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that may in any way be related thereto.

The Office of Public Affairs has reviewed this report, and it is releasable to the
National Technical Information Service, where it will be available to the general public,
including foreign nationals.

This report has been reviewed and is approved for publication.

Kt b Wbl P08 Nat )

KENT K GILLINGHAM, M.D., Ph.D. RONALD C. HILL, Lt Col, USAF, BSC
Project Scientist Chief, Flight Motion Effects Branch

%A},{/y\/

RICHARD L. MILLER, Ph.D.
Chief, Crew Technology Division

Acceslon for

NTIS CRA4&I
DTIC TAB
Unannounced
Justitication

/
Ji
&
8]
a

By _

Dns{ribunon }

Availability Codes

DTIC QUALITY INSPECTED 3
Oist Special

D\ {

Avail andfor




PEDAPRT DASLIMEL™ITIAp PrAat €T neaenes
t. AGENCY USEZ ONLY (esvs piane: | 2. REPORT DATE PL O REPORT TV al DETES TOVERED
i " December 1992 Interim - 16 November 1987 — 30 Aprit 1991
2 3 DS ETITLE SN S K antTIRe
He TITLE ANG ST "' Fa3615.87-C-0534
(Task 0002)
Inflight Evaluation of an Acoustic Orientation Instrument C - F33615-87-D-0809
(Task 0014)
& AUTHOR(S, PE - 61101F, 62202F
Dan D. Fulgham PR - 7930
John L. Orr TA - 14
Brian Mikiten WU - 8E
FOPERFORMING CHLANII/TION fAMES) AND S OLRESSEL R _L,Kl:"‘ SOl
MacAulay Brown, Inc. Southeastern Center for Electrical TUeT e
3915 Germany Lane Engineering Education (SCEEE) SwRI Project No. 12-2301
Dayton, OH 45431 1101 Massachusetts Avenue Subcontract No. 1107-02-
St. Cloud, FL 34769 08SWA
Armstrong Laboratory
Crew Systems Directorate
2504 D Drive, Suite 1
Brooks Air Force Base, TX 78235-5104 AL-TR-1992-0160

. SUPPLEM:® LLUTE

Armstrong Laboratory Technical Monitor: Dr. Kent K. Gillingham, (210) 536-3521

tol TOSTRIESUT D s o T T e S » ol

Approved for public release; distribution is unlimited.

Subcontractor (Southwest Research Institute) provides engineering data and system software description for
the Acoustic Orientation Instrument (AQ!), which they developed for inflight testing. The overall scheme of
operation of the system involves inputting a frame of scaled flight data (airspeed, bank angle, vertical velocity, etc.)
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INTRODUCTION

Selected flight parameters of the aircraft are monitored by the Flight Information Package
(FIP). Upon a request from the Acoustic Orlentation Iinstrument (AQI), the FIP sends a frame of
scaled data cofresponding to the current flight parameters over a RS232 serial link to the AQ!.
Figure 1 shows a diagram of the system.

The audio control circuitry of the AOI provides direct microprocessor control over six
channeis of waveform generation. Scaled parameters from the FIP are mapped to an output
waveform heard by the pilot through stereo earphones. A simple example follows: Heading
deviation (the deviation of actual heading relative to a set heading) is used to help the pilot stay on
a pre-determined course. This heading deviation information is used to control the position of the
acoustic signal across the pilot’s head by adjusting the signal to the channels of the pilot's stereo
headset. A course deviation of 10 degrees or greater results in a monophonic signal in the ear
opposite the deviation . As the pilot corrects the error, the signals become more centrally located
between the left and right ears, until finally there is an equal amplitude between the pilot's left and
right ears and the auditory image is centered.

Other aircraft parameters which may be presented as transformations mapped to acoustic
signals include airspeed, angle of attack, vertical velocity, altitude, and pitch and roll angle. input
parameters may be represented as changes in waveform frequency, amplitude, modulation,
duration, attack, and decay times. The system software is written in the FORTH computer
language and is designed for flexibility over parameter minimums, maximums, activation values,
and types of signals used for stimulus. This system allows changes in control values to remap the
acoustic signals with little knowledge of the theory of the system or programming.

SOFTWARE
A ic Ori A f

The software for the AOI has been provided in three formats: 1) source code listing in
Appendix H 2) _MS-DOS *non-document” text files on 1.2 Mbyte 5 1/4 inch floppy disk and 3) 720
Kbyte 3 1/2 inch disks.

Software Qperations Qverview

A MS-DOS faptop computer with a communications program such as CrossTalk XVI or
Mirror Il should be used to load the software into the AOI and monitor its operation.

A batch file for Mirror is included which SENDS modules to the AOI. If another
communications program is used, it should be set to require character echo and wait for a CR/LF
before sending the next line.
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Once the AOI software has been loaded, the laptop functions as a terminal to the AOl. The
delivered DEMO module can stream the values read from the FIP to the screen.

Each of the AQI functional components - for example DO.AIRSPEED, which translates the
data from the airspeed channel of the FIP into tone frequency - has several variables associated
with it. Two of the airspeed related variables are AIRSPEED.MAX.FREQ. and
AIRSPEED.MIN.FREQ. These variables correspond to the maximum and minimum frequencies
generated by the airspeed channel. The characteristics of the AOl may be modified by simply
placing a new value in the variable and starting the program. The functional components and their
associated variables are described in detail in the section Acoustic Transformations.

Software integrity is only maintained by avoiding modifications of the source code.
Changes in the variable settings should be made in the file DEMO.DO using a text editor.

Qperating Sequence

The FIP and AOI computer programs must be loaded into the respective systems before a
flight occurs. First, secure the battery package to the aircraft seat channels. Next, mount the FIP
to the top of the battery package and engage the holding straps. This places the FIP in the correct
configuration for flight. Foliowing the steps outlined below will run the system.

- Turn the FIP control switches located on the to
panel of the FIP to the off position.

- Connect the battery pack power connector labeled
Power Cabie A to the FIP and lock in place

- Connect RS-232 Cable A to the AOI but not the FIP
- Connect RS-232 Cable B to the Inflight contoller

- Connect RS-232 Cable C from the Inflight controlier
to the Flight data monitor

- Connect the cockpit mounted remote indicator
- Connect the AOI Power Cable from the FIP to the AQI

- Turn on the Inflight controller power and verify
battery power

- Turn on the FIP main power switch

- Turmn on the Gyro power




- Tum on the FIP computer power

- Connect the downloading computer to port A of the FIP

- Turn on the downloading computer and start MIRROR

- Confirm the <OK> from the FIP computer *

- Download the FIP computer program

- Hook up the AOI RS-232 Cable A to the FIP Port A

- Hook up the downloading computer RS-232 cable to the
AOQI terminal port.

- Confirm the OK from the AOI **

- Download the code from the computer to the AQI ( see

below )

- Start the AOI program

- Tum the experiment-on switch to the on position

- Confirm data streaming and the TX light at a rate
of approximately 1Hz. ***

- Start the recording system and the flight

* If an <ok> is not present, the connections are fauity or the FIP computer is not working. If the
green light on the FIP computer is on, the connections are faulty.

** |f an <ok> Is not present, check the power connection and press the red reset button on the
front panel of the AOI. If this does not correct the problem, the AOI or FIP power system may
require service.

*»* |f data is not streaming or Tx light Is not at 1 Hz, the FIP may not be executing its program.
Check the download program and the status of the FIP computer system.




AOI Code ioading instructions:

1. Start the communications program. The settings are 9600 baud, 8 bits 1 stop hit,
no parity, character echo.

2. Line Wait = CTRL J.

3. From the MIRROR command line type: DO STARTUP and press the ENTER key.
4, The program modules will then load into the AQ!I.

5. Normal operation of the AOI is indicated by an OK prompt.

NOTE: BE CERTAIN THAT THE CAPS KEY ON THE LAPTOP 1S DEPRESSED. ALL COMMANDS
TO THE AOI MUST BE IN UPPER CASE!

6. Type AOI and press ENTER. In a few seconds, data values from the FIP will start
streaming to the laptop display.

7. Pressing any key will stop the AOI program. Typing AOI and pressing ENTER will
partially re-initialize the system and start the program. Variables which have been
changed at the OK prompt will now be in effect until changed or until the program

is reloaded.
Valyes Displayed When AQt Operates

The values displayed are scaled data values from the FIP. The figures in the section
Acoustic Transformations show the relationships between the readings on the cockpit instruments
and the scaled data.

Readin ing V

To see the value of a variable you must do three things: 1) obtain the location of the
variable by typing its name, 2) fetch the value of the variable by typing @, and 3) display the
variable by typing a period. The OK prompt means the AQ! Is ready to accept a command.

For example:

OK AIRSPEED.MIN.FREQ @ .
40

OK

shows that the current value of the variable AIRSPEED.MIN.FREQ. is 40.




To temporarily change the value of a variable, three steps are again required: 1) type the
new value and a space, 2) type the name of the variable and a space, and 3) type ! and Enter.
Each of these entries must be separated with a blank space.

For example to make the lowest fre-juency for airspeed 200 Hz:
OK 200 HZ AIRSPEED.MIN.FREQ !
OK
and the value is changed. HZ is a word which translates frequency to period.
ing the valye of 3 Vari in DEM

The same commands may be used in DEMO to change the values of a variable. Use a
text editor in the laptop to edit the file DEMO to contain the command.

As in the airspeed example above, type:
200 HZ AIRSPEED.MIN.FREQ !

then save the modified DEMO file. There is no OK here because we are editing a text file,
not interacting with the interpreter. When DEMO is reloaded, the new value will be in effect. The
advantage of this approach is that the program itself is not changed, it is easy to keep track of
where changes have been made, and a complete re-loading of the program is not required.

v Hook

DEMO contains examples of the use of the Forth MAKE construct. As AOl was written,
portions of the program were constructed as changeable hooks, also known as forward references
or execution vectors. The MAKE command is used to plug a particular section of code into the
hook. Initially, all hooks are connected to a routine called NOP (no operation), which does
nothing. Inspection of the source code in Appendix H for the routine AQI in the module AOI will
show that it is just an infinite loop with a series of named hooks. The declaration of one of these
hooks is by the word DOER. The declaration of the execution vectors for the routine AOI in the
module AQI, is just before the AOI routine itself.

If AOI was loaded, but not DEMO, and AQI typed to start it, the AOl microprocessor would
be an infinite loop doing nothing. It would be necessary to either remove power from the system
and retoad the software or press the reset button on the AOI in order to stop the execution.




in DEMO the phrase:
MAKE HOOK4 GET.OUT

changes the operation of HOOK3 from NOP to the routine GET.QUT which checks for depression
of any key and exits the loop if any key has been pressed.

Similarly, the phrase:
MAKE N.STARTUP SETUP

Causes the routine SETUP to be inserted into the hook N.STARTUP.

Hooks can be turned off by setting them to execute the routine NOP as follows:
MAKE HOOK2 NOP

This phrase will stop the display of the scaled data values on the laptop.

In general, the vectors can be hooked and unhooked as desired, with one exception. The
routines for airspeed (DO.AIRSPEED) and for vertical velocity (DO.VERTICAL.VELOCITY) are
related since the vertical velocity routine controls the amplitude of the airspeed tone.

A T ion:

The software modules for the various functions work in a consistent manner. There is a
range of scaled data values defined by endpoints and a range of AY-8930 control parameters for
an acoustic dimension defined by endpoints.

The software linearly scales the data value to the AY-8830 parameter value and loads the
appropriate AY-8930 register to set the corresponding acoustic dimension. The rest of the code in
the function routines is primarily logic to prepare for the appropriate scaling.

The following discusses the relationships between the scaled data from the FIP and
parameters for the acoustic signals. The specific values described are those originally delivered
with AOI-ll. As described above, it is intended that these parameters be changed by modifying the
file DEMO. It Is important to understand that the encoding relationships described here are only
and example of the set of possible encoding schemes. The source code containing FIP data to
AOI scaled data Is found in Appendix H. One must carefully read the source code to understand
the details of the encoding examples. In figures 2-7, the upper line indicates the range of scaled
data from the FIP and the corresponding physical parameter values, while the lower line displays
the range of acoustic parameters.
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Airspeed

Airspeed is encoded into the frequency of a square wave output which increases in
frequency as airspeed increases. The upper line in Figure 2 shows that the range of scaled
airspeed values is from 0 to 330 knots, corresponding to scaled data values from 0 to 4096. The
lower line shows that the AIRSPEED.MIN.FREQ is 40 Hz and the AIRSPEED.MAX.FREQ is 1000
Hz. This range of frequencies is mapped linearly between the scaled data values corresponding to
LOW.AIRSPEED.LIMIT.VALUE (current scaled data value of 1116 corresponding to 90 knots) and
HI.AIRSPEED.UMIT.VALUE (current scaled data value of 2235 corresponding to 180 knots).
Changes in these variables will change the scaling. If LOW.AIRSPEED.LIMIT.VALUE was set to
1861 (150 knots) and HI.AIRSPEED.UMIT.VALUE was set to 2110 (170 knots) and the other
variables unchanged, the new airspeed range of 20 knots would be scaled from 40 to 1000 Hz.
Similarly, if the airspeed limit values were at their original values and AIRSPEED.MAX.FREQ was
changed to 1500 Hz, airspeeds from 90 to 180 knots would be mapped onto a 50% larger
frequency range.

Vertical Velocity

The direction of vertical velocity (climb or dive) is encoded as a change in amplitude
modulation (attack or decay) of the airspeed tone. The magnitude of vertical velocity is encoded
into the period of the amplitude modulation with long periods corresponding to low vertical
velocities and short periods corresponding to high vertical velocities. There are selectable vertical
velocities beyond which the modulation period does not change. As shown in Figure 3 the scaled
values of vertical velocity from the FIP range from 0 (2048 feet/minute dive) through 2048 (level
flight) to 4096 (2048 feet/minute climb). The range between the DIVE.THRESHOLD of 1748 (300
feet/minute climb) and the CLIMB.THRESHOLD of 2348 (300 feet/minute dive) define a null region
where there is no amplitude modulation of the airspeed tone. Between the CLIMB. THRESHOLD
and the CLIMB.2048.FT/MIN.VALUE, the period of amplitude modulation (decays starting with the
maximum intensity and decreasing in 32 logarithmic steps) changes from slow (the maximum
envelope period of 65535) to fast (the minimum envelope period of 12000). The signal changes
between the DIVE.THRESHOLD and the DIVE.2048.FT /MIN.COUNTS are analogous except when
the amplitude modulation consists of attacks starting with the lowest intensity and stepping to the
maximum. The VERTICAL VELOCITY.MINIMUM.ENVELOPE.PERIOD is set to 12000 in order to
permit discrimination of the decays and attacks. Aithough the demo program has symmetrical
thresholds and limit values, this is not a requirement.

Heading.error

Heading error is relative to the heading set on the FIP. Heading errors move the apparent
location of the acoustic signal in a direction opposite the deviation. Figure 4 shows the encoding
of heading error. Scaled heading error values from the FIP range from 0 (180 degrees left heading
error) to 180 (on course) to 359 (179 degrees right heading error). Between
LEFT.HEADING.ERROR.THRESHOLD (scaled value of 175 which corresponds to a 5 degree left
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heading error) and RIGHT.HEADING.ERROR.THRESHOLD (185 which corresponds to a 5 degree
right heading error) the acoustic signal Is centered. Between
LEFT.HEADING.ERROR.THRESHOLD and LEFT.HEADING.ERROR.LIMIT.VALUE (160
corresponding to a 20 degree left heading error) there are 50 position steps toward an apparent
location of the acoustic signal on the right. Left heading errors larger than the
LEFT.HEADING.LIMIT.VALUE are positioned at the maximum location to the right. Heading
deviations to the right are similar in concept, except that the apparent acoustic signal location
moves to the left with increasing deviations.

Roll

Encoding of roll is directly analogous to the encoding for heading error. Figure 5 shows
the particular values of the values in the roll variables used in the suppiied version of AOL.
Because heading error and roll both encode to position within the head on the interaural axis, only
one may be connected to its software vector hook at a time.

Altitude Deviation

Altitude deviation is relative to the value set on the FIP. Figure 6 shows the altitude
encoding scheme. Altitude deviation covers a range between 2048 feet below the FIP setting
(scaled data value of 0) and 2048 above the FIP setting (scaled data value of 4096). Above the
HIGH.ALTITUDE.LIMIT.VALUE of 2548 (500 fest above FIP setting), a high pitched triangle
modulated annunciatior is added to the acoustic signal. ALTITUDE.>.TOLERANCE.FREQ Is the
variable which controls the frequency of the annunciator and ALTITUDE.ENVELOPE.PERIOD is the
variable which controls the period of the annunciator. Below the LOW.ALTITUDE.LIMIT.VALUE of
1548 (500 feet below FIP setting) the annunciator is added to the acoustic signal with a frequency
controlled by the variable ALTITUDE. <. TOLERANCE.FREQ.

Angle. K

Encoding of angle of attack is shown in Figure 7. Because there is not a functioning angle
of attack vane on our test aircraft, this function is not yet implemented. The acoustic signal for
angle of attack Is intended to providle a waming of an Impending stall
ANGLE.OF.ATTACK.NEUTRAL VALUE is an offset. If the scaled data value for angle of attack is
less than ANGLE.OF. ATTACK.NEUTRAL VALUE plus ANGLE.OF. ATTACK.THRESHOLD, there is
no acoustic output for angle of attack. If the scaled data value is greater than
ANGLE.OF ATTACK.THRESHOLD but less than the stall value, angle of attack deviation from
threshold is mapped onto the period of a digital noise generator in one of the AY-8930
programmable sound chips. Just above the threshold, the acoustic signal is randomly spaced
clicks with a low average rate. As deviation above threshold increases, the average rate increases
until just before a stall, the acoustic signal resembles wide band noise. When data value scaling is
known, it is merely necessary to insert appropriate scaled values into the variables in the module
DEMO as described above.
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ion Royti

The diagrams in the section Acoustic Transformations show the important variables for the
different functional routines. A great deal of flexibility in the operation of the AOI is available by
careful changing of the values of the variables. Alternatively, by inappropriate changes in the
variables, it is possible to render the AQ! non-functional until the original code is reloaded.

ing AQI Function Routin

Using the delivered source code as a guide, new routines can be written in the MAX-
FORTH language of the AOl microprocessor. For example, a new vertical velocity routine, for
example, DO.NEW.VERTICAL.VELOCITY, could be written and loaded after the file AOI. By editing
the line in file named DEMO from

MAKE N.DO.VERTICAL VELOCITY  DO.VERTICAL.VELOCITY
to
MAKE N.DO.VERTICAL VELOCITY DO.NEW.VERTICALVELOCITY

the new routine would be hooked into the AQI-Il software.

Development Environment

The AQI software was developed on IBM-PC compatibles. Either Crosstalk XVl from
Digital Communications Associates or Mirror from Softklone Associates were used as
communications programs. Mirror includes a screen editor which allows the editing of files while
still in serial communications with the AQI.

Delivered Fileg

The following files are on the MS-DOS format disk dellvered with the AQI system. The first
group of fiies are modules which make up the AOI software. These files are lisiad in Appendix H.
These source code files have comments which clarify the actions being performed. Since the
source code is written in MAX-FORTH, the language embedded in the ROM of the microprocessor
of the AQI, one must be proficient in FORTH to understand the code in detail. However, because
of the ability to use meaningful names for routines in Forth, one does not need to be an expert to
read the Forth source code and understand the function of the components of the routines.
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Forth has a variety of unique characteristics. The language is a postfix notation similar to
that of most Hewlett Packard calculators. This means that first the opsrands are entered and then
the operator. For example, to add four and six in Forth, you would type 4 6 + and then a period.
(. is the print command) to print out the resuit of 10. The MAX-Forth reference manual delivered
with the AOI includes an introduction to programming Forth. A second feature of Forth is the
dictionary. Routines are called words, and as new words are defined they are entered into the
dictionary. Because of its structure, Forth requires that any words used within another defining
word must have been previously entered into the dictionary (unless it is a forward reference
preceded by the word DOER). Another feature of Forth is that most parameter passing is done on
a data stack instead of through static data structures. Forth is ideally suited for hardware oriented,
real-time control problem applications such as the AQI, because routines (words) may be
Interactively tested and debugged.

The following source code files are listed in the order in which they are loaded into the AO!
system.

- SETUP Configures the system memory and defines utilities
ARRAYS Defines array and table words
CASE Defines a case selection execution structure
CHIPCTRL Hardware control primitives for the AY-8930s
DOERMAKE Implements the forward reference mechanism
SELECTOR Connects functional names to AY-8930 registers
VIEWS8930 Controls AY-8930 shape/cycle registers
ENVELOPE  Dumps all AY-8930 registers in AOI context
CONVERT Converts frequency to period
TIME6S522  Uses 6522 as a timer
XICOR Controls digital potentiometers
CONFIGUR Sets up hardware
TRANSIT Provides AQOI 1&2 compatibility
ACIACOM Provides communications to FiP
SHOFRAME  Displays scaled data
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AOI Performs the AQI transtormations
SYSINITS Initializes routines

The AOI module is the module refevant for understanding the operation of the AQ! and
seeing the meaning of the variables which are analogous to the trimmer potentiometers on
traditional instruments. Skilled adjustment and change can enhance AQI performance.

The source code modules listed below contain comments and white space to enhance
readability.

DEMO s the last module downloaded to the AOI and contains the following:
MAKE N.STARTUP SETUP (IN FILE SYSINITS)
MAKE HOOK1 SYNCH
( WAITS UNTIL 1 SECOND HAS ELAPSED SINCE TIMER STARTED )
( THE TIME FOR THE AOI PROCESSING IS WITHIN THE SECOND )
MAKE HOOK2 GET.DATA.FRAME
{ PUTS A FRAME OF DATA INTO INPUT.DATA ARRAY )
(INPUT.DATA IS DEFINED IN FILE TRANSITS )
( GET.DATA.FRAME IS DEFINED IN ACIACOM)
MAKE HOOK3 SHOW.DATA.FRAME
( SHOWS THE DATA FRAME FROM INPUT.ARRAY )
MAKE HOOK4 GET.OUT
(GET.OUT BREAKS YOU OUT OF THE PROGRAM IF ANY KEY IS HIT )
( GET.OUT DEFINED IN FILE SETUP)
( MAKE N.DO.ACA DO.AOA)
( AOA VANE IS NOT YET ON AIRPLANE )
MAKE N.DO.AIRSPEED DO.AIRSPEED

( BOTH DO.ROLL AND DO.HEADING.ERROR USE THE HEADPHONE
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BALANCE)
( THEREFORE ONLY ONE CAN BE USED AT ATIME )
MAKE N.DO.ROLL DO.ROLL
\ MAKE N.DO.HEADING.ERROR  DO.HEADING.ERROR )
MAKE N.DO.ALTITUDE DO.ALTITUDE
MAKE N.DO.VERTICAL.VELOCITY DO.VERTICAL.VELOCITY

The modules above connect the routines to the hooks in the AOI program (resolves the
forward references from NOP to the desired action. DEMO. is the appropriate place to add
changes to set variables to new values.

