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Preface

This thesis project attempted to design and develop a

’
~

dedicated speech work stationg: ?he“;%ff;§fatfon’would
accept one of sixteen possible analog signal inputs,
digitize the input and store the resulting data in the
expanded computer memory of a modified Cromemco S—lgg bus
microcomputer systenmn, Once stored, the data could be
relocated to magnetick*floppy disk"}storage or graphically
displayed on a CRT. ——- - ST f Y)
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Castor, my faculty advisor, and Capt Dale Hibner for their
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required to complete this thesis project and graduate from
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Abstract a
As a result of the hardware and software developed ﬁ
under this thesis, the AFIT Speech Lab's Cromemco S-I;; bus %
microcomputer system can be configured as a dedicated stand ﬁ
alone speech work station. H
Hardware is now developed which provides an extended g
memory capability for storage of analog-to-digital sampled j
analog speech. Data storage is via a direct memory access a
(DMA)Y capability. The hardware also supports providing an %
analog output from previously stored data samples via a ;
digital-to-analog capability. %
Software is developed which controls the analog input S
. to be sampled and the sampling rate to be used. The E
‘. software also allows the sampled data to be graphically "
displayed 58% samples at a time on a video display screen ?
or to be placed in or returned from more permanent storage g
on a magnetic disk. Iy
The detailed analysis, development, and fabrication of ;
the hardware and software is also contained in the thesis. 5
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DEVELOPMENT OF A DEDICATED
SPEECH WORK STATION

I. Introduction

Background

The Electrical Engineering department of the Air Force

Institute of Technology (AFIT) needed to expand the

capability of an existing Cromemco S$-190 bus microcomputer

U

system. This system was used to sample and digitally store
analog speech signals. The modification was required
because the existing 64K system was limited to sampling

approximately three seconds of speech. This time restraint

'y 'l I‘._'J-.E"L'.‘ ‘L‘AA A. " ‘.

reduced the effectiveness of the system as a speech analysis

tool. This resulting thesis project involved both the
hardware and software modification of the existing system.
The hardware modification portion expanded the memory
storage capability of the system, thus allowing increased
digital storage of sampled analog signals such as speech.
The software additions controlled the data sampling, data

storage, and graphical display of the digitized analog

signals. Chapter One discusses the background of the thesis
and its general approach. Chapter Two provides insight into
the hardware and software development, Chapter Three
addresses the design and fabrication involved in the thesis.
And finally, Chapters Four and Five address validation of

; the thesis effort and provide some conclusions and

recommendations.
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Problem

The problem addressed by this thesis is the development
of a stand alone speech acquisition and graphical display
station. This computer station is used to sample analog
speech, provide digital storage of the samples, and allow
graphical display of selected portions of the stored data.
The speech station is a tool to be used by speech

researchers,

General Approach

First, the dedicated speech station uses the existing
equipment located in building 640, room 241. The existing
Cromemco S-10@ bus microcomputer system and associated video
display terminal had to be modified to acquire and display
analog speech. The original Cromemco memory is limited to
64K bytes, where 1K equals 1024 bytes and one byte equals
eight bits. The memory had to be increased by adding six
MB64 64K static Random Acess Memory (RAM) boards to the S-
130 bus.

Second, a direct memory access (DMA) controller has
been added to the microcomputer system. The DMA capability
and additional memory are required to allow high sampling
rates and to avoid losing any data samples due to the
relative long amount of time required by the computer to
write the data samples onto magnetic disk for storage. The
additional memory is addressed by using an extended memory

addressing format.
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P
Third, the video display unit terminal associated with i

;? - the Cromenco system contains a high resolution graphics E
Ei! capability called Imaginator. This capability allows the %
4

;i system user to acquire, plot and edit selected portions of i
E% the data samples stored in the static memory. Data sample i

manipulation to and from magnetic disk storage is also
allowed.

Finally, the "C" programming language is used whenever

]
|
J

possible to write the software routines.
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II. Detailed Analysis

This chapter briefly describes the Cromenco S5-1008 bus
microcomputer system. It also includes a discussion of the
hardware and software designs necessary for the speech
station to operate. Finally, the graphics software is

discussed separately.

Cromenco/S-100

The Cromemco S-108 bus microcomputer consists of a
chassis housing a built-in power supply and an S§-180 bus
mother-board made up of twenty-one 1@@-pin connectors. Each
of these connectors provides a slot into which a $-1640
compatible circuit card can be inserted. Each of the slots
on the Cromemco mother-board receives the same set of
signals; therefore, any circuit card that is compatible
with the S-100 bus can be plugged into any of the slots.
Consequently, there are no special or reserved slots in the
Cromemco system, The only consideration that must be made
is that no more than one card can be assigned to the same
memory addresses and/or input/output (I/0) address. The
built-in power supply provides three unregulated voltages
(+8, -18, and +18 volts) to the bus. Each circuit card
inserted into a slot has to have its own on-board
regulator(s) capable of supplying the power required by the
circuit.

The S-100 bus has become one of the most popular hobby

I1-1
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busses and is now considered an industry standard. MITS

Inc. first introduced the S-100 bus on their 808@-based
Altair computer. Since the S-100 bus is originally designed
to support the 8080 processor, most of the bus signals are
representative of the signals generated by an 8080
processor. Almost all of the 160 lines of the bus have a
standard predefined function and are described in many
easily available publications (Ref 1). Basically, the lines
are divided into four major groups. These groups consist of
the power and ground lines, the address lines, the data
lines, and the control lines.

The power and ground line group provides the voltages
required by the computer. Six lines are assigned to provide
the three unregulated voltages (+8, -18 and +18 volts) and
their ground returns., The +8 volts and ground values each
appear on two separate lines. The address line group
initially provided the sixteen lines required to supply a
16-bit memory address. However, the latest Institute of
Electrical and Electronics Engineers (IEEE) 696 standard
supports extended 24-bit memory addressing. The data line
group is composed of sixteen lines and is used to supply
program instructions and data. Normally, the data group
lines are separated into two sub-groups of eight lines each,
One set is used to supply data to the central processing
unit (CPU), while the other set is used for data emanating
from the CPU. The IEEE 696 standard allows these sixteen
lines to become bidirectional when the proper control

signals are provided., This allows the bus to be used with
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the evolving 16-bit microprocessors. The IEEE 696 effort is
heralded as a standard and should serve to standardize the
bus across the industry for both 8-bit and 16-bit operation.
The remaining lines comprise the control line group. These
lines are used to carry timing and control signals between
the CPU, memory, I/0, and any other circuits located on the
S-100 bus.

With the acceptance of the S-100 bus, made evident by
the extent of its use, it is a good choice as the computer
bus for use in this project. The best system, however, is
one that uses a 16-bit processor. But since the ground
rules are to use the existing hardware as much as possible,
the use of a 1l6-bit processor is not future addressed.
Returning to the S-1060 bus, there are numerous manufacturers
building cards that comply with the standard, making the
task of finding a commercially built card, to do all but the
most specialized functions, quite easy. Such is the case of
using the commercially available MB64 memory card.

Since the S5-100 bus is a true parallel bus, all signals
within the system are available to any card placed on the
bus, This provides for nearly unlimited use of these
signals by any circuit card inserted on the S-184 bus. The
Cromemco's S-19d bus is capable of communicating directly
with 256 I/0 ports using the low byte of its address bus.
The S-1006 bus has two control lines that delineate I/0 or
control operations from normal memory transactions. One of
these lines, sINP, indicates an input operation while the

other, sOUT, indicates an output operation, Each interface

I1-3
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must decode the least significant byte of the 16-bit address
bus to determine its port addresses when either of these two
signals appear. Two other control signals, pWR and pDBIN,
are always generated during memory write and read
operations, respectively. These signals are used to tell
the interface circuit when it must either supply data to or
take data from the system.

More detailed information on the Cromemco system can be
found in the Cromemco instruction manuals and technical

manuals (Refs 2 thru 7).

Hardware Development

The following discussion is a brief synopsis of the

major hardware components used during the thesis project.

The DMA Controller. The AM9517A Multimode Direct

Memory Access (DMA) Controller is a peripheral interface
circuit for microprocessor systems. It is designed to allow
external devices to directly transfer information to or from
the system memory. Memory-to-memory transfer capability is
also provided. Both of these capabilities are required and
used to support the thesis., The direct transfer of data to
the system memory occurred during analog-to-digital sampling
of the speech signal., The direct transfer of data from the
system memory occurred during the digital-to-analog
conversion of the sampled data. The memory-to-memory

transfer capability is used to move data samples between the

I11-4
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higher memory 3addresses (above 64K) and the lower memory
addresses (below 64K). This is necessary in order to use
existing software commands to move data to and from magnetic
disk and during the graphical representation portion of the
project. These commands only work on data samples located
in the memory addresses located below 64K. More specific

details on the DMA module are contained in Appendix F.

The System Timing Controller (STC). The AM9513 STC is

a large scale integrated circuit designed to service many
types of counting, sequencing and timing applications. This
chip is software programmed by the system user of the SPEECH
program. The STC OUTS pin provides the clocking necessary to
sample the analog input at the system user specified
sampling rate. The output of the OUT4 pin is used to disable
the digital-to-analog output until the specific starting
sample 1is reached. The basic digital-to-analog concept is
that all stored data samples on a memory board are addressed
during each digital-to-analog operation, but only when 0UT4
is active high will any external output be allowed. This is
required due to the technique used to address the data
storage locations in static memory. And finally, the 0OUT2
pin is used to disable the sampling conversion process. Be
it either analog-to-digital or digital-to-analog conversion,
the OUT2 pin causes an interrupt signal to be sent to the
central processing unit. The interrupt signal causes the
conversion process which is running to stop. More specific

details on the STC chip are contained in Appendix G.
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The A-to-D Module. The DAS 1128 is a complete self-

contained miniature high speed data acquisition system, It
contains an analog input signal multiplexer, a sample-and-
hold amplifier, a 12 bit analog-to-digital converter, and
all of the programming, timing, and control circuitry needed
to perform the complex data acquisition function. More
specific details on the analog-to-digital module are
contained in Appendix H. The basic concept for analog-to-
digital conversion in the SPEECH program is shown in Figure
II-1. The analog-to-digital module is the center of the
operation. An analog input is placed at the INPUT of the
module. The module is then triggered to sample the analog
input. The trigger, however, does not occur unless: (1) the
clock sampling pulse is positive; thus assuring the correct
number of samples per second will be taken, (2) the analog-
to-digital on/off flip-flop is set to positive; thus
assuring only an analog-to-digital conversion can take
place, and (3) the finish count is positive; thus assuring
that the last user requested sample has not yet been taken.
Each data sample is placed into static memory via the data
bus. It takes two 8-bit bytes to completely store the
sampled input -- sampled to 12 bit accuracy. The signal on
the analog-to-digital module's end of conversion (EOC) pin
is used to toggle between processing the first byte of a
sample or the second byte of a sample. The control is via a
set of flip-flops. The flip-flops are enabled by the byte
count (first or second byte of a sample) and the Address

ENable (AEN) line of the DMA module. The Data REQuest 2
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FIG II-1. ANALOG-TO-DIGITAL CONVERSION
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(DREQ2) and Data ACKnowledge 2 (DACK2) lines of the DMA

controller are used to request and aid control of analog-to-

digital sampling. The DREQ2 is used to obtain DMA service.
The HOLD and HACK lines are then used by the DMA chip to
request the central processing unit to relinquish control of
the system buses. The signal on the AEN line of the DMA
?3' module is also used to disable the CPU so that only the DMA
is in charge of the S-10# bus. Note that just before the
DMA module is placed in charge of the data bus, via the HOLD
and HACK signal lines, the CPU is placed into a tight loop
of doing nothing but no-operation (NOP) commands. The CPU
= stays in this condition until the CPU's interrupt line is
made active. This occurs when the user requested number of
data samples has been taken. The system user 1is then

C“‘ returned to the main SPEECH menu.

The D-to~A Module. The DAC 1118 is a 12 bit, general

?&' purpose digital-to-analog converter which comes complete
'l? with an input storage register and output amplifier, For
o this thesis project, the chip is wired to provide a two's

complement code output. 1In addition, the chip is set to
E}ﬁn provide a bipolar output in the range of plus five volts to
‘ minus five volts. More specific details on the digital-to-
analog module are contained in Appendix I. The basic
concept for digital-to-analog conversion in the SPEECH
program is shown in Figure 1I-2, The digital-to-analog

module is the center of the operation. An analog output
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from the digital-to-analog module is the result of its'

operation. The conversion of a new 12 bit data sample into

T
]'- TR R
ala’ ol

an analog output is controlled by the STROBE input line.

P

Ll e

This line is true only when: (1) the sample by-pass signal
is true -- meaning all the samples which must be passed over

to get to the first sample requested by the system user have

B
j
i

been passed over, (2) the output clock pulse is positive;
thus assuring the correct number of samples per second will
be sent out, (3) the digital-to-analog on/off flip-flop is
set to positive; thus assuring only a digital-to-analog
conversion can take place, and (4) the finish count signal
is positive; thus assuring that the last user requested
sample has not yet been sent out. Each data sample is

retrieved from static memory via the data bus. It takes two

8-bit bytes to completely send out the correct sampled input
-- sampled to 12 bit accuracy. The flip-flop control
circuitry toggles between the first byte of a sample and the
second byte of a sample. The flip-flops are enabled by the
byte count (first or second byte of a sample) and the signal
on the AEN line of the DMA module. The Data REQuest 3
({DREQ3) and Data ACKnowledge 3 (DACK3) lines of the DMA
controller are used to request the digital-to-analog
conversion. The signal on the AEN line of the DMA module is
also used to disable the CPU so that only the DMA is in
charge of the S-100 bus, Note that just before the DMA is
placed in charge of the data bus, via the HOLD and HACK
lines, the CPU is placed in a tight loop of doing nothing

but no-operation (NOP) commands. The CPU stays in

I1-9
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this condition until the CPU's interrupt line is made
active. This occurs when the user requested number of data
samples has been converted. The system user is then

returned to the main SPEECH menu.

The MB64 Static RAM Memory Board. The SSM MB64K static

Random Access Memory (RAM) by Microcomputer Products, is
used to provide an extended addressing memory capability.
This extended memory capability is used to store the sampled
analog input signal. A maximum of 163,840 samples (327,680
bytes -- two bytes per sample) may be stored. See Figure
II-3 for the association of which data samples are stored
on which of five extended memory boards. Figure II-4 shows
the scheme for the extended memory addressing. Address bits
Agd to AlS5 are controlled by the DMA controller and an
external latch. The extended address bits Al6 to Al9 are
controlled by an external counter. The counter 1is
initialized by making LOAD active and placing the initial
address on the appropriate data bus lines. The DMA
controller end-of-process (EOP) pin then increases the count
after each complete pass of addressess A@ to AlS. One
problem did surface because the 64K static memory boards
were used. The problem arose from the original Cromemco 64K
memory board and the original boot-up technique associated
with it. A graphical representation of the problem is shown

in Figure 1I-5. The original Cromemco 64K memory board has
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no capability for extended addressing. This meant replacing
the original memory board with one of the new 64K boards.
The problem is the original board contains the capability to
disable all memory addressed above 32K during system boot-
up. This allows the read-only-memory (ROM) 1located on the
disk controller board, at the memory addresses between C000Q
and CFFF, to be used to boot-up the system. Part of the
boot-up program, located on the outer tracks of the system
disk, then turns off the ROM memory and turns on the RAM
memory above 32K, The new memory boards has one feature
which is used to allow system boot-up. By pulling any 2K
memory chip off a new board, those memory locations are
disabled and ignored. By selecting and removing the two 2K
memory chips which cover the memory addrésses C@@@ thru
CFFF, the original boot-up technique worked. The technique
used is to mount the two removed 2K memory chips on a
separate board. The memory chips are set to be inactive at
boot-up. The circuitry on the board then detects the
command to turn the ROM off. When this command 1is
generated, both removed 2K memory chips are enabled. Thus,
all 64K of the system memory is available for use, however,
two of the memory chips are now located on a separate board.
All of this is transparent to the system user. More
specific details on the MB64 Static RAM memory board are

contained in Appendix J.
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Software Development

The programming language "C" is used to implement this
thesis project. The reasons why are: (1) "C" is a portable
programming language. A "C" program written on one computer
can be run with little or no modification on any other
computer with a "C" compiler. (2) "C"s speed of execution
is fast. The difference in execution speed between "C" and
an assemabler is almost unnoticable. (3) "C" is well suited
to structured programming techniques. The formatted
structure of "C" allows the software program to be broken
down into smaller increments which can be easily handled.
There are several sources of information on the "C" language
(Ref 8 and 9).

Two problems did arise during the software development.
First, it became necessary to incorporate small portions of
machine language code into the "C" language prograr,
Additional information on doing this is contained in
Appendix L. The inclusion of machine code is required to
access the interrupt capability of the Cromemco computer,
The basic concept is to start the sampling or conversion
process and let it run free under control of the DMA
controller, While the DMA controller is in charge, the
central processing unit of the Cromemco is placed in a tight
loop doing nothing but waiting for an interrupt to occur.
The interrupt signal is generated by the STC chip as it
reaches the number of last sample to be processed., The
specifics of adding machine code to a "C" language program

are as follows:
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NOTE: The following procedure uses the following "C"
compiler: BD Software "C" Compiler V1.46

Copyright (c) 1981 by Leor Zolman

1. The person doing the programming starts with CASM.C,
CLINK.COM, CC1l.COM and CC2.COM files on their disk.
The programmer then enters: CCl CASM.C <CR>

2. A CASM.CRL file is generated.

3. The programmer then enters: CLINK CASM <CR>

4, A CASM.COM file is generated.

5. The programmer then creates a machine code program by
using the CASM guidelines. The machine code program
is labeled “FILENAME.CSM“, say "FUNCTION.CSM" for
this example.

6. The programmer then enters: CASM FUNCTION <CR>

7. A FUNCTION.ASM file is generated.

8. The programmer then enter: MAC FUNCTION SSZPZ.
9. This generates a FUNCTION.HEX file and provides the

programmer with the number of sectors to be saved
later on the programmers' disk.

10. The programmer then enters: DEBUG FUNCTION.HEX
(This loads the file "FUNCTION.HEX" into memory.)

11. The programmer then enters: “C

12, The programmer then enters: SAVE FUNCTION.CRL N
(Where N is the number of sectors to be saved.)

13. Finally, the programmer enters:

CLINK "FILENAME OF "C" PROGRAM" FUNCTION

I11-17
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The second problem arose from the need to manipulate

numbers which are larger than 16 binary digits. The

solution is to use the 32-bit integer package for "C"
language programs. More specific details on this
mathematics package is contained in Appendix M.

Although the specific software programs are available
in Appendix A, it is of value to know which addresses are
used to control chip select functions, The software port
addresses and their functions are shown in Figure II-6.

Invisible to the system user, the DMA and STC chips are

software programmed during the use of the SPEECH program,

Figure II-7 shows how the DMA COMMAND REGISTER is loaded

during analog-to-digital or digital-to-analog operations. :
Figure II-8 shows how the DMA COMMAND REGISTER is loaded
during memory-to-memory transfer operations. Figure 1I1-9 ;ﬂ

shows how the DMA COMMAND REGISTER is loaded during the
clearing of memory operations. Figure II-180 shows how the
DMA CHANNEL 0 MODE REGISTER is loaded during memory-to-

memory transfer operations. Channel @ is used to control

the memory SOURCE location during memory-to-memory transfer

L)

R SRR
.

operations. Figure 1I-11] shows how the DMA CHANNEL 1 MODE

~

A

st et Ty
PR R S i B |

REGISTER is loaded during memory-to-memory transfer

RPN
AP

operations. Channel 1 is used to control the memory

I

DESTINATION location during memory-to-memory transfer ;“
operations. Figure II-12 shows how the DMA CHANNEL 2 MODE 2
..:\‘
REGISTER is loaded during analog-to-digital conversion %q
-
P

operations. Channel 2 is used to control the placing of

digitized information into static memory for storage. w
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kkdhhkkhkhkhkhkhkkhhkkhkkhkhkhkhhkhkhhkhkhkhhkhhkhhhkhkhhkhkhkhkhhhkhhkhhkhkhkkkkkkkk
* * * *
* PIN * ADDRESS * *
* NUMBER * (HEX) * FUNCTION *
* * * *
khkkhkkhkkhkhhkhhkhkhhkhkkhkhkhkhkhhhhhkhkhkhhhkhhkhhkhkhkhkhkhkhhkhhkkhkkhkhkkkhkkk
* 1 * 00 * Reserved for use by 16FDC Disk *
* * * Controller. *
* 2 * 8d * Reserved for use by TU-ART Device B. * k
* * * * o
* 3 * 40 * Reserved for use by Memory Bank * j
* * * Select. Also turns ROM off. * )
* 4 * co * CLEAR Thesis hardware command. * k
* * * * .
* 5 * 20 * Reserved for use by TU-ART Device A. * *
* * * * ]
4
* 6 * AQ * Used to activate A-to-D MUX Channel * 1
* * * select latch. *
* 7 * 60 * Used to toggle A-to-D ON/OFF switch. *
* * * *
* 8 * EQ * Reserved for use by processer. * .
* * * Status Port = ED. Data Port = E8. *
* 9 * 10 * Used as Chip Select for STC chip. * 3
* * * * o
* 10 * 90 * Used as Chip Select for DMA chip. * A
Sl * * * * 8
® * 11 * 50 * Reserved for use by CROMEMCO * p
* * * printer interface. * h
* 13 * D@ * Used to toggle between CPU and MEM- * 3
* * * to-MEM transfer operations. * 3
* 14 * 30 * Reserved for use by 16FDC Disk * K
* * * Controller. * ‘
* 15 * B@ * Used to toggle between HI-to-LO o *
* * * LO-to~-HI MEM-to-MEM transfers. *
* 16 * 70 * Used to Chip Select the HI address *
* * * counter. *
* 17 * F@ * Used to toggle D-to-A ON/OFF switch., *
* * * *
de & ke de ok ke Kk ok Kk ke K gk Kk dede ok ek d ke gk ok ok dok ok k ke ok ok ok ok ok ok ok ok okokkkkkkkhkdhkhkkhkkhkkkhkkkk

FIG 1I-6., Decoder Chip's Port Addresses and Functions.
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.l Figure II-13 shows how the DMA CHANNEL 3 MODE REGISTER is
f; loaded during digital-to-analog conversion operations.
Channel 3 is used to control the retrieving of digitized

data FROM static memoxy storage. Figure 11-14 shows how the

STC MASTER MODE REGISTER is loaded during program operation.
Figure II-15 shows how the STC OUT1 COUNTER MODE REGISTER is
P loaded during program operation. OUT1 is used in
conjunction with OUT2 to determine when the analog-to-

o digital or digital-to-analog conversion processes should be
stopped because the total number of desired samples has been
taken, Figure II-16 shows how the STC 0OUT2 COUNTER MODE

f%} REGISTER is loaded during program operation. Figure II-17
ﬁ shows how the STC 0UT4 COUNTER MODE REGISTER is loaded
during program operation, OUT4 is used to disable digital-
to-analog output until a specified number of samples has
been by-passed. This is necessary because the output
technique always starts with the sample located at the
{5' beginning of a memory board regardless of which sample on
the board is requested as the first. Figure II-18 shows how
the STC OUT5 COUNTER MODE REGISTER is loaded during program
operation. OUTS5 produces the clock sampling pulses required

to sample at the system user specified sampling rate.
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COER A A/D or D/A COMMAND REGISTER = (80)HEX

.'-:. khkkhkkhkkhkhhkkhhhkhhkkhkhhkhkkhhhkhkhkhkhkhhkhkhhhhhkhhkhhkhkhkhhkkkkk

- * * * * * * * * *

b * 7 * 6 %* 5 %* 4 %* 3 * 2 * 1 %* g *

S * * * * * * * * *

’ khkhkkhkhkkkhkhkhkhkkhkkkhhhkhkhkhkhkhkkkhhkkhkhkhkhkhkkhkkhhhkhkhkhkkhkkkk

- * * * * * * * * *

< * ] x g % g * g * g * g * xX * g *

Yy * * * * * * * * *

. khkkhkhkhkhkhkkhkkhkhkhhkhkhkhkhkhkhkhkhkhhkkhhkhhkhkhkkhkhkkhkkhkkhkhkhkkk

i

i Bit 8§ = 0 ; Memory to Memory transfer disabled.

-, Bit 1 = X ; Does not matter, if bit @ = @. r
Bit 2 = @ ; Controller enabled.
Bit 3 = @ ; Normal timing. A
Bit 4 = @ ; Fixed Priority. ]
Bit 5 = @ ; Late write selection.
Bit 6 = @ ; DREQ sense set to Active HIGH.
Bit 7 = 1 ; DACK sense set to Active HIGH.

'@
“
¥ 17y NS T I

FIG I1I-7. A-to-D or D-to-A COMMAND REGISTER

Lo v v o s o Yata g g g X

o MEM-to-MEM COMMAND REGISTER = (81)HEX
'.-: Ahhkkhkhkhkhkkhhkhkhkhhkhhkhkhkhhkhkhkhkhhkhkhkkhhhkhkhkhhkhhhkhkhkhkhhkkhii

. * * * * * * * * *

o *x 7 * g % 5§ *k 4 * 3 * 2 *k 1 * g *
* % * * * * * * *

4 khkhkhkhkhkhkhkhkkhkhkhhkhkhkhkhkhkhkhkkkhkhhhhhkhkhkhkkhkhkhkhkhhkhkhhhhhkkkk Fl
- * * * * * * * * * A
< * 1 * g * g * g * X * g * g * 1 * !
- * * * * * * * * * A
khhkhkhkhkhhkhkkhhkhkhkhkhkhhhkhhkhhkhhhhhkhkhhhhkhkhhhkhhhkhkhhkhhhkik j

=

E Bit § = 1 ; Memory to Memory transfer enabled. ;

Bit 1 = @ ; Channel @ address hold disables. 7

Bit 2 = @ ; Controller enabled. A
O Bit 3 = X ; Does not matter, if bit 0 = 1, 7
® Bit 4 = @ ; Fixed Priority. =
.. Bit 5 = @ ; Late write selection. 2
- Bit 6 = @ ; DREQ sense set to Active HIGH. -
e Bit 7 = 1 ; DACK sense set to Active HIGH. N
oo Ny
- FIG II-8. MEM~to-MEM COMMAND REGISTER 3
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CLEAR MEMORY COMMAND REGISTER = (83)HEX
RhkRkkkdhhhkhkkkhhkhkhhhhkhhhhkhdkdhhkrhhhhhhhkhkkkkkkhhhk 1

* * * * * * * * * )
*x 7 %k g * 5 *x 4 * 3 k 2 *x 1 *x g *
* * * * * * * * *
e I mMmmmMmInmMMmM T
* * * * * * * * * ]
x 1 x g * g * g * x *x g * 1 *x 1 * ]
* * * * * * * * *

-

ek ek ke dedk deodod ok odeok kodekok ok ok odok ook ok odkok ok ok ok ok okdkkdkkdkkkkkkkkikkkkk

Bit 8 = 1 ; Memory to Memory transfer enabled.

Bit 1 = 1 ; Channel g address hold enabled.

Bit 2 = @ ; Controller enabled.

Bit 3 = X ; Does not matter, if bit @ = 1,

Bit 4 = @ ; Fixed Priority.

Bit 5 = @ ; Late write selection.

Bit 6 = @ ; DREQ sense set to Active HIGH. ‘
Bit 7 = 1 ; DACK sense set to Active HIGH.

FIG II-9. CLEAR MEMORY COMMAND REGISTER

I11-22

- N e B e o~ e e e oo
. Ll e W [ RC TN
ST e AN eI
POl T BT S B, PO Y VG0 T Sl Y Nl Y W WY W W

.
WS
W AP

p
=




LR A |

Tttt e

(o

CHANNEL ¢ MODE REGISTER = (88)HEX

For MEM-MEM transfer---the SOURCE.
khkhkhhkhkkhkhhkhkhkbkhkhkkhkhkhkhkhkkhhkhkhkhhkhbkhkhhbhhkkhkhhkhkhkhkhhkhhhk

* * * * * * * * *
* 7 * 6 * 5 * 4 * 3 * 2 *x 1 * "] *
* * * * * * * * *
Ahkkhhkhkhkhkhhhhhkhkhhkhhkhhkhkhhkhkhhkhkhkhhkhkhhkhkhkkhkhkhhkhkhkhkhkkk
* * * * * * * * *
* 1 * g * v * "] * 1 * g %* 1] * g *
* * * * * * * * *

khkhkhkhkhkhkhhkhkhkhhkhkhhkhhkhkhkhkhhkhkhhkhkhhhkhhhhhkhhkhkhhkhkkhkhhkkhkk

Bits 1&2 = @0 ; Channel ¢,
Bits 3&2 = 10 ; Read transfer.
Bit 4 = @ ; Autoinitialize disabled.
Bit 5 = @ ; Address increment selected.
Bits 7&6 = 1@ ; Block mode selected.

FIG II-10. CHANNEL # MODE REGISTER

CHANNEL 1 MODE REGISTER = (85)HEX

For MEM-MEM transfer---the DESTINATION.
khkkkhkkkhkhhhkhhkhkhhkhhkhkhkhhkkhhhkhkhkhkhkhkhhhkhhhhkhkhkhkhkkhkhkhkk

* * * * * * * * *
* 7 * 6 * 5 * 4 * 3 * 2 * 1 * 1] *
* * * * * * * * *
khkhhkhkhkhkhkhkhkhhhkhkhhhkhkhhkhkhhhhhkhkhhkhhhkhhhhkhkhhhkhhkhkhkhhkkk
* * * * * * * * *
* 1 * o * g * 0 * 0 * 1 * 1] * 1 *
* * * * * * * * *

khkhkhkkhkhhhhhkhkhkhhkhhhhhhkhhhhhrhkhkhkkhhhhhkhkhkkhhhkhhkhkkhkhkik

Bits 180 = @1 ; Channel 1.
Bits 3&2 = @1 ; Write transfer.
Bit 4 = @ ; Autoinitialize disabled.
Bit 5 = 6 ; Address increment selected.
Bits 7&6 = 10 ; Block mode selected.

FIG II-11. CHANNEL 1 MODE REGISTER
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CHANNEL 2 MODE REGISTER = (56)HEX

For Analog-to-Digital Conversions
*****t*******************************************

* * * * * * * * *
* 7 * g * 5 & 4 % 3 x 2 *x 1 * g %
* * * * * * * * *
kkkhhkdkhhhhhkhhhhhhhhhhhkhhhhhhhkhhkkhhkhkhhhkhhhkkhk
* * * * * * * * *
*x g * 1 *x g * ] *x g x 1 *x 1 * g *
* * * * * * * * *

hkkkkkhhhhhkhhkhhkhhkhhkhhdehkbkhhkhkhhkbkhhkhhkhhkhkhkhkhkkhkkhkkkkk

Bits 1&@ = 16 ; Channel 2.
Bits 3&82 = @1 ; Write transfer.

Bit 4 = 1 ; Autoinitialize enabled.

Bit 5 = @ ; Address increment selected.
Bits 7&6 = @1 ; Single mode selected.

FIG II-12. CHANNEL 2 MODE REGISTER

CHANNEL 3 MODE REGISTER = (5B)HEX

For Digital~to-Analog Conversions
kkhkhhkhkhhhkhhkhkhkhkhkhhhkhkhhkhhkkhhhhhkhkhhhkhhhhkkhkhkhkhkhkkhkkhk

* * * * * * * * *
* 7 * 6 *x 5 *x 4 kx 3 x 2 * ] * g *
* * * * * * * * *
kkkhkhkhhhhhhhhhhhhhhhhkhhhhhhhhhkhkhhkdhrhhkrhhhhk
* * * * * * * * *
* g x 1 * g *x ] * ] * g * 1 *x 1 *
* * * * * * * * *

hkkkdkhkhohhhhhhkhkkhkhhhhhkhkhhkhkhkhkhkhhkhkkhhhhhhhhkhkhkkhkkkk

Bits 1860 = 11 ; Channel 3.
Bits 382 = 10 ; Read transfer,

Bit 4 = 1 ; Autoinitialize enabled.

Bit 5 = @ ; Address increment selected.
Bits 7&6 = @1 ; Single mode selected.

