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CHAPTER 1

INTRODUCTION TO THE SYM COMPUTER

Whether you're a teacher or a student of computer science, a systems engineer or a
hobbyist, you now own one of the most versatile and sophisticated single-board computers
available today. The Synertek Systems SYM-! is an ideal introduction to the expanding
world of microprocessor technology as well as a powerful development tool for design
of microcomputer-based systems. Fully assembled and thoroughly tested, the SYM-1
comes equipped with a 28-key dual-function keyboard for input and a 6-digit light
emitting diode (LED) display for output. All that's needed to make your computer
operational is a single 5-volt power supply.

Based on the popular and reliable 6502 Central Processing Unit (CPU), the SYM-l is
designed to permit flexible solutions to a wide range of application problems. A system
monitor (SUPERMON) is stored in 4K bytes of Read Only Memory (ROM) furnished
with the SYM-1 so you're free to concentrate on the application itself. But should
you require customized system software, sockets are provided on the board for three
additional ROM or Erasable PROM (EPROM) packages that can expand total ROM to
24K bytes. And by changing connections on the jumpers that have been designed for
this purpose, the SYM-1 can be set up to respond to your own system software as
soon as the power is turned on.

For working with data and programs, SYM-1 comes equipped with 1K of Random Access
Memory (RAM), and sockets are available on the board for plug-in expansion up to
4K. Should additional memory be required for your application, an expansion port is
provided which will allow additional ROM, PROM, RAM or 1/O to be attached to the
system up to the 65,536 maximum addressable limit for an 8-bit microprocessor.

While the keyboard and LED display included on the SYM-1 board will be sufficient
for most users, other users may require the additional storage capability of audio
cassette tape or the hard copy output of an RS-232 or a teletype terminal. Not only
the serial interface, but also the hardware and software necessary for control of these
devices is included on the SYM-1. Adding them to your system is simply a matter
of properly wiring the appropriate connectors. Similarly, SYM-1 allows an oscilloscope
to be added to the system to provide a unique 32-character display under software
control. (Or, with the addition of the SYM-2 KB/TV interface and a common and
inexpensive Radio Frequency (RF) adapter, you can turn your television set into a
video display terminal.)

And that's not all. A total of 51 active Input-Output (I/O) lines (expandable to 71
with the addition of a plug-in component) permit an almost endless variety of other
peripheral devices to interface to the SYM-1l, from floppy disk drives to full-ASCII
keyboards and other computer systems.

Other key hardware and software features of SYM-1 include jumper-selectable and
program-controlled write protection for selected areas of memory, four internal timers
(expandable to six), four on-board buffers for direct control of high voltage or high
current interfaces, and a debug facility that may be controlled either by a manual
switch or by software. We could go on, but rather than merely list what the SYM-I
is capable of doing, let's move on to the rest of the manual and Tearn how to put it
to work.
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CHAPTER 2

HOW TO USE THE SYM REFERENCE MANUAL

This manual is designed both to help you get your SYM-1 running and to teach you
to use it as fully as possible. Reading over the following chapter descriptions will
give you an idea of how to proceed and where to look for help when you run into a
problem. Although to get the most out of this manual you should read it thoroughly
before attempting to operate your SYM-1, only Chapter 3 is essential before applying
power and attempting simple operations.

You should read Chapter 3 before you even unpack your SYM-1. Following the handling
instructions in that chapter will help insure that you do not inadvertently damage the
microcomputer components. Chapter 3 also contains instructions for connecting the
power supply, and a simple keyboard exercise to acquaint you with the SYM-1 and
verify that the system is working properly. In addition, directions are provided for
attaching an audio cassette recorder, teletype or any RS-232 compatible terminal to
the system.

Chapter 4 provides you an overview of the hardware and software features of the
SYM-1. The major Integrated Circuit (IC) devices are described, and the configuration
of the various edge connectors is explained. Memory assignment is also discussed, as
are the various hardware jumper options on SYM-1. A complete list of machine
language and assembly language commands for the 6502 CPU is included in this chapter.

Chapter 5 provides complete operating instructions for the SYM-1. The color-coded
keyboard layout is explained, the keys and their functions are defined, and you're shown
how to form SYM monitor commands. Instructions for operating an audio cassette
recorder, teletype terminal with paper tape unit, and RS-232 terminal are included
with the appropriate monitor command descriptions. In addition, the features of the
SYM-1 monitor are explained in detail.

Chapter 6 is where you'll learn to program the SYM-1 to handle your applications.
We'll describe the program flow and assembly code for a small sample program and
explain how to prepare it for entry to the SYM-1. Then we'll discuss how to execute
it and how to find problems in it if it doesn't work the way you expected it to work.
After you've completed this example program, you'll have a chance to try your hand
at two more programs of increasing complexity.

Chapter 7 describes how to use an oscilloscope with your SYM-1 module to obtain a
unique, 32-character display similar to that of a CRT. The hardware is present on
your SYM-1 to allow this usage, and the software has been designed to allow you to
write your own program to send characters to the oscilloscope. A sample program
implementing this feature is discussed in the chapter.

Chapter 8 explains how to expand your SYM-l system to include additional memory
or peripheral devices. I/O techniques are also discussed, including how to configure
an auxiliary expansion port.

Chapter 9 consists of a system flow chart and a discussion of advanced monitor and

progamming techniques which will add flexibility and expandability to your SYM system.
One of the unique things about the SYM-! is its seemingly endless flexibility in software.
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For example, you can create a sub-set of new monitor commands or an entirely new
monitor by taking advantage of the way the system handles unrecognized commands.
You can also make use of nearly all of the monitor as subroutines in your own programs,
thus saving both programming time and memory space.

In addition to the chapters described above, several appendices located at the back of
the manual include important service and other reference information. Appendix A
explains what to do if your SYM-1 does not operate properly, becomes defective or
requires service. Appendix B contains a complete parts list and a component layout
diagram. Audio cassette tape formats are described in Appendix C, and the format
for data stored on punched paper tape is outlined in Appendix D.

You will find that your SYM-1 will interface many devices designed to accompany the
KIM computer. This compatability with KIM-related products is described in Appendix
E. Appendix F explains how to create and use a sync tape for audio cassette operation.
Appendices G and H contain Monitor Addenda and supplementary information relating
to use of the SYM-1. Finally, Appendices I, 3, K and L provide reference information
on the S5Y6502, SY6522, SY6532 and SY2114 RAM IC devices.

The last item in the manual, which is not an appendix but an addendum, is a complete
listing of the SYM-1 SUPERMON monitor program. Nothing is held back; you have
the complete listing to allow you to use it any way you wish, Once you understand
how the monitor works and the essentials of 6502 assembly language programming, this
listing becomes an invaluable tool for implementing your own applications.
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CHAPTER 3
PREPARING TO USE YOUR SYM COMPUTER

This chapter will take you, step-by-step, through the process of unpacking the SYM-1
and making it operational. After applying power and checking to see that the keyboard
and display function properly, you will learn how to attach an audio cassette recorder,
TTY, or CRT to the system.

3.1 PARTS CHECK

In addition to this manual, several other items are included with your microcomputer.
Packed along with the SYM-1 microcomputer itself you should find a programming
card containing a summary of 6502 instruction codes and SYM commands, a programming
manual, a warranty card, which you should fill out and mail to Synertek Systems as
soon as possible, an optional user club card and two edge connectors, one long and
one short. Also included is a red plastic strip which serves as a faceplate over the
lighted display. The terms of the warranty are explained on the warranty card. Also
included with the computer is a packet of small rubber feet on which to mount your
SYM-1 for table-top operation.

3.2 CAUTION ON MOS PARTS

The integrated circuits on your SYM-1 are implemented with Metal Oxide Silicon (MOS)
technology and may be damaged or destroyed if accidentally exposed to high voltage
levels. By observing a few simple precautions you can avoid a costly and disappointing
mishap.

Static electricity is perhaps the least obvious, and thus most dangerous, source of
voltage potential that can damage computer components. The SYM-1 is wrapped in
special conductive material to protect it in shipping, and you should be careful to
discharge any possible build-up of static electricity on your body before unpacking or
handling the circuit board. Walking on a carpeted floor is especially liable to produce
static electricity. Always touch a ground connection such as a metal window frame
or an appliance with a three-pronged plug before handling your SYM-1l, and avoid
touching the pin connections on the back of the circuit board. Ungrounded or poorly
grounded test equipment and soldering irons are other sources of potentially dangerous
voltage levels. Make sure that all test equipment and soldering irons are properly

grounded.
3.3 VISUAL CHECK

While observing the precautions described in section 3.2, take the SYM-1 from its box
and remove the protective packing. Next, apply the small rubber mounting feet and
place the SYM-1 on a flat surface with the keyboard facing you. Using Figure 3-1
you can identify the major system components and begin to. familiarize yourself with
the layout of the SYM-1 board. Chapter 4 describes the system in more detail, with
appropriate schematics, but for now we're just concerned with powering-up and beginning
operation.
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3.4 RECOMMENDED POWER SUPPLIES

The SYM-1 microcomputer requires only the addition of a power supply to become
fully operational. Any unit that supplies +5 Volts DC @ 1.5 amps and has adequate
overload protection is acceptable. Synertek Systems does not recommend any particular
make or model. Rather than buy an assembled power supply, you may want to build
your own from one of the many kits available from hobby stores and mail order houses.

3.5 POWER SUPPLY CONNECTION

Now that you've obtained a 5-volt power supply, you're almost ready to power-up the
SYM-1. Find the power supply edge connector (the smaller of the two edge connectors
packed along with the microcomputer), and wire it as shown in Figure 3-2. Next,
slide the connector onto the power connector pins located in the middle of the top
edge of the board. Check to make sure that the wiring is correct and that the
connector is properly oriented before attaching it to the board. o

3.6 POWER-ON CHECK

Turn on the power supply. The red light to the left of the power connection should
glow to indicate that power is reaching the board. The LED display above the keyboard
should be completely blank, and a tone should be heard. Press the Carriage Return
(CR) key. You should again hear the audible tone that is emitted when power is
turned on or a key depression is sensed, and the display should show "SYL.0 . ..
Carriage Return (CR) is the key that "logs you on" to the computer when first powering
up or after pressing Reset (RST). If your computer isn't responding properly, turn off
the power supply. Remove the power connector from the board and make sure that
all wires are connected to the proper locations and are securely attached, then repeat
the power-up procedure.

If after you recheck and repeat the power-up procedure, your SYM-1 does not respond
as described above, refer to Appendix A for information on returning the unit for
service.

3.7 KEYBOARD EXERCISE

Now that your SYM-1 is operational, let's try a small program to verify that the
system is functioning properly. The program will add together two 8-bit binary numbers
and store the result. As you enter the program, addresses and data will appear on
the LED display as hexadecimal digits. Addresses are 16 bits long and thus will be
represented by four hexadecimal digits, while data bytes are 8 bits long and will appear
as two hex digits. Before entering the program, you may want to review the following
listing of assembler code for the test program. The process of converting assembler
code to machine language will be explained in Chapter 6.

MONITR = $8000

VALUEI = $0200

VALUE2 = $0201

RESULT = $0202

* = $0203

0203 18 START CLC

0204 D8 CLD
0205 AD 00 02 LDA VALUEI
0208 6D 01 02 ADC VALUE2
020B 8D 02 02 STA RESULT
020E 4C 00 80 JMP MONITR

END

3-3
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Now enter the program by following the steps listed below. Asterisks indicate the
displayed data contained in the identified locations. Simulated key tops stand for
function keys (e.g., (CR) for carriage return) The period displayed at the end of each
entry sequence is SUPERMON's standard prompt character. As each data byte is
entered, the address will automatically increment.

YOU KEY IN
(RESET)

(CR)
(MEM) 200 (CR)

(CR)

DISPLAY SHOWS

SY1.0..

0200.%*,
0201.%*,
0202.%*,
0203, %*,

0204 %%,
0205.%*,
0206.*%,
0207.%*,
0208.%*,
0209.%*,
020A.%x,
020B.**,
020C.**,
020D.**,
020E.**,
020F . **,
0210.%*,
0211).%*,
21 1.x*,,

EXPLANATION

Keyboard log-on
Display contents of location 0200.

Store C1 (Hex) in 0200, display next location.
Store 05 (Hex) in 0201, display contents of 0202.

Store 00 (Hex) in 0202, display 0203

Store 18 (Hex) in 0203, display 0204
Store D8 (Hex) in 0204, display 0205

Check to see that program is entered correctly:

(MEM) 200 (CR)
(—)
(=)
(=)
(—)
(=)
(—)
(—)
(—)
(=)
(=)
(=)
(=)
(=)
(=)
(—)
)

(CR)

0200.C1.
0201.05.
0202.00.
0203.18.
0204.D8.

0205.AD.

0206.00.
0207.02.
0208.6D.
0209.01.
020A.02.

020B.8D.

020C.02.
020D.02.

020E.4C.

020F.00.
0210.80.
210.80..

VALUE!

VALUE2

RESULT

Clear carry flag

Set status register for binary add
Load VALUE! into accumulator
Address of VALUEI, low order byte
Address of VALUEI, high order byte
Add VALUE2 to accumulator
Address of VALUE2, low order byte
Address of VALUE2, high order byte
Store accumulator

Address of RESULT, low order byte
Address of RESULT, high order byte
JUMP to monitor

Address of monitor, low order byte
Address of monitor, high order byte
Exit from memory display and modify
mode

Your program is now entered and ready to execute. The two numbers you will add
together, C1 (Hex) and 05 (Hex), are stored in locations 0200 and 0201 respectively.

The result will be stored in location 0202.

The two digit hex codes you entered in
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succeeding memory locations are the addresses, operands, and 6502 instruction codes
necessary to add together two 8-bit binary numbers and return to the monitor program.
To execute the program and display the result, perform the following steps:

YOU KEY IN DISPLAY SHOWS EXPLANATION

(GO) 203 (CR) g 203 . Execute program starting at location 0203
(MEM) 202 (CR) 0202.Cé6 Check result stored in location 0202

(CR) 202.C6. . Exit from memory display and modify mode

Although this is a simple problem, it demonstrates the basic procedures for entering
and executing a prograrm on the SYM-1 as well as verifying that the system is operating
properly.

3.8 ATTACHING AN AUDIO CASSETTE RECORDER

The program you entered in section 3.7 will remain stored in RAM memory only as
long as the power remains on. As soon as the power is turned off, RAM data is lost,
so to reuse the program you would have to enter it again from the keyboard. In order
to provide you with a way to permanently store data and programs, SYM-1 is equipped
with the hardware and software logic necessary to "talk to" an audio cassette recorder.

Since SYM-1 audio cassette operation involves high data transfer rates (185 bytes per
second for HIGH-SPEED format), you should use a good quality recorder to ensure
reliable performance. The unit should be equipped with an earphone jack for output,
a microphone for input, a remote jack for remote control of the motor (optional), and
standard controls for Play, Record, Rewind, and Stop. An additional feature that is
useful but not essential is a tape counter. By keeping a record of counter values you
can locate any program of data block manually without having to search the tape
under program control at Play speed.

SYM-1 is designed to allow the cassette unit to be attached to either the Applications
(A) or the Terminal (T) connector (requires a DB25 connector; see section 3.12). Refer
to Figure 3-1 for the board location of these two connectors. Figure 4-3 shows how
the Applications (A) edge connector should be wired for the cassette unit. The Terminal
(T) connector should be wired as shown in Figure 4-3 if the unit is to be attached to
the T connector. Keep the leads as short as possible and avoid running them near
sources of electrical interference such as AC power cords. Always use the ground
connection at the connector and do not ground directly to the power supply.

The remote control circuitry on the SYM-1 card allows a variety of cassette recorders
to be used under software control. However, before you connect your remote control
you must determine which type of connection is necessary for your particular recorder.
Figure 3-3 illustrates the SYM-1 circuitry and eight different ways to hook it up. The
following procedure can be used to determine which connection is necessary for your
recorder:

1. Insert the remote control cable into your recorder. Install a tape in the
unit.

2. Press play. The tape should not move. If it does, check the cable.

3. Measure the voltage at the center tip of the open end of the cable. (See

Figure 3-4. Use ground reference from the EAR plug.) Record this as

3-6
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Table 3-1.

AUDIO CASSETTE REMOTE CONTROL TYPE DETERMINATION

READING A (center tip voltage)
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Figure 3-%.
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Reading A. Typically this will be either +6 to +8 volts, -6 to -8 volts,
or ground.

4, Measure voltage at the shield of the open end of the cable. Record this
as Reading B. The same typical values stated in step 3 will apply.
Readings A and B should not be the same.

5. Using a wire jumper, short the shield and center tip together. Your tape
should now move. Measure the voltage at the center tip (do not remove
the short). Record this as Reading C.

6. If your tape moves in step 2 or your tape does not move in step 5, check
your cable for opens or shorts.

7. Use Table 3-1 to determine which type of connections to make for your
recorder.

8. After you have found the proper category for your recorder, Figure 3-3

illustrates which connections to make.
3.9 SAVE AND LOAD EXERCISE

To check cassette unit operation, we'll "Save" on tape the program presented in Section
3.7, then load the program back into RAM. But before beginning tape operations, we
must set the volume and tone controls on the recorder to the correct position. This
is accomplished by creating and using a "sync" tape as described in Appendix F. Follow
those procedures now, keeping in mind that we will save the program, and thus will
also load it back into RAM, in HIGH-SPEED format.

After adjusting you recorder, enter the program from the keyboard as you did before.
Insert a tape into the recorder. If your unit is equipped with remote control, place
it in Record mode. Since the motor for the cassette is under software control, the
tape will not advance. If your unit does not have remote control, do not place the
unit in Record mode until just before pressing (CR) while entering the save command
shown below including the carriage return, before placing the unit in Play Mode.

YOU KEY IN : DISPLAY SHOWS EXPLANATION

(SAV 2) 3 (=) 200 (-) 210 (CR) 0-210. - Save locations 0200 to 0210 in a
record with 1D=03, in HIGH-SPEED
format.

When recording starts the display will go blank. When recording is completed the
display will re-light. All this should take approximately eight seconds. If your unit
does not have remote control, stop the tape manually after the display re-lights.

Now rewind the tape to the starting point. If your unit has remote control, you will
have to pull out the Remote jack from the recorder or keep your finger on the RST
key.

To destroy the program stored in RAM, turn off system power, then turn it on again.
Log back onto the computer by pressing (CR), then place the cassette unit in Play
mode if it is equipped with remote control. If you are operating the controls manually,
you should first enter the load command shown below.

YOU KEY IN DISPLAY SHOWS EXPLANATION

(LD 2) 3 (CR) L3 Load HIGH-SPEED tape record with
ID=03 into memory.



This command directs the SYM-1 to search for the tape record with ID=03. While
the SYM-1 is searching, an "S" will be displayed. When reading begins, the AUDIO
indicator LED will glow and the display should go blank. When the specified record
has been loaded into memory the display will re-light.

If you are operating the controls manually, turn the recorder OFF. Under remote
control, the motor will stop automatically.

Now follow the instructions in Section 3.7 for executing the program. The result of
the addition, C6 (Hex), should appear on the display. If the "S" did not disappear
when reading in the program, or if the cassette otherwise did not respond as described
above, check all wiring connections, verify the settings of the volume and tone controls
and repeat the recording and playback procedures, making sure that each step is
performed correctly. If after rechecking connections and repeating the procedure you
are still unsuccessful, refer to Appendix A.

3.10 ATTACHING A TTY

To enable you to add a hard copy output device to your system, SYM-1 interfaces to
a TTY terminal. Since the Teletype Model 33ASR is widely used and easily obtained,
it will be used in the procedures and diagrams in this section. To interface other
terminals, use the information given in this section as a general guide and consult the
terminal instruction manual for different wiring and connection options.

Your TTY should be set for 20 mA current-loop operation. If it is not, follow the
manufacturer's instructions for establishing this configuration. In addition, check to
make sure that your TTY is set up to operate in full-duplex mode. You need not
concern yourself with the TTY data transmission rate. SYM-1 assumes 110 bits-per-
second (baud) for TTY terminals.

Just like an audio cassette recorder, a TTY may be attached to either the Applications
(A) connector or using a DB25 (see section 3.12), to the Terminal (T) connector
connection (See Figure 3-1). Figure 3-5A shows how the edge connector should be
wired if the TTY will be attached to the "A" connector. Figure 3-5B shows the proper
connections if it will be attached to the "T" connector. Wire the edge connector as
appropriate for your application, then slide it into position. To "log on" to the terminal
enter the following command at the on-board keyboard (not on the TTY keyboard).

YOU KEY IN DISPLAY SHOWS EXPLANATION
(RESET)

(CR) SYLO0 . . Log-on to keyboard
(SHIFT) (JUMP) 1 (CR) blank Log-on to TTY

The TTY should respond with a carriage return and the TTY prompt character, a
period. If it does not, turn off the power and re-check your connections, then power-up
again.

3.11 TERMINAL EXERCISE
After the TTY prints the prompting character (".") as shown on the first line of the

chart below, perform the rest of the steps listed to become acquainted ‘with TTY
operation. You will be entering a portion of the program presented in Section 3.7.
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YOU KEY IN TTY PRINTS EXPLANATION
. Prompt

M 200 (RETURN) M 200 Display contents of location 0200
0200,**,

Cl 0200,**,C1 Store Cl (Hex) in 0200, display 0201
0201,*%,

05 0201,**,05 Store 05 (Hex) in 0201, display 0202
0202,%*,

(RETURN) . Return to monitor

3.12 ATTACHING A CRT

SYM-1 is equipped with an RS-232 interface to facilitate the use of such RS-232
devices as a full-ASCIl keyboard and CRT display. Figure 3-6 shows how the proper
DB25 connector, which may be easily obtained from an electronics supply house or
computer hobby store, should be wired. The location of the interface on the SYM-1
board is show in Figure 3-1. Some older units may need to be wired differently.
Refer to the section on jumper options in Chapter &.

3.13 CRT EXERCISE

Operating a CRT terminal is very similar to operating a TTY. Names of keys and
their functions may vary slightly depending on the device, so you should consult your
CRT operating manual to find which keys correspond to the TTY keys used in the
exercise in section 3.1l1. SYM-1 automatically adjusts to data transmission rates of
110, 300, 600, 1200, 2400, or 4800 baud for CRT operation. To set the baud rate,
enter a "Q" on the CRT keyboard after powering-up (do not press any on-board keys).
The CRT should respond with a ".", the terminal prompt character. Now repeat the
exercise in Section 3.1l using the CRT keyboard.

In this chapter you have made your SYM-1 operational and learned how to attach
several peripheral devices to the system. Let's move on to Chapter 4 and examine
in detail the various features of SYM-1 hardware and software.
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CHAPTER &

SYM-1 SYSTEM OVERVIEW

This chapter will describe your SYM-1 microcomputer system's hardware and software
in sufficient detail to allow you to understand its theory of operation. Each Integrated
Circuit (IC) component on the SYM-1 board is discussed and related to a functional
block diagram. Each functional module is then discussed schematically and the I/O
connectors are described. The system memory is then covered and the software is
discussed briefly. Detailed data on the software itself is found in Chapter 5 of this
manual.

4.1 HARDWARE DESCRIPTION

The SYM-1 microcomputer consists primarily of a 6502 CPU, one or more 6522 Versatile
Interface Adapters (VIA), a 6532 Memory and 1/O Controller and two types of memory
involving any combination of several different components. Because of the flexibility
of the memory structure, it is discussed in a separate section (4.2, below).

In any microcomputer system, all the components work together functionally as well
as being physically interconnected. These connections are illustrated in Figure 4-1, a
block diagram of the SYM-1 microcomputer system.

4.1.1 6502 CPU Description

The Central Processing Unit (CPU) of the SYM-1 microcomputer system is the 6502
microprocessor which is designed around a basic two-bus architecture--one full 16-bit
address bus and an eight-bit data bus. Two types of interrupts are also available on
the processor. Packaged in a 40-pin dual-in-line package, the 6502 offers a built-in
oscillator and clock drivers. Additionally, the 6502 provides a synchronization signal
which indicates when the processor is fetching an instruction (operation code) from
program memory.

During the following discussion of the 6502, you should refer to the Data Sheets in
this manual, which describe the pin connections for all three of the major types of
devices present on the SYM-l microprocessor system.

4.1.1.1 Bus Structure. The 6502 CPU is organized around two main busses, each of
which consists of a separate set of parallel paths which can be used to transfer binary
information between the components and devices in the SYM-1 system. The address
bus transfers the address generated by the processor to the address inputs of the
peripheral interface and memory devices (i.e., the 6522 and 6532 components). Note
that in the Data Sheet for the 6502, the address lines originate at pins 9-20 and 22-25
of the 6502 CPU. These address lines go to pins 2-17 on the 6522 and/or to pins 2,
5-8, 10-15 and 34-40 on the 6532. Since the processor is almost always the only
source of address generation in a system, an address bus is generally referred to as
"unidirectional." That is the case with the SYM-1 microcomputer system. Since the
address bus consists of 16 lines, the processor may read and write to a total of 65,536
bytes' of storage (i.e., program memory words, RAM words, stack, I/O devices and
other information), a condition which is normally referred to as a "64K memory
capacity."

4-1
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The other bus in the 6502 processor is called the data bus. It is an eight-bit bidirectional
data path between the processor and the memory and interface devices. When data
is moved from the processor to a memory location, the system performs a write; when
the data is traveling from memory to the CPU, a read is being performed. Pins 26-33
on the 6502, 6522 and 6532 devices are all data lines connected to the data bus. The
direction of the transfer of data between these pin connectors is determined by the
output of the Read/Write (R/W, Pin 34) of the 6502, This line enables a write memory
when it is "low" (when its voltage is below 0.4 VDC). Write is disabled and all data
transfers will take place from memory to the CPU if the level is high (greater than
2.4 VDC).

One of the important aspects of the 6502 CPU is that it has two interrupt input lines
available, Interrupt_Request (labeled IRQ in the Data Sheet) and a Non-Maskable
Interrupt (labelled NMI).

Interrupt handling is one of the key aspects of microprocessor system design. Although
the idea of interrupt handling is fairly simple, a complicating factor is the necessity
for the processor to be able to handle multiple interrupts in order of priority (usually
determined by the programmer) and not "losing track" of any of them in the process.
These are concepts which you as a programmer-user of the SYM-1 will be concerned
with only in advanced applications. The handling of user-generated interrupts is
discussed elsewhere in this manual. If you do have occasion to alter pre-determined
interrupt handling, it will be helpful for you to understand how the process works for
the two types of interrupts in the 6502.

There are two main differences between the IRQ and NMI signals and their handling.
First, IRQ will interrupt the CPU only if a specific flag--the Interrupt Disable Flag
(D--in the system's Processor Status Register is cleared, i.e., zero. If this flag is
"set"--i.e., one—-the IRQ is disabled until the flag is cleared. But an NMI request (as
its name implies) always causes an interrupt, regardless of the status of the I-flag.
The other main difference between the two types of interrupts is that the IRQ interrupt
is "level sensitive." Any time the signal is less than 0.4 VDC and the Interrupt Disable
flag is cleared, an interrupt will take place. In the case of NMI, the interrupt is said
to be "edge-sensitive" because it is dependent on a sequence of timing events. This
interrupt will occur only if the signal goes "high" (i.e., exceeds 2.4 VDC) and then
goes back to ground (less than 0.4 VDC). The interrupt occurs on the negative-going
transition past 0.4 V.

The Data Sheet contains a summary of the 40 pins on the 6502 CPU and their function.
Note that three of the pins--5, 35 and 36--are not connected on the 6502.

4.1.1.2 Summary. The 6502 CPU is a versatile processor. It was selected for your
SYM-1 microprocessor system because of its overall functional characteristics, which
facilitate its use in a wide variety of applications. Its role in the SYM-1 system will
become clearer when we discuss programming and software in Section 4.3 and in
Chapters 5 and 6.

4.1.2 6522 Description

The SY6522 Versatile Interface Adapter (VIA) is a highly flexible component used on
the SYM-1 module to handle peripheral interfaces. Two of these devices are standard
components on your SYM-1; a third may be added merely by plugging it into the socket
(U28) provided. Control of the peripheral devices is handled primarily through the two
eight-bit bi-directional ports. Each line of these ports can be programmed to act as
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either an input or an output. Also, several of the peripheral 1/O lines can be controlled
directly from the two very powerful interval timers integrated into the chip. This
results in the capability to 1) generate programmable frequencies, 2) count externally
generated pulses, and 3) to time and monitor real time events.

A description of the pin designations on the SY6522 is contained in the Data Sheet

.enclosed with your SYM-1. It should be used in following the discussion of the operation

of the component in the SYM-1 module which follows. The Memory Map of the SYM-1
module (Figure 4-10) will also be helpful during this discussion.

4.1.2.1 Processor Interface. Data transfers between the SY6522 and the CPU (6502)
take place over the eight-bit data bus (DB0-DB7) only while the Phase Two Clock (f2)
is high and the chip is selected (i.e., when CSl is high and CS2Z is low). The direction
of these data transfers is controlled by the Read/Write line (R/W). When this line is
low, data will be transferred out of the processor into the selected 6522 register; when
R/W is high and the chip is selected, data will be transferred out of the SY6522. The
former operation is described as the write operation, the latter the read operation.

Four Register Select lines (RS0-RS3) are connected to the processor's address bus to
allow the processor to select the internal SY6522 register which is to be accessed.
There are 16 possible combinations of these four bits and each combination accesses
a specific register. Because of the fact that the SY6522 is a programmable-addressable
device, these RS line settings, in combination with the basic device address, form the
specific register address shown in the 6522 Data Sheet.

Two other lines are used in the SY6522 interface to the 6502 processor. The Reset
line (RES) clears all internal registers to a logical zero state (except Tl, T2 and SR),
placing all peripheral lines in the input state. It also disables the timers, shift register
and other on-chip functions and disables interrupting from the chip. The Interrupt
Request line (IRQ) generates a potential interrupt to the CPU when an internal interrupt
flag is set and a corresponding interrupt enable bit is set to a logical "1." The resulting
output signal is then "wire or'ed" with other similar signals in the system to determine
when and whether to interrupt the processor. :

4.1.2.2 Peripheral Interface. As we mentioned earlier, peripheral interface is handled
largely over two eight-bit ports, with each of the 16 lines individually programmable
to act as an input or output line. Port A consists of lines PAO-PA7 and Port B of
lines PBO-PB7.

Three registers are used to access each of the eight-bit peripheral ports. Each port
has a Data Direction Register (DDRA and DDRB), which is used in specifying whether
the pins are to act as inputs or outputs. If a particular bit in the Data Direction
Register is set to zero, the corresponding peripheral pin is acting as an input; if it is
set to "1," the pin acts as an output point. '

Each of the 16 peripheral pins is also controlled by a bit in the output register (ORA
and ORB) and a similar bit in the Input Register (IRA and IRB). When the pin is
programmed to act as an output, the voltage on the pin is controlled by the corresponding
bit in the Output Register. A "I" in the appropriate Output Register causes the pin
to go "high" (2.4 VDC or higher), and a zero causes it to go "low (0.4 VDC or lower).

Functionally, reading a peripheral port causes the contents of the appropriate Input
Register to be transferred to the Data Bus.
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The SY6522 has a number of sophisticated features which allow very positive control
of data transfers between the processor and peripheral devices through the operation
of "handshake" lines which involve the use of Peripheral Control Lines (CAI-CA2 and
CB1-CB2). These operations are beyond the scope of this manual; if you are interested
in further information, you should consult the data sheet enclosed.

4.1.3 6532 Description

Like the SY6522 described above, the SY6532 is used on the SYM-1 module to control
peripheral interface. Only one SY6532 is furnished with your SYM-1 and no others
are provided for.

From an operational standpoint, the SY6532 is quite similar to the SY6522. One key
difference, particularly on your SYM-1 module, is the presence of a 128-byte x 8-bit
RAM within the SY6532. This is the location referred to as "System RAM" in discussions
of the software operation and in the Memory Map (Figure 4-10).

A description of the pin designations on the SY6532 is included in the enclosed Data
Sheet. You will notice that, like the SY6522, the SY6532 contains 16 peripheral 1/0
pins divided into two eight-bit ports (lines PAO-PA7 and PB0-PB7). Each of these pins
can be individually programmed to function in input or output mode. IRQ on the
SYM-1 SY6532 is not connected.

The Address lines (A0-A6) are used with the RAM Select (RS) line and the Chip
Select lines (CS! and CS2) to address the SY6532. It is in this addressing that the
SY6532 differs somewhat from the SY6522's on your SYM-1 module. To address the
128-byte RAM on the SY6532, CSl must be high and CSZ and RS must both be low.
To address_the I/O lines and the self-contained interval timer, CS! and RS must be
high and CS2 must be low. In other words, CSl is high and CS2 is low to address
the chip; RS is used to differentiate between addressing RAM and the 1/O Interval
Timer functions. Distinguishing between I/O lines and the Interval Timer is the function
of Address Line 2 (A2), which is high to address the timer and low to address the 1/O
section. Again, the Memory Map in Figure 4-10 clarifies these operations since they
are largely software-directed and address-dependent.

4.1.4 Functional Schematics

Understanding the electrical interfaces among the various components may be of some
interest to you as you use and expand your SYM-1 microcomputer. The figures on
the following pages include segmented schematics, where each figure provides an
electronic overview of the interface between the CPU and its related component
devices and peripherals.

Table 4-1 describes the contents of each figure in this group of schematic segments.



Table 4-1. INDEX OF SCHEMATIC SEGMENTS FIGURES 4-2 TO 4-9

Figure Function/Segment Diagrammed

4.2 TTY and CRT Interface

4-3 Audio Cassette Interface

by Audio Cassette Remote Control
4-5 1/O Buffer

4-6 Keyboard/Display

4-7 Control Section .

4-8 Memory Section

4-9 Oscilloscope Output Driver

Table 4-2 provides, in summary form, a list of the connector points on the four SYM-1
connectors. This allows you to determine pin and connector configurations for various
application options.
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Figure 4-9. OSCILLOSCOPE OUTPUT DRIVER SCHEMATIC
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4.2 MEMORY ALLOCATION

This section describes the standard memory allocation in your SYM-1 microcomputer
system. It makes extensive use of the detailed Memory Map contained in Figure 4-10,
Also described in this section is the technique by which ROM and RAM addressing and
usage may be altered by using an array of on-board jumpers which allow you to modify
and expand your SYM-1 memory. Expanding RAM memory using off-board components
is taken up briefly in Section 4.2.3, although a detailed discussion of this is reserved
for Chapter 8, "System Expansion".

4.2.1 Standard Memory Allocation

Figure 4-10 is a map of the standard memory allocation in your SYM-1 microcomputer.
Provided with your system are 1K of on-board RAM, extending from location 0000 to
O3FF in the Memory Map. Note that the top-most eight bytes (locations 00F8 to
00FF) in Page Zero of this IK block are reserved for use by the system and should
not be used by your programs. The remainder of Page Zero is largely similar to the
rest of the RAM provided, but it also has some special significance for addressing
which will become clearer in Section 4.3. Locations 0100-0lFF in the 1K memory
block furnished with your system are reserved for stack usage. Your programs may
use this area, but you should use it for normal stack operations incidental to operating
your programs. Locations 01FF-03FF are general-use RAM for your program and data
storage.

In addition to the 1K of on-board RAM furnished with your system, sockets are provided
for 3K of plug-in RAM, allowing you to have 4K of on-board RAM memory. These
sockets occupy memory locations 0400-OFFF.

The SUPERMON monitor resides in ROM at memory locations 8000-8FFF. (As you
know, the SY6502 CPU addresses all memory and I/O identically, so that it is immaterial
whether a specific address location is occupied by RAM, ROM or I/O devices.) The
next 4K block, from 9000-9FFF, is reserved for future expasion of SUPERMON, although
you may use those locations if you wish to do so, provided you remember that if you
should obtain an expanded SUPERMON system in the future these addresses may be
used,

Extending from AOQ0-AFFF are the I/O devices on your SYM-1 module. As we have
previously said, each port on the SY6522/SY6532 devices in SYM-1 is an addressable
location. Sheets 2-6 of Figure 4-10 provide you with a detailed Memory Map breakdown
of how these devices are addressed. Note that within the SY6532 is a 128 byte
segment (locations A600-A7FF). This is the RAM which is resident on the SY6532
used by SYM-1 as System RAM. Sheet & of Figure 4-10 describes each memory
location within System RAM in detail; you will need this data if you wish to make
use of the capability of the system for modifications to SUPERMON. These modifica-
tions may include creating your own commands (as described in Chapter 5) which may
be entered as if they were Monitor commands. Other such modifications making use
of System RAM locations are described in Chapter 9 of this manual.

Memory locations BOOO-FF80 may be used by your programs, provided of course you
have expanded memory to fill those address locations (see Chapter 8). Note, however,
that if you plan to obtain the Synertek Systems 8K BASIC module at some later date,
that module will occupy locations CO000-DFFF. You should plan your applications
programs accordingly. Locations FF80-FFFF are reserved for special use by the system,
and should not be used in any of your applications code.




FFFF
|

SYSTEM RAM ECHO LOCATIONS SY6532 ECHO LOCATIONS

} (INTERRUPT VECTORS)
FF80
UNUSED FF800) TFUTURE ADDITION OF ASSEMBLER/EDITOR ROM
E000
DFFF S ’
(FUTURE) FUTURE ADDITION OF 8K BASIC ROM o
¢
€000
.
1o
UNUSED " - 3
g [ oot
BOOC
AFFF
SY6522 VIA #3 (U29) (PAGE 4-25)
ACO0 :
Jg SY6522 VIA #2 (U28) (PAGE 4-24)
ABOO’
{— SYSTEM RAM - SY6532 (U27) (PAGES 4-21 THRU 4-23)
A6001//,SYSTEM 1/0 - SY6532 (U27) (PAGE 4-20)
AAOO;
| sv6522 VIA #1 (U-25) (PAGE 4-19)
4000
(FUTURE) } FUTURE EXPANSION OF 4K SUPERMON MONITOR
[~ — — —= —— — 8FFF
4K SUPERMON OFFF
MONITOR 1K x 8 WRITE PROTECTABLE
8000 (ON ROM) U18,U19 0C00
, 1K x 8 OBFF
o Ul6,U17 WRITE PROTECTABLE
> 0800
O7FF
UNUSED 1K x 8 WRITE PROTECTABLE
Ul4,Ul5 0400
03FF
ol
02FF
1000 r O1FF
f < | OFFF i
i ..
— —— — — ~ T|03FF : STACK 0OFFLUSED BY SUPERMON
S 00F8)MONITOR. (FEE,FF=
0000 - PAGE ZERO MEMORY POINTER)
0000

Figure #-10. STANDARD MEMORY MAP, SYM-1
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REGISTER
SYM
OUTPUT
CONNECTOR
_mngcyggguﬁmsm AOOF 6522 NAWE _ PIN# = SYM PIN NAME
CA 1 NOT USED
TIER AOGE CA 2 AUTO POWER-ON RESET
CB 2 AUDIO REMOTE CONTROL OUT
1 CB 1 NOT USED
FR AOOD
P
CR A0OC
SEE SY6522 DATA SHEET (APPENDIX
ACR AOOB
SR
AODA SYM
CONNECTOR
TZCTH A009 6522 NAME PIN # SYM PIN NAME
TZL-L PA O A-14 APA O
TZC-L A008 FA 1 A-b APA 1
PA 2 A-3 APA 2
PA 3 A-2 APA 3
T1L-H PA 4 A-5 APA 4
A007 PA S A-6 APA 5
PA 6 A-7 APA 6
T1L-L PA 7 A-8 APA 7
A006 :
SYM
T1C-H 6522 NAME SYM CONNECTOR/PIN # PIN NAMI
A005
N PB 0 A-9 APB 0
: PB 1 A-10 APB 1
Tl}’(L A004 PB 2 A-11 APB 2
DATA DIRECTION PB 3 A-12 APB 3
REGISTER A PB 4 A-13 APB 4
A003 PB 5 A-16 APB 5
PB 6 (ON BOARD CASSETTE IN) --
DATA DIRECTION PB 7 A-15 APB 7
REGISTER "B A002
INPUT/OUTPUT
REGISTER A
(CONTROLS HANDSHAKE) A001
INPUT/OUTPUT
REGISTER B A000

Figure 4-10 (Cont'd. MEMORY MAP FOR SY6522 VIA #1 (DEVICE U25)
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TIMER
% 1024T

TIMER
—— 64T

TIMER
2 8T

TIMER
— 1T

N/A (NOTE 1)

N/A

@

N/A

WRITE-EDGE DETECT

READ-INT FLAGS
WRITE-EDGE DETECT

o e e — e e —

READ-TIMER

WRITE-EDGE DETECT

READ-INT FLAGS

WRITE-EDGE DETECT

READ-TIMER

DDRB

OUTPUT
REGISTER B

DDRA

OUTPUT
REGISTER A

A41F

A41E

A41D

A4lC

A41B

A41A

A408

A407

ALO6

A405

A404

A403

A402

A401

A40

Figure 4-10 (Cont'd).