LP.DOC explains how the listings were printed and contains the following:
This is the command line used with Norton's LP program to produce the HP Laserjet listings:
Ip filespec /h60/w132/set:\aoi\lasercod /125 /r25
The file LASERCOD contains the setup for the HP Laserjet and consists of:
\027E\027(s16.66H)

(This information is only reievant if you have Norton Utilities and an HP-Laserjet printer).
SERIAL COMMUNICATIONS INFORMATION

Serial Commuynications

The following data frame is used when data is sent from the FIP to the AOI-Il.

Frame Start Character (STX ascii 02)

Airspeed

Angle of Attach (not used)

Vertical Velocity

Heading Deviation (+ -)

Roll Angle

Pitch Angle
Altivude Deviation (+ -)

End of Frame Character (ETX - ascii 03)

Data is sent at 9600 haud, 8 data bits, 1 stop bit, no parity. The data are sent as 16 bit
binary integers with a check sura.
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SYSTEM OVERVIEW

Purpose

The Acoustic Orientation Instrument (AO!) has been designed as an acoustic signal
synthesis and output device driven by the Flight Instrumentation Package (FIP). As a system, the
AOI is directly connected through a serial communications line to the FIP and generates acoustic
parameters based on the scaled values of flight parameters measured by the FIP whiie in flight.

The FIP-AOI system is designed to operate for up to 4 hours from a battery package that
supplies both the AOI and the FIP. Audio output is provided to two stereo headphone jacks
located on the front panel of the AOl. The AQOI is housed in a 6x6x4 inch metal case and consists
of six individual printed circuit boards.

n rvi
HC11/F Single Boar m 7

The first component in the system is a 68HC11/F, single-board computer operating at 4
MHz from New Micros Inc., Dallas, Texas. The board runs the FORTH programming language as
well as assembly code and contains a port replacement unit (PRU), three sockets for RAM, and a
total addressable range of 64K, minus the space used by the FORTH language in ROM within the
microprocessor. Also included on the board is a RS232 communications port for the console
operating at 9600 baud, 8 bits no parity, one stop bit. [n this implementation the board utilizes 32K
of RAM and the Forth language in ROM. All components in the AOI-Il are memory mapped on the
bus using the JEDSTACK connector on the board. The bus contains 16 address lines, 8 data lines
muitiplexed, read/write signals, Interrupt signais and other miscellaneous microprocessor
generated signals. The clock used on the microprocessor board is used as the AOI system clock
and drives all other boards. Bus addressing has been used to guarantee high speed operations
and data transfer to all other boards in the system. The bus also provides one leg of the
mechanical support for the entire AOI board set. Other information on the 68HC11/F board can
be found in the Appendix B. Also included in Appendix B are the Max-Forth and 68HC11 manuals.

6522/8930 Board

The 6522/8930 board is used in the system to generate acoustic signals. Two General
Instruments AY-8930s are located on the board and provide up to six independent channels of
digital audio. Each 8930 Is separately memory mapped and operates independently. During the
development of the system it was found that the 8930s are not directly compatible with the bus
structure of the JEDSTACK. To correct the interface signal problems, a Rockwell Semiconductor

65C22 was used. This single 65C22 provides two extra parallel ports and thereby the ability to
synthesize a secondary bus used to interface the AY-8930s to the 68HC11/F.
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Board Function

Signals from the bus are decoded by two 74HCE88 8 bit bus comparators. The board is
decoded in 16 bytes of RAM and can be located anywhere within the free memory space of the
microprocessor. The dual 688s decode address lines A15-A4 based on a low address strobe on
the bus. The subsequent P=Q line pulls down memory disable and provides the chip select line to
the 6522. All subsequent reads and writes to the 6522 are done using standard bus nomenclature.
The 6522 is used in this application to synthesize the 8 bit data bus going to both AY-8930s and the
required control lines BDIR, BC1, Reset, A8 and A9. Because of this synthetic bus, transfer rates
to the AY-8930s are substantially lower than that which could be achieved using direct bus access.
Fortunately, in this application, higher speed access was not a requirement.

Port A on the 65C22 Is used to provide data and address lines to both AY-8930s as shown
in the schematic labeled AQI Digital Board Rev 3.0 in Appendix A. The 6522 pins CA1, CA2, CB1,
CB2 are not used at this time. Port B synthesizes all of the control lines used for both of the AY-
8930s. PB1 and PB2 are used to synthesize BDIR and BC1 on the 8930 chips. PBO0 is used to
select AY-8930-0 or AY-8930-1 . AY-8930-0 has its control line A8 tied high thereby using a low
signal on PB 5 to select it. AY-8330-1 has bit A9 tied low, and uses a high signal on A8 to select it.
This single line provides simple, quick chip select logic between the two devices and guarantees
that bus contention between the two chips never occurs.

All of the parts on this board are clocked using the microprocessor's 2MHz clock. A
secondary bus system is also provided on the AY-8930/6522 board. It consists of four rows of 35
pins located on the rear portion of the board and Is designed for board-to-board interconnection.
All signals from the 8930 as well as 12V, -12V, +5v, and ground are present on this bus. 1/0
control ports from both AY-8930s are used to control mixer board functions on the audio mixer
board (see that section).

The board-to-board Interconnection bus is configured as four rows of 35 pins. Row 1,
labeled C1, contains all four of the 8 bit ports found on the AY-8930s. Row 2, C2, is completely
grounded to provided isolation and noise immunity to the system. Row 3, C3, carries on pins 1-6,
all six channels of audio generated by the AY-8930s chips 0 and 1. Row 4, C4, contains ground,
+12V, -12V and 5V. See the schematic for pin labeling on this bus. Sik screens for this
board are provided in Appendix A. One 150% board layout is provided in Appendix A. A
component list for this board is provided in Appendix G. A bit list for this board is shown on the
following page.




AQI Il Potent r

The following list shows the AY-8930 output bits used to control the digital potentiometers.
All bits are shown with the AY-8930 pin number and the function.

10 = Chip0
Il = Chip1

Negative logic is shown witha ~

Bit Function
10-B0 u/~-D

10-B81 INC Xicor Pot
i1-AO Pre-Mixer Pot
11-A1 Noise Level
11-A2 Balance
1-A3 Left Volume
11-A4 Right Volume
11-A5 e

11-A6 HP Filter
11-B0 ChoOA

11-B1 choB

1-B2 ) ChoC

11-83 all Chip 0
H-B4 ChiA

11-B5 Ch1B

11-88 chiC

11-87 All Chip 1

Description

Ali U/D for the Xicors
Increment all Xicors
Level control

Noise level control
Balance Xicor control
Post balance gain
Post balance gain
Not Used

Sets the pass band* tied to A7
Audio output gain
Audio output gain
Audio output gain
Mixer 0

Audio output gain
Audio output gain
Audio output gain

Mixer 1
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Note: 10-A0 through 10-B7 and Ch 0A, 0B, 0C, are from chip zero (0) and 11-A0 through 11-B7 and
Ch 1A, 1B, 1C are from chip one (1).

Aydi r

The Audio mixer board provides six channels of mix-down capability and final amplification
of the audio signals generated by the 6522/8930 board. The board contains six channels of
independent mixers with independent digitally controlled volume, two 3 to 1 mixers, mixers for four
external signal sources with manually controlled potentiometers, computer-controlled balance
circuitry, and final ampilification. Also included on this board is a variable bandwidth filtered white
noise source. Information about this board is in Appendix F.

Each of the audio channels from the AY-8330 board (A,B,C AY-8930-0, A',B’,C’ AY-8330-1)
are provided to this board using the board to board bus interconnections described under the AY-
8930 board section. The board provides several stages of modification to the audio signal
generated on the AY-8930 board. The first stage, buffering, attenuation and amplification, is
realized using a digital XICOR potentiometer. The potentiometer is located on the feedback loop
of the Op-amp used to buffer the digital signal to this board. Gains up to 2X and attenuation to .5X
can be achieved with the 100 step potentiometer. Individual control of each of the six channels
and each of the gain/amplification/attenuation network is provided using AY-8930 control bits (see
the AY-8930 board bit list). Once ampilified or attenuated, the raw signals are provided to jumper
blocks J1-J3 for AY-8930-1 or J5-J7 for AY-8930-0. Each jumper block provides the user the
capability of mixing the signal within the output group of that chip, or separating the signal to be
used in the post-balance portion of this board’s circuitry. If used in the defauit configuration all
signals from the single attenuation /ampilification stages, will be routed to the 3:1 mixer on IC1. At
this point, all three of the signals from AY-8930-0 will be routed to IC2 and all signals from AY-8930-
1 will be routed to IC1. In this configuration, complete 3:1 mixing is achieved on one quad op-
amp. The output of this 3:1 mixer is then sent to a 2:1, or final mixing stage, on IC3. IC3 also
contains the ampiifiers used In the external mixing sources referred to as pre-balance external
mixers. Note that the output of both 3:1 mixers and the subsequent 4:1 include only monaural
signals from the two AY-8330s and the two external signal sources. The external signal source op-
amps, located on IC3, provide up to .2X attenuation or +2X amplification of the external signal
source. R12 and R13 (components list appendix G) are used to match the impedance and set the
gain of the circuit for the external signals to the intermnal circuitry used on this PC board.

The final portion of circuitry in the prebalance mixing chain, op-amp 4, located on IC3,
allows the user to digitally control all AY-8930 and two external prebalance signal sources before
they are processed by the balance circuit. Complete digital control of attenuation and gain of this
combined signal is provided using another XICOR digital potentiometer and the control lines found
on the external bus. Once the signals are mixed, a balance circuit, utilizing one XICOR digital
potentiometer and one MC34082 dual op-amp allows the users to modulate the signal source
across the head of the pilot. Near full attenuation on either channel is attained Lsing this system.
Note that unity gain is provided through this circuit.
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Balance Circuit - A note

Note, at this point in the circuitry the user Is aliowed to route signals either prebalance or
postbalance. If prebalance is selected, all signals are mixed through IC3 op-amp 4. If post balance
Is selected, signals are routed to jumpers 1-9 pins 6 or 4 and are processed post balance. As was
the case with the prebalance signals, two external inputs are provided for the user. In contrast to
the prebalance signals, the postbalance external mixers are either external left or external right.
Crossover between the two channels is nonexistent. The final stage before power amplification
mixes any signals routed from the prebalance mixers or external prebalance signal sources and
the external post balance sources. Again, digital gain using the XICOR digital potentiometers is
provided with attenuation characteristics similar to those mentioned above.

Final mixers, located on IC2, op-amps 2 and 4, are routed to the LM 1877 power amplifier.
This power amplifier is capable of driving loads up to 8 ohms at one watt. Two jacks have been
provided on the AQI front panel both wired in parallel. Because of this, impedance calculations
should be considered before attaching any low impedance systems.

Xl i Potentiomet:

The XICOR digital potentiometers (data sheet shown in Appendix F) provide full digital
control of an IC-based 100 step potentiometer. In the AOI system, 10K, 50K, and 100K ICs are
used. Implementation of the potentiometers on this board is simple. All up, down, and increment
lines are tied to a single pin and are operated using the AY-8930 control pins. Chip select, Pin 7, is
individually controlied across the entire board using individual pins on the AY-8930s (see the chip
control data sheet under the AY-8330 section). This implementation provides two features. The
first, the lessening of control lines by ganging all up/down and increment lines together, provides a
simpler and less noisy board layout. The second, individual control of chip select but not up/down
and increment, provides high speed chip select and the ability to gang together the operation of
several devices at once, l.e., the entire AY-8930-0 audio can be attenuated while not affecting the
channels on AY-8930-1.

The Ground Plane/ Power Board

"The ground piane power board provides two basic functions. The first,
distribution of power and signals for the entire AOI system. The second, isolation of high
frequency noise from the microprocessor unit to the sensitive analog audio portions of the AOI.
Power from the external DB-9 power connector is routed directly across the board through several
bypass capacitors and ferrite beads. This implementation of power filtering provides not only low
frequency filtering and decoupling but also high frequency noise attenuation. Once the power is
brought to the board, It is distributed to both the AY-8930 board to board bus, busses C1-C4, and
connector AC1. Complete schematics, board layouts, and pin numbering for this board can be
found in Appendix D.




Noise Fiiter Board

The noise filter board, a final addition to the AQI-ll system, consists of a white noise
source, a fixed low pass and variable high pass digitally controlled filter system. Wide band white
noise is achieved using the LM389 audio op-amp. The op-amp and its associated free transistor
are used in conjunction to generate white noise. The transistor shown in the data sheet, located in
Appendix E, is used in an open collector mode to generate transistor noise. The resulting noise is
amplified and used within this circuit. The resulting signal is processed using a variable high pass,
fixed low pass, band passed filter configuration. This filter utilized a fixed low pass edge, located
on IC2, and a variable high pass, Located on IC3. The filter building blocks, consisting of four free
op-amps on the FLT-U2s, provide not only stable, easy to configure filter configurations, but also
in the case of the high pass variability, provide a simple resistor based frequency cut-off variations.
In this configuration four XICOR pots are used to set the cut-off filter frequency. The four pots on
the board share the up/down and increment lines found on the main board. A single chip select
line is used for all of the XICOR pots on this board. The board has been developed as a daughter
board, and because of this, all signals provided through connector CO on the mixer audio board.
Note that 5V, -12V, +12V and ground are also provided through this connector. Because of the
mechanical features of this board, and because of its mounting position on the audio mixer board,
care must be taken when mounting or unmounting these components. See Appendix E for
schematics, board layouts and other information on the FLT-U2 Universal Filter Building Block.

€255 Board

The final board in the system is the 6255 New Micros dual ACIA board. This board
consisting of a Rockwell 6552 dual ACIA that provides two 8 bit serial ports memory mapped under
full control of the microprocessor to the AOI-ll. Only a single port on this board is used to
communicate between the AOI and the FIP. For a description of the protocols used, see the
module ACIACOM in the source code in Appendix H on the software. Detailed information on the
65C52 dual ACIA is provided in Appendix C.




Appendix A - 8930,/6522 board




Appendix A - PCB schematics
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Appendix A - PCB layouts
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Appendix A - data sheets 74L.5688




@ MOTOROLA

DESCRIPTION — The SN54LS/74L5682, 684, 688 are 8-bit magni-
tude comparators. These device types are designed to perform
comparisons between two eight-bit binary or BCD words. All

SN54/741L5682
SN54/74L5684
SN54/74L5688

8-8IT MAGNITUDE

device types provide P=Q outputs and the LS682 and LS684 have COMPARATORS
P> outputs also.
The LS682, LS684 and LS688 are totem poie devices. The L5682 LOW POWER SCHOTTKY
has & 20 k) puliup resistor on the Q inputs for analog or switch
data.
FUNCTION TASLE
INPUTS OUTPUTS
T DATA ENABLES
= OUTPUT OUTPUT S -
Tvee | F=T |P>0 | puapie | conriguraTion | PULLUP 7o | Q.G |6z | P=a | P5a
LS682 yeos ves no totem-poie ves P=Q L L L H
P>Q L L ] L
L5683 i vos no open -collector ves Pca y . " "
LS684 ves veos no totem-poie no X H H v H
LS685 yes vos no open-collector no
L5688 ves ves yes totem-poie no H = Pagh Hvel. L = Jow level. X = irsievant
Lse87 ves ves ves open-coliector no
LS688 ves no ves totem-poie no
L5689 ves no ves open-collector no
CONNECTION DIAGRAMS
(TOP VIEW)

J Suffix — Case 73203 (Ceramic)
N Suffix — Case 738-03 (Piastic}

FAST AND LS TTL DATA
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SNS4/74L.S882 o SN54/74LS884 ® SN54/74L5688

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
vee Supply Voltage 54 45 50 §5 v
74 475 50 625
TA Qpersting Ambient Temperature Range 54 ~55 25 125 °c
74 o] 25 "
IOH Output Current — High 5474 -04 A
oL Qutput Current — Low 54 12 T.A
74 24 ‘

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specified)

LIMITS
SYMBOL PARAMETER MIN EvS MAX UNITS TEST CONDITIONS
Guaranteed input MIGH Vohage for
Vin input HIGH Voltage 20 \ All Inputs
54 07 Guaranteed input LOW Voltage for
viL Input LOW Voitage 72 08 v Al inputs
ViK Input Clamp Diode Voitage -065 |~15 \ Vee = MIN iy = —18 mA
54 25 35 \ Vee = MIN. Ion = MAX, VIN = Vi
VOH Output HIGH Voltage 74 27 35 v or V)i per Truth Table
54.74 025 04 \i oL = 12 mA |Vee = Vee MIN,
VoL Output LOW Voltage 7a 035 | 0§ v 1oL =24 mA | VIN = Vi or VIH
per Truth Table
20 uA Vee=MAX VIN=27V
LS682-Q
01 mA Vee=MAX. VIN=88V
™ input HIGH Current Inputs cc IN
Others o1 mA Vee=MAX. VIN=T70V
Lsea2 os | m
" Input LOW Current npy Vee = MAX, Vi =04V
Others -02 mA
108 Short Circuit Current —30 ~130 mA vee = MAX
L5682 70 mA
ice Power Supply Current Lsess &5 mA Vee = MAX
LS688 65 mA

FAST AND LS TTL DATA
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SN54/74L5682 ¢ SN54/74L5884 © SNS4/74L5888

LOGIC DIAGRAMS
» Bl
ar & —> T L
POSIT
i -
“‘!A p— |
Q' T
"\H —
s -
:; 9 ) Do
52 .e.i
Q2 -lao-r —L°
»” —p.,“'
Qo izbo-r
#0~=Pom
gD I -
2
o
k3
az
3 e
— 150
— " _O o
£l
= s0
3
[«
I Al
——
SNB4LS/74,.8682 thru LESS4 SNSALS/74L3008
FAST AND LS TTL DATA
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SN54/74L.5882 © SN54/74LS684 ¢ SN54/74L5888

AC CHARACTERISTICS: T = 25°C

SNBS4LS /7415682
! LIMITS
SYMBOL PARAMETER ; MIN ™ O MAX UNITS [ TEST CONDITIONS
PLH Propagation Delasy. Pt1o P = Q 3 25 ns
PHL 15 25
PLH Propagation Delay. Q1o = G “ols Vee =50V
PHL ;Z . :2:: — CL =45 oF
::‘-H’: Propagstion Delay. Pto P > O 15 } o 0 "™ R =6670Q
LN =5 23 0 ;0
Propeagation Delay. Q1o P > Q 19 30 | ™ |
PHL ! N
SNE4LS/74L5684
LIMITS | i
SYMBOL PARAMETER N vp MAX UNITS | TEST CONDITIONS
—— 15 25
PLH Propagation Delay, P1oP=Q ns
tPHL 008y 17 25
—— 16 25 =
Pk Propagation Delay. Qto P = Q 18 % ns Vee=50V
IPHL CL =45 oF
— 22 | 30 =
::LHH Propagation Delay. P10 P > Q 1 30 ns AL = 667Q
L
tPLH Propagation Delay, Qto P > Q % b4 ns
PHL
SN54LS/74L5688 r
LIMITS
SYMBOL PARAMETER N P YV UNITS TEST CONDITIONS
L — 12 | 18 |
° Propagstion Delay. P1oP=Q 17 23 | M
oHe T Vee=50v
— 12 18
PLH Propagstion Delay, Gto P = Q | ns CL=450F
1PMHL 17 23 ; A, = 8670
= = — 12 18 !
PLH Propagation Delay. G. G110 P= Q | ns
oL 13 {20 |

FAST AND LS TTL DATA
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~ Microchip

AY8930

Enhanced Programmable Sound Generator

FEATURES

s Two Modes Availabie On-Chip
— AY8930 Expanded Mode
— AY-3-8910A-Compatible Mode

& Improved Frequency Range

u Three independently Programmable Analog Output
Channels with Separate Frequency, Duty Cycle
and Envelope Controls for Each Channel

s 5 Bits of Logarithmic Digital-to-Analog Conversion
Per Channet

s Bus interface independent of Clock Frequency

a Input Clock Frequency: 2 or 4MHz

a Two 8-Bit General Purpose 1/0 Ports

DESCRIPTION

The AVA830 Enhanced Programmable Sound Gener-
ator (EPSQ) is an LS| circuit that can produce a wide
variety of compiex sounds under software control.
The AY8930 is manutactured in the Microchip Tech-
nology inc. n-channel silicon gate process. The
AY8930 is an enhanced version of the company's
industry standard AY-3-8910A -~ _~d generator.
Enhanced features nclude .mprcved frequency range
and noise synthesis and independent control of each
channei’s envelope and duty cycle.

The PSG is easily interfaced to any bus-oriented
system. lis flexibility makes it useful in applications
such as music synthesis, sound effects generation,
audible alarms, tone signaliing, and home computer
usage. in order to generate sound effects while
allowing the processor to perform other tasks, the
PSG can continue to produce sound after the initial
commands have been given by the control proces-
sor. The fact that realistic sound production often
involves more than one effect is satisfied by the
three independently controliable analog sound output
channels available in the device. These anaiog
sound output channeis can each provide five bits of
logarithmic digital-to-analog conversion, greatly
enhancing the dynamic range of the sounds
produced.

PRELIMINARY INFORMATION

PIN CONFIGURATION

AY8930
40 LEAD DUAL IN LINE

Top View
vsgs(@GROUND) 1T Y 4 BVec(+W)
NO CONNECT 0 2 39 [ NO CONNECT
ANALOG CHANNEL 8 3 28 [J ANALOG CHANNEL C
ANALOG CHANNEL A0 4 37 P DAs
NO CONNECT O 5 as P oA
wos70s as [ DA2
108e ] 7 a4 P OA3
085} e 33 P OA4
o849 32 [ DAS
10830 10 31 P DAs
10820 1 30 [J DA7
1081 12 29 D BCY
1080 13 28 [ BC2 (NOT CONNECTED)
I0A7 (] 14 27 J BOIR
[TV Ya KT 26 [J SELECT
10As(] 18 25 [J A8 -
oA 17 2P -
10A3 (] 18 23 b RESET
10A2(] 19 22 p crock™
10A1( 20 21 D oAs

Al circuit control signals are digital in nature and can
be provided directly by a microprocessor/microcom-
puter. Therefore, one PSG can produce the full
range of required sounds with no change in extemnal
circuitry. Since the frequency response of the PSG
ranges from sub-audible at its lowest frequency to
post-audible at its highest frequency, there are few
sounds which are beyond reproduction with only the
simplest electrical connections.

———
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DEVICE ARCHITECTURE

The AY8930 is a register oriented PSG. Communica-
tion between the microprocessor and the PSG is
based on the concept of memory mapped t/Q. Con-
trol commands are issued to the PSG by wnting to
these memory mapped registers. Each of the regis-
ters within the PSG is readable so that the micropro-
cessor can determine, as necessary, present states
or stored data values.

REGISTER ARRAY

The principal elament of the AY8930 is an array of
27 control registers arranged in one bank of 16 and
one bank of 11 registers. These registers occupy 16
address locations of the 1,024-word memory space
in which the PSG resides.

The configuration of this register array is shown on
the following pages. Note the two modes of opera-
tion: 8910A-compatibility mode and 8930 expanded
mode.

