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APPLICATIONS I

THE BUSINESS SWITCHING SYSTEM

R. M. Smith, BTL Dept 3233, HO, NJ

ABSTRACT

The Business Switching System (BSS) switches a maximum of 16 multi-
button electronic telephones (METs) and 8 central office (CO) lines. An
Intel 8080 microprocessor controls all BSS functions, including the
switching network. It recognizes MET button depressions, detects line
ringing, lights MET lamps, controls MET ringers, and implements the
BSS feature set. The BSS employs switching circuits and techniques
compatible with processor speeds and data accessing methods. As a
result, the BSS can be packaged in an overnight-size suitcase for easy
installation.

The BSS program is written in a structured macro assembly language
(SMAL)l’ 2 for the Intel 8080 microprocessor. The BSS program struc-
ture mirrors the logical structure of call processing familiar to key
telephone system designers. By calling various combinations of func-
tional modules that control the physical facilities, a designer can imple-
ment different feature sets without changing the main body of code.
This paper describes the functional hardware layout and the program
structure for the BSS.

INTRODUCTION

The BSS furnishes key telephone service for installations requiring from 2 to 16
telephones and from 1 to 8 CO lines. The BSS uses METs, which receive and
transmit serial data at high rates. See Figure 21-1. Direct station selection
(DSS) is provided, which permits intrasystem calls. The DSS buttons are located
on the upper faceplate. Station calls appear on intercom (I/C) buttons. LINE
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buttons pick up CO lines. The +/- button adds or removes lines or stations from
conferences.

An Intel 8080A processor controls the BSS in a standard processor configuration.
An overnight-size suitcase houses all BSS electronics except the METs. The
Intel 8080A microprocessor-based system, power supply, and mother board for
station and line circuits form the floor of the suitcase. Figure 21-2 shows the
physical arrangement of the printed circuit cards. The processor and its periph-
eral circuits fill the upper right-hand corner of the suitcase floor. The read-
only memory (ROM) board and the random-access memory (RAM) board (located
below the ROM board) plug into the processor board. Immediately below the
memories, the power supply occupies the lower right-hand corner. The pro-
cessor plugs into the edge of the backplane, which covers the left two-thirds of
the floor space. Also, the station, line, and tone boards plug into the backplane.

The BSS schematic is shown in Figure 21-3. The audio signal enters the system
at the tip and ring of the battery feed circuit, which feeds the monobus circuit. 3
The monobus circuit converts the audio signal to a current that flows along the
station horizontal to the connected vertical and down the vertical through the ter-
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minating resistor. Solid-state crosspoints connect verticals to the station and
line horizontals. Idle lines and stations connect to the ground vertical, the quiet
bus, to prevent monobus oscillation.

Data controlling the system flow through a 16-bit wide parallel data bus that ex-
tends from a latch on the processor board, along the backplane, to all circuit
boards. MET serial data travel to all station boards on a 2-conductor bus and
from all station boards on another 2-conductor bus. The 16-bit control bus
selects the station to receive the serial data. Data from peripheral circuits re-
turn to the processor via an 8-bit data bus.

AU

l

|

i

l
o
g

Figure 21-2 - Printed Circuit Card Arrangement
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Figure 21-3 - BSS Schematic




One disadvantage of processor-driven customer systems has been the difficulty
of entering station features, identities, and restrictions into the system memory.
The BSS implements feature programming through switches located on the station
boards. See Figure 21-2. The switches for each of two stations can be seen on
each of the two station cards. The schematic layout of the switches can be seen
in Figure 21-4. The buttons on a MET appear on the left; switch fields appear
on the right. Typical switch settings, with the resulting line-button identifica-
tions, are represented by the line numbers next to the buttons and ON dots on the

Figure 21-4 - 10-Button MET Translations
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switches. Every 6 seconds the program reads these switches and updates tables
that define station and line assignments and features. The slot into which a sta-
tion is plugged defines the access number of that station. The feature switches
and station and line board slot addressing provide a convenient way to administer
the station and line assignments and features. No other memory-entry interface
is needed.,

SOFTWARE

Software in BSS has been implemented in SMAL, which translates into 8080
assembly code. Approximately 8500 bytes of ROM and 500 bytes of RAM drive
the BSS with the present feature complement.

BASIC PROGRAM STRUCTURE

A definite structure characterizes BSS call processing. The top level of BSS code
defines the basic tasks performed in each 25-ms cycle as follows:

EKSEC: /* THE MAIN LOOP, RUNNING EVERY 25 MS */
CALL STIME; /* UPDATE SYSTEM CLOCKS */
CALL SSCAN; /* SCAN STATIONS FOR STATE CHANGES */
CALL CGSET; /* PROCESS STATION CHANGES */
CALL LSCAN; /* SCAN THE LINE RING DETECTORS */
CALL QSCAN; /* SCAN THE EVENT BLOCKS */

WHILE (A <= IN (8)) ZERO
/* WHILE THERE IS TIME LEFT IN THE 25 MS CYCLE */
DO;
/* CALL THE SYSTEM MONITOR */
CALL IMNTR;
END;

M(800AH) <= A; /* CLEAR THE CLOCK */
GOTO EKSEC; /* BEGIN ANOTHER CYCLE */

Each call executes a segment of the total job as described below.

STIME exists as a subroutine. See Figure 21-5. The system variables indicated
in the figure change with each 25-ms invocation of STIME.
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Figure 21-5 - System Timing

Station scanning is illustrated in Figure 21-6. The station scan transmits 25 bits
to the station set and receives 15 bits from the station. Transmitted and received
bit functions appear in Figure 21-7. The output of the station scan resides in the
scan table (SCTAB) last-look words. The last-look words give the station state
just before a station state change (for example, a button push, receiver off-hook,
etc.) and just after a change. When a state change occurs on two successive
scans, the station scan sets an activity bit, which signals an active change to
CGSET.

25 bits
TRANSMIT DATA

T0

MET

station scan routine

shift
registers 7 7

/7 7/

s
FROM _
——-PliRECENED DATAJ ralid
MET P
IR 4 SCAN TABLE -SCTAB:

15 bits L7 RING STATE
/
L

Ve
LAMP 1
LAST LOOK 4
— LAST LOOK 2

LAMP 20

LAMP 2
ACTIVITY BIT

Figure 21-6 - Station Scan
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POSITION
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DATA TRANSMITTED TO MET SET
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RINGER BIT 1 |1 0 o1
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RINGER BIT 2 |0 1 01
BUTTON |[o. )
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TONTROL
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STATUS - -
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NOTES:
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CORRESPONDING DSS BUTTON.

2) BD=1ON ALL BUTTON PUSHES (INCL DSS, RECALL)

3) BUTTON DN = 1 WITH DSS OR OTHER BUTTONS

Figure 21-7 - Data Formats




Following the station scan, CGSET scans the SCTAB for set activity bits that in-
dicate a station change. See Figure 21-8. When CGSET finds a set activity bit,
it resets the bit, exclusive ORs the new station state word (last look 2) with the
old one, and calls the station change routine (SCHNG), which compares this state
change word with a table of valid changes. When SCHNG matches the change with
a valid change in its station branch table (SBTAB), the entry address to the cor-
rect call processor lies in the two bytes following the matched change word.
SCHNG then transfers control to the call processing routine entry.

Three call processing modules perform most of the call processing; five call pro-
cessing modules perform all call processing. If a LINE button is pushed, the
line button module (or line processor module) receives the transfer from SCHNG.
The DSS module receives intercom calls activated by the DSS buttons. The inter-
com module receives any intercom button indications. In addition, the off-hook
and on-hook modules receive control on the off-hook and on-hook state changes,
These two modules usually transfer control to the other modules, except when
processing is trivial or not possible with the other modules.

The line button, DSS, and intercom modules have the same structure; therefore,
only one, the line button module, will be described. See Figure 21-9. SCHNG

SCTAB:

scan for
@ changes
scan
table J&—— STATION STATE
T
@ chg CGSET LAST LOOK
|¢&—— NEW LOOK
no ch
@ 9 LAST LOOK XOR
@ NEW LOOK = CHANGED BITS
SCHNG
find correct
"] entry point
for change
SBTAB l

CHNG 1 : ENTRY 4 | GO TOENTRY L

CHNG 2 : ENTRY 2
. °

. .
CHNG 20: ENTRY 20

Figure 21-8 - Station Set Change

21-9



4ENTRY A: o0 ENTRY L LA ] ENTRY R:

parameters
fixed by entry

BPROC: lline no., station no.
169 BYTES FORM
STATUS WORD

LBTAB
STATW 1 : KEYWD 1
A STATW 2 : KEYWD 2
MATCH N . .
STATUS WORD e . .
L] L]
line no., station no. STATWA14 : KEYWD 14
keyword
LSUPV

¥ SUPERVISOR RETURN

l l

1
| LHOLD| DRPLN |RSTOP1 lLPKuRJ [éLMovl LPRES
578

HOLD 748 55B 268 1118
MODULE RING
(1708B) MODULE

Figure 21-9 - LINE Button Push Schedule

transfers control to an entry (top of the figure). These entries fix the correct
parameters in the B register. For example, if the prime line is line 3, the B
register contains a 3 after the PRIME LINE button is pushed and the program
enters the line button module. The B register contains this line number through-
out this call processing sequence. Similarly, the C register contains the station
number, the HL register pair contains table indexes, the D register contains sub-
routine indexes, and the A register passes values into and out of subroutines.