NOTES:

1. "N/A" INDICATES AREAS OF OVERLAP

CAUSED BY SYM-~1 SYSTEM DESIGN
USING ONLY PARTIAL ADDRESS DECODING.
SEE SY6532 DATA SHEET.

SEE SY6532 DATA SHEET

6532 NAME SYM CONNECTOR/PIN SYM PIN NAME

PBO A-Z KBD ROW 1

PB1 A-X KBD ROW 2

PB2 A-V KBD ROW 3

PB3 (ON-BOARD DISPLAY ENABLE/DIABLE)
PB4 (ON-BOARD CRT OUT)

PB5 (ON-BOARD TTY OUT)

PB6 (ON-BOARD TTY IN)

~ PB7 (ON-BOARD CRT IN)

6532 NAME SYM ,GONNECTOR/PIN SYM PIN NAME
PAO A-21 KBD COL. A
PAL A-19 KBD COL. B
PA2 A-Y KBD COL. C
PA3 A-22 KBD COL. D
PA4 A-20 KBD COL. E
PAS A-18 KBD COL. F
PA6 A-W KBD COL. G
PA7 A-17 KBD ROW #

MEMORY MAP FOR SY6532 (DEVICE U27)



SYMBOL

IRQVEC
RSTVEC
NMIVEC
UIRQVC
UBRKVC
TRCVEC
EXEVEC
SCNVEC

URCVEC

INSVEC
OUTVEC

} INVEC

KSHFL
TOUTFL

ADDRESS DEFAULT
VALUE

A67F
A67E
A67D
A67C
A67B
A67A
A679
A678
A677
A676
A675
A674
A673
A672
A671
A670
A66F
A66E
A66D
A66C
A66B
A66A
A669
A668
A667
A666
A665
A664
A663
A662
A661
A660
A65F
A65E
A65D
A65C
A65B
A65A
A659
A658
A657
A656
A655
A654

COMMENTS

IRQ Vector
RESET Vector
NMI Vector

User IRQ Vector
User Break Vector
Trace Vector

'‘Execute' Vector

Display Scan Vector

Unrecognized Command Vector

Not Used

In Status Vector

Qutput Vector

Input Vector

User Registers

Max. No. Bytes/Record, Paper Tape (Note 6)
Last Monitor Command

Trace Velocity (Note 5)

Hex Keyboard Shift Flag

In/Out Enable Flags (Note &)

Figure 4-10. SYSTEM RAM MEMORY MAP, SY6532
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SYMBOL ADDRESS DEFAULT COMMENTS

VALUE
TECHO A653 80 Terminal Echo (Note 3)
ERCNT A652 00 Error Count (Note 2)
SDBYT A651 4C Baud Rate (Note 1)
PADBIT A650 01 Number of Padbits on Carriage Return
PlH A64F 00
PIL A64E 00_
P2H A64D 00 16-Bit Parameters
P2L A64C 00
P3H A64B 00
P3L A6LA 00
PARNR A649 00 No. of Parameters Entered
A648 00
A647 00 Not Used
A646 00
RDIG A645 3F Right-most Digit
DISBUF Abh4ly 86
A643 6E
A642 6D Display Buffer
A64l 00
A640 00
SCRF A63F 00
P Monitor Scratch Locations SCRO-SCRF
SCRO A630 00
JTABLE A62F DO User Socket P3 (Jump Entry No. 7)
A62E 00
A62D C8 User Socket P2 (Jump Entry No. 6)
A62C 00
A62B 03 0300 (Jump Entry 5)
A62A 00
A629 02 0200 (Jump Entry 4)
A628 00
A627 00 0000 (Jump Entry 3)
A626 00
A625 8B NEWDEV (Jump Entry 2) (Note 7)
A624 64
A623 3B TTY (Jump Entry 1)
A622 A7
A621 Co BASIC (Jump Entry 0)
A620 00
SCPBUF A6lF -
GO0 ] Scope Buffer, No Defaults (32 locations)

Figure 4-10. SYSTEM RAM MEMORY MAP, SY6532 (Continued)
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NOTES - SYSTEM RAM

BAUD SDBYT
BAUD RATE- 110 D5
300 4C
600 24
1200 10
2400 06
4300 01
ERCNT - Used by LD P, FILL, B MOV

Count of bytes which failed to write correctly
And invalid checksums up to SFF

TECHO - bit 7 - ECHO/NO ECHO
bit 6 - OUTPUT/NO OUTPUT ' This bit is toggled everytime

a control O (ASCII OF) is
encountered in the input

stream.
TOUTFL - bit 7 = enable CRT IN
bit 6 = enable TTY IN
bit 5 = enable TTY OUT
bit 4 = enable CRT OUT

TV - TRACE VELOCITY
00 = SINGLE STEP

non-zero - PRINT PROGRAM COUNTER AND ACCUMU-
LATOR
THEN PAUSE AND RESUME

PAUSE DEPENDS ON TV
(TRY TV = 09)

USER PC - DEFAULT = 8B4A = RESET

NEW DEV TO CHANGE BAUD RATE ON RS-232 INTERFACE.

Figure 4-10. SYSTEM RAM MEMORY MAP, SY6532 (Continued)
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OUTPUT REGISTER A
(NO EFFECT ON HANDSHAKE

IER

IFR

PCR

ACR

SR

T2C-H

T2L-L
T2C-L

T1L-H

T1L-L

TiC-H

T1L~L

DATA DIRECTION
REGISTER A

DATA DIRECTION
REGISTER B

INPUT/OUTPUT
REGISTER A
{CONTROILS HANDSHAKE)

INPUT/OUTPUT
REGISTER B

A8OF

A80OE

A80D

A80C

A80B

AB0A

A809

A808

A807

A806

A805

AB04

A803

A802

A801

A80

SYM

CONNECTOR
6522 NAME PIN # SYM. PIN NAME
CAl AA-E USER
CA2 AA-4 PLUGGED
CB2 AA-5
CB1 AA-F
SEE SY6522  DATA SHEET
SYM
CONNECTOR
6522 NAME PIN # SYM PIN NAME
PA O AA-D
mloown fum
PA 3 AA-12 PLUGGED
PA 4 AA-N
PA S AA-11
PA 6 AA-M
. PA 7 AA-10
Y
SYM
CONNECTOR
6522 NAME PIN # SYM PIN NAME
PB 0O AA-L
PB 1 AA-9
PB 2 AA-K
PB 3 AA-8
PB 4 AA-J USER
PB 5 AA-T7 PLUGGED
PB 6 AA-H
PB 7 AA-6

Figure 4-10, MEMORY MAP FOR SY6522 VIA #2 (DEVICE U28-USER SUPPLIED)

(Continued)
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OUTPUT REGISTER A

(NO EFFECT ON HANDSHAKE)| AcoF
. SYM SYM
1ER ACOE 6522  CONNECTOR PIN
NAME PIN # NAME
AA-R
IFR ACOD CA 1 AA-P USER
CA 2 SCOPE | o % PLUGCED
CB 2 ouUT
PCR ACOC CB 1 AA-14
ACR ACOB
SEE SY6522 DATA SHEET
SR
ACOA
T2C-H AC09
T2L-L ACO3
T2C-L SYM
6522 CONNECTOR  S¥YM PIN
NAME PIN # NAME
T1L-H ACO7
PA O AA-V (ON~-BOARD W/P MONITOR)
ACO6 PA 1 AA-W (ON-BOARD W/P 2nd 1K)
T1L-L PA 2 AA-X (ON-BOARD W/P 3rd 1K)
PA 3 AA-18 (ON-BOARD W/P 4th 1K)
Tic-H ACOS PA 4 AA-19 (ON-BOARD DEBUG ON)
PA 5 AA-20 (ON-BOARD DEBUG OFF)
PA 6 AA-17 USER PLUGGED
PA 7 AA-U USER PLUGGED
T1L-L ACO4
DATA DIRECTION -SYM
6522 SYM PIN
REGISTER A
ACO3 namE  COPYRCHOR NAME
DATA DIRECTION
REGISTER. B ACO2 PB O AA-16
PB 1 AA-T
INPUT/OUTPUT PB 2 AA-15 USER
REGISTER A ACO PB 3 AA-S PLUGGED
(CONTROLS HANDSHAKE) PB 4 AA-Y
PB 5 AA-21
INPUT/OUTPUT
REGISTER B ACOD gg ? AA-Z BUFFERED)

AA-22

Figure 4-10. MEMORY MAP FOR SY6522 VIA #3 (DEVICE U29) (Continued)
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4.2.2 Address Decoding Jumper Options

Four sockets (labeled P0-P3 on the board) for ROM PROM or EPROM are provided
with your SYM-1. Each socket may contain any of four different types of Read-Only
Memory devices, up to a total of 24K. The four acceptable devices are the SY2716,
the SY2316B, the SY2332 and the SY2364. Each device is slightly different, but they
are all read-only memories. They may appear in any combination on a SYM-I
microcomputer system, provided their total capacity does not exceed 24K. But since
the devices have different memory capacities, it is necessary to alter normal addressing
to accomodate the specific devices selected.

To serve this purpose, we have provided a set of jumpers, located just to the left of
the center of the board and directly under the two 74LS145's, The schematic in Figure
4-11 illustrates each useful jumper combination and Table 4-3 outlines them in greater
detail. (Note that Table 4-3 contains other jumpers available on the SYM-I, not all
of which pertain to memory use.) The broken lines in Figure 4-11 indicate the jumpers

installed at the factory. Note, for example, that the first PROM socket, labeled PO - :

(device U20) is associated with the address group beginning with 8000, (It it were
necessary to change this configuration, you would remove the connection from Pin 1
of the lower address decoder (74LS145) to jumper connection 7-J so that it becomes
associated with a jumper combination which addresses the device you wish to address.
Table 4-3a will assist you in configuring your selection of ROM correctly.

Near the bottom of the board below the speaker unit are four jumpers labeled JJ,
KK, LL and MM. These enable Write Protection on the RAM in the four 1K blocks
available on the board. Jumper 45-MM is factory-installed, enabling Write Protection
on System RAM (the 128-byte block in the SY6532). As you add RAM later, or to
Write Protect any of the on-board RAM aside from System RAM, you must connect
the appropriate jumpers to enable the Write Protect function on the desired memory
locations. RAM may be enabled for Write Protect in 1K blocks.

These jumpers offer you flexibility to adapt the SYM-1 board to your particular
application. The jumpers will give you the ability to do the following:

Use 2K, 4K, or 8K byte ROM or PROM in each 24 pin socket.
Complete flexibility in selecting user PROM addressing.

Ability to auto power-on to any of the ROM/PROM sockets.
Write protect expansion RAM.

4.2.3 Off-Board Expandability

SYM-1 is expandable, on-board, up to 24K bytes of EPROM/ROM memory and 4K bytes
of RAM, with 8K bytes of address space allocated to the on-board 1/O devices. Further
expansion of any combination of ROM, PROM, RAM or I/O can be implemented by
using SYM's "E" (Expansion) connector to attach an auxiliary board containing the
additional devices. Total expandability is limited only by the amount of addressing
capability of the SY6502 CPU, i.e., 64K bytes.

Detailed instructions for implementing off-board expansion are contained in Chapter
8, "System Expansion."

4.2.4 1/O Buffers
Your SYM-1 board comes to you equipped with four specially configured I/O buffer

circuits. (See Figure 4-5.) The circuit configuration and PC Board layout allow the
user to configure these buffers in many ways.
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EPROM/ROM JUMPER LOCATIONS AND USAGES

+5V
16 —
|80 l___A
ulo P All—co—~~A 50|
2 88 :;,—s.:B S
3 30 3>~ C
o=~ J:._—qx:\ \\O—SZI
i 98 Al—c® N B2 s3)
RO BAO +5V4—o8_ £ _s02
o 6 \F
02>AAB R vT—SI2
b7—§o L o7\ Y _g22
74L.5145 b
K70 [ [ S o SR
B B8
RI2— +5v
+5V 00 Ky gz 3K
s p REO ¢y
X co 4 L, o3 23K
ure /u+5v
B e
il + 5V
-3 __DDO B 7 33K
4 DD8 ot o8
5 EO o5 46
| 6 EB o6 47
7 FO
74L.5145 5 8
18
————CONFIGURATION OF DELIVERED VERSION
Figure 4-11. MEMORY ADDRESS DECODING JUMPER OPTIONS
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I

Table 4-3. SYM-1 JUMPERS

: JUMPER POSITION DESCRIPTION
LETTER NUMBER
' A,B,C,D 1,2,3 PROM/ROM Device Select
E,F,G,H 4,5,6 (See Table #4-3a)
J,K,L,M 7,8,9,10,11,12 ADDRESS SELECT
13,14,15,16,17,18 (See Table 4-3b)
N 19 (1) Auto Power-On to U20 (2)
20 Disable Auto Power-On to U20
P 19 (1) Auto Power-On to U2l (2)
20 Disable Auto Power-On to U2l
R 19 (1) Auto Power-On to U22 (2)
20 Disable Auto Power-On to U22
i S 19 (1) Auto Power-On to U23 (2)
i 20 Disable Auto Power-On to U23
: T 21 Enables Monitor RAM at AOxx (3)
u 22 Enables Monitor RAM at F8xx (3)
\' 23 RCN-1 to connector A-N
w 24 Enables Software Debug ON
X 25 Enables Software Debug OFF
AN
Y 26 DBOUT to connector E-17
BB - 31 Connects TTY IN to PB6 @A402
CC 32 Connects CRT IN to PB7 @A402
DD 33 To run TTY @ +5V and GND
i 34 To run TTY @ +5V and -Vn (4)
EE 35 To run TTY @ +5V and -Vn (4)
36 To run TTY @ +5V and GND
FF 37 To run TTY @ +5V and GND
38 To run TTY @ +5V and -Vn (%)
GG 39 To run RS232 @+5V and GND
40 To run RS232 @+5V and -Vn (5)
HH 41 Decode line I8 to connector A-K
J3 42 Enable software write protect 3K block
KK 43 Enable software write protect 2K block
LL 44 Enable software write protect 1K block
MM 45 Enable software write protect monitor RAM
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Table 4-3. SYM-1 JUMPERS (Continued)

NOTES

1 Only one socket (U20, U2l, U22, U23) should be jumpered to position 19 at one
time. The remaining three sockets should be jumpered to position 20.

2 See software consideration of auto power-on in Chapter 9.

3 One or both can be connected at the same time.

4 These positions require a recommended -9V to -15V supply applied to the power
connector pin E. R107 should be adjusted (removed and replaced) for your
proper current loop requirements,

Example: (for 60ma current loops and Vn = -10V)

a. Connect DD to 33

EE to 35

FF to 38

Vn -5V _ (10 -5) _
b. R107 i = o - 100

R107 = 300n (as installed) for 20 ma current loop and Vn=-10V
5 For RS232 devices using other than LM1489 or equivalent input receivers (i.e.,

probably terminals older than ten years) then GG should be strapped to 40 and
a -9V to -15V supply applied to the power connector pin E.
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Table 4-3a. SYM-1 PROM/ROM DEVICE SELECT

" SOCKET SOCKET MEMORY JUMPER POSITION
LOCATION NAME DEVICE LETTER NUMBER
U20 PO 2716 2 2or3
u20 PO 2316 a dor
U20 PO 2332 g -

U20 PO 2364 2 .
vzl Pl 2716 0 2or3
vzl Pl 2316 o Jor
U2l Pl 2332 2 L
vzt Pl 2364 > .
U22 ) 2716 < g or 2
u22 ) 2316 < Zor3
u22 ) 2332 < ;L ,
u22 ) 2364 < .
u23 P3 2716 ° 2or3
u23 P3 2316 b zor?
u23 P3 2332 ° 5o 3
u23 P3 2364 ° :

NOTE: 2716 devices assumes Synertek, Intel or equivalent pin outs.
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2K
Blocks

NOTES:

Table 4-3b. SYM-1 ADDRESS SELECT

High Order SYM-1
Address lines

AAAAAAAA
15 14 13 1211 109 8
1 0 0 0 0 X

1 0 0 0 1

b

o

o

o
X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X

JUMPER JUMPER
NUMBERS (2) LETTERS
Q)
\
33 \\ (1)
A
\
20 . N\ &) Sockets
— NN +5V
98 N 133K
oS B
AQ Onboard 1/0 S U20
A% Onboard 1/O +5V

B0 _

m—®
m—®

X = Don't care.

(1) Broken lines indicate delivered version of jumpers.

(2) Each jumper number represents a 2K address space decode.

(3) Jumper numbers can be wire or'ed to increase the address
space of the CS on any socket (i.e., decoder is open collector.)
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The single-stage circuit consists of a transistor and "circuit positions" for the user to
add resistors, capacitors and dioders in any of many positions. This flexibility allows
inverting and noninverting stages, input-resistive or capacitive coupling and much more.
The user should refer to the schematic and P.C. layout in Figure 4-5a in order to
completely understand this circuit.

4.3  SOFTWARE DESCRIPTION

Software on your SYM-1 microcomputer must be discussed from two perspectives.
First, the SYM SUPERMON Monitor software which handles keyboard display, interrupts
and other requirements for system operation must be understood. We will discuss this
subject in succeeding sections. The second aspect of software is the microprocessor
assembly language with which you will write your applications programs. A brief
introduction to the 6502 instruction set is included later in this chapter.

In this chapter, we discuss the SYM-1 command language syntax only briefly; Chapter
5 contains a detailed discussion of each of the instructions in the set. Chapter 6 will
help you through the process of using these and the 6502 language in applications
programming by describing three selected sample programs.

4.3.1 Monitor Description - General

Figure 9-1 illustrates the general system flow of the SYM-1 SUPERMON Monitor
software. As you can tell, the main program is simple and straightforward. Its purpose
is to direct processing to the appropriate I/O or command routine, and for this reason
it is thought of as a "driver"--it "drives" or directs the software.

The means by which the Monitor handles the direction of software flow is one of the
unique features of the SYM-l system and is worth a brief explanation at this point.
We will discuss the subject in greater detail in Chapters 5 and 8.

When the SUPERMON Monitor receives a one- or two-character command from the
on-board keyboard, TTY or CRT terminal, it then accepts 0-3 parameters associated
with the command. The string of command and parameters (if any) is terminated by
a carriage return. It is noteworthy that each instruction which may be entered by
use of a single key on the on-board keyboard may also be entered with a similar
command from a terminal.

Upon receiving a command and up to three parameters, SUPERMON checks to determine
whether the command and its associated number of parameters is a defined combination.
If so, the command is executed. Otherwise, an error message is printed or displayed
showing the ASCI representation of the command which was not recognized.

For example, a "GO" with one parameter causes the program to pass control to the
program stored at the memory location indicated by the parameter. Thus, a "GO"
followed by "0200" instructs the system to begin executing the instructions stored
starting at memory location 0200. A "GO" with no parameters (i.e., "GO" followed
by a Carriage Return) will cause program execution to resume at the address stored
in the "pseudo Program Counter" (memory locations A659 and A65A).

However, a "GO" command with two or three parameters is not a defined command
in SUPERMON, and will result in a display or message of "Er 47". The "47" is the
ASCII representation for a "G" and is designed to help you define the instruction or
command which was not recognized.
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The monitor is designed so that you can extend the range of defined command-parameter
combinations by "intercepting" the error routine before it executes and designing your
own series of pointers to memory locations to be associated with specific commands.
Thus, you might wish to define a "GET" routine which could be entered at the keyboard
with a "GO" and two parameters. You will learn how to do this in Chapter 9.

4.3.2 Software Interfacing

The SYM-1 Monitor is structured to be device-independent. Special requirements for
device handling are "outside" the Monitor's central control routines, which isolate them
from the Monitor's standard functions. Also, as we have indicated, SYM-1 commands
may be entered from any device. It is not necessary to use the on-board keyboard
to do so. This means you need not concern yourself with the details of 1/0; they are
handled internally.

4.3.3 6502 Microprocessor Assembly Language Syntax

The SY6502 microprocessor used on your SYM-1 is an eight-bit CPU, which means that
eight bits of data are transferred or operated upon at a time. It has a usable set of
56 instructions used with 13 addressing modes. Instructions are divided into three
groups.

Group One instructions, of which there are eight, are those which have the greatest
addressing flexibility and are therefore the most general-purpose. These include Add
With Carry (ADC), the logical AND (AND), Compare (CMP), the logical Exclusive OR
(EOR), Load A (LDA), logical OR with Accumulator (ORA), Subtract With Carry (SBC)
and Store Accumulator (STA).

Group Two instructions include those which are used to read and write data or to
modify the contents of registers and memory locations.

The remaining 39 instructions in the SY6502 instruction set are Group Three instructions
which operate with the X and Y registers and control branching within the program.
You'll learn more about these instructions in the next section. More detailed information
can be found in the Synertek Programming Manual for the SY6500 family.

An assembly language instruction consists of the following possible parts:

Label - Optional. Used to allow branching to the line containing the label
and for certain addressing situations.

Required. The mnemonic is a three-character abbreviation which
represents the instruction to be carried out. Thus the mnemonic
to store the contents of the accumulator in a specific memory
location is "STA" (STore Accumulator).

Some may be required, or none may be allowed. This depends
entirely upon the instruction itself and may be determined from
the later discussion.

Optional. Separated from last operand (or from the command
mnemonic where no operand is used) by at least one blank. These
words are ignored by the assembler program but are included only
to allow the programmer and others to understand the program.

Mnemonic

Operand(s)

Comment

The SY6502 allows 13 modes of addressing, which makes it one of the most flexible
CPUs on the market. Table 4-4 describes these addressing modes briefly. Details
may be found in the Synertek Programming Manual for the SY6500 family.
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You will note that some of the addressing modes make use of Page Zero, a concept
| introduced briefly earlier in this chapter. Page Zero addressing modes are designed
i’ to reduce memory requirements and provide faster execution. When the SY6502
processor encounters an instruction using Page Zero addressing, it assumes the high-order
byte of the address to be 00, which means you need not define that byte in your
program. This technique is particularly useful in dealing with working registers and

intermediate values. As the Memory Map (Figure 4-10, Sheet 1) shows, memory
locations 0000-00FF make up Page Zero.

| 4.3.4 SY6502 Instruction Set

Table 4-5 provides you with a summary of the SY6502 instruction set. Each instruction
is shown with its mnemonic, a brief description of the function(s) it carries out, and
the corresponding "op code" for each of its valid addressing modes. The "op code" is
the hexadecimal representation of the instruction and is what will appear when the
instruction byte is displayed by SUPERMON.

When creating applications programs for your SYM-1, you will typically write them in
the 5Y6502 assembly language mnemonic structure shown in Table 4-5, then perform
a "hand assembly" to generate the "op codes" and operands. The process of hand
assembling code is explained in greater detail in Section 6.2.2. You will be referring
to this table—-or to your SYM Reference Card--quite frequently during programming.

To understand some of the instructions, you should be aware of six "status register"
flags which are set and reset by the results of program execution. Generally, these
flags and their functions are:

N - Set to "1" by CPU when the result of the previous instruction is negative
z - Set to "I" by CPU when the result of the previous instruction is zero
C - Set to "1" by CPU when the previous instruction results in an arithmetic
"carry"
Set to "O" by CPU when the previous instruction results in "borrow"
(subtract)

Also modified by shift, rotate and compare instructions.

1 - When "1," JRQ to the CPU is held pending

D - When "1," CPU arithmetic is operates in decimal mode

v - Set to "1" by CPU when the result of the previous instruction causes an
arithmetic overflow

The Synertek Programming Manual discusses this subject in greater detail.
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CHAPTER 5
OPERATING THE SYM

In this chapter you will learn how to operate your SYM-1. The keyboard functions
are described, formation of monitor commands is discussed, and procedures for using
an audio cassette, TTY or CRT are explained.

As you operate your SYM-1, you will be dealing with the system monitor, SUPERMON,
which is a tool for entering, debugging and controlling your 6502 programs. The
monitor also provides a wealth of software resources (notably subroutines and tables)
which are available to your applications programs as they run on the SYM-1 system.

SUPERMON is a 4K-byte program which is stored on a single ROM chip located at
addresses 8000-8FFF, as you learned in Chapter 4. It also uses locations O0F8-00FF
for special purposes and special locations called "System RAM" located at addresses
A600-A7FF. These usages were outlined in detail in Chapter 4 and in the Memory
Map.

Operationally, SUPERMON gets commands, parameters and data from its input channels
(the HEX Keyboard, HKB; a teletype, TTY; a CRT terminal or RAM memory and
others) and, based on this input, performs internal manipulations and various outputs
(to the on-board LED display, TTY or CRT terminal screen or other peripheral devices).

5.1 KEYBOARD LAYOUT

The SYM-1 keyboard (see Figure 5-1) consists of 28 color-coded dual-function keys.
The characters and functions on the lower half of the keys are entered by pressing
the keys directly. To enter the functions shown in the upper halves of the keys, press
SHIFT before you press the key you wish to enter. Remove your finger from SHIFT
before pressing the second key. Very little pressure is necessary to actuate a key,
and except for DEBUG, you will hear an audible tone when the computer senses that
a key has been pressed. RST will cause a beep after a short delay.
-

The functions included on the SYM-1 provide you with a formidable array of programming
tools. You can examine and modify the contents of memory locations and CPU
registers, deposit binary or ASCIl data in memory, move blocks of data from one area
of memory to another, search memory for a specific byte, and fill selected memory
locations with a specified data byte. You can also store a double byte of data with
a single command, display the two's complement of a number, or compute an address
displacement.

The RST, DEBUG ON and DEBUG OFF keys do not transmit any characters to the
monitor, but perform the functions indicated by their names directly using hardware
logic. :

5.2 SYM COMMAND SYNTAX

As we have indicated earlier, each SYM-1 command entered from the on-board keyboard
or other device may have from 0-3 parameters associated with it. Each command,
with its string of parameters, is terminated by a "CR" (on the HKB) or a carriage
return on a terminal device.
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LD 1 AV
LD P
mamw
S DBL -

CALC FILL
C F
B MOV
B
USR T
1

Figure 5-1. SYM-1 KEYBOARD
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Table 5-1 summarizes the SYM-1 command set. The first column indicates the command,
in both HKB and terminal format. The values (1), (2), and (3) refer to the values of
the first, second, and third parameters entered. The term "old" is used to mean the
memory location most recently referenced by any of the following commands: M, D,
vV, B, F, SD, Sl, S2, SP, L1, L2, LP. All of these commands use locations 00FE and
00FF as an indirect pointer to memory; where a reference to "old" (or (OLD) in some
cases) occurs, the former value remains in the memory pointer locations 00FE-O0FF.

Note that in the second column of Table 5-1 we have provided you with the ASCII
code for each instruction. Several of the commands do not have associated ASCII
codes and use instead a computed "hash code." Hash codes are marked with an asterisk.
You need not concern yourself with the means by which the hash code is determined,
but you should note that SYM will display these values when the commands are entered
with an incorrect syntax, i.e., if you make an error when entering these commands.

Table 5-2 provides you with a brief summary of the additional keys found on the
on-board keyboard of the SYM-1. These are operational and special keys which do
not generally have parameters associated with them, with the exception of the special
user-function keys.

In the discussion of each monitor command which follows, the same basic format is
followed. First, the appropriate segment of Table 5-1 is reproduced, for easy reference.
Next, the command is described in some detail. Examples are used where they will
make understanding the monitor command easier.

Because it is believed that most users of the SYM-l will ultimately use a TTY to
enter and obtain printouts of instruction strings, the remainder of Chapter 5 is designed
to use the TTY keyboard function designations rather than those of the on-board
keyboard. Remember, though, that both keyboards are functionally the same as far
as SUPERMON is concerned. For this reason, we are also using a comma as a delimiter
in the command string; the minus sign on the on-board keyboard (or, for that matter,
on the TTY or CRT keyboard) may also be used for this purpose.

The examples provided were entered from a terminal device. When entering commands
from the HKB, remember to use the (-) key instead of a comma to delimit parameters.
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Table 5-1.

SYM-1 COMMAND SUMMARY

Command| Code Number of Associated Parameters
HKB/TTY | ASCII 0 1 2 3
MEM 4D Memory Exam- | Memory Exam- | Memory Search Memory Search
M ine and mod- ine and mod- for byte (1), in | for byte (1), in
ify, begin at ify, begin at locations (OLD) | locations (2) -
(OLD) (n - (2 ' (3)
REG 52 Examine and
R modify user
registers PC,
S,F,A,X,Y
GO 47 Restore all Restore user
G user registers registers ex-
and resume cept PC = (1)
execution at S = FD, mon-
PC itor return
address is on
stack
VER 56 Display 8 Display 8 Display (1)-(2),
v bytes with bytes with 8 bytes per line,
checksum be- checksum be- with addresses
ginning at ginning at (1) and cumulative
(OLD) checksums
DEP by Deposit to Deposit to
D memory, be- memory, be-
ginning at ginning at (1)
(OLD). CRLF/
address after
8 bytes, auto
spacing
CALC| 43 Calculate 0-(1) | Calculate (1)-(2) | Calculate (1)+(2)-(3)
C or two's com- or displacement | or displacement
plement of (1) with offset
BMOV| 42 Move all of (2) thru
B (3) to (1) thru

(D+(3)-(2)

* HASHED ASCII CODE
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Table 5-1. SYM-1 COMMAND SUMMARY (Continued)
Command| Code . Number of Associated Parameters
HKB/TTY jASCIH 0 1 2 3
JUMP | 4A Restore user reg-
J isters except PC=
entry (1) of JUMP
TABLE, S=FD, mon-
itor return on
stack
SDBL | *10 Store high byte
SD of (1) in (2) + 1
then lo byte of (1)
in (2), good for
changing vectors
FILL 46 Fill all of (2) - (3)
F with data byte (1)
wP 57 Write protect
w user RAM ac-
cording to lo 3
digits of (1)
LDl *12 Load first KIM | Load KIM record (1) must = FF
Ll format record with ID = (1) load first KIM
found into lo- into locations record found,
cations from from which it but start at
which it was was saved location (2)
saved
LD2 *13 Load first hi load hi speed (1) must = FF
L2 speed record record with load first hi speed
found into lo- ID = (1) record found into
cations from (2) - (3)
which it was
saved
LDP *11 Load data in
LP paper tape
format. To
signal end of
file for tape
without EOF
record, type
;00 CR
in on-line mode.
* HASHED ASCII CODE 5-5




Table 5-1. SYM-1 Command Summary (Continued)

Command| Code Number of Associated Parameters

HKB/TTY | ASCH 0 1 2 3
SAVP *1C Save data from -
SP locations (1) -

(2) in paper tape
format. To create
end of file rec-
ord, unlock
punch, switch to
local mode, lock
punch, type ;00
CR

SAVI *1D Save cassette tape

Sl locations (2) - (3)
with ID = (1) KIM
format

SAV2 *1E Save cassette tape

S2 locations (2) - (3)

with ID = (1) hi
speed format

EXEC | 45 Get monitor Get monitor Get monitor input
E input from input from from RAM, starting
RAM, starting | RAM, starting [(3) and store (1) and
(1) (2) and store (2) for later use.
(1) for later
use

* HASHED ASCII CODE
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Table 5-2. OPERATIONAL AND SPECIAL KEY DEFINITION
(ON-BOARD KEYBOARD ONLY)
Key ASCIl or
*Hash Code Description/Use

CR oD Carriage Return (terminates all command strings)

+ 2B Advance eight bytes

- 2D Retreat eight bytes; also used to delimit parameters

—> 3E Advance one byte or register

€« 3C Retreat one byte

USRO *14

USRI *15
All USR keys transmit the indicated Hash Code when

USR2 *16 entered as a command. The same hash codes can be
sent from another terminal by entering UO (two char

USR3 *17 acters, no spaces) through U7 as commands. These
functions are not defined in SUPERMON and will cause

USR4 *18 the monitor to vector through the unrecognized com-
mand vector. See Chapter 9 for instructions on

USR5 *19 using this SUPERMON command feature to program
your own special functions.

USR6 *1A

USR7 *1B

SHIFT None Next key entered is upper position of the selected
key.

RST None System RESET. System RAM reinitialized to default
values

DEBUG ON {None Turn hardware Debug function "ON"

DEBUG OFF|None Turn hardware Debug function "OFF"

ASCII None Next two keys entered (Hex) will be combined to form
one ASCII character (e.g., SHIFT ASCII 4 D followed
by a CR is the same as MEM followed by a carriage
return).

* HASHED ASCI CODE




5.3 SYM-1 MONITOR COMMANDS

5.3.1 M (Display and/or Modify Memory)

Number of Ass

iated Parameters

1

2

Memory Examine
and modify, begin
at (OLD)

Memory Examine
and modify, begin
at (1)

Memory Search for
for byte (1), in lo-
cations (OLD)-(2)

Memory Search
for byte (1), in
locations (2)-(3)

o The standard form for this command uses one parameter and is shown below.

M addr CR

SUPERMON will then display the address and the byte contained in the location "addr."
The following options are then available:

1. Enter 2 Hex digits: bb is replaced and the next address and byte are displayed.

2. Enter single quote (from terminal) and any character: bb is replaced with the
ASCII code for the entered character.

3. Enter »or€~( >or< from terminal):
with its contents, is displayed.

bb is left unchanged and addr+l or addr-1,

4. Enter + or - :

bb is left unchanged and addr+8 or addr-8 with its contents, is
displayed.

5. Enter CR Return to monitor command mode; bb unchanged.

® Another form of the display memory command uses no parameter as shown below:
M CR
This will cause SYM-1 to resume memory examine and modify at (OLD).

e The same memory (M) key may be used to search for a particular byte in memory,
using three parameters in this form:

M bb,addrl,addr2 CR

This instructs the system to search for byte bb from addrl to addr2. When an
occurrence of bb is found, the location and contents are displayed, and all of the
standard M options described above become available. In addition, a "G" entered
following any halt will continue the search.



e Similarly, the two parameter sequence:
M bb,addr CR

will resume memory search for byte bb from (OLD) to addr.

The following examples demonstrate the various uses of memory display/modify com-
mands. Characters entered by the user are underlined.

o3

0B 1%y ik y P

iy

[ ¥
—

v 411 r_l_

GEO0

0201 v
DROZ Y BE
0ROFY 20 )

+

0200 )
020041 v
OROL» A2
OROT ATy

o0 0R00 )
D300y fide <
QEFF s BRy
ORFE o 44y
Q2FDy BBy Y

+

SMOD200 )
Q0041 e 4
QROByF Oy _
Q209 ¢ 06y _
DA0Hy 20 e
D202v43%,3

L3

oM 02000
0200541 2
oMY

D200 ALy L

¢

One Parameter

Display memory location (OLD); return to Monitor

Display memory location A656
Put some data there; return to Monitor

Display memory location 200

Replace data with ASCII code for A

Next location displayed; replace data with ASCII B
Next location displayed; replace data with ASCII C
Return to Monitor

Display memory location 200

Display next location; data unchanged
Display next location; data unchanged
Use space bar for same purpose as arrow

Return to Monitor

Display memory location 300
Display previous location; data unchanged

Return to Monitor

Display memory location 200
Advance 8 bytes and display memory
Space used to advance one location; data unchanged

Reverse 8 bytes and display memory
Return to Monitor

Display memory location 200
Return to Monitor

Display (OLD) which is still 200
Return to Monitor
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Two and Three Parameters

Search for 6C in range 8000-8400

10 FO 07 &8 A S8 28,02

Continue search

Continue search

Halt search
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5.3.2 R (Display and/or Modify User Registers)

Number of Associated Parameters

0 . l 2 3

Examine and mod-
ify user registers
PC,S,F,A,X,Y

o The only pre-defined form of this command is witix no parameters, i.e.:

R CR

As soon as the command is entered, the contents of the PC are displayed as follows:
P 8B4A,

Using a forward arrow (® or >), you may examine the next register. Registers are
displayed in the order PC, S, F, A, X, Y, with wrap-around (i.e., PC is displayed after
Y). Each register except PC carries a Register Number on the display or TTY printout;
S is Rl, F is R2, A is R3, X is R4, and Y is R5 (see example below).

To modify the displayed register, enter two or four digits (four only in the case of
the PC)." The register will be automatically modified and the next will be displayed.
A CR will cause control to return to the monitor for another command.

In the following example, we have modified the contents of the PC register to become
0200, and the A register to be set to 16. The other registers are not modified and
at the conclusion of the complete register cycle and redisplay of PC, a CR is used
to return to monitor command mode.

Sl Display registers

F BRAMy PC; space is used to advance
RL FFy__ S

F2 00y F

R3O0y __ A

R4 00y __ X

RS 00s__ Y

F 8R4As L PC re-displayed; return to Monitor
SRy

FoBE4AY 0200

R1L FFyx

R2 00y _

R3 00v16 Alter PC = 200, A = 16

R4 0003

+
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5.3.3 G (GO)
Number of Associated Parameters
0 1 2 3

Restore all user Restore user regis-
registers and re- ters except PC = (1)
sume execution at S = FD; monitor
PC return address is

pushed onto stack

e The GO command may be used with no parameters to restore all user registers
and begin execution at PC:

G CR
e With one parameter, the command will restore user registers except that PC is set
to addr, S'is set to FD and SUPERMON's return address is pushed onto the stack.

Thus, if a subroutine return is executed, it will result in a return to monitor
command mode (with the user's stack not saved). Its format is as follows:

G addr CR



5.3.4 V_(VERIFY)

Number of Associated Parameters
0 1 2 3
Display 8 bytes Display 8 bytes Display (1)-(2),
with checksum be- with checksum be- |* 8 bytes per line,
ginning at (OLD) ginning at (1) with addresses and
cumulative check-
sums

e VWith one parameter, this command will result in the display of 8 bytes beginning
at addr, with checksum. The format is as foilows:

V addr CR

In this example, bytes stored in locations 200-207 are displayed, along with their
checksum:

Y2000
OR00 41 42 43 20 AF 823 09 ONF3
ORF3

.

