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PREFACE

Twe BX300 Reference Manual was compiled from various
sources 1o assist designers in the use and evaluation of the
8X300 Microcontrolier. Included are basic descriptions of the
microcentroller, support circuits, development aids and appli-
cations.

Additional assistance in the use of the 8X300 can be obtained
from personnel in Signetics Field Sales Offices and the docu-
ments listed below:

8X300 Programming Course
Signetics Bipolar/MOS Microprocessor Data Manual
Signetics Bipolar & MOS Memory Data Manual
The Microcontroller Cross Assembler Program (MCCAP)
User's Guide
s Designing a Floppy Disc Controller
an Applications Manual
* Microprocessor Evaluation Guide

Copies ofthis manual and those referenced above are available
from Signetics Field Sales Offices.
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8X300 combines best of both worlds
with 250-nanosecond cycle time
and powerful instruction set

by John Nemec, Signetics Corp.. Sunnyvate, Caiif,

‘NOTE

This arlicle originally appeared in ELECTROMICS Magazine Seplember 1, 1977, ltis
reprinted here ihrough 1he courtesy of and with permission of ELECTRONICS
Magazing,

Electronics/September 1, 1977

O While refinements in the metal-oxide-semiconductor
process have improved the performance of 8-bit MOS
microprocessors, the need for really high speed still
drives designers to the bipolar bit-slice machines.
Advances in bipolar Schottky technology, however, now
aliow the design of a single-chip microprocessor with the
computational ability and the performance advantages

that those found in bit-slice
designs.

The 8X 300 microprocessor from Signetics Corp. is the
first such device. Not only does it have a cycle time of
250 nanoseconds, but it also has an improved architec-
ture that makes it extremely efficient; hence its
throughput is vastly superior to those of MOS devices.
The interfacing bus structure, for example, is partitioned
into two banks, and in a single instruction cycle the
processor can accept data from a port on one bank,
operate on it, and deposit the result in a port on the other
bank. Since instruction fetching is concurrent with data
operations, and both are executed in one 250-ns instruc-
tion cycle, the 8X300 is as fast as bipolar bit-slice
systems on a microcycie basis.

Moreover, the 8X300 is easier 1o program than bit-
slice devices. The powerful instructions have simple
mnemonic representations of the functions they perform,
such as ApD for the addition function, and these
mnemonics can be directly translated into their octal
representation. With these conveniences, several
hundred lines of program cade can readily be written by
hand. Consequently, for tasks of less than 500 instruc-
tions, no assembler is needed —only a simple conversion
is required to gemerate the actual program-memory
content.

Its ease of programming and flexible interfacing struc-
ture make the 8X300 a natural as a subsystem and
peripheral-device controller—one requiring little addi-
tional hardware for such applications. And the speed of
the 8X300 allows it to handle control functions that M0S
processors cannot, such as direct-memory-access inter-

facing, for example.
Novel architecture

The architecture of the 8X300 processor is shown in
Fig. 1. The chip includes full instruction-decoding logic
that interprets the particular class of instructions, such
as input/output or arithmetic and logic, and performs
the indicated operation. The decoding and control logic
supplies all internal signals for the processor, as well as
signals on the control lines for directing the data input
and output.

The processor also contains its own program counter,
which is automatically incremented upon execution of
the instruction. The counter may also be left unchanged
ot loaded with a new value. Control of the current
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1. High-performance microcomroller. The Signetics 8X300 processor, a bipolar Schottky device with a 250-ns cycle time, is capable of
processing at throughputs rivaling those of bit-slice machines. Feiching of its 16-bit instructions is concurrent with gata cperations; and with a
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bus pariitioned into right and left banks, the 8X300 can, in a single instruction cycle, accept data, operate on it, and deposit the result.

address is provided by the address register and may be
derived completely or partially from the program coun-
ter, from the instruction data lines (AR, through AR,),
or from the output of the arithmetic/logic unit (lines
AR; through AR ;). Because of this flexible instruction-
address scheme, the order of execution may be altered by
instructions or under conditions determined from
selected data.

The read / write registers

The processor manipulates 8-bit data bytes. Internal
data is stored in eight 8-bit read/write registers—R,
through R4, Ry, and an auxiliary register, The auxiliary
register holds one of the operands used in two-operand
instructions, such as ADD or AND, and a single-bit over-

flow register stores the carry-over bit from additional

operations.
Further, the addition of the rotate, mask, shift, and

Sifnotics

merge functions to the ALu extends the 8X300’s oper-
ating capability and enhances its efficiency.

Interfacing with external circuitry is through an 8-bit
bus called the interface-vector bus and consisting of lines
IV, through IV, The bus carries both address and data
information, and the accompanying data-1/¢0 control
lines tell the external circuitry which of the two types of
information is on the bus. These lines include write- and
select-control, right- and left-bank-signal, and master-
clock lines,

Since the interface-vector bus carrtes addresses as well
as data, 1#0 ports on the external circuits must be
enabled before data transfer can take place. This is
usually accomplished by placing an address on the bus
under program control and then activating the select-
control line, which indicates that a valid address is on the
bus. When presented with an address, each of the
possible 512 1/0 ports either enables itself upon

Electronics/September 1, 1977
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2. System design. A typical configuration has memory for program storage and fatches for up to 512 directly addressed 1/ O ports, which are
divided among teft and right banks. All addresses and data are carried by the interface-vector bus and directed by contrel lines.

identifving the address as its own or disables itself if the
addresses do not match.

The processor can directly address all of the 1-0 ports
without the need for a decoder. The bus, and the inter-
face-vector bytes on it, are bidirectional.

Within the processor, the interface-vector bytes are
addressed in a unique fashion. Each byte has an 8-bit
field-programmable address. When a given address is
selected, the byte is automatically designated, and the
8X300 can then communicate with the 1/0 device. More-
over, once enabled, the addresses remain so until the
processor changes them. This direct-addressing feature
is especially convenient if a few ports are to be accessed
frequently. However, if the time required for this opera-
tion is an imposition on the user, instruction memory can
be extended so that the selection of ports is automatic
upon instruction fetch,

In extending the memory, an extra field is appended to
each instruction through an additional bus applied to
each 10 port. The address field may be as wide as
required to serve all system 1/0 ports and, if necessary, to
serve memory, The address field contains two addresses,
since the interface-vector bus is partitioned into right
and left banks.

Partitioning of the interface-vector bus into two banks
allows the 8X300 to select ports dynamically. The

Electronics/September 1, 1977

processor uses the left-bank (LB) and right-bank (RB)
data-control lines as master enabies for the 140 ports, as
shown in the typical interconnect scheme of Fig. 2. Any
two 140 ports can be active at the same time provided
they are on opposite banks, and the ports recognize
address, data, and controls only when enabled by the
bank signal to which each is connected. Bank parti-
tioning can thus be considered a ninth address bit that is
alterable by the processor within an instruction, and it is
this additional bit that permits direct addressing of 512,
or 2%, 1/0 ports,

In a general data operation between two 170 ports,
first an address is presented to one bank that enables an
10 port and disables all others on the bank. Next,
another address is presented to the opposite bank,
effecting a similar selection there, Then the operation
between the two takes place.

Instruction cycle

Each 8§X300 operation is executed in one instruction
cycle, which is subdivided into four quarter cycles as
shown in Fig. 3. The instruction address for an operation
is presented at the output of the processor during the
third quarter of the previous instruction cycle. If the
system memory is fast enough, the instruction returns to
the processor during the first quarter of the cycle in

SiluDLiES

11



12

INPUT PHASE OUTRUT PHASE
MCLK = HIGH MCLK = LOW
V BU
paTA (NPUT | PROCESSING | wyanging | paTAvVALID
% DY CLE —mp— 14 CYCLE ~ap—% CYCLE —swtm % LYCLE

/a8 X X

I—: 250 ns

.

INST = INSTRUCT!IN IV = INTERFACE-VECTOR
MCLK = MASTER CLOCK  RB = RIGHT BANK LB = LEFT BANK

3. Instruction cycle. Two /0 ports may be dynamically selected in
a single cycte Iif they are on opposite banks. Comptementary LB and
RB contrad signals change state during first and third quarter-cycles
to accept data from one port and deposit it in the other.

which it is to be executed. The decoded instruction then
directs the operation of the processor throughout the
cycle.

In terms of processing data, the instruction cycle may
be viewed as having two halves, an input and an cutput
phase. During the first half of the instruction cycle, data
is brought into the processor and stored in an interface-
vector latch. Storage is completed during the first
quarter cycle, and in the next guarter cycle the data is
processed through the ALU. In the second half cycle, the
data is presented to the bus and finally clocked into the
designated 1/0 port.

Bank selection during the input and output phases is
independent. Thus data may be received from the right
bank, processed, and then deposited in the left bank or
vice versa, or may even be sent to and from the same
bank. Bank selection during instruction cycles is speci-
fied by the instruction,

Much of the strength of the 8X300 architecture lies in
the powerful instruction set that controls the processor.
The instruction words, each 16 bits in length, are made
up of several fields that include the operational code, the
source and destination fields, and the length field.

instruction fields

The contents of each field can be represented by a set
of octal digits, to simplify the task of coding. These digits
have a direct relation to the specific operations that the
data undergoes in its travel along the 8X300’s internal
data paths. The op code for addition, for example, is C1.
In an operation between two 170 ports, the first of the
source field's two digits specifiés the bank and the second
prescribes the number of bits to be rotated to the right.
Similarly, the first digit of the destination field again
specifies a bank, while the second digit prescribes the
number of bits to be shifted. The length field specifies
the number of bits to be accepted for operation in the
ALU,

The capabilities of the 8X300 are such that it can,
with few additional devices, perform all the functions
required of an intelligent terminal. Whereas a typical
system of this kind is constructed from many small- or
medium-scale-integrated circuits for the control portion

SHNOTiES

of the terminal—cathode-ray-tube display, dot-matrix
graphics, keyboard data entry, and host or mass-storage
interface-~and a microprocessor for the intelligence
portion-—data manipulation and number crunching—the
8X300 performs most of both the control and intelli-
gence functions. The result is a system with fewer parts
and far more capabilities for the money.

intelligent terminal

The 8X300-based intelligent terminal depicted in
Fig. 4 consists of four major sections. First is the inter-
face section, which implements the standard RS-232C
interface with the host or main-data storage. The Signe-
tics 2651 programmable communications interface
performs the serial-parallel data interconversion for byte
processing by the 8X300 and for display-refresh
memory. The interface section includes a keyboard that
is scanned by the processor for operator inputs.

The second major section comprises the video circuitry
that generates all pixel, character, and line timing, as
well as the composite video signal. This circuitry also
supplies signals to the refresh-memory address counter
for proper timing of character codes and attributes—
blinking, reverse video, and so on. Synchronization,
blanking, video, and attribute signals are then summed
in the video mixer to produce the signal for driving
standard monitors.

The third section, the refresh memory, stores the
characters to be displayed on the screen. Its characters
are addressed under control of the video-generator
circuitry. The circuitry also provides for timing and
control to facilitate interleaved access to the memory by
the 8X300 processor. Interleaving permits the processor
to examine or modify the refresh memory without
disturbing the on-screen display or the video-refresh
process.

The processor’s role

The final section is the processor, the terminal’s intel-
ligence center. It performs both the executive control—
managing the other three sections—and the data-
processing function required by the terminal.

Since the 8X300 controls the refresh memory and
video-generator sections and thus provides the timing for
each frame, ail frame-related features, such as scrolling
and command-scanning, can be easily implemented. But
most important, the processor also performs all the data
manipulations—the intelligence within the terminal. The
processor may accept input data from the host or the
keyboard and can then present the data in proper format
by means of the cRT display. Information may be
entered or modified by the user and then returned to the
host after the essential data items have been extracted
from the refresh-memory file. This process, tailored to
the user’s needs, may be accomplished fully by the
8X 300 microprocessor in firmware.

The basic control program, including keyboard scan,
RS8-232C interface service, edit, scroll, cursor, and so
forth, requires only 502 words of program storage. Thus
the entire terminal .can be coded with two 4,096-bit
programmable read-only memories. The balance of parts
for the entire terminal hardware include the 2651

Electronics/Septembar 1, 1977
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4. Intelligent terminal. The 8X300 builds an intelligent terminal that, with & total of about only 40 devices, is fow in cost whife high in
capabilities. Included in the terminal are RS-232C interfacing, keyboard scanning, character generation with attributes, and fully interleaved
refresh memory. The processor manages the other three sections and adds intelligence in data handling and number crunching.

programmable interface chip, the random-access mem-
ory for display refresh, a field-programmable logic
array, and several low-power Schottky components, in
addition to the 8X300. The use of about only 40
medium- and large-scale-integrated parts to construct
the complete system contrasts with the over 110 small-
and mediuvm-scale-integrated components needed at
present to build dumb terminals.

Floppy controller

The 8X300 can be used in a very practical floppy-disk
controller circuit that has few parts and offers highly
reliable control and data transfer and complete inter-
facing with the host processor. The processor’s high
speed enables it to handie any density —single, dual, and
quad formats. With only minor firmware changes, a
single hardware configuration can accommodate all
popular disk drives and 2 variety of host processors.

Electronics/September 1, 1977

What is more, it can do so within a single operating
system—all that is needed is to switch from one set of
firmware to another.

The floppy-disk controller, shown in Fig. 5, has basi-
cally twe major functional parts, plus minor support
functions. The two major sections are the processor and
the control circuit.

The 8X300 communicates with the surrounding
circuits through the interface-vector bus and controls the
disk drives through command and status registers. Oper-
ating efficiency is high because selected control and
status bits share the same bidirectional 1/0 register,
allowing both polling (status monitoring)} and command
to take place in as short a time as 250 ns. The processor’s
high speed allows simultaneous control of several disk
drives for operations such as overlap seeks, where one
drive is accessing while another reads or writes data. The
8X300’s limits are reached only during tight-loop data

SinokEs
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5. Floppy-disk controller. High performance of the 8X300 allows it to effectively control a floppy-disk drive. The processor not only handles
track and sector addressing but actually oversees data transfer. It also provides interfacing with the working store or directly with the host.

transfers that have to be extremely fast, but since these
periods are very short, they present no significant system
delays.

The 8X300 builds reliability into the disk operations
by overseeing the actual data transfer, in addition to
positioning the read/write head. The intelligence of the
processor can be used to reread data after it has been
written or even to mask out bad tracks that fail to read
correctly after, say, 10 rewrites.

Efficient operation

Registers within the 8X300 monitor the track and
sector addresses, making seeks and sector accesses highly
efficient. In setting up the data transfers, the 8X300
monitors both interleaved data on the disk and the
system clock for address-mark detection; it then exam-
ines and moves data a byte at a time once the controlier
circuit has been synchronized with the byte boundaries.
Under control of the processor, disk data may be trans-
ferred to working storage (which can interface directly
with the processor bus) for subsequent transfer to the
host or, if it can be accommodated, transferred immedi-
ately to the host.

Yery little external logic is needed for direct-memory-
access interfacing between the 8X300 and the host.
Transfer of data, commands, and status takes place

Sanetics

through eight bidirectional 170 ports that are compatible
with transistor-transistor logic and are supplemented
with additional logic for direct connection to the host.
The protocol is established in processor microprogram-
ming, which may be conveniently altered for a variety of
host types. Total program size for disk control and
interfacing the 8X300 with the host processor is less than
800 instructions.

The other major section, the control circuit, has the
hardware, which does a better job of recovering data
from the disk than microprocessor software could. Func-
tions include phase-locked-loop data separation, cyclic
redundancy generating and checking, data-byte assem-
bly and disassembly, and precompensation for widening
the write pulses applied to the disk. These circuit func-
tions, wvnder control of the 8X300, can ecasily be
instructed to operate for either single or dual recording
densities, and the system can be expanded to handle
most types of quad-density encoding.

Counting the control circuit as two LSI devices, the
entire floppy-disk controller can be built from about 12
components. The system is complete in that it not only
controls the access of disk data, but also provides the
interface between any host and any off-the-shelf Aoppy-
disk drive, and monitors and checks data transfer for
ultimate reliability. 0

Electronics/September 1, 1977



DESCRIPTION

The Signetics 8X300 Microcontralier is a
monglithic, high-speed microprocessorim-
plemented with bipolar Schottky technolo-
gy. As the central processing unit, CPU, it
allows 16-bit instructions to be fetched,
decoded and executed in 250ns. A 250ns
instruction cycle requires maximum memo-
ry access of 65ns, and maximum 170 device
access of 35ns,

Microcontroller instructions operate on 8-
bit, parailel data. Logic is distributed along
the data path within the Microcontroller.
Input data can be rotated and masked be-
fore being subject to an arithmetic or logical
operation; and output data can be shifted
and merged with the input data, before
heing output to externail logic. This allows 1-
{0 8-bit 1/O and data memory fietds to be
accessed and processed in a single instruc-
tion cycle.

PROGRAM STORAGE INTERFACE

Pregram Storage is typically connected to
the AD-412 {A12 is teast significant bit) and
10-115 signal lines. An address output on
AD-A12 identifies one 16-bit instruction
word in program storage. The instruction
word is subsequently input ¢on 10-115 and
defines the Microcontreller operations
which are to follow.

The Signetics 825115 PROM, or any TTL
compatible memory, may be used for pro-
gram storage.

I/0 DEVICES INTERFACE

An 8-bit[/0 bus, called the Interface Vector
IV} data bus, is used by the Microcontroller
to communicate with 2 fields of 1/Q devices.
The complementary LB and RE signals
identify which field of the I/Q devices is
selected.

Both 170 data and /0 address information
can be output on the IVbus. The SCand WG
signals are typically used to distinguish
hetween /O data and I/©O address informa-
tion as follows:

SC WC

1 0 /O address is being cutput on IV
bus

0 1 /O data is being output on IV bus

0 0 IO datais expected on the IV,
bus, as input to the Microcontroller

1 1 Not generated by the Microcontrol-
ter

The Signetics 825XXX series RAM, and the
8T32/33 may be attached to the IV bus.

I
FEATURES PIN CONFIGURATION
» 185ns instructlon decode and execute IZA PACKAGE
delay (with Signetics 8T32/33 1/0 port) vea 50} ve
i O |
« Eight 8-bit working registers - =
* Single instruction access to 1-bit, 2-bit, 3- as 1 ato
bit or 8-bit field on 1/0 bus o= =2
+ Separats instruction address, instruc- ar ] =
tion, and 1/0 data buses e ) PesEs
® On-chip osciilator x1 ] 1 v
» Bipolar Schoitky technology 2 5 H VE)
e TTL inputs and outpuls 0 g g @
¢ Tri-state output on 1/Q data bus = e
s +5 yolt operation from 0° to 70°C ' t3 = T
14 [ = T
1= 1 wer
16 ] [ BB
17 5 [0 B
13 [ 3 wc
18 ] [ =c
1o g "s
]
12 £125 =

PIN DESIGNATION
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PIN SYMBOL NAME AND FUNCTION TYPE
2-9, 45-49 | AD-A12: Instruction address lines. A high level equals | Active high
"1." These outputs directly address up to
8192 words of program storage. A12 is least
significant bit.
13-28 10-115: Instruction lines. A high level equals “1.” j Active high
Receives instructions from Program Storage.
lig is least significant bit.
33-36, IVBO-IVB7 | Interface Vector {IV) Bus. A low level equals | Three-state
38-41 *1.” Bidirectional tri-state lines to communi- | Active low
cate with IO devices. IVB7 is least significant
bit.
42 MCLK: Master Clock. Output to clock 1O devices, | Active high
and/or provide synchronization for external
lngic
30 WG Write Command. High level output indicates | Active high
data is being cutput on the IV Bus.
29 5C: Select Command. High fevet output indicates | Active high
that an address is being output on the IV
Bus.
at LB Left Bank. Low level output to enable one of | Active low
two sets of 1/0 devices (LB is the comple-
ment of RB).
32 RB: Right Bank. Low level output fo enable one of | Active low
two sets of /O devices (RB is the comple-
ment of LB},
44 HALT: Low level is input to stop the Microcontroller. | Active low
43 RESET: Low level is input to initialize the Microcon- | Active low
troller.
10-11 X1, X2: Inputs for an external frequency determining
crystal, May aiso be interfaced to logic or test
equipment.
50 VR Reference voltage to pass transistor.
1 VCR Regulated output voltage from pass transistor.
37 Voo 5V power connection.
12 GND: Ground.
15
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R1 — General working register
R2 — General working register
R3 — General working register
R4 — General working register
R5 — General working register
R6 — General working register

R11 — General working register

logical operations.

AUX — General working register. Con-
tains second term for arithmetic or

OVF — The least-significant bit of this reg-
ister is used to reflect overflow sta-
tus resulting from the most recent
ADD operation (see instruction Set
Summaryy).

instruction Register {IR)
— Holds the 16-bit instruction word
currently being executed.

Program Counter (PC}

— Normally contains the address of
the current instruction and is incre-
mented to obtain the next instruc-
tion address.

Address Register {AR)
— A 13-bit register containing the
address of the current instruction,

16

Table 1 INTERNAL REGISTERS
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INSTRUCTION CYCLE

Each Microcontrotler eperation is executed
in 1 instruction cycle, which may be as
short as 250ns. The Microcontroller gener-
ates MCLK to synchronize external logic to
the instruction gycle. Instruction cycles are
subdivided into quarter cycles. MCLK is an
output during the last quarter cycle.

During the third quarter cycle of an instruc-
tion, an address is outputon AG-A12, identi-
fying the focation in program storage of the
next instruction word. This instruction word
defines the next instruction, which must be
input on 10-115 during the first quarter cycle
of the next instruction cycle isee Table 2).

Instruction Set Summary

The 16-hit instruction word input on 10-115
is decoded by the instruction decode logic
to implement events that are to occur during
the remainder of the instruction cycle. Gen-
erally the 16-bitinstruction word is decoded
as follows:

BltPositlon © v 2 2 15

U
Instruclion Oparsndis) Specitication

Clans

A detailed usage of the 13 “operand(s)
specification” bits is given in following sec-
tions.

Three operation code bits allow for 8 in-
struction classes. The 8 instruction classes
are summarized in Table 3. Each entry is
referred to as an “instruction ¢lass” because
the unique architecture of the Interpreter
allows a number of powerful variations te be
specified by the 13 operand (g} specification
bits. A complete description of instruction
formats and some instruction examples are
provided in the Microprocessor Applica-
tions manual.

Data Processing

The Microcontroller architecture includes
eight 8-bit working registers, an aritbmetic
logic unit (ALD), an overflow register, and
the 8-bit IV Bus. Internai 8-bit data paths
connect the registers and IV Bus to the
ALU inputs, and the ALU ocutput to the
registers and 1V Bus. Data processing logic
Is distributed along thess internal 8-bit data
paths. Rotate and mask logic precedes the
ALU on the data entry path. Shift and
merge logic follows the ALU on the data
output path. All 4 sets of logic can operate
on 8 data bits in a single instruction cycle
{See Figure 1).

When less than 8 bits of data are specified
for output to the IV bus by the ALU, the data
figld (shifted if necessary) is inserted into
the prior contents of the |V bus latches. The

8X300-1
TYPICAL SYSTEM CONFIGURATION
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IINSTRUCTION ADDRESS AND
AND IV ADDRESS IV BUS DATA
BUS DATA DATA AND IV VALID
INPUT PROCESSING | BUS CHANGING | MCLK-HIGH
-« Yacycle— | — Vacycle - | - ‘% cycle— V4 cycle —

Table 2 INSTRUCTION CYCLE

IV bus latches contain data input ai the start
of an instruction. This data in the IV bus
latches will be specified inthe instruction as
a) )V bus source data or b) data from an
automatic read when the IV bus is specified
as a destination. Therefore, IV bus bit posi-
tions outside an inserted bit field are un-~
madified.

Data Addressing

Sources and destinations of data are speci-
fied using a 5-bit octal number. The source
and/or destination of data to be operated
upon is specified in a single instruction
word.

Referring to Figure 1, the Auxiliary register
(address 00) is the implied source of the
second argument for ADD, AND or XOR
operations.

IVL and IVR are writa~only registers used
only as a destination. They have addresses
and are treated as registers, but in reality
they do not exist. When IVL is specified as a
destination or the D fietd = 20-27;, then LB =
‘tow’, RB = ‘high” are generated; when IVR s
specified as a destination or the D fieid = 30-
37g, then RB = low, LB = 'high’ are generat-
ed.

When IVL or IVR is specified as the destina-
tion in an instruction, SC is aiso activated

ENDtES

and datais placed on the ¥ bus, HiVL or IVR
is specified as a saurce of data, the source
data ig all zerges.

INSTRUCTION SEQUENCE
CONTROL

The Address Register and Program Counter
are used to generate addresses for access-
ing an instruction. The Address Register is
used to form the instruction address, and in
all but 3 instructions {XEC, NZT, and JMP)}
the address is copied into the Program
Counter. The instruction address is formed
in 1 of 3 ways:

1. For all instructions but the JMP, XEC,
and a satisfied NZT, the Program Coun-
ter is incremented by 1 and placed inthe
Address Register.

2. For the JMP instruction, the fuil 13-bit
address field from the JMP ingtruction is
piaced into the Address Register and
copied into the Program Counter,

3. Fortha XEC and NZT instructions, the
high order 5- or 8-bits of the Program
Counter are combined with 8- or 5-
lower-order bits of ALL output {XEC or
NZT} and placed in the Address Regis-
ter. For the NZT instruction, it is also
copied into the Program Counter,
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INSTRUCTION SET

The 8X300 Microcontroller has a repertoire
of 8 instruction classes which allow the user
ta test input status lines, set or reset output
control lines, and perform high speed
input/output data transfers. All instruc-
tions are 16 bits in length and each is
fetched, decoded and executed in 250ns.

Data is respresented as an 8-bit byte; bit
pasitions are numbered from left to right,
with the least significant bit in position 7.

01234567

MSE

Within the 8X300,
formed on 8-bit bytes. Arithmetic opera-
tions use 8-bit, unsigned 2's complement

arithmetic.

all cperations are per-

INSTRUCTION FORMATS
The general 8X300 instruction format is:

012345678810 1112131415
Op Operandi(s
Code P !

All instructions are specified by a 3-bit

Operation (Qp Code’ field. The operand

LSB

may consist of the following fields: Source

OPERATION

FORMAT

RESULT

NOTES

MOVE

ADD

AND

XOR

ILH

LA

Content of data field specified by
{S, R/L} replaces data in field
specified by{D, R/L}

Sum of AtiX and data specified by
{s.R/L} repiaces datain field spec-
ified by {D. R/L}.

Logical AND of AUX and data speci-
fied by {S. R/L} replaces data in
field specified by {D, R/L.}

Logical exclusive OR of AUX and
dataspecified by 1S, R/L} replaces
data in field specified by {D, R/L.}

If § and D both are
registers, then R/L
specifies a right rotate
of the register specifi-
ed by 8.

XMIT

NZT

XEC

v

HIRL)

1LY

The literal value | replaces the data
in the field specified by {S.L.}

If 5is an 1/Q address
then | is timited to
range 00-37. Other-
wise | is limited to
range 000-377.

If the data in the field specified by
{S, L} equals zero, perform the
next instruction in sequence. If the
data specified by {S.L }is notequal
to zero, execute the instruction at
address determined by using the lit-
eral | as an offset to the Program
Caounter.

If 8 is an I/O address
then | is limited to
range 00-37. Other-
wise | is limited to
range 000-377.

Pertorm the instruction at address
determined by applying the sum of
the literal | and the data specified by
{S. L } as an offset to the Program
Counter. If that instruction does not
transfer control, the program se-
quence will continue from the XEC
instruction location.

The offset operation is
performed by reduc-
ing the value of PC to
the nearest multiple of
321t i =00-37) or 256 4f-
| = Q0D-377) and add-
ing the oftset.

JMP

The address value A replaces con-
tents of the Program Counter.

A limited to the range
0-177778.
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(S) field, Destination (¥ field, Rotate/
Length (R/L) field, Immediate (B field, or
{Program Storage! Address 1A} field.

The instructions are divided into & format
types, based on the Op Code and the Oper-
andis), as shown in Figure 3.

INSTRUCTION FORMATS

DPERATIONS
IREGISTER TO REGISTEM

MOVE AND
ADD X0R

12

GP
LODE s

34 58 87 B 910 |11 12 13 14 15

R
[ROTATES D

Type ¢

DPERATIONS

(REGISTER T¢' 10, 10 TO REGISTER, 170 T0Q 120
MOVE ADD
AND XOR

012

arF
CODE

345 6 78810 |11121314 15

L
5 [LENGTH] o

Type 1l

DPERATIONS

XEC HMIT*

NZT

12

P
CODE

Z 4 %6 718 D011 1213 14 15

5 1

Type 1

CPERATIONS

KEC  XpIT

NZF

o1z

orp
CODE

3456 78810111213 1415

L 1
(LENGTH)

Type IV

JMP

12

ae
CODE

34567891011 1213 14 16

A

Type V

"NOTE

{1 XMIT, & actually represents the destination

Figure 3




INSTRUCTION FIELDS

Op Code Field (3-Bit Field)
The Op Code field is used to specify 10f 8
BX300 instructions as shown in Table 4,

P CODE

QCTAL

YALUE INSTRUCTION
0 MCVE S,R/L.D
1 ADD S,R/L,D
2 AND 8,R/L,D
3 XOR SR/LD
4 XEC LR/LSor .S
5 NZT LR/LS or ,S
6 XMIT LR/ D or LD
7 JMP A

Table 4 OP CODE FIELD OCTAL
ASSIGNMENTS

8,D Fields (5-Blt Fields)

The 8 and D fields specify the source and
destination of data for the operation defined
by the Op Codefield. The Auxiliary Register
is an implied second source for the instruc~
tions ADD, AND and XOR, each of which
reguire two source fields. That is, instruc~
tions of the form,

ADD X, Y

imply a third operand, say Z, located in the
Auxiliary Register so that the operation
which takes place is actually X + Z, with the
resuit stored in Y.

The S and/or D fields may specify aregister,
ora 1 to 8-bit 1/0 field. S and D field value
assignments in octal are shown in Table 5.

8X300-)

OCTAL
VALUE

00
01
02
03
04
05
06
o7

OCTAL
VALUE

AUX-Auxiliary Register 10

R1

R2 11
R3 12
R4 13
R5 14
R6 15
iVL Register-Left Bank 1/0 address 16
register. Used only as adestination. 17

08173 is used to specify 1 of 7 working registers (R1-R8, R11), the Auxiliary Register, the
Overflow Register, or IVL and IVR write-only registers.

OVF-Overflow register-Used o
as a source

R11

Unassigned

Unassigned

Unassigned

Unassigned

Unassigned

IVR Register-Right Bank /O ad-
dress register. Used only as a desti-

nation.

a. Register Specification

nly

Field within previously selected Port; position of LSB =10 J
Field within previously selected Port; position of LSB=1

Field within previously selected Port; position of L6B=2 —
Field within previously selected Port; position of LSB=3
Fiefd within previously selected Port; position of LSB =4
Field within previousty selected Port, position of LSB=5
Field within previously selected Port; position of LSB =6
Field within previously selected Port; position of LEB =7

20s- 27g is used to specify the least significant bit of a variable length field within the IO
Port previously selected by the IVL register. The length of the field is determined by R/L.

01234567

b. Left Bank 1/0 Field Specification

FAa44444

Field within previously selected Port; position of LSB=0
Field within previously selected Port; position of LSB =1
Fietd within previously selected Port; position of LSB =2
Field within previousty selected Port; position of LSB=3
Field with:n previously selected Port; position of LGB =4
Field within previously selected Port; position of LSB=5
Field within previously selected Port; position of LSB=6
Field within previously selected Port; position of LSB=7

30s-373s is used to specify the ieast significant bit of a variable length fisld within the IO
Port previously selected by the IVR Register. The length of the field is determined by R/L.

01234567

Iy

—

[,

<. Right Bank I/O Fleld Specitication

Table 5 S AND D FIELD OCTAL ASSIGNMENTS

Sinotics

19



R/L Field (3-Bit Field)
The R/L. field performs one of two functions,
specifying either a fiefd length (L} or aright
rotation (R), The function it specifies for a
given instruction depends upon the con-
tents of the 5 and D fields:

A.When both S and D specity registers, the R/L
field is used to specify a right rotation of the
data specified by the 5 field. (Rotation occurs
on tha bus and not in the source register.) The
register source data is right rotated within one
instruction ¢ycle time independent of the rum-
ber of bit positions specified in the R/L field.

B . When either or both the S and D fields specifya
variable length /0 data field, the R/L field is
used to specify the lengih of that data field.

C. R/L field assignments are shawn in Table 6.

R/L FIELD

QCTAL SPECIFICATION

VALUE
0 Field Length = & Bits
1 Field Length = 1 Bit
2 Field Length = 2 Bits
3 Field Length = 3 Bits
4 Field Length = 4 Bits
5 Field Length = 5 Bits
6 Field Length = 6 Bits
7 Field Length = 7 Bits

Takle 6 R/L FIELD OCTAL

ASSIGNMENTS

| Field (5/8-Blt Fleld)

The ! field is used to lcad a literal value
(contained in the instruction) into a register,
or a variable 1/C data field, or to modify the
low order bits of the Program Counter.

The length of the | field is based on the S

fietd in XEC, NZT, and XMIT instructions, as

follows:

A, When S specifies a register, the literal | ig an 8-
bit fieid (Type 11l format).

B. When S specifies variable I/0O data field, the
literal | is a 5-bit field {Type 1V format).

20

A Field (13-Bit Field)

The A field is a 13-bit Program Storage
address field. This allows the 8X300 to di-
rectly address 8192 instructions.

REGISTER OPERATIONS

When a register is specified as the source
and a variable 1/0 data field is specified as
the destination, the low order bits of the
results of the instructions MOVE, ADD, XGR
are merged with the original destination
data.

When an IO data field of 1 to 8 bits is
specified as the source, and a register asthe
destination, the 8-bit result of the opera-
tions MOVE, ADD, AND, XOR is stored in
the register. The operations ADD, AND,
XOR actually use the 1/0 data field (1 10 8
bits) with leading zeros to obtain 8-bit
source data for use with the 8-bit AUX data
during the operation.

IVL and IVR are write-onty pseudo registers,
andtherefore can be specified as destination
fields only. Operations involving IVL and
IVR as sources are not possible. For exam-
ple, itis not possible to increment IVR or IVL
in a singte instruction, and the contents of
VL or IVR cannot be transferred to a work-~
ing register, or /0 Pont.

The OVF (Overflow) Register can only be
used as a source field; it is set or reset onfy
by the ADD instruction.

ADDRESSING DATA ON THE
INTERFACE VECTOR

170 data fietds are implemented via general
purpose 8-bit 1/0 registers called Interface
Vector {IV) Bytes. The 1V registers serve to
select IV bytes. In order for an instruction to
access read or write! an /0 data field, the
address must be output to the VL or IVR
registers.

Thus, two instructions are required to oper-
ate on an Interface Vector byfe.

XMIT
MOVE

ADDRESS, IVl
LB, RB

SifjiRtiEs

8X300-|

Each of the two IV registers (VL and IVA}
may be setto selectan IV byte, therefore two
/O ports may be active at one tima—one on
the Right Bank (IVR! and one on the Left
Bank (IVL}. Data may be input and output in
one instruction following the selection of IV
bytes:

XMIT ADDRESSH, (VL
XMIT ADDRESS2, IVR
ADD LB, RB

Once the IV byte is selected faddressed) it
will remain selected until another addressis
output to the same IV register. Since an IV
register (IVL, IVR) can be tised only as a
destination field of an instruction, any in-
struction sending data to IVl or IVR can be
used to select an IV byte.

From the user's standpoint, however, all IV
byte outputs can be read by an external
device regardless of whether they are se-
lected or not.

The address range of IVL and IVR is 0-25510.

INSTRUCTION DESCRIPTIONS

The following instruction descriptions em-
ploy MCCAP {the 8X300 Cross Assembly
Program} programming notation. This no-
tation varies somewhat from the instruction
descriptions provided in Tables 3through 5.
Thus, for example, explicit L field definition,
as shown in Table 3 and Table 4 is not
required by MCCAP instructions; MCCAP
can create appropriate variabie field ad-
dresses from information contained in Data
Deciaration statements which may be pro-
vided by the programmed at the beginning
of his program.

The 8X300 instruction set is described be-
low with examples shown in Figures 4
through 11.
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MOVE S,D or
MOVE S(R),D

Format: Type 1, Type Il
Operation: (S)»(D}

Description

Move data. The contents of S are transferred
to D; the contents of S5 are unaffected.
both S and D are registers, R/L specifies a
right rotate of the source data before the
move. Otherwise, R/L specifies the length of
the source and/or destination /0 data figid.
If the MOVE is batween Left Bank and Right
Bank |/O field, an 8-bit field must always be
moved.

Example

Stare the teast significant 3 hits of register 5
{R5) in bits 4, § and 6 of the [/O Port previ-
ously addressed by the IVL register, See
Figure 4.

ADD S,D or
ADD S(R),D

Format: Type I, Type Il

Operation: (S) + (AUX)—»D
Carry—» OVF
Description
Unsigned 2's complement B-bit addition.
The contents of S are added to the contents
otthe Auxiliary Register. The resultis stored
in D; OVF is set to the value of the carry. if
both S and D are registers, R/L specifies a
right rotate of the scurce {5} data before the
operation. Otherwise, R/L specifies the
length of the source and/or destination 1/0
data fields. S and AUX are unaffected untess
specified as the destination.

Example

Add the contents of Rt rotated 4 places to
AUX and store the result in B3. See Figure 5.

MOVE S,D or MOVE S(R},D

MOVE RS, 1v

0 1 2 3456 7891311121314 16
a ¢ pjloor1o4fd 111 0110 BINARY AEPRESENTATION

] 0 } 5 3 2 : [} OCTaL REPAESENTATION
']

l I— EPECIFIES LSB OF 17O FIELD AS BIT 6
SPECIFIES LEFT BANK |0 FIELD

SPECIFIES 3-BIT 10 FIELD
SPECIFIES REGISTER B

0 v 2 3 4 667
I011OD|10] RE

IK X X x 114 XI SELECTED LEFT BANK /O FIELD AFTEA OPERATION

NOTE
X's in the held denote bits unaffecled by the move operation.

Figure 4

ADD S,D or ADD S(R),D

ADD R1i{4;. R3

¢ o1jeoogrf1oaojo o &1 BINARY REPRESENTATION

3 OCTAL REPRESENTATION

I010|1110|R1

11 Y 4901 41 CONTENTS OF R1 ROTATED RIGHT 4 PLACES

110000100l Al

IO 1101 00 'lI R3—AFTER DPERATION

o

Figure 5

Snotics
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AND S.D or
AND 5(R),D

Format: Type ), Type Il
Qperation: (8) A (AUX)>D
Description

Logical AND. The AND of the source field
and the Auxiliary Register is stored into the
destination. #f both S and D are registers,
R/L specifies a right rotate of the source (S}
data before the AND operation. Otherwise
R/L specifies the Jangth of the source and/
or destination /0 datafields. S and AUX are

unaffected unless specified as a destina-
tion.

Example

Store the AND of the selected right bank I/C
field and AUX in R4. The right bank data
field is called WSBCD and is 4 bits fong and
located in bits 2, 3, 4 and 5. See Figure 6.

XOR S,D or

XOR S(R),D

Format: Type |, Type I}
Operation: (S) ® (AUX)»D
Description

Exclusive-OR. The Exclusive-OR of the
source field and the Auxiliary Register is
stored in the destination. If both S and D are
registers, R/L specifies a right rotate of the
source {8) data before the XOR operation.
Otherwise R/L specifies the length of the
source and/or destination I1/0 data fields. 8

and AUX are unaffected uniess specified as
& destinaticn.

Example

Replace the sefected 1/0 data field with the
XOR of the field and AUX. The I/ data field
is called STATUS and is 5 bits in length and
{ocatedin bits 3, 4,5, 6 and 7 of left bank. See
Figure 7.
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AND $,D or AND S(R),D

AND WSBLO, A4

~

¢ 1 0

1171070

3]5
H

yoolo o0 1 0 o HMAAY REPRESENTATION
. o1 4 OCTAL REPRESENTANION
i
e ——

——————

|

L— BPECIFIES HEGISTER &

heteepe. SPECIFIES 4-BIT |/ G FIELD
SPECIFIES LSA OF R FIELD AS BT &

191 2324986 7
100101 01

.

00000 Y 0%

AND OPERATION

00 00041

EREEERY

00 DODDOON

SPECIFIES RB FIELD

SELECTED RIGHT BANK 0 FIELD

SELECTED FHELD RIGHT JUSTIFIED YWATH LEADING ZERDS ADDED.

ALX

A4

Figure 6

XOR

/

XOR $.D or XOR S{R),.D

STATYS ETATUS

BN

LR R I IO N R BN LI L I B SINAAY REPAESENTATION
3 2 ! 7 5 2 E ¥ QCTaAt REPRESENTATION

091 2 3 48568 7

011106011 l SELECTED /0 DATA FIELD~BEFORE OPEMATION

oc¢co1¢0 Tt

XOR GPERATION

Joooai1 o1 o]

o

a0

I'EE

i

e— s
UNAFFECTED

SELECTED FIELD RIGHT JUSTIFIEE WATH LEADING ZERQS ADDED

AUX

BELECTED ¥0-~AFTER OPERATION

Figure 7

SilPHES



XEC I(S)

Format: Type [H, Type IV

Operation

Execute instruction at the address specified
by the Address Register with lower 5 or 8
bits replaced by (S + L

Description

Execute the instruction at the address de-
termined by replacing the tow order bits of
the Address Register (AR) with the low order
bits of the sum of the literal | and the con-
tents of the source field. If Sis aregister, the
low order 8 bits of AR are replaced; if Sisan
I/O data field, the low order 5 bits of AR are
replaced, resulting in an execute range of
256 and 32 respectively. The Program
Counter is not affected unless the instruc-
tion executed is & JMP or NZT (whose
branch is taken).

Example

Execute one of n JMPs in a table of JMP
instructions determined by the value of the
selected I/Q data field on the left bank. The
table follows immediately after the XEC
instruction and the I/Q field is called IN-
TERPT and is a 3-bit field located in bits 4,5
and 6. See Figure 8.

XMIT |,D

Format: Type I, Type IV
Operation: |-+ (D}

Description

Transmit literal, The literal field Iis storedin
D. If D is a register, an 8-bit field is trans-
ferred; if D is an 1/Q data field, up to a 5-bit
field is transterred.

Example

Store the bit pattern 113 in the selected YO
data field on the right bank. The fieid name
is VALUE and is located in bits 3, 4 and 5.
S8se Figure 9.