The station number (in register C) and the line number (in register B) allow for-
mation of a status word that describes the station and line states. Figure 21-10
shows the only parameters necessary for call processing of a LINE button. Seven
bits encode these states, which are compared to a table of all valid states in the
line branch table (LBTAB). When a match of the actual state with an LBTAB state
is found, the byte following the LBTAB state (the keyword) indicates the line
primitives to be executed. Line primitives perform basic tasks in call processing;
for example, DRPLN drops an active or ringing line, while LPKUP picks up an
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inactive or held line. The required primitives are executed, and then control is
returned to CGSET. CGSET restores all registers saved before calling SCHNG
and continues scanning for activity bits,

The line scan routine (LSCAN) reads ring detectors on the line boards. See
Figure 21-11, When ringing is detected on two successive scans, an event block
is set, which checks the ring detectors in 0.3 second. If the line is still ringing,
ringing of all stations on the common audible list of the line is initiated.

QSCAN schedules six events. Figure 21-12 describes these events and shows the
flow of control. Basically, an active event block contains a time of day when one
of the six routines (also encoded in the block) must be executed. When the time

+/- bit
‘4 if line busy on station
spare
b7 b6 b5 b4 b3 b2 b1 b0
¥_ﬁ_—/
V47 if station is busy Line call stafe
. " O-IDLE
switch hook state 1-BUSY
2 - RINGING

3-HELD, OPEN
5-BUSY -PRIVATE

Figure 21-10 - LINE Button Push Status Word

ring ——| L SCAN [e—— |ast look

detectors
changes
LCHNG
call
one of three
event block pgms
SET A BLOCK
TO RING SCHEDULE DE-SCHEDULE
A LINE IN A RING A RING
0.3 SEC IF TIME ouT ) TIME OUT
STILL RINGING (ring stops) (ring re-starts)

Figure 21-11 - Line Scanning
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B;g?,l:,; » time of day [&=——— time of day
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EVENT QCHNG
BLOCK 25 call change T(R)EE;‘E'/\&IN
TIME UP routine
]
v ¥
I?LI\LGS.:._ILNOEOK CANCEL LINE STOP RINGING
TS "q" PRESELECT ON A LINE
(268) (258) (168)
A A
STOP A CLOSE LINE FLIP A TONE
STATION RELAY OFF (OR ON)
RINGING (FLASH) 8 RESCHEDULE
(118) (98) ON (OR OFF)
(102 BYTES)

Figure 21-12 - Event Blocks

of day (from STIME) matches the scheduled time, the queue change routine
(QCHNG) executes the required program. SKED activates an event block and
DSKED deactivates one.

BASIC TABLES

BSS data structures center around the six basic tables shown in the Figure 21-13,
All of these tables are written and read by buffering routines called with para-
meters in the D register, lines (or called stations) in the B register, active
stations in the C register, and data written or read in the A register. Beginning
at the top of Figure 21-13, LITES and RNGST set all lamps and ringers in the
SCTAB. The station scan translates this table, with system clocks, into lamp
and ringer station data. Station definition, station type, line assignments, line
preference, etc., reside in STDEF. The station definition routine (SDEF) reads
this table, and the switches input routine (SWIN) writes this table every 6 seconds.
The auxiliary line of definition table (LNDEF) defines the common audible list for
each line, and is composed in SWIN from station board switch inputs. The station
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data table (SDAT) contains all station dynamic data, such as call state, vertical
number, button states, etc. Initially, SDAT contains all Os. The SDATA routine
writes SDAT, and the SINFO routine reads SDAT. The STDEF, LNDEF, and
SDAT tables contain the program-station interface.

Line data reside in the line data table (LDAT). The LDATA routine writes LDAT,
and the LINFO routine reads LDAT. When LDAT is written, LDATA automati-
cally calls the routine that sets the line relay. LSTAT, which contains the ringer
status, is written by LSCAN. The LDAT and LSTAT tables define the line-
program interface.

The switching network or vertical information resides in VDAT. The VDATA
routine writes VDAT, and the VINFO routine reads VDAT. When VDATA writes
VDAT, indicating a horizontal connection (i.e., a line or station to a vertical),
the network setting routine is called automatically by VDATA and the network
connections are established as dictated by the written data in VDAT,

Call processing programs interface with hardware through table buffers only.
Thus, the call processing programmer must keep tables up to date. This prac-
tice minimizes programming errors and ensures system consistency. In addi-
tion, if the hardware, for example, the switching network, is ever changed, only
the interfacing routines need be changed; call processing remains the same.

The BSS supports most desirable key telephone features, including a 30-button
attendant station, in approximately 8500 bytes of ROM code. This system has
been performing for approximately 8 months as a test vehicle with an in-circuit
emulator support system and as a demonstrator with a version of the program in
the programmable ROM (PROM). Microprocessor speeds adequately serve the
timing requirements.
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Figure 21-13 - System Data Buffering
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APPLICATIONS II

A PROCON-BASED PERIPHERAL CONTROLLER

J. L. Haase,” R. J. Jakubek, S. M. Silverstein, BTL Dept 3234, HO, NJ

ABSTRACT

This paper describes the architectural considerations for the control
of customer premises peripheral equipment used in the Phase II offer-
ing of the automatic call distributor/electronic switching system (ACD/
ESS) service. The implications of connecting a microcomputer, simi-
lar to the Western Electric (WE) PROCON, to a No. 1 ESS, via a data
link, to control and monitor a variety of complex peripherals are con-
sidered. This is a high-throughput, real-time application where relia-
bility and maintenance are of prime importance. The system design is
presented with an attempt to highlight those concerns involved in achiev-
ing a proper balance between software and hardware implementation
alternatives.

INTRODUCTION

The flexibility of stored program controlled central offices makes it possible to
provide the business customer with many new features and services.” One of

the newest to be offered from the No. 1 ESS is ACD/ESS service. The basic func-
tion of the ACD/ESS is to distribute incoming calls to groups or splits of agents,
with the distribution determined by factors such as call origin, call type, order of
arrival, etc. The 60B Customer Premises System (CPS), with No. 1 ESS, pro-
vides this service to the business customer.

The 60B CPS contains a subsystem designated the remote data interface (RDI).
The subsystem controls console lamps, alphanumeric displays, a cathode ray
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tube (CRT), and other peripheral circuits, via a programmable controller
(PROCON) based on information transmitted over the centrex data link between
the ESS and the customer's premises. The control information received from
ESS by PROCON is decoded, processed, and communicated to the peripherals
by channels with serial data links.

Translation capability is available within the microprocessor random-access
memory (RAM) to allow the definition of agent splits. With this capability, a
single data link message can be used to control groups of lamps and displays
defined via these translations.

Information gathered by the microprocessor and transmitted to the ESS central
office includes console key depressions, CRT keyboard activity, and station
equipment status.

- SYSTEM ARCHITECTURE

In order to provide the required data multiplexing and demultiplexing between the
customer premises peripheral units and the ESS under program control, the
architecture shown in Figure 22-1 has been adopted. The ESS data link is con-
nected through a special modulator-demodulator (modem) to a data buffer

(DBFR). The data buffer is an independently operating unit that provides message
buffering in both directions. It also contains fault indicators and some logic,
which, under ESS command, controls the microprocessor (run, reset, and halt
operations). An 8K- by 24-bit read-only memory (ROM) program storage unit
(PSU) contains all the system programs and is interfaced with the instruction bus.
The rest of the microprocessor complex is interfaced with the system bus. This
bus contains a 4K- by 16-bit RAM used to hold translation and status information
and four input/output (I/O) channels that provide serial-parallel conversion and
data link control functions. The channels drive steering units that multiplex the
channel data to and from 32 data links that control consoles and lamp displays
directly. Also included on the bus is a clock that records real time in 1-us steps.
This clock is used to schedule processor tasks. Finally, there is a display for
diagnostic results. Some customer equipment requires special data link interface
circuits; for example, the scanner-distribution unit is used to interface with cir-
cuits that require parallel data, while an EIA interface card is provided for the
CRT terminal.
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Figure 22-1 - RDI Hardware Configuration

A well thought-out architecture should show consideration of flexibility, reliability,
maintainability, throughput, and cost factors, with the right tradeoffs being made
to yield a good overall system design. Flexibility is achieved largely through the
inherent features of a microprocessor by placing as many functions as possible

in the software without adversely affecting the other factors. Maintainability is
obtained by separating the processor bus from the system bus to yield more re-
liable communication between the ESS and PROCON. Here, reliability is impor-
tant for maintainability, since the PROCON, upon command from the ESS, is
responsible for diagnosing and isolating faults for everything located on the system
bus. A fault in a unit on the system bus, or of the bus itself, will not prevent the
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ESS from communicating with the PROCON. Good fault isolation is obtained by
providing a software diagnostic routine for each major unit on the system bus.
These include: the system bus, RAM, channels, and real-time clock. The result
of each diagnostic is a pass-fail on the unit or circuit pack in question. Thus, the
only real cost incurred in accomplishing good maintainability is the added expense
to enable the ROM to store the diagnostics.

The choice of PROCON as the processor can be attributed to three considerations:
speed, maintainability, and in-house availability. Since the application is one of
real-time processing, the speed of PROCON results in increased throughput over
other processors. The problem of diagnosing the processor for proper operation
is accomplished through the self-checking features of PROCON, resulting in an
easily maintained unit,

Perhaps the most important tradeoff affecting cost and throughput is the decision
to delegate a function to either hardware or software. In this application, a very
time-consuming task is the exchange of button and lamp information between the
RAM and the numerous consoles. If this is left completely to the software, the
throughput of the system is vastly reduced, resulting in a much smaller number
of consoles per RDI, therefore increasing greatly the cost of ACD service. By
delegating this job to the semiautonomous channels, throughput increases, allow-
ing more consoles per RDI. Even though additional cost is incurred per RDI by
adding the channel hardware, it results in a lower cost per console on a system
basis.