FIG II-13. CHANNEL 3 MODE REGISTER
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MASTER MODE REGISTER = (Cl@E)HEX
Command Code Address = (17)HEX
15 14 13 12 11 1¢ 9 8 7 6 5 4 3 2 1 @
1 1 ¢ ¢ ¢ 0 ¢ 1 ¢ ¢ @0 ¢ 1 1 1 @
Bits 3-0 = 1114 ; Set for 32 bit compare.
Bits 7-4 = 0080 ; Set FOUT SOURCE = Fl.
Bits 11-8 = 0001 ; Set FOUT Divided by 1.
Bit 12 = 0@ ; Set FOUT on.
Bit 13 = @ ; Set to support an 8 bit bus.
Bit 14 = 1 ; Set Disable Increment,
Bit 15 =1 ; Set Scalar Control to BCD Division.
FIG II-14. MASTER MODE REGISTER
T OUT 1 COUNTER MODE REGISTER = (@@29)HEX .
- Command Code Address = (J1l)HEX s
3 3
i;i 15 14 13 12 1114 9 8 7 6 S 4 3 2 1 @ R
Pg g 9 ¢ ¢ @ 0 @ ¢ @0 ¢ 1 @ 1 ¢ @ 1
b‘..:-j
o Bits 2-0 = @@1 ; Active HIGH pulse out.
;"' Bit 3 =1 ; Count up.
fl Bit 4 = 0 ; Binary count. B
;} Bit 5 = 1 ; Count repetitively. 3
N Bit 6 = 0 ; Reload from LOAD. g
R (Note: Load LOAD with (0@)HEX.) ]
b Bit 7 = @ ; Disable special gate. ]
" Bits 11-8 = 0006 ; Count Source = (TCN-1). -
o Bit 12 = @ ; Count on rising edge. ]
e Bits 15-13 = 000 ; No gating. 4
P L
o 3
1
‘o FIG II-15. OUT 1 COUNTER MODE REGISTER B
K 3
- g
e R
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L OUT 2 COUNTER MODE REGISTER = (@@2D)HEX :

o - Used in COUNT FINISHED control. i

i: Command Code Address = (@2)HEX :
15 14 13 12 11 14 9 8 7 6 5 4 3 2 1 @ j
g ¢ ¢ ¢ @ ¢ ¢ 0 @ @ 1 6 1 1 @ 1

Bits 2-0 = 161 ; Active LOW pulse out.
Bit 3 =1 ; Count up.
Bit 4 = @ ; Binary count.
Bit 5 =1 ; Count repetitively.
Bit 6 = @ ; Reload from LOAD.
(Note: Load LOAD with (@@¢)HEX.)
Bit 7 = 0 ; Disable special gate.
Bits 11-8 = 0000 ; Count Source = (TCN-1).
Bit 12 = ¢ ; Count on rising edge.
Bits 15-13 = @@¢ ; No gating,

FIG II-16. OUT 2 COUNTER MODE REGISTER

. & IR S T I ) o Te Ty T TYTY T TYC ST v ow, R I P A A S
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P RN v s 1 o e ‘. . c, l ’ . . P
. P RN 4 - . R - B . o

OUT 4 COUNTER MODE REGISTER = (1482)HEX
Used for Digital-to-Analog OFFSET control
Command Code Address = (@4)HEX
: 15 14 13 12 11 16 9 8 7 6 5 4 3 2 1 @
o
-
= ¢ ¢ ¢ ' @ 1 ¢ 0 ¢ 0 @ ¢ @ 6 1 @
..
‘ Bits 2-0 = @14 ; Active HIGH toggle (delayed).
Bit 3 = @ ; Count down.
- Bit 4 = @ ; Binary count.
® Bit S = @ ; Count once.
Bit 6 = 0 ; Reload from LOAD.
. Bit 7 = @ ; Disable special gate.
g Bits 11-8 = @160 ; Count Source = SOURCE 4.
- Bit 12 =1 ; Count on falling edge.
" Bits 15-13 = 0068 ; No gating.
L4
e FIG II-17. OUT 4 COUNTER MODE REGISTER
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OUT 5 COUNTER MODE REGISTER = (@B21)HEX 3
Used for CLOCK PULSES. X
Command Code Address = (@5)HEX 3
"
15 14 13 12 11 16 9 8 7 6 5 4 3 ]
g 0 0 ¢ 1 @ 1 1 @ 6 1 @ @ 1
Bits 2-0 = @001 ; Active HIGH pulse out. t
Bit 3 = 0 ; Count down. ]
Bit 4 = @ ; Binary count, 1
Bit 5 = 1 ; Count repetitively. ]
Bit 6 = 0 ; Reload from LOAD. .
Bit 7 = @ ; Disable special gate. N
Bits 11-8 = 1411 ; Count Source = Fl. 3
Bit 12 = @ ; Count on rising edge. R
Bits 15-13 = 000 ; No gating. j
(o -ﬂ
FIG II-18. OUT 5 COUNTER MODE REGISTER 1
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g
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Graphics
The graphical display of digitized data samples is made

possible by using the Imaginator, built by the Cleveland
Codonics Incorporated. The Imaginator is an intelligent,
high resolution graphics retrofit unit. The Imaginator has
its own onboard microcomputer to perform graphics processing
independent of the host computer. The graphical display is
placed within the 504 pixel by 247 pixel resolution of the
Imaginator. More specific information on the Imaginator is
contained in Appendix K. Figure I1I1-19 shows the basic grid
display. As noted on the figure, 500 samples at a time are
displayed. This is accomplished by locating the 1008 bytes
which define the 500 samples requested by the system user.
The 1080 bytes are brought into a buffer array in lower
memory (under 64K). Here the data is manipulated into a
range from plus to minus five volts. The resulting data is
then plotted on the grid., The ability to move both the
vertical and horizontal cursors is provided. A START sample
number and a FINISH sample number are selectable by the
system user, These data samples may then be output to an

external analog system, for example, a speaker.
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GRAPHICAL DISPLAY FORMAT

FIG II-19.
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ITI. Design and Fabrication

This chapter briefly describes the design and
fabrication of both the hardware and software associated

with the this thesis project.

Hardware
The hardware design resulted in the development of four

separate S§-100 boards. The four boards are the "Boot Up

Control"”, the "Direct Memory Access", the "Digital-to-

Analog Conversion", and the "Analog to Digital Conversion"

boards. Two types of standard S5-100 boards were used. When N

possible a S-100 board with power and ground busses already ff
6‘, installed is used. These boards are used when only standard ij

sized integrated circuit chips -- mounted in wire wrap

sockets -- plus standard voltage regulators, are mounted on

the board. When larger devices required mounting, such as
the analog-to-digital conversion device, then a plain board ?:
is used. 1In this case, all voltage and ground paths are o

also added to the board. As implied above, a wire wrap/then

NI PRI DAEARANMMEINE
) . T B . I3 . L ) B . .
e L-

soldering technique is used for all board contruction. It
[ is necessary at times to connect specific signals between
i two fabricated boards. Where possible, the S-10@ bus
: positions are used. In the cases where S-100 bus positions

are not available, a ribbon cable is made and used between

»i the two boards in question to allow data or sometimes power
o access.
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In addition to the fabricated boards, the commercially
available MB64K static memory boards, discussed in chapter
two, are also installed onto the 5-100 bus motherboard.

The integrated circuit layout on the boards is clearly
shown in Appendix B. The "Boot Up Control" board integrated
circuit layout is shown on Appendix B, page B-1l. The
"Direct Memory Access" board integrated circuit layout is
shown on Appendix B, page B-2, The "Digital-to-Analog
Conversion" board integrated circuit layout is shown on
Appendix B, page B-3. And finally, the "Analog-to-Digital
Conversion" board integrated circuit layout is shown on
Appendix B, page B-4.

The cross reference between the integrated circuit
number, shown on the integrated circuit layouts, and what
integrated circuit is really used, is shown in Appendix C,
starting on page C-1.

The major portion of the hardware fabrication is shown
in the circuit wiring diagrams of Appendix D. The "Boot Up
Control" wiring diagram is shown on Appendix D, page D-1.
The "Direct Memory Access" wiring diagram is shown on
Appendix D, pages D-2 thru D-4. The "Digital-to-Analog"
wiring diagram is shown on Appendix D, page D-5. And
finally, the "Analog-to-Digital" wiring diagram is shown on
appendix D, page D-6.

Appendix E provides the timing diagrams used during the
thesis project. Appendix E, page E-1 displays the timing
diagram for memory-to-memory transfers. Appendix E, page E-

2 displays the timing diagram for digital-to-analog

I11-2
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conversions. And finally, Appendix E, page E-3 displays the

timing diagram for analog-to-digital conversions.

Software

Due to the size and complexity of the software programs
required by this thesis project, a structured programing
format is used, In this format, each operation is broken
down into simple programming segments which are executed
sequentially or separately as needed to implement a desired
operation. What follows is a description of each program

segment and its development.

SPEECH.C. This is the entry module for reaching all
other program segments. Extremely short in size but also
extremely important in its function, SPEECH.C causes
several things to occur. First, the SPEECH title is
displayed on the video display screen., Thus, the system
user knows the SPEECH program has been correctly accessed.
Second, an introduction is provided on the video display
screen for the system user. This is part of making the
program user friendly. Third, this program segment sets the
default values for all global variables used in any of the
program segments. Finally, this program segment provides a
menu of "Command Options" to be displayed to the system

user., (Appendix A, page A-1)
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SPEECH.H. This program segment is a "C" language
header. It contains the GLOBAL VARIABLES used in the entire
SPEECH program. SPEECH.H 1is included as part of each
individual "C" module. Any change to SPEECH.H requires all
"C " modules to be recompiled, via the CCl command, and
relinked, via the CLINK command, to form a new SPEECH.COM

file. (Appendix A, page A-3)

TITLE.C. When called, this program displays the
program title -- SPEECH -- and the program author's name on

the video display screen. (Appendix A, page A-6)

INTRO.C. An introduction to the system user is
displayed when this program segment is activated. This
segment asks for and stores the name of the system user for
future display by other program segments. The system user
is also asked if the entire SPEECH program description is to
be displayed on the video display screen, and responds

accordingly to a yes or no response. (Appendix A, page A-8)

DESCRIBE.C. This program segment displays a

description of the SPEECH program and a user's guide on the

video display screen. (Appendix A, page A-10)

DEFAULTS.C. The activation of this program segment
automatically initializes specified GLOBAL VARIABLES to
default values for use by other program segments. (Appendix

A, page A-17)
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RO MENU.C. This program segment prompts the system
user with a list of available "Command Options". The option
chosen by the system user is then implemented. (Appendix A,

page A-20)

QUIT.C. A goodbye message to the system user is
displayed on the video display screen when this program
segment is addressed. The SPEECH program is then exited and
the system user is returned to the operating system.

(Appendix A, page A-23)

ANALOG.C. This program segment controls the analog-

to-digital conversion of an analog input signal such as
speech. The system user selects the "analog channel" to be
F 6 sampled (1 of 16), the data "sampling rate", and the total
» "number of samples" to be taken., Options in this segment

ﬁ;‘ allow the system user to exit the program, return to the

. e e e oo

ﬁl’ system MENU, or activate a bell which signals the beginning
&fj of the sampling process. (Appendix A, page A-24)

o -

Eii DIGITAL.C. This program segment controls the
f!: digital-to-analog conversion of data samples stored in the
E?? extended memory of the Cromemco S-100 microcomputer system.
%?E The system user selects the first and last sample to be
}.~ converted, Options in this segment allow the system user to
{ exit the program, return to the system MENU, or activate a '
:3ﬂ bell which signals the start of the conversion process.
L 4

&l (Appendix A, page A-27)
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STORE.C. The transfer of a system user specified
number of data samples is controlled by this program
segment. The transfer is from the extended static random
access memory (RAM) to magnetic storage disk. The data
transfer is to a system user specified "filename". The
default "filename" is: B:DATA.ONE. Data transfer is done
2048 bytes at a time by using the array named mem_buffer.

(Appendix A, page A-30)

RETRIEVE.C This program segment clears the extended
static RAM and then transfers data from magnetic disk
storage to extended memory. The data transfer is from a
system user specified "filename". The default "filename"

is: B:DATA.ONE. Data transfer is done 2048 bytes at a time

(o by using the array named mem_buffer. Data transfer is
continued as long as data remains on the magnetic disk under

the "filename" specified. (Appendix A, page A-34)

GRAPHICS.C. This program segment controls the

graphical display of 500 data samples at a time on the video
display screen. The segment displays user prompts, provides
right and left cursor movement, and provides up and down
volt-line movement. While observing the graphical display,
the system user may the vertical cursor to select the
starting and finishing data sample numbers for use during a

later digital-to-analog output. (Appendix A, page A-38)

PLOT.C. This program segment draws the horizontal

axis, the vertical axis, and the zero volt line of the
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graphical display. It also transfers the 500 data samples
(1006 bytes) to be displayed. The program segment then
calculates the y-axis values of the 500 data samples and
then plots the 500 data samples on the graph. Finally, the
system user is returned to the calling program segment.

(Appendix A, page A-44)

RIGHT.C. This program segment moves the vertical

cursor displayed in program segment PLOT.C to the right by

an amount specified by the system user. Any request for

s ia'

movement beyond sample number 500 causes a new 500 sample g
graph to be displayed. The cursor is then placed at the

first data sample of the new data plot. The vertical cursor

PR R RO

is not allowed to move beyond the last sample of all samples

taken. (Appendix A, page A-48)

Lo,

LEFT.C. This program segment moves the vertical
cursor displayed in program segment PLOT.C to the left by an
amount specified by the system user. Any request for
movement beyond sample number one of 500 samples causes a

new 500 sample graph to be displayed. The cursor is then

placed at data sample 508 of the new data plot. The
vertical cursor is not allowed to move beyond sample number

1 of all samples taken. (Appendix A, page A-51)

VOLTLINE.C. This program segment move the

horizontal volt-line cursor up or down by an amount

specified by the system user. The volt-line is not allowed

to move off of the graph. (Appendix A, page A-54) R
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INPUT.C. This program segment is used to allow the
system user to: (1) select the "analog input channel" to be

sampled, (2) select the data "sampling rate", (3) select the

Ol ‘.‘;_[,' Py

total "number of samples"™ to be taken, and (4) select the

"first and last sample" to be converted during digital-to-

LT

analog conversions. (Appendix A, page A-55)

DMA.C. This program segment initializes the direct

memory access (DMA) chip's internal registers to: (1)
support analog-to-digital sampling, (2) support digital-to-
analog conversion, (3) support 2048 byte memory-to-memory

data transfer in support of STORE.C and RETRIEVE.C, and (4)

support 64K byte memory-to-memory data transfer to clear the

extended static memory RAM boards. (Appendix A, page A-61)

(o

TIMING.C. This program segment initializes the
system timing controller (STC) chip's internal registers to:

(1) provide analog-to-digital or digital-to-analog clock

e
"
"
g
A
Sl

pulses at a system user specified triggering rate, (2)

disable analog-to-digital or digital-to-analog capability

TN |

after a system user specified number of data samples have
been processed, and (3) provide by-passing of unrequired o
data samples at the beginning of a memory board during

digital-to-analog output operations. (Appendix A, page A-65)

CLEARMEM.C. Binary zero (00Q00000B) is placed in

each memory byte of all extended memory boards when this

program segment is addressed. (Appendix A, page A-70)
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NOP.CSM. One of two non "C" language programs used
in the thesis project, this program segment provides the
delay required during loading of the DMA chip's internal

registers. (Appendix A, page A-73)

WAIT.CSM. One of two non "C" language programs used
in the thesis project, this program segment prevents the
central processing unit from executing SPEECH program
statements until: (1) all analog-to-digital data samples
have been taken, or (2) all digital-to-analog data samples
have been output. This prevention is accomplished by
placing the central processing unit in a tight loop. The
loop is not exited until the interrupt signal occurrs. The
system timing controller chip activates the interrupt signal

after all samples have been taken or have been used, as the

case may be. (Appendix A, page A-74)
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Iv. Validation

The validation of this project is limited to four
points.

First, the method developed to boot-up the system is
demonstrated to work. The boot-up control board works
perfectly and required only a few initial bugs to be worked
out of the board.

Second, much of the software is demonstrated to work.
The graphics programs works exceptionally well. The display
grid is easily displayed. The grid numbering system is
automatically updated as requests for data both above and
below the currently displayed data are made. The cursor
control commands are successfully demonstrated both for
small (1 pixel), medium, and large (500 pixel) cursor
movements., Data is easily transferred both to magnetic disk
storage and back again. The disappointing part is that
canned data had to be displayed on the grid and transferred
to magnetic disk because some of the circuitry did not work.
Specifically, the control of data sampling, controlled by
the system timing controller chip, did not function. The
registers within the chip which controlled the data
addressing often clocked at the wrong rate. Also the
registers which signalled the completion of a sampling
session failed to function.

Third, the decoder circuit used to set conditions is

demonstrated to work. This is done by using an oscilloscope
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to display logic high or logic low levels on designated
integrated circuit chip pins. The oscilloscope also
displayed that logic levels are correct during requests for
analog-to-digital conversions and for digital-to-analog
conversions. The weak link is related to the malfunction of
the registers within the system timing controller chip.
Fourth, the extended memory addressing is function
properly. This is seen by observing the extended memory
address LED's on the S5-100 bus plug-in monitor board when a

sampling command is given.
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V. Conclusions and Recommendations

Conclusions

The basic goal of sampling speech signals and

displaying the sampled signals on the video display screen

T REY DU W W)

is not met. The system timing chip appeared to be the weak

jfL link. Without changing any connections or making any

AL o

software changes, the system timing chip changed sampling
frequency. It is also believed that the register functions
within the system timing chip are not operating correctly.

Due to a lack of a second timing chip and with only a few

T el B

days left in the gquarter, further investigation into the
locking up of the data sampling program is not included in
this document.

On the positive side, much of the designed hardware and

mdea B e et

- software is known to work very well., The modification to

)

2

allow system boot-up with extended memory 1is working

PP T

perfectly. The extended memory addressing is shown to work

)
.
-

3

NIV

by observing the address LED's on the S-100 plug-in monitor
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board. The graphics display programs run well, even though

&,
Ly 5
o,

the data they use is "canned" data. Data is easily

transferred to and from magnetic disk storage. Command

PRSI AR G L Y W W S

locations for sending data to the NOVA computer system are

A

left available in the software program for future use,

The "C" programming language with its modular format is

demonstrated to be very powerful, friendly and easy to use.
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Recommendations

| RPN T N LI

This project still is full of merit and should be
persued and completed. It is recommended, however, that all
persons who do follow-on work on this thesis project have

previous hardware experience. The lack of hardware

5 . .

experience is a major cause for delays in the fabrication

and understanding of the circuit boards. Individuals with

| AT

previous hardware experience are invited to investigate the
manner in which the extended memory addressing is

accomplished. Some chip reduction in this area is likely to
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be possible,
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/ti***t*t*tii*h***tt*****i****tt*ttt*ttiiitt*i*i**i****t***t*t**i***t***t/

/* */
/* NAME: SPEECH.C */
/* VERSION: 1.0 */
/* DATE: 2 December 1983 */
/* MODULE NUMBER: 1 */
/* FUNCTION: */
/* See user's guide in module #3 (describe) for complete */
/* description of SPEECH. SPEECH.C (module #l1) is the entry */
/* module. It (1) displays the program title, (2) provides an x/
/* introduction to the user, (3) sets default values for global */
/* variables, and (4) provides a menu of "command options" to */
/* the user. */
/* INPUTS: NONE. */
/* OUTPUTS: NONE, */
/* GLOBAL VARIABLES USED: exit, */
/* GLOBAL VARIABLES CHANGED: NONE. * /
/* FILES READ: NONE. */
/* FILES WRITTEN: NONE. */
/* MODULES CALLED: title(), intro(), set_defaults(), menu(). */
/* CALLING MODULES: NONE. */
/* */
/* AUTHOR: CAPTAIN WILLIAM H. LIEBER */
/* x/
/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */
/* Speech Work Station. Thesis Advisor: Major Larry Kizer. */
/* *

/***i***ﬁ***************t***********t****t****tt***********ittt*****ttt**/

/t***********t****t*********t*********t***tt******i*t*******t***ttit*tt*t/

/* SYMBOLIC CONSTANTS x/
/*****'k**************tt*****i*t************t***********tttu****t*ttttt**t/

#include "bdscio.h" /* Standard 'C' Language header file. */

/****************t****************tt*********tt*******i**t****ﬁ****t*tt*t/

/* GLOBAL VARIABLES */
SRR R AR R AR R KRR R R AR R AR R KRR R AR RN AR R AR RN AR AR R Rk kk /

/******************************i********tt**tt***t*t***t**t/

/* NOTE: All GLOBAL VARIABLES must be listed just prior */
*

to main() whether used in main() or not.
/**************************t*******************t*****i*ttit/

#include "speech.h" /* Contains all GLOBAL VARIABLES. */

Py | S

it B B S Al

PRSI TR TG S SRR AP

Bl

[ PV T PR SUpY ST Y 3 Ko X o L AR [ A N NN LI Blial

£ . PR

—_—A st ra

SRS




| ke e St il AR A St A A A S A S SR s DA S WS AREA S e AN N SN A T T N Ty T TR YT T YT R I TR YWY TR T -T
™o

/*******************************#**************#******#******#*#****#****/

/* */
/* MAIN PROGRAM */
* *
R T L R e T e Ty
main()
{
title(); /* Print "SPEECH" on the CRT, */
intro(); /* Give user the option to read the */
/* description of "SPEECH", */
set_defaults(); /* Initialize variables to default */
/* values, */
while(exit == FALSE){ /* Show the user the commands which can */
menu(); /* implemented. Continue to return to */
continue; /* the menu of commands until the user */
/* wishes to EXIT the program, */
)
S |
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/* */ 4
/* NAME: SPEECH.H */ 3
/* VERSION: 1.0 ) */ A
/* DATE: 2 December 1983 */ “
/* MODULE NUMBER: 2 */ -
/* FUNCTION: */ i
/* SPEECH.H is a "C Language" Header which holds the GLOBAL */ =
/* VARIABLES used in the entire SPEECH program. SPEECH.H is */ 1
/* "# included" in each individual "C" module. Any change to */ g
/* SPEECH.H will require all "C" modules to be recompiled */ r
/* (CC1 command) and relinked (CLINK command) to form a new */ T
/* SPEECH.COM file. */ ]
/* INPUTS: NONE. */ 3
/* OUTPUTS: NONE. */
/* GLOBAL VARIABLES USED: NONE, */ -
/* GLOEAL VARIABLES CHANGED: NONE. */ 1
/* FILES READ: NONE, */ S
/* FILES WRITTEN: NONE. */ N
/¥ MODULES CALLED: NONE. */ ']
/* CALLING MODULES: NONE. */ "
/* */ «
;* AUTHOR: CAPTAIN WILLIAM H. LIEBER :; o
* J
/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */ |
/* Speech Work Station, Thesis Advisor: Major Larry Kizer. *5 1
* * 4
5*****#*#******************************##****t***************************/ 1
4
(o .
JE T P P e L e e TR IR v L LIl Y] N
/* */ S
/* SPEECH.H */
/* */ :
JEEEREE AR R AR AR KRR Rk kR Aok kR Rk kR kdok Rk ok ko / o
int exit; /* Set TRUE by quit() to exit program. */
char name[50]; /* Holds user's name for later display. */
int inputl; /* Used to control cursor movement, */
int input2; /* Used to control cursor movement. */
int cursor; /* Holds pixel number of cursor. Pixel number */
/* is one more than sample number. */
/* 1.E. Sample #1 is in pixel column #2. */
char a_temp[7]; /* A tempory holding place for an ASCII string. */
char 1_temp[4]; /* A tempory holding place for a LONG (32 bit) */
/* INTEGERS, */
char 1_cursor[4]; /* Holds LONG (32 bit) version of cursor. */
char x_axis[4]; /* Holds LONG (32 bit) version of "sample #"

*/
/* displayed in first column (pixel #2) of */

[ /* graph. */ q
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int
int
int
int
int
char
char
char
char
char
char
char
unsi
char

char

char

is_analog;
is_digital;
is_mem_mem;
is_graphics;
is_clearmem;
filename[18];
channel[7];
rate[7];
max_rate[7];
samples[7];
max_samples[7];
begin_at[7];
gned chan_num;
rate_num[4];

start[4];

finish(4];

el ot e i S Sl Al el O

/* Set
/* Set
/* Set
/* Set
/* Set

boondt sl S RallSdc Al Sl adit] LA i

TRUE for
TRUE €for
TRUE for
TRUE for

Analog-to-Digital operations.
Digital-to-Analog operations.
Memory-to-Memory transfers.
Graphics operations,

M Rl S ace aris S Ae -0 SnR e S N SNIL S

TRUE for NULLING Extended Memory.

Holds "filename" used to STORE & RETRIEVE
data to magnetic disk.

Holds ASCII version of ANALOG CHANNEL to
be sampled.

Holds ASCII version of SAMPLING RATE.

Holds ASCII version of MAXIMUM SAMPLING RATE,

Holds ASCII version of total number of
SAMPLES to be taken.

Holds ASCII version of maximum number of
samples which can be stored.

Holds ASCII version of first sample to be
used during digital-to-analog operations.

Holds BINARY version of ANALOG CHANNEL to
be sampled.

Holds LONG (32 bit) version of SAMPLING RATE.

Holds LONG (32 bit) version of first sample
to be used during digital-to-analog
operations.

Holds LONG (32 bit) version of last sample
to be used during digital-to-analog
operations.

/**********************************************#******#******************/

/* NOTE:

/*

char
char
char
char
char
char
char

char

char

limitlA thru 1limit8A are used during digital-to-analog

*/

operations to set the inital extended memory board to be used. */
J AR Rk ARk kR Rk kR R KK KRR R R KKK Rk Rk kR Rk kR Rk [

limitlA[7];
1imit2A[7];
1imit3A[{7];
1imit4A[7]);
1imit5A{7];
1imit6A[7];
limit7A(7];

1imit8A[7];

crystal[8];

/* Holds ASCII version of first "sample" stored
/* on extended memory board #1.

/* Holds ASCII version of last "sample™ stored

/* on extended memory board #1.

/* Holds ASCII version of first "sample"stored

/* on extended memory board #2.

/* Holds ASCII version of last "sample" stored

/* on extended memory board #2,

/* Holds ASCII version of first "sample" stored
/* on extended memory board #3.

/* Holds ASCII version of last "sample" stored

/* on extended memory board #3.

/* Holds ASCII version of first "sample"stored

/* on extended memory board #4.

/* Holds ASCII version of last "sample" stored

/* on extended memory board #4.

/* Holds ASCII version of crystal frequency

/* used with STC chip.

A-4

*/
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char mem_buffer[2048]; 5* Temporary holding place in lowest 64K of */

i * memory for data, Used during disk I/0 and */ fy
/* plotting operations. */

- char from[4]; /* Holds LONG (32 bit) version of first byte to */
/* be moved during memory-to-memory transfer. */

-

e e,

Lot v
o e s

char to[4]; /* Holds LONG (32 bit) version of where first */

b /* Dbyte is to be moved to during memory-to- */
N /* transfer, */

. v
MR

int volt_line; /* Used to control up/down VOLT_LINE movement. */
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/***#***#t*********#***#*****#***********#*****************#****#******#t/

/* */
/* NAME: TITLE.C */
/* VERSION: 1.0 */
/* DATE: 2 December 1983 */
/* MODULE NUMBER: 3 */
/* FUNCTION: Displays program title (SPEECH) and author's name on */
/* CRT screen. */
/* INPUTS: NONE. */
/* OUTPUTS: Programmed "text" displayed on CRT screen,. */
/* GLOBAL VARIABLES USED: NONE. */
/* GLOBAL VARIABLES CHANGED: NONE. */
/* FILES READ: NONE. */
/* FILES WRITTEN: NONE. */
/* MODULES CALLED: NONE. */
/* CALLING MODULES: main() */
/* */
;* AUTHOR: CAPTAIN WILLIAM H. LIEBER *5
* *

/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */
/* Speech Work Station. Thesis Advisor: Major Larry Kizer. *;
* *

/*********#****************************************#*********************/

/********t***************************************************************/

/* SYMBOLIC CONSTANTS */
/*#****#************************#*****t********************#***#******#**/
#define ESCAPE 27 /* H-19 CRT ASCII "escape" code. */
#define CLEARS 69 /* H-19 CRT ASCII clear the screen code.*/

/************************************************************************/

/* */
/* FUNCTION: TITLE() */
/* *

JEEEREREE R AR AR KRR R R ARk Rk Rk Rk KRk
title()
(

putchar(ESCAPE); /* Clear CRT screen, */
putchar (CLEARS);

printf("\n\n\n\n");

printf("\t "y,

puts("XXXXXXX XXXXXXX XXXXXXX XXXXXXX XXXXXXX XX XX\n");
printf("\t ");

puts("XXXXXXX XXXXXXX XXXXXXX XXXXXXX XXXXXXX XX XX\n");
printf("\t ");

/* Display "SPEECH" on CRT screen. */

puts("XX XX XX XX XX XX XX XX\n");
printf("\t ")
puts("XxX XX XX XX XX XX XX XX\n");
printf("\t "),
puta("XXXXXXX XXXXXXX XXXXX XXXXX XX XXXXXXX\n");

printf("\t ")

A AR WO G VL G S WL VD
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puts (“"XXXXXXX XXXXXXX

printf ("\t ");

puts (" XX XX
printf ("\t ");
puts (" XX XX

printf ("\t "),
puts {("XXXXXXX XX
printf ("\t ");
puts ("XXXXXXX XX

XXXXX XXXXX XX
XX XX XX
XX XX XX
XXXXXXX XXXXXXX
XXXXXXX XXXXXXX

/* Display

printf ("\n\n\n\n\n\n\n\n\n");

printf ("\t\t\t\t\t by:

sleep(40);
putchar (ESCAPE) ;
putchar (CLEARS) ;

CAPT WILLIAM H.

/*
/*

XXXXXXX

XXXXXXX

YT TR TR T W N T W R TN T T T e s W W W W W N e T T TN T EN N TR ST TR Y RO '-i

XXXXXXX\n") ;
XX XX\n") ;
XX XxX\n");
XX XX\n") ;

XX xx\an") ;

authors name on CRT screen. */

LIEBER") ;

Wait while user enjoys title.*/
Clear the CRT screen. */
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o i /* */
:, /* NAME: INTRO.C */
.-, /* VERSION: 1.0 */ )
/* DATE: 2 December 1983 */ ]
/* MODULE NUMBER: 4 */
- /¥ FUNCTION: Stores user's name for future display. Asks user if */
- /* program description should be displayed. Responds to user's */
e /* yes or no response. */
/* INPUTS: User entered commands from H-19 keyboard. */
/* OUTPUTS: Usger prompts displayed on CRT screen. */
/* GLOBAL VARIABLES USED: name. */
/* GLOBAL VARIABLES CHANGED: name. */
/* FILES READ: NONE. */
/* FILES WRITTEN: NONE. */
/* MODULES CALLED: describe(). */
/* CALLING MODULES: main() x/
= /* */
e 5* AUTHOR: CAPTAIN WILLIAM H. LIEBER *;
e * *
/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */
/* Speech Work Station. Thesis Advisor: Major Larry Kizer, */
v, * *
ﬁ;- JE L L L T e e e P S P R T2
|
[RFAERARAAARR KRR AR R R AR R R Rk Rk Rk ok Rk Rk Rk Rk kR kKK
/* SYMBOLIC CONSTANTS */
L PR e L L L e T Y]
e #define ESCAPE 27  /* H-19 CRT ASCII "escape" code. */
#define CLEARS 69 /* H-19 CRT ASCII clear the screen code. */
#define R _VIDEO 0x70 /* H-19 CRT code for enter reverse video mode. */

#define N_VIDEO Ox71 /* H-19 CRT code for enter normal video mode. */ .