The registers are addressed via the combination of
the bidirectional data bus (DA0-DA7) and address
input pins A8 and A9.

a9 | As |DA7|DAs|DAS|DA4|DA3|DA2|DA1|DAO)
ol1]ofoloflolx]x]x]x

DAO-DA3 These four low-order address bits are
used to select one of the intemal reg-
isters within a bank.

DA4-DA7,  These six high-order address bits

A8, A9 function as chip selects and are used

to position the register bank(s) within
the 1,024-word memory space. In the
deseilected state, the data bus is in
the high impedance state.

The address enable code for bits
DA4-DA? is all zeros.

Inputs A8 and A9 are enabled by a
high on A8 and a low on A9; all other
input level combinations resultina
desslected condition. Pins A8 and A9
have an on-chip pull-up and pull-down
resistor, respectively, and will assume
the correct logic level if left
unconnected.

DS500108-2

Address bits DA7-DAO are latched internally. This
internally latched address is updated and modified on
every “tatch address” signal presented to the PSG
via the BDIR and BC1 control lines.

The AY8930 initializes in the AY-3-8910A-compatibil-
ity mode. To utilize the expanded features of the
AYB8930, an access code must be input to register
R15 upon program initialization.

Entering a "101” code in bits B7-B5 of register R15
selects the 8930 expanded mode. In the 8930
Expanded mode, bit B4 =0 (R15) selects BANK A
and B4 =1 selects BANK B. All other bit selections
are defined as 8910A-compatibility mode. Registers
R15A and R15B are mapped into the same physical
register.

Switching modes causes loss of all register data from
the previous mode. All registers will be initialized
except for the Mode Seiect code of R15.

Shown on the next page is the register configuration
for the AY8930. Note that Bank A of the expanded
mode is virtually identical to the singie register array
of the 8910A-compatibility mode.




AY8930 REGISTER ARRAY: AY-3-8910A-COMPATIBILITY MODE

REGISTER o 87 | e | s | B4 | B3 | B2 | B1 | BO
RO | Channel A 8-Bit Fine Tune
A1 Tone Period A 4-Bit Coarse Tune
R2 Channel B 8-Bit Fine Tune
R3 Tone Period 2zl 4-Bit Coarse Tune
R4 | Channel C 8-Bit Fine Tune
RS | Tone Period w2440 4-8it Coarse Tune
R6 | Noise Period 44 5-Bit Period Control

INOUT NOISE TONE
R? | Enabie 0B | 10A c B A c 8 A
R10 | Channel A Amplitude W /////////% M | B | ] u | w
R11 | Channel B Ampiitude vy BIERIERIER IR Lo
R12 | Channel C Amplitude 08 M B | L2 L1 Lo
R13 8-Bit Fine Tune
R14 | Envelope Period 8-Bit Coarse Tune
R15 , Enveiope Shape/Cycle MODE SELECT [cont.{ atT. | ar | Howo
R16 | VO Port A 8-Bit Parallel 1O on Port A
R17 | VO PortB 8-Bit Paraliel 1/O on Port B
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AY8930 REGISTER ARRAY: EXPANDED CAPABILITY MODE — BANK A

REGISTER o a7 86 8s B4 83 82 81 80
ROA | Channel A 8-Bit Fine Tune
R1A Tone Period 8-Bit Coarse Tune
R2A | Channei B 8-Bit Fine Tune
R3A Tone Period 8-Bit Coarse Tune
R4A | Channel C 8-Bit Fine Tune
RSA Tone Period 8-Bit Coarse Tune
R6A | Noise Period 8-Bit Noise Penod

INOUT NOISE TONE

R7A | Enable I0B | I10A c B A C B A
R10A | Channel A Ampiitude v M | | s e [ u Lo
R11A | Channel B Ampiitude v 0 4 M| k| s | e | u Lo
R12A | Channel C Ampiitude D/ M M | ] ] ] vl uw
R13A | Channel A 8-Bit Fine Tune
R14A | Envelope Period 8-Bit Coarse Tune
R15A | Bank A/B: Envelope A 1 | o [ + ] o [cont] AT | At | How
R16A | /O Port A 8-Bit Parallel I/O on Port A
R17A] VO Port B 8-Bit Paraliel 110 on Port B

AY8930 REGISTER ARRAY: EXPANDED CAPABILITY MODE — BANK B

BIT
REGISTER 87 | 86 | B85 | B4 | B3 | B2 | B | BO
ROB | Channei B 8-Bit Fine Tune

R1B | Enveiope Period 8-Bit Coarse Tune

R28 | Channei C 8-Bit Fine Tune

R3B | Envelope Period 8-Bit Coarse Tune

R4B | Envelope Shape/Cycle B A cont. | art. | aur | Howo
RSB | Envelope Shape/Cycie C A cont. ] atT. | A | Howo
R6B | Channel A Duty Cycle /W///Wﬂ I

R7B | Channel B Duty Cycle A - e e

R108 | Channel C Duty Cycie A 4 ei

R118 | Noise"And" Mask 8 Bit

R128 | Noise "OR" Mask

RER /74 ///////////////////////////////////////////////

[mraer /22272
R158 | Bank A/B: Envelope A conT.| ATT. | ALT. | HOWD

QLA /7% /////////////////////////////////////// 41

R178°| TEST NOT TO BE ACCESSED BY THE USER

“Not accessibie in AY8930 mode.

NOTE: All unused bits will be read back as '0."

———

IR
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SOUND GENERATING BLOCKS

The basic blocks in the PSG that produce the pr< -
grammed sounds include:

Tone — Produce the basic puise tone frec.en-
Generators  cies for each channel (A, B. C).

Noise - Produces a frequency modulated
Generator pseudorandom noise output.

Mixers — Combine the outputs of the tone =2n-
erators and the noise generator. . e
for each channel (A, B, C).

Amplitude - Provides the D/A converters with

Control either a fixed or variable amplituge
pattern. The fixed amplitude is urder
direct CPU control; the variable ampli-
tude is accomplished by using the
output of the envelope generators,
one for each channel (A, B, C).

Envelope — Produce an envelope pattern that can

Generators  be used to amplitude modulate the
output of the mixer, one for each
channel (A, B, C).

D/A — The three D/A converters each pro-
Converters  duce up to a 32-level output signa! as
determined by the amplitude control.

Since all functions of the PSG are controlled by a
host processor via a series of register loads, a
detailed description of the PSG operation can best
be accomplished by relating each PSG function to its
corresponding register. The function of creating or
programming a specitic sound or sound effect logi-
caily follows the control sequence listed:

OPERATION |REGISTERS® FUNCTION

Tone Generator RO-R5A | Program tone

Control penods.

Duty Cycle R6-R10B | Select duty cycle.

Controt

Noise Generator R6A., Program noise

Control R11-128 |penod.

Mixer Control R7A Enable tone.noise
on selected
channels.

Amplitude R10-R12A | Select “fixed” or

Control “variable”
amplitudes.

Envelope R13-R15A, | Program envelope

Generator RO-R5B |period and

Control envelope pattern.

D/A Converters - Produces a 32-bit
output signal.

*All registers referenced are for the AY8930
Expanded Mode, except as noted.

TONE GENERATOR CONTROL

Each analog output channel has associated with it
two reqgisters which specify the tone period for that
channel, the coarse tune and the fine tune registers.
The tone period for each channel is obtained by
combining the coarse and fine tune registers as
shown.

Note that the value programmed in the combined
coarse and fine tune registers is a period value —
the higher the value in the registers. the lower the
resuitant frequency.

COARSE TUNE FINE TUNE
REGISTER CHANNEL REGISTER
R1A A ROA
R3A 8 R2A
RSA C R4A
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12-BIT TONE PERIOD (TP) VALUE:
AY-3-8910A-COMPATIBILITY MODE

Coarss Tune Fine Tune
|s7]esles|s4leale2]e1|so| [B7[es]es|es]rs]e2]a1]|s0

TPITP|TPITP|TP|TP|TPITP|TP|TP|TPITP
11]10] 9] 8] 7] 6] 5| 4} 3§ 2

16-BIT TONE PERIOD (TP) VALUE:
AY8930 EXPANDED MODE

Coarse Tune Fine Tune
[87]ee]Bs|s4lB3le2ja1|Bo] |87]B6]BS|B4]BI]|E2]E1|BO

T IP‘F ITPITP|TRITP|TP|TP|TP|TP|TP|TP|TP|TP
15[14§13[12}11|10 8] 7] 6§ 5] 4§32 1{0

NOTE:

i the coarse and fine tune registers are both set to
000g, the resuiting period will be minimum, i.e. the
generated tone period will be as if the coarse tune
register was set to 000g and the fine tune register
was set to 001g. The counter will count the period
value down to zero. When zero is reached, the
period value will be reloaded into the counter.

DUTY CYCLE CONTROL

The duty cycle of each puise generated by the three
tone generators is controlied by an associated 4-bit
duty cycle register (R6B, R78, and R108B).

The following duty cycies are selectabie:

% REGISTER
DUTY CYCLE | DUTY CYCLE VALUE

3.125% 0 0000

6.25 % 1 0001
1250 % 2 0010
25.00 % 3 0011
50.00 % 4 0100
75.00 % 5 0101
87.50 % 6 0110
93.78 % 7 0111
98.875% 8 111

"NOTE: Any vaiue greater than 810 decodes as an 81

NOTE.:

The percent duty cycles refers 1o the high (logic high)
portion of the duty cycle. The iow portion 1s then 100
percent duty cycle. A 10% duty cycle is then 10% up
and 90% down, as shown beiow.

[] ]

0% 90%
b
ONE CYCLE

AI

In 8910A-compatibility mode, the duty cycle is fixed
at 50%. The capability for a variable duty cycle exists
only in the expanded AY8930 mode.

in order to change a duty cycle, the appropriate duty
cycle register must be updated. The new duty cycle
will then remain constant at this value untii the duty
cycle register is modified. The new duty cycle value
will take effect immediately. This may result in one
period with a “random” duty cycle at the time the
register is updated.

NOISE GENERATOR CONTROL
AY-3-8910A-Compatibility Mode:

Noise is generated by a 17-bit polynomial shift regis-
ter. The period of the clock to this shift register is
spacified by the 8-bit binary vaiue NP. -

The noise period value is derived from the lower five
bits (B4--B0) of the noise period register (R6) as
shown.

Nolse Period Register (R€)

{67 [ B6 | Bs | 84 | B3 | B2 | BY [ B0 |

// not used / /

NP | NP | NP | NP | NP
4|l 3| 2] 1] o

5 BIT NOISE PERIOD (NP) VALUE

NOTE:

As with the tone period, the lowest period value is
00001 (divide by 1), an entry of 00000 will have the
same value as 00001; the highest period value is
11111 ( ‘ivide by 3140).
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AY-3-8910A-COMPATIBILITY MODE
NOISE BLOCK DIAGRAM (Figure 1)

135Kz | Noise PERIOD ||
NOMINAL VALUE REGISTER
(810-82)

TO MIXER

SHIFT ENABLE

RIGHT SHIFT G(:—

AY8930 Expanded Mode:

In the AY8930 expanded mode, noise is generated
using a 17-bit polynomial shift register, an “AND"
mask, an “"OR" mask, and an 8-bit noise period
value. The least significant byte ot the polynomial
shift register is iogically AND'ed with the "AND"
mask specified in Register 11B, then logically OR'ed
with the “OR” mask specified in Register 128. The

AY8930 EXPANDED MODE
NOISE BLOCK DIAGRAM (Figure 2)

result is stored in a temporary register which is
clocked each time the counter associated with the 8-
bit noise period register (R6A) reaches zero. When
the noise value reaches zero, a new value is fetched
from the potynomial shift register and the process is
repeated. The noise output is toggled each time the
noise value reaches zero.

280 kHz CLOCK TO MIXER
———>|NOISE PERIOD REGISTER [———w>1 NOISE VALUE [————>1 Tv —> |
H l
NOISE \
LOAD WHEN
PERICD = 0 NOISE VALUE = 0 |
’ {
OR MASK |
AND MASK
SHIFT ENABLE
816 -- ——~ B9 B8 B7 B6 B5 B4 B3 B2 B1 BO | ENABLE WHEN
NOISE VALUE = 0
RIGHT SHIFT Gt |

|
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MIXER CONTROL — 1O ENABLE

Register 7A is a muiti-function Enable register which
controls the three Noise/Tone Mixers and the two
general purpose I/O Ports. The mixers as previously
described, combine the noise and tone frequencies
for each of the three channels. The determination of
combining neither/either/both noise and tone fre-
quencies on each channel is made by the state of
bits B5-80 of R7A.

The direction (input or output) of the two general pur-
pose /O Ports (IOA and IOB) is determined by the
state of bits 87 and B6 of R7A.

These functions are illustrated in the following:

Mixer Controi — /O Enable
Register (R7A)

B7]86]85/84|83|B2|B1

Noise
input Enable Enable Tone Enable
8 | A cis|A cls|a

Noise Enable Truth Table  Tone Enabie Truth Table

AMPLITUDE CONTROL

The amplitudes of the signals generated by each ot
the three D/A converters (one each for channeis A,
8, and C) are determined by the contents of the
amplitude control registers as illustrated in the
following:

Noise Tone
R7A Bits Enabled R7A Bits Enabled
B85S B4 B3I |{OnChannel| |B2 B1 BO | On Channel
0 0 0jJC B A 0 0 0|C B A
0o 0 t|]C B -— 0 0 t|]C B —
0 1 0|J]C — A 0 1 0J]C — A
0 1 1}]C — — 0o 1 11]€C — —
1 0 0}— B A 1 0 0]— B A
t 0 1{— B — 1t 0 11— 8 —
1 1 oO|]— — A 1 1 0|— — A
1 1 1]l= - = 1 1 1= = =

The direction of the I/O Port(s) is determined as
follows:

VO Port Truth Tabile
R7A Bits 1O Direction
87 B8 ] 10A
0 0 In In
0 1 in Out
1 0 QOut In
1 1 Out Out

Note: The Mixer — I/O Control function is identical in
both modes of operation.

Amplitude Contro}
Register # Channel
R10A A
R11A 8
R12A C

AY-3-8910A-Compatibility Mode:

|87 |86 |es|84]B3|B2]8B1]B0]

/ not used /

[e]wle]irw]

4-bit “Fixed"”
Amplitude Ampilitude Level
“Mode"
*Force to "t

AY8930 Expanded Mode:

{87 86|85 |B4|B3|B2]B1]BEO]|

/ot /
used
M [Gle[e]u]w]
Ampiitude 5-bit "Fixed"
“Mode’” Ampiitude Level

The amplitude “mode” (bit M) selects either fixed
level amplitude (M =0) or variable level amplitude
(M= 1). it follows that bits L4~L0, defining the value
of a “fixed” level amplitude, are only active when
M=0. The amplitude is only “fixed" in the sense that
the amplitude level is under the direct control of the
system processor via an address latctvwrite data
sequence.

When “variable amplitude” is selected (M= 1), the
ampiitude of each channel is determined by the
envelope pattem as defined by the envelope genera-
tors S-bit output (E4—EQ). The amplitude “‘mode” bit
(bit M) can aiso be thought of as an enveiope enabie
bit, i.e. when M= 1, the envelope is enabled.
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AMPLITUDE CONTROL (continued)

The foilowing is a chart describing all combinations
of the 6-bit Amplitude Control.

M L4 L3 L2 L1 L

6 0 0 0 0 O The amplitude is fixed at 1 of
0 0 0 0 0 1 31 leveis as determined by

L L4, L3, L2, L1, LO.

o 1 1t 1 1 1

The amplitude s variable at
31 levels as determined by
the output of the Envelope

(X = Don't Care) Generator.

*These codes are used to turn a channel "oft.”

1 X X X X X

NOTE:

In the AY-3-8910A-compatibility mode. the externally
driven “fixed” amplitude is limited to a total of 16
possibie levels determined by amplitude bits L4-L1.

ENVELOPE GENERATOR CONTROL

Envelope Period Control

The period of the sound envelope, in the 8910A-
compatibility mode, is conirolied by two 8-bit regis-
ters, R13 and R14 (the envelope fine and coarse
tune, respectively). in the 8930 expanded mode,
each analog output channei has its own independent
sound envelope. Changes to the envelope penod
counter wiil occur at envelope period boundary or
when envelope shape/cycle register is ioaded.

COARSE TUNE FINE TUNE
REGISTER CHANNEL REGISTER
R14A A R138
R 18 e R oB
R 38 C R 28

16-BIT ENVELOPE PERIOD TO
ENVELOPE GENERATOR

[7]eeleslealaalez]e1[so] [B7[es]es|B4|es]a2(e1]eo]

\
R o e o e e

Note that the vaiue programmed in the combined
coarse and fine tune registers is a penod value —
the higher the value in the registers, the lower the
resuitant frequency.

Note aiso, that as the tone period. the lowest period
values is 000001g (divided by 1); the highest period
value is 177777g (divided by 65,5351¢).

Envelope Shape/Cycle Control

The envelope generator further counts down the
envelope frequency by 32, producing a 32-state per
cycle envelope pattern defined by its 5-bit counter
output, E4, E3, E2, E1, and E0. The particular shape
and cycie pattern of any desired envelope is accom-
plished by controlling the count pattern (count up/
count down) of the 5-bit counter and by defining a
single cycle or repeat-cycle pattern.

Loading of the envelope shape/cycle control register
will reset the associated counter to the appropnate
initial state and reset the envelope period counter for
that channel.

The envelope shape/cycle control is contained in the
lower 4 bits (B3—B0) of the respective envelope con-
trol registers. Each of these 4 bits controls a function
in the envelope generator, as illustrated in the
following:

Enveiope Shape/Cycle
Control Register

EIEIEEICICICIEY

1HIINOT USED///!
(Mode Select Bits)
Hold

L Alternate
Attack
Continue

The definition of each function is as follows:

Hold — when set to logic “1", limits the envelope to
one cycle, hoiding the last count of the envelope
counter (E3—E0 =0000 or 1111, depending on
whether the envelope counter was in a count-down
or count-up mode, respectively).

|
rr
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Alternate — when set 1o logic "1", the envelope
counter reverses count direction (up-down) after
each cycle.

NOTE: When both the hoid bit and the alternate bit
are ones, the envelope counter 1s reset to its
initial count before hoiding.

Attack — when set 1o logic 1", the envelope
counter will count up (attack) from E3 E2 E1
£0=0000 to E3 E2 E1 E0O=1111; when set to logic
“0", the envelope counter will count down (decay)
from 1111 to 0000.

Continue — when set to logic “1". the cycle pattern
will be as defined by the hold bit; when set to logic
“0". the envelope generator wiil reset to 0000 after
one cycle and hoid at that count.

Further description of the above functions couid be
accomplished by numerous charts of the binary
count sequence of E3 E2 E1 EO for each combina-
tion of hold, alternate, attack and continue. However,
since these outputs are used (when selected by the
amplitude control registers) to amplitude modulate
the output of the mixers, a better understanding of
their effect can be accomplished via a graphic repre-
sentation of their value for each condition selected,
as illustrated in Figs. 3 and 4.

ENVELOPE SHAPE . CYCLE CONTROL (Figure 3)

R15 8ITS
83 B2 81 B0
A

mcz—-——-2Z200

XOP» A-4»
M<4>»Z DmMm—r
orozx

GRAPHIC REPRESENTATION
OF ENVELOPE GENERATOR
QUTPUT E3 E2 €1 E0.

o
o
>
x

N
A

(see Fig. 4 for detail)

1011\]

1101/

1110/\/\/\/\/\

EP IS THE ENVELOPE PERIOD
(DURATION OF ONE CYCLE).

L
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DETAIL OF TWO CYCLES OF Fig. 3 — AY-3-8910A MODE (Figure 4)
(ref. waveform “1010” in Fig. 3)

1 GRAPHIC REPRESENTATION OF
1 THE DECIMAL VALUES OF THE "
ENVELOPE GENERATOR 2
OUTPUT E3 E2 E1 EO

A B

S,

”
|
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‘ DIGITAL TO ANALOG CONVERTER

The Digital to Analog conversion is performed in log- nal of the output is the Noise/Tone specified for that
arithmic steps with a normalized voitage range of OV channel.

to 1.0V. The specified amplitude of each converter is

controlled by a 5-bit word trom either the amplitude “Except in the 8910A-compatibility mode, which only
control register” or the envelope generator. The sig- allows for 4 bits of external amplitude control.

D/A CONVERTER OUTPUT (Figure 5)

1.0

841

707

.595

420

.354

NORMALIZED VOLTAGE

297
.250

210
A77

.149
125

k ENVELOPE PERIOD (1/¢) JI

This figure illustrates the D/A converter output which envelope controlled variable amplitude were
would result if noise and tones were disabled and an selected.

NOTE: The RESET condition is zero current.
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VO PORT DATA STORE

Registers R16A and R17A function as intermediate
data storage registers between the PSG/CPU data
bus (DAO-DA?) and the two /O ports (I0A0-IOA7,
10B0~10B7). Both I/O ports are available on the
AY8930.

Using registers R16A and R17A for the transfer of
/O data has no effect at all on sound generation.

To output data from the CPU Bus to a peripheral
device connected to /O port A:

1. Address the enable register (R7A).

2. Set the port A direction bit 1o output (write “1” to
bit B6 of R7A).

3. Address the /O port A register (R16A).

4. Write data to /O port A register. The data will
pass through the PSG /O port A register to the
O port bus.

To input data from I/O port A to the CPU bus:

1. Address the enable register (R7A).

2. Set the port A direction bit to input (write a “0" to
bit B6 of R7A).

3. Address the /O port A register {R16A). The con-
tents of the port register will follow the signals
applied to the /O port.

4. Read data from 1/O port A register. The data will
be transferred from the PSG /O port A register to
the CPU bus as in a normal read operation.

if a logic 1 has been written to any bit position of
register R16A or register R17A and the cotrespond-
ing VO pins of port A or port B are externally pulled
below the logic 0, (V) level, a subsequent CPU
read instruction of registers R16A or R17A will actu-
ally contain a logic 0 in the pulled down bit positions.
The output pins will return to logic 1 if the pull down
condition is removed.

it a logic 0 has been written to any bit position of the
VO registers and the external worid wishes to pull
these pins to a 1, the user shouid be aware that an
impedance conflict will exist between the pull down
transistor and the external driver.

CLOCK DIVIDE — SELECT

Select = 0 Input Clock = 4MMHz max.
(Divided internally by 2)

Select = 1 Input Clock = 2MHz max.

The select pin is provided with an internal puli-up
resistor such that the pin defauit condition s
Select = 1.

INPUT CONTROL SIGNALS

Interfacing to the AY8930 requires the generation of
only two of the three AY-3-8910A input control sig-
nals, BOIR and BC1. BC2 is shown on the pinout
diagram for reference only; the pin is not internally
connected.

The input control signals for the AY8930 are as
follows:

BDIR | BC1 |[FUNCTION|  DESCRIPTION

0 0 {INACTIVE | INACTIVE. The PSG/.CPU
bus is inactive. DA7-DAQ
are in a high impedance
state.