SOFTWARE ARCHITECTURE

The software is responsible for providing lamp and alphanumeric control upon
ESS command, driving the special interfaces, and detecting and reporting status
changes (i. e., button operations) to the ESS. Related to these tasks are such
functions as translation management, ESS message processing, data link I/0,
timing, and maintenance. The strategy used to implement these functions is
periodic data link service under program control. To support this structure, a
special-purpose, real-time operating system has been developed for the micro-
processor. Figures 22-2 and 22-3 depict a flow diagram of the system. The
system can be viewed as a finite state machine. The states are quescient (Q),
echo (E), maintenance (M), and active (A).
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Figure 22-2 - RDI Software Flow Diagram

In the Q state, the processor is idle and can be stopped or reset by ESS command
through the DBFR. Upon the reset and run command, the processor goes into the
E state. Here, ESS messages are echoed by the software to check the communi-
cation link and the sanity of the processor through its self-checking capabilities.
After a fixed number of messages, the processor switches into the M state.

In the M state, the processor waits for ESS messages. Upon receipt of a message,

the processor decodes it and executes the order, if it is accepted in the M state.
These messages include diagnostics (bus, RAM, clock, and I/O channels),
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exercises (processor self-checking and system fault detection), and state tran-
sition messages (go quiescent, go active, and initialize and go active).

In the A state, all call processing tasks are executed on a cyclic basis. From
here the processor can be commanded to reenter the M or the Q state. Thus,
typical operation is to bring the processor into the E state by a reset and run
order to check the link and the processor. Then, it enters the M state and the
surrounding hardware is checked. If the results are reasonable, the ESS issues
an initialize and go active command. The processor clears the data base and is
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Figure 22-3 - RDI Software Flow Diagram
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ready to begin normal call processing. Later, ESS can order the system back
into the M state and run diagnostics and exercises to verify operation. After
this, the system can be restored to the A state, leaving the translation intact
(using the go active order) so call processing can resume.

In the A state, the task dispenser software schedules tasks at two priorities: P1,
tasks whose periodic execution is guaranteed, and PO, tasks that are executed on
a time-permitting, round-robin basis. The dispatcher schedules six tasks at a
25-ms rate, one at a 50-ms rate, one at a 100-ms rate, and one at a 1-second
rate. The tasks run on level PO are nonessential, such as audits and RAM
exercises.

The first task run in an active cycle (peripheral I/0) experiences the least time
jitter. It performs data link I/O exchange operations with customer premises
peripherals, based upon entries in channel lists. These entries direct the pro-
gram to control words and a set of data buffers on a per-peripheral basis. The
program must know the state of the peripheral so it can select the proper I/0
operation. One of the features of this module is that the processor handles
multiple channels simultaneously, with I/O overlapped between channels.

While some channels are transferring data, the processor services another chan-
nel to increase throughput.

A central office data link driver (ESS I/0) is incorporated in the system. I
samples the DBFR for messages and buffers any orders for the message pro-
cessor. It also maintains a 3-level priority queuing structure of messages to be
sent to the central office.

The message processor decodes orders from the central office and executes them
by updating data entries in the RAM. Messages are of three classes: transla-
tion, call processing, and system status.

The rate generator maintains two software clocks and updates lamp bits in output
buffers as specified in the system rate lists. The lists are updated by the mes-
sage processor and the tone control routine.

The change scanner scans the buffers returned from consoles and reports fil-

tered button operations to the ESS via one of the queues. It also provides alpha-
numeric control and lamp test features. For the EIA data terminal, it provides
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adaptive error checking and recovery and maintains character input queues and
editing facilities.

The tone control program provides software timers, on a per-console basis, to
control the duration of audible signals at the consoles.

The CRT character dequeuer moves characters from a CRT queue to the output
buffer for the EIA interface unit at a 50-ms rate. The message processor, upon
ESS command, places characters on the queue, while peripheral I/0O actually
sends the characters to the terminals.

The lamp display I/O scheduler schedules I/O operations for lamp displays at a
100-ms rate by updating the I/O status in the control words used by the peripheral
I/0O program for lamp displays.

The button activity monitor program prevents console activity from tying up the
microprocessor, the data link, and the ESS.

As can be seen from the preceding discussion, structured programming techni-
ques and modular design result in cooperating tasks implementing system features.
Also, each task only utilizes a subset of the system resources. For example,
the message processor works only with certain data structures, while the pe-
ripheral I/0 program accesses only I/O buffers and control words in RAM and
the channel hardware. These approaches eased the software implementation and
debugging stages of the development.

ADDITIONAL MAINTENANCE CONSIDERATIONS

A combination of hardware and software components is used to achieve a 4-
faceted maintenance plan. The strategy consists of automatic fault detection,
automatic fault isolation, fault indications to the central office and the customer
premises, and automatic correction of soft failures.

The ESS communication is checked by data link parity, an all-seems-well signal,
and a modem loop-around state. PROCON has multiple parity bits to check the
integrity of the PSU. The microprocessor also performs an instruction sequenc-
ing check, via other bits in the PSU, and data matching checks via duplicated
data manipulation units.
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The global behavior of the system is monitored by periodic communication checks
from the central office and by the fault detection circuitry of the DBFR (time out,
all seems well, link blockage, etc.).

The system also runs auditing programs on its RAM data base to minimize errors.
These audits include translation consistency checks, pointer and index range
checks, list transversal checks, and traveling block memory exercises. The
software automatically recovers its work cycle on most soft failures.

UTILITY SUPPORT

The use of proper support tools that facilitate efficient software development is of
paramount importance in the development of a microprocessor-based system. A
good support package provides an easy method of source code generation and ad-
ministration as well as facilitating the assembly and loading of object modules.

A mechanism for providing tracing, address halts, register access, and code
disassembly facilitates the debugging of programs. A support package called
PDT (PROCON development tools), based upon the UNIX operating system and
SWAP assembler, has been developed specifically for use with PROCON, This
system served as the foundation for the design of software aides to develop the
Intel 8080 code for the 32A Communications System project. 2

CONCLUSIONS

In reviewing this paper, several concepts are worth emphasizing. First, the
concept of providing centralized features by multiplexing information over data
links is very effective. Second, stored program control and the microprocessor
concept form an excellent and flexible basis for providing a wide spectrum of
features to a variety of peripherals. Finally, hardware-software tradeoffs are
fundamental to the efficient design of microprocessor-based real-time systems.
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APPLICATIONS II

A MICROCOMPUTER-CONTROLLED SINGLE-LINE
TELEPHONE SYSTEM

S. W. Lye, BTL Dept 3313, IN, IN

ABSTRACT

A Texas Instruments TMS-1099 microcomputer has been used as the
controller of a single-line key telephone system offering pickup, hold,
illumination, tone ringing, intercom, and voice signaling via the 4-
conductor wiring common to most residences. The flexibility of the
microcomputer was fully exploited by simultaneous system design,
program development, and preparation of the hardware for a market
trial.

The single-chip microcomputer is an attractive alternative to custom
large scale integration (LSI) for small systems having anticipated fea-
ture changes or options and relatively low production volumes. Of
prime concern inthe selection of such a device for production design
are the power requirements and the circuits necessary to interface the
computer chip to the real world.

INTRODUCTION

In a computer age dominated by news about 8080 and 6800 systems offering in-
creased speed, expanded architectures, and complex resident operating system
software, one must seek out application data on the smaller 4-bit microcom-
puters which actually introduced this new technology. While there has been a
reduction in the cost and the complexity of the 8- and 16-bit systems, it is the
single-package machine that can now compete with custom logic in control appli-
cations within automobiles, appliances, and Bell System station apparatus.
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Considerable effort on the part of the semiconductor industry has been directed
towards this potential market where efficient, economic, single-package control-
lers are expected to find large market volumes. Though few in number now,
many 4-bit microcomputers will reach the commercial market in 1977.

The first application of the single-chip microcomputer technology in Bell System
station apparatus is in the single-line telephone system (SLS). This system
evolved as the vehicle for an AT&T market trial of single-line intrapremise com-
munication service for residences and small businesses. The system provides
pickup, hold, illumination, tone ringing, intercom, and voice signaling features
comparable to those of some business systems. The system, as shown in
Figure 23-1, consists of a locally-powered control unit mounted at the protector
block and a speaker adjunct associated with each telephone set. Also, special
one-piece telephone sets incorporating the speaker and controls within a modern
housing have been designed for use with the SLS system. The system is inter-
connected with standard 4-conductor inside wire arranged in any home-run or
daisy-chain scheme.

The challenge in designing a small key telephone system of this type is to make it
economical yet compatible with general purpose telephone sets and with the 4-
conductor wiring. Economics demand that all functions be performed by the con-
trol unit rather than be duplicated in each of the attached telephones or adjuncts.
Since two of the four wires are dedicated to the normal speech transmission mode,
the additional key button, lamp, ringing, and paging signals must be carefully
distributed on the remaining two.

THE SLS SWITCHING SYSTEM

A magnified view of the switching portion of the control unit is shown in Figure
23-2. The system consists of a loop current sensor, a hold bridge, an intercom
current source, and an intercom transfer relay. These elements allow the con-
nection of all telephones to either the central office or the intercom line while
holding the central office line or monitoring it for an incoming call. The magni-
tude of the current drawn from the intercom talk battery is monitored for local
supervisory purposes, i.e., it is used to select and release the paging system
from an intercom connection. Voice and tone signals are selectively mixed by
an analog switch before amplification and distribution to the system speakers.
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Also connected to the speaker distribution system is an amplifier identical to the
paging amplifier but employed to switch the station light emitting diode (LED)
status indicators. The slew rate of the lamp amplifier is controlled to allow the
LEDs to flash without generating audible clicks in the speaker system.

