written for RS-232
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driven modems.
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NOTE

The Modem is also compatible with the TI home
camputer RS-232 software switches. These
options are suppovrted:

BA= IS TREATED THE SAME AS SAYING B=
PA= IS TREATED THE SAME AS SAYING P=
DA= IS TREATED THE SAME AS SAYING D=
TW IS TREATED THE SAME AE SAYING S=2
CH 15 TREATED THE GBAME A8 SAYING C=Y
EC I35 TREATED THE SAME AS SAYING E=N
CR IS TREATED THE SAME AS SAYING R=N
LF IS TREATED THE SAME AS SAYING R=C

The defaults are also completely TI home
computer compatible.

3.2 BAUD RATE

The BAUD RATE is measured in bits per second. The default
powerup BAUD RATE for the Modem is 300 BAUD. Only B=300 or
BA=300 are allowed. Any other value will produce an errvar ({(code
13, This aption is only useful to maintain software
compatibility with RS-232 driven modems.

3.3 DATA BITS

The Data Bits switch specifies how many bits are in the
characters being sent. The default value for data bits is 7.
The values which can be used are 7 and 8. Once the number of
bits is set by an OPEN command, it will stay at that wvalue until
a new DPEN command specifies a different value.

For example the option D=7 will indicate that 7 bits are to
he taken as a character. This is the AS(CII standard.
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3. 4 PARITY

The PARITY switch sprcifies which type of parity is being
used in the data transmission scheme. Some of the parvity types
will be checked for by the Modem and if they were not received
correctly it will generate an error. The powerup default is P=Q.
This implies an odd parity bit will be sent. Once the parity is
set by an OPEN command it will stay at that value until a new
OPEN command which specifies a different parity has been issued.
The options are:

E for even parity, that is if there are an odd number of 1's
in the transmission the parity bit will be one, if not it
will he a zero, If specified will be checked if the
parity check +lag is set.

O for odd parity, that is if there are an even number of 1°s
the parity bit will be a one, if not then it will be a
1870, I+ specified will be checked for by the Modem if
parity check flag is set.

S for space parity. that is the parity bit will always be a
zero. Will never be checked for by the Modem.

M for mark parity, that is the parity bit will always be &
one. Will never be checked for by the Modem.

M for don’%t send a parity bit at all.

For example the option P=0 means that the parity bit is one
if the transmission contains an even number of 1's and it is zero
if the transmission contains an odd number of 17s.

3.5 CHECK PaARITY

The CHECK PARITY switch tells the Modem whether or not to
check parity. The default is M so the Modem will not check to
make sure the parity returned by an attached device is correct.
The Y aoption allows the Modem to check foar any parity errors and
if one occurs it issues an I/0 errvor 81 parity error.

For example C=Y will caugse the Modem to report any parity
errors when they occur.
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3.6 STOP BITS

The GSTOP BITS switch tells the Modem how many stop bits to
transmit with the data in a transmission. The default is 1 stop
bit, This means that 1 bit will be transmitted beyond the data

to indicate the transmission is terminated. The options are 1 ov
2.

Far example the option S=2 would cause the Modem to generate
2 stop bits to terminate its transmission,

3.7 ECHO

The ECHD switch tells the Modem whether or not to send a
character it has just received back to the sending device. The
default for this switch is Y. The two options are N which does
net echo the characters back, and ¥ which echos the character
back to the sending device.

For example E=Y would send back any character to the device
it came from.

2.8 CARRIAGE RETURN

The CARRIAGE RETURN switch %tells the Modem ¢$o send an
avtomatic linefeed and carriage return or carriage return at the
end of each record. The default is i. for carriage return and
linefeed. The options are:

M for no carriage return or linefeed.
C for carrviage veturn only.
L. for carriage return and linefeed. h

For example R=N means the Modem will not send a carriage
return and a linefeed at the end of every record. '
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3.9 TRANSFER TYPE

The TRANSFER TYPE switch tells the Modem whether to transfer
a record, a character if it has one or wait for a character to
come in and then transfer it The default aption is R for
record. The pptions are:

R Transfers input to the computer in records. These records
are of the same length as the buffer length in the OPEN
If a <CR> is encountered before a record as large as the
buffer length has been received, the transmission is blank
$illed up %o the buffer length. The Modem will hold up
the Hex—bus until enough characters or a <CR> has been
received. Any <LF> and <CR> characters are removed before
the record is sent to the computer.

¢ Allows character by character transfers to the computer.
If any characters have been received., they will be sant to
the computer. I# more characters have been received than
the buffer allows for, only the number of characters that
£it into the buffer will be sent. The rest will be kept
in the bu#ffer for future transmission. I no characters
have been received then the Modem will return with a data
length of O.

W Also allows character by character transfers to the
computer. If any characters have been received it will
behave like option C. If nao characters have been received
it will wait until 1 character is received by the Moden
and then send that character out on the Hex-bus.

For example T=C will transfer one or more characters if the
buffer is not empty. I# the huffer is empty it will return a
data length of zero and a status of C.

3.10 DATA OVERRUN

The DATA OVERRUN option tells the Modem whether to report a
data overrun error or not. When a data overrun error  OCCUTS:
data has been lost. The reason for a data overrun ervor is that
the buffer filled up and no more characters could be received.
Data received after this point is ignored %#ill there is room for
more characters. The default option is Y for report a data
oVeTTUn &% an error, The other option is N for do not report a
data overrun condition to the computer.
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For example O=N will ignore data overruns when they happen.
If the device is in echo mode the overrun character will not be
echoed. Data received by the Modem during this time will be
lost. Since there will Be no data overrun errvror generated., a
BASIC program will not stop running with an I/0 error. This
allows a BASIC program to do input from a Modem connected
terminal and have a type ahead capability without erroring off if
the user has typed too many characters ahead.

O=Y will issuve an error when a data overrun error has
occured, This will terminate execution of a BASIC program with
an I/0 error. This is important in some applications where
losing part of the data will mean that the rast of the
communication may be useless.

3. 11 NO MESSAGE

Unless the NM (no message) option is chosen in the OPEN. the
message "CARRIER DETECT" will be placed in the input buffer each
time +the Modem is opened as socon as the carrier from the other
modem is detected. Therefore the first read command issued after
the carrier is found will return the data "CARRIER DETECT". I¢
NM is chosen as an option, "CARRIER DETECT" will not be placed in
the input buffer.
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SECTION 4
GENERAL OPERATION

The praogrammer can communicate with the Modem in two ways.
in assembly language, and thru BASIC commands and statements.
4.11. 1 USE FROM ASSEMBLY LANGUAGE.

Communicating with devices using the intelligent Peripheral
Bus is explained in depth D the Intelligent Peripheral Bus
Structure, Timing, and Protocol Specification The device
numbers for the Modem rvange between 70 andg 73,

4 11.2 USE FROM BASIC.

COMMANDS WHICH CAN BE USED WITH THE MODEM

COMMAND ALLOWED
LIST N
oLp NO
SAVE ND
OPEN YES
PRINT YES #
INPUT YES =
LINPUT YES #
CLOBE YES =
caiLL /0 YES
EOF YES #%
FORMAT NO
DIR NO
VERIFY NO

# AFTER AN OPEN
& ALWAYS RETURNS NO END OF FILE

A MODEM EXAMPLE IN BASIC

10 DIM AS(8O)
20 OPEN #20, *70. B=300, P=E, =N, T=W, E=N", DISPLAY, UPDATE
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30 FOR I = 1 TO 80 : INPUT #20.4a%(1)
4Q NEXT X

50 FOR I = 1 TO 80 : PRINT #20:A%(I)
&0 NEXT I

70 PAUSE

80 CLOSE #20

This program segment opens the Modem: veads in at least 80
characters, writes them back to the Modem, and then closes it
File number 20 is assigned to device 70 which is a Modem by the
open. The Modem is set up with a Baud rate of 300, even Parity.
ne echo, and the transfer mode is to wait until there is at least
one character received. The records will be of display %type and
you may read from and write to the device since it is in update
mode, You will ¢first input all B0 characters strings of 1 or
more characters from the file number 20. Next the 80 character
strings will be sent out to the Modem. At the end, a pauvse i5
used before the close since a close will cause the veceiving
modem to pick up at least one illegal character in this case due
to the noise created when the tone is removed from the phone line
by the close statement. When writing routines for the Modem, the
receiving modem should close first whenever possible to avoid
this prablem.

ANOTHER EXAMPLE IN BASIC

10 OPEN %7."70. P=0, T=R", DIEPLAY, INFUT
20 INPUT #7. 4%

30 PRINT A$: PAUSE =2

40 CLOSE #7

This program segment opens a Modem, reads in BO characters
and prints them %o the LCD display of the CC-4Q for 2 seconds.
File number 7 is assigned to device number 70 which is a Modem by
the OPEN. The Modem is set up with a baud rate of 300 (which is
the default), odd parity, carriage return and linefeed at the end
of the record (which is the default), transfer will be by
records., These records will be BO characters which is the
default assigned by the Modem interface. The characters will be
in ASCII +form as specified by the display file type. The open
mode will be Input so characters will be received #rom the Modem.
The 80 characters will be put in to the string A The Modem
interface will wait wuntil either 80 characters or a carriage
return have bheen typed. I# a carriage return is typed the rest
of the transmission will be padded with blanks up %o 8O
characters, In this case, the first record received after the
Modem is opened is always "CARRIER DETECT". The option, NM, can
be specified to eliminate this message. The string will then be
printed out. The device will be closed immediately since there

Tesas Instruments 42 PREL. IMINARY



MODEM FUNCTIONAL SPEC GENERAL OPERATION

will be nothing in the output buffer to send cut.
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Refer to the I/0 bus specification
BUS STRUCTURE.,

deal with
generate.

what

SECTION S

RESPONSE TO 102 COMMANDS

RESPONSE TO 105 COMMANDS

TIMING,

commands are

ignored by the Modem.