/************************************************************************/

/* GLOBAL VARIABLES */
R L e e T e T LY
#include "speech.h" /* Contains all GLOBAL VARIABLES, */

JREEREAEE R AR Rk Rk kR kKR okkokok kR kok R kokkkkkkokk Rk Rk k Rk R kkkRkokkkkkkk [

/* */
/* FUNCTION: INTRO() */
/* *
JERERRERRERRRRAA R AR RRR A AT R R AR AR Rk Rk Rk d kR ARk Rk kR kkokkok /
intro()
{
[ R AOR oK KK KR KR KRR ARk Rk Rk Rk Rk Rk R Rk Kk [
/* LOCAL VARIABLES */
JEL R s T e s P P T R Tt Y
int see_intro; /* Holds keyboard response to getchar().*/
int i; /* Indexing variable used in "for" loop.*/
A-8
'®
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/* STORE USER'S NAME */ .
T e L P e R P I L L L e LT L N
puts("\nMy name is MAGIC and I'm your host.\n"); g
puts(”\nWhat 18 Jour name? ...eccveeesscocenssssccsasnssssSCRO"Y; R
puts("\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\D\D"); ]
puts("\b\b\b\b\b\b"); g
for(i = 0; (¢ = getchar()) 1= "\n' && i < NAME_MAX; ++1) o
name{i] = c¢; j
name[i] = '\O0'; K
printf("\nWelcome to SPEECH, Zs. \n", name); ]
4
I T R T e R e R I A L R AL LIl Y ]
/* DOES USER WISH TO SEE THE PROGRAM DESCRIPTION */ 1
L T L T e P T P T T TR LT PR P R P R P S LS P LT L R B
LOOP1: ; )
puts("\nWould you like to review how I work? [Y/N]"); g
see_intro = getchar(); /* Get user's command. */ j
B
switch(see intro) { /*¥ Respond to user's command. */ P
case 'YT: case 'y': /* Show program description to user. */ '
describe();
break;
case 'N': case 'n': /* User does not wish to see program */
break; /* description. Continue. */ .
- default: /* Valid command not provided by user. */ g
Py printf("\n\nSorry Zs, ", name); o
puts("I didn't understand what you said.\n"); -
goto LOOP1;
)
)
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/***#*#********************************************t******t***#**t***#***/

/* */
/* NAME: DESCRIBE.C */
/* VERSION: 1.0 */
/* DATE: 2 Decemober 1983 */
/* MODULE NUMBER: 5 */
/* FUNCTION: Displays SPEECH'S description and user's guide on */
/* the CRT screen. */
/* INPUTS: User entered commands from H-19 keyboard. */
/* OUTPUTS: Programmed "text" displayed on CRT screen. */
/* GLOBAL VARIABLES USED: name, */
/* GLOBAL VARIABLES CHANGED: NONE. */
/* FILES READ: NONE. */
/* FILES WRITTEN: NONE. */
/* MODULES CALLED: NONE, */
;* CALLING MODULES: main(), menu(). *;
* *

/* AUTHOR: CAPTAIN WILLIAM H. LIEBER *;
/* *

/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */
/* Speech Work Station. Thesis Advisor: Major Larry Kizer. *5
* *

/**************************************************t*********************/

J AR R AR KRR AR AR R AR Rk R R AR R KRR R KRR KRR kR Rk k ok Kk [

/* SYMBOLIC CONSTANTS */
JRER ko R R R Rk R Rk Rk kR Rk R Rk kR Rk kR Rk kR kR Rk Rk k /
#define ESCAPE 27 /* H-19 CRT ASCII "escape" code. */
#define CLEARS 69 /* H-19 CRT ASCII clear the screen code. x/
#define R_VIDEO O0x70 /* H-19 CRT code for enter reverse video mode. */

#define N_VIDEO O0x71 /* H-19 CRT code for enter normal video mode. */

/3 e e ke ke ok o ok ok e ok e ke o R o ook ook e ok ok ok ok ok o o ok o ok ok Aol ok kol R R kk kR kR koR Rk Rk ko ok Rk R Rk kR kR Rk /

/* */
/* FUNCTION: DESCRIBE() */
* */

JRRRREREEEEERR R Rk Rk Rk kR Rk Rk kR kR Rk Rk hk ko ko kk Rk [
describe()
{

JREERR kR ok kR kok kR ok ok ok ok ok kok ok Rk Rk Rk Rk Rk kR kR ARk Rk Rk k[
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/* DISPLAY PAGE 1 OF TEXT */ o
JAFEEE AR AR KA RRR AR KA AR AR AR KRR KRRk Rk kR R kR kR k kR [ -
putchar(ESCAPE); /* Clear CRT screen. */ -
putchar (CLEARS); :
puts(" I. GENERAL DESCRIPTION.\n\n"); -
puts(" SPEECH.COM's basic purpose is to sample an analog input\a"); -
puts(” and place the quantized digital value of the sample in\n"); -
puts(" extended memory, From there, the samples may be graphically\n"); -
puts(" displayed 500 at a time on the CRT screen or placed in more\n"); o
puts(" permanent storage on a magnetic disk. Previously stored \n"); .
puts(" samples from a magnetic disk may of course be transferred\n"); -
A-10 -
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putchar(ESCAPE);
putchar(R_VIDEO);

/* Display user prompt in reverse video.*/

puts(" back to the system's extended memory. A short description\n");

puts(" of the eight options contained in SPEECH.COM are printed \n");

puts(" below.\n\n");

puts(" ANALOG-TO-DIGITAL CONVERSION. \n\n");

puts (" Analog-to-Digital (A/D) conversion (sampling) is \n");

puts(" accomplished by the Analog Devices module DAS1128., The\n"); ‘.

puts(" module is installed as Integrated Circuit chip number 61.\n"); g

puts(" This module has input pins for 16 (0 thru 15) separate\n"); .

puts(" analog inputs. Any one of the inputs may be user selected\n"); f

puts(" as the channel to be sampled. The default channel is\n"); o

puts(" channel 0. NOTE the input signal(s) must be preconditioned\n"); -

puts(" by the user to be between plus and minus 5 volts. During\n"); 4
R
-4

puts("\nPress any key to continue."); ’
putchar (ESCAPE) ; 2
putchar(N_VIDEO); ;

getchar(); /* Wait for key to be pressed. */ ]
J AR AR KRR AR RO R R AR R R R KRR R KRRk kAR Rk 3
/* DISPLAY PAGE 2 OF TEXT */ g
T e T L et bl s L e T P e P P e Y .
putchar (ESCAPE); /* Clear CRT screen. */ E

putchar(CLEARS);

puts(" program operation, the user selects the rate (in samples\n");
puts(" per second) at which the input signal will be sampled plus\n");
puts(" the number of samples to be taken and stored in extended\n");
puts(" memory. NOTE also the maximum sampling rate allowed is\n");
puts(" 31,700 samples per second and the maximum number of\n");
puts(" samples storable is 163,840. (Five SSM Microcomputer static\a");
puts(" memory boards @ 32K samples -- 64K bytes -- per board.)\n");
puts(" When an A/D conversion is requested, the selected\n");
puts(" analog input is converted to 12 bit resolution digital\n");
puts(" values, The 12 bits are in 2's complement format. After\n");
puts(" each sampling of the input analog signal, first the\n");

v puts(" lower 8 bits are stored in memory and then the higher\n");

b puts(" 4 bits are stored. The two trips to memory is due to\n");

k{- puts(" the system's 8 bit data bus. The first memory location\n");

b puts(" used for storage is always memory address 0 of the\a");

&= puts("” first extended memory board. The controlling devices\n");

P;' puts(" during A/D conversion are (1) Advanced Micro Devices\n");

» puts(" AM9517A Multimode Direct Memory Access (DMA) Controller,\n");

J! puts(" installed as Integrated Circuit chip #27, and\n");

- puts(" (2) Advanced Micro Devices AM9513 System Timing\n");

- puts(" Controller (STC), installed as Integrated Circuit\n");

3 puts(" chip #17.\n");

ft
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putchar (ESCAPE);
putchar(R_VIDEO);

/* Display user prompt in reverse video.*/

s an)
1

. puts("\nPress any key to continue."); ~
.- putchar (ESCAPE); "
- putchar(N_VIDEO); s
ti. getchar(); /* Wait for key to be pressed. */ Q
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/* DISPLAY PAGE 3 OF TEXT */
/*********************************************************************/

putchar(ESCAPE); /* Clear CRT screen. */

i A - A S Y A on R e e Jhee Al S i e Sin A ~a R il Nt B Pl RO L AL L SRR R L A I T

putchar(CLEARS);
puts(" 2. DIGITAL-TO~-ANALOG CONVERSION.\n\n");
puts(" Digital-to-Analog (D/A) conversion is accomplished by the\n");
puts(" Analog Devices module DAC1118. The module is installed as\n");
puts(" Integrated Circuit chip #45 and uses 12 bit resolution\n");
puts(" digital values to produce a single analog signal. The 12\n");
puts(" bits are in 2's complement format and form an analog output\n");
puts(" value between plus and minus 5 volts. As with A/D sampling,\n");
puts(" two trips to memory are required to bring the 12 bits to\n");
puts(" the D/A module. The 12 bits are latched until the strobe\n");
puts(" clock pulse is received. Under software control, the system\n");
puts(" user selects the first and last samples to be converted by\n");
puts(" the module. An output delay occurs when the first sample\n");
puts(" selected is not near the beginning of an extended memory\n");
puts(" board. This is because the D/A output process only knows\n");
puts(" how to start counting bytes when starting at the beginning\n");
puts(" of an extended memory board. Therefore, an output delay is\n");
puts(" experienced as the program by-passes unrequested samples.\n");
puts(" The AM9517A DMA and AM9513 STC are the controlling devices\n");
puts(" during D/A conversion.\n");

putchar(ESCAPE);

/* Display user prompt in reverse video.¥*/

putchar(R_VIDEO);
puts("\nPress any key to continue.™);

lo putchar(ESCAPE);

putchar(N_VIDEO);

getchar(); /* Wait for key to be pressed. */

/*********t**#********************************************************/
/* DISPLAY PAGE 4 OF TEXT */
/*********************************************************************[
putchar (ESCAPE); /* Clear CRT screen. */
putchar(CLEARS);

puts(" 3. STORE DATA ON MAGNETIC DISK.\n\n");

puts(" After performing an A/D conversion, the user may select\n");
puts(" to place the collectd data samples on magnetic disk for\n");
puts(" storage. The transfer of data is always to the disk inserted\n");
puts(" in drive B. A maximum of 327,680 bytes (the capacity of all\n");
puts(" extended memory boards combined) can be placed on magnetic\n");
puts(" disk during one command. The program transfers the data\n");
puts(" samples in blocks of 2048 bytes by using a transparent data\n");
puts(" buffer. Data is first moved from extended memory to the data\n");
puts(" buffer in LO memory, and then to the magnetic disk. The\n");
puts(" data may be placed under any filename selected by the user.\n");
puts("” The default filename is DATA.ONE. The AM9517A DMA chip is\n");
puts(" used to transfer the data between HI memory (memory located\n");
puts(" above the first 64K) and LO memory (the first 64K).\n");
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putchar (ESCAPE); /* Display user prompt in reverse video.*/
putchar(R_VIDEO);

puts("\nPress any key to continue.");

putchar(ESCAPE);

putchar(N_VIDEO);

L
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getchar(); /* Wait for key to be pressed. */
JERE R R kAR ok Rk ROk KRR KRR Rk KRR O KRRk RO KR kR Rk Rk
/* DISPLAY PAGE 5 OF TEXT */
o e e s el Ll Y
putchar (ESCAPE); /* Clear CRT screen. */
putchar (CLEARS);
puts(" 4. RETRIEVE DATA FROM MAGNETIC DISK.\n\n");
puts(" Data stored on magnetic disk may be placed in extended\n");
puts(" memory for use by other program options. The transfer of\n");
puts(" data samples is done in blocks of 2048 bytes by using a\n");
puts(" transparent data buffer. The data samples are first moved\n");
puts(" from the magnetic disk to a data buffer in LO memory. The\n");
puts(" 2048 byte block of data is then transferred to extended\n");
puts(" memory, beginning with byte address O of the first extended\n");
puts(" memory board. The AM9S17A DMA chip is used to transfer the\n");
puts(" data between HI memory (memory located above the first 64K)\n");
puts(" and LO memory (the first 64K).\n\n");
putchar(ESCAPE); /* Display user prompt in reverse video.*/ )
putchar(R_VIDEO); .
puts("\nPress any key to continue."); -
putchar (ESCAPE); -
putchar(N_VIDEO); -
getchar(); /* Wait for key to be pressed. */
JRRA R Ak kR Kk ARk KOk KRk Kok K R HOR Rk KR KRRk R kKRR K [ K
/* DISPLAY PAGE 6 OF TEXT */ :
R e P e e P e e T F e P AR L L P LY .
putchar (ESCAPE); /* Clear CRT screen. */ .
putchar (CLEARS); ‘
puts(" 5. USE GRAPHICS TO DISPLAY DATA.\n\n");
puts(" Once an analog signal has been sampled, it can be displayed\n");
puts("® graphically on the CRT screen in blocks of 500 samples.\n");
puts(" The high resolution graphics package contained in the CRT\n");
puts(" terminal allows this to be done. The user selects the first\an");
puts(" sample of the 500 sample block to be displayed. The\n");
puts(" corresponding 1000 bytes (2 bytes per data sample) are then\n");
puts(" transferred by the AM9517A DMA chip to the transparent data\n");
puts(" buffer. These 1000 bytes are converted to the 500 y-axix\n");
puts(" values required for plotting. Once plotted a horizontal axis\n");
puts(" cursor allows selection of a begining and ending sample\n");
puts(® for output by the D/A module. The begining and ending sample\n");
puts(" need not be from the same 500 sample plot. Cursor movements\a");
puts(" in step of 1, 25, 100, and 500 samples are allowed.\n");
puts(" Additionally, a vertical axis (voltage line) cursor can be\n"); 3
puts(" moved in steps of 1 and 20 pixels (20 pixels = 1 volt) to\n"); g
puts(" judge relative heights of the plotted data samples. All\n"); .
puts(" options are user prompted on the CRT screen along with the\n"); }
puts(" graph,\n"); R
1
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putchar (ESCAPE);
putchar (R_VIDEO);
puts("\nPress any key to continue.");
putchar(ESCAPE);
pvtchar(N_VIDEO);
getchar();

/* Display user prompt in reverse video.¥*/

/* Wait for key to be pressed. */

[ ARk R K RO K KR R KR kR ok ok kR ok Rk ok R ROk kR Ak kR Rk kK
/* DISPLAY PAGE 7 OF TEXT */
[ ARk R R ROk RO R K ok R ook R Kok Rk ok R ko R Rk Rk R ok ok kK
putchar (ESCAPE); /* Clear CRT screen. */
putchar(CLEARS);

puts(" 6. TRANSMIT DATA TO/FROM THE ECLIPSE.\n\n");

puts(" This option was not written as part of the thesis effort.\n");
puts(" Space was reserved, however, in the S-100 open frame for a\n");
puts(" TU-ART board which can be used to transfer data between the\n");
puts(" CROMENCO S-100 microcomputer system and the NOVA/ECLISPE\n");
puts(" minicomputer system.\n\n");

puts(" 7. REVIEW THE INTRODUCTION.\n\n");

puts(" This option allows the user to review the basic workings\an");
puts(" of the program whenever the user wishes. Once the review is\na");
puts(" completed, the program MENU is redisplayed to the user on\n");
puts(" the CRT screen.\n\n");

puts(” 8. EXIT THE PROGRAM.\n\n");

puts{(" This option is used whenever all other actions are done\n");
puts(" by the user. This option displays a good-bye message to the\n");
puts(" user and causes a control word to be set which results in\n");
puts(" the operating system prompt (A.,) being redisplayed.\n");

putchar (ESCAPE);
putchar(R_VIDEO);
puts("\nPress any key to continue.");
putchar (ESCAPE);
putchar(N_VIDEO);
getchar();

/* Display user prompt in reverse video.*/

/* Wait for key to be pressed. */

JRF AR E A AR AR KRRk R kR KR koo ok ok ok ok ok ok ok sk o ok o ok KoKk sk ok ok ok ok ok ek ok ok ok ok
/% DISPLAY PAGE 8 OF TEXT */
JFF A A KRk ok Rk KKK ok sk kR R Rk ok ok ok sk ok ok skokok ok kKRR sk ok kR [
putchar(ESCAPE); /* Clear CRT screen. */
putchar (CLEARS);

puts("II. USER's GUIDE.\n\n");

puts(" 1. Turn system power on.\n\n");

puts(" 2, Place a diskette containing SPEECH.COM and the operating\n");
puts(" system in drive A.\n\n");

puts(" 3. Place a second diskette in drive B. The second diskette\n");
puts("” is used for data storage and retrieval. If used for data\n");
puts(" storage, the diskette must be able to store a number of \n");
puts(" bytes equal to twice the number of data samples taken,\n");
puts(" Recall that the maximum number of bytes taken by SPEECH.COM\n");
puts(" is 327,680 bytes (163,840 samples). If used for retrieval,\n");
puts(" the diskette must contain previously stored data.\n\n");

puts(" 4. Boot the system by pressing the keyboard RETURN key four\n");
puts(” times. You may alternately press the keyboard RETURN and\n");
puts("” REPEAT keys simultaneously.\n\n");

puts(" S. When the system prompt (A.) appears, type: SPEECH <CR>.\n\n");

A-14
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putchar (ESCAPE); /* Display user prompt in reverse video.*/
putchar(R_VIDEO);

puts("\nPress any key to continue.");

putchar (ESCAPE);

putchar(N_VIDEO);

getchar(); /* Wait for key to be pressed. */

/*********************************************************************/
/* DISPLAY PAGE 9 OF TEXT */
/*********************************************************************/

putchar(ESCAPE); /* Clear CRT screen. x/
putchar (CLEARS);

puts(" 6, The SPEECH program is now loaded and operating. The \n");

puts(" program is user friendly and will prompt the user at alll\n");
puts(" decision points.\n\n");
puts("™ 7. First, the user may personalize the program by entering the\n");
puts(" user's name when asked at the beginning of the program.\n\n");
puts(" 8. Next the user will be given an opportunity to review how\n");
puts(" SPEECH.COM works. A yes or no response is solicated with\an");
puts(" the program responding accordingly.\n\n");
puts(" 9, Finally, SPEECH.COM's \"MENU\" will be displayed. The menu\n");
puts(" gives the user a choice of eight options:\n");
puts(" a. Do an ANALOG-TO-DIGITAL conversion.\n");
puts(" b. Do a DIGITAL-TO-ANALOG conversion.\n");
puts(" c. STORE data on magnetic disk.\n");
puts(" d. RETRIEVE data from magnetic disk.\n");
puts(" e. Use GRAPHICS to display data.\n");
puts(" f. TRANSMIT data to the Eclispse.\n");
puts(" (Not written as part of AFIT THESIS GE/EE/83D-38.)\n");
puts(" g. Review the INTRODUCTION.\n");
puts(" h. EXIT the program.\n");

putchar (ESCAPE); /* Display user prompt in reverse video.¥*/ <o

putchar(R_VIDEO);

i
Aaca

puts("\nPress any key to continue."); -
putchar (ESCAPE); »
putchar (N_VIDEO); ]
getchar(); /* Wait for key to be pressed. */ 2

[ AR A A A AR AR A R A AR AR AR R AR AR R ROk Rk Rk kR kR Kok

‘
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/* DISPLAY PAGE 10 OF TEXT */
/*************************************#*******************************/
putchar (ESCAPE); /* Clear CRT screen. */

putchar(CLEARS);

puts(" 10. After completing any menu option (except of course EXIT),\n");
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puts(" the \"MENU\" is redisplayed to the user. Another choice\n");
puts(" can then be entered.\n\n");

puts(" 11. When the user is finished, type \"E\" and the system prompt\n");
puts(" will reappear on the CRT screen.\n\n");

puts(™ 12. Remove all diskettes, turn off all system power, and the\n");
puts(" session is completed.\n");

puts("\nTHAT CONCLUDES THE INTRODUCTION TO \"SPEECH\".\n");
puts("NOW ON TO THE MENU.\n\n");
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putchar(ESCAPE);
putchar(R_VIDEO);
puts("\nPress any
putchar (ESCAPE);
putchar(N_VIDEO);
getchar();
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/* Display user prompt in reverse video.*/

key to continue.");

/* Wait for key to be pressed.
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[ Aok ok ook Kok R Ak ok kR R AR R R KRR R Rk R kR Rk Rk kR ko g;
/* */ .
/* NAME: DEFAULTS.C */ -
/* VERSION: 1,0 */ g
/* DATE: 2 December 1983 */ -
/* MODULE NUMBER: 6 */ )
/* FUNCTION: Initializes specified GLOBAL VARIABLES to default */ g
/* values. */ 3
/* INPUTS: NONE. */ L
/* OUTPUTS: NONE. */ .
/* GLOBAL VARIABLES USED: exit, is_analog, is_digital, is_mem_mem,*/ )
/* is_graphics, is_clearmem, channel, rate, max_rate, samples, */ ]
/* max_samples, begin_at, crystal, filename, limitlA, limit2a, */ E
/* limit3A, limit4A, 1imit5A, limit6A, 1limit7A, limit8A. */ .
/* GLOBAL VARIABLES CHANGED: See GLOBAL VARIABLES USED, */ =]
/* FILES READ: NONE. */ {J
/* FILES WRITTEN: NONE. */ B
/* MODULES CALLED: NONE. */ -]
/* CALLING MODULES: main(). */ 3
/* */
/* AUTHOR: CAPTAIN WILLIAM H. LIEBER *;
/* *
/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */
/* Speech Work Station. Thesis Advisor: Major Larry Kizer. */
* * -
J AR Kok ok kK K Ak ARk kR Rk R kR Rk ok ek ok ok kR Rk Kk ok [ Iy
o
JEEEE R Rk ok Rk Rk Rk Rk Rk kR Rk Rk Rk Rk dokokk kR kR kR kR R K [ 4
/* SYMBOLIC CONSTANTS */ y
JEERR Rk kok ok kR ok AR kR kAR KoKk Rk ko ok ok kb kR kb ok Rk kR Rk Kk Kk R
#define FALSE O /* Logic "false" is a zero. */ i
R
J R AR ok kR ok ok Aok ok Kok ok Rk koK Ak ok KRRk kR Rk ok Rk kR kR Rk koo k )
/* GLOBAL VARIABLES */ -
JRFEE Rk kokok sk Rk Rk Rk Rk ok bRk kR ok kR kR kR kR kR kk ko ko kKK [ -
#include "speech.,h" /* Contains all GLOBAL VARIABLES. */ L
JRERER R AR Rk kR kR ok koK Kk KRk Rk Rk Rk ko ok kR kR Rk Rk Rk kk ok i
/* */ '
;* FUNCTION: SET_DEFAULTS() */ *
* */ g
JREREER R Rk koK R R Rk Rk Rk R Rk Rk Rk Rk Rk kKK 1
set_defaults() 3
( ;
exit = FALSE; -3
is_analog = FALSE; <]
is_digital = FALSE; =
is_mem_mem = FALSE;
is_graphics = FALSE;
is_clearmem = FALSE; ]
A-17 b
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channel[0] = '0';
channel{l] = "\0';
rate[0] = '1';
rate[l] = '0';
rate[2] = '0';
rate[3] = '0';
rate[4] = '0';
rate[5] = "\0';
max_rate[0] = '3';
max_rate[l] = '1';
max_rate[2] = '7';
max_rate[3] = '0';
max_rate[4] = '0';
max_rate[5] = '\0';

samples[0] = '1';
samples[l] = '6';
samples{2] = '3';
samples{3] = '8"';
samples{4] = '4';
samples[5] = '0';
samples[6] = '\0';
max_samples[0] = '1'
max_samples[l] = '6';
max_samples[2] = '3';
max_samples[3] = '8';
max_samples[4] = '4"';
max_samples[5)] = '0';
max_samples[6] = '\O'

begin_at[0] = '1°';
begin_at[1]) = '\0';

crystal[0] = '4°';
crystal[l] = '0';
crystal[2] = '0';
crystal[3] = '0';
crystal[4] = '0';
crystal[5] = '1';
crystal[6] = '0';
crystal{7] = '\0';
filename[0] = 'B';
filename[l] = ':';
filename[2] = 'D';
filename[3] = 'A'
filename[4] = 'T';
filename[5] = 'A'
filename[6] = '.'
filename[7] = '0';
filename[8] = 'N';
filename[9] = 'E';
filename[10] = '\0';

/*
/*

/*
/*

/*
/*

/*

Default analog channel to
from is: O,

Default sampling rate is:
(Samples per second.)

Maximum sampling rate is:
(Samples per second.)

Default number of samples
taken is: 163,840,

Maximum number of samples which can
163,840,

be stored in memory is:

Default Digital-to-Analog samples to

be by-passed is: 1.

The STC crystal frequency
4,000,010 hertz.
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sample

10,000.

31,700.

to be

is:

Default filename is: B:DATA.ONE
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1imit1A[O
limit1A[1]

1imit2A{0)
limit2a[1]
limit2A[2
limit2A[3]
limit2A[4
limit2A[5

1imit3A[0]
limit3A[1]
limit3A[2]
limit3A([3
limit3A[4]
1imit34[5]

limit4A[0]
limit4Afl
limit4A[2
limité4A[3]
1imit4A[4]
limit4A[5]

limit5A{0]
limit5A[1])
1imit5A[2]
1imit5A{3]
limit54A
limit5A

limit6A
limit6A[

1imit6A[3
limit6A[4
limit6A[5

4
5
1limit6A[O
1
2

1limit7A(0]
limit7A[1
limit7A[2
limit7A(3
limit7A[4
1imit7A{5]

1imit8A[0]
limit8A[1]
1imit8A[2]
1imit8A[3]
limitB8A[4]
1limit8A[5)
1limit8A[6]
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/*
/*

/*
/*

~
*

/*
/*

/*
/*

The first sample on memory board #1
is: 0.

The last sample on memory board #1
is: 32,768,

The first sample on memory board #2
is: 32,769.

The last sample on memory board #2
is: 65,536,

The first sample on memory board #3
is: 65,537,

The last sample on memory board #3
is: 98,304.

The first sample on memory board #4
is: 98,305.

The last sample on memory board #4
is: 131,072,

'''''''''

*/
*/

*/
*/

*/

*/
*/

*/
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/* */
/* NAME: MENU.C */
/* VERSION: 1.0 */
/* DATE: 2 December 1983 */
/* MODULE NUMBER: 7 */
/* FUNCTION: Prompts user with "menu of commands" available in */
/* SPEECH. Implements user's response. */
/* INPUTS: User entered commands from H-19 keyboard. */
/* OUTPUTS: User prompts displayed on CRT screen. */
/* GLOBAL VARIABLES USED: name. */
/* GLOBAL VARIABLES CHANGED: NONE. */
/* FILES READ: NONE. */
/* FILES WRITTEN: NONE. */
/* MODULES CALLED: analog(), digital(), store(), retrieve(), */
/* graphics(), describe(), quit(). */
/* CALLING MODULES: main() */
/% */
5* AUTHOR: CAPTAIN WILLIAM H. LIEBER *;
* *

/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */
5* Speech Work Station., Thesis Advisor: Major Larry Kizer. */
* *

[ A o o o ok ok s ke ok o ok o ok ol ok o ok e ok s ok ok ok ok ok ok ok ok Rk ok ok ok ok ok ok ok kokok ok ok ko ok ok ok /

JE R L L T L e e R e LY

/* SYMBOLIC CONSTANTS */
T T T T T P e T L TP TR T TS R R T S P TR PR
#define ESCAPE 27 /* H-19 CRT ASCII “escape" code. */
#define CLEARS 69 /* H-19 CRT ASCII clear the screen code. */

#define R_VIDEO 0x70 /* H-19 CRT code for enter reverse video mode. */
#define N_VIDEO O0x71 /* H-19 CRT code for enter normal video mode. */

/***********************************t************************************/

/* GLOBAL VARIABLES */
J AR AR AR KRRk AR R R KRR AR R RO AR KRR KRR R RO R R Rk [
#include "speech.h" /* Contains all GLOBAL VARIABLES. */
P
[RRRER ARk R ROk R R R R ROk kR kR Rk Rk kR Rk [ )
/* */
, /* FUNCTION: MENU() */
ok /* *
- JFERRER ARk ok ok ROk kR Aok R Rk Rk R Rk kRO R KRR R RO R kR Kk
F{- menu()
o
f;: Ao R R R R KR Kk R RO R kKRR R Rk R Rk k& [
. /* LOCAL VARIABLES */
r. J A AR KRR AR AR R KRR A AR Rk R RO R KRR R R R Rk
- int choose_one; /* Holds keyboard response to getchar().*/ 1
\. . .%
k! A-20 {
! ]
ko :1
{
1
!
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E /* DISPLAY "MENU OF COMMANDS" TO USER */ .
: P T R T T P R L R L I S L L Lt il B
. putchar (ESCAPE); /* Clear CRT screen. */ -
putchar (CLEARS); B
B!
LOOP2: ; /* Display "menu of commands" on CRT */ >
. puts("\n\t"); /* screen. */ o
putchar (ESCAPE); .
ﬁ putchar(R_VIDEO); ]
- printf("Zs ", name); e
puts("THIS IS SPEECH'S MENU:"); -
" putchar (ESCAPE); -]
Eb putchar(N_VIDEQ); 3
e -
i puts("\n\nDo an ANALOG-to-DIGITAL conversion.........Press A.\n"); .
puts("\nDo a DIGITAL-to-ANALOG conversion..........Press D.\n"); K
L puts("\nSTORE data on magnetic disk.......sc0es....Press S.\n"); .
L puts("\nRETRIEVE data from magnetic disk...........Press R.\n"); .
puts("\nUse GRAPHICS to display data&......sces:0...Press G.\n"); i
puts("\nTRANSMIT data to/from Eclipse.........s....Press T.\n"); N
puts("\nReview the INTRODUCTION...svsevcescsaessss.Press I.\n"); g
puts("\nEXIT the pProgram.....cccssesesssacsessssescPress E.\n"); ;
puts("\n\n\n\n"); /* Prompt user to enter a command, */ ]
putchar (ESCAPE); R
putchar(R_VIDEO); .
puts("Please enter your choice."); R
.. putchar (ESCAPE); J
(i: putchar(N_VIDEO);
[ FRRA R AR KA AR AR AR AR AR KRR KRR KRR R R R KRR RN E XK [
/* RESPOND TO USER'S COMMAND */
T T A e L PR R L L L L LI L Y
choose_one = getchar(); /* Get user's command. */
switch(choose_one){ /¥ Respond to user's command. */
case 'A': case 'a': /* Do an ANALOG-to-DIGITAL conversion. */
analog();
break;

case 'D': case 'd'
digital();
break;

case 'S': case 's
store();
break; &

L - case 'R': case /* RETRIEVE data from magnetic disk. */

e retrieve();

P break; -

T case 'G': case /* Use GRAPHICS to display data. */

s graphics();

o e break;

case 'T': case 't': /* TRANSMIT data to Eclispse. */ -
puts("\nCase T will not be written for this thesis.\n");
sleep(60);
break;

/* Do a DIGITAL-to-ANALOG conversion, */

/* STORE data on magnetic disk. */

A-21 -
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case 'I': case 'i': /* Review the INTRODUCTION, */ 3
describe(); g
break; 4

case 'E': case 'e': /* EXIT the program. */ 9
quit(); ]
break; k

default: /* User didn't enter a valid command. */ :
putchar (ESCAPE); /* Clear CRT screen and reprompt user., */ b

E
4

putchar(CLEARS);

printf("Sorry %Zs, ", name);

puts("I didn't understand what you said.\n");

goto LOOP2; /* Go wait for another command. */
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/*************************************************************#****#*****/

/* */ -
o] /* NAME: QUIT.C */ ”
o /* VERSION: 1.0 */ ]
o /* DATE: 2 December 1983 */ -
oy /* MODULE NUMBER: 8 */ 7
¥ /* FUNCTION: Displays goodbye message to user on CRT screen and ¥/ y
o /* exits program. */ 4
- /* INPUTS: NONE. */ ﬁ
/* OUTPUTS: Programmed "text" displayed on CRT screen. */ .
/* GLOBAL VARIABLES USED: name, exit. */ p
/* GLOBAL VARIABLES CHANGED: exit. */ 5
/* FILES READ: NONE. */ 4
/* FILES WRITTEN: NONE. */ 4
/* MODULES CALLED: NONE. */ “
;* CALLING MODULES: menu(), analog(), digital(), graphics(). :;
™
5* AUTHOR: CAPTAIN WILLIAM H. LIEBER *5
* *
/* HISTORY: AFIT THESIS GE/EE/834-71: Development of a Dedicated */
/* Speech Work Station. Thesis Advisor: Major Larry Kizer. */
* *

/************************************************************************/

/************************************************************************/

/* SYMBOLIC CONSTANTS */
JE I L T T T e s P P S PR AL R P ISR L L2222
#define ESCAPE 27 /* H-19 CRT ASCII "escape" code. */
#define CLEARS 69 /* H-19 CRT ASCII clear the screen code.*/
#define BELL 7 /*¥ H-19 CRT ASCII bell code. */ q
#define TRUE 1 /* Logic "true" is a 1. */ q
JE R Y et P e e e T L P T 22 Ty :
/* GLOBAL VARIABLES x/ y
[ R EE AR ARk ok A A R AR Ak R Ak ok kR kA K R R KR Rk kK Rk ok Rk Rk Kk [ 4
#include "speech.h" /* Contains all GLOBAL VARIABLES. */ =
PR R L L T L T R T e Y "
/* */ -
/* FUNCTION: QUIT */ §
* */ 2
JRAEAAK A AR R A ROk KRR K AR K Rk Kk kR kR ARk Rk kR R kR Rk Kk Rk k] “
quit() -
{ .
putchar (ESCAPE); /* Clear CRT screen and display goodbye */ .
putchar (CLEARS); /* message to user, */ -

printf£("\n\n\n\nHAVE A NICE DAY Zs!\n", name);
puts("\nBYE!\n");

putchar(BELL); /* Ring Bell. */ N

exit = TRUE; /* Enable program to return to */ :

/* operating system, */ i

} L]
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/************************************************************************/

/* */ —
/* NAME: ANALOG.C */ X
/* VERSION: 1.0 */ iy
/* DATE: 2 December 1983 */ -4
/* MODULE NUMBER: 9 */ n
/* FUNCTION: Performs analog-to-digital conversion of analog */ -
/* input. User selects "analog channel" to be sampled (1 of 16), */

/* data "sampling rate", and total "number of samples" to be */ -
/* taken. */ =
/* INPUTS: (1) User entered commands from H-19 keyboard. */ .
/* (2) Analog input to A/D module (DAS 1128, IC #61), */ o
/* OUTPUTS: User prompts displayed on CRT screen. */ -
/* GLOBAL VARIABLES USED: 1is_analog, chan_num, */ s
/* GLOBAL VARIABLES CHANGED: ~is_analog. */ -?
/* FILES READ: NONE. */ =
/* FILES WRITTEN: NONE. */ L
/* MODULES CALLED: clearmen(), input(), dma(), timing(), quit(), */ 3
/* wait(). */ K
/* CALLING MODULES: menu(). */ N
/* */ o3
;* AUTHOR: CAPTAIN WILLIAM H. LIEBER *5 *]
* * -
/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */ !
/* Speech Work Station. Thesis Advisor: Major Larry Kizer. */ .
* *

/************************************************************************/

[ TR AR AR R KAk AR RO KRR AR R KRR KA R R AR KRR R KRR RK
/* SYMBOLIC CONSTANTS */
2 e T T e L L TS Rt L L el Lt Lt Y
#define ESCAPE 27  /* H-19 CRT ASCII "escape" code. */ P
#define CLEARS 69 /* H-19 CRT ASCII clear screen code. */ 5
#define CLEARH 0xCO /* Address which resets hardware. */ -
#define BELL 7 /* H-19 CRT ASCII ring bell code. */ h
#define R_VIDEO 0x70  /* H-19 CRT code - enter reverse video mode. */
#define N_VIDEO 0x71 /* H-19 CRT code - enter normal video mode. */ 7
#define STC_C 0x11 /* Address for System Timing Controller (STC)*/ ﬂ
/* chip select - control register transfer.*/ ﬁ
#define RUN 0x30 /* Arm STC register 5 -- start the CLOCK. */ -l
#define RESET OxFF /* STC Master Reset code,. */ -
#define A_MUX 0xAO /* Address used to load analog input channel */ o)
/* to be sampled. */
#define EXTENDED 0x70 /* Address used to load Extended Address. */ j
#define BOARD_1 0x01 /* Address of first extended memory board. */ .1
#define A_TO_D 0x60 /* Address which toggles Analog-to-Digital */ 1
/* mode switch ON-OFF. */ e
#define TOGGLE 0 /* TOGGLE may be any value. TOGGLE is used */ R
/* in the 'value' position of the "C" */ -]
/* statement: outp(port,value). */
#define TRUE 1 /* Logic "true" is a 1. x/ 3
#define FALSE 0 /* Logic "false" is a 0. x/ N
2
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; /* GLOBAL VARIABLES */
AR AR AR AR R AR A KRR AR AR R KR AR R AR R ROk K [
#include "speech.h" /* Contains all GLOBAL VARIABLES */

EAS [ ARk kR KRR Kook Rk R R R R RO R KRR R kR Rk Rk kR Rk Rk k
. /* x/
= /* FUNCTION: ANALOG() */
ﬁii /* *
-~ /*********************************************************#*******#******/
analog()
{

/**************************************************************#******/

a /* LOCAL VARIABLES */
J R R KA KRR KRR OR KRR R OR AR KRk Rk Rk Rk ARk KRR Kk KR
int do_next; /* Holds keyboard response to getchar().*/
char chan_in; /* Holds 8 bit version of analog input */