An adjunct circuit is shown in Figure 23-3. The circuit contains a diode-coupled
LED, a speaker with a bipolar blocking capacitor, a volume control and muting
contact, and momentary customer input switches. The hold and intercom switches
break and short the tip and ring conductors of the talking circuit, thus super-
imposing the system control signals on top of the central office supervisory
currents.

When idle, the switching system connects the station sets to the intercom battery
and the ac line termination to the central office line. The controller then monitors
the central office line for ringing voltage and the station sets for either an off-hook
current (30 mA) or an intercom selection current (80 mA). An intercom call is
originated by a momentary operation of the intercom key. The control system
responds by lighting the LEDs for a 3-second period. Lifting the handset during
the 3-second period causes the controller to connect a 0.5-second signaling tone
(750 Hz) to the paging amplifier. A paging message may be initiated after this
alerting tone. The paging amplifier is disconnected from the speakers if a

second station answers the paging call, or it is connected to a 20-Hz modulated
tone if ringing is detected on the central office line.

The central office line hold function is somewhat more critical than the intercom
sequence described above. With a single off-hook phone connected through the
loop current sensor to the central office, the controller has only one active input
bit - the presence or absence of current in the central office loop. The hold but-
ton (like the rotary dial pulsing contact, the switchhook, and the central office
switching equipment) generates an interruption in loop current when operated. It
is the task of the controller to measure the duration of all central office line open
intervals and determine the source of those exceeding 100 ms. This is ‘
accomplished by:

® Breaking the loop into two parts at the control unit.

® Testing for current in the central office and the station set
circuits.
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Figure 23-3 - SLS Adjunct Schematic

e Attempting to reestablish station current by reclosing the
hold button circuit through a relay operated by a momentary
reversal of the lamp signal polarity.

The return of station current within a selected interval following this sequence is
sufficient to assure a valid hold request. While the validity check is being per-
formed, the line remains terminated by the hold bridge, and the controller re-
turns a steady signal tone to the handset of the user generating the hold request.
When assured that a hold condition exists, the controller monitors the intercom
current for a hangup on hold, an intercom-paging request, or a reconnect request
from a station set.

When all the combinations of ringing, winking, flashing, holding, and paging are
considered, there are as many as seven simultaneous or overlapping events which
must be monitored and timed by the control logic.

THE MICROCOMPUTER

In August 1975, with only a transistor-transistor logic (TTL) breadboard to verify
the feasibility of the rather unusual control methods just described, a request for
model shop design information for a trial system was received. Many questions
regarding final features, human factors, requirements, and packaging of the
system had to be answered quickly in order to meet the January Laboratories
design information (I.DI) deadline.
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Texas Instruments' introduction of the TMS 1000 microcomputer provided an
attractive alternative to the 38 TTL packages of the existing SLS system. The use
of the programmable read-only memory (PROM) driven computer controller al-
lowed the physical design to proceed without the final answers to some rather
basic operational questions. With only the interface circuits to define, drafting

of the printed circuit boards of the control unit was nearly complete before any
TMS 1000 code was generated.

The TMS 1000 series is a family of p-channel metal oxide semiconductor (MOS) 4-
bit microcomputers with a read-only memory (ROM), a random-access memory
(RAM), an arithmetic logic unit (ALU), a clock, and input/output (I/O) logic on a
single semiconductor chip. The TMS 1099 used in the SLS control system is iden-
tical to the single chip system when it is connected to the PROM instruction mem-
ory. The logic diagram of Figure 23-4 shows the architecture of the TMS 1000
system. Note the direct-only ROM addressing, the single-level subroutine stack,
the two full-length general purpose registers, and the x-y RAM addressing system.
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Figure 23-4 - TMS 1000 Computer Block Diagram
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Also of interest are the single parallel input port, the single output port (5 bits,
expandable to 8-bit codes), and the 11 individually addressable R-output bit latches.
Examination of the 43 instructions in the standard TMS 1000 instructions set shows
an abundance of decimal arithmetic functions with adequate logic and bit manipu-
lation functions. The effectiveness of the computer in calculator applications is
demonstrated by the addition of two 15-digit BCD numbers with a subroutine of

18 instructions.

THE SLS COMPUTER CONTROLLER

The inputs to the TMS 1000 microcomputer in the SLS system are a digital and an
analog current signal as described in the discussion of the switching system.
Interfacing the contact closure of the loop current sensor is straightforward.
Determination of the magnitude of the intercom current is accomplished by a
complementary metal-oxide semiconductor (CMOS) Schmitt input inverter pack-
age. The averaged voltage is scaled by resistor dividers to fit the positive
threshold level of the inverter inputs. Three separate inverters respond to 20-,
40-, and 80-mA inputs. Decoding of the actual level from multiple bit inputs and
elimination of the hysteresis effects of the Schmitt inputs are accomplished by the
program logic.

The CMOS signals of the input logic must be level shifted for compatibility with
the inputs of the microcomputer. This is hampered by on-chip load devices pro-
vided for keyboard interface applications.

The p-channel outputs of the microcomputer are used to drive NPN relay drivers,
the CMOS analog switch of the paging mixer, and an n-channel buffer which
modulates the CMOS tone oscillator. In several cases, the absence of load de-
vices on the TMS 1099 necessitates extra resistors to sink the output leakage
current.

SOFTWARE
The SLS software flowcharts were modeled closely after the hardware logic they

were to replace. Special care was taken to avoid latch-up conditions which might
be generated by single-bit errors or improper reentry after a power interruption.
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The absence of any interrupt capability requires that the inputs be continually
polled for active data. This is accomplished by program loops which continually
check system flag bits, set the output status, and count valid intervals of active
data in six 3~byte counters. Only 81 of the 256 bits of RAM are used.

The program consists of 468 instructions stored in two Intel 1702A PROMs. The
program was edited and assembled on the Murray Hill time sharing network. The
CODEGEN assembler was used to generate a paper tape ROM list which was
loaded with a Pro-Log programmer. The present version of the software, now
six months old, followed seven earlier editions which represent a total of five
weeks programming effort.

PRODUCT CONSIDERATIONS

While one has little trouble justifying a $75 microcomputer with PROM program
storage for a small volume trial vehicle, the question of a moderate volume pro-
duct design must be examined separately. If the results of the trial forecast
sufficient sales, custom logic must be considered. A custom chip, with tailored
inputs and outputs, is most likely less expensive than a mask programmed micro-
computer. However, the TMS 1000, with a present cost of less than $5, is cer-
tainly competitive at lower volumes. When all the costs of system development,
manufacturing, and current engineering are evaluated, a microcomputer may be
justifiable on the basis of development costs alone. The microcomputer ability
to accomplish new tasks, features, or options within the same logic package will
ensure its competitiveness and extend its economic life.

The success of the TMS 1000 in this application does not imply that this particu-
lar microcomputer is the best possible for the application. While the single
power supply and low power consumption are valuable assets, the MOS logic
levels require interface circuits which cost almost as much as the computer
itself. A more flexible design, such as the MAC-4 proposed for manufacture by
Western Electric, may be especially profitable if it can successfully reduce this
interface cost.
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PERIPHERAL TECHNOLOGY

SOME POWER CONSIDERATIONS FOR MICROPROCESSOR SYSTEMS

P. D. Fisher, BTL Dept 2424, WH, NJ

ABSTRACT

The cost of power conditioning for microprocessors is a significant
part of total system cost. Precision regulation, special current-limiting
features, overvoltage protection circuitry, and other requirements con-
tribute to the high cost of power. This paper describes ac-powered
rectifiers, small dc-to-dc converters, and switching regulators suit-
able for on-card power conditioning and discusses their economic im-
pact on the microprocessor system. A low-power switching regulator
(<1W) in a thick-film, hybrid dual in-line package (DIP) configuration
that can be used as an on-card power conditioner is also discussed.

INTRODUCTION

Microprocessors and their associated memory and input/output (I/O) peripherals
pose a varied and complex power problem to the system designer. The display
and peripheral devices often dictate the power requirements of the system, since
they consume the bulk of the necessary power. Figure 24-1 is a block diagram of
a typical microprocessor system, showing some of the components to which the
conditioner must supply power. Microprocessor systems with all of their possible
applications are still too new to permit a clear-cut statement of the power-
partitioning problem at the present time. As new systems and applications evolve,
so new power designs will be offered. Our purpose in this paper is to examine

the primary power considerations for present systems and review the economic
aspects of various power options.
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Figure 24-1 - Typical Microprocessor System

SMALL POWER CONDITIONERS

Today's microprocessor systems typically require several watts of both +12 and
+5V power and several tenths of a watt of a negative polarity voltage. The com-
plexity of the memory and I/O peripherals in microprocessor systems places
total power requirements in the 1 to 50W range. *

AC-Operated Rectifier Power Supply

The ac-operated rectifier power supply usually offers the least expensive power-
conditioning option to the microprocessor system designer.. The block diagram
in Figure 24-2 indicates the simplicity of this approach. The main disadvantage
of the line-operated rectifier is its dependence upon the commercial power
supply. Such dependence could prove unacceptable if volatile memory systems
are used or continuous operation is critical to the application. An uninterrupt-
able power source or a battery reserve system is necessary for these applica-

—
Complementary-symmetry metal oxide semiconductor (MOS) or complementary
MOS structures can lower overall power in the memory, I/0, and processor
areas significantly.
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tions. Commercial power lines are also subject to dips, surges, and electro-
magnetic interference (EMI); the rectifier must be able to condition the power
under these abnormal conditions. In addition to its low cost, the line-operated
rectifier is generally free from the spike noise of high-frequency switching. This
type of noise is associated with switching regulators and dc-to-dc converters, but
it is controllable within acceptable limits. The ac-powered supply uses dissipa-
tive linear regulators for output voltage control. These regulators provide an
inexpensive way to obtain the mop-up regulation and ensure individual limiting of
current for the output voltages. A typical 2-output, 10W ac-operated rectifier
without any form of reserve system costs about $30.