QO (OPEN)

(INTELLIGENT PERIPHERAL

AND PROTOCDL SPECIFICATION) for a better
clarification of each of the command codes.

supported
Both the LOGICAL UNIT NUMBER and the RECORD NUMBER are

This section will
and which arrors they

ACTION: AS IN I/0 BUS SPECIFICATION

UNSUPPUORTED: APPEND mode

RELATIVE files

Errar FPossible
Code Causes
>01 ~Bad option
-po separator
>02 ~MNo attributes in
the I0 call
~No buffer length in
the 10 call
>08 ~Pevice was opened
bafore and never
closed
>00 —~Buffer length small
»11 ~Device opened for
relative files
>13 ~Device opened in
append maode
>19 ~t.0u bhattery
Texas Instruments 51

Possible
Fires

~Check options and #ix
incaorrect one.
~Check for comma., period
or equals in the correct place.
-Fix PAB,

-Fix PAB.

~Close the device and %ry again,
~Must be 4 or more.

~Belect a different file type.
~Change to another open mode.
~Change batteries or plug in

adaptor.
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RESPONSE TO 105 COMMANDS

OL(CLOSE)
ACTION: aAs in 1/0 BUS SPECIFICATION
The Modem will not close until its output
buffer is emptly.
Error Possible Possible
Code Causes Fixes
>04 -Pavice not open —Open device first.
>08 =Data too long in ~Fix PAB.
IO call
O2{DELETE OPEN FILE?
ACTION: UNSUPPURTED
Error Possible Possible
Code Causes Fixes
>0D ~Pgpripheral won’t ~iJse regular close command.
support this command
O3 (READ)
ACTION: As in I/00 BUS SPECIFICATION
Ervor Possible Passible
Code Causes Fires
>04 -Device not open ~Open the device before read.
>08 ~Data too long in ~Fix PAB.
I0 call
>OF -pevice not opened in ~Change the OPEN statement
input modse tn open the device in input
mode.
>80 ~-Pata was lost due to —Do input statements from the
a full input buffer Madem more fregquenily.
or output buffer if ~I# it is neot important that
you are in echo mode this data was lost you may
set the Dats overrun option
to O=N so the ervor is not
reported,
>5i ~& parity error has ~Check parity setting in %the
pceurred. OPEN with that of the Modem
device and set them to the
same parity.
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>32 —-A Framing error has —~Check the number of stop bits
cccurred. in the OPEN against the setting
of the device connected. Make
sure they are the same.
~Check the Parity and Data
bits to make sure they ave
set the same as the device.
G4 (WRITED
ACTION: As in 1/0 BUS SPECIFICATION
The Modem will hold bus up until it has
buffered up the data.
Ervror Possible Possible
Code Causes Fixes
>04 ~Devire not open —0Open the device.
S0E ~-Device not open for -{dpen the device in
output output maode.

OS(POSITION FILE)

ACTION: UNSUPPORTED
Erraor Possible Pogsible
Code Causes Fixes
>Qn ~Peripheral won’t -Don "t wse this command.
support this command
O&6(DELETE)
ACTION: UNSUPPORTED
Error Possible Possible
Code Causes Fixes
>0on ~Paripheral won’t ~Don’t use this command.

support this command

07 (RETURN STATUS?

ACTION:

As in I/0 BUS SPECIFICATION under data comunications
devices. If the buffer allows (ie. buffer size of 3

or greater) then two additional bytes of data are sent
back. They are the amount of data in the devices
input buffer. The LSB of the length is sent first,
then the MS8B followed by the device status.
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Error Possible Paususible
Code Causes Fixes
>08 -misyse of IO ~Fix PAB.
call by sending
data

O8{YOU MAY REGUEST SERVICE)
ACTION: As in I/0 BUS GPECIFICATION

Errvor Possible Possible
Code Causes Fizes
>04 ~Device not open ~Open device before issuing
this command.
>OF ~PDevice not opened in ~Change the OPEN statement
input mode to open the device in input
mode,

0F(YQOU MAY NOT REQUEST SERVICE)
ACTION: As in I/0 BUS SPECIFICATION

Error Possible Possible
caode causes fixes
»>Q4 ~-Device not open ~0Open device before issuing

this command.

CGAWAS IT YOU?)

ACTION: As in I/0 BUS SPECIFICATION

Error Possible Possible
code Causes fises
>08 —misuse of ID ~Fix PAB.
call
>CA -1t was not me ~Carrect response for a

peripheral that did not
request service.

>OF -Device not opened in —Change the UPEN statement
input mode to open the device in input
mode.
>50 -Data was lost due to ~Do input statements fraom the
a full input buffer Modem mors feraquently.

or output buffer if ~I# it is not important that
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you are in echo mode

>51 -4 parity error has
aecurred.

>52 ~#& Framing error has
accurred.

OB(YOU ARE THE MASTER)
ACTION: UNSUPPORTED

Ervor Possible
code causes
>0B ~Paripheral won’t

support this command

OC(VERIFY READ/WRITE OFPERATIUN:
ACTION: UNSUPPORTED

Error Possible
code Causes
>0D ~Pegripheral won’¢

support this command

OD(FORMAT MEDIA)}
ACTION: UNSUPPORTED

Error Fossible
code causes
>0n ~Peripheral won’t

support this command

CE(READ CATALUG!
ACTION: UNSUPPORTED

Texas Instruments 5-5

RESPONSE TO 108 COMMANDS

this data was lost you may
set the Data overrun option
to O=N so the error is not
raparted.

~Check parity setting in the
OPEN with that of the Modem
device and set them to the
game parity.

~Chark the number of stop bits
in the OPEN against the setting
af the device connected. Make
sure bthey are the same.

-Check the Parity and Data
Bhits to make sure they are
set the same as the devige.

Possible
fizes

~pDan‘t use this command.

Passible
fixes

e vt e . Vo o s

~Don ‘%t use this command.

Possible
fixes

s e e gt e T

~Don‘t use this command.
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Error Possible Possible
copde causes fixes
00 ~Pgripheral won’t ~Don‘t use this command.

support this command

OF (SET CHARACTERISTICS)
ACTION: AS IN I/0 BUS SPECIFICATION

Error Possible Possible
code causes fixaes
>01 —-Bad option ~Check options and fix
incorrect one.
o separator ~Check for comma, period

or equals in the correct place.

>04 ~Device not open ~Open device before issuing

this command.
10(SEND BREAK)

ACTION: SENDS A BREAK SIGNAL OUT OF THE MODEM FOR O.25 SECONDS

Error Possible Possible
coda causes fixes
>04 —-Device not open ~0Open device before issving
>08 -misuse of I0 —Fiz PAB.
call
>0E ~Pevice not open for -dpen the device in
output putput mode.

SO(BELF TEST)
ACTION: PLACES THE MODEM CHIPS IN THE SELF TEST MIDE.
This creates a closed loop so any data ¢transmitted

by the Modem is also veceived by the Modem
ERRORS: NONE

FE{(NULL CPERATION)

ACTION: A8 IN I/0 BUS SPECIFICATION
ERRCORS: NONE

FF{RESET BUS)}
ACTION: AS IN I/0 BUS SPECIFICATION
I+ the device is open it will be closed
and the peripheral will reset thru its
initialization routine, saving only the
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parity and data bits options.
ERRORS: NONE
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CODE, DEC IMAL

QG G
1431 i
o2 2
03 # 3
Q4 4
05 3
Ob6 * &
o7 # 7
og 8
09 # 9
OA 10
CR # 11
oC 12
oD 13
QE 14
OF i5
10 = 14
11 17
13 19
14 » 20
1% # 2%
16 # 22
17 = 23
18 # 24
19 29
ia % 26
1P # 27
20 # 352
50 = 80
51 #a 81
S22 wx B2
FE = 254
FF 255

SECTION &

I/0 ERROR CODRES

MEAMING

Everything is ok

Device/file option error

Errar in attributes byte

File not found

File/device not open

File/device already open

Device srror

EQF error

Data/file too long error

Write protect ervor

It wasn’‘t me

Directory full ervor

Buffer size errvrcr

Unsupported command error

File not open for write

File not open for read

Data error (checksum failure in device)
File type (relative/sequential) not supported
Append mode not supported

flutput mode not supported

Input mode not supported

Update mode not supported

Internal or display type file not supported
Verify error

Low batteries in peripheral
Uninitialized media

Peripheral bus error

Media full

Data lost due to buffer overrun

Parity error

Framing error

Call to bus master from slave application error
Bus %time out erraor

A % indicates that this ervor is not wsed in the Modem.
A ##% indicates a special Modem arror.

Texas Instruments
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Qnépéiificatidﬁs
7.1 Mechanical

7.1.1 Top Case.

Injection molded thermoplastic part to provide upper portion
of enclosure and battery well for 4 AA batteries.

7-1.2 DBottom Case.