8X300-1
XEC I(S)
/xec " 11 {INTERPT)
1 o0o0lto110lo1 1|01 00| BINARYREPRESENTATION
4 2 ! L] 3 2i 4 OCTAL REFRESENTATION
0 13
[p 00011019001 1] aoonressresisTer-BeFoRe opFRATION
01 2 3 4686 7
[o o1 01 1 o] seecTEoroDATARELD
6000 € 0 1 1  SELECTED FIELD RIGHT JUSTIFIED WITH LEADING ZEROS ADDED
Deo 1000
| FIELD
C 0o 10 11
— em, tm
lesoor 10 1™ a1 1|  ADDRESS REGISTER AFTER OPERATION
S — —
UNAFFECTED
ADDRESS INSTRULTION
0000110110011 XEG *~Y {INTERPT)
Q001110110700 IMP A1
»
.
L ]
GOOD110110719 LT JMP TABLE
.
.
.
QoO110111411 JMP AR
JMP 4215 EXECUTED BECAUSE 10 FIELD INTERPT = 3
Figure 8
XwiT 1D
1t oftrare1{orifo o 1 1 0] emnaryREPRESENTATION
& 3 i 5 3 | o E s OCTAL REFRESENTATION
01234567
I 1100100 1| SELECTED IO DATA—BEFORE OPERATION
000021/‘1/u 1 FIELD
l 11011 001|  SELEGTED /0 DATA—AFTER GPERATION
— —
LT—
Figure 9
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NZT S,1
Format: Type {l, Type IV

Operation:
Non-Zero Transfer. If (S) # 0, PC offset by |
— PC; otherwise PC + 1 = PC,

Description

If the data specified by the S field is non-
zero, replace the low order bits of the Pro-
gram Counter with I. Otherwise, processing
continues with the next instruction in se-
quence. If S is a reqgister, the low order 8bits
ot the PC are replaced; if S is an IO data
fietd, the low order 5 bits of the PC are
replaced, resulting in an NZT rangs of 256
and 32 respectively.

Example

Jump to Program Address ALPHA if the
selected left bank /O field is non-zero.
The field name is OVERFLC and it is a 1-bit
field located in bit 3. See Figure 10.

JMP A
Format: Type V
Operation: A~ PC

Description

The literal value A is placed in the Program
Counter and Address Register, and proc-
essing continues at location A. A has a
range of 0-17777g ({0-B131).

Example

Jump to location ALPHA (0000101110001,
See Figure 11.
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SYSTEM DESIGN USING THE
8X300 MICROCONTROLLER

Designing hardware around the 8X300 In-
terpreter reduces to selecting a program
storage devicer {ROM, PROM, etc.), select-
ing 1/0 devices {1V byte, multiplexers, RAM,
etc.), selecting clock mode (system driven
or crystal controlied} and interfacing the
Microcontroller to thase components.

A specific example of a control system
using the 8X300 Microcontroller is shown in
Figure 12. Only 8 components—four 8732
/O Ports, one BX350 RAM, two 828215
ROMs, and an BX300 are required to buiid
this system which contains 512 words of
program storage, 32 TTL /O connection
points, 256 bytes of working storage, and
operates at a 250ns instruction cycle time.

Halt, Reset Signals

HALT:

A low level at the HALT input stops internal
operation of the Microcontroller at the start
of the next instruction after HALT is appiied
{quarter cycle after MCLK). Since HALT is
sampled at the start of each instruction
cycle it is possible to prevent a cycle by
applying HALT early in that cycle. BALT
does not inhibit MCLK or affect any inter-
nal registers. Normal operation begins with
the next complete cycle after the HALT
input goes high.

RESET:

A low level at the RESET input sets the
program counter and address register o
zero. While RESET is low MCLK is inhibit-
ed. If RESET is applied during the last 2
quarter cycles, the MCLK during that cycle
may be shortened. RESET should be ap-
plied for 1 full instruction cycle time to as-
sure propar operation. When RESET input
goes high an MCLK occurs prior to the re-
sumption of normal processing. RESET
does not affect the other intarnal registers.

SYSTEM TIMING

In systems with fast instruction cycle times,
maost Microcontrolier delays are strictly de-
termined by internal gate propagation de-
lays.

EXAMPLE OF CONTROL SYSTEM
. SIGNETICS y
+5¥ RESET WALT 8Tz
o o 9
Ad—A1Z .
K o—— ] : — D0 -UD7
SIGMETICS _’jl_" 10 PORT
825215 1. 2N5320
5128 =
ROM 10-17 ) ™
— Yeel VAl yep _J'f WE
po = A4—A12 — e
C e - BOC
STROBE SRS TVEO_IVE?
T axan0
——1J micrRoconTROLLER MCLK, ~
— 5C. WC
— YDO-UDT
] 6 10 PORT
) J1 ]
T— s z
> — £
%4 Xy GNDJ- ME g
SIGNETICS <:: L—--—-————O BIC 5
Ad-A1Z 7 — — 3
825215 = O BOC
512x8 .00 MHz =
w
ROM 13-115 =
Ty upn-Lin?
120 PORT
cey| €,
NE
]——O BIC
) BOC
L. ¢ o
T > UnG—UB7
| 2568 140 PORT >
B0 = RAM
ME M_E
BIC
O BOC
Figure 12
M| L]
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Bince some events are constrained to occur
in certain quarter ¢ycles, as system cycle
times become slower, the delays will appear
to increase due to gating with internal
clocks. In the table of AC Electrical Charac-
teristics, 2 columns are used: 1 to denocte
times which occur due to internal clock
intervention and 1 to denote minimum de-
lays for fast cycle times.

When using Signetics 8T32 1/0 Ports, selec-
tion of instruction cycle time involves calcu-
lating the maximum program storage ac-
cess time. Assuming the instruction is
available when MCLK falls, the I/0 ¢ontrol
lines are stable 35ns later. Signetics 8T32's
requtira another 35ns to disabte a previously
selected port and enable the desired port
{assumes a change in bank signals}. A 10ns
margin has been added to the 8T32 enable
for this evaluation to reflect the fact that
most systems will have more capacitive
loading than the 50pF test condition in the
8T32 specification and to allow for line de-
lays.

The system instruction cycle time for nor-
mal systems such as shown in Figure 12 is
determined by Microcontroller propagation
delays, program storage access time, and
port output enable times. Instruction cycle
time is normally constrained by one ormore
of the following conditions:

1. Instruction 1o LB/RB f(input phase) + 170 Port
output enabie: Toe ='%ecycle - 35ns (Figure 13).

2. Prograrn storage access time + instruction to
LB/RB finput phase) + 1O Port cutput enable
and IV data tinput phase! to address < instruc-
tign cycle time (Figure 14).

3. Program storage access timeg + instruction to
address < instruction cycle time (Figure 15).

The first constraint can be used to deter-
ming the minimum cycle time. Using the
inequality 35ns + 35ns =< 1% cycle - 55ns
irmplies 14 cycle 2 125ns or an instruction
time of 250ns.

Program storage access time for a 250ns
instruction cycle can be caiculated from the
second constraint, Noting that the specifi-
cation for IV data (input phase) to address is
11&ns: Pregram storage access time +35ns
+ 35ns + 115ns = 250ns implies program
storage access time = 65ns.

The third constraint can be used to verify
the maximum program storage access fime.
Noting that the specification for instruction
to address is 185ns: Program storage ac-
cess time + 185ns < 250ns confirms that
program storage access time 65ns is satis-
factory.
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System Clock

The Micrcontrolter has an integrated oscil-
lator which generates all necessary clock
signals. The oscillator is designed tc con-
nect directly to a series reschant quartz
crystal via pins X1 and X2. The crystal reso-
nant frequency, 1, is retated to the desired
cycle time, T, by the relationship f=2/T. Far
a 250ns system, f = 8.00MHz.

Fundamental mode,
series resonant

Type:

Impedance at
Fundamental:

impedance at
harmonics and

35 ohms maximum

50 ohms minimum

spurs:

Table 7 CRYSTAL CHARACTERISTICS

in lower speed applications where the cycle
time need not be precisely controlled, a
capacitor may be connected between X1
and X2 to drive the osciilator, Approximate
capacitor values are given in Table 8. if
cycle time is to be varied, X1 and X2 should
be driven from complementary outputs of a
putse generator. Figure 16 shows a typical
configuration. For systems where the Inter-
preter is to be driven from amasterclock the
X1 and X2 tines may be interfaced to TTL
logic as shown in Figure 17.

Cx,pF CYCLE TIME
100 300ns
200 500ns
500 tius
1000 2.0us

Tabie 8 CLOCK CAPACITOR VALVES

8X300-1

CLOCKING WITH A PULSE GENERATOR

+ # Xq
PULSE iﬁn 8%300
GENERATGR MICROCONTROLLER
- . XZ
50
Pulse generator charactaristics:
Z0UT =500 VOuUT =0-1 volt =
Rigetime = 10ns = Skew = 10ns
Complementary cutputs
NOTE: Al resistors values are typical and in ohms,
Figure 16
CLOCKING WITH TTL
10001
Xy
470
CLOCK O—¢ MICROCGNTROLLER
Xz
Ly

TTL driver characteristics:
Risetime and Fallime = 10ns
Skew betwaen complementary -
outputs = 10ns

Figure 17

AC ELECTRICAL CHARACTERISTICS VCg=5V£5%and 0°C < Tp <70°C

PROPAGATION CYCLE TIME
DELAY DESCRIPTION DELAY TIME LIMIT

X1 falling edge to MCLK (driven from external

pulse generator) 75ns
MCLK to SC/WC falling edge {input phase) 28ns
MCLK to SC/WC rising edge (cutput phase) % cycle + 25ns
MCLK to LB/RB {input phase) asns
Instruction to LB/RB output (input phase) 35n%
MCLK to LB/RB {output phase) 1y cycle + 35ns
MCLK to IV data (output phase) 185ns 145 cycle + 60ns
IV data {input phase} to |V data (gutput phase} 115ns
Instruction to Address 185ns 15 cycleg + 40ns
MCLK to Address 185ns 14 cycle + 40ns
IV data {input phase} to Address 115ns
MCLK to IV data (input phase) % cycle - 5bns

= MCLK to Halt falling edge to prevent

current cycle /s cycle - 40ns

Resst rising edge to first MCLK 0to 1 cycle

NOTE
1. Referance to MULK is to the falling edge when loaded with 300pF.
2. Loading on Address lines is 150pF.

Sifjnotics
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8X300-1

TYPICAL INSTRUCTION CYCLE TIMING
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8X300-1

DC ELECTRICAL CHARACTERISTICS Limits apply for Vog =5V 5% ABSOLUTE MAXIMUM RATINGS
and 0°C < Ta < 70°C unless
specified otherwise, PARAMETER RATING|UNIT
LIMITS Voo Supply voltage 7 v
PARAMETER TEST CONDITIONS UNIT X1,X2 Crystal input 2 v
Min | Typ | Max voltage
Others Logic input 55 v
V|4 High level input voltage voltage
X1 %2 B v
All others 2 v
VL Low level input voltage
X1,%2 4 v
All others 8 W
Vic Input clamp voltage Voo = 475V -1.5
(Note 1} I =-10mA
iy High level input current
X1.%2 Veog = 528V 2700 LA
Vg =6V
All others Voo = 5.25Y <1 50 LA
ViH = 4.5V
hL Low level input current
X1.X2 VCC = 525V . -2500 4A
IVBO-7 Vj =4V ~140 | -200 | WA
VCC = 5.2EV
10-115 VL= 4V -B80 | -1600 | pA
HALT, RESET V=4V =230 | -400 A
VoL Low level output voltage
AD-A12 VC =475y .35 .55 W
IO = 4.25mA
All others Vi =475V .35 55 ¥
Van High level output voltage v = 475V 24 v
‘OH = 3mA
IO Short circuit output current|
(Note 2} VCC = 5.25Y -30 -140 mA
Ve Supply voltage 4.75 5 5.25 v
lcc  Supply current VCC = 525V 1.60 mA,
| reG Reguiater control Vee = 5.0V -14 -1 mA,
tcp Regulator current (Note 3) 290 mA
Vepr Regulator voltage (Note 3) 22 3.2 v

NOTES

1. Crystal inputs X1 and X2 do pol have clamp diodes.

2. Only one cutput may be grounded at a time.

3. Wee =525V, HALT = RESET = ALDRESS = IVX = 0.0V, al other ping apen.

%
-
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DESCRIPTION

The Signetics 8X30C Fixed Instruction Bi-
polar Microprocessor provides new levels
of high performance to microprocessor
applications not previously possible with
MOS technology.

In the majority of casas, the choice of a
kipolar microprocessor slice, as opposed
to an MOS device, is based on speed. The
8X300 processor, combined with high-
speed memory and I/0O devices, is capable
of executing all instruction in 250ns.

The 8X300 is optimized for control and data
mavement applications. It has a 13-bit add-
ress bus for selecting instructions from
program storage and a separate input bus
for entering a 16-bit instruction words. Data
handling and I/O device addressing are
accomplished via the 8-bit Interface Vector
(V) bus, The IV bus is supported by four
additional control lines and a clock.

The unigue features of the 8X300 1V bus and
instruction set permit 8-bit parallet data to
be rotated or masked before undergoing
arithmetic or logical operations. Then, the
data may be shifted and merged into any set
of from 1 to 8 contiguous bits at the destin-
ation. The entire process of input, shifting,
processing and cutput is done in 1 instruc-
tion cycle time. The 250ns cycle time makes
the X300 ideally suited for high-gpeed ap-
plications.

The evaluation board contains all the ele-
ments which a designer needs to judge the
suitability of the 8X300 for his systems
applications. Included with the 8X300 are

4 1/0 ports for external device interface, 256
bytes of temporary (working) data storage,
and 512 words of program storage, al! prop-
erly connected to the 8X300 to allow im-
mediate exercising of the board. For this
purpose, the PROMs are preprogramed
with tha I/0 control, RAM control, and RAM
integrity diagnostic programs. With the re-
maining PROM space, the designer may
enter his own benchmark, test, or develop-
ment routines.

The board design allows complete flexibili-
ty in access to the addrass, instruction, and
IV busses as well as all controls and signals
of the 8X300. The W bus, I/O port user
connection, clock signals controi lines,
address bus and instruction bus are wired
to output pins, the board edge connector
and flat cable connectors.

The beard layout permits variations and/or
expansions of the basic design. In addition
to the access to all signals for transfer off
the board, a wire wrap area is provided so
that the designer may add to the board
circuitry as he desires. The addition may
include memory, additional interfaces, or

special circuits which meet specific user
requirements.

Controls are also provided for diagnostic
and instructional purposes by allowing
various operating modes. In the WAIT
mode, the program may be single stepped
for ease of checkout. The one-shot instruc-
tion jamming ailows control of the program
start location, changes of program flow,
changing or examining the internal regis-
ters, or testing of simple sequences. The
repeated instruction jamming provides a
means of repetitive execution of an instruc-
tion so that the IO bus and the control
lines may be examined without software
changes. In both of these jam cases, the
jammed instruction is selacted by board-
mounted switches,

FEATURES

250ns CPU with Crystal

4 1/O Ports (32 Lines)

256 Bytes Data Storage

512 Words Program Storage
Run/Wait Control

Single Step

tnstruction Jamming

One Shot instruction Jam
Repeated Jam

All Buses to Qulput Pins
Firmware Diagnostics
Wire-Wrap Area

Edge Connector

Flat Cable Connectors

Wire Wrap Posts for Bus Lines

Sinntics

CONTENTS

1 ea— 8X300

8ea— 825116 (256 x 1 RAM)

2ea— 825115 (512 x 8 PROM)

4 ea— 8T32 Addressable Bidirectional
1/O Port

1 ega— 8T31 (Bidirectional I/0 Port)

2 ea— 8T26A {Quad Bus Transceiver)

4 ea— 74157 (Quad 2-Input Data Selec-

tor)

2ea— 7474 (Dual D Flip Flop}

2 ea— 7400 {Quad Nand Gate)

1 ea— 7427 (3-Input NOR Gate)

1t ea— P.C. Board
Misc. Parts

1ea— Introductory Manual, assembly
instructions, code listings and
schematics

AVAILABILITY

Immediate delivery from Signetics Rep.
or Distributors.
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Auxiliary Circuits

The 8X300 can be used with any bipolar (or
TTL-compatible) 1Cs. It can directly ad-
dress 8192 program instruction locations
and up to 512 /O ports, The memary
paging feature may be employed for larger
working storage. Typical auxiliary circuits

include:

Program Storage
/0 8732/33

8T35/36

8T

8T39
Working Storage

34

825115 (512x8 PROM)
{8-Bit Synchronous
Bidirectional IO
Part)

{8-Bit Asynchronous
Bidirectional i/0
Port)

(8-Bit Bidirectional
1/0 Port)

{Quad Bus Extender)
825116 RAM
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DESCRIPTION

The 8X300 Programming Course is an audi-
ofvisual course designed to assist system
logic designers with little or no previous
MiCroprocesser programming experience
to confidently and effectively design and
generate software for his own application.

The BX300 Programming Course consists of
a series of 13 modular lessons, Each lesson
consists of an audio tape and interactive
course materials. Two short lessons de-
scribe 8X300 hardware features, internal
architecture, systems configuration and in-
terfaces, support devices and introduce a
variety of software and prototype develop-
ment tools. The user is then introduced to
software and program organization con-
cepts and terminology followed by detailed
specification and analysis of instruction
formats and operations in six short mod-
ules. Opportunity is provided to those stu-
dents with basic programming skills to by-
pass one or more of these lessons. A
separate lesson on program management
and recordkeeping requirements is a natu-
ral bridge between instruction details and
multi-instruction sequences. The remaining
four modutes of the course describe a varie-
ty of applications processes and specific
techniques for effective program design
and management. Particutar emphasis is
given to practical approach and choice of
optional solutions. Throughout the course,
student learning is reinforced and meas-
ured through integrated examples and exer-
cises.

FEATURES

* Audio/visual
e Self-paced course

COURSE CONTENTS

10 Audio tapes in flat-pack album

6 Envelopes containing course notes

1 Folder containing data sheets and appli-
cation notes

1 Tablet of 8X300 programming forms

During the course of training, the audio
cassette tapes are used in conjunction with
the course notes to provide the audio/visual
aid. Exercises and pretests are also in-
cluded atthe end of each Jesson to assistthe
student in understanding the course materi-
al and at the same time set a guideline for
self-pacing.

CONTENTS DESCRIPTION

8X300 PROGRAMMING COURSE
OVERVIEW

8X300 Hardware

Lesson 1 Features and architecture

Lesson 2 Support devices and prototype
development tools

8X300 Software Basics

Lesson 3 Introduction to software
Lesson 4 Instruction formats
Lesson 5 Instruction operands

8X300 Instruction Commands
Lesson 6 Data movement
Lesson 7 Arithmetic logic
Lesson 8 Program control
Lesson 8@ Record-keeping

Multi-Instruction Applications

Lesson 10 Part 1
Lesson11 Part 2

Subroutine Calls And Returns
Lesson12 Part 1
Lesson 13 Part 2

COURSE ABSTRACT

Lesson 1—8X300 Features and architecture
A briaf description of 8X300 features and
capabilities is followed by details of archi-
tecture and data flow through the 8X300. All
pinouts are defined, and timing considera-
tions relative to a minimum 8X300 system
configuration are then illustrated and ex-
plained.

Sifnotics

. Design objectives.

. BX300 applications and usage.

. Capabilities and limitations.

Power requirement and support circuit.

. External timing requirements.

. Data flow and throughput; processing time.
. BX300 architecture,

. Instruction ¢ycle phases and timing.

. Details of the Interface Vector and /0 control,
10.internal register definition and usage.
11.8X300 minimum gystern configuration.

Om NStk

Audio Tape: Approximately 33 minutes

Studsent

Completion; Approximately 1 hour, 20 min-
utes

Lesson 2— Support Hardware and Prolo-
type development fools

Each generic type of [C compatible for use
in an 8X300 system configuration is de-
scribed, using a short form referenca to
useful devices as an index, Special attention
is provided to efficient configuration of
working storage and considerations in-
volved in structuring the Interface Vector.

The lesson is concluded with a precise
Iintroduction to software support programs
and protatype development hardware avail-
able to the 8X300 applications designer.

To develop an understanding of support
hardware and prototype develepment tools
available for use by the 8X300 system de-
signer,

1. Composite of most useful 8X300-compatible
iCs. .
2. Explanation:
825215 bipolar ROM
8258115 bipolar PROM
825116 bipolar HAM
8T32/33 IV Byte
3. 256-byte working storage configuration,

as



4, Expandable IV byte Interface Vector.

5. Intreduction tor
Microcontroller Simutator IMCSIM?
Micracontroller Cross Assembler Program
MCCAP
Designer's Evatuation Board Kit 8T32 Address
Pragrammer

Audio Tape: Approximately 20 minutes
Student
Completion: Approximately 1 hour

Lesson 3—Introduction to Soliware

This lesson is designed for the programmer
who has not previously been exposed to
microprocessor software and its relation-
ship to both intermal and external hardware
associated with the 8X300. An analcgy is
drawn between software and its relationship
to a computer and sheet music as it relates
to an orchestra, Technical terms and buzz
words related to microprocessors are then
introduced and defined.

1. Hardware/software relationships compared
with an analogy to a symphanic production.

2. Software technical definitions, symbols, no-
menclatura.

Audio Tape: Approximately 15 minutes
Student
Completion: Approximately 30 minutes

Lesson 4—8X300 Instruction/Data Formats
This lesson provides basic information on
8X300 instruction and data formats. Instruc-
tion classes, including opcode definition
and operand introduction. are related to
fixed instruction format types. A brief review
of number systems, particularly as they
relate to the 8X300, is optionally studied by
the user.

Chuttine:

1. General and specific instruction formats.

2. Instruction formats (5} definition.

3. Definition of instruction commands; relation-
ship t¢ formats.

4. Operand introduction—effect on format desig-
nation.

5. Data format description.

6. Review of number systems; emphasis on binary
and octal {option).

Audio Tape: Approximately 15 minutes
Student
Completion: Approximately 30 minutes

Lesson 5—B8X300 Instruction Operands
The 8X300 instruction set is powerfutly en-
hanced by its unique coperand configura-
tion. In this lesson, stress is placed on
definition and flexibility of all operands as
they are written within each instruction
class. Using the architecture block diagram,
the relationship of each operand to the
control of specific internal 8X300 circuits is
stressed. Review of allinstruction formats is
provided, thus laying the groundwork for
detailed discussion of the instruction
classes themselves.

36

Outline: _

1. Description of all operands (8, D, A/L, I, Alin
detail,

2. Software delinition of all registers; their fea-
tures and constraints.

3. Specification of operand control on retated
hardware.

4, Summary of format/operand relationship.

Audio Tape: Approximately 20 minutes
Student
Completion: Approximately 35 minutes

Legson 6—8X300 Data Movement Com-
mands

Tha flexibility of data movement and manip-
ulation are keys to a solid understanding of
the 8X300. Within this framework, data
movament instructions MOVE and TRANS-
MIT are exposed. Stress is laid on execution
of these instructions with respect to manip-
ulation of data by operand controlled logic
distributed within the 8X300 internal data
path. Emphasis is placed on dynamic mcve-
ment of data when registers or selected 17O
are designated in any combination as
source or destination. Applications and
possible software characterization of exter-
nal hardware are introduced.

Outline:

1. MOVE: Register to Register. Register to VO, VO
to Registar; I/C to /0. Emphasis on IVL/IVR
170 Port Addressing.

2. TRANSMIT: Immediate Register Load; fixed
data to selected 1/0. Flexibitity and constraints.

3. Summary table of data movement internal con-
trols.

Audio Tape: Approximately 25 minutes
Student
Completion: Approximately 45 minutes

Lesson 7—8X300 Arilhmetic/Logic Com-
mands

With prior emphasis on with reference to
data movement and manipulation as a base,
ALU functions and their resultant effect on
data are stressed. Introduction to applica-
tions arising from implementation of ALU
instructions, and resuitant minimization of
external hardware vrequired in non-
microprocessor systems, is provided. In-
struction is provided at the machine lan-
guage level in order to establish a firm
foundation for multi-instruction applica-
tions later in the course.

Outtine:

1. Arithmstic ADD instruction; function of R-10.

2. LOGICAL AND instruction.

3. EXCLUSIVE OR instruction.

4. Review of Al.U and data movemant commands
through self-administered exercises.

Audio Tape: Approximately 15 minutes

Student

Compietion: Approximately 30 to 50 min-

utes, based on completion of

optional review exercises.

SnntEs

Lesson 8—8X300 Program Control Com-
mands

A statement of the purpose of program
control instructionsis followed by adetailed .
analysis of each at machine language level.
Software partitioning of control storage
memory into pages and segments is ex-
plained. Emphasis is placed on the dynam-
ics of linking ¥ixed and processed bit patt-
erng into working control storage access
addresses. The relationship between abso-
lute memory addrasses and immediate op-
erand fields contained within program con-
trol instructions is stressed through
explanation of, and interactivity with, sim-
plified conversion tables.

Qutline:

t. Relationship to 8X300 internal architecture and
ingtruction cycle timing.

2. Memory mapping; software implementation in
program controt paging, segments, relative dis-
placemeant.

3. Boundary ltimits as function of register and
selected 170 designatiort.

4, Soluttons for maximizing program controf flex-
ibility.

5. Program tontrol examples: XEC, NZT, and
JMP.

6. Practical implementation in working program.

7. Description/usage of address/immediate oper-
and translation tables.

Audio Tape: Approximately 35 minutes

Student

Completion: Approximately 1 hour, 10min-
utes

Lesson 8-Record Keeping Considerations
This lesson demonstrates the need for ef-
fective record keeping as a necessary paral-
lel to multi-instruction software require-
ments. Top-Down programming concepts
are defined. Symbolic labeling of address
and data fields are described by purpose
and usage. Techniques which must be con-
sidered by the programmer in analyzing the
need for, and subsequert preparation of,
housekeeping routines are proposed. A
variety of programming forms, tailored for
use by BX300 software writers, are intro-
duced and expiained.

Qutline:

1. Need for program enhancement through effec-
tive record keeping.

2. Top-Down program design concept introduc-
tion.

3. Programmer record maintenance tools and ap-
plication.

4. GPU record maintenance tools and applica-
tions.

5. Record keeping for VO, process, and address
control.

€. Symbolic labeling, usage.

7. Effect of poor recard keeping applications on
CPL) program execution.

8. Technigues for effective record keeping.

9. Programming forms introduction and descrip-
tion.



Lesson 10—Multi-Instruction Applications
The first of two applications lessons de-
scribes software sequences for subtracting,
inclusive OR, mask variations, basic inter-
rupt progesses, CPU and 1/C initiated de-
lays, and data deserialization. A number of
alternative approaches and soiutions to
each problem are developed. Transition
from single to miltiple instruction se-
quences increases in complexity as the
lesson progresses. Housekeeping functions
integral to the implementation of each topic
are stressad.

Qutline:

1. 1's complement, 2's complement, and subtrac-
tion,
2. Negative number/immediate operand conver-
sion tables.
. Software implemented counters, applications.
. Time delay concepts and applications.
. Data masking implementation and usage.
. Masked interrupt process techniques, /0 in-
terrupt handling.
. INCLUSIVE-OR software and applications.
. Multiple byte addition and storage featurss.
. Serialization and deserialization of data.
= appiications
+ overall program considerations
s software options
» significant bit handling
» interiock with slower (/0
10.Timing and clock generation.
11.Clocked serializing techniques.
12.CPU and O controlled deiay options includ-
ing fine tuning techrigues.
13.Fixed IY0 controlled data serialization.
Audio Tape: Approximately 37 minutes
Student
Completion:  Approximateiy 1 hour 30 min-
utes

= I P ]
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Lesson 11—Multi-Introduction Applica-
tions

The second of two applications lessons
focuses on multi-bit pattern detection and
generation. Applications for data serializa-
tion at variably rates determined by I/0. and
service routines based on complex I/0 sta-
tus, are described. The subject of interrupt
handling is reopened, this time to provide
techniques for processing multi-level priori-
tized interrupts typically found in complex
externalty controlled YO systems. Trade-
offs between speed of handling interrupts
and conservation of control storage are
described, then implemented. Techniques
learned in previous examples are then chos-

en to implement a typical controls applica-
tion monitoring and service scheme.

Qutline:

. Pattern generation and detection.

. Gost effective sequence optigns.

. XEC ingtruction flexibility.

. Muiti-tine 140 status discrimination techniques.

. Multiple use of working register; application.

. Flexible routine exit options.

. Alternatives:
Control storage conservatton.
Expected/unexpected scheduled 170 status
handling.

B, Multi-leve! status/interrupt priorities.

9. Software designed for rapid interrupt detec-
tion.

10.Complex system’s interrupt handling and prior-
itizing.

Ndm O bW

Audio Tape: Approximatefy 35 minutes

Student

Completion: Approximatety 1 hour, 20min
utes

Lesson 12—Subroutine Calls & Returns—1
Subroutine calls and returns are examined
from 2 basic points of view. These are

1. Program organization and management.
2. The mechanics of creating effective routines
and process SeQuUences.

After a review of program control com-
mands presented in previcus {essons, this
lesson presents the theary of single and
multi-levei routine access with seguentially
increased complexity. Possible program-
mer errors are defined and practical solu-
tions for their prevention are suggested.
Tradeoffs in memory conservation, speed,
and dynamic operations related to program
organization and execution are examined.
8X300 program control instruction flexibili-
ty is stressed.

Qutling:

1. Introduction: The need far effective overalt
program organization and management.

2. Review of elementary intra-routine access
procedures,

3. 8X300-orignted return adaress link:
Basic use of working register.

Return link saved in working storage; release of
register, Return jump tabis usags; Memory map-
ping.

4. Routine nesting: concept, need, principles,
considerations.

5. Practical two-level routine access and returm.

6. Simplified multi-lavel subroutine/return struc-
tura.

Sifnetics

7. Legal and l|fladvised sequences; constraints;
options to eliminate errar.
8, Page and segment boundary management.
9. Diagrammed analysis of nesting multi-fevel
program structures.
t0.Practical choice of all/returninstruction proce-
dures based on program segment definition:
Terminal
Inting
Bypass
Multiple access
11.Summary of fundamental program structuring
principles.

Audio Tape: Approximately 37 minutes
Student

Completion: Approximatety 1 hour, tOmin-
utes

Lesson 13—Subroutine calls and Returns-2
imptementation of subroutine multi-level
access control through software configura-
tion of the RETURN ADDRESS STACK
{RAS) is presented. Different types of RAS
are defined with detailed exposition of one
easily adapted to 8X300 usage. Configura-
tion of the RAS in working storage and
accompanying universal jump table access
is presented. The use of intermediate soft-
ware processes for dynamic access of, and
return from, nested program segments is
described. Simptification of program com-
plexity is stressed.

Program management considerations are
introduced, including subtleties invelved in
program packing for control storage con-
servation and error correction involving
page and segment boundary management,

Outline;
1. RETURN ADDRESS STACK definition and
architecture.
2. Software generation of RAS:
Usage of working storage
Universal Jump Table
3. Drirect versus indirect subroutine access/re-
ture.
4. Implementation of indirect processes details,
constraints, options,
5. Relocatahle addressing in multi-level sequenc-
ing.
B Program packing; advantages and need.
7. Page and segment boundary management er-
rors and solutions.

Audio Tape: Approximately 35 minutes

Student

Completion: Approximately 1 hour, 10min-
utes
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DESCRIPTION

The BX300 Assembler is a program which
accepts source code written in the 8X300
assembly language and which produces
both a listing of the symbaoiic program and
an object module in one of three formats:
MCSIM, ROM Simulator or BPNF.

The assembler is written in ANSI standard
Fortran and is approximately 2800 card
images in 1ength. 1t requires some rewind-
able /0 medium such as disk or tape for
temporary storage, an input device to read
source code and two output devices, one to
output the assembler listing and ong {0
output the object module. 1 desired, the
assembler may be compiled and linked to
execute in overlays.

The assembler consists of two passes which
build a symbol table, issue helpful error
messages, produce an easily readable pro-
gram listing and output a computer read-
able object module.

FEATURES

* Macros nested to three levels
Conditional assembly

Address arithmetic

Automatic procedure/subroutine han-
dling

Reserved symbols for registers

Multiple entry to proecedures

Symbolic machine operation codes
Symbolic address assignment references
Symbolic data creation statements (IV
Byte References)

Free format source code

Syntax error checking

Self-defining constants

Assembly listing control statements
ASCII character code

Comment statements and comment
areas

Forward relerencing

a8

MCCAP LANGUAGE

The assembler recognizes three types of
statements: comment statements, machina
instructions, and pseudo-ops (diractives).

Comment statements are used to document
a listing. They must contain an asterisk in
column 1 and may contain any legal charac-
ter in the other 79 columns.

Machine instruction statements are those
statements that generate instruction{s) to be
executed by the BX300 processor. Maching
instruction staternents include:

MOVE . Move bytse from one location to
another.

Add the byte in one location to the
byte in the auxiliary register and
store the result in another loca-
tion.

AND the byte in one location with
the byte in the auxiliary register
and store the result in ancther
location.

Exclusive OR the byteinoneloca-
tion with the byte in the auxiliary
register and store the result in
angther location.

Execute the instruction at the
specified address.

Transmit the literal (immediate
data) contained in this instruction
to the specifiad location.

Jump to the specified address if
the value in the specified location
is not zero.

Jump to the specified address.
Transfer control to a procedure or
an entry point,

Returns control from a progedure
or an entry point,

Places the address of an 1V Byte
variable into the IVL or the IVR
register.

ADD
AND
XOR
XEC
XMIT
NZT
JMP
CALL

RTN

SEL

Pseudoe-Ops (or Directives) are commands
to the assembler, but have no meaning to
the 8X300 processor.

Sinptics

EQU Asgigns a value to the symbol
in the label field.

SET Identical to EQU, except that
the symbol may be redefined
by ancther SET statement.

LIV Assigns a symbolic name to
the address, position and pra-
cision of the “left bank" Inter-
face Vector Byte variable.

A Identicalto LIV, except thatthe
assignment is made to the
“right bank” 1/Q Field.

FPROG Introduces and names the
main program.

PRGC Introduces and names a
procedure.

ENTRY Specifies an additional antry
peoint to a procedure.

END Terminates a procedure, a pro-
gram or a MACRO.

ORG Changes the value of the loca-
tion counter,

QBJ Specifies the format of the ob-
ject modula.

IF Introduces source statements
subject to conditional assem-
bly.

ENDIF Terminates the source state-
ments subject to conditional
assembly.

LIST Specifies the 1ist and punch
options.

NLIST Negates the list and punch op-
tions.

EJCT Advances listing to next page.

SPAC Advances listing to next lina.

MACRO Defines the source statements
generated a macro call.

AVAILABILITY

The assembler is available on NC3S, GE
and TYMSHARE timesharing ssrvices. [tis
also available from Signetics on 9-track
magnetic tape written in EBCDIC in 80-
character unblocked records at a density of
800 bpi.



FEATURES

& Totally self-contalned with keyboard
alpha-numeric display, tape reader, TTY
output

* Dual MicroControllers: one to run instru-
ment, one dedicated to execute user’s
program

# Real time inatruction execution

+ Control of program execution-Halt
Single Step and Run Modes

» Direct program/register/IV¥ examination
and modification through keyboard

* Three breakpoint types—Normal, Halt
and Ingert Instruction

» Up to 4k words of high speed read/write
program storage

* Format compatible with papertape out~
put of MicroConiroller Cross Assetnbly
Program

DESCRIPTION

The SMS MicroControfler Simulator,
MCSIM, is a hardware development instru-
ment designed to perform in the user's sys-
tem exactly as an SMS MicroContrailer, It
directly supports the SMS 300 (8X300) as
well as MicroController prototyping sys-
terns. MCSIM gives the user an Interpreter
system with a modifiable Program Storage
and a Control Panel which together provide
a means of entering, running, monitoring,
debugging and changing a program. It fea-
tures ease of use due to its high level inter-
active display/keyboard and simple operat-
ing system. MCSIM allows the user to run
his program on-line in real time. Through
the Control Panel, data stored in internat
registers, Working Storageand 1V Bytes can
be examingd and modified. An extensive
breakpoint capability permits the user to
quickly locate program faulis.

MCSIM contains two MicroControllers: one
for running the instrument and a second
totally dedicated to the user's program and
prototyping system. This insures that when
program deveiopment is complete and the
design specifications have been met, pro-
duction systems will perform identically
with the prototype.

OPERATION

MCSIM operation is separated into six
modes, each mode consisting of a related
set of functions and status displays. Access
to a made is made using one of the six mode
selection keys. {See Table 1). The currently
selected mode is displayed at the extreme
left part of the disptay; the currently select-
ed function is displayed at the extreme right
of the display. Selection among the avail-
able functions is made using the 1 and |
keys, incrementing and decrementing tothe
next function. The function selected at last
exit is automatically re-selected when the
mode is re-entered except for the Break-

point Mode which selects the Current dis- tioning the function roll with cne of the

play. two Function Select Keys.

3. Set up any necessary conditiong, such as
entering data or readying papertape in
the reader.

4, Activate the function by depressing the
Function Acknowledge Key (FCN/ACK).

An operation is generally performed using

the following four steps:

1. Select a mode by depressing one of the
six Mode Select Keys.

2. Select a function in that mode by posl-

MODE FUNCTIONS

Manual Change Address
Store Instruction

Examination and alteration
of Program Storage

Tape Load
Verify
Load ar dump all or part of Begin Punch Address

Program Storage
End Punch Address
Punch

Program Identification

Register Change Address
Store Cctal Data
Examination and alteration Store Binary Data
of the Interpreter's internal
registars
Complement Overflow
Interface Vector Display Current Enabled Bytes
Change IV Address
Examination and alteration Store Binary Data in |V
of the locations on the IV Bus Location
Breakpoint Display Currently Active
Brezkpoint

Set Normal {Sync) Breakpeint
Set Stop Breakpoint

Set one of three types Heplace Instruction at
of breakpoint for program Breakpoint
debugging

Execute Halt

Control and monitor execution Run Program

of a program

Insert Instruction
Single Step

Table 1 MCSIM OPERATOR CONTROLLED FUNCTIONS
S{fjItiEs 39



SPECIFICATIONS
Control Panel

The Mode Select Keys and the Function
Select Keys used in combination give the
user 26 possible functions to agcomplish
complete loading and testing of the pro~
gram. Each Mode Select Key accesses a set
of functions, one of which is chosen using
the Function Select Keys.

Status Messages

Message displays are used to indicate spe-
cial conditions which may resuft from the
operation of MCSIM:

Data Input/Qutput

POWER ON, MCSIM SYSTEM START
72?MORE THAN ONE KEY PRESSED
UNABLE TO READ TAPE. RESTART
UNDEFINED MEMORY ADDRESS toctal
address}

INVALID INSTRUGCTION tinstruction code}
LOADING INTERRUFTED, RESTART
V'FYING INTERRUPTED, RESTART
F'CHING INTERRUPTED, RESTART

NO VERIFY toctal address, tape data, mem-
ory datal

CLEAR RESET LINE TO START RUNNING
CLEAR HALT LINE TO START RUNNING
INVALID 8-BIT OCTAL VALUE (octal value)
UNDEFINED I¥ BYTE ADDRESS t(octal
address)

COMPONENTS

- DESCRIPTION

Pane{

Tape Reader
format)
TrY
terminal

36 character self scan display for messages and data readout
12 key numeric keybeoard for data entry/modification
120 character/second tape reader for high speed data entry (ASCII

20mA current loop output for listing of program code on Teletype®

PHYSICAL CHARACTERISTICS

Power 115V or 230V = 10%
50 or 60Hz * 10%
350 watts/min. to 750 watts/max.
(Power dissipation dependent on the number of Simulation Modules
configured in the system)

Dimensions 7 inches high x 17 inches wide x 19 inches deep

Instzlation May be used on table or may be installed in standard 19inch rack with
mount adapters

Weight 65 1bs. net, 75 1bs. shipping

Ventilation Air Flow 120 CFM

Environmentat | 0° to 55°C, Relative Humidity to 90%.

40

SHRLES

Sync Output

Output pulse whenever address breakpoint
is reached.

System interface

MCSIM is connected to the user's prototyp-
ing system via a single ribbon cable. This
cable terminates in eitber a MicroControl-
ler Simulation Module or a dual in-line plug
which is pin for pin compatible with the SMS
300 Interpreter. There are two different sim-
ulation modutes te exactly match presently
available MicroControlier systems. Selec-
tion of the proper input/output connector
makes a MCSIM appear to be physically and
electrically eguivalent to a production Mi-
croControlter or Interpreter.



FEATURES

& Real time monitoring Instrument for SMS
300

Totally seff contained

Displays IV address and data
Displays current program address
Displays current instruction
Control of RESET and HALT
Single step capability

Real time instruction insertion
Two real time breakpolnts
Breakpoint output signal

DESCRIPTION

The MicroController Monitor is a self con-
tained debug and maintenance tool for use
with all systems containing the SMS 300
{8X300). It provides a control panel allowing
an operator to observe, modify, and control
program execution in real time parmitting
system faulis to be rapidly traced. The Mon-
itor displays the status of the Address, in-
struction, and IV Bus of an Interpreter.
Switch registers associated with each dis-
play can be used to set breakpoint ad-
dresses and enter instructions or data from
the Monitor. Program execution can be
halted, single stepped, or altered from Mon-
itor controls.

The Moanitor can be used to insert instruc-
tions thereby examining ar maodifying the
contents of internal registers, Working
Store, and |V Bytes. In addition, it can be
used to start program execution from any
address and enable the operator to set
program loops aliowing a program segment
to be checked independently of normal
program flow. Breakpoints on IV data and
program address allow the operator to halt
program execution or insert instructions in
real tims,

As shown in the diagram below, the Monitor
connects to the system under test through
flat ribban cables (provided) or an adaptor
{optional} which plugs intc an Interpreter
socket. These connections are buffered and
present & negligible load to the system.
Other features include a Syne output which
provides pulses at a selectable program
address or Interface Vector event.

OPERATION

The MicroController Monitor provides the
user with two basic modes of system opera-
tion, RUN and STEP. When in tha RUN
mode, indicator LED's provide acontinucus
real time display of the three major system
busses: Address, Instruction, and Data. Pro-
gram execution can be hatted by one of two
actions: depressing the Halt switch or se-
lecting the Halt on Breakpoint function,
When halted, it is possible to execute one
instruction at a time by pressing the RUN/

MOMITOR

STEP control to the STEP position. The
readout shows the current (static) businfor-
mation and the next instruction tc be exe-
cuted.

For checkout purposes it is useful to be able
to set a program loop or medify the normal
progam flow in some other manner. This is
accomplished by inserting in real time the
instruction set up on the Instruction Switch
Register whenever the Program Address
Breakpoint is reached. To check for system
neise or similar malfunction a separate In-
sert Instruction switch can be set to the
Multiple position, forcing one instruction
repetitively. When bhalted, a single instruc-
tion can be inserted by toggling the Insert
Instruction switch to the Single position.
When an instruction is being inserted, sys-
tern ROM is tempaorarily disabled.

To aid in the diagnosis of a malfunction an
advanced breakpoint capability is provided.
In addition to the Halt and Insert functions
when a Program Address Breakpoint is
reached, a breakpoint can be generated on
the Interface Vector {1V} Bus data or ad-
dress. This permits program execution to be
halted or a Sync pulse generated in re-

sijnotics

sponse to external data or the contents of
RAM. Three modes of IV Breakpoint gener-
ation are selectable: Breakpoint on IV Ad-
dress; Breakpoint on |V Address and IV
Write Data; and Breakpoint on IV Address
and IV Read Data. The IV Breakpoint Data
switches have a “don't care” position to
permit generation of a breakpoint on a datg
subfield, A Sync pulseoutputis provided on
either the IV Breakpoint or Program Ad-
dress Breakpoint (switch selectablel.

a1



SPECIFICATIONS .