Central Office or Private Branch Exchange (PBX) Battery

The central office or PBX battery system offers the microprocessor system de-
signer a source of reliable dc power. The battery voltage, however, must be
stepped down and regulated and, in some cases, have its polarity changed.

Switching Regulator

When only one voltage is desired, a switching regulator, shown in Figure 24-3,
is the most effective technique for power conditioning. A characteristic of its de-
sign is that it has one power rail in common with the input power. The inability
to isolate input and load grounds can cause system noise problems because of
high-circulating currents in the common power path. A series of low-power
switching regulators is available from Western Electric - the 225, 226, and 227
types deliver 2, 5, and 10W of power, respectively. These units are assembled
on a printed circuit board (PCB) in a 2- by 3- by l-inch high module with pin ar-
rangements suitable for mounting on the user circuit packs. The regulators
contain no alarms, fuses, or on/off switches, but some codes have overvoltage
protection. The estimated bulletin cost of these devices is in the range of $15 to
$20.

The switching regulator is also applicable when a grounded dc voltage, such as
5V transistor-transistor logic (TTL) power, is available from an existing con-
verter. In this situation, the switching regulator can supply a higher or an oppo-
site polarity voltage.

24-3



RECTIFIER DISSIPATIVE
{::::‘ FILTER REGULATOR

F—sv; £5%

e}

RECTIFIER DISSIPATIVE | )
: FILTER REGULATOR —Vz £5%

Figure 24-2 - AC Line-Operated Rectifier Block Diagram

BATTERY —s] INPUT TRANGTETOR Vout * 5%
FILTER SWITOR out *5%

BASE
DRIVE

QUTPUT VOLTAGE
I COMPARATOR F——— ERROR —
DETECTOR

Figure 24-3 - Switching Regulator Block Diagram

Thick-Film Hybrid DIP

A thick-film hybrid DIP which contains a low-power (<1W) on-card switching
regulator is under study. This unit requires no external components to operate.
A prototype, shown in Figure 24-4, produces 70 mA of +12V power from a +5V
input. This unit does not have overvoltage or short-circuit protection. Since the
transistor power switch is in parallel with the load, a fuse would afford adequate
short-circuit protection. In most cases, failure of the control circuit would cause
the output voltage to go to +5 or 0V. This device can readily be applied to the
PCB of a microprocessor system. The estimated cost of this film regulator is
about $8. 25.

DC-to-DC Converter

In situations where multiple output voltages from a central office battery are
needed, along with input-to-output isolation, a dc-to-dc converter is desirable.
Figure 24-5 shows a block diagram of this type of low-power converter., Trans-
former isolation and optically coupled feedback control signals ensure input-to-
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output isolation. The Western Electric 201, 202, and 203 types supply 2, 5, and
10W of regulated output power from a 24 or 48V battery plant. Packaged on
PCBs, the modules are suitable for mounting on the user circuit board by pin
connectors, the same mounting method used for the 225 series switching regula-
tors. Figure 24-6 is a photograph of the 201A 2W converter. The 201 and 202
series are mounted on a PCB in a 3, 3- by 3. 5~ by 0, 9-inch high module, while the
203 10W converters are mounted on a PCB 3.3 by 6.5 by 1. 25 inches. These
converters are output-current-limited and act as protectors against excessive
output voltage. As in the case of switching regulator modules, the converters
contain no fuses or switches, but have in-rush current-limiting to protect the
contacts of plug-in circuit packages. They do not require heat sinks if used with-
in their rated temperature, voltage, and current ranges. Up to three output
voltages are available from these converters, but only one output is closely regu-
lated to +5 percent end of life (EOL) tolerance.* The remaining output voltages
are normally unregulated with tolerances of +15 percent. If load current varia-
tions are held within +25 percent, however, +8 percent voltage regulation for
these nonregulated windings can be achieved. For tighter regulation and addi-
tional cost, linear dissipative regulators applied to the noncontrolled outputs can
achieve a 5 percent tolerance. The bulletin cost of the 201A 2W 3-output con-
verter is about $24. A typical 202 series 5W converter is estimated at $30, and
a 10W 203 type at $40.

COST OF ADDITIONAL SYSTEM FEATURES

The on-card low-power switching regulator and the dc-to-dc converters described
above are all designed with minimal alarm and protection features in order to
keep their cost as low as possible. In most cases, self-protection, such as
current-limiting and overvoltage, is included. The overvoltage protection for the
switching regulator circuits consists of a crowbar circuit mounted on the module
and a user-supplied fuse; the voltage limit is usually set at 30 to 40 percent higher
than the normal output voltage. A closer tolerance would require a more precise
crowbar protection circuit at a premium of $5 to $8.

EOL tolerance includes variations in line, load, temperature, initial set point,
and aging.
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Figure 24-4 - 12V 70 mA DIP-Switching Regulator
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Figure 24-5 - DC-to-DC Converter Block Diagram
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A precision reference and comparator circuit that can be set to within 20 percent
of the nominal voltage protects the 201, 202, and 203 converters. However, the
usual protection limit is 30 to 40 percent higher than the normal voltage due to
specific load requirements. An example of this type of requirement exists in a
5V converter designed to power TTL loads. The output voltage need only be kept
below 7V for adequate protection for this type of logic.

Alarm circuits which indicate converter failure, specifically an overvoltage or
undervoltage condition, also add to the overall system cost, generally $8 to $10,
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depending upon the type of indicator required. They cover a wide range from
simple light-emitting diodes (LEDs) to complex relay-operated alarms. A
memorandum by S. F. Newton describes various circuits and techniques for
alarming the low-power converter series.

FUTURE DEVELOPMENT

The trend in microprocessors today appears to be toward high-speed logic cells
requiring less power. As the power level decreases, so does the cost of condi-
tioning it. Low-power conditioners for on-card mounting in the <1 to 5W range
are attractive possibilities for microprocessor systems. Their development on
hybrid DIPs should result in reduced cost and size. Power-conditioning tech-
niques, such as charge-coupled (without a coil) switching regulators, show pro-
mise of further cost reduction for these on-card switching regulator devices.

CONCLUSION

Power conditioning for the microprocessor system should be considered at the
earliest stages of design, not only by the system planner but by the microproces-
sor and memory device designers as well. The impact of these power devices on
cost is significant and could become proportionately greater as the outlay for
microprocessor systems is reduced by large scale integration (LSI) techniques.
Until microprocessing systems are more fully deployed in Bell System equipment,
it will be difficult to describe a family of power supplies that have the best bal-
ance of operating features, performance, and cost. Inthe meantime, however, a
standard line of power supplies is available to meet many of today's needs. For
small processor systems, the modular 201, 202, and 203 series of dc-to-dc
converters can provide multiple voltage outputs in the 2, 5, and 10W power range.
For the smallest systems, 1W or less, more development is needed, but it is
underway, and prototypes of DIP-mounted switching regulators should be available
soon.
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PERIPHERAL TECHNOLOGY

A SURVEY OF SMALL TAPE PERIPHERALS

J. E. Williams, BTL Dept 2452, WH, NJ

ABSTRACT

The broad spectrum of microprocessor applications has generated a
variety of requirements for nonvolatile, sequential data storage. Micro-
processors can be served by magnetic tape technology in muchthe same
way that larger scale processors are served by more capacious tape
peripherals. An overview of small tape syste;ms that are candidates
for use as microprocessor peripherals is given here. Devices already
on the market and others developed recently are discussed including
the following:

¢ 3M Company DC300 data cartridge.

e 3M Company DC100A mini-cartridge.

e Phillips cassette.

¢ Information Terminals Corporation mini-data cassette.
e Microvox data wafer.

e Interdyne UNIREEL.

INTRODUCTION

Magnetic tape technology may be able to satisfy a major portion of the growing de-
mand for nonvolatile, electrically alterable, sequential data storage being gener-
ated by new microprocessor applications. We have attempted to define the
spectrum of small tape systems that could reasonably be used as microprocessor
peripherals.
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3M COMPANY DC300 DATA CARTRIDGE

‘'With respect to capacity, bit rate, physical size, and medium cost ($18 per
cartridge), the upper end of the spectrum is represented by systems employing the
3M Company data cartridge, which is illustrated in Figure 25-1. This device
provides an unformatted capacity of 23 by 106 bits on 300 feet of 1/4-inch

tape. The drive shown in this figure is a member of the KS-21447 minirecorder
family developed by Laboratory 245 and currently used in substantial numbers in
the DIME NSION private branch exchange (PBX) and 3A central control (CC)

based systems at data rates of 48 kb/s.

Although one of the better commercially developed tape media, the data cartridge
has required internal modification so that it will perform adequately in Bell

System environments. The modifications were the result of detailed analysis and
extensive system testing within BTL and illustrate the need for caution in applying
off-the-shelf tape technology, regardless of its commercial acceptance and success.
The modified device is known as the KS-21439 data cartridge now procured in
quantity by WE from two suppliers.

The KS drive and cartridge designs represent a reliable and relatively mature
technology. Although generally best assigned to minicomputer tasks, the car-
tridge capacity could be suitable for microprocessor-controlled data logging-
type applications.