0 1 READ |READ FROM PSG. This
FROM | signal causes the

PSG | contents of the register
which is currently
addressed to appear on
the PSG/CPU bus.
DA7-DAO are in the
output mode.

1 0 |WRITE TO| WRITE TO PSG. This
PSG signal indicates that the
bus contains register data
which shouid be latched
into the currently
addressed register.
DA7-DAQ are in the input
mode.

1 1 LATCH ]LATCH ADDRESS. This
ADDRESS | signal indicates that the
bus contains a register
address which should be
latched by the PSG.
DA7-DAQ are in the input
mode.

ll

DS500108-13




RESET

After a RESET condition the internal state of the
PSG will be the following:

REGISTER 87

@
-

RO/ROA
R1/R1A
R2/R2A
R3/R3A
R4/R4A
RS/RSA
R6/R6A
R7/R7A
R10/R10A
R11/R11A
R12Z/R12A
RI1JR13A
R14/R14A
R15/R15A/R15B
R16/R16A
R17/R17A
Ro8

R1B

OXORNRRRBBROODOODODOODOOHREROOOOOOOO
OXORREEXEROOOOCOOOCORREROOOCOOCCOCO|P
OXOH R B BPOOODOIADOOOOOCODOOOOOOOOO
OXOoO%RxE®ERNRQCOOCOOCOOOOBOOOOCOOOCOCcooo|P
OXOXXXNXNXOO0OO0OOO0OO0OOOOOOOOOOOOOOO g
OXOXXMXXNXOOO0OOOO0OOOOOODOOOOOOOOO
OXOXMXMXXXOODOOOOOODOOOLCOOOOOOO

OXOXMXAXXXOOOO0OO0OO0OO0DO0ODODOO0OODOODOOOOOO g

X indicates a don't care.

# indicates that there is no physical memory element
for a bit; if read a 0 will be returned.

All counter work registers should be initialized to
zeros.

The noise generator 17-bit shift register should be
initialized to ones.

The noise value register should be initialized to
zeros.

!
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ELECTRICAL SPECIFICATIONS

Maximum Ratings®
Storage temperature

-55°C to +150°C

*Exceeding these ratings could case permanent
damage to this device. This is a stress rating only

Maximum temperature under bias . . . .. .. +125°C and functional operation of this device at these con-
Vpp and all other input/output voitages ditions is not implied — operating ranges are speci-
with respecttoVgg . ... ... .. -0.3Vto +7.0V fied in Standard Conditions. Exposure to absolute

maximum rating conditions for extended periods may
Standard Conditions affect device reliability.
Free air ambient operating
temperature. . . .. ............ 0°Cto +70°C
VDD - - o +4.5Vto +55V
VES « v v vv e 0.0V (Ground)
DC CHARACTERISTICS
CHARACTERISTICS SYM MIN TYP | MAX | UNITS CONDITIONS
input Logic Leveis
Logic 0 ViL -03 - +04 | Voits
Logic 1 ViH +24 —_ Voo Volts
Input Leakage
Clock - — - 10 HA
BC1, BDIR - — - 10 A
Inputs with Pullups WL 10 - 100 A |VIN = +0.4V
A8, Reset, Select
Inguts with Pulidowns ¥ 10 - 50 uA VN = +24V
A9
170 with Pullups
A7-AQ, B7-80 IL 20 - 150 A [VIN = +04V
VOH +24 - Voo | Volts |lon = 100uA w/100pF
VoL 0.0 - +04 | Voits |loL = 1.6mA w/100pF
Data/Address
DA7-DAO VoH +24 - Vpp | Voits |loH = 100uA w/100pF
VoL 0.0 — +04 | Voits |loL = 1.6mA w/100pF
Power Supply oD —_ - 85 mA | All inputs and outputs tied to Vgg
or Vpo-
—————————————— — ——————— ——
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ELECTRICAL SPECIFICATIONS
(continued)

AC CHARACTERISTICS®

CHARACTERISTICS SYM MIN TYP | MAX { UNITS CONDITIONS
Clock Input
Frequency —_ 1 - 4 MHz 1 40/60 asymmetry
Rise/Fall Time te.ty 0 - 50 ns | allowed
Master Reset
Reset tms * —_ —_ ns *Two Clock Periods
Control Signals
B8C1, BC2, BDIR
Skew tes - — 40 ns
Valid tecs 300 - - ns
Data Address Bus
DA7-DAQ, A8, A9
Address Setup Time tas 300 — - ns
Address Hold Time tan 65 —_ - ns
Read Mode:
Data Setup Time tab - —_ 200 ns
Data Hold Time (77} 20 - 100 ns
Write Mode:
Data Setup Time ds 300 —_ _ ns
Data Hold Time . tdh 65 - - ns
Input/Output Port
I0A7-10A0, 1087-1080
Output Mode:
Data Setup Time tow 500 — — ns
Input Mode:
Data Setup Time tors 200 - —_ ns
Data Hold Time torh 65 - — ns

*The address/data read cycle is latch aodress fol-
lowed by an inactive state then the read command.
The address/data write cycle would be the same with
the substitution of the write command in place of the
read. An inactive state is required between each
cycle (or active command).
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TIMING DIAGRAMS

Read Mode
B8US CONTROL
BC1, BDIR LATCH ADDRESS NO ACTION READ FROM PSG
l" tag "'T:l l“ tab ’l lct-d-l
a {

DATA/ADDRESS BUS
— e — INPUT — DATA OUTPUT

Write Mode
BUS CONTROL
BC1, BOIR LATCH ADDRESS NO ACTION WRITE TO PSG
|'<- tas'+'| ‘d—tds—b‘cb‘
tah tdh
DATA/ADDRESS BUS ADDRESS

Bus Control Signals -

BC1, BDIR
"—%—I.L{
lcs tes
Master Reset
RESET

08800108-17
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. TIMING DIAGRAMS (continued)

/O Port Qutput Mode: Write Data
From CPU Bus To |.O Port*

B8US CONTROL
8C1 BDIR LATCH ADDRESS NO ACTION WRITE TO PSG
I" tas "‘"‘ “—‘ds —"L'!
tah tdh
DATA/ADDRESS BUS ADDRESS DATA INPUT
REGISTER
| tow——|
VALIO DATA
PORT
/0 Port Input Mode: Write Data
From /O Port To CPU Bus*
BUS CONTROL
B8C1. BDIR LATCH ADDRESS NO ACTION READ FROM PSG
tah tid
O PORT TO CPU BUS
| tprs | torh
FROM PORT

*Assume the direction of the I/O port has already
been determined via a write to the Enable register
{R7A).
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R65C22

0n

Rockwell

Versatile Interface Adapter (VIA)

R65C22

DESCRIPTION

The RE5C22 Versatile interface Adapter (VIA) is a very flexible
1O control devics. in addition, this device contains a pair of very
powerful 18-bit interval timers, a seriak-to-paraliel/paraiie-to senal
shift register and input data latching on the peripheral ports.
Expanded handshaking capability aliows controt of bidirectional
data transfers between VIA'S in multiple processor systems.

The RE5C22 includes functions for programmed control of up
to two peripheral devices (Ports A and B). These two program
controlied 8-bit bidirectional peripheral VO ports allow direct inter-
facing between the microprocessor and selected peripheral
units. Each port has input data iatching capability. Two program-
mabie Data Direction Registers (A and B) aliow seiection ot data
direction {input or output) on an individual line basis.

The RESC22 also has two programmable 16-bit Interval
Timer/Counters with latches. Timer 1 may be operated in a One-
Shot Interrupt Mode with interrupts on each count-10-zero, or
in a Free-Run Mode with a continuous series of svenly spaced
imerrupts. Timer 2 functions &8 both an interval and puise
counter. Serial data transfers are provided by a serigito-
parsiiei/paraiiel-to-serial shift register. Application versatiiity is
further increased by various control registers, including—the
Interrupt Fiag Register, the interrupt Enable Register, the
Auxiliary Control Register and the Peripheral Control Register.

FEATURES

¢ Low power CMOS N-weli silicon gate technology

¢ Fully compatible with NMOS 8522 devices

* Two 8-bit bidirectional YO ports

* Two 16-bit programmabie timer/counters

¢ Serial bidirectional peripheral YO

e TTL compatibie peripheral control lines

* Expanded "“handshake’ capability allows positive contral
of data transters Detween processor and peripheral
devices.

¢ Latched output and input registers on both /O ports

* 1,2, 3, and 4 MHz operation

o Commercial and industrial temperature range versions

* Single +5 Vdc power requirement

* Wide variety of packages
— 40-pin plastic and ceramic DIP
— 44-pin plastic leaded chip carrier (PLCC)
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R65C22

Versatile Interface Adapter (VIA)

ORDERING INFORMATION

resczz .
I

Temperature Range (T, to T,,):
Blank = 0°C to +70°C
£ = -40°C to +85°C

Frequency
1 = 1 MHZ
2 = 2 MMz
3 = IMHz
4 = 4 MH2

Package
C = 40-Pin Ceramic OIP
P = 40-Pin Plastic OIP
J = 44-Pin Plastic Leaded
Chip Carrier (PLCC)

INTERFACE SIGNALS

Figure 1 (on the front page) shows the RB5C22 VIA pin assign-
ments and Figure 2 groups the signals by functional interface.

RESET (RES)
Reset (RES) clears ail internal registers (except T4 and T2
counters and latches, and the Shift Register (SR) ). In the RES
condition, ali peripheral intertace lines (PA and PB) are placed
in the input state. Also, the Timers (T1 and T2), SR and inter-
rupt logic are disabled from operation.

INPUT CLOCK (PHASE 2)

The system Phase 2 (82) input Clock controls aii data transfers
between the R85C22 and the mICroprocessor.

READ/WRITE (R/W)

The direction of the data transters between the RE5C22 and the
mmmnmwm.wnmmconwm
with the CS1 and TS2 inputs. When R/W is low (write opers-
tion) and the RE5C22 is selected, data is transierred from the
processor bus into the selected RE5C22 register. When R/W is

high (read operation) and the RE5C22 is selected, data is trans-
ferred from the selected RESC22 register t0 the processor bus.

DATA BUS (D0-D7)

The eight bidirectional Data Bus lines transter data between the
RO5C22 and the microprocessor. During a read operation. the
contents of the selected RESC22 intemal register are transterred
10 the microproceseor via the Data Bus lines. During a write
operation, the Data Bus lines serve as high impedance inputs
over which data is transferred from the microprocessor 10 a
selected RB5C22 register. The Data Bus lines are in the high
impedancs state when the R85C22 is unselected.

MICROPROCESSOR PERIPMERAL ‘
BUS INTERFACE INTERFACE ;
|
00-07 <:> @ PAO-PAT |
|
02— CA1 !
AW ————p ::_—: caz |
2 Rescaz
nSi—r il VA le———n o1
RSQ-RS3 ——plt o} ‘ ) :
i
AES !
6 ¢———— <-_T_> PBO-PE7 l
1

Figurs 2. RE5C22 VIA Interface Signsis

CHIP SELECTS (CS1, CS2)

Normally, the two chip seiect lines are connected 10 the micro-
processor address lines. This connection may be direct of
through decoding. To access a selected RE5C22 register, CS1
must be high (logic 1) and CS2 must be low (logic 0).

REGISTER SELECTS (RS0-RS3)

The Register Selectinputs allow the microprocessor to select
one of 18 internal registers within the R65C22. Reter to Tabile 1
for Register Select coding and a functional descripton.

INTERRUPT REQUEST (IRQ)

The interrupt Request (IRQ) output signal is generated whenever
an intemal Interrupt Flag bit is set and the corresponding inter-
rupt Enable bit is a Logic 1. The interrupt Request output is an
open-drain configuration, thus afiowing the IRQ signal to be
wire-ORed to a common microprocessor IRQ input line.

PERIPHERAL PORT A (PAO-PA7)

Peripheral Data Port A is an 8-line, bidirectional bus for the
transfer of data. control and status information between the
RB5C22 and a peripheral device. Each Penpheral Data Port bus
line may be individuaily programmed as erther an snput or Qutput
under controi of a Oata Direction Register. Oata fiow direction
may be selected on a line-by-line basis with intermixed input and
output lines within the same port. When a "'0"" 18 written to any
bit position of the Data Direction Register. the cofresponding
line will be programmed as an 1NPUt. When a 17" 1s written into
any ba position of the register. the corresponding data iine will
sefve as an output. Polarity of the data output is determined Dy
the Output Register, whila input data may be iatched nto the
Input Register under control of the CA1 iine. All modes are pro-
gram controlied by the microprocessor by way of the R65C22's
internal control registers. Each Peripheral Data Port line repre-
sents two TTL loads i the input mode and wil drive two standard
TTU loads in the output mode. A typical output circuit tor
Penpheral Data Port A 1s shown in Figure 3.




R65C22

Versatile Interface Adapter (VIA)

PORT A CONTROL LINES (CA1, CA2)

Controt lines CA1 and CA2 serve as interrupt inputs or hand-
shake outputs for Peripheral Data Port A. Each line controis an
internal interrupt Flag with a corresponding Interrupt Enable bit.
CA1 aiso controis the latching of Input Data on Port A. CA1t is
a high impedance input, while CA2 represents two standard TTL
loads in the input mode. In the output mode, CA2 will drive two
standard TTL loads.

PORT B8 (PB0-PB7)

Peripheral Data Port B is an 8-line, bidirectional bus which is
controlled by an Qutput Register, input Register and Data Direc-
tion Register 1n a manner much the same as Data Port A. With
respect 1o Pont B, the output signal on line PB7 may be con-
trolied by Timer 1 while Timer 2 may be programmed to count
puises on the PBE line. Port B lines represent two standard TTL
loads in the input mode and will drive two TTL loads in the

output mode. Port B lines are aiso capabie of sourcing 3.2 mA
at 1.5 Vdc in the output mode. This allows the outputs to directly
drive Dariington transistor circuits. A typical output circuit for
Port B is shown in Figure 3.

PORT B CONTROL LINES (CB1, CB2)

Control lines CB1 and CB2 serve as interrupt inputs or hand-
shake outputs for Peripheral Data Port B. Like Port A, these two
control lines control an intemnal Inerrupt Flag with a correspond-
ing Interrupt Enable bit. These lines aiso serve as & serial data
port under control of the Shift Register (SR). Each control line
represents two standard TTL loads in the input mode and can
drive two TTL loads in the output mode. Note that CB1 and CB2
can drive Darlington transistor circuits, because they both will
source 3.2 mA at 1.5 Vdc. Each iine represents two standard
TTL loads in the input mode and will drive two standard TTL
loads in the output mode.

Table 1. RE3C22 Register Addressing
Regieter mcﬂ‘_ Regieter | Regieter.
Number  [TWEY | NSZ | Deslg. Write (AW = L) Read - H)_
0 0 0 0 0 ORBAAB | Output Regiser B input Register 8
1 0 0 0 1 ORAIRA | Output Regeeter A Input Register A
2 0 0 1 0 DORB Data Direction Register B
3 [ [] 1 1 DDRA Data Direction Register A
4 0 1 0 0 TiC-L T1 Low-Order Laiches [ T1 Low-Orcser Couner
5 [) 1 0 1 T1C-H T1 High-Order Couner
8 0 1 1 0 TIL-L T1 Low-Order Latches
7 0 1 1 1 TIL-H T1 High-Order Laches
8 1 0 0 0 T2C-L T2 Low-Order Latches | T2 Low-Orcer Counter
9 1 0 0 1 T2C-H T2 Phgh-Order Counser
10 1 0 1 0 SR Shift Register
T 7 ] 3 1 ACR Auxikary COMIct Regier
12 1 1 ) ) PCA Poripheral Control Register
3 1 1 0 1 FR Inmerrupt Flag Register
14 1 1 1 0 TER WNOrTUDt ENabie Regster
15 [ 1 1 1 ORNIRA Output Regester A° —[ Input Register A°
NOTE: "Same as Register 1 except no hanasheke.
i
Vo £ PAO-PAT.
CONTROL } CA2
OUTPUT DATA l p
- INPUT DATA
INPUT DATA { (INPUT MOOE)
8. Port A Data snd Control Line Output Cireult b. Port B Data and Control Line Output Circutt

Figure 3. Port A and B Output Circults

1-33




R65C22

Versatile Intertace Adapter (VIA)

FUNCTIONAL DESCRIPTION

The internal organization of the RE5C22 VIA is illustrated in
Figure 4.

PORT A AND PORT 8 OPERATION

The RE65C22 VIA has two 8-bit bidirectional /O ports (Port A and
Port B) and each port has two associated control lines.

Each 8-bit peripheral port has a Data Direction Register (DDRA,
DDRB) for specify. g whether the penpheral pins are to act as
inputs or cutputs. A ‘0"’ in a bit of the Data Direction Register
causes the coresponding peripheral pin to act as an input. A 1"
causes the pin 10 act as an output.

Each peripheral pin is aiso controlled by a bit in the Qutput
Register (ORA, ORB) and the Input Register (IRA, IRB). When
the pin is programmed as an output. the voltage on the pin is
controied by the corresponding bit of the Output Register. A “'1”
in the Qutput Register causes the output to go high, and & 0"
causes the output to go low. Data may be written into Output

Register bits corresponding to pins which are programmed as
inputs. In this case, however. the output signal is unaftected.

Reading a peripheral port causes the contents of the Input
Register (IRA, IRB) to be transterred onto the Data Bus. With
input latching disabled, IRA will aiways refiect the leveis on the
PA pins. With input latching enabied. IRA will retiect the leveis
on the PA pins at the time the latching occurred (via CA1).

The {RB register operates similar to the IRA register. However,
for pins programmed as outputs there i3 a ditterence. When read-
ing IRA, the /evei on the pin determines whethera "0 ora "1~
is sensed. When reading IRB. however, the bit stored n the out-
put register, ORB, is the bit sensed. Thus, for outputs which have
large loading effects and which pull an output 1" down or which
pull an output 0" up, reading IRA may resuit in reading a "0’
when a *'1”" was actually programmed, and reading a 1"’ when
a 0" was programmaed. Reading IRB, on the other hand, will
read the "' 1" or "'0"’ level actually programmed. no matter what
the loading on the pin.

Figures 5 through 8 iliustrate the tormats of the pont registers

BUFFERS
PA) C:> PORT A

car i

INTERRUPT
CONTROL
FLAGS
L
ENABLE
(IER) u
OATA OATA L
sus sus
surrens ||
PERIPHERAL
AUXAIARY
! (ACR)
i FUNCTION
l
LATCH & LATCH
AES ———t (TIL-H) | (Tl
RW ——
.2 —
cs1 —| cwe
33 ——{ acCESS
RS0 ———| CONTROL
RS1 ——f
RS2 ~————ed
83 ——ed

'“",.' E,' K >roars

Figure 4. R85C22 VIA Blcck Diagram




R65C22

Versatile Interface Adapter (VIA)

HANDSHAKE CONTROL OF DATA TRANSFERS

The RESC22 aliows positive control of data transters between
the system processor and pernigheral devices through the opera-
tion of ‘handshake’' lines. Port A lines (CA1, CA2) handshake
data on both 3 read and a write operalion while the Port B ines
(CB1. CB2) handshake on a write operation only.

Read Handshake

Positive control of data transfers from penpheral devices into
the System processor can be accomplished very effectively using
Read Handshaking. in this case. the penpheral device must
generate the equivalent of a “Data Ready” signal to the
processor signifying that valid data 18 present on the peripheral

[ REG 0—~ORB/IRB

r|e|sje]3|2]]0
| MY
L, 1}

—— e

OUYPUT REGISTER
"] ‘8" (ORG) OR
*s¢| INPUT REGISTER
| 8" (RB)

=)
0ATA CIRRCTION Ty -0
WLECTION

VPUWATES OUTIUT LEVEL | MPU AEADS QUTIT REGITER
OR BT S QNG Pos LEVEL MAS MO
arrect
—_— e
CORg - ¥ T A WRTES TG ORS SUT | Wby AEADE ST LEVEL ON 58
OT ATOSG ORARECY | WO RFFECT Ol e LEVEL  { P0e

LTS, ODRS CHaOED
SR .
oMy - ¥ T

WYy SLADE PR Ot wAUC™ 1 Pl
IRT LATOMNE G S0\

UEVEL OF Tl P Sua 4t THE Taf
OF ™R LAST CBY AT
TRAMBITION

Figure 5. Output Register B (ORB), input Register B (IRB)

OATA DIRECTION
REGISTER '8’ (DOAB)

—_— "

O ASSOCIATED M Wi 13 AN ey T
(G AOPEDANCE)

1 ASSOCIATED P P 1§ AN OUTRLT

WHOSE LEVEL 1S ORTEAMNED §Y
ORG MEGISTER BIT

Figure 7. Data Direction Register B (DDRS)

port. This signal normally interrupts the processor, which then
reads the data. causing generation of a “"Data Taken™ signal.
The penpheral device responds by making new data available
This process continues until the data transfer 1s complete.

tn the R65C22. automatic *‘Read’’ Handshaking i possible on
the Penpherai A port only. The CA1 interrupt input pin accepts
the ""'Data Ready" signal and CA2 generates the 'Data Taken'’
signal. The "Data Ready'’ signal will set an internal tiag which
may interrupt the processor or which may be polied under pro-
gram control. The “Data Taken'' signal can either be a puise
or a level which 13 set low Dy the System processor and 1s cleared
by the “"Data Ready’' signai. These options are shown in Figure 9
which illustrates the normal Read Handshake sequence.

REG 1—ORA/RA |

Tlelslelajayrjo
| SR
oan

——— a2

QUTPUT REGISTER
b a3 ‘A" (ORA) OR
sae| INPUT REGISTER

AT (RA)
r—————— 0 & §
S — YY)
f
Lo
QATA GINICTION ey 0
macTon |
;
oM 1 TR U WATRS OUTIRT LEVEL | W READS LEVER. O Pa e .
MOV LATO® 0Nl B0y 3 |
= .
ST LATOES I VR, OF I P 1 AT Tvg TRl |
OF g LaST CAt STV
TRAMTION
OO = ¥ BT WU WIS STO ORA BUT | M ARLAOS \EVEL ON P Py
PUY \ATO®S DARLIDY O EPFRCY Ot fu LAVEL.

et
By ARADS A BT W if el
VEVIR OF el ba Py AT N TR

OF Ng LAST Cat aCTVE

TR ON

Figure 8. Output Register A (ORA), input Register A (IRA)

.
.
~

DATA DIRECTION
REGISTER "'A'" (DDRA)

—— PA

0 ASSOCIATED PA P 15 AN WPUT

; HaGH MSPEOANCE:

i © ASSOCIATED ®a Puy 1§ A% OUTIUT
WHOSE LEVEL IS DETEAMNED 8Y

ORA MEGISTER BT

Figure 8. Data Direction Register A (DDRA)
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Versatile interface Adapter (VIA)

[ CJ9S TN U Ty WPy N S e O e U e 1O 1O e 6 e 8
DATA READY — <+ : 2]
(CA1) L OO J |{ i [ —
G oytpuT — | * [ ¢ | S f
READ IRA OPERATION N ;—L . i
“DATA TAKEN" N ) v
rc‘a"z?““z MODE # 1 > D
frae: o - | ’
(CA2) — :
}
Figure 9. Read Handshake Timing (Port A Only)
Write Handshake

The sequence of operations which aliows handshaking data from
the system processor to a peripheral device is very similar to
that described for Read Handshaking. However, for Write Hand-
shaking, the R85C22 generates the “Data Ready'' signal and
the peripheral device must respond with the 'Data Taken'* sig-
nal. This can be accomplished on both the PA port and the PB
port on the R65C22. CA2 or CB2 act as a ‘'Data Ready" output
in either the handshake mode or puise mode and CA1 or CB1
accept the "'Data Taken™ signal from the penpheral device, set-
ting the interrupt tiag and clearing the “‘Data Ready’’ output.
This sequence is shown in Figure 10.