Note that on the on-board display, only the two-byte checksum will be visible.
The checksum is a 16-bit arithmetic sum of all of the data bytes displayed. The low
byte is displayed on the data line, and the full checksum on the next. The address
is not included in the checksum.

e With no parameters, the command will display 8 bytes beginning at (OLD).

vV CR

O|Vl)

0200 41 42 43 20 AF 88 C9 OLF3
02F3

¢

e VWith two parameters, the "V" command will display memory from addrl through
addr2. Eight bytes per line are displayed, with cumulative checksums. A single
byte checksum is included on each data line, and a final two-byte checksum is
printed on a new line.

V addrl,addr2 CR

Y 8000y8015

8000 4C 7C 8F 20 FF 80 20 4A»5C
2008 81 20 71 81 4C 03 80 08,06
2010 48 8A 48 BA BD 04.5b

085k

+
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5.3.5 D_ (Deposit)

Number of Assocjated Parameters
0 1 2 3

Deposit to memory, | Deposit to memory,
beginning at (OLD), | beginning at (1)
CRLF/address after
8 bytes, auto spac-
ing

o This command is used for entering data to memory from a terminal. With one
parameter, this command instructs the system to output a CR and line feed and
print addr. As each two-digit byte is entered, a space is output. If you enter a
space (instead of a two-digit byte), you will cause two more spaces to be output,
and that memory location will remain unchanged.

D addr CR

0200,
0200 AY
0208 EE
0210 [0

*

Ld
=

85

85
&0

T
i [ %]
3
L~
<
Dy
TN
% [
3

3
I
nlo:
l

o
L2

35

fas)
tas}
=
EN
(&

o
o

I
;
f

IR

“TI
2%

® As with other commands, the "D" with no parameters will deposit beginning at
(OLD).

D CR

Notice that V and D line up, so that a line displayed with V may be altered with D,
as shown below:

NVO200) Verify contents of 0200-0207

0200 A% 3A 8BS 46 20 13 0B 20509

0209 Checksum

o3 Deposit memory from 0200; space to advance
0200 _ on . 48 _ 80 03 31

LN O200) Re-verify contents of 0200-0207

0200 A% O 85 45 20 80 03 20,43

0243 New checksum

+
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5.3.6 C_(Calculate)

Number of Associated Parameters

0 1 -2 3
Calculate 0-(1), the | Calculate (1)-(2) Calculate
two's complement or displacement (D+(2)-(3) or
of (1) displacement

with offset

This command is used to do Hexadecimal arithmetic. It is very useful in programming
to compute branch operands required for SY6502 instructions.

e With one parameter, it calculates O minus addr (i.e., the two's complement).
C addr CR

e With two ameters, the "C" command will calculate addrl minus addr2 (i.e.,
displacement;.

C addrl, addr2 CR

e With three parameters, the "C" command will calculate addrl plus addr2 minus
addr3 (i.e., displacement with offset).

C addrl,addr2,addr3 CR




5.3.7 B (Block Move in Memory)

Number of Associated Parameters

0 l 2 3

Move all of (2)
thru (3) to (1)
thru (1)+(3)-(2)

e This command is only defined for three parameters and is demonstrated by the
following examples:

B 2005300,320)

Move 300 thru 320 to 200 thru 220.
B 20052205 250)
Move 220 thru 250 to 200 thru 230. No data is lost, even though the regions overlap.

B O220,2000230)

03

Move 230 thru 200 to 250 thru 220. (Note that this move occurs in the opposite
direction. No data is lost.)
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5.3.83 3 (JUMP)

Number of Associated Parameters
0 1 2 3

Restore user regis-
ters except PC=entry
(1) of JUMP TABLE,
S=FD, monitor return
pushed on stack

¢ This command is only defined for one parameter.

JnCR

The parameter, n, must be in the range 0-7. All user registers are restored, except
PC is taken from the JUMP TABLE in System RAM, and S=FD. The monitor return
address is pushed onto the stack.

(Because the monitor return is on the stack, a JUMP to a subroutine is allowable.)

Note also that certain useful default addresses are inserted in the JUMP TABLE at
Reset. (See Memory Map.)

5.3.9 SD (Store Double Byte)

Number of Associated Parameters

0 1 2 3

Store high byte of
(1) in (2)+1 then low
byte of (1) in (2).
Good for changing
vectors

e This command is defined only for two parameters and is most useful for changing
vectors.

SD addrl,addr2 CR

The example below was used to enter the address of the Hex keyboard input routine
into INVEC, in correct order (low byte-high byte). Note that this vector could not
have been altered with M, because after one byte had been altered, the vector would
have pointed to an invalid address,

+SI BPBEyALL61Y



5.3.10 F (Fill)

Number of Associated Parameters

0 1

2

3

Fill all of (2)-(3)
with data byte
(1)

e Defined only for three parameters, this command will fill the defined region of

memory (addrl-addr2) with a specified byte (bb).

F bb,addrl,addr2 CR

For example:

+FEAy200y300)

+

Fill the region 200 thru 300 with the byte EA, which is a NOP instruction.
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5.3.11 W (Write Protect)

Number of Associated Parameters
0 1 2 3

Write protect user
RAM according to
3 digits of (1)

e This command is defined for only one parameter. To unprotect all of user RAM,
the command is:

W 0 CR
Its general form is:
W d

19243 CR

Where each of d;, d,, dy are the digits 0 (unprotect) or 1 (protect).

dl = 400-7FF IK above first K of RAM
ci2 = 800-BFF 2K above first K of RAM
d3 = COO0-FFF 3K above first K of RAM

For example

MLOLY

1 protect 400-7FF

0 unprotect 800-BFF

1 protect COO-FFF

Note that write protect applies to extended user RAM on-board, and also that it
requires a jumper insertion (see Chapter 4).
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5.3.12 E (Execute)

Number of Associated Parameters

1

2

Get monitor input
from RAM, start-
ing at (1)

Get monitor input
from RAM, start-
ing at (2) and store
(1) for later use

at A64C

Get monitor input
from RAM, start-
ing at (3) and store
(1) and (2) for
later user at A64E
and A64C

e The standard form of the execute command uses one parameter.

E addr CR

SUPERMON adjusts its INPUT vectors to receive its input from RAM, beginning at

addr.

It is assumed that the user has entered a string of ASCIl codes into RAM

locations beginning at addr, terminated by a byte containing 00. When 00 is encountered,
input vectors will be restored. The easiest way to enter these codes is to use the M
command with the single-quote option (Section 5.3.1).

When E is used with two or three parameters, the additional parameters will be stored

in system RAM at A64C and AG4E.

(Note that the E command is vectored; see Chapter 9.)

It is the user's responsibility to interpret them.

The sequence at 300 is part of a
commonly used Calculate routine.

Notice that part of this C com-
mand came from RAM, and part
was entered at the terminal.




5.4 CASSETTE AND PAPER TAPE COMMANDS

The SYM-1 handles cassette I/O in two formats, KIM-compatible format (8 bytes/sec),
and SYM high-speed format (185 bytes/sec).

The S1 and L1 commands refer to KIM format, while the S2 and L2 commands refer
to SYM high-speed format.

With each Save command you specify a two-digit ID, as well as starting and ending
addresses. The ID, the addresses, and the contents of all memory locations from
starting to ending address, inclusive, will be written to tape. Each Save command
will create one RECORD.

You should be careful to assign unique ID's to different records on the same tape, and
to label the tape with the ID's and addresses of all the records it contains.

While SYM is searching for a record or trying to synchronize to the tape, an "S" will
be lit in the left-most digit of the display on the on-board keyboard. If the "S" does
not turn off, SYM is unable to locate or to read the requested record.

5.4.1 Sl, S2 (Save Cassette Tape)

Number of Associated Parameters

0 1 2 3

(S1) Save cassette tape,
locations (2) ~ (3)
with ID = (1) in
KIM format

(s2) Save cassette tape,
’ locations (2) - (3)
with ID = (1) in
High Speed format

o These commands are discussed together, as their syntax is identical. Recall that
Si refers to KIM format while S2 refers to SYM high-speed format.

Both are defined only for three parameters.

S2 l:ob,addrs,addre CR

The first parameter is a 2-digit ID, which may be any value other than 00 or FF. It
is followed by the starting address and the ending address. In the example below, all
memory locations from 0200 thru 0280, inclusive are written to tape, and given the
ID 05.

LEB1 52005280

L3
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5.4.2 L2 (Load High-Speed Format Record)

Number of Associated Parameters

0 1 2 3
Load first Hi Speed Load Hi Speed record (1) must = FF.
record found into with ID = (1) Load first Hi Speed
locations from which record found into
it was saved 2 - (3

o The standard form of this command uses one parameter, as follows:
L2 bb CR

The parameter bb is the ID of the record to be loaded. When found, the record will
be loaded into memory, using the addresses saved in the record itself.

If the record bb is not the first high-speed record on the tape, the "S" light will go
out as VIM reads through, but ignores, the preceding records. After each unselected
record is read, the "S" will re-display.

e With no ameters (or a single parameter of zero), the instruction will load the
first high-speed format record found, without regard to its ID, using the addresses
saved in the record itself.

L2 CR

or

L2 0 CR

e The L2 command exists in a third form, using three parameters, as follows:

L2 FF,addrl,addr2, CR

This usage will load a record into a different area of memory from where it was
saved. The first parameter must be FF, followed by the requested starting and ending
address. It is your responsibility to supply addrl and addr2 such that their difference
is the same as the difference of the addresses used to save the record.
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5.4.3 L1 (Load KIM Format Record From Tape)

Number of Associated Parameters

0 1 2 3
Load first KIM Load Kim record (1) must = FF.
format record with ID = (1) Load first KIM
found into loca- into locations record found,
tions from which from which it but start at
it was saved was saved location (2)

o The L1 command, used with zero or with one parameter, is identical in syntax to
the L2 command (see Section 5.4.2, above).

e VWith two parameters, the L1 command is used to load into a different region of
the memory than that with which the record was saved.

L1 FF,addr CR

The first parameter must be FF, followed by the requested starting address. No ending
address is necessary, as the load operation will halt when the end of the record is
found.

5.4.4 SP (Save Paper Tape)

Number of Associated Parameters

0 1 2 3

Save data from lo-
cations (1) - (2) in
paper tape format.
To create end of
file record, unlock
punch, switch to
local mode, lock
punch, type ;00 CR

o Defined only for two parameters, this command will output data from RAM in
paper tape format (see Appendix D).

SP addrl,addr2 CR

For example:

OF 200,218
10020034087 4FRAGERA4AREAAERA4AERAARBAGEROTIH
FOLS021L0ACIRBFAPBIAREOZD

+

5-23




5.4.5 LP (Load Paper Tape)

Number of Associated Parameters

0 1 2 3

Load data in paper
tape in format. To
signal end of file
for tape without
EOF record, type
;00 CR in on-line
mode

e This command is defined for no ameters only. It will load memory with data
in paper tape format (see Appendix D).

LP CR
5.5 USER-DEFINED FUNCTIONS

m as we have previously pointed out, write programs to be called from the
Zr?ioarady;(eyboard. Youpmay do );h?s by using any combination‘ of command and number
of parameters which is not already defined (e.g., B MOV with only two parametersg
or by using any or all of the eight keys along the bottom two rows of .the on-boar
keyboard (those labeled "USR 0" through "USR 7"). The exact means of implementing
these special functions is discussed in detail in Chapter 9.

5.6 ERROR CODES

The SYM-1 microcomputer system handles error codes in an interactive way, with
codes being designed to be determined by the context in which the error occurs. No
table of error conditions and their meanings is therefore provided with this manual,
since these are context dependent.

However, you should be aware of the general method by which errors are handled by
your SYM-1 system.

When your SUPERMON encounters an error of some type, it displays a 2-digit representa-
tion of the byte which was being processed when the error was detected. For example,
if you attempt to carry out a CALC command with no parameters (and you haven't
defined such a routine yourself as explained in Chapter 9), the system will display a
"43." which is the ASCII representation for the "C" which represents the CALC function.
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Similarly, if you attempt to use an ID of 00 or FF with either SAVI or SAV2, the
system will display the ID used in error.

After the "er" message is printed, a new prompt (decimal point) is displayed, and
SUPERMON waits for a new command. Note that you do not need to RESET when
an error condition occurs, since that results in System RAM being cleared and
necessitates a re-start of your routine. It is also worth noting that when you carry
out an EXEC command at the on-board keyboard the system does not halt when an
error occurs; rather, it continues in the same fashion as if new commands were coming
directly from the keyboard. The error condition therefore flashes too rapidly on the
LED display for you to see it. Command sequences to be executed by EXEC should
be pretested prior to such use.

Some fixed error codes do exist in the monitor. Four such codes are used in audio
cassette operations and are defined in Table 5-3. Additionally, if in carrying out
LD P, FILL or B MOV commands you either attempt to store data in a non-existent
or WRITE-protected memory location or if during execution of one of these commands
-a memory error occurs, the LED display will show the number of locations read
incorrectly. This number will always stop at "FF" if it exceeds that number, so that
the display will have some intelligible meaning.

Table 5-3. ERROR CODES IN AUDIO CASSETTE OPERATIONS

Code Displayed Meaning

2F Last-character error. The last character in a tape record
should be a 2F. If that is not the case, the system displays
the error code shown.

cC Checksum error. Usually indicates data transfer problems.
Re-position the tape and try again.

FF In KIM-1 format loading, this error code means a non-
Hexadecimal character has been encountered. This almost
always means a synchronization error. Restart the procedure.

In High-Speed format loading, a framing (i.e., synchronization)
error is the cause. Restart the procedure.

The following examples provide some representative errors to enable you to become
familiar with how they are reported on SYM-! using a TTY or CRT.

|
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WL By 230535000

ER 2C

D200 2%
ER O

B2 FF»200,280 ¥
R FF

*

L2 AAYRO0y 280V
ER AA

?

6000V
6000y 60 5P
6001560y

*

I BOOOY
8000 AAT TINP ¥

°

02005280 %
ER 44

a

oF EAy500046000¥

ER FF

Memory location 400 write protected,
therefore it could not be modified. One
byte only in error.

S2 is not defined for two parameters.
The hash code for S2 is lE.

Three parameters only permitted.

X is not a valid Hex digit.

ID may not be FF or 00.

ID must be FF.

No RAM at 6000, therefore it cannot be
modified.

ROM at 8000, therefore it cannot be
modified

Deposit not defined for 2 parameters.
D = ASCII 44,

No RAM at locations 5000-6000, there-
fore no modification was possible. The
number of bytes which were not correctly
changed is greater than or equal to 255
(decimal).
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CHAPTER 6
PROGRAMMING THE SYM-1

Creating a program on the SYM-1 involves several steps. First, the input to the
program and its desired output must be carefully defined. The flow of program logic
is usually worked out graphically in the form of a flowchart. Next, the symbols on
the flowchart are converted to assembly language instructions. These instructions are
in turn translated into machine language, which is entered into memory and executed.
If (as usual) the program does not run correctly the first time, you must debug it to
uncover the errors in the program. This chapter lllustrates the steps involved in
creating a program to add two 16-bit binary numbers, and provides two other pro-
gramming problems with suggested solutions. All three programs are designed to
communicate basic programming principles and techniques and to demonstrate a pro-
grammer's approach to simple problems.

6.1 HARDWARE

All the sample programs listed here can be loaded and run on the basic SYM-1 with
the minimum RAM. The only I/O devices required are the on-board keyboard and
display.

If a printing or display terminal is available, by all means use it instead of the Hex
keyboard provided. Both types are more comfortable for most users and allow much
more data to be displayed at once.

Connect the terminal cable to the appropriate connector on the left edge of the card
as described in Chapter 3. Verify that the switches on the terminal are set for
full-duplex operation and no parity. The duplexing mode switch will usually be labelied
HALF/FULL or H/F; the parity switch will be labelled EVEN/ODD/NO. If your terminal
has a CRT, wait for it to warm up. To log on to a terminal, enter a "Q" immediately
after reset.

6.2 DOUBLE-PRECISION ADDITION

Since the eight bits of the accumulator can represent positive values only in the range
0-255 (00-FF Hex), 255 is the largest sum that can be obtained by simply loading one
8-bit number into the accumulator and adding another. But by utilizing the Carry
Flag, which is set to "1" whenever the result of an addition exceeds 255, multiple-byte
numbers may be added and the results stored in memory. A 16-bit sum can represent
values greater than 65,000 (up to FFFF Hex). Adding 16-bit rather than 8-bit numbers
is called "double-precision" addition, using 24-bit numbers yields triple precision, etc.

6.2.1 Defining Program Flow

Flowcharting is an orderly way of representing a procedure. Much easier to follow
than a list of instructions, a flowchart facilitates debugging and also serves as a handy
reference when using a program written weeks or months earlier. Some common
flowcharting symbols are shown in Figure 6-1. below.
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INPUT/OUTPUT

PROCESSING

DECISION

TERMINATOR

oL

ON PAGE CONNECTOR

Figure 6-1. COMMON FLOWCHARTING SYMBOLS

The object of our program is to add two 16-bit numbers, each stored in two bytes of
RAM, and obtain a 16-bit result. The sequence of operations the processor must
perform is shown in the flowchart in Figure 6-2.

To accomplish double-precision addition, first clear the Decimal Mode and the Carry
Flags. (The addition is in binary, so the system must not be expecting decimal numbers.
The Carry Flag is used in the program and must start at zero.) Load the low byte
of the first 16-bit number into the accumulator and add the low order byte of the
second number using an Add With Carry (ADC) command. The contents of the
accumulator are the low order byte of the result. The Carry Flag is set if the low-byte
sum was greater than FF (Hex).

You now store the accumulator contents in memory, load the high order byte of the
first number into the accumulator, and add the high order byte of the second number.
The ADC command automatically adds the carry bit if it is set. After the second
addition, the contents of the accumulator are the high order byte of the result. The
example below shows the addition of 384 and 128.

0000 0001 1000 0000 384 (0180 Hex)
0000 0000 1000 0000 128 (0080 Hex)

Add low order bytes: (clear carry)
1000 0000
1000 0000
Carry = 1 0000 0000

Add high order bytes: (carry = 1)

0000 0001
0000 0000
1 CARRY

Carry = 0 0000 0010

Result = 0000 0010 0000 0000 = 512 (0200 Hex)
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START

CL. DEC MODE
CLEAR CARRY

!

LOAD LOW BYTE
Ist NUMBER

!

ADD LOW BYTE
2nd NUMBER

l

STORE LOW
BYTE RESULT

!

LOAD HIGH BYTE
Ist NUMBER

1

ADD HIGH BYTE
2nd NUMBER

!

STORE HIGH
BYTE RESULT

RETURN TO
MONITOR

Figure 6-2. DOUBLE-PRECISION ADDITION FLOWCHART
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6.2.2 Coding and "Hand Assembly”

Once you have flowcharted a program, you may "code" it onto a form like the one
shown in Figure 6-3. SY6502 Microprocessor Assembly Language is described in Sections
4.3.3 and 4.3.4. Additional information is available in the Synertek "Programming
Manual" for the 6500 family. Figure 6-4 shows the coding for our example.

The first step involves finding the SY6502 commands that correspond to the operations
specified in the flowchart. A summary of the commands and their mnemonic codes
is given in Table 4-7. Arbitrary labels were assigned to represent the addresses of
the monitor, the two addends and the sum and entered in the operand field. As
written, the assembly language program does not specify where in memory the program
and data will be stored.

To store and execute the program, you must "assemble" it by translating the mnemonics
into hexadecimal command codes and assign the program to a set of addresses in user
RAM. Performing this procedure with pencil and paper, rather than with a special
assembler program, is "hand assembly".

The SUPERMON monitor begins at Hex location 8000, and the addends and the sum
have been arbitrarily assigned to locations 0301 through 0306. You should note that
the high and low order bytes of a 16-bit number need not be stored in contiguous
locations, although they are in this example.

The program will be stored beginning in location 0200, another arbitrary choice. Data
and programs may be stored anywhere in user RAM. Columns Bl, B2, and B3 represent
the three possible bytes in any 6502 instruction. Bl always contains the Hexadecimal
operation code. B2 and B3 represent the operand(s). Looking at the coding form, you
can see that the CLD and CLC instructions each occupy one byte and that the LDA
- instruction occupies three bytes. On your instruction set summary card, you'll see
that the LDA mnemonic represents several different operation codes depending on the
addressing mode chosen. AD indicates absolute addressing and specifies a three-byte
command. When all the operation codes and operands have been translated into pairs
of Hex digits, the program is ready to be entered into memory and executed.

6.2.3 Entering and Executing the Program

The procedure for entering the double precision addition program is shown below.

YOU KEY IN DISPLAY SHOWS EXPLANATION

(RST)

(CR) SY1.0..

(MEM) 200 (CR) 0200.%*, Enter memory display and modify mode

D8 0201.%%, Store D8 in location 0200, advance to
next location

18 0202.%*, Store 18 in location 0201, advance to
next location

AD 0203, %, .

02 0204 .%*, .

03 0205.%*, .

6D 0206.%*, .

80 0217.%*,

(CR) 217 %%, Exit memory display and modify mode
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The program is now entered. Examine each location to make sure that all values are
correct. Then store the addend values in locations 0301-0304 as shown below. We'll
use the numbers that were used in the example in Section 6.2.1, 0180 (Hex) and 0080
(Hex).

YOU KEY IN DISPLAY SHOWS EXPLANATION

(MEM) 301 (CR) 0301.%*,

01 0302, %%, Enter high order byte, first addend
80 0303, %, Enter low order byte, first addend
00 0304 %*, Enter high order byte, second addend
80 0305.%%, Enter low order byte, second addend
(CR) 305.%%,,

To execute the program, enter the command shown below.

YOU KEY IN DISPLAY SHOWS EXPLANATION

(GO) 200 (CR) g 200. Execute program starting at lo-
cation 0200.

Now use MEM to examine locations 0305 and 0306. Verify that they are high and
low order bytes of the result, 02 and 00. If you find other data at these locations,
you will be pleased to know that the next section of this chapter tells you how to
debug the program.

6.2.4 Debugging Methods

The first step in debugging is to make sure that the program and data have been
entered correctly. Use the MEM command to examine the program starting address,
and use the right-pointing arrow key to advance one location at a time and verify
that the contents of each are correct. If you have a terminal, you can generate a
listing by entering an SP command without turning on the tape punch or by using the
VER command. Also examine the locations that contain the initial data.

If the program and data are correct, but the program still does not execute properly,
you may want to use the SYM-1 DEBUG function. If DEBUG is ON when the execute
(GO) command is entered, the program will execute the first instruction, then return
control to the monitor. The address on the display will be the address of the first
byte of the next instruction. If you again press GO (CR) to execute (do not specify
an address this time), the computer will execute the next instruction, then halt as
before. The program may be executed one step at a time in this manner.

By entering a non-zero Trace Velocity (at location A656), execution will automatically
resume after a pause during which the Accumulator is displayed. Depress any key to
halt automatic resumption.

After certain instructions, you will want to examine the contents of memory locations
or registers. Use the MEM or REG commands, then resume operation by entering
another GO command.

To examine the Carry Flag after the low order addition, for example, use the REG
command as shown below.
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YOU KEY IN DISPLAY SHOWS . EXPLANATION
(oN) unimportant Turn DEBUG function ON
(GO) 200 (CR) 0201.2 . Execute D8 instruction
(GO) (CR) 0202.2 . Execute 18 instruction
(GO) (CR) 0205.2 . Execute AD instruction
(GO) (CR) 0208.2 . Execute 6D instruction, low order
add with carry

(REG) (CR) P 0208. Program Counter

rl Fd. Stack pointer

r2 63. Status register
(CR) 2 63, End register examination
(GO) (CR) 020B.2 . Execute 8D instruction

The Carry Flag is the lowest (rightmost) bit of the Status Register. To determine
whether the flag was set, convert the Hex digits 63 to binary. The result of this
conversion is 0110 0011, and since the low bit is "1", this confirms that the sum of
the two low order bytes was greater than 255 (FF Hex).

You may turn the DEBUG switch OFF after any instruction. When you next press
GO, the program will finish executing.

Since reading from or writing to any 1/O port is the same as reading from or writing
to a memory location, the DEBUG feature may also be used to debug 1/O operations.
When the port address is examined with a MEM command, the two Hex digits that
represent data indicate the status of each line of the port. For example, if the value
C2 is displayed, pin status is as follows:

PIN 7 6 543210

STATUS 1 1 0 0 0 0 1 O
0 = Low
1 = High

For more advanced debugging techniques, including how to write and use your own
trace routines, see Sections 9.5 and 9.6.

You now know how to code, enter, and debug programs on the SYM-1. Let's go look
at two more examples that illustrate useful programming concepts.

6.3 CONDITIONAL TESTING

Most useful computer programs don't go in straight lines -- they don't simply execute
a series of instructions in consecutive memory locations. They do perform different
operations for different data by testing data words and jumping to different locations
depending on the results of the test. Typical tests answer the following kinds of
questions:

1. Is a selected bit of a specified data word a 1 or a 07
2. Is -a specified data word set to a selected ASCIl character or numeric
value?
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The sample program discussed below will answer question "I". It can be patched easily
to answer question "2". You can use the principles you learn in the first two examples
to make many more complicated tests.

Bit Testing

This sample program looks at the word in Hex location 31 and tests bit 3. If bit 3
is set to one, it jumps to location 8972; if bit 3 is zero, it returns to the executive.
Location 8972 is a monitor subroutine that makes the SYM-1 go "beep".

The only problem involved is in isolating bit 3. The simplest way is to use a mask
— a word in memory with bit 3 set and none other. If we logically AND the mask
with the sample word, the resultant value will be zero if bit 3 was zero and non-zero
otherwise. The BIT test performs the AND and tests the value without altering the
state of the accumulator.

Here is the flow chart. The code is in Figure 6-5. The mask (F7 Hex) is in location
30, the test value in location 3l.

GET MASK J

GO TO 8972 | @

yes

no

RETURN

Hint

If you wish to test bit 0 or bit 7 of a byte, you need not use a mask. Simply use a
shift operation to place the selected bit in the CARRY status bit and use a BCC or
BCS to test CARRY. This saves one or more program locations. Note that it alters
the accumulator - you may have to shift it back for later processing.

Character, Value, or Magnitude Testing

To test whether a byte is exactly equal to an ASCII character or a value, use the
Compare command or first set a mask location exactly equal to the character or value.
Then use the EOR command to find the exclusive OR of the two values and test the
result for zero. It will be zero if and only if the values were identical. Note that
this destroys the test value -- keep another copy of it if you must use it again.

To test whether a byte is greater, equal to, or less than a given value, use the Compare
command or set a mask to the test values and subtract it from the test value. The
test value will be destroyed. Test the result to see whether it is positive, negative,
or zero (this takes two sequential tests) and skip accordingly. Try writing a program
that makes a series of magnitude tests to determine whether a given byte is an ASCII
control character (0-1F Hex), punctuation mark, number, or letter. The values of the
ASCIl character set are listed on the summary instruction card.
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6.4 MULTIPLICATION

The sample program described here multiplies two one-byte unsigned integers and stores
the results in two bytes. Note that in any base of two or more, the product of two
numbers may be as long as the sum of the lengths of the numbers. In decimal, 99
X 99= 9801; in Hex FF X FF= FEOI.

Since many programs will involve multiplication, it is not good practice to write a
multiplication routine every time the need comes up. The sample is set up as a
subroutine to allow it to be used by many programs. Serious programmers will usually
wind up with libraries of subroutines specialized for their applications.

How to Multiply

Multiplication is normally introduced to students as a form of sequential addition.
Humans can in fact multiply 22 (decimal) by 13 by performing an addition:

22 + 22 + 22 ... .22 = 286

This technique is of course foolish -- it involves a lot of work and a high probability
of error. It would be easy to write a program that would multiply this way (try it)
but it would be a terrible waste of time.

How then to multiply? We could use a table. Humans use memorized tables that
work up to about 10 X 10:

7 X 8 =56
Humans cannot, however, remember well enough to know that:
22 X 13 = 286

Computers, of course, can "remember" an arbitrarily large table. But the table for
the problem at hand would have FFFF entries, which is far too many for practicality.

Humans solve the problem by breaking the multiplication down into smaller steps. We
multiply one factor, one digit at a time, by each digit of the other factor in turn.
Then we shift some of the partial products to the left and add:

We would multiply the binary equivalents of the numbers the same way:

10110
1101
10110
0
10110
10110
100011110



EN -2

SET TEMP.
RESULT LOCATIONS
TO ZERO

SET X REG
TO 8 (COUNT SHIFTS)

¥

Y

SHIFT LSB OF
MULTIPLIER INTO
CARRY

ARRY ZERO

NO

?

4

CLEAR CARRY

oo

ADD MULTIPLICAND, LO TO RESULT, LO

ADD MULTIPLICAND, HI TO RESULT, HI

) §

. =

oD,

SHIFT MULTIPLICAND, LO
LEFT ONE BIT
(BIT 7 INTO CARRY)

SHIFT MULTIPLICAND, HI
LEFT ONE BIT
(CARRY INTO BIT 0)

Y

HZdoon

DECREMENT
X REG

NO

YES

RETURN FROM
UBROUTIN

*LSB = least significant Bit
= most significant Bit

MSB

Figure 6-6. GENERAL MULTIPLICATION FLOWCHART
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A little figuring will verify that the result is correct. Note that the "tables" for
multiplying binary numbers by a single digit are very simple -- a number times one
is itself; a number times zero is zero. We can multiply, then, by using a series of
additions and shifts, as shown in the flow chart below. The first factor is eight bits
long; the second is extended to two bytes (the high-order byte is zero), and the result
goes into two bytes set initially to zero. The flowchart in Figure 6-6 is general and
not suitable for direct coding.

This procedure could be coded quite easily. Each bit test on the first factor could
be made with a different mask as shown in the previous example. Note, however,
that the same basic set of instructions is repeated eight times, wasting memory space.
A more efficient routine would loop over the same code eight times.

The more efficient routine could also use eight masks, but there's a simpler way.
Simply shift the factor to the left once per addition. The bit to be tested will wind
up in the CARRY indicator, and we can simply test that. Figure 6-7 is a more formal
flowchart of the multiply routine as it is coded that it includes the coding details.
The coding chart is shown in Figure 6-8.

Testing

The listing below shows one way to key in the program. The code occupies the RAM
space from 200 to 222 Hex. The factor come from locations 21 and 22; the product
goes to locations 23 and 24.

Note that the original factors are destroyed by the routine. If it is necessary to
preserve them for other subroutines, simply copy them into unused memory locations
and perform the multiplication on the copies.

Division

Try to write a parallel routine for performing integer division that divides a two-byte
quotient and a two-byte remainder. You may wish to test the remainder and, if its
MSB is one, round the result by incrementing the quotient.

Arithmetic

The examples given so far show some basic integer arithmetic techniques. They may
be expanded easily for double-precision operation. (Multiply two bytes by two bytes
for a four-bit product. Use double-precision addition and fifteen shifts instead of
seven.)



MULTIPLIER = P

MULTIPLICAND = Q

IS BIT O OF P = 1?

NO

ADD TO OUTPUT

1

L o SHIFT Q ONE BIT LEFT

IS BIT 1 OF P = 17

ADD Q TO OUTPUT

Y

e . o SHIFT Q ONE BIT LEFT

.
.
.

(etc., through bit 7)

Figure 6-7. DETAILED MULTIPLICATION FLOWCHART

6-14



ANLLNOA ATALLINW NOISIDFTAL-TTONIS °8-9 2an3rg
TOrIIrON DT @ V8 0D | G sLY o2 ||zzz
Ty AxI/W O o »org oD O< X F/ EZZPY FNg 87 | OC || 222
(Saaqly LNPTID )  AUSIDZIN  X2AN/ LN TH22T xX3d vo {\#/2
[Faan> 22NZ) 1dZ7 A& HIH LHE NS 7oA oz |9z || d/z
NowuIday LIXIN Voo JIZT7 LIHS v/ 7<Y L18AFR2 'z |20 llg/z
UG 1H QU VS TH 205 CA2S b2 | Sa|léz
o2l INFHTS adl IHAtZ L 2aV oz | 52| ¢2
D o TFIATSSY LAY Mo LIFD JH L O va7 bz | SU || sz
TG MOT A vah? A0S OTLID wiC gz | 5&€| £/2
Wzl UINZXYar> dal I/ >ay /2 sl /2
ety K @ITBNISEY LB M7 L7D 7LAO va7 £z (SV||#22
A U7 272 g/ || 72| 9
IEAEE Al 0D INeZIATY TS O = Aeto I/ (T+) 278BZ | oo 75 o8 [592|
T rory aaiotiy A7 e (zz) 2/7 ><S7 F20W 22 Yoz
SIFHMHe Ivoo dL g al X IzT P 2 xa7 go| zv| 822
, + (#2) . . HI (#2) 1#Lr7O (7S Fz | S| 22
N . (2D ” 2rEZY 2UAZ mMET L (£2) G770 (A ez | 59|72
CASE @l (Gz) poutIT] FovNAlS ANPONRL LT5 (2z) 1HV/ LS oz | 59| ze2
WL T PIDY TATLZ | O e va7 1L£70K oo| &V o2
SINIWKOD ANWIAE0 OINOWANW/  TIavT mmeamwmewmw vaay

NN  ATILTrE  NOISISIXY — FTON/S

e ¥

a1va
YIWAYIO0Ud

WY ADO0Ud

NOLLYYOd¥0D SWILSAS NALYANAS

n



CHAPTER 7

OSCILLOSCOPE OUTPUT FEATURE

7.1 INTRODUCTION

Your SYM-1 module is hardware-equipped to allow you to use an ordinary oscilloscope
as a display device. In this section, we will describe the hardware and connections
between the system and the oscilloscope and also provide a listing of a software driver
for this output. This listing is just one way of handling the oscilloscope output; you
may wish to modify it or develop your own.

7.2 OPERATION OF OSCILLOSCOPE OUTPUT

The circuitry shown in the detail on the schematic (Figure 4-9) enables the SYM to
output alphanumeric characters to an oscilloscope. The circuitry is adapted from a
published schematic and was included on the SYM to help relieve the bottleneck found
on most single-board computers, i.e., the 7 segment displays. Many things can be done
with the scope-out circuit, like displaying alphanumeric characters, bar graphs, and
game displays. The alphanumeric output is usually organized as 16 or 32 charaCters,
each character being a 5-by-7 dot matrix. The characters could be English, Greek or
Cuneiform, or could even be stick-men, cars, dog houses, or laser guns.

The "video" signal from the collector of QlO, is 3V peak-to-peak with a cycle time
of about 50 ms (using the suggested software driver included in section 7.3). The sync
pulse which begins the line should synchronize all triggered sweep scopes and most
recurrent sweep scopes. In the driver which follows, sync could be brought out on a
separate pin by replacing the code from SYNC to CHAR with a routine that would
output a pulse on PB4 or some other output line.

7.2.1 Connection Procedures

Connect the oscilloscope vertical input to pin R on connector AA ('scope out") and
connect scope ground to pin | of connector AA (SYM ground). Start the software and
adjust the scope for the stable 32-character display. If the sync pulse was output on
PB4, connect the scope's trigger to pin 4 of connector AA.

7.2.2 Circuit Operation

The operation of the circuit is simple. Basically, the circuit is a sawtooth waveform
generator whose output is sometimes the sawtooth and sometimes ground. The sawtooth
is generated by the current source, Q9-Q17-R42-R43, charging C9. When C9 gets up
to about 3V the discharge path, Q19-Q18-R41-R#44, shorts it back to ground due to a
pulse sent out by CA-2. The sawtooth waveform is shown below and forms the columns

of the display. ‘/\/\/\/\/\/\/\/\/\/

By pulling the sawtooth to ground with Ql0 any columns or portions thereof can be
"removed" from the display. The result of this can be seen below:

AN/ =SS

The sawtooth is pulled to ground by bringing CB-2 high.
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Because Q10 in the "ON" state will cause loading of C9 (thru R45) and C9 will charge
a little more slowly, the time for a "dark" column should be slightly longer than for
a "light" column.

If more than 8 vertical dots are desired, the charging rate of C9 must be slowed by
lowering the charging current. R#42 controls the charging current and can be increased
up to about 10K before the loading effects of R&45 get completely out of hand.

7.3  USING OUR SOFTWARE

The program listing in Table 7-1 is one way of handling oscilloscope output. After
entering the program and character table and attaching an oscilloscope to the scope
output, enter the following commands:

Comments
.SD 500, A670(CR) Change SCANVEC. (DISPLAY GOES BLANK)
.SD 38C, A664(CR Change OUTVEC.
.SD 560, A661(CR Change INVEC.
Now enter any stream of characters from the HKB to fill SCPBUF.
Put the scope input on AC couple and the trigger on DC couple. Adjust the time
base, attenuation, and trigger until the display becomes readable. If your screen is
very small, you may wish to change the number of characters per line by adjusting
the value at location $0506.
Example: Creating translation table for scope driver.

Character: E (Greek capital letter sigma)
1 2 3 4 5

Dot

O NWF AN

C A 9 8 C Hex Equivalent
6 A 2 2 6

Each byte corresponds to a single column, with each bit corresponding to a single dot.
sigma = $C6, SAA, $92, $82, $Cé

Bit p is always § to raise the character off of the Ground line.



Table 7-1. OSCILLOSCOPE OUTPUT DRIVER SOFTWARE LISTING
LINE # LOC ConE LINE

0002 06000 §
0003 0000 $
0004 0000 ] '; I:YTL”': FE
0005 0000 ¥ OENTRY JLINES IS ANALOGOUS TO “SCANDS
0006 0000 i BLLﬂw hUUTlNIH Hth ANIE HDOUT INTERFACE TO HEX Kh
¥
y
§

:f IlP\ l\)l R OGA0L/78
: ST OIN TABLE SYMBLS
[Hhh

0007 0000 S OFOR MEX KR

0008 0000 TARLE IN MONITO y
0009 0000 S A MaxX OF 51 CHARS
0010 0000
0011 0000 i
0012 0000 GETKEY
0013 0000 KEYG
0014 0000 A
0015 0000
Q01és 0000
0017 06000
0018 0000 [ (R
2019 0000 TXTCTR
0020 Q000 COLCTR
00’1 Q000 TEXT
0000 SYMBLS
0000

0500 AY EE LINE

TU h
¢ CAN ad

sOAZyCRD = SCAPE

M
TaBLE

GY S RaM

RLSCHARGE Cak

OOQ!

0026 ]

0027 0807 8 FE 03

0028 0500 te 0 SYNG
0029 OF gn oC &t
0030 pe
0031
0032
0033
003§\
0035
0034
0037
0038
0039
0040
0041
0042
0043
0044 :
0045 OB2R 8! FF 03
0046 O5G2E AY EE COLUMN lhh
0047 0330 8D 00 AC S8TH FORS
0048 08933 CE FF 03 DEC COLCTR
0049 0336 30 InC BMI CHAR FRRANCH IF DONE W/é COLS
0050 05338 DO 02 BHE COLUF

0051 033A A2 00 LOX $#0 FINTER CHAR SFaGCE

0052  0B3C A% EC COLUF  Lhe #$EC sATART RaMk WP ...

0053  O5S3E 8D OC AC 8ThA FCR3 ¥ee s BUT HOLD DOT DOWH
0054 03541 ES8 ITNX sNEXT COL

0055 08542  8A TXA sOAVE X

0056 0543 48 FHA

b DHARS FER L LME

FUHARGE Lok FOR SYNE

LI0.Y FLONG DELAY !