PHYSICAL CHARACTERISTICS

Controls Function
RUN/STEPRP Sets operation mode, continuous execution (RUN} ar single step
{STEP).
INSERT INST Unconditionally causes execution of the instruction in the Instruc-
tion Switch Register. :
RESET/HALT Three position switch used to unconditionalty HALT program execu-

PGM ADR BKPT

IV BKPT

BKPT UPON

SYNC SOURCE

tion or RESET Interpreter's Program Counter to zero.

Selects appropriate function to be performed when Program Ad-
dress Breakpoint is reached: HALT—halt on breakpoint, INSERT—
replace normal instruction with instruction set into Instruction
Switch Register, OFF—program execution unchanged by break-
point.

Selects appropriate function to be performed when IV Breakpoint is
reached: HALT-—halt on breakpoint, OFF—program execution un-
changed by breakpoint.

Selects IV Breakpeint on one of three conditions: specified IV
address, specified write data at 1V address, specified read dataatthe
IV address.

Selects source for output Sync pulse, IV Breakpoint or Program Ad-
dress Breakpoint. Sync pulse always available at breakpoint regard-
fess of function selected by breakpoint controls.

Power

115Vac £ 10% at 0.75
amp max.

230vac + 10% at 0.38
amp max. (optional)
47-63Hz

Dimensions

T"Hx175"Wx3"D

Installation

May be used on table
or may be installed in
standard 19 inch rack
{using optional adap-
tors).

Weight

10 Ibs. net, 13 Ibs.
shipping

Vantilation

Forced air, 120 CFM.

Environmental

Q° to+50°C, relative hu-
midity to 90%

Catles

2 provided, 3 feet tong

Switch Registers

INSTRUCTION Sixteen two position switches for entering instruction to be inserted
{during breakpoint or insert instruction control),

BREAKFOINT Thirteen two position switches to select program breakpoint ad-

ADDRESS dress.

v Eight two position switches to select IV byte breakpoint address or

BREAKPOINT | working Store breakpoint address. -

ADDRESS

BANK Selects display of LB (Left Bank! or RB (Right Bank) 1V address

IV
BREAKPOINT
DATA

information. Also setects either LB or RB for IV breakpoint.

Eight three position switches, 0, 1, X (don't care), to select IV Data
Breakpoint.

Displays
RUN LED display indicating when Interpreter not halted.
CURRENT LED display of the binary value of next instruction to be executed.
INSTRUCTION
CURRENT LED display of the binary address of the next instruction to be
PROGRAM performed.
ADDRESS
IN XEC LED display indicating that the value of the Interpreter’s program
RANGE counter and address register may not match because the previous
instruction command was “Execute.”
BANK Displays band addressed by the current instruction (left bank or right
bank}. _
CURRENT IV Shows the binary address of the currently enabled |V Byte or
ADDRESS Working Store location.
CURRENT IV Binary display of the data on the IV bus.
DATA
Outputs
SYNC Pulse output whenever the switch selected breakpoint occurs.
PGM EN(L A low true signal used to enable or disable system program ROM
trequired only when interpreter adaptor is usedk,
Cycle Time
The Monitor can be adjusted to work with any MicroController-
based system with a cycle time of 200ns to 2us,
42 Ei!]lll!lil:ﬁ




APPUCATION MEMOS

Sinetis



a4

SUETGES



8X300 INPUT/OUTPUT DESIGN

AH3

DESCRIPTION

Typical interfzces to the 8X300 employ the
B8T32/33 or 8T35/36 bidirectional 1/0 ports.
These devices provide a single connnec-
tion between the 8X300 and the user status
controt and data lines. Each interface is
dengted as an Interface Vector and is field
programmed to a specific address.,

ADDRESSING DATA ON THE
INTERFACE VECTOR

The Interface Vector is comprised of gener-
al purpose 8-bit I/0 registers called Inter-
face Vector (IV) Bytes. The IV registers
serve to select V¥ bytes. In order for an
instruction to access (read or write) an IV
byte, the address of that byte must be output
to the VL or IVR registers.

Thus, two instructions are required to oper-
ate on an Interface Vector byte:

XMIT ADDRESS, VL

MACHINE INSTRUCTION

Each of the two tV registers (IVL and 1VR)
may be settoselectan |V byte, therefore two
1YO ports may be active at onetime—one on
the Right Bank {IVR} and one on the Left
Bank {IVL}. Data may be input and Gutput in
one instruction following the selection of IV
bytes:

8X300 MICROPROCESSOR APPLICATIONS MEMO

device regardless of whether they are se-
lected or not.

The address range of IVLand VR is0-255,,.

ELECTRICAL
CHARACTERISTICS OF THE

INTERFACE VECTOR

Each IV byte consists of 8 storage latches
which hold data transferred between the
interpreter and the User System, 8 tri-state
input/output lings and 2 input/output con-
trol lines, called Byte Input Contrel (BIC)
and Byte Qutput Control (BOC) asshownin
Figure 1. The control tines functions are
summarized in Table 1. Table 2 contains a
summary of the electrical characteristics of
the IV byte.

IV BYTE WIRED FOR
USER OUTPUT ONLY

—

-
| |

a— | 1

- [
1 SYETEM

P |

8oC /1 l

| PR——1

g

:H—

BIC
5
BV

Figure 2

IV BYTE PROVIDING
DYNAMICALLY DEFINED

DATA FLOW
W CONTROL BUS ) ) J—
== 1 usrare
il OR OPEN
INTERFACE VECTOR 3fj—e f COLLECTOR
10 DATA BUS 2 pa—a | INFUT/DUTPUT
1 Lo LINEE
ﬂ. -e—
BIC EOC

B BOC

| — } e ouTRuT
CONTROL LINES

Figure 1

IV BYTE WIRED FOR
INPUT ONLY

—

~
1 user |
we— RO
—d I
L-—J

BIC 86T
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1By

Figure 3

Working storage consisting of RAM may be
connected to either or both left and right IY0
banks. An example of such an arrangemsnt
is shown in Figure 4. Paging may be added
to the memory to extend the addressability.

T ADDRESS1 IVL
XMIT ADDRESS2.IVR
ADD LB. RS CONTROL LINES FUNCTION
Once the 1V byte is selected {addressed) it
will remain setected until another address is BOC BIC
output to the same IV register. Since an IV (low true) (low true)
register {{VL, IVR) can be used only as a 8 1/0 lines in high impedance state—disabte
destination field of an instruction, any in- L H 8 1/0 lines in output mode—38 bit storage
struction sending data to (VL or IVR can be latch data available in the output lines.
used to select an IV byte. X L 81/Olinesininput mode—data can he read by Interpreter
From the user's standpoint, however, atl IV
byte outputs can be read by an external Table1 FUNCTIONS OF THE BIC AND BOC LINES
PARAMETER TEST CONDITIONS LIMITS UNIT
Min Typ Max
ViH High level input voltage 2 5.5 v
ViL Low levei input voltage -1 0.8 v
Vig Input clamp voltage lig = -bmA -1 v
Vo High level output voltage lgH = 1mA 24 v
Voo Low level output voltage lop = -16mA 0.5 -V
lH High level input current? Vi = 5.5V 100 uA
I Low levet input current! V) = 0.50v -800 UA
lps Cutput short circuit current VL =0V -20 ~200 mA
Cin Data input capacitance v T oV 12 pF

NOTE

1. Input current is always present regardless of the state of BIC and BOC,

Table 2 1V BYTE TERMINAL ELECTRICAL CHARACTERISTICS

SHNEtCS
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8X300 INPUT/OUTPUT DESIGN

AH3

8X300 MICROPROCESSOR APPLICATIONS MEMO

8X300 TYPICAL SYSTEM CONFIGURATION
WITH WORKING STORAGE

PROGAAM
ETORAGE
IPROM, ROM}

WORKING
STORAGE
{RAM]

Figure 4

LEFT BANK
DEVICES

et M e A e

DEVICES

™
RIGHT BANK
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DESCRIPTION

TheBX300 controls a floppy disc drive witha
minimal amount of additional ¢ircuitry. In
this example, byte assembly and disassem-
bly are performed by the program (“bit
banging”}) to reduce interface circuitry. Ag-
dition of such gircuitry would increase hard-
ware costs and decrease significantly peak
processor utitization,

Data is transferred to and from the floppy
disc via I/Q driver routings. These 1/0 driver
routines provide a standard software inter-
face to a floppy disc and reguire 180 words
of program storage. When not transferring
data to and from the disc, the 8X300 is
available to service other devices such as
keyhoards, displays or data communication
lines. Figura 1 itlustrates the system.

DESIGN APPROACH

Data bytes are assembled or disassembled
by sensing a clock, inputing data bit or
generating clock, and outputing a data bit.
Preamble patterns, track address, and other
disc format requirements are implemented
by programming. Dis¢ drive head must be
stepped to the desired track hefore data
transfer is initiated. Disc drive status is
monitored to determine any error condi-
tions. A four step procedure is followed to
implement the design:

1. Analyze interface. Analyze Hloppy disc relative
ta: Number of control/data lines, timing and
data rates associated with each control/data
ting, and electrical characteristics of each con-
troi/data line. Determine any supplementat
circuits needed for electrical compatibility {ses
Table 1).

2. Perform functional analysis, The functions to
be programmed and any which require supple-
mental |ogic are determined. In this case, sup-
plemental logic is utilized to process the 250ns
pulses associated with DATA, CLOCK and WR
DATA. Optional logic for byte assembly and
disassembly also are shown. The programmed
functions are:

a. Byle assembly/disassembly

b. Generate preamble, track address, timing
and sector synchraonization

c. Sense clock and disc status

d. Step head to desired track

3. Define the program to process input and to
generate gutpul (588 Figure 2],

4. Determing 8X300 configuration [seg Table 2}.

8X300 MICROPROCESSOR AFPLICATIONS MEMO

FLOPPY DISC INTERFACE

v AYTES

FLOPPY DISC INTERFACE

ATEF N
BTEP QUT

—_— e ]

X300

1

LOAL HEL!

AT TR o]

UNSAFE RESET

WHENE

ot i g

{ BYTE DISA ¥

i
—
I
'

| PR

| I
OPTIOMAL 3
ey LOGIC ==
fewock?
"
- -1

e
+5y
WA DATA

DATA

a1

CLOCK

SECTOR

INDEX

L

TREGD

UNSAFE

FA PROTECT

Figure 1

FLOPPY DISC
DRIVE

[MEMOREX 851]
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B8X300 MICROPROCESSOR APPLICATIONS MEMO

DATA SIGNAL ELECTRICAL # IV INTERFACE
SIGNAL NAME RATE?' | DURATION | CHARACTERISTICS | BITS | REQUIRED FUNCTION
STEP IN 20ms . .01-10ms TTL with pullup 1 Step head 1 track in
STEP OQUT 20ms .01-10ms TTL with pullup 1 Step head 1 track out
LOAD HEAD Level TTL with pullup 1 Load head
UNSAFE RESET Levei TTL with pullup 1 Clears unsafe condition
WR ENB Level TTL with pullup 1 Enabies write operation
WR DATA 2us 25¢1s 50mA current 1 2R, T ‘Data/clock to disc
SECTOR 5ms 1ms QC cutput 1 A Sector indicated
INDEX 160ms Tms QOC output 1 R Begin of track indicator
TRKQO Level OC output 1 R Head on track 00
UNSAFE Leval ~ OC output 1 R Unsafe condition indicator
WR PROTECT Level OC output 1 R Write protected disc
DATA 4uis 25u8 OC output 1 R,2FF Data from dis¢
CLOCK 4iis .25us OC output 1 R.FF Clock from disc
R = Resistor Table t INTERFACE ANALYSIS
T = Transislar
FF = Flip-Flop
FUNCTIONAL ANALYSIS
[m e o i e e st e e . . ——— e o — —
| STEP HEAD T DESIRED TRACK l | war XEC DATELE [R3] GET DATA BYTE
REA | AMIT B. A1 INITIALIZE BIT COUNT
I WAR2 MOVE A2, BWHRDAT WHITE DATA BIT
BECTOR I XMIT 1, DWRDAT
PULSE |
| ADD R1, A
| N2T A1, WR1
| sEaD PREAMBLE TRACK ADDR | |WRITE PREAMBLE TRACK ADDR | Jwp NXTWA BYTE DISASSEMBLED
—— | I wea MOVE R2(1). RZ ROTATE DATA BYTE
’ ---------- - CALL W tT
@ WR4 XMIT 0. DWRCLK CLOCK GENERATION
YES XMIT 3. DWRCLK
SEL DSTAT
HIFT IN DATA BIT
[ s onranr | s our oA e v omwoex
AMP TEND
SEL DCMMD
NO BYTE —/,\ Nzt RB. TENOL
ASSEMBLED NO - ns?svg;glgp IMP whe
NATWR ADD R3, R3 DECREMENT DATA POINTER
YES YES NZIT A3, WHO
XMt C, DWRCLK CLOCK GENERATION
STORE BYTE UPDATE BYTE COUNT XMIT 1. GWACLK
UPDATE BYTE COUNT XMIT 2.A3 RESET POINTER
JMp WA1
TEND XMIT 1. A8 SET SWITCCH
Lo ¢ SEL DEMMD
JMP WR2
YES
Through put: (2} Peak data rate: 250K bits/sec. (b) Peak processor utilization: 97.5%, including byte assembly/disassem-
bly. (¢} Peak processor utilization: 12.2%, with external byte assembly/disassembly.
Figure 2
ROM/PROM FOR WORKING STORAGE FOR IV BYTES FOR
PROGRAM STORAGE DATA BUFFERS INPUT/QUTPUT INTERFACE
Input Driver ........cocveivannss 76 words 256 Bytes 6 IV bits for cutput
Qutput Driver ........coovuvnnnnn 74 words 7 IV bits for input
Head Step Driver ................ 30 words Total: 2 1V bytes
JLIE 5 | 180 words

Table 2 8X300 CONFIGURATION
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TELETYPE MULTIPLEXER

DESCRIPTION

The 8X300 is easily interfaced to a teletype
or similar asynchronous device, Processor
utilization is less than ,1%, even when used
in a character assembly mode.

A singie 8X300 can be used as a muitiplexer
for many low speed asynchronous devices.
For example, the 8X300 can be used as a
front end multiplexer for a large computer
system. Figure 3 illustrates the system.

DESIGN APPROACH

A hasic tetetype /O driver routine receives,
transmits and echoes a character. Charac-
ter assembly/disassembly is implemented
by sensing start bit, sampling data bit and
generating cutput bit timing. A four-step
procedure is foillowed to implement the de-
sign:

1. Analyze interface. Analyze teletype refative to:
Number of contral/data lines, timing and data
rates assctiated with each control/data line,
glectrical characteristics of each contrel/data
line, and determine any supplemental circuits
needed for alectrical compatibiiity (see Table
3.

2. Perform functicnal analysis. The functions ta
ba programmed and any which reguire supple-
mental lagic are determined. In this case, no
supplemental logic is required. The pro-
grammed functions are:

a. Character assembly/disassembly
k. Sense start bit
¢. Generate bit timing and simultaneous char-
acter echo
3. Define the program to process input and to
genarate autput (see Figure 4},
4. Determine 8X300 configuration (see Table 4).

£X300 MICROPROCESSOR APPLICATIONS MEMO

TELETYPE MULTIPLEXER
5y
¥ BYTES
_‘ (L' ]
TTY QuT
5
) L
FELETYPE
axaoe [ | [ | tv2
- TTY IN N
o
ADDITIONAL
— v i;‘\"sfﬁs TO/FROM COMPUTER INTERFACE
RECUIRED
Figure 3
S51G- SIGNAL | ELECTRICAL INTER-
NAL DATA | DURA- | CHARACTER- |# V| FACE RE-
NAME | RATE TION ISTICS BITS QUIRED FUNCTION
TTYOUT| 9.09ms| 9.09ms | 20mA current § 1 aRT Data to TTY printer
TTY IN 9.09ms| 2.09ms | 20mA current | 1 4R, T,C |DatafromTTY keyboard
A = Resistor
T = Transistor
C = Capacitor
Table 3 INTERFACE ANALYSIS

Siljnoties

49



8X300 APPLICATIONS AH4

8X300 MICROPROCESSOR APPLICATIONS MEMO

FUNCTIONAL ANALYSIS

NO _/sTaRT
BIT
J ]
WAIT |
4.5ma DELAYY LETTLS 220,A1 WAIT 9 MEEC
OUTPUT START |
BIT | CALL DELAY
XWIT 2, ML SHIET IN DATA BIT
WAIT 9.09ms
[ wATs0oms | wove S
XDR AE.RS
SHIFT N
DATA BIT
ECHO aI7 xMIT L ECHD DATA BIT
T 1.4U%
XOR RS, TTYOUT
CHARACTER
ASSEMBLED
MOVE LERINTY
ADD /3,A3 BYTE ASSEMBLED?
w2t R3,DELAY1
ey
ouTPUT | LI 220,R1
STOP BIT { caL DELAY
|
1

e o e e e e e e e e i S s S e — e kS ey sl UL — i —— . —

WAIT
13.69ms

Through put: {2} Peak data rate: 220 bits/sec. {b) Peak Processor utilization: .05%

Figure 4
ROM/PROM FOR WORKING STORAGE FOR IV BYTES FOR
PROGRAM STORAGE DATA BUFFERS INPUT/QUTPUT INTERFACE
Teletype driver ....cveeivrnvnranen 49 words 2 bytes per Telstype 1 1V bit, for output, per Teletype
Delay routine ............ . v 10 words 1 IV bit for input, per Teletype
Total ..... Creinaaanrriaaeas voven 59 words Total: 2 1V bytes per 8 Teletypes

50

Table 4 8X300 CONFIGURATION
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8X300 MICROPROCESSOR APPLICATIONS MEMO

DATA CONCENTRATOR

DESCRIPTION

The 8X300 multiptexes multiple low speed
terminals. It buffers the data in its working
storage for efficient transmission over com-
mon carrier or other data link facifities.
Single inguiry/response terminals are inter-
faced to a single half-duplex synchronous
line via a Universal Asynchronous Receive-
fTransmit {JART) interface. Thiseliminates
cabling to each terminal. The 8X300 trans-
fers inquiry and response messages be-
tween terminals and a remote computer
data base via a data communications line.
Varicus communication data rates are ac-
commodated by simple program modifica-
tion, Figure 5 illustrates the system.

DESIGN APPROACH

The 8X300 polls each terminal requesting
an input character or signaling an output
character. Each character is transferred
over a high speed {9600 baud) synchronous
line whose data rate determines the scan
time of the 8X3G0 multiplexing program.
The multiplexer program formats pelling
messages, maintains status, generates and
checks the Longitudinal Redundancy Char-
acter, performs character recognition, and
buffers characters. Additicnal driver pro-
grams are required to communicate with the
full duplex data communications line to/
from a remote computer data base. A four
step procedure is followed to implement the
design:

1. Analyze interface. Analyze UART relative to:
Number of control/data lines, timing and data
rates associated with each control/data line,
electrical chaeracteristics of each control/data
fine and determing any supplemental circuiis
needed for electrical compatibility {see Table
).

2. Perform funictional analysis. The functions to
be programmed and any which require supple-
mental logic are determined. In this case, no
supplemental legic is required. The pro-
grammed functions are:

a. Maintain current line status

b. Generate synchronization pattern, polt
command, senge character synch

€. Resynchronize with ¢lock and manitor mod-
em and UART status

‘3. Defing the program io progess input and to
generate putput (see Figure 6).

4. Determine the 8X300 configuration {see Table
6).

DATA CONCENTRATOR
v BYTES
THRL
MR
— w1 2R
SED
RAD
TEAMINALS
|_ w2 RA1-B
9500 | BAUD
uART
11 | TR1-8 |
[ 1 ws
ax3on
TEAMINALS
PE
FE
ﬂL————.—--—-—E )
—1 w4 oR |
THRE
TRE ]
CLOCK
TOAFROM
REMOTE COMPUTER
—] v UART MODEM
] BYTES
Figure 5
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8X300 MICROPROCESSQR APPLICATIONS MEMO

SIGNAL ELECTRICAL #1IV INTERFACE
SIGNAL NAME | DATARATE | nnatioN | CHARACTERISTICS | BITS | REQUIRED FUNCTION
TRt-8 1.041ms 1.2-10us TTL 8 - Qutput data
THRL 1.041ms 1.2-10us TTL 1 - Load output data
MR level TTL 1 - Master reset
CRA level TTL 1 - Data received reset
SFD fevel TTL 1 - Status flag disable
RRD level TTL 1 - Receiver Register disable
RR1-8 1.041ms 1.041ms TTL 8 - Received data
PE levet TTL 1 - Parity error
FE levet TTL 1 - Frame error
OE level TTL 1 - Over run error
DR level TTL 1 - Data received flag
THRE level TTL 1 - XMTR holding reg. empty
TRE level TTL 1 - Transmitter register empty
CLOCK 1.041ms 1.041ms TTL 1 - Data rate clock
Table 5 INTERFACE ANALYSIS
FUNCTIONAL ANALYSIS
—r [ ———— —_—
l SEL DEVADR GET MUX STATUS
s;r:gciu | MOVE DEVADR. A2
J SEL STATE
-------- MOVE STATE, R3
GET MLIX XEC JOB (R3) B SELECT NEXT
J0B JMP TSYNC
SEND SYNC Jhas TOEVALDR
OR Jnp TCMD
DEVICE ADDR JMP ASYNC/CHAR
———————— A
| TSYNG  XMIT SYNC R4 ~
CALL TRANSMIF
(NPUT i TSYNCY  SEL STATE \ L:‘:':i‘gﬂg‘;”,fn
No YES xMIT t. AUX UPDATE MUX
v i ADC STATE. STAYE STATUS
JMP JOB.1
i i | toevapR  sed DEVADR 2
MOVE DEVADHA, A4
e swooe | | Gu vwsur | e ones
OR | SEL STATE UPDATE MUX,
RECEIVE o T. AlX STATUS
. CHARACTER [ ADD STATE. STATE
b
UPDATE STATUS
PROCESS CHARACTER
( LAC RECOGMNITION
FORMAT
| SERVICE MODEM I
INPUT
SERVICE MODEM
| ouTeuT |
J Through put: {a) Peak data rate: 2880 characters/sec. {b) Peak processor
utilization 30% including modem servicing.

Figure 6
ROM/PROM FOR WORKING STORAGE FOR IV BYTES FOR
PROGRAM STORAGE DATA BUFFERS INPUT/QOUTPUT INTERFACE
Multipiexer driver ................ 156 words 32 bytes 13 IV bits for output per JART
Character pracessing ............ 100 words 15 IV bits for input per UART
Total .o 256 words Total: 4 1V bytes per UART

" Table 6 8X300 CONFIGURATION
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8X300 MICROPROCESSOR APPLICATIONS MEMO

REMOTE ALPHANUMERIC TERMINAL CONTROLLER

DESCRIPTION

The 8X300 interfaces to simple keyboard/
display devices with a minimal amount of
interface circuitry. The display may be buf-
fered or the BX300 systerm can supply buf-
fering and refresh. In this example, the
persanality of the keyboard/display termi- STRDBE
nal is programmed into program storage to m A KEYBOARD
implement various editing and format func- Ropara
tions. A single 8X300 can be used to control 7eI7s
a local cluster of alphanumeric terminals I
since the processor utilization for a single

terminat is very low. Messages to and from — V2 6 BITS

each terminal are transferred to a remote
computer (interface not shown}. Figure 7 ASCH
illustrates the system. L

DESIGN APPROACH sxsoo L ] w3

A terminal driver routing inputs and buffers
messages in working storage. The driver
also performs character and line deletion
functions and implements a flicker free w4 s
display of the message. A special set of | - B BITS
control characters are used to terminate a
message and forward the message. A four
step procedure is followed to implement the
design:

REMOTE ALPHANUMERIC TERMINAL COUNTER

Iv BYTES

—

32 CHARACTER BX7 LED ALFHA DISPLAY J

ROw ROM CHARACTER

GENERATARA

2 elTs

DIGIT SEL

r

DIGIT SEL

[

LR +
‘[—— B aTs

1. Analyze interface. Analyze keyhoard and dis-
play relative lo: Number of control and data
lines, timing and data rates associated with
each control/data line, electrical characteris-
tics of gach control/data line and determine . .
supplemental circuits needed for electrical . .
compatibility. Here the interfaces are com-
pletely compatible electrically (see Table 7).

2. Perfarm function analysis. The functions to be
programmed and any which regquire supple-
mental logic are determined. In 1his case, no
supplemental logic is fequired. The pro-
grammed functians are:

a. Store a message input from keyhoard

b. Update display to produce flicker free out~
put

c. Implement character delete, line delete edit-
ing functions

d. Recognize end of message cantrol charac-
ter.

3 Define the program 1o process input and 1o
generate output (see Figure 8).

4. Determine the 8X300 configuration {see Table
a).

Figure 7
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8X300 MICROPROCESSOR APPLICATIONS MEMOQ

SIGNAL ELECTRICAL #W INTERFACE
SIGNAL NAME | DATARATE |  2ATION | CHARACTERISTICS | BITS | REGUIRED FUNCTION
STROBE level 4msec {min) TTL 1 - Input Character ready
KBDATA level dmsec (min) TTL 7 - Keyboard input character
ASCH level TTL 3] - Select character
ROW level } ;gbsn”;s‘?i:}“a") TTL 3 - Setect row of digit
DIGIT SEL level TTL 32 - Select digit for display
Table 7 INTERFACE ANALYSIS
FUNCTIONAL ANALYSIS
r ———————————————— — — — —
: CHECK — 1L ~  SELECT KEYROARD
I XEL STRE (STAOEE
CLEAR BUFFER : Jmp o
: 5THB XEC STRED {RE)
AEFAESH DISPLAY NEW CHARACTER
WAIT 4 MEEC ! XEC STAB1 1RE] READY?
U SRS |
STRBO me oS
INPUT MOVE ETROBE. RE
CHARACTER
’ STRB1 Jap RCHAR
amp Dis s
REMAA MOVE STROBE. RE .
LFCR i) SET EOM ;fa?{s::g;““e*&omn
| ausour YES FLAG MOVE KSDATA, R
13 MTMDE F====T—==="""7 I | XMHT 012H, AUX
: xon ks avx cHeCK Fon e
Nzt AUX, 4
I
STORE BLANK §
CHARACTER T 2
i T 1. EOME YES: SET EOM FLAG.
BUFFER SHIFT STACK | NP s
|
L

-

CHARACTER =
BUFFER STACK

L

Figure 8

ROM/PROM
FOR PROGRAM STORAGE

WORKING STORAGE
FOR DATA BUFFERS

iV BYTES FOR
INPUT/QUTPUT INTERFACE

Keyboard/driver ............... .. 140 words

32 bytes per display

4% IV bits for output per display
8 1V bits for input per display
Total: 7 {V bytes per display

Table 8 3X300 CONFIGURATION
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DESCRIPTION

The 8X300 system emutates a Microdata
1600 1/0 bus. Microdata 10 bus compatible
peripherals may then be easily connected to
and controlied by a standard 8X300 system.
A Microdata I/O bus driver program pro-
vides a standard software interface to peri-
pheral devices and requires only 27 words
of program storage. Figure 9 illustrates the
system.

DESIGN AFPPROACH

Data bytes are transferred to and from the
YO bus in accordance with Microdata I/0
bus specifications. Control signal timing
and data transfer sequences are generated
by programming. A four step procedure is
followed to implement the design:

1. Analyze interface, Analyze Microdata I/O bus
refative to: Number of control/data lines. timing
and data rates associated with each control/da-
ta line, eiectrical characteristics of each com-
trol/data line and determine supplemental gir-
cuits needed for electrical compatibility (see
Table 9).

2, Perform functiona! analysis. The functions to
be pragrammed and any which require supple~
mental logic are determined. In this case, no
supplemental logic is required. The pro-
grammed functions are:

a. Transfer bytes in and qut
b. Generate control signal timing and data
transfer sequences

3. Define the program to process input and to
generate output (see Figure 10).

4. Determine the 8X300 configuration {see Tabls
10).

8X30¢ MICROPROCESSOR APPLICATIONS MEMO

COMPUTER I/0 BUS EMULATOR

Iv B¥TES

COMPUTER 1/0 BUS EMULATOR

QO

v

[e]uln)]

o002
CATA O

ono3
170 BUS
DRIVERS 0004
ons

vl
oDa7

&Y
a0c

1000

BX300

w2

1DO1
1002

RESISTOR 1003
TERMINATION 1004
D05
1006
D07

CATA +

I

w3

COxX

DOEX

ac
5y

aoc

Figure 9

il

l

I

il

I

DRIVERS .t S

KMICAODATA
1600
10 BUS
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PROGRAM STORAGE

FOR DATA BUFFERS

8X300 MICROPROCESSOR APPLICATIONS MEMO
SIGNAL ELECTRICAL # 1V | INTERFACE
SIGNAL NAME | DATARATE | 5,paTiON | CHARACTERISTICS | BITS | REQUIRED FUNGTION
OD00-07 level open collector 8 80 Data/address from computer
1D00-07 level TTL 8 8R Data to computer
COXX 443 1.25us apen collector 1 D Control output timing
DIXX 4us 1.25us open collector 1 D Data input timing
DOXX 4us .75-1.25us open coliector 1 D Data output timing
o= Ope_n callector driver
R = Resistors Table @ INTERFACE ANALYS!S
FUNCTIONAL ANALYSIS
‘ MICROID XMIT 1. 1WL
ADDRESS DATAD MOVE R1, DATAD
XMIT IV
3 XMIT 1. COXX PULGE ON
GENERATE XEC TAB R3]
1.25us COXX NOF
NCP
XMIT O, COXX PULSE OFF
MOVE Az VR
NIT R3, tNPUT
OUTPLT MOVE WS. DATAD
ADDRESS DUTPUT
BUFFER DATA
MEMORY BYTE
y
NOP
DELAY 7.26us BET\'\?EEEI.:L.MA xmir e
AND
DOXXk PULSE
XMIT 1, DOXX PULSE ON
GENERATE GENERATE NP
1.2u5 72508 nop
FILSE DOXX PULSE NOP
XMIT 0. DOXX PULSE OFF
\ / TAR XMIT 1, WL
RETURN XMIT 2, VL
Figure 10
ROM/PROM FOR WORKING STORAGE I¥ BYES FOR

INPUT/QUTPUT INTERFACE

170 Driver

27 words

Depends on peripheral

11 IV hits for output
8 IV bits for input
Total: 3 IV bytes per peripheral

56
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DESCRIPTION

The 8X300 controls the storage, retrieval
and processing of large biocks of data. Data
is stored in a large capacity (up to 84K
bytes) read/write RAM external to the BX300
system. The memory is assembled from
widely available n-channel (n-MOS) static
or dynamic RAM circuits. Minimal interface
circuitry is required to connect the 8X300
Interface Vector bytes to the address, data
and control lines of the external mamory.
Figure 11 illustrates the system.

DESIGN APPROACH

Data bytes are read from or written into
memory through a single 1V type. Two addi-
tional IV byies are used as a 16-bit address
register to the external memory. 16 bits
provide an address range of 65K bytes. The
read/write control signals to the memory
require two 1V bits. instruction sequances
are used for memory read and memory write
operations to implement 1 to 2 microsecond
mematy access times. A four step proce-
dure is followed to implement the design:

1. Analyze interface. Analyze n-MOS RAM cir-
cuits relative to. Number of control/data iines,
timing and data rates associated with each
control/data line, electrical characteristics of
each corirol/data line and determine any sup-~
plemental circuits needed for electrical com-
patibility {see Table 11},

2. Perform functional analysis. The functions to
ke programmed and any which require supple-
mental iogic are determined. The programmed
functions are:

a. Store memory address in 1Y bytes ADRHI,
ADRLO.

b. Set appropriate read/write control bits

©. Wait for memaory operation complete

3. Define the program to process input and to
generate gutput.

a. GET insiruction sequence to read memory
location addressed by contents of IV bytes
ADRHI, ADRLO (see Figure 12).

b. PUT instruction sequence to write data intg
the memory location addrassed by the con-
tents of tv bytes ADRHI, ADRLO [see Figura
13).

4. Determine the 8X300 configuration {see Table
12).

8X300 MICROPROCESSOR APPLICATIONS MEMO

INTERFACE TO EXTERNAL READ/WRITE MEMORY

INTERFACE TO EXTERNAL READ/WRITE MEMORY

¥ BYTES

EXTERNAL MEMDRY (WP TO 65X BYTES)

ADDRESS/CHIP SELECT

AX300

ADRHI > -
BBITS

ADRLO

—_——
—_—

DECOCER

NMOS RAM ARRRY

L__BiC Y

BOC

BIC  f/W DELAY
| BOC

N -
8 BITS

— oATA oUT
88ITS

DATA IN :

_

R READ WRITE CONTROL |

BIC
_L-_.._._.o Y

l-—----————

P'------_--"

i o e e -

Figure 11
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8§X300 MICROPRQUCESSOR APPLICATIONS MEMO

SIGNAL ELECTRICAL #IV INTERFACE
SIGNAL NAME | DATARATE | 0paTION | CHARACTERISTICS | BITS | REQUIRED FUNCTION
ADRHI Leval TTL 8 - Most significant
nong byte. Memory
address, and chip
select input
ADRLO Level TTL 8 ' Least significant
none byte memory
address
DATA Level TTL B T Memory data
none
R/wW 500ns {min} »>950ns TTL 1 ¢ Memory read/write
none cantrol
R/W DELAY 500ns (min} >500ns TTL 1 . Data enable delay
none durlng memaory
write
Table 11 INTERFACE ANALYSIS
GET INSTRUCTION SEQUENCE
STORE MEMORY XMIT ADHRHL. IVL
ADDRESS MOVE “ADDREESS HI". ADRHF ADDRESS THE
NXMIT ADRLO, Ve MEMGRY
MOVE "ADDRESS LOW™. ADALO
1 e o o — i ———— ——a ——— ik A e AL e e Al o ey kb e e e v — by
SET READ CONTROL GEY XMIT CNTRL IVL
BIT XMIT 8, CNTRL \ Ei?:
XMIT 7, CNTRL
10 { XMIT DATA. IVE )
N —— e i o e o ——— e —
rd -
s
7
DELAY 2B0ONS rd
Ve
// ) DATA AVAILABLE
. FOR PROCESSING
“ — i e _,/
’ L ]
READ DATA BYTE » y
Figure 12
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8X300 MICROPROCESSOR APPLICATIONS MEMO

PUT INSTRUCTION SEQUENCE

.

STORE MEMORY
ADDRESS MOVE “ADDRESS HI™. ARHAHI ADDRESS THE
MEMORY

XMIT ADRHI. IVL

XMIT ADRLO. VL

MOVE "ADDRESS LOW', ADRLD

STORE
DATA

r PUT XMT DATA, IVL

stontzsuvel? ™ MOVE “DATA", DATA

XMIT CNTRL, IVL

XMIT 2, CNTAL WRITE

e N

XMIT 3, CNTRL DATA
XMIT 7. CNTRL J
s < SET WRITE CONTROL T e e —m e e
BIT V4 -
r
7/
/7
F 4 CONTINUE
7/ . PROCESSING
/
DELAY 250NS 7 .
\ /
— e ——
. s
a
Throughput:
Singie byte transfer time
Memory read: 833k bytes per second
Memory write: 555k bytes per second

For multiple time transfers, throughput is reduced by the time to loop and
update addresses and byte counts to approximately:

Memory read: 260k bytes per second
Memary write: 200k bytes per second
Figure 13
ROM/PROM FOR IV BYTES FOR
PROGRAM STORAGE WORKING STORAGE INPUT/OUTPUT INTERFACE
GET S6QUENCe .vvvviirirrinnranas 4 words None 18 1V bits for output
PUT sequence ....ccovieiinnnannns 6 words 8 IV bits for input and output
Total: 4 IV bytes

Table 12 8X300 CONFIGURATION

Siqnotics

59



8X300 APPLICATIONS

AH4

DESCRIPTION

Many data communication applications re-
guire conversion of one code structure to
another. The 8X300's Execute instruction
provides a fast and efficient method of per-
forming this conversian.

A single Execute instruction can provide up
to a 256 way branch based on a byte stored
in a register,

This assumes one of the 256 values does not
occur during operation of the Execute table.
This is easily prevented by testing for one of
the values before entering the table, thereby
completing the 256 way branch. The exam-
ple in Figure 14 details how the test for R1
equal to zero is performed first {(NZT). If
zero, the appropriate conversion value is
lpaded into R3 (XMIT}. If not zero, then the
Execute table determines which of the other
255 combinations is in R1 and locads the
appropriate conversion value in R3.

The 256 way branch requires 260 words of
program storage and 1.0 microseconds
maximum to execute. The Execute table
and the Execute instruction must all be
located with one 256 byte page where the
first instruction address contains zeros in
the B least significant bits. The other four
instructions may be placed anywhere within
the 8X300's address space.
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8X300 MICROPROCESSOR APPLICATIONS MEMO

256 WAY BRANCH

X300 EXECUTE INSTRUCTION

CONVERT: NZIT A1, PAGE ~BRANCH I R 7 0
¥MIT VALUE. A3 “SETAI BASED ON R1=D
IMP NEXT
PAGE: Jme TABLE
XM VALUE R3 “MUST 8E AT EVEN PAGE ADORESS

255 XMIT INSTRUCTIONS SET
A3 TO A vALUE BASED O
CODE COMBINATION IN 1.

TABLE. xeC TABLE tR1] “TABLE = 377.
NEXT: .

PROGRAM STORAGE—260 WORDS
MAXIMUM EXECUTABLE INSTRUCTIONS =4 1.0+5

NOTE

Yalue s the appropnate conversion code for each code combination in H1,

Figure 14
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DESCRIPTION

The fast IV select is implemented by adding
bits to the instruction word, in increments of
4 or 8 bits. This technique allows 1V bytes
ang working storage to be selected within
the sarme instruction where it is used. This
can save important processor time by sav-
ing one instruction cycle for each select
tnstruction. it eliminates the need for the IV
selectinstruction. Ittrades fewerinstruction
cycle times for hardware. It also trades 16-
bit select instructions for 4 to 8-bit select
fields, thus saving 8 to 12 bits of program
storage for every select instruction saved.
To sgme extent, this reduces the cost im-
pact of a larger instruction word. The tech-
nique can be used on both IV and bufier
storage (including working storage). When
used on {V, a decoder is used following an
address hold latch to select one IV per
address combination. Buffer storage does
not require the decoder, instead it utilizes
the address directly.

The fast select 1V can be used on the same
system with normal select IV since all the
fast select IV contains the same address.
The Master Enable (ME) input of each fast
select IV is enabled by the AND of Bank
Select (LB, RB) and the single line decode.

Cue to memory access delays, the clock
used to latch the fast select address is
delayed with a couple of inverter delays to
assure address validity. On large sysiemns,
there are extradelays which may reguire the
address to be programmed in the instruc-
tion prior to its usage. Then a double set of
address hold latches are used so the ad-
dress will appear sufficiently early.

8X300 MICROPROCESSOR APPLICATIONS MEMO

FAST IV SELECT

FAST IV SELECT CONFIGURATION FOR SMALL SYSTEMS

Mcnc—Do—Do—bo—l

ME —G___ —]
D TYPE
I BECODE LATCHES
BYTE |- -—
ME f ROM
BAMNN SELECT 18
W {NSTRUCTION +
BYTE fud
£X300
Iv BUS 13
ADDRESS |—
Flgure 15

EXTRA BITS ADDED
FOR FAST SELECT

CONFIGURATION FOR LARGE SYSTEMS

N N N BIT N
TO IV BYFES _Gr— ADOED FOF
D TYPE O TYPE ADOED FUR
MASTER 4 [PECOPER LATCHES LATCHES FAST SELECY
ENABLE _G 1 ! BIT1
— [
ROM
BANK SELECT b
(NSTRUCTION Ja—pt
BX300
vV BUS. 2
ADDRESS J
Figure 16
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SUMMARY

A study was made as to how a CRT controt-
ler can be realized using the Signetics
BX300 Microcontroller. The target specifi-
cation was based on the specification of the
CRT used with the Signetics TWIN system.
The same keyboard is used for manual
input. To interface with RS232, the PC| 2651
(Programmable Communication Interface
Circuit) is used. The screen memory is built
up with 21L02-3 and stores 25 rows of 80
characters.

The output of the system can be fed into a
standard TV set. The total package count of
the digital section of the system is 52 pack-
ages (77 DIL equivalents). This is & reduc-
tion by half of the package count in the
original CRT. The program to run the 8X300
systermn can be stored in 2 Signetics 825115
PROMs, as the number of instructions can
be kept within 512 words.

Addition of 2 PROMSs (828115) for program
store can boost system performance to an
intelligent terminal. To have guaranteed
operation at worst case timing in RAM ac-
cess from the 8X300 as well as in access for
screen refresh, the memory devices must
have an access time of 400ns or less,

For display of 80 characters in the usable
part of a line time of a standard TV set (45.9),
the access (©r cycle) time of the character
generator should be 535ns worst case. In
this system, the 825115 PROM Is imple-
mented.

INTRODUCTION

This application note describes the design
of a systermn with the Signetics 8X300 Micro-
controller for displaying 25 rows of 80 char-
acters on astandard TV set. The characters
can be entered from a keyboard or an
asynchropous data communication line,
interfaced with the Signetics PCI 2651.

The system can operate as a computer
terminal in full and half duptex mode at 8
data baud rates {(max. 9600 baud). 1t per-
forms all the functions of the CRT terminal
used with the Signetics TWIN, such as the
usual cursor actions, clear one line to end of
screen or the complete screen. With the
cursor at the bottom, a line fead or row
overflow will cause a scroll up of the pic-
tures. The capabilities of the system easily
<an be expanded by adding program ROM.

The hardware is described in detail and
software flows are given and explained. The
assembly in MCCAP was made and resulted
in 503 program steps.

THE TV SIGNAL

For display of dot matrix characters, the
video signal has three levels:
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1. The white level—if a spot has to be displayed
(100%)

2. The black level—wherever no spot is displayed
{30%)

3. The synchronous level—to generate fine and
frame synchronization (%

THE TV DISPLAY LINE

A TV signal is built up by writing anumber of
lines on a screen. At the end of the line, the
signal goes to a synchronization level, for
about 4.7u8, thereby resetting the line de-

ftection. Figure 1 iltustrates the build up of
the TV picture. The display of the line is
inhibited when the screen boundary is
reached and again enabled when the fly-
back is completed.

Figure 2 shows the complets video signal
that has to be produced. The flyback of the
spot occurs during the blank time after the
line synchronization. During the whole
blank time, the display of the next display
line can be prepared.