Latching

The PA port and the PB port on the R65C22 can be enabled
in the Auxiliary Control Register (Figure 14) to be latched by
their individual port controi lines (CA1, CB1). Latching is selec-
tabie to be on the rising or failing edge of the signai at each indi-
vidual port control line. Selection of operating modes for CA1,
CA2, CB1 and CB2 is accomplished by the Penpheral Control
Register (Figure 11).

REG 12—-PERIPHERAL CONTROL REGISTER

corcontmoy ——T L CAY LATCHANTERAUPT CONTROL. |

) sisTorinarion B | H 0 ~ECATIVEACTVEEDGE] |
0 0LOTM T MICATIVE A Tve 1OCK] * {__*OLtive & Ve EDGE |
90 1 INOIPENCENY iNTERBLST Ca2CONTROL !
o e {
[N IR T "7 ortmavion [
701 1T MOEPNOENT uTE ARUSTY : I 18,39 'NPLT NECATIVE CTivd 1DGE | I

PUT PONTIVE £0GE" 07T NDEPENOENT TRy

1,0,0 /naANOIMANT QUTFLT j l N NPT MEOATVE £OGE - !
OO { T3 o Ty SOTITive ACTive oGt |
e omouUTNT _ T3 T imoertnosnr istraener Y
T i OuTeLt . 1T POMTWE €00K i
= L COMTROL - mAROPRALE OUTPLT —
: UK DU 1

© WEGATIVE ACTIVE 1DGE " LOW OvTeyT !
1_SOuTIVE ACTIVE €0GE [ mgmoureus 31
SEE NOTE W SIGUAE N ’

Figure 11. Peripheral Control Register (PCR)

” WLFLRJ S W U o OOy WS o W S o WO
WRITE ORA, ORB
OPERATION J 1 > —_— 1
“DATA READY"'  ——emeee &
HANDSHAKE MODE — [
caz. 8:27'11 READY 1‘ - R 1
, CB2) - N
‘DATA TAKEN ) | S SSNSSS0RN JENNS |
(CA1, CBY) . »
W5 ouTeUT * T "

Figure 10. Write Handshake Timing
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COUNTER/TIMERS

There are two independent 16-bit counter/timers (called Timer 1
and Timer 2) 1n the R6SC22. Each timer 18 controlied by writing
bits into the Auxiliary Control Register (ACR) to select the mode
of operation (Figure 14).

Timer 1 Operation

interval Timer T1 consists of two B-bit latches (Figure 12) and
a 16-bit counter (Figure 13). The latches store data which i$ 10
be ioaded into the counter. After loading, the counter decrements
at 92 clock rate. Upon reaching zero, an interrupt flag 18 set.
and IRQ goes low if the T1 interrupt 1s enabled. Timer 1 then

aisables any further interrupts and automatically transfers the
contents of the latches inta the counter and continues 10 decre-
ment. in addition. the timer may be programmed to invert the
output signal on peripherat pin PB7 each time it "times-out’’
Each of these modes 18 discussed separately beiow.

Note that the processor does not write directly into the low-order
counter (T1C-L). instead. this halt of the counter s loaded
automatically from the low order latch (T1L-L) when the
processor writes into the high order counter (T1C-H). in fact, it
may not be necessary to write to the iow order counter in some
applications since the timing operation s tnggered by wniting
to the high order latch.

REG §—TIMER 1 LOW.ORDER LATCH

! -
=
' L .
L2 | COUNT
61 VALUE
n"‘
u;
1

WRITE - 8 BITS LOADED 'NTO T1 LOW-ORDER
LATCHES TruS OPERATION IS NO
WF‘*NV THAN A WINTE INTO

READ -9 nvs nou T3 LOW-ORDER LATCHES
MANSFERRED TO MPYU UMLIKE REG ¢
MIAVO" Trs OOES WY CAUSE
RESET OF T1 INTERAUPT FLAG

REG 7—TIMER 1 HIGH-ORDER LATCH !

Iﬂllﬂllﬂ
i; ‘ ‘ l —— 2% '!
b

by
; I ﬁ ’ — 1026

|

I

I
Pbd 00} COUNT
I} | ———————u | VALUE
i 892 |
I‘]“J

12768

WRITE - 8 8iTS LOADED INTO Tt HIGN-ORDER
LATCHES. UNUKE AEG ¢ OPERATION
NO LATCHIO-COUN in\wus
m&;m T1 INTERRUPT FLAG IS

READ - § BITS FROM TV MIGH.ORDER LATCHES
TRANSFEARED TO MPU

Figure 12. Timer 1 (T1) Latch Registers

REG 4—TIMER 1 LOW-ORDER COUNTER

r|s|stel3j2jr]o

AEAD - 8 TS FROM T4 unmn COUMTER
TRANOFEARED TO W ADDITION
T1 INTERIUPT FLAG 1S RESET T &
WONTERAUSY FLAG AEGSTEN

REG 5—TWMER 1 HIGH-ORDER COUNTER

rlefsfeqajzqjo

L

—— — —aee| COUNT
wse | VALUE .
ne ]
16304 !
32

WINTE - § BITS LOADED INTO T1 MGH-OROER
LATCMES ALSO AT TS TRME SOTH
WGH- AND LOW-OROER LATCHES ARE ;
TRANSFERRED INTO T1 COUNTER |
71 WTERMUPT FLAG ALSO '8 RESET I

READ - § BNTS FROM T1 MIGH-OROER COUNTER |

TRANSFERAED TO Wy

Figure 13. Timer 1 (T1) Counter Registers
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REG 11—AUXILIARY CONTROL REGISTER

1) TIMER CONTROL

1§ OPEAATION *8’
I LL A0 L L
G 0 TIMED INTERALPT

EACH TtME T1s

1

LOADED o15aBLED
10 1 CONTINUOUS
INTERALPTS
T 01 TIMED INTERRUPT  ONE SHOT
EACH THME 1118 - OUTPUT

I G
i
it
i
!
L040E0 .
117 CONTINUOUS SOUARE
INTERRUPTS wave

T2 VIMER CONTROL
S _OPERATION |
0' TIMED INTERRUP T
1TCOUNT DOWN Wi TH

1 PULSES ON 286

LATCH fnaABLE Disamt
3 Disasut

; 11 ENABLE LATEM.NG

et 18 T REGISTEA CONTAOL

4 1 2 OPERATION
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a 0 1 WII‘thhDIICOﬁV'QlC‘ 12 .
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o T SHITY OUT UNGER CONTROL OF 77| I
o s SHIFY QUT UNDER CONTROL OF 62 .
T Smi#T OUT UNGER CONTROL OF £ CL& !

Figure 14. Auxiliary Control Register (ACR)

Timer 1 One-Shot Mode

The Timer 1 one-shot mode generates a single interrupt for each
umer load operation. As with any interval timer, the delay
between the “'write T1C-H"* operation and generation of the proc-
@307 interrupt is & direct function of the data lcaded into the
timing counter. In addition 10 generating a singie interrupt.
Timer 1 can be programmed to produce a single negative pulse
on the PB7 peripheral pin. With the output enabled (ACR7 = 1)
a “wnte TIC-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.

Timing for the R65C22 interval timer one-shol modes is shown
in Figure 15.

In the one-shot mode. writing into the T1L-H 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 betore
imhating the count-down with a *‘wnite T1C-H"" operation. When
the processor writes into the high order counter (T1C-H). the
T1 interrupt flag will be cleared, the contents of the low order
latch will be transterred into the low order counter. and the timer
will begin to decrement at system clock rate. if the P87 output
1S enabled. this signal will 9o low on the talling edge of #2 follow-
ing the write operation. When the counter reaches zero. the T1
interrupt Hag will be set. the IRQ pin will go low (interrupt
enabled), and the signal on PB7 will go high. At this ime the
counter will continue to decrement at system ciock rate. This
aliows the system processor to read the contents of the counter
10 determine the ime since interrupt. However, the T1 interrupt
flag cannot be set agan uniess it has been cleared as descnb-
ed n this specification.

WRITE T1C-H

e_[Ml oL rerirugsurierye

iRG ouTPuT

P87 OUTPUT l

-
i
I
|
|
I
1
|
|
i
1

N N1l N2
T1 COUNTER

|

1
fe———————N + 1.5 CYCLES

' ‘o|m|u,u-||u-:| ;

Figure 15. Timer 1 One-Shot Mode Timing
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Timer 1 Free-Run Mode

The most important advantage associated with the fatches in T1
is the ability to produce a continuous series of evenly spaced
inmerrupts and the ability to produce a square wave on PB7 whose
frequency is not affected Dy variations in the processor interrupt
response time. This is accompiished in the “free-running’’ mode.

In the free-running mode, the interrupt Hiag is set and the signal
on P87 is inverted each time the counter reaches zero at which
time the timer automatically transfers the contents of the latch
into the counter (16 bits) and continues to decrement from there.
The interrupt fiag can be cleared by writing TIC-H or TIL-H, by
reading T1C-L. or by writing directly into the fiag as described
later. However, it is not necessary to rewrite the timer to enabie
setting the interrupt flag on the next time-out.

All interval imers in the RE5C22 are “'re-tnggerabie’. Rewriting
the counter will aiways re-initialize the time-out period. In fact,

the time-out can be prevented compietely if the processor con-
tinues to rewrite the timer before it reaches zero. Timer 1 will
operate in this manner if the processor writes into the high order
counter (TIC-H). However, by loading the laiches only. the
processor can access the timer duning each down-counting
operation without affecting the time-out In process. instead. the
data loaded into the latches will determine the length of the next
time-out period. This capability is particularly valuable in the free-
runming mode with the output enabled. in this mode, the signal
on PB7 is inverted and the interrupt fiag is set with each tme-
out. By responding {0 the iiterrupts with new data for the laiches,
the processor can determine the period of the next half cycie
during each halt cycle of the output signal on PE7. In this manner,
very compiex waveforms can be generated.

A precaution to take in the use of P87 as the tmer output con-
cemns the Data Direction Register coments for PB7. Soth DDRE
bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer
output. It one is 1 and other is 0, then PB7 tunctions as a nor-
mal outpin pin, controlied by ORB bit 7.

” oo oo ursr

| i :

oot B
iAG OUTPUT | -
pa7 OUTPUT | T

L—N * |.5CYCLES—-4-———N + RCYCLES——'I

Figure 16. Timer 1 Free-Run Mode Timing

Timer 2 Operation

Timer 2 operates as an interval timer (in the "one-shot” mode
only). or as a counter for counting negative pulses on the PBS
peripheral pin. A single control bit in the Auxiliary Control Regester
selects between these two modes. This timer is comprised of
& “write-only” lower-order \atch (T2L-L), a "reed-only” low-order
courter (T2C-L) and a read/write high order coumter (T2C-H). The
Counter registers act as a 16-bit counter which decrements st
02 rate. Figure 17 illustrates the T2 Latch/Counter Regsters.

Timer 2 One-8hot Mode

As an interval timer. T2 operates in the “one-shot”” mode mmilar
1o Timer 1. in this mode, T2 provides a single interrupt for each
“write T2C-H"' operation. After timing out. the counter will con-
tinue 1o decrement. However. setting of the interrupt Hag is dis-
abled aher initial ime-out 80 that it will not be set by the counter

decrementing again through zero. The processor must rewrite
T2C-H to enabie setting of the interrupt Nlag. The interrupt flag
1S Cleared by reading T2C-L or by writing T2C-H. Timing for this
operation 18 shown in Figure 18

Timer 2 Pulse Counting Mode

In the puise counting mode. T2 counts a predetermined number
of negative-going puises on PBS. This 18 accomplished by first
loading a number into T2. Writing into T2C-H clears the inter-
rupt fiag and allows the coumter 10 decrement sach hme a puise
is applied to PBE. The interrupt fiag is set when T2 counts down
past zaro. The coumer will then continue 10 decrement with each
puise on PBE. However. it is necessary 1o rewrite T2C-M to atiow
the interrupt flag 10 set on a subsequent time-out. Tirming for this
mode 18 shown in Figure 19. The puise must be low on the leading
o0ge of §2.
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REG 8—TIMER 2 LOW-ORDER LATCH/COUNTER REG 9—TIMER 2 HIGH-ORDER LATCH/COUNTER

Tlslstegsfiayrio

-
L,

. COUNT

L . VALUE
e l
_..__————uJ

WRITE - 08ITS LOADEO INTO T2 LOW ORDER
LATCw

READ - DWTS FAOM T2 LOW ORDER COUNTER
TRANSSEARED TO MPL T2 INTERAUPY
FLAG 1S RESET

COUNT
VALUE

| —
——
l_—————-"7-

WRITE - B@ITS LOADED INTO 7 +1:GN OROER
COUNTER ALSO LOW JRDEN LATCH
TAANSFEARED TO LOW OADER
COUNTER 1% ADOITION T7INTERRUPT
FLAG IS WESET

READ - §91TS SAOM T2 HIGH OADEA COUNTER
TRANSSERAED TO MPL

Figure 17. Timer 2 (T2) Latch/Counter Registers

WRITE T2C-H { l

|
w _\ 1l L urLreriirise f
| |

|

l
iRG ouTPUT i
|

L
T2 COUNTER N N1 N2 Mg ! | o | Frer | FrFE | FRFD | FFFC | ‘
'»-———————un.scvuzs——‘ i
!
|
Figure 18. Timer 2 One-Shot Mode Timing
!
WRITE T2C-H *
OPERATION I
PBS INPUT J L |
|
RS ouTeyT | \
T2 COUNTER NN a2 ) FFFF

Figure 19. Timer 2 Puise Counting Mode
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SHIFT REGISTER OPERATION

The Shift Register (SR) performs serial data transters into and
out of the CB2 pin under control of an internal modulo-8 coun-
tor. Senal data transfer in and out of the Shift Register (SR) begin
with the most sigrificant bit (MSB) first. Shift pulses can be
appiied to the CB1 pin from an external source or. with the proper
mode selection, shift puises generated internally will appear on
the CB1 pin for controiling external devices.

The controt bits which select the various shift register operating
modes are located in the Auxiliary Control Register. Figure 20
illustrates the contiguration of the SR data bits and Figure 21
shows the SR control bits of the ACR.

SR Mode 0 — Shift Register Interrupt Disabled

Mode O disables the Shift Register interrupt. In this mode the
MICTOPrOCessOr can write or read the SR and the SR will shift
on each CB1 positive adge shifting in the value on CB2. In this
mode the SR interrupt Fiag is disabled (heid to a logic 0).

SA Mode 1 — Shift in Under Control of T2

in mode 1. the shifting rate is controlied by the iow order 8 bits
of T2 (Figure 22). Shift puises are generated on the CB1 pin to

control shifting in externai d The time b } transtions
of this output clock is a function of the system clock penod and
the contents of the iow order T2 tatch (N).

The shifting operation is tnggered by the read or write of the SR
if the SR fiag is set in the iFR. Otherwise the first shift will occur
at the next time-out of T2 after a read or write of the SR. The
input data should change before the positive-going edge of CB1
clock pulse. This data is shifted into the shift register dunng the
92 clock cycie following the positve-going edge of the CB1 clock
puise. After # ~31 ciock puises, the shift register interrupt Hag
will set -..a Ir 1 will go low.

SR Mode 2 — Shift In Under 92 Control

in mode 2, the shift rate is a direct function of the system clock
frequency (Figure 23). CB1 becomes an output which generates
shift puises for controlling external devices. Timer 2 operstes
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 0 and 18 then shifted into
the next higher order bit of the shift register on the traling sdge
of sach 92 clock pulse. After B clock puises. the shift register
inerrupt flag wilt be set, and the output clock puises on CB1
will stop.

r REG 10—SHIFT AEGISTER . | REG 11—AUXILIARY CONTROL REGISTER ;
1 ' i . [ ———— | !
‘ ! [ [
o '
P | SiFY : ‘_ SHIFT REQISTER
P " REGISTER WMODE CONTROL
J [ 343
| — 2] oremarion
| 2]olol DisASLED
0101 SET e UNOEN CONTROL OF T2
;—————J 91110l SFT w UNDER CONTROL OF 62
NOTES olr] SHIET 1IN UNOEN CONTROL OF EXT CLR
' WHEN SNFTWNG OUT BIT 7 1§ THE FIRST BT Yoo SMIETOUT SAEE MuNNING AT T2 RATE
QUT AND BUMA TANEOUSLY 1§ AOTATED BACK V[0 01§ SwET OUT UNDER COMTROL OF 12
7 WHEN SIPTIG 4 BITS ITIALLY ENTER 111101 SMIFT OUT UNOER CONTROL OF 82
BT 0 AND ARE SFTED TOWARDS &7 7 717 [ ] Shi77 0uT UNDER CONTROL OF EXTCLR
Figure 20. Shift Register Figure 21. Shift Register Modes
)
WRITE OR READ
SHIFT REG
Nozcvm—___.... _..N¢2
€81 OUTPUT I I
1 2 3 L
SHIFT CLOCK | ] L
CB2 INPUT LI AR ' XEO00000C 2 X
DATA
L]
|
| !

Figure 22. SR Mode 1 — Shift in Under T2 Control
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SR Mode 3 — Shift in Under CB1 Control

In mode 3. external pin CB1 becomes an input (Figure 24). This
allows an external device 10 load the shift register at its own pace.
The shift register counter will iInterrupt the processor sech ime
8 bits have been shifted in. The shift register stops after 8 counts
and must be reset to start again. Reading or wniting the Shift
Register resets the interrupt Fiag and initiahizes the SR counter
10 count another 8 puises.

Note that the data is shifted dunng the first system clock cycie
foliowing the positive-going edge of the CB1 shift pulse. For this
reason. data must be heid stabie durnng the first full cycie fol-
fowing CBt going high.

SR Mode 4 — Shift Out Under T2 Control {(Free-Run)
Mode 4 is very similar 1o mode 1 1n which the shifting rate s

set by T2. However. in mode 4 the SR Counter does not stop
the shifing operation (Figure 25). Since the Shift Register bit 7
(SR7) s recirculated back 1nto bit 0. the 8 bits toaded into the
shift register will be clocked onto CB2 repetitively. In this mode
the shift register counter 1s disabled.

SR Mode 5 — Shift Out Under T2 Control

{n mode 5. the shift rate 13 controiled by T2 (as in mode 1). The
shifting operation 1s tnggered by the read or write of the SR if
the SR tiag 18 set in the IFR (Figure 26). Otherwise the first shift
wili occur at the next time-out of T2 after a read or write of the
SR. 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 CB1 to control shifting in
external devices. After the 8 shift puises, the shifting i1s disabled.
the SR interrupt Flag 1s set and CB2 remains at the last data ievel

QOOUOOOUOOOXXX_1 X2 X3 X (s X e X7 X o)

............... vrvveey

UUOOUUOOOOO00000000000

ONYYOONOAAASE

L

Figure 23. SR Mode 2 — Shift In Under §2 Control

WRITE A ! | - |
N + 2 CYCLES ra—wrw—ae ¥ 0 !

c81 OUTIUT L w_lﬁl_'l‘r_lir_l'r_ l
g::nr:tmu‘r (D GEFED Gl ) (A Gl D Gl }I

Figure 25. SR Mode 4 — Shift Out Under T2 Control (Free-Run)
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SR Mode 6 — Shift Out Under §2 Control

In mode 6. the shift rate is controlied by the 92 system clock
{Figure 27).

SR Mode 7 — Shift Out Under C81 Control

in mode 7. shifting 18 controlled by puises apphed 10 the CB1
pwn by an external device (Figure 28). The SR counter sets the SR

Interrupt Flag each time it counts 8 puises but it does not disable
the shifting function. Each time the microprocessor. wries or
reads the shift register. the SR interrupt Fiag 13 reset and the
SR counter 1s inialized 10 begin counting the next 8 shift puises
on pin CB1. After 8 shift puises, the Interrupt Flag 1s set. The
MICTOPTOCESSOr can then load the shift register with the next byte
of cata.

e AruUruulinsuuryuuUruL ruurunur

WRITE SR

; N + 2CYCLES = —

«N +2 CYCLES

o LT L= 1 [ ~ 1|

€82 OUTPUT OO 00

QONONNNOOOONNNANAS

2 ) 4 3 ) @l

DATA

! ino

Figure 26. SR Mode 5 — Shift Out Under T2 Control

? WRITE SR 1 — [ ‘ i i
' o i P |
BT, s KN p I8 Y g P8 i B0 Y
orrur 3 g I e 0 oy P o 0 Y

I ©82 OUTPUT 3 3 7T X 0

DATA
| ind
L

Figure 27. SR Mode 6 — Shift Out Under §2 Control

Figure 20. SR Mode 7 — Shift Out Undaer CB1 Control
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INTERRUPT OPERATION

Controtiing interrupts within the RE5C22 involves three principal
operations. These are flagging the interrupts. enabhing inerrupts
and signaling to the processor that an active interrupts exists
within the chip. Interrupt f.ags are set in the interrupt Flag
Register (IFR) by conditions detected within the R65C22 or on
nputs 1o the RESC22. These tiags normaily remain set until the
merrupt has been serviced. To determine the source of an inter-
rupt, the mMICTOProcessor must examine these flags in order, from
highest to lowest priornity.

Associated with each interrupt Hag is an imerrupt enable bit in
the Interrupt Enable Register (IER). This can be set or cleared
Dy the processor 10 enabie interrupting the processor from the
corresponding interrupt fiag. It an interrupt flag is setto alogic 1
by an interrupting condition. and the corresponding intefrupt
enable Dit is set 10 a 1, the Interrupt Request Output (IRQ)
will go low. IRQ 18 an “open-collector” output which can be
“wirg-OR'ed"’ with other devices in the system to interrupt the
processor.

interrupt Flag Register (IFR)

in the RESC22, all the interrupt flags are comained in ONe register,
i.0.. the IFR (Figure 29). In addition, bit 7 of this register wili be
read as & logic 1 when an interrupt exists within the chip. This
allows very convenient polling of several devices within a sys-
tom to locate the source of an intefrupt.

The interrupt Flag Register ({FR) may be read directly by the
processor. In addition, individual flag bits may be cieared by wrm-
ing a 1" into the appropriste bt of the IFR. When the proper
chip select and register signals are applied to the chip, the con-
tents 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: IRO = IFR6 x IERG + IFR5 x IERS + IFAR4 x IER4
+ IFR3 x IER3 + IFR2 x IER2 + IFA1 x IERY + IFRO x

IERO.

Note:
x = logic AND. + = Logic OR.