CHAR FLOOP HERE FOR CH&R

oA RETURN

FOIMFG DA TEXT-1»X

SRLFACTURER

z For COLS
SUHARGE

Car




L. INE

Q07
0058
Q059
Q060
0061
G062
03063
3064
O0AS
Q066
D0E7
D068
Q&Y
QO70
D071
Q072
073
DO7 A
D07
0076
Q077
D078
DO7Y
QOEO
QO
QO&
QO3
Q04
3085
OO
Q0
088
o8y
[STeL2)
Q0%
DO
QOY3
DO 4
DOYE

b

i &

0097

Table 7-1. OSCILLOSCOPE OUTPUT DRIVER SOFTWARE LISTING (Continued)

1.0OC

0544
0547
0549
OL4A
05 AC
05411
05 4F

Bh
AD
88
30
4h
B
(298]
no
Az

CODE
'2:’ lZI'
08
OF

04
EC
02
e

03

LINE

noT

DARK

LIGHT

CLEAN

CMF
BME
JHF
YROCH
LI

GOTX

GOODn

HOQUT

SYMBLS-1eX
8

CLEAM

7-4

yGET GO
§COUNT

SNEXT I
A i
§ FULL

0

FOUTFUT

FRESTOR

sGET KE

L

§BELLY

FROT TN

5 TABLE

§OLLST
FHHUVE

sCHAaR T

L
noTs

aT
|
UTFUT

IN CaARRY
HTy ©
L.OW

FOLLWES RAMP UF

EX

Y o4 ECHD
P RUF

0
F RO

Ttk

NOT COMT MU0

HESCONTINULTY

SUFEURF DOWM

W}

RUE

CLEAR =

ABLEL

SEMGLE

Ak




@r mr cer wr S G SR

JEYT
JRYT
CEYT
JEYT
JRYT
CEYT
JEYT
SEYT
JEYT
JEYT
JEYT
JEYT
JEYT
JEYT
CRYT
N
CRYT
JRYT
JEYT
JEYT
JEYT
JEYT
JEYT
JBYT
JBYT
JBYT
YT
JEYT
JEYT
SRYT
CBYT
JEYT
JEYT
JRYT
CBYT
JEYT
JRYT
JEYT
JEYT
JEYT
JEYT
CEYT
JRYT
JHYT
JBYT
JRYT
JRYT
JEYT
JEYT
JEND

8XE MATRIX
CONTAING
87T BYTE OF

IR
EACH

d=5400
HOQGe b4y %

HAE y ‘Ji‘;':’ »BRL
‘I»‘}Q y 32

Table 7-1.

CHAR SET
Akl HEX KB
TARLE
T BYTE

TOF

FTRS
MG

CHAR &

4 ALLOCATED
A2y 470
$O2v B0 ()

FO0 s $7C v 697

U y hA4Q»
Sy kO

HECy

I:Uf’h

‘|)44 v b A?. ¥ fl:“..l. y ~|’8|’\ v 44
$10yH10v 7041 0»%10
BOO 2y F 1Oy $28 v 444, $82
HOO s Q0 v Q0 $00» $00
HFEy SO v 5029y $02» $02
FAA» bAR s P2 EBAy $ 44
HFFE 5040 $OB $04 0 $FE
BFFE 02 $02+ 02402
FA4 s FAD VP2 $BAY $A4
$00y 506 $0H» H00y 400
H#O0r OOy BNy $00» $0O0
$40» $B30r$8AyEF0 v H6HO
HFE s 6902 390590 $60

FOR S
CHA
MUsT
noTs

Tf] l Hmu”t( TER

o

OFELENE DIRTVER
00

TMOST
LER = Qv

COLUMN
BIT 1

H
%

SET

R RO

ERSEE A
iR
sl
I

|53 B0

R I

(33

T E

[
&l
DECTMAL
BLANK

lQUI STION

> R R NEr e R NSH SR e WR R e

]
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CHAPTER 8
SYSTEM EXPANSION

This chapter discusses the means by which you can expand your SYM-l microcomputer
system by adding memory and peripheral devices to its basic configuration. By now,
you realize that data access, whether from RAM, PROM or ROM is a function of
addressing interface devices (i.e., 6522's and 6532). Hardware has been built into your
SYM-1 module to allow large-scale expansion of the system. A thorough understanding
of the SYM-1 System Memory Map (Figure 4-10) will aid considerably in understanding
how to expand your system.

8.1 MEMORY EXPANSION

Your SYM-1 module comes equipped with 1K of on-board RAM. It also contains all
address decoding logic required to support an additional 3K on-board with no changes
by you. In other words, to add 3K of on-board RAM, all you need to do is purchase
additional SY2114 devices and plug them into the sockets provided on your board.
Your PC board is marked for easy identification of 1K memory blocks. RO equals
the lower 1K block and R3 equals the upper IK block. LO means low order data lines
(D0-D3) and HI means high order data lines (D4-D7).

You will recall that the lowest 8K memory locations are defined by an address decoder
included on your SYM-1 module (a 74LS138). The eight outputs of this decoder (00-IC)
each define a 1K block of addresses in the lowest 8K of the Memory Map. Four of
the outputs (00, 0%, 08, 0C) are used to select the on-board static RAM. The remaining
four outputs (I0, T%, 18, IC) are used to interface to the Application Connector
(Connector "A"), where you can use them to add another 4K of off-board memory.
Again, no external decoding logic is required. By this simple means, you can convert
your SYM-1 module into an 8K device quickly. Figure 8-1 shows you how to interface
these decode lines at the connector for your SYM-1 system.

To go beyond this 8K size, conceivably up to the maximum 65K addressability limit
of the SYM CPU, you could build or buy an additional memory board with on-board
decoding logic. In this case, you will use the Expansion Connector (Connector "E") in
a manner shown schematically in Figure 8-2. Note that the three high-order address
bits (AB13-AB15) not used in the earlier expansion are brought to this connector as
shown. These are then used with a decoder to create outputs MO through M7, which
in turn are used to select and de-select additional decoders (line receivers). You need
add only as many decoders (one for each 8K block of memory) as you need for the
expansion you require.

Incidentally, the line receivers shown in Figure 8-2 are provided for electrical reasons.
There are loading limitations on the address bus lines of the 6502 CPU, which require
the insertion of these receivers. (For your information, each 6502 address line is
capable of driving one standard TTL load and 130pf of capacity.)

You should make a careful study of the loading limitations of the required SYM-1 lines
before deciding on memory expansion size and devices. It is likely you will want to
use additional buffer circuits to attain "cleaner" operation of your expanded memory
in conjunction with your SYM-1 system.
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4K MEMORY EXPANSION

10 KX 8
745;133 108 'K X8l svm-10N BOARD RAM
2108 K X 8
e K X8
ABIO| 5 4|10
ABII|g 514
ABI2| - 6l 1B
Gl A<
a4
fL [is]®
41
[U]k[H]F[e]o]c]B]e——APPLICATION CONNECTOR
ABI3 12| 18|18 18
ABI4 )\ 3 AVAILABLE FOR
ABIS 4K EXPANSION
74L527

Figure 8-1. 4K MEMORY EXPANSION
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MEMORY L0 EXPANSION TO 65K

4K RAM ON
SYM-1
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Figure 8-2. MEMORY - I/O EXPANSION TO 65K
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8.2 PERIPHERAL EXPANSION

As you already know, the SYM-l microcomputer system includes 51 I/O lines. This
means, theoretically, that you could drive as many as 51 peripheral lines (plus 4 control
lines) with your SYM-1.

Using either Application Connector ("A" or "AA"), you can add most commercially
available printers or other devices requiring parallel interfaces, although you will have
to create your own software driver for the printer. Since the provision of that driver
is, to some -extent, dependent upon the printer you purchase, we do not attempt to
discuss the implementation of the software in this manual.

You can expand your SYM-1 system's peripheral 1/O capability easily and quickly merely
by installing an additional SY6522 in the socket provided for that device. This will
ive you 16 additional on-board data lines with no requirement for additional work
beyond the software driver) on your part. To go beyond that level, you must use the
Expansion Port (Connector "E") described earlier.

Again, we emphasize that the proper understanding and use of the Memory Map in
Figure 4-10 will allow you to use your imagination in expanding the I/O capability of
your SYM-1 system. Its flexibility is extremely broad and the fact that all 1I/O and
memory are handled as an addressing function allows you expandability to the full
capability of the 6502 CPU itself.
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CHAPTER 9

ADVANCED MONITOR AND PROGRAMMING TECHNIQUES

This chapter contains information which you will find useful as you explore the more
sophisticated capabilities of your versatile SYM-1 microcomputer system. As we have
pointed out many times, the SYM-1 is the most flexible and expandable monitor of
its kind, The SUPERMON monitor uses transfer vectors and other techniques to allow
you to modify its operation, and these are provided in detail in this chapter. In
addition, the extended use of debug and trace facilities, which are invaluable tools as
your programming skill advances, are explained. The use of the Hex keyboard provided
on your SYM-1 for configurations using a printer (or other serial device) without a
keyboard is also described. And last, an example and discussion of extending
SUPERMON's command repertoire.

9.1 MONITOR FLOW

SUPERMON is the 4K byte monitor program supplied with your SYM-1. It resides in
locations 8000-8FFF on a single ROM chip. It shares the stack with user programs
and uses locations 00F8-00FF in Page Zero. In addition, it uses locations A600-A67F
(RAM on the 6532), which are referred to as 'System RAM'. Since these locations are
dedicated to monitor functions SUPERMON write protects them before transferring
control to user programs.

The flowcharts in Figures 9-1 through 9-5 will demonstrate the major structure of
SUPERMON. You will notice that GETCOM (and its entry, PARM), DISPAT, and
ERMSG are subroutines, and therefore available for your programs' use. Note that a
JSR to ACCESS to remove write protection from System RAM is necessary before
using most monitor routines. Also, notice that the unrecognized command flow (error)
is vectored. Thus, you can extend the monitor with your own software.

9.2 MONITOR CALLS

SUPERMON contains many subroutines and entry points which you will want to use in
order to save memory and code and avoid duplication of effort. Table 9-1 is a summary
of calls and their addresses.

The three calls which you will most commonly use are:

JSR ACCESS (address 8B86) (must be called before using LED display)
JSR INCHR (address 8A1B)
JSR  OUTCHR  (address 8A47)

ACCESS is used to unwrite-protect system RAM. In performing the input/output, these
routines save all registers and use INVEC and OUTVEC, so all you need be concerned
with when using them are the ASCII characters passed as arguments in the accumulator.

9.3 MONITOR CALLS, ENTRIES AND TABLES

Table 9-1, which occupies the next several pages of this Chapter, provides you with
a comprehensive list of important subroutine symbolic names, addresses, registers and
functions of SUPERMON monitor calls, entry points and tables. With this data, you
can more easily utilize SUPERMON to perform a wide variety of tasks. All (except
those marked with an asterisk) are callable by JSR.
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Table 9-1. MONITOR CALLS, ENTRIES AND TABLES

REGISTERS
NAME ADDRESS ALTERED FUNCTION (S)
*MONITR 8000 Cold entry to monitor. Stack, D flag initialized,
System RAM unprotected.
*WARM 8003 Warm entry to monitor
USRENT 8035 User pseudo-interrupt entry - saves all registers

when entered with JSR. Displays PC and code 3.
Passes control to monitor.

SAVINT 8064 ALL Saves registers when called after interrupt. Re-
turns by RTS.

DBOFF 30D3 AF Simulates depressing debug off key.

DBON 80E4 AF Simulates depressing debug on key.

DBNEW 80F6 AF Release debug mode to key control.

GETCOM 8&0FF AF Get command and 0-3 parameters.

No error: A=0D (carriage return)
Error: A contains erroneous entry.

DISPAT  8l14A AF Dispatch to execute blocks.
Dispatch to URCVEC if error.
At return, if error: Carry set, A contains byte in

error.
ERMSG 8171 F If Carry set, print (CR)ER NN, where NN is con-
tents of A.
SAVER 8188 None Save all registers on stack. At return, stack looks
like: F (See paragraph 9.9)
A
X
Y
*RESXAF 81B8 restored Jumped to after SAVER, restore registers from

stack except A,F unchanged, perform RTS.

*RESXF 8IBE restored Jumped to after SAVER, restore registers from
stack except F unchanged, perform RTS.

*RESALL 8IC# restored Jumped to after SAVER, restore all registers from
stack, perform RTS.

INBYTE 81D9 AF Get 2 ASCII Hex digits from INCHR and pack to
byte in A. If Carry set, V clear, first digit non-Hex.
If Carry set, V set, second digit nonHex. N and
Z reflect compare with carriage return if Carry
set.

*Do not enter by IJSR.
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Table 9-1. MONITOR CALLS, ENTRIES AND TABLES (Continued)

NAME ADDRESS REGISTERS FUNCTION (S)

PSHOVE 8208

PARM 8220

ASCNIB 8275

OUTPC 82EE
OUTXAH 82F4
OUTBYT 82FA
NIBASC 8309
COMMA  833A
CRLF 834D

DELAY 835A

INSTAT 8386

GETKEY 88AF

HDOUT 8900

KEYQ 8923

KYSTAT 89A
BEEP 8972

HKEY 89BE

*Do not enter by JSR

X,F

A,F

AF

A,X,F

A,X,Y,F

A,F

A,F
None

A,F

Shove Parms down 16 bits;
Move: P2 to Pl

P3 to P2

zeros to P3

Get 0 to 3 parameters. Return on (CR) or error.
A contains last character entered. Flags reflect
compare with (CR).

Convert ASCII character in A to % bits in LO
nibble of A. Carry set if non-Hex.

Print user PC. At return, A=PCL, X=PCH.
Print X,A (4 Hex digits)

Print A (2 Hex digits)

Convert LO nibble of A to ASCII Hex in A.
Print comma.

Print (CR) (LF).

Delay according to TV. (Relation is approximately
logarithmic, base=2). Result of INSTAT returned

in Carry.

If key down, wait for release. Carry set if key
down. (Vectored thru INSVEC)

Get key from Hex keyboard (more than one if
SHIFT or ASCII key used) return with ASCII or

HASH code in A. Scans display while waiting
(vectored through SCNVEC).

ASCII character from A to Hex display, scan display
once, return with Z=1 if key down.

Determine if key down on Hex keyboard. If down,
then &&. = = O i Mo},

Determine if key down. If down, then Carry set.
BEEP on-board beeper.
Get key from Hex keyboard and echo in DISBUF.

ASCII returned in A. Scans display while waiting
(vectored thru SCNVEC)
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Table 9-1. MONITOR CALLS, ENTRIES AND TABLES (Continued)

NAME ADDRESS REGISTERS FUNCTION (S)

OUTDSP 89Cl
TEXT 8A06
INCHR 8AlB
NBASOC 8A44
OUTCHR 8A47

INTCHR 8A58

TSTAT &B3C

*RESET  8B4A

*NEWDEV 8B64
ACCESS 8Bg6
NACCESS 8B9C
*TTY 8BA7

*DFTBLK 8FAO0°

*ASCII 8BEF

*SEGS 8C29

*Do not enter by ISR

SPACE S3H

None

A,F

None

A,F

AF

All

None
None
A,X,F

Table

Table

Table

NeNZ

Convert ASCH in A to segment code, put in
DISBUF.

Shove scope buffer down, push A onto SCPBUF.
Get character (vectored thru INVEC). Drop parity,
convert to upper case. If character CTL O (0F),
toggle Bit 6 of TECHO and get another.

Convert low nibble of A to ASCII, output (vectored
thru OUTVEC).

Output ASCH from A (vectored thru OUTVEC).
Output inhibited by Bit 6 of TECHO.

Get character from serial ports. Echo inhibited
by Bit 7 of TECHO. Baud rate determined by
SDBYT. Input, echo masked with TOUTFL.

See if break key down on terminal. If down, then
Carry set.

Initialize all registers, disable POR, stop tape,
initialize system RAM to default values, determine
input on keyboard or terminal, determine baud rate,
cold monitor entry.

Determine baud rate, cold monitor entry.
Un-write protect System RAM.

Write protect System RAM.

Set vectors, TOUTFL, and SDBYT for TTY.

Default block - entirely copied into System RAM
(A620 - A67F) at reset.

Table of ASCII codes and HASH codes.

Table of segment codes corresponding to ASCII
codes (above).

PRrivTs =SPRAT
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MAIN MONITOR FLOW

MONITOR
INIT S, P
r———P» UNPROTECT
SYSTEM RAM
WARM

———  P» Get command
. an - arameters
—§p» ISR GETCOM | @Q————————and 0-3 p

Y

> Dispatch to execute
JSR DISPAT block or unrecognized
« command vector.
+ Set Carry if error
—————— 9 Print 2 digit representation
JSR ERMSG ‘ of Accumulator if carry set.

RESET/POWER ON

POWER ON or
RESET
ENTRY

Perform all initialization,
including move default values
to System RAM

Go to Main Monitor

Figure 9-1. MA;NS MONITOR FLOW



GETCOM

PRINT CRLF |-

¥

GET CHAR

GET SECOND
> CHAR
no
STORE CMDlq Y TE
IN LSTCOM (HASH CODE)
y
PRINT SPACE
ZERO THE PARAMETERS j{eep. PARM

Figure 9-2. GETCOM FLOWCHART
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PARNR =0
GET CHAR

VALID HEX
0-F?

CONVERT TO
BINARY

|

ROL 4 BITS
INTO P3

yes

SHOVE ALL
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Pl = P2

P2 - P3

P3 = 0

INCREMENT

PARNR
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ENTERED
IS IN ACC

no -

Figure 9-3. PARM FLOWCHART
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DISPAT

no

yes

9_9Q

v LOAD LSTCOM
INTO ACC
LOAD PARNR
INTO X
es yes ’
0 Y PERFORM
o URCVEC
yes
0 &2 PERFORM
URCVEC
no
0 es es PERFORM
URCVEC
no
es
0 DEFINED PERFORM
no
no URCVEC
& URCVEC
Figure 9-4. DISPAT FLOWCHART



ERMSG

no
RETURN

yes

PRINT
CRLF

Y

PRINT
E,R,SPACE

Y

PRINT 2 DIGITS FROM
ACCUMULATOR

RETURN

Figure 9-5. ERMSG FLOWCHART
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9.4 VECTORS AND INTERRUPTS

A concept which is very important in understanding the SY6502 and SUPERMON is
that of a transfer vector. A transfer vector consists of two or three locations at a
fixed address in memory. These locations contain an address, or a Hex 4C (JMP) and
an address. The address is in low-order, high-order byte order.

As an example, consider the function of outputting a character. In some cases, the
character is to go to the display, in others to a terminal device. The action required
in each case is radically different. It would be inefficient, in code and in time, to
make the decision before outputting each character. The solution is a transfer vector.
Whenever SUPERMON must output a character, it performs a JSR to OUTCHR.
OUTCHR saves all registers, then performs a JSR to OUTVEC (at A663, in System
RAM). If you are working at the Hex keyboard OUTVEC will contain a JMP HDOUT.
HDOUT is the subroutine which will enter a character, in segment code, into the
display buffer. If you are using a TTY or CRT, OUTVEC will contain a JMP TOUT.
TOUT is the subroutine which sends a character, one bit at a time, to the serial 1/0
ports. When HDOUT or TOUT performs an RTS, control passes back to OUTCHR.
OUTCHR restores the registers and performs an RTS, returning control to the caller.

Notice that the calling routine need not worry where the output is going. It is all
taken care of by OUTCHR and OUTVEC.

When a vector is to be referenced by a JMP Indirect, only two bytes are required.
Two-byte vectors are normally used only for interrupts.

An INTERRUPT is a method of transferring program control, or interrupting, the
processor during execution. There are three interrupts defined on the SY6502:

NMI - non-maskable interrupt
RST -- reset/power-on
IRQ -- interrupt request

When one of these interrupts occurs, the processor pushes the PC register and the
Flags register onto the stack, and gets a new PC from the INTERRUPT VECTOR.
The interrupt vectors are located at the following addresses:

FFFA,FFFB -- NMI
FFFC,FFFD -- RESET
FFFE,FFFF -- IRQ

These locations must contain the addresses of programs which will determine the cause
of the interrupt, and respond appropriately.

In the SYM-1, System RAM (A600-A67F) is duplicated at FF80-FFFF (it is "echoed"
there). On Reset, SUPERMON points these vectors to its own interrupt-handling
routines. When an interrupt occurs, SUPERMON displays the address where the interrupt
occurred with one of the following codes indicating the cause of the interrupt:

0 = BRK instruction

1 = IRQ

2 = NMI

3 = USER ENTRY (caused by JSR to USRENT at 8035)

Because all registers are saved, a (G) (CR) will cause execution to resume at the
point of interruption. The user can intercept interrupt handling by inserting pointers
to user interrupt routines in TRCVEC, UBRKVC, NMIVEC, or IRQVEC. See Section
9.7.2 for a discussion of the User Entry pseudo-interrupt. Table 9-2 describes all
vectors used by the Monitor.
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Table 9-2.

SUPERMON VECTORS

NAME LOCATION FUNCTION

INVEC A660-A662 Points to input driver.

OUTVEC A663-A665 Points to output driver.

INSVEC A666-A668 Points to routine which determines whe-
ther or not a key is down.

URCVEC A66C-A66E Unrecognized command. All unrecog-
nized commands and parameter entry er-
rors vectored here. Points to a sequence
of:

SEC - Set Carry
RTS - Return

SCNVEC A66F-A671 Points to routine which performs one
scan of display from DISBUF.

EXEVEC A672-A673 Points to RIN - get ASCIH from RAM

subroutine.
The Execute (E) command temporarily
replaces INVEC with EXEVEC, saving
INVEC in SCRA, SCRB. The Hi byte of
EXEVEC must be different from the Hi
byte of INVEC.

TRCVEC A674-A675 May be used to point to user trace rou-
tine after TRCOFF (See Section 9.6).

UBRKVC A676-A677 May be used to point to user BRK routine
after IRQVEC.

UIRQVC A678-A679 May be used to point to user NON-BRK
IRQ routine after IRQVEC.

NMIVEC A67A-A67B Points to routine which saves registers,
determines whether or not to trace,
based on TV.

IRQVEC A67E-A67F Points to routine which saves registers,

determines whether or not BRK has oc-
curred, and continues thru UBRKVC or
UIRQVC.

9.5 DEBUG ON and TRACE

When the DEBUG ON key on your SYM-1 is depressed, DEBUG mode is enabled. In
DEBUG mode, an NMI interrupt occurs every time an instruction is fetched from an
address that is not within the monitor. SUPERMON's response is to save the registers
and display the PC, with code 2 (for NMI).. With each (G) (CR), one instruction of
the user program will be executed. This is called Single-Stepping.

9-11



In order to TRACE, alter the Trace Velocity (TV, at A656) to a non-zero value. (09
is a good value.) If you now enter (G) (CR), SUPERMON will display the PC and the
contents of the accumulator, pause, and resume execution. Addresses and accumulator
contents will flash by one at a time. To stop the flow, depress any key (Hex keyboard)
or the BREAK key (terminal). Execution will halt. A (G) (CR) will resume execution.
The length of the delay is related to TV (not linearly; try different values) and, of
course, the baud rate, if you are working from a terminal.

9.6 USER TRACE ROUTINES

As the complexity of your programs increases, you may wish to implement other types

-, of trace routines. To demonstrate how this is done, an example of a user trace routine

is provided in Figure 9-6. It prints the op code of the instruction about to be executed,
instead of the accumulator contents.

But first of all, we don't want to be interrupted during trace mode by responding to
an interrupt (a problem called recursion). SUPERMON will handle this by turning
DEBUG OFF, then back ON. However, to implement this program control of DEBUG,
you must add jumpers W24 and X25 to your SYM-1 board (see Chapter &).

Now that you have added the jumpers, we are ready to enter the program UTRC and
change vectors.

First, enter the program UTRC as given in Figure 9-6. Then change NMIVEC to point
to TRCOFF, which will save registers, turn DEBUG OFF, and vector thru TRCVEC:

SD 80C0,A67A (CR)
Now, point TRCVEC to UTRC.
SD 0380,A674 (CR)
Enter a non-zero value in TV, depress DEBUG ON, and you're ready to trace.

NOTE: BRK instructions with DEBUG ON will operate as two-byte instructions
and should be programmed as 00,EA (BRK,NOP).

Also, the first instruction after leaving SUPERMON will not be traced.
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USER TRACE EXAMPLE

.V 200,20A (CR)
00 A9 11 A9 22 A9 33,0A
0208 4C 00 02,58
0358
.SD 80C0,A67A (CR) Vector modification
.SD 380,A67% (CR) Vector modification
.G 200 (CR) Single-Step (Remember
020Z,A9 to set DEBUG ON before
each (G) (CR)
G (CR)
0204,A9

.M _A656(CR)

A656,00,09(CR) Trace Velocity = 9
A657,4D (CR)

.G 200 (CR)

0202,A9

0204,A9

0206,A9

0208,4C Continuous trace of op codes
0200,A9

0202,A9

0204,A9

0206,A9

0208,4C

0200,A9

0202,A9

9.7  MIXED I/O CONFIGURATIONS

The Reset routine that is activated when power is turned on or RST is pressed
establishes the terminal 1/0 configuration by loading a specified value into a location
in System RAM, TOUTFL (Aé654). The high-order four bits of TOUTFL define which
terminal devices may be used for input and output. A "1" signifies that a device is
enabled, a "0" that it is disabled. The meaning of each bit and the values assigned
at system reset are shown below. The routine referenced by entry (1) in the JUMP
table will enable the TTY for input. For other configurations, load the appropriate
value into TOUTFL.

TOUTFL bit: 7 6 5 4
default value: | 0 1 1
meaning: CRT TTY TTY CRT
INPUT INPUT OUTPUT OUTPUT



’r——

Bits 6 and 7 of another location in System RAM, TECHO (A653), are used to inhibit
serial output (bit 6) and to control echo to a terminal (bit 7). Bit 6 may be toggled
by entering "(CONTROL) O" (OF Hex) on the terminal keyboard or in software. The
possible values for TECHO are shown below.

TECHO 80 echo (default value)

output

Co echo
no output

40 no echo
no output

00 no echo
output

With this information, you can alter the SUPERMON standard I/O configurations to
suit your special needs. A common use would be routing your output to a terminal
while using the Hex keyboard as an input device. Two possible ways of doing this
will be discussed.

First, by merely altering SDBYT and OUTVEC, your input and echo will use the on-board
keyboard and display, while Monitor and program output will go to the serial device.
Choose the proper baud rate value for your device from the following table and put
it in SDBYT (at A651) with the "M" command. Then enter the address of TOUT into
OUTVEC from the hex keyboard as follows:

.SD 8AA0,A664 (CR)

Terminal Baud Rate Value Placed in SDBYT
110 D5
300 4C
600 24
1200 10
2400 06
4800 01

Second, if you wish your input to be echoed on the terminal device, a small program
must be entered. First, complete the sequence discussed above. Then, enter the
following program: \

UIN JSR GETKEY 20 AF 88
BIT TECHO 2C 53 A6
BPL UOUT 10 03
JMP OUTCHR 4C 47 8A
UOUT RTS 60

Enter the program called "UIN" above at any user RAM location. Then use the "SD"
command to put the address of UIN into INVEC (at A66P as follows:

.SD (UIN),A661 (CR) (ENTER AT HKB)

where (UIN) is the address of the program UIN.



9.8 USER MONITOR EXTENSIONS

Having read the section on Monitor flow, you will have noticed that unrecognized
commands and parameter entries are vectored through URCVEC (A66C-A66E), which
normally points to a SEC, RTS sequence at 81D1. By pointing URCVEC to a user-supplied
routine in RAM or PROM, SUPERMON can easily be extended. The following example
will illustrate the basic principle; many more sophisticated extensions are left to your
imagination.

9.8.1 Monitor Extension Example

This example will define U0 with two parameters as a logical AND. The parameters
and the result are in Hexadecimal.

LOGAND CMP LSTCOM ;CMD loaded?

BEQ OK

BAD SEC sset for error print
RTS

OK CMP #$14 ;USRO
BNE BAD sbranch to next

scommand if defined

CPX {2 ;two parms
BNE BAD

DOAND LDA P2H
AND P3H shere's the 'and' hi
TAX
LDA P2L
AND P3L y'and' lo
JSR  CRLF ;get new line
JSR  SPACE
JMP OUTXAH sPRINT X and A i
.END

To attach LOGAND to the monitor, it must be assembled (probably by hand), entered
into memory, and URCVEC altered to contain a JMP to LOGAND. Notice that more
than one command could have been added, by pointing BAD to the next possible
command, instead of a RTS.

9.83.2 SUPERMON As Extension to User Routines

Because SUPERMON contains a user entry, it can easily be appended to your software.
An example of the utility of this feature is a user trace routine, which could have an
'M' command, which would direct it to make SUPERMON available to the user. Here's
‘what the code would look like.

UTRACE
Trace code
JSR INCHR
CMP #'M
BNE ELSE
JSR USRENT
IJMP UTRACE
ELSE Code executed if character

input is not 'M.'

e



In this example, the user will type an 'M' to get into monitor, and a (G) (CR) to return
to the calling portion of UTRACE. Note that the user PC and S registers should not
be modified while in monitor if a return to UTRACE is intended.

9.9 USE OF SAVER AND RES ROUTINES

SAVER and the RES routines are designed to be used with subroutines. Their usage
is as follows:

UPROG JSR USUB USUB JSR  SAVER
(UPROG CODE) (USUB CODE)
JMP RESALL

In this example, UPROG calls USUB. USUB calls SAVER, performs its function, and
then jumps to RESALL. RESALL restores all registers and returns to UPROG. If
RESXF or RESXAF were used instead of RESALL, UPROG would receive the F, or F
and A registers as left by USUB.

i



APPENDIX A
IMMEDIATE ACTION

Your SYM-1 microcomputer has been thoroughly tested at the factory and carefully
packed to prevent damage in shipping. It should provide you with years of trouble-free
operation. If your unit does not respond properly when you attempt to apply power,
enter commands from the keyboard, or attach peripheral devices to the system, do
not immediately assume that it is defective, Re-read the appropriate sections of this
manual and verify that all connections have been_properly wired and all procedures
properly executed.

If you finally conclude that your SYM-1 is defective, you should return it for repair
to an authorized service representative. Specific instructions for obtaining a service
authorization number and shipping your unit are contained with warranty information
on the card entitled "LIMITED WARRANTY AND SERVICE PLAN" that is included
with system reference material.



APPENDIX B
PARTS LIST
MATERIALS AND ACCESSORIES

QTY. DESCRIPTION MANUFACTURER/PART NUMBER
1 CONNECTOR, DUAL 22/44 Microplastic 15622DPIS

1 CONNECTOR, DUAL 6/12 Teka TP3-061-E04

6 RUBBER FEET 3M S35018

1 SYNERTEK SOFTWARE MANUAL

1 SYM-1 WARRANTY/USER CLUB
REFERENCE CARD

1 SYM REFERENCE MANUAL
1 SYM-1 PC BOARD ASSEMBLY
SYM-1 PC BOARD COMPONENTS

QTY. DESCRIPTION MFR. NO. REFERENCE DESIGNATION
1 CPU SYP6502 us

2 VIA SYP6522 u25,U29
1 RAM-I/O SYP6532 u27

2 4K BIT RAM SYP2114 ulz, Ul3
1 32K BIT ROM SYP2332 u20

1 NAND GATE 7400 U8

1 HEX INVERTER 7404 uz

1 AND GATE 7408 u24

2 HEX INVERTER-O.C. 7416 u30, U38
1 NAND GATE 741500 Ut

1 HEX INVERTER 741504 u9

1 TRIPLE NOR GATE 741827 u3

1 TIMER 555 ué



QTY. DESCRIPTION MFR. NO. REFERENCE DESIGNATION
1 DECODER 74LS138 Ul

1 TRIPLE 3 INPUT NAND 74LS10 u7

1 DECODER 74145 u37

2 DECODER 74LS145 ulo, Ull

1 COMPARATOR 311 U2é

I RES-100 ohm, %W, 5% RF14J100B R128

3 RES-200 ohm, %W, 5% RF14J200B  R43, 111, 114

1 RES-300 ohm, %W, 5% RF143300B R107

4 RES-470 ohm, %W, 5% RF143470B R84, 88, 124, 127

14  RES-1K, %W, 5% RFI14JIKB  R9-12, 41, 61-63, 73, 78,

85, 92, 101, 113, 123

1 RES-IM, 4W, 5% RF14J1MB R72

1 RES-2.2K, %W, 5% RJ14J2,2KB R103

14 RES-3.3K, %W, 5% RF1433.3KB R59, 60, 70, 74, 79-82, 87, 94,

95, 97, 98, 126

1 RES-4.7K, %W, 5% RF1434.7KB R42

10 RES-10K, %W, 5% RF14J10KB  R45, 67-69, 75, 76, 83,
89, 93, 104
3 RES-47K, %W, 5% RF14J47KB  Ru44, 46,71

1 RES-330K, %W, 5% RF14J330KB R77

2 RES-27K, %W, 5% RF14327KC  R90, 96

2 RES-150 ohm, %W, 5% RF14J150B R99, 110

1 RES-6.8K, %W, 5% RF1436.8KB R100

1 CAP-10pf DM151003 Cl3

13 CAP - .01 mifd, 100V DB203YZ1032 Cl, 3, 5, 7, 10, 11, 16, 17, 19,
23, 25, 29

10 CAP - 10 mid, 25V T368B106K025PS C2, 4, 6, 8, 12, 20, 22, 24,
. 26, 30



QTY.

DESCRIPTION

MFR. NO.

CAP - .1 mid, 50V
CAP - .47 mid

CAP - .0047 mid

3429-050E-104M C9, 18
C330C474M5V5EA  CI5

UR2025100X7R472K Cl4

REFERENCE DESIGNATION

12 NPN TRANSISTOR 2N2222A Ql-4, 10, 18, 19, 2729, 32, 33
i1 PNP TRANSISTOR 2N2907A Q9, 17, 20-26, 30, 31

11l DIODE, G.P. INS14 CR25-33, 37, 38

1 DIODE, ZENER IN4735 CR34

4 SOCKET - 24-PIN DIP TIC8424-02  SK20-23

5 SOCKET - 40-PIN DIP TIC8440-02  SK5, 25, 27-29

8 SOCKET - 18-PIN DIP TIC8418-02 SK12-19

1 DUAL HEADER AP929665-01-07 "K" Connector

1 KEYBOARD KBl

1 PC BOARD PCl

6 7-SEGMENT DISPLAY, 0.3" MAN 71A U31-36
2 LED RL4850 CR35,36
1 SPEAKER 70057 SP1

1 CRYSTAL CYIA Yl

TAPE - 1%" x 2" STRIP

1 RES. PACK - 100 ohm 898-3-R100 RN2

| RES. PACK - 3.3K ohm 899-3-R3.3K RNI

2 RES. PACK - 1K ohm 899-3-RIK RN3, RN4

1 RED FILTER

B-3
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APPENDIX C
AUDIO TAPE FORMATS

HIGH-SPEED FORMAT -- High speed data transfer takes place at 185 bytes per second.
Every byte consists of a start bit (0), followed by eight data bits. The least significant

bit is transmitted first.

A "1" bit is represented by ! cycle of 3000 Hz, while a "O"

bit is represented by % cycles of 1500 Hz. Physical record format is shown below.

8 sec. "mark"

256 SYN chars. | * | ID]SAL|SAH|EAL|EAH | DATA | /|CKL|CKH|EOT|EOT

8 sec. "mark"

SYN (16 Hex)

* (2A Hex)
ID
SAL

SAH

EAL +1

EAH +!

DATA

/ (2F Hex)

CKL
CKH
EOT (04 Hex)

Allows the tape to advance beyond the leader and creates
an inter-record gap.

ASCII synch characters that allow the SYM-1 to synchronize
with the data stream.

ASCIl character that indicates the start of a valid record.
Single byte that uniquely identifies the record.

Low order byte of the Starting Address from which data was
taken from memory.

High order byte of the Starting Address from which data
was taken from memory.

Low order byte of the address following the Ending Address
from which data was taken from memory.

High order byte of the address following the Ending Address
from which data was taken from memory.

Data bytes.

ASCIHI character that indicates the end of the data position
of a record.

Low order byte of a computed checksum.
High order byte of a computed checksum.

ASCII characters that indicate the end of the tape record.




KIM FORMAT -- Data transfer in KIM format takes place at approximately 8 bytes
per second. A "1" bit is represented by 9 cycles of 3600 Hz followed by 18 cycles
of 2400 Hz, while a "0" bit is represented by 18 cycles of 3600 Hz followed by 6
cycles of 2400 Hz. Each 8-bit byte from memory is represented by two ASCII
characters. The byte is separated into two half-bytes, then each half-byte is converted
into an ASCII character that represents a Hex digit. The least significant bit is
transmitted first. The KIM physical record format is shown below.

128 SYN chars. | *] ID| SAL { SAH DATA / } CKL| CKH | EOT | EOT

The sync characters, the ASCII characters "*" (2A Hex) and "/" (2F Hex) as well as
ID, SAL, SAH, CKL, CKH and EOT serve the same functions as in HIGH-SPEED format.
Sync characters, *, / and EOT are represented by single ASCII characters, while the
remaining record items require two ASCIl characters. Note that EAL and EAH are
not used in the KIM format.




APPENDIX D
PAPER TAPE FORMAT

When data from memory is stored on paper tape, each 8-bit byte is separated into
two half-bytes, then each half-byte is converted into an ASCII character that represents
a Hex digit (O-F). Consequently, two ASCII characters are used to represent one byte
of data. In the paper tape record format shown below, each N, A, D, and X represents
one ASCII character.

3 NNy A3AA A, (DD (DDy), . .. (DD, X3X,X X,

$ - Start of record mark

NINO - Number of data bytes in (Hex) contained in the record
ABAZAIAO - Starting address from which data was taken

(D;Dy-(D,Dy, Data
16-bit checksum of all preceding bytes in the record including
N|Ng and AzALA Ay but excluding the start of record mark.

X3X X Xy

A single record will normally contain a maximum of 16 (10 Hex) data bytes. This is
the system default value that is stored in system RAM at power-up or reset in location
MAXRC (A658). You can substitute your own value by storing different number in
MAXRC. To place an end of file after the last data record saved, place the TTY in
local mode punch on, and enter ;00 followed by (CR).



APPENDIX E
SYM COMPATABILITY WITH KIM PRODUCTS

If you are a SYM-1 user who has peripheral devices which you have previously used
with the KIM system or software which has been run on a KIM module, you'll find
SYM to be generally upward compatible with your hardware and software. The following
two sections describe the levels of compatability between the two systems to allow
you to undertake any necessary modifications.

E.I HARDWARE COMPATABILITY

Table E-1 describes the upward compatability between SYM and KIM at the Expansion
(E) connector, while Table E-2 describes the compatability on the Applications (A)
connector,

I/O port addresses differ between the two systems; you should consult the Memory
Map in Figure 4-10 for details. :

Power Supply inputs are provided on a separate connector with SYM-1, which means
that if you have been using your power supply with a KIM device it will be necessary
to rewire its connections to use the special connector on the SYM-1 board.

E.2 SOFTWARE COMPATABILITY
Table E-3 lists important user-available addresses and routines in the KIM-1 monitor
program and their counterparts in SYM-1's SUPERMON. Many of the routines do not

perform identically in the two systems, however, and you should check their operation
in Table 9-1 before using them.