BUILDUP OF THE TV PICTURE

* = BLANK TIME

. DISFLAY TIME l N
- -t - -
e
-l"-'_-
- .
——
-.“--
.-....--—'-"'-—_
. i w
]
———
——
i ——
i - FLY BAGK
_.--'-"--‘--_
-ﬂt“'-_—_..._
.-—--"-"—.—-.—-_
-—-.—--‘"-"—---.
—
] - ———— g UNE SYNC
- _—
,_..—--'""'"'-
--"-"--
e
SCREEN SIZE
it -
e — e

SCREEN
OVERSCAN

Figure 1

WHITE LEVEL
i
) |
: -»Iq.rm]-q- :

BLACK LEVEL 1
-

L

18.3us

SYNC LEVEL

THE VIDEO LINE SIGNAL QF THE CONTROLLER

r—-ﬂ—-------—----1

b

457 un

BLANK TIME

DISPLAY TIME
EBdua

A

TOTAL LINE YIME

Figure 2
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BUILDING UP A CHARACTER
ROW

The characters are huilt up in a 5X7 dot
matrix. The character height is 7 lines, the
vertical character separation is 3 lines, so
that the complete row consists of 10 lines.
All the characters of the row are scanned 7
times in each frame to obtain complete
symbols on the screen. Figure 3 illustrates
the character generation.

FRAME SYNCHRONIZATION

The complete frame includes 25 display
rows and a number of blank rows. These
blank rows are at the top and the bottom of
the frame. When the bottom is reached at
row 27 (line 274} a frame synchronization is
generated by inverting the synchronization
signal.

The synchronization level is on the video
line for 59.5us and black level during the rest
of the line time {4.5us). The frame synchro-
nization is active during 4 line times {lines
274-277). After this frame synchronization,
the vertical fiyback takes place. The display
is restarted (319-277) = 42 line times
42X 6d s = 2.7ms) after frame synchroniza-
tion.

VIDEO TO TV INTERFACE

The display and synchronization signals are
fed to a Colpitls oscillator as shown in
Figure 4. The osciflater output can be di-
rectly connected to a standard TV setonthe
VHF band.

HARDWARE DESCRIPTION

The block diagram of Figure 5 gives the
main paris of the system:

1. The processor with the program store.

2. The interface to keyboard and communication
ling.

3. The screen image memory and memory ad-
dress logic,

4. The timing counters and the character dotgen-
erator.

THE PROCESSOR AND THE
PROGRAM STORE

All the |V bytes (BT32)are situated on the feft
bank of the 8X300. The RAM locations
needed in the program are located in the
refresh memory, so that the right bank can
be used for other inputs. These inputs are
three-state drivers, addressed through IV
byte 2 and enabled in the input phase if the
Right Bank (RB} is specified.

in the 8X300 there are 11 registers assigned
as follows:

a0 AUX
01 SCH

Accumulator (Auxiliaryt
Used as a scratch register

THE CHARACTER GENERATION
LIN CTR
]
—— e —— BB}
— e e i ean e e f—— O
—_————— 3
CHARACTER | . . - . 4
ROW [ N N T N SIS,
— &
——— e 7
8 [PCI SEAYICE}
@ |KEY BOARD SERYICE)
L]
Figure 3
02 CHAR Used to store characters or as  play and to be able to update the row start
scratch address in time.
63 CPOS Indicates the position of the cursor et
in a row The baud rate switch is selected each frame
64 CROW Indicates the row numberinwhich  (row 27, line 8). The corresponding code is

the cursor is located
Indicates the memory row that is
being refreshed

05 REFR

06 FROW Counts the number of rows per
frame

o7 WL For selection of IV bytes on the Left
Bank {LB}

10 QOVF Contains the carry after each Add
operation

11 CMDR Contains an index for a command
table that starts commands or sub-
rautines

17 IVR For selection of iV bytes/memaory

on the RB (not used)

Figure 6 also shows how the program store
can ba extended to double the size. The
input phase INPT! is active when the 8X300
is not outputting data WC="1"} or selecting
an 1V byte (SC = "1}

KEYBOARD AND COMMUNICA-
TION INTERFACE

Figure 7 shows that the keyboard sighals
are multiplexed to the data bus by three-
state drivers (8T98). Once each frame time
{in the 25th row line 8 or frame line 2593, the
keyboard input is selected through IV byte
2: ONTL by setting a SELK. The 7 bits data
and the strobe are read from the RB and
stored in CHAR, the character register.
Also, repeat/break/online are tested in the
following cycles to decide what has to be
done with the character.

The 8 "system” inputs are selected whenthe
keybeard or the baud rate inputs are dese-
lected. Besides the 3 keyboard signals, this
input inciudes 3 PCI signals, the Full Du-
plex/Half Duplex switch and the LENDBN.
This LENDEN is polled at the end of the
pregram black to synchranize with the dis-

Sinotics

set to the PGl mode 1 and 2 register.
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TIMING, CONTROL AND CHARACTER DOT GENERATION
{828115 AS CHARACTER ROM)

~7 - 112
12.25MHx 10 ¢ 1 00D @ t D D1
afals s]mlf‘s 3]als s[m]?]s 3]4 5 e'[w!?Is
A B C DETEPLD 4 B C D ETEP LD A B C D ETEPLD
Ta1E1 T4161 Ta151
T N 2deix i
RC1 A B C DRC2 A 8 £ DRC3
o 15 11]1s 141312
12 _RC1
) —l Do—
. 5 _i] 11
ACLK e oD = cuKz
o
1 LSYNCN
XCLKN =% 5] —
CHRDIS o I it
TOFIG. T LENDEN LENOEN
-
15
T LDN
SELC CLK 24166 I It
SELK
1 A BHCDEFGH
ADRT -
Jr]z]aJa s [o]erhez]ta
GND +—
we 16 ]
v 17 7 I -) SYNC
ibal
m T . D 1aln]s s |7
) etz [
s e 05 04 03 02 01
2 4 LNCTA 3
wa ] cHTL al wrara " K 1K
W5 2 3 LNCTR 2 Az 525115 E
e 22 2 LNCTR1 23 a1 CHARACTER P ATpF
—
22 1 LNCTR O 22 FROM 1zl |—”>w
wr R AD -
8ic_ AOC 21 ~
[0 7;; é 10K Yeo
Voo ¥ AB AT AE A5 44 AJ 10002
g |5 |4 |21
4 e
T "TI T,
[ I W | GND
AF. OSCHLATOR-MIXER
- mem CLI - I o)
o oo o oa
E = =3
[TV TV Y] [TV TV TV )
®EE ERE
Figure 4
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BLOCK DIAGRAM OF THE 8X300 CRT CONTROLLER
-~ (I}
"
13 LN r.
RS232 BAUD Po ﬁ) SYSTEM - TIMING LINE SYNC
INTERFACE RATE CLOCK - COUNTERS FRAME SYNC
5.0 4 BLANK
C Y 1 L
PCI ¢ L
| Hoe TO X x2 ViDED HF To v
8-BfT SHIFT REG. MiXER WoD = VHF
W INPUT
PG DATA N ) .
L]
22 L
# cursor
2651 — INVERSION
A
- w ), CHARACTER
3 = srstem GENERATOR
B = CONTROLS
BELL EARGR 2 A B25115 PROM
SYSTEM ¥ 2613 ROM
TEST P“
SIGNALS
'y
KEY- D o 8-BIT LATCH ¥ BYTES
804RD v ] 1.MEMORY DATA
2. SYSTEM CONTROL
At Xz ’ 2 PCI DATA
,‘ A 4 PCI CONTRGL
|—— rmcik A
f———r— S
X300 LB
¢ .
N ¥
AEFAESH
| COUNTER REFRESH MEMORY
:> AND 24 x 7 STATIC RAM
ADDRESS 14 % 21L02-9
LATCH
2 X 425115 PROM
PROGRAM -
STORAGE DATA
BUS f
Figure 5
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MICROPROCESSOR AND PROGRAM STORE

Voo —
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The PCI interface is done with 2 IV bytes.
Using IV bytes is necessary since signal
conflicts could occur on the data bus: Con-
trol data is needed while data is valid on the
PCI1 data inputs when writing into the PCI,
control must be stable while data is read

_from the PCI. These conditions lead to the
necessity of latches for both data and con-
trol in a 8X300 system. Because data must
be routed from and to the PCI, an 8T32is the
only solution.

An IV byte for control gives the possibility of
using spare lines for other purposes (in this
case, indicators). For PGl to RS232 level
interface, the 8T15 and 8T16 level conver-
ters are used.

The PCI needs a clock of 50888MHz. It
would ba possibletoderivea 12.672MHz dot
frequency and this PCI clock from a single
25.344MHz clock, but this higher frequency
means that an overione crystal oscillator
must be used and a + 5§ counter must be
added. Therefore, use of 2 separate crystal
clock generators is the most economical
solution,

THE SCREEN IMAGE MEMORY

The reason for using the IV byte MEMD as
shown in Figure 8 is as follows. Data output
from the 8X300 is available in the ouiput
phase. If other than bipolar memories are
used, the data must be stable in the write
cycle for a longer time that half of an 8X300
cycle. For N-MOS memories, an |V byte
must be used to latch in the data.

The memory has a size of 2048 words of 7
bits, and thus needs 11 address lines. Dur-
ing refresh of a line, 80 characters of a row
are accessed in the visual part of a tine time
(45.7us8). This means that refresh of lines
prescribes a maximum total memory access

time of 4——-562“5 = 0.571y4s = 571ns.

The 11-bit address counting also has to be
done within 57 1ns. Doubie byte counting in
IV bytes would cost at Jeast 6 8X300 cycles
per address step, or 6X250ns = 1500ns.
Therefore, the address counting is done
with an external counter. The 74191 syn-
chronous counter is used. If disabled, it can
be used as an address latch.

An access of a memory location must be
done by a fixed sequence of operations (see
also Figure 9). The 74164 is an 8-bit serial-in
parallef-out shift register that is used to
control this sequence. Memory access is
started by shifting a “1” into the register.

In the 2 cycles that follow, the address is
leaded into the counter/latch. During the
time that the third positon of the 8-bit shift
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register is high, the memory is accessed and
the memory data byte MEMD must be
selected. In the last 2 cycles of the memory
access, data can be read and changed.

In assembler (MCCAP! language, this se-
quence will be:

SEL MEMA Select memory se-
quence

MOVE ADRLOW.MEMA Output of lowaddress
bits

MOVE ADRHIGMEMA Output of high ad-
dress bits

SEL MEMD Select data IV byte,
memory access/time

MOVE MEMD,REGI Read data to register
REG1

MOVE REG2MEMD Write register REG2
into location

if the last operation is omitted, thenthe data
will not be modified.

The memory access time starts at the mo-
ment the address is available at the outputs
of the counter/latches. Access must be
completed sometime in the input phase of
the read cycle. The memery timing shownin
Figure 9 shows that the maximum access
time of the RAM shoutd not exceed
{1.75tcvcLe-163ns), where the tacc (1.75 X
327 - 163ns) = 408ns.

The 21L02-3 has aworstcase accesstime of
400ns. (The BT98 inverters for the cursor bit
are never accessed in the current setup.
Access of the cursor bit leaves exactly
400ns access time for memory and bus de-
lays).

CHARACTER REFRESH TIMING
The character refresh is started after
LENDBN is returned to "1” {see Figure 10).
The character address is clocked ta the
second character of the row 1 dot step {CLK
1} after the return of LENDBN, while the dot
information of the first character is clocked
into the 74166 shift register. The cursor
inversion bit is Jatched separately at the
same time.

The timing diagram is shown in Figure 10.
Every 7 pulses, the shift register is loaded
and the character address is incremented.
The cursor indication is made with an
exclusive-OR with the cursor bit. The dot
signal is mixed with the synchronization
signal and moduiates the rf oscillator,

LINE SYNCHRONIZATION AND
LINE END BLANKING

The line synchronization is generated with
74161 counters from the character frequen-
cy. The two's complement of the dividing
constant is the present value that is loaded
synchronously if the overflow carry is “1.”

Sinotics

The fine synchranization (LSYNCN) is ac-
tive “0" for 8 character positions (8 X571ns=
4,57 pst,. The line end blanking starts 8 char-
acters before the line synchronizationand is
active during 32 character positions (32 X
571ns = 18.3p81. The line end blanking in-
hibits the dot display and the character
counting.

FRAME SYNCHRONIZATION
Frame synchronization is controlied via
software and the CNTL IV byte. If bit 7 is set,
the line synchronization is inverted. The
synchronization leve! will be presented dur-
ing the line, and the blank level during the
line synchronization time. Frame synchro-
nizationis "ANDed"” with the {LCNTR2) bitin
the CNTL byte, and therefore hasa length of
4 line times,

SOFTWARE DESCRIPTION

The software to control the hardware and to
rezlize the cursor controd and clear actions
iz stored in the 512X16 ROM. The hardware
contro! is a considerable part of the pro-
gram. Addition of another 512 words of
program store would allow more editing
possibilities to be added.

In the program there are 3 types of routines:

1st The main scan foop in which the counters
are serviced each line time.

2nd Service routines—periodicat scan of the pe-
ripheral devices (the kevboard and the PCI).

3rd  Command routines, in which the commands
are executed.
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MEMORY READ ACCESS CYCLE TIME

IMOVE ADRHIGMEMA| SEL MEMD f MOVE MEMD.REG |

RGN J'_I_l_!_l_l_l_l_l_l_l_m
LT QU |

PROGRAM ACDAESS

1V DATA BUE

LA/RB

MEMORY
ACDRESS

174191 WEMORY ACCESS 6Ta2

50 175% gx300 CYoLE 3B

NOTES

Memory read access cye!e = face < 1.75 Teiycte ~163n8

The memory address 15 Jatched in the 74181 with MCLE and stabie after 50ns.
The ¥ Bus must be stable ¥5ns before the end of the input phage.

The 1 byte MEMD has a worst case delay of about 25ns, tha 8T95 = 13ns.

R

Flgure 9

CHARACTER TIMING IF THE 825115 ROM IS USED

L1 3]
CARt | 1 [ l I 1
K2 M I 1
LENTEN I
eHAEL M m m
CHRACA x
1acc A00ns
RAM EATA RAM ACCESS ) 4 4
HOM DATA 2 A
ROM ACCEBS: | 6D DATA SETUP 74166
{S.R. LGAD ON CLK)
CHARACTER TiMING
Counter CLK to RAM address 42ns
RAM address to AAM data 21L02-3 A00ns
ROM address to ROM data 828115 60ne
Shilt register data setep 74168 20ns
Total 522ns

{available 5¥1nsh

Figure 10
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The Main Scan Loop

LINEND

LINEND is the main scanloop tflow 1) which
i5 illustrated in Figure 11, This loop always
must be entered before the ling end blank
signal (LEND8N) is “0.” This means that alt
the routines are executed in blocks that
have a limited nurnber of ¢ycles. In the
system these blocks hava alength less than
184 BX300 cycles.

If the line counter after incrementing is less
than 8, it will start the execution of a com-
mand or if ng command is set, the refresh of
a line. If the line counter {(LINCTR) is equal
to 9, the frame row counter and the refresh
row counter (FROW and REFR registers in
the 8X300} are serviced.

The FROW is tested in line 9 of each row to
be 25 or 27. In row 25, the keyboard is
serviced. In line 27, the frame synchroniza-
tion signal is set and the PCl mode registers
are reloaded with values according to the
baud select. Frame synchronization reset is
automatically done in lire 9 of row 28.

Reset is automatically started at power up.
Reset is executed from program address 0.
It clears the pointers and sets a clear screen
command. SETCUR is a return label used in
command routines. CMDSRO starts a come-
mand execution from a command table.
Before it jJumps to the command address,
the cursor bit in the refresh memory is reset.
This is done because most of the actions
include a change of cursor position. CO-
MEND is a label to return from a command if
the execution is completed.

PERIPHERAL SERVICE ROUTINES
KEYBDOQ is the key board service {flow 2}
which is iflustrated in Figure 12. The key-
board is scanned each frame time (frame
ling 259). If a command other than Break is
set, then the keyboard is ignored in that
frame time.

if the command is a Break, then the break
delay is serviced. The break will be sent out
during +500ms (12 frame times!. The break
command is set together with the break
delay after the command test. The break
command is reset if the break key is re-
leased. In this way, only 1 break pulse can
be transmitted per key strobe.

Tha key strobe for character input is also
inhibited following keyboard services if in
the former scan the strobe was set. This is
done by using a memory location that is set
or reset depending on the keyboard strobe
level. If the keystrobe memory was *1”inthe
former scan, the Repeat key istested and if it
is pressed, the keyboard character will be
accepted each fourth scan.
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FLOW 1—MAIN SCAN LOOP

LIMEND RESET ‘ SETCUR }

AESET PARITY
RESET FROW REG, SET CURSOR RESET

RESET REFA REG, IN MEMODRAY CURSOR BIT

RESET CNTL-BYTE :.’:g:f;:s =

- SET CMOR TO
CLEAR SCREEN

JME TO CMD
[ INDEX iN CMDR

o COMMAND JMP TABLE:
SETCUR
- SETBEL
CURSLE
CURSRI
CURSUP
yeo CURSDW
CURSHY
no L NFDr
CLRSCR
CLREQS
DISABLE CLA LN
CHARACTER CNTR CLA LNS

CHLGCK
INCREMENT
LINE CHNTHA (LINCTR)

LINCTALLT 87

LINCTR.EQ.E?

no

PCI SERVICE
LINCTR.EQ.5% {FCISER)
yes
ng
£ TOLINCTR @

UPDATE ROW yes
STAAT ADDRESS ~1 TG FROW
ENABLE

CHERACTER CNTR

FROW.EG.25

yes
REFR.EG.247

yos

1 TO AEFR

na

KEYERD
SERVICE

COMMAND

REFR + 1
SEAVICE
{COMSRE)
-
FROWEQ.Z7? o>
yeu
no
[ reserrsvnc | [ serrermc |
PCI .
INITIATION
{PCHNIL

Figure 11
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FLOW 2—KEYBOARD SERVICE

HBREAKKEY
PRESSED

SET CMDA TO
BREAK CMD
SET PCI CMD:
BREAK

KEYINP TO CHAR

1" TO SCR

SET DELMEM
TO 12

KEYSTE.EQ. V'
yes

ne

el COMMAND 15

BRAEAK ?

yos

BREAKKEY )
PRESSED ? yes

| cramemtonux |
1

| scrrostemux |

RESET C:MD
"BREAK" N PCI

&

DECREMENT
DELMEM

SCHEQ. 17

| LINENLD I

yes
< AUX.EQ 9 7 ,nn
yes

GHLINE ? ~—

[ DTO PCIMEM —I

l CHAR TG PCIMEM

FULL DUPLEX 7

REFEAT ?
yos >

no

yox

3 TO DELMEM I

SET CMORTO
CHARACTER SERY.

I LINEND l

Figure 12
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At the end of the keyboard service, the
online and half duplex/full duplex switches
are tested. ff the system is not onling, then
the PCI data memory PCIMEN icharacter to
be transmitted by the PCIY is reset and the
command for the character service routine
is set.

If the system is online, then the character to
be transmitted from the keyboard is loaded
in the PCIMEN location and the FOP/HDP
switch is tested. When online, the character
service command will be set only in case of
half duplex. In full duplex, characters are
serviced only if received viathe PC! fromthe
data communications line.

PCISER

The PCI service {flow 71 is shown in Figure
13. It starts with a test on the command
register. The CMDR will be set only ifone of
the longer command routines has not been
completed.

This type of routine starts with a resst of the
DIR (dataterminal ready signall. The system
that provides signals will either test the DIR
signat or must wait automatically after send-
ing these commands. Characters received
while a command is still set will result in an
averrun errar.

I the transmitter of the PCl is ready, the new
character to be transmitted is toaded via
SCR (an 8X300 register). If the receiver is
ready, the data is read into the CHAR regis-
ter of the 8X300. The status of the PCl is
tested for transmission errors. The PCI
commands transmitter enable and receiver
enable are set if their respective ready sig-
nals where active and a non-zero character
is transmitted and/or received.

PCIINI

PCI initialization (flow 7} is done every 27th
row at line 8. The mode one register setting
is indapendent of the switch setting. For
mode two register setting, the baud rate
switch is tested and the accessory code is
merged with the fixed part of the code. Also
in this routine, the bell delay is serviced and
the bell signal is controiled.

COMMAND ROUTINES

Command routines are started from the
main scan loop with an indexed jump. The
command register CMDR is the index of the
command that is set. The commands start
with a reset of the cursor bit and ends with
reset of the command register if completed
{COMEND!} and a restore of the cursor bit
(SETCUR).

CHRSRO

CHRSRO is the character service routine
(flow 3) shown in Figure 14, The commanct
to run this routine is set by the keyboard
input or the PCl input routines. The charac-

PCISER
CMDR.EQS ?

& TO SCR
LINEND

TRANSMITTER
READY 7
yis
PCIMEM TO SCR

T PCIMEM

¥eE | SCRTO PCID

WRITE PCI
TuHOLDIWG F

FTO CHAR

AECEIVER

READY 7 no

READ FLCI
Az HOLDING REGH

READ P
STATUS

ISET CMD C

SET INDICATOR

EMABLE
RECEIYER

SET CMDA
TG CHRSRE

WRITE PCt
CMD REG

FLOW 7—PCI SERVICE AND INITIATION + BELL SERVICE

TEST BAUDRATE
SWITCH AND SET
CORRESPONDING
CODE IN STR

I

WRITE MODE 1:

2 STOP BITS

EVEN PARITY

T BIT CHARACTERS
16X CLOCK

;RITE MODE ;

INTERNAL CLOGKS
BAUDARATE IN SCRH

HELL DELAY MER:
BELMEN.EQ&
YES

HESET BELL SOLIND

_S ET S8ELL SOUND

Figure 13

ter to be serviced is located in the CHAR
register. The routine compares CHAR with
the escape code.

[ CHAR is an ESC, then it sets the ESC
memory location and jumps out of routine.
If no ESC was detected, the ESC memory is
reset. The character is compared with an
escape command tabte if the escape memo-
ry was set in the previous chapter service, H
the character is not found in the ESC char-
acter table after an escape, it will be ighored.
When a control character to be serviced and
alsc the previous character are both notthe

SNOtiCS

escape code, then the CHAR contents is

~compared with the control character table.

When a control character is found the ac-
cessory command is set. If not found, the
character is a normal character to be dis-
played and it will be loaded in the screen
memory-on the cursor position.

The routine then finishes with an increment
of the cursor position. Possible row end
actions, like conditions set of bell delay,
carriage return and line feed actions will
also be done.
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FLOW 3—CHARACTER SERVICE

CHRSRE&

&TO SCR

AUXEQ.E 7
no

4 TO 5CR

| 8TC SCR I
I SCR-1 ' I SCR-1 l

CTLCHRIBCR) ESCCHR{SCR)
TO AUX TO AUX

AUX.EQ.CHAR ?

yes

SCR.EQ & 7

N no
CTLTBL(SCR} ESCTBL{SCR)
TO CMDR TO CMBR yee
CHAR TO _
CLRSOR POS. -t
COPOS * 1 L_sereur |

CROSEWQ.T0 7

no SET BELL
DELAY
e — e —

L 4 END OF RCW 2

ne £T0 CPOS

| LNFO# ]

I SETCUR I

Figure 14
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LNFDO

LNFDO s the ling feed routine (flow 4) shown
in Figure 15. A line feed can be executed
after a contrcl A or at a row overflow from
the character service routine. A line feed
starts with an increment of the cursor row
register CROW. Then a scroll up detection
is made as follows.

if the frame row counter FROW is in the
blanked rows (FROW nct less than 25), then
the refrash row counter REFR points to the
bottom row of the screen. Scrofl must be
made if the cursorrow is equal to the bottom
display row, in this case, the REFR.

If FROW is less than 25, then the bottom
display row has to be calculated. The bot-
tomn of the screen is reached if FROW is 24.
Therefore, the number of rows increments
needed to reach this row for FAOW and
REFR is (24 - FROW). At the bottom row the
REFR would be REFR + {24 - FROW). [f this
value is egual to the cursor row (CROW),
then a scroll up must be made in the line
feed routine. Scrol} is REFR +{24-FROW) =
CROW, which is the same as REFR + 24 =
CROW + FROW. The scroll is simply made
by an extra increment of the refresh counter
{REFR + 1}.

SETBEL

SETBEL {flow 4) is a command routine that
sets the bell delay memory also shown in
Figure 15. Further bell service isdone in the
PCl initiation routine,

ADDITIONAL CURSOR ACTIONS

The following cursor actions {flow 5! are il-
justrated in Figure 16 and do not need fur-
ther explanation.

CURSRI  Cursor right routine
CURSDW Cursor down routine
CURSLE Cursor left routine
CURSUP Cursor up routing
CRETQ  Carriage return or
cursar return routine
CUSHO  Cursor home routine

CLEAR ACTIONS
The system performs 3 clear actions{flow )
shown in Figure 17:

t. Clear line—the row in which the cursor I3
located is cleared.

2. Clear to EO5—all rows from cursor row to the
bottom row are cleared,

3. Clear screen—all rows are cleared, cursoris set
to the home pasition.

The clear commands must be executed in
blocks.

CLRSCR

The clear screen starts with setting the
cursor home and thencontinues in the clear
to end of screen routine.

CROW.EQ.247 -

no

-1 10 CAOW

FLOW 4—LINE FEED ROUTINE AND BELL DELAY SETTING

-
FROW.LT.25 ¥
no
¥es

¥e3

< |REFR *24).EQL{CROW * FROW)? >—.
no

RAEFR.EQ.CROW 7

REFR.EQ.24%

=5

' SETBEL ,

SET BELL
DELAY MEMORY

I SETCUA I

Figure 15

I SETCUR I

CLAEQS

The clear to end of screen starts with a load
of the bottom row number into the register
that points in the clear routines to the lineto
be cleared ({CHAR). This line to be cleared
register is compared after the clear ling
action with the cursor row position.

If the cursor row has been cleared, the
command is completed. if the cursor row is
not reached yet, CHAR is decremented and
the next row will be cleared. In this way, the
screen isalways cleared from the CHAR row
upwards until the cursor row is reached.

CLALIN

The clear line command sets the line to be
cleared register equal ta the cursor row. The
further clear action can be used by all 3clear

SneLEs

commands, using the CHAREQ.CROW
compare to see whether more lines have to
be cleared. The CPOS register is stored
tempovrarily so that is can be used in the
ciear routine.

Before ending the initiation of the ¢lear, the
DTR signal of the PCI is reset since no data
can be received during clear (DIR will be set
in the PCI servicel. The next action of the
clear routine will be to clear a block of
characters in the following tine time.

CBLOCK

Clear block clears a block of 16 characters.
The block is determined by CHAR for the
row and SCR for the position. The com-
mand will set the CLRLNS command if a
complete row is cleared.
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‘ CURSRI '

CPOS.LY.H0 7

YES

: HO
CROWEG.247?

FLOW 5—CURSER ACTIONS

YES
79 TO CPOS

| #rocros |

SET BELL

[__crow-+ I DELAY MEM

|

NO
CROW.EQE>
25 TO CROW l

L crosy |

CRETS

FTC CPOS

&TO CFOS

FROWLT.25 7

NO

I CROW = HEFR - FROW l l

CROW = AEFRA ~ 24 ‘

e ]

| SETCUR l

Figure 16

CROW * 25

CLRLNS

The clear line command sets the line to be
last row is cleared. If so, CPOS will be
restored from the memory and clear the
command register. If there are more linesto
be cleared, CHAR is decremented and the
clear of the next row is initiated.

CONCLUSIONS OF THE STUDY
The target specification to make a CRT
controlter that performs the TWIN CRT
functions and is built up with the 8X300
microcontroller is feasible. The fotal pack-
age count of the system is 52. Converted to
16-pin DIL package equivalentes, the board
space will be about 77 DL package places.
The package count of the present TWIN
CRT is 112 packages. (The used board
space could carry 130 DIL packages!.

76

The program to run the 8X300 system can
be stored in two 825115 PROMs, as the
number of instructions can be kept within
5t2words. To have guaranteed operation at
worst case timing in RAM access from the
BX300 as well as access for screen refresh,
the memory devices must have an access
time of 400ns or less. In this system, the
21L.02-3 is used.

For display of BO characters in the usable
part of a line time of a standard TV setd5us,
the access lor cycle! time of the character
generator should be 535ns worst case. In
this system, the 825115 PROM is imple-
mented.

SiljnpLics
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FLOW 6—CLEAR ACTIONS

CLRSCR

FTQ CROW
HTO CFOS

YES

’ FROW TO REFR _I I #4 10 REFR I

I

o

FROWLT.25 7
NG

CELOCK

6= CHAR - [{SCRX2¢ A (D17H))
0 CPOs

REFR - FROW
TO CHAR

REFR
TO CHAR

CHARLTAS ?

I SCR-1 I

CLEAR MEMORY
POSITION:

LOWER BITS IN 5CR
HIGHER BITS [N CPOS

END OF BLOCK ?

YES

END OF AOW 7
{LOWER BITS.EQM

YES

S5ET CLALNS INDEX
IN CMDR

| LINEND [

CLRLNE
CHAREG.CROW 7
YES

RESTORE CPOS
FROM MEMORY

COMEND

[]v]
CHAR * 25
‘ CLALIN l
CROW TQ CHAR
CPOS TO
MEMORY
RESET DTR
1N PCH
SET CMOR 70
CBLOCK
an TO 5CR

l L{NEND I

Figure 17
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APPENDIX 1
8X300 CRT Controiler Package Count
NO. OF NO. OF DIL

TYPE FUNCTION PINS PACKAGES EQUIVALENT*
8X300 Microcontrotter 50 1 1X6 6
825115 PROM 28 a X3 g
8T32 IV Byte 24 4 4X3 12
2651 PCI 28 1 1X3 3
7400 NAND 2 14 2 2
7402 NOR 2 14 1 1
7404 INV 14 3 3
7405 INV {o/c} 14 1 1
7410 NAND 3 14 1 -1
7420 NAND 4 14 2 2
7474 IKFF 14 1 i
7486 Ex-OR 14 1 1
74161 8-Bit SR 14 1 1
74164 8-Bit SR 16 1 ¥
74191 Binary Counter 16 3 3
8115 Driver 14 2 2
8T16 Recaiver 14 2 2
8To8 3-State Inverter 16 4 4
8797 3-State Buffer 16 1 1
21L02-3| RAM 1K1 16 14 14 14

Package Count §2 Board Space 77

*The estimation of the DIL equivalants forthe LS!s Is rather conservative. The bus structurs of the Systam
may rasuit in a more economicat yse of board space.

APPENDIX I
Alternative Character ROM 2513

The 825115 is a bipolar fusible link PROM
with a fast access of 680ns, Use of a much
cheaper character ROM teads to some tim-
ing probtems. Refer 1o Figures 18-21.

1.

The RAM and ROM access times have to be
split in to character phases: One phase for
character RAM access, one phase fordot ROM
access,

. If no special arrangements are made, the char-

acter speed or the number of characters per
fine will be limited. Due to fiyback and screen
overscan, the useful tima of the ling Is about
45,5, With an ROM access time of 60Gns + Jatch
+ SR setup 45.000n5 = 70 characters.

637ns

There are three ways to achieve display of
80 characters:

1. A glight changs in the TV sat to change the

overscan 10 an underscan (display during
51ps).

., Selection of the 2513 on an access time of

535nz or less.

. Using an access overlap of the dot ROM. Tha

address of character n+1 is then presented to
the ROM inputs short time before the data of
the outputs is valid for character n.

78

NOTE

Liag of the intermediate latch enables use of the 74182
counter. This counter has a 10ns faster load operatiomn.
This 10ns maekes the RAM access from the 8X300 jase
critfoal.
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TIMING, CONTROL AND CHARACTER DOT GENERATION
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RAM AND ROM TIMING DIAGRAM

CLK1
CcaRk1 I I I I I I
Lz iy M 1
LENOBN |
CHACLK ™1 1 M
CHRADR Y X
lace 400ns
REM DATA RAM ACCESS b X
A
§ 17| LATCH
LATCH DATA i CLRE TO OUTPUT
SETUP ROM ACCESS i {
A tpoe 5308 20 Di?’ﬂ
BETUP
B.tacc 600ns
RAM timing
Counter CLK to RAM address 74162 99ns
RAM address 10 RAM data 21L02-3 400ns
Character latch setup tims Bns
Total 507ns tavailable S71nst
AOM timing CASE A CASEB
Latch CLK 1o dala oul 745174/8175 ns 17ns
ROM address to output 2513 §34ns 600ng
Shitt regisier dala setup T4186 20ns 20ns
Tatal 571ns 837ns
NDTES

1. Aeduced ROM access time for display of B0 characters in 45.745 of the line
2. Current access time of 2513 ROM needs 51ps of he line,

Figure 19
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8X300 CRT CONTROLLER

RAM AND ROM TIMING DIAGRAM

T J1 IL
) . 4 X
[FYe o] 400nn
BAM ACCESS X
LATCH SETUP __l_'__ao
A X
LATCH DELAY lagg  B0ns I
Lo 1
% TOM ACCESE X
ACCESS -——I
OVEALAP
RAM timing
Counler CLK to RAM address 74162 s
RAM address 0 RAM data 210L02-3 400ns
Characler latch setup time 745174/5175 éns
Taotat 507ns
ROM timing

Laich CLK to output 74817478175 17ns
ROM access 5ns
Shift register data setup 74166 20ns

Total 63¥ns

Available ime is 8/7 X 571ns =652ns at a chargeter speed of 571ng his means 80 charactars in 45.7ps),
The used access overlap is then 81.5ns.

Figure 21
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8X300 CROSS ASSEMBLY PROGRAM (MCCAP)

SP1

DESCRIPTION

The 8X300 Cross Assembly Program,
MCCARP, provides a programming ianguage
which allows the user to write programs for
the 8X300 in symhbaolic terms. MCCAP trans-
jates the user's symbolic instructions into
machine-aoriented binary instructions. For
example, the jump instruction, JMP, to a
user defined position, say ALPHA, in pro-
gram storage is coded as:

JMP ALFHA

and is translated by MCCAP into the follow-
ing 16-bit word (see Figure 1).

JMP ALPHA

15
o[o[sJofofo[+[]o]o]o]+]
J

a
Llif]e
L— ! L [EXAMPLE)

LOCATION
1 OF ALPHA

) OF CODE FOR JMP

Flgure 1

MCCAP allocates the 8X300 program stor-
age and assigns Interface Vector and Work-
ing Storage address to symbols as declared
in the user's program.

The ability to define data of the Interface
Vector as symbolic variables is a powerful
feature of MCCAP. Interface Vector vari-
ables may be operated an directly using the
same instructions as those for variables in
Working Storage and for the working regis-
ters.

The Assembler Declaration statements of
MCCAP allow the programmer to define
symbalic variable names for data elements
tailored to his application. Individual bits
and sequences of bits in Working Storage
and on the Interface Vector may be named
and operated upon directly by 8X300 in-
structions.

In addition to simplifying the fanguage and
bookkeeping of the program, MCCAP pro-
vides program segmentation and communi-
cation between segments; i.e., the main
program and any subprograms. If a se-
guence of code appears more than once in
& program, it can be written as a separate
program segment, a subprogram, and
called into execution whenever that subpro-
gram's function is required. Program seg-
mentation also permits the constructionofa
program in {ogically discrete units. These
segments need not be written sequentially
of even by the same person. The various
program segments provide a function de-
scription, or block diagram, of the applica-
tion. Communication between segments
means that control and data can be trans-
ferred in both directions, MCCAP automati-

8X300 MICROPROCESSOR APPLICATIONS MEMO

MCCAP SOURCE PROGRAM

MICAOCONTROLLER SYMECLIC ASSEMBLER VER 1.0

1680 -
1681 M

1682 01544 PROC RDCMMD
1683 *
1684 01544 & DO7003 SEL IVRESP FOC AESPONSE BYTE
1685 Q1545 & 20001 XMIT UR. BCTAL ESTABLISH USER READ ONLY
1686 01548 & 07002 SEL WDATA HOLDS COMMAND AYTE
1687 01647 O 27305 MOVE FUNC, AS FUNCTION CODE
1688 UD1550 O 24306 MOVE DALQDR, RB CISK AGDDRESS
1689 01551 O 21202 MOVE BUFF_R2 BUFFER FUNCTION CODE
1690 01552 € 07003 SEL IVRESP
1691 01553 6 25100 HRUT Q. DONE SHOW COMMAND IN PROGRESS
1892 01554 & 20100 XBUT UW. BCTRL AESTORE USER WRITE
1683 016BS B 2710 xMIT 1, XFR SIGNAL USER FOiC ACCEPTED 8YTE
1694 1556 © OFOO0 SEL IWCTRL USER CONTROL BYTE
1695 01557 & 26117 NZT ChRAD WAIT FOR CMMO TQ GO LOW
16968 1560 6 07003 SEL WWRESP FDC RESPONSE BYTE
1697 016671 & 27100 XMT . %XFH LOWER XFR SIGNAL
16398 01582 6 07001 SEL IVCTRL USER CTRLBYTE
1699 01563 4 26123 XEC CMMDY, 2 WAIT FOR NEXT COMMAND SIGNAL
1700 01564 6 07003 SEL IVRESP SECOND COMMANE BYTE AVAILABLE
1707 EES 8 20101 XMIT UR, BCTRL SET {VDATA TO USER AEAD ONLY
1702 D1566 & Q7002 SEL IVDATA 2NC COMMARND BYTE
1703 01587 O 27704 MOYE TRACK, R4 TRALCK ADDRESS
1704 04570 0 27503 MOVE SECT. A3 SECTOR ADDRESS
1705 01571 6 07003 SEL IVAESP FD{¢: RESPONSE BYTE
1706 0I1R72 6 27101 XMIT 1. XFR BIGNAL USER
1707 91533 6 20100 XMIT U, BCTRE RESTORE USER WRITE
1708 01674 6 Q731 SEL IVCTRL
1709 01875 & 26136 NZT CcMMD, WAITFOR CMMD TO GO LOW
1710 01576 6 07003 BEL IVRESP FOC RESPONSE BYTE
1711 01577 & Z710D XMIT 0, XFR LOWER XFR SHGMAL
1712 .
1713 0B 7 01662 BTN RETLURN
1714 END RO CMMD
1715 -
Figure 2

cally generates the code for subprogram
entry and exit mechanisms when the ap-
propriate CALEL and RATN statements are
invoked.

MCCAP QUTPUT

The cutput from a MCCAP compilation
includes an assembler listing and an object
module. During pass two of the assembiy
process, a program listing is preduced. The
listing displays all information pertaining to
the assembled pragram. This includes the
assembled octal instructions, the user's
original scurce code and error messages.
The listing may be used as a documentation
tool through the inclusion of comments and
remarks which describe the function of a
particular program segment. The main pur-
pose of the listing, however, is to convey all
pertinent information about the assembied
program, i.e., the memory addresses and
their contents.

The object module is also produced during
pass two. This is a machine-readable com-
pater output produced on paper tape. The
output madule contains the specifications
necessary for loading the memory of the
Microcontraller Simulator (MCSiM), for
loading the memory of the SMS ROM Simu-
lator, or for preducing ROMs or PROMs,
The object module can be produced in
MCSiM, RCM Simulator or BNPF format.

An example of a MCCAP source program is
shown in Figure 2.

SinoLEs

PROGRAM STRUCTURE

Program Segments

A MCCAP program consists of one or mors
program segments. Program segments are
the logically discrete units, such as the main
program and subprograms, which comprise
a user's complete program. Program seg-
ments consist of sequences of program
statements. The first program segment
must be the main program. The main pro-
gram names the overall program and is
where execution begins. All othersegments
are subprograms; each subprogram must
be named. Control and data can be passed
in both directions between segments. No
segment may call itself, or one of its callers,
or the main program. Program segments
take the form as shown in Figure 3.

The Assembier Declaration statements de-
fine variables and constants. They must
precede the use of the declared variables
and constants in the Executable Statements
in a program. The Executable Statements
are those which result in the ganeration of
one or more executable machine instruc-
tions.

Subprograms

Subprograms are program segments which
perform a specific function. A major reasen
for using subprograms is that they reduce
programming and debugging labor when a
specific function is required to be exscuted
at more than one point in a program. By
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PROGRAM SEGMENTS

FROGRAM STATEMENT
DECLARATION STATEMENT{S|

L]
L ]
L]
EXECUTABELE STATEMENTIS}
L]
L]
SUBPROGRAMS
L]
END STATEMENT

a. Main Program Form

PROCEDUAE STATERMENT
DECLARATION STATEMENT(S)
»

L ]
-
EXECUTABLE STATEMFENT(S)
-
L4

»
EMD STATEMENT

b. Subprogram Form

Figure 3

creating the required function as a subpro-
gram, the statements associated with that
function may be coded once and executed
at many different points in a program.
Figure 3 illustrates an example.

The program structure in Figure 3 causes
the code associated with PROC WAIT to be
executed three times within PROG MANY-
WAIT. This is accomplished even though
the statements associated with PROC WAIT
are coded only once, rather than three
times.

Subprogram Calls and Returns
For user-provided procedures, ajumptothe
associated procedure and a return link are
created for each procedure reference. The
instructions to accomplish this result in
subprogram entry time. The instructions to
accomplish subprogram exit result in exit
time. The user may utilize tha MCCAP
procedure mechanism for linking calling
programs with called programs or he may
create his own instructions 10 do 0. The
following describes the linkage mechanism
and timing for MCCAP user procedures.

Linkage between called and calling pro-
grams is achieved through the generation of
anindexed "return jump” table, the length of
which corresponds to the number of differ-
ent times in the program that the subpro-
grams are called. This table is generated
automatically by MCCAP when procedure
CALL and RTN statements are invoked. For
each procedurs reference, MCCAP creates
two statements in the calling program.
Thus, the time required for the subprogram
entry is 0.5 microseconds. The subprogram
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return mechanism requires the execution of
two instructions or 0.5 microseconds.
These times do not incfude saving and
restoring of the working registers. The total
time to save all working registers is 3.5
microseconds, the same time to restore all
registers. Saving of all working registers is
normally not necessary, but worst case
calculations forentry and exittime below do
include this time. Thus, subprogram exit
and entry times are:

0.5us =z Entry Time < 4.0us
C.5us =< Exit Time & 4.0us

Details of the code required for procedure
CAiLL and RTN are provided in the Pro-
gramming Examples section. See Figures
21 and 22.

Macros

A macro is a sequence of instructions that
can be inserted in the assembly source text
by encoding asingle instruction. The macro
is defined only once and may then be in-
voked any number of times in the program.
This facility simplifies the coding of pro-
grams, reduces the chance of errors, and
makes programs easier to change.

A macro definition consists of a heading. a
body and a terminator. This definition must
precede any call on the macro. In MCCAP,
the heading consists of the MACRO state-
ment which marks the beginning of the
macro and names it. The body of the macro
is made up of those MCCAP statements
which will be inserted into the source code
in place of the macro call. The terminator
consists of an ENDM statement which
marks the physical end of the macro defini-
tion.

MCCAP Statements
The MCCAP language consists of thirty
statements categorized as follows:

Assembler Directive Statements
Assembler Daclaration Statements
Communication Statements
Macro Staternents

Machine Statements

The following lists the statements in each
category, describes their use, and provides
examples. Detailed use of the instructions
including rules of syntax and parameter
restrictions are described in the MCCAP
Reference Manual.

Assembler Directive Statements
Assembier Directive statements define
program structure and control the assem-
bier outputs. They do not result in the gen-
eration of 8X300 executable code. There are
twelve Assernbler Directive statements:

PROG Statement
PROC Statement

SiNetics

ENTRY Statement
END Statement
ORG Statement
OBJ Statement

IF Statement
ENDIF Statement
LIST Statement
NLIST Statement
E.ICT Statement
SPAC Statement

PROG Statement

Uise

Defines the names and marks the beginning
of a main program.