/* channel to be sampled. *

JHREEEERA R AR RO R AR R KRRk KRR R R KRR R KRR KR KRR KRR RN R Rk

/* SET UP FOR ANALOG-TO-DIGITAL SAMPLING */

e e e e S R L el Ly

is_analog = TRUE; /* Enable selected portions of other */

/* functions used by analog(). */

putchar(ESCAPE); /* Clear CRT screen. */
putchar(CLEARS);

clearmem(); /* Load all Extended Memory Board bytes */

/* with zeros (00000000B). */

- outp(CLEARH,TOGGLE); /* RESET Thesis developed hardware. */

G. puts(™\b \b"); /* NOTE: CLEARH = COH. The CRT strips */

/* parity bit and prints "@" on the */

/* screen. (@ = 40H), Erase "@", */

input(); /* Input user's desired analog "input */

/* channel”, data "sampling rate”, and*/
/* total "number of samples” to take. */

dma(); /* Set DMA chip for analog-to-digital */
/*  sampling. */
timing(); /* Set STC chip for analog_to_digital */
/* sampling. */
chan_in = chan_num; /* Form 8 bit version of analog channel */
/* to be sampled. */
outp(A_MUX, chan_in); /* Load analog input channel to be */
/* sampled. */
J outp(EXTENDED, BOARD_1); /* Load address of initial extended */
N /* memory board to be used. */
e outp(A_TO_D, TOGGLE); /* Toggle A/D mode switch to: ON, */
-
p -
L
=
ﬁ..._-<
-
=
-
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/* PERFORM ANALOG-TO-DIGITAL SAMPLING */
/*********************************************************************/

/* Display user prompts on CRT screen. */

puts("\n\n\n\n\n\n\n\n\n");

puts("\nMAGIC's ready for ANALOG-to-DIGITAL sampling.\n\n");
putchar (ESCAPE);

putchar(R_VIDEO);

puts(" E - EXIT M - MENU ANY OTHER KEY - RUN ");
putchar (ESCAPE);

putchar (N_VIDEO);

do_next = getchar(); /* Get user's command. */
puts("\b \n"); /* Make command invisible on CRT screen.*/
switch(do_next) { /* Respond to user's command. */
case 'E': case 'e': /* EXIT program. */
quit();
goto BYE;
case 'M': case 'm': /* Return to MENU. */
goto BYE;
default: /* Let user know sampling has started by*/

/* displaying message & ringing bell, */
puts("\nMAGIC is at work!\n");
putchar(BELL);
)

outp(STC_C, RUN); /¥ Arm STC register 5 -- the CLOCK. */
/* BEGIN A/D SAMPLING!! */
wait(); /* Place CPU in tight loop until all */
/* samples are taken. */

A L e Y]
/* DONE */
A T g e Ty

/* Let user know sampling is finished by*/

putchar(BELL); /* displaying message & ringing bell, */

puts("\nANALOG-to-DIGITAL sampling finished.\n");

sleep(60); /* Let user read message. */
BYE:

outp(A_TO_D,TOGGLE); /* Toggle A/D mode switch to: OFF,. */

outp(STC_C,RESET); /* RESET STC chip. */

is_analog = FALSE; /* Disable selected portions of other */

/* functions used by analog(). */
)
A-26
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/************************************************************************[ A

/* */ '
/* NAME: DIGITAL.C */ ]
/* VERSION: 1.0 */ 4
/* DATE: 2 December 1983 */ -
/* MODULE NUMBER: 10 */ >
/* FUNCTION: Performs digital-to-analog conversion of data samples*/ ]
/* stored in extended memory. User selects first and last sample */ —
/* to be converted. */
/* INPUTS: User entered commands from H-19 keyboard. */ ]
/* OUTPUTS: (1) User prompts displayed on CRT screen. */ A
/* (2) Analog output signal from D/A module (DAC 1118, */ -
/* IC #45). */ ]
/* GLOBAL VARIABLES USED: is_digital, is_graphics, limit4A, start.*/ 3
/* GLOBAL VARIABLES CHANGED: is_digital, */ -
/* FILES READ: NONE. */ “
/* FILES WRITTEN: NONE. */ 3
/* MODULES CALLED: input(), dma(), timing(), quit(), wait(). */ :
;* CALLING MODULES: menu(), graphics(). :; j
*
/* AUTHOR: CAPTAIN WILLIAM H. LIEBER */
/* */ -
/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */ !
/* Speech Work Station. Thesis Advisor: Major Larry Kizer. *5 ff
* * K
;************************************************************************/ ‘f
iy
[ AR KA KA AR R KRRk ok ok ko olok ko ok ARk dok sk ok dok ok ok ok KRRk Kk kKRR KKK KK [
/* SYMBOLIC CONSTANTS */ -]
J R R AR OR kR ok ok ko ok ko ok ok sk ok ok ok ook Aok Ak sk Sk Rk KRR R KRRk Rk R KRRk [
#define ESCAPE 27 /* H-19 CRT ASCII "escape" code. */
#define CLEARS 69 /* H-19 CRT ASCII clear screen code. */
#define CLEARH 0xCO /*¥ Address which resets hardware. */ -
#define BELL 7 /* H-19 CRT ASCII ring bell code. * / 24
#define R_VIDEO 0x70  /* H-19 CRT code - enter reverse video mode. */
#define N_VIDEO 0x71 /* H-19 CRT code _ enter normal video mode. */ X
#define STC_C 0x11  /* Address System Timing Controller (STC) */ \
/* chip select - control register transfer, */ N
#define RUN 0x30 /* Arm STC register 5 -- start the CLOCK. */ '
#define RESET OxFF /* STC Master Reset code. */ -
#define EXTENDED 0x70 /* Address used to load Extended Address. */
#define D_TO_A 0xFO /* Address which toggles Digital-to-Analog */ .
/* mode switch ON-OFF. */ )
#define TOGGLE 0 /* TOGGLE may be any value. TOGGLE is used */ -
/* in the 'value' position of the "C" */ -
- /* statement: outp(port,value). */ -
. #define TRUE 1 /* Logic "true" is a 1. */ N
- #define FALSE 0 /* Logic "false" is a 0. */ o
fi' JREEEEEARE KRR R ok dokok ok kok kR kA ok sk ok Rk kR R kR kR AR KRRk KRRk Rk Rk k [ X
o /* GLOBAL VARIABLES */ BN
s JRER AR AR RO AR KRRk kR KRR kR kKR R Rk R R kR Rk [ "
- #include "speech.h" /* Contains all GLOBAL VARIABLES. */ :ﬁ
‘::_.. ;
¢ A-27 B
- -
- ‘ ‘
3
R

. e N
P WNE DAOR S O PN v Y




B e e areh S ek e s e s s ae ot at b el G RPN AR SRS

K 4

e - [k Ao o R o R AR AOK R OR KRR AR R R KoKk kKRR Rk Kk kKR KRR Rk KR ok ok R Rk Rk K [

] /* */

n /¥ FUNCTION: DIGITAL() * [

» /* */
L L L L S S L Ly
digital()

_ ( [ o o R o oK Rk Ok KRR kR KRR RO R R Rk kR KRR R Kk
ﬁ /* LOCAL VARIABLES */
A [ AR oK o R KR K K R R R R R ok ok ok s ok ok ok ok ok ok ok R kR Rk KRR KR kR K [
- int do_next; /¥ Holds keyboard response to getchar().*/
C char board_num[4]; /* Holds address of extended memory */
o /* board containing first "data */
Vo /* sample” to be converted from */
b /* digital-to-analog. */

char offset[4]; /* Holds LONG (32 bit) integer used to */
/¥ calculate board_num. */
char onel[4]; /* Holds LONG (32 bit) version of 1. */
char two[4]; /* Holds LONG (32 bit) version of 2. */
[ AR R A R R R R R R R R R ROk Kk ok ok ok kR ko ok koK kok kK Rk K /
/* SET UP FOR DIGITAL-TO-ANALOG CONVERSION */
[ AR KRR o KK R R Kok KRR Ok R KRR R ok K KKKk kR KRR K [
is_digital = TRUE; /* Enable selected portions of other */
/* functions used by digital(). x/
if(is_graphics == TRUE) /* Don't get inputs when in graphics(), */
; /*  because they are already selected! */
else {
putchar (ESCAPE); /* Clear CRT screen. */
(o putchar(CLEARS);
® input(); /* Input user's desired "first and last"*/
- /* sample to be converted, and desired */
N /*¥ "sampling rate",. */
)
e outp(CLEARH,TOGGLE); /* RESET Thesis developed hardware. */
- puts("\b \b"™); /* NOTE: CLEARH = COH. The CRT strips */
' /* parity bit and prints "@" on the */
() /* screen, (@ = 40H). Erase "@". */
o dma(); /* Set DMA chip for digital-to-analog  */
N /% conversion. */
SN timing(); /* Set STC chip for digital-to-analog */
S /* conversion. */
- itol(one,1); /* Convert 1 into a 32 bit integer. */
b itol(two,2); /* Convert 2 into a 32 bit integer. */
;!, atol(offset,limitdA); /* Convert limit4A to a 32 bit integer. */
. Imul(board_num,start,two); /* Form address of extended */
= lsub(board_num,board_num,one); /* memory board containing */
. ladd(board_num,board_num,offset); /¥ first "data sample" to be */
A - /* digital-to-analog converted, */
.- outp(EXTENDED,board_num[1]); /* Load address of initial extended */
@ /* memory board to be used. x/
. outp(D_TO_A, TOGGLE); /* Toggle D/A mode switch to: ON. */
a
y .
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/*********************************************************************/

/* PERFORM DIGITAL-TO-ANALOG CONVERSION */
[ R R ARk R R K koK KRR AR KRR R KRRk ok Kok Kok Rk Rk Rk
if(is_graphics == TRUE) /¥ Don't display prompts when in */

; /* graphics{)!! Just do conversion. */
else ( /* Display user prompts on CRT screen., */

puts("\n\n\n\n\n\n\n\n\n"),

puts("\nMAGIC's ready for DIGITAL-to-ANALOG conversion,\n\n");
putchar (ESCAPE);

putchar(R_VIDEO);

puts(" E - EXIT M - MENU ANY OTHER XEY - RUN ");
putchar (ESCAPE);

putchar(N_VIDEO);

do_next = getchar(); /*¥ Get user's command. */
puts("\b \n"); /* Make command invisible on CRT screen.*/
switch(do_next) { /* Respond to user's command. */
case 'E': case 'e': /* EXIT program. */
quit();
goto BYE;
case 'M': case 'm': /*¥ Return to MENU. */
goto BYE;
default: /* Let user know conversion has started */

/* by displaying message & ringing bell.¥/
puts("\nMAGIC is at work!\n");

putchar(BELL);
)
}
outp(STC_C, RUN); /* Arm STC register 5 -- the CLOCK. */
/* BEGIN D/A CONVERSION!! */
wait(); /* Place CPU in tight loop until all */
/* conversions are made. */

/*#*******************************************************************/

BYE: ;

/* DONE */
[ sk oR ok ok ok ROk ok ok ko ok sk koK RoRoR sk KKk ok ko ok ok ok Rk sk ok kR ok sk ko ok sk ok [
if(is_graphics == TRUE) /* Don't display message when in */
; /* graphics(). x/
elge ( /* Let user know conversion is finished */
putchar(BELL); /* by displaying message & ringing bell.*/

puts("\nDIGITAL-to-ANALOG conversion finished.\n");
sleep(60); /* Let user read message. */
outp(D_TO_A, TOGGLE); /* Toggle D/A mode switch to: OFF, */
outp(STC C, RESET), /* RESET STC chip. */
is_digital = FALSE; /* Disable selected portions of other */
/% functions used by digital(). */
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/* */
/* NAME: STORE.C */
/* VERSION: 1.0 */
/* DATE: 2 December 1983 */
/* MODULE NUMBER: 11 */
/* FUNCTION: Transfer user specifed number of data samples from */
/¥ extended memory to magnetic disk. Transfer is to user */
/* specified "filename". Default "filename"™ is: B:DATA.ONE. */
/* Transfer is done 2048 bytes at a time (thru mem_buffer). */
/* INPUTS: User entered commands from H-19 keyboard. */
/* OUTPUTS: User prompts displayed on CRT screen. */
/* GLOBAL VARIABLES USED: finish, filename, is_mem_mem, from, to, */
/* mem_buffer, */
/* GLOBAL VARIABLES CHANGED: filename, is_mem_mem, from, to, */
/* mem_buffer, */
/* FILES READ: NONE. */
/* FILES WRITTEN: "Filename" entered by user from H-19 keyboard. */
/* Default "filename" is: B:DATA.ONE. */
/* MODULES CALLED: dma(). */
/* CALLING MODULES: menu(). */
/* */
;* AUTHOR: CAPTAIN WILLIAM H. LIEBER *;
* *

/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */
;* Speech Work Station. Thesis Advisor: Major Larry Kizer. */
* *

/************************************************************************/

/*********************************#**************************************/

/* SYMBOLIC CONSTANTS */
[ Rk kbR ok ok ok R K ok ok ok ok ok ok kR AR ok Rk R K R kR kR kR ok ok ko kR kR kK [
#define ESCAPE 27 /* H-19 CRT ASCII "escape" code. */
#define CLEARS 69 /* H-19 CRT ASCII clear screen code. */
#define BACKSPACE 0x08 /* ASCII hex code for "backspace" key. */
f#define DELETE Ox7F /* ASCII hex code for "delete" key. */
#define ERROR -1 /* General "is an error" return value. x/
#define TRUE 1 /* Logic "true" is a 1. */
#define FALSE 0 /* Logic "false" is a 0. x/
#define TOGGLE 0 /* TOGGLE may be any value. TOGGLE is used in */

/* the 'value' position of the "C" statement: */

/* outp(port,value). */

#define CPU_MEM 0xDO /* Address which toggles between "CPU or DMA" */
/* actions and "MEMORY-TO-MEMORY" transfers. */

#define EXTENDED 0x70 /* Address used to load Extended Address. */
#define REQUEST 0x99 /* Address of software DREQ Request Register. x/
#define MEM_XFER 0x04 /* Software DMA CHAN-O request, i.e. start */

/* memory-to-memory transfer. x/
[ AR AAAA A AR AR AR A A K AR AR AR KK AR KR ROk R KKk KRRk KKk /
/* GLOBAL VARIABILES */
[ AR AR KRR AR KRR ROk R R HOUR R R KRR KRR R RN
#include "speech.h" /* Contains all GLOBAL VARIABLES. x/
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3 /* */ .
l: /* FUNCTION: STORE() */ -
e ™ * "
e e LI -
. store() :
- T T T g Y L L ey -]
e /* LOCAL VARIABLES */ -4
Ei [ R AR AR R AR KA R Ko R A OR o K K oK KR AOR AR KRR AR Rk ok ok Kk ok ko [ 5
- int 1i; /* Indexing variable used in "for" loop.*/ x
= int c; /* Holds keyboard response to getchar().*/ x
L int fd; /* Holds FILE DESCRIPTOR of file to be */ &
-~ _ /*  written, */ -
Y int done; /* Holds number of 2048 byte transfers */ =
3 /* to be made, */ ~
. int holder; /* Holds address found by *ptr_num. */ "]
/* Binary operations can be done on a %/ o
/* integer value, but not a pointer. */ <
char *ptr_num; /* Used to find first address of */ -)
/* mem_buffer array. */ 8
char 1_templ[4]; /* A temporary holding place for a LONG */ ~J
/* (32 bit) integer. */ :
char 1_temp2{4]; /* A temporary holding place for a LONG */ 1
/* (32 bit) integer. */ -
char buffer_size[4]); /% Holds LONG (32 bit) version of */ "
/* memory buffer's size. */ -
char zero[4]; /* Holds LONG (32 bit) version of zero. */ -]
char two[4]; /* Holds LONG (32 bit) version of 2. */ =
Ve 3 R K o Rk o K A oK ok o o o o R o R Rk o ok ok Rk kR Kk ok ]
/* DETERMINE NUMBER OF 2048 BYTE TRANSFERS TO MAKE */ ]
[ AR Ao o Ko o AR o R AR K o K R R R OR o A A KA R R KRR R R Rk kR N
itol(zero,0); /¥ Convert 0 into a 32 bit integer. */ -]
itol(two,2); /* Convert 2 into a 32 bit integer. */ -
itol(buffer_ size,2048); /* Convert 2048 into a 32 bit integer. */ 2
lmul(1l_temp2,finish,two); /* Calculate the number of */
1div(1_templ,1 temp2 buffer_size); /* times 2048 goes into the */
done = 1toi(l_templ); /* number of bytes to be */
lmod(1l_temp2,1l_temp2,buffer_size); /* stored. Round result */
/* upward if a remainder */
if(lcomp(l_temp2,zero) == 1) /* exists. */

done = done + 1;

/*********************************************************************/ B

/* GET FILENAME TO BE USED */ S
JRRE R KRR AR KA AR KA AR AR A KA KKK K AOR AR R AR K KAk Rk R Rk S
putchar(ESCAPE); /* Clear CRT screen. */ -
putchar (CLEARS); >

printf("\nSTORE data in FILENAME [%s", filename); -
printf("]: Bieeeeeersessesss <CRO"); -
- printf("\b\b\h\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b"),
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o 1f((c = getchar()) != '"\n') { <

filename[2] = c;
for(i = 3; (c = getchar()) != "\n' && i < 17; ++i) { N
if(c == BACKSPACE || ¢ == DELETE) R
__i; .
else 5
filename[i] = c¢; 3
) 2
filename[i] = '\0'; ;
} 1
JEEA AR kR ok kR ok KOk Kok K R ko Rk ok Kok Rk ok kR Rk R ok ko ok Kk ok ok [ "3
/* STORE DATA ON MAGNETIC DISK */
[ F ARk Rk R AR OR R A R A Rk KR R Kok ok kR K ok R kR AR R kR kR Rk Kk K N
outp(CPU_MEM,TOGGLE) ; /* Set hardware for "Memory-to-Memory" */ B
/* data transfer. */ =
printf("\nMAGIC is now STORING data in file %Zs\n",filename); 7
11
fd = creat(filename); /* Create FILE DESCRIPTOR for filename. */ ﬁ
if(fd == ERROR) ({ /* Check for and respond to any errors. */ b
printf("\nERROR: Can't creat Zs\n",filename); 3
puts("\nPress any key to continue.\n"); h
getchar(); b
} goto BYE; R
is_mem_mem = TRUE; /* Enable selected portions of other */ 'i
/* functions used by store(). */ N
from[3] = 0x00; /*¥ Initial memory address where data is */ ﬁ

o from[2] = 0x00; /* found. Used by dma(). */

(e from{1] = 0x01; .
from[0] = 0x00; -
ptr_num = &mem_buffer[0]; /* Find memory address of buffer array. */ ':
holder = ptr_num; j
to[3] = ptr_num; /* Initial memory address of buffer used*/ =
tof[2] = holder >> 8; /* to transfer 2048 byte blocks of */ -

K to{l] = 0x00; /* data to magnetic disk storage. */ N
5 to[0] = 0x00; /* Used by dma(). */ -
;E for(i = 1; 1 <= done; ++i) { /* Transfer data. */ =
- outp(EXTENDED, from[1]); /* Load address of 2048 byte block of */ 3

» /* data to be stored. */
"_! dmna(); /¥ Set DMA for data transfer, */ ~
- outp(REQUEST,MEM_XFER); /* Begin 2048 byte "Memory-to-Memory" */ o
ro /* data transfer. */ N
. ladd(from,from,buffer_size); /* Address of next 2048 byte block ¥/ -
i:} /* of data to be stored on disk. */ H
S A
£ /* Transfer data from buffer array to */ -
' ® /* magnetic disk., Check for and */ -
- /* respond to any errors. */ 2
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3 - if(write(fd,mem_buffer,16) == ERROR) { 4
h puts("\nERROR: Probably out of disk space.\n"); 4
S puts("\nPress any key to continue.\n"); j
e getchar(); 1
e goto BYE; ;
:-:'} } } :-:4
S -
puts("\n\nTRANSFER COMPLETED!!!\n"); /* Let user know transfer is */ =

sleep(60); /* completed, */

/*********************************************************************/

/* DONE */

/*********************************************************************/

BYE: ;

outp(CPU_MEM,TOGGLE); /* Transfer done. Set hardware for */ o
/* "CPU or DMA" operation. */ g
_ is_mem_mem = FALSE; /* Disable selected portions of other */ {
o /* functions used by store(). */ p
o close(fd); /* Close FILE that was created. */ -
-
5
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, /* */ .
; /* NAME: RETRIEVE.C */ )
: /* VERSION: 1.0 */ -
/* DATE: 2 December 1983 */ ]
/* MODULE NUMBER: 12 */ v
/* FUNCTION: Clears extended memory. Then transfers data from */ .
/* magnetic disk to extended memory. Transfer is from user */ .
/* specified "filename", Default "filename"™ is: B:DATA.ONE. */ N
/* Transfer is done 2048 bytes at a time (thru mem_buffer) as */ fi
/* long as data remains in the disk file. */ o
/* INPUTS: User entered commands from H-19 keyboard. */ -
/* OUTPUTS: User prompts displayed on CRT screen. */ "
/* GLOBAL VARIABLES USED: filename, is_mem_mem, to, from, */ o
/* mem_buffer. */ o
/* GLOBAL VARIABLES CHANGED: filename, is_mem_mem, to, from, */ L
/* mem_buffer. */ 3
/* FILES READ: "Filename" entered by user from H-19 keyboard. */ -]
/* Default “filename" is: B:DATA.ONE. */ :
/* FILES WRITTEN: NONE. */ <
/* MODULES CALLED: dma(), clearmem(). */ )
;* CALLING MODULES: menu(). *5 {5

* *
t
- /* AUTHOR: CAPTAIN WILLIAM H. LIEBER *5 =
: /* * N
n /* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */ I
- /* Speech Work Station. Thesis Advisor: Major Larry Kizer. *; <)
: * * ’
E_f J ARk kR ok ok ko ok R kR kR AR R Rk R K ok K Rk ORIk Kok Rk %
RO R}

/**************************************#*********************************/

»
2

o /* SYMBOLIC CONSTANTS */ -
L PR T e it I e Tt T L TR TR T TP T T P P Ty ;
R #define ESCAPE 27 /* H-19 CRT ASCII "escape" code. */ E
.7 #define CLEARS 69 /* H-19 CRT ASCII clear screen code. */ ;
; #define BACKSPACE 0x08 /* ASCII hex code for "Backspace" key. */
#define DELETE Ox7F /* ASCII hex code for "Delete" key. */
ﬁf #define ERROR -1 /* General "is an error" return valye. */
. #define TO_READ 0 /* Used to open a disk file for reading. */
- - #define ZERO 0 /* Makes program easier to read. */
. #define TRUE 1 /* Logic "true"™ is a 1. */
[-. #define FALSE 0 /* Logic "false" is a O. x/ )
b #define TOGGLE 0 /* TOGGLE may be any value., TOGGLE is used in */ -
J! /* the 'value' position of the "C" statement: */ =3
- /* outp(port,value). */ R
- #define HI_LO 0xBO /* Address which toggles memory-to-memory data */ o
- /* transfer between "HI-memory to LO-memory" */ o
- /* mode and "LO-memory to Hl-memory" mode. */ 2
L #define CPU_MEM OxDO /* Address which toggles between "CPU or DMA" */ A
g /* actions and "MEMORY-TO-MEMORY" transfers. */ -
@ #define EXTENDED 0x70 /* Address used to load Extended Address. */ -
- #define REQUEST 0x99 /* Address of software DREQ Request Register. x/ o
= #define MEM_XFER 0x04 /* Software DMA CHAN-O request, i.e, start */ -
a8 /* memory-to-memory transfer. */ -
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/************************************************************************/

/* GLOBAL VARIABLES */
/***********************************************************t******#*****/
#include "speech.h" /* Contains all GLOBAL VARIABLES, %/
J AR R R R AR KRR AR R AR ARk kR Rk Rk kKRR Rk Rk kR ok ok ko ok kR kR kR [
/* */
/* FUNCTION: RETRIEVE() */
/* 3/

| W W

AR AR ARk AR AR ROk ROk KOk KRRk KR KRRk R KRR R Rk Rk Rk [
retrieve()

[ A AR R KRR AR kAR R okok ok dokok ok ok kR ok kAR Rk kAR kR kK ko

/* LOCAL VARIABLES */
[k Rk ok bk sk ok ok ok ok ok R kR Rk ok ok kR kR sk kR kK kK ko ko dokok ok kb ok ok ok ok f
int i; /* Indexing variable used in "for" loop. */
int c; /* Holds keyboard response to getchar(). */
int f£4d; /* Holds FILE DESCRIPTOR of file to be read. */
int check; /¥ Holds number of 128 byte blocks read from */

/* disk file. */
int holder; /* Holds address found by *ptr_num, Binary */

/* operations can be done on a integer value, */

/*  but not a pointer. */
char *ptr_num; /* Used to find lst address of mem_buffer array.*/
char buffer_size[4]; /* Holds LONG (32 bit) version of memory */

/* buffer's size. */
J Rk Ak ok ok ARk kR kR R R kR R KRR kR K R R KRR kR Rk Rk Rk kR ok Rk ok /
/* GET FILENAME TO BE USED */
[ Rk ko ok kR kR kR Rk R Rk ok kR okok ok ok Rk KRk Rk ko k koo ook kR kR Rk kR kK k /

putchar(ESCAPE);

/* Clear CRT screen. */
putchar(CLEARS);

printf("\nRETRIEVE data from FILENAME [Zs", filename);
printf("]: B:....ievessssasss <CR>

printf("\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b").
if((c = getchar()) != '"\n') {
filename[2] = c;

for(i = 3; (c = getchar()) 1= "\n' & 1 < 17; ++1i) {
if(c == BACKSPACE || c == DELETE)

filename[i] = ¢;

}
filename[i] = '\0';
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/***********#*********************************************************/

/* RETRIEVE DATA FROM MAGNETIC DISK */
A L e T T T e P S T A T AL AR A S 2L
clearmem(); /¥ Load all Extended Memory bytes with */
/* zeros (00000000B). */
outp(CPU_MEM,TOGGLE); /* Set hardware for "Memory-to-Memory" */
/* data transfer, */
outp(HI_LO,TOGGLE); /* Set hardware for "LO-memory to HI- */
/* Memory" data transfer. */

printf("\nMAGIC is RETRIEVING data from file Zs\n",filename);

fd = open(filename,TO_READ); /* Create FILE DESCRIPTOR for filename. */
if(fd == ERROR) { /* Check for and respond to any errors. */
printf("\nERROR: Can't open Zs\n",filename);
puts("\nPress any key to continue.\n');
getchar();

goto BYE;
)
is_mem_mem = TRUE; /* Enable selected portions of other */
/* functions used by retrieve(). */
to[3] = 0x00; /* Initial extended memory address where*/
to[2] = 0x00; /* data is to be moved. Used by dma().*/
to[l) = 0x01;
to[0] = 0x00;
ptr_num = &mem_buffer[0]; /¥ Find memory address of buffer array. */
holder = ptr_num;
@ from{3] = ptr_num; /* Initial memory address of buffer */
from[2] = holder >> 8; /* used to transfer 2048 byte blocks */
from[1l] = 0x00; /* of data to extended memory. Used */ g
from{0] = 0x00; /* by dma(). */ 1
itol(buffer_size,2048); /* Convert 2048 into a 32 bit integer. */ )

/* Transfer data from magnetic disk to */
/* buffer. Check for and respond to */
/* any errors. - */
while((check = read(fd,mem_buffer,16)) != ZERO) ({
if(check == ERROR) ({
printf£("\nERROR: Can't read Zs\n",filename);
puts("\nPress any key to continue.\n");

getchar(); 3
goto BYE; d
) B
)
outp(EXTENDED, to[1]); /* Load address where 2048 byte block x/ i
/* of data is to be stored. */ X
dma(); /* Set DMA for data transfer. */ ]
outp(REQUEST ,MEM_XFER); /* Begin 2048 byte Memory-to-Memory */ .

/* transfer, */

ladd(to,to,buffer_size); /* Form address where next 2048 byte */

/* block of data is to be stored. */

}
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BYE

JRERRE AR AR KRR ARk R AR KRR KRR KRR KRRk Rk R Rk Rk kKK [
/* DONE */
e L T L R L S LIS LY
puts("\n\nTRANSFER COMPLETED!!!"); /* Let user know transfer of */

sleep(60); /* data 1is completed. */
close(fd); /* Close FILE that was opened. */
outp(HI_LO,TOGGLE); /* Set hardware for "HI-memory to LO- */
/* Memory" data transfer. */
outp(CPU_MEM, TOGGLE) ; /* Set hardware for "CPU or DMA" mode */
/* of operation, */
is_mem_mem = FALSE; /* Disable selected portions of other */
/* functions used by retrieve(). */
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/************************************************************************/

/* */
/* NAME: GRAPHICS.C */
/* VERSION: 1.0 */
/* DATE: 2 December 1983 */
/* MODULE NUMBER: 13 */
/* FUNCTION: Graphically displays 500 data samples on the CRT */
/* screen., Displays user prompts., Provides right & left CURSOR */
/* movement, Provides up & down VOLT LINE movement. Provides */
/* selecting starting and finishing "data sample numbers" for */
/* use during digital-to-analog output. Provides selecting */
/* digital-to-analog output. */
/* INPUTS: User entered commands from H-19 keyboard. */
/* OUTPUTS: User prompts and graph of 500 data samples displayed */
/* on CRT screen. */
/* GLOBAL VARIABLES USED: is_graphics, cursor, begin_at, x_axis, */
/* a_temp, 1_temp, 1_cursor, start, samples, finish. *
/* GLOBAL VARIABLES CHANGED: 4is_graphics, cursor,begin_at, x_axis,*/
/* a_temp, 1_temp, 1_cursor, start, samples,finish, inputl, x/
/* input2. */
/* FILES READ: NONE. */
/* FILES WRITTEN: NONE. */
/* MODULES CALLED: dinput(), plot(), quit(), right(), left(), */
/* voltline(), digital(). */
/* CALLING MODULES: menu(). */
/% */
;* AUTHOR: CAPTAIN WILLTIAM H. LIEBER *;
* *
/* HISTORY:

AFIT THESIS GE/EE/84D-71: Developmenﬁ of a Dedicated */
/* Speech Work Station, Thesis Advisor: Major Larry Kizer, */
/* */
J Aok Rk ok ook ok ok ok ok kR sk akok ok ok ok ok ok ok ok ok kR R kR R kR Kk Aok kR Rk kR k
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/* SYMBOLIC CONSTANTS */
[ EERA AR AR A KA R AR KA ARk Rk ok kR KRk Aok kKR AR R ARk ok kR Rk R Kk [ 3
#define ESCAPE 27 /* H-19 CRT ASCII “escape" code. x/ -
#define CLEARS 69 /* H-19 CRT ASCII clear screen code. */ H
#define R_VIDEO O0x70 /* H-19 CRT code - enter reverse video mode. */ a
#define N_VIDEO 0x71 /* H-19 CRT code - enter normal video mode. */ L
#define BACKSPACE 0x08 /* ASCII hex code for "backspace" key. */ -
#define DELETE Ox7F /* ASCII hex code for "delete" key. */ .
#define TRUE 1 /* Logic "true" is a one. */ 5
#define FALSE 0 /* Logic "false" is a zero. */ .