Table E-1. EXPANSION CONNECTOR (E) COMPATABILITY

o SYM PIN KIM
SYM DESCRIPTION NAME # NAME KIM DESCRIPTION

Jumper (Y,26) Selectable: DBOUT| 17 | SSTOUT From |
OFF - Open Pin (SYNC e NOT MONITOR
ON - Debug On/Off U26-6

Output (U8-8)

Power On Reset Signal POR 18 No equivalent

Output:

"Q" After power on

"I" When reset by
software

E-1



Table E-2. APPLICATION

CONNECTOR (A) COMPATABILITY

SYM PIN KIM
SYM DESCRIPTION NAME # NAME KIM DESCRIPTION
Jumper (V,23) Selectable: AUD.RC| N +12V +12V Not required on SYM
OFF - Open Pin
ON - Remote Audio
Control Out
Jumper (HH,41) Selectable: K DECODE Enable 8K Decoder

OFF Open Pin Enable
ON ICXX Decode Out
Table E-3. SYM-KIM SOFTWARE COMPATABILITY
SYM KIM FUNCTION

Label [Address(es)| Label |Address(es)
PCLR A659 PCL 00EF Program Counter - low
PCHR A65A PCH 00F0 Program Counter - high
FR A65C PREG 00F1 Status Register
SR A65B SPUSER| 00F2 Stack Pointer
AR A65D ACC 00F3 Accumulator
YR A65F YREG OOF4 Y - Register
XR A65E XREG 00F5 X - Register
SCRé6 A636 CHKHI 00F6 Checksum - low
SCR7 A637 CHKSUM 00F7 Checksum - high
P2L A64C SAL 17F5 Start Addr Low - audio/paper tape
P2H A64D SAH 17H6 Start Addr High - audio/paper tape
P3L A64A EAL 17F7 End Addr+l Low - audio/paper tape
P3H A64B EAH 17F8 End Addr+! High - audio/paper tape
PIL AG4E D 17F9 ID Byte audio Tape
NMIVEQ A67A-B | NMIV 17FA-B NMI Vector

FFFA-B FFFA-B
RSTVEC] FFFC-D | RSTV 17FC-D | Reset Vector

FFFC-D )

IRQVEC| AG67E-F IRQV 17FE-F IRQ Vector

FFFE-F FFFE-F
DUMPT| 8E&7 DUMPT 1800 Dump memory to audio tape
LOADT 8C78 LOADT 1873 Load memory from audio tape
CHKT 8E78 CHKT 194C Compute checksum for audio tape
OUTBTC 8F4A OUTBTC 195E Output one KIM byte
HEXOUT 8F52 1 BEXOUT 196F Convert LSD of A to ASCII AND write to

audio tape

E-2




Table E-3. SYM-KIM SOFTWARE COMPATABILITY (Continued)
SYM KIM FUNCTION
Label |Address(es)| Label |Address(es)

QUTCHT 8F5D
RDBYT| 8E2C
PACKT 8E3E

RDCHT| 8Eél

RDBITK| 8EOF
SVNMI 809B

RESET 8B4A
OUTPC 82EE
INCHR 8AlB
LP2B+7 841E
SP2B+4 869C
OUTS2 8319

OUTBYT 82FA
INCHR 8A1B
DLYF 8AE6
DLYH 8AE9
INSTAT| 8386

OUTDSE  89Cl
SCAND | 8906
INCCMP  82B2
GETKEY 88AF
CHKSAD 82DD
INBYTE| 81D9

OUTCHT 197A

RDBYT
PACKT

RDCHT
RDBIT
SAVE
RST
PCCMD
READ
LOAD
DUMP

I9F3
1A00

1A24
1A41
1C00
1C22
1ICDC
IC6A
ICE7
1D42

PRTPNT 1EIE
PRTBYT 1E3B

GETCH 1E5A
DELAY 1ED4
DEHALF 1EEB
AK 1IEFE
SCAND 1IF19

SCANDS IFIF

INCPT

| 1Fe63

GETKEY IF6A

CHK

1F91

GETBYT IF9D

Write one ASCII character to audio tape
Read one byte from audio tape
Pack ASCI to nibble

Read one character from audio tape
Read one bit from tape

Monitor NMI entry.

Monitor RESET entry

Display PC

Get character

Load paper tape

Save paper tape

Print pointer

Print 1 byte as 2 ASCII character
Get character

Delay 1 bit time

Delay % bit time

Determine if key is down

Output to LED display

Scan LED display

Increment pointer

Get key

Compute checksum

Get 2 Hex characters and pack

E-3




APPENDIX F
CREATING AND USING A SYNC TAPE

To read serial data from tape, the SYM-1 makes use of synchronizing (sync) characters
that are part of every tape record. For a complete description of audio tape record
formats, refer to Appendix C. ‘

When the SYM-1 searches for a record, an "S" is displayed until the sync characters
are recognized and data transfer begins. However, if the volume and tone controls
on the recorder are not set correctly, the sync characters will not be recognized, the
"S" on the display will not go out, and the record will not be loaded into memory.

Before attempting to save and load data for the first time, or whenever the control
levels have been changed since the recorder was last used, you should perform a load
operation using a tape containing only sync characters. By adjusting the volume and
tone controls until the displayed "S" goes out, you can set the control levels properly
for actual data.

You may want to generate two sync tapes, one for HIGH-SPEED format, the other
for KIM format, just once, and save them for future use.

To generate a sync tape, enter the sync character generation program for one of the
formats into RAM starting in location 0200 (Hex). The assembly language code and
the machine language code for both formats are shown below. Read the pairs of Hex
digits from left to right and top to bottom. For example, the code for HIGH-SPEED
format should be entered in the following sequence: AO 80 20 B6 8D A9 . .. .

Next, insert a tape into the cassette unit. If the unit is equipped with remote control,
place it in Record mode. Set the volume and tone controls to mid-range, then enter
the command to execute the program:

(GO) 200 (CR)

If you are operating the cassette controls manually, place the unit in Record mode
after entering the command, but before entering (CR). Remote controlled units will
advance the tape automatically. Let the tape run for several minutes, then press RST
to end the program. For manual operation, also press STOP on the tape unit.

To set the volume and tone controls for loading data into memory, rewind the tape
to the beginning (you may need to pull out the Remote jack or keep your finger on
RST), then place the unit in Play mode if it is equipped with remote control. Next,
enter the load command for the appropriate format ( (LD 1) for KIM, (LD 2) for
HIGH-SPEED, followed by a carriage return (CR) ).

If you have a manually operated unit, place it in Play mode after entering the command.
While the tape advances, adjust the volume and tone controls until the "S" on the
display goes out and remains out, then press RST and stop the tape.

You can now remove the sync tape and proceed to save and load actual programs and
data.



Zz0 wao 2k ‘wimm NI JQwWNAe Jwe 20 [ WO | Ph || acz0
wix (48 as 0z) L¥ol10 ASC  ISO ‘Q33ads-nvid H19.100 Ist 48 | LI | 9T || oozo
91 by TIENCT NEw | VA7 JOUNAS 4 | bV ||voze
Ry ze A& i A Lnodyl | ViS hv|zo (a8 |l 2020
Lo by Wix L§ vdal LO bV |soo
ag 9g 0T wix m 1v1Ls 3ss a8 | 99 | 9T || 2oZ°
00 oy wia Nl 3800 # AQT 08 |9V || oozo
Ccaz§ = ¥
98a8 ¢ = 1IViS
ZohY® = 1nog¥l
LT18% = Hi9LNO
QS48 = IHOLNO
Win Yog G0F D30 [ az3dS-H5IH O4F = 5doW
SLNIWKOD aNV¥EdO OINOWENW| TIEVT mmwzwwﬁm“w mawu

gL-s idlvdQ

SwILsLS AILIINAS YIWANYYDOUd

JO

a8eyg

IdVL OMAS WYUDOUd

NOILYHOdUOD SWILSAS MILUIANAS

S WA



Adjusting Your Recorder

The audio signal appears on the T and A connectors in two forms: Aud Out (HI) and
Aud Out (LO). The only difference between these signals is their magnitude. For
most recorders, the best arrangement is to run Aud Out (LO) into the MIC input of
the recorder. Some recorders also have an AUX input, which bypasses the MIC pre-amp,
and may work better if Aud Out (HI) is wired into AUX.

Read Appendix F, and follow the procedure for creating a "SYNC" tape. Rewind the
tape and enter the LD command appropriate to the SYNC tape you created. Adjust
the tone and volume controls, observing the S on the display. Leave the controls in
the middle of the range where the S remains off. (If there are two ranges of volume
which cause the S to turn off, the higher range should be used. If a sharp tap causes
the S to relight and remain lit, you are in the wrong range.)

If your recorder has an automatic-recording-level defeat switch, it will probably work
better in the engaged position.

Now write a short record to tape and read it back to verify correct operation. (Do '
not use the memory form $F8 to $FF, or the stack area ((page 1)), as these are used
by the cassette software.)

Recommended Tape Equipment

Most moderate quality tape recorders should produce satisfactory results. (A tone
control is recommended.) The following models have been used successfully at Synertek
Systems:

Sanyo M2533A GE IC #3-5002B
Sony TC-205 Superscope C-190
Sony TC-62 Realistic Ctr-40

Almost any tape will suffice, so long as it winds smoothly (does not produce a jittery
tape motion). A very short tape will be more convenient. The following tapes have
been used successfully at Synertek Systems:

TDK
AMPEX
MALLORY
REALISTIC

F-2



APPENDIX G
MONITOR ADDENDA

While tracing or single stepping, SUPERMON uses GO1ENT ($83FA) to return to
the user program. GOIENT write protects System RAM. If you must trace a
program that needs access to System RAM, use a user trace routine and go to
GO1ENT +3, or remove jumper MM-45 (enables System RAM protect).

The DEBUG-ON switch bounces, therefore it should not be used to interrupt
user programs while using a user trace routine or while OUTVEC points to a
user routine. (This will cause recursive interrupts.)

The audio cassette software will not read or write location SFFFF. Use SA67F
(5A600 thru $SA67F is echoed at SFF80 thru $FFFF).



APPENDIX H

SUPPLEMENTARY INFORMATION

Changing Automatic Log-On

After power is applied to the SYM, SUPERMON waits for the keyboard or the device
connected to PB7 on the 6532 (normally the RS232 device) to become active. PBé6
(the current loop device) is ignored because a disconnected current loop always looks
active.

If you expect always to log-on a current-loop device, the following jumper change will
eliminate the necessity of entering (SHIFT) (JUMP) (1)

Change CC-32 and BB-3l
to CC-31 and BB-32

Now the log-on for your current loop device is simply a "Q", entered at the device.
(Note that you cannot now log-on automatically to the keyboard unless the current
loop device is connected, and powered-up.)

Using On-Board LED Display

Because of the extensive use of transfer vectors in SUPERMON, the same monitor
calls can be used to activate the LED display as for terminal devices. The major
difference is that you must call ACCESS (address 8B86) before outputting the first
character in order to remove write-protection from the display buffer (DISBUF, address
A640 thru A645).

If the SYM-1 was logged-on to from the HKB, each call to OUTCHR (address 8A47)
will examine the ASCII character in the Accumulator, look up its segment code, shift
everything in the display buffer of segment codes left one digit, place the new code
in the rightmost digit, and scan the display once.

If the SYM-1 was logged-on to the HKB, each call to INCHR (address 8A1B) will scan
the display from the codes in DISBUF continuously until a key is depressed (2 keys in
the case of SHIFT keys, & in the case of SHIFT ASCII keys). The key will be fully
debounced, the beeper beeped, the ASCIl or HASHED ASCIH code taken from a table,
and passed back to the caller in the Accumulator. The Flags will reflect a compare
with carriage-return.

Other useful routines are:

GETKEY Same as description of INCHR above, but disregard log-on and no compare
(88AF) performed.

OUTDSP Same as description of OUTCHR above, but disregard log-on.
(89C1)

KEYQ Test for key depressed on HKB. On return, Z Flag = 1 if key down.
(8923)

SCAND Scan display once from segment codes in DISBUF. On return, Flags
(8906) reflect call to KEYQ.

H-1



INSTAT If logged-on to HKB, check for key down (else check for BREAK key).
On return, carry set if key down (or BREAK key). Leading edge of key
debounced.

See also chapter 9 for discussion of monitor calls.

Adding DEBUG Indicator

While using trace routines which turn DEBUG on and off, it is often desirable to have
an external indication of the DEBUG state. The addition of an LED and a resistor
as follows will achieve this.

U8

Pin 6

3.3K

+5V

U8 is a 14 pin package located above the beeper.

The LED will remain on while DEBUG is on.
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3050 Coronado Drive, Santa Clara, CA. 95051
(408) 984-8900 TWX 910-338-0135

SY6500

[ sYG500 MICROPROCESSORS |

The SY6500 Microprocessor Family Concept -

The SY6500 Series Microprocessors represent the first totally software compatible

microprocessor family.

SY6500
M6800 product offering.

This family of products includes a range of software compatible
microprocessors which provide a selection of addressable memory range, interrupt input
options and on-chip clock osscillators and drivers.
group are software compatible within the group and are bus compatible with the

The family includes five microprocessors with on-board clock oscillators and drivers

and four microprocessors driven by external clocks:

The on-chip clock versions; are

aimed at high performance, low cost applications where single phase inputs, crystal

or RC inputs provide the time base.

The external clock versions are geared for the

multi processor system applications where maximum timing control is mandatory. All
versions of the microprocessors are available in 1 MHz and 2 MHz ("A" suffix
on product numbers) maximum operating frequencies.

Features of the SY6500 Family

Single five volt supply

. N channel, silicon gate, de-

pletion load technology
Eight bit parallel processing

. 56 Instructions

Decimal and binary arithmetic
Thirteen addressing modes

. True indexing capability

Programmable stack pointer

Variable length stack

Interrupt capability

. Non-maskable interrupt
. Use with any type or speed memory

Bi-directional Data Bus

. Instruction decoding and control
. Addressable memory range of up to
65K bytes
"Ready" input
. Direct memory access capability
. Bus compatible with MC6800
. Choice of external or on-board clocks
. 1IMHz and 2MHz operation
. On-the-chip clock options
* External single clock input
* RC time base input
* Crystal time base input
. 40 and 28 pin package versions
. Pipeline architecture

Members of the Family

Microprocessors‘ with
On-Board Clock Oscillator

—— SY6502

— SY6503

— SY6504

L— SY6505

L SY6506

Microprocessors with
External Two Phase
Clock Input

— SY6512
— SY6513

— SY6514

. SYB515

All of the microprocessors in the




Comments on the Data Sheet

The data sheet is constructed to review first the basic "Common Characteristics' - those
features which are common to the general family of microprocessors. Subsequent to a
review of the family characteristics will be sections devoted to each member of the group
with specific features of each.

l COMMON CHARACTERISTICS ]

@———  REGISTER SECTION CONTROL SECTION — %
RES 1RQ NMI
ABS <o INDEX CJ UPT
REGISTER e
Y
ABl - * ‘ l
AB2 - INDEX
REGISTER  [+7]
X R )
AB) i I
ABA H o T STACK
- < mIEl A POINT K
S REGISTER
3 s | SU—
ABS -—{
INSTRUCTION
DECODE
Ans =
ALY =
AB7 -t
—
ADDRESS
BUS
g E pet—
AB8 < ACCUMULATOR TIMING
- A 11 CONTROL
F b
ABY é
z 91 |t 91 1%)
AB10 4 - PcL o+ SY6512,13,14,15
92(N)
ABI | ] PCH =
CLOCK CLOCK
H . o REGISTER GENERATOR [ INPUT } $Y6502,3,4,5,6
AB12 gd B s
TNPUT
- on L iour
- (DL) 92 0UT
l——-» RIW
AB14 g o8
DATA BUS Cﬁ INSTRUCTION
ABIS <] igs BUFFER + REGISTER
e 3,
1 0B
= DBI
LEGEND: OB
ﬂ # DB3 DATA
=8 BIT LINE DB BUS
DBS
l =1 BIT LINE = DB6
0B?

Note: 1..Clock Generator is not included on SY6512,13,14,15

2. Addressin§Capability and control options vary with each
of the SY6500 Produects.

SY6500 Internal Architecture




MAXIMUM RATINGS

[COMMON CHARACTERISTICS |

RATING SYMBOL VALUE UNIT | This device contains in-
put protection against
SUPPLY VOLTAGE Vece -0.3 to +7.0 Vdc damage due to high static
INPUT VOLTAGE Vin -0.3 to +7.0 vdc | voltages or electric fields;
- 5 however, precautions should
OPERATING TEMPERATURE TA 0 to +70 C be taken to avoid applica-
tion of voltages higher
STORAGE TEMPERATURE Tore -55 to +150 °c than the maximum rating.
ELECTRICAL CHARACTERISTICS (Vec =5.0V £ 5% Vss=0, Ty = 26° C)
®,, P, applies to SY6512, 13, 14, 15, ¢° (in) applies to SY6502, 03, 04, 05 and 06
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
Input High Voltage VIH / Vde
Logic,@ Ves + 2.4 - Vee
[ olin) Vee - 0.2 - Vee + 0.25
Input Low Voltage VIL Vde
Logic,® Vss - 0.3 Ves + 0.4
0,0, o(in) Vss - 0.3 Vss + 0.2
Input High Threshold Voltage VIHT
RES ,NM1,RDY,IRQ,Data,
$.0. Vss + 2.0 - - Vde
Input Low Threshold Voltage vILT
RES,NMI1,RDY,IRQ,Data,
$.0. - - Vss + 0.8 Vde
Input Leakage Current Iin
(vin = 0 to 5.25V, Vcc = 0)
Logic (Excl.RDY,S.0.) - - 2.5 VA
91,0, - - 100 uA
Oo(in) - - 10.0 uA
Three-State (Off Scate) Input Current ITSI vA
(Vm = 0.4 to 2,4V, Vcc = 5.25V)
Data Lines - - 10
Output High Volt‘lge VOH
(ILOAD = -100pAdc, Vee = 4.75V)
SYNC,Data,A0-AlS5,R/W Vss + 2.4 - - Vdc
Output Low Voltage VOL
(ILOAD = 1l.6mAdc, Vcc = 4.75V)
SYNC,Data,A0-A15, R/W - - Vss + 0.4 Vde
Power Dissipation PD - .25 .70 w
Capacitance ° C pF
(vin =90, ’I‘A = 25°C, f = 1MHz)
Logic Cin - - 10
Data - - 15
AO~A15,R/W, SYNC Couc - - 12
o<>(1n) cﬂo(m) - - 15
[ CO] - 30 50
9, Cﬂz - 50 80

Nots: TR0 and NMI require 3K pull-up resistors.
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{ COMMON CHARACTERISTICS |

Clocks (9;, #2)

The SYe51X requires a two phase non-overlapping clock that runs at the Vcc voltage level.

The SY650X clocks are supplied with an internal clock generator. The frequency of these
clocks is externally controlled. Details of this feature are discussed in the SYesoz
portion of this data sheet.

Address Bus (AO-A“) (See sections on each micro for respectiveaddress lines on those devices.)
These outputs are TTL compatible, capable of driving one standard TTL load and 130pf.

Data Bus (Dg-D7)

Eight pins are used for the data bus. This is a bi-directional bus, transferring data to and from the device
and peripherals. The outputs are tri-state buffers capable of driving one standard TTL load and 130pf.

Data Bus Enable (DBE)

This TTL compatible input allows external control of the tri-state data output buffers and will enable the
microprocessor bus driver when in the high state. In normal operation DBE would be driven by the phase

two (@) clock, thus allowing data output from microprocessor only during #;. During the read cycle, the
data bus drivers are internally disabled, becoming essentially an open circuit. To disable data bus drivers
externally, DBE should be held low.

Ready (RDY)

This input signal allows the user to single cycle the microprocessor on all cycles except write cycles. A
negative transition to the low state during or coincident with phase one (§;) will halt the microprocessor
with the output address lines reflecting the current address being fetched. This condition will remain
through a subsequent phase two (§7) in which the Ready signal is low. This feature allows microprocessor
interfacing.with low speed PROMS as well as fast (max. 2 cycle) Direct Memory Access (DMA). 1If Ready is
low during a write cycle, it is ignored until the following read operation.

Interrupt Request (I

This TTL level input requests that an interrupt Bsequence begin within the microprocessor. The micro-
processor will complete the current instruction being executed before recognizing the request. At that
time, the interrupt mask bit in the Status Code Register will be examined. If the interrupt mask flag
is not set, the microprocessor will begin an interrupt sequence. The Program Counter and Processor
Status Reglster are stored in the stack. The microprocessor will then set the interrupt mask flag high
8o that no further interrupts may occur. At the end of this cycle, the program counter low will be
loaded from address FFFE, and program counter high from location FFFF, therefore transferring program
control.to the memory vector located at these¥addresses. The RDY signal must be in the high state for
any interrupt to be recognized. A 3KQ external resistor should be used for proper wire-OR operation.

Nou-Maskable Interrupt (NMI)

A negntfve going edge on this i{nput requests that a non-maskable interrupt sequence be generated within
the microprocessor.

NMI is an unconditional interrupt. Following completion of the current instruction, the sequence of opera-
tions defined for IRQ will be performed, regardless of the state interrupt mask flag. The vector address
loaded into the program counter, low and high, are locations FFFA and FFFB respectively, thereby transferring
program control to the memory vector located at these addresses. The instructions loaded at these locations
cause the microprocessor to branch to a non-maskable interrupt routine in memory.

FMI also requires an external 3K register to Vecc for proper wire-OR operations.

Inputs IRQ and NMI are hardware interrupts lines that are sampled during @, (phase 2) and will begin the
appropriate interrupt routine on the #, (phase 1) following the completion of the current instruction.

Set Overflow Flag (' )

A NEGATIVE going edge on this input sets the overflow bit in the Status Code Register. This signal is
sampled on the trailing edge of 01.

SYNC

This output line is provided to identify those cycles in which the microprocessor is doing an OP CODE
fetch., The SYNC line goes high during #; of an OP CODE fetch and stays high for the remainder of that
cycle. If the RDY line is pulled low during the @) clock pulse in which SYNC went high, the processor
will stop in its current state and will remain in the state until the RDY line goes high. In this
manner, the SYNC signal can be used to control RDY to cause single instruction execution.

Reset
This input is used to reset or start the microprocessor from a power down condition. During the time
that this line is held low, writing to or from the microprocessor is inhibited. When a positive edge
is detected on the input, the microprocessor will immediately begin the reset sequence.
After a system initialization time of six clock cycles, the mask interrupt flag will be set and the
microprocessor will load the program counter from the memory vector locations FFFC and FFFD. This is
the start location for program control.

After Vcc reaches 4.75 volts in & power up routine, reset must be held low for at least two clock cycles.
At this time the R/W and { SYNC) signal will become valid.

When the reset signal goes high following these two clock cycles, the microprocessor will proceed with
the normal reset procedure detailed above.

SY6500 Signal Description




[common cHARACTERISTICS |

ADC
ASL

BCC
BCS
BEQ
BIT
BMI
BRE
BPL
BRK
BVC
BVS

CLC
CLD
CL1
CLv

CPX
cpY

INSTRUCTION SET — ALPHABETIC SEQUENCE

Add Memory to Accumulator with Carry DEC Decrement Memory by One PHA Push Accumulator on Stack
VAND" Memory with Accumulator DEX Decrement Index X by One PHP Push Processor Status on Stuck
Shift left One Bit (Memory or Accumulator)  DEY Decrement Index Y by One PLA Pull Accumulator from Stack

PLP  Pull Processor Status from Stack

Branch on Carry Clear EOR "Exclusive-or” Memory with Accumulator

Branch on Carry Set ROL Rotate One Bit Left (Memory or Accumulator)
Branch on Result Zero INC. Increment Memory by One ROR  Rotate One Bit Right (Memory or Accumulator)
Test Bits in Memory with Accumulater INX Increment Index X by One RTI Return from Interrupt
Branch on Result Minus INY Increment Index Y by One RTS Return {rom Subroutine
Branch on Result not Zero
Branch on Result Plus JMP  Jump to New Location SBC Subtract Memory from Accumulator with Borrow
Force Break JSR  Jump to New Location Saving Return Address SEC Set Carry Flag
Branch on Overflow €lear SED Set Decimal Mode
Branch on Overflow Set LDA Load Accumulator with Memory SEl Set Interrupt Disable Status
LDX Load Index X with Memory STA Store Accumulator in Memory
Clear Carry Flag LDY Load Index Y with Memory STX Sture Index X in Memory
Clear Decimal Mode LSR Shift One Bit Right (Memory or Accumulator) STY Store Index Y in Memory
Clear Interrupt Disable Bit
Clear Overflow Flag NOP. No Operation TAX Transfer Accumulator to Index X
Compare Memory and Accumulator TAY Transfer Accumulator to lndex Y
Compare Memory and Index X ORA  "OR Memory with Accumulator TSX Transfer Stack Pointer to Index X
Compare Memory and Index Y TXA Transfer Index X to Accumulator

TXS Transfer ladex X to Stack Pointer
TYA Transfer Index Y to Accumulator

ADDRESSING MODES

ACCUMULATOR ADDRESSING - This-form of addressing is represented with a one byte instruction, implying an
operation on the accumulator.

- -
IMMEDIATE ADDRESSING - In immediate addressing, the operand is contained in the second byte of the instruction,
with no further memory addressing required.

ABSOLUTE ADDRESSING - In absolute addressing, the second byte of the instruction specifies the eight low order
bits of the effective address while the third byte specifies the eight high order bits. Thus, the
absolute addressing mode allows access to the entire 65K bytes of addressable memory.

ZERO PAGE ADDRESSING - The zero page instructions allow for shorter code and execution times by only fetching
the second byte of the instruction and assuming a zero high address byte. Careful use of the zero
page can result in significant increase in code efficiency.

INDEXED ZERO PAGE ADDRESSING ~ (X, Y indexing) - This form of addressing is used in conjunction with the index
register and is referred to as 'Zero Page, X" or "Zero Page, Y'". The effective address is calculated
by adding the second byte to the contents of the index register. Since this is a form of "Zero Page'
addressing, the content of the second byte references a location in page zero. Additionally due to
the "Zero Page" addressing nature of this mode, no carry is added to the high order 8 bits of memory
and crossing of page boundaries does not occur.

INDEXED - ABSOLUTE ADDRESSING - (X, Y indexing) - This form of addressing is used in conjunction with X and Y
index register and is referred to as "Absolute, X", and "Absolute, Y". The effective address is
formed by adding the contents of X or Y to the address contained in the second and third bytes of the
instruction. This mode alloys the index register to contain the index or count value and the in-
struction to contain the base address. This type of indexing allows any location referencing and
the index to modify multiple fields resulting in reduced coding and execution time.

IMPLIED ADDRESSING - In the implied addressing mode, the address containing the operand is implicitly stated
in the operation code of the instruction.

RELATIVE ADDRESSING - Relative addressing is used only with branch instructions and establishes a destination
for the conditional branch.

The second byte of the instruction becomes the operand which is an "Offset" added to the contents of
the lower eight bits of the program counter when the counter is set at the next instruction. The
range of the offset is -128 to +127 bytes from the next instruction.

INDEXED INDIRECT ADDRESSING - In indexed indirect addressing (referred to as (Indirect,X)), the second byte of
the instruction is added to the contents of the X index register, discarding the carry. The result
of this addition points to a memory location on page zero whose contents is the low order eight bits
of the effective address. The next memory location in page zero contains the high order eight bits
of the effective address. Both memory locations specifying the high and low order bytes of the
effective address must be in page zero.

INDIRECT INDEXED ADDRESSING - In indirect indexed addressing (referred to as (Indirect),Y), the second byte
of the instruction points to a memory location in page zero. The contents of this memory location
is added to the contents of the Y index register, the result being the low order eight bits of the
effective address. The carry from this addition is added to the contents of the next page zero
memory location, the result being the high order eight bits of the effective address.

ABSOLUTE INDIRECT - The second byte of the instruction contains the low order eight bits of a memory location
The high order eight bits of that memory location is contained in the third byte of the instruction.
The contents of the fully specified memory location is the low order byte of the effective address.
The next memory location contains the high order byte of the effective address which is loaded
into the sixteen bits of the program counter
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SY6502 — 40 Pin Package

* 65K Addressable Bytes of Memory

Vss 1 a0l RES —_— —
. (Zo: 2 39—:2301;1-) * IRQ Interrupt * NMI Interrupt
WT) < - S.0.
‘ Ta_o)-: ::—ao(m) * On-the-chip Clock
% E- Y TTL Level Single Phase Input
syNc{7  3af R/W Y RC Time Base Input
Vee - 8 33 DBO .
Af:o__s 12k o8 v Crystal Time Base Input
aBl 10 311-DB2 ° * SYNC Signal
AB824H 30+ DB3

(can be used for single instruction
execution)
* RDY Signal
(can be used for single cycle
execution)
* Two Phase Output Clock for
Timing of Sypport Chips

AB3-I12 29| DB4
AB4-13 28083
AB5-!4 271-0DBE
AB6-{15 26087
ABT-16 251 ABIS
AB8-{I17 24| ABI4
AB9-18 231 ABI3
ABIO-19 22} ABI2
ABII-{20 21} Vss

SY 6502

Keatures of SY6502

SY6503 - 28 Pin Package

RES zerv @,(0uUT)
Vss -2 27 @g(IN)
IRQH3 26 R/ W * 4K Addressable Bytes of
NM1 4 25} DBO Memory (ABOO-AB1l)
Vee -5 241 08I
ABO—-6 231 DB2 * On-the-chip Clock
ABl 47 221 DB3
AB2-{8 21|-DB4 % TRO
AB3 9 20k 085 IRQ Interrupt
AB4 10 |9} DB6 —_—
AB% {1l 18- DB7 * NMI Interrupt
AB6 —l12 |17 ABII
AB7 I3 16|~ ABIO % 8 Bit Bi-Directional Data Bus
AB8 —14 IS5 ABO
SY6503 Features of SY6503
SY6504 — 28 Pin Package
RES {1t 28} @z(0UT)
Vss 2 27 @o(IN)
IRQ 53 26— R/ W
vee - a 25 0BO * 8K Addressable Bytes of
ago-d» 24 DB Memory (ABOO-AB12)
ABI - 6 23+ DB2
AB24 T 22 DB3 * On-the-chip Clock
AB3 -8 2i}-DB4
AB4 -9 20— DB5 * IRQ Interrupt
AB5 10 19} DB&
ABE 11 '8 - DB7 % 8 Bit Bi-Directional Data Bus
AB7 12 17+ ABI2
AB8—13 16 ABII
AB9 -i4 5| ABIO
SY6504 Features of SY6504




S$Y6505 — 28 Pin Package

RES 1 28} po(0UT)
Vss ~{2 271 @p(IN)
RDY - 3 26 R/W * 4K Addressable Bytes of
TR@ 44 251080 Memory (ABOO-AB11)
Vee 45 24— DB!
ABO 6  23-D82 * On-the-chip Clock
ABI 47 22} DB3
AB2-18 21| DB4 * IRQ Interrupt
AB3 49 20DBS
AB4-{I0 19} DB6
ABs It 18} DB7 * RDY Signal
ABg 12 17+ ABII
ABT7 I3 16 ABIO * 8 Bit Bi-Directional Data Bus
AB8 {14 I5|- ABS

SY6505

Features of SY6505

SY6508_— 28 Pin Package

RES -1 28} 92(0UT)
Vss -2 271 @olIN)
a,(%)- 3 26 R/W
-4 25 DBO
Vee = 5 24:Dg| * 4K Addressable Bytes of
ABO— 6 23~ DB2 - Memory (AB00O-AB11)
ABI {7 22| DB3 . .
AB2-8 21l-0Ba On-the-chip Clock
AB3-9  20r-DB5 * IRQ Interrupt
AB4 410 191~ DB6
AB5-II i8¢~ DB7Y * Two phases off
::s::g :;::Z:L * 8 Bit Bi-Directional Data Bus
AB8—i4 I5|- AB9
SY6506 Features of SYG6506

§Y6512 — 40 Pin Package

vss {1 40} RES

PrAn R el * 65K Addressable Bytes of Memory
fRa 37+ —

M A * IRQ Interrupt

-6 35 N.C. —

SYNC -7 34l R/W * NMI Interrupt

Vee <8 33}- DBO

ABO-9 32| DBI * RDY Signal

ABt 10 31~ DB2

ABzl| 30 DB3 * 8 Bit Bi-Directional Data Bus
AB3-{I12 29[ 0B4

AB4 I3 28} 0BS .

AB;-M 27}-DB6 * SYNC Signal

AB6 -5 26 D87 .

as7-{i6 25| ABIS * Two phase input

ape-{17 24 aBI4

AB9-118 23 ABI3 * Data Bus Enable

ABi0-19 22} ABI2

A8 420 21 Vss

SY6512 Features of SY6512




$Y6513 — 28 Pin Package

Vss —{| 28| RES
2, -2 27t @2
iRQ -3 26 R/ W
NMI —4 251 DBO
Vee -5 24+ DB
ABO—{6 23}-DB2
ABI 47 22}- DB3
AB2 -8 21+ DBa
AB3 -9 20} DBS
AB4—{I0 19+ 086
ABS —|II 18t DB7
AB6 —I2 I17(- ABII
AB7 <13 16~ ABIO
AB8 —{14  I5}~AB9

SY6513

* 4K Addressable Bytes of
Memory (AB00-AB11)

* Two phase clock input
* IRQ Interrupt
* NMI Interrupt

* 8 Bit Bi-Directional Data Bus

Features of SY6513

SY6514 — 28 Pin Package

Vss | 28} RES
92, —2 271+ 02

iRQ 43 26FR/W
Vee -4 251 D8O
ABO ~5 24 |- DB!
ABI 46 231 0B2
AB2 47 22+ DB3
AB3 48 2!+~ 0D0B4
AB4 -9 20+ DBS
AB5 —10 191~ DB6
AB& —11 18~ DB7
AB7 —12 17~ ABl2
AB8 13 16~ ABII
AB9 —|14 15— ABIO

SY6514

* 8K Addressable Bytes of
Memory (AB00-AB12)

* Two phase clock input
* IRQ Interrupt

* 8 Bit Bi-Directional Data Bus

Features of SY6514

$Y6515 — 28 Pin Package

Vss | 28| RES
RDY 42 27| @2

2, -3 26FR/W
iRG {4 25+ DBO
Vec -{5 24| DBI

ABO 6 23} DB2
ABI 47 22}DB3
AB2-8 21}|-pB4
AB3 -9 20} DB5
AB4 410 19}l DBS
AB5 H1I 18- DB7
AB6 -{i2 17| ABl
AB7 i3 16} ABlO
AB8 <14 15| AB9

SY6515

* 4K Addressable Bytes of
Memory (ABOO-AB11)

* Two phase clock input
* IRQ Interrupt

* 8 Bit Bi~-Directional Data Bus

Features of SY6515
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APPENDIX J

SY6522 DATA SHEET



® SY6522

:' 3050 Coronado Drive, Santa Clara, CA. 95051
: (408) 984-8900 TWX 910-338-0135

SY6522 (VERSATILE INTERFACE ADAPTER)

The SY6522 Versatile Interface Adapter (VIA) provides all of the capability of the SY6520. In addition, this device
contains a pair of very powerful interval timers, a serial-to-parallel/parallel-to-serial shift register and input data latching
on the peripheral ports. Expanded handshaking capability allows control of bi-directional data transfers between VIA's
in multiple processor systems.

Control of peripheral devices is handled primarily through two 8-bit bi-directional ports. Each of these lines can be
programmed to act as either an input or an output. Also, several peripheral 1/0 lines can be controlled directly from the
interval timers for generating programmable frequency square waves and for counting externally generated pulses. To
facilitate control of the many powerful features of this chip, the internal registers have been organized into an interrupt
flag register, an interrupt enable register and a pair of function control registers.

e Very powerful expansion of basic SY6520 capability. e CMOS compatible peripheral control lines.

o N channel, depletion load technology, single +5V e Expanded “handshake” capability allows very positive
Supply. control of data transfers between processor and

e Completely static and TTL compatible. peripheral devices.

Figure 1. SY6522 BLOCK DIAGRAM
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MAXIMUM RATINGS

Symbol Value Unit This device contains circuitry to- protect the
Supply Voltage Vee -03to+7.0 Vdc inputs against damage due to high static voltages.
Input Voltage Vin -03to+7.0 Vdc However, it is advised that normal precautions
Operating Temperature Range Ta 0to+70 °C be taken to avoid application of any voltage

Storage Temperature Range Tstg -55to+150 °C higher than maximum rated voltages.

Electrical Characteristics (VCC = 5.0V $56%, VS = 0, TA = 0°C to 70°C unless otherwise noted)

CHARACTERISTIC SYMBOL | MIN TYP MAX UNIT
Input high voltage (normal operation) VIH +24 — Vee Vde
Input Low Voltage (normal operation) VIL -0.3 - +04 Vdc
Input Leakage current - VN =0to 5 Vdc IIN - +1.0 +2.5 uAdc
R/W, RES, RSO, RS1, RS2, RS3,CS1,
CS2,CAl, 2
Off-state input current - VI[N = 4 to 24 V ITs1 - 2.0 +10 pAde
Vce = Max, DO to D7
Input high current - Vi[y=24V IIH -100 -250 - uAde
PAQ - PA7, CA2, PBO - PB7, CB1, CB2
Input low current - V[, = 0.4 Vdc I - -1.0 -1.6 mAdc
PAO - PA7,CA2, PBO - PB7, CB1, CB2
Output high voltage VOH 24 - - Vdc

Vee = min, [jpad = -100 uAdc
PAO - PA7, CA2, PBO -PB7, CB1, CB2

Output low voltage VoL - - +0.4 Vde
Vee = min, ljgad = 1.6 mAdc

Output high current (sourcing) IoH
VoH=24V -100 -1000 - uAdc
VoH = 1.5V, PBO - PB7, CB1, CB2 -3.0 -5.0 — mAdc

Output low current (sinking) IoL 1.6 — — mAdc
VoL =04 Vdc

Output leakage current (off state) Ioff — 1.0 10 uAdc
1RQ

Input capacitance - TA = 25°C, f= 1 Mhz Cin
R/W, RES, RS0, RS1, RS2, RS3, CS1, CS2 - - 7.0 pF
DO - D7, PAO - PA7, CAl, CA2, PBO - PB7, - - 10 pF
CB1,CB2
$2 input — — 20 pF

Output capacitance - Tp = 25°C, f= 1 Mhz Cout — - 10 pF

Power dissipation Py — — 1000 MW




Figure 2. READ TIMING CHARACTERISTICS

—| TACR | Tey Lt
8— TCR
®2 ¥ | Teom k__/ ) —_—
cLOoCK - - -— TCF
2.4v
ADDRESS X
~ 0.4v
|<@— TPCR——0
- . 24v
PERIPHERAL
DATA 9
04V
| THR
24V
DATA BUS X }
0.4v

DYNAMIC CHARACTERISTICS
Read Timing Characteristics (Figure 2, loading 130 pF and one TTL load)

Characteristic Symbol | Min | Typ | Max | Unit
Cycle time Tcy 1 - 50 us
Delay time, address valid to clock positive transition TACR | 180 - - nS
Delay time, clock positive transition to data valid on bus TCDR | — — 395 | nS
Peripheral data setup time Tpcr | 300 — - nS
Data bus hold time THR 10 — — nS
Rise and fall time for clock input TCR - | - 25 | nS
TCF

Write Timing Characteristics (Figure 3)

Characteristic Symbol | Min | Typ | Max | Unit
Cycle Time Tcy 1 — 50 uS
Enable pulse width Tc [047 - 25 uS
Delay time, address valid to clock positive transition TACW | 180 - - nS
Delay time, data valid to clock negative transition Tpcw | 300 — — nS
Delay time, read/write negative transition to clock positive transition | Twcw | 180 - — nS
Data bus hold time THW 10 — ~ nS
Delay time, Enable negative transition to peripheral data valid Tcpw | — — 1.0 us
Delay time, clock negative transition to peripheral data valid TeMos | — — 2.0 uS

CMOS (Vcc - 30%)




Figure 3. WRITE TIMING CHARACTERISTICS

<—-————-ch
[— T ——
o2 / \
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24V
PERIPHERAL
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Figure 4. 1/0 TIMING CHARACTERISTICS
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PERIPHERAL INTERFACE CHARACTERISTICS

Characteristic Symbol | Min | Typ | Max | Unit
Rise and fall time for CA1, CB1, CA2, and CB2 input signals. TRE — — 1.0 | uS
Delay time, clock negative transition to CA2 negative transition Tcaz | — - 1.0 | uS
(read handshake or pulse mode).
Delay time, clock negative transition to CA2 positive transition TRS1 - - 1.0 us
(pulse mode).
Delay time, CAl active transition to CA2 positive transition TRS2 | — - 2.0 us
(handshake mode).
Delay time, clock positive transition to CA2 or CB2 negative TwHS | — - 1.0 us
- transition (write handshake).
Delay time, peripheral data valid to CB2 negative transition. TpC 0 - 1.5 uS
Delay time, clock positive transition to CA2 or CB2 positive TRS3 - - 1.0 uS
transition (pulse mode).
Delay time, CB1 active transition to CA2 or CB2 positive Trs4 - - 2.0 us
transition (handshake mode).
Delay time, peripheral data valid to CAl or CB1 active TiL | 300 - - nS
transition (input latching).
Delay time, CBI negative transition to CB2 data valid TSR1 — - 300 | nS
(internal SR clock, shift out).
Delay time, negative transition of CB1 input clock to CB2 TSR2 - - 300 [ nS
data valid (external clock, shift out).
Delay time, CB2 data valid to positive transition of CB1 TSR3 | — - 300 | nS
clock (shift in, internal or external clock)
Pulse Width - PB6 Input Pulse Tipw 2 — - uS
Pulse Width - CB1 Input Clock Ticw | 2 - - uS
Pulse Spacing - PB6 Input Pulse Iips 2 - - uS
Pulse Spacing - CB1 Input Pulse Iics 2 - - uS




PROCESSOR INTERFACE

This section contains a description of the buses and control lines which are used to interface the SY6522 to the system
processor. Electrical parameters associated with this interface are specified elsewhere in this document.