The IFR bit 7 13 not a flag. Therefore, this bit 1s not directly cleared
by wnting a fogic 1 into it. it can oniy be cleared by cleanng all
the tlags in the register or by disabiing all the active interrupts

as discussed in the next section.

Interrupt Enable Register (IER)

For each interrupt fiag in IFR, there 1S a corresponding bit in the
interrupt Enable Register (IER) (Figure 30). individual bits in the
IER can be set or cleared to facilitate controlling indindual inter-
rupts without affecting others. This 1s accomplished by wnting
to the (IER) after bit 7 set or cleared 10, in tumn, set or Clear
selected enable bits. if bit 7 of the data piaced on the system
data bus during this wrrte operation is & 0, each 1 in bits 6 through
0 clears the corresponding bit in the interrupt Enable Register.
For each zero in bits 6 through 0. the corresponding bit is

unaftected.

Selected bits in the IER can be set by writing (0 the IER with
bit 7 in the data word set 10 2 1. In thus case, each 1 in bits 6
through O wili set the corresponding dit. For each zero, the cor-
responding bit will be unaffected. This individual control of the
setting and clearing operations aliows very convenient control

of the imerrupts duning system operation.

in addition to setting and clearing iER bits. the contents of this
reqister can be read at any time. Bit 7 will be read as a logic 1,

however.

REG 13—INTERRUPT FLAG REGISTER

— i

SET BY CLEARED BY
CA2 ACTIVE EDGE READOR wmITE
91 REG 1 IOAA

CAVACTHV € WA

REG 1 1
COMPLETE @ SIFTS| AEAD ON witiTE

SHIFT REG
T8I ACTIVE EDGT | ATAD OR Wi TE OGRS~

THE OUT OF 12

MEAD T2 LOWON
WRITE T2 MiGH

e
TIME OUT OF Tt AEAD TY LOWOR

H l- Lrimen 2
I TIMER

WRITE 11«
L.-o..______l AN (NABLED CLlAR atL
INTERALPY INTERALPTS

T 6 TeE CAZ CBICONTAQL A PE PCR S SELECTID AS
INDEPENOENT INTERRUST inpUT THEN READING OR
} WAILTING THE QUTPUT REGISTER ORA ORS witL NOT
CLEAR THE SLAG@IT INSTEAD TwE @17 MyusT 8L
CLEARED BY WRITING INTO THE 1FR ASOESCRIBED
PAEVIOUSLY

Figure 29. Interrupt Fiag Register (IFR)

REG 14—INTERRUPT ENABLE REGISTER
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; e TIMEA
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i
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| TOFBITIISA O TMENEACH t INBITSO . S DISAGLES ThE
COARESPONDING INTEARYS T
7EBT IS A 1 TMENEACH 1 INBITSO & ENARLES THE
CORRESPONOING INTERRYPT

116 AREAD OF TWIS AEGISTERISOONE DT 7 Wil L 8€ ' AND
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‘ e—— - DISABLED
! , } co { 1= INTERAUPY
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Figure 30. interrupt Enable Register (IER)
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SWITCHING CHARACTERISTICS
(Voc = 50 VdC £5%, Vs = 0, Ta = T (o Ti. uniess otherwise noted)

PERIPHERAL INTERFACE TIMING

Paramaeter " Symbol Min. | Max. | Unit Figure
I Aise and Fail Time for CA1. CB1. CA2 and CB2 input Signais Py - 10 us -
[ Deiay Time. Clock Negative T 1o CAZ Negative T (read handshake toaz - 10 [ as | ata 310
| or puise mode) . L
| Delay Time. Clock Negative Transition to CA2 Positive Transition (pulse mode) ™ - 1 10 us 3
iL Delay Time. CA1 Active Transition to CA2 Positive Transition (handshake mode) |  tas2 -~ 2.0 »8 3
| Delay Time. Ciock Positive Transition to CA2 or CB2 Negative Transition (write twws 0.05 1.0 k8 31c. 31a
| handshake)
i Delay Time. Penphrai Data Valid 1o CB2 Negatve Transition tos 0.20 1.5 us 31c. 3¢
| Delay Time. Clock Positive Transition to CA2 or CB2 Positive Transtion (puise mode) tasa - 10 X8 3¢
Delay Time. CAt or CB1 Active Transition to CA2 or CB2 Positive Transition tres - 20 ] g
{handshake mode)
Deiay Time Required trom CA2 Qutput to CA1 Active Transition (handshake mode) tay 400 - ns 3d
Setup Time. Penpheral Data Vaiid to CA1 ar CB1 Active Transition {(input latching) e 300 - ns J1e
CAt. CB1 Setup Prior to Transition to Arm Latch ta 300 - ns Je
Penpheral Data MHold After CA1. CB1 Transition teom 150 - ns 318
Shift-Out Delay Time — Time from #2 Falling Edge to CB2 Data Out tsA - 300 ns nt
Shift-in Setup Time — Time from CB2 Data In to $2 Rising Edge 7 300 - ns g
External Shift Clock (CB1) Setup Time Relative to 92 Trailing Edge tsmy 100 Tev ns 31g
Pulse Width — PBS input Puise [ 2 x Tey - 3n
Puise Width — CB1 input Clock ew 2 x Tey - 31n
‘ I Puise Spacing — PB6 input Pulse s | 2% Ty - k1]
| Puise Spacing — CB1 input Pulse s | 2xToy | — 31h
BUS TIMING
i 1Mz | a2wm 3 MMz L AMM2
Parameter Symbol | Min Max Min Max Min Max | Min Max Unit Figure
Cycie Time oy | 1000 - 500 - 330 - 250 - ns
Phase 2 Pyise Width High town 470 — 240 - 160 i 120 - ns 32a.
Phase 2 Puise Width Low towL 470 - 240 - 160 - 120 - ns 2»
Phase 2 Transmon tr - 0 | - 30 — 2 - 2 | ns
Read
|_Select. RW Setup | tea 10 | - 0 | - 65 - 45 - ns
Select. AW Hold 1 tcan 0 - 0 - [ - 0 - s
Data Bus Delay T teom - 320 - 150 - 130 - 75 ns 32
| Data Bus Hold tun 10, - 10 - 10 - 10 - ns
| Peripheral Dats Setup trca 00 | — 150 - 110 - 7 - ng
| Write
| Select VW Setup hew | 160 1 — i %0 - 6 | - 45 - | n
| Setect. RAW Hola caw | o, — | o - o | - [ - | s
| Data Bus Setup tocw | 195 | — 1 75 - s - 45 - ns a»
) Data Bus Hoid bw |10 | — | 10 - 10 - 10 - ™
| Pornoheras Data Detsy | topy — [woo T — 500 - | 30 - | 2% | m
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PERIPHERAL INTERFACE WAVEFORMS

” .
0.4V 0.4v

READ 1RA j !

OPERATION i 1
cA2 2v |
“DATA TAKEN" : 0.8V :

i
i
teaz Y tns:

Figure 31a. CA2 Timing for Read Nandshaks, Pulse Mode

READ IRA

OPERATION
CA2 2.0v
“OATA TAKEN" 0.8V

—loa —— - lngy —e

Al 7 2.0v
“'DATA READY™ o o.sv
—

4

' AcTive
__TRANSITION

Figure 31b. CA2 Timing for Read Handshake. Handshake Mode
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| |
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! “DATA READY" 0.8v
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PERIPHERAL x:x:x:x:x:x:xtx PSP 0000600000 {

DATA

Figure 31c. CA2, CB2 Timing for Write Handshaks, Puise Mode
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775
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Figure 31d. CA2, CB2 Timing for Write Handshake, Handshake Mode
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R65C22

Versatile Intertace Adapter (VIA)

ABSOLUTE MAXIMUM RATINGS*

Parameter | Symbol | Value Unit

Supply Voitage Vee | -03t0+70 |vde

Input Voltage Vo | =0310Vee +03)vac

Quiput Voltage Vour | -0310 Ve +0.3} Vde

Ogperating Temperature Ta °C
Commercial Oto +70
Inqustrial ~401t0 +85

Storage Temperature Tsra -55t0 +150 | °C

OPERATING CONDITIONS

Parameter Symbol Vaive 1
Supply Voltage Vee SV £5% 1
Temperature Range Ta T to Ty 1

Commercial 0°C to 70°C |
industnal - 0°C 1o +85°C |

ELECTRICAL CHARACTERISTICS
(Vee = 5.0 Vdc £5%, Vgg = 0, Ta = T, 1o T, uniess otherwise noted)

*NOTE: Stresses above those listed may cause permanent
damage 1o the device. This 18 a stress rating only and function-
al operation of the device at these or any other conditions above
those indicated in the other sactions of this document is not
implied. Exposure to absolute maximum rating condiions for
extended penods may affect device reliabitity

Parsmeter | Symbol Min, | Typd | Max. o Umit Test Conaditions
input High Volage [ Vi v
Logee | +20 - Moo
.3 1 : +2.4 - | s
Input Low Voltage | v ! \Y
Logic i t -03 - i o8
[ L ) -04 _ +04
Input L Currenmt - I - E3] 25 WA | Viy = OV 10 Vec
A/W. RES. RS0. RS1, RS2, RSJ, CS1, CS2, CA1, 92 ! Voo = 525V
input Leakage Current for Three-State Off [ - $2 £10 WA [V, m 04V 024V
00-07 vee = 525V
nput Migh Current e - 200 - 400 ~ WA |V, =24V
PAO-PA7, CA2, PBO-PB7. CB1. CB2
Input Low Current I - -2 -286 mA vV, = 0.4V
PAO-PAT. CA2, PBO-PB7, CB1, CB2
Output High Voltage Vom | Ve = 4.75V
All outputs 4 - - v lioap = 200 A
PBO-PB7. CB1 and CB2 (Darington Drive) 1.5 - -~ v hoao’ = -3.2mA
Qutput Low Voltage Voo - - +04 Vee = 478V
PAO-PA7. CA2. PBO-PB7, CB1, CB2, hoao = 3.2 MA
D0-07, iAG loap = 18 MA
Output High Current (Sourcing) low
Logre -200 - 1500 - uA Vo = 2.4V
PBO-PB7, CBY and CB2 (Darington Drive) -32 -6 - mA Vow = 15V
Output Low Current (Sinking) ™ 32 - - mA Vo = 0.4V
o.%uwcmm(OnM) losr i - 1 210 wA Vou = 24V
i 1 . | Ve = 5.25V
Power Dissipation | Po : - 7 0 | MW/MMHZ |
input Capacitance Cw Vee = S0V
00-D7. PAD-PA7, CA1. CA2. PBO-PB7. CB1. ca2 - - 10 oF Vin = OV
RW, RES. RS0, RS1. RS2, RS3, €81, E32, - - ? pF = 2MHZ
[ - - 20 pF | T, = 25°C
Output Capecitance Cout - - 10 | pF
Nates: .
1. AN unws are direct current (OC) except for capacnance
2. Negatrve sgn INICates Outward curtent flow, PORItive INGICAtes nward fiow
3. Typical veiues shown for Vee = SOV and T, = 25°C
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R65C22
PACKAGE DIMENSIONS

Versatile interface Adapter (VIA)
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________ P | J | o] 03 ) 0008|0012 :
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Re5C22 Versatile Interface Adapter (VIA)
RE5NC22/R65C22 DIFFERENCES

ResC22 RESNC22
iow.
2.CB1 must nat change during last 100 ns of $2. CB1 must have a 2.CB1can Q@ anytime but is onty dunng 32 CBY must

puise width grester than one penod. have a puise greater than one penod.

3 PBO-PB7 and CB1, CB2 have active puil-ups. 3. PBO-PB7 and CB1. CB2 have passive pull ups (=3 KN)

4. PBO-PH7, C81 and CB2 represant two standard TTL ioads in the
INPAR MOGe and will dnve two standard TTL ioads 1n the output Mode.

4 PBO-PE7. CB1 and CB2 represent one standard TTL ioad in the nput
mode ana will dnve one standard TTL load in the output mode

1. Regeater select lines are decoded during 2. l 1. Register select lines are decoded duning 32 only it CS2 is active }
|
{




Appendix A - PCB silkscreens
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SECTION 1
INTRODUCTION

The HCMOS MC6BHC11A8 s an advanced single-chip microcomputer {MCU) with highly sophisticated on-
chip peripheral functions. New design techniques are used to achieve a nominal bus speed of two
megahertz. In addition, the fully static design allows operation at frequencies down to dc, further reducing
its low power consumption.

1.1 FEATURES

The following are some of the hardware and software highlights.

Hardware Features

® 8K Bytes of ROM
® 512 Bytes of EEPROM
©® 258 Bytes of RAM (All Saved During Standby) Mappable to Any 4K Boundary
® Enhanced 16-Bit Timer System:
Four Stage Programmable Prescaler
Three Input Capture Functions
Five Output Compare Functions
® An 8-8it Pulse Accumulator Circuit
® An Enhanced NRZ Serial Communications Interface (SCl)
® A Serial Peripheral Interface (SP1)
® Eight Channel, 8-Bit Analog-to-Digital Converter
©® Real Time Interrupt Circuit
® Computer Operating Properly (COP) Watchdog System
@ Available in Dual-in-Line or Leaded Chip Carrier Packages

Software Features

® Enhanced M6800/M6801 Instruction Set

® 16 x 16 Integer and Fractional Divide Features
@ Bit Manipulation

® WAIT Mode

@ STOP Mode




1.2 GENERAL DESCRIPTION

The MC6BHC11A8 is a single-chip microcomputer that utilizes HCMOS technolcgy to provide the low-
power characteristics and high noise immunity of CMOS plus the high-speed operation of HMOS. On-chip
memory systems include a BK byte ROM, 512 bytes of electrically erasable programmable ROM {EEPROM),
and 256 bytes of static RAM. The MC68HC11A8 microcomputer also provides highly sophisticated, on-chip

peripheral functions including: an 8-channel analog-to-digital {A/D) converter, a serial communications in-
terface {SCI) subsystem, and a serial peripheral interface (SP!) subsystem.

The timer system provides three input capture lines, five output compare lines, and a real time interrupt
circuit.

Other features include: a pulse accumulator which can be used to count external events (event counting
mode) or measure an external period; a computer operating properly (COP) watchdog system which heips
protect against software failures; a clock monitor system which causes generation of a system reset in case
the clock is lost or running too slow; an illegal opcode detection circuit which provides an unmaskable inter-
rupt if an illegal opcode fetch is detected; and two power saving standby modes, STOP and WAIT.

A block diagram of the MC6BHC11A8 is given in Figure 1-1.
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Figure 1-1. Block Diagram




SECTION 2
CPU REGISTERS, FUNCTIONAL PIN DESCRIPTION,
OPERATING MODES, INPUT/OUTPUT PROGRAMMING, AND MEMORY

This section provides a description of the CPU registers, functional pins, input/output programming, and
memory.

2.1 CPU REGISTERS

In addition to being able to execute all MEB00 and M6B01 instructions, the MCBBHC11A8 uses 8 4-page op-
code map to allow execution of 31 new opcodes. Seven registers, discussed in the following paragraphs,
are available to programmers as shown in Figure 2-1. Figure 2-2 gives the interrupt stacking order.
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Figure 2-1. Prognfnmlng Model




STACK 2.1.1 Accumulators A and B

::,, :: = = S BEFORE TR Accumulator A and accumulator B are genersi-
purpose 8-bit registers used to hoid operands and

s2] m results of arithmetic calculations or dats manipuls-
SP3l tions. These two accumulators can be con-
jolpg .. catenated into a single 18-bit accumulator caled
o T the D accumulstor.
see [ acca
spr | acce
s con
. — - S AFTER INTEMWPT 2.1.2 Index Register X (IX)

Figure 2-2. Interrupt ra The 18-bit IX register is used for indexed mode ad-
Stacking Order dressing. it provides a 16-bit indexing value which

is added to an B-bit offset provided in an instruc-
tion to create an effective address. The IX register can aiso be used as a counter or 8s & temporary storage
register.

2.1.3 index Register Y (1Y)

The 18-bit IY register is also used for indexed mode addressing similar to the IX register; however, all in-
structions using the |Y register require an extra byte of machine code and an extra cycle of execution time
since they are two byte opcodes.

2.1.4 Stack Pointer (SP)

The stack pointer {(SP) is a 16-bit register that contains the address of the next free location on the stack.
The stack is configured as 8 ssquence of last-in-first-out read/write registers which allow important data to
be stored during interrupts and subroutine calis. Each time a new byte is added to the stack (a push), the
SP is decremented; whereas, sach time a byte is removed from the stack (a pull) the SP is incremented.

2.1.8 Program Counter (PC)
The program counter is a 16-bit register that contsins the address of the next instruction to be executec.

2.1.8 Condition Code Register (CCR)

The condition code register is an 8-bit register in which sech bit signifies the results of the instruction just
executed. Thess bits can be individualty tested by a program and s specific action can be taken as a result of
the test. Each individual condition code register bit is explsined below.

2.1.6.1 CARRY/BORROW (C). The C bit is set if there was a carry or borrow out of the arithmetic logic
unit (ALU) during the last arithmetic operation. The C bit is siso sffected during shift and rotate instruc-
tions.

2.1.86.2 OVERFLOW (V). The overflow bit is set it there was an arithmetic overfiow as a result of the opers-
tion; otherwise, the V bit is clesrsd.

2.1.8.3 ZERO (Z). The zero bit is set if the result of the last arithmetic, logic, or dats manipulation operation
wae zer0; otherwise, the Z Lit is clesred.

2.1.8.4 NEGATIVE (N). The negative bit is set if the result of the last arithmetic, logic, or data manipulation
operation was negative; otherwise, the N bit is clesred.




2.1.6.51 INTERRUPT MASK (1). The interrupt mask bit is set either by hardware or program instruction to
disable (mask) all maskable interrupt sources (both external and internat).

2.1.6.6 HALF CARRY (H). The half carry bit is set to a logic one when a carry occurs batween bits 3 and 4
of the arithmetic logic unit during an ADD, ABA, or ADC instruction; otherwise, the H bit is cleared.

2.1.8.7 X INTERRUPT MASK (X). The X interrupt mask bit is set only by hardware (RESET or XIRQ
acknowiedge); and it is cleared only by program instruction (TAP or RTY).

2.1.6.8 STOP DISABLE {S). The stop disabie bit is set to disable the STOP instruction, and cleared to
enable the STOP instruction. The S bit is program controlled. The STOP instruction is treated as no opera-
tion (NOP) if the S bit is set.

2.2 FUNCTIONAL PIN DESCRIPTION

The following paragraphs describe all of the function pins except for the ports which are discussed
separately under 2.3 OPERATING MODES AND INPUT/OUTPUT PROGRAMMING.

2.2.1 Vpp AND Vgs

Power is supplied to the MCEBHC11A8 using these two pins. VDD is the power input { + 5 volts) and Vgs is
ground.

2.2.2 RESET

This active low bidirectional control pin is used as an input to initialize the MC68HC 11AB8 to a known startup
state, and as an open-drain output to indicate an internal failure has been detected in either the clock
monitor or computer operating property (COP) circuit. Refer to Figure 11-19 for a typical reset circuit.

2.2.3 XTAL and EXTAL

These two pins provide for an interface with either a crystal or a CMOS compatible clock to control the
MCOBHC11A8 intemal clock generator circuitry. The frequency applied to these pins shouid be four times
the desired internal clock rate. The XTAL output is only intended to drive the crystal. it shouild not be used
to drive external circuitry, The XTAL pin must be left unconnected when using an external CMOS compati-
ble clock on EXTAL. Refer to Figure 11-18 for a diagram of the oscillator circuits.

2.2.4 E (ENABLE) CLOCK

The E pin provides an output for the internally generated E clock which can be used as a timing reference.
The frequency of the E output is actually one fourth that of the input frequency at the XTAL and EXTAL
pins. in general when the E pin is low, an internal process is taking place and, when high, data is being ac-
cessed. The E signal is haited when the MCU is in a STOP state.

228 iRA

T™he iRQ pin provides 8 means for requesting asynchronous interrupts to the MCBBHC11A8. &t is program
sslectable (OPTION register) with a choice of either negative edge-sensitive or level-sensitive triggering,
and is always configured to level-sensitive triggering during resst. The IRQ pin requires an external resistor

| to vobD.




2.2.6 XIRQ

The XIRQ pin provides a means of requesting asynchronous non-maskable interrupts to the MCBBHC11A8,
after a power-on reset. During reset, the X bit in the condition code register is set and the XIRQ interrupt is
masked to preciude interrupts on this line until MCU operation is stabilized. The XIRQ is a level sensitive pin
and requires an external resistor to VpD.

2.2.7 MODA/LIR AND MODB

During reset, these two pins are used to control the two basic operating modes of the MCBBHC11A8 plus
two special operating modes {Table 2-1). Refer to 2.3 OPERATING MODES AND INPUT/QUTPUT
PROGRAMMING for more detailed information.

Table 2-1. Operating Modes versus MODA and MODB
moD8 | MmoDA Mode Selected

1 0 | Single-Chip (Mode 0}
1 Expanded Muktiplexed (Mode 1}

1
’ 0 Specisl Bootstrap
’ 1 Specist Test
NOTE:
1= Logic High
0 = Logic Low

=18 Ti Hi
#=1.8 Times Vpp lor Higher) 1

In addition to the MODA function, the MODA/ LIR pin provides an output as an aid in debugging once reset
is completed. The LIR pin goes to an active low during the first E clock cycle of sach instruction and re-
mains low for the duration of that cycle (opcode fetch).

2.2.8 VRL and VRH
These two pins provids the reference voltage for the analog-to-digital converter,

2.29 R/W/STRB
This pin provides two different functions depending on the operating mode.

in the single-chip mode, the STRB pin acts as a programmable strobe for handshake to a paraliel 1/0
device.

in the expanded multiplexed mode, R/W (read/write) is used to control the direction of transfers on the ex-
ternal data bus. A low level (write) on the R/W pin enables the data bus output drivers to the extemnal data
bus. A high levei{read] on this pin forces the output drivers to a high-impedance state and data is read from
the external bus. R/W will stay low during consecutive data bus write cycies, such as in a double-byte
store.

2.2.10 AS/STRA
This pin provides two different functions depending on the operating mode.

In the singie-chip mode, the STRA pin acts as a programmable input strobe, which can be used with STRB
and port C for full handshake modes of parallel 1/0.

In the expanded multiplexed mode, the AS {address strobe) output may be used to demuitiplex the address
and data signals at port C.




2.3 OPERATING MODES AND INPUT/OUTPUT PROGRAMMING

There are five 8-bit ports on the MC68HC11A8 MCU. Three of these ports serve more than one purpose,
depending on the mode configuration of the MCU. A summary of the pins versus function and mode is pro-
vided in Table 2-2 and discussed in the following paragraphs. Because some of the port functions are con-
trolled by the particular mode selected, each port is discussed for its function(s) during the mode of opera-
tion. Unused port input or 1/0 pins should be tied high or low.