[ R AR A AR AR AR AR AR AR AR KRR Rk R R AR KRR R R RR kR R E R RE [

/* GLOBAL VARIABLES */
P e T e e L R R L B L S LI L S Ly -
#include "speech.h" /* Contains all GLOBAL VARIABLES. */ -
A-38 "
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/************************************************************************/

/* W/
/* FUNCTION: GRAPHICS() */
/* */

JRRERR Rk Rk koo kR Rk KRRk Rk ok bbbk ok ko kR kR Rk Rk kk kbR kR Rk Rk KKKk [
graphics()
{

/*********************************************************************/

/* LOCAL VARIABLES */
e T P P P P T SRS PR PP T PR TR PR P TS ey
int do_next; /* Holds keyboard response to getchar().*/
char onel[4]; /* Holds LONG (32 bit) version of 1. */
char two(4]; /* Holds LONG (32 bit) version of 2. */
char hundred[4]; /* Holds LONG (32 bit) version of 100, */
A T T P TS P P S P T P P PR S T T P )
/% INITIALIZE VARTABLES */
AR AR R Rk R AR AR K AR KK R A K R R R R KR KRR Kk Rk KRk
is_graphics = TRUE; /* Enable selected portions of other */
/* functions used by graphics(). */
cursor = 251; /* Vertical CURSOR initially placed at */
/* sample #250 (pixel #251) of 500 */
/* sample plot. */
itol(one,1); /* Convert 1 into a 32 bit integer. */
itol(two,2); /* Convert 2 into a 32 bit integer. */
itol(hundred,100); /* Convert 100 into a 32 bit integer. */
e T R P L PR R TR T T P T T ey
/* INPUT "SAMPLING RATE" AND "FIRST SAMPLE" TO BE PLOTTED */
e T I L T T ST T T TR T TS TR R T TS A S e TP T )
putchar(ESCAPE); /* Clear CRT screen. x/
putchar(CLEARS);
input(); /* Display introduction to Graphics(). */

/* Input user's desired "sampling rate" */
/* and "first sample” to be plotted. ¥/

atol(x_axis,begin_at); /* Form 32 bit version of "sample #" */
/* to be displayed in first column */
/*  (pixel #2) of graph. */
R D TP S T e e P T T e e T T
/* DRAW GRAPH */
R T T T e S P T ST TP T T T T )
putchar (ESCAPE); /* Clear CRT screen. */
putchar(CLEARS);
plot(); /* Plot first 500 samples. */
puts("\0331,"); /* Enter Graphics Mode. */
puts("N,170,"); /* Primary Line Style: DASHED LINE. */
puts("I,2,"); /* Line Type: COMPLEMENT. */
puts("P,251,246,L,251,47,"); /* Draw vertical CURSOR. */
puts("E"); /* Exit Graphics Mode, */
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/*********************************************************************/

/* LABEL VERTICAL AXIS */
L R T r e LT P T P P B LR P P Y
puts(" 5\n\n");

puts(" 4\n\n");

puts(" 3\n\n");

puts(" 2\n\n");

puts(" 1\n\n");

puts(” O\n\n");

puts(" -1\n\n");

puts(" —-2\n\n");

puts(" -3\n\n");

puts(" =4\n\n");

puts(" -5\n");

[ AR A A R KR K R AR R kKRR R kR Rk Aok Rk ko kR ok

/* LABEL HORIZONTAL AXIS */
[ AR Ak ko oo ARk R R AR R Rk Rk KRR kR Kk ok R ok Rk Rk ok Rk R Kk kK /
printf(" Z-6s", ltoa(a_temp,x_axis));

lsub(1l_temp,x_axis,one);

printf("Z11s", ltoa(a_temp,ladd(1l_temp,l temp,hundred)));
print£("%12s", 1ltoa(a_temp,ladd(l_temp,l_temp,hundred)));
printf("Z13s", ltoa(a_temp,ladd(l_temp,l_temp,hundred)));
printf("%12s", ltoa(a_temp,ladd(1l_temp,l_temp,hundred)));
printf("%13s\n", 1ltoa(a_temp,ladd(l_temp,l_temp,hundred)));

/*********************************************************************/

/* DISPLAY PROMPTS TO USER */
[ Rk ok ok ok ok kR kR ok ok ko R A kR KRR Rk R R Rk KR kR Rk Rk ok ko Rk ok [

putchar (ESCAPE); /* Display "CURSOR =" on CRT screen in */

putchar(R_VIDEO); /* reverse video. Display current */
puts(" CURSOR ="); /* CURSOR value on CRT screen in */
putchar(ESCAPE); /* normal video. */

putchar(N_VIDEO);

itol(1_cursor,cursor);

ladd(1_temp,x_axis,l_cursor);

printf(" %-118",1toa(a_temp,lsub(l_temp,l_temp,two)));

putchar (ESCAPE); /* Display "START =" on CRT screen in */

putchar(R_VIDEO); /* reverse video. Display current */
puts("START ="); /* START value on CRT screen in */
putchar (ESCAPE); /* normal video. */

putchar(N_VIDEO);
printf(" Z-11s",1ltca(a_temp,atol(start,begin_at)));

putchar (ESCAPE); /* Display "FINISH =" on CRT screen in */

putchar(R_VIDEO); /* reverse video, Display current */
puts("FINISH ="); /* FINISH value on CRT screen in */
putchar(ESCAPE); /* normal video. x/

putchar(N_VIDEO);
printf(" Z-11s",1toa(a_temp,atol(finish,samples)));
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putchar(ESCAPE); /* Display remaining user prompts on
putchar(R_VIDEOQ); /* CRT screen in reverse video.
puts(" \n");

puts(" E - EXIT M - MENU S ~ START F - FINISH ")
puts("A - ANALOG OUT "y

puts("\033x1"); /¥ Enable 25th line.

puts("\033Y8 "); /*¥ Go to Line 25, Column 1.

puts(™ R[1], T[25], Y[100], U[500] - RIGHT ");

puts("L[1], K[25], J[100], H[500] - LEFT");

puts("\033Y ™); /* Go to Line 1, Column 1.

puts("UP: \nQ[1] \nW[20]\n\nDOWN:\nZ[1] \nX[20]");
putchar (ESCAPE);
putchar (N_VIDEO);

AU S

PR L L P L

/* RESPOND TO USER'S COMMAND */
[ AR ok R ok ok oK oK o R R AR AR K o o ok SR oKk ok ok kK
:puts("\033Y60"); /¥ Go to line 23, Column 80. Wait there */
/* for user's next command. */
do_next = getchar(); /* Get user's command. */
puts(" "); /* Erase command from CRT screen. */
switch(do_next) /* Respond to user's command. */
case 'E': case 'e': /* EXIT the program. Erase graph. */
quit();
is_graphics = FALSE; /* Disable selected portions of other */
/* functions used by graphics. */
puts("\0331,D,5,E"); /* ALPHA: on, GRAPHICS: off, ERASE: */
sleep(10); /* Wait for graphics chip to stabiiize. */
goto BYE;
case 'M': case 'm': /* Return to MENU. Erase graph. */
is_graphics = FALSE; /* Disable selected portions of other */
/* functions used by graphics. */
puts("\0331,D,5,E"); /* ALPHA: on, GRAPHICS: off, ERASE: */
sleep(10); /* Wait for graphics chip to stabilize. */
goto BYE;
case 'R': case 'r': /* Move CURSOR RIGHT 1 sample. */
inputl = 501;
input2 = 1;
right();
break;
case 'T': case 't': /* Move CURSOR RIGHT 25 samples. x/
inputl = 477;
input2 = 25;
right();
break;
case 'Y': case 'y': /¥ Move CURSOR RIGHT 100 samples. */

inputl = 402;
input2 = 100;
right();
break;
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" case 'U': case 'u': /* Move CURSOR RIGHT 500 samples. */
inputl = 2; /* PReally only goes to first sample of */
input2 = 500; /* next 500 sample plot. */
right();
break;

case 'L': case 'l': /* Move CURSOR LEFT 1 sample. */

inputl = 2;
input2 = 1;
left();
break;
case 'K': case 'k': /* Move CURSOR LEFT 25 samples. */
inputl = 26;
input2 = 25;
left();
break;
case 'J': case 'j': /* Move CURSOR LEFT 100 samples. */
inputl = 101;
input2 = 100;
left();
{ break;
! case 'H': case 'h': /* Move CURSOR LEFT 500 samples. */
L inputl = 501; /* Really only goes to last sample of */
;- input2 = 500; /* next 500 sample plot. x/
L @ left();
- break;
- case 'Q': case
- inputl = 1;
o voltline();
g . break;
(’w case 'W': case 'w': /* Move VOLT LINE UP 20 pixels (1 volt).*/
® inputl = 20;
voltline();
break;
case 'Z': case 'z': /* Move VOLT LINE DOWN 1! pixel. */
inputl = -1;
voltline();
break;
case 'X': case 'x': /* Move VOLT LINE DOWN 20 pixels. */
inputl = -20; /* (1 volt). */
voltline();
break;
case 'S': case

q': /* Move VOLT LINE UP 1 pixel. */

's

'y /* Update STARTING “sample #" for */
/* digital-to-analog output operation. */
ladd(1l_temp,x_axis,itol(l_cursor,cursor));

ltoa(bzgin_atTlsub(l_temp,l_temp,two));

puts("\033Y6<"); /* Line 23, Column 29, Update START. */
printf(" Z-11s",1toa(a_temp,atol(start,begin_at)));

o break;

t:, case 'F': case 'f': /* Update FINISHING "sample #" for */

- /* digital-to-analog output operation. */

3 ladd(1_temp,x_axis,itol(1l_cursor,cursor));

" ltoa(samples,lsub(l_temp,l temp,two));

f puts("\033Y6P"); /* Line 23, Column 49. Update FINISH. */

- grinif(" %-11s8",1toa(a_temp,atol(finish,samples)));

o reak;

=
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»;; . case 'A': case 'a': /* Provide a digital-to-analog output. */

L digital();

m break;

oo goto E2; /¥ Go wait for another user command. */

o

/***t**********************************************#***************#**/

/* DONE */

L T e e R e Y
BYE: ;

puts("\033y1"); /* Disable 25th line. */
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/* */
/* NAME: PLOT.C */ k
/* VERSION: 1.0 */ ;
/* DATE: 2 December 1983 */
/* MODULE NUMBER: 14 */
/* FUNCTION: Draws horizontal axis, vertical axis, and zero volt */
/* line of graph. Transfers the 500 data samples (1000 bytes) to */
/* be displayed into mem_buffer. Calculates the y-axis values of */ -
/* the 500 data samples. Plots the 500 samples on the graph. */ 4
/* Returns to the calling function. x/ -
/* INPUTS: NONE. */ -
/* OUTPUTS: Displays graph of 500 data samples on CRT screen. x/ -
/* GLOBAL VARIABLES USED: voltline, x_axis, from, mem_buffer, to, */ by
/* 1_temp. */ 5
/* GLOBAL VARIABLES CHANGED: voltline, from, mem_buffer, to, */ =
/* 1_temp. */ 3
/* FILES READ: NONE. */ .Y
/¥ FILES WRITTEN: NONE. */ ]
/* MODULES CALLED: dma(). */ 2
5* CALLING MODULES: graphics(), right(), left(). *; -]
* * -]
;* AUTHOR: CAPTAIN WILLIAM H. LIEBER *; -
* * o
/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */ -
/* Speech Work Station. Thesis Advisor: Major Larry Kizer. *; q
* * .
;***********#******t***********************#************t*********#*t**t*/ ]
N
JRFREREEERRRRKEAAR KRB RRRRREA KR TR R R KRR R RRRR Rk R kKRR Rk ki k kR [
/* SYMBOLTC CONSTANTS */
PR L e T S e L T P R P L LA
#define POSITIVE O /* Positive binary numbers begin with O, */
#define NEGATIVE 1 /* Negative binary numbers begin with 1. */
#define MASK Ux08 /* Used to determine the "sign" of a SAMPLE, */
#define TOGGLE 0 /* TOGGLE may be any value. TOGGLE is used in */
/* the 'value' position of the "C" statement: */ .
/* outp(port,value). */
#define CPU_MEM OxDO /* Address which toggles between "CPU or DMA"  */
/* actions and "MEMORY-TO-MEMORY" transfers. */ ;

#define EXTENDED O0x70 /* Address used to load EXTENDED ADDRESS. */
fdefine REQUEST 0x99 /¥ Address of software DREQ Request Register. */
#define MEM_XFER Ox04 /* Software DMA CHAN-O request, i.e. start a */

/* memory-to-memory transfer. x/

/****#***********#****************t******#******#*******#**#**#****t*****/

/* GLOBAL VARIABLES */

JEEEREERRRERRRRRERERRREE R RRRA AR AR KRR AR AR AR KRR RN KRR AR R R RN [

#include "speech.h" /* Contains all GLOBAL VARIABLES. */
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/*****#********************************#**********************#**********/

/* i/
/* FUNCTION: PLOT() */
* x*/
L e e L R T T L T S e Tt Ly
plot()
( T e L L e e L L LY
/* LOCAL VARIABLES */
T e T e L T eIl Y
int x; /* Index variable used in x-axis "for" */
/* loops. */
o int y; /* Index variable used in Y-axis "for" */
- /* loops. */
- int holder; /* Holds address found by *ptr_num, */

/* Binary operations can be done on a */
/* integer value, but not a pointer. */

int y_value[500]; /* Holds y-axis values (voltage levels) */

/* to be plotted. */

. unsigned complement; /¥ Used to find 2's complement of a */
'i /* negative data sample. */
5 char *ptr_num; /* Used to find first address of */
/* mem_buffer array. */

char sign; /¥ Holds 'sign' of a data sample. */

char hundred[4]; /* Holds LONG (32 bit) version of 100, */

char num_levels[4]; /* Holds LONG (32 bit) version of number*/

. /* of quantization levels used by A/D */

Qe /* in range O to 5 volts. x/

/*********************************************************************/

/* DRAW HORIZONTAL AXIS, VERTICAL AXIS, & ZERO VOLT LINE */
[ R AR AR KR KA KRR AR KK KRR R R R Rk kR kR kR Rk k[
puts("\0331,"); /* Enter Graphics Mode. */
puts("D,7,"); /* ALPHA: on, GRAPICS: on, ERASE: on */
puts("I,0,"); /* Line Type: ON. */
puts("N,255,"); /* Primary Line Style: SOLID. */
/¥ NOTE: 255 = (11111111)B */
puts("0,0,"); /* Secondary Line Style: BLANK. */
sleep(6); /* NOTE: A delay is needed to allow */
/* the graphics buffer to empty */
/* SET UP commands prior to */
/* getting movement commands. */
:3 for(y = 66; y <= 246; y = y + 20) /* Draw vertical axis ticks. */
. - printf("P,0,2d,L,4,2d,",y,y);
- for(y = 56; y <= 236; y =y + 20)

printf("P,1,%d,L,3,%d,",y,y);

X for(x = 101; x <= 501; x = x + 100) /* Draw horizontal axis ticks. */
- printf("P,%d,44,L,%d4,48,",x,x);

for(x = 26; x <= 48l; x = x + 25)

printf("P,%d,45,L,%d,47,",x,x);
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o e puts("P,2,245,L,2,46,"); /* Draw vertical axis, */
. puts("L,500,46,"); /¥ Draw horizontal axis. */
puts("™N,170,™); /* Primary Line Style: DASHED LINE. */
/* NOTE: 170 = (10101010)B */
volt line = 146; /* Draw ZERO volt line. */

prin?f("P.A.Zd.L.SOl,Zd.",volt_line,volt_line);
/* NOTEl: REMOVE COMMENT DESIGNATOR AFTER DMA MEMORY-TO-MEMORY TRANSFER
IS WORKING. MUST "“CC1" PLOT.C, “CLIB" PLOT.CRL INTO HOLD2.CRL,
AND "CLINK" SPEECH SPEECH1 SPEECH2 TO FORM NEW SPEECH.COM FILE.

[ % 0 o kol ok o o e e o ok ok o o ok o ok o ok ok ok ok ok ok R ok ok R kR Rk R Rk ok R kR kokok sk Rk ok ok ok k ok kR Rk kK /

/* BRING DOWN NEXT 1000 BYTES */

FE T Ly L e e e e e I

from[3] = x_axis[3]; /*¥ Initial memory address where data is */

from[2] = x_axis[2]; /* to be found. */

from[1l] = x_axis[1];

from[0O] = x_axis[0];

ptr_num = &mem_buffer[0]; /* Find memory address of buffer array. */

holder = ptr_num;

to[3] = ptr_num; /* Initial memory address where data is */

tof2] = holder >> 8; /* to be moved. */

tof1l] = 0x00;

to[0] = 0x00;

outp(CPU_MEM, TOGGLE) ; /* Set hardware for Memory-to-Memory */
/* data transfer. */

. outp(EXTENDED, from[1]); /* Load extended address. */

e dma(); /* Set DMA for data transfer. */ H
outp(REQUEST ,MEM_XFER); /* Begin the Memory-to-Memory transfer, */ d
outp(CPU_MEM,TOGGLE); /* Transfer done. Set hardware for CPU */ |

/¥ or DMA operations. */ %
T T e e TR I AL e R I e L E L Ly {
/* CREATE Y_VALUES FOR NEXT 500 SAMPLES */ !
[ EREEAR KA AR AR R AR KRR AR ROR AR R kR R KRk R Rk kR Rkok k[ ]
itol(hundred,100); /* Convert 100 into a 32 bit integer. */
itol(num_levels,2047); /* Convert 2047 into a 32 bit integer. */
for(x = 1; x <= 500; ++x) {
sign = (mem_buffer[2 * x - 1] & MASK); /* Find sign bit for * /
sign = gign >> 3; /¥ data sample. */
1 _temp{0] = 0x00; /* Convert data sample */
1 _temp[l) = 0x00; /* into a 32 bit */
1_temp[2] = mem_buffer[2 * x - 1]; /* integer. */
1_temp[3)] = mem_buffer[2 * x ~ 2];
if(sign =a POSITIVE) { /* 1f sign is positive, */
lmul(l_temp,1_temp,hundred); /* form y-axis voltage*/
1div(1l_temp,l_temp,num_levels); /* level for plotting.*/

y_value[x - 1T = (146 + 1tou(l_temp));
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e } else ( - /* Sign 1is negative. */
c ' complement = (1 + ( (ltou(l_temp)))); /* Take 2's complement ¥/
» utol(l_temp,complement); /* and form y-axis */
lmul(1l_temp,l_temp,hundred); /* voltage level for */
1div(1_temp,l_ temp,num_levels); /* oplotting. */

y_value[x - 17 = (146 - ltou(l_temp));
)

NOTE2: SEE NOTEl. REMOVE THE FOLLOWING COMMENT DESIGNATOR AND THE
"FOR TEST PURPOSES: CREATE Y_VALUES" CODE.

bemaidiins Yo

*/ 3

PR T L T T Y Yy, 3

/* FOR TEST PURPOSES: CREATE Y VALUES */ X
R L g e Y]
for(x = 0; x <= 60; ++x) /* This data will form a stair step */
y_valuel[x] = 46; /¥ plot on the graph. */

for(x = 61; x <= 120; ++x) B

y_value[x] = 76; f

for(x = 121; x <= 180; ++x)
y_value[x] = 106;
for(x = 181; x <= 240; ++x)
y_value[x] = 136;
for(x = 241; x <= 300; ++x)
y_value[x] = 166;
for(x = 301; x <= 360; ++x)
y_value[x] = 196;
. for(x = 361; x <= 420; ++x)
i y_value[x] = 216;
for(x = 421; x <= 480; ++x)
y_value[x] = 246;
for(x = 481; x <= 499; ++x)
y_value(x] = 56;

/*********************************************************************/

/* PLOT NEXT 500 SAMPLES */
R R Y
puts("N,255,"); /* Primary Line Style: SOLID. */
printf("P,2,%2d,",y_value[O0]); /* Plot samples. */
for(x = 3; x <= 501; ++x)

printf("L,%d,%d,",x,y_value[x - 2]);

AL R T L Ty
/* " DONE */
A R L L L T o T e P T ey
puts("D,6,"); /* ALPHA: on, GRAPHICS: on, ERASE: off */
puts("E"); /* Exit Graphics Mode. */

»
B ‘NN N
. I
. e T
b oo P ta o

ew—
1

3

ol
.
~ .l B

|

T T—

®
R

WA N N el
&
PR NS SR SN Lk WIS N & e o .=~ 2 S

A-47

et et e . . et e RS
LU APV WP S DAL I JPR s AN Ny 3 g PPN P AP L % RPN




\dint Atore Sh Sl b Y e e e S At DAL 8 S B aaCANCS 4n R AnRaca s nan i S et S A S8 Sl Eaib 8 £ B R R R I Tt Jh I T e

S

~~ '
-

/***#***********************************************************#********/

/% */

/* NAME: RIGHT.C */

/* VERSION: 1.0 */

/* DATE: 2 December 1983 */

/* MODULE NUMBER: 15 */

/* FUNCTION: Moves vertical CURSOR to right by amount given in */

/* "input2". Movement past sample #500 causes a new 500 sample */

/* graph to be displayed. CURSOR is placed at first sample of */

/* graph. */

o /* INPUTS: NONE. */

L /* OUTPUTS: Draws new CURSOR on CRT screen. May result in a new */
A /* 500 sample graph being displayed also. */
b - /* GLOBAL VARIABLES USED: cursor, 1l_cursor, inputl, ianput2, */
aa /* x_axis, 1_temp, max_samples. */
- /* GLOBAL VARIABLES CHANGED: cursor, 1_cursor, x_axis, 1_temp. */
/* FILES READ: NONE. */

1 /* FILES WRITTEN: NONE. */
f /* MODULES CALLED: plot(). */
1 ;* CALLING MODULES: graphics(). *;
E * *
%T' ;* AUTHOR: CAPTAIN WILLIAM H. LIEBER *;
— - * *

‘ /* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */

- /* Speech Work Station. Thesis Advisor: Major Larry Kizer. */
/* *

/************************************************************************/

(;f

/********************************************************************t***/

/* GLOBAL VARIABLES */
JRFRRERRERREERERRRERRE R R ok ko oR ook kR dokok Rk ok kok kR Rk Rk [

#include "speech.h" /* Contains all GLOBAL VARIABLES. */

R e T Y T LY

/* */
/* FUNCTION: RIGHT() */
/* */
AR L L L Ty
right()

( PR L e P Y
/* LOCAL VARIABLES */
A L L L P e Ty
char onel[4]; /* Holds LONG (32 bit) version of 1. */
char twol[4]; /* Holds LONG (32 bit) version of 2. */
char hundred[4]; /* Holds LONG (32 bhit) version of 100, */
char five_hundred[4]; /* Holds LONG (32 bit) version of 500. */
char 1_input2[4]; /* Holds LONG (32 bit) version of */

/* global variable "input2", */
char max[4]; /* Holds LONG (32 bit) version of */
/* maximum number of samples which */
/* can be stored. */
A-48
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/* INITIALIZE VARIABLES */
T e e L L L T e R S LS L 2L Y
itol(one,1); /* Convert 1 into a 32 bit integer. */
itol(two,2); /* Convert 2 into a 32 bit integer. */
itol(hundred,100); /* Convert 100 into a 32 bit integer. */
itol(five_hundred,500); /* Convert 500 into a 32 bit integer. */
itol(1_cursor,cursor); /* Convert cursor to a 32 bit integer. */
itol(1l_input2,inputr2); /* Convert input2 to a 32 bit integer. */
ladd(1_temp,x_axis,l_cursor); /* Form sample number where cursor */
lsub(1l_temp,l_temp,two); /¥ 1is to be moved. */
ladd(1_temp,l1_temp,l_input2);
atol(max,max_samples); /* Form 32 bit version of max number */
/* of samples which can be stored. */
T e e L e e L R L A LY
/* MOVE CURSOR TO THE RIGHT */
L P R P TP P P P P PSR LRSS L LA LS 2L Y
if(lcomp(l_temp,max) == 1) /* If (1_temp > max), lcomp = 1 and */
: /* data sample can not exist. Return. */
else if(cursor < inputl) /* If room to move cursor to right and */ -
/* not go past edge of graph. */ W
puts("”\0331,"); /* Enter Graphics Mode. */ -
puts("N,170,"); /* Primary Line Style: DASHED LINE. */ -
puts("I,2,"); /* Line Type: COMPLEMENT. */ "
L. -
9 /* Remove existing "cursor line" and */ L.
/* draw new "cursor line”. */ -
printf("P,%d,246,L,%d,47,",cursor,cursor); -]
cursor = cursor + input2; -
printf("P,%d,246,L,%d,47,",cursor,cursor); 4
puts("E"); /* Exit Graphics Mode. */ S
L.
/* Update CURSOR value on CRT screen. */ )
itol(1l_cursor,cursor); “T
ladd(1_temp,x_axis,l_cursor); }H
/* Line 23, Column 11. Update CURSOR. */ 7
puts("\033Y6#*"); ']
printf("%-6s8",1toa(a_temp,lsub(l_temp,l_temp,two))); Y
L8
t! } else { /* Moving cursor past right edge of */ Lﬂ
-~ /* graph, redraw graph. */ s
- cursor = 2; /* Set cursor for lst pixel of graph, */ e
< /* Update CURSOR value on CRT screen. */ -
- itol(1_cursor,cursor); -
o ladd(x_axis,x_axis,five_hundred); B
. ladd(1_temp,x_axis,l_cursor); -
- | /* Line 23, Column 11, Update CURSOR, */ !
f‘ puts("\033Y6*"); 3
- printf("%-6s",1toa(a_temp,lsub(l_temp,1_temp,two)));
% /* Line 22, Column 1. Update x-axis */
- /* tick numbers. */
-
b
3
: D) A-49
b ‘
V'_'
:-; :
2 '
'
[ 5
- "
».- . - - - - - - 0 . . - - - . - . - - - - - )
v e e e e L e e R e s P




o R T O T T T LW L TR TR T Lo andh e e S i iies JCE R e Bre aow e ibhus AR hote e b v

puts("\033Y5 ");

printf(" Z-6s", ltoa(a_temp,x_axis));
lsub(l_temp,x_axis, one),
printf("les", ltoa(a _temp,ladd(1l_temp,l_temp,hundred)));
printf("Z12s", 1ltoa(a_temp,ladd(l_temp,l_temp,hundred)));
printf("%13s", ltoa(a_temp,ladd(l_temp,l —_temp,hundred)));
printf("Z12s", 1ltoa(a temp,ladd(l temp,l_temp,hundred)));
printf("Z13s ", ltoa(a temp,ladd(1 temp,l temp,hundred)));
plot(); /* Plot next 500 samples on graph.
puts("\0331,"); /*¥ Enter Graphics Mode.
puts("N,170,"); /* Primary Line Style: DASHED LINE.
puts("I1,2,"); /* Line Type: COMPLEMENT.

- /* Draw new "cursor line"

_ printf("P,%d,246,L,%d4,47,",cursor,cursor);
puts("h"), /* Exit Graphics Mode.
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/************************************************************************/

/*
/*
/*
/*
/*
/*

NAME:
VERSION:
DATE:

LEFT.C
1.0
2 Decem

MODULE NUMBER: 16
Moves vertical CURSOR to left by amount given in

FUNCTION:

"input2". Movement past first sample causes a new 500 sample
graph to be displayed. CURSOR is placed at last sample of new

graph.
INPUTS:
OUTPUTS:

NONE.

Draws new CURSOR on CRT screen. May also result in a

ber 1983

new 500 sample graph being displayed.

GLOBAL VARIABLES USED:

x_axis, 1_temp, max_samples.
GLOBAL VARIABLES CHANGED:

FILES READ:
FILES WRITTEN:

NONE

MODULES CALLED:
CALLING MODULES:

AUTHOR:

HISTORY:

Speech Work Station.

CAPTAIN WILLIAM H.

AFIT THESIS GE/EE/84D-71: Development of a Dedicated
Thesis Advisor: Major Larry Kizer.

NONE.

plot().

cursor, 1_cursor, inputl, input2,

cursor, 1_cursor, x_axis, 1_temp.

graphics().

LIEBER

*/

/% ek ok ok ek ok ok ok ok ok 3k ok 3 3 3 3 ok ok e ok oo e ok o ok ok K ok ok ok ok ok ok ok ook dkokokokokokokokok ok ok ok Kok k ok k k k k ok ok kkk ok /

L L e 2y

GLOBAL VARIABLES
[k ok ok R R ok K ok sk ok ok ok ok KR R ok ok ok Rk Rk ok Rk ok Kok R ok R kR kR ko k kR ok

/* Contains all GLOBAL VARIABLES.

/*

#include "speech.h"

*/

*/

[ REEE AR R RO Rk Rk Rk Kk ok Rk k kR kKRR ko Rk ok Rk Aok kR kokok ok Aok Rk kR Kok k kR kkkk*k [

/*
/*

/*

FUNCTION:

LEFT()

*/
*/

*/

[ Ao o e kR oK ok kR kR ok Rk ok kR kKR Rk Rk koK ok ok ok ok Rk ok kok kR kR Rk R kR Rk Rk kR Rk kK [

left()
{

[ AR A AR K AR A KK KK R KKk K ROR R KR KK Rk kR kA ok Ak [

/* LOCAL VARIABLES */
A AR K KRR A AR R R RO RR R R Rk R kR Rk R kR Rk Rk KRRk Aok [
char one[4]; /* Holds LONG (32 bit) version of 1. */
char twol[4}; /* Holds LONG (32 bit) version of 2. */
char hundred[4]; /* Holds LONG (32 bit) version of 100. */
char five_hundred(4]; /* Holds LONG (32 bit) version of 500. */
char 1_input2[4]; /* Holds LONG (32 bit) version of */

/* global variable "input2", */

PR AP RINE YN O WO B
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/* INITIALIZE VARIABLES */
FE T T e e e L e PR L L e el A i Y
itol(one,1); /* Convert 1 into a 32 bit integer. */
itol(two,2); /* Convert 2 into a 32 bit integer. */
itol(hundred,100); /* Convert 100 into a 32 bit inteaser. */
itol(five_hundred,500); /¥ Convert 500 into a 32 bit interger. */
itol(1l_cursor,cursor); /* Convert cursor into a 32 bit integer.*/
itol(l_input2,input2); /* Convert input2 into a 32 bit integer.¥/

ladd(1_temp,x_axis,l_cursor); /* Form sample number where cursor */
lsub(l_temp,l_temp,two); /* is to be moved. */
lsub(l_temp,l_temp,l_input2);

/*********************************************************************/

/* MOVE CURSOR TO THE LEFT */
[ 3R R AR e Kook R KA R KK K R KRR R R KRR KRR R R R kKR K
if(lcomp(l_temp,one) == -1) /* If (1_temp < one), lcomp = -1 and */
; /* data sample can not exist. Returm. */
else if(cursor > inputl) | /* If room to move cursor to left and */
/* not go past edge of graph. */
puts("\0331,™); /* Enter Graphics Mode. */
puts("N,170,"); /* Primary Line Style: DASHED LINE. */
puts("1,2,"); /* Line Type: COMPLEMENT. */
/* Remove existing “"cursor iine"™ and */
/* draw new "cursor line". */
printf("P,%d,246,L,%d,47,",cursor,cursor);
cursor = cursor - input2;
printf("P,%d,246,L,%d,47,",cursor,cursor);
puts("E"); /* Exit Graphics Mode. */

/* Update CURSOR value on CRT screen, */
itol(l_cursor,cursor);
ladd(1_temp,x_axis,l_cursor);

/* Line 23, Column 11. Update CURSOR, */
puts("\033Y6%*");
printf("2%2-6s",1toa(a_temp,lsub(l_temp,l_temp,two)));

} else ( /* Moving cursor past left edge of */
/* graph, redraw graph. */
cursor = 501; /* Set cursor for last pixel of graph. ¥/

/* Update CURSOR value on CRT screen. */
itol(1_cursor,cursor);
lsub(x_axis,x_axis,five_hundred);
ladd(1_temp,x_axis,l_cursor);

/* Line 23, Column 11. Update CURSOR. */

R puts("\033Y6*");
A printf("Z-6s",1toa(a_temp,lsub(l_temp,l_temp,two)));

- /* Line 22, Column 1. Update x-axis */
® /* tick numbers. */
< puts("\033Y5 *);

printf(" Z-68", ltoa(a_temp,x_axis));

lsub(l_temp,x_axis,one); -
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printf("%11s", ltoa(a_temp,ladd(l_temp,l_temp,hundred))); _—
printf("%12s", ltoa(a_temp,ladd(l_temp,l_temp,hundred))); !ﬂ
printf£("%13s", 1ltoa(a_temp,ladd(]l_temp,l_temp,hundred))); ]
printf("%12s", ltoa(a_temp,ladd(1l_temp,l_temp,hundred))); |
printf("%Z13s ", ltoa(a_temp,ladd(1l_temp,l_temp,hundred))); h
plot(); /* Plot next 500 samples on graph. */ .

-
puts("\0331,"); /* Enter Graphics Mode. */ ).
puts("N,170,"); /*¥ Primary Line Style: DASHED LINE. x/ e
puts("I,2,"); /* Line Type: COMPLEMENT, */ o

* Draw new "“cursor line". */ -
printf("P,%d,246,L,%d,47,",cursor,cursor); ]
puts("E"); /* Exit Graphics Mode. */ !
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/* */
/* NAME: VOLTLINE.C */
/* VERSION: 1.0 */
/* DATE: 2 December 1983 */
/* MODULE NUMBER: 17 */
/* FUNCTION: Moves horizontal Volt Line up or down by amount */
/* given in "inputl". Volt Line is not allowed to move off the */
/* graph, */
/* INPUTS: NONE. */
/* OUTPUTS: Draws new Volt Line on CRT screen, x/
/* GLOBAL VARIABLES USED: voltline, inputl. */
/* GLOBAL VARIABLES CHANGED: voltline. */
/* FILES READ: NONE. */
/* FILES WRITTEN: NONE. */
/* MODULES CALLED: NONE. */
/* CALLING MODULES: graphics(). */
/* */
/* AUTHOR: CAPTAIN WILLIAM H. LIEBER *;
/* *

/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */
/* Speech Work Station. Thesis Advisor: Major Larry Kizer. *;
/* *

/************************************************************************/

/************************************************************************/

/* GLOBAL VARIABLES */
/************************************************************************/

#include "speech.h" /* Contains all GLOBAL VARIABLES. */

/************************************************************************/

/* */
/* FUNCTION: VOLTLINE() */
/* */

/************************************************************************/

voltline()
{

/*********************************************************************/

/* MOVE VOLTAGE LINE */
[ F R AR R R KRR R OR KRR kR Rk Kk K KRRk R KRR R KRk Rk ok Kk
/* Volt Line must not move off graph. x/

if((volt_line + inputl >= 47) && (volt_line + inputl <= 246)) ¢
puts(™\0331,"); /* Enter Graphics Mode. */
puts("N,170,"); /* Primary Line Style: DASHED LINE. */
puts("1,2,"); /* Line Type: COMPLEMENT. */
/* Remove existing "voltage line" and */
/* draw new "voltage line", */

printf("P,6,%d,L,501,%Zd,",volt_line,volt_line);

volt_line = volt_line + inputl;
printf("P,6,%d,L,501,%d,",volt_line,volt_line);

puts("E"); /* Exit Graphics Mode. */

R
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/* */
/* NAME: INPUT.C */
/* VERSION: 1.0 */
/¥ DATE: 2 December 1983 */
/* MODULE NUMBER: 18 */
/* FUNCTION: Allows user to: (1) Select "analog input channel" to */
/* be sampled, (2) Select data "sampling rate", (3) Select total */
/* "number of samples™ to be taken, and (4) Select "first and */
/* last sample" to be converted during D/A conversion. */
/* INPUTS: User entered alphanumerics from H-19 keyboard. */
/* OUTPUTS: User prompts displayed on CRT screen. */
/* GLOBAL VARIABLES USED: is_analog, channel, chan_num, rate, */
/* rate_num, max_rate, is_graphics, is_digital, begin_at, start, */
/* max_samples, samples, finish. ¥/
/* GLOBAL VARIABLES CHANGED: channel, chan_num, rate, rate_num, */
/* begin_at, start, samples, finish. */
/* FILES READ: NONE. */
/* FILES WRITTEN: NONE, */
/* MODULES CALLED: NONE, */
;* CALLING MODULES: analog(), digital(), graphics(). *;
* *

5* AUTHOR: CAPTAIN WILLIAM H. LIEBER *5
* *

/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */
;* Speech Work Station., Thesis Advisor: Major Larry Kizer. *;
* *

FE Ty Y L T e e T Y

JHREER Rk ok ok ok ok kol Rk kKRR ok R kb k ook ko Rk kAR Kk kR Rk Rk kR k

/* SYMBOLIC CONSTANTS */
[ ARk A o oK R R AR KR R R K A KK A R AR R R KR R AR R R AR AOR K Ak Rk [

#define ESCAPE 27 /* H-19 CRT ASCII "escape" code. */
#define R_VIDEO O0x70 /* H-19 CRT code - enter reverse video mode. */
#define N_VIDEO 0x71 /* H-19 CRT code - enter normal video mode. */
#define TRUE 1 /* Logic "true" is a 1. x/
#define BACKSPACE 0x08 /* ASCII hex code for "Backspace” key. */
#define DELETE Ox7F /* ASCII hex code for "Delete" key. */

JE R P e P PSR S T Y

/* GLOBAL VARIABLES */
[ %A ook o o o ok o oo o o o o o e o o o ok R o oKk ol koK ok kR kR Rk ok ok ok ok ko ke ok ok ok ok ok ok Rk kR Rk ok /

#include "“speech.h" /* Contains all GLOBAL VARIABLES, */
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/************************************************************************/

/* x/
/* FUNCTION: INPUT() */
/* *
JE T e e Ty
input()

( JREEERERER R R R R Rk Rk kAR Rk R Rk KRRk Rk kok ko k ok k ko k ok Kk [
/* LOCAL VARIABLES */
JAEEREE KRR Rk k ok ok kR ok ok ok kR KRR KRR Rk Rk ko ko kR kR kK [
int i; /* Indexing variable used in "for" loop.*/
char c; /* Holds keyboard response to getchar().*/
char max[4]; /* Holds LONG (32 bit) version of max */

/* number of samples that can be stored*/
/* in extended memory. */
int compare; /* Used to determine if an "input" is */

/* larger than maximum value allowed. ¥/

putchar (ESCAPE); /* Display user prompt in reverse video.*/
putchar(R_VIDEO);

puts("\n\nPress <CR> for default value.\n");

putchar (ESCAPE);

putchar(N_VIDEO);

/% ok ek ok ok sodeode e ok ok e ok ok ok ok o ok Kk ok ok ok ok sk kR ok sk ok ok sk ok okokosk sk ok ok KoKk Kk ok kK kR Rk kR Rk ok kokkk [

/* SELECT ANALOG CHANNEL */
JRE ARk ok ok ok ok kR kR kR ok ok kR ok ok Rk ok KRRk kR kR ok kR Rk kR kb
/* When requested, display prompt for */
- /* ANALOG CHANNEL, */
‘e if(is_analog == TRUE) {
El: printf("\nANALOG CHANNEL to be sampled [%Zs", channel);
printf("]: .. <CR>\b\b\b\b\b\b\b");
/* Skip all keyboard entries until first*/
/¥ "digit" or <CR> arrives. x/
i= 0;
while(((c=getchar()) < '0' || ¢ > '9') && (c != "\n')) {
if(c == BACKSPACE || ¢ == DELETE)
puts("");
else
puts("\b.\b");

/* Enter ANALOG CHANNEL to be sampled */

f

TR 5 W W e
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/* Skip all keyboard entries except */ 3
/¥ "digits" and <CR>. x/ v
if(c t= "\n') { .
channel[i] = c¢; -
for(i = 1; (¢ = getchar()) != '"\n' && i < 2; ++1i) { j
if(c == BACKSPACE || ¢ == DELETE) )
_..i;
else if(c < '0' [| ¢ > '9"') { .
puts("\b.\b");
_-i: ::
} else ¢
channel[i] = ¢} ¢
)
o
A-56
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channel{i] = '\0';

+

} ¢
chan_num = atoi(channel); /* Convert ASCII "channel” to 16 bit */ 3

/*¥ 1integer value, */ .