Injection malded thermoplastic part to provide mounting for
PCB and lower portion of enclosure.

7.1.3 Front Case.

Ingection molded thermoplastic part to provide mounting for
two switches and an LED and provide the #front portion of
enclosure.

7.1.4 Backplate,

A metal gplate with openings for an a&C power connector., two
Hex—bys connectors, and ftwo telephone modular connectors.

7.1.5 Feet.

Elastomer strips which attach to the bottom case and provide
cushioning to reduce vibrations and to prevent unwarranted
movement on a working surface,
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7.2 Connectoars

7.2.1 AC Power Connector.

The Modem includes a connector for the AC power adapter.

7.2.2 Hex—-bus Connectgrs,

The Modem includes two bus connectors wired in parallel.
The connectors are Berg type &5945-208. Connector pin lagout is
shown below (looking into connector).

% [
3 L3

4 2 1

- e
LU LY

3
8 7

o
i

.

Terminal Signal

i

P1
BAV
GND
HEK
FUT
b2
D3

DN ALWRN ™

Pin 6 is not used, but they should
be tied together #rom one connector
to the second connector.

7.2.3 Telephone Modular Connectors.

Two telephone modular connectors (RJ11C) are included on the
Modem. lne jack is used %o connect the Modem to the phone line
using the modular phone cord provided and the other is a spare
Jack which wmay be wsed to connect a phone for dialing up the
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_distant modem. -
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7.2 Switches

7.3.1 ON/OFF Switch.

The Modem has an on/off slide switch lacated on the left
front of the enclosure. It will also serve to reset the Modem.

7.3.2 Telephone Connect Switch,

The Modem has a slide switch located on the back of the
casg. This switch is used to connect the Modem ¢o the phone
line. This connection is made after a call has been placed with
a telephone and the telephaone may then be hung up. In Answer
mode the switch is used to connect the Modem when the phone rings
(without picking up the telephone).

7.4 Bus Activity Indicator

A yellow LED (LITE~ON LT-3258A) located below the ON/OFF
switch on the front panel is used to indicats Hex—bus
communication,

7.5 Device Code Jumper DOptions

The Modem is normally configured to respond to device code
70 (hex 446). However, two jumpers on the PCB are provided +to
change the device code in order to use more than one Modem on the
bus. Cutting one or both of the jumpers changes the device code
to one of the following codes:

Device Code Decimal Device Code Hex
Normal 70 L ¥
Options with 71 A7
Jumpers Cut 72 48
73 49

Texas Instruments T4 | PREL.IMINARY
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7.6 Battery Operation

The Modem operates from 4 AA alkaline batteries when used as
a portable device. Under conditions of continuous communication

it will operate for at least 30 hours on a set of alkaline
batteries.

The Modem provides a low battery indication to the cpmputer
to warn of pooar battery condition. When the OPEN command is sent
to the Modem, a test of the battery wvoltage is made and if 3 low
Teading is discovered, error code 25 (>19) is sent to the
computer. '

Power ¢o the Hex—bus pullups and IBC bus control circuit
must be maintained between 4.5 agnd 5.5 volts.

7.7 AC Adaptor Operation

The Modem may be operated from the AC adaptor which is sold
separately. The Modem is designed so that when the AC adaptor is
used batteries are not necessary. However, if batteries are in
the Modem, they will not be discharged while the Modem is used
with the AC adaptor.

Power to the Hex—-bus pullups and IBC bus contrel circuit
must he maintained at 5.5 volts when the AC adaptar is uvsed.

The AC adapior provides & volts DC regulated power %0 the
Modem.

7.8 Packaging

The Modem, telephone cable, Hex-bus cable, and manuval will
be packaged in a cardboard box and appropriate insert to meet

Texas Instruments Consumer Products Group document GA 10237,
Group A.
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Mex—bus B8O Column Printer Introduction

SECTION 1
Introduction

1.1 Purpose

This document describes the features and operational aspects
of a printer peripheral. The interface of ¢this device %0 the
computer is described.

1.2 Applicable Documents

1. Intelligent Bus Controller Spec #1032%911
Intelligent Peripheral Bus

GRAS 10237

MIL STD 105

GRAS 10348

GRAS 10332

NP U R W N

1700 Cable Specification
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Hex~-bus 80 Column Printer

SECTION 2

Product Overview

2.1 Concept

Product Overview

The printer is a portable accessory o a computer. It is a

low power, low cost printing device.

TI PROPRIETARY 2-1
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‘#Print mechanism : Brother EP-20

ve. Print method : Thermal Ink Transfer
.. Printing speed : 20 characters/second maximum
.. . Characters/line : 80
. Printing area : 190.4 mm

#Paper
... Width : 8.5 inches

*Character set
Characters : 96 ASCII

#Supply voltage
4 D Cell Batteries (Alkaline)
AC adapter 120 VAL input

*Physical
Size : 31BmmdW} X 1&63mmcL.} X 4Bmom{H)
Case : Ingection molded painted thermoplastics

#onnectors

interface to calculatar : 2 ea Berg 65945-208
ar egguivalent
AC adapter :

T1 PROPRIETARY o 2=2
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Hex~bus BO Column Printer Dperation

SECTION 3
Gperation

The printer is initialized on power up and on reset. A line
feed and carviage return are performed when the printer is turned
on. It prints characters corresponding to the ASCII formatted
input data. It also accepts control codes. The character set
and control codes are shown in Figure 1. All control codes from
>0 to 21F not defined in Figure 1 will be ignored. <Lharacter
codes 27F to >FF will print a space.

I# a specified key sequence ie wuvsed when the printer is
first turned on, a self test consisting of printing a2ll 96 ABCII
characters will be executed.

TI PROPRIETARY 31 PREL.IMINARY
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Hex—bus 80 Column Printer
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Hex~bus 80 Column Printer Uperation

Control codes:

2L, il. — These are mode select codes which set the
printer to advance 1 or 2 lines when
a LF code is executed. For example, i#f
L=D is encountered in the open statement
or control code 2L is received, all LF
commands will advance the paper 2 liness
(including avtomatically added CR/LF at
the end of data records). It will remain
in effect until a8 il. code is encountered
or until a close command. The option
L=LD, 8] in the open statement and thase
control codes have the same effect.
{ng line advance is the default in the
open command.,

LF Line Feed — Advances paper one line

LU Line Up — Moves paper one line in opposite direction of LF.
CR Carriage Return — Returns printer to left-most position.

1/2LF 1/2 Line Feed - Advances paper 1/2 line.

17210 1/2 Line Up - Moves paper 1/2 line in opposite dirvecti.
"aof LF.

The printer will avtomatically genevate its own Carriage
Return/l.ine Feed to segment a data vrecord of printable characters
that exceeds character line length or when its B0 byte buffer is

full. In addition, all control codes except 2L and 1L will cause
the buffer to print,

As an option the printer will alse gensrate a Carriage
Return/Line Fead after each data record transmission. This

option will be selected in the open statement from the computer.
Ses BUS MESSAGE STRUCTURE.
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Hex—bus BO Column Printer Operation

PROGRAM EXAMPLES

Program

OPEN #1, "16", QUTPUT

PRINT #1, "LOW COST PRINTER"
PRINT #1, "800 COLUMNS"
CLOSE #1

Characters Printed

LOW COST PRINTER
BO COLUMNS

Proagram

10 OPEN #1,"1&, R=N", QUTPUT
20 FOR I=33 TO 127
30 PRINT #1, CHR$(1);
e 40 NEXT I
o S0 CLOSE #1
{ &0 END

Characters Printed

THRSUE  (da+, - /0123456789 i <=>7?RABCDEFOHI JKLMNDPGRSTUVWXYZIL\] _‘abcded
qretuvaxyz{id™
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Hex—~bus 80 Column Printer Bus Interface

SECTION 4

Bus Interface

4.1 General

The printer communicates with the computer via a peripheral
bus. The bus supports communications between the computer and
other peripherals in addition to the printer.

Transmissions on the bus are defined in the context of a
“message frame"” which consists of & command message from the

computer and one or more Tesponse messages from the peripheral.
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Hex—bus B0 Column Printer Bus Signal and Timing Description

SECTION O

Bus SBignal and Timing Description

5.1 BSignals

The physical bus consists of 8 lines. There are 4 parallel
data lines defining a 4 bit nibble as the basic unit of
information carried on the bus. Data within the communication
protocol is defined in 8-hit wunits {hytes). Each byte
corresponds to two t&ransmissions on the bus, least significant
nibhble first. Two more lines used in the communication are HEK
and BAV, both explained later. The last two lines include a
ground referance signal and a line reserved for future use. Data
is output to the bus via open drain drivers.

D3 most significant data bit
D2 data bit

D1 data bit

Bo least significant data bit
HSK handshake

BAV bus available

FuT regserved for future use
GND ~= ground

The speed of transmission of the data bus is controllied by the
handshake line HEBK. The BAV (bus available) signal is used %o
designate the beginning of a command message from the computer.

5.2 Handshake Timing

The signal timing of HSK and the data lines is illustrated
in Figure 2. The falling edge of HEK is the signal to receiving
devices that a nibble of data is available on the bus. The
rising edge of HSK is the signal to the transmitting device that
all receivers have read the data. HSK is an open drain line so
that any one device may hold it at a low level.

When the receiving device(s}) see that MEK has gone low they

rapidly (%hrough hardware) pull HSK low also. The receiving
devica(s) then hold HMSK low until they have processed the data.