1. Phase Two Clock ($2)

Data transfers between the SY6522 and the system processor take place only while the Phase Two Clock is high.
In addition, ®2 acts as the time base for the various timers, shift registers, etc. on the chip.

2. Chip Select Lines (CS1, CS2)

The two chip select inputs are normally connected to processor address lines either directly or through decoding.
The selected SY6522 register will be accessed when CS1 is high and CS2 is low.

3. _Register Select Lines (RS0, RS1, RS2, RS3)

The four Register select lines are normally connected to the processor address bus lines to allow the processor to
select the internal SY6522 register which is to be accessed. The sixteen possible combinations access the registers as
follows:

RS3 RS2 RS1 RSO REGISTER REMARKS
L L L L ORB, IRB
L L L H ORA, IRA Controls Handshake
L L H L DDRB
L L H H DDRA :
L H L L T1L-L Write Latch
Read Counter
L H L H T1C-H Trigger T1L-L/
T1C-L Transfer
L H H L T1L-L
L H H H T1L-H
H L L L T2L-L Write Latch
T2C-L Read Counter
H L L H T2C-H Triggers T2L-L/
T2C-L Transfer
H L H L SR
H L H H ACR
H H L L PCR
H H L H IFR /
H H H L IER "
H H H H ORA No Effect on
Handshake

NOTE: L <04V
H=24V

4. Read/Write Line (R/W)

The direction of the data transfers between the SY6522 and the system processor is controlled by the R/W line.
If R/W is low, data will be transferred out of the processor into the selected SY6522 register (write operation).
If R/W is high and the chip is selected, data will be transferred out of the SY6522 (read operation).

5. Data Bus (DBO - DB7)

The 8 bi-directional data bus lines are used to transfer data between the SY6522 and the system processor. The
internal drivers will remain in the high-impedance state except when the chip is selected (CSI=HI, CS2=L0),
Read/Write is high and the Phase Two Clock is high. At this time, the contents of the selected register are placed
on the data bus. When the chip is selected, with Read/Write low and ®2 = 1, the data on the data bus will be trans-
ferred into the selected SY6522 register.




6. Reset (RES)

The reset input clears all internal registers to logic O (except T1, T2 and SR). This places all peripheral interface
lines in the input state, disables the timers, shift register, etc. and disables interrupting from the chip.

7. Interrupt Request {IRQ)

The Interrupt Request output goes low whenever an internal interrupt flag is set and the corresponding interrupt
enable bit is a logic 1. This output is “open-drain” to allow the interrupt request signal to be “wire-or’ed” with
other equivalent signals in the system.

PERIPHERAL INTERFACE

This section contains a brief description of the buses and control lines which are used to drive peripheral devices under
control of the internal SY6522 registers.

1. Peripheral A Port (PAO - PA7)

The Peripheral A port consists of 8 lines which can be individually programmed to act as an input or an output
under control of a Data Direction Register. The polarity of output pins is controlled by an Output Register and
input data can be latched into an internal register under control of the CAl line. All of these modes of operation
are controlled by the system processor through the internal control registers. These lines represent one standard
TTL load in the input mode and will drive one standard TTL load in the output mode.

2. Peripheral A Control Lines (CA1, CA2)

The two peripheral A control lines act as interrupt inputs or as handshake outputs. Each line controls an internal
interrupt flag with a corresponding interrupt enable bit. In addition, CA1 controls the latching of data on Peripheral
A Port Input lines. The various modes of operation are controlled by the system processor through the internal
control registers. CAl is a high-impedance input only while CA2 represents one standard TTL load in the input
mode. CA2 will drive one standard TTL load in the output mode.

3. Peripheral B Port (PBO - PB7)

The Peripheral B Port consists of 8 bi-directional lines which are controlled by an output register and a data direc-
tion register in much the same manner as the PA port. In addition, the polarity of the PB7 output signal can be
controlled by one of the interval timers while the second timer can be programmed to count pulses on the PB6
pin. These lines represent one standard TTL load in the input mode and will drive one standard TTL load in the
output mode. In addition, they are capable of sourcing 3.0 ma at 1.5 VDC in the output mode to allow the outputs
to directly drive Darlington transistor switches.

4. Peripheral B Control Lines (CB1, CB2)

The Peripheral B control lines act as interrupt inputs or as handshake outputs. As with CAl1 and CA2, each line
controls an interrupt flag with a corresponding interrupt enable bit. In addition, these lines act as a serial port
under control of the Shift Register. These lines represent one standard TTL load in the input mode and will drive
one standard TTL load in the output mode. In addition, they are capable of sourcing 3.0 ma at 1.5 VDC in the
output mode to allow the outputs to directly drive Darlington transistor switches.

Figure 5. PERIPHERAL DATA OUTPUT BUFFERS
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S$Y6522 OPERATION

This section contains a discussion of the various blocks of logic shown in Figure 1. In addition, the internal operation
of the SY6522 is described in detail.

A. Data Bus Buffers (DB), Peripheral A Buffers (PA), Peripheral B Butfers (PB)

The characteristics of the buffers which provide the required voltage and current drive capability were discussed
in the previous section. Electrical paramenters for these buffers are specified elsewhere in this document.

B. Chip Access Control

The Chip Access Control contains the necessary logic to detect the chip select condition and to decode the Register
Select inputs to allow accessing the desired internal registers. In addition, the R/W and 2 signals are utilized to
control the direction and timing of data transfers. When writing into the SY6522, data is first latched into a data
input register during ®2. Data is then transferred into the desired internal register during $2 - Chip Select. This
allows the peripheral 1/0 lines to change states cleanly. When the processor reads the SY6522, data is transferred
from the desired internal register directly onto the Data Bus during $2.

C. Port A Registers, Port B Registers

Three registers are used in accessing each of the 8-bit peripheral ports. Each port has a Data Direction Register
(DDRA, DDRB) for specifying whether the peripheral pins are to act as inputs or outputs. A O in a bit of the
Data Direction Register causes the corresponding peripheral pin to act as an input. A 1 causes the pin to act as
an output.

Each peripheral pin is also controlled by a bit in the Output Register (ORA, ORB) and an Input Register (IRA,
IRB). When the pin is programmed to act as an output, the voltage on the pin is controlled by the corresponding
bit of the Output Register. A 1 in the Output Register causes the pin to go high, and a 0 causes the pin to go'low.
Data can be written into Qutput Register bits corresponding to pins which are programmed to act as izputs;
however, the pin will be unaffected. ‘

Reading a peripheral port causes the contents of the Input Register (IRA, IRB) to be transferrred onto the Data
Bus. With input latching disabled, IRA will always reflect the data on the PA pins. With input latching enabled,
IRA will reflect the contents of the Port A prior to setting the CAl Interrupt Flag (IFR1) by an active transition
on CAl.

The IRB register operates in a similar manner. However, for output pins, the corresponding IRB bit will reflect
the contents of the Output Register bit instead of the actual pin. This allows proper data to be read into the pro-
cessor if the output pin is not allowed to go to full voltage. With input latching enabled on Port B, setting CB1
interrupt flag will cause the IRB to latch this combination of input data and ORB data until the interrupt flag i is
cleared.

D. Handshake Control

The SY6522 allows very positive control of data transfers between the system processor and peripheral devices
through the operation of “handshake” lines. Port A lines (CAl, CA?2) handshake data on both a read and a write
operation while the Port B lines (CB1, CB2) handshake on a write operation only.

Read Handshake

Positive control of data transfers from peripheral devices into the system processor can be accomplished very
effectively using “Read” handshaking. In this case, the peripheral device must generate “Data Ready” to signal
the processor that valid data is present on the peripheral port. This signal normally interrupts the processor,
which then reads the data, causing generation of a “Data Taken” signal. The peripheral device responds by
making new data available. This process continues until the data transfer is complete.

In the SY6522, automatic “Read” handshaking is possible on the Peripheral A port only. The CAl interrupt
input pin accepts the “Data Ready” signal and CA2 generates the “Data Taken” signal. The Data Ready signal
will set an internal flag which may interrupt the processor or which can be polled under software control. The
Data Taken signal can either be a pulse or a level which is set low by the system processor and is cleared by the
Data Ready signal. These options are shown in Figure 6which illustrates the normal Read Handshaking sequence.




Wrife Handshake

The sequence of operations which allows handshaking data from the system processor to a peripheral device
is very similar to that described in Section A for Read Handshaking. However, for “Write” handshaking, the
processor must generate the “Data Ready” signal (through the SY6522) and the peripheral device must
respond with the “Data Taken” signal. This can be accomplished on both the PA port and the PB port on the
SY6522.CA2 or CB2 acts as a Data Ready Output in either the DC level of pulse mode and CAl or CB1 accepts
the “Data Taken” signal from the peripheral device, setting the interrupt flag and clearing the “Data Ready”
output. This sequence is shown in Figure 7.

Figure 6. READ HANDSHAKE TIMING SEQUENCE
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Figure 7. WRITE HANDSHAKE TIMING SEQUENCE
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E. Timer1

Interval Timer T1 consists of two 8-bit latches and a 16-bit counter. The latches are used to store data which is to be
loaded into the counter. After loading, the counter decrements at system clock rate, i.e., under control of the clock
applied to the Phase Two input pin. Upon reaching zero, an interrupt flag will be set, and TRQ will go low. The timer
will then disable any further interrupts, or will automatically transfer the contents of the latches into the counter and
will continue to decrement. In addition, the timer can be instructed to invert the output signal on a peripheral pin each
time it “times-out”. Each of these modes is dicussed separately below.

Writing the Timer 1 Registers
The operations which take place when writing to each of the four T1 addresses are as follows:

RS3 RS2 RS1 RSO Operation (R/W =L)

L H L L Write into low order latch.
Write into high order latch.
Write into high order counter.

. Transfer low order latch into low order counter.
Reset T1 interrupt flag.

L H H L Write into low order latch.

H H Write into high order latch.

Reset T1 interrupt flag.

L H L H

Note that the processor does not write directly into the low order counter (T1C-L). Instead, this half of the counter is
loaded automatically from the low order latch when the processor writes into the high order counter. In fact, it may
not be necessary to write to the low order counter in some applications since the timing operation is triggered by writing
to the high order counter.

The second set of addresses allows the processor to write into the latch register without affecting the count-down in
progress. This is discussed in detail below.

Reading the Timer 1 Registers
For reading the Timer 1 registers, the four addresses relate directly to the four registers as follows.

RS3 RS2 RS1 RSO Operation (R/W =H)
L H L L Read T1 low order counter. Reset T1 interrupt flag.
L H L H Read T1 high order counter.
L H H L Read T1 low order latch.
L H H H Read T1 high order latch.

Timer 1 Operating Modes

Two bits are provided in the Auxiliary Control Register to allow selection of the T1 operating modes. These bits and
the four possible modes are as follows:

ACR7 ACR6 Mode
Output Enable “Free-Run” Enable
0 0 Generate a single time-out interrupt each time T1 is loaded.

PB7 disabled.

1 Generate continuous interrupts. PB7 disabled.

1 0 Generate a single interrupt and an output pulse on PB7 for
each T1 load operation.

Generate continuous interrupts and a squafe wave output
on PB7.




TIMER 1 ONE-SHOT MODE

The interval timer one-shot mode allows generation of a single interrupt for each timer load operation. As with any
interval timer, the delay between the “write TIC-H” operation and generation of the processor interrupt is a direct
function of the data loaded into the timing counter. In addition to generating a single interrupt, Timer 1 can be pro-
grammed to produce a single negative pulse on the PB7 peripheral pin. With the output enabled (ACR7=1) a “‘write
T1C-H” operation will cause PB7 to go low. PB7 will return high when Timer 1 times out. The result is a single pro-
grammable width pulse.

NOTE

PB7 will act as an output if DDRB7 = 1 or if ACR7 = 1. However, if both DDRB7 and ACR7 are
logic 1, PB7 will be controlled from Timer 1 and ORB7 will have no effect on the pin.

In the one-shot mode, writing into the high order latch has no effect on the operation of Timer 1. However, it will be
necessary to assure that the low order latch contains the proper data before initiating the count-down with a “write
T1C-H” operation.When the processor writes into the high order counter, the T1 interrupt flag will be cleared, the
contents of the low order latch will be transferred into the low order counter, and the timer will begin to decrement at
system clock rate. If the PB7 output is enabled, this signal will go low on the phase two following the write operation.
When the counter reaches zero, the T1 interrupt flag will be set, the TRQ pin will go low (interrupt enabled), and the
signal on PB7 will go high. At this time the counter will continue to decrement at system clock rate. This allows the
system processor to read the contents of the counter to determine the time since interrupt. However, the T1 interrupt
flag cannot be set again unless it has been cleared as described elsewhere in this specification.

Timing for the SY6522 interval timer one-shot modes is shown in figure 8.
Figure 8. INTERVAL TIMER “ONE-SHOT’* MODE TIMING SEQUENCE
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TIMER 1 FREE-RUNNING MODE

The most important advantage associated with the latches in T1 is the ability to produce a continuous series of evenly
spaced interruptsﬁ and the ability to produce a square wave on PB7 whose frequency is not affected by variations in
the processor interrupt response time. This is accomplished in the “free-running” mode.

In the free-running mode (ACR6 = 1), the interrupt flag is set and the signal on PB7 is inverted each time the counter
reaches zero. However, instead of continuing to decrement from zero after a time-out, the timer automatically transfers
the contents of the latch into the counter (16 bits) and continues to decrement from there. The interrupt flag can be
cleared by writing T1C-H, by reading T1C-L, or by writing directly into the flag as described below. However, it is not
necessary to rewrite the timer to enable setting the interrupt flag on the next time-out.

All interval timers in the SY6500 family devices are “re-triggerable”. Rewriting the counter will always re-initialize the
time-out period. In fact, the time-out can be prevented completely if the processor continues to rewrite the timer before
it reaches zero. Timer 1 will operate in this manner if the processor writes into the high order counter (T1C-H). However,
by loading the latches only, the processor can access the timer during each down-counting operation without affecting
the time-out in process. Instead, the dataloaded into the latches will determine the length of the next time-out period.
This capability is particularly valuable in the free-running mode with the output enabled. In this mode, the signal on
PB7 is inverted and the interrupt flag is set with each time-out. By responding to the'interrupts with new data for the
latches, the processor can determine the period of the next half cycle during each half cycle of the output signal on PB7.
In this manner, very complex waveforms can be generated. Timing for the free-running mode is shown in Figure 9.




Figure 9. TIMER 1 “FREE-RUNNING" MODE
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F. Timer?2

Timer 2 operates as an interval timer (in the “one-shot” mode only), or as a counter for counting negative
pulses on the PB6 peripheral pin. A single control bit is provided in the Auxiliary Control Register to select
between these two modes. This timer is comprised of a “write-only” low-order latch (T2L-L), a “read-only”
low-order counter and a read/write high order counter. The counter registers act as a 16-bit counter which
decrements at $2 rate.

Timer 2 addressing can be summarized as follows:

RS3 RS2 RS1 RSO R/W=0 R/W=1
H L L L Write T2L-L Read T2C-L
Clear Interrupt flag
H L L H Write T2C-H Read T2C-H
Transfer T2L-L to T2C-L
Clear Interrupt flag

Timer 2 Interval Timer Mode

As an interval timer, T2 operates in the “one-shot” mode similar to Timer 1. In this mode, T2 provides a single
interrupt for each “write T2C-H” operation. After timing out, the counter will continue to decrement. How-
ever, setting of the interrupt flag will be disabled after initial time-out so that it will not be set by the counter
continuing to decrement through zero. The processor must rewrite T2C-H to enable setting of the interrupt
flag. The interrupt flag is cleared by reading T2C-L or by writing T2C-H. Timing for this operation is shown
in Figure 8.

Timer 2 Pulse Counting Mode

In the pulse counting mode, T2 serves primarily to count a predetermined number of negative-going pulses
on PB6. This is accomplished by first loading a number into T2. Writing into T2C-H clears the interrupt flag and
allows the counter to decrement each time a pulse is applied to PB6. The interrupt flag will be set when T2
reaches zero. At this time the counter will continue to decrement with each pulse on PB6. However, it is
necessary to rewrite T2C-H to allow the interrupt flag to set on subsequent down-counting operations. Timing
for this mode is shown in Figure 10. The pulse must be low on the leading edge of 2.

Figure 10. TIMER 2 PULSE COUNTING MODE

WRITE T2C-H I I

OPERATION

PB6 INPUT u l_r 7/ u u

TRQ OUTPUT




G. Shift Register

The Shift Register (SR) performs serial data transfers into and out of the CB2 pin under control of an internal
modulo-8 counter. Shift puises can be applied to the CBI pin from an external source or, with the proper
mode selection, shift pulses generated internally will appear on the CBI pin for controlling external devices.
The control bits which select the various shift register operating modes are located in the Auxiliary Control
Register. These bits can be set and cleared by the system processor to select one of the operating modes
discussed in the following paragraphs.

Shift Register input Modes

Bit 4 of the Auxiliary Control Register selects the input or output modes. There are three input modes and
four output modes, differing primarily in the source of the pulses which control the shifting operation. With
ACR4 = 0 the input modes are selected by ACR3 and ACR?2 as follows:

ACR4 ACR3 ACR2 Mode
0 0 0 Shift Register Disabled
0 0 1 Shift in under control of Timer 2
0 1 0 Shift in at System Clock Rate.
0 1 1 * Shift in under control of external
input pulses

Mode 000 - Shift Register Disabled

The 000 mode is used to disable the Shift Register. In this mode the microprocessor can write or read the SR,
but the shifting operation is disabled and operation of CB1 and CB2 is controlled by the appropriate bits in
the Peripheral Control Register (PCR). In this mode the SR Interrupt Flag is disabled (held to a logic 0).

Mode 001 - Shift in Under Control of Timer 2

In this mode the shifting rate is controlled by the low order 8 bits of T2. Shift pulses are generated on the
CBI1 pin to control shifting in external devices. The time between transitions of this output clock is a function
of the system clock period and the contents of the low order T2 latch.

The shifting operation is triggered by writing or reading the shift register. Data is shifted first into the low or-
der bit of SR and is then shifted into the next higher order bit or the shift register on the trailing edge of each
clock pulse. As shown in Figure 11, the input data should change before the leading edge of the clock pulse.
This data is loaded into the shift register during the system clock cycle following the trailing edge of the clock
pulse. After 8 clock pulses, the shift register interrupt flag will be set and IRQ will go low.

Figure 11. SHIFTING IN UNDER CONTROL OF T2
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Mode 010 - Shift in at System Clock Rate

In this mode the shift rate is a direct function of the system clock frequency. CB1 becomes an output which
generates shift pulses for controlling external devices. Timer 2 operates as an independent interval timer and
has no effect on SR. The shifting operation is triggered by reading or writing the Shift Register. Data is shifted
first into bit O and is then shifted into the next higher order bit of the shift register on the trailing edge of each

clock pulse. After 8 clock pulses, the shift register interrupt flag will be set, and the output clock pulses on
CB1 will stop.

Figure 12. TIMING SEQUENCE FOR SHIFTING IN AT SYSTEM CLOCK RATE .
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Mode 011 - Shift in Under Control of External Clock

In this mode CB1 becomes an input. This allows an external device to load the shift register at its own pace.
The shift register counter will interrupt the processor each time 8 bits have been shifted in. However, the
shift register counter does not stop the shifting operation; it acts simply as a pulse counter. Reading or writing
the Shift Register resets the Interrupt flag and initializes the SR counter to count another 8 pulses.

Note that the data is shifted during the first system clock cycle following the leading edge of the CB1 shift
pulse. For this reason, data must be held stable during the first full cycle following CB1 going high. Timing
for this operation is shown in Figure 13.

Figure 13. TIMING SEQUENCE FOR SHIFTING IN UNDER CONTROL OF EXTERNAL CLOCK

NEgEgligigigigiigigigipipEpipEpEpE p
X X

NOTE: DATA SHIFTED IN AT POINT A,

|

Y
o




Shift Register Output Modes

The four Shift Register Qutput Modes are selected by setting the Input/Output Control Bit (ACR4) to a logic
1 and then selecting the specific output mode with ACR3 and ACR2. In each of these modes the Shift Register
shifts data out of bit 7 to the CB2 pin. At the same time the contents of bit 7 are shifted back into bit 0. As
in the input modes, CB1 is used either as an output to provide shifting pulses out or as an input to allow
shifting from an external pulse. The four modes are as follows:

ACR4 ACR3 ACR2 Mode

Shift out - Free-running mode.

! 0 0 Shift rate controled by T2.

Shift out - Shift rate controlled by T2.

! 0 ! Shift pulses generated on CB1.
1 1 0 Shift out at system clock rate.
1 1 1 Shift out under control of an external pulse.

Mode 100 Free-Running Output

This mode is very similar to mode 101 in which the shifting rate is set by T2. However, in mode 100 the SR
Counter does not stop the shifting operation. Since the Shift Register bit 7 (SR7) is recirculated back into bit
0, the 8 bits loaded into the shift register will be clocked onto CB2 repetitively. In this mode the shift register
counter is disabled.

Mode 101 - Shift out Under Contro! of T2

In this mode the shift rate is controlled by T2 (as in the previous mode). However, with each read or write of
the shift register the SR Counter is reset and 8 bits are shifted onto CB2. At the same time, 8 shift pulses are
generated on CBI to control shifting in External devices. After the 8 shift pulses, the shifting is disabled, the
SR Interrupt Flag is set and CB2 goes to a state determined by the CB2 Control bit (PCS) in the Peripheral
Control Register.

The CB2 Control bits (PC7, PC6, and PC5)must be used to set CB2 to a manual output selecting either a
high or low polarity. If the shift register is reloaded before the last time-out, the shifting will continue. This
sequence is illustrated in Figure 14.

Figure 14. SHIFTING OUT UNDER CONTROL OF T2
o2 LML ooy uruy o
CLOCK
WRITE SR ' I

OPERATION
v
OUTPUT DATA /hx
(CB2) ! ) & ,/, A
OUTPUT CLOCK

{cB1) : ] ﬁ/‘-—' |

IR ]

NOTES:

1. DATA OUT DETERMINED BY CB2 CONTROL IN PCR.

Mode 110 - Shifting out at System Clock Rate

In this mode the shift register operation is similar to that shown in Figure 11. However, the shifting rate is a
function of the system clock on the chip enable pin (®2) and is independent of T2. Timer 2 resumes its nor-
mal function as an independent interval timer. Figure 15 illustrates the timing sequence for mode 110.




Figure 15. SHIFTING OUT UNDER CONTROL OF SYSTEM CLOCK

o2 MU LU U

CLOCK

WRITE SR l I

OPERATION
CLOCK OUT

(ca1) e O e
PATA ca2) XX XX /XX

E
=

NOTES:
1. Data out determined by CB2 control in PCR.

Mode 111 - Shift out under Control of an External Pulse

In this mode, shifting is controlled by pulses applied to the CBI pin by an external device. The SR counter sets
the SR Interrupt flag each time it counts 8 pulses but it does not disable the shifting function. Each time the
microprocessor writes or reads the shift register, the SR Interrupt flag is reset and the SR counter is initialized
to begin counting the next 8 shift pulses on pin CB1. After 8 shift pulses, the interrupt flag is set. The micro-
processor can then load the shift register with the next byte of data.

Figure 16. SHIFTING OUT UNDER CONTROL OF EXTERNAL CLOCK
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H. Interrupt Control

Controlling interrupts within the SY6522 involves three principal operations. These are flagging the interrupts,
enabling interrupts and signalling to the processor that an active interrupt exists within the chip. Interrupt
flags are set by interrupting conditions which exist within the chip or on inputs to the chip. These flags
normally remain set until the interrupt has been serviced. To determine the source of an interrupt, the migro-
processor must examine these flags in order from highest to lowest priority. This is accomplished by reading the
flag register into the processor accumulator, shifting this register either right or left and then using conditional
branch instructions to detect an active interrupt. /

Associated with each interrupt flag is an interrupt enable bit. This bit can be set or cleared by the processor to
enable interrupting the processor from the corresponding interrupt flag. If an interrupt flag is set to a logic
1 by an interrupting condition, and the corresponding interrupt enable bit is set to a 1, the Interrupt Request
Output (ﬁl?)) will go low. TRQ is an “open-collector” output which can be “wire-or’ed” with other devices
in the system to interrupt the processor.

In the SY6522, all the interrupt flags are contained in one register. In addition, bit 7 of this register will be
read as a logic 1 when an interrupt exists within the chip. This allows very convenient polling of several devices
within a system to locate the source of an interrupt.




REGISTER REGISTER BIT

NAME 7 6 5 4 3 2 1 0
Interrupt

Flag 1RQ T1 T2 CBI CB2 SR CAl CA2
Register (IFR)

Interrupt Set/

Enable clear T1 T2 CB1 CB2 SR CAl CA2
Register (IER)| control

Interrupt Flag Register

The IFR is a read/bit-clear register. When thé proper chip select and register signals are applied to the chip, the
contents of this register are placed on the data bus. Bit 7 indicates the status of the IRQ output. This bit
corresponds to the logic function: IRQ = IFR6 x IER6 + IFRS x IERS + IFR4 x IER4 + IFR3 x IER3 +
IFR2 x IER2 + IFR1 x IER1 + IFRO x IERO. Note: X =logic AND, + = Logic OR.

Bits six through zero are latches which are set and cleared as follows:

Bit # ' Set by Cleared By
0 Active transition of the signal on the CA2 pin. Reading or writing the A port Output Register
(ORA) using address 0001.

1 Active transition of the signal on the CAl pin. Reading or writing the A Port Output Register
(ORA) using address 0001 .

2 Completion of eight shifts. Reading or writing the Shift Register.

3 Active transition of the signal on the CB2 pin. Reading or writing the B Port Output Register.

4 Active transition of the signal on the CB1 pin. Reading or writing the B Port Output Register.

5 Time-out of Timer 2. Reading T2 low order counter. Writing T2 high
order counter.

6 Time-out of Timer 1. Reading T1 low order counter. Writing T1 high

order counter.

The IFR bit 7 is not a flag. Therefore, this bit is not directly cleared by writing a logic 1 into it. It can only be
cleared by clearing all the flags in the register or by disabling all the active interrupts as discussed in the next
section.

Interrupt Enable Register (1ER)

For each interrupt flag in IFR, there is a corresponding bit in the Interrupt Enable Register. The system
processor can set or clear selected bits in this register to facilitate controlling individual interrupts without
affecting others. This is accomplished by writing to address 1110 (IER add}ress). If bit 7 of the data placed on
the system data bus during this write operation is a 0, each 1 in bits 6 th/tbugh 0 clears the corresponding bit
in the Interrupt Enable Register. For each zero in bits 6 through 0, the corresponding bit is unaffected.

Setting selected bits in the Interrupt Enable Register is accomplished by writing to the same address with bit
7 in the data word set to a logic 1. In this case, each 1 in bits 6 through O will set the corresponding bit. For
each zero, the corresponding bit will be unaffected. This individual control of the setting and clearing opera-
tions allows very convenient control of the interrupts during system operation.

In addition to setting and clearing IER bits, the processor can read the contents of this register by placing the
proper address on the register select and chip select inputs with the R/W line high. Bit 7 will be read as a logic 0.




I.  Function Control

Control of the various functions and operating modes within the SY6522 is accomplished primarily through
two registers, the Peripheral Control Register (PCR) and the Auxiliary Control Register (ACR). The PCR is
used primarily to select the operating mode for the four peripheral control pins. The Auxiliary Control Regis-
ter selects the operating mode for the interval timers (T1, T2), and the serial port (SR).

Peripheral Control Register

The Peripheral Control Register is organized as follows:

Bit # 7 6 51 4 3 2 1 0
Function CB2 CB1 CA2 CAl
Control Control Control Control

Each of these functions is discussed in detail below.

1. CA1 Control

Bit O of the Peripheral Control Register selects the active transition of the input signal applied to the CAl
interrupt input pin. If this bit is a logic 0, the CAl interrupt flag will be set by a negative transition (high to
low) of the signal on the CAl pin. If PCRO is a logic 1, the CAl interrupt flag will be set by a positive transi-
tion (low to high) of this signal.

2. CA2 Control

The CA2 pin can be programmed to act as an interrupt input or as a peripheral control output. As an input,
CA?2 operates in two modes, differing primarily in the methods available for resetting the interrupt flag. Each
of these two input modes can operate with either a positive or a negative active transition as described above
for CAl.

In the output mode, the CA2 pin combines the operations performed on the CA2 and CB2 pins of the SY6522.
This added flexibility allows processor to perform a normal “write” handshaking in a system which uses CB1
and CB2 for the serial operations described above. The CA2 operating modes are selected as follows:

PCR3 | PCR2 | PCR1 Mode

0 0 0 Input mode—Set CA2 interrupt flag (IFR0) on a negative transition of the input
signal. Clear IFRO on a read or write of the Peripheral A Output Register.

0 0 ) Independent interrupt input mode—Set IFRO on a negative transition of the CA2
input signal. Reading or writing ORA does not clear the CA2 Interrupt flag.

0 1 0 Input mode—Set CA2 interrupt flag on a positive transition of the CA2 input
signal. Clear IFRO with a read or write of the Peripheral A Output Regjster.

0 1 1 Independent Interrupt input mode—Set IFRO on a positive transition of the CA2
input signal. Reading or writing ORA does not clear the CA2 interrupt flag.

1 0 0 Handshake output mode—Set CA2 output low on a read or write of the Peripheral
A Output Register. Reset CA2 high with an active transition on CAl.

1 0 1 Pulse Output mode—CA2 goes low for one cycle following a read or write of
the Peripheral A Qutput Register.

1 1 0 Manual output mode—The CA2 output is held low in this mode.

1 1 1 Manual output mode—The CA2 output is held high in this mode.

In the independent input mode, writing or reading the ORA register has no effect on the CA2 interrupt flag.
This flag must be cleared by writing a logic 1 into the appropriate IFR bit. This mode allows the processor to
handle interrupts which are independent of any operations taking place on the peripheral 1/O ports.

The handshake and pulse output modes have been described previously. Note that the timing of the output
signal varies slightly depending on whether the operation is initiated by a read or a write.
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3. CB1 Control

Control of the active transition of the CB1 input signal operates in exactly the same manner as that described
above for CAl. If PCR4 isalogic O the CBI1 interrupt flag (IFR4) will be set by a negative transition of the CB1

input signal and cleared by a read or write of the ORB register. If PCR4 is a logic 1, IFR4 will be set by a posi-
tive transition of CB1.

If the Shift Register function has been enabled, CB1 will act as an input or output for the shift register clock

signals. In this mode the CB1 interrupt flag will still respond to the selected transition of the signal on the
CB1 pin.

4. CB2 Control

With the serial port disabled, operation of the CB2 pin is a function of the three high order bits of the PCR.
The CB2 modes are very similar to those decribed previously for CA2. These modes are selected as follows:

PCR7 | PCR6 | PCRS

Mode
0 0 0 Interrupt input mode—Set CB2 interrupt flag (IFR3) on a negative transition of the
CB2 input signal. Clear IFR3 on a read or write of the Peripheral B Output Register.
0 0 1 Independent interrupt input mode—Set IFR3 on a negative transition of the CB2

input signal. Reading or writing ORB does not clear the interrupt flag.

0 1 0 Input mode—Set CB2 interrupt flag on a positive transition of the CB2 input signal.
Clear the CB2 interrupt flag on a read or write of ORB.

0 1 1 Independent input mode—Set IFR3 on a positive transition of the CB2 input signal.
Reading or writing ORB does not clear the CB2 interrupt flag.

1 0 0 Handshake output mode—Set CB2 low on a write ORB operation. Reset CB2 high
with an active transition of the CB1 input signal.

1 0 Pulse output mode—Set CB2 low for one cycle following a write ORB operation.

1 1 0 |Manual output mode—~The CB2 output is held low in this mode.

1 1

Manual output mode—The CB2 output is held high in this mode.

AUXIALIARY CONTROL REGISTER

Many of the functions in the Auxiliary Control Register have been discussed previously. However, a summary

of this register is presented here as a convenient reference for the SY6522 user. The Auxiliary Control Register
is organized as follows:

Bit # 7 6 5 4 3 2 1 0
T1 T2 Shift Register PB PA
Function Control Control Control Latch | Latch
Enable | Enable

1. PA Latch Enable

The SY6522 provides input latching on both the PA and PB ports. In this mode, the data present on the
peripheral A input pins will be latched within the chip when the CAl interrupt flag is set. Reading the PA port
will result in these latches being transferred into the processor. As long as the CAl interrupt flag is set, the

data on the peripheral pins can change without affecting the data in the latches. This input latching can be
used with any of the CA2 input or output modes.

It is important to note that on the PA port, the processor always reads the data on the peripheral pins (as
reflected in the latches). For output pins, the processor still reads the latches. This may or may not reflect the

data currently in the ORA. Proper system operation requires careful planning on the part of the system
designer if input latching is combined with output pins on the peripheral ports.

Input latching is enabled by setting bit O in the Auxiliary Control Register to a logic 1. As long as this bit
is a 0, the latches will directly reflect the data on the pins.




2. PB Latch Enable

Input latching on the PB port is controlled in the same manner as that described for the PA port. However,
with the peripheral B port the input latch will store either the voltage on the pin or the contents of the Qutput
Register (ORB) depending on whether the pin is programmed to act as an input or an output. As with the PA
port, the processor always reads the input latches.

3  Shift Register Control
The Shift Register operating mode is selected as follows:

ACR4 | ACR3 | ACR2 Mode
0 0 0 Shift Register Disabled.
0 0 1 Shift in under control of Timer 2.
0 1 0 Shift in under control of system clock.
0 1 1 Shift in under control of external clock pulses.
1 0 0 Free-running output at rate determined by Timer 2.
1 0 1 Shift out under control of Timer 2.
1 1 0 Shift out under control of the system clock.
1 1 1 Shift out under control of external clock pulses.

4. T2 Control

Timer 2 operates in two modes. If ACRS =0, T2 acts as an interval timer in the one-shot mode. If ACR5 =1,
Timer 2 acts to count a predetermined number of pulses on pin PB6.

5. T1 Control

Timer 1 operates in the one-shot or free-running mode with the PB7 output control enabled or disabled. These
modes are selected as follows:

ACR7 ACR6 Mode
0 0 One-shot mode—Qutput to PB7 disabled
0 1 Free-running mode—Output to PB7 disabled.
1 0 One-shot mode—Output to PB7 enabled.
1 1 Free-running mode—Qutput to PB7 enabled.

APPLICATION OF THE SY6522

The SY6522 represents a significant advance in general-purpose microprocessor 1/0. Unfortunately, its many
powerful features, coupled with a set of very flexible operating modes, cause this device to appear to be very
complex at first glance. However, a detailed analysis will show that the VIA is organized to allow convenient
control of these powerful features. This section seeks to assist the system designer in his understanding of the
SY6522 by illustrating how the device can be used in microprocessor-based systems.

A. Control of the SY6522 iInterrupts

Organization of the SY6522 interrupt flags into a single register greatly facilitates the servicing of interrupts
from this device. Since there is only one TRQ output for the seven possible sources of interrupt within the chip,
the processor must examine these flags to determine the cause of an interrupt. This is best accomplished by
first transferring the contents of the flag register into the accumulator. At this time it may be necessary to
mask off these flags which have been disabled in the Interrupt Enable Register. This is particularly important
for the edge detecting inputs where the flags may be set whether or not the interrupting function has been
enabled. Masking off these flags can be accomplished by performing an AND operation between the IER and
the accumulator or by performing an “AND IMMEDIATE”. The second byte of this AND # instruction
should specify those flags which correspond to interrupt functions which are to be serviced.




If the N flag is set after these operations, an active interrupt exists within the chips. This interrupt can be
detected with a series of shift and branch instructions.

Clearing interrupt flags is accomplished very conveniently by writing a logic 1 directly into the appropriate
bit of the Interrupt Flag Register. This can be combined with an interrupt enable or disable operation as
follows:

LDA #@10010000 ; initialize accumulator

STA IFR clear interrupt flag
STA IER set interrupt enable flag

or:

LDA #@00001000 ; initialize accumulator
STA IFR clear interrupt flag
STA IER disable interrupt

Another very useful technique for clearing interrupt flags is to simply transfer the contents of the flag register
back into this register as follows:

LDA IFR ; transfer IFR to accumulator
STA IFR ; clear flags corresponding to active interrupts

After completion of this operation the accumulator will still contain the interrupt flag information. Most
important, writing into the flag register clears only those flags which are already set. This eliminates the
possibility of inadvertently clearing a flag while it is being set.

B. Use of Timer 1

Timer 1 represents one of the most powerful features of the SY6522. The ability to generate very evenly
spaced interrupts and the ability to control the voltage on PB7 makes this timer particularly valuable in various
timing, data detection and waveform generation applications.

Time-of-Day Clock Applications

An important feature of many systems is the time-of-day clock. In microprocessor-based systems the time of
day is usually maintained in memory and is updated in an interrupt service routine. A regular processor
interrupt will then assure that this time of day will always be available when it is needed in the main program.