/* Check for and respond to any errors., */ -

if(chan_num > 15) { -
puts("\nERROR: MAGIC only allows channels O thru 15 inclusive.\n"); =

goto El; -4

) 9

) "]
®

[ R ARk AR R KRR KRR R R KRR R KR RO KRR KRR RO R R KRR R Rk Q
/* SELECT SAMPLING RATE */ o
JE T Tt E et e e e S e L L e S I Ll 7]
/* When requested, display appropriate */ k

/* user prompt for SAMPLING RATE. */ bt

E2:1f(is_graphics ==TRUE) (
printf("\nWelcome to GRAPHICS, Zs. \n", name);
printf("\nDuring any Analog Output, the SAMPLING RATE ");
printf("should be [Zs", rate);
} else
printf("\nSAMPLING RATE in samples/sec [Zs", rate);

PRI Y

_ printf("]: ..... <CR>\b\b\b\b\b\b\b\b\b\b"); j
, /* Skip all keyboard entries until first*/ .
(e /* ™M™digit" or <CR> arrives. */ -

i = 0; o

while(((c=getchar()) < '0' || ¢ > '9') && (c != '"\n")) {
if(c == BACKSPACE || ¢ == DELETE)
puts(""); ]
else -
puts("\b.\b");

=

/* Enter SAMPLING RATE. */ -

/* Skip all keyboard entries except */ 5

/* "digits" and <CR>. */ N

if(c t= "\n') ( «

rate(i] = ¢; "

for(i = 1; (¢ = getchar( 1= '\n' && 1 < 5; ++1i) { N
if(c == BACKSPACE fi ¢ == DELETE)

-1

else ié(c <'0' ] e > '9Y) |
puts("\b.\b");
__j_;

} else
rate[i] = ¢;

)
rate[i] = '\0'";
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% .
:{: atol(rate_num, rate); /* Convert ASCII "Sampling Rate" to */ ;:
- /*¥ 32 bit integer value, */ ).
]l atol(max, max_rate); /* Convert ASCII "Max Sampling Rate" to */ =
2 /* 32 bit integer value. */ Y
P: /* Check for and respond to any error. */ 3
S /* NOTE: compare = 1 if (rate_num > max)*/ =3
- compare = lcomp(rate_num, max); {q
. if(compare == TRUE) ;j
: puts("\nERROR: Maximum sampling rate for MAGIC is 31,700.\n"); )
goto E2; .
. ) g
}f R T A PR S e e L T e L -
o /* SEZLECT FIRST DIGITAL-TO-ANALOG SAMPLE */ e
. R e PP e PR T TR T R e e e L L e e L S T L iﬁ
/* When requested, display prompt for  */ }i
A

/* "first sample™ to be D/A processed. */

E3:if((is_digital == TRUE) || (is_graphics == TRUE)) {

1

if(is_graphics == TRUE) { jj
puts("\n500 samples at a time are displayed.\n"); =
puts("\nMAGIC should START with sample "); Lﬁ
printf("number [Zs", begin_at); o

] else R
printf£("\nSTART with sample number [Zs", begin_at); <o
printf("}: ...... <CR>\b\b\b\b\b\b\b\b\b\b\b"); ;1
o /* Skip all keyboard entries until first*/ -
Y /% "digit" or <CR> arrives, */ !.q
i = 0; 5
while(((c=getchar()) < '0' || ¢ > '9"') && (c != "\n')) { o
if(c == BACKSPACE || c¢ == DELETE) ]
puts(""); o

else .
puts("\b.\b"); ri

/* Enter "FIRST SAMPLE" to be processed.*/ ?

/* Skip all keyboard entries except */ o

/* "digits" and <CR>. */ Ny

if(c !'= '"\n') { i
begin_at[i] = c; ol
for(i = 1; (c = getchar()) != '\n' && i < 6; ++1) { "
if(c == BACKSPACE || ¢ == DELETE) L.

--1i;

else if(c < '0' || ¢ > '9") ( -
puts("\b.\b");

__i; .t

} else .

| begin_at[i] = c¢; :—
begin_at{i] = '\0°'; o

) o
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. N
5" A atol(start, begin_at); /* Convert ASCII "“first sample™ number */ =
t /* to 32 bit integer value. * .
atol(max, max_samples); /* Convert ASCII "maximum sample number"*/ .

/* to 32 bit integer value. */

/* Check for and respond to any error. */ .
/* NOTE: compare = 1 if (start > max). */ -1
compare = lcomp(start, max); *. ]
if(compare == TRUE) { .

. bl
ii puts("\nERROR: MAGIC limits START sample to under 163,840.\n"); ..
- goto E3; \j
e ) ] »
o if(is_graphics == TRUE) /* Skip rest of function because "last */ 'd
e goto BYE; /* sample" to be processed is provided */ )
/¥ by graphics(). */ L

J AR AR AR AR E AR R AR AR E R R KR ERRE AR R KRR R Rk [ s

/* SELECT NUMBER OF SAMPLES TO PROCESS */ - 1
L e R S L S L L L L) N

/*¥ When requested, display user prompt */ N
/* for "last sample" to be processed. */ :I

E4:if(is_analog == TRUE)

printf("\nNUMBER OF SAMPLES to be taken [Zs", samples); 9

else if(is digital == TRUE) .

printf("\nFINISH with sample number [Z%s", samples); 4

printf("]: ...... <CR>\b\b\b\b\b\b\b\b\b\b\b");
) /* Skip all keyboard entries until first*/
o /* "digit" or <CR> arrives. x/
\e 1 = 03
while(((c=getchar()) < '0' || ¢ > '9"') && (c I= '\n")) |
if(c == BACKSPACE || c¢ == DELETE)
puts("");
else
puts("\b.\b");

/* Enter "LAST SAMPLE" to be processed. */
/* Skip all keyboard entries except */
/* "digits™ and <CR>. */
if(c != "\n') {
samples[i] = c;
for(i = 1; (c = getchar()) != "\n' && i < 6; ++1) |
if(c == BACKSPACE || ¢ == DELETE)

--i; ™
else if(c < '0' || ¢ > '9") { Y
puts("\b.\b"); ‘-
__1; e
) else s
samples(i] = c; -

)
samples[i] = '"\0';
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atol(finish, samples); /* Convert ASCII "last sample"™ to */
/* 32 bit integer value. */
atol(max, max_samples); /*¥ Convert ASCII "maximum sample number"*/
/* to 32 bit integer value, */

/* Check for and respond to any error, ¥/
/* NOTE: compare = 1 if (finish > max). */
compare = lcomp(finish, max);
if(compare == TRUE && is_analog == TRUE) ({
puts("\nERROR: MAGIC limits the number of samples to 163,840.\n");
goto E&4;
} else if(compare == TRUE && is_digital == TRUE) (
puts("\nERROR: MAGIC limits the last sample to 163,840.\n");
goto Eé&;

/********************************************#***********#**********##/

/* DONE */
/#******************************************************#***********#*/

BYE: ;
]
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pa /* NAME: DMA.C */ g
- /* VERSION: 1.0 */ E
/* DATE: 2 December 1983 * / 5
/* MODULE NUMBER: 19 */ 3
/* FUNCTION: Initializes Direct Memory Access (DMA) chip's */ X
/* internal register's to: (1) Support analog-to-digital sampling*/ -
/* (2) Support digital-to-analog conversion, (3) Provide 2048 */ "
/* byte memory-to-memory data transfer to support store() and */ N
/* retrieve(), and (4) Provide 64K byte memory-to-memory data */ .
/* transfer to clear extended memory boards. */ M
/* INPUTS: NONE. */ 3
/* OUTPUTS: NONE. */ .
/* GLOBAL VARIABLES USED: is_mem_mem, is_graphics, is_analog, */ -
/* is_digital, is_clearmen, */ S
/* GLOBAL VARIABLES CHANGED: NONE. */ -
/* FILES READ: NONE, */ e
/* FILES WRITTEN: NONE. */ “1
/* MODULES CALLED: nop(). */ -
/* CALLING MODULES: analog(), digital(), store(), retrieve(), */ :1
/* plot(), clearmem(). */ -
/* */ {
;* AUTHOR: CAPTAIN WILLIAM H. LIEBER */ 1
* */
/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */
/* Speech Work Station., Thesis Advisor: Major Larry Kizer. */ -
/* * [ -
5 R e T P T e Yy =
\ T3 .
g
e Tt Y] :1
/* SYMBOLIC CONSTANTS */ b
L e P T T L <]
#define RESET 0x9D /* DMA Master Reset. */ R
(4
#define COMMAND 0x98 /* Write COMMAND REGISTER. */ 5
#define A_OR_D 0x80 /* Set Command Reg for A/D or D/A operation. */ ‘s
fidefine MEM_MEM 0x81 /* Set Command Reg for MEM-MEM transfer. */ -
#define MEM_CLEAR 0x83 /* Set Command Reg to NULL Extended Memory. */ -
#define MASK_FOR 0x9F /* Write all MASK REGISTERS. */
. #define ANALOG 0xOB /* Set DMA Mask for A/D operation. */
S #define DIGITAL 0x07 /* Set DMA Mask for D/A operation. */
. #define MEM_XFER OxOF /* Set DMA Mask for MEM-MEM transfer, */
7 #define MODE 0x9B /* Write MODE REGISTER. */
’_ #define CHO_MREG 0x88 /* Set Chan O MODE REG for mem-mem operation, */ R
A #define CHO_ADDR 0x90 /* Channel O ADDRESS REGISTER. */ -
N #define CHO_BYTE 0x91 /* Channel O BYTE COUNT REGISTER. */ -
;i )
n_‘- ]
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e #define CHI1_MREG 0x85 /* Set Chan 1 MODE REG for mem-mem operation, */

: #define CH1_ADDR 0x92 /* Channel 1 ADDRESS REGISTER. */

l #define CH1_BYTE 0x93 /* Channel 1 BYTE COUNT REGISTER. */

#define CH2_MREG 0x56 /* Set Chan 2 MODE REG for A/D operation. */

#define CH2_ADDR 0x94 /* Channel 2 ADDRESS REGISTER. */

#define CH2_BYTE 0x95 /* Channel 2 BYTE COUNT REGISTER. */

o #define CH3_MREG OxSB /* Set Chan 3 MODE REG for D/A operation. */

V] #define CH3_ADDR  0x96 /* Channel 3 ADDRESS REGISTER. */
= #define CH3_BYTE 0x97 /* Channel 3 BYTE COUNT REGISTER. */ K
: #define TRUE 1 /* Logic "true" is a 1. */ §
Fi #define ZERO 0x00 /* Used to initialize memory location. */ -

- #define BYTE_COUNT OxFF /* Used to initialize byte count, */

T
oo

-I_,,.n'r
) .
PP

/*************************************************************#**********/

/* GLOBAL VARIABLES */
[ AR ok o KoK KRR ok R KR R R R R R kR Kk AR R R R kR R R Rk
#include "speech.h" /* Contains all GLOBAL VARIABLES, */ )
JRRRRREE KKK R Rk Rk ok ok kbR ok ok Rtk ok kR ok Aok ok Rk KRR R KRR KRR RNk [ .
/* */ .
/* FUNCTION: DMA() */ Ny
- /* */ ]
Qe JHREA KRR ARRKE R AR KRR KRR AR EERERRRERERRRERRRRRRRE R AR AR RS ] ;q
JEERRERRERKERERERECRRRRRRRER R bbbk kR kkk f%
/* NOTE: CHANNEL 0: MEMORY-MEMORY TRANSFER (SOURCE). */ }{
/* CHANNEL 1: MEMORY-MEMORY TRANSFER (DESTINATION). */ T
/* CHANNEL 2: ANALOG-TO-DIGITAL CONVERSION. */ o
/* CHANNEL 3: DIGITAL-TO-ANALOG CONVERSION. */ 1
JRERREERERE R Rk kR kR kbbb koo ok Rk R kR Rk Rk Rk Kk e
dma () o
{ S
JRARERERKEKEREREREEER Rk Rk Rk R R R KRR Rk kR R Rk Rk ok k / S
/* LOCAL VARIABLES */ -
; [ AR ok kR KKk Rk Rk R R IR R R R R R Rk R Rk kR kR Rk [ L
g char xfer_lo; /* Holds number of bytes to transfer */ .
- char xfer_hi; /* during Memory-to-Memory operations. */ .
3 [ Ak ks ook ok R KKKk kR Kk R KRR R Aok kR KRRk kR KR KRRk kAR R R ;
- - /* LOAD DMA COMMAND REGISTER */ -
- JEEERIE AR AR ARk ok kKR Ak RO R KRR OO RO R R Rk Kok R R Rk kR kX -
.. outp(RESET); /* RESET DMA chip. */ )
) nop(); /* NOTE: A small delay is required x/ s
- /* between loading of DMA's internal  */ >
- /* registers, x/ "~
- -
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if((is_mem_mem == TRUE) || (is_graphics == TRUE)) {

outp(COMMAND, MEM_MEM);
nop();

) else if((is_analog == TRUE) || (is_digital == TRUE)) {

outp(COMMAND, A_OR_D);
nop();

} else {
outp(COMMAND, MEM_CLEAR);
nop();

/*********************************************************************/

/* LOAD DMA FOR:

/***********************************************************#*********/

MEMORY-TO-MEMORY TRANSFER

/* Determine the number of bytes to be
/* moved durina a Memory-to-Memory
/* transfer.
if(is_mem_mem == TRUE) {
xfer_lo = 0x00; /* (0800)H = 2048, number bytes moved
xfer_hi = 0x08; /* during STORE() and RETRIEVE().
} else if(is_graphics == TRUE) {
xfer_lo = OxE8; /* (03E8)H = 1000, number of bytes to
xfer hi = 0x03; /* be moved during PLOT().
} else
xfer_lo = OxFF; /¥ (FFFF)H = 64K, number of bytes to be
xfer_hi = OxFF; /* NULLED during CLEARMEM().
)
if((is_mem_mem == TRUE) || (is_graphics == TRUE) || (is_clearmem)) {
outp(MODE, CHO_MREG); /* Load Group O MODE REGISTER.

nop();
outp(CHO_ADDR, from([3]);

nop();
outp(CHO_ADDR, from{2]);

nop();
outp(CHO_BYTE, xfer_lo);

nop();
outp(CHO_BYTE, xfer_hi);

outp(MODE, CH1_MREG);
nop();
outp(CH1_ADDR, to[3]);
nop();
outp(CH1_ADDR, to[2]);

nop();
outp(CH1_BYTE, xfer_lo);

nop();
outp(CHI_BYTE, xfer_hi);

nop();

/* (SOURCE.)

/* Load "Address Register" with
/* with address of where first
/* byte is to "come from".

/* Load "Word Count Register"
/* with number of bytes to be
/* transferred.

/* Load Group 1 MODE REGISTER.
/* (DESTINATION.)

/* Load "Address Register" with
/* address where lst byte is
/*¥ "moved to".

/* Load "Word Count Register"
/*¥ with number of bytes to be
/* transferred.

“a

*/

*/
*/
*/
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/* LOAD DMA FOR: ANALOG-TO-DIGITAL SAMPLING */
FE Ly L e e Ly P PR R L 2 22T i
if(is_analog == TRUE) {
outp(MODE, CH2_MREG); /* Load Group 2 MODE REGISTER. */
nop(); ]
outp(CH2_ADDR, ZERO); /¥ Load "Address Register" with */ g
nop(); /* address of lst byte (O000H) */ =
outp(CH2_ADDR, ZERO); /*¥ on extended memory boards. */ -t
nop();
outp(CH2_BYTE, BYTE_COUNT); /* Load "Word Count Register" */ R
nop(); /* with number of bytes (64K) */ -4
outp(CH2_BYTE, BYTE_COUNT); /* on exteded memory boards. */ <
nop(); R
} -
JHREEERERKAAKKERRRKKKKKAK RS RRERRKKA KRR KRR KA KRR R KKK KAk R AR KKK E RN ] 3
/* LOAD DMA FOR: DIGITAL-TO-ANALOG CONVERSION */ ]
J T E T T T T IS T T L P e e e e e e T e R L S Y ]
1f(is_digital == TRUE) ( ;
outp(MODE, CH3_MREG); /* Load Group 3 MODE REGISTER., */
nop(); 4
outp(éH3_ADDR, ZERO); /* Load "Address Register" with *;
nop(); /* address of lst byte (0000H) * 1
outp(éH3_ADDR, ZEROQ); /* on extended memory boards. */ &
nop(); -]
outp(éH3_BYTE, BYTE_COUNT); /* Load "Word Count Register"” *5 g
nop(); /* with number of bytes (64K) * X
o outp(CH3_BYTE, BYTE_COUNT); /* on extended memory boards. */ j
e ] nop(); -
JHRE A A AR R R R KA KRR KRR KRR KR AR AAK AR R R KRR AR kR R R R kR RA N [ -}
/* MASK DMA RYGISTERS */ ™
JAEEE R AR KRR AR R R KRRk Rk kR Rk Rk kR kR Rk k kK [ ]
if(is_analog == TRUE) ({ -
outp(MASK_FOR, ANALOG); /* Allow only analog~to-digital */ .
- nop(); /* requests. */
o } eise if (is_digital == TRUE) {
- outp(MASK_FOR, DIGITAL); /* Allow only digital-to-analog *5
L. nop(); /* requests. *
éz. } else (
p outp(MASK_FOR, MEM_XFER); /* Allow only software memory- */
?" nop(); /* to-memory transfer requests.*/
;7 .Q
- , }
h‘ :. ‘1
;
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R /* NAME: TIMING.C */ i |
. /* VERSION: 1.0 */ -
- /* DATE: 2 December 1983 */ o
5 /* MODULE NUMBER: 20 */ e
o /* FUNCTION: Initializes System Timing Controller (STC) chip's */ -]
' /* internal registers to: (1) Provide A/D or D/A clock pulses at */ »
n /* user specified triggering rate, (2) Disable A/D or D/A */ el
- /* capability after user specified number of data samples are */ -
- /* processed, and (3) Provide by-passing of unrequired data x/ A
- /* samples at the beginning of a memory board during digital-to- */ -
N /* analog output operation, * / e
/* INPUTS: NONE. */ o
/* OUTPUTS: NONE. */
/* GLOBAL VARIABLES USED: 1limitlA, 1imit2A, limit3A, limitéA, * /
i /* limit5A, limit6A, limit7A, limit8A, is_analog, finish, */
; /* is_digital, start, crystal, rate_num. */
/* GLOBAL VARTABLES CHANGED: NONE. */
/* FILES READ: NONE. */
/* FILES WRITTEN: NONE. */
/* MODULES CALLED: NONE. */
/* CALLING MODULES: analog(), digital(). */
/* */
/* AUTHOR: CAPTAIN WILLIAM H. LIEBER *;
/* *
/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */
/* Speech Work Station. Thesis Advisor: Major Larry Kizer. *;
. * *
L 'Y [ AR AR oA o R ok Ko o KA KA o KK K Koo oK R o o KSRk R R R KRR Rk Rk [
F [ AR R ok KK o ok ok KR ok o ROk ok ok o KR ook ok Kok R KKKk R Ok R R kR ok o
- /* SYMBOLIC CONSTANTS */
F! T e e e LI Ly
3
-~ #define STC_D 0x10 /#* Address System Timing Controller (STC) */ .
o /* chip select - data register transfer. */ -
» #define STC_C 0x11 /* Address STC chip select - control */ “)
) /* register transfer, */ a”
J #define RESET OxFF /* STC Master Reset code. x/ lq
M. #define MM_REG 0x17 /* MASTER MODE register's address. */ :fj
v #define MM_LOBYTE 0x0C /* Reg 1 & 2: Set to compare separately. */ ]
fdefine MM_HIBYTE  OxCl o
c #define REGL1_CM 0x01 /* Address COUNTER MODE register, group 1. */ —
" #define CMI_LOBYTE 0x29 /* Set for active HI pulse out on a true */ ’
#define CM1_HIBYTE 0x00 /* compare. */ -
#define REG1_COMPARE 0x07 /* Address COMPARE register, group 1, */ -
#define REG1_LOAD 0x09 /* Address LOAD register, group 1. x/ .
]
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#define REG2_CM 0x02 /* Address COUNTER MODE regicster, group 2. */
#define CM2_LOBYTE 0x29 /* Set for active HI pulse out on a true */
#define CM2_HIBYTE 0x00 /* compare. */
#define REG2_COMPARE 0xOF /* Address COMPARE register, group 2. */
#define REG2_LOAD 0x0A /* Address LOAD register, group 2. */
#define REG4_CM 0x04 /* Address COUNTER MODE register, group 4. */
#define CM4_LOBYTE  0x02 /* Set for active HI toggle. x/
#define CM4_HIBYTE  Oxl4 ,

#define REG4_LOAD 0x0C /* Address LOAD register, group 4. */
#define REGS5_CM 0x05 /* Address COUNTER MODE register, group 5. */
#define CMS_LOBYTE 0x21 /* Set for active HI pulse out, */
#define CM5_HIBYTE  0xOB

#define REGS5_LOAD 0x0D /* Address LOAD register, group S. */
#define TRUE 1 /* Logic "true"™ is a 1. */
#define ZERO 0x00 /* Makes program easier to read. */
#define LOAD Ox5B /* Load STC registers 1,2,4,5. */
#define ARM 0x2B /* Arm STC registers 1,2,4, */

/************************************************************************/

/% GLOBAL VARIABLES */
/************************************************************************/

#include "speech.h" /* Contains all GLOBAL VARIABLES. x/

/************************************************************************/

/* */
/* FUNCTION: TIMING() */
/* */

/************************************************************************/

/********************************************************/

/* NOTE: REGISTERS 1&2 -- FINISH COUNT */

/* REGISTER 4 -- D/A OFFSET */

/* REGISTER 5 -- CLOCK */

[ A AR KRR KK KR KR R R R R Rk Rk [

timing()
[ A A A A A AR AR K AR K R KoK o K ok o 3R o o R o KKK R kR AR R R K [
/* LOCAL VARIABLES */
[ AR AR AR AR AR KR KRR KRR KRR KRR KK AR KR Kk Rk Rk Rk kR kKo [
char limitl[41]; /¥ Holds 32 bit version of global "limitlA[7]". */
char 1imit2[4]; /* Holds 32 bit version of global "limit2A[7]". */
char 1limit3[4]; /* Holds 32 bit version of global "1imit3A|7]". */
char 1imit4[4]; /* Holds 32 bit version of global "limit4A[7]". */
char limit5[4]; /* Holds 32 bit version of global "limitSA[7]". */
char 1limit6[4]; /* Holds 32 bit version of global "1imit6A[7]". */
char limit7([4]; /* Holds 32 bit version of global "limit7A[7]". */
char 1imit8[4]; /* Holds 32 bit version of global "1imitB8A[7]". */
char onel[4]; /* Holds LONG (32 bit) version of 1, x/
char two[4]; /* Holds LONG (32 bit) version of 2, x/
A-66
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‘ char

char
char

int
int
int
int
int
int
int
int
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[ atol(limitl,limitlA); /* Form 32 bit version of "limitlA", */
- atol(limit2,limit2A); /¥ Form 32 bit version of "limit2A", */
- atol(limit3,limit3A); /* Form 32 bit version of "limit3A", */
. ) atol(limitéd,limitdA); /* Form 32 bit version of "limit4A", */
‘f atol(limitS,limit5A4); /* Form 32 bit version of "limit5A". */
L4 atol(limit6,limit64); /* Form 32 bit version of "1limit6A". */
atol(limit7,limit7A); /* Form 32 bit version of "limit7A". */
atol(limit8,1imit8A); /*¥ Form 32 bit version of "1imit8A", */
itol(one,l); /* Convert 1 into a 32 bit integer. */
itol(two,2); /*¥ Convert 2 into a 32 bit integer. */
- AR L Ty
. /* DETERMINE NUMBER OF SAMPLES TO CLOCK IN OR OUT */
.- R T A R T P T L Ty
- if(is_analog == TRUE) /* For A/D, clock one more time than */
;‘ ladd(stop_at,finish,one); /* total number of samples requested. */
[
r; else if(is_digital == TRUE) { /* For D/A, first determine which */
b /¥ memory board the 1st sample is on.*/
?' isl = lcomp(start,limitl); /* For (start > limitl), lcomp = 1. */
[ ig2 = lcomp(start,limit2); /¥ For (start = limitl), lcomp = O. */
- is3 = lcomp(start,limit3); /* For (start < limitl), lcomp = -1. */
. is4 = lcomp(start,limitéd);
® i85 = lcomp(start,limit5);
- i86 = lcomp(start,limit6);
) i87 = lcomp(start,limit7);
- is8 = lcomp(start,limit8);
\
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stop_at[4];

start_at[4];

frequency[4];
clock[4];

isl;
is2;
is3;
iséd;
is5;
isb;
is7;
is8;

R e B el N el v e S A

/*

Holds 32 bit
samples" to
Holds 32 bit
samples" to
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version of number of "data
be taken plus one.
version of number of "data

be by-passed on a memory board

before a digital-to-analog output begins.
Holds 32 bit version of global "crystal”.

Holds 32 bit version of STC "crystal' pulses

which must occur before a TRIGGER clock
pulse is sent out by STC Register 5.

isl thru is8 are used to determine on which
memory board a digital-to-analog conversion

is to begin.

first sample to be outputted is on extended
is3 and is4 determine if

isl and is2 determine if the

memory board #1.
the first sample to be outputted is on
extended memory board #2.

INITIALIZE VARIABLES

And so on.,

*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/
*/
*/
*/
*/
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/* Here is where the determination is
/* really made. Total samples include
/* those hy-passed at the beginning of
/* a memory board.
if((isl == 1 || isl == 0) && (is2 == -1 || is2 == 0))
ladd(stop_at,finish,one);
) else if((is3 == [} is3 == 0) && (is4 == -1 || is4 == 0)) [

lsub(stop_at,finish,limit2);

ladd(stop_at,stop_at,one);

) else if((is5 == 1 || is5 == 0) && (is6 == -1 || is6 == 0)) {
lsub(stop_at,finish,limitd);

ladd(stop_at,stop_at,one);

} else if((is7 == 1 T| is7 == 0) && (is8 == -1 || is8 == 0)) {
lsub(stop_at,finish,limit6);

ladd(stop_at,stop_at,one);
} else {

lsub(stop_at,finish,1imit8);

ladd(stop_at,stop_at,one);
}
)

*/
*/

[k ok ok ok ok ok kR ook ok ko kR Kok sk ko ok ok kR Rk sk kR kR ko K kR ok kR Kok

/* LOAD STC REGISTERS
/*********************************************************************[

outp(STC_C, RESET); /*

outp(STC_C, MM_REG); /*
outp(STC_D, MM_LOBYTE);
outp(STC_D, MM_HIBYTE);

outp(STC_C, REG1_CM); /*
outp(STC_D, CM1_LOBYTE); /*
outp(STC_D, CMI1_HIBYTE);

outp(STC_C, REGI_COMPARE); /*
outp(STC_D, stop_at[3])); /*
outp(STC_D, stop_at[2]);

outp(STC_C, REG1_LOAD); /*
outp(STC_D, ZERQ); /*
outp(STC_D, ZERO);

outp(STC_C, REG2_CM); /*
outp(STC_D, CM2_LOBYTE); /*
outp(STC_D, CM2_HIBYTE);

outp(STC_C, REG2_COMPARE); /*
outp(STC_D, stop_at[1l]); /*
outp(STC_D, stop_atf{0]);

outp(STC_C, REG2_LOAD); /*
outp(STC_D, ZERO); /*
outp(STC_D, ZERO);

Master Reset the STC.

Load the MASTER MODE register.

Load the COUNTER MODE register for
register group number 1.

Load the COMPARE register for
register group number 1.

Load the LOAD register for register
group number 1.

Load the COUNTER MODE register for
register group number 2,

Load the COMPARE register for
register group number 2,

Load the LOAD register for register
group number 2.

A A e D
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outp(STC_C,
outp(STC_D,
outp(STC_D,

outp(STC_C,
outp(STC_D,
outp(STC_D,

outp(STC_C,

*/
*/

*/
*/

REG4_CM); /* Load the COUNTER MODE register for
CM4_LOBYTE); /¥ register group number 4.
CM4_HIBYTE);
lmul(start_at,start,two); /* Determine the samples to be by- passed*/
lsub(start_at,start_at,one); /* before a D/A conversion begins.
REG4_LOAD); /* Load the LOAD register for register
start_at[3]) /* group number 4.
start_at[2])
REG5_CM); /* Load the COUNTER MODE register for
CM5_LOBYTE); /* register group number 5.

outp(STC_D,
outp(STC_D,

CM5_HIBYTE);

atol(frequency,crystal);
ldiv(clock,frequency,rate_num

outp(STC_C,
outp(STC_D,
outp(STC_D,

outp(STC_C,
outp(STC_C,

)3
REGS LOAD), /*
clock(3]); /*
clock[2]);

/* Determine how often the trigger

/*
Load

clock pulse is to occur.
the LOAD register for register

group number 5.