TI PROPRIETARY S—1 PREL.IMINARY



Heyx~bus BO Coplumn Printer Bus Signal and Timing Description

The transmitting device will release HEK shortly after pulling it
low. This normal interaction is illustrated in Figure 3. I# the
transmitting device is slower than the receivers then it may
dictate the bus speed as shown in Figure 4.

When a device is not interested in the data being
transmitted it may disable itself from the bus and wait for the
next message frame (denoted by BAV going low). Once a device has

disabled itself from the bus. it need not participate in the
handshake activity.

Figure 2
Bus Handshake Saquence

Y / A

HEK Y
H

}

-y
-

<~ pne handshake -—Di

XXXXXXXXXX COXXXXXXXXXXX
DO~D3 XXXXXXXXXX XXXXXAXXXXX

{{~—— data valid ——2>i

Figure 3
Handshake Components
(Receiver Limited)

\ / \
HEK(composite) \ !/ \
* ] 3
+ [ 3
1<— one handshake ->>i (<~ next —
\ 7/ A"
HEK{xmit) AN / N
N\ f AY
HEK{rcv) AY / N\

TI PROPRIETARY 5-2 PRELIMINARY



' qg;Sighal and Timing Description

i-Figure 4
+ Handshake Components
ATransmitter Limited)

HEK (composite) \ 4 \
IR i i H
{<— one handshake ——2} i<~ next -
\ ! N\
HBK(xmit) \ 7/ \
\ / \
HSK(Tcv} \ £ \
Table &
Handshake Timing Parametsrs
(Microseconds)
Item Min Max
HSK low to data valid - . B
HEK low(xmit) to HSK low{(bus) - 3
HSK low(bus) to HSK low(rcv} - b
HEK low(xmit) %o HSK high(xmit) a -~
HSK high to data invalid O - #4
HSK high to HSEK low 8 20000 =

# within a message
##* because data is output via open drain buffers, and
HSK going high causes ones to be written into ¢heir
output latch, data becomes invalid on the rising edge
of HEK.
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Hex—-bus 80 Column Printer Bus Message Biructure

SECTION &

Bus Message Siructure

&, 1 Protocol

As mentioned earlier, the data bus ¢transmits command and
response messages within the context of a message frame, in
general the transmission of one command message from the computer
will cause one or more Tresponse messages to be transmitted Dback
from the peripheral device selected. Each message consists of
several nibble transfers as described in the previous section.

Each transmitted message contains oaverhead information to
indicate such things as the selected device, the command code fo
be performed, and data length. The BAV (bus available) signal
specifies the start of a message frame. When the computer starts
a message frame it first pulls BAV low. The command message from
the master then follows that falling edge of BAV. The falling
edge of BAV alerts all peripherals to loock for the two—~nibble
device code which is always transmitted first in the command
message (least significant nibble then most significant nibble).
The BAV signal dees not return to the high level until the

message frame is complete, This is illustrated in Figure 5
below.
Figure 5
Message Frame
other H command H Tesponse :
lines H message H message H
A} !
BAV \ 4 74 7
/7 £Fr
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Tahle 2
Message Timing Parameters
Item Min Max
BAYV low tg HSK low b+ 20000
HEK high %o BAV high 1 b
End of command %o start of response 10 it
HSK high to HSK low 8 20000
BAV high to BAV low 8 ——

(Within & message frame)

The first two nibbles of the command message always contain the
device code of the paripheral to be addressed. All devices on
the bus will read this number and test for a match. After the
device code has been sent all devices except the one selected
will ignore all further data in the message. The hardwsre will
be designed such that they will not have to participate in the
handshake segquence until the next Palling edge of BAV.

Any device may extend the time to process data or wait fer
an apevration to complete by holding HSK low until it is ready to
start the next operation. Whenever HEBK is high during a message,
it must go low within 20ms or the receiver will time out.

The command and Tesponse messages are detailed in a
following section.

As mentioned previously each device has a unique device
code, In addition., the device code 200 is reserved to be
recognized by all devices, but only the null and reset commands
are valid. All others should be ignored by the peripheral and no
response message showld be sent.
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6.2 <Command Message

The standard command message is divided into two distinct

transmission phases. The first phase is the command
transmission. The information necessary to the peripheral
(including the data) is ¢ransmitted ¢o the peripheral. The

second phase consists of the peripheral transmitting its response
to the command (In some cases, there will be no response to the
command).

The following data is contained in a standard command
message:

Field Bytes
Device codse i
Command code i
L.ogical Unit Number 1
Record number 2
Buffer length 2
Data length 2
Data variable

The fields in a command mescage are described below.
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. 2.1 DPevice Codea.

This selects the peripheral which is +to respond to the
command. The printer peripheral has been assigned device codes
16 and 17 (decimal). Each printer on the bus must have a unique
code. Maormally the code ig 1& A jumper wire on the PCB may be
cut to change the device code to 17. Two printers may be used if
one is set to 14 and the other te 17. Device code 17 may be
removed if not easily available on the microprocessoar.

All devices an the bus will respond to device code 00, but
will not refturn a responsg message.

H 2.2 Command Code.

This field tells the peripheral the nature of the operation
to be performed. The +following 1lists the standard code
assignments to be supported by the printer (hexadecimal).

>00 ~ open

>01 - close

>04 - write data

207 - return status

>0A ~ sarvice request poll
>FE « null operation

»FF — bhus reset

The specific actions of egach of these commands is described
later.

6.2.3 Logical Unit Number - LUND.

This is reserved. This #ield should be ignored,

H. 2.4 Record Number.

This is reserved. This field should be zero.

6.2.5 Buffer Length.

This field indicates +¢the size of ¢the data buffer For
receiving data from a peripheral during the current bus
operation. If it is not large enough to receive all the data to
ke returned by the printer, a buffer length error (>0C) should be

TI PROPRIETARY &4 PRELIMINARY



#g

Hex~bus 80 Column Printer

Bus Message Structure

returned instead. This 1length is exclusive of the data length
and return status bytes which form part of the responss message.

&. 2. & Data Lenghh.

This field gives the number of bytes of data which follow in

the data tield.

&.2.7 Data.

Thig field contains data to be written tp the peripheral
device. The use of the data depends on the command code. If the
data length field is zevo then the data field is not present.

&. 3 Response Message

The response message contains the following data

field
Data length
Data
Operation status

4£.3.1 Data Length.
This field specifies

gollow in the data #ield and
suffer length in the command

& 3.2 Data.

This #field containg

hytes
2
variable
1

the number of bytes of data which
must be less than or equal %o the
gransmission.

the data to be ratyrned to the master

device; for example an an gpen gperation. I§ +the data length
$ield is zero then this field will be omitted. Whenever the true
data length cannot be determined at the time the lengih is sent,
the data field will be padded with trailing zeroces fov intarnal
type files or devices, and with tpailing blanks (>20) for display

type files ov devices.

T1 PROPRIETARY
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65.3.3 Operation Status.

This field contains a status of the operation. The
following lists the assigned response codes to be supported by
the printer (hex).

>00 ~ normal operation complefion
>01 - incorrect device option
>02 - ervor in attributes byte
>04 - file/device not open error
205 — #file/device already open
>08 —- data length too large

»0A — did not request service

»20C ~ buffer size arror

>0 ~ unsupported command error

&.4 Standard Access

The access to a printer is performed with a sequence of I/0
calls. Before using the printer it should be opened wusing the
open command. This may be followed by other I/0 calls to write
data or perform other functions. When the computer #finishes
using the printer it will issue a close I/0 call. This wiil
ensure that any necessary device dependent actions have besen

performed. The bus reset command code (3FF) will also close the
printer if it is apen.

6.5 Command Descriptions

This section describes the Command message setup and device
response for the various standard I/0 command codes.
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& 5.1 QOpen - QO

This command code is wugsed o initiate <the wuse of a
peripheral. The printer will check access modes and ensure that
it is not already open. if it is open or any other error sccurs
while the open is being attempted, then the appropriate error
will be issued and the open will not occur. Oftherwise, the
printer will be opened and resat to ifts initialized state. The
command message will be set up as follows:

$ield data
Device code as required
Command Code Q0
Logical Unit Number doan‘t care
Record number don’t care
Buffer length as reqguired f{at least 0004)
Data length as reqguired (GO04 returned)

The data bBuffer contains the following which is sent to the
peripheral.

I/0 byffer length (2 bytes)

(if zero then device refurns buffer size}
device attributes (1 byte:
device characteristics (if any}

The printer will compare <the ‘I/0 buffer length’ to its
capabilities and return either the reguested Iength or the
default length if the requested is zero (Default for the gprinter
is >0050}). The 170 buffer length is used hy the master to
determine what size buffer should be allocated by the master for
read operations, 1t differs from the buffer length field in the
PAB in that the buffer length field in the PAB only indicates the
size of the buffer for the cuyrrent bus aperation.

The device attributes hyte contains #lags used ¢to indicate
the access mode of the pevipheral. SBeveral bits are unused by
the I/0 scheme and may be used by the application software as
desived. Other bi%ts must be set to zero to alliow compatibility
with future peripheral protocol enhancements.
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The

Bus Message Structure

bit definitions are as follows <(bit O is the least

significant bit):

which contains device-dependent information relative

7~& — access mode
00 - invalid mode
10 - output mode (write only — MUST Be in this mode)
01 -~ invalid mode
11 - invalid mode
89 -~ MUST be zero((Q) - otherwise srror
(relative/sequential file type)
4 -~ don’t care (fixed/variable)
3 ~ don’t care (internal/display type’
2 ~ don’t care (reserved for device dependent use}
1-0 ~ don’t care (these two bits may be used as desived)
The

device characteristics field is a variable length field

to setting

up the device.