Table 2-2. Port Signal Summary

Single-Chip Expanded Multiplexed
Port-Bit | Modes 0 and B p Mode | Mode 1 snd Specisl Test Mode

A0 PAD/IC3 PAD/IC3
A-1 PAT/IC2 PA1/IC2
A2 PA2/IC1 PA2/ICY
A3 PAJ/0C5/and-or OC1 PA3/0CS/and-or OC?
A4 PA4/OC4/and-or OCH PA4/OC4/and-or OC1
A5 PAS/0C3/and-or OC1 PAS/0C3/and-or OCY
A8 PAB/0C2/and-or OC1 PAS/QC2/snd-or O~
A7 PA7/PAI/OCT PA7/PAI/OCY
8-0 P80 A8
81 P81 A9
82 P82 A10
83 P83 AN
B4 PB4 A2
8§ P8BS A13
¥ res A4
8-7 PBY AlS
c-o0 PCO A0/D0
X PC1 A1/D1
c2 PC2 A2/D2
ca PC3 A3/D3
c4 PCa A4/DA
cs PCS AS/06
cs PCS A8/ D8
c? PC7 A7/07
0-0 PDO/RxD PDO/RxD
D1 PD1/TxD POV/TxD
0-2 PD2/MISO PD2/MISO
D3 PD3/MOSI PD3/MOS}
04 PD4/SCK PD4/SCK
DS PDS/SS PDS/SS
¥ ] STRA AS_
D-7 STR® R/W
€0 PEO/ANO PEO/ ANO
E-1 PE1/AN? PE1/ANt
E2 PE2/AN2 PE2/AN2
€3 PE3I/AN3 PE3/AN3
E4 PE4/ANS 08 PEA/ANS #8

-+ Es PES/ANS #f PES/ANS 92
(3] PES/ANG ## PES/ANS M
€7 PE7/ANT I# PE7/AN? 88

- 5 - not bonded in 48-pin

2.3.1 Single-Chip Mode

In the single-chip mode, the MC68HC 11A8 functions as a3 monolithic microcomputer without external ad-
dress or data buses.

2.3.1.1 PORT A. In all operating modes port A may be configured for: three input capture functions (IC1,
1C2, I1C3), four output compare functions {0C2, 0C3, 0C4, OCS), and a puise accumulator input (PAl) or 8
fifth output compare function (OC1). Refer to 8.1 PROGRAMMABLE TIMER for additional information.




Each port A pin that is not used for its aiternate timer function may be used as a general-purpose input or
output line.

2.3.1.2 PORT B. All of the port B pins are general-purpose output pins. During MCU reads of this port, the
level sensed at the input side of the port B output drivers is read. Port B may also be used in a simple
strobed output mode where the STRB pulses each time port B is written.

2.3.1.3 PORT C. All port C pins are general-purpose input/output pins. Port C inputs can be latched by the
STRA input. Port C may also be used in full handshake modes of parallel 1/0 where the STRA input and
STRB output act as handshake control lines.

2.3.1.4 PORT D. Port D bits 0-5 may be used for general |/0 or with the serial communications interface
(SC!) and serial peripheral interface {SPIl) subsystems. Bits 6 and 7 are used as handshake control signals
for ports B and C.

Bit 0 is the receive data input (RxD) for the serial communication interface (SCI).
Bit 1 is the transmit data output {TxD) for the SCI.

Bits 2 through 5 are dedicated to the serial peripheral interface (SPI). Bit 2 is the master-in-siave-out (MISO)
line. Bit 3 is the master-out-of-slave-in (MOSI) line. Bit 4 is the serial clock (SCK} and bit 5 is the siave select
(SS) input.

Bit 6 is STRA.

Bit 7 is STRB.

2.3.1.5 PORT E. In all operating modes, port E is used for general-purpose inputs and/or anglog-to-digital
{A/D) channel inputs. Port E should not be read while an A/D conversion is actually taking place.

NOTE
On 48-pin packaged versions of the MCBBHC11A8, the four most significant bits of port E are not
connected to pins.

2.3.2 Expanded Muktiplexed Mode

In the expanded multipiexed mode, the MCBBHC11A8 has the capability of accessing a 64K byte address
space. The total address space includes the same on-chip memory address as for single-chip mode plus ex-
ternal peripheral and memory devices.

2.3.2.1 PORT A. This port has the same functions as in the single-chip mode {refer t0 2.3.1.1 PORT A).

2.3.2.2 PORT B. All of the port B pins act as high order address output pins. During sach MCU cycle, bits 8
through 15 of the address are output on the PB0-PB7 lines respectively.

2.3.2.3 PORT C. All port C pins are configured as multiplexed address/data pins. During the address por-
tion of sach MCU cycle, bits 0 through 7 of the address are output on the PCO-PC7 lines. During the data
portion of each MCU cycle (E high), bits O through 7 {D0-D7) sre bidirectional data pins controlied by the
R/W signal.




2.3.2.4 PORT D. This port functions the same way as in the single-chip mode (refer to 2.3.1.4 PORT D) ex-
cept bits 6 and 7 which act as expansion bus control lines AS and R/W respectively.

2.3.2.8 PORT E. This port has the same function as in the single-chip mode (refer to 2.3.1.5 PORT E).

2.3.3 Bootstrap Mode

The bootstrap mode is considered a special mode as distinguished from the normal operating single-chip
mode. This is a very versatile mode since thers are essentially no limitations on the special purpose program
that is boot loaded into the internal RAM. The boot loader is contained in 192 bytes of ROM which is
enabled as internal memory space at $BF40-$BFFF. The boot loader contains a small program which reads
8 256 byte program into on-chip RAM ($0000-$00FF) via the SCI. After the character for address $00FF is
received, control is automatically passed to that program at memory address $0000 and the MCU starts
operating.

in the bootstrap mode, the serial receive logic is initialized by software in the boot loader ROM to be 1200
baud for a 8.0 MHz crystal or 800 baud for a 4.0 MHz crystsl and a data format of one start bit, 8-bit data,
and one stop bit. An opening character shouid be $FF. The character following that will be placed at $0000
and sach subsequent character is put in the next higher address until the entire 256 bytes are filled. Note
that the entire 268-byte space must be filled.

2.3.4 Test Mode
The test mode is used for factory testing.

2.4 MEMORY

Composite memory maps for sach MCE8HC11A8 mode of operation are shown in Figurs 2-3. These modes
include single-chip, expanded muitiplexed, and special boot.
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2. Ether or both the ROM end EEPROM can be dissbied using a control register (CONFIG) which is implementsd with EEPROM celle.

Figure 2-3. Memory Maps e




In the single-chip mode {mode 0} of Figure 2-3, the MCG8HC11A8 does not generate external addresses.
The actual internal memory locations are shown in the shaded areas ot Figure 2-3 and the contents of these
shaded areas are shown on the right side of the diagram. Refer to Table 2-3 found on a foldout page at the
back of this document for a full list of the registers.

The expanded multiplexed mode (mode 1i memory locations shown in Figure 2-3 are basically the same as
for the single-chip mode; however, the memory locations between the shaded areas (designated EXT) are
for externally addressed memory and /0.

The special bootstrap mode memory locations are similar to the singie-chip memory locations except that a
special bootstrap program is addressed at memory locations $BF40 through $BFFF.

2.4.1 ROM

The internal 8K ROM occupies the highest 8K of the memory map ($E000-$FFFF). This ROM can be dis-
abled when the ROMON bit in the CONFIG register is clear. This register bit is implemented with an
EEPROM cell and should be programmed using the same procedures for programming the on-chip
EEPROM.

2.4.2 EEPROM

The MCGBHC11A8 includes 512 bytes of EEPROM located in the area $B600 through $B7FF which has the
same read cycle time as the internal ROM. The write (or programming) mechanism for the EEPROM is con-
trolled by the PPROG register. The 512-byte EEPROM is disabled when the EEON bit in the CONFIG register
is clear. This register bit is implemented with an EEPROM cell.

2.4.3 Programming/Erasing Internal EEPROM

The EEPROM programming and erasure process is controlled by the PPROG register. The operating modes
for the 512-byte EEPROM are as follows:

NORMAL READ — In this mode, the ERASE bit in the PPROG register must be clear (not erase mode)
and the EELAT bit must be clear (not programming mode). While these two bits are
cleared, the ROW and EEPGM bits in the PPROG register have no meaning or effect,
and the 512-byte EEPROM may be read as if it were a normal ROM.

PROGRAMMING — During EEPROM programming, the ROW bit is not used. !f the E clock frequency is
less than 1 MHz the CSEL bit in the OPTION register must be set. The normal se-
— quence of events in programming the EEPROM is as follows:

1) Write xxxx x010 to the PPROG register. This specifies program normal mode
(ERASE bit = 0), address/data buses configured to latch address and data informa-
tion (EELAT bit = 1}, and erase voitage turned off (EEPGM bit =0).

2) Write data to be programmed to the desired EEPROM address. This write causes
the address and data to be latched in a parallel internal latch.

3) Write EEPGM bit to one (xxxx x011). This couples the EEPROM programming sup-
ply voltage to the EEPROM array, to program the specified data into the specified
address in EEPROM.




4} Delay for 10 milliseconds.

5} Write xxxx x0 0 to the PPROG register to turn off the programming voltage.
6} Repeat steps 2) through 5) until all desired locations have been programmed.
7) Write EELAT bit back to zero to allow the programmed data to be verified.

' 'ERASE — If the E clock frequency is less than 1 MHz, the CSEL bit in the OPTION register must
be set when erasing the EEPROM. The EEPROM has three erase modes:

1) full, 512-byte simultaneous "‘bulk’’ erase,
2) "“row’’ erase where only one row (16 bytes) is erased at a time, and
3) “byte’”” erase where a single specified byte is erased.
NOTE
The erased state of alil EEPROM celis is logic 0'16. On early parts, byte and row erase are not im-
plemented.
The normal procedure for erasure of the entire EEPROM is:

1) Write xxxx 0110 to the PPROG register. This specifies the “all"” erase mode (ROW bit = 0), erase mode
(ERASE bit= 1), EEPROM configured for address/data latching (EELAT bit=1), and erase voltage
tumed off (EEPGM bit=0).
1a) A write must be done to any EEPROM address after Step. 1.
1b) Optionally if the CONFIG register is also to be erased, a write to the address of the CONFIG

register must be performed after “‘bulk’’ erase was specified by the write, in step 1 above, and
before the programming voltage is tumed on in step 2 below.

In the case of erasure, the data invoived in this write operation is :'nimportant and the write is needed
only for the addressing information it provides.

2) Write xxxx 0111 to the PPROG register to turn on the erase voltage to the EEPROM array.
3) Wait for 10 milliseconds to allow the erasure to complete.
4) Write xxxx 0110 to the PPROG register to turn off the erase voltage.

5) Write xxxx 0000 to the PPROG register to return the EEPROM to the normal read configuration.
The normal procedure for erasure of a row of EEPROM is:

1) Write xxxx 1110 to the PPROG register. This specifies the “‘row’’ erase mode (ROW bit = 1), erase
mode (ERASE bit = 1), address/data buses configured to latch row address information (EELAT
bit = 1), and erase voitage turned off (EEPGM bit =0).

2) Write to en address in the EEPROM row to be erased (each row is 16 bytes). This latches the row ad-
dressing information for the row to be erssed.




3) Write xxxx 1111 to the PPROG register to turn on the erase voltage to the EEPROM array.

4) Wait for 10 milliseconds to aliow the erasure to complete.
5) Write xxxx 1110 to the PPROG register to turn off the erase voltage.
6) Write xxxx 0000 to the PPROG register to retum the EEPROM to the normal read configuration.
The normal procedure for erasure of a single byte of EEPROM is:
1) Write xxx1 x110 to the PPROG register. This specifies the byte erase mode (BYTE=1; ROW =x),
erase mode (ERASE bit=1), address/data buses configured to latch address information (EELAT
bit = 1), and erase voltage turned off (EEPGM bit=0).

2) Write to the address in the EEPROM to be erased (data is ignored). This latches the address of the byte
to be erased.

3) Write xxx1 x111 to the PPROG -egister. This turns on the erase voltage to the EEPROM array. EEPGM
was not changed to one in the same write operation as the write that configured ROW, ERASE, snd
EELAT because of the possibility of enabling the erase voitage before the erase mode specification
was stable.

4) Wait for 10 milliseconds to allow the erasure to complete.
5) Write xax1 x110 to the PPROG register to turn off the erase voltage.

6) Write xxx0 0000 to the PPROG register to return the EEPROM to the normal read configuration.

2.4.4 PPROG Register (EEPROM Programming Control)

This 8-bit register (see Figure 2-4) is used to control programming and erssure of the 512-byte internal
EEPROM. Reset clears this register to $00 so EEPROM is configured for normal reads.
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Figure 2-4. EEPROM Programming Control Register (PPROG)
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8it 7, ODD Used to Program Odd Rows (TEST)
Bit 8, EVEN -Used to Program Even Rows (TEST)

Bits i Not implemented

Bit 4, BYTE  Used for Erasing Bytes — Overrides Bit 3
0=Row or Bulk £-ase
1 =Erase Only Or2 Byte

Bit 3, ROW Used for Row Erasing
0 =Bulk Erase
1 = Row Erase




Bit 2, ERASE Enables the Erase
0 = Normal Read or Program
1 = Erase Mode

Bit 1, EELAT EEPROM Latch Control
0=EEPROM Address and Data Configured for Read
1= EEPROM Address and Data Configured for Programming

Bit 0, EEPGM Program Command
0 = Switched Otf
1=Turned On

2.4.5 RAM

The 256 byte internal RAM may be positioned in the memory map during initialization by writing to the INIT
control register. The reset default position is $0000 through $00FF. RAM is implemented with static cells
and retains its contents during the WAIT and STOP modes.

2.4.8 Internal Registers

There are 64 internal registers which are used to control the operation of the MCEBBHC 11AB. These registers
can be remapped in the memory space on 4K boundaries using the INIT register. Refer to Tabie 2-3 (found
on a foldout page at the back of this document) for a complete list of the registers. Most of the registers are
explained throughout the text.

2.4.7 iINIT Register (RAM and {/0 Mapping)

This special purposs 8-bit register (see Figure 2-5) is used (optionally) during initialization to change the
default iocations of RAM and internal registers in the MCU memory map. it may be written to only once
within the initial 64 E cycles after a reset and theresafter becomes a read-only register.
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Figure 2-6. RAM and |/0 Mapping Register (INIT) -

The default starting address for internal RAM is $0000 and the default starting address of the 64 byte inter-
nal register space is $1000 (the INIT register is initislized to 01 by reset). The upper four bits of the INIT
register specify the starting address for the internal 258 byte RAM and the lower four bits of INIT specify the
starting address for the 64 byte internal register space. The four bits reflect the upper nibbile of the 16-bit.
address.

Note that if the RAM is repositioned to $E000 or $F000 so that it conflicts with the internal ROM {no conflict
if in ‘No ROM’"* mode), then the RAM takes higher priority and the conflicting ROM becomes inaccessible.
Algo, if the 64-byte internal register space is repositioned 30 that it conflicts with the RAM and/or ROM,
then the register space takes highest priority and the RAM and/or ROM become inaccessible.




SECTION 3
RESETS, INTERRUPTS, AND LOW POWER MODES

This section provides a description of the resets, interrupts, and low power modes for the MCEBHC11A8.

3.1 RESETS

The MCBBHC11A8 has four possible types of reset: an active low external reset pin (RESET), a power-on
reset function, a computer operating properly {COP) watchdog timer reset, and a clock monitor reset.

3.1.1 RESET Pin

The RESET pin is used to reset the MCU to provide an orderly software startup procedurs. When the
RESET pin goes low, it is held low by an internal device for four E cycles, then released, and two E cycles
later it is sampled. If the pin is low, it means that an external reset has occurred. If the pin is high, it means
that the reset was initiated internally by the watchdog timer {COP) or the clock monitor (refer to Figure 3-1).

G 5 6 I I
FESET P \ /
Ja—— s cvouese ———r— 2cvus—» R
LATCHED RESET \ Y T "

EXTERNAL AESET P IS HIGN
THEREFORE THE RESET 15 INTERNAL

_ '-——4 cms-——?z cmss-o}

- EXTERNAL RESET Pwv 13 LOW
THEREFORE THE RESET IS EXTEANAL

*The RESET pin will never be low for less than four cycies because an internal device will hoid it low even if it is only driven for 8 short time.

274

Figure 3-1. Reset Timing




3.1.2 Power-On Reset

The power-on reset occurs when a positive transition is detected on VpD. The power-on reset is used
strictly for power turn-on conditions and should not be used to detect any drops in power supply voitage.
The power-on circuitry provides for a 4064 cycle time delay from the time of the first osciliator aperation. In
a system where E =2 MHz, POR lasts about 2 milliseconds. if the system power supply rise time is more
than 2 millisaconds, an external resat circuit should be used. if the external RESET pin is low at the end of
the power-on delay time, the processor remains in the reset condition until the ﬁEgET pin goes high.

CPU

Memory Map

Parailel 1/0

Timer

Resl Time
Interrupt

Accumulator

After reset, the CPU fetches the restart vector from $FFFE and 8FFFF ($BFFE and $B8FFE
if in special bootstrap mode) during the first three cycles after reset, and begins executing
instructions. The stack pointer and other CPU registers are indeterminate immediately
after reset; however, the X and | interrupt mask bits in the condition code register are set
0 interrupt requests are masked. Also, the S bit in the condition code register is set so
that the stop mode is disabled.

After reset, the INIT register is initislized to 901, putting the 266 bytes of RAM at $0000
and the internal registers at $1000. The 8K-byte ROM and/or the 512-byte EEPROM may
or may not be present in the memory map because the two bits that enable them in the
CONFIG register are EEPROM cells and are not affected by resst or power down.

When reset occurs in expanded multiplexed mode, the 18 pins used by the paraliel 1/0
functions are dedicated to the expansion bus. if reset in single-chip mode, the STAF,
STAI, and HNDS bits in the paraiiel input/output control (PIOC) register are initislized to
zeros 30 that no interrupt is pending or enabled, and the simple strobed mode (rather than
full handshake mode) of paraliel |/0 is selected. The CWOM bit in the PIOC is initislized
to zero (port C not in wired-OR mode). Port C is initislized as an input port (DDRC = $00),
port B is a general purpose output port with all bits initialized to logic zeros. Port D bit8 is
the STRA edge-sensitive strobe input and the active edge is initialty configured to detect
rising edges {EGA bit in the PIOC set to one by reset), and port D bit 7 is the STRB strobe
output and is initially s logic zero (the INVB bit in the PIOC is initialized to logic one). Port
C, port D bits 0 through 5, port A bits 0, 1, 2, and 7, and port E are configured as genersi
purpose high-impedancs inputs. Port B and bits 3 through 8 of port A have their direc-
tions fixed as outputs, when used as general purpoee I/0 pins, and their reset state is 8
logic zero.

During reset, the timer system is initislized to & count of $0000. The prescaler bits are set
to 0:0, and all output compare registers are initialized to $FFFF. ANl input capture registers
are indeterminate after reset. The output compare ! mask (OC1M) register is cleared 30
that successful OC1 compares do not affect any /0 pins. The other four output com-
pares are configured so as not to affect any |/ O pins on successful compares. All thres in-
put capture edge-detector circuits are configured for “capture dissbled’’ operstion. The
timer overflow interrupt flag and all eight timer function interrupt flags are cieared and all
nine timer interrupts are disabled since their mask bits sre cleared.

The resl time interrupt flag is cleared and automatic hardware interrupts are masked. The
rate control bits are cleared after reset and may be initislized by software before the real
time interrupt system is used.

The pulse accumulator system is disabled at reset 30 that the PAl input pin defaults to
being a general purpose input pin.




copP ThoCOPwﬂchdogsynuni:mMiﬂhaNOCOPcomm‘anthomconﬁgw
tion control register (EEPROM cell) is clear, and disabled it NOCOP is set. The COP rate is
set for the shortest duration timeout.

SCI Serial /O The reset condition of the SC! system is independent of the operating mode. At reset, the
SCI baud rate is indeterminate and must be established by a software write to the BAUD
register. All transmit and receive interrupts are masked and both the transmitter and
receiver are disabled 3o the port pins defauilt to being general purpose |/0 lines. The SCI
frame format is initialized to 8-bit word size. The send break and receiver wake up func-
tions are disabled. The TDRE and TC status bits in the SCI status register are both set, in-
dicating that there is no tranamit data in either the transmit data register or the transmit
serial shift register. The RDRF, IDLE, OR, NF, and FE receive-related status bits are all
cleared.

SPI Serial 1/0  The SP! system is disabled by reset. The port pins associated with this function default to
being general purpose 1/0 lines.

AtoD The A/D system configuration st reset is indeterminate.

Systemn The EEPROM programming controls are all disabled so the memory system is configured
ﬁmmﬂmodop«mion.mmghutprbdwlitmwmmwbd\gmcnm
iRQ pin by PSEL3-PSELO equal to 0:1:0:1. The iRQ interrupt pin is configured for level
sensitive operation (for wire-OR systems). The RBOOT, SMOD, and MDA bits in the
HPRIO register reflect the status of the MODB and MODA inputs at the rising edge of
resst. The DLY control bit is set to specify that an oscillator start-up delsy is imposed
upon recovery from STOP mode. The clock monitor system is disabled by CME equal
zero.

3.1.3 Computer Operating Properly (COP} Reset

The watchdog timer, if not resst within a specific time by 8 COP reset sequencs, will generate an MCU
reset and drive the RESET pin low to reset the external system.

3.1.4 Clock Monitor Reset

The clock monitor circuit, if enabled, measures the E-clock frequency. if the E-clock signal is lost, or its fre-
quency falis below about 200 kHz, then an MCU reset is generated, and the RESET pin is driven low to reset
the external system.

3.2 INTERRUPTS

When an external or internal (hardware) interrupt occurs, the interrupt is not serviced until the current in-
struction being executed is completed. Until the current instruction is complete, the interrupt is considered
pending. After completion of current instruction execution, unmasked interrupts may be serviced in ac-
cordance with an established fixed hardware priority circuit; however, one | bit related interrupt source may
be dynamicaily elevated to the highest | bit priority position in the circuit.

Seventeen hardware interrupts and one software interrupt (excluding reset type interrupts) can be
genersted from all of the possible sources. The interrupts can be divided into two basic categories,
maskable and non-maskable. in the MCEBHC 11A8 fifteen of the interrupts can be masked using the condi-
tion code register ( bit. In addition to being maskabie by the | bit in the condition code register, all of the on-
chip interrupt sources sre individusity masksble by local control bits. The softwere interrupt (SW1




instruction) is 8 non-maskable instruction rather than a maskable interrupt source. The last interrupt (exter-
nal input to the XIRQ pin) is considered as a non-maskable interrupt because once enabled, it cannot be
masked by software; however, it is masked during reset and upon receipt of an interrupt at the XIRQ pin.
Tables 3-1, 3-2, and 3-3 provide a list of each interrupt, its vector location in ROM, and the actyaj condition
code and control bits that mask it. A discussion of the various interrupts is provided below.