Exampla; PROG PROCESS

PROC Statement

Use
Detines the names and marks the beginning
of a subprcgram.

Example: PROC WAIT

ENTRY Statement

Use

Detings the name and marks the location of
a secondary entry point to a subprogram.

Example: ENTRY POINT 2

END Statement

Use

Terminates a program segment or a com-
plete program.

Examples: END SUB1
END MAIN

ORG Statement

Use

Sets the program counter to the vatue speci-
fied in the operand field.

Example: ORG 200

OBJ Statement

Use
To specify the format of the object module.

Examples: OBJ R
OBJ M
OBJN

NOTE

“R" inchcates the ROM Simulator format. “M” indicates the
Microcontroller Stmulator format. “N” indicates BNFF far-
mat,

IF Statement

Use

To mark the beginning of a sequence of
code, which may or may not be assembled
depending on the value of an expression.

Examples: IF VAL
IFX+Y
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MOVE Statement

Use

To copy the contents of a specified register,
WS variable or IV variable into a specified
register, WS or IV. Defined in Instruction
Descriptions.

Examples: MOVE R1{6),R6
MOVE XY

NOTE

The first example dlusirates a six place righl rotate of R1's
data before 1115 moved to AG. The contents of A1 are not
affected The second example may be a Working Storage
or Inlerface Vector vanable move, depending on the way X
and Y are defined in Declaration Slatements.

ADD Statement

Use
To add the contents of a specified register,
WS variable, or IV variable to the contents of
the AUX register and place the resuit in a
specified register, WS variable or IV vari-
able.

Examples: ADD R1(3),R2
ADD DATA,OUTPUT

NOTE

The lirst exampte dlusirates a three place nght rotate of
R1's data before the addingn is carned out. Under cerlam
condil ons a rola'e may be usad to mullipty the spacilted
aperand by a power of 2 betore the addition »s dore, The
contenis of A1 are nol affecled The second example
suggests that the conlents of W3 variable have been adoed
{0 the contents of the AUX register and the result placed in
ar Y variable, makmng the result immediately available to
the user's system.

AND Statement

Use

To compute the logical AND of the contents
of a specified register, WS variable or IV
variable and the contents of the AUX regis-
ter. The logical resultis placed ina specified
register, WS variable or IV variable. In actuai
practice, the AND statementis often used to
mask out undesired bits of a register.

Exampiles; AND R2,R2
AND R3{1).R5
AND XY

NOTE

The: firsl exampderillastrates the use of an AND slalement in
what might be a masking operation. If tha AUX regwster
contains 006 111 then this statement scts the 4 high order
bits of Fi2 1o 0 no matter what they were griginatiy, The 4
1ow order bils of B2 would be unaflected.

The second example illustrales a one place rotale to the
right of A% gata before the AND iz carried out. The
contents of B3 are nol alfected. In the therd exampie, X and
Y may bo parts ol the same W3 or IV nyta, or one may bea
W5 byle and the other an 1Y byte.

XOR Statement

Use
To compute the logical exclusive OR of the
contents of a specilied register, WS variable

8X300 MICROPROCESSOR APPLICATIONS MEMO

or IV variable and the contents of the AUX
register, and place the result in a specified
register, WS vartable or iV variable. In prac-
tice, the XOR statement is often used to
complement a value and to perform com-
pariscns,

Examples: XOR R6,R11
XOR R1{7},R4
XOR XY

NOTE

The first cxample iMustrates the use of an XOR staternent in
what might be a complementing cperation. 1f the ALX
rogister cantang sl 1's then the execution of this statement
resuits in the complement of the contenls of RE replacing
the: contents of A1, The second and third examples are of
the same orm as the second and third examples of the
AND statement.

XMIT Statement

Use

To transmit or load literal values into regis-
ters, WS variables or IV variables.

Examples: XMIT DATA IVR
XMIT QUTPUT,IVL
XMIT -11,AUX
XMIT -00001011B,AUX
XMIT ~13H,AUX

NOTE

The tirst exarmple sefecls a proviously declared WS variable
by transmitting its adoress to the IVA register, The second
example salects a praviausly declared W variable by trans-
milting its address to the IVL register. The last three
examples all result in the generation of the same maching
cade. They alf load the AUX register wilh -11,5. tn the first
case, the programmer has written tha number inbase 10. in
the second gase, Ihe programmor kas written the number
In binary and has indicated this by placing a B after the
marmber. In the third case, Ihe numbier has heen written in
oclat as indicated by an H after the number.

XEC Statement

Lise

To select and execute oneinstruction out of
a hist of instructions in program memary as
determined by the value of a data variable,
and then continue the seguential execution
of the program beginning with the state-
ment immediately following the XEC unless
the selacted instruction is a JMP or NZT
statemnent.

Examples:

XEC JTABLE(R1},3
GRBERTHAN

JMP LESSTHAN
JMP EQUALTO

XEC SEND{INPUT) 4
“NEXT INSTRUCTION"
"NEXT INSTRUCTION"

JTABLE JMP

XMIT 110110118 AUX
XMIT 11111111B,AUX
XMIT 10101G10B,AUX
XMIT 00000GO0B,AUX

SEND

SiljontiEs

NOTE

fn the first example, the exscution al the program will
transferred to one of thres labeled instrections on the basis
of whether register B1 containg 0, 1 or 2. In the second
example, the XEC statement cayses the exacution of a
statement which transmits a special bit pattern to the AUX
register in response to an input signat which is either(.1,2
or 3, After the pattarn is trarsmitted, the éxecution of the
program continuas with the next instruction after the XEC.

NZT Statement

Lse

To carry cut a conditional branch on the
basis of whether or not a register, WS vari-
able, or IV variable is zero or non-zero.

Examples: NZT R1,*+2
NZT SIGN.NEG

NOTE

In the first example, if the contents of A1 are non-zero, then
program axecution wHl continua with the instruction,
whose address is the sum of the address of tha NZT
staternent and 2. 1f the contents of A1 are 0, the program
gxeculion continues with the nextinstruction after Lthe NZT
stalement. in the secand example, if the cantents of a WS
or IV variable cailed SIGN is non-zero, then program
executlon will continug beginning with the instruction
whose address is NEG, Otherwise execulion continues
with the nexl instruction aller the NZT statement.

JMP Statement

Use

To transfer execution of the program to the
statement whose address is the pperand of
the JMP statement.

Examples: JMP START
JMP *-2

NOTE

tn the trrst examphe, exacution of the program continugs
sequentially  beginning with the instructlon labeled
START. In the second example, program éxecution con-
tinues beginning with the instruction whose address is the
JMP instruction’s address minus 2,

SEL Statement

Use

Select a variable in Working Storage or on
the Interface Vector, s0 that subsequent
machine instructions may reference that
variable.

Examples: SEL DATA
SEL OUTPUT

NOTE

it is the programmer's rgsponsibility 1o assure that the
proper page has baen addressed betore calling the SEL
staternont if the variable may be in Working Storage. The
SEL statemsnt causes a single instruction, XMIT, to ba
assembled into the uset program. Thaoperand of the XMIT
inslruclron is the byte address of the named variable
(argument of the refergnce) as it has been allocated in
Working Storage or on the Interface Yector.

PROGRAMMING EXAMPLES

This section cortains programming exam-
ples which demonstrate how the BX300's
instructions can be assembled to perform
some simpie, commonly required functions.
These examples are written as program

85



8X300 CROSS ASSEMBLY PROGRAM (MCCAP)

SP1

fragments. They are not complete programs
as the Data Declaration and Directive state-
ments have been omitted. Otherwise, they
follow standard MCCAP conventions.

Looping

Looping is terminated by incrementing a
counter and testing for zero. Register R1 is
used as counter register and is loaded with a
negative number so that the program
counts up to zero, Figure 4 illustrates the
process.

LOOPING
M MNEG.AT
Load negatres laop Count.
ALPHA L
L ]
: Loop starl.
XMIT t.AUX
Stora increment value in AUX register
which 15 an implicit operand of ADD
METIUCOon.
ADD R1.At

Increment counter regiatar. Add con-

tents of AUX to contents ¢f R and

arore the sum in B,

NZT A1.ALPHA

Test eanents of A1 foe zeep. H rero,
next inf i N,

otherwise, jump 1o ALPHA and gonti-

nua execution from Lhare,

TIME: 750 nanosaconts

Figure 4
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of R2 and adding R1. Store the difference in
R3.

8-BIT SUBTRACT
XMIT -1 AN Puertorm 23 camplement, R2.
XKOR RZ.R3
XMIF 1.AUX
ADD RAAUX 2's complament of R2 ia nonw iy AUX.
ADD R1.R3 RYAZ is now in A3,

TIME: 1.26 micraxsconde

Figure 7

16-Bit ADD, Register

to Register

Add a 16-bit value stored in At and R2to a
16-bit value in R3 and R4. Store the resultin
R1 and R2.

16-BIT ADD, REGISTER TO REGISTER

named STROBE is used todefine bittiming.
and a second bit, named INPBIT, is used as
the bit data interface. Figure 10 iflustrates
the byte assembly.

BYTE ASSEMBLY

INPBET | USER SYSTEM
oy MEEE

¢ STROBE
}suomus FROE

W BTHE ADDAELS - INPADR

Figure 10

MOVE R2AUX  Mave low order byte of fiest d
o AUX in preparation for AL,

ADD As.A2 Add the low order bytes of the two
operards and store the resull in R2.
R2 containa 1he low order byts of the
result.

MOVE RTAUX  Moaun high order byte of Tt operandt
to ALX.

ADD CVEAUN  Add in carry fram pddi f
Tow order bylas,

ADD R3.R1 Add the high order byles plus carry

and place resullin R1. R1 comainsthe
high ordar byte of the result.
TIME: 1.25 microseconds

Figure 8

Inclusive-OR (8 Bits)

Generate inclusive-OR of the contents of R1
and R2. Store the logical result in R3. Al-
though the BX300 does not have an OR
instruction, it can be quickly impiemented
by making use of the fact that (A + B) + {A
B} is logically equivalent to A @ B.

INCLUSIVE-OR

MAOVE R2ALX Load onm of the cperands into AUX
register 30 that it cam be used as tha
implicit operand of XQR sad AND
instructinng.

Take exclusive OR of AUX and RY.
Store reault in A3.

Takm AND of AUX and RY. Flace re.
wults o ALIX.

Take sxciusfve OR of AUK (A - B)and
RA (A +B). Store result R R now
contains mclusive OR of R and R2.
THME: 1.0 migroseconds

DR A1.R3

ANDY AT.ALX

XDR R3AR3

Figure 5§

Two’s Complement (8-Bits)
Generate the two's complement of the con-
tents of R2, Store the result in R3. Assume
that R2 does not contain 200,.

TWO'S COMPLEMENT
XMIT =1,AUX Lowd AUX i preparation for XOR.
XGR R2.R3 1's complement of R2 iz ngw in R3.
xparr 1.AUX Losd AUX in prapatation for ADD_
ADD R3.R3 2's complement of R2 ix now in R3.
TIME: 1.¢ microseconds
Figure B
8-Bit Subtract

Subtract the contents of R2 from the con-
tents of R1 by taking the two's complement

16-Bit ADD, Memory to Memory
Add a 16-bit value in Working Storage,
OPERAND1, to a 16-bit value in Working
Storage, OPERANDZ, and store result in
Working Storage OPERAND1., Ht and L1
represent the high and low order of bytes
OPERAND1. HZ2 and L2 represent the high
and tow order bytes of OPERAND2.

16-BIT ADD, MEMCRY TO MEMORY

XM L2 Tranamit address af laow order byte of
sacond operand o YR,

MOVE L2 AUX Move low order byte to AUX.

AMIT L1.1vA Tranamit adcress of kaw ocder byta of
first operand to IVA.

ADD Lu Add kow order bytes and stars ragultie
i1.

MOVE QVFAUX  Move possible carry from addition of
tow arder bytes to AUX register.

XMIT HZ VR Add high order byte of second oper-
and to possible carry. Store result in
AUX.

ADD H2 ALIX

xMrr H1LIVA

ADD H1HT High oedet byte of som i in T, Low

order byt of 3um iz in LT,
TIME. 2.25 microssconds

Figure 9

Byte Assembly From Bit

Serial Input

This is typtcal of problems associated with
tnterfacing to serial communrications lines.
An 8-bit byte is assembled from bit inputs
that arrive sequentially at the Interface Vec-
tor. A single bit on the Interface Vector

SilRtES

BYTE ASSEMBLY PROGRAM

XM 0.R1 B will ba uead as a characir
butfer. 1t has been claarad.

XMT 8.R2 R 2 will be used as & bitcounter.

XraiT INPADRA.IVL Seimct IV Byt that contains

#NPEIT pnd STROBAE.

Tasl STROBE for data ready.
The MOVE mstruction iy sxe-
culed only when STROBE - 1.
Loop until $TROBE - 1.

NEXT BIT N2T BTROBE.r2

JHME *1

MOVE INFBIT AUX
XOR R1ity.R1 Rotate AT ore ptace right. This |
PUTS & zaro o the feas signiki-
cant bit position. Then take the
eaclumive OR of this rotated
varmion of B1 and of AUX. Place
the tesull in B, The leatt sig-
mficant bit of F1 will nowequal |
the latest value of INPBIT.
xmr
ADD

ER-L10 4
R2.AZ Decrement AZ.

If RZ is mat yet raro. 1hen more
bits must be collected to com- |
plete the Gyte baing aasembled.
This instruction will only be
#aecutad when § bits hava baen
collscted Afterthisisdone, itis
Atill necexsary 1o rorate one
mare time 10 get the last INP-
BIT into the high order bit pot-
tign of RT.

ds per bit [mi 1]

MOVE R1[TLRT

TIME: T.9 i

Figure 11

Rotate Left

The 8X300 has no instructions which explic-
itly rotate data to the left. Such an instruc-
tion would be redundant because of the
circular nature of the rotate operation. For
exampls, a rotate of two places to the leftis
identicaf to a rotate of six places to the right.
The rotate n places to the teft in an 8-bit
register, rotate 8-n places to the right. This
example itlustrates a rotate of the contents
of R4 three places to the left.

MOVE R4(5).R4
TIME: 250 nancseconds

Three Way Compare

The contents of R1 are compared to the
contents of R2. A branch is taken to one of
three peints in the program depending upan
whether RY = R2, R1 < A2, or R1 > R2.
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THREE WAY COMPARE

RESULY
AN

fon a

REERRERE

WORKING STORAGE BYTE

Figure 12

THREE WAY COMPARE PROGRAM

AT RESULT.IVA Choose 2 working Storage byte
by iransmitling its address 10
VA ragisiar,

XMt -1LAUN Load AUX with all 175, in prep-
araven lor complementing con:
renms ol A2

XOH R2.RESOLT Store complemant of K2 in RE-
SULT.

*mit T.AUX

ADD RESULT.AUX AUX pow containg 2°s comple-
mem of R2.

ADD A1 AESULT AESULT now contains R1-R2.

NZT RESULT.NEQUAL # RESULT 7 0, then R1 7 A2,

JMP EQOUAL

NEQUAL  NZT S5IGN LESS
GREATER Conubue

Sigh Brt = 1 only when B1 <Rz,

EQUAL Continue

ass B

LESS Continug
TIME: 2.0 microseconds

Figure 13

INTERRUPT POLLING PROGRAM

XMiT CONTROLIVL Choose proper IV Byte
hy transmilung its ad-
dress to IVL register.
XEC JTABLE (CONTROL),® Execute the ong In-
struction  whose  ad-
dress in the sum of
JTABLE and the con-
temis of CONTROL. The
B indicates the length ol
the tabls.
L]

»

L]

Table at § instrucrians,
ana ol which is 2xecul-
ad as arecult ol the XEC
insiruction above.

JTARLE JMP ALFHAY

JMF  ALPHA2
L]
L]

L]
JMP ALPHAS
TIME: 750 nanoseconds.

Figure 15

Bit Pattern Detection

in An 1/O Field

Test input field called Input for specific bit
pattern, for example: 1 0 1 1. If pattern is
not found, branch to NFOUND, otherwise
continue sequential execution. Figures 16
and 17 iliustrate the procedure.

Interrupt Polling

Three externai interrupt signals are con-
nected to three IV hits, The three bits are
scanned by the program {o determine the
presence of an interrupt request. A branch
is taken to one of eight program locations
depending upor whether any or alf of the
interrupt request signals are present. The 1V
bits associated with the interrupt requests
are wired to the low order three bits of the IV
byte named Control. Figures 14 and 15
illustrate the interrupt polling.

INTERRUPT POLLING

INTERRUPT SIGNALS

CONTROL FROM USER 6YSTEM

}

w BYTE

Figure 14

BIT PATTERN DETECTION

DATA FROM

INFUT USER SYSTEM

tiH4

W BYTE

Figure 16

BIT PATTERN DETECTION PROGRAM

XMTH INFUT,IVL Choose proper [V Byee by trans-
mitting its addtass to IVL regis-
ter.

XMIT 10118.AUX Store desired bit pattern in AUX
register for use as iMplicil oper-
and of XOR instruction,

XOR INPUT AUX Take exclusive OR of the cone
teniy of INPUT and AUX. Store
the result in AUX. Now the con-
tents of AUX will be z#ro |t the
coments af INPUT are 1011,

NZF AUX.NFOUND Tast AUX for 2ero. Branch to
NFOUND if non-zeco.

L] » g

L] -

- L]

NFOUND Contirus

TIME: 1.0 microseconds Figure 17

Control Sequence #1

Setanoutput bit when aninputbitgoes high
(is set) {see Figure 18).

Sinotics

CONTROL SEQUENCE #1

STATUS
[t FROM USER SYSTEM

ALARM
— [0 USER SYSTEM

v BYTES

Figure 18

CONTROL SEQUENCE #1 PROGRAM

xMIT ETATUSIVL Choose input IV byte by trang.
mithing itt addrass to VL.

NIT STATUS. "2 Test inpul kit to deternine
whethet i is still zero. Skip next
instruction if it is not raro

AP *-1 Jump to preyieus nstretion.

T ALARM VL Choose outpul IV byls.

XMIT I ALARM Set outpul bit by laading ALARM

with 1.
TIME: 1.0 mitroseconds iminimui

Flgure 19

Control Sequence #2
Qutput a specific 5-bit patiern in response
to a specified 3-bit input field.

Subprogram Calls and

Returns

The mechanism for managing subprogram
calls and returns is based on assigning a
return link vafue to each subprogram caller;
this return link value is then used, on exit
from the subprogram, to index into the
return jump table which returns control to
the callers of the subprogram. Figure 21 is
an example of a subprogram cailed from
four different locations in the main program.

As seen from Figure 21, sach subprogram
{or procedure) caller is assigned a “tag” or
index values ranging from Oto 3, ora totat of
four index values for the four callers. Before
jurmping to the subprogram, the index value
is placed in a previously agreed upon loca-
tion, register R11 in this case. Upon exit
from the subroutine, the index value stored
in R11 is used as an offset t¢ the Program
Counter in order to execute the proper JMP
instruction. The key to returning to the
proper caller is the index jump tabie. Figure
22 gives a detailed description of the return
operation.
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CONTROL SEQUENCE #2 PROGRAM

YMIF  S5TATUS WL Choase the 1V byte which receives the 3-bit input from user's systam
MOVE STATUS.RT Move the 3 bits of interest fram the IV byle to ragistar A1, Thir 3 bite Aré acioimatical-
Iy right juslified,
XMIT ALARM,IVL Choosé the [V byte through which the response is sent to 1he uger’s sysiem.
XEC PATTERN{H1L.B  Select specific pattern from PATTERN table.
JMP 9
FATTERN XMIT A ALARKM
KMIT B ALARM
XMr CALARM
. - Transmit groper pattern 10 ouipu 1Y byte subfiekd by executing jusi one
. - uf these eight i i A hrough n the names ct
;Mi'l' :,.MAH:M with cight ditferent control bit patterns.
L] L]
* L]
» L]
TIME: 1.25 mwcroséconds. ;
Figure 20
RETURN QOPERATION SUBPROGRAM CALL
Address n XEC"-1 This inslruclion results in the exavu Program
tion of 1he instruction loceted a1 the SlotRge )
currant valus ol the Program countar gggfl";; XNIT 0. /71 L I"ds--“l\"'l-j-;(“-m_m OCaller 5 1
s 1 plus th ta of R11, i . sk W aller
?,,::::,-s lﬁ:za“: if:;:'::;:u:_ ¢00140,  IMP SUBR Jump 1o s1art of subprogram.
Addiess el JMP A 0001415 Next Instruction
Addrese n+2  JMP B The JMP labie follows in censecutive .
Program Storage locations lollewing .
SEC. .
Addi 3 JMPC
By P D 001133,  XMIT 1, AT Losd AUX with 1Caller & 2
- - Jo1134  JMAP SUBR Jurnp ta stari of subprogram.
Figure 21 001136, WNeat Instruction
»
LN ]
-
03260, XMIT 2. AN Load AUX with 2Caller & 3
003261,  JMF SUBR Jump te stan ol subprogram
Q03262;  Next Instruction
L]
»
-
QO3654;  XMIT 3. R Load &UX wrih ACaller 74
003655, JMP BUBR durnp Lo start of subprogram
U 36ob, Mext Insiruction
»
»
»
-»
a. Main Fiogrem
SUBR Maching Instructions
JMP TABL
-
»
L]
L
Subrouting
Relurn
Code
TAEL XEC “+1(A11}  Execute JMP locaied ;1
current PC + 1 + (R11),
JMP 300141, Return to Caller #1
JMP DD1135;  Return 10 Caller #2
Jhtp Q032625  Return 1o Callar 83
JMP OD3656, Return 10 Caller #d
b. Svbrouting
Figure 22
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INTRODUCTION

The MicroController Program Library is
made up of commonly required subpro-
grams in the form of procedures and the
documentation for each of these proce-
dures. The Library is intended to support
applications for the MicroControlier. These
applications may be written in the Micro-
Controller Cross Assembler MCCAP) lan-
guage, a stand-alore ANS| FORTRAN as-
sembler intended to execute on any 16-bit
or larger minicomputer.

SPECIAL RESTRICTIONS WHEN
USING THE CROSS ASSEMBLER
Where IV Bytes and Working Storage allo-
cations are required by a procedure, they
have been made. These arbitrary definitions
should be reviewed by the procedure user

and modified as necessary to fithisapplica-
tion.

There are two characteristics of the library
procedures that require special attention by
the user. First of all, procedures from the
library may in turn call on other library
procedures. fFor example, a procedure
which generates square roots would make
calls on a division and possibly amultiplica-
tion procedure, These calls, if any, are noted
in the documentation for each procedure.
The programmer must be aware of these
calls because he must append these secon-
dary procedures to his program.

The second characteristic is that the Cross
Assembler has two instructions (XEC, NZT!}
whose operands are required to be within
the same register page and/or memory
page. It is difficult, if not impossible, to

determine before compile time whether or
not these ranges will be exceeded. The
solution is to code conditional ORG state-
ments which, when properly used, align the
pragram with the next page boundary only
when necessary. Conditional ORG state-
ments have been inciuded in all the library
procedures, These statements should pre-
vent most, but not necessarily all, range
errors within the procedure. The customer
may find it necessary to encode additional
ORG statements in some instances. The
uger should be aware that this sofution
creates blocks of unused memory in pro-
gram storage. The programmer should be
aware of these blocks because it is usually
possible to reorganize code to either elimi-
nate them completely or at least keep their
size to a minimum.

a9
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PROCEDURE NAME: TAD16

General Description:

TAD16 is a double precision 116-bit) 2's
complement addition program  which
checks for arithmetic overflow by compar-
ing the signs of the operands and the result.
Overflow has occurred when and enly when
the operands have like signs and the result
has the opposite sign. When overflow oc-
curs the program returns the value 100000
base 8. This is the largest negative 16-bit2's
complement number. TAD16 requires that
its two double precision operands always be
found in the same four memary Iocations.-
These four locations can be anywhere on
page 0 of working storage and do not have
to be contiguous. Al results are stored in
the two working storage locations which
ortginally held the second operand, See
Figure 1 for the flow chart and Figure 2 for
the program listing.

Memory Requirements:
Program Memory: 24 words
Working Storage: 4 bytes

Registers Used and Their

Logical Function:

Rt This register is used to hotd informa-
tion an the signs of the operands. R1
contains 0 if both operands are posi-
tion, 2 if both operands are negative,
or, 1 if the operands have opposite
signs.

Symbols:

AL Low order byte of A

AH High order byte of &

A1 High order (sign! bit of A
Bl. Low crder byte of B

BH High order byte of B

B1 High order {sign bit of B

Timing:

Worst Case:  5.25 microseconds when
overflow occurs

Best Case; 3.75 microseconds when

operands have opposite
signs
Calls On Other Library
Procedures: None

TAD16 FLOW CHART

DOUBLE PRECISION

!

L

ARE
THE BIGNS
OF AAND B
BIFFERENT

ARE

A AND B

BOTH POSITIVE
7

THE YES

¥

l OVERFLOW I

ANSWER
FOSITIVE
7

Figure 1

TAD16 PROGRAM LISTING

PROC TAD1E

MCLIE PROCEDUAE TO ADD TWO 16 BIT NUMBERS;
In 2’3 COMPLEMENT NOTATION AND CHECK

FOR ARITHMETIC OVERLFLOW,

DATA DECLARATIONS.
AL BRIV 2H.T.8
AH RV 201,738
Al RIV 201.0.1
BL RIV 202,76
BH Riv 203,7.3
B1 RIV 203,0,1
TAD SEL "~
MOVE ALAUX
SEL 3]
Ao B1.A1 R1= D IF BOTH= 0.
Ri= 2IFBOTH= 1.
SEL AL R1= 1 IF BOYH CIFF.
MOVE ALAUX
SEL BL
ADD BLBL AL+ BLNOWIN BL
MOVE OVF.AUX
SEL AH
ADD AHMIX
SEL BH
ADD BHBH  ANSWER (N BH . . BL
ORG 4,256
XEC o H{RY)
JMp ZEROS
NP INBOUNDS
NP ONES
ORG 432
ZEAOS NZT B1,OVERFLOW
JMP INBCUNDS
ORG 632
ONES NZT B1,/NBOUNDS
OVERFLOW  XMIT 00H,AUX
MOVE ALK, EH
SEL BL
T 0,8,
INBOUNDS  RTN
ENCF TAD19
Figure 2
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PROCEDURE NAME: MuULsxs

General Description:

MULSBXS is a procedure which multiplies
two 8-bit 2's complement numbers. For
reasons of speed, negative numbers are
converted to positive numbers before the
multiplication takes place. Afterward, the
product is given the proper sign. The algor-
ithm is a straight forward add and shift
routine. The operands are taken from R1
and R2. The low order byte of the sixteen bit
result is stored in R1. The high order byte is
stored in R3. See Figure 3 for the flow chart
and Figure 4 for the program listing.

Memory Requirements;
Program Storage: 47 words
Working Storage: None

Registers Used And Their

Logical Function:

R1 Initially contains the muitiplier.
Eventually contains the low order byte
of the product.

R2 Initialty contains the multiplicand.

R3 Contains the high order byte of the
result.

R4 Bit counter.

R5 Contains information on the sign of the
result. R5=0 if the result is negative or
R5=1 it the resuit is positive.

Timing:

Worst Case:

Calls On Other Library
Procedures: None

35.75 microseconds

INITIALIZE BIT
COUNT

¥

DETERMINE OFERAND
BIGNS

¥

MULSXE FLOW CHART

TAKE THE 25 COMPLEMENT
OF ANY NEGATIVE OPERANDS

15
LOw
CRDER BIT OF

NG

MULTIPLICAND
=12

ADD MULTIFLICAND TO
HIGH DRBER BYTE

¥

SHIFT RIGHT

k

_]

'

SHIFTED
EVGHT No
TIMES
NEGATIVE vES TAKE 2'6 COMPLEMENT
RESULT OF RESULT
)
»{ DONE

Figure 3

MULSXS PROGRAM LISTING

MCLIB PROCEDURE TO MULTIPLY TWO B EIT 2's
COMPLEMENT NUMBERS TO GENERATE A
16-BIT RESULT.

¥MIT ORI
T - 8.R4
XMIT 1 AUX
AND Rt (7T).AUX
CRG 5836
AEC  TAB (AUX)
NZT AUX.COMPI
JWP  OP2
TAB XwT 1RE POSITIVE.
AMIT DAS HEGATIVE.
COMP1 XMIT 377HAUX COMP QPERANDA.
X0R ALRAY
AMIT 1AUX
ADD R1RA1
op2 XMIT 1.AUX
AND  R2[7LAUX
XOR R5AS
NZT AUX. COMPZ
JME LOCP
COMP2Z XMIT 377H. AUX COMP OPERANDZ
XOR RiRZ
XMIT 1AUX
ADD PZRAZ
QRG 16256
XMIT 1LAUX
AND  R1ALE
WIT AUX‘* 2
JMP  SHIFT
MOVE R2ALUX
ADD R3R3
XMIT 17TH.AUX
AND AT101).RY
XMIT 200H.AUK
R3.(1), AUX
XOR RALA1
XMt 177H.AUX
A3(1}RI
Wi LAUX
R4,R4
NET R4, LOOP
9.256
NZzT HRSENDD
XMIT 377HAUX
XOH HLA1
XOR R3AI
XMIT 1AUK
#D0 R1A1
MOVE OVF AUX
ADD R3IAI
ENDD  RTN
END  MULEXS

Figure 4

ACCESSTEST DPERANDY 5IGN.

ACCESS/TEST DPERANDZ SIGN.

LOW ORDER BIT 17

LOGP

YES. ADD MLUILTIPLICAND.

SHIFT FARTIAL
PRAQDUCT RIGHT.

SHIFT

DONE?

NQ. Zs COMP.

9
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PROCEDURE: M16X16

General Description:

M16X 16 is a procedure which multiplies two
16-bit 2's complement numbers to generate
a 32-bit result. This is accomplished by
adding the multiplicand to the two high
order bytes of the partial product when the
low order bit of the multiplier is 1 and then
shifting the partia! product and the multipli-
er one place to the right. If the low order bit
of the multiplier is zero, then you shift only.
This procedures requires the use of all eight
internal registers. M16X16 uses the con-
tents of A3, R4 as the multiplier and the
contents of RS, RE as the multiplicand. it is
the responsibility of the calling program to
set up these operands and to save the con-
tents of R1, R2, and R11 i necessary. See
Figure 5 for the flow chart and Figure & for
the program listing.

Memory Requirements:

Program Storage: 76 words
Working Storage: 9 bits

Registers Used And Their

Logical Functions:

R1 Fourth thigh order) byte of result.

R2 Third byte of result.

R3 Originally the high order byte of the
muttiplier. Finally the second byte of
the result.

R4 Criginally the low order byta of the
multiplier. Finally the first {low order!
byte of the resuit.

R5 High order byte of the multiplicand.

RE Low order byte of the multiplicand.

R11 Bit counter used to terminate the
procedure,

Timing:

Average if both operands are negative:
112.5us

Average if both operands are
positive: 109.5u8

Worst case: 122.0us

Calls On Other Library
Procedures: Neone

92

M16X16 FLOW CHART

| INITIALIZE |

¥

DETERMINE 5IGNS OF OPERANDS
REPLACE NEGATIVE OPERANDS
WITH THEIR 25 COMPLEMENT,

15
THE LOW
ORDER 81T

NO

OF THE
MULTIPLICANRD

ADD MULTIPLICAND TGO THE TWO
HIGH ORDER BYTES OF THE
PARATIAL PAODUCT.

L

¥

SHIFT MULTIFLIEA AND FARTIAL
FRODUCT ONFT PLACE RIGHT.

NO
SHOULD
RESULT BE YES AEPLAGE RESULT WITH
NEGATIVE 25 COMPLEMENT,
¥
'r"" DONE
Figure 5

Sinetics
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o

TAB

COMP1

OP2

COMP2

LOGP

M16X16 PROGRAM LISTING

PROC M16X16

MCLIE PROCEDURE TO MULITPLY TWO
16-BIT Z's CUMPLEMENT NUMBERS.

LINK RIV 200.7.8
SRESLLT PIV 201,74

INITIALIZE
SEL LINK SAYE LINK.
MOVE R15.LINK
SEL SAESLULT

XMIT 0.R1
XMt 0.RZ
xmIT - 16 A1

DETERMINE SIGNS OF THE
OPERANDS. REPLACE NEG.
GPERANDS WITH THEIA 2's
COMPLEMENT.

IMIT  1AUK

ANG  ANFHAUX

ORG .25

XEC TAB(AUX)

NZT ALK COMPY

Mg opz

XMIT  LSRESULT

XMIT  DSRESULT

XMIT  3TTHAUX

XOR R4RA

¥OR A3.R3

AMIT 1LAUK

ADD  Faf4

MOVE  OVFAUX

ADD RIS

XMIT  1LAUX

ANC  RS[7)AUX

AOR SRESULT.SRESULT
NZT ALX COMP2
JMP LOOP

XMIT ITTH.ALIX
XOR R&.A6
XOR RE5,AS

XMIT 1.AUX
ADD A6.FG
MOVE OVF.aLX
ADD R5.R5

ADD MULTIPLICAND TO THE TWO HIGH
ORDER BYYTES OF THE PARTIAL
FRODUCT IF THE LUW QRDER BIT OF
THE MULTIPLIER 15 1.

ORG 28,256

XMIT 1LALX

AND Ra.AUX

NZT AUX, -2

JMP SHIFT

Figure 6

SHIET

MOVE DVF. AUX

ADD HE ALX

ADB A1R1

SHIFT THE PARTIAL PAODUCT AND THE

MULTIPLIER ONE PLACE TD THE RIGHT.

XMIT 1#7H.AUX
AND R4{1),A4
xmir 00H.AUX
AND Ra{1)0.AUX
XOR R4.R4
XM 177H AUX
AND R3{1),A3
XMrF 200H.AUX
AND R2{1).AUX
XOR H3RI
XMIT ATFH ALY
AND R2(1)A2
XMWY 200H . AUX
AND RI{11.AUX
XDR RZ.R2
XMIT 177H.AUX
AND R1{11.A1
SHIFTED 16 TIMES YET?
v 1 ALK
ADD A11.RY
NIT A11LOOP

MNEQATE RESULT IF NECESSARY.

ORG 1432

NZIT SRESULT ENDD
XMt ATTH ALY
XOR R4.A4
xOR R3R3
AOR R2R2
X0oR LARCE]
XMIT 1AUX
ADD R4.R4
MOVE OVF.AUX
ADD RIA3
MOVE OVF.AUX
ADD R2R2
MOVE OVF.AUX
ADD R1A/1
SEL LINK
MOVE LINKRTY
RATN

END MIGX16

Figure 6 (Cont'd)

Sinotics
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PROCEDURE NAME: Divigxs

General Description:

DIV16X8 is a procedure for doing integer
division with binary numbsrs in 2's comple-
ment notation. Toimprove execution speed,
negative numbers are converted to positive,
but the result is given the proper sign at the
end of the computation. This procedure
divides the contents of R1, R2 by the con~
tents of R3. The quotient is placed inR2and
the remainder is placed in R1. Note that this
implies an accuracy of 8 bits. If the quotient
is greater than 8 hits, onfy the high order
byte will be generated, and the remainder
will be greater than the divisor. See Figure 7
for the flow chart and Figure 8 for the pro-
gram listing.

Memory Requirements:
* Program Storage: 59 words
Working Storage: 1 byte

Registers Used And Thelr

Logical Function:

R1 This register originally holds the high
order byte of the dividend. When the
procedure is compisted, R1 contains
the remainder.

R2 This register criginally holds the low
order byte of the dividend. When the
procedure is completed, R2 contains
the quotient,

R3 This register originally holds the divi-
sor,

R4 This register is used as a counter to
determine when the division is com-
pleted.

35 This register contains information
used to compute the sign of the result.

RE8 This register hoids the 2s complement
of the divisor.

R11 This register is used as temporary stor-
age.

Timing:

Average if both operands are negative:
37.5us

Avarage if both operands are positive:

3558
Worst Case:  39.75u8

Calls On Other Library
Procedures: None

94

DIVi6X8 FLOW CHART

NO

‘ START ’

L

DETERMINE 3IGN OF
FIRST OPERAND

¥

COMPLEMENT

op 2 0?7

1t CPERAND

Y

DETERMINE SIGN OF
SECOND OPERAND

A

i

COMFLEMENT

QF > 07

2nd OPERAND

Y

INMITIALTZE BIT COUNTER
AND GENERATE DIVISOR

{

NO

¥

ND

DO TRIAL SUBTRACT OF
DIVISOR FROM DIVIDEND

>_

OVF YES

=]

b

$ET

¥

CORRECT DIVICEND
A5 PER SLUBTRACT

| INCREMENT COUNTEH_I'Q__
SHIFT

|

¥

_-—_l UPDATE QUOTIENT

!

CORRECT SIGN
OF AESULT

Sinotics
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DIV16X8 PROGRAM LISTING

PROC DIV1AXS

18-BIT BY 8-BIT Z's COMP DIVIOE WITH DI¥IDEND
IN R1.A2 AND DIVISCR 1N B3

LINK RIY 20075
BEL LINK BAVE LINK.
MOVE Ri1,LINK
0Pt EMIT  LAUR ACCEXS/TEST OF11 8IGN

AND  RI{TLAUX
XEC  TABJAUX)
NZT  AUXCOMPY

JMP OP2
Tab EMIT  1RS POSFTIVE

i AMIT RS

COMPY XMIF  377HAUX ¥'s COMF DIVIDEND
XOR R
XOR R2m2
XMIT  1AUX
ADD m:R2
MOVE  OVF.AUR
ADD  R1MY

o2 T 1LAUX
AND  Ri(F)AUX ACCESS/TEST DIYISOR SIGN
XOR R5R5
MNZT  AULCOMPZ
JMp START
COMPE XMIT  F77HALUN

XOR  R3M3 2's COMPLEMENT DIVISCR
XMIT  taux
ADD  RIA3

START XMIT -3R4
XMIT  377H.AUX MEGATIVE OF DIVISOR

XOR B3RS
XMIT 14U
ADD  RGAS
onG 258
LODP  MOVE RSAUX
ADD  RIRH TRIAL SUBTAACT
ORG 2,258
NZT  QUF.DINT
o0 move mzAUX SHIET LEFT §
ADD  R2RI
MOVE OVF.AUX
ADD  AAUX
app A
AP CHECK
DIV MOVE R1AY UPDATE DIVIDEND
MOVE  R2AUX
ADD  RZR2
MOVE  OVF.AUX
ADD  f1AUX
ADD  RIA1
XMIT 14X SHIFT OM 1
XOR  mzAZ
NZIT  R&LDOP  DDME?
ORG  9.256

NZT R5,ENDD YES. TEST 2IGK RESULT
AMIT  ITTHAUN

XOR R1AT
XOR Rz K2
XMIT 140X
ADD Ri.At
MOVE  OVFAUX
ADD RZH2
ENDD SEL LINK RESTDRE RETURN LIKK.
MOVE LINK.RH
NTN
END  [HV16XA
Flgure 8

SinLcs
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PROCEDURE NAME: D24x12

General Description:

D24X12 is a procedure to do integerdivision
with 2's complement numbers. To improve
execution speed, any negative operands are
first converted to positive. However, the
quetient is given the proper sign at the end
of the computation. D24X12 divides the
contents of R1, R2, R3 by the 4 low order bits
of RS and R4. The quotient is stored in the 4
low order bits of R2 and R3. The remainder
is stored in R1 and the 4 high order bits of
R2. Nate this implies a 12-bit result. If the
guotient is greater than 12 bits gnfy the 12
most significant bits will be generated, and
the remainder may be {arger than the divi-
sor. Also note that if the divisor supptied by
the main program is zero, then the dividend
is merely rotated 12 places. Ses Figure 8 for
the flow chart and Figure 10 for the program
listing.

Memory Requirements:
Program Storage: 94 words
Working Storage: 2 bytes

Registers Used And Their

Logical Function:

R1 This register originally contains the
high order byte of the dividend. At the
end of the procedure, it contains the 8
high order bits of the remainder.

Rz This register originally contains the
middle byte of the dividend. Atthe end
of the procedure, it contains the 4 low
order bits of the remainder and the 4
high order bits of the quotient. '

R3 This register originally contains the
low order byte of the dividend. At the
end of the pracedure, it contains the 8
low arder bits of the guoctient.

R4 This register originally contains the 4
high order bits of the divisor. Shortly
after the procedure begins execution,
R4 contains the 8 high order bits of the
divisor.

R& This register originally contains the 8
low order bits of the divisor. Shortly
after the procedure begins execution,
R5 contains the 4 low order bits of the
divisor left justified.

RB6 This register contains the high order 8
bits of the negated divisor.

R11 This register contains the 4 low order
bits of the negated divisor. These bits
are left justified.

Timing:
Worst Case:.  109.5us

Calls On Other Library
Procedures: None

96

024X12 FLOW CHART

LEFT JUSTIFY THE 12 BIT

DI¥ISOR IN R4, RS

YES

15
CIVIDEND

r

LOMPLEMENY THE
DIVIDEND

<q2

YES

5

'

COMPLEMENT THE
DIVISOR

DIVISOR
< 0%

STORE NEGATIVE OF DiVISUR
IN Ré, A11

!

DO TRIAL SUBTRACT OF DIV-

ISOR FROM DIVIDEND

Y

YES

RESTORE SUBTRACTED CIWISOR
TO DIVIDEND

¥

SHIFT DIVIDEND 1 PLACE
LEFT

SHIFT DIVIDEND 1
FLAGCE LEFT

'

SHIFT 1 INTO LOW ORDER

BEIT OF QUOTIENT

*:

DECREMENT THE COUNTER

Figure 9

GIVE RESULT THE
FRAOPER SIGN

AETURN
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D24X12 PROGRAM LISTING

PROC DaKIZ

MCLIE PROCEDURE TO DIVIDE A 24-BIT 2's
COMPLEMENT NUMEER. BY A 15-B3T 2%
COMPLEMENT NUMBER.

LINK Ri¥ 200.7.&
TEMP AIY 201.7.8
TEMPH RIv 201,34
SIGN RIV 201,71
COUNT RIV 201,68
SWITCH AV 201.0,1

SEL LINK

MOVYE  R1VLUINK
BEGIN XMIT  3E0H.ALX

SEL TEMP

MOVE RS TEMP

EAVYE RETURN LINK.
ALIGN DIVISOR 8Y
SHIFTING LEFT FOUR
PLACES.