Printer device dependant features:

H=IN ar
R=N

Re=st.

CR

L=LD or
=D
=5

TI PROPRIETARY
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causes the printer to NOT issue a carriage return
and line feed at the end of each write command.
{default if omitted) causes the printer to issus

@ carriage return and line feed following each
write command.

Is the same as R=N and caused the printer to NOT
issue a carriage return and line feed after sach
write command.

g1

(double spacing) causes the printer to advance the
paper 2 lines each time the LF command is encountered.
It is the same as receiving a 2L control code to the
printer.

taingle spacing) caused the printer to advance the
paper 1 line each time the LF command is encountered.
It is the same as receiving a 1L control code to the
printer. This is the default for the open if the

L option is omitted.

PRELIMINARY



Hex-hus 80 Column Printer Bus Message Structure

Examples:
10 OPEN #1, "16", OUTPUT
cauvses the printer to issue a carriage refurn and
one line feed after each write command.

10 OPEN #1, "14. R=N", QUTPUYT or 10 OPEN #1, *1&. CR", QUTPUT
causes the printer to never issve carriage return
or line feed unless the end of the line has been
passed. Each line feed performed will advance the
paper 1 line.

10 OPEN #1, *10. R=L, L.=D", QUTPUT
causes the printer to issue a carriage return and
line +teed after each write command. Each line
feed performed will advance the paper 2 lines.

The response buffer will contain the accepted buffer length,
and the record number that the Ffile was opened to. For the
printer, this record number is be meaningless, so a zero (00}
will be returnad. This information is always returned, Thus the
Tesponse message for a successful open will bhe:

Data length Q004

Data (2 bytes) Accepted buffer length
(2 bytes) always 20000

dperation status (8 14]

An unsuccessful open may not return data in the response message.
The opevation status byte may contain the following error codes
(hax):

>00 — successful open
201 - incorrect device oaption
# pen options not correct
>02 - Invalid attributes
# Attributes byte (possibly including I/0
buffer length) not included in data
* Open mode not gutput
# Open mode not sequential
05 - file/device already open
>0 ~ buffer size ervor (Given if the buffer size in
the PAB < 0004}
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&£.5.2 Close — 0%,

This command terminates the use of a device. Depending on
the device <this command may be used to clean up internal data
(e.g. write an end of file}) or may be effectively ignored, In

general a close command must be sent between using a device and
another open command. The data length for the close command will

be zers (no data buffer is transmitted). The PAB should be sat
up as follows:

field data
Device code as required
Command Code 01
Logical Unit Number don‘t care
Record number don’t care
Bufter length don’t care
Data length 0000 (0000 returned)

The response message will only contain a status byte and a zero
data length (two bytes). The ervor status indications are (hex}:

>0 ~ device or file closed
>04 - device or file never opened
08 ~ data too long
* — The printer gives this error if data
is transmitted to it in the close command
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&.5.3 Write Data ~ 04.

This command is used to send data to 2 peripheral deavice.
The command message will contain the data to be sent to the
device. The PAB should be set up as follows:

tield data
Device code as regquired
Command Code 04
l.agical Unit Number don't care
Record number don‘t care
Buffer length dan’¥t care
Data length record length (0000 returnad)

The response message will contain zero-length data and the

aperation status. The +#pllowing error status indications may
pecur (hex):

>00 ~ write successfully completed
>04 - £ile/device not open

TI PROPRIETARY &—11 PRELIMINARY



Hex-bus 80 Column Printer Bus Message Structure

6.5 4 Return Status - O7.

This command is used to return device status information.
The information is returned in the data buffer. Certain bit
fields in the return data are assigned to standard meanings while
others are reserved for device dependent extensions. Certain
devices may return more bytes of status if the buffer length
allows. The PAB should be set up as follows:

field data
Device code as required
Command Code o7
Logical Unit Number don‘t care
Record number don’t care
Buffer length >= 3001
Data length o000 (0001 returned)

The bit fields in the return data are as follows (bit O is the
least significant bit).

7 — always rero(d)

& — always zero(Q}

5 — always zerol(0}

4 — 1 i# ogpen O i# closed
3-2 ~ always zero({0}
i-0 -~ always twa(1Q)

The following error status indications may occur (hex):
200 ~ status returned

208 ~ data too long (data length was not 0O)
>0C — buffer size error

TI PROPRIETARY &-12 PRELIMINARY



Hex—~hus 80 Column Printer Bus Message Structure

6.5 9 BService Request Poll - QA

This command allows 3 bus master to query a peripheral as %o
whether {t requested service from the master. The PAB should be
st up as follows:

field data
Device code as required
Command code OA
Laegical Unit Number dan"t care
Recard number don’t care
Buffer length as determined in open
Data length 0000 (data length returned)
Return status oA

The response message will consist of rero or more bytes of data,

and the return status. The following error status indications
may oeccur:

CA ~ it wasn’t me (unsuccessful poll)

# Any ofther error code indicates a successful poll
operation, and reflects the rveason for the
service request. Thus even devices that don’t
suppurt service requests need to return the *it
wasn’'t me" status code.

4.5 6 Null Operation - FE,

When the calculator receives a BAV interrupt and either no
devices are enabled for interrupts or the current service flag isu
set, then a null operation code is sent to all devices. There
will be no response to this message

field data
Device code 20 or printer device code
Command code FE
Lagical Unit Number don’t care
Record number don’t care
Buffer length don’%t care
Data length 00
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6.5 7 Reset Bus - FIF,

It may sometimes be desired to tell a device (or devices) to
close all open files (or devices) This command will have no
TeSpONsSe by devices, they will simply perform the action
Tequested (If they were not open to begin with, then they will do
nothing). The printer will initialize the print head and revert
€0 a ‘closed’ status. The PAB should be set up as follows:

fiaeld data
Device code 00 or printer device code
Cammand code FF
l.ogical Unit Numbear don’t care
Record number don‘t care
Buffer length don’t care
Data length 00

# For both the Null operation and Reset bus commands, no response
will be forthcoming.
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SECTION 7

Specifications

7.1 Comnnectors

The printer includes a connector for the power adapter.

The printer includes two bus connectors wired in parallel.
The connectors are Berg type &5945~208 or equivalent. Connector
pin layout is shoun in Figure & (looking into connector).

—

T L
-

F-1
~N W
n
-

o
¢}

Terminal Signal

N RO
O

Figure 6
Bus Connector Layout
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7.2 Switches
The printer has an on/off switch. It will also serve To
reset the printer.

There will be 2 push button switches, one for line feed and
agne for reverse line feed (line up). They cause continuous paper
teed until released.

The printer has an internal jumper to allow user programming
of the least significant bit in the device code (decimal
addresses 1& and 17).

7.3 Packaging

The printer, AC adaptor, hex—bus cable, and manval will be
packaged in a cardboard box and appropriate insert.

TI PROPRIETARY 7-2 PREL IMINARY
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Microtape Design Specification Introduction

SECTION 1

Iintroduction

1.1 Purpose of This Document

This specification describes the features and operational
aspects of a microtape peripheral for the hex—bus peripheral
system. This document is meant to be wused in formulating %the
detailed software design and to afford an accurate review of the
product features.

1.2 Scope of This Document

This document describes the features of the product which
are apparent to the user of a computer using the hex—bus, The
interface +from the BASIC language s vused as an example

throughout this specification. The electrical design is nof
discussed in detail although proposed (gross concepts are
presented. The interface of this (and other) peripherals fo the

peripheral bus is discussed in other documents.

1.3 Termineloaogy

water: drive, drive controller., peripheral bus, #ile,
vecord, directory. header, BOT/EQT, MRL, LUND, DL, access mode,
file type.

1.4 Related Documents

The following documents are referenced in the text or may
contain other material of interest ¢n the reader of this
document. Copies of any of thesa may be obtained by cantacting
Art Hunter at TI Lubbock;, phone 796—-3431; MB5G HEXD.

Texas Instruments i—1 Revision 2.1
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Advanced l.anguage Calculator Product A  Functional
Specification.

Advanced Language Calculator chrotapa Peripheral Functional
Specification.

Hex—bus Intelligent Peripheral Bus Structure, Timing. and
Praotocol Specification.

Lonestar Conscle Intelligent Peripheral Bus Software Design
Specification.
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SECTION 2

Product Dvervieuw

2.1 The Microtape Concept

The microtape peripheral is a magnetic tape drive which uses
a small (1/8 inch),endless loop.magnetic tape called a wafer.
The wafers vary in length from % to 75 feet. Tape speed is about
8 inches per second and the motor only vruns during wafer access.
Data density amounts to about 1.5K bytes per foot. However. the
capacity of a wafer is reduced significantly by a file diectary:
synchronization patterns preceeding data records and motor
start/stop time considerations. Thus the maximum access time and
the amount of data storage can be traded off by choosing tapes of
a certain length. Each tape has a reflective Beginning 0OFf Tape
marker to form a reference point on the fape. The bit-level
recording scheme uses a single track with ones and zeros recorded
as shown below. The transitions key the timing and the levels
determine the data content. Ewvery bit has & transition in the
middle. The scheme for reading data requires that this
transition be found and the data level following +the transition
is vead as & bit of data. The data level read from the wafer
will be the inverse of what was written so that the logic levels
written must be the inverse of the desired read waveform It
should be noted that transitions do not have to be present at a
bit edge and must be ignored when they do occur. For this
reason, once the bit time is known and a mid-bit edge found, a
2/3 bit-time wait must separate tests for the next mid-bit edge.