LOAD); /* Load STC register groups 1,2,4,5.
ARM); /* Arm STC register groups 1,2,4.
A-69
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/* */
/* NAME: CLEARMEM.C */
/* VERSION: 1.0 */
/% DATE: 2 December 1983 *)
/* MODULE NUMBER: 21 */
/* FUNCTION: Places binary zero (00000000B) in each memory byte */
/* of all extended memory boards. */
/* INPUTS: NONE. x/
/* OUTPUTS: NONE, */
/* GLOBAL VARIABLES USED: is_clearmem, from, to, mem_buffer. x/
/* GLOBAL VARIABLES CHANGED: is_clearmem, from, to, mem_buffer, */
/* FILES READ: NONE. */
/* FILES WRITTEN: NONE. */
/* MODULES CALLED: dma(). */
;* CALLING MODULES: analog(), retrieve(). :;
*

/* AUTHOR: CAPTAIN WILLIAM H. LIEBER *5
/* *
/* HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */
;* Speech Work Station. Thesis Advisor: Major Larry Kizer. :5
*

/***************************************************#*#*#**###****t*#*t#*/

/*****************************************#********#**#t****##**#****#***/

/* SYMBOLIC CONSTANTS */
/**************************************************#*t*t#*t***#*#*t*t****/

#define TRUE 1 /* Logic "true" is a 1. */
#define FALSE 0 /* Logic "false" is a O. */
#define TOGGLE 0 /* TOGGLE may be any value. TOGGLE is used in x/

/* the 'value' position of the "C" statement: */

/* outp(port,value), */
#define HI_LO 0xBO /* Address which toggles memory-to-memory data ¥/
/* transfer between "HI-memory to LO-memory" */
/* mode and "LO-memory to Hl-memory" mode. */

#define CPU_MEM 0xDO /* Address which toggles between "CPU or DMA" */
/* actions and "MEMORY-TO-MEMORY" transfers. */

#define EXTENDED O0x70 /* Address used to load Extended Address. */
#define REQUEST 0x99 /* Address of software DREQ Request Register. */
f#define MEM_XFER 0x04 /* Software DMA CHAN-O request, i.e, start */

/* memory-to-memory transfer. */

JRERERERREEREREERRRERRAKRRREARR KRR RR RN R R RRRRR Rk RRRR ARk /

/* GLOBAL VARIABLES */
/**#********************************************#*****t******#t#**#**tt#t/

#include "speech.h" /* Contains all GLOBAL VARIABLES, */
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/************************************************************************/

/* */
l /* FUNCTION: CLEARMEM() */
- /* */

/#***********************************************************************/
clearmem()

- (
R JE L T S Ty
/* LOCAL VARIABLES */
Ja e T L Ty
int i /* Index variable used in "for" loop. */
int holder; /* Holds address found by *ptr_num, */
/* Binary operations can be done on a */
/¥ integer value, but not a pointer. */
char *ptr_num; /* Used to find first address of */
/*¥ mem_buffer array. */
AR K ook ok ok KK Koo o o KR ok o R o K R R K kR Rk ok ok ok Rk K Rk ok ok ok / :
/* INITIALIZE VARIABLES */ )
[ R AR ROk Rk Rk Rk koK sk kR ok R KK KRRk kR Rk Rk koo koo ok ok ok / ‘
is_clearmem = TRUE; /* Enable selected portion of other */ ;J
/* functions used by clearmem(). x/ '
ptr_num = &mem_buffer[0]; /* Find memory address of buffer array. */ ™7
holder = ptr_num; -
from[{3] = ptr_num; /* Memory address where data is found. */ :?
from[2] = holder >> 8; /* Used by dma(). */ )
from{1l] = 0x00; o
: from[{0] = 0x00; '
Qe L .,
mem_buffer[0] = 0x00; /* Load data byte (00000000B) to be */ )
/* transfered. */ .
to[3] = 0x00; /* Initial memory address where data is */ 1
to[2] = 0x00; /* to be moved. Used by dma(). */ 4
to[l] = 0x01; )
to[0) = 0x00; -1
R e s T T P T eI Ly .
/* CLEAR EXTENDED MEMORY */ o
P L e e e e e e e L e e T el LY .
outp(CPU_MEM,TOGGLE); /* Set hardware for "Memory-to-Memory" */ v
/* data transfer. */ X
outp(HI_LO,TOGGLE); /* Set hardware for "LO-memory to HI-  */ S
/* memory" data transfer, */ -
. - for(i = 1; 1 <= 5; ++1i) { /* Clear all extended memory boards. */ =
;-‘ outp(EXTENDED,to[1]); /* Load extended address of memory */ .
g /* board to be cleared. */ -
- dma(); /* Set DMA chip for data transfer. x/ |
4 outp(REQUEST ,MEM_XFER); /* Begin 64K Memory-to-Memory transfer. */ T
& to[l] = to[1] + 0xO01; /* Form extended address of next memory */ o
- - } /* board to be cleared. */ X
L -
& v
a .
; : A-T1 \
. =
r. -
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3 :
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/* DONE */ )
JRERREEEERERR R Rk k bbbk okok Rk kR Rk Rk Rk Rk Rk Rk ko kR k Kk [ Bd
outp(HI_LO,TOGGLE); /* Set hardware for "HI-memory to LO-  */ I
/* memory" data transfer. */ 1
outp(CPU_MEM,TOGGLE) ; /* Set hardware for "CPU or DMA" */
/* operation. */
is_clearmem = FALSE; /* Disable selected portions of other */ —d
/* functions used by clearmem(). */ b4
) 4
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o - s /EER Rtk kR kR kR kR kR Rk kR R kR Rk ok R Rk kR kR Rk Rk Rk Rk [
o /% */
m ;/* NAME: NOP.CSM */
- 3/ * VERSION: 1.0 */
. 3 /* DATE: 2 December 1983 x/
- s /¥ MODULE NUMBER: 22 */
= (/¥ FUNCTION: Provides delay required during loading of Direct */
;/* Memory Access (DMA) chip's internal registers. */
3 /* INPUTS: NONE. */
i /¥ OUTPUTS: NONE. */
s /* GLOBAL VARIABLES USED: NONE. */
i /* GLOBAL VARIABLES CHANGED: NONE. */
i /* FILES READ: NONE. */
s/ * FILES WRITTEN: NONE. */
i/ * MODULES CALLED: NONE. */
3 /* CALLING MODULES: dma(). */
3 /¥ */
;5* AUTHOR: CAPTAIN WILLIAM H. LIEBER *5
. /* *
3 /* HISTORY: AFIT 'THESIS GE/EE/84D-71: Development of a Dedicated */
;;* Speech Work Station. Thesis Advisor: Major Larry Kizer. *5
. /% *

14
: /***********************************************************************/

INCLUDE bds.1ibd

FUNCTION nop

(];— NOP ;s ALLOWS SMALL DELAYS TO BE INSERTED INTO

NOP ; THE "C" PROGRAM. REQUIRED IN DMA().
NOP
RET
ENDFUNCTION
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/***********************************************************************[

*/
NAME: WAIT.CSM * /
VERSION: 1.0 */
DATE: 2 December 1983 */
MODULE NUMBER: 23 */

FUNCTION: Prevents CPU from executing SPEECH program statements*/
until all data samples have been taken by analog() or played */
out by digital(). Done by placing CPU in a tight loop and not */
exiting the loop until an interrupt has occurred. The System ¥/
Timing Controller (STC) chip activates the interrupt signal */

after all samples have been used, */
INPUTS: Interrupt line driven active by STC chip actior. */
OUTPUTS: NONE, */
GLOBAL VARIABLES USED: NONE. */
GLOBAL VARIABLES CHANGED: NONE. */
FILES READ: NONE. */
FILES WRITTEN: NONE. x/
MODULES CALLED: NONE. */
CALLING MODULES: analog(), digital(). *5
*
AUTHOR: CAPTAIN WILLIAM H. LIEBER *;
*
HISTORY: AFIT THESIS GE/EE/84D-71: Development of a Dedicated */
Speech Work Station. Thesis Advisor: Major Larry Kizer. :;

/***********************************************************************/

#INCLUDE bds.lib
FUNCTION wait

;**************************************************#*************/

i * CREATE STORAGE BYTE & SAVE REGISTERS */
3 RARE R AOR R AR KA KRR AR AR R KRR R R AR KRR R Rk Rk kR kk /
DS 1 :+ Byte to be checked during loop operation.

PUSH PSW i Save affected registers,

PUSH D H

PUSH H :

-****************************************************************/

o LOAD INTERRRUPT ROUTINE */
*********************#****************************************#*/

MVI L,38H MVI data to Memory = 00110110B.

MVI H,OOH ; Place "MVI data to M" command in memory
MVI E,36H : location 38H.

MOV M,E H

INR L + Place data "OlH" in memory location 39H,
MVI E,OlH H

MOV M,E H
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. 1
RS

R INR L ; RETURN = 11001001B.

n MVI E,O0C9H ; Place "RET" command in memory location 3AH.

"l MOV M,E ;

s B R R OR Rk R Rk R ROk KRR KRR KR Rk kR KRk R Rk Rk R KRk [

Hid WAIT UNTIL ALL SAMPLES HAVE BEEN TAKEN */
s ARk kR Kok sk ok ok ok ok Kok kR KRRk R Rk ok ok ok ok ok kR ok R Rk kR Kok kR Kk ok /

LXI H,CHECK ; INITIALIZE: CHECK BYTE = 0
MVI M, 00H H "A" REGISTER =1
MVI A,01lH :
EI ; Enable Interrupt,

LOOP: CMP M ; LOOP until CHECK BYTE =1
JNZ LOOP H

¢ RO Rk kAR KRR KR R AOR R R ROR R R Rk R Rk kR R KK Rk Rk ¥ /

¥ DONE */
?
o KRR R RO R KRR R R R R Rk kKRR Rk kR R R Rk kR Rk Rk k[

DI ; Disable Interrupt. i

POP H ; RESTORE affected registers.

POP D :

POP PSW :

RET ; RETURN to calling program.

ENDFUNCTION
|
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LIST OF INTEGRATED CIRCUITS USED

SN74LS244
HM6116P
HM6116P
SN74LS688
SN74LS125

SN741LS125
SN74LS74

SN74LS244
SN74LS688
SN74LS688

SN74LS244
SN74LS244
SN74LS32N
SN74LS14
SN74LS00

Ribbon Interconnect

AM9513

SN74LSO8N
SN54L192J
SN74LS244

SN74LS244
SN74LS32N
SN54L192J
SN74LS244
SN74LS244

SN74LS32N
AM9517
SN5406
SN74LS112AN
SN74LS14

SN74LS08N
SN74LS373N
SN74LS112AN
SN74LS32N
AM8226

SN74LS245N
SN74LS112AN
DM74154N
SN74LS245N
SN74LS125
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Octal Bus Driver
Memory Chip
Memory Chip
8-Bit Compare
Quad Bus Driver

Quad Bus Driver
D Flip Flop
Octal Bus Driver
8-Bit Compare
8-Bit Compare

Octal Bus Driver
Octal Bus Driver
2-Input OR

Hex Inverter
2-Input NAND

To Board Number 3
System Timing Chip
2-Input AND

4-Bit Counter
Octal Bus Driver

Octal Bus Driver
2-Input OR

4-Bit Counter
Octal Bus Driver
Octal Bus Driver

2-Input OR

DIRECT MEMORY ACCESS
Hex Inverter (0.C.)
JK Flip Flop

Hex Inverter

2-Input AND
8-Bit Latch
JK Flip Flop
2-Input OR
Bus Inverting

Bus Bi-Directional
JK Flip Flop

4 to 16 Decoder
Bus Bi-Directional
Quad Bus Driver
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IC #41 SN74LS125 Quad Bus Driver
IC #42 SN74116N 8-Bit Latch
IC #43 SN74116N 8-Bit Latch
IC #44 SN74LS244 Octal Bus Driver
IC #45 DAC 1118 DIGITAL to ANALOG
IC #46 Ribbon Interconnect To Board Number 4
IC #47 Ribbon Interconnect To Board Number 3
IC #48 SN74LSOON 2-Input NAND
IC #49 SN74LS112AN JK Flip Flop
IC #50 SN74LS112AN JK Flip Flop
IC #51 SN74LS112AN JK Flip Flop
IC #52 SN74LS11J 3-Input AND
IC #53 SN7402N 2-Input NOR
IC #54 SN74LS32N 2-Input OR
IC #55 SN74LS0O8N 2-Input AND
IC #56 SN74LS244 Octal Bus Driver
IC #57 SN74LS244 Octal Bus Driver
IC #58 Ribbon Interconnect To Analog Inputs
IC #59 Ribbon Interconnect To Analog Inputs
IC #60 Ribbon Interconnect To Board Number 2
IC #61 DAS 1128 ANALOG to DIGITAL
IC #62 SN74LS75N Latch
IC #63 SN74LS08N 2-Input AND

: IC #64 SN74LSOON 2-Input NAND
(o IC #65 SN7402N 2-Tnput NOR
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Am9517A

Multiinode DMA Contiroller

DISTINCTIVE CHARACTERISTICS
e Four independent DMA channels, each with separate reg-

® 006

isters for Mode Controf, Current Address, Base Address,
Current Word Count and Base Word Count.

Transfer modes: Block, Demand, Single Word, Cascade
Independent autoinitialization of all channels
Memory-to-memory transfers

Memory block initialization

Address increment or decrement

Master system disable

Enable/disabie control of individual DMA requests

Directly expandable to any number of channels

End of Process input for terminating transfers

Software DMA requests

Independent polarity control for DREQ and DACK signals
Compressed uming option speeds transfers — up to 2M
words/second

+5 volt power supply

Advanced N-channel silicon gate MOS technoiogy

40 pin Her.netic DIP package

1CC » MiL-S' 0-883 reliabihity assurance testing

GENERAL DESCRIPTION

The Am9517A Muitimode Direct Memory Access (DMA)} Con-
trolier is a peripheral interface circuit for microprocessor sys-
temns. Itis designed to improve system performance by allowing
external devices to directly transfer information to or from the
system 1aemory. Memory-to-memory transfer capability is also
provided. The Am3517A offers a wide variety of programmable
contiol features to enhance data throughput and system opti-
mization and to allow dynamic reconfiguration under program
control.

The Am3517A is designed to be used in conjunction with an ex-
ternal B-bit address register such as the Ain74(.S373. It con-
tains four independent channels and may be expanded to any
number of channels by cascading additional controller chips.

The tiiree basic transfer modes allow programmability of the
types of DMA service by the -.ser. Each channel can be indi-
vidually piogrammed to Autornitialize to 1ts original conditian
foltowing aa End of Process (EOP).

Each chaninel has a full 64K address and word count capability.
An exteria: EUP signal can terminate a GMA or memory-to-
memory tiansfer. This is useful for block search or compare
operations using external comparators or for intelligent peri-

pherals {o aLoil erroneous services.

BLOCK DIAGRAN
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1/Q BUFFER
TEMP WORD TEMP ADDHESS
o l COUNT REG (10) AEG 118)
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8 — 78 517 BUS
AEADY e outeyr _L
CLOCK ——e . NG READ BUFFER REAOWRITE BUFI'ER BuFfeR |
AEN ~o——{ AND
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Top View
Pin 1 is marked for vrisniation.

Figure 1.

MOS0

INTERFACE SIGNAL DESCRIPTION

VCC: +5 Volt Supply
VSS: Ground

CLK (Clock, Input)

This input controls the internal ¢, 2rations of the Amg8517A and
its rate of data translers. The input may be driven at up to 3MHz
for the standard Am9517A and up to 4MHz for the Amg517A-4.

€S (Chip Select, input)

Chip Selact is an active low input used o select the Ani9517A as
an ¥/O device during an VO Read or IO Write by the host CPU

This allows CPU communicalion - (he data bus. During ¢ -
ple transfers 1o or from 1he / Am9517A by the host CPU, TS may
be held low providing iOR or TOW is toggled foliowing each
transfer.

RESET (Reset, lnputf

Reset is an asynchronous active high input which clears the
Command, Status, Request and Temporary registers. It also
clears the first/last flip/fiop and sr'< the Mask register. Following
a Resel the device is in the idle cycle.

READY {Ready, Input)

Ready is an input used to extend the memory read and write
pulses from the Am9517A to accommodale slow meniories or
YO peripheral devices.

HACI? (Hoid Acknowledge, Input)

The active high Hold Acknowledge from the CPU indicates that
control of the system buses has been relinquished.
DREQO-DREQ3 (DMA Request, input)

The DMA Request lines are individual asynchronous channel
request inputs used by peripheral circuits lo obtain DMA service.
In Fixed Priority. DREQO has the hiyest priority and DREQ3
has the lowest priority. Polarity of DREQ is programmable.
Reset inliahzes these lines to active high.

0B0-087 (Data Bus, input/Output)

The Data Bus lines are bidirectional three-state signals con-
nected to the system data bus The outputs are enabled duning
the 1.0 Read by ihe host CPU, permitting the CPU to examine

the contents of an Address register, the Status register. the
Temporary registei or @ Word Count register. The Data Bus is
enableg 1o wipul data during a host CPU Y0 wiite, allowing the
CPU 1o pioyiam the Am9517A control registers. Dunng DMA
cycles lhie rnost signiticant eight bits of the address are output
oo the dala bus 1o be strobed into an external latch by ADSTB.
In memoiy-to-tnemory operations data from the source memory
iocalion comes into the Am9517A's Temporary register on the
read-from-meruiory half of the operation. On the write-to-memory
half of the operation. the daia bus oulputs the Temporary regis-
ter data inio the destination memory location.

10R (' Read, Input/Output)

/0 Read is a bidireclional active low three-state line. In the idie
cycle, it 1s an input control signal used by the CPU to read the
control iegislers. in the Active cycle, it is an output control signal
used by the Am9517A to access data fiom a penpheral during a
DMA Wiite transler.

ow (l/b Wriie, Input/Output)

IO Write is a bidirectional active low three-stale line. In the  Idle
cycle it is an inpyt control signal used by the CPU to load infor-
malion into the AmASiZA, In the Active cycle il is an oulput
control signai used by the Am9517A to load data to the
peripheral duiing a DMA Read transfer.

Write operations by the CPU to the Amg517A require a rising

WH edge Inllowing each data byte transfer. It is not sufficient to
hold the «uvv pin low and toggle CS.

EOP (End of Process, Input/Output)

EOP is an active low bidirectional open-drain signal providing
informatiion concerning the completion of DMA service. When a
chaniel's Woid Count goes 1o zero, the Am9517A pulses EOP
low to provide the penpheral with a coniplelion: signal. EOP may
also be pulied low by the penpheral to cause premature comple-
tion. The reception of EOP. either internal or external, causes the
currently active channel to terminate the service. to set its TC bit
in the Stalus register and lo reset 1s request bit. If Autownihal-
ization is selected for the channel. the current regislers wili be
updated lrom the baso registers Otheraise the (nannel's mashk
it will be set and 1he register conlents widi remain unahered.
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Duiing memory-to-memory hanslers, EOF wili un cuiptt when
the TC for channel 1 occurs EOP atways appiies lo the channel

with an active DACK: external EOPS aie disregarded
DACKO-DACK3 are all inactive.

Because EOP is an open-drain signal. an external pullup resis-
for is required. Values of 3.3K or 4.7K are recommended; the
£OP pin can not sink the current passed by a 1K pullup.

A0-AJ (Address, Input’/Output)

The four least signilicant address lines are bidirectional 3-sta‘e
signals. During DMA ldle cycles they are inputs and allow the
host CPU to load or read control registers. When the DMA 1s
aclive, they are outputs and provide the lower 4-bits of the vul-
put address.

A4-A7 (Address, Outul)

The four most signilicant address lines are thiee-state oulputs
and provide four bils of addiess. These lines are eiabled only
during DMA service.

HREQ (Hold Request, Qulput)

The Hold Request io the CPU is used by the DMA to request
control of the system bus. Software requests or uniriasked
DREQs cause the Am3517A o issue HREQ.

DACKO-DACK3 (DMA Acknowledge, Output)

The DMA Acknowledge lines indicate that a channet is active. In
many systemns lthey will be used to select a peripheral. Oniy ot
DACK will be active at a tire and none will be active uniess the
DMA is in control of the bus. The polarity of these lines is pro-
grammable. Reset inilializes them to active-low.

AEN (Address Enable, Qutp’*}

Address Enabie is an active high signal used to disable the
system bus during DMA cycles lo enabie the output of the exter-
nal latch which holds the upper byle of the address. Note that
during DMA transfers HACK and AEN should be used lo de-
select all other O peripherals which may erroneously be acces-
sed as programmed /O during the DMA operation. The
Am9517A automaticaily deselecis itself by disabiiig the CS
nput during OMA tansleis.

ADSTB (Address Strobe, Output)

The aclive high Address Strobe is used lo stiobs e upper
address byte from DBG-DB7 into an external laich.

MEMA {Memory Read, Qutput)

The Mermwory Read signal is an active low Uwee-siate outpsi
used to access data from the selecled memory lucation during a
memory-lo-penpheral or a memory-lo-memory transier.

Name Size Number
Base Address Registers 16 bits 4
Base Word Count Registers 16 bits 4
Current Address Registers 16 bits 4
Current Word Count Registers 16 bits 4
Temporary Address Register 16 bits 1
Temporary Word Count Register 16 bits 1
Status Register 8 bits 1
Command Reyister 8 bits 1
Temporary Register 8 bits 1
Mode Registers 6 bits 4
Mask Register 4 bits 1
Request Register 4 bits 1

Figure 2. Am9517A Internal Registers.

MLMW (Risinuty Write, Output)

The Memorny, Wriite signal 1s an achve fow thiee state ontpal
used o wnig data to the selected memory locaton dunng a
periphera! lo-memory or a memory-lo-memory transfer.

FUNCTIONAL DESCRIPTION

The Am9517A block diagram includes the major logic blocks and
all of the internal registers. The data mteirconnection paths are
also shown. Not shiown aie the vanous contiol signais between
the blocks. The Am3517A contains 344 bits of internal memaory
in the forin of registers. Figure 2 iists these reqisters by name
and shows the size of each. A detailed descnption of the reqis-
ters and thei functions can be found undes Heyister Descirption.

The Am9517A contains three basc blocks of contral logic The
Timing Control block gene:ates nternal timing and exterral
contiol signals for the Am9517A. The Prugram Gommand Con-
ol block decodes the various comimands given 1o the Amy517A
by the microprocessor prior 1o servicing a DMA Reguest It also
decodes each chanoel's Mode Conlrob word The Prionty En-

corder block resolves prionty contention ameng DMA channeis
hddy
1equestifig service simultaneously

The Timing Coatial block denves mntarnat timing trom the clock
input. In Am93080A systems this input will usually be the 42 TTL
clock from an AmiB224. However, any appropriate system clock
will suflice.

DMA Operaticn

The Am9517A s designed to operate in two major cycles Thess
are called idle and Active cycles. Each deviue cycle 1s made up
of a number of slates. The Am9517A can assume seven sepa-
rale states, each compuosed of one full clock penod. State 1 (S1)
is the inactive slale. It is entered when the Ain9517A has no
valid DMA reque sts pending. While in S1. the DMA controtler is
mnactive bul may be in the Program Condition, being program-
med by the processor. Stale 0 (S0) is the tirst state ot a DMA
servica, The Ain9517A has requested a hold but the processor
has not yet returned an acknowledge An acknowledge lrom the
CPU will signatl that transfers may beqin. S1, 2. S3 and S4 are

the working siaies of the DMA service. if more time s needed to .

coinpicte a hiansfer than is available with normal iming wait
states {SW) can be inserted belore S4 by the use of Ihe Ready
line vl the Ariig517A.

Memory-to-miemcry transfers require a read-from and a
wrile-to-memuory (o comiplete each transfer. The states. which
resemble the normal working slates. use two digit numbers tor
idenulication. tgh states are required for each complete
transier. The i<t four slates (S11. S12. S13. S14) are used for
the read-from-memory half and the tast four states (S21, S22,
523 and S$24) for the wite-tu-memory half of the transter. The
Tesnporary Data register is used for inlermediate storage of the
memory byte.

IDLE Cycle

When no channel is requesting service, the Am39517A will enter
the Idle cycle and perlorm “S17 states. In this cycle the
AmMZ517A will sampie the DREQ lines every cluck cycle to de-
termine if any channel is requesting a DMA service. The device
will also sampie Cs. looking fur an attempt by the microproces-
soi to write or read the internal registers of the Am9517A When
CS is low and HACK Is low the Am9517A enters the Program
Condition. The CPU can now establish. change or inspect the
internal definiton of the part by reading lrom or writng 10 the
internal registers. Address lines AQ-A3 are inputs to the device
and select which reyisters will be read or written. The I0R and
IOW linos are used to select and time reads or wintes. Due to the
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number and size of the internal registers, an internal flip.tiop is
used 10 generate an additional bit of addiess. This bil is used to
determine the upper or lower byte of the 16-bit Acdiess and
Word Count registers. The fiip.tien is sesel by Mastor Glear or
Resel. A separate sofiwaie vonuriand can aiso resel this th/
fiop,

Special soltware commands can be executed by the Ani95!7A
in the Program Condition. These cominands are deccded as
sets of addiesses when both CS and IOW are active and do not
make use of the dala bus. Functions include Clear Firsl'Last
Fup/Flop and Master Clear.

ACTIVE CYCLE

When the Am9517A is in the Idle cycle and d Cliannel requests a
DMA service, lhe device will output a HREQ to the miciopio-
cessor and enter the Aclive cycle Itis in this cycle that the DMA
senvice will lake place. in one of four modes

Single Transfer Mode: In Sinigle Trans!er mode, the Am3517A
will make a cne byte transler dunng each HREQ/HACK hand-.
shake. When DREQ goes aclive, HREL »lt go active. Aller the
CPU responds by driving HACK aciive, a one-byle transfer will
take place Fotlowing the transter, HREQ will go inactive, the
word count will be decrermented and the address will be either
incremented or decremented. When the word count goes 10 2zero.
a Terminal Count (TC) will cause an Autoinitialize if lhe channel .
has geen programmed 10 do so.

To perform a single transfer, DREQ must be held aclive only
unti the corresponding DACK goes aclive. If DREQ is held con-
tinuously active, HREQ will go inactive following each thian-’
and then will go active again and a new one-byie transfer wili be
made lolicwing each nsing edge of HACK. In BOBOA/YOBUA
systemns this will ensure one full machine cycle of execution .
between DMA transiers. Delails of iming between the Am95i7A
and other bus control protocols will depend upon the charac-
teristics of the microprocessor involved.

Block Transler Mode: In Block Transfer mode, the Amg51 /A
will continue making transfers until a TC (caused by the word
count guing to rero) or an external End of Process (EOF) is
encountered. DREQ need be held aclive only uniil DACK be-
comes dctive, An auloinitialize wili occur at the end of the ser-

vice il the channel has been programmed for i.

Demand Transter Mode: In Demand Transfer mode the de-
vice will continue making transters untila TC or external EOP is
encountered or until DREQ goes inactive Thus, the device re-
questing service may discontinue transfers by bringing DREQ
inactive. Service rmay be resumed by asserting an active DREQ
once again. During the time belween services when the icio-
processor is allowed to operate, lhe intermediale values of ad-
dress and word count may be read from the Am9517A Current
Address and Current Word Count registers Autoinitialization will
only occur tollowing a TC or £0P at the end of service. Follow-
ing Aultoinitiaization, an active-going DREQ edge is required to *
inihate a new DMA service.

Cascade Mode: This mode is used lo cascade more than one
AmY517A together lor simple system expansion. The HREQ and
HACK signals fiom the additional Am9517A are connecled o
the DREQ and DACK signals of a channel of the initial
AmM9517A This allows the DMA requests of the additional device
to propagate through the priority network circuitry of the pre-
ceding device The priority chain is preserved and the new de-
vice must wait for its turn to acknowledge requests Since the
cascade channel in the initial device 1s used only for prontizing
the addihonal device, it does nol output any address or contiol

signals of its own. These would conflict with the outputs of the
aclive channet in the adued device. The Am351; A wili respond
to DREQ with DACK but all other outpuls except HREQ will be
disabled.

Figure 3 shows two additional devices cascaded into an initial
device using two of the previous channels. Ttus forms a two
level DMA system. Muie Am9517As could be added at the sec-
ond level by using the remaining charnels of the first level
Additichial devices can also be added by cascading into the
channels of the secoiid level devices forning a thid level

2N LEVE
. Amgs17a
MICROPROCESSOR ;TLvE
"“oOLO REQ
HREQ UREC HHEQ
HOLD ACK
HACK  DALK HACK
Am95174
DREQ HAEQ
DacK HACK
INITIAL DEVICE Am9S17A
. ADOITIONAL
MOS-035 UEVIGES

Figure 3. Cascaded Am9517As.

TRANSFER TYPLS
Each of the three aclive transfer modes can perform three dif-

ferent types of transfers. These are Read, Wnie and Venty. .

Wrile tiansgfers move data from an |:O device 10 the memory by
activating iOR and MEMW. Read transfers move data lrom
memoty to an +O davice by activaling MEMR and IOW. Venty
translers are pseudo lians’ers. the Am9517A operates as in
Read or Wirite transiers generaling addresses, responding to
EOCP, etc., however. Ihe memory and 1O contiol lines remain
inactive.

Memory-to-Memory: The AmAasi7A includes a block move
capabiiity that allows vlecks of data to be moved from one mem-
ory addiess spare w0 another When Bit CO in the Command
regisler is set to a logical 1, channels O and 1 will operale as
mermory-to-memury lransfer channels. Channel O forms the
source address and channel 1 forms the dg;urat-on address.
The channe_J_nnu_cuuuua.usm A memory-to-memory trans-
fer is initiated by setling a software DMA request tor channel 0
Block Transfer Mcde slioutd be used {or memaory- o memwry.
When channel 0 is programmed for a fixed source addmss a
single source word may be written into a block of memory

When setting up lhe Am9517A for emory-to-memory opera-
ton, it is syggested that both channels 0 and 1 be masked oul
Further, the channel 0 word counl ‘shouid be intiahzed lo the
same value used in channel 1. Nu DACK oulpuls will be active
duning imemory-10-memary transfers.

The Am@517A will respond to exiernal EOP signals during
memory-lto-memory transfers Dala comparalors in block search
schemes may use this input to terminale the service when a
matchis found The e ¢t memory In-memory transfers may
be tound in Timing Diagran &
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Autointialize: By piogianiming a bit in the Mod: regivier a
channel may be set up for an Autoinitidhze operanon Duning
Autoinitalization. the onginal values of the Cutrent Address and
Current Word Count registers are automabically restored from
the Base Address and Base Word Count registers of that chan-
nel following EOP. The base reqisters are loaded simuliane-
cusly with the current registers by the micropiocessor and re-
mamn unchanged throughout the DMA service. The mask ki ig

not set by__E_Qé_yyhen the channel is i Aytouniiaitze  Tohowing
Autginttialize the chainnel is ready 1o repeal #ts seivice without
CPU intervention.

Priority: The Am35i7A has two types of prnionty encoding
availabla as software seleclable options. The first s Fixed Prior-
ity which fixes the chaniieis in prionty oider based upon the
descending value of their number. The channei with the lowest
pricnty is 3 followed by 2, 1 and the highesl prionity channei, 0.

The second scheme is Rotating Prionty The last channel to gel
service becomes the lowest prority channel with thie cthers
rotating accordingly. With Rotating Prionty in a single chip DMA
syslem, any device requesiing service is guaranteed 1o be rec-
ognized after no more than thiee higher priorily services have
occurred. This prevents any ane channel lrom monopoizing the
system.

1st Service 2nd Service 3rd Service
highest 0 . 2 —-— service 3 o— service
1 ~-—e jeivics 3 = request 1
2 N i
lowest 3 1 .2

The prionty encoger sslects the highest prionty chianiel re-
questing service on each active-gontg HACK edge. Once a
channel is slarted, its operation will not be suspendud it a re-
quest is received by a tugher piigaty chiannel. The tigh priority
channe!l will only qain conitol afier the lower praily chianned
releases HREQ. When control is passed from orie chaiinel io
another, the CPU will always gain bus control. This ensuies
generaiion of nsing HACK edge 10 be used {0 intiale silection of
the new lighest-priorily requesting channel.

Compressed Timing: In order to achieve even greater
throughput where syslern characteristics permit. the Ain4S17A
can compiess the transler tine to two clock cycies. From Timing
Diagram 3 i can be seern that state S3 is used {0 extend the
access time of the read pulse By removing stale S3 the 1ead
pulse width is made equal to the wiite puise width and a transfer
consists only of staie 32 (o change the address and slate S4 o
perforn the readiwnte. S1 stales will still occur when A8-A15
need updating (see Address Generation). Timing fur comyres-
sed transiers is found in Timing Diagram 6.

Address Generation: In order to reduce pin count,- the
Am3517A muitiplexes the eight higher order address bits on the

data lines. Stale S1 is used to outpul the higher order address

A’

i« 1 an extern. i gteh from which they may be placed on the
addiess bus Tie laiing edye of Address Stecbe TADSTE) 45
USsed 10 10ad these Lity Iram the data hines 1o tee Latch A siress |
Enabie (AEN) is uned 10 enatie the bils onto the address bus
through a 3-state rrable The lower ooder addiess bits are out-
put by the Ame517A airectly. Lines AU-A7 should be cennected
to the address bae hinung Diaipam 3 shnws the time relation-
stups between CLi<, AEN, ADSTB. DBU-DB7 and AQ-AY

During Block and Demand Tiansfer mode services which in-
clude mwitiple transiars, the addresses eneraled will be se-
quential. For n.any bansfers thie data held i the external ad-
dress latch will retiam the saime Trus data neasd only changs?
when a cairy of botiuw from AT 10 AB Lakes plare in the normal
sequence of addienses. To save tme and speed transhes, the
AM9S517A execuics S1 states onty when upiating of 23 A15mn
the latch is necassary This means for iong serviees, Se states
may occur only once every 256 hansfers,. 4 savings of 255 clock
cycles for each 256 lranslers.

REGISTER T “CRIPTION

Current Address Register: Each channel has a 16-bit Current
Addiess regisiei 1las tegister holds the value of the aduress
used duiing UMA tiansters  1ha gddreas ¢ automahcaiy in-
ciemented or dacieinented after eactt trancler and the ater
mediate values of tue address are stored in the Current Auddress
register guring the tiansler. This register 1s wrnitten us rea i Ly the
MHCTOPIOCeSSOr 1t successive 8-t b,tes it may also be
reiniianzed by an Autowubiahze back 1o ats onginal value  Au-
toirutialization {aikes place only after an LUP.

LCurrent Word Couuit Register: Each channet has a 16-bit Cur-
reril Woid Count g Ster lhus reyister should be progranimed |
with, and will veturi un a CPU read, g value ane less than the
nunuer of W deiu e transterted The word count s gec- |
e lerwIOJ alter @3 i uanster. The inteimeniale value of the word
“COUNTTESlored i e register dunng the transfer. When the
vaiue it ihe reyh Lons to zro, a TC will be yererated This
regisler is loadur! i iead in successive 8-bit ivies by the micro-
prucessor in the Piegram Condtion Following the end of a DMA
service It may also L remtiahed by on Autuinitiahze back 10 (s
origina! value. Autointialize can occur only when an £GP oc-
curs. Note that the contents ol the Word Count register will be

FFFF (hex) following un inlernally generated &P,

Bdse Address ~id irase Word Count Registers: Each chan- .
fieihas a paii ol Bdse Aduress ang Base Word Count reqisters
These 16-bit iegiiers siorg the onginal values of their_as-

sociated rent iegisiers. Dunng “Automifigize ihesé vaiues are
used to1 ¢ ine current reyisters to thew onginal values 1he

base registers a2 vir:lten simullangougly with their corresporad-
ing current regisler i B-bit byles dunng DMA prograrmming by
"the microprocessur Accordingly, wrting 1o these registers when
intermediate vaiues are in the Current registers will overwrnile the
intermediate vatues. The Base registers cannol te read vy the
MICIOPrucessor. )

T

B N s

. A= vy 30 A e

B L T

) meresmrapTreme

CRREIS

Ps

]
\
-
] .
v
m A st LA oot a s A iiita b et
R A IR F L R . :
0 7
Al " .
n
1--n
, ,
PR RN
PP " P O U R U U, WU U W R U, I U iy U O TP U, LN, S N U L

e |




-

e Smaiivies 2vte SAlle JRNR itAe S

er: This 8-bit ragister controls the operation

of the AmMI517A, Iti1s programmed by the microprocessor in i

Program Condition and is cleared by Resel. The lollowing tabie
lists the function of the command bils. See Figure 4 for audre 35
coding.