AND  RS{4)RS
AND  Ra{2).UX
ADD  TEMPH A4
XRIT - 13,COUNT

oF AT 1AUX
AND  RI{7)AUX
XEC  TAB{ALX)
NZT  AUX.COMPY

NP OP2

TAB  XMIT  1SIGN
XMIT  D.SIGN

COMB1 XMIT  377H.ALX
XOR  R3A3
XOR  R2A2
ACR RIA
XMT 44U
ADD  R3R3
MOVE  DVFAUX
ADD  R2RZ
MOVE  DVF,AUX
ADD  RLEY
AT 180X

oP2 AND RA{7),AUX
XOR SIGN.SIGN
NZT ALX COMPZ

JMP START
COMPZ  XMIT  377HALUX
XA R4.A4
XHIT  360H.AUX
XOH RS AR5
XMIT  20HAUX
ADD R5.R5
MOVE OVFAUX
ADD R4,R4
ETAAT XMIT  377HALX NEGATE DIVISOR,
x0R R4RG
AT JG0H . AUX
XOA R5.AH
XMIT  2HAUK
ADD AR
MOVE  OVF.ALX
ADD R6,A6
ORG 32
Figure 10

Divo

o

CHECK

ENDD

ADD RZRZ

MOVE OVF.AUX

ADD RIM

HOVE  RE.AUX

AOD  R1IA

MOVE OGOVF.SWITCH

NZT  OVF

MOVE RS.AUX RESTORE ADD.
ADD  A2R2

MOVE OVF.AUX

ADD  R1R1

MOVE Ra.AUX

ADD  FRiF1

MOVE RILAUX SHIFT LEFT 1 PLACE.
ABD  RJLRE

MOYE OVFAUX

ABD  R2A2

MOVE OVFAUX

ARy  R1R1

UOVE R2AUX

ADD RiRZ

MOYE OVF.AUX

ADD  AtR1

MOVE BT ALX

ADD  Ri1R1

XMIT  1AUX

NEZT BWITCH,*+2

JHMF  CHECK

XGR R3.A3 BULD YP QUGTIENT.
ADD  COUNT,COUNT

NZT  COUNT.LOOP

ORG 1532

NZT BIGN ENDO

XMIT  37TH.AUX GIVE RESULT THE
XOR R1L.R1 PROPER SIGN.
XOR R2R2

XOR  R3R3

XMIT  20H.AUX

ADD  RRRZ

MOYE OVFAUX

ADD  A1A1

MOVE CVFALX

ADD RAR3

MOVE OVFAUX

ACDD R2ZRA2

BEL LiNK RESTOAE RETUAN LINK.
MOYE LINKR11

RTN

END D24X1Z

Figure 10 iCont'd)

Siljiptics
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PROCEDURE NAME: DT0B

General Description:

DTOB is a procedure which converts 7
unsigned BCD digits, stored in consecutive
Working Storage locations, into up to 24 bits
of binary which is stored in R2, R3, R4. The
main program must supply in RE the byte
address of the first (low ordert BCD digit.
DTOB expects to find this first digit right
justified in the Working Storage byte. The
first 6 BCD digits should be packed 2 per
byte in ascending memory locations. The
seventh BCD digit should be right justified
in the last memory location. DTOB accom-
plishes the conversion by adding the proper
power of 10 the proper number of times to
R2, R3, R4. Finally, since most applications
where BCD to binary conversion is neces-
sary are not expected to require high speed,
DTOB had traded off some speed in order to
limit program storage requirements. See
Figure 11 for the flow chart and Figure 12 for
the program listing.

Memory Requirements:

Program Storage: 56 words
Working Storage: 41/2 bytes

Registers Used And Their

Logical Functions:

R1 This is a program control register used
to step through Working Storage and
to properly access either the high or
low order four bits of an enabled Work-
ing Storage location.

R2 This register contains the high 8 bits of
the binary result.

R3 This register contains the middle B bits
of the binary result.

R4 This register contains the low 8 bits of
the binary result.

RS This register is loaded with the current
BCD digit and is then used asa countsr
to add apower of 10the proper number
of times,

Ré& This register is used to step through
Working Storage. It originally contains
the address of the first BCD digit to be
converted, which is supplied by the
main program.

R11 The contents of this register are used
to select the proper power of 10 to be
added to the partial binary sum. It is
also used to terminate the procedure.

Timing:

Worst Cage:  22275us  fconversion of

9,999,999 to binary!

Average Case: 132.75us  (conversion of

5,555,555 1o binary)

Calls On Other Library
Procedures: None

DTOB FLOW CHART

[ wmauzanon ]

!

] comeLementar |

| &
l UPDATE IvR FROM RS |

R!

l UPDATE RS BY ADDING R1 I

!

I DECAEMENT R11 |

1

HAYE

ALL DIGITS

BEEN CONVERTED

ISANT 0
?

SELECT THE HIGH DIGIT OF
THE CURRENTLY ENABLED BCD

DIGIT PAIR,

YES

SELECT THE LOW CIGIT OF THE
CURRENTLY ENAHLED BCD DIGIT

PAIR,

ADD THE PROPER PQWER OF 10

'

Lnscnsusnr THE CURARENT BCD DIGIT ‘

Figure 11

TO THE FARTIAL BINARY SUM
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DTOB PROGRAM LISTING

PFROC DTOR

MCLIB PROCEGURE TO CONVERT 7 BCO
DIGITS INTQ UPTO 24 BITS OF BINARY.

LINK AIY 200.T.8
DMYL RIV 200.7.4
DMYH Al¥ 200,34

BEL LINK EAVE RETURN LINK,
MOVE  R11LINK
START xMIT ORA3 INITIALIZATION,
XMIT  ORZ
XMIT  OA1
MiT  7AN
MOYE  RStVR
ONE WOYE CMYLRE
ORG 25,256
LCOP1 XEC TABA(R1) COMPLEMENT R1.
MOVE  R1LAUX
MCOVE REIYR
ADD RERE INCREMENT ONLY WHEN
XMIT  -1AUX NECESSARY.
ADD R¥1LHTY DECREMENT COUNTER.
NIT Ri1*+ 2
JMP OONE

XEC  TABURY)
NZ¥Y  RELOGPZ

Hap [Exlely]

CRQG 26256
LOOP2 XEG TABI-1(RN)

ADD  R4Rd

CAG  29.756

XEC  TABA1{AIM)
ADD  OVFAUX
ADD  R3A3

CORG  322%6

XEC  TeBS- 1M1
ADD  DVFAUX

ADD RZA2
XMIT - 1AUX
ADD Rs5.RS

HIT R5,LCOP2
NZT RA11LO0PY

DONE  $EL  LINK RESTORE RETURN LINK..
MOVE LINKRT1
RTN

TABA  KWHT 181
XMIT  oR1

TAB1 MOVE DMYLRS
MOVE  DMYH RS

TABY  XMIT  I00HAUX MILLION,
KMIT  240HAUX HUNDRED THOUSAND.
XMIT  20HAUX TEN THOUSAND,
EMIT  350H AUX THOUSAND,
XMIT  14dHAUX HUNDRED
XMIT  12HAUX TEN.
TAS4 XMIT  102H AUX MILLION.
XMIT  205H AUX RUNCAED THOUSAND.
XMIT  ATHAUX TEN THOUSAND.
XMIT  3AUK THOUSAND.
XMIT OAUX HUNDRED,
XMIT  OAUX TEN.
TABS  XMIT  17HAUX MiLLION.
XM LAl HUNDREC THOUSAND,
XMIT  0AUX TEN THQUSAND.
M7 ALK THOUSAND,
XMIT 0,AUXK HUNDRED.
XWIT  DAUX TEN,
ENDDOTOR
Figure 12
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PROCEDURE NAME: BTOD

General Description:

BTOD is a procedure which converts a 24-
bit positive binary number into 7 BCD digits
which are stored in ascending order in
consecutive Working Storage locations.
The contents of registers R2, R3, R4 are
taken to be the binary number with R2being
the high order byte_ The main program must
supply in RG the absclute address of the
Working Storage byte in which the two low
order BCD digits are to be stored. BTOD
accomplishes the conversion by keeping
track of the number of times it can subtract
decreasing powers of 10 from the binary
number. See Figure 13for the flow chart and
Figure 14 for the program listing. -

Memory Requirements:
Program Storage: 87 words
Working Storage: 41,2 bytes

Registers Used and Their
Logical Functions:

R1 This is a program controd register used
to step through Working Storage and
to properly access either the high or
tha low order BCD digit of an enabled
Woaorking Storage byte.

R2 This register originally contains the
high arder byte of the binary number.
However, note that the binary number
is destroyed as the BCD digits are
computed.

R3 This register originally contains the
middle byte of the binary number.

R4 This register originally contains the
low order byte of the binary number.

R5 The contents of this register arg used
to select the proper power of 10 to be
subtracted from the partial binary dif-
ference. It is also used to terminate the
procedure.

RB This register is used to step through
Working Storags. 1t originally contains
the address of the storage location for
the first BCD digit pair.

A11 This register is used as temporary stor-
age of overflow bits.

Timing:

Worst Case:  346.67us
{Conversion of 46114163a
to BCDY)

Calls On Other Library
Procedures: None

100

WHATS LEFT 1N Aa =

BTOD FLOW CHART

‘ START ’

Y
| stomrereTumn Lk |

Y
I INITIALIZE l

¥
ENABLE THE FROPER

WORAKING STORAGE -t

BYTE

Y

ZEAQ THE STORAGE
LOCATION OF THE
ECD DIGIT ABCUT
T0O HE COMPUTED

i

DECREMENT REGISTER
EWHICH SELECTS
THE FROFER POWER
OF 10

THE LGW ORDER BECD YES R5
DIGIT. STORE IT IN =g
THE PRGPER WORKING
STORAGE LOCATION,
NO
¥
RESTORE THE RETURN —P—I TRIAL BUBTRACT l
LINK
—
L4

NO
YES
ADG 1 TO THE
CURRENT BCD DIGIT

Figure 13

RESTORATIVE ADD
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BTOD PROGRAM LISTING

KECLIE PROCEDURE TO CONVERT & 24-BIT
FOSITIVE BINARY NUMBEFR INTD 7 BCD DIGITS

LINK AIV 200.7.8
DMYL RV 200,74

DMYH RIV 260,39

SEL
WOVE
START  XMIT
XMIT
XMIT
ADD
GRG
LOCP  XEC
MOVE
MOVE
ADD
QRG
XEC
XMIT
ADD
NZT
IMP
OHG
LOORZ  XEC
ARD
ORG
XEC
ADD
MOVE
ADD
MOVE
ADOD
ORG
XEC
ADD
MOVE
ADD
NZT
NZT
ORG
RESTDRE XEC
ADD
ORG
XEC
ADD
ALD
ORG
XEC
ADD
ADD
JMP
oK XMIT
XEC
IMP
DONE  MOVE
SEL
MOVE
RTN

LINK STORE RETURN LINK.
R11,LINK

T.RS

aRY

3AUX ALIGN POINTER TO HIGH
RG.RE QRDER BCD DIGIT.

41,256

TABA *1[RY} FLIP R

R1.AUX

RG.IVA ENABLE PROPER W.5. BYTE
R5RG DECAEMENT & WHEN MNEC.
309,256

TABC+1(R1) ZERQ BCD DIGIT LOC.
-1.AUX
R5.RS

RE 12
DONE
42,58

TARA - 1{RS)
R4,Ad

46,256

TAB4 - 1(RS}
OVF AUX
OVFRI
R3,R3

OVF AUX
R1LAM
45,256

TABS - 1{R5)
RH1,ALX
OVER11
R2A2,
OVF.OK
R11.,0K
45,255

TABE - 1{RS)
R4.R4

80,266

TAO? - (RS
GYF ALX
R3.A3

53,256

TARS - 1{RS5)
OVFAUX
R2.R2
LOOPY
1,AUX

TABB + (A1)
LOGP2
R4,0M¥L
LINK WHAT WAS LEFT IN R4 WAS
LINKR11  RESTODRE LINK.

Figure 14

XMIT  -1@t
TABB  ADD  DMYLOMYL
ADD  DMYH.OMYH
TABC  XMIT G.DMYL
XMIT  0.DYMH
SUBTRACTION TABLES.
TABI  XMIT  366HAUX  TER.
TMIT  238HAUX  HUNDRED.
XMIT  30H,AUX THOUSAND.
EMIF  3B0HALX  TEN THOUSAND.
AMIT  14DHAUX  HUNDRED THOUSAND.
AMIT  300HAUX  MILLIOK.
TABA  XMIT  symaux  TEN. -
XMIT  377THAUX  HUNDRED.
AMIT  374HAUX  THOUSAND.
XMIT  330MAUX  TEN THOUSAND,
XMIT  171H,AUX  HUNDRED THOUSAND.
XMIT  275HAUX  MILLION.
TABS  NMIT 37THAUX  TEM,
XMiT  ArHAUN MUKNDRED.
EMIT JFTHAUX  THOUSAND.
XMIT 37THAUX  TEN THOUSAND.
XMIT 376MAUX  HUNDRED THOUSAND.
AT FEOHAUX  MILLION,
ADDITION TABLES.
TABS  XMIT  13HAUX TEN.
XMIT MaHAUX  HUKDRED.
XMIT  3504.AUX  THOUSAND.
XMIT 20 ALK TEN THOUSAND.
XMIT  240HAUX  HUNORED THOUSAND,
KMIT 100HAUX  MILLION,
TABT  AMIT G.AUX TEM.
XMIT QALK HUNDRED.
XMIT  BAUK THOUSAND,
XMIT  4THAUX TEN THOUSAND.
XMIT  206HAUX  HUNDRED THOUSAND.
AMIT  10ZHAUX  MILLION,
TABE  XMIT DAUX TEN,
XMIT 04U HUNDRED.
XMIT  GLAUX THOUSAND.
XMIT  0,AUX TEM THOUSAND.
XMIT  1.AUX HUNDRED THOUSAND.
AT ATHAUX MILLIOK,
EMD BTOOD

Figure 14 (Cont'd.)
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PROCEDURE NAME:

General Description:

SORT is a procedure which sorts the con-
tents of a block ot Working Storage loca-
tions into descending order. That is, the
data i¢ sorted so that as the Waorking Stor-
age addresses increase, the value of the
contents decrease. The boundaries of the
block are set by the main program. The
fower address boundary must be placed in
R1. The high address boundary must be
placed in R2. The block must be contained
within a single memory page and that page
must be selected by the main program. The
contents of the block are treated as 2's
complement numbers, See Figure 15 forthe
flow chart and Figure 16 for the program
listing.

SORT

Memory Requirements:
Program Storage: 47 words
Working Storage: None

Registers And Their

Logical Function:

R1 This register is used 10 pass the lower
boundary address to the procedure. In
the course of execution, this value is
changed to its 2's complement.

R2 This register is used to pass the upper
boundary address to the procedure. in
the course of exscution, this value is
changed to its 2's complement.

R3 This register is used to hold the current
address, N.

A4  This registar is used to hoid the current
contents of N which is dencted as IN).

M6 This register is used as ascratchpad to
hold a variety of temporary results.

Timing:

1tis difficu't to compute the exact timing for
this procedure. Six microseconds per byte
sorted is a realistic average time,

Calls On Other Library
Procedures: None

¥

SORT FLOW CHART

‘ START ’

LSET N = THE LOWER LIMIT l

Y

NEGATE THE UPPER AND
LOWER LIMITS

¥

SIGN

@ » INCREMENT ™%
N

AND (K+ 1)
HAVE BAME

YEE
(D
NO
SWAP THE CONTENTS DECREMENT
OFNANDN* 1 N

"LL —Lowet Limit

Figure 15

SORT PROGRAM LISTING

FROC SORT
OMY AV 200,7.8

BIGN AV 200.0.T
START MOVE HALRZ

AMIT - 7.0
ADD  fZA2
XOR  A2A2
ABD 1A
XA A1AT

R3= M.
NEGATE R2

NEGATE A1,

MOVE RLIVR
MOVE OMY.RA

ENABLE N.
Rt = {N).

ORG  H.255
TEST  XMIT  1auM

ADD  RIWVA ENABLE N* 1.

ARD  R4T.RE RE = SIGN OF (N},
MOVE  SIGN.AIX  AUX= SIGM OF (N*+ 1)
A0A  RERE RE = 11F DIFF.

ORG 18,256

L4 R6CRECK

T - 2.AuX
ADD  DMY.RE
XOR  RG.AUX
ADD  Ra.A6
XMIT 140X
AND  RE{7LAG
ORG 13266
NZT  HESWAP

~iN* 1) NOW 1N AUX.
N}~ (N+ 13 NOW IN RE.

RE= DIF (M) = {N+ML

DAG 10256
MEXTHN ADD HRIA3

MOVE R3WA

MOVE DMYR4

HCAEMENT N.

MOVE R2.AUX
ROD  R3IAG
IMIT 1AUX
AND  RE(7}RE
NZY  RETEST
JMP  DONE

ALY = - UPPER LIMIT,
RE= N~ A2

M- A2 MUSTRE « = 0.
A= 0IFN= RZ

CHECK NZT  AUXNEXTN AUX = SIGN OF (R * 1).
IMP  SWAP
SWAP MOVE DMY.RS
MOVE R4OMY
WOVE  BaIVR
MOVE REDMY

REZ (N ).

EMRELE M.

MOVE  RtALX
ADD  R3PE
NZT  REDECH
T 1LAUX
JMP HEXTH
CECN  XMIT  -1.AUX
ADD  R3IRI
MOYE R3IVAR
MOVE DMY.Rd
P TEST

DONE AN
END SCAT

Figure 16
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PROCEDURE NAME: FrPADD

General Descriptlon:

FPADD performs a double precision float-
ing point addition of two operands located
anywhere in the same page of Working
Storage. These floating point operands
must have an 8-bit exponent and a 16-bit
mantisa. f the exponent of an operand is
found in memory lecation N, then the high
order bytes of the mantisa mustbe in location
N+ 1. The low order byte must be in location
N + 2. Both the exponent and the mantisa
must be represented in 2's complement
notation, The calling program specifies the
operands to be added by passing the ad-
dresses of their exponents in R1 and R2 and
by selecting the proper memaory page be-
fore cailing FPADD.

FPADD begins processing by comparing
the relative sizes of the two exponents.
Because the precision of the addition is 16
bits, if the exponents differ by morethan 15,
the answer will be equal to the larger of the
two operands. If the addition is meaningful,
FPADD computes the exponent of the result
and then calls a procedure to adjust the
smalier of the operands so that the expo-
nents of the operands are equal. FPADD
then calls another procedure which per-
forms the actual 16-bit addition. See Figure
17 for the flow chart and Figure 18 for the
pragram listing.

Memory Requirements:
Program Storage: 38 words
Working Storage: 1 byte

Registers Used And Their

Logical Funtions:

R1 This register contains the address of
the exponent of the first operand. This
address must be supplied by the main
program.

This register contains the address of
the exponent of the second operand.
This address must be supplied by the
main program. R2 isalso used to return
the address of the exponent of the
answer to the main program.

Initially this register is used to hold the
value of the exponent of the first oper-
ant O(1). Later it is used to pass the
address of the exponent of the operand
which wili be adjusted before the addi-
tion takes place.

This register is used as a scratchpad
throughout rmost of the procedure, but
is also used to pass the address of the
high order byte of the first operand to
the addition procedure.

R2

R3

RS

A6 This register is used as a scratchpad,
but also passes the number of places
which the smaller of the two operands
must be shifted. Finally, it is used to
pass the address of the high order byte
of the second operand to the addition
procedure.

In programs written in MCCAP, this
register is used to hold the return link
for subroutines.

R11

Timing:

Worst Case

{exponents differ but by
less than 16, and the addi-
tion overflows)

= 22 microseconds. This is
the time from when FPADD
i3 called to when it returns.

Calls On Other Library

Procedures:
DSHIFT
TAD16F

FPADD FLOW CHART

START

SAYE FPADD'S
RETLAN LINK

BUBTRACT X1
FROM X2

DOES YES
X1~ x2
?
NO

15
NO A YES

YES

ND

SETUPCPITD
BE ADJUSTED

O\

L

i

Xi= X1

TAKE 2§ COMPLEMENT
oF

1

NO

GIVE ANSWER THE
EXPONENT OF OP1

!

SETUP OP2TO
BE ADJUSTED

ADD OPERANDS

ADJUST CPERAND

TES SET R2 TO

FOINTTO OFY

¥

‘ DONE ’

Flgure 17
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FPADD PROGRAM LISTING

PRQC FPADD
MCLIA PROCCEDURE TO ADD TWO FLOATING POINT
BOUBLE PRECISION 2's COMPLEMENT NUMBERS.

LINK RIV 200.7.8
X1 RIV 200,78
X2 RIV 200.79

NOTE THAT X1 AND X2 ARE NEVER TRANSMITED TO
THE I¥A REG. THUS THE ADDRESSES ASIGNED TO
THESE YARIABLES ARE NOT INFORTANT.

SEL  LINK SAVE FPADD RETURN LINK.
MOVE RT1LLINK
START MOVE Rt VR ENABLE X1.
MOVE X1,R3
MCVE RZWR ENABLE X2.
XMIT - 1,AU%
ADD R2,AG TAKE 23 COMP OF X1,
XDAR REAUX  -X1INAUX.
ADD XZRS X2-X1IN R6.

MZT Re*+Z

MP  ADDD  EXPOMENTS MATCH.
XMIT 1,AUK

AND  RE{f.R4 R5* SIGN OF X2 - X1.
NZT  HSNEG

FDS  xMIT -16AUX RE IS POS. MEANING X215
GREATEA THAN X1.

ADD  RG.RS DO ¥2 AND X1 DIFFER BY
MORE THAN 157

NZIT OCVF.GONE OPZI1S THE ANSWER.
MOVE A1,A3 THE ADDITION |5 PGESIBLE BUT

JMP - ADJ OPt MUST BE SHIFTED.
MEG  XMIT -—1AUX B8 15 NEG, MEANING X118

GREATER THAT X2,

ADD R6.RE MAKE Ré POSITIVE.

ACR RERE

XMIT -15AUX DO X1 AND X2 DIFFER BY MORE
THAMN 157

ADD R5.R5

NZIT OVF.SWAP OF1 IS THE ANSWER.

MOVE R3X2 THE AaNSWER WILL BE N DP2
AND HAVE X1 AS AN EXFONENT.
MOVE R2R3 THE ADCITION (53 POSSIBLE BUT

JMP A0 OPZ MUST BE SHIFTED.
SWAP MOYE R1.A2 WHEN THE PROC RETURNE R2
JMF  DONE MUST HOLD THE ADDRESS OF THE
RESULT.
ADJ  GALL DSHIFT

ADDD XMIT 1AUX
ADD R1AS5 AS POINTS TO #0B OF DP1.
ADD  R2A6 RE POINTS TO HOB OF OF2.
CALL TAD1EF .

DONE SEL  LINK RESTCORE FPADD RETUEN LINK,
MOVE LINK.A11
ATN AT THIS PCINT A2 POINTS TO
END FPAGD THE ANSWER.
Figure 18
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PROCEDURE NAME: DsSHIFT

General Description:

DSHIFT is a program storage intensive high
speed procedure which shifts a double pre-
cision variable on the right bank IV 110 15
bits to the right. The execution time is inde-
pendent of the number of bits to be shifted
and is fixed. Changing the 3 occurences of
"IVR" in the procedure to “IVL" converts
DSHIFT to operate on left bank IV variables.
Ifthe high order byte of the double precision
variable is in location N, then the low order
byte must be in location N + 1. See Figure 19
for the flow chart and Figure 20 for the
program listing.

Memory Requirements:
Program Storage: 52 words
Working Storage: None

Registers Used And Their

Logical Functions:

R3 This register is used to pass the ad-
dress of the variable's high order byte
to the procedure.

R4 This register is used to hoid and rotate
the variable’s high order byte.

R5 This register is used to hold and rotate
the variable's low order byte.

R6 This register is used to pass the num-
ber of places that the variable must he
shifted to the procedure. If the con-

SinOties

tents of R6 is cutside the range of 1 to
15 errors will occeur.

A11 In programs written for MCCAP, this
register holds the procedure return
link,

Timing:
4.75 microseconds

Calls On Other Library
Procedures: None
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CMY RIV 201,78
H1 Aty 201.0.4
HZ AV 201.1.2
Hi AV 20123
Ha A1V 201.3.%
H5 AIY 201 ,4.5
HE RIV 20155
H? RV 201,67

LT AV 201,79
L2 Riv 2172
LIRI¥Y 20173
Ld RIY 201,74
L5 RI¥ 2017.5
LE RiV 201.7.6
L7 RtY 201.7.7

DSHIFT PROGRAM LISTING

PROC DSHIFT

MCLIB PROCEDURE TC SHIFT A DOUBLE
PRECISION VARIABLE {N WORKING STORAGE
1 TO 15 PLACES TO THE RIGHT.

HOTE THAT NONE OF THE YARIABLES DECLARED IN THIS
PROCEDURE ARE EYER THANSMITTED TO THE IYR REG.
THLS IT 1S NOT IMPORTANT WHAT ADDRESS THEY ARE

TABZ

TABd

TABY

TAB3

MOYE R4M1 —|—
NOVE R4MZ
MOVE HAH3
MOVE  R4HE
MOVE R4.HE
MOVE Ra4H?
MOVE  RAOMY
MOVE ALY
MOVE miLe
MOVE Rats
MOVE R4.LA
MOVE R4L3
MOVE Rat2
MOVE RALY
MOVE  RS{1).AS
MOVE #5(2) RS
MOVE  R5(3).R5
MOYE R5(4).AS
MOVE  RS5(S)LAS
MOVE  R5(8),A5
MOVE  R5[7).RS

MOVE R4(1}A4
MOVE  RA4{2) R4
MOYE R4(3) R4
MOYE Ri{a) R4
MOVE Ra{5).R4
MOVE FR4(5).Ré
MOVE  R4{7).R4

NC#

FMIT  OMY
KT OHZ
XMIT  OH2
AMIT  OH&
EMIT  DMS
XMIT OHS
AMIT  OHT
END DSHIFT

Figure 20 (Cont'd.)

ASIGNED TO.

EHIFT EMIT 180X
ADD R3.I¥A EMABLE HIGH ORDER BYTE.
MOVE pMY.R4
XMIT  O0OMY
XMIT  ZAUX
ADD  ALIVR ENABLE LOW ORDER BYTE.
MOVE DMY.HAS
GRG 40256
XEC  TAR1-1{RE)
MOVE  RS.DMY
XEC  TAHZ-1{Rdf
ORG 45,258
XEZ TAB3-1{R&)
XMIT  1.AUX
ADD R3,IvR EMABLE HIGH QORDER BYTE,
XEC TAB&-1(RS)

DONE RTN

Figure 20
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PROCEDURE NAME: TAD16F

General Description:

TAD16F is a medified version of TAD16
designed to be used as part of a floating
point adder. TAD16F accepts two double
precision operands located anywhere on
the same Working Storage memory page.
The program which calls TAD16F must
specify these operands by selecting the
proper memory page and by passing the
addresses of the high order bytes of the
operands to the procedure in registers.

if the double precision add overflows, the
procedure increments the exponent whose
address must be supplied in R2 and then
shifts the 16-bit sum one place to the right.
There is ne warning given if the exponent
overflows, but this is a very unlikely occur-
rence. See Figure 21 for the flow chart and
Figure 22 for the program listing.

WARNING! Intheeveniofanoverflow, TAD16F
shifts the 16-bit sum in Working
Storage by taking advantage of the
wrap-around read characteristics
of the MicroController's Working
Storage locations. In practice, f
you Iry to read a Working Storage
data field whichisse long it runs off
the end of the byte, the MicroCon-
troller fills in the high order bits by
reading the unused low order bits
of the byte. For example, if wa try to
read a field 8§ bits long and whose
right most bit is bit 6, then bit 7 will
be used as the high order bit of the
field.

This is a perfectly valid MicroCon-
troller practice. MCCAP will gener-
ate an error flag, but assemble the
instruction anyway. (n TAD16F,
there are two occurrences of the
instruction MOVE A,DMY. These
instructions should assemble as 0
36037,

Memory Requirements:

Program Storage: 35 words
Working Storage: None

Registers Used And Their

Logical Functions:

R2 This register contains the address of
the sum's exponent. If must be suppli-
ed by the calling program.

R3 This register is used to hold the com-
puted address of the tow order byte of
the second operand.

R4 This register is used to hold computed
information on the signs of the two
operands.

RS This register is used to pass the ad-
dress of the high crder byte of the first
operand to TAD16F.

R6 This register is used to pass the ad-
dress of the high order byte of the
second operand to TAD16F.

R11 For programs written in MCCAP, this
register is used to hold TAD16F's re-
turn fink.

Timing:

Worst Casa:  7.75 microseconds

Calls On Qther Library
Procedures: None

TAD16F FLOW CHART

‘ START '

¥

DOUBLE PRECISION
ADD

THE SIGNE
CF & AND B
DIFFERENT
?

YES

ARE
AAND B
80TH
FOSITIVE

18
THE
ANSWER
PASITIVE
?

15
THE
ANSWER
FOSITIVE
T

NO YES

¥

CVERFLOW HAS DCCURED. INCRE-
MENT THE EXPONENT AND SHIFT
THE 15 BIT RESULT ONE PLACE
Ta THE RIGHT.

1

ARE
AANDB
BROTH
POSITIVE
?

SUPPLY
LEADING O

SUPPLY
LEADING 1

!
¥

Flgure 21
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TAD16F PROGRAM LISTING
FROC TAD1EF
MCLIB PAQCEDURE TO ADD TWO DOUBLE PRECISION
2% COMPLEMENT NUMBERS. NOAMALLY USED WITH
FPADD.
DMWY AV 200,74
EIGN Rt 200,0,1
L RIV 200,71
ARV 20058
NOTE NONE OF THE VARIABLES DEGLARED IN THIS
PROCECURE ARE EYER TRANSMITTED TO THE 1¥R
REG. THUS THEIR WS ANGRESSES ARE NOT {IMPORTANT.
TAD MOVE R5.IVR ENABLE HOR OF OPY,
MOYE SIGN AUX
MOVE REIVR ENABLE HOB GF OP2,
ADD SIGMR¢  Ra= 0 (F BOTH POS,
A4= 1 IF BOTH DIFF,
XIT  1AUK Ag= 2 IF BOTH NEG.
ADD  ReR2 A3 POINTS TO LCB OF OP3.
ADD  RSIVR ENABLE LB GF OF1,
MOVE DMY,AUX
MOVE R3,iVR ENABLE LOB OF OP2.
ADD  DMY.OMY OPIL+OPZLIN OF2L
MQVE OVFAUX
MOVE RSIVR ENAELE M0B OF OP1,
ADD  DMY,AUX
MOVE RBIVR ENABLE HOB OF OP2,
ADD  EMYOMY ANSWER IN OP2
XEC  “+1{RY
JMP  ZEROS
JNE INBOUNDS
SMP  ONES
ORG 18,32
ZERDS NZT  SIGN.DVERFLOW
JMP JNBOUNDS
CNES NZT  SIGN,INSOUNDS
CVERFLOW XMIT  1,AUX
MOVE R2,IVA ENABLE X2 WHICH IS XA,
ABD  DMY.DMY INCREMENT EXPONENT.
XMIT 280X
ADD KRS R5 POINTS TO L0B.
HOVE REIVR B8 POINTS TO THE HOB,
MOVE LRAS MOVE BIT 7 OF HDE TO RE.
MOVE A DMY ROTATE HOB.
MOVE O¥FSIGN SHIFT INADQP1,
MOVE  RS.IVA ENABLE LOB.
MOVE ADMY ROTATE LOB,
MOVE RESIGN  MOVE BIT 7 OF HOB TO
INBOUNDS RTN 8IT 0 OF THE LOB.
END TADY&F
Flgure 22
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DESCRIPTION

The YO Port is an 8-bit bidirectional data
register designed to function as an VO
interface element in microprocessor sys-
tems. 1t contains 8 clocked data latches
accessible from either a microprocessor
port or & user port. Separate 1/0 control is
provideo for each port. The 2 ports operate
independently, except when both are at-
tempting to input data into the YO Port. In
this case, the user port has priority.

A master enable (ME} is provided that en-
ables or disables the uP bus regardless of
the state of the other inputs, but has no
effect on the user bus.

A unique feature of this family is its ability to
startup in a predetermined state. Ifthe ciock
is maintained at a voltage less than .8V until
the power supply reaches 3.5V, the user part
will always be all logic 1 levels, whila the
microprocessor port will be ail logic 0 levels.

8Ta1-NF

FEATURES PIN CONFIGURATION
e Each device has 2 ports, one to the user,
the other to a microprocessor. I/0 Porls F.NA PACKAGE
are completely bidirectional
* Ports are Independent, with the user port uo? E El Yee
having prigrity for data entry
¢ User dala input synchrohous uDs | 2 E 7
» The user data bus Is available with tri-
state (8T32, 8T36} or open collector D8 El Ei e
(BT33, 8T35) outputs
. :itg:ower up, the user port outputs are o E Zl s
¢ Tri-state TTL outputs forhigh drive capa- —
b"", un3 | & E wd
s Directly compatible with the 8X300 Mi-
crocontroller D3 E 1] 53
® Operates from a single 5V power supply
over a temperature range of 0°C to +70°C um 7 E w2
upo | 8 ’_'—?_I T3]
goc | 9 E wWo
BiC |10 E we
WE | 1 14| RE
GND E 13| MCLK
BLOCK DIAGRAM
10F 4 BT SLICES r
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PIN DESIGNATION

8T31-N.F

USER DATA BUS CONTROL

The activity of tha user data bus is con-

PIN MBOL .

SYMBO NAME AND FUNCTION TYPE trolled by the BIC and BOC inputs as shown

1-8 UDO-UD7: | User Data I/G Lines. Bidirectional data lines to | Acitve high in Table 1.

o commuricate with user's equipment. three-state The user data input is a synchronous func-

16-23 | IWV0-IVT: Microprocessor Bus. Bidirectional data lines to | Active low tion with MCLK. A low level onthe BIC input
communicate with controlling digital system. three-state allows data on the user data bus tc be

== . T . written into the data latches only if MCLK is

10 BIC: ;2g‘;}gg’:{f’g;ﬂ:ﬁ;:E:;:%g;“;;oésw”"”g into | Active low at a high level. A tow level on the BIC input

’ allows data on the user data bus fo be

9 BOC: Output Controi. User input to control reading | Active low latched regardless of the level of the MCLK
from the /O Port ontoe the user data lines, input.

11 ME: Master Enable. System input to enable or dis- | Active low To avoid conflicts at the data 'atches, input
able all other system inputs and outputs. |t has no from the microprocessor port is inhibited
effect on user inputs and outputs. when BIC is at a low leve). Under all other

15 WC: Write Command. When WC is high, stores con-| Active high co:;dmons the 2 ports aperate independ-
tents of IVO-IV7 as data. ently.

14 RC Read Command., When RC is low, data is| Active low MICROPROCESSOR
presented on IVD-1V7. BUS CONTROL

13 MCLK: Master Clock. Input to strobe data into the | Active high Asis shownin Table 2, the activity of the mi-
latches. See function tables for details. croprocessor port is controtled by the ME,

) ) RC, WC and BIC inputs, as weil as the state
24 Vee: SV power connegtion. of an internal status latch. BIC is included to
12 GND: Ground. show user port prigrity over the microproc-
essor port for data input.
BUS OPERATION
Data written into the 170 Port from one port
_ — will appear inverted when read from the
BIC BOC MCLK USER DATA BUS FUNCTION other port. Data written into the /O Port
from one port witl not be inverted when read
H L % Output Data from the same port,
L X H Input Data
H H X Inactive
H = High Level L = LowlLevel X = Don'tcare
Table 1 USER PORT CONTROL FUNCTION
YT = ST MICROPROCESSOR BUS
C
ME RC L MCLK BIC FUNCTION
L L L X X Qutput Data
L X H H H Input Data
X H L X X Inactive
X X H X L inactive
H X b4 X X inactive
Table 2 MICROPROCESSOR PORT CONTROL FUNCTION
112 Sifnptics



8T31-N,F
DC ELECTRICAL CHARACTERISTICS v =5V$5%0°C < Tp  70°C unless otherwise specitied.
LIMITS
PARAMETER TEST CONDITIONS T
Min Typ Max UN
Input voltage v
Viq  High 2.0
Vi Low B
Vic Clamp I} = -5mA -1
Quiput voltage Voo = 475V v
VoH High 2.4
VoL Low 55
Input current! Voo =525V KA
" High V|p = 5.25V <10 100
he Low VL = 5V -350 -550
Cutput current? mA
los Short circuit Vg =475V
UD bus 10
IV bus 20
lee VCC supply current Vee =525V 100 150 mA
NOTES
1. The input current includes the tri-state/open collectar leakage current of the output driver on the data
fines.
2. Only one cutput may be shorted at a lime.
PARAMETER MEASUREMENT INFORMATION
LOAD CIRCUIT FOR TRI-STATE QUTPUTS INPUT WAVEFORM
ALL HODES
ARE TMETA
39001 41 OR FOUNVALENT 82 _— - op% 10w
Vor O—WA—O —O )
pOINT L L % Lo
FROM L W51 OPER . T WE 50 "
OuTPYT | H N
. [ =
1 TS |
I - L -2} §1CLOSED
L M -2 ) 52 £LOSED

NOTE. Cy nctudes Nixlure capacitance

CLOCK PULSE WIDTH

j 15¥
MCLK

INPLT
DATA

OUTPUT
CATA

DATA DELAY TIMES
Clock Referenced

15v

Snotics
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8T31-N.F

AC ELECTRICAL CHARACTERISTICS 0°C<Ta=70°C, Voo =5V 2 5%

TEST LIMITS
PARAMETER INPUT CONDITION Min Typ Max UNIT
¥]n) 4 25 38 ns
tpp User data delay’ MCLK C| = S0pF 45 61 ns
top User output enable BOC C_ = 50pF 18 26 47 ns
, BIC _ 18 28 a5 ns
top User output disable BOC G| = 50pF 16 93 3 ns
IVBX 38 53 ns
1 =
tpp WP data delay MCLK CL = 50pF a8 61 ns
ME
tog WP output enable RC G| = 50pF 14 19 25 ns
wC
ME
top P output disable RC C; = 50pF 13 17 32 ns
wC
tw Minimum pulse width MCLK 40 ns
upx® 15
BIC 25
tgeTyp  Minimum setup time2 gé gg ns
RC 30
wC 30
upx3 25
BIC 10
tyoLp Minimum hord time? 'l\\d”E( 12 ns
RC 5
WC 5
NOTES
1. Data delays referencad o the slock are valid only f the input dalg iz stable at the arrival 3. Times are referenced to MCLK.
of the clock and the hold time reguirement 15 mel.
2. Setup and hold times given are 1or “normal” operation. BIC setup and hold times are
for & user write operation. AC setup and hold times are for an 170 Port select operation,
ME and WC satup and hold times are for a microprocessor bus write operalion,
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES OUTPUT ENABLE AND DISABLE TIMES
{Tri-State QOutputs)
LOW LEVEL
ENABLING
MCLE “\I v
D%N“T'?‘ﬁlf \15\1 r, g HIGH LEVEL
| e ——— i, : ENABLING
L"OE—"I hloo-l
BIE v o e o —— | | ]
— ouThT 1 1.5 | Lﬂ
=% | = “or
T 1
oame — i
i D
N it 0 o ! T

WAVEFORM =1 1S FOR AN QUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE
OUTPUT IS LOW WHEN THE TRKSTATE DRIVER 1S ENABLED WAVEFORM =2 15 FOR
THE OPPOSITE CONDITION.
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TYPES

8T32 Tri-State, Synchronous User Port

8T33 Open Collector, Synchronous User
Port

8T35 Open Collector, Asynchronous
User Port

8T36 Tri-Siate, Asynchronous User Port

DESCRIPTION

The Addressable |70 Port is an 8-bit bidirec-
tional data register designed to function as
an I/0 intaerface element in microprocessor
systemns. It contains 8 data latches accessi-
ble from either a microprocessor port or a
user port. Separate /0O controt is pravided
for each port. The 2 ports operate independ-
ently, except when both are attempting to
input data into the 1/0 Port. In this case, the
user port has priority.

A unique feature of the /0 Portis the way in
which it is addressed. Each device has an 8-
bit, field programmable address, which is
used to enahle the microprocessor port.
When the SC controf signal is high, data at
the microprocessor port is treated as an ad-
dress. if the address matches the 170 Port's
internally programmed address, the micro-
processor port is enabled, allowing data
transfer through it.

The port remains enabled until an address
which dogs not matchis presented, at which
time the port is disabled (data transfer is
inhibited). A Master Enable input {ME} can
serve as a ninth address bit, allowing 512 1/0O
Ports to be individually selected on a bus,
without decoding. The user port is accessi-
ble at all times, independent of whether or
not the microprocessor port is selected.

A unique feature of this family is their ability
to start up in a predetermined state. H the
clock is maintained at a voltage less than .8V
until the power supply reaches 3.5V, the
user port will always be ali togic 1 levels,
while the port will be all fogic 0 levels.

ORDERING
The BT32/33/35/36 may be ordered in
preaddressed form. To order a pread-
dressed device use the following part num-
ber format:
NBTYY-XXX P
—P= F Ceramic package
NA, Plastic package
XXX= Any address from 000

through 255 (decimal) -
256 available addresses

YY = I/O Port version (32, 33,
35, 36)
A stock of 8T32s and BT36s with addresses 1
through 10 will be maintained. A small
quantity of addresses 11 through 50 will also
be available with a longer lead time.

FEATURES

* A field-programmable address allows 1
of 512 1/0 Ports on a bus to be selected,
wlithout decoders.

» Each device has 2 ports, one to the user,
the other to a microprocessor.

* Completely bidirectional.

» Ports are independent, with the userport
having priority for data entry.

* Aselected i/0 Port de-selects itself when
another 1/0 Port address is sensed.

= User dala Input available as synchronous
(8T32, 8T33) or as asynchronous {8735,
8T36) function.

» The user data bus Is available with tri-
state (8T32, 8T36) or open collector
(8T33, BT35) outputs.

s At power up, the 1/0 Port is not selected
and the user port outputs are high.

» Tri-state TTL outputs for high drive capa-
bility.

» Directly compaiible with the 8X300 Mi-
crocontroller.

» QOperates from a single 5V power supply
over a temperature range of 6°C to 70°C.

BLOCK DIAGRAM

8T32/8T33/8T35/8T36-F NA

PIN CONFIGURATION

F.NA PACKAGE

3“""(:::
zslﬁ‘?
zzlﬁi

21§ IVE

13 | MCLK

10F & 8T SLIES r

oo | L3 L]

|

NN

! A

I

S I

t

| s

I j—i

{

I

| I I P
FROM QTHER
TBIT SLICES

e

HIGH
LEVEL

2o
e )

~Switch indicates synchronous/asynchronous user write aption, Swilch shown forsynchronous version.
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8T32/8T33/8T35/8T36-F.NA

PIN DESCRIPTION
PIN SYMBOL | NAME AND FUNCTION TYPE
1-8 UDO-UD7: | User Data I/0 Lines. Bidirectional data lines to | Active high
communicate with user's equipment. Either tri~
state or open collector outputs are available.
16-23 | IVO-IV7: Microprocessor Bus. Bidirectional data lines to | Active low
communicate with controlling digital system | three-state
{microprocessor).
10 Bi&: Input Control. User input to control writing into | Active low
the 170 Port from the user data lines.
9 BOC: Output Control. User input to control reading | Active low
from the ¥O Port onto the user data lines.
3 ME: Master Enable. System input to enable or dis- | Active fow
able all other system inputs and outputs.
it kas no effect on user inputs and outputs.
15 WC: Write Command. When WC is high and SGC is Active high
low, 170 Port, if selected, stores contents of
IVQ-IV7 as data.
14 s8C: Select Command. When SC is high and WG is | Active high
low, data on IVO-1V7 is interpreted as an address.
1/0O Port selects itself if its address is identical
to uP bus data; it de-selects itself otherwise.
13 MCLX: Master Clock. Input to strobe data into the Active high
latches. See function tables for details.
24 VCG: 5V power connection.
12 GND: Ground.
__ USER DATA BUS FUNCTION
BIC 8OC MCLK
8T32,8T33 8735, 8T36
H L X Qutput Data Output Data
L X H Input Data Input Data
L X L Inactive input Data
H H X Inactive Inactive
H = HighlLevel L = Lowlevel X = Don'tcare
Table 1 USER PGRT CONTROL FUNCTION
_ _ STATUS 10 PORT
ME sC wC MCLK BIC LATCH FUNCTION
L L L X X SET Qutput Data
L L H H H SET Input Data
L H L H X X Input Address
L H H H L X Input Address
L H H H H X Input Data and Address
L X H L X X inactive
L H X L X X Inactive
L L H H L X inactive
L L X X X Not Set Inactive
H X X X X X inactive
Table 2 MICROPROCESSOR PORT CONTROL FUNCTION
116 SiRNtics

USER DATA BUS CONTROL
The activity of the user data bus is control-

led by the BIC and BOC inputs as shown in
Table 1.