Read Data Patterns: high to low mid~bit transition is a O
low to high mid-bit transition is a 1

1< Zero 21 < One 21
Frrs H 17 Fir7 H Frrf/
Fr77 H frrr Lrr/ H Frr7

i< O i O 21< 1 >i< 1 i< o >
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 J—— ') $ - * H % H #
# timer interrupts every 2/3 of a bit-time starting from a mid-bit
(the interrupt occurs 176 of the way into every bit) :

2.2 Product Configuration

The product will consist of one microtape controllier/drive
which connects to the Hex~bus intelligent periperal bus. Up to
eight drives may be connected to the bus. Each drive on the bus
must have a8 unique device code selected by twe switches and a
jumper inside the microtape cover. Device codes 1 through 8 in
the Intelligent Peripheral Bus specification have been allotted
far microtapes.

A microtape drive will consist of the following major parts:

# F0C20 micracomputer

# Drive electronics

# Dvive mechanics

# Intelligent bus controller

#  Power supply

peripheral bus

.

—

¥ -

intelligent {-————imicro p
bus H

i controller |
3 4

LT 1)

\ i /

ipower soupplyl

1

L]

2.3 Data Format

Each microtape wafer will contain a #ile directory which
will serve as an index to all #£iles on +the wafer. Each wafer
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will be able to support up to 16 active or inactive files. Each
file will be represented in the directory by the the following
information:

An active/inactive #lag to indicate whether the file is
active, deleted or superceeded.

A last/not last flag to indicate whether or not the file is
the last active file on the wafer. This also indicates the
capacity to overwrite the file and/or open the £#ile in
certain modes. For an existing active file to be opened in
the update mode, it must be the last file on the wafer,

A data type flag for intermal or display format
The number of records contained in the #file.
The length of the longest record in fthe file.

Each file has a filename associated with it. This Ffilename
occurs only in the #ile header record at the beginning of the
actual file. The information in the directory is used to locate
the beginning of each active file at which time the filename
contained in the #ile header can be compared &oc the filename
being searched for ta determine if there is a match. This can be
be repeated until the file is found or a last file flag is found
in the directory.

The first time a file is accesssed, the directory is read
into controller RAM. As various operations are performed on the
file, the directory will be updated at certain points of access
if the contents of the wafer are modified.

Each record in a +file has a variable length format, and
carries a 16 bit data length field. Each record in a file.
including the file header record, contains the ordered number of
the file as it occurs in the directory and the ordered number of
the record as it occurs in the file.

Every record on the wafer is separated from each adjacent
record by a record gap which will provide Ffor motor stop and
start times between rvecords. A synchronization data field will
occur at the start of each record to indicate the beginning of
valid data and provide tape speed calibration and acceptance.

At least 2 inches of tape on esither side of the BOT/EQT mark
must be regarded as unusable due to vendor assembly technigques.

Waters may bhe write protected by removing a reflective
sticker on the cover of the wafer. The presence of this sticker
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‘2.4 General File Handling

Ang cﬁrﬁ@ntig Hﬁoﬁ?existant file opened for output will
" become the last file on the wafer.

Any currenth' ekisting f£ile opened for output will becoms
inactive and will be recreated as the last file on the wafer.

I# at any time the last #Ffile is deleted, the last file
status will revert +to the last active file. Any inactivated
files following the last active file will no longer be recognized
and may be overwritten.

Any records contained in a file which is subsequently opened
for output or deleted will become inaccessible ¢o normal 1I/0
operations. They must be transferred before the file becomes
inactive if %the application wants to keep them.

Inactivated files may be opened by file number and the data
records may be read if the file occurs before the last active
file. Inactive files may never be opened by file name since the
same name may occur later in an active file.

Examplie Ff Data Format On Wafer

iBOT MARK
1
'DEAD SPACE
]

Tape !SYNC

BEGINNING OF TAPE MARKER

LEAVE 2" OF DEAD SPACE BY BOT

o

Mk welh bR AR AmE AW tam AW Twe AW 4R

Travel ! REV. 0 TO ALLOW DRIVES TO BE

! !DIRECTORY REWV. O BACKWARD COMPATIBLE

H !

H TACT/DISP/A/10G0 18T: ACTIVE. DISPLAY,
! 3 REQ. B, 255 MAX REC LEN
FINACT/DISP/3/F 2ND: INACTIVE.: DIGPLAY,
H e | 3 REC. 8, 15 MaX
PACT/INT/4/9 ! 3RD: ACTIVE, INTERNAL,

H ' 4 REC. 8, 9 MAX
TACT/LST/DISP/4/F! 4TH: ACTIVE, LABT FILE. DIEPLAY,
! ! 4 REC. 5, 15 BYTES MAX

1 3
- .
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¥

| I —
.

- ewa M T

fLONG 5Y
]

NC

IFILEL

1

FSYNC

¥

'RECORD

#1

18YNC

¥

{RECORD

¥

#2

1 SYNC

1

!RECORD

#3

tSYNC

'FILE2

¥

TSYNC

b4

| RECORD

#1

PSYNC

' RECORD

#2

fSYNC

1

'RECORD

#3

PSYNC

¥

'FILES

1GYNC

i

TRECORD

Texas Instruments

#1

Praduct Overv

4TH FILE WAS CREATED WHEN 2ND
FILE WAS OPENED FOR OUTPUT

AFTER 3RD FILE HAD BEEN CREATED.
THE 3 RECORDS IN THE 2ND FILE
MAY HAVE BEEN SAVED BEFORE THE
FILE WAS OPENED S0 THEY COULD BE
TRANSFERRED

END OF DIRECTORY SPACE

LONG SYNC FOR REWRITING DIRECTORY

FILE NAME OF 18T FILE

1ST RECORD OF 18T FILE

2ND RECORD OF 18T FILE

FILE NAME OF 2ND FILE

1ST RECORD OF 2ZND FILE

EVEN THOUGH THIS FILE IS
INACTIVE IT’S RECORDS AND
FILE NAME REMAIN INTACT.

THE DIRECTORY WILL NOT ALLOW
THESE RECORDS TO BE ACCESSED
BY NORMAL MEANS SINCE THE FILE
MAY HAVE BEEN RECREATED
ELSEWHERE

FILE NAME OF 3RD FILE
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1

' GYNC

1 RECORD

#2

1SYNC

'RECORD

$

#3

1GYNG

YRECORD

#4

FSYNC

]

'FILER

1

s SYNC

1 RECORD

#1

'SYNC

]

{ RECORD

#2

' SYNC

{ RECORD

#3

FGYNG

)

| RECORD

#4

P

' DEAD SPACE

reaT

Texzas Instruments

e s mee sam e SAN KW ReN sam Zdk PIM ABM e eme M S YA AR D4R IR PR EWR BAR e 2o e e S adm I N L L

ahm YHE AER tuk s xwe AW DWR 4

Product Overview

+

FILE NAME OF 4TH FILE

THIS IS AM ACTIVE FILE HAVING
THE SAME FILE NAME AS 2ND FILE.
IT WAS CREATED WHEN THE ORIGINAL
FILEZ2 WAS OPEMED FOR DUTPUT
AFTER FILE3 HAD BEEN

CREATED

LEAVE 2" OF DEAD SPACE BY EOT

END OF TAPE MARKER

2~é Revision 2.1
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Individual Record Structure

TINTER-RECORD GAP!

'

s SYNC

' START NIBBLE

IFILE NUMBER

3

'RECORD NUMBER

L

IDATA LENGTH

tDATA

1 CHECKSUM

NOT PART OF DIRECTORY
OR FILE HEADER RECORDS

i

Wt Atk AWMt v 3 A W 2am TR TR e Tk T

! INTER-RECORD GAP!

-
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SECTION 3
Input/Output Interface

This saction describes the software interface tto the
microtape functions. Gpecifically the actions taken $for each
valid I/0 command <code are described as well as such ancilliary
subjects as error codes.

3.1 Capabilities

Each wafer contains up to 16& files composed of one or more
data records of varying lengths. Ang record length up to 32747
bytes may be supported by the microtape as the data rate of the
bus will exceed ¢the data rate of the drive and the record need
not be buffered in memory.

The group of records +Ffollowing a Ffile header define a

sequential file. Randem record accass is not supported. The
last record written will define the end of file. Up to 4095
records may be written +¢o a file. In the update mode, write

operations must be followed by a restore f(or a close and
openlbefore a rvead can be done. In update mode, a read may be
followed by a write operation which will maintain the preceding
part of the file read and set a new End Of File.

The microtape coniroller recognizes device codes 01 through
08 as indicated by the device select switches

3.2 GStandard Command Actions

This section discusses the controller response to various
command messages, Both standard and special command codes are
discussed. The PAB construction examples show the wuse #for <tThe
microtape subset of the 1I/0 standards. The examples dp not
necessarily conform to the standards presented in the Psripheral
Bus Specification. Differences for ¢he microtape primarvily
consist af don’t care fields in certain bytes of +the PAB which
have defined values for standard access. Fields which subset the
standard are noted with an asterisk (#) in the examples.