Table 3-1. Interrupt Vector Assignments

ccC
Vector Address Interrupt Source Register | Local Mask
Mask
FFCO, C1 Reserved - -
) °
° [}
FFD4, DS Reserved - -
FFDE, 07 SCI Serisl System | Bit [Ses Table 3-2
FFO8, 08 SP{ Serisl Transfer Complete | Bl SPIE
FFDA, DB Pulse Accumulstor input Edge 1 Bit PAN
FFOC, DD Puise Accumuistor Overflow ) Bit PAOVI
FFOE, DF Timer Overflow | Bt TOI
FFEO, EV Timer Output Compere 5 | Bit ocsi
FFE2, €3 Tiner Output Compere 4 | Bit ocal -
FFE4, E5 Tuner Output Compere 3 1Bk ocH
FFES, €7 Timer Output Compers 2 | Bit oc
FFEB, €9 Timer Output Compere 1 | Ba ocH
FFEA, €8 Timer Input Capture 3 | Bit ocH
FFEC, ED Timer Input Capture 2 | Bit oca
FFEE, EF Timer input Capture 1 | Bit oC1l
FFFO, F1 Reel Time Interrupt 18 RTH
FFF2, F3 | IRQ (Exteral Pin or Parsiel 1/0) t Bk |Ses Teble 3-3
FFF4, F5 XIRQ Pin (Pssudo Non-Maskabie interrupt) X B None
FFF8, F7 SwWi None Nons
FFFS, F9 | iSegel Opcode Trap None None
FFFA, FB COP Failure (Reast) None NOCoP
FFFC, FD COP Clock Monitor Feil {Reset) None CME
FFFE, FF RESET None None

Table 3-2. SCI Serial System Interrupts

interrupt Cause Locel Mask
Receive Deta Register Full RIE
Recsiver Overrun RIE
idie Line Detect IUE
Transmit Dets Register Empty TIE
- Trensmit Complete TCIE

Table 3-3. IRQ Vector interrupts

Interrupt Cause Local Mask
Externel Pin None
Paraiiel 1/0 Handehake STAI




3.2.1 Software Interrupt (SW))

The software interrupt is executed the same ss any other instruction and will take precedence over
interrupts only if the other interrupts are masked (1 and X bits in the condition code register set). The SWI
instruction is executed similar to other maskable interrupts in that it sets the | bit, CPU registers are stacked,
otc.

NOTE
The SWI instruction cannot be fetched as long as another interrupt is pending execution.
However, onca it is fetched no other interrupt can be honored until the first instruction in the
SWI service routine is completed.

3.2.2 iliegal Opcode Trap

Since not all possible opcodes or opcode sequences are defined, an ilegal opcode detection circuit has
been included in the MCEBHC11A8. When an illegal opcode is detected, an interrupt is requested to the

illegal opcode vector.

3.2.3 interrupt Mask Bits in Condition Code Register

Upon reset, both the X bit and the | bit are set to mask all interrupts. After minimum system initislization,
software may cleer the X bit by a TAP instruction, thus enabling XTRQ interrupts. Thereafter software can-
not set the X bit so an XTRQ interrupt is effectively a non-maskable interrupt. Since the operation of the | bit
related interrupt structure has no sffect on the X bit, the external XiRQ pin remains effectively non-masked.
in the interTupt priority logic, the XTRQ interrupt would be a higher priority than sny source that is maskable
by the | bit. Al | bit related interrupts would operate normally with their own priority relstionship. When an |
bit related interrupt occurs, the | bit is automatically set by hardware after stacking the condition code
register byts, but the X bit is not affected. When an X bit related interrupt occurs, both the X bit and the |
bit are automatically set by hardware after stacking the condition code register. An RTI (retumn from inter-
rupt) instruction restores the X and | bits to their pre-interrupt request state.

3.2.4 Priority Structure

Interrupts in the MCBBHC11A8 obey a fixed hardware priority circuit to resolve simuitaneous requests;
however, one | bit related interrupt source may be elevated to the highest | bit priority position in the resolu-
tion circuit. The first six interrupt sources are not masked by the | bit in the condition code register and have
the fixed priority interrupt relationship of: reset, clock monitor fall, COP fall, ilegal opcode, and XIRQ. (SW1
is actually an instruction and has highest priority other than reset in the sense that once the SWI opcode is
fetched, no other interrupt can be honored until the SW1 vector has been fetched). Each of these sources is
an input to the priority resolution circuit. The highest | bit masked priority input to the resolution circuit is
sssigned under software control (of the HPRIO register) to be connected to any one of the remaining | bit
related interrupt sources. in order to avoid timing races, the HPRIO register may only be written while the |
bit releted interrupts are inhibited (1 bit in condition code register is a logic one). An interrupt that is ss-
signed to this high priority position is still subject to masking by any associsted control bits or the | bit in the
condition code register. The interrupt vector address is not sffected by assigning a source to this higher
priority position.

Figure 3-2 summarizes the priority structure and additional mask conditions that lead to recognition of inter-
rupt requests in the MCEBHC11A8.
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Figure 3-2. MCEBHC11AS Interrupt Structure Flowchart (Sheet 1 of 3)
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3.2.5 Highest Priority | Interrupt Register (HPRIO)

This 8-bit register {Figure 3-3) is used to select one of the | bit related interrupt sources to be elevated 1o the
highest | bit masked position in the priority resolution circuit. In addition, four miscellaneous system control
bits are included in this register.

87 86 8 8 83 82 8 80
(Cmeoor [ swoo [ wmoa [ mv [ pseld | PSELz | PSELT | PSELO | 9_03C

1400

Figure 3-3. Highest Priority | Interrupt Register (HPRIQ)

B7, RBOOT The read bootstrap ROM bit only has meaning when the SMOD bit is a logic one (special
bootstrap mode or special test mode). At all other times, this bit reverts to its logic zero
disabled state and may riot be written.

When set, upon reset in bootstrap mode only, the smail bootstrap loader program is en-
abled. When clear, by reset in the other three modes, this ROM is disabled and accesses to
this area are treated as external accesses.

86, SMOD The special mode write-only bit reflects the status of the MODB input pin at the rising edge
of reset. It is set if the MODB pin is at or above 1.8 times VD voits during reset. Otherwise,
it is cleared or under software control from the special modes.

B85, MDA The mode select A bit reflects the status of the MODA input pin at the rising edge of reset.
While the SMOD bit is a logic one (special test or special bootstrap mode in effect), the MDA
bit may be written, thus, changing the operating mode of the MCU. When the SMOD bitis @
logic zero, the MODA bit is a read-only bit and the opersting mode cannot be changed
without going through a reset sequence.

Table 3-4 summarizes the relationship between the SMOD and MDA bits and the MODB and
MODA input pins at the rising edge of reset.

Table 3-4. Mode Bits Relationship

Latched at
Inputs Mode Description Aeset
MODB | MODA SMOD| MDA
7 D | Single Chi (Mode 0) o ] o
1 1 | Expanded Multiplexed (Mode 1) | 0 1
v 0 | Specie Boowstrap 1 0
. 1 | Specisl Test ) :

T=logic high O =logic low * = 1.8 times Vpp (or higher)

84, IRV The internal read visibility bit is used in the specisl modes (SMOD = 1) to affect visibility of in-
ternal reads on the expansion data bus. IRV is writable only if SMOD = 1 and returns to zero
of SMOD =0. If the bit is zero, visibility of internal reads are blocked. If the bit is one, internal
reads are visible on the external bus.

8S, PSEL3  These four priority select bits are used to specify one | bit related interrupt source which
B2, PSEL2 becomes the highest priority | bit related source (Table 3-5).

B1, PSEL1

80, PSELOD




Table 3-5. Highest Priority | Interrupt versus PSEL3-PSELO

PSEL3 | PSEL2 | PSELY | PSELD | Interrupt Source Promoted

[} Timer Overtiow

Pulise Accumulator Overflow

Putse Accumulstor input Edge

SPt Serial Transter Compate

SCI Serial System

Reserved (Defauh 1o IRQ)

IRQ (External Pin or Paraliei 1/0)

Resl Time interrupt

Timer Input Capture 1

Timer input Capture 2

Timer Input Capture 3

Timer Output Compare 1

Timer Output Compare 2

Timer Output Compare 3

Timer Qutput Compare 4

Tiner Output Compars 5

NOTE: During reset. PSELJ, PSEL2, PSEL1, and PSELO are initisiized to
0:1:0:1 which corresponds to “"Reserved (defsuit to IRQ)" being
the highest priority | bit related interrupt soruce.
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3.3 LOW POWER MODES

The MC68HC11A8 MCU contains two programmable low power operating modes; stop and wait. These
two instructions are discussed below.

3.3.1 WAIT instruction

The WAI instruction puts the MC6BHC 11A8 in a low-power mode, keeping the oscillator running. Upon ex-
ecution of WAI, the machine state is stacked and program execution stops. The wait state can be exited
only by an unmasked interrupt or RESET. If the | bit is set (interrupts masked) and the COP is disabled, the
timer system will be tumed off to reduce power consumption. The amount of power savings is application
dependent and depends upon circuitry connected to the MCU pins as well as which subsystems li.e., timer,
SPI, SCi) are active when the WAIT mode is entered.

3.3.2 STOP Instruction

The STOP instruction places the MC6BHC11A8 MCU in its lowest power consumption mode provided the
S bit in the condition code register is ciear. in the stop mode, all clocks including the internal oscillator are
stopped causing all internal processing to be haited. Recovery from STOP may be accomplished by RESET,

XiRQ, or an unmasked IRQ. When the XIRQ is used, the MCU exits from the stop mode regardiess of the
state of the X bit in the condition code register; however, the actual recovery sequence differs depending
on the state of the X bit. if the X bit is a logic zero, the MCU starts up with the stacking sequence leading to
normal service of the XIRQ request. If the X bit is a logic one, then processing will continue with the in-
struction immediately following the STOP instruction and no XIRQ i interrupt service routine is requested. A
RESET will always result in an exit from the stop mode, and the start of MCU operation is determined by
the reset vector.

Since the oscillator is stopped in the stop mode, a restart delay of 4084 cycle times may be required to allow
for oscillator stabilization when exiting from the stop mode. if the internal oscillator is being used, this delay
is required; however, if 3 stable external oscillator is being used, a control bit in the OPTION register may be
used (OLY =0) to give a delay of four cycles.




SECTION 4
PARALLEL 1/O AND SYSTEM CONFIGURATION

4.1 PARALLEL 1/O

The MC68HC11A8 includes 40 I/ 0 pins in five 8-bit ports. All of these pins serve multiple functions depend-
ing on the operating mode and several internal control registers. This saction explains the operation of
these pins only when they are used as paraliel |/0 pins.

Ports C and D may be used as general purpose input and/or output pins, as specified by the data direction
registers DDRC and DDRD. Ports A, B, and E, with the exception of port A bit 7, have fixed data direction
and do not require a DDR control register. Ports B and C, and bits 6 and 7 of port D, may be used for special
strobed and handshake modes of parallel 1/0, as well as for general purpose 1/0.

4.1.1 General Purpose I/O (Ports C and D}

As general-purpose I/0 lines, each bit has an associated bit in a PORTx data register and a bit in (ke cor-
responding position in a DDRx register. The DDRx is used to specify the primary direction of data on the
170 pin. When a bit which is configured for output is read, the valus returned is the value at the input to the
pin driver. When a line is configured as an input, by clearing the DDRx bit, the pin becomes 8 high im-
pedance input. If a write is executed to a line that is configured as an input, the vaiue does not affect the
170 pin. but the bit is stored in an internal latch so that if the line is later reconfigured as an output, then this
vaiue appears at the I/0 pin.

Note that bits 8 and 7 of port D are dedicated to bus control {AS and R/W) while in expanded mode, or
paraltet 1/0 strobes (STRA and STRB) while in single chip modes. For this reason, bits 6 and 7 of port D sre
not available as general purpose 1/0 lines and the associated bits in the DDRD and PORTD registers are not

implemented.

4.1.2 Fixed Direction 1/0 (Ports A, B, and E)

The pins for ports A, B, and E, except for port A bit 7, have fixed data directions and do not need data
direction registers. When port B is being used for general purpose outputs, it is configured for output-only
and reads return the levels sensed at the input of the pin drivers. When port A is being used for general pur-
pose |/0, bits 0, 1, and 2 are configured for input-only and writes to these bits have no meaning or effect.
Bits 3, 4, 5, and 6 of port A are configured for output-only when used for general purpose 1/0, and reads of
these bits return the leveis sensed at the inputs to the pin drivers. Port A bit 7 (PA7) can be configured as a
general-purposs 1/0 using the DDRA?7 bit in the PACTL register. Port E contains the eight A/D channel in-
puts, but these pins may also be used as general purpose digital inputs. Writes to the PORTE address have
no meaning or effect.




4.1.3 Simple Strobed 1/0

The simple strobed mode of parallel I/0 is invoked and controlled by the PIOC controt register. This mode is
selected when the HNDS bit in the PIOC control register is clear. it forces port C to be a strobed input port
with port D bit 6 as the edge-detecting latch command input (STRA pin). Aiso, port B becomes a strobed
output port with port D bit 7 as the output strobe (STRB pin). The logic sense of the STRB output is
selected by the INVB control bit.

4.1.3.1 STROBED INPUT PORT C. In this mode, there are two addresses where port C may be read,
PORTC data register and PORTCL latch register. The DDRC register still controls the data direction of all
port C pins. Even when the strobed input mode is selected, any or all of the bits in port C may still be used
as general purpose 1/0 lines.

STRA {port D bit 6) is used as an edge-detecting input, and either falling or rising edges may be specified as
the significant edge by use of the EGA bit in PIOC. Whenever the selected active edge is detected at the
STRA pin, the current logic leveis at port C are latched into the PORTCL register and the strobe A flag
(STAF) bit in PIOC is set. |f the STAI bit in PIOC is also set, an internal interrupt sequence is requested to
the IRQ vector. The STAF flag is automatically cleared by reading the PINT: register (with STAF set) foi-
lowed by a read of the PORTCL register. Data is latched in the POR™ LL 1egister whether or not the STAF
flag was previously clear.

4.1.3.2 STROBED OUTPUT PORT B. In this mode, port D bit 7 {STRB) is a strobe output which is pulsed
for two E periods each time there is a write to port B. The INVB bit in PIOC controls the polarity of the puise
out of the STRB pin.

4.1.4 Full Handshake |/O

The full handshake modes of paraliel i/0 involve port C and bits 6 and 7 of port D. There are two basic
modes {input and output) and an additional variation on the output handshake mode that aliows for three-
stated operation of port C. in all handshake modes, port D bit 6 (STRA) is an edge-detecting input, and
port D bit 7 (STRB) is a handshake output line.

When full input handshake protocol is specified, both general purpose input and/or general purpose output
can coexist at port C. When full output handshake protocol is specified, general purpose output can coexist
with the handshake outputs at port C, but the three-state feature of the output handshake mode interferes
with general purpose input in two ways. First, in full output handshake, the port C pins are forced to be
driven outputs whenever STRA is at its active level regardiess of the DDRC bits. This potentisily conflic's
with any device trying to drive port C unless the external device has an open-drain type output driver. Sec-
ond, the value returned on reads of port C is the state of the outputs of an internal port C output latch
regardiess of the states of the DDRC bits, so that the data written for output handshake can be read even if
the pins are in a three-state condition.

4.1.4.1 INPUT HANDSHAKE PROTOCOL. In the input handshake scheme, port C is a \atching input
port, port D bit 6 (STRA) is an edge-sensitive latch command from the external system that is driving port
C. and port D bit 7 (STRB) is 8 "READY’’ output line controlied by logic in the MCU.

When a ready condition is recognized, the external device places dsta on the port C inputs, then puises the
STRA input to the MCBBHC11A8. The active sdge on the STRA line latches the port C data into the
PORTCL register, sets the STAF flag (optionally causing an intsrTupt), and deasserts the STRB line.
Desssertion of the STRB line automatically inhibits the external device form strobing new data into port C.




Reading the PORTCL latch register (independent of clearing the STAF fiag) causes the STRB fine to be
asserted indicating that new data may now be strobed into port C.

The STRB line can be configured (with the PLS control bit) to be a pulse output (pulse mode) or a static
output (interlocked mode).

The port C data direction register bits should be cieared {input) for each bit that is to be used as a latched
input bit. However, some port C bits can be used as latched inputs with the input handshake protocol
while, at the same time, using some port C bits as static inputs, and some port C bits as static output bits,
The input handshake protacol has no effect on the use of port C bits as static inputs or as static outputs.
Reads of the PORTC register always return the static logic level at the port C pins {for lines configured as
input by DDRC bit = 0). Writes to either the PORTC address or the PORTCL address send information to
the port C output register without affecting the input handshake strobes.

4.1.4.2 0UTPUT HANDSHAKE PROTOCOL. In the output handshake scheme, port C is an output port,
port D bit 7 (STRB) is a “READY" output, and port D bit 6 (STRA) is an edge-sensitive acknowledge input
signal, indicating that port C output data has been accepted by the external device. In a variation of this
output handshake operation, port D bit 6 (STRA) is aiso used as an output enable input, as well as an edge-
sensitive acknowiedge input.

The MC6BHC11A8 piaces data on the port C output lines and then indicates stable data is available by
automaticaily asserting the STRB line. The external device then processes the available data and puises the
STRA input to indicate that new data may be placed on the port C output lines. The active edge on STRA
causes the STRB line to be automatically deasserted and the STAF status flag to be set {optionally causing
an inteirupt). In response to STAF being set, the program transfers new data out on port C as required.
Placing the data in PORTCL asserts the STRB.

There is a variation to the output handshake protocol that allows three-state operation of port C. It is possi-
bie to directly interconnect this 8-bit parallel port to other 8-bit three-state devices with no extra external
parts.

While the STRA input pin is inactive, all port C bits obey the data direction specified by DDRC so that bits
which are configured as inputs are high impedance. When the STRA input is activated, all port C lines are
forced to outputs regardiess of the data in DORC. Note that in output handshake mode, reads of port C
slways return the value sensed at the input to the output buffer regardiers of the state of the DDRC bits
because the pins would not necessarily have meaningful data on them in the three-state variation of this
mode. This operation makes it impossible to use some port C bits as static inputs, while using others as
handshake outputs, but does not interfere with the use of some port C bits as static outputs. Port C bits in-
tended as static outputs or normal handshake outputs should have their corresponding DDRC bits set, and
bits intended as three-state handshake outputs should have their corresponding DDRC bits clear.

4.1.4.3 PARALLEL 1/0 CONTROL REGISTER (PIOC)
The parallel handshake 1/0 functions are available only in the single-chip mode. PIOC is a read/write
register except bit 7 which is read onty (see Figure 4-1}.
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Figure 4-1. Parallel I/O Control Register (PIOC)
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Bit 7, STAF

Bit 6, STAI

8it 5, CWOM

Bit 4, HNDS

Bit 3, OIN

Bit 2, PLS

Bit 1, EGA

Bit 0, INVB

Strobe A Interrupt Status Flag. This bit is set when a selected edge of strobe A occurs.
Clearing it depends on the state of HNDS and OIN bits (Table 4-1). STAF is cleared by
reset.

Table 4-1. STAF Bit Clearing Conditions
HNDS | OIN Clearing Mechanism

0 Reading PIOC iwith STAF Set) Followed by & Read of PORTCL
1 Reading PIOC (with STAF Set} Foliowed by a Read of PORTCL
1 Reading P!OC (with STAF Set) Followed by a Write to PORTCL

- x

Strobe A Interrupt Enable Mask. When this bit is set and the | bit in the condition code
register is clear, STAF (when set) will request an interrupt. STAI is cleared by reset.

Port C Wire-OR Mode. When clear, port C operates normally. When set, port C behaves as
open-drain outputs. CWOM is cleared by reset.

Handshake Mode. When clear, strobe A acts as a simpie input strobe to latch data into
PORTCL, and strobe B acts as a simple output strobe which puises after a write to port B.
When set, a handshake protocol involving port C, STRA, and STRB is selected (see the
definition for the OIN bit).

Output or Input Handshaking. This bit has no meaning when HNDS = 0. When clear, input
handshake mode is selected. When set, output handshake mode is selected. OIN is cleared
by reset.

Pulse/Interlocked Handshake Operation. This bit has no meaning if HNDS =0. When
clear, interlocked handshake operation is selected. in this mode strobe B, once activated,
stays active until the selected edge of strobe A is detected. When set, strobe B is pulsed for
two E cycles. This bit is undefined coming out of reset.

Active Edge for Strobe A. When clear, falling edge of STRA is selected. When output
handshaks is selected, port C bits obey the DDRC while STRA is low, but port C is forced
to output when STRA is high.

When set, rising edge of STRA is selected. When output handshake is selected, port C bits
obey the DDRC while STRA is high, but port C is forced to output when STRA is low. This
bit is set by reset.

Invert Strobe B. When clear, the active level on strobe B is a logic zero. When set, the ac-
tive level on strobe B is a logic one. It is set by reset.

4.2 SYSTEM CONFIGURATION

The MCEBHC11A8 allows an end user to configure the MCU system to his specific requirements through
the use of hardwired options such as the mode select pins, semi-permanent EEPROM control bit specifica-
tions (CONF!G register), or by use of internal software control registers. The CONFIG control register (see
Figure 4-2) is implemented in EEPROM celis and controls the presence of ROM and EEPROM in the
memory map, as well as the COPON COP watchdog system enable. An optional security festure is available
intended to allow user protection of data in MC6BHC11A8 EEPROM and RAM.
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Figure 4-2. System Configuration Control Regleter (CONFIG)




Bits 7, 6,
5, and 4—Not
Implemented

Bit 3—~NOSEC

Bit 2--NOCOP

Bit 1 —~ROMON

Bit 0—EEON

These bits are not implemented. They read as logic zeros.

Security Mode Option Bit. When the security mask option is specified, this bit can be
used to enable a software antitheft mechanism. When cleared, this bit forces the MDA
mode control bit to zero so that only single-chip modes of operation can be selected. if
the bit is cleared when the MCU is reset in the special bootstrap mode, EEPROM and
RAM are erased before the boot loading process continues.

COP System OFF. When this bit is clear, the COP watchdog forced reset function is
enabled. When this bit is set, the COP watchdog circuit is disabled.

Enable On-Chip ROM Select Bit. When this bit is clear, the 8K internal ROM is dis-
abled, and that memory space becomes externally accessed space.

Enable On-Chip EEPROM Select Bit. When this bit is clear, the 512-byte internal
EEROM is disabled, and that memory space becomes externally accessed space.

4.3 PROGRAMMING AND ERASURE OF THE CONFIG REGISTER

Since the CONFIG register is implemented with EEPROM cells, special provisions must be made to erase
and program this register. The normal EEPROM control bits in the PPROG register are used for this pur-
poss. The programming/erasure procedures for the CONFIG register are described in 2.4.3 Program-
ming/Erasing internal EEPROM.




SECTION 5
SERIAL COMMUNICATIONS INTERFACE (SCI)

This section contains a description of the serial communications interface (SCl).

5.1 OVERVIEW AND FEATURES

A full-duplex asynchronous Serisl Communications Interface (SCI) is provided with a standard NRZ format
{one start bit, sight or nine data bits, and one stop bit) and a variety of baud rates. The SCI transmitter and
receiver are functionsily independent, but use t