For the 8T32 and 87133, user data input is a
synchronous function with MCLK. A low
tevel on the BIC input allows data on the
user data bus to be written into the data
latches only if MCLK is at a high Jevel. For
the 8T35 and 8736, user data input is an
asynchronous function. A low level on the
BIC inputallows dataon the user databusto
be latched regardless of the level of the
MCLK input. Note that when 8T35 or 8T36
are used with the BX300 Microcontrotier
carg must be taken to insure that the Micro-
processor bus is stable when it is being read
by the 8X300 Microcontroller.

Teo avoid conflicts at the Data Latches,
input from the Microprocessor Port is in-
hibited when BIC is at a fow levet. Under all
other conditions the 2 ports operate in-
dependently.

MICROPROCESSOR
BUS CONTROL

As is shown in Table 2, the activity of the
microprocessar port is controlled by the
ME, 8C, WC and BIC inputs, as well as the
state of an internal status latch. BIC is
included to show user port priority over the
micropracessor port for data input.

Each I/Q Port's status latch stores the result
of the most recent 110 Port select; it is set
when the IYQ Port's internal address
matches the Microprocessor BuS. It is
cleared when an address that differs from
the internal address is presented on the Mi-
croprocessor Bus.

In normal pperation, the state of the status
latch acts like a master enable; the micro-
pracessor pert can transfer data only when
the status latch is set.

When SC and WC are both kigh, dataonthe
Microprogessor Bus s accepted as data,
whether or not the 1/Q Port was selected,
The data is also interpreted as an address,
The IO Port sets its select status if its ad-
dress matches the data read when SC and
WC were both high; it resetsits select status
otherwise.

BUS OPERATION

Data written into the /0 Port from one port
will appear inverted when read from the
other port. Data written into the 1/0 Port
from one port will not be inverted when read
from the same port.



AC ELECTRICAL CHARACTERISTICS 0°C<TA=70°C, Voo =5V £ 5%

BT32/8T33/8T35/8T36-F NA

PARAMETER INPUT CONDITION Min Typ Max UNIT
UDX 25 38
tpo User data delay {Note1) MCLK" CL= 50pF 45 a1 ns
BIC} 40 55
tggp User output enable BOC C, = S0pF 18 26 47 ns
. BIC _ 18 28 35
tgp User output disable BOC C = 50pF 16 23 133 ns
IVBX _ 38 53
tpp WP data delay (Note 1) MGCLK C_ =50pF 48 81 ns
ME
toE  MP output enabie sC C = 50pF 14 19 25 ns
WC
ME
top P output disable sC C = 50pF 13 17 32 ns
WC
. - MCLK 40
tyy Minimum pulse width BICt 35 ns
UDXo 18
BIC* 25
. . VX 55
tgeTyp Minimum setup time ME {Note 2) 30 ng
5C 30
WG 30
JDXo 25
BtC* 10
- . VX 10
thoLp  Minimum hold time ME (Note 2} 5 ns
5C 5
WC 5
v Applies for BT32 and 8733 only.
t Apphes for 8T35 and 8T36 only
O Times are relerenced 10 MCLK for 8T32 and 8T33, and are referenced to BIC for BT25
and 8T36.
NOTES:
1. Data delays referenced 1o the clock are valid only il Lhe input datais slatie at the arrival
of the cleck and the hold time requirement is met.
2, Set up and nold times given are for “narmal” operation. BIC setup and hold times are
for & user write operaton. 5C setup and hotd times are for an 10 Porl select operation,
WG s=tup ard hold times are for an Microprocessor Bus write operation. ME setup and
heid times are for both 1Y write and select eperations
117
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DC ELECTRICAL CHARACTERISTICS 0°C < Tx = 70°C, Vo = 5V + 5%

BT32/8T33/8T35/8T36-F NA

LIMITS
PARAMETER TEST CONDITIONS UNITS
Min Typ Max
ViH High-level input voltage 2.0 55 Vv
ViL Low-level input voltage -1.0 8 v
VoL Input clamp voltage I = ~5mA -1 v
i High-level input current? Voo = 5.25V <10 100 whA
ViH = 5.25V
i Low level input current? Voo = 5.25V ~350 =550 uh
ViL=.5V
Voo l.ow-level output voltage Voo = 4.75V 55 V'
loL = 16mA
VoH High-level output voltage Voo = 4.75V v
loH = -3.2mA 24
ios Short-circuit output current?
UD bus Voo = 4.75V 10 ma
IV bus Voo = 4.75V 20 mA
icc Supply current Voo = 5.25V 100 150 mA
NOTES Absol .
1. The input current includes the Tri-state/Cpoen Collector leakage current of the output driver bsolute Maximum Ratings:
on the data lines, Supply voltage? ............. TV
2. Onjy orfs clautput may be short_sd at a tima. _ Input voltages e 5.5V
3. These limits ¢o not apply during address programming.
TEST LOAD CIRCUIT TEST LOAD CIRCUIT
{OPEN COLLECTOR QUTPUTS) (TRI-STATE OUTPUTS)
vz e
3000 5t OR EQUIVALENT g2
Voo O—VWA—C —0
28012
TEST 1K1
POINT A 4
TPt TEET ) -
” e mov | —TEEE
ONDER 1 2 -M | 52 CLOSED
CL TEST H -L ; 51 CLOSED
sc Z -LjS2 OPEN
]- I L2 I $1 CLOSED
L H -Z | 57 CLOSED

NOTE: Cy_includes fixture capacitance.

NOTE: §; includes fixture capacttance,

VOLTAGE WAVEFORMS

iNPUT WAVEFORM

0

v

CLOCK PULSE WIDTH
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VOLTAGE WAVEFORMS (Cont'd)

BT32/8T33/8T35/8T36-F,NA

DATA DELAY TIMES
Input Data Reference

NPUT 5%

DATA ?
—
ouTeuT
DATA
15v S

DATA DELAY TIMES
Clock Referenced

’—- ——
# BTI5ANGETIS

INFUT
DATA

1.5 159

QUTPUT
DATA

SETUP AND HOLD TIMES

MCLK

o e e e — e e

BIT e o e - — o

gEtge —*|+=—THOLD
-
\

DATE AND
CONTROL

OUTPUT ENABLE AND DISABLE TIMES
{Tri-State Outputs}

LOW LEVEL
ENABLING

—\\l 1,7_
aureut v 15v
\ p; HIGH LEVEY,
[ R | 1 ENABLING

g
2g
=
\
3
bt
&«
g

=100+

Waveform #1 is for an output with tnternal conditions such that the
output is Low when the tri-stale driver is enabled. Wavetorm #2 is for
the opposite condition.

 sifoetics
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BT32/8T33/8T35/8T36-NAF

ADDRESS PROGRAMMING

The 1/0 Port is manufactured such that an
address of all high levels (»2V) on the Mi-
croprecessor Bus inputs matches the Port's
internal address. To program a bit so a low-
fevel input (<0.8V} matches, the following
procedure should be used:

1. Set all control inputs to their inactive
state (BIC=BOC=ME=V . SC=WC=
MCLK = GND). Leave all Microproces-
sor Bus 1/0 pins open.

2. Raise Vo to 7.7V ¢ .25V.

3. After V¢ has stabilized, apply a single

e
{
R -

100ny <%, < TuS

ADDRESS PROGRAMMING PULSE

_][—\\_

I-—< 1 5EC. -—,1

ADDRESS
PAOGRAMMING
PULSE

0% I

!

Figure 1

7.75V

o< tms—s}

programming pulse to the user data bus

bit where a low-leve! match is desired.
The voltage should be limited to 18V; the
current should be limited to 75mA. Apply
the pulse as shown in Figure 1.

4. Return Vo to OV, (Note 1).

5. Repeat this procedure for each bit
where a low-level match is desired.

6. Verify that the proper address is pro-
grammed by setting the Port's status
latch {IVO-IV? = desired address, ME =
WC =L, SC=MCLK=H}. ifthe proper ad-

FROTECT 90%
PROGRAMMING

Al SE |
1

1%
T .

PROTECT PROGRAMMING PULSE

Figure 2

14y

11

dress has been programmed, data pre-
sented at the uP bus will appearinvertad
on the user bus outputs. {Use normal
Ve and input voltage for verification.}

1. Set Vi and all control inputs to OV,
(Voo =BIC=BOC=ME=8C=WC=
MCLK = DV). Leave all Microprocessor
Bus 170 pins open,

2. Apply a protect programming pulse to

After the desired address has been pro-
grammed, a second procedure must be
folowed to isofate the address circuitry.
The procedure is:

PROGRAMMING SPECIFICATIONS?

every userdatabuspin, cneatatime. The
voltage should be limited to 14V; the
current should be limited to 150mA. Ap-
ply the puise as shown in Figure 2.

3. Verify that the address circuitry is isolat-
ed by appiying 7V to each user data bus
pin and measuring less than ImA of input
current. The conditions should be the
same as in step 1 above. The rise time on
the verification voltage must be slower
than 100us.

TEST LIMITS
PARAMETER CONDITIONS o v o UNITS
Voop  Programming supply voltage
Address 7.5 8.0 v
Protect 0 v
lcop Programming supply current Voop = 80V 250 mA
Max time VCCP > 5,26V 1.0 -
Programming voltage
Address 17.5 18.0 v
Protect 135 14.0 v
Programming current
Address 75 mA
Protect 150 mA
Programming pulse rise time
Address A 1 us
Protect 100 s
Programming pulse width 5 1 ms
NOTE

1. If &l programming can be done in fess than 1 second. Yo o may remain at 7.75V for the entire programming cycle.

120
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APPLICATIONS

Figure 3 shows some of the various ways to
use tha 1/Q Port in a system. By controliing
the BIC and BOC lines, the device may be
used for the input and output of data, con-
trol, and status signais. IO Port 1 functions
bidirectionally for data transferand I/0 Port
2 provides a similar function for discrete
status and contrgl lines. I/Q Ports 3 and 4
serve as dedicated output and input ports,
respectively.

8T32/8T33/8T35/8T38-F.NA

SIGNETICS
BX 300
MICAOCONTROLLER

8732 APPLICATIONS

SIGNETICS
8T32

e

WE

10 PORT

] uoo-un7 :

O B
O BOC
1/0 PORT
IVBO-TVE7 ME ———
] O BIC
MELK, __
scwe ||| O #0C
RB > UDD-UD?
/O PORT :b
] ME Voo

g

o
o

T

170 PORT

uDe-un7

U

Figure 3

WE Vee

USER CONNECTION

Sinetics
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PRELIMINARY SPECIFICATION

DESCRIPTION

The Bus Expander is specifically designed
to increase the 1/0 capability of 8X300 sys-
tems previously limited by fanout consider-
ations. The bus expander serves as a buffer
betwsen the 8X300 and blocks of {/Q de-
vices. Each bus expander can buffer ablock
of 16 1/0O ports while only adding a single
load to the 8X3CH).

FEATURES

* 15ns max propagation delay

* Bidirecticnal

* Three-siate outputs on both poris
» Pre-programmed address range

APPLICATIONS

The 8739 Bus Expander is designed to be
used with the BX300 microprocessor to
allow increased /0 capability in those sys-
tems praviously limited by fanout consider-
ations. Figure 1 shows a typical arrange-
ment of the bus expander in an 8X300
system. Each expander services /0 ports
whose address is within the range of the
expander, Other 1/0 ports or working stor-
age may be directly connected to thebus as
shown,

The bus expander is not limited to use with
the 8X300, but may be applied in any system
which uses a combined address/data bus.,

8T39 ADDRESSING

During normal operation of the 8X300 when
an /O port address is being sent on the IV
Bus (SC is high), the IV0O port will examine
all eight bits of the microprocessor bus for
an address compare. Since the 8T39 isused
to buffer blocks of I1/0 ports, only the four
most significant bits are examined by the
8739 for an address compare.

Note that redundant addresses are not pro-
grammed into separate devices. Rather, a
discrete device (such as the 8T39-03) may
be wired for any address requiring two 1 bits
and two Q bits in the address. The various
address ranges for this same device are
obtained by permuting the high order (DID
and DOO are MSB) data lines accordingly.
Both input and output fines must be rede-
fined in order to maintain data and address
integrity on the extended bus. Table 1 sum-
marizes the 8739 addressing.

Address functions are specified with the
convention that bit 0 is the MSB and bit 7 is
the LSB. The DI migroprocessor bus ad-
dress decoding is active low.

FUNCTIONAL DESCRIPTION

The Bus Expander contains eight sets of
non-inverting bidirectional tri-state drivers
for the bus data bits, four non-inverting

122

vnidirectional drivers for 1O port control,
and necessary control logic. The control
logic is required to maintain the proper
directional transfer of bus data as dictated
by the states of the 10 port controt signals
and the currently enabled /O port. Each
bus expander is programmed during manu-
facturing to respond to a specific block of
IO port addresses. Only 1/O ports with
addresses in the range of a given bus ex-
pander may be connected to that expander.
A bus expander may be used on either left
bank or right bank. Multiple expanders on
the same bank must have different address
ranges; however, expanders with the same
address range can be connected if they are
on different banks. Systems may be config-
ured with /O ports connected directly to the
8X300, as well as /O ports connected
through a bus expander; however, no un-
buffered /O port may have an address
within the span of a bus expander on the
same bank.

Addition of bus expanders may impact sys-
tem cycis time due to the added delay inthe
data path. For the purposes of calculating
allowable cycle time as described in the
8X300 data sheet, the bus expander delays

PIN DESIGNATION

8T39-1,XL
PiIN CONFIGURATION
I,XL PACKAGE
eno [0 28] Voo
o7 [Z] 7] o7
oos [ 26] s
Dos [4] 75] oIS
pos 5] [74] o1
oo 6] 23] DIa
ooz [7 ] 72] D12
ano [ 21] GND
oot o] 0] ol
poo [10 78] oo
we touny [T 18] wo ing
sc jout; [12] [77] sc (i
meLK touT) [13] [T6] mcLk n)
WE couT) [13] [16] ME )
V0 Port Side 4P Side

may be considered additive to the I/0 port
deiays so that a buffered 1/0 port simply
appears as a siower I/0 port.

PIN NO. SYMBOL NAME AND FUNCTION TYPE

2-7,9,10 DO0-DO7 17O port data bus Active low,
three-state

1" WC{OUT) Write command output Active high

12 SC(OUT) Select command output Active high

13 MCLK{OUT} Master clock output Acitve high

14 ME(OUT) Master enable cutput Active low

15 ME(IN) Master enable input Actlive low

16 MCLK(IN} Master clock input Active high

17 SC{IN}) Select command output Agtive high

18 WC(IN) Write command output Active high

19,20,22-27 DIO-DI7 Microprocessor data bus Active low,
three-state

1,821 GND Ground

28 Vco +5 volt supply

ADDRESS PATTERN ADDRESS BLOCKS
PART TYPE| MSB(D) LSB(7} Octal

8T39-00 0000XXXX 0-17

8T38-01 0001 XXXX 20-37, 40-57, 100-117, 200-217

8T39-03 D0T1XXXX €60-77, 120-137, 220-237, 140-157, 240-257, 300-317

8T39-07 1TXXXX 160-177, 260-277, 320-337, 340-357

BT39-17 T111XXXX 360-377

Table 1 8T39 ADDRESSING SUMMARY

SiNotics



PRELIMINARY SPECIFICATION

TRUTH TABLE

SELECT DATA TRANSFER ADDRESS"

ME | SC | WC [MCLK] LATCH DIRECTION COMPARISON
L L L b4 Set Bl Bus ~— DO Bus No

L L L X Not set I Bus = DO Bus No

L R H X X 2 Bus = DO Bus No

L H X L X Bl Bus —~ BQO Bus No

L H X H X Dl Bus ~ DO Bus Yes

H X X X X D! Bus - DO Bus No

NOTES

“Wien an address comparison is made, the select latch is set if the data on the D1 Bus is within tha
manufactured address range of 1he 1V Bus Expander, Otherwise, 1he seloct lateh is cleared.

FUNCTIONAL BLOCK DIAGRAM

TC OTHER
DATA PATHES

X = Dan't care

Selectian made during manufactura

e
BoX O o=
5
o
‘!’
10F8
DATA PATHES
ENABLE ADDRESS ENABLE
©-BUS MATCH -BUS
e (‘H 0)
WwE |ouT) O—Q O woiw
$€ (ouT) O——-—Q O scaw
ME {oUT} o_.q; O ME (N}
MCLK {OUT) 0—4 {) Mok 0w
NOTES

sinotics
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PRELIMINARY SPECIFICATION

ABSOLUTE MAXIMUM RATINGS!

BT39-1,XL

ORDERING INFORMATION

The Bus Expander is ordered by specifying

PARAMETER RATING UNIT -
the following part number:
Voo | Power supply voltage +7 Vdc NBT39-xx P
VN Input voltage +5.5 Vdg ! - Ceramic Package
Vo Off-state output valtage +5.5 Vde P =Y XL - Epoxy Package
Ta Operating temperature range Qto +70 °C Address Range As Determined
TSTG Storage temperature range -85 to +150 °c From Table 1
DC ELECTRICAL CHARACTERISTICS Vgg =5V 5% 0°C < Ty <70°C
LIMITS
PARAMETER TEST CONDITIONS Win Typ Mo UNIT
input voltage v
ViL Low 8
ViH High -5mA at V 3¢ min 2.0
Vic Clamp -1
Qutput voltage VCC = 475V v
VoL Low IOL = 16mA 55
VoH High IOH = -3.2mA 24
tnput current VCC = 5.25v uA
he Low! ViL = 5V -250
hH High' VIH =525V <10 100
los Short circuit output current VEC = 4.75v ~40 mA
lco Supply current Voe = 5.25v 200 mA
AC ELECTRICAL CHARACTERISTICS vcg =5V 5%, 0°C < Ta < 70°C, C|_ = 300pF2
PARAMETER TO FROM TEST CONDITIONS - LIMITS UNIT
Min Typ Max
tpd Propagaticn Delay DOX Dix
Data DIX DOX 15 ns
ME {out) ME {in}
tod Controt MCLK {out) MCLK {in)
Propagation Delay SC (out) SC (i) 15
WC (out) WG (in)
ME (in)
Data
toe DIX SC (im) 28 56 ng
Output Enable DOX WC {in}
ME {im)
Data
tod Outout Disabl DIX S$C (i) 15 ns
utput Disable DOX WC (in)
_DIX
Adverse DIX ME {in)
tSBtUP Setup Time?3 DOX MCLK {in) 54 ns
8C (in)
WG (i)
_DIX
Address DIX ME (in‘j
thold  hord Times DOX MCLK (in) 8 ns
) SC (in}
WC {in)
NOTES

1. Includes tri-state leakage.
2. Minimum clock width == 50ns.
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3. Al set up and hold times are refarencead to the traiting edga of the ciecking input

MCLK.
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PRELIMINARY SPECIFICATION

BT39-1,XL
TYPICAL APPLICATIONS TEST LOAD CIRCUIT
USING 2 BUS EXPANDERS
TO GIVE 33 IO PORTS PLUS WORKING STQRAGE
AX300 TEST v
- POINT cr
-
Py ¥ Ens--3
e 35041
&1
ok eewore
| I
' Ci =
L J L J (SEE NOTE 1)
-z ' fm
BL'S EXPANDER BUS EXPANDER V2 PGRT :'-— =
Address 20; - 37, Address 40, - 57y Address §
WORKING
STORAGE
T Al resistors valuss ars typical and in ohims,
0 1T 10
LZ:;:S:’;RTS L’il:’f:s:i“n HiC BOC g:s: 1. C| includes probe and jig capacitance.
20, - 37 40, - 57, 2. All diodes are 1NS16 or 1N3D64.
VOLTAGE WAVEFORMS

QuUTPUT
CONTROL

WAVEFORM 1

WAYEFORM 2

PROPAGATION DELAY TO
THREE-STATE QUTPUTS

1.3%

51 OPEN,

szcLosep A

v

51 AND 52 CLOSED

? 13¥

-r——Vo.

05V 0.5
oL — vy
1.5%

$1 AND S2 CLOSED

INPUT

CUTPUT

PROPAGATION DELAY TIMES

FRELIMINARY SPECIFICATION
Manufacturer reservas the right t¢ make design changes and improvements.

SifnBtics
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DESCRIPTION

The Bus Expander is specifically designed
to increase the 1/0 capability of 8X300 sys-
tems previously limited by fanout consider-
ations. The bus expander serves as a buffor
between the 8X300 and blocks of I/0 de-
vices, Each bus expander can buffera block
of 16 1/O ports while only adding a single
load to the 8X300.

FEATURES

* 15ns max propagation delay
+ Bidirectional
* Three-giate oulputs on both poris

FUNCTIONAL DESCRIPTION

The Bus Expander contains eight sets of
non-inverting bidirectional tri-state drivers
for the bus data bits, four non-inverting
undirectional drivers for 1/O port control,
and necessary control logic. The control
logic is required to maintain the proper
directional transfer of bus data as dictated
by the states of the I/0 port control signals.
A bus expander may ke used on either [eft
bank or right bank. Systems may be config-
ured with 1O ports connected directly to the
8X300, as well as 1/O ports connected
through a bus expander.

Addition of bus expanders may impact sys-
tem cycle time due to the added delay inthe
data path. For the purposes of calculating
allowable cycle time as described in the
8X300 data sheet, the bus expander delays
may be considered additive to the I/O port
delays so that a buffered 170 port simply
appears as a siower /O port.
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APPLICATIONS PIN CONFIGURATION
The 8T39 Bus Expander is designed to be
used with the 8X300 microprocessor to 1, XL PACKAGE
allow increased 1/Q capability in those sys-
tems previously limited by fanout consider- one 1] 78] vee
ations. Figure 1 shows a typical arrange- o7 [Z] 57} o
ment of the bus expander in an 8X300 - 55} ote
syatemn. Other I/0 ports or working storage % 26}
may be directly connected to the bus as pos |4 ]
shown. Dod |E1 24] b
The bus expander is not limited to use with oo 5 23] p1s
the 8X300, but may beapplied in any system o0z EI 73]} on2
which uses a combined address/data bus.
anNo E 71| GND
po1 9] [20] Drf
voo o] mLl
we coury 1] B
sctoury fiz] [17] s¢ i)
wmeex cou [13] [16] mewk gy
RE qour) [12] E WE (1%
P Side
TRUTH TABLE
P DATATRANSFER ADDRESS
E Sc we DIRECTION COMPARISON
L L L Dl Bus = DO Bus No
L L H Dl Bus — D0 Bus No
L H X DI Bus = DO Bus No
H X X Di Bus — BO Bus No
PiIN DESIGNATION
PIN NO. SYMBOL NAME & FUNCTION TYPE
2-7810 B00-D0O7 10 port data bus Active low,
three-state
11 wCwuT - Write command output Active high
12 SCIOUT Select command output Active high
13 MCLKOUTY Master clock input Active high
14 MEOUT? Master enable output Active low
15 ME(N? Master enable input Active low
16 MCLK(IN) Master clock input Active high
17 SCiNY Select command output Active high
18 WCIND Write command output Active high
19,20,22-27 DI-Di7 Microprocessor data bus Active iow,.
three-state
1821 GND Ground
28 Veo +5 volt supply
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PRELIMINARY SPECIFICATION

FUNCTIONAL BLOCK DIAGRAM

TO OTHER
DATA PATHS
R
555 O R el
JA
10F &
DATA PATHS
e A e N
we oun O——-< = QO wem
3¢ [ouT) H QO scom
WiE (oUT) 0—4 Oweom
ABSOLUTE MAXIMUM RATINGS
PARAMETER ARATING UNIT
Ve Power supply voltage +7 Vde
ViN Input voitage +5.5 Vdg
Vo Off-state output voltage +5.5 Vde
Ta Operating temperature rangs 0 to +70 °C
Ts1G Storage temperature range -65 to +150 “C

AC ELECTRICAL CHARACTERISTICS Vce =5V + 5%, 0°C < Ta = 70°C, CL = 300pF

LIMITS
PARAMETER TO FROM TEST CONDITIONS UNIT
Min Typ Max
Path delay DOX DIX
tpg Data DIX DOX 15 ns
MEQUT) ME(IN)
tpd Control MCLKOUT} MCLKON}
SCoUT SCHN) 15 ns
WCIOUT} WCUIN)
Data ME(IN)
Output DIX SCHN)
toe Enable DOX WCIUN} 28 56 ns
Data ME(N)
Output Dix SCUIN} 15
tod Disable DOX WCON)
Sifnotics 127



PRELIMINARY SPECIFICATION

8T58-{, XL
DC ELECTRICAL CHARACTERISTICS Voo =5V +5%, 0°C = Ta £ 70°C
) LIMITS
PARAMETER TEST CONDITIONS Win T Wiax UNIT
Input voltage v
ViL Low 8
ViH High 2.0
Vic Clamp -5mA at Yoo min -1
Cutput voitage Voo =4.75V v
VoL Low IoL. = E0mA 55
VouH High lon = -3.2mA 24
Input current Vgo = 5.25V A
he Low* ViL = .5V -250
[IT¥] High* Vin = 5.25V <10 100
los Short circuit autput current Veo = 4.75V -40 mA
Icc Supply current Voo = 5.25V 200 mA
‘Includes 3-State leakage.
VOLTAGE WAVEFORMS
PROPAGATION DELAY TO PROPAGATION DELAY TIMES
THREE-STATE OUTPUTS
cgllﬂ:gz }\w _X.av o o o
e 1 o _:-'ud
Y] 51 AND 2 CLOSED ”
WAVEFORM 1 s‘sf ;%EE’ED’ ' -l . ;E__r__ L:; von
WAYEFORM 2 ooy A1 o se GUTPUT ‘oL
A $1 AND $2 CLOSED
TEST LOAD CIRCUIT TYPICAL APPLICATION
USING 2 BUS EXPANDERS
TO CREATE 33 170 PORTS PLUS WORKING STORAGE
;rg]sn'rt Yoo T
2 22§23t
51
oo ob s ware 5
‘b
<5
™ | _{
CLa=
{SEE NGTE 1) .
£ I I J
1 L~ J
BUS EXPANDER BUS EXPANDER 10 PORY
Address 6
WOAKING
All resistors values are typical and in ohms. STORAGE
T THT 1T
1. Cyincludes probe and jig capacitance,
2. All diodss are 1N316 or 1N3064. G PORTS HO PORTS BieBoG bR
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BIPOLAR MEMORY SELECTION GUIDE

DRGANI- QUTPUT QuTPUT ACCESS TEMPERATURE NO. MAX.
BEVICE ZATION ClrcuIT LOGIC? TIME [ns)* RANGE? PACKAGE OF PINS lgg [mAP
CAMS
10155 8x2 OF - 13 c FN 18 140
SAMS
82512 x4 ac T 40 C F.N 24 16¢
825112 8x4 TS T 40 ¢ F.N 24 160
RAMS
82525 16X4 0c B 50 M.c F.N 16 105
A 16X4 oc B 3 M.C FN 16 105
54474589 16X4 0c T 50 e FN 16 105
54/745189 16%4 15 B 35 wm.C FN 16 110
82521 32%2 oG T A0 C FN 16 130
82516 296Xt T5 T 50 MG FN 16 115
825116 256X1 1) T 40 C F.N 16 15
82317 256X1 o T 50 mec F.N 16 115
825117 256X oc T 40 G F.N 16 115
54/745200 256%1 15 B 50 M.C FN 16 130
54/745201 256X1 TS B 50 M.C FN 16 130
54/745301 256X 1 oc B 50 M.C F.N 16 130
82509 64x9 0c T 45 M.,C LN 28 190
82510 1024x1 oc B 45 M.C FN 16 170
825110 10241 ac B 35 C F.N 16 170
8251 1024%1 TS B 45 M.C FN 16 170
825111 1024%1 T8 B 35 C FN 16 170
934154 10241 ac B 45 M.C F.N 16 170
934254 1024X1 TS B 45 M.C F.N 16 170
825208~ 256X8 TS B 80 G F 22 185
825210~ 256X9 TS B 60 C FN 24 185
8254006~ 40961 GC B 70 c i 18 155
825401* 4096X1 TS B 70 C | 18 155
ROMS
825226 256X4 oC - 50 MC FN 16 120
825229 256%4 1) — 50 M.C FN 16 120
825214 25648 TS - g0 M.C FN 24 175
825230 512%4 oc — 50 M.C F.N 16 140
825231 512%4 T8 - 50 Mc F.N 16 140
825215 512X8 TS - 80 M.C FN 24 175
825240 512%8 0C — g0 M.C FN 24 175
825241 512X8 T8 - 60 M.C F.N 24 175
8228 1024xX4 TIL — 50 C F 16 170
825280 1024X8 oc - 0 M.C F.N 24 140
825281 1024X8 15 — - 70 M.C F.N 24 140
825290 2048X8 0c - 80 M.C FN 24 170
825291 2048X8 15 - 80 M.C F.N 24 170
“To be anngunged .
NOTES
1. Qutput circuit: 3. Temperature range:
0E = Open emitter C = Commerciai (0° C 1o +75¢ G}
0C = Open collector M = MilHary -55°C to +125° ()
TS = Tri-slate All ECL 10,000 series (-30° C 1g +85° C)
2. Qutput logic: 4. Commercial (32C to +75°C)
T - Transparent—input data appears on outpot during Write
B = Blanked—oulput 15 blanked during Write
S{netics 129



BIPOLAR MEMORY SELECTION GUIDE Cont'a

ORGANI- | OUTPUT | OUTPUT | ACCESS | TEMPERATURE NO. MAX, EQUIVA-
BEVICE 1 2amoN | cimcum | Logice | TIME (ns) RANGES PACKAGE 1 0FpiNs | Iog (mA) |  LENT ROM
PROMS

82523 30%8 0c - 50 ne EN 18 77 -
85123 | 3ox8 TS - 50 MC F.N 16 7 -
10139 32%8 0F - 15 c FN 16 145 —
82597 o56%4 oc — 40 c F 1 140 -
825126 | 256x4 0c - 50 Mo FN 16 120 825226
825126 | 256x4 TS - 50 M.C FN 16 120 825220
10149 256%4 0E - 2 ¢ F 16 150 —
88114 | 256X8 18 — 60 MC FN 24 175 825214
825130 | 51204 ac - 50 ne EN 16 140 825230
8131 | 5i2xa TS - 50 MC EN 1 140 825231
gs115 | 512x8 5 - 80 Me EN 24 175 825215
85140 | 512x8 0c - 60 MC EN 24 175 825240
g51a1 | 5128 18 — 60 M.C FN 24 175 825241
825136 | 1008x4 0c - 60 M.C EN 18 140 -
825137 | 1024%4 1S - 60 MG EN 18 140 -
825180 | 1024x8 0c - 70 Mo EN 24 175 825280
825181 1024X8 TS - 70 Me EN 24 175 825281
8252708 | 1024X8 TS - 70 MG EN 24 175 -
825184 | 20484 0c - 100 MG | 18 120 -
825185 | 20484 TS - 100 M.C | 18 120 -
85190 | 2048x8 oc - 70 MC i 24 175 825290
825181 | 2048X8 1S - 70 - MG | 24 175 825201
EPLAS

825100 | 16%48%8 75 - 50 MC IN 28 170 -
825101 | 16x48x8 oc - 50 MC (N 28 170 -
PLAS

825200 | 16x48X8 TS - 50 MG N 28 170 -~
825001 | 16%48X8 oc - 50 M.C IN 28 170 -
FPGAS

825102 | 16x0 0c - 30 M.C N 28 170 -
825105 | 16%9 T8 - 30 MG IN 28 170 -

*Ta be announced
HNOTES

1. Qutpad cirgut:
OF = Open emitler
0 = Open collecios
T5 = Tri-state

2. Dulput togic -

T = Transparent—input data appears on output during Write
B = Blanked—outpul is Blanked during Write

3 Temperaiure range;

€ = Commerciad (0o G ta +75° C)
M = Military -55°C to +125° C)

Al ECL 10,000 series (-30° C to +85% C)
4. Commercial (19 C o +75°()
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DESCRIPTION FEATURES

The 825114 and 825115 are field program- s Address access time:
mable and include on-chip decoding and 2 N825114/115: 60ns max
chip enable inputs for ease of memory ex- $825114/115: 90ns max

pansion. They feature tri-state outputs for » Power dissipation: 165.W/bit typ
optimization of word expansion in bused * Jnput loading:

organizations. A D-type latch is used to N825114/115: -100..A max
enable the tri-state output drivers. In the 5825114/115; -150.A max
Transparent Read mode, stored data is ad- * On-chip storage lalches

dressed by applying a binary code to the * Schottky clamped

address inputs while holding Strobe high. In ¢ Fully compatible with Signetics 825214

this maode the bit drivers will be controlled and 825215 ROMs
solely by CE1 and CE2 lines. * Fully TTL compatible

In the Latched Read mode, outputs arg hald

in their previous state {high, low, or high 2 APPLICATIONS
as long as Strobe is low, regardless of the
state of address or chip enable. A positive
Strobe transition causes data from the ap-
plied address to reach the outputs if the chip
is enabled, and causes outputs to go to the
high Z state if the chip is disabled.

* Microprogramming

* Hardwire algorithms
» Character generation
* Control store

* Sequential controllers

A negative Strobe transition causes gutputs
to be focked into their last Read Data condi-
tion tf the chip was enabled, or causes
outputs to be locked into the high Z condi-
tion if the chip was disabled.

Both 828114 and 825115 devices are avail-
able in the commercial and military tem-
perature ranges. For the commercial tem-
perature range 0°C to +75°C) specify
NB825114/115, F or N, and for the military
temperature range (-55° C {0 +125° C) speci-
fy 58251147115, F.

BLOCK DIAGRAM

=== s

825114-F.N = 825115-F N

PIN CONFIGURATIONS

F,N PACKAGE
825114
% L] 24] Ve
a 2] 23] ,,
HE E E Ay
x [71] &,
Ay =] 20] EE
& [B] 9] cr,
o E E STROBE
o, [E] 7] o,
o, [£] [16] o,
o, [10] 5] o,
FE; [.‘__L 2] 0,
eno [12] [13] e,
F,N PACKAGE
825115
& 0] E R
A [Z] 73] o,
s 2] [22] 4,
s [ F21] ,,
& [5] 2] 7
Ay [E: | cE,
[+ N E: E STROBE
o, [£] 7] o,
o, (=] [15] o,
o, [12] [15] o,
re, [1] (2] o,
GNp 12 [13] e,

E12X8 OR ZEEXE MATRIX

T

O I

! I

appARESS | BUFFER \

uNes | DECODER | |

i |

A :
ﬂgo— ------- s L

118}

STROBE G oo

B-BIT OUTPUT LATCH

- 124}
CE: >—° ]
LATCH
CE;
ttyF

i

Y

FE: =113), FEp =111 &
Yoo = (24h GND = (121t 1= Pin Number

& TRI-STATE DRIVERS

ii?] l{sl llS] #no:kmlﬁﬂlﬁ&‘ﬂ?}

ol Dl' 03 04 05 DE 0!’
OUTRUT LINES

Qs
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ABSOLUTE MAXIMUM RATINGS

825114-F.N = 825115-F,N

PARAMETER RATING UNIT
Voo Supply voltage +7 Vde
ViN Input voltage +5.5 Vdc
Temperature range °C
Ta Operating
NB25114/115 O toc +75
5825114/115 -55 to +125
Tsra Storage -65 to +150
OC ELECTRICAL CHARACTERISTICS N825114/115: 0°C < Ta < +75°C, 475V < Vor € 5.25V
S825114/115; -85°C = Ta S +125°C, 4.5V < Voo = 5.5V
N828114/115 $825114/115
PARAMETER TEST CONDITIONS Min | Typ'| Max | Min [ Typ'] Max UNIT
Input voltage v
ViL Low .85 B
ViH High 20 2.0
Vig Clamp Iin = =18mA -8 |-1.2 -08|-1.2
QOutput voltage v
VoL Low lout = 9.6mA 0.4 | 045 04| 05
Vor High CE+ = Low, CEz2 = High. 27 | 33 24 ] 33
_ lout = -2mA, High stored
Input current uh
i Low Vin = .45V =100 -180
liH High Viy = 5.5V 25 50
Qutput current o
loioFF) Hi-Z state CE1=HighorCE2=0, Vayr=5.5V 40 100 | pA
. CE1=Highar CE2=0, Vour=0.5V =44 =100
los Short circuit? Vour =0V -20 -70 | -15 -85 | mA
e Voo supply current 130 | 175 130 | 185 | mA
Capacitance Voo =50V, Vin = 2.0V pF
Cin Input Voo = 5.0V, Vout = 2.0V s 5
Cout Output "CE1 = High or CEz= 0 8 8
AC ELECTRICAL CHARACTERISTICS R =4701, Rz = 1k(}. CL = 30pF
N828114/115: §° = Ta = +75°C, 4.75V < Vgg £ 5.25Y
5825114/115; -55°C = Ta = +125°C, 4.5V < Voo £ 5.5V
NB25114/115 $825114/115
PARAMETER TO FROM TEST CONDITIONS UNIT
Min | Typ! | Max Min | Typ' | Max
Access timed Latched or transparent read ns
TaA Qutput | Address 35 &0 35 90
TcE Output Chip 20 40 20 50
enable
Disable timed Latched or transparent read ns
Tco Qutput { Chip 20 40 20 50
disable
Setup and hold time# Latched read only ns
Tcos Setup time Chip 40 50
TcoH Hold time Output enable 10 0 10 0
TaDH Hold times Output | Address 0 -10 5 -10
Pulse width4 Latched read only ns
Taw Strobe 30 20 40 20
. Latch timed Latched read only ns
TsL Strobe 60 35 90 35
Delatch timed Latched read cnly ns
ToL Strobe 30 35

NOTES on following page.
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NOTES

1. Typecal values are at Voo = +5.0V and Ta = +25°C.
2. Ng mars than one output should be grounded at the same time and strobe shouild be disabled. Strobe

Is in high slate.

3. i tha strobe iy high, tha device functions in & manner identical to convértional bipotar ROMs. The
timing diagram shows valid data will appear Ta nanaseconds aller the address nas cnanged the Tee
nanaseconds after the output circuit 15 enabled. Tep is the time required to disabla ne output and
switch it 1o an off or high impedance state afler it has been enabled.

4. In letched Read Mode data from any setected address wiil be held on the output when strobe is
fowered. Only when strobe is rarsed wil! new location data be transferred and chip enable conditions
he stored. The new data will aopear an the putpuis il the chip erable conditions enabrle the oulputs.

5. During operation the fusing ping FE1 and FE2 may be grounded or left llaating.

6. Positive current is detned as into the terminal referenced.

TEST LOAD CIRCUIT

VOLTAGE WAVEFORM

V?c INPUT PULSES
NPUT _ VCC v UViLLINPUT P!.ﬂ.t_ifs
ce
--('— A, Y 30%
|
I 10
| ov
PULSE |
GENERATOR I 1 {Sng[e— P
I &,
) S ao0v
] STR 10%
-— CE, = =
| ~— CE, an [INCLUDES JiG & 4 0%
ND SCOPE CAPACITANCE! Oy
—l— ’ —ie|S s — — 5,
TRANSPARENT READ LATCHED READ
- i +3.00
sTRoBE o s3.0v A - -ﬂn% 1.5v K1 5v
e e —— OV == Py T‘--_ ——=ov
e m—— 0¥ TE, CD% ADH
A -ﬂn%-w CHIP ENABLE 18V 156% oV
N ov ov
cE, sov CE; Tsw j_ Too
- v TooR o= 3OV
CHIP ENABLE 15% 15V o STROSE T-Evat M1y Ley, o
CE, ToE—+] Ten s un
— e I YoM — Vo
te- oA t.8v 1 6Y 1 (] 1.5% *1 ay
K "VOL * -a¥pOL
f——TA — |
Cutput Latches Not Used QOutput Latches Used

sinotics
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825114-F,N ¢ 825115-F N

PROGRAMMING SYSTEMS SPECIFICATIONS (Testing of these limits may cause programming of device.) Ta = +25°C

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max

Power supply voltage v

Voo To programt loop = 200 + 25mA, 4.75 50 8.25
Transient or steady state

Verity limit v
YeoH Upper 53 55 8.7
VeoL Lower 4.3 4.5 4.7
Vs Verify threshold2 09 1.0 1.1 v
leep Programming supply current Vooe = 45.0 £ .25V 175 200 225 mA

Input voltage v
Vie Low 0 04 0.8
Vin High 24 55

Input current {FE+ & FEz only)
R Low Vie = +0.45V -100 pA
hiH High Vi = +5.5V 10 ma

Input current texcept FEy & FE2) A
e Low Vi, = +0.45V ~100
Tirs High Vin = +5.5V 25
Vour Qutput programming voltage3 louT = 200 £ 20mA, 16.0 17.0 18.0 v

Transient or steady state
fout Qutput programming current Vour =+17 £ 1V 180 200 220 mA
Ta Cutput pulse rise time 10 50 HS
tp FE2 programming pulse width 0.3 04 0.5 ms
To Fulse sequence delay 10 b
Ten Programming time Yoo = Veor 12 sec
Trs Programming pause Voo =0V 6 sec
TeR p
— . Programming duty cyctet 50 %
TrrtTes g g duty ¢y
NCTES

1. Bypass Voo 10 GND with a 0.01:F capacitor 10 reduce voltage spikes.

2. ¥sis the sensing threshold of the PROM output voltage for a programmed bit. B normally constitutes
the referenca vollage applied to a comparalor circuit 19 verify a successful fusing attempt.

3. Care should be taken to ingure tha 17 +1¥ ourput voltage is maintaimed during the entire tusing cyele.

4. Continuous luging for an unlimited time is also allowed, provided that a 60% duly cycle is maintainsd,
This may ba accomptished by following each Program-Verify cycle with a Rest perfod Voo = Ovlof

3ma.

RECOMMENDED
PROGRAMMING PROCEDURE
The 825114/115 are shipped with alt bits at
logical tow. To write logical high, procesd
as follows:

SET-UP

1. Apply GND to pin 12.

2. Terminate all device outputs with a 10k}
resistor to Vge.

3. Set CEy to logic low, and CE2 fo logic
high (TTL tevels).

4. Set Strobe to logic high level.

Program-Verify Sequence

1. Raise Ve to Vecp, and address the word
to be programined by applying TTL high
and low logic levels to the device address
inputs.