Texas Instruments 3-1 Revigion 2.1
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Between commands a microtape drive will be idling, waitng
for the next command. The motor will be stopped, the front panel
LED will be off, and the bus interface will be enabled.

The following general actions take place in the microtape
during every command:

#Initialize intervupts and stack. rTeset drive controls
#Enable bus communication at start of next message
#Wait for Start OFf Message (BOM)
#Turn on sensors and LED
#Read device code and compare to microtape device number
if microtape selected, then continue
it not selected, then restart sequence
#Read remainder of command PAB
#I# NULL command., then restart sequencs
#Test for wafer write protect and set flag
#Decode command and execute
#I¢ unsupported command, then ERROR 13

#I¢, while reading, the drive loses its position on the wafer,
then ERROR &

#I¢, while writing, the end of tape mark is detected. then
ERROR 32

3.2.1 Open - 00. This command code is used %o initiate access
to a particular file on a drive. The PABR should be set wup as
fallows:

field data
Davice code as reguired
Cammand Code 06
Logical Unit Number don’t care® (LuNG)
Record number don’t care#{next returned)
Buffer length >= Q004
Data length >= 0004 (0004 returned)
Return status {returned)
Buffer address as regquired

The data buffer will contain the following which will be sent to
the peripheral:

Bufter length (2 bytes) =~ the maximum requested record
length for operations to the device.

Device attributes (1 byte)

Device characteristics (variable length) — file name, may

Texas Instruments -2 Revision 2.1
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contain string for name of file or a 1 digit hexadecimal

£ile number.

The following actions take place in the micvotape during an

OPEN command:

#Read command data; buffer length.attributes
dF any data is missing, then ERRUR 1
#Read filename or number
if missing, then ERROR 1
if filename data length gt 12, then ERROR 1
set flag for file by name or number
#If a file is already open on drive, then ERROR §
#Lpad directory from water
#If no directery is found on the wafer, then ERROR 26
#If not sequential file. then ERROR 2
#1f opening for append. then ERROR 2
#If not opening for input, then check for write protect
if write protected, then ERROR %
#Search for file or end of data
#If the +#ile is neot found, then check access mode
i? output/update, then check number of files
i room. then create new file, write file header
if full., then ERROR 11
if input. then ERROR 3
#If the file is found then. check atcess mode
if update or input, then check file type
if not same file type., then ERROR 23
it update, then check #file position
if last file. then continue
i® not last file, then ERROR 80
if input or update, then check huffer length
if bl 1t max record length, then ERRQOR 12
if bl ge max record length. then ok
i# bl eq zera:. then check max record length
if mrl eq zero, then return 256
if mrl not zero., then raturn arl
if output, then check file position
it last file, then continue
i#® not last file, then check number of files
if room: then create new file, write header,
inactivate old file, init arl
it full, then ERROR 11
if output., then check buffer length
i# bl eg zero. then return 256
i# bl ne zero. Lthen maintain existing orl
#Tagt for EOT while writing file header
if¥ EOT found, then set EOT flag: reject recovd,
dont aopen file, ERROR 32
#If new file was created, then set new last flag.
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set file type flag
#If bl gt 32767, then ERROR 8
#Set open flag
#Save attributes
#Return buffer length, record number, and status

The peripheral will accept any maximum record length wup to
32747 since records need not be buffered in memory when they are
written or read. I1f the requested record length is zero; asking
for the default; then 256 is returned except in input mode. In
input mode the requested record length is compared to the maximum
record length of the fils. I+ the the maximum vrecord length on

the file exceeds that requested, then an error ocCurs. I+ the
the length requested exceeds the length on the file then length
requested is accepted. If a zero length is requested in input

mode then the maximum length in the file header is returned. The
device attributes byte contains flags used to indicate the actess
mode of the peripheral. Some bits are unused but should be set
to zero +to allow compatibility with future peripheral protocal
enhancements. The bit definitions are as follows (bit O is the
least significant bit).

7-& - access mode
00 - append mode (write only, at end of file}
10 ~ output mode (write only)l
01 - input mode {read only}
11 ~ update mode (read or write}

5 - pelative(i)/sequential(0) {(must be O}

4 fixed(l)/variahle(Q) (dont care)

3 -~ internal(1}/display{(Q?

O don‘t care

H

}

Dutput mode specifies that data will only be written to the
device and the "read data" command will not be used. Input mode
specifies that data will only be read from the device and the
syrite data“ command will not be used. Update mode means that
data may be both Tead and written. A read operation cannot
immediately follow a write operation in update mode, but must be
separated by a restore. This product and the associated
peripherals will only support sequential files with wvariable
length rtecords. COnly input and update modes check the file type
Bit of an existing file. Opening an existing file for outpul
aliows the file to he recreated for any data type.

The rtesponse buffer will contain the accepted/corrected
guffer length and the next record number if there are no errars.
Thus the response message for a successful open will be;

Data length 4
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Data Max. record length & record number
Operation status ¢}

An  unsuccessful open will return a maximum record length and
record number if the failure was related to the buffer length.
If there was another type of error no data will be returned. The

operation status byte may contain the following ervor/status
codes:

GO - ok

Gl ~ device characteristics error
02 - attributes error

03 - file not found

0% ~ file already oapen

06 - device error

08 ~ data/file too long

09 ~ write protect error

0B ~ %oo many files error (11}

QC ~ huffer sire error (12)

17 ~ wrong file type (23)

iA -~ no directory found (26}

20 — wafer full (323

30 - not last file for append or update (BC)
FF — time-out erroar (255)

3.2.2 Close - 01. This command terminates access to a file and
rewrites the directory if necessary (after output or update
mode). The PAB should be set up as follows:

field data
Device code as required
Command Code 01
LUNG don’‘'t carex
Record number don’‘t carew
Buffer length don’'t cares
Data length 0000 (G000 returned)
Return status {returned}
Buffer address don’t carew

The following actions take place in the microtape during a
CLOSE command:

#1Ff no file is open on drive, then ERROR &

#Reset gpen flag

#If update, or output mode, then check write protect #£lag
if not write proftected, then rewrite directory
if write protected, then ERROR @
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#Return status

The response message will only contain a status byte and a zevo
data length (twec bytes). The error status indications are:

00 ~ ok

04 — no +ile open

04 -~ device srror

09 — write protect

F¥F — time—out error (255

3.2.3 Delete Open — 02. This command fterminates access fto a
file, attempts ¢o delete the file and rewrite the directory (if

the wafer is not write protected). The PAB should be set up as
follows:

field data
Device code as required
Command Code o2
LUND don’t care®*
Record number don’t cara#
Buffer length daon’t care#
Data length cO00 (0000 returned!}
Return status {returned)
Buffear address don't cara#*

The following actions take place in the microtape during a
DELETE (OPEN command:

#1If no file is open on drive, then ERROR 4
#Reset open flag

#If write protected, then ERROR 9
#Inactivate file

#If file was lasi, then find new last file
#Rowrite directory

#Return status

The response message will only contain a status byte and a zero
data length (two bytes). The error status indications are;

00 - ok

04 — no file open

04 -~ device error

07 -~ write protect

FF — time-out errar (253}
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3.2. 4 Read Data - 03. This command is used to request a data
record from the wafer. The PAB should be set up as follows:
fiald data

Device code as reguired

{ommand Code 03

LUNC don’t care#

Record number don‘t carex

Buffer length max rvecord length

Data length o000 (length returned)

Return status (returned?}

Buffer address as required

Ne data will be sent with the command message.

The following actions take place in the microtape during a
READ DATA command:

#I+ no file is aopen on drive, then ERROR 4

#If output mode, then ERROR 15

#I+f EOF, then ERROR 7

#Read data length and datas and transmit over bus
#If there is a checksum mismatch, then ERROR 16
#Raturn status

The response message will contain the data requested. The recard
numher +field is ignored for this peripheral although others may
use it. The following errvor status codes may occur,

o0 ~ ok

04 ~ no file apen

O& — device ervor

o7 - EOF error

OF - read in write only mode (1%3)
10 - data error (16}

FF -~ ftime—out error {255}

The device ervor will ovecur if the record sync data is not found
before the BOT mark is sensed. Valid records will net coincide
with the EOT/BOT mark being sensed. or occur between the EOT/BOT
mark and the directory as this is detected during WRITE DATA and
would not be allowed.

3. 2.5 HWrite Data — 04 This command is used to send a data
recoard to a wafer. The PAB should be set up as follows:
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field data
Device code as reguired
Command Code Q4
LUND don’t carew#
Record number dan’t care®
Buffer length don‘t care#
Data length record length (0000 returned)}
Return status {returned)
Bu#fer address as required

Data will be sent after the command PAB assuming the data length
Was non Zero.

The follpwing actions take place in the microtape during a
WRITE DATA command:

#If no file is open on drive, then ERROR 4
#I# write protected, then ERROR 9
#I# input mode, then ERROR 14
#I# data length is too big. then ERROR B
#Receive and write record
#Test for EOT during WRITE DATA
if EOT found, then set EOT flag. reject record.
' close file, ERRUR 32
#Replace number of records count with current record number
#Compare DL of record to maximum record length (MRL}
if DL is greater than MRL, then replace MRL with DL
#Return status

The rTesponse message will contain zero-length data and the
agperation status. The following error status codes may oLour:

00 ~ ok

04 -~ no file open

0& -~ device error

08 —~ data toeo lang

09 — write profected

OE ~ write in read only mode (14}
20 - wafer full (32}

EF = time out error (253}

The "Wafer Full" error will occur if the EOT marker is sensed any
time the motor is running during a write operation.