Generating very regular interrupts using previously available timers presented difficulties because of the need
to re-load the timer for each interrupt. Unfortunately, the time between the interrupts will fluctuate due to
variations in the interrupt response time. This problem is eliminated in the Timer 1 “free-running” mode. The
accuracy of these “free-running” interrupts is only a function of the system clock and is not affected by
interrupt response time.

Asynchronous Data Detection

The extraction of clock and data information from serial asynchronous ASCII signals or from any single
channel data recording device relies on the ability to establish accurate strobes. As discussed previously, the
period of these strobes can be seriously affected by the interrupt response time using conventional timers.
However, T1 again allows generation of very accurate interrupts. The processor responds to these interrupts
by strobing the input data. The ability to reload the T1 latches without affecting the count-down in progress
is very useful in this application. This allows the strobe time to be doubled or halved during data detection.
This sequence of operation is as follows:

Figure 17. DETECTING ASYNCHRONOUS DATA USING TIMER 1

| START BIT | DATA BIT | DATA BIT |

sernar | 1 I
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iRG
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Load T into T1 counter and 2T into
T1 latch at beginning of start bit.




Waveform Generation with Timer 1

In addition to generating processor interrupts, Timer 1 can be used to control the output voltage on peripheral pin PB7
(output mode). In this mode a single negative pulse can be generated on PB7 (one-shot mode) or, in the free-running
mode, a continuous waveform can be generated. In this latter mode the voltage on PB7 will be inverted each time T1
times out.

A single solenoid can be triggered very conveniently in the one-shot mode if the PB7 signal is used to control the
solenoid directly. With this configuration the solenoid can be triggered by simply writing to T1C-H.

Generating very complex waveforms can be a simple problem if T1 is used to control PB7 in the free-running mode.
During any count-down process the latches can be loaded to determine the length of the next count-down period.
Figure 18 shows this timing sequence for generating ASCII serial data.

Figure 18. ASCII SERIAL DATA GENERATION USING T1

| START BIT | DATABIT | | | | |
OUTPUT

IR I_I u

* - )L | L
1

1. Load T into T1 counter and latch. Load T into T2 to trigger T1 latch reload.
2. Load 2T into T1 latch during this bit time. Load 2T into T2, as before.
3. Load T into T1 latch anytime during this period. Load NT into T2. N = number of 1's or 0’s

which follow.
4. A series of 1’s and 0’s will be generated until the T1 latch is again changed. Note that the
use of T2 to control reloading the T1 latch elimi the need to interrupt on each transition.

An application where this mode of operation is also very powerful is in the generation of bi-phase encoded data for tape
or disk storage. This encoding technique and the sequence of operations which would take place are illustrated in
Figure 19.

These applications represent only a tiny portion of the potential T1 applications. Some other possibilities are pulse
width modulation waveforms, sound generation for video games, A/D techniques requiring very accurate pulse widths,
and waveform synthesis in electronic games.

Figure 19. GENERATING BI-PHASE ENCODED DATA
I 0 | 0 ' 1 | 0 i )] I 0 [ 1 !
ouTPUT
DATA (PB7) I | 1 | 1 ] | | I | |
1' L l i L . | [ B

Load T1 counter and latch.

Shift T1 Jatch one bit to the right during this period.
Shift T1 latch left during this period.

Shift T1 latch right during this period.

P WN =

Note that T1 must be accessed only when the output data changes. A string of 1’s or 0’s can be
generated without processor intervention.
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Figure 22, EXPANDING SYSTEM I/O USING SHIFT REGISTER

TO LAMP DRIVERS, ETC.

1

SERIAL IN/
PARALLEL OUT

cB2 SERIAL IN/ SERIAL IN/
PARALLEL QUT PARALLEL OUT

CB1

PBO

PB1

°-

6522

I

I

|

PARALLEL IN/
SERIAL OUT

PARALLEL IN/
SERIAL OUT

PARALLEL IN/
SERIAL OUT

1

Clock Generation Using the Shift Register

I

TO INPUT SWITCHES

]

In all output modes the data shifted out of bit 7 will also be shifted into bit 0. For this reason the Shift Regjster need
not be re-loaded if the same data is to be shifted out each time. A Shift Register read operation can be used to trigger
the shifting operation.

[

m

This capability is very useful for generating peripheral clocks in the continuous output mode. This mode allows an 8-bit
pattern to be shifted out continuously. This is illustrated in Figure 23. Note that in this mode the shifting operation is
controlled by Timer 2. A single bit time can therefore be up to 256 clock cycles in length.

Figure 23. CLOCK GENERATION USING SR FREE-RUNNING MODE
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Using the SY6522 Shift Register

The Shift Register in the SY6522 is designed primarily as a synchronous serial communications port for distributed
systems. These systems can be either single-processor with distributed peripheral controllers or distributed processor
systems. The most important characteristic of the Shift Register in these applications is its ability to transfer informa-
tion at relatively slow data rates to allow the use of R-C noise suppression techniques. This transfer can he accomplished
while the processor is servicing other aspects of the system. An example of a simple 2-processor distributed system is
shown in Figure 20. Use of the SY6522 Shift Register allows effective communication between the two systems without
the use of relatively complex asynchronous communications techniques.

Figure 20. USING SHIFT REGISTER FOR INTER-SYSTEM COMMUNICATION

SYSTEM 1 SYSTEM 2
cB2 DATA c82
A A
cB1 cLock c81 .
| A
650X ) 6522 | pgo “BUSY" CONTROL po | 6522 650X
mla — 0

I il

In a system with distributed peripherals, the Shift Register can be used to transfer data to the peripheral interface
devices. This is illustrated in Figure 21 for a system with a number of distributed status displays. These displays are
serviced by stand-alone controllers which actuate the lamps in the status displays with simple drivers. The data and
clock lines are wired in parallel to each unit. In addition, a single SY6522 peripheral port allows selection of the display
to be loaded. These select lines can be eliminated if all displays are to contain the same information. With the system
shown, the status display can be updated at any time by simply selecting the desired display and then writing to the
Shift Register.

Figure 21. USING THE SHIFT REGISTER FOR SERVICING REMOTE STATUS DISPLAYS
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Remote input devices can be serviced in much the same manner by shifting data into the Shift Register under control of
a peripheral port output as shown in Figure 21. Each set of input switches can be polled by first selecting the set to be
polled and then triggering the shifting operation with a Shift Register read operation. A shift register interrupt can be
used to cause the processor to read the resulting input information after shifting is complete.

The techniques described above can be utilized to expand I/O capability in a microprocessor based system. In a system
with many status lamps or many input switches, simple TTL shift registers will provide the necessary I/O in a very cost
effective manner. This is illustrated in Figure 22.
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Synerlek SY6532

3050 Coronado Drive, Santa Clara, CA. 95051
(408) 984-8900 TWX 910-338-0135

SY6532 (RAM, 1/0,TIMER ARRAY) ]

The SY6532 is designed to operate in conjuction with the SY6500 Microprocessor Family. It is comprised of a
128 x 8 static RAM, two software controlled 8 bit bi-directional data ports allowing direct interfacing between the
microprocessor unit and peripheral devices, a software programmable interval timer with interrupt capable of timing in
various intervals from 1 to 262,144 clock periods, and a programmable edge-detect interrupt circuit.

o 8bit bi-directional Data Bus for direct communication e Programmable Interval Timer

with the microprocessor e Programmable Interval Timer Interrupt
e Programmable edge-sensitive interrupt e TTL & CMOS compatible peripheral lines

128 x 8 static RAM o Peripheral pins with Direct Transistor Drive Capability
e Two 8 bit bi-directional data ports for interface to e High Impedance Three-State Data Pins

peripherals
o Two programmable I/O Peripheral Data Direction

Registers

Figure 1. 6532 BLOCK DIAGRAM
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MAXIMUM RATINGS

RATING SYMBOL VOLTAGE UNIT
Supply Voltage vee -3to+7.0 v
Input/Output Voltage VIN -3to+7.0 \4
Operating Temperature Range Top 0to 70 °C
Storage Temperature Range TSTG -55 to +150 °C
ELECTRICAL CHARATERISTICS (Vgc = 5.0V #56%, Vgs = 0V, Ta = 25° C)
CHARACTERISTIC SYMBOL| MIN. TYP. MAX. | UNIT
Input High Voltage VIH [Vss+24 vee \4
Input Low Voltage VIL Vgs - .3 Vs + 4 v
Input Leakage Current; VIN = Vs +.5V IIN 1.0 2.5 HA
AQ-A6, RS, R/W, RES, 92, Cs1, C52
Input Leakage Current for High Impedance State ITsI £1.0 +10.0 HA
(Three State); VIN = 4V to 2.4V, D@-D7
Input High Current; VIN = 24V I -100. -300. HA
PAQ-PA7, PBQ-PB7
Input Low Current; VIN = 4V I -1.0 -1.6 MA
PAQ-PA7, PB)-PB7
Output High Voltage VOH \'
Ve =MIN, ILoAD < -100uA (PAQ-PA7, PBO-PB7, D@-D7) Vss +24
ILOAD < 3 MA (PB@-PB7) Vgs+ 1.5
Output Low Voltage
Vee = MIN, ILoAD € 1.6MA VoL Vs + 4 \%
Output High Current (Sourcing); IoH
VOH = 2.4V (PA®-PA7, PB}-PB7, D@-D7) -100 -1000 MA
2 1.5V Available for direct transistor 3.0 50 MA
drive (PB)-PB7)
Output Low Current (Sinking); VoL < 4V IoL 1.6 MA
Clock Input Capacitance CClk 30 pf
Input Capacitance CIN 10 pf
Output Capacitance CoUT 10 pf
Power Dissipation Icc 100 125 mA

All inputs contain protection circuitry to prevent damage due to high static charges. Care should be exercised to pre-
vent unnecessary application of voltage outside the specification range.




WRITE TIMING CHARACTERISTICS
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WRITE TIMING CHARACTERISTICS

CHARACTERISTIC SYMBOL | MIN. | TYP.| MAX.| UNIT
Clock Period TCcYC 1 uS
Rise & Fall Times TR, TF 25 NS
Clock Pulse Width TC 470 NS
R/W valid before positive transition of clock TWCW | 180 NS
Address valid before positive transition of clock TACW | 180 NS
Data Bus valid before negative transition of clock TDCW | 300 NS
Data Bus Hold Time THW 10 NS
Peripheral data valid after negative transition of clock TCPW 1 uS
Peripheral data valid after negative transition of clock driving CMOS TCMOS 2 uS
(Level = Ve = 30%)

READ TIMING CHARACTERISTICS

CHARACTERISTIC SYMBOL | MIN. | TYP.| MAX.| UNIT
R/W valid after positive transition of clock TWCR | 180 | NS
Address valid before positive transition of clock TACR | 180 \ NS
Peripheral data valid before positive transition of clock TPCR | 300 . NS
Data Bus valid after positive transition of clock TCDR 395 NS
Data Bus Hold Time THR 10 NS
TRQ (Interval Timer Interrupt) valid before positive transition of clock TIC 200 NS

Loading= 30 pf+ 1 TTL load for PAQ-PA7, PB)-PB7
=130 pf + 1 TTL load for D@-D7

INTERFACE SIGNAL DESCRIPTION

Reset (RES)

During system initialization a Logic “0” on the RES input will cause a zeroing of all four I/O registers. This in turn
will cause all I/O buses to act as inputs thus protecting external components from possible damage and erroneous data
while the system is being configured under software control. The Data Bus Buffers are put into an OFF-STATE during

Reset. Interrupt capability is disabled with the RES signal. The RES signal must be held low for at least one clock
period when reset is required.

{nput Clock

The input clock is a system Phase Two clock which can be either a low level clock (ViL, < 0.4, V[H > 2.4) or high
level clock (V1L < 0.2, VIH = Vee f_'%).

Read/Write (R/W)
The R/W signal is supplied by the microprocessor array and is used to control the transfer of data to and from the

microprocessor array and the SY6532. A high on the R/W pin allows the processor to read (with proper addressing)
the data supplied by the SY6532. A low on the R/W pin allows a write (with proper addressing) to the SY6532.

Interrupt Request (IRQ)

The IRQ pin is an interrupt pin from the interrupt control logic. It will be normally high with a low indicating an
interrupt from the SY6532. IRQ is an open-drain output, permitting several units to be wire-or’ed to the common IRQ
microprocessor input pin. The IRQ pin may be activated by a transition on PA7 or timeout of the interval timer.

Data Bus (D0-D7)
The SY6532 has eight bi-directional data pins (D0O-D7). These pins connect to the system’s data lines and allow transfer

of data to and from the microprocessor array. The output buffers remain in the off state except when a Read operation
occurs.




Peripheral Data Ports

The SY6532 has 16 pins available for peripheral I/O operations. Each pin is individually programmable to act as either
an input or an output. The 16 pins are divided into two 8-bit ports, PAO-PA7 and PBO-PB7. PA7 may also function

as an interrupt input pin. This feature is described in another section. The pins are set up as an input by writing a

“0” into the corresponding bit of the data direction register. A “1” into the data direction register will cause its
corresponding bit to be an output. When in the input mode, the peripheral output buffers are in the “1” state and a
pull-up device acts as less than one TTL load to the peripheral data lines. On a Read operation, the microprocessor unit
reads the peripheral pin. When the peripheral device gets information from the SY6532 it receives data stored in the
data register. The microprocessor will read correct information if the peripheral lines are greater than 2.4 volts for a “1”
and less than 0.4 volts for a “0” as the peripheral pins are all TTL compatible. Pins PBO-PB7 are also capable of
sourcing 3 ma at 1.5 v thus making them capable of direct transistor drive.

Address Lines {A0-AB)

There are 7 address pins. In addition to these, there is the RS pin. The above pins, A0-A6 and -R_S, are alﬂlys used as
addressing pins. There are 2 additional pins which are used as CHIR SELECTS. They are pins CS1 and CS2.

INTERNAL ORGANIZATION

A block diagram of the internal architecture is shown in Figure 1. The SY6532 is divided into four basic sections:
RAM, I/0, Timer, and Interrupt Control. The RAM interfaces directly with the microprocessor through the system
data bus and address lines. The 1/O section consists of two 8-bit halves. Each half contains a Data Direction Register
(DDR) and an I/O register.

RAM 128 Bytes (1024 Bits)

A 128 x 8 static RAM is contained on the SY6532. It is addressed by A0-A6 (Byte Select), RS, CS1, and CS2.
Internal Peripheral Registers

There are four 8-bit internal regjsters: two data direction registers and two output registers. The two data direction
registers (A side and B side) control the direction of data into and out of the peripheral I/O pins. A logic zero in a bit
of the data direction register (DDRA and DDRB) causes the corresponding pin of the I/O port to act as an input. A
logic one causes the corresponding pin to act as an output. The voltage on any pin programmed as an output is deter-
mined by the corresponding bit in the output register (ORA and ORB).

Data is read directly from the PA pins during a peripheral read operation. Thus, for a PA pin programmed as an output,
the data transferred into the processor will be the same as the data in'the ORA only if the voltage on the pin is allowed
to be 2 2.4 volts for a logic one and < 0.4 volts for a zero. If the loading on the pin does not allow this, then the data
resulting from the read operation may not match the contents of ORA.

The output buffers for the PB pins are somewhat different from the PA buffers. The PB buffers are push-pull devices
which are capable of sourcing 3ma at 1.5 volts. This allows for these pins to directly drive transistor circuits. To assure
that the processor will read the proper data when performing a peripheral read operation, logic is provided in the
peripheral B port to permit the processor to read the contents of ORB, instead of the PB pins as is the case for the
PA port.

Interval Timer

The timer section of the SY6532 contains three basic parts: preliminary divide down register, programmable 8-bit
register and interrupt logic. These are illustrated in Figure 2.

The interval timer can be programmed to count up to 256 time intervals. Each time interval can be either 1T, 8T,

64T or 1024T increments, where T is the system clock period. When a full count is reached, and interrupt flag is set to
alogic ““1.” After the interrupt flag is set the internal clock begins counting down to a maximum of -255T. Thus, after
the interrupt flag is set, a Read of the timer will tell how long since the flag was set up to a maximum of 255T.

The 8-bit system Data Bus is used to transfer data to and from the Interval Timer. If a count of 52 time intervals were
to be counted, the pattern 00 1 1 0 1 0 0 would be put on the Data Bus and written into the Interval Time register.




At the same time that data is being written to the Interval Timer, the counting intervals of 1, 8, 64, 1024T are decoded
from address lines AO and Al. During a Read or Write operation address line A3 controls the interrupt capability of
IRQ,ie., A3 =1 enables IRQ, A3 =0 disables IRQ. In either case, when timeout occurs, bit 7 of the Interrupt Flag
Register is set. This flag is cleared when the Timer register is either read from or written to by the processor. If IRQ is
enabled by A3 and an interrupt occurs TRQ will go low. When the timer is read prior to the interrupt flag being set, the
number of time intervals remaining will be read, ie., 51, 50,49, etc.

When the timer has counted down to 0 0 0 0 0 0 0 0 on the next count time an interrupt will occur and the counter
willread 1 111111 1. After interrupt, the timer register decrements at a divide by “1” rate of the system clock.
If after interrupt, the timer is read and a value of 1 1 1 00 1 0 0 is read, the time since interrupt is 28T. The value read

is in two’s complement.

Value read =11100100
Complement . =00011011
Add 1 =00011100=28.

Figure 2. BASIC ELEMENTS OF INTERVAL TIMER

RIW PA7 A3 [17 D[ D5 D4 D3 D2 o[ DO RIW 11 ;10
— INTERRUPT PROGRAMMABLE o DIVIDE
- -
IRa CONTROL REGISTER 3 DOWN 02

vy

D7 D6 D5 D4 D3 D2 D1 DO

Thus, to arrive at the total elapsed time, merely do a two’s complement add to the original time written into the timer.
Again, assume time writtenas 00110 1 0 0 (=52). With a divide by 8, total time to interruptis (52 x 8) + 1 =417T.
Total elapsed time would be 416T + 28T = 444T, assuming the value read after interrupt was 1 11001 00.

After interrupt, whenever the timer is written or read the interrupt is reset. However, the reading of the timer at the
same time the interrupt occurs will not reset the interrupt flag.

Figure 3 illustrates an example of interrupt.

Figure 3. TIMER INTERRUPT TIMING
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1. Data written into interval timersis00110100=5219 4 Interrupt has occurred at 92 pulse #416

2. Datain Inltgrval timeris00011001=2510 Data in Interval timer=1111111 1
52- g -1=52-26-1=25 5. Datain Interval timeris 10101100
3. Datain I i 500 _ two’s complementis01010100=8419
. aam4nterva timeris00000000=019 84 + (52 x 8) = 50010

52- g -1=52-51-1=0

When reading the timer after an interrupt, A3 should be low so as to disable the IRQ pin. This is done so as to avoid
future interrupts until after another Write operation.
Interrupt Flag Register

The Interrupt Flag Register consists of two bits: the timer interrupt flag and the PA7 interrupt ﬂag.'When aread
operation is performed on the Interrupt Flag Register, the bits are transferred to the processor on the data bus, as
the diagram below, indicates.

Figure 4. INTERRUPT FLAG REGISTER

7 6 5 4 3 2 1 0

\ /
| |
\\O'
PA7 FLAG

TIMER FLAG

The PA7 flag is cleared when the Interrupt Flag Register is read. The timer flag is cleared when the timer register is
either written or read.

ADDRESSING

Addressing of the SY6532 is accomplished by the 7 addressing pins, the RS pin and the two chip select pins CS1 and
CS2. To address the RAM, CS1 must be high with CS2 and RS low. To address the I/O and Interval timer CS1 and RS
must be high with CS2 low. As can be seen to access the chip CS1 is high and CS2 is low. To distinguish between
RAM or 1/0 Timer the RS pin is used. When this pin is low the RAM is addressed, when high the I/O Interval timer
section is addressed. To distinguish between timer and 1/O address line A2 is utilized. When A2 is high the interval
timer is accessed. When A2 is low the I/O section is addressed. Table 1 illustrates the chip addressing.

Edge Sense Interrupt

In addition to its use as a peripheral I/O line, the PA7 pin can function as an edge sensitive input. In this mode, an
active transition on PA7 will set the internal interrupt flag (bit 6 of the Interrupt Flag Register). When this occurs,
and providing the PA7 interrupt is enabled, the IRQ output will go low.

Control of the PA7 edge detecting logic is accomplished by performing a write operation to one of four addresses.
The data lines for this operation are “‘don’t care” and the addresses to be used-are found in Figure 4.

The setting of the internal interrupt flag by an active transition on PA7 is always enabled, no matter whether PA7

is set up as an input or an output.

The RES signal disables the PA7 interrupt and sets the active transition to the negative edge-detect state. During the
reset operation, the interrupt flag may be set by a negative transition. It may, therefore, be necessary to clear the flag
before its normal use as an edge detecting input is enabled. This can be achieved by reading the Interrupt Flag Register,
as defined by Figure 4 immediately after reset.

1/0 Register - Timer Addressing

Table 1 illustrates the address decoding for the internal elements and timer programming. Address line A2 distin-
quishes 1/0 registers from the timer. When A2 is low and RS is high, the I/O registers are addressed. Once the I/O
registers are addressed, address lines A1l and AO decode the desired register.

When the timer is selected Al and AO decode the “divide-by’’ matrix. This decoding is defined in Table 1. In addition,
Address A3 is used to enable the interrupt flag to IRQ.




Table 1 ADDRESSING DECODE

OPERATION RS R/W Ad A3 A2 Al A0
Write RAM 0 0 — — — - -
Read RAM 0 1 — — - - -
Write DDRA 1 0 -~ - 0 0 1
Read DDRA 1 1 - - 0 0 1
Write DDRB 1 0 - - 0 1 1
Read DDRB 1 1 - - 0 1 1
Write Output Reg A 1 0 - - 0 0 0
Read Output Reg A 1 1 - - 0 0 0
Write Qutput Reg B 1 0 - - 0 1 0
Read Output Reg B 1 1 - - 0 1 0
Write Timer
1T 1 0 1 @ 1 0 0
+8T 1 0 1 (@) 1 0 1
+ 64T 1 0 1 @) 1 1 0
+1024T 1 0 1 (a) 1 1 1
Read Timer 1 1 - (@) 1 — 0
Read Interrupt Flag 1 1 - — 1 — 1
Write Edge Detect Control 1 0 0 - 1 (b) (c)

NOTES:
(a) A3 =0 to disable interrupt from timer to IRQ

A3 =1 to enable interrupt from timer to IRQ

(b) A1 = 0 to disable interrupt from PA7 to IRQ

Al =1 to enable interrupt from PA7 to IRQ

PACKAGE OUTLINE

10° max.

— = Don’t Care, “1” = High level (22.4V), “0” = Low level (<0.4V)

(c) AO = 0 for negative edge-detect
AQ =1 for positive edge-detect

PIN DESIGNATION

40 21 l vss[}1 a0[] A6
As[] 2 3
DOT OR NOTCH ! 600 max. (15.87) 625 g
TO LOCATE (15.24 mm) (16.11) 595 Ad[]s cs1
PIN NO. 1-—a-e * A3[]a cs2
1 20 t — —
A2[]s RS
155 Al RW
. max. —
2.020 max. " (3.93 mm) AS[] 7 RES
(51.30 mm) 190 max. PAG
(4.82 mm) A8[] s oe
PA1[] 9 31
‘ PA2[] D2
310 max.
- (7.87 mm) PA3[] D3
“ l T T PA4 ] D4
{1.65) .065
{101 oao 'YP~Hl~— 100 min. pAs ] D5
(2.54 mm)
(55) 022 Lp L pPAs [ D6
(.45) .018 : .010 min. PA7 (] D7
1.910 (4851 mm) (.25 mm) .
1.890 (48.00 mm) PB7 ] JRQ
19 EQUAL SPACES PB6 [] PBY
.100 G TOL. NONCUM.
(2.54 mim) PB5 ] PB1
NOTE: Pin No. 1 is in lower left corner when PB4 ] P82
symbolization is in normal orientation vee : PE3
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SY2114

MEMORY
PRODUCTS

1024 x4 Static Random
Access Memory

Synertek®

©® 300 ns Maximum Access

® Low Operating Power Dissipation
0.1 mW/Bit

® No Clocks or Strobes Required

Identical Cycle and Access Times

® Single +5V Supply

® Totally TTL Compatible:
All Inputs, Qutputs, and Power Supply
® Common Data 1/0
400 mv Noise Immunity
High Density 18 Pin Package

The SY2114 is a 4096-Bit static Random Access
Memory organized 1024 words by 4-bits and is fabri-
cated using Synertek’s N-channel Silicon-Gate MOS
technology. It is designed using fully DC stable (static)
circuitry in both the memory array and the decoding
and therefore requires no clock or refreshing to
operate. Address setup times are not required and
the data is read out nondestructively with the same
polarity as the input data. Common Input/Output
pins are provided to simplify design of the bus oriented
systems, and can drive 2 TTL loads.

PIN CONFIGURATION

ORDERING INFORMATION

Supply
Order Package Access Current Temperature
Number Type Time (Max) Range

SYCc2114 Ceramic  450nsec  100mamp 0°C to 70°C
SYP2114 Molded 450nsec 100mamp 0°C to 70°C
SYC2114-3 Ceramic 300nsec 100mamp 0°C to 70°C
SYP2114-3  Molded 300nsec 100mamp 0°C to 70°C
SYC2114L  Ceramic 450nsec  70mamp 0°C to 70°C
SYP2114L Moided 450nsec 70mamp 0°C to 70°C
SYC2114L-3 Ceramic 300nsec 70mamp 0°C to 70°C
SYP2114L-3 Molded 300nsec 70mamp 0°Cto 70°C

The SY2114 is designed for memory applications
where high performance, low cost, large bit storage,
and simple interfacing are important design objectives,
It is totally TTL compatjble in all respects: inputs,
outputﬁnd the single +5V supply. A separate Chip
Select (CS) input allows easy selection of an individ-
ual device when outputs are or-tied.

The SY2114 is packaged in an 18-pin DIP for the
highest possible density and is fabricated with N-
channel, lon Implanted, Silicon-Gate technology — a
technology providing excellent performance charac-
teristics as well as protection against contamination
allowing the use of low cost packaging techniques.

BLOCK DIAGRAM

“o—-—-—-———l 2
Ay ¥ - Voo
«—— GND
A
2 ——w AoW MEMORY ARRAY
SELECT 84 ROWS
Ag _—-—w 64 COLUMNS
Ay —_I z 1
As—-{ Z
L 1
1104 ? t COLUMN
H vocwcuits
110,
2 ’?J weut | | coLumn seLect

DATA
1104 ? CONTROL L i\ i\
1104

#oal

E Synertek® .

P.0. Box 552 .

Santa Clara, CA 85052

. Telephone (408) 984-8900 . TWX: 910-338-0135




5 | SY2114

ABSOLUTE MAXIMUM RATINGS COMMENT

Temperature Under Bias -10°C t0 80°C Stresses above those listed under ““Absolute Maximum

Storage Temperature -65°C to 150°C Ratings’”” may cause permanent damage to the device.

Voltage on Any Pin with This is a stress rating only and functional operation of
Respect to Ground ~-0.5V to +7V the device at these or any other conditions above

Power Dissipation 1.0W those indicated in the operational sections of this

specification is not implied.

D.C. CHARACTERISTICS Ta =0°Cto +70°C, Vg = 5V 5% (Unless Otherwise Specified)

2114-3, 2114 Ja114L, 2114L3)
Symbol Parameter Min | Max | Min | Max | Unit Conditions
I Input Load Current 10 10 uA | V|N=0to0b5.25V
{All input pins)
Lo 1/0 Leakage Current 10 10 nA CS=20v,
Vi/0 = 0.4V to VcC
lce Power Supply Current 95 65 mA | Vge =5.25V, 11/0 = 0 mA,
Ta=25°C
fce?2 Power Supply Current 100 70 mA | Ve =5.25V, lj/0 =0 mA,
Ta=0°C
ViL Input Low Voltage -05| 08 |-05 | 0.8 \%
VIH Input High Voltage 20 | Vecc | 20 | Vee \
VoL Output Low Voltage 0.4 0.4 \ loL=3.2mA
VOH Output High Voltage 24 | Vee | 24 | Vee \Y IoH =-1.0mA
CAPACITANCE Tp = 25°C, f = 1.0 MHz
Symbol Test Typ Max Units
Ci/o Input/Qutput Capacitance 5 pF
CIN Input Capacitance ’ 5 pF

NOTE: This parameter is periodically sampled and not 100%»tested.
A.C. CHARACTERISTICS Ta =0°C to 70°C, V¢ = 5V 5% (Unless Otherwise Specified)

2114-3,2114L-3 2114, 2114L
SYMBOL PARAMETER MIN MAX MIN MAX UNIT
READCYCLE
tRC Read Cycle Time 300 450 nsec
tA Access Time 300 450 nsec
tco Chip Select to Output Valid 100 120 nsec
tcX Chip Select to Output Enabled 20 20 nsec
tOTD Chip Deselect to Qutput Off 0 80 0 100 | nsec
tOHA QOutput Hold From Address Change 50 50 nsec
WRITECYCLE
tWwe Write Cycle Time 300 450 nsec
tAW Address to Write Setup Time 0 0 nsec
tw Write Pulse Width 150 200 nsec
tWR Write Release Time 0 0 nsec
t1OTW Write to Output Off 0 80 0 100 nsec
tDW Data to Write Overlap 150 200 nsec
tDH Data Hold 0 0 nsec
A.C. Test Conditions
Input Pulse Levels . . .. .. ... e e 0.8V to 2.0V
Input Riseand Fall Time . . ... .. . i ettt ettt e e 10 n sec
Timing Measurement Levels: Input . .. ... .. . i i i i i e e e 1.5V
B o 7+ 11 ) 0.8 and 2.0V

OUPUL LoBd . . .ottt i e e 1TTL Gate and 100pF
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TIMING DIAGRAMS

Read Cycle O

ANDRESS )(

l<— toTp —=

- SR P .___‘»i toHa

Dout

Write Cycle

ADDRESS }(

[ So2euzezes
we |
|~=— twr
< % \ y.
N 5

taw

NOTES:

() WE is high for a Read Cycle

@ tw is measured from the latter of CS or WE going low to the earlier of CS or WE going high.

DATA STORAGE

When WE is high, the data input buffers are inhibited
to prevent erroneous data from being written into
the array. As iong as WE remains high, the data stored
cannot be affected by the Address, Chip Select, or
Data 1/0 logic levels or timing transitions.

Data storage also cannot be affected by WE,‘ Addresses,
or the I/O ports as long as CS is high. Either CS or
WE or both can prevent extraneous writing due to
signal transitions.

Data within the array can only be changed during
Write time — defined as the overlap of CS low and

WE low. The addresses must be properly established
during the entire Write time plus WR.

Internal delays are such that address decoding prop-
agates ahead of data inputs and therefore no address
setup time is required. If the Write time precedes the
addresses, the data in previously addressed iocations,
or some other location, may be changed. Addresses
must remain stable for the entire Write cycle but the
Data Inputs may change. The data which is stable
for tpw at the end of the Write time will be written
into the addressed location.
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SY2114

TYPICAL CHARACTERISTICS
SUPPLY CURRENT SUPPLY CURRENT ACCESS TIME VS
VS VOLTAGE VS TEMPERATURE VOLTAGE
120 | [ 120 400
Ta = 26°C Vce =525V
100 |A 100 cc 350
80 Ry "1 = 30/ T 300 1A -25°C
- Aaa3 E \\ §
< z < 2114,2114.3 N
£ I\ 8 | <
= 60 a2l /4 S &0 I I < 250
Is] 21 2114L,2114.3 2114,2114L
a0 200
2114L-3,2114-3
20 20 150 | I
40 45 50 55 6.0
vee (V)
2 3 4 5 6 7 0 20 40 60 80 100
Vee (V) Ta {°C}
ACCESS TIME VS INPUT VOLTAGE LIMITS ACCESS TIME VS
TEMPERATURE VS TEMPERATURE CAPACITIVE LOAD
400, I 25 400 —_—
Ve = 4.75V N sy "
350 2.0 350 p— 2\\3, " p—
- cc=
) ] _ViH vee =5V 7 TA = 25°C
g 15 3 300
§ s ~J § | A\',g//;
« E < ‘\5.3.7-\‘
N 1.0 ~ 250 2
0.5 200
150 0 150
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PACKAGE DIAGRAM
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sUALTD DELIMITERS ~ »

ERR
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LINE

0387
0388
0389
0390
D391
0392
O3BG3
0394
ORPE
DEAPH
DA77
QA
D399
D400
0401
0402
D403
0404
Q4085
EIES
D407
0408
0409
0410
041l
Q412
0413
0414
0415
0416
0417
0418
0419
0420
0421
0422
0423
0424
0425
0426
0427
0428
0az9
Q0430
0431
0432
0433
0434
0435
0436
0437
0438
0439
0440
0441

# L.OC

8”9B
890
BA9F
gani
8204
g2a6é6
g267
8244
8240
gaar

Qoo

CONE

A RS

Y

Ad
(A7)

fé
Aé

M é

A

Ab
Ab
Aé

Ab

Ab

Ab

LINE

M2 LIX #$FF
STX SCR3

503 .
- PH

M4

¢ ASCNIK

M2

M23

M24

M Pthh

MR EBOD

AGONTER FO/R?

Mdé
FCARRY SET ~ NON HEX
M27
M28

M2
INCF3  INC F3L. FINCREMENT P33 (16 RITS)

FMOVE F2 TO FESFF

FREOR

FRSCR  LDX F3H SMOVE F3 TO FEsFF
STX $FF
LIX F3L
STX $FE



vos e s s PAGE

LINE #

0442
0443
0444
0445
0446
0447
0448
0449
0450
0451
0452
0453
0454
0455
0454
0457
0458
0459

0460

821é
82R8

2BE
82C0
8202
8204

82n4

8206
a209
820A
82nm
B820E

82EE
82F1
82F 4
B2FY
82F 6
82F9
82FA
B2FR
82FC
82FD
82FE
82FF
8300
8303
8304
8307
8308
8309
830K
830D
G30F
8311
8313
8315

0009

CONE

FE
14
IZI‘ |‘
10
B0

0%
5 FE
44

RE

36
36
03
37

82

Ab

a8l

Ab
Ab

Ab

Ab
Ab

8a

8a

L TNE

INCCMP

WRAF

EXWRARF
DECOMP

M32

COMPAR S

EXTTCF

CHKSAD

M33

OUTEC

OUTXAH

OUTRYT

NIEBASC

NIBALF
EXTTNE

. BFE
2 COMPAR

M

COMFAR

I EXWRAF

SFE
F 3L

RESXF

FOLR
FOHE

B QUTRYT

A

C A
SR A
A

N

BASOC

NBASOC

$#4$OF

* $$0A
5 NIRALF
. #4$30
> EXITNR
. 636

FTEST FO

s NECREM

§ COMPARE

$16 RBIT

FOUTEUT

sOUTRUT

FNIRRLE

R WRA

FEyFF

FE o F

CREUM

O

2 HEX DIGS FROM A

IN A

e CHOMPARE

o AROUND

ANDE COMPARE

FoTO Fd

TO F3

IN SCR67

TO ASCIT

IN

A

TO F3
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eee e s FAGE

LINE 4 Loc GO L. INE

CRLF SPRINT CRLF» FFy FE
$FF
E; L0 $FE
AL Fa4 B2 JMEOUTXAH
Ay EF OUTEM  LDA 47
40 47 BA JME QUTCHE
20 36 B3 DUMCK  JSR COMMA FOUT COMMA» CKSUM LO
AL 36 A6 LIA SCRé
4L Fa B2 JMFOUTEYT
a9 00 ZERCK  LDA #0 FINIT CHECKSUM
8I 36 A STH SCRG
8L 37 A6 STA SCR7

8316 20 40 83

8317

20 EE 82 OFCCOM JB8R OQUTFC SFC OUTy COMMA OUT
48 COMMA  FHA FCOMMA OUT

Ay 20 LA &7y

no 06 BNE SPCF3
S0 42 83 JER SFACE

5 [ £ FHA

"y 20 LA #4620
20 47 8 SFCF3 JSKR OUTCHR

68 LA

60 RTE

20 Fa 82 ORCRLF JSR QUTRYT FRYTE QUTy CRLF OQUT
48 CRLF FH&

A% O LIA #5000

20 47 8A JEROQUTCHR

A9 0A LA #$50A FLINE FEED

20 47 84 JEROOUTCHR

68 Fl.A

60 RTS

AE S6 Ad DELAY  LDX TV FOELAY DEFENDS ON TV
20 88 81 .1 JER SAVER

8360 a9 FF LI #$FF

B362 8D 39 Ab 68TA SCRY

8365 8N 38 Aé 8ThH HSCRE

8368  OE 38 a6 M.Yi ABL. BCR8

: BI6F  RE 39 aé ROL. SCRY

QU3T BISE A DEX

QU346 BI&F DO F7 BNE DLY1

0537 8371 20 03 89 DLY2 JERTUSCNY 3B CAN DISFLAY

0538 B3I74 20 B6 B3 JEROINSTAT FSEE IF KEY DOWN
0E3Y  BIY7 RCS DLYO

0540 8379 INC SCR8

0541 837C BNE *+35

0542 837E ING SCR?