3M COMPANY DC100A MINI- CARTRIDGE

The standard data cartridge technology has been extended downward with the re-
cent introduction of the DC100 mini~cartridge (shown in Figure 25-2 with associ-
ated drive) offered by the 3M Company. The development of the latter was in-
stigated largely by Hewlett- Packard, which until the recent introduction of the
3M drive, was the only user of the cartridge. At a medium cost of $15 per unit
the mini-cartridge provides an unformatted capacity of 2. 6 by 106 bits on 140
feet of 0. 15-inch tape.

Contrary to comments from the manufacturer and from Hewlett-Packard, the ini-
tial evaluation of Laboratory 245 indicates adequate tape tension stability over a
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wide temperature range at the low end of the speed range (about 5 in/s), permit-
ting operation in low-data rate applications.

Fortunately, the 3M Company has incorporated in the commercial mini-cartridge
several of the features originally applied as modifications to the larger DC300A
in the KS-21439 program.

Despite a 5-to-1 disadvantage in medium cost compared with possible alternatives,
the demonstrated performance of the larger cartridge, the inherently simple drive
configuration, the experience gained in the BTL minirecorder program, and the
stability of the medium source suggest that this device represents a minimum-risk
approach to a medium-capacity microprocessor tape peripheral.

Zd mME 50,000 i/S-lr

Figure 25-1 - 3M Data Cartridge
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Figure 25-2 - 3M Mini-Cartridge

PHILLIPS CASSETTE

Historically, the Phillips cassette was first with the most. As a result, it still
enjoys wide application in the digital marketplace, especially in minicomputer
peripheral applications, and will be with us for some time. The cassette provides
an unformatted capacity of 5.7 by 106 bits on 300 feet of 0.17-inch tape, with

the better certified units priced at $7 to $8. To approach that maximum storage
capacity, however, requires use of the more expensive of the available drives.

A wide variety of drive designs and recording formats has been executed using

this medium with varying degrees of success. Typically, the drives are relatively
complex, having up to four motors, movable heads, pinch rollers, etc.
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MINI-DATA CASSETTE

A downward extension of the standard Phillips cassette technology is the newly
proposed American National Standards Institute (ANSI) mini-data cassette manu-
factured by Information Terminals Corporation and illustrated in Figure 25-3.
The cassette provides an unformatted capacity of 480, 000 bits per side on 50 feet
of 0.15~inch tape.

The first commercial drive in this technology, shown in Figure 25-3, is the
Raymond Engineering mini-raycorder, which is planned for use in initial models
of the service access unit (SAU) under development for the 32A Communications
System. The unit fills a typical hard-copy backup role, although its use in pro-
gram paging operations is being considered.

Figure 25-3 - Information Terminals Corporation Mini-Data Cassette
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Low medium cost ($5), small package volume, reasonable capacity, and operation
from +5V logic power are clearly attractive features for many applications. How-
ever, experience to date indicates that a number of problems remain to be solved;
they include extended start time, as well as tape drive difficulties after about 100
end-to-end cycles of the medium. The severity of each of these problems depends
on the specific application. Hopefully, these difficulties can be cleared. However
again they show the need for caution in regard to off-the- commercial-shelf tape
technology.

The same forces which cause the general data reliability of 3M cartridge technol-
ogy to be superior to Phillips cassette technology exist in relation to the mini-
cassette and mini-cartridge devices.

MICROVOX DATA WAFER

The Microvox digital wafer shown in Figure 25-4 represents an endless loop ap-
proach to a small tape peripheral. The single track device employs 0.07-inch
tape, back-coated to permit the required interlayer slip within the tape pack.
Tape lengths range from 5 to 55 feet,. permitting a maximum unformatted capacity
of 528,000 bits. The wafer is inherently unidirectional, a characteristic which
precludes individual block reread or rewrite operations.

A $2 wafer cost, simple drive configuration, and minimum overall system pack-
age size motivated a basic medium evaluation. Testing revealed that the average
wafer completed an initial 625 error-free passes with an overall performance of
0. 35 errors in 2000 passes. The major part of the error activity resulted from
basic drive design problems which have been eliminated to permit accurate
assessment of the wafer's potential.

The wafer is used by the New York Telephone Company in their computer-con-
trolled order receiving equipment (COMCORE) system to provide hard-copy
backup for customer alterable data. Its size permits the device to be conveniently
mounted on one standard circuit pack (using 1-inch centers) as a pluggable periph-
eral.
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The wafer is relatively new to the digital marketplace and the associated drive has
experienced some growing pains. Its commercial future is less certain than that
of the 3M Company technology.

Figure 25-4 - Microvox Wafer

UNIREEL

The Interdyne UNIREEL spool (see Figure 25-5) is a relative newcomer to the
digital field and offers a number of interesting features. It has a unit cost of
about $2 and contains 150 feet of 0.15-inch tape (2.9 by 10° bits, unformatted
capacity) spliced to a stiff leader used by the associated drive to thread itself.
The last portion of the leader has a wide overlay of compliant material, which
seals the UNIREEL during handling and shipping. Once threaded, tape is driven
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between the supply (UNIREEL) and takeup reels by a tensioned plastic belt similar
to the one found in the 3M data cartridge, although the UNIREEL belt is incorpo-
rated within the transport rather than as a part of the separable medium.

Claimed features and performance include 60- to 90-in/s search capabilities, a
tape life of several thousand passes, error rates of 10'8, and trouble-free load-
ing. The system has the same general performance level and range of features
as the 3M Company mini-cartridge with the advantage of medium cost and the
drawback of a somewhat more complex drive and loading scheme. -

Figure 25-5 - Interdyne UNIREEL
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SUMMARY

Of the small tape systems mentioned, only the 3M DC300 data céi.rtridge and the
standard Phillips cassette now represent multiple sourced tape media. For the
rest, commercial success in an expanding marketplace will ordinarily produce
alternate suppliers. With the exception of the standard cassette and UNIREEL,
Laboratory 245 is actively engaged in programs involving these media. Its intent,
beyond providing for immediate commitments, is to evaluate a family of micro-
processor peripherals to service the whole range of microprocessor applications.
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PERIPHERAL TECHNOLOGY

SERIAL BUBBLE STORE

R. J. Radner, BTL Dept 2451, WH, NJ

ABSTRACT

The specifications, interface, and operation procedures for a digital
memory system based on magnetic bubble technology are presented in
this paper.

The serial bubble store (SBS) is a transistor-transistor logic (TTL)
compatible, nonvolatile memory with a 0.27-Mb capacity and a
48-kb/s operating data rate. User evaluation units arebeing supplied
by Laboratory 245,

INTRODUCTION

Laboratory 245 is developing memory subsystems based on magnetic bubble
technology. One type is a voice announcement system dubbed the 13A, which will
attain production status during 1977. Another is a digital memory utilizing the
same bubble device (M5021) as the 13A. The latter, the SBS, with its specifica-
tions, interface, and operation is the subject of this paper.

SBS is a TTL- compatible, nonvolatile memory containing four serial shift re-
gisters that are separately accessible. Data can be written into, or read from,
one memory register at a time. See Table 26-1.

Each register contains 68, 121 bit locations through which data shift, Except

during the writing process, the contents of each register are recirculated. A
system clock of 960 kHz produces a serial data rate of 48 kb/s.
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TABLE 26-1

SBS SPECIFICATIONS

tem
Capacity
Access time

Number of registers

Capacity of each register
System clock (user-supplied)
Data rate

Interface signaling

Operational temperature range

Storage temperature range
(memory retained)

External operational magnetic
field maximum

External nonoperational
magnetic field maximum
(memory retained)

Input power

Power dissipation
(while reading or writing)

Physical dimensions

Description
272, 484 bits
1, 42 seconds (max)

4, accessible one at a time, by
2-line binary addressing

68, 121 bits serial
960 kHz

48 kb/s (max) (submultiples are
possible, e.g., 24 kb/s, 4.8 kb/s

High - False - "'0"
Low - True - '"1"
(TTL - compatible)
0° to 50°C (ambient)

~40° to +80°C

30 oersteds

50 oersteds

+15V; +8V; -8V; +5V

3w

(1) 5.67- by 5, 4~inch board (16

staked pins)

(2) 5.67- by 7, 4-inch board (space
for connector)
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SBS INTERFACE DEFINITION

This section defines the terminology used in Table 26-2. The timing diagrams
shown in Figures 26-1 and 26-2 further define this language. The logic interface
is low-power TTL with 1- or 2-gate loading for all inputs,

SYSTEM CLOCK

The controlling system must provide a clock signal to the SBS on the SYSTEM
CLOCK line. The required clock signal is a 960-kHz 15 percent square wave
with 50 percent duty cycle.

TABLE 26-2
SBS INTERFACE

Pin Number
Power
1 +5V £5%, 150 mA
2 +8V £5%, 200 mA
3 -8V tracking +8 within 5%, 200 mA
4 +15V £5%, 40 mA
5 GROUND
Inputs
6 SYSTEM CLOCK (960 kHz)
7 STORE ENABLE
8 CLEAR
9 REGISTER SELECT 0
10 REGISTER SELECT 1
11 WRITE ENABLE
12 WRITE DATA
13 READ ENABLE
Outputs
14 SYNC (48 kHz)
15 STORE ON-LINE
16 READ DATA
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THIS FIGURE SHOWS TIMING, NOT ACTUAL OPERATION.
READ AND WRITE COMMANDS SHOULD NOT BE SIMULTANEOUS.

l-——— 208 psec CYCLE ——’{
SYNC \__]

ke 1.04 usEC 0%,

READ DATA

.

R

WRITE ENABLE

]

LT
T reao enseie
—
——

WRITE DATA

TRANSITION TIMES OF READ ENABLE,WRITE ENABLE AND
WRITE DATA ARE WITHIN 14S OF LOW TO HIGH
TRANSITION OF SYNC.