3.2.6 Restore — 05. This command is used to position the wafer
to the +first record of the currently open file. The PAB should
be set up as follows:
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field data
Device code as required
Command Code GS
LUND don’t care#
Record number don’t care#
Buéfer length don‘t care#
Data length o000 (QOOC returned)
Return status {returned)
Buffer address don't care%

The wafer is positioned to access the first record of an open
file.

The +following actions take place in the microtape during a
RESTORE command:

#I# no file is open on drive, then ERROR 4

#8ave file number

#If not write protected, &then rewrite directory

#1f write protected, then poition to beginning of wafer
#Search for file by number

#Return status

The response message will contain zero-length data and the
operation status. The fallowing error status codes may occcur:

0o ~ ok

04 — no file open
06 — device error
FF — &ime out (253}

A file not found error may occur if the wafer needs to be cycled
and the file can not be found again

3. 2.7 helete — 06, This command deletes a file from the wafar,
The PAB should he set up as follows:

field data
Device code as required
Command Code Q&
LUND don‘t care#
Record number don’t care#
Buffer length don 't care#
Data length >=0G001 (0000 returned)
Return status {raturned)
Buffer address as required
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The following data is sent in a DELETE command:

Davice characteristics <{variable length) - file name, may
contain string for name of file or a 1 digit hexadecimal
file number.

The following actions take place in the microtape during a
DELETE command:

#Read #ilename or number
if missing, then ERROR 1
if filename data length gt 12, then ERROR 1
set flag for #ile by name or number
#I# a #ile is open, then ERROR 3
#I+ write protected, then ERRUOR 2
#HSearch for file
#If file not found, then ERROR 3
#If file found, then inactivate file
#If file was last, then find new last file
#Rewrite directory
#Return status

The response message will contain zero~length data and the

operation status. The following error/status codes may occur:
00 - ok
01 — characteristics error

03 - file not #ound

05 - file already open

06 — device error

09 — write protect ‘
FF - time out error (2551

3. 2.8 Return Status ~ 07 This command is used %o rebturn device
status information. to the data buffer. The PAB should be set
up as follows:

field data
Device code as vequired
Cammand Code o7
LUND don’t cared
Record number dort’t care#®
Buffer length > GOG1
Data length C0G0 (>=0001 returned}
Return status (returned]}
Buffer address as required

The hit fields in the return data are as follows {bit © is the
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ieast significant bif).

7 - and of file has been reached (i=ivue,O=false)
& ~ random access supported (zero returned)
5 -~ file is protected (zero returned)
4 - filefdevice open (li=true,O=false)
3-2 -~ device type (Gl returned)
O - display type
i — internal data type
2 ~ data communications
3 - undefined
1i-0 — 1/0 modes (11 retuvrned)
1 - read only
2 - write only
3 — read/write

The return status call must normally be preceeded by an open
call. i# it is not preceeded by an open call than the returned
value in bit 4 will be zero. The following error status codes
may be returned

o0 - ok
FFF - fime out

3.2.9 Verify - 0OC. This command is used to verify a data record
written to or read from the microtape peripheral. The PAB should
be set up as follows:

field data
Device code as reqgquired
Cammand Code QC
{UNG dan‘t carew
Record number don’t care
Buffer length don’'t care#
Data length record length (QO00 returned)
Return status {returned}
Butffer address as required

Data will be sent after the command pab assuming the data length
was non Zero.

The #following actions take place in the microtape during a
VERIFY command:

#1f no file is open on drive, then ERROR 4
#i¢ EOF, then ERROR 7

#Read wafer and compare to bus data received
#I¢# data length not same, then ERROR 24
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#1¢ data mismatch, then ERROR 24
#IFf checksum mismatch, then ERRUR 16
#*Return status

The response message will contain zero-length data and the
aperation status. The following error status codes may occur:

a0 - ok

04 - no #file open

Q&4 — davice error

07 — EOF error

10 — data error {(1&)

18 -~ verify error (24}
FF —~ time out error (255)

3.2.10 Farmat. Wafer - 0D This command code is wused to
initialize a water before data is written. The PAB should be set
up as follows:

field data
Device code as required
Command Code oD
LUND don‘t care
Record number don’t cares
Buffer length don’t carew®
Data length 0000 (D00D returned)
Return status {returned)
Buffer address as required

This command will write a tape header showing zero vecords on the
tape.

The following actions take place in the microtape during a
FORMAT command:

#T¢# a #file is open. then ERROR

#I# write protected, then ERROR 9 *
#Initialize directory in the controller RAM, no active files
#Write the directory to the wafer

#Return status

The response message will contain zero-length data and the
operation status. The following error status codes may occur:

G0 -~ ak

05 — +ile already open
Ob ~ device erroar

0% - write protect
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FF - time out error (255)

3.2. 11 HRead Catalog — OE. This command will read the directory

and the file headers
The PAB should be set up

fiagld
Device code
Command Code
LUND
Record number
Buffer length
Data length
Return status
Buffer address

The following action
READ CATALOG command:

#Set file name number
#1¢f a #ile is already

andg return the file information therein,
as follows:

data
as required
QE
dan’'t carew
+ile number
= 0012
QOO0 (0012 returned)
(returned?
as required

s take place in the microtape during a

flag to number
apen on drive, then ERROR S

#I# file number in PAB is O, then read directory

#Find file by number,

#I# file not found. th
#Pogition to end of fi
#If buffer length is 1}

read file name from header
en ERROR 3

le

£t 18, then ERROR 12

#Return data length of 18

#Return file number
#Return file name
#Return maximum recard

langth

#Heturn number of records

#Heturn flags (active,
#Return status

last, f#ile type?l

The data buffer returned will contain the following information.

File number
File name
Mumber of records

Maximum record length

Flags

byte

butes
bytes
bytes
bytes

=) e

The following error status codes may occur.

o0 - ok
03 - file not found
Q3 ~ file already o
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06 - device srror
OC — huffer length error (12}
FF — time ocut error (255)

3.2.12 Null - FE. This is a dymmy command and should be ignored
by all devices. No data will be sent and no response will be
returned. The PAB should be set up as follows:

fiald data
Pevice code as required {usually 00}
Command Code FE
LUND don‘t cares®
Record number don‘t care®
Buffer length don’t care#
Data length Q000
Return status {none rTeturned)
Buffer address none

The only response to a NULL command is to inhibit bDus

communication until the next message. The transmitter will time
ocut

3.2.13 Resat — FF. This command causes all devices on the bus
to close any and all open files. No response will be returned
since all devices execute this command. The PAR should be set up
as follows:

field data
Device code as required {(uswvally QO
Command Code FF
LUNDO don‘t care®
Raccocrd number don't cara#
Buffer length don’'t cared
Data length QG0
Return status {(none returned)
Buffer address nong

The following actions take place in the microtape during a
RESET command:

#I# no file is open on drive, then end command

#Raset cpen flag

#If update, or output mode, then check write protect flag
if not write protected, %hen rewrite directory
if write protected. then ERROR 9
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#Inhibit bus

There will be no response to a RESET command. The transmitfer
will time out,

3. 2. 14 Unsupported Commands.

After the PAB has been read, if the command is determined to
be unsupported. the microtape will wait until ¢the bus bhecomes
idle and then return a data length 0CCO and status OD (13).
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SECTION 4
Stringy Floppy Vtilities

Utilities will be provided for backing—up wafers. testing
drives and wafers, and other functions as needed. The wutilities
will be supplied on a microtape wafer provided with the
controller/drive. The utilities are written in assembly language
and execute in the calculator RAM memory. The special 1/0 calls
described above will be used by the utilities.

4.1 Operation

The wutilities are invoked from the BASIC interpreter with
the following commands:

OLD (n.utilities?}
RUN

When the utilities begin the display will show

MICROTAPE UTILITIES v:1.0

This will be displayed for 4 seconds or until a key is pressed.
Then the main prompt is displayed. The user will enter the

desired command and the wutilities will prompt for Ffurther
information.

4. 1.1 Back—-up.

The software will prompt for the device number and ask the
user for verification.

enter source device number:
enter destination device numbser:
verify back-up ss %o dd (enter)
back—up begun

complete; n files
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4.1.2 Quit.
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SECTION S
Implementation Overview
- ' File management requires certain information to be

maintained in the local processor memory. The memory information
Plock consists of the following:

item
Current file flags 1 Bbyte
EGF +lag bit 7
Error flag bit &
Write protect flag bit S
File open flag hit 4
Fila/record found flag hit 3
EOT flag hit 2
File reference flag (name/#) hit 1
Unused it @
Device attributes 1 byte {described in DPEN)
Permanent file flags . % bytes
Active ¥flag Bit 15
Last file flag Bit 14
Unused bit 13
File type flag bit 12
Number of records in file 1.9 bytes (it 11 - O?
- Current record number 2 bytes
Maximum record length in file 2 bytes
Current #ile number i byte

The current #file #Flags are changed and tested on a command to
command basis and., for the most pari, apply to handling an open
tile. The permanent file flags refer strictly to one file and
are kept in the directory when that file is not open and will be
written onto the wafer as a part of the directory.
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