0543 8381 ENE DLYZ2

0544 8383 Ni-y0 JMP RESXF

0G4% 8386 § INSTAT - SEE IF KEY DOWNs RESULT IN CARRY
0546  B3IBSL i KYSTATy TSTAT RETURN IMMEDIATELY W/STATUS
H47 B384 i INSTAT WALTS FOR RELEASE

0548 8386 20 92 83 INSTAT JSR INJISY

0549 8389 90 06 RCC INSTZ2

0HEH0 838k 20 92 83 INSTL  JSR INJISV

0591 B38E BO FR RCS INSTL1




veees s PAGE

LINE

0552
Q5%3
Q554

OLJ":‘J

0&&8
0459
0560
Qb
0562
0563
0%é64
(T3]
DH66
OGe67
0568
(T34
QE70

0%80
0581
0582
QEB3
Q%NB4
0G5BS
Q586
o587
Q588
o589
0590
0591
Q92
0593
0594
0595
0596
0597
0598
Q599
0600
0601
0602
0603
0604
0605
0606

# LOC

8390
8391
B3GR
8395
BIY
BIPE
BIYE
8395
B35
BIYE
839
8397
B399
839C
BIGE
83A1
8304
8307
BIAA
83AC
8IAF
SRR
BEE4
BIK7
BIBA
BERI
BIRF

thé
8308
g30CA
830K
SJLU

83FI

0011

38
6O
&0

COLE

&7 hé

4“
. B8R

SR

. 82

83

8a
83

&1

Ad
§31

Ab
21

‘ﬁé

&l

83

Ab

3 i
3

INJISY JMF

X¥ok EXEUUTE

| er T o> e er e

REGZ

RGRACK

v GOMT Nl*
Y NH3
BCRS
INI:YTI

S MEA
E NOTCR

ADVEK
2 EXRGFL
0

#6
RGERACK
CRLF
R

¢ OUTCHR

NXTRG

FOHE Y
SR OBCHIN

M3é 3
: AHUL
M3S

647
. LP/B

GOZ

GO2 .
GOLENT JSR

CINSVECHL)

SNIGE

FWRITE

R
FFCySeyFefeXyY

BLOCKS BEGIN HERE

FROT

s

MONITR RaM

SRESTORE REGS
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LINE

Q607
2608
Q609

0628
VH2Y
D630
0431
0632
0633
0634
0634
636

QHEY
DéHAO
0641
0642
04643
04644
D&AG
D646
D647
0648
Q04649
0650
0651
0652
0653
0654
0655
Q646
0657
04648
0659
0660
0661

¥ LOC

HB400
8401
8404
8405
8408
840¢
8400
8400
8410
8413
d416
g4l
8419
G418
H41E
8421
1424
8424
8429
8420
Ba42F
8431
8433
5436
8436
8430
8430
843F
3440
8443
G446
8449
2441
2440
8450
8452
8454

0012

20

&0

o
20

CODE

GA

59

A

A

. Ab

AT

Ad
é

84
£l
83
b
83
1)

34
Ad

a8l
“aé
84

84

84

G2 RS

Ab
82
274
81
Ab

81

LENE

NRLO

LFZR

EXITLE 6
JMF
H5Th
JBR
RCS
HTA
JER
RECS
STA

JBR

NUREC

MORED

BRCS T
LY #

LEGH

JBR

FCHR

PR

sLOAD FAFER

RONT
*+3

FERRORS 7

RESXF
REC

LIEYTE
TAPERR
$FF
LOEYTE
LPZ

MORED
INRYTE

y TAFERR

SCR7
RADDY
INEBYTE

TAFE



LR A

LINE #

0662
0663
Q&H6H4
Q466G
[oT:Y-Y
Qb&7
0668
0669
Qe670
0471
Q672
0673
0674
Q&75
0676
Q4677
0678
04679
0680
0681
0682
0683
0684
0685
V686
0687
04688
04689
Q690
04691
0692
0693
Q4694
0495
V696
0497
0698
0699
0700
0701
0702
0703
0704
0703
0706
0707
0708
0709
0710
0711
0712
0713
0714
Q715
0716

FAGE

LOC

8482
8484
8487
8489
848K
848E
8491
8493
8495
8497
8494
849
849F
g4a1
8404
8447
8409
SAAR
84A0FE
4RO
B4R2
BARE
B4R7
B4R9
84RR
SB4RE
8400
8403
8406
8408
840A
84C0C
84CF
8401
84103
840%
gany
840A
gann
8414
s40A
8404
8400
840E
84E 1
84K 4
84E6
848
S4ER
S4EE
84F0
84F2
84F 4
B4F &
84r9

0013

CODE

RO OA
Co 36
FO A0
no 03
20 19
ALl 52
29 FO
£y FO
FO 92
Al 52
69 10
8N 52
0o 88
20 109
4C DI
CY 44
no 03
4C E1
Co 4n
no 03
4C 17
£y %56
no on

5 FE

273

&
[aT)

[27)
Né
81
g2
84

3%
Ab

Ab
8%

8c

[2Y)

82
g3

83

83

> 82

LINE

LOBYTE

NEFZ

MEMZ

VERZ

L.1ZE

Lt
L.2AZR

EZFARM

BEQ
LA
ARG
GTA
ENE
JER
JME
CMF
RBNE
JMF

CME ¥

BNE
JME

CME

BNE
LA
5TA
XA
5TA
JME

ENE

LY i

JME
CMF
BNE
LOY
BNE
M

ELFARM=X

;
;
5
DEF1
NEWLN

DEFRYT

DEFN

1 FPARAME

CMF
BNE
JER
JSR
Loy

Lnx #

JER8

JER
RCH
8Ta
CMF
REQ
JER

JER

L2
INEYTE
CHKSAD
7 1
MEMZ

CME #%)
3

‘ARM
#H8(

Lid
CURCVECHL)

TER COMMAND

£D
MEM1
FESCR
CRLFSZ

DEFN
ouTAM
INCCMF

§{ALWAYSE)

v HIEF

MEM

N
¥
-
¥ e e

SE R

O FARM -~

O PARM -~ U

VERLFY

[

FORM -~

oo & BYTES

§LOAD KIMy

yMODE =

GO T

FL.OA0D HSy

FMODE

§ (ALWAYS

.
¥ e s

HE
)

1L GE

EXEC RLOCKS

SOEFOGITy

sVERIFY

STYPE

P

ZERG

TTE
ZERO

UNREC

1 FARM

NG

LHSE

SE (0L

(LUKE

FARM

ROUTENE
ARM

CMI

(UL

)

U&E COLID

VER

FaRM



cesos s FAGE 0014

LINE # L0OC

CODE

LA

no ke
FO EO
FO OB
G920
0o 4
70 FO
20 4z
10
18
&0
Gy 4N

no &%

20 A7 82
20 16 83
20 34 83

083
1282

s 82

0765
0766 #
Q767
0748
07469
0770
0771

E
#5460
BH62
864
866
867

LINE

iNH41

LEREC

MEM 1L

NEWL.OC

NXTL.OC

NH42

DEFES

FRVLOC

LOCFS

M42

JER CRLFSZ
JERCOMMA
LOY #0

OBCMIN
& NH4Z

#0
CHFED oY
(BFE) »Y
NXTL.OC
JEROUTAM
JERINCOMP
(.

L0
v 9

R
NEWL.OC
#B20
NXTI.LOC
A 7
REQR NXTLOC
CMF 7+
BREG LOCFS
g
REQ FRVLOC
CMF 47 -
BEQ LOCMS

JER DECCME

BCOC NEWLOC
LA $FE

ADC #%$08
8Th $FE
RO M42
ING $FF

ECC NEWLOC

FSFACE = FWU

FMEMORYy 1 FARM

FVERIFY MEM

FTYFE T AN CONTINUE

PEFACE 7P

FRACK ONE BYT

JGEO FWD 8 RYTES



+F e 00 OI:"A(})EE:

LINE

0772
0773
0774
0//

b
07/]
0778
07?79
0780
0781
0782
0783
0784
Q785
o786
Q787

0800
0801
o8O
Q803
0804
0805
0806
o807
0808
0809
0810
0811
0812
0813
0814
0815
0816
o817
0818
0819
0820
0821
0822
0823

0824
0825
0826

# 1.OC

8H69
8h6R
SOAF

ﬁqBU
SERF
8uL2
8uL3
8504
85C6

8EC7
85Ce
85CA
8uce
g5cn
8500
8501
8504
8507

0014

(23]
38
E4
8%
RO
()
18
20
18
40
ce
o
20
20

47
19
41
Y
F¥

20

> 08

12

83
8E

A6
A
84

Aé
2T

2753
Ab
A
nb
86
Ad

ar

Ab

Ab

L INE

LOCME

M43

EXITMIL

GOL

VER

JUMEL

L11g

lhﬁ

8TA
RCH
DEC
LG
BCC
CLC
RTS
CMF
BNE
JER
JER

LOX dk$FF

TXE
[ (7~
I Hé
1A
FHé
LI
FHA
L XA
JMFP
MF
FNE
LA
5TA
GLO
ﬂm

JER
ABI.
TAY
LOX
XS
L.La
FHA
Loy
FHA
LA
FHA
LA
JHF
CMF

EE7F
ESFF
FEH

31
NR1O
DAV
JUMF L
f 3.
P21

#6507
31

FHFF

EB7F

FHFF
JTABLE+L Y
JTABLE Y

NR10O
#6122

§GO BACKWD & BYT

s G0y 4

LR

FVERTFYy 1 FakM

§JUMF GIUMFP TAkLE

i .0-7 ONLY VALID

FWRITE FROT §YS

FINIY 8TK FTR

O BTED
3T

(8 BYTES. CREUM

E TN 8YS RaM)

RAM

SPUSH COLD RETURN

FEET ANDR FROM TARLE

FFPUSH ON STACK

LOAD UF USER RE
FLOAL KIM FMTy 1

G5 AND RTE



e e e e s FOGE

0016

LINE

100 LINE

Q83
0E36
0B37
0OBER
0a39e
0840
o841
o842
0843
0844
0847
0846
oB47

3 E
4HO0
B602
BHOK
B4H04
BHOTV
8608
8600
H600
BLHOF
8611
614
B4H1LE
84616
84619
84619
8619

B6LY 5
8619

B61R
g6l
B62O
8423
B62F
8637
B628
862K

8633
8636
8639
8630
86 3E
8640
8643

Y

1o
20
Al
A
91
88
AL
@1
18
40
co
no
Al
an
4C

A9
"o

20

OF
OF
01
OF
03

41
09
40
4E
08
T
48
YC

2E

Ad

Ak

A

88

)
2

T8

;MG

Ab
Ab
88

82
83

MEMZ

L.r1c

JUM2 RTE
JER
JER
JME
CMF
BNE

L.iin

lL.21E

LY #EE

BNE
WHRLE

RTS
ARM  JME
ARM=X

mm

2 FPARAMET

. > e

CME
BNE
JOR
LI
Loy
5TA
nEY
LA
BTA
CLC
RTS
CCMF
BNE
LA
STA
JMF
cHP
BNE
JOR
JBR

SN2

VERZ2

CME

L21n

FMODE = KIM

§oIn MUST NOT BE

FFIX PARM FOSITION

PLOATE TAFEYy HE FMTy 1 FARM

FMODE = HE

FWRITE FROT USER RAM

FOFIRST DIG IS IR ABOVE Oy
i SECONI I8 2K ABOVE O
FOTHIRD IS 3K ARQVE O,

A
#BOF
F$OF

FO I8 FROTECT

CAaLc3

ROEXEC RBRLOCKS

#6510 DOURLE BYTE
MEM2

F3GCR

F2H

#1

($FE) s Y

FSTORE

P21

M FCONTINUE MEM SEARCH W/0LL FTR
VERD
B2l
F1L
MEM3C
'V
L12K
FR8CR
ZERCK

FSVERIFY MEM W/CHKSUMS » 2 PARM



veeee o FAGE

L INE

0882
0883
0884
0885
0886
0887
0888
0889
0890
0891
0892
0893
0894
0895
0896
0897
0898
0899
0900
0901
0902
0903
0904
090%
0906
0907
0908
0909
0910
0911
0912
0913
0914
0915
0916
0917
0918
0919
0920
0921
092
0923
0924
0925
0926
0927
0928
0929
0930
0931
0932
0933
0934
0935
0936

# L0C

8646
8649
8648
gé&4E
865
865
8655
B658
BOHR
&G
BOEF
G661
BooH2
86464
8667
BLEA
B660C
2T ]
8670
84672
8674
B&75
Q77
86764
8671
8480
8683
8686
8687
8688
8468H
8680
g68F
8691
8693
869N
84698
G49A
8690
g6&PI
86A0
86A3
86A6
86A8
B6AR
846AE
G46R1
B6R3
B6R6
846E8
846RA
4RI
846RF
8602
86C5

0017

COLE

146

Fé
ryen
annd

40
42

83

2 83

82
82

82

K

83
83

82

83
83
83
Ab
82

Ab

88

81
82
86
81
83
Ad

Ab

Ab

8A
Ab
86

LINE
VAL  JSK
LIOX
va JBR

LIy
L0
JER
JBR
JER

VOCK

Vi JBR

L12R

L12C

SF2R

SP2E
SFRF

CRLFSZ
¥8
SFACE
*0
(HFE) oY
CHKSAD
OUTEYT
INCEME
Vi

X+4

P VL

. V2
¢ OQCMOR

INGTAT

; VAR

DECCMP
8
X455

. V1
¢ OCMER

CRLF
SFACE
SCR7

OUTXAH

¥$3R
\ OUTCHR
REC

SURYTE

FLOAND KIM FMT TaFEy 2 FARMS

sII
§ ERR
FMONE = HS

MUST RE FF

¥

FSAVE PAPER TAFEy 2 FARMS
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LINE # LOC

09%7

0o38

0939

0940
| 0941
| 0942
0943
0944
0945
0944
0947
0948
0949

8608
S60H
B6CT

gen
B&114
o616
G6ne
f?élﬂ

G6F T
8700
8701
8703
8704
8707
8709
870R
8700
870F
870F
8710
8711
8714
8714
8714
8714
8714
8716
8/18

Q958
0959
0960
0961
0P62
0963
0964
0965
0966
0967
09468
09469
0970
071
097d
0973
0974
0975
0976
0977
0978
0979
0980
0981
0982
0983
0964
0985
0986
0987
0968
0989
0990
0991

0018

CODE

82
82
83
(21

Ab

88

. 82

52 Mé

L Ad

SL 87

[ 82

b INE

MOREXE2

SURYTE

FLL.2
*ARM

F11.L.3

F1

F3

2

BLK3

AR M-

BCC ¢

JEBR
JMF
JER
LI1é
HEC
SRC
FHA
LI
SRC
REQ
FL.A
LI
RTS
Fl.A
RTE

JME

2K

M
BNE
JBR
L.IYA
8TA
LA
LIy
5TA
CMF
BEQ
JBR
JSR
RVSG
BEQ
RCC
BCS
CMF

$FF
SURYTE

$FE
SURYTE
#600
(SFE)»Y
N HUUYTh

INCCMP
EXTT

) Pﬂ()l\}"ll 2

SOR7
SCRSG

< OQUTXAH

CHKSAD
OUTEYT

LHIFFL

FEFF

CaL.C3

3 PARAMETER COMMAND

¥F
HLN3
FASCR
#0
ERCNT

F il

¥0
($FE)»Y
($FE)»Y
F3

BRTT
INCCMF
EBi

F1

Fi

El

¥'E

EXECUTE

$STOF IF KEY DEFRESSEX

FMAY BE CALC OR EXEC

RLOCKS

FFILL MEM

§ZERQ ERROR COUNT

FUERIFY

FINC ERCNT (UF TO FF)

5 CALWAYS)

FBLOCK MOVE (OQVERLAF 0OK)



v e e 00 s FAGE

LINE

0992
0993
0994
D9PE
0994
0997
0998
0999
1000
1001
1002
1003
1004
100%
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046

¥ LOC

73R
873N
8740
B7432
8745
2748
874R
8740
8750

G750
8YEHC
87GE
8761
8763
8765
B767
B76A
8760
876
8770
8772
8774
8775
8778
877M
8770
Q77F
8781
8782
8784
4786
8788
B78aA
8780
878
8791
8794
8797
879A
8790
8740
87a2
87404
8786
87A8
87AR
87AD
87AF
87R2
8783
87E5

0019

CORE

03

MW {

00
52
P
4

SOFC

4F

5 OED
s " IIT

(1)

87

A
82
~é

Ab

87

Ab

[aT)

82

. Ab

Ab
Ab
NG
87

82

> Ab

L. INE

BL.F

B2

ELF1

Bl

. DECCMF
& R1
S BLF1

ERCNT

. k43

SWHICH DIRECTION TO MOVET

s16 BITS EQUAL THEN FINISHED
FMOVE DEC NG
FMOVE INC/NG

JCALLC VALS FOR MOVE DECNG

FMOVE DEC/NG

FFINISHEDs TEST ERCNT




soe e o PAGE
:

L INE

1047
1048
104%
10%0
IOW]

JOu?
1058
1059
1060
10461
1062
1063%

10464

10465
1066
1067
1048
1069
1070
1071
1072

10846
1087
1088
1089
1090
1091
Lo92
1093
1094
1095
1096
1097
1098
1099
1100
1101

# LOC

BIRE
87R7
Q7R
BYRE
B7RN
5371”

8/D1
B7N3
B870é
8708
arny
870a
8700
87DE
8/Df

ﬂ801
8803
8800
8808
8HOR
gaon
880r
8811
8814
8816
8818
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LBOFF
NERON
NHR]H

VAL UE

HAUG
8772
8619
8714
8827
H”Uﬁ

UVﬁH

BYAR

8204
8340

UOHK
gOE4
AGO2
A(OK

1035
1048 IOO/ 1ORE
1058 1

- DEFTRED

!00! Lola

G0

180

a9 202 209

449 FHL @99

716 714 723

CROSE~REF

94

LOO%

194

211

1040

725

RENCES

LO1E 1015 1041

e

497 64 BRY 404 H22 0 784

212 214 834 18531 1533

PO



SYMEROL ValUlE  LINE

gan7

964 1495

1214 1323 1324

1400

G332 649
1067

L35 1137

1317 1320

Hﬂht
8714
8YHO
ALET
8/?.

2446

8107
: 88nF
GETSGS 82EA
GK 28CF : 1169 1172

GK1 a8n4 JLB& 1187 1189 1206

1179

GK2 H8E4 1194 1193 1198
GOOn 1 365 360
GOFAX SACE 1429 1426
GO2 Q3F7 604 Kokkxk
GOZ 83F3 402 G563

CROSE-REF

1408

&3

1441

b&67

671

&73

979

9L

1043



SYMBOL.

G
GOLENT
HESHL
HASHUS
HDUUY

]NRYTL
INGCMF
INCHR
INCF3
INJINY
INJTSY
INJOUY
TNK
TNK1
INRTL
INRTE
INSTAT
INBTL

INUFL
TRABRK
TROVEL
JTARLE
JUMEL
‘HJM”

KYSTAT
LOBYTE
LEAVE
LENTRY
LKL
LK2
LK3
L.OGCMS
LOCHS
IOUh

lHNhF
LETCOM
L1
L1ZR
L11R

[ I 8
Liin
LI2R
1120

Uit U

Hﬁlﬂ
B2Y3
84
8392
8BAGE
BRI7
BR2A
BADT
B8AZC
B8I86
BIGR
8391
AEGE
8ANE
AL
HBOOF

8461
8429
8417
8420
8Y20
ALET
8400
8406
asny
BHD0
B8HEY
84688
848C

1209
343
443

2Re 245

1070 1081

1349
S48 SN0

1466
1354

896

1128 1133
1765

KKk

BR2 824
797
a1
1197
1278
1205

H37

836

b64

244

?LE

944

1136

1261
1489
1287

6540

1083

470

248

&éb

88
34

K4
3

&% 710
P46 986 1011 1091
G100 3G9 382 424 1162 1362

LE38 1188 11460 1360 1549

1351
1518

44

&7

28

&

3

4

8



SYHMEQL

NEWLN
NEWL.OC
NH3
NH4 1

NOTCR
NR1O
NUREC
NXTLOC
NXTRG

Uil U

R()('u
D454
Ba602
g1n I

8289
82 éi X I

8(\44

BYSE
83C3
8408
844’5

694

1091
Lo9y
1093
.02

268
314
387
394
K7
404
409
422
435
424
A58
454
470
] 8 K3

»;88

NE DEF TRED

1098
97
Ak &K
&6
949
337

485
1303
1725

679

482

570

711

736

492
1366
KKK
1196
1236

578

79%

E2%4

1093

1817

1757

395

417

4600

789
487

719
744
57

825

750

CROGE

ENCES

1094

813
591

748 763 771 779 1097

Xy
H52



SYMROL

OBCMIN
OBCRLF
DMK
QFCCOM
ORI
QR33N
QU
DUn2
U3
T
DUTBYT
ouUTe
OUTEHE

UUTXAH
ouT1
U
ouTa
Fa
Faln
FangprT
Fairt
FaRF T
FraviiM
FARNR
FEDA

FRVLOEC
FSHOVE
FTRIN
FiH
Fii.
F2H

FRSCR
RaAM
RC
RDIG
REGZ

Val.UE

28103
834&

QBﬁ”
AA00

AOOE
BARC
8

88/”
ALAF

AEAE
fno4n
AHAC
g2A90
AHAR

AbAN

8207
ALLO
AG3N
AHAT
8395

LINE

DHEF TNET

Gea
187
E'B (%) 1
14 .3
Bk Ak
e
1307

14

341

370
880
3469
P62
348
802
438 705

8 1510
24 4636
28 1308
S62  KKXX

35

1021

1310

7 &5

201

1415
477

1514

Y]
741

P06

1224

238 381

(}) (:)) '.'y\

Lidd
760
804
s
9877
431

1034
401
829
844

397
810
730
655 932
1329

2O

HO5H

997
865
B&Y
P56
438

1119
402
843

1030

P35

208

1294

8ud

fua

P48

LO‘H

488

440

1318

1087

1031

79

460

1032

1410

1108

1109

803

HB6

1116

804

794

1141

&

LaEF

798



SYHEROL VaLUE  LINE DEFINED CROGE ENCES

127% 1298 1330 1371
17464

1183 1364

Q2L
1407

1300
13 193

1336
1134

3RO AEE 404

G004 OV 463
HHY P07 940
540 .

G4z

LA70 1473 1642

G140 B&Y 709

QLHPB
B6m3
BHAR
BOREG
246BA
AEER
: .. 8L49
ST BalY
S5TOCOM 8120
SURRK 8040
SURYTE BéF 4
SUIRQ 802y
SUNMIE BO9R
SWITCH BR6Y
SWLF BRGC

P38 940 943

1430

1405

406

Gu1

724

1534

884

12664

P06

1284

1106

1288



SYMBROL. VALUE
SFWLP2
5YM
GING

llll\(JU(,

UHUU!F ﬁbé[

VOOK
Vi
va
WARM
WF R
WRAF
XK
YR
LERCK

. INE

DEF INED

1548 1551
18462 1249
16468 1080
10359 eI
1062 1075
1060
AOKAK
&30
L1
1305
1399
1392
1406 1714

47 ;
196
191

a83

peds]

698

&1
414
881

CROGG~

644

13460

1436

1164

P03

1920

957

1543

REFERENCES

&G8  bs62

1368 1386

1545

1526

bH6G



coos e PAGE

LINE

Q002
VOO
0004
Q008
0006
QCO7
0008
Q009
0010
Q011
Q012
0013
Q014
DOLE
Q01L&
o017
Q018
DOLY
2020
0021

Qo222
0027

0024
OO2E
D06
Q027
Q028
0029
D030

QO
[e1elCT)
Q037
QO3
QQXY
0040
Q041
0042
0043
0044
Q045
Q044
Q047
0048
0049
0050
Q051
Q0B2
0053
00J4

# LOC

0000
H000
0000
Q000
0000
0000
0000
0000
Q000
0000
0000
Q000
Q000
0000
0000
Q000
Q000
Q000
0000
Q000
AGAN
AG4R
AGHAC
ALAL
AEHAE
HhAF
AGLAF
AGAF
ALAF
AGAF

0001

CODRE

L INE

§oAUNTO CABSETTE INTERFaCE
§XORACKR KK

jARRIokKkK COPYRIGHT 1978 SYNERTER 5
§ 0k Aok

STEME CORPORAT LOM

¥
SVARTARLES
¥
oL
CHAR
MO A
§ ees BIT
y eos DRONOT YET

REV

INIU' LEMEL R LA

IN ¢ ™
FRUMMING B Ul--!

sGOR &

$ﬁ&59
ROAREA
>H61ﬁ
FEND AUDR +1 (L0
i (HI

SETART ALDR 5 (LD
(HI

o

”
¥
»
¥

TMLH00 =71
C1%00
CKIM
TPRET
¥

FEQUATES

DR OUTETH
OLE00 Balll

X lU lﬁ

TS EMAEL /Nluﬁ“

T DECOL

. e . yBFE TN FAGE ZERO
FZERD OUT CHECK $SUM

$LaBT LHﬁR NOY s
FNON HEX CHAR IN KIM REC

LETCHR =%
NONHEX =$FF

ONZOFF I8 CR2 ON VIa 1 (AQ00)

IN I8 FR6 ON VIA 1 (AQO0)

QUT I8 CONE 7 TO DISFLAY DECORER, THRU &%532:
FRO-FEZ (A400) ‘

70 - 7

w> ey Wy ser e



v oo oo PAGE

LINE

0068
D06

()()€3‘3
DOBY

A0GH
DQBT
008
Q089
0090
0091
Qo9
Q093
Q094
Q095
G094
Q0P
0098
Q099
0100
0101
0102
0103
0104
0105
0106
QLO7
0108
Q109
0110
0111

LOG

AioaF
HhﬂF

AGAF
AGAF
4 F
fidh 4 |':'

UFVO
B3
BCYH
sLey
BUPE
ayn
RVW

U(ﬁu
8CA7
BraY
8rat

BUAF
iy

Bé
BORE
BLEA

HRM

8CCo
8CLE3
8CC3
8CCI
8LC3
8Le3

<

C WS

JER €

1.1
AND
GTA
.t
5Th
LI
BTT

CMF
BEQ
e
BNE
BEQ

LA
ANI
STA
JER
CME
REQ
L.1iA
CMF
REQ
CME
REQ
RIT
BMI
JMF

6n (&EA
(RUFAD

LOADT S SR

IF U

(3 Ul
THRIN
#0
VIAACK
FORIM
MOTE
LOADTL

FCLEOO
LATCHL.
FYNG
RIICHTX
7K
L.OALLL
FEYN
LOGXT 2
LOADRTA

MODE
kGBI
MO
ROBYTX
gt
LOATITS
I

O
LOADTS
FEFF
LOADTS

MODIE
HWRONG
LOADRT2

ALREA

REOBRYTX

FCONTROL CRZ TaFE ON/OFFs FOR

IN FARM 2y MODE IN ACC

FINITIALTZE

FRIT &6 = Oy INFUT I8 PR&

yoBET UF CLOCK FOR GETTR (KIM)

FKIM -
SHE - ;
SSTORE GETTR
SGET IN SYNC

GETTR UALUE
val. IN LU LATCH

FETART OF DATAT
FNO -~ SYNT

§IF NOTy
VIF YESy K

START GYNC
LOOKING

FCLEAR NOT IN SYNCY RIT

I RYTE ON TAFE
$COMPARE WITH REQUESTEDR ID
FL.OAD T EQUAL

FCOMPARE WITH O

sREAD T

FIF Os LOAD ANYWAY
yCOMPARE WITH |
FIF FFy USE REQUEST

A TO LOAD

FUNWANTED RECORID, KIM OR HS?

FIF KIMy RESTART SEARCH

00 COME FROM REQUEST. DISCARD TaAFE VALUE
3 TO SA RY “START )

FEET Sal. FROM TAFE



e v e e PAGE Q003

LINE # 1.00 COTHE L LME

BUT LGMCHRE

20078 8K JEROCHET ERCLUDE

4 FROM
UnE I G

ese BUT LGNC

TART READING HE DaTa
PoGA (% Fa IF USEDD COME FROM TAHFE. 56

HNRUNG LI

e ¢ t
QL26 BUT
OLE9
0130
013
QLE2
0133
0134

LOAGTES L) SGET @Ak, FROM TAFE

TN RUF STaRT L
OFOR SAk

013G

IGO0
Snoe3

FEAD HE DaTa

ws ey En

1. T7H JBRORDEBYTH FOET NEXT BYTE

HLIF AL SOMECK FOR END OF DaTta + 1
b

L T7HA

BLFADH

BIOC
0149  BNOF
[

30 gnlLl
; 804
a8iLs
anLe
BULE

4B ~d

4

EOCHED

20 7E 8 L.T7HA FNOT END. CGUM

y WRONG

GTORE RYTE

2 AR

¢ BLUMP BUF

LTZHE

s CakRY
FALWAYS

Eé

no

$
ce 2F LT7HE  CMF %7/ PEAy MUST BE "/
no 31 BNE LCERR FLAST CHAR NQT 7 /7



00

PR NS TRE S

0o
o
a0
o
o
Fé

0Lay
e
n1ae
0180
D1l
DLY2

G

e

&f{'()'
BGET

ay FE
e
ag
e

“%

”nav
j [o

sJ "
Qe
dhhh ny

A8

BO 01

Y,
8UIEY
SU8E

BLOEL Al 8n

LIHE

BER LOSDTS vOALWAYE BRANCH)

LT i

s RESD

R

§ NONHEX
PLAasT v

CHART

SREUM

v BLIMP

BUFFER
FARRY T

i L

HUM % FINISH

ROBY TR FOHECK S

CHEL

FOHEDK SUM ERROR

§CALWAYE)

R

FFRAMING (R
sal.WAaYS)
PLABT CHAR

P CALWAYES)

1%

HENCOMHEX
NGEXTT

SIRIM ONLY
§OALWAYE)

FOHECKSUM [

FERROR INITCATOR
§CALWAYS)

NGEXTT

&

¥
ORKEXIT CL.C

EXET

N0 ERROR

BIT
BUEC
LOY b 8¢
JME
LOX
6TX
RTS
LIrA
ERN]
La
ORA
BT

JBR

§ READTING

FRESTART SEARCH

EXLO 2
VIAFCR FETOF TAFE
LT
nre

MOLE
#H40
MODE
SYNRIT §

HYNC
3 TURN
§ TURN
sRITS

ON aur
ON ouY

OF
OF

SYNC TO TAFE

N

(PACKED BYTE)D

[y

NON HEX CHAR REAL

TO MONITOR

s

WRONG REC?

NG INDTCATOR
NC MODE

it



oo a0 e FPAGE

LINE # L.OC
8090
8oy
BRY4
894
8LYH
BOYa
anen
Snor
hn
8lna
GNA4
ana?
sLA8
P et )
GBIAS
BLAS
BLAN
s0ac
GLoakF
gugl
RDB”

024%
0246
0247
0248

'ﬁ49

ﬂh(O
BICE
BLCE
anee
gnece
gueye
BLOCY
BLRCY
sUCY
8nee
sHCY
sney
snee
SBOCkR
SRCE
sO00
L2
8L4
Boné
sgone
BHDL

Q253
0254

O?LQ
V260
0261
0262
0263
0264
D265
D246
V267
02468
Q269

8LER2
BIE2

OO0

&b
534)
[74
0o
M2
20
ce
no
2]
JRid)
2158
460

COTHE

Fe
e
1é&
F5
1472}
i
14

EC

Fé
00

an

14

8n

an

[£1¢)

KO

LINE

ROK

SYNCLO

CHAR
CH&R

#EY
)Yl!

L GYN

SYNEILT

e e e

SYNERIT

SYEILO

BYBONE

JER
RS

i

>Ihh7 8T
1

LER OF HI

| wr €x es ‘@> €> sy >

GETTR

~

¥

ROCHTX

BIY
BFL.

ROEYTH -

¥
$
5
¥

:U THhT .
Or L.

R
Y DESTROYEDY

X 016G

GET

9
GUN

Ulh

oL T T

HR
SR
Gl

UIU

A

MO
RIG

RE

SET BIY
TIMER STARTEDR RY FREY B

i
N
N

(]

Clo+R

FTURN OFF

IN 8YN

TH

FlLG

l[h

TRAONGTITION

C CGLOCK MUST

QF HI RBYTE
OF HI BYTE
OCK BYTE

LIOY #$FF
LA T

KHI

SGET

E
HT
0 HS RYTE
BYTE

§NOW MARE

MOTIE FMODE

SPARTIAL
§ZERD THE
$MOVE

§ TAFE

T IME

RE

RETURNED

FRIM OR HET
yIRIM
i ME

SIF

8a TO
(N
FROM

Bll
I/O HF /L.

f%
TURNET

START

LSE INTO

SRIM

IN CHAR

SURE

nise

GHORT, GET
SRIT TG ZEF

PARM FAS

/0 C

L& BET

OAED

CanN GET

LAY

15

3y

ENTER

NEXT

GEININ ACC

‘UNYTUURGI!UN

CLOCK
ACTORDING
(HS)
(RIM)

IN [ﬁhRY

CLOCK

CARRY

AND A

TRANG

L0 8YNG

WETH
IN CARRY .

TO MODE



sew e PAGE QO0&

LInt .00 COmE Lo D

FROM DNE Call TO NEXT MUST BE LESS
ART BIT OTIME (TIMER STILL RUNNING)

¥
§

RDBYTH EMEL §SaVE X

CSTART BIT TIME
ESTORE CLOCK HI BYTE
FOTART COMAY BE LONGER THaAN FC
I 0y AMING ERR

RIEHLO

sBLT 18 ONEy WalT HALF
SE WRONGy FRAMIN

NOT
Wi

PR O

e “"l

Qave
Q300
GEGL

EFRAME FHET ERROR INOTCATOR N ACE
NGEXTT

ROBLT
CITMNUER

- READ KIM BIT ~ XeYsh DESTROYEDY RIT RETURNED
rE

e oer e cen

ROBITR LIX

N

FWALT FOR HF

SGET 2 HALF QYOS TO BE SURE

HEFCNT SCOUNT HF CYCHE WITH X

Ce an

ZERD =36 CYCSH
TN
BT FACKTS

#?

24 FI ROBYTX BIT sMODE

30 Ré BMI RIBEYTH sHE

FREAD KIM RBYTE, RETURN IN CHAR AND A

¥

RIEY T

Q320
0321

ROCHT
FREAL ONE CHAR IF LAST
ROECTN-1 JCLEAR CORRY AND RETURN
FaCRT
RIOETN FNON HEX CHART

¥ BSAVE M5

0330 BEZY

K JERORDCHT
0331 BESZL

ETX CHAR FMOVE MSD TO CHAR




eee s e s POGE

LINE

0332
D3FZ

Q3E50
0351

Q363
0344
Q365

*LOC

0007

fé

L EHE

AND Fall. ITNTO PACKT AGATN

CTD 4

o)

FACKT - ASCLI
TOTN A €

AN A CARRY SET

@ nz e 'Es Es

FACKT SLT tonE

ST CE o

P
¥

FA0 NOT VALTD

&
i
<]
a
ik 4

FACRTL

AT .
- GHAR

R T o
M GHAaE FOET INTOD ACCUM ALSED
e FOK

RIR T
FACKTS

FHOT HEX

LEAL KT CHAR
TURNS CHaR TN CHAR (WS
Y

R TR TR,

BOCHT

KELITS
ROETTR
CHAR

UFDATE CHECK SUM FROM BYTE IN A

H
¢
$
¥

CHKY TaY FSAVE ACCUM
CLe
ARG CHKL
ST CHKL
RCC CHRTLO

. @ FROTATE L BIT AT A TIME

INT RBITS (RY

= MOM HEX

T OLSH INTO LEFT NIBBRLE

ENTO CHAR

SHIFTING



coe e PRAGE OOOR

LINE & LOG Co O LINE

37 A6 ING CHEH JBUMF HI BYTE
CHKTLO TYA SRESTORE A
RTS
¢ BTART FINIT VIA
®7 SCOUE FOR TA :
TAPOUT SEIT 3 USED FOR HI/LO

an UMET A TO BUFaD &

- D0 128 GYNS

Fees LBEC

FEENTGN FAUSE
NE MARKSE

- . MARKSA

2 M4 MG TAFQUT FRESTORE QUTFUT
OAND 00 2U4 BYNS

DUMFTL DA #EYN

DUTETX SWRITE SYN

D40%
O40E
D407
0408
D409
D410
D411
04l
0413
D414
041y
Q41 é
0417
[0
0419
Q420
0421
Q422
Q423
0424
0425
0426
0427
428
0429
Q430
Q431
0432
0433
0434
Q435
0436
0437
0438
0439
Q440
0441

- DUMPT L

-

LO6G ok FWRITE START
BF JERCOUTETX

e

A Loa 1o FWRITE 1IN
aF JEROOUTRTX

>

A SAL FWRITE
R OUTRCX

N é LI SAH

8F JER QUTEREX

g

Né 1. [
£

e es

RIT MODE FKIM OR HE?
BFEL DUMPTZ2

=

Ad LI Eal FHS . WRITE EaA
&F JBROOUTRCX

b LIy EAH

8F JER OUTRCX

A

¥
DUMFT2 LIA BUFATL. FCHECK FOR LAST BYTE
CME EAL
ENE DUMFT4
LINA RUFADH
CMF EAH
BNE DUMFTA4

s

Loa %7/ $LAST. WRITE "/°®
8F JER OUTETX
Ad LA CHKL PWRITE CHECK SUM



ss o0 e FAGE GO0V

LINE & LOC CONE L INE

SR OUTETY
DA CHEH
SR OUTETY

20 46 9rF
Al 37 A6
20446 BF

0442
0443
0444
0445
0446
0447
0445
0449
0450 GF
0451 BFOO OT3E = %
0452 GFO0 AL T2 8D JSHiF
DA% BFO3 8
4 BFO? HUMET 4

ne 04 FWRITE TWO EO7T 75
20 46 8F
"y 04

20 46 BF

v

'“Uh" MARK)

#0 VGET BYTE
(BUVﬁhl)v{

SWRITE IT WACHRK SUM
FRUMP BUFFER &I

10 v CaRRY

o DUMPTE
LT MODE FHE OR KIMT
. QUTCHT $IIM

ouTeTX

OUTET
ArX I
MUET THE LOPEGE - TIMING CRITICAL
OUTETH LIX 49 §8 RITES + SToRT RBRIT

8TY T :
GTe ©
LI T

er er ey e

—

FGET PREV LEVEL
GETRIT

A § INVERT

Fookkk HES FIRST 416 USEC F
LOY $#TM1LE00

A4l é HFY FTIME FOR THIS LOOF IS5 SY-1

0477 BFAE DO FD
0478 BF 13 SNOFLIF TF BIT |

FRIT IS ONE -~

COOUTRUT

0480  BF31L 80 02 A4 :
0481 BF34 § %k END OF
0482 8F54 AO 46 Balé LY #TMLE
0483 4 88 B4l =
0484
0485
04864
0487 -3¢ .
2488 BF3F 60
0489 8F40 Ea NOFLTF FTIMING
0490  8F41 90 F1 RCC B4lé F (ALWAYS)
0491 BF43 §

0492 8F43 20 78 BE OQUTREX JSBR
0493 8F44 24 FI QUTRTX BIT MU
0494  8F48 30 Ch BML OQUTETH FHE
0495 8F4n ¥

04946  8BF4n SOUTRTC —~ OUTPUT ONE KIM BYTE

ST 416 USEDC FERIOD

FLENGTH OF LOOF 15 &Y-1

FOET NEXT BIT (LAST I5 O STAHRT BI
FORY 9 RIT LSE)

CHKT




LIME 4 LOC

GO

FHAVE TATA BYTE

H2 8K

FMORE 816G DIGIT

¥
§
FCOMVERT LED OF A& TO asCLI
i

HEXOUY F6OF
B0

AN
CMF
GLEC
02 EMIL
07 A
[E) LI

OF
O

HEX1
HHOQ7
430

- 30

QUTCHT - CABCTIT CHAR (KIM)
CLOCK
XY |

MUST

= TIMING CRITICAL

s er cEs @r N er L

B0

arsn DUTCHT

BF 460

GE
s
a%
Ay
48
<30
4é
123
EO
A
[aY6]
49
an
288
o
()
no F3
A2 18
RO
i
[£19]

i
2T

3e
X

FW/SHIFTS TO COUNT BITS
T TR
ENT
CnAaTA BIY
FAGHUME T ONE

RIMELT
QUTPUT LEVEL
IN CARRY

2 A4

SRIT I8 ZERD
HE .
FINVERT OUTRUT

4

HFF L FPAUSE FOR 138 USEC

sCOUNT HALF CYCS OF HF

FASSUME BIT IS

ONE

PRIT IS ZE
LF20

QEE0
0551

49
an
a8
no
ha
no
&8
Qn
0o
Ak

2 A4

jule]

38 té

LF#FI

INVERT

—
s

TEOUT
§ PAUSE

- LFFL
SCOUNT

LF20
SRESTOR
SMECKRE
SFF 8§

A
KIMBLT
TEMFIL

QUTHFUY

FOR 208 USE

HALF CYCS

E:

BIT CTR
T
' = 00




oo e o FAGE 0011

LINE # LOC CODE

arFen  aC 39 Aé
8Fen 98
&Q

Q%54
Q85E

0556

ERRORS = Q000 <0000

-

L INE

L.y
TYé

RTS

+ENT

TEMP2

naTa BYTE



SYMROL.

(HhH
CHKL
CHET

CHRTLG

[IURHI
CLOKLD
[UN!!U

MUM!T

[LIMET
LM T2
DUMFY4

HFXI

HWRONG
m
KBITS
h]MBlT

LUﬁDTl
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