Figure 26-1 - SBS Timing

CONTROL
SYNC —=| |=~ONE CYCLE OF FIG. |
T, T TTITTETTTTTT

STORE ENABLE
1

STORE ON-LINE
1

CLEARfe— 2255 CYCLES —=
—= =21 CYCLE |
REGISTER SELECT

—
WRITE I
—{12-BIT
WRITE ENABLE ENTERED
WRITE DATA — le-8 CYCLES
oTo0Ti00
READ
READ ENABLE f=— 68, 121 CYCLES —=}I2-BIT WORD
ACCESSED —
READ DATA f=—60 CYCLES ——={I2-BIT QUTPUT
MrT 1T
1r1oiocoilool

Figure 26-2 - SBS Register Sequencing
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SYNC

The clock with which all SBS functions are synchronized appears on this line. The
low-to-high transition of this pulse should be used for synchronization of control
system functions and WRITE DATA. The high-to-low transition indicates that
READ DATA is valid. The SYNC rate is 48 kHz.

STORE ENABLE

A low level on the STORE ENABLE line selects SBS for operation. This level
should be brought low within 1 ys after the low-to-high SYNC transition and
should be held for one cycle of SYNC before reading or writing is initiated.
STORE ENABLE should be held as long as the SBS is operating and should be
brought high within 1 us after the low-to-high SYNC transition. STORE ENABLE
must be high while power is being brought up. When STORE ENABLE is low, the
SBS power dissipation is 3W. When high, the power used drops to 1. 5W.

STORE ON-LINE

When the SBS has been powered, the STORE ON-LINE will come low within one
cycle after STORE ENABLE has been provided if the SBS is ready for operation.

CLEAR

In order to ensure that all four registers are initialized, a low is applied to
CLEAR. This erases all data in all four memory registers. This line must be
held low for at least' 1 us and must be brought high before a subsequeni CLEAR
can be executed. No functions are valid for at least 255 cycles following the
CLEAR command.
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REGISTER SELECT (RSO and RS1)

The REGISTER SELECT lines select the register to be written or read.

Register RS1 RS0
RO High High
R1 High Low
R2 Low High
R3 Low Low

WRITE ENABLE

A low enables SBS to write the data on the WRITE DATA line. There is an 8~
cycle delay between the time a bit is placed on the WRITE DATA line and the time
at which that bit enters the register. Therefore, WRITE ENABLE should go low
eight cycles after the first data bit and must remain at that level eight cycles after
the last data bit. WRITE ENABLE must be a valid control between low-to-high
transitions of SYNC.

WRITE DATA
The WRITE DATA line is driven by the data to be recorded. Data should be valid

within 1 ps of the low-to-high transition of the SYNC and remain valid until the
next such transition.

READ ENABLE

A low enables the read circuitry to access the data in the selected register. Data
will appear at READ DATA 60 cycles after READ ENABLE is applied.

READ DATA

The serial data stream being read from a register appears on this line. The
data are valid for 1 ys after the high-to-low transition of SYNC.
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SBS OPERATION

Figure 26-3 shows the logic functional organization of SBS. One of the four reg-
isters, RO, has data moving along its 68K-bit shift register which is clocked by
CLK. The output of the 68K-bit shift register is returned to the input through two
gates and recirculated through the register, except when WRITE is enabled and
RO is selected.

All four 68K-bit shift registers are nonvolatile, as are the 8-bit shift registers on
the inputs. The 60-bit shift registers are partly volatile.

SBS provides no indication to the using system of current position within the re-
circulating shift registers. The using system, therefore, must provide either a
nonvolatile counter separate from SBS or must write a distinctive pattern
(preamble) into one or more of the SBS shift registers. The distinctive pattern
must then be precluded from appearance in data entries.

Although the various shift registers clock data at 48 kHz, the user can read or
write at lesser rates. For example, by applying WRITE ENABLE every other
cycle, data can be written at 24 kb/s and will fill a 68, 121-bit shift register since
that register contains an odd number of bits. Similarly, the register can be read
at 24 kb/s. The most convenient data rates are those in which the ratio of 48, 000
to the data rate is an integer that does not share a factor with 68,121 = 3% 292,

SYSTEM .|
SLock o =20 . —o SYNC
STORE i

ENABLE

REGISTER o—

SELECT Ot
{’ CLK

CLEAR

WRITE
DATA
READ
WRITE —°DATA
ENABLE
READ !
ENABLE —oSJORE
E REGISTER RO LINE
T REGISTER R|
I REGISTER R2

| REGISTER R3_

.

Figure 26-3 - SBS Organization
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READ

The output of the 68K-bit shift register RO will pass through a 2-input AND if
that register has been selected and if either WRITE or READ has been enabled.
The data then enter a 60-bit shift register that is clocked at the same time as
the 68K-bit register. The output of the 60-bit shift register appears at READ
DATA.

To read the memory, a low on the READ ENABLE and appropriate signals on
REGISTER SELECT lines will result in the appearance of data at the READ DATA
line. The high-to-low transition of SYNC indicates the time at which data are
valid. The data being read experience a 60-cycle delay, i.e., valid data will
appear 60 cycles (counting the cycle in which READ is enabled) after READ
ENABLE goes low. During READ the data in a 68K-bit register are recirculated,

In order to read registers R3 and RO in sequence without interruption of the
serial bit stream, the 60-bit shift registers must be taken into account. At a
time when the last 60 bits of R3 are in the 60-bit shift register, the register
selection should change from R3 to RO so that the 60-bit shift register associated
with RO can be filled while the 60-bit register associated with R3 is being emptied
(READ).

WRITE

In order to write data into a register, a low on the WRITE ENABLE and appropri-
ate signals on REGISTER SELECT lines permit the data on the WRITE DATA
line to be recorded into the selected register.

The data appearing on the WRITE DATA line experience a delay of eight cycles
(counting the cycle in which data is written) before entering the register.
REGISTER SELECT and WRITE ENABLE must remain as set from eight cycles
after the first data bit until eight cycles after the last data bit in order to use the
contents of the 8~bit shift register that is in series with the WRITE DATA line.
During WRITE, the data in a 68K-bit register are not recirculated.

Whenever there is a1 on the WRITE DATA input, 1s are inserted into all
four 8-bit shift registers. REGISTER SELECT will determine in which register
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the 1 will be recorded. WRITE DATA must be kept at logic 0, except dur-
ing writing, because READ ENABLE permits data to be written.

It is recommended that complete rewriting with new data in all four 68K-bit
shift registers be preceded by CLEAR (CLR) which sets to 0 the contents of
all registers (including the 8- and 60-bit shift registers).

EDIT

Indexing data to be edited must take into account the 8-cycle write delay.

With this delay accounted for, the write procedure will enter new information in
the desired location, replacing the old. Note that CLEAR cannot be used when
editing. A portion of the data in memory may be erased by using the EDIT pro-
cedure and entering only Os on the WRITE DATA lead,
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PERIPHERAL TECHNOLOGY

A ROM-RAM-I/0 DEVICE FOR THE MAC-8

R. L. Ukeiley, BTL Dept 4391, HO, NJ
W. C. Slemmer, BTL Dept 2261, MH, NJ

ABSTRACT

The ROM-RAM-I/Odevice is a MAC-8 peripheral which combines read-
only memory (ROM), random-access memory (RAM), and 16 bits of
peripheral input/output (I/O) circuits on a single chip. Connected with
a MAC-8, these devices form an entire microcomputer system. The
chip contains 1024 eight-bit words of ROM, 96 eight-bit words of static
RAM, and 2 eight-bit programmable peripheral I/O ports. One of
these peripheral ports may be used to access the optional on-chip pe-
ripheral functions, including an interval timer, read/write strobes, and
an interrupt circuit. Use of these options is selected under program
control.

INTRODUCTION

Using a microprocessor can substantially reduce the IC package count in a system,
Systems that would have previously required hundreds of ICs have been reduced

to a central processing unit (CPU) chip with associated memory and peripheral
devices, However, there are many small systems whose cost and size are still
excessive, For these systems it would be desirable to have a 1- or 2-chip micro-
processor system. Some manufacturers have succeeded in realizing a 1-chip
system, In order to pack all of this circuitry into a single chip, however, they
have had to significantly reduce the capability of the CPU in order to save chip area.

As an alternative, when greater CPU capability is required, a 2-chip system
could be considered: the CPU is on one chip and the ROM-RAM-I/O is on a
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second chip. As mamufacturing technology advances, one can then consider in-
tegrating these two chips into a single chip without having to sacrifice CPU
capability.

The Bell System MAC-8 CPU is an extremely powerful microprocessor. It would
be inadvisable to reduce the power of the MAC-8 to make room for memory and
I/O circuitry on the same chip. Hence, a single chip ROM-RAM-I/0 peripheral
is being designed for the MAC-8. With this device, small systems can be real-
ized with two chips. Larger systems can use more than one ROM-RAM-1/0O chip
as well as other memory and I/O devices.

THE ROM-RAM-1I/0 DEVICE

The ROM-RAM-1/0 device is a pseudo-CMOS chip containing 1K bytes of ROM, 96
bytes of RAM, and 16 independent programmable peripheral I/0 bits. This device
provides, in addition to the normal I/O peripheral functions, special features
which may be multiplexed onto the peripheral I/O leads. These additional on- chip
features include an interval timer, a MAC-8 interrupt control flip-flop, and pe-
ripheral strobe generators. The chip will be mounted in a 40-pin dual in-line
package (DIP). The allocation of the 40 pins is shown inTable 27-1, As indicated by
this table, the pins can be divided into 3 groups: 2 pins for power connection,

16 pins for peripheral I/O devices, and 22 pins for interconnection with the MAC-8
microprocessor. The 22 pins of the third group consist of an 8-bit bidirectional
data bus, an 11-bit address bus, and 3 bits for timing and control.