2. After 10us defay, apply 1o FE1 [pin 13 a
voltage source of +5.0 1 0.5V, with 10mA
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sourcing current capability.

a. After 10us delay, apply a voltage source
of +17.0 + 1.0V to the output to be pro-
grammed. The source must have a cur-
rent limit 200mA. Program on output at
the time,

4. After 10us delay, raise FE2 {pin 11} from
0OV to +5.0 £ 0.5V for a period of 1ms, and
then return to OV. Pulse source must have
a 10mA sourcing current capability.

5. After 10us delay, remove +17.0V supply
from programmed output.

8. To verify programming, after 10us delay,
return FE1 to OV. Raise Voo to VecH =
455 * .2V. The programmed ouiput
should remain in the high state. Again,
lower Ve to Veor =+4.5+ .8V, and verify
that the programmed cutput remains in
the high state.

7. Raise Ve 1o Vecp and repeal steps 2
through 6 t0 program other bits at the

SAOtES

same address,
8. Repeat steps 1 through 7 to program alt
other address locations.



TYPICAL PROGRAMMING SEQUENCE

oy R ——
ADD AFIRST % ALAST
g % — -
Tap (PROGRAM] | 12030 MAX 5.03ec MIN
Thg - IPAUSE)
VEQH 1 I . ps-l
Voop — _—I_I_-I ——r —— ] r+—————--———-——-— p— . g
e ¥ ECL L-l M
Vce e | vERIFY" I
O —
Y
L3
+5.0v e v
|
o e —— . —— ———— — | S
——tp ety f—TD0
—| |—1p —.-] tn _.l Iq—!o
Y7V —— — . —
a0, r~ -= 'r | .
[ T el B
OLTAGE % ™= 00 : ]
W J WIN 1 i H 1
o L I T Lo l_......__l_..__....__--
Ty |—_ -—I |t Ty —| l—— —0—] |“‘—‘D N 1y =] |~— —-1 |“‘—‘D
-6.0V l-—l |
FE, | I 1 l
OV — —— — v v ———— b . v i }—
“Programming verification at bath high and low Yoc marging is optional. For convenlence, verification
can also be execuled at the operating Voo limils specified in the do characteristics.
- |
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DESCRIPTION

The 82516/116 and 82817/117 are read/
write memory arrays which feature either
open coltector or tri-state output options for
optimization of word expansion in bused
organizations. Memory expansion is further
enhanced by full on-chip address decoeding,
3 chip enable inputs and pnp input transis-
tors which reduce input loading to 25uA for
a high level, and —100uA for a low level.

During Write operation, the logical state of
the putput of both devices follows the com-
plement of the data input being written. This
feature allows faster execution of Write-
Read cycles, enhancing the performance of
systems utilizing indirect addressing
maodes, and/or requiring immediate verifi-
cation foilowing a Write cycle.

Both devices have fast read access and
write cycle times, and thus are idesally suited
in high-speed memory applications such as
cache, buffers, scratch pads, writable con-
trol stores, etc.

All devices are available in the commercial
temperature range ©°C to +75°C) and are
specified as NB2S16/116/17/117, F or N,
The 82516 and 82817 are also available in
the military temperature range (-55°C to
+125%C) and are specified as S82516/17.

FEATURES
» Address access time:
828116/117: 40ns max
® Write cycle time:
825116/117: 25ns max
+ Power dissipation: 1.5mW/bit typ
¢ (nput loading:
N825116/117: —100.A
s Output follows complement of data input
during Write
» On-chip address decoding
* Output option:
82816/116: Tri-state
82517/117: Open collector
* Schottky clamped
= TTL compatible
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82516/116-F,N « 82817/117-F.N

APPLICATIONS PIN CONFIGURATION
¢ Buffer memory N
» Writable control store F.N PACKAGE
* Memory mapping
* Push down slack ~ 1] 16} Yoo
* Scratch pad 4 [2] BES
. [3] ] A
Ce, [£] 73] D1y
& [ 7] e
B, [5] [17] &,
A7 [16] A,
GND [ 8 al A
*F = Cerdip
N = Plastic
TRUTH TABLE
— _ Dour
MODE CE* WE Dy
82816/116 a2s17/117
Read 0 1 X Stored Stored
data data
Write "0” 0 4] 0 1 1
Write "1” 4] 4] 1 0 4]
Diasabled 1 X X High-Z 1
i = | OE inputs low; "1" = one or more CE inputs high.
X = Don't care,
BLOCK DIAGRAM
I WRITE AMFLIFIERS I‘% II::L‘:' fot-—C Dt
DI | BUFFER | (13}
1 ‘. ________ .F
.
-‘1"—
A [+ i—: I
A KL :EDS'?S: ?(;‘6 l B _
:q {15} BUFFER DE:;O'DEH : MATRIX il 12} hide
e ; =
1| Gl
16 ) EE;
1‘_ _______ .‘13 w0 Ch
I SENSE AMPLIFIERS l— 23::;’; ET-ODO
Ay D—am,
A, (k] ADD. _ 1 —-—-————_.12
@ | RESS An. A +:16
RO BUFFER ﬁ» v} DECODER I
BeTET]
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ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Voo Supply voltage +7 Vdc
Vin input voltage +5.5 Vde
QOutput voitage +5.5 Vdc
Vour High (82517)
Vo Off-state (82518)
Temperature range °C
Ta Operating
582516/17 -55 to+125
NB2516/17, NB25116/117 0 to+75
Ts1g Storage -65 to +150

DC ELECTRICAL CHARACTERISTICS N825116/117, N82S16/17: 0°C < Ta < +75°C, 4.75V < Vgo < 5.25V

B2516/116-F,N # B2517/117-F N

S82516/17: -55°C = Ta < H125°C, 4.5V = V¢e < 5.5V

Silnetics

NB2S16/17/116/117 S82516/17
E TEST CONDITIONS
PARAMETER Min Typ! | Max Min | Typ! | Max unNIT
Input voltage? v
Vib High Ve = Max 2.0 20
ViL Low Vee = Min 0.85 0.8
Vic Clamp? Vee = Min, iy = -12mA -1.0 -1.5 -10 -15
_ Qutput voltage2 Vco= Min v
VOH High (82S16/116)4 IoH = -3.2mA 2.6 : 24
VoL Low5 loL = 16mA 0.35 0.45 0.35 05
input currentd Vce = Max mA
liH High Vin = 5.5¢ 1 25 1 25
I Low ViN = 0.45V =10 =100 -10 -250
Cutput current
lotk Leakage (82517/117)6 Vour = 5.5V 1 40 1 40 KA
loiOFF) Hi-Z state i82516/11616 Vour = 5.5V 1 40 1 50 HA
Vour = 045V -1 -40 -1 " -50
los Short-circuit (82516/116)7 Vce = Max, Vo = 0V =20 -70 20 «70 LA,
lcc Voo supply currenté Voo = Max 80 115 80 120 mA
Capacitance Veco = 5.0V pF
Cin Input Vin = 2.0V 5 5
Cout Output Your = 2.0v 8 8
37



82516/116-F,N = 82817/117-F.N

AC ELECTRICAL CHARACTERISTICS R; =2700, Rz = 6000, C = 30pF
N825116/117, N82816/17: 0°C < Ta < 4+75°C, 4.75V < Voo £ 5.25V
$82516/17: -556°C < Ta < +125°C, 4.5V < Voo < 5.5V

N82816/17 NB2S116/117 §82516/17
PARAMETER TO FROM UNIT
Min | Typ'| Max | Min | Typ'| Max | Min | Typ' | Max
Access tima ns
Tana Address 40 80 3G 40 40 70
Tce Chip enable 30 40 15 25 30 40
Tcp Disable time . Cutput Chip enable 30 40 15 25 30 43 | ns
Two Valid time _ Qutput Write enable 30 40 a0 40 30 55 | ns
Setup and hold time ns -
Twsa Setup time . 20 5 0 -5 20 5
Twea  Haid time Write enable | Address 5 | o 0 | -5 10 ] 0
Twso Setup time . 40 30 25 15 50 | 40
Twho  Hold time Write enable Data in 5 | o0 0| -5 10| 0
Twsc Setup time . = 10 0 0 -5 10 0
Twne  Hold time Write enable CE 5 | o 0o | -5 10 | 0
Pulse width ns
Twe Write enabled 30 15 25 15 40 | 20
NOTES

1. All typical valugs are at Voo = 5V, Ta +25°C.

2. Al voltage values are with respect to network ground lerminal.

3. Test each input Gne at the time. —_

4. Measured with a lagic low stored and Vi applied to CEy, CEz and GEs

5. Measured with & logic high stored. Output sink current is supplied threugh a resistor 1o Ve,

6. Measured with Vin applied to CE1, CTEZ and CE3.

. Duratlon of the short-circuit should not exceed 1 second,

8. Izc i3 meagsured with the write enable and memory enable inputs grounded, all other inputs at 4.5V,
and the autpul open.

4. Minimum reguired to guaranies a Write imto 1he slowest bit,

TEST LOAD CIRCUIT VOLTAGE WAVEFORM
LOADING CONDITION INPUT PULSES
ALL INPUT PULSES
Yoo 0V — — — —
%m
o
PULSE —_—
GENERATOR
* ] Vee ,
1508 1K — i 3.0v T
Mﬂh'—! A‘Ao A Ap Ay Vpog
= —la, oY == 0%
\0—- —la, Voo i e Eny —] Ju—En
A —
- Ry
PLLSE
GENERATOR [ ™ WE ouy Measurements: All gircuit detays are measured at the
T +1.5Y tevel of inputs and output.
(CAPACITANCE INCLUDING

SCOPE AND 11G)

i
" puLsE e
GENERATOR R Y . =
L

o
Qm
3

I[=
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TIMING DIAGRAMS

Address Access Time

_ 15v 1.6v
CHIP ENABLE v ov
TCE--l - T[]

READ CYCLE
+3
ADDRESS X'l Y
oy
"Q” STORED
— VoK
LT . 1.5¢
1" STORED Vo
,--—1AJ'-\

MaH
og Sﬁtsv 7(1.5\;
You
Chip Enable/Disable Times
WRITE CYCLE
+&
ov

TWED e

ADDRESS %1.5\; %1.5\1
WH&

Dy 1.6¥ 1.5

- TWHE

CHIF ENABLE

Bl
"
)
?s
1
L 1
1
W
o

ot T 3y 5 prtirnad it T\ et T VY H G ]

=
-]
=

WRITE ENABLE )\I.SV }

Sifjnotics

MEMORY TIMING DEFINITIONS

Tce

Tcp

Taa

Twsc

TwHD

Twp
Twsa

TwsD

Two

TwhC

TwHA

Delay between beginning of Chip
Enable low (with Address valid)
ang when Data Qutput becomes
valid.

Detay between when Chip Enable
becomes high and Data Qutputis
in off stata.

Detay between beginning of valid
Address {with Chip Enable low}
and when Data Output becomes
valid,

Required delay between begin-
ning of valid Chip Enable and
beginning ¢f Write Enable pulse.

Required delay between end of
Write Enable pulse and end of
valid Input Data.

Width of Write Enable pulse.

Required detay between begin-
ning of valid Address and begin-
ning of Write Enable pulse.

Required delay hetween begin-
ning of valid Data Input and end of
Write Enable pulse.

Delay between beginning of Write
Enable pulse and when Data Out-
put reflects complement of Data
Input.

Required delay between end of
Write Enable pulse and end of
Chip Enable.

Required delay betwesn end of
Write Erable pulse and end of
valid Address.
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DESCRIPTION

The Signetics 8X300 Fixed Instruction Bipo-
lar Microprocessor is a high performance
microprocessor optimized for control and
data movement applications.

The unique Yeatures of the 8X3001V bus and
instruction set permit 8-bit parallel data to
be rotated or masked betore undergoing
arithmetic or legical operations. Then, the
data may be shifted and merged into any
field of from 1 to 8 contiguous bits at the
destination. The entire process of input,
shifting, processing and output is accom-
plished in one instruction cycle time. The
250ns cycle time makes the 8X200 suited for
high speed applications.

The evaluation board containg all the ele-
ments which a designer nesds to familiarize
himself with the 8X300 for his systems appli-
cations. Included with the BX300 are 4 VO
ports forexternal device interface, 256 bytes
of temporary (working) data storage and
512 words of program storage, &ll properly

connected to the 8X300 to alfow immediate
axercising of the board. For this purpose,
the PROMSs are preprogrammed with the /0
control, RAM control and RAM integrity
diagnostic programs. With the remaining
PROM space. the designer may enter his
own benchmark, test or development rou-
tines.

The board design allows complete flexibility
in access to the address, instruction and IV
busses as well as all cantrols and signals of
the BX300. The IV bus, 1/0 port user connec-
tion, clock signals, contro lines, address
pbus and instruction bus are wired to output
pins, the board edge connector and flat
cable connectors.

The board layout permits variations and/or
expansion of the basic design. In addition to
the access to all signals for transfer off the
board, a wire wrap area is provided so that
the designer may add to the board circuitry
as he desires. The addition may include
memaory, additional interfaces, or special
circuits which meet specific user require~
ments.

Controls are also provided for diagnostic
and instructional purposes by allowing vari-
ous operating modes. In the WAIT mode,
the program may be single stepped for sase
of checkout. The one-shot instruction jam-
ming atlows control of the program start
location, changes of program flow, chang-
ing or examining the internal registers, or
testing of simple sequences. The repeated
instruction jamming provides a means of
repetitive execution ofan instruction so that
the I/Q bus and the controt lines may be
examined without software changes. in
both of these jam cases, the jammed in-
struction is selected by board-mounted
switChes.

Aucxiliary Circuits

The 8X300 can be used with any bipolar (or
TTL-compatible) 1Cs. It can directly ad-
dress 8192 program instruction Jocations
and up to 512 IO ports. Memory paging
may be employed for larger working stor-

age. Typical auxiliary circuits include:

DEVICE MFG PART NUMBER DESCRIPTION QTY

14 Signetics NEX3001 Microprocessor 1
u2-19 NB2S116B RAM (256X1) 8
U15-18 NB2S1151 PROM (512X8) 2
U13, u21, U286, y2y NEBT32N 10 Port (Tri-state) 4
u NET3IIN Latch 1
u1o-u11 NBT26AB Transceiver 2
U17-120 NT4LS157B Multiplexer 4
u23, uzs N74LST4A Flip-Fiop 2
u12 N74LS27A NOR Gate 1
uz22, u24 Signetics N74LS00A NAND Gate 2
(8]} 2N5320 Transistor 1
Q2 2N2222 Transistor 1
RN1-RN3 Dale CSP-10E-01-102-K Resistor network 3
R1, R3, R4 1k ) 1/4W Resistor 3
RS 4k {1 1/4W Resistor 1
R2 Bk} 1/4W Resistor 1
C2-C20, C22-C30 OAuF Capacitor 29
Cc1,C21 22uF Capacitor 2
21 8.00 MHz Crystal 1
J104 Berg 65616-134 Connector 1
Jin Berg 65616-150 Connector 1
J105 Berg 65616-120 Connector 4
Robinzon-Nugent ICN-163-53 Socket 2

Robinson-Nugent JCN-246-54 Socket 7

Robinson-Nugent SB-25 Strip socket 2

81, 82 Amp 435640-5 Dip switch 2
85, 56 Alco MSTS-104D Togagle switch 2
83, 54 Digitast ST Momentary switch 2
Smith 230 {red) Binding post 1

Smith 230 {black) Binding post 1

SAE CPH 8100-100 50/100 edge connector 1

PC board i

Packing case 1

Assembly manual 1

Table 1 KIT CONTENTS

SilNEtiCs
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Program Storage

825115 {512X%8 PROM)
1’0

8T32/33 (8-Bit Synchranous Bidirectional
1/0 Port)

8T35/36  {8-Bit Asynchronous Bidirectionat

: /O Port)

a8t {B-Bit Bidirectional 1/Q Port)

8T39 {Quad Bus Extender)

Waorking Storage
825116 (256X1 RAM)

KIT ASSEMBLY

The kit is designed to be assembled by a
skilled technician. To aid assembly as well
as the evaluation, the major board areas are
identified and part placement is indicated
directly on the PC board. The board has
heen solder masked so that it may be wave
soldered and to avoid solder bridges if the
board is hand soldered. Sockets are pro-
vided to mount the following parts: 8X300,
8T32 (4), 8T31, 825115 {2), and the DIP
Switches {2). Kit assembly is straightfor-
ward and may be accomplished in about
four hours.

-Figure 4 shows the component side of the
board and the position and orientation ofall
parts. Assembly can be accomplished using
this figure, the notes and observing the
board markings. Figure 5 provides the sche-
matic,

SOFTWARE

The PROMSs furnished with the kit are pro-
grammed with diagnostics in the first S0
lgcations to assist in verifying that the as-
sembied kit is working correctly. The re-
maining 462 locations may be programmed
by the user.

The diagnostics are separated into two
parts: Locations 00-23 contain tests of the
/0 ports and the interface to the RAM,
locations 24-47 write all combinations of
bits into all focations of RAM and test the
data read back, Locations 50-61 contain a
delay routine which is used by the memory
test to allow monitoring of the test with an
external LED array or logic analyzer.

Execution of the first part should be
checked in Single Step. Figures 1,2 and 3
are flow diagrams for the diaghostic coding.

CONTROLS

Run/Wait

With this switch in the WAIT position, the
processor halts execution of instructions
and holds all buses in their current state
{MCLK witl still be active). When the switch
is returned to the RUN position, the proc-
essor will remain in the halted state until
the STEP key is depressed. The processor
then begins running normally and subse-
quent depressions of the STEP key have no
effect.
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TEST OF I/0 PORTS AND RAM

INITLALIZE

INCR PORT NUMEBER
READ PORT TO REG
CLEAR POAT

WRITE REG TC FOAT

No

YES

READ R&M ADDR FROM POAT 1
READ TEST DATA FROW FQRT 2
WRITE DATA TO RAM

READ RAM

QUTPUT TEST DATA TO PORT 1

Figure 1

EXTENSIVE TEST OF RAM MEMORY

INITIALIZE RAM ADDR

INITIALIZE DATA

WAITE TO RAM
AREAD DATA BACK & GOMPARE

NO

MATCH?

YES

DELAY
HNCR DATA

DONE? O

YES

INCR ADCR
DELAY

Figure 2

DELAY ROUTINE

INITIALIZE COUNTERS

INCR COUNTER 1

i

INCR COUNTER 2

RETURNM

Figure 3

Ei!llll!lil:_'.i

Single Step

Instructions may be executed one at atime
by depressing the STEP key while the proc-
essor is halted. Instructions can be read
from either the PROM or the Instruction
switches.

Instruction Insertion

Aithough instructions are normally fetched
from the PROMs, the bank of DIP switches
provides an alternate instruction source.
The command that is set in the switches is
jammed on the instruction bus for either 1
cycle or indefinitely, depending ¢on the set-
ting on the SINGLE/REPEAT switch.

With the switch in the SINGLE position, the
instruction encoded in the switches is
placed on the bus for 1 cycie time when the
INSERT key is pressed, then controi returns
to the PROMSs. With the switch in the RE-
PEAT position, the instruction will be exe-
cuted repeatedly until the switchis returned
1o the SINGLE position. This feature allows
examination of the controd signals without
changing the scitware.

Connection to the I/0 Ports

The 170 ports are 8T32s programmed with
addresses 1 through 4. It is recommended
that BOT {4105 pin 18) be tied low for most
tests and that BIC (J105 pin 20) be pulled
low when data s to be entered to the port
from an external device. This scheme allows
output from the port to be monitored con-
stantly yet data can be entered at any time
since BIC overrides BOC (see 8T32 data
sheet).

USAGE

By external means, a test pattern is loaded
into each of the I/0 ports. As the program is
stepped through, each of the ports is read,
cleared, then restored to verify propsr con-
nection of the control and data buses. [fthe
connections are properly made, the test
pattern that the user entered into Port 1 will
be cleared after 10 steps and restored gnthe
11th. The other 3 ports are tested in sequ-
ence after 6 more steps per port. The memo-
ry is tested in a similar manner for continuity
of the control signais by reading an address
from Port 1 and a test pattern from Port 2,
writing the pattern to the addressed loca-
tion, reading the data back and writing it to
Port 1. If the data in Port 1 matches the data
in Port 2, tha control interface to the RAM is
verified. The flow diagram for this test is
given in Figure 1.

The next porticn of the test exercises each
location in the RAM with ail possible combi-
nation of bits. If the pattern read back does
not match the data written, the test wifl be
repeated with the same address and pattern
until successfui. The AAM address being
written is output to Port 1, the pattern to Port
2. 55 should be in the RUN mode for this
test. The program includes a delay loop so0
that its progress may be monitored by a
simple LED display connected to the 8T32
outputs {Ports 1 and 2}.



COMPONENT SIDE OF 8X300 PC BOARD
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PIN PIN

NO. FUNCTION NO. FUNCTION

1 vCC 2 vVCC

3 | vco 4 VGO

5 ots: 6 vCC

7 8 | Do7 (MSB) )

9 10 DO6

11 12 D05

13 14 D04 > DATA

15 16 D03 BUS

17 18 D02

19 20 DO1

21 22 DOC (LSB)

23 24 RESET

25 26 HALT

g; gg f‘g"" CONTROL
r BUS

a1 32 RB

33 34 SC

35 _ 36 WC )

a7 GND 38 GND

39 40 CLK QUT

4 . 42 CLK IN

43 SPARE 44 SPARE

45 SPARE 46 SPARE

47 GND 48 GND

49 100 3 50

51 101 52 -

53 GND 54 GND

55 104 56 ADD h

57 105 58 AO%

59 GND 60 GND

61 108 62 A4

63 109 64 A5

65 GND 66 GND

67 112 68 A0B

69 13 70 AO9

71 | GND , 'NSTF;%%T'ON 72 | anD

73 115 74 A12 | ADDRESS

75 114 76 ROM EN BUS

77 GND 78 GND

79 11 80 A11

81 110 82 A10

83 GND 84 GND

85 107 86 AD7

87 106 88 AOB

89 GND 90 GND

91 103 02 AO3

93 102 ) 94 AD2 )

95 GND 96 GND

97 GND 98 GND

99 GND 100 GND

Table 2 J100 CONNECTIONS

JUMP TO TEST START SELECTION (700000;)

100001

7 -} 7

n0110000

AMP

OFF
OFF

OFF
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+1]
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ON
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e < a Q

DN
an
oN
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Alternate Instruction DIP Switches

Figure 6

SiEnekcs

To begin the test sequence, the DIP
switches are loaded with 700000 {a jump to
address G), as shown in Figure 6. Switches
S5 and S6& are placed in the WAIT and
SINGLE positions respectively. After power
is applied to the board, 54 must be pressed
to insert the jump to 0. The systam is now
ready to be stepped through the diagnostic
programs. A listing of the diagnosticcoding
is given in Table 3.

External Clock

Synchronization

The 8X300 board provides for ¢lock syn-
chronization with external logic by means of
the "spare” IC location at the lowar center
part of the board.

To drive the 8X300 from an external TTL
lavel clock source, install an 8798 driver in
the "spare” lccation, place 100 (Y resistors at
points A and B and 47 {) resistors at points F
and G. Trace C may be cut to reduce the
loading en MCLK is desired. Signal is input
on J100 pin 42.

To synchronize external logic to the 8X300
with MCLK, install an 8T98 driver in the
“spare” location. No traces need to be cutor
jumpered. Signal is available on J100 pin 40.

Use with MCSIM*

Remove 8X300 from PC board and plug
MCSIM cable into J104. Set on-board con-
trols to RUN. When poweris applied, MCS-
IM is ready to run according to the usual
MCSIM procedures.

Use with SMS Monitor*

The 8X300 remains in the PC boeard when
the SMS monitor is used. The panel con-
nects to J104 and J101. Set the on-board
controls to RN and SINGLE, the proce-
dure according to the monitor operating
instructions, If the board is halted. depress
the STEP switch to initiate.

JUMPERS FOR 825114/828115
PROMs

The 8X300 Evaluation Board willaccommo-
date either 825114 or 825115 PROMSs. De-
termine which memory was included in this
kit and cannect the circuit according to the
appropriate drawing in Figure 7. Use insu-
lated wires approximately 0.5" kong with ait
but 0.3" insulation stripped off. Put wires in
piace, solder and trim.

*Scientific Microsystems, 520 Clyde Avenue, Mt View,
Calit. 24043
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ADDRESS CODE INSTRUCTION COMMENT
TEST OF /0 PORTS & RAM
000 6 06374 XMIT -4, R6 Initialize Counter
001 6 11060 XMIT 0, R11 Initialize Port Register
002 6 DDOCH XMIT 1, AUX Load Increment
003 1 06006 |Qt ACD R6, R6 Iner Count
004 1 11011 ADD R11, R1Y incr Port Number
005 0 11007 MOVE R11, 1Vl Setect Port
006 0 27001 MOVE LB, Rt Read Port
007 6 27000 XMIT O, LB Clear Port
010 0 01027 MOVE R1, LB Write Port
on 5 06003 NZT R, Q1 All Done ?
o012 6 07001 XMIT 1, IVL Address Port 1
013 0 27001 MOVE LB, R1 Read RAM Addr
014 6 07002 XMIT 2, VL Addr Port 2
015 0 27002 MOVE LB, R2 Read RAM Data
016 ¢ 01017 MOVE R1, VR Addr RAM
o7 0 02037 MOVE R2, RB Write RAM
020 6 02000 XMIT 0, R2 Clear R2
02t 6 07001 XMIT 1, VL Addr Port 1
022 0 37002 MOVE BB, R2 Read RAM
023 0 02027 MOVE R2, LB Qutput Data to Port 1
BEGINNING OF MEMORY TEST
024 6 01000 XMIT 0, R1 Initialize RAM Addr
D25 6 07001 | Q2 XMIT 1, VL Addr Port 1
026 D 01027 MOVE R1, LB Qutput RAM Addr
027 0 27017 MOVE LB, IVR Addr RAM
030 6 02000 XMIT 0, R2 Initialize RAM Data
031 6 07002 XMIT 2, IVL Addr Part 2
032 002027 Q3 MOVER2 LB Output RAM Data
033 0 02037 MOVE R2, RB Write to RAM
034 0 02000 MOVE R2, AUX Move Data to AUX
035 3 37000 XOR RB, AUX Compare
036 5 00032 NZT AUX, Q3 Test
037 6 11000 XMIT 0, A1t Set up Return Indicator
040 7 00030 JMP DELAY Delay for display purposes
D41 6 00001 XMIT 1, AUX Load Ircr
042 1 02002 ADD R2, R2 Incr Data
043 5 02032 NZT R2, O3 Done?
044 1 001 ADD R1, R Incr Addr
045 g 11001 XMIT 1, 811 Set up Return Indicator
046 7 00050 JMP DELAY Defay
047 7 00025 JMP Q2 Rapeat
050 6 03000 [DELAYXMIT 0, R3
051 6 04000 XMIT 0, R4
052 6 00001 XMIT 1, Aux
053 103003 |1 ADD R3, R3
054 1 04004 | D2 ADD R4, R4
055 5 04054 NZT R4, D2
056 5 03053 NZT RS, D1
057 4 11060 |RTN XEC *+1, Rit
D60 7 00041 JMP 041
061 7 00047 JMP 047
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JUMPERS FOR 825114/115 PROMS
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SIGNETICS
HEADQUARTERS

811 East Argues Avenue
Sunnyvale, Califernia 94086
Phone; {408) F33-7700

ALABAMA
Huntsyiile
Fhtne: {265) 5335800
ARIZONA
Phoenix
Phone: (608} 971-251F
CALIFORNIA
Inglewnod
Phene: (213} £70-1101
Triigy
Phone: (714} §33-8380
(213) 524-1563

Sap Biego

Phose: (714} 560-0242
Sunnyvale

Phone: (408} 736-7565

COLORADD

Parker
Phose: {303) 841-3274
FLORIDA
Pampzno Beach
Fhone: {3(5) 7828225
ILLINCIS
Rolling Meadows
Phose: (3123 259-8300
KANERS

Wichila
Phere: {316) 683-5652
MASSACHUSETTS

Wobum
Phene: {617) 933-8450
MARYLAND

Calumbia
Phere: (301) 730-8100
MINHESOTA

Edina
Phane: {512} B35-7455
NEW JE I!SE\'

Cherry i
Phaﬂe {509} 6655071

Pisc
Ptone: {201} 981-0123
HEW YORK
Wappingers Falla
Phane: (514] 2574074
Woodbur
Phonc (516] LS00
QHID
Worthington
Phenlgt[sle) HE6-7143
VEXAS

Dalias
Phane: (214) 661-1206

REPRESENTATIVES
SLABAMA
Hunts¥ilin
Murcota
Phane: (205) $39-8476

CALIFORNIA
San Diego
Hesa En ineeri
Phone: { lxt} 2?8—%021
Sherman Gaks

hetralomes
Pnane: (213) 4603903
CANADA
Lalgary, Albertz
PLilips Clectronics
Indusiries 1td.
Phone: (403} 543-5711
HMontreal, Guehee
F'Inllps Electionics
Induslries Ltd.
Phane; (514) 342-0180
Ittawa, Oniarig
Ptilips Electranics
Industrics Lid,
Prone: (613} 237-3131
Scarborongh, Ontario
Pailips Electronics
Industries Lid.
Phane: (416) 292-5161
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Vancouver, B.C.
Phiiips Electronics
Industries Lt
Phone: (E04) 4354411

COLORAGD
Dedver
Barahill Five, Ine.
Phana: (303) 4260222

CONMECTICUT
Hewtown
Kanan Associstes
Phone: (203) 426-3157

FLDAIDA

Ablamonte Springs
Semtsonic Associates
Phone: {305) 8318233

Clearwater i
Semdronic ASsOUiates
Phong: (A1) 4514675

1LLINOIS
l:rucaga

N
Phn ne: (312] 286-1500

I ANA

indianapolis

. Ento Marheting
Fhone: {317) 545-5511

KANEAS

ayerland Park
Advanced Technolngy Sales
Phone: {913) 452

MARYLAND
Blen Burmi
Wicrocomp.
Fhonc: mn 2-!?‘0-1110

WASSACHUSETTS
Reading

Kanan Assoriales
Phone: 617) 944-9454

MICHIGAN

Bloemfizld Hills
Enco Marketitg
Phone: {313) 6524203

MINNESHTA

Edina
Mel Foster Tech, Assoc.
Phone: {§12) §35-2254

MISSO0RI

St Louis
Advanced Technology Sades
Phene: (3149; S676272

HEW JERSEY
Haddonfietd
Thomas Assoc,, Ine,
Fagne: {£05) BS4-20i1

NEW MEXTCO
Albuquergye
Tha Staley Campany, Inc.
Fhone: (305] 829-(x]b0

HEW YORK
Ithaca

Bob Dzam, Inc.
Prone: {607} 272-2187
NORTH CARDLINA
Gar

pntgomery Marketing
Prons: (919) 4676319

DHYD
Cealerrifle
Horm Gase Assotiates
Phane: (513} 4331365
Fairview Park
Worm fase Assotiatas
Prame: 216} 133-4E20

OREEON

Portland
wegtarn Technical Sales
Phone: {303} 2471711

TEXAS
Aostin
Cunningham Company
Phore: {512) 4598947
Ballas
Cunningham Copmpany
Phare: (214} 2334303
Hnélsﬂll_l harm £
unningham Sompa
Frone: 1713 451-415‘}

UTAH

West Bountiful
Barnbill Five, Ing.
Phone: (B01) 2328991

W&SI\‘! NGTON
Beflevuy
Weskern Technical Sates
Phone: (206) 641-3300

WISCONSIN
Gr fe uflell
Phone (dliu 545-8900

DISTRIBUTORS

ALABAMA
Hantsyille
Hamilton/Avnet Elecllnmcs
Phone: {(203) 533117
ARIZONA
Phoanix
Hamiitonshwnet Elentronlss
Phone; {602} 275-7831
Liberty Electronics
Phone: {502} 257-1272
GALIFQRHIA
Gostz Masz
Aynet Elecironics
Phone: (714} 7545051
Schweber Eleelrorics

Figne: {714} 556-3880-Culvar Cily

Culver City
HamiHnn Ffecteo Sales
Phone; (213) 558-2183
El Sepande
Liberty Elactronics
Fhone: {213) 322-8100
Mountain View
Elmar £|ectramics
Phane: {415) 861-3611
HamiltonAynat Eiectronics
Fhone: (-115]96 -7000
San Dipy
Haml tunflvnet Elettrcm:cs
Fhone- {714} 279-2421
Librty Electronics
Fhone: £714) 565-9]71
Sunhnyvale
I2termark Electronics
Phone: {403) 738-1311
CANADA
Downgview, Dafarie
Cesca Electrantes
Fhong: (416) £62-0220
fantronics
Phote: (4E6) 6352822
Mississauga, Ontarig
Hamilton/Avrat Eleclrumcs
Pheng: (416) E77-743
Montreal, Quebee
Cesco £lecironies
Phone: (514) 735-5511
Zentranics Ltd,
Phone: {514) 735-536F
Okizwa, Ontario
Cesca Eleciramins
Fhone: (G133 779-5118
Hamillon/Aenat Electronics
Phone (613) 226-LH0
Zentronfcs Lid.
Phone: (§13) 238-6411
Vancouver, B.C,
Aowtek Elechonucs co Ltd,
Fhone: §604) 236-11
¥ille St. Lagrent, ﬂueh:c
Hamilmn,fmunet Eleclronics
Phone: (514) 3316243
COLORADG
Commerce City.
Elmar Liectronics
Phane: {303) 227 9611
Denver
Hamilton/fwngt Electranic
Fhone: (303) 539-1212
CONHECTICUT

Ranhury
Schweber Elecirenics
Phaone: {203) 792-3500
Geargelown
Familtgn Avnet Electranice
Phone: (203} 762-0351
Hamden
Arrow Electronics
Fhone: (203) 248-3801
FLORIDA
Ft, Lavterdala
Aerow Efect-omcs
Phena: (308 726-FAI0
Hamilion/Avnat Elecironics
Phaona: (305) 9712600
Hollywood
Schweber Eleclronics
Phone: [305) 5270511
Orizhde
Hamimgng Electroming
Phone: (305) 241-6601
GEORGIA
Atlanta
Srherher Elgctronics
Phene; (404) 449-9170
Hercrogs
HamfltonfRveet Electranics
Phene: (404) 495-0800
ILLINDIS
Elk Grove
Schweber Efectronics
Phone: (312) 533.2740

Eimhurst
Semiconductor §

Horsham, FA
Schweber Electronics

Phane: !312} 2?9—1000
Schiller Parl
ﬂamlitonMunn! Electronics
Phone: {312) 6716094
Skokia
Ba:l Mdustries
Phare: {3%2) B65-7500
INDIAKA
Indianapelis
Pipnaer Electronics
Phene: (317) 8287300
KANGAS
ieneza
Ham{ltunfﬂvnEt Electmmcs
Phune: (13} B368-BO0G
MARYLAND
Baltimora
Arrow Electronics
Phens: (301} 247-5290
Gaithersburg
PIOI?GE: Washmgtcm
Phone: [301] 948—0?10
Hanover
Ham-ltunmvnet Electronics
Phone: (301} 796-5000
Fochyille 3
- Sehweber Efaclromics
Phone: (301} 881-3300
MASSACHUSETTS
Waltham
Sehweher Elac{ronigs
Fhena: (517) §90-B584
Wohurn
Arrow Eleelronics
Phone: (B17) 9338130
Hamilton/Avnet Elettraniss
Phone: (17) 933-8000
MICHIGAN
Livonia
Hamilton fAunet Electranits
Phone: (313) 5226700
Pioneer Elestronics
Prone: (323 525-1800
MINHESOTA
Eden Praitie
Sehwebar Electronics
Fhone: [fi12) 941-5280
Edina
Hamultnn.-’Avnet Electronics
Phone: (612) 941-3801
Minneapolis o
Semiconductor Specialists
Fagne: (612) 8548841
MISSOURI
Hazelwood
Hamilton/Avnat Elecironics
Fhone: [314) 731-1144
NEW MEXICO
Albuquerque )
Hamilton/Aynel Electronics
Fhoina: {A05) PR5-1500
HEW YDRK
Buffaly
Sunmit Pistributgrs
fhana: (716] 284-3450
East Syracuse
Hamilton/Arnet Elettromics
Phane: [315) 4372042
Farmingdale, L.1.
Arrow Electronics
Phone: {516) 694-5800
Richester i
Hamilton/Avrct Fiecironics
Phents (716) 442-72820
Schwebar Elactranics
Phong: [716) 461-4000
Westhury, LI,
Hamiton ‘Avnet Electronics
fhon: [516) 333-5800
Schwepar Electronics
Fhona: (516) 3347474
HORTHERN NEW IERSEY
Cedar Grave
Hamilton/Aunet Elgctronics
Phgne: (210) 233-0300
Saddlebropk
Arrow Electrenics
Fhone: {201) 797-5800
LOUTHERN NEW JERSEY
AND PENNSYLVANIA
Cherry Hilt,
Milgray-| Deliware \l'al'!lzy
Phone: (619) 424-13
Masrestewn, N.1.
Arrgw fAngus Electronics
Phone: {E13) 235 1300
Mt. Laarel, N.). .
Hamiiten/aunat Efectronics
Fhone: (608) 234-2133
Pittsburgh, P&
Pioneer Pittsturgh
Phone: (4127 747-2300
CENTRAL NEW JERSEY
AND PEHKRSYLYANIA
Sornerset, N.).
Schweher Efectronics
Phone: {201) 468-5004

Phona; (215} 441-0500
HORTH CARDLINA
Greenstoro

Hammang Electronics

Phang: (919) 2735393

Fianeer Elecironics

Phone: (919) 273441
aKla
Beechwood .

Schweber Elecironics

Phong: (216} 464-2570
Gleveland

Harmilton; Avanel Electmnics

Phane: (Z16) 461.14

Pwneer Standanf Electlanlc’

Phone: {215) 587-36

Daytan
Hsmlton!Awnat Etectron:cs
Phene: (513 43
Pigneer Slanuard Elsttmmcs
Fhane: {513) 236-54600
?nlunum.
Component Specuallnes
Phome; (918} 584-75

Gomponent Specialists
Phore: (214) 357-3611
Hamillon/Aunet Elecironics
Phong: {214) 661-8204
Quality Components
Phone: (214) 387-4949
Schweber Efectronics
Phgne: (214} 661-5010
Haustwn
Component Speqlalists
Prone: {?13) J71-7237
Hamilton/Awnat £lectronics
Phone; (713) 7B0-177L
Quakity Components
Phoae: (713) 772-7100
Schweber Electronics
Phona: [T13) 734-3600
UTAH
Salt Lak
Alta Electranies
Phore: (801} 936-4134
Hanilton/Avnet Electronics
Prone: (301) 572-28300
WASH!KETON
Bellerye
Hamilton/Avnet Electromics
Prone: {206} F46-8750
tiberty Electronics
Fhone: (206) 453-8300
WISCONSIN
Hew Barlin
Hamilton/ Aumet Electranics
Phane: (414) 784-4510

FOR SIGNETICS
PRODUCTS
WORLDWIDE

ARGENTING

Fapesa L.y.C.
Buengs-Aire
Prone: 652 ?438:’?4?3

RUSTRIA
Osterreichische Philips
Wien
Phone: 93 26 11
AUSTRALIA
Philips | ndusiries-ELCOMA
Lane-Cove N.5.W.
Fhone: (02) 427-0658
BELGIUM
M.BLE.
Brussels
Phone: 523 00 0

FhDﬂB 23'1 4511

CARADA

Phih'ns Electron Devices
Teronte
Phone: 425-5161

CHILE
Philips Chilena 5.4,
Hantiagy
Phane: 38-4001
COLOMBIA
Sadape E.A.
Epgola
Phong: B0
DENMARK
Miniwatl A/5

Kobenhavn

Phone: (01) B89 16 22
FINLAND
Dy Philips A%

Helzinki

Fagne: 172 71

FRANCE
RYE,

Parig
Phone: 355-04-00
W. GERMARY
Novdlingen
fignetics GmbH
HONG KONG
Pmlaps mms Kong, LiN.
Hong Kang
Prone: 12-245121
mn 1A
Semiconducis
{REPR%SENT&TWE ONL‘I’)

Phone: 293 667
JHODHESIA
P. 1. #hilips-Ralin El2clrapics

Jaharta
Phong: 581058
IRAN
Eerkeh Company, Lid,
Tehran
Fhone: 831564
JSRAEL
Rapas Electronics, Ltd,

@l Aviy

Phone: §73115:6.7
ITALY
Philips S.p.A,

Milany
Phone: 26334
ISTPM:' s 3 Lid.
efics Japan, Lid.
ﬂkyn v
Phyne: (03) 230-1521
KOREA
Philips Elact Korea Ld.
Segul
PhOﬁe 44.4202
XICD
Elﬁ:twmc: SA de GV

Fhone: 533 ‘1180
NETHERLANDS
Philips Hederlapd B.Y.
Findhaven
Fhone: {Ud[l} ik Xk
NEW ZEALAND
Philips Efectrical Ind. ELCOMA
Autkland
NORWAY
EIEntmma AS,
Prone: {023 15 05 94
PAKISTAN
Eimag Ltd
Karachi
Phons; 515-122
PERU
Lita
TCadesa
Phone: 626599
PIILIFPINES
Phitips Industrial Dev., fne.
Wakzta-Rlzal
Phane: 8689519
SINGAPDRE /MALAYSIA
Philips Singapere Pia., Lid.
Singeparg
Phane; 538311
SO0UTH AFRICA
E.D.A.C. {FTY¥), Lid.
Johannesbur
Phone: 29-6:01-3
SPAIN
Copresa 5.4,
Baveelona
Phene: 329 63 12
SWEDEN
Elcymsé A.B,
Stgckholm
Phgne; 08/§7 97 80
EWITIERLAND
Philips AG.
2urich
Phone: 01,744 22 11
TAIWAN
Philips Taiwan, Lid.
anpal
Phona: (02) 551-3101-5
THAILAND
Saeng Thong Radiv, 11d.
Banghph
Phone: 527195, 519763
UNITED KINGDOM
Wullard, Lid.
Londen
Phone: 01-580 6633
UNITED STATES
Signetics Internationsl Corp.
Sunnyvale, California
Phone: (408) 738-7700
URUGLAT
Luzilectron 5.4
Maonleviden
Fhone:- 9143 21
VEKETIIELA
Industrizs Venezolanas
Philips £.4.
Caracas
Phone: 380511



CilINDLiC
{NDTES
a subsidiary of U.S. Philips Corporation

Signetics Corporation
PC. Box 9052

811 East Arques Avenue
Sunnyvale, California 94086
Telephone 408/739-7700




	000
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088
	089
	090
	091
	092
	093
	094
	095
	096
	097
	098
	099
	100
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110
	111
	112
	113
	114
	115
	116
	117
	118
	119
	120
	121
	122
	123
	124
	125
	126
	127
	128
	129
	130
	131
	132
	133
	134
	135
	136
	137
	138
	139
	140
	141
	142
	143
	144
	145
	146
	147
	148
	149
	150
	151
	152
	xBack