TABLE 27-1
PIN ALLOCATION FOR THE ROM-RAM-1/0 DEVICE

No. of Pins Function
2 Power and Ground
16 Peripheral I/0 Pins
8 Bidirectional Data Bus
11 Address Bus
1 Memory Read
1 Memory Write
1 Timing Clock
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Figure 27-1 is a block diagram showing the interconnection of a single ROM-RAM-
I/0 device with a MAC-8 CPU. These two chips form a complete microprocessor
system, If a system requires more than one ROM-RAM-I/O device or other
peripherals, a mask-programmable chip-enable pin is available,

Each peripheral I/O pin is capable of performing as an input, an output, or a
special function under software control. To accomplish this, the ROM-RAM-1/O
device includes three internal 8-bit registers which control the function of each
I/O pin. These registers are addressable by the microprocessor for loading the
desired control word at the beginning of a program, or altering I/0 pin functions
during program execution, Two of these registers determine the direction of
data flow on each of the 16 I/0O peripheral pins, When bits within this 16-bit
field are programmed high, the output function is selected, Hence, the tristate
output drivers will be enabled for the corresponding peripheral I/O pins.

The output data for these pins are obtained from the two on-chip 8-bit output re-
gisters which may be read or written by the microprocessor, Programming a
control bit low disables the tristate output driver, The input function is ac-
complished by addressing the input ports which transfer the logic state present
on the device pins to the data bus, ¥ the I/O pins are used as simple input or
output leads, these transistor-transistor logic (TTL) compatible pins are con-

'.:IT_ ADDRESS BUS (n)>
T

PERIPHERAL

ROM-RAM I/0
MAC-8 < DATA BUS (8) > 1/0 PORT

PERIPHERAL

CONTROL BUS (3)> plé%
+

SPECIAL
FEATURE

Figure 27-1 - Interconnection of a Single ROM-RAM-1/0 Device
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nected directly to their appropriate peripherals. However, if the special function
is elected, numerous system configurations are available.

The third control register enables the special function features. Three bits with-
in this register determine the operation mode of the interval timer. The first

bit selects the source of the timer; the options are the MAC-8 clock or an external
clock source. If the latter option is selected, the appropriate I/O pin would have
to be connected to the external source. However, if the MAC-8 clock is selected,
none of the I/O pins are needed to source the timer. The second special-function
bit determines if the count-complete indication is connected to one of the output
pins. The user may elect not to have this pin brought out since the timer can be
read at any time. Furthermore, the chip has a readable flip-flop which is set
when the counter has a full count. Hence, one can use the interval timer without
dedicating any I/O pins to it, or have an external source and output indication.
Any combination of the above is permissable. The third interval timer special-
function bit determines whether or not the divide-by-8 prescaler is used by

the counter. If the option is selected, the timer can be programmed to count up
to 524, 288 (8 times 2 to the 16th power) counts; without the option, the timer can
count up to a maximum of 65,536 (2 to the 16th power).

The use of the interrupt flip-flop function is determined by a single bit in the
special-function register. When this bit is set, two of the I/O pins are auto-
matically connected to an on-chip edge-triggered flip-flop. The external device
requesting the interrupt would be connected to the input pin. The output pin
could be connected to the MAC-8 interrupt request pin or the MAC-8 could read
the status of a second on-chip interrupt latch. When the MAC-8 responds to the
interrupt (this event is indicated by a read of the vector at address FFFF), the
edge-triggered flip-flop is automatically reset. The second interrupt latch is
not reset by a read of FFFF but can be reset under software control. Hence, if

more than one device requests the interrupt, the MAC-8 can poll these latches to
determine the requester.

The remaining four bits in the special-function register determine which, if any,
of the four strobes is activated. Selecting the strobe function allows the user to
output a read/write pulse, rather than a level, on the peripheral I/0O pins. When
a strobe output is addressed the selected output pin will be complemented for the
duration of the MAC-8 read or write strobe. Furthermore, when the strobe oc-
curs, the ROM-RAM-1/0 bus driver will enter the high-impedance state, allow-
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ing communication between the MAC-8 and the peripheral. By use of these
strobes the peripheral I/O capability can be expanded from 16 to 44 bits (8 bits/
strobe times 4 strobes plus the remaining 12 I/O bits).

Finally, for protyping, the addition of a single gate is all that is required to dis-
able the on-chip ROM. By adding this gate the user can still address the RAM
and I/O sections of the chip; however, when ROM is addressed the ROM-RAM-
I/0 chip will be disabled, allowing external memory to be accessed.

INTERNAL ORGANIZATION

Figure 27-2 is a block diagram showing the preliminary placement of the ROM-
RAM-I/O functions on the large scale integrated (LSI) chip. Approximately 75
percent of the chip area is occupied by the 1K bytes of ROM and the 96 bytes of
static RAM with their associated access circuits. The ROM is realized in a 128-
word by 64-bit array of n-channel ROM cells which are encoded at the thin-oxide
mask level. A desired byte is accessed by the application of 11 bits of address
from the MAC-8 address-bus. Seven of the bits are used in the 1:128 p-channel
word decoder to select the desired word line. Three bits are used by the 8-wide
1:8 n-channel bit decoder to read the desired 8 of the 64 bits on the select word
line. The remaining address bit is the ROM enable bit. The RAM is a 24-word
by 32-bit array of complimentary static cells. The conventional 6-transistor
-cell with n-channel access switches is used. In order to conserve chip area, the
word lines in the RAM array are slaved from the ROM. In this way the ROM and
RAM share a single word decoder.

Figure 27-3is a block diagram of the internal timer function, This timer consists
of a16-bit down counter with read and load capabilities to and from the MAC-8
data bus, a 3-bit prescaler, a zero detector, and flip-flop with an associated flag
bit. The timer is controlled by three bits in the control register. One bit controls
multiplexer A which determines if the clock input for the timer is derived from a
peripheral I/0 pin or, by default, from the system clock. The second bit controls
multiplexer B which determines if the zero flip-flop is connected to the timer-
output peripheral I/0 pin. The third bit controls multiplexer C which determines
if the clock input from the peripheral I/0 pin is to be routed through the pre-
scaler or sent directly to the counter. Note from Figure 27-3 that the default
system clock is always routed through the prescaler.
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The timer is loaded by writing two 8-bit timer locations in the ROM-RAM-1/0
address space. These locations are arranged so that they can be accessed via a
read-16 or write-16 instruction. Alternatively, either the lower or upper byte
of the timer can be independently accessed by any MAC-8 instruction which ac-
cesses the appropriate ROM-RAM-1I/O address space. When the counter is
written, the prescaler is preset to all 1s as the starting count for the divide-
by-8 countdown, In addition, the clocking of the main counter is inhibited
when the counter is read. This prevents ambiguous data transfer resulting from
partial propagation of borrow through the counter.

The zero detection, zero flip-flop, and timer function in a manner which is com-
pletely analogous to that of the interrupt circuit. The zero detector indicates the
all Os state in the timer and sets the zero flip-flop. This flip-flop provides a
low going output level, and is reset during the MAC-8 interrupt sequence. The
timer flag bit is also set by the zero crossing and may be read or written via the
MAC-8 data bus.

SUMMARY

The ROM-RAM-1/0 device described in this paper has been designed to operate
in conjunction with a MAC-8 microprocessor. This microprocessor peripheral
contains 1K bytes of ROM, 96 bytes of RAM, and 16 independent programmable
peripheral I/O bits. This device provides, in addition to the normal I/0O pe-
ripheral functions, special features which may be multiplexed onto the peripheral
I/O leads. These added on-chip features include an interval timer, a MAC-8
interrupt control flip-flop, and peripheral strobe generators.

Connecting the ROM-RAM-1I/0 device with a MAC-8 forms a complete micro-
processor system. In other words, a 2-chip MAC-8 microprocessor system

is realizable. Larger systems can be formed by using more than one ROM-RAM-
I/0 chip as well as other memory and I/O devices.

ACKNOWLEDGMENTS

The authors wish to acknowledge the contributions of D. E. Blahut, W. F. Chow,
V. K. L. Huang, and D. C. Stanzione.

27-1
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ABSTRACT

This paper describes the effort required to qualify an external vendor
as a supplier for a sophisticated large scale integrated (LSI) circuit -
namely the commercial 18-pin 4K NMOS dynamic random-access
memory (RAM). The RAM will be used in the new family of ESS pro-
cessors. The technical team and testing facilities assembled for this
project are described. The decisions made and the problems encoun-
tered in the development and production implementation of a KS speci-
fication (including reliability and parametric testing) are reviewed. It
has been observed, for instance, that commercial parts often do not
meet even the vendor's own published specifications. Also explained is
the role of the source inspector and the vendor's response to a produc-
tion "bust." The additional problems faced in qualifying second and
third sources or new designs from a qualified manufacturer are deline-
ated. Not only must the devices be qualified, but their performance in
each unique system environment must also be characterized. A brief
review is made of incoming inspection and field data acquired since KS
4K RAMs were first introduced into production in April, 1976. The
1976 and 1977 4K RAM requirement for Switching Equipment Division
equipment is presented and the current availability discussed.

Steps are recommended which system designers should take when uti-
lizing commercial LSI parts. These steps would ensure the procure-
ment of reliable functional devices from multiple sources. This report
concludes with a brief projection of the future evolution of semicon-
ductor memory devices for ESS processor applications.
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