7 6 6 4 3 2 1 0 -e—B8itNunber

[ ]

r—
——
-
]
|

AALLLLLg

0 Memory-to-memory disable
1 Memory -to-memory snabie

o

Channel O address hold disabie
Channel 0 addtes. rold enable
X Hbit0=0

Q

Controller enable < -
Controller disable

-

0 Normal timing
Compressed timing
X ltbtg=1

Fixed Prionty
Rotating Priority

0 Lata writs selection
1 Exiended write selection
X Htbit3=1

OREQ sente active high
OREQ sense sclive low

-

DACK sense active tow
DACK serise active high

- O

Mode Reglster: Each channel has a 6-bit Mode register as-
socialed wi hen the register is being written to by the
microprocessor in the Program Condition, bils 0 and 1 deter-
mine which channel Mode register it 1o be written.

7 6 5 4 3 2 1

BN

0 -==——8it Number

Channel O seiect
Channel 1 select
Channel 2 salect
Channel 3 setact
Veriy transfer
Wrie t:m.

Read transler - o

[SANTEILEN

Beggueet Bgid. v T2 Amig9517A can respond to requests for
MA service wintn do iillialed by soliware as weli as by a
CREQ. Lach chiaiiel igs a tequest bit assoctated with it in the
4-Lil Reques! regisier Lhese ate nonmaskable and subject o
priontizaton by the Puoindy Encoder network Each reg.s(er bil1s
set uliesel separaiely unger soltware contiol or is clndr'éd upon
generayon of a 1C or edernal EOP The entire e regisiei 75
cleared by a Résci To set or resel a bit, the software i0ads the
proper form of the data woid. See Figure 4 for addiess coding.

6 5 4 3 2 1

[TTTTTI

Don‘t Care

0 ==— Bit Number

[ L]

Select channel O
01 Seiect channel 1
10 Select channet 2
11 Select channel 3

Reset request bit
Set request bit
Software requests will be serviced only if the channel is in Block

made. VWhen imbtiating a memory-lo-memory transfer, the
sOfiware request for ghannel U should be set.

Mask Ragister: Each channal has associated with it a8 mask bit
which can be sel 1o disably the incoming DREQ. Each mask bit
is s when Ks assceialed chaunel produces an EOP if the
channslis net proyg arined for Autoiniiahize. Each bil of the 4-bit
Mask register may aise te set or cleated separaiely under
soltware rontrel The enive rewstar is also sel by a Reset. This
disapies ail LIMA 1-uests vl a clear Mask register instruction
ailows them 10 occur. Thie nstiyshon to separately set or clear
the mask bus s sanadar in form to that used with the Request
register. See Figure 4 forwestiuchon addressing.

0 =—— Bit Number

—

00 Select channel 0 mask bit
01 Select channet 1 miask bt
10 Select channel 2 mask it
11 Select channel 3 mask bit

____‘ 0

Dot Ca-e

Ciear mask bit
Set mask bit

-

All four bits of the Mask Negister may also be wilten with a
single cornmand

RSP

[ 7 6 5 4 3 2 1+ 0 =Bt Nunber

Status Reglster: The ¢
Am8517A by the mcroy
have reached a terminat
ing DMA requests. Bits 0
that channel, inciuding
are cleared by Resel ar
whernever thes cotrespo

7 6 5 4 3 2

CLLT

“la

00
01
l 0
11
00
01
10
1 liiegal L{ LJJ 1 T
XX Mt Band7 =1 . ’ r 0 Clear Channel O mask tit
0 Autowiti>''7e disable on't Care _l 1 Set Channel 0 mask it
1 Autowutialize ensble {
{0 Clear Channel 1 mask tat
’ Q  Address increment select \ 1 Setr Channel 1 mask thit
l 1 Addiess decrement select
0 Cleat Cnannel 2 mash tnt
00 Deamand mods select - A: 1 Set Chanoel 2 mash it
01  Singte mode select
l 10 Block mode select . ‘ 0 Clear Channet 3 mack bt
11 Cascade mode select | 1 e Cnanont 3omask b
e - _ — -
o A
=6 - 7 -t
~ ® ¢ e vsem e . 1 LaX
P T LD gTLynew e
* . - - - -~ _; PR W YRR, I AP DU U R RIS, S P SR
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. 4
e . . 'orequests lor
softwar’ . well as by a
t associated with it in the
maskable and subject to
“stwork. Each register bit is
-control or is cleared upon
2 The entire register is
.5it, the software loads the
258 4 for address coding.

&-— 81t Number

:'. 00 Select channel 0

%01 Select channet 1

10 Select channel 2

" 11 Select channel 3

! 0 Reset request bit
1 Set request bit

{'_ it the channel is in Block
. -memory transfer, the
. e sel.
-
fociated with it a mask bit
".,g DREQ. Each mask bit
~"roduces an EQP il the
ilize. Each bit of the 4-bit
_2ared separately under
slso set by a Reset. This
vask register instruction
y 50 - set or clear
use Ao the Request

* Select channel 0 mask bit
PaSeiect channel 1 mask bit
Setect channel 2 mask bit
.. Select channel 3 mask bit
g

:‘ Clear mask bit
. Set mask bit

& o
J_also be written with a

9
3
-
b vt Number

. mar Channel 0 mask bit
‘l Channel 0 mask bit

[’ :uv Channel 1 mask bit
::‘ A Channel 1 mask bit

t Yar Channel 2 mask bit
L_'i( Channel 2 mask bit

) .M Channel 3 mask bit
J.-1Char ~ 3 mask brt

, . -

'
\

Status Register: The Status registers may te read oul of the
Am95i7A by the microprocessor. It indicates which channels
have reached a terminal count and which channels have pend-
ing DMA requests. Bits 0-3 ate set each time a TC is reached by
that channel, including alter each Autoinitialization. These bits
are cleared by Resel and each Stalus Read Bils 4-7 are set
whenever their corresponding channel is requesting service.

7 6 5 4 3 2 1 0 «wBitNumber

Channel 0 has reached TC
Channel 1 has reached 1C
Channei 2 has reached 1C
Channel J has reached TC

T

Channel 0 1equest

Channel ) reguest
Channel 2 request

-t s =

Channel 3 request Figure 4 lists tha address codes for the software commands.

Tempu:ary Register: The Temiporary register is used o hold
data duning memory-to-memaory transters. Following the corn-
pletion ot tha lransters, the last word moved can be read by the
microprocessur in the Program Condiion The Temporary req-
ister alwiys contains the last byte transtered n the previous
memoty W nemory uperition, unless cleared by a Resel.

Software Commands: There are two special software com-
mands whicti can be exactted n the Program Congiion They
do not depend on any <pecific bit pattern on the data bus The
two software commands are:

Clear First’Last Tlip. Flop - This command may be 1ssued prior
o wiiling or reading Am3517A address or word count inlor-
maton. This sutiahzes the fap flop to a known state <o that
subsequent accesses to tegister contents by the micro-
processor will address lower and upper byles in the correct
sequence.

Master Clear: This software instruction has the same effnct
as the haidware Reset. The Command. Status, Request.
Tempaorary and Internal FustlLast Flip Flop registers are
cleared and the Mask register is set. The Am3517A will enter
the Idie cycie.

intevface Signals
A | A2 | A1 | av | QA | TOW Operation
1 0 0 Q 1 Read Stutus Register
1 | o 0 | 1 | 0 | WriteCommand Regster
1 0 o | 1 (] 1 lhegal T
v ] o o t |+ | 0o | Wit fcquest Regster |
1 0 1 | o 'T*T’ w—alll—ag“al ST T
T ] 0] 1] 0 | 1 | 0 | WaieSuyeMask Regster Bt
I B RO A A
1 0 1 1 1 0 Write Mo Register
1 1 0 Q 0 | 1 wegat
1 11 ] 0| 0 | 1 | 0 | Cleartiyte Pomter FpiFlop
1 R EEERE Read Temporary Register |
O I T T O T N
1 1 1 0 Q 1 Wiegal
v |1 | 1 | o |+ 0| wega ’ :
1 1 1 R uEéQ“ T
1 1 0 | 1 | 1 | 1 | 0 | WeteAlMack Regster Bils

Figure 4. Register and Function Ad:dressing.
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. - i AAXIMUM RAT
- Channel *  Register Operation T ?‘““m "?""‘" Data Bus -
o Ccs 108 TOW A3 A2 a1 A0 Flip/Flop DB0O-DB7 Storage Temperate ]
0! Base & Current Write o 1 0 0 0 00 0 AQ-A7 "\'Tfm—”‘“fT';mpe'a‘
. Address 01 © 00 0 0 1 AB A15 _VEC with Respect
AIIVSignaI Valtage: §
Current flead 0 0 1 0 0 0 O 0 AQ-A7 Power Dissipation
Address 0o O 0 0 0 0 1 A8 A15 —_—
.o The products descrid
Base & Current Write 0 1 0 0 0 0 1 0 wo-w? watic charge. It is <
Word Count 0 0 0 0 0 1 1 wB-Wi15 sxPOSUTE 10 exXCessiy,’
o
Current Read 0 0 1 0 0 0 1 0 wOo-w7 :
' Word Count 0 0 0 0 0 1 w8-w15 \j
} be
H 1 Base & Current Weite 0 0 0 0 v o 0 AD-A7 ]
( Address 0 0 0 0 1 0 1 AB-A15 k
OPERATING R,
Current Read o 0 1 0 0 1t o0 0 AQ-A7 -
Address 00 1 00 1 0 1 AB-A15 Part Number 3
b 0 0 0 0 t 1 0 WO-W7 AMISITADCPC
Base & Current . ’ T e 1T AL B
Word Count e 0 0 00 11 1 W8 W15 _AmS17A1DCRC 1
0 Am9517A-40C/PC -4
Current 0 1 0 0 v 1 0 WO-W7 e e
Read . AmY517ADM 1
Word Count 0 0 1 o 0o 1 1 1 W8-Wi15 '
2 Base & Current Write (VI 0 0 1 0 o0 0 AQ-A7 j
Address (VI | 0 0 1 0 o 1 A8-A15 ]
! Current Read o 0 01 0 0 0 AQ-A7 1
Address 0 0 0 1 0 O 1 AB-A15 tLECTRICAL Ct,
Base & Current Write 0o 1 0 0 1 0 1 0 wo-wy Sarametes [
Word Count 0 1 0 0 1 0 1 1 W8-W15 ]
o Current Read 0o o 01 0 1 0 wo-w? _vor | =
\ [ J ’ Word Count o © 10 1Y 0 1 WB-W15 VoL s
- ‘ ,__!'“M.. __l'_
3 Base & Current Write 0o 1 o 0 1 1 0 Y AQ-A7 viL 1]
Address 0o 1 0 0 1 1 0 1 AB-A1S TR
; Current Read 0o o 01 1 o0 0 AQ-A7 oz | ]
. Address 0o 0 0 1 1 0 1 A8-A15 N
. icc Voot
Base & Current . 0 0 0 1 1 1 0 wo-w7
Write _—
Word Count 0 0 0 1t 1 1 1 W8-W15 _co_ | ]
c N
Current a 0 1 0 1t 1 1 (1] wo-w? — .
Read o{1¢] I -
! Word Count 0O 0 1 0 11 1 WB W15 —_—
? "o
| NOTES: 8
ki T
Figure 5. Word Couni and Address Regisler Command Codes. 1. Typrcal values &
and nominal pec?
2 Inpwl timing par:-
less Wavelorm ©
pul signals are.”
olherwise noled-
3 Output loading
tance unle_si_no
4 The new IOW ot
L. TCY-100ns agd_»"i
(- - net 10R or Mt
L~ 2TCyY-50ns and -
- 5 T0Qs Specnlved_‘j
o is measured at E\J
.- for TDQ2 assum. v
5 nected from HAY
. 6. DREQ should bx
. 7. DREQ and DACTY
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MAXIMUN RATINGS above wiuch useful life may be impairecd
S(oraqe Tem;wrdture 6D Cta 18D l,‘_‘
Y Ambient Temperature Under Bias T ) T T e T T8 Cro 4125 ¢ |
N A8 AlS ' VCC with Respect to VSS B _‘9‘5\/ to + v7 OVJ
AOA7 I All Signal Voitages with Respect to VSS o 05V to+7.0V '
’ | Power Dissipation (Package Limitation) N 15w
AB-A15 i .
ll’he} products described by this specification include internal circuitiy designed to 1notect input devices from darmiaging accumulations of
wo-w7 iatic charge. It is suggested, nevertheless, that conventional precautions be obseived during storage, handling and use ) order to avoid
W8-W15 ';xposure to excessive voltages.
WOo-w7 ;
wWgwis 1
A0-A7 |
AB-A15 -
{OPERATING RANGE
AG-AT part Numbe T vee
4
AB-A15 T A
Am9517ADC/PC 0°Clo +70°C 5.0V =5% ]
wo-w7 - e e e e e e
AmMY517A-10C/PC OCto+70°C 5.0V =5%
WB-W15 — il - i
AMI517A-4DC;PC 0°Cto +70°C 5.0V =57 _J
wo-w7 AmMY517ADM -55°C to +125°C 50V £10%
w8-wi15
AQ-A7
AB-A15
AD-A7
AB-A15 ELECTRICAL CHARACTERISTICS over operating range (Note 1)
wo-w7 rameter Description . Test Conditions Min Typ Max Unit
wewts VOH " Output HIGH Vait 10H = -200.4 24 Volts
u Ol
WOW? P o IOH = —100yA. (HREQ Only) 33 ’
”( . IBWIS vOL. Qutput LOW Voltage I0L = 3.2mA 04 Volts
@ ViH Input BIGH Vohtage 20 VCC+05 Valts
AD-A7 viL - Input LOW Voltage - ‘05 : ) 08 Vaits
AB-A15 X Ing ut Load Current VS5 < VI 4 VCC -10 <10 uA
AQ:AT7 02z Output Leakage Current VEC & VO < V55+.40 -10 . 10 uA
, Ta=125C 65 130
LAY ! .
AB-ATS 1GC VCC Supply Current Ta-0C 5 150 ] ma
wo-w? . : Ta = -55°C | 175 _
wW8B-Wi5 [He] * . OQutput Capacitance . 4 8 oF
cr Input Capacitance fc = 1.0MHz, Inputs = OV o 3 18 of ]
wo-w? { clo 1/0 Capacitance 10 18 nfF
*WB-W15 }
NOTES: ) - 8. Output luading on the data bus is 1 Slandard TTL gate pius
1. Typical values are for Tp = 25°C, nominal supply voltage 15pF (o thae minimum value and 1 Standard TTL gate plus
and nominal processing paramelers. 100pF for the maximum value
2. input timing parameters assume transition times of 20ns or 9. Successive read and-or wnle operalions by the external
less. Wavelorm measurement points for both input and out processur 1o progiam or exanune the controller must be
put signals are 2.0V lor High and 0.8V for Low, unless timed o allow at least 600ns for the Am9517A or
e otherwise noted. AmO517A-1 and at least 45013 for the Am3517A-4 as te-
3. Output Idading is 1 Standaid TTL gale plus 50pF capaci- coveiy liine belween active read or witte pulses
e tance uniess noted otherwise. 10. Patamnelers are lisled in aiphabetical order
- 4. The ned IOW or MEMW pulse width for normal w:ite will be 11. Pin 515 an input that should always be at a logc high level
® TCY-100ns and lur exiended wrile will be 2TC'v-tuuns. The An intermal pull-up resistor will establish a logic tigh when
- net IOR or MEMR pulse width for normal read will be the pin s left floating Alternatively, pin 5 may be hed to
" 2TCY-50ns and for compressed read will be 1CY-50ns. vce. _ - L
{ $. TDQ is specified for two ditfarent output HIGH levels. TDQ1 12. Signals HEAD and WHITE refer to IOR and MEMW respec-
- is measured at 2.0V. TDQ2 is measured at 3.3V T' ~ value tively for pernipherai-to-memory DMA operations and to
b, for TDQ2 assumes an external 3.3k{l pull-up resistor con- MEMF and IOW respectively for memory-to-peniphetal
- nected from HREQ to VCC. DMA operalions.
S 6. DREQ should be held active untt DACK is retusned. 13. N want slates are added dunng the write-t0-memory hatf of
s 7. DREQ and DACK signals may be active high or active low. a memory-to-memory transler, this parameter will increase
' g g
% Timing diagrams assume the active high mode. by N (TCY)
- v
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- SWITCHING CHARACTERISTICS SWITCHIN]
ACTIVE CYCLE {Notes 2, 3, 10, 11 and 12) PROGRAM
Am9517A AmI517A-1 AmY517A4 (Notes 2, 3. 1
Parameter Description Min Max Min Max Min Max Unit
. TAEL AEN HICH from CLK LOW (S1) Delay Tine 300 300 225 ns Parameter
| TAET AEN LOW from CLK HIGH (S1] Delay Time 200 200 150 ns | TAR
| TAFAB | ADR Active to Float Delsy from CLK HIGH 150 T 0 TT20 ns | Taw | ]
| TAFC READ or WRITE Float from CLK HIGH 150 150 JRE e | Tew |3
| TAFDB | DB Active to Float Delay from CLK HIGH % | 20 | 190 | s Tow_ | o
M SanR ADR fiom READ HIGH Hold Time TCY 100 TCY 100 Tevie | | ns | L S
| TAHS | DB trom ADSTB LOW Hold Time 50 e [ e ns TROE_ 1 3
| TAHW | ADR fiom WRITE HIGH Hold Time 1CV 50 icveo | TCY50 Toe TURE |
| DACK Valid {rom CLK LOW Delay Time 200 N 26(; ] ] 220 ns TRSTD
_ | Ak EOP HIGH from CLK HIGH Delay Time 1 w | om0 | 190 ns e
! EGP LOW to CLK HIGH Delay Time ] 250 |0 190 ns e T
| TASM ADR Sisblo from CLK HIGH 260 . 250 190 ns_| i
| TASS DB to ADS B LOW Setup Time 100 100 100 - SR
[ TCH Ciock High Time (Transitions < 10ns) 120 T 00 ns ‘gg‘”—
TCL Clock Low Time (Transitions < 10ns) 150 150 110 ns —_—
TCY CLK Cycle Time 320 320 250 ns we_ |
T CLK HIGH to READ or WRITE LOW Delay TWWS
DCL (Nove 41 270 270 200 ns Map
TOCTR 'giﬁ‘: o “r"‘;’:‘. i‘,"‘ HIGH (S4) : 270 270 210 ns |
——= - - - |
P e - - w ]|
ToQ1 HREQ Valid from CLK HIGH Lisiey Time 160 L R ns 1 ;
TDQ2 (Note 5) 250 250 190 ns i J
TEPS EOP LOW from CLK LOW Setup Time 60 60 as ns ! ‘
TEPW EOP Pulse Width 300 S ' i
TFAAB fER—Floa'tfg_A:ﬁve Delay from CLK HIGH 250 L 2{’0-,,4 _ _19.;_7 L : ]
TFAC READ or WRITE Active from CLK HIGH 200 w00 || s e ‘
TFADB | DB Fiost to Active Delay from CLK HIGH 300 00 1__| = s ! 1
THS HACK valid 10 CLK HIGH Setup Time 100 100 75 ns | 5
TIOH input Data from MEMR HIGH Hold Tine 0 o | 0 . f j
. TiDs input Dats 10 MEMR HIGH Setup Time 250 250 190 ns ; 3
e TODH Output Data from MEMW HIGH Hoid Time 200 200 —{nwﬂ_ ns i :
o TODV Output Data Valid to MEMW HIGH (Nute 13) 200 200 125 ns | 1
' : TS DREQ to CLK LOW (S1, S4) Setup T- 2 120 120 90 ns I 1
- TRH CLK to READY LOW Hold Time 20 20 20 ne b
o RS READY to CLK LOW Setup Time 100 100 60 ns | )
F':} TSTL ADSTB HIGH from CLK HIGH Delay Time 200 200 150 ns ’ .
::'_fi TSTT ADSTB LOW from CLK HIGH Delay Time 140 140 110 ne ! )
® : .
b | .
. - , -
L‘:: - ose,
» ‘
@ - 4
F-10 N R—
"*"';';*%‘W”W'w”mm TP T T - MOV e
» ' 1

CL e, . . . . T R - . PN . B e A . e . - .. . o -
PR R P R o e el Y = = y N —~ - SO SO, SRS i - = el PRTRENE WS- U AR VW o SRR W0 W S . .
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’ - SWITCHING CHARACTERISTICS (Cont.)
REh ~ PROGRAM CONDITION (IDLE CYCLE)
1951"' ) {Notes 2, 3, 10, 11 and 12)
Max  Unit Am8517A Am9517A-1 Am9S17A-4
T 225 ns Parameter Description Min. Max. Min. Max. Min. Max. Unit
-‘j.,‘ ST - TAR ADR Vaiidor C§ LOW 0 READ oW | 50 | [ 0 ;I e T e 1
. 120 ne TAW AUR Valid to WRITE HIGH Setup Tims 200 200 150 | ns A
o T 0 e || Tew CS LOW to WRITE HIGH Setup Time 200 200 150 1 ns j
190 ns TowW Data Valid to WRITE HIGH Setup Time 200 ] 2w I . ons -
; e | TRA ADR or €5 Hold Irom READ HIGH | o 0 0 ns | 3
ns THDE Data Access from READ LOW (Note 8} 300 200 200 ns .J
ns . | TDRF DB Float Delay from READ HIGH 20 180 20 100 20 100 ns )
220 ns TRSTD Power S\jpply HIGH to RESET LOW 500 500 500 us *
Setup Time "4
190 ns v e e e et R -
TRSTS RESET to First IUWR 2 2 2 1cy -
190 ns S e b e e e - e s s ;
% TRSTW RESET Pulse Width 300 300 300 ns -
1 ns =z== Bl Sl tans b — e
TRAW READ Width 300 300 250 ns
ns U P N — - — e —— ] .
TWA ADR fiom WHRITE HIGH Hold Time 20 20 20 ns ]
ns = ===z s - el S S i
TWC CS HIGH from WRITE HIGH Hold Time 20 20 20 ns 1
ns ——— — Bl et B — e —— | M
TWD Data from WRITE HIGH Hold Timae a0 30 30 ns -]
ns — —_ RN SENED S I NS S P — - .
TWWS Write Width 200 200 200 ns -
200 ns TAD Data Access from ADR Valid, C3 LOW 350 300 300 ns ‘ﬁ
i 210 ns p
SWITCHING WAVEFORMS 9
X 150 ns i
3 120 ns a7\ Tow g
E—"'w ns | ' <
4 ¢ . — -~ Twe .
° — . = - §
ns ‘r@'T' N ! 5
190 ns TAw . r— wa -:
150 as AGAI m i INFUT VALID M '
225 ns l .l | B ; =
' Tow SPE— |
ns t
. oe0-087 INPUT VALID .
— | . KX 3
;. ns ‘1'
. N
- ns . Timing Diagram 1. Program Condition Write Timing (Note 9). K]
- ns ’ MOS-038 Dy
= ns
P’" ns
h::-_v n. a ﬁ f———-——' ..‘
o 160 ne - "
= 110 ns ; B
- - . - - '}o-—- TRA
. ‘ TAR -
. [ ‘1 TRW —71
- 1R N ‘1 .
3 :: TNOE e e VADE —eme —ad
.'..» . 1AD ~0J [

- oso0-087 Natau vanIn ‘)-_-

o e

'

Timing Dlayram 2. Program Condition Read Cycle (Note 9).
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- SWITCHING WAVEFORMS (Cont.) c .
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Timing Diagram 3. Active Cycle Timing Diagram.
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MEMR J \ 1108 (g~
- TOCTW —emi;

TFAC 1001 e

d .
TaFc

MEMA _—

INT EOP
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- TAK
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Timing Diagram 4. Memory-to-Memory.
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Timing Diagram 5, Ready Timing.
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Timing Diagram 6. Compressed Timing.
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APPLICATION INFORMATION
Figure 6 shows a convenient meihod for conliguring a DMA significant eight bits on the Data Bus. The contents of the Data
sysiem with the Am9517A Controlier and a icioprocessor Bus aie then lalched into the Am74LS373 register {o compiete
system. The Multimode DMA Controlier issues a Hold Request the fuli 16 tis of the Addiess Bus The Am7415373 is a high
to the processor wheiiever there is at least one vahid DMA Re- speed. luw power. 8-bit, 3-state register in a 20-pin package.
quest from a penpheral device. When the piocessor rephes with After the miual transfer 1akes place, the register 15 updated only
a Hold Acknowledge signal, the Am3517A lakes control of the after a carry or burrow is generated in the least significant ad-
Addiess Bus, (he Dala Bus and the Conlrol Bus. The addiess for dress byle. Four DMA channels are provided when one
the st transler operation comes out in two bytes ~ the least AMASI7A 15 used.
sigrificant eight bits on the eight Address outputs and the most
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DESCRIPTION OF INTERFACE:

In this example, the high order Ag-Ays memory address is
latched by an 8-bit Am74LS373 latch, while the IOR, IO/M;
MEMR and MEMW signals are decoded from appropriate Z80
outputs. Note that a 4MHz Am9517A-4 could be used with a

4MHz Z80A if an additional circuit consisting of two D flip-flops
are used 1o insert a wail stale to the ZBOA during VO read and

_write operations.
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PRELIMINARY INFORMATION

. Sysein Timing Soitecio
Advanced Micio Devices
Advanced MOS/LSI

DISTIRCTIVE CHARACTERISTICS GLNERAL DESCRIPTION
e Five indepencent 16-bit counters The Am9513 System Timing Controller is an LS| circuit designed
e High speed counting rates to service many types of counting, sequencing and timing apph-
) . cations. Il provides the capability for programmabie fraquency
. o
Up/down and binary/BCD counting synthaesis, high resolution programmable duty cycle wavelorns,
¢ Internal oscillator frequency source relriggoerable digital one-shots, ime-of-day clocking, concidence
e Tapped requsncy scaler alarms, complex pulse generation, high resolution baud rdle
o Programmabile frequency output generaltion, frequency shilt keying, stop-watching timing, event
@ 8-bit or 16-bil bus interlace coun{l accumulation, wavelorm analysis and many more. A var-
. . ty of programmable operating niodes and conlrol tealutes allow
s Time-ol-day option °
o Al i pt | ‘ 1 and 2 the Amn9513 to be personalized for particular applications as weil
- armlcorzpara o'f‘ on counteis 1 an as dynamically reconfigured under program contral.
e Complex duty cycle autpuls )
e On -phot / ny"n P touls The STC includes live general-purpose 16-bit counters. A variety
8-S101 O CONUNUOUS outpus ) of internal requency sources and external pins may be selecled
® Programmable count/gate source selection as wipuls tor individual counters with software seleclable active- ",
® Programmable input and oulput polarities tigh ur acuve-low input polarity. Both hardware and software -4
® Programinable galing funclions galing of each countar is availlabla. Three-state outputs tor each ‘
e Hetriggering capability couiker provide puises or levels and can be aclive-high or ac-
o +5 volt power suppl tiva iuw. The counters can be programmed to count up or down in * 4
i PRy eilhei binary or BCD. The host processor may read an accumu- _]
® Slandard 40 pin package _ lated count at any time without disturbing the counting process.
® 100" MIL-STD-383 reliability assurance tesling Ary i the counters may be internally concatenated to form any =
ellective counter length up to 80 bits. 4
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FULITTITUAL BT }
The Amans13 block Cincrans (Nicuies 1 and 2) vnicale the iler

face signals and e basc Hluw of wduniiainsr i anal contiol
knes and the inteinal dala bus have been vittind. The coitiul
and dala registers are all connectod o a common «Hernal 16-bint
bus. The external bus may be B or 16 bils wide, in the 8-bit mode
the internal 16-bil iiiformation is multip!~ «ed to the luw order data
bus pins DBO through LE7.

An internal oscillator providas a conveniant souico uf lisquencies
lor use as counler inputs s oscillating frequency is controlled Ly
an external reactive nelwork such as a crystal. The oscillator
output 15 divided by the Frequency Scaler lo provide several
sub-lrequencies. One ol the scaled lrequencies (or one of ten
mput signals) may be selectod as an input to the FOUT divider
and then comes oul of ihe chip at the FOUT wleiiace pin.

The STC is addressed by the ealernal system as two lucations: a
conirol port and a daia purl. The cor''al port provides direct
access tu thie Siatus and Cuivinand reygisters, &, . ... as allowing
the user 10 updaie ihe Data Punter register. The eula portis used
10 commuricate with all uther addressable inlemalivcations. The
Data Pawnler contiuls tig data puit addiessing.

Among the registers accessible through the dala port are lhe
Master Mode reqisigr and hive Cowqler Mode royisters, one for
each counter. The Master Mode register contivls the pro-
grammable ophons that aie not contiolied by tie Cuuinter Mude
registers. .

Each of the five ganeral purpose counters is 16 Lits long and s
independently conlrolied by its Counter Mude register. Through
this reyister, a user can soltwaie select one of 16 suurces as the
counter inpul, a vanely ol galing and repetiion inudes, up or
" down cuunting i binary or BCD and active-high or active-low
input and oulpul polanties.

Assccialed with oach counler is a Load register and a Hold
register, boih accessible thiough the data pont. The Load register
15 usod 10 aulomatically reload the counter lo any predelined
value, thus controliing its efleclive period. The Huid register is
used to save counl values without disturbing the count process,
permitting the host processor to read inlermediale counts. In
addition, the Hold reyister may be used as a second Load register
o generate a nuinlier ol complex outpul wavulurns.

All hve counlers have the same basic conlrol loyic and contiol
registers. Counters 1 and 2 have addiiwi.al alarin registers and
comparalors associaied with them, plus the exlra lugic necessary
lor operating in a 24-hour time-of -day mode. Fur 1eal-time opera-
tion the time-ol-day logic will accept 50Hz, 6011z or 100Hz input
frequencies.

Each general counter has a single dedicatud output pin, itmay be
turned olf when the outpul is not of nieiest or inay be contiyured
n a variely of ways o diive inlerrupl controllers, Dailington but-
ters, bus dunvers, etc The counter mpuls, on tive ulhivs hand, ale
specilically not dedicated to any given inlerface line. Considera-
ble versatihly 1s avaiable lur conhiguring bolh the wipul and the
gating of ndividual counters. Thus nat only peifnils dynaric ieas-
signment of inputs under software control, but also allows mull-
ple counters lo use a sinygle npul, and allows a simyle gate pin to
contiol more than one counter

G-2

}
ST ! ot l 16 BEY L CAD REG i
. REFTH] i
v . LOGIC out
TUH- ) = p= CONTHOL
CUUNIER
CONIROL e 18 B1T CUUNTEH — R,
LOGIC our
l l N
16011 MODE REGISTER 18-Bi1 HOLD REGIGTER
16-BIY COMPARATOR
16 BIT ALARM REGISTER
MUS 170
Counter Logic Groups 1 and 2.
5
BAC —p
GATE —i- INPUT 18811 LUAD REGISTER
— " sELECT
U .
i . LOGIC our
TCN-1 — 4= CUNTROL
COUNTER
CONIRUL 18-8i7 COUNTER —
LUGIC out
] { "
18-813 MODE HEGISTER 16-BIT HOLD REGISTER
- MUS 178
Counter Logic Groups 3, 4, and 5.
Figure 2.
CONNECTION DIAGRAM
pevee g 1o Y] p-.—oun
outa = {72 9| J=- - GATE2
oury = |3 8]}~ -« oute
GAIEY ——={ }4 W[} - - outrs
M—{7]s 36 { "}  GATE3
X2 ——-{ |8 35 | 3= - GATE 4
roult = ¢ 1y [ T}=- - GATES
cio ——={ s 33] = SOURLCED
WA - |® 32] }= BOUHCE 2
€4 ——={ |1 AmMY513 2| J=  SOUHCED
HO ——( s W { = BUUNCE ¢
o = ={_ |2 wi - BUUHLE &
Ut = = |13 2] J= « DBt
ey - = l1s W] J= - poire
LB - - " 26| }J= = punl
Lis = «| Ll 5| }= = DBI2.UATE 3A
Dus - = |17 24| }= « UBILGAIE A
nug - ={ |18 23] = = DBIGGATE 3A
UB7 - = [ 22] )= = UDBVGATE 2A
GATE 1ADRS = = |20 FIN ] V8S (GMND)
lop View
Pin 11 marked lor onentation MOS 172
Figure 3.
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VCC: 15 volt nowar sunply

VSS: Ground

X1,X2 (Crystal, Inpute)

X1 and X2 are thio connections for an external crystal that Jeter-
mines the frequency of 1he mterna oscillator. An RC or LC nel-
work may also be used inslead of a crystal. For driving from an
external frequency souice, X1 should be left open and X2 should
be driven with a TTL-level square wave.

FOUT (Frequency Oul, Oulput)

The FOUT outpul 1s denved from a 4-bit counter that may be
programmed lo divide ils input by any inteyger value lrom 1 1o 16,
inclusive. The inpul 10 the counler is selected from any of 15
sources. including the scaled inlernal frequencies. FOUT may be
gated on and off under soliware cortrol. Folluwing power-up or
resel, FOUT provides a trequency that is 1/16 thal of the internal
oscillator.

GATE1-GATES (Gate, Inputs)

The Gate inpuls provide haidware control uf the counting opera-
lions of indvidual counters by determining wi:on counting may
proceed. The samg inpul may control up lu thiee counters. Gales
may also be selecled as counl souices for any ol the counlters or
lor the FOUT divider. Thie active polanty for a selected Gats input
is prograimmable ut each counter. Schimitt-ligger circuilry on the
GATE inputs allows slow transition times to Ls used.

SRC1-SRCS (Source, Inputs)

The Source inputs provide axtarnal signals that may be counted
by any of the counters Any Souice line may Lo routed to any ur all
of the counters and the FOUT divider. The aclive polanty for a
selecled Source input s prugrammed at vach counter. Any
source wavelorm duty cycie will be accepled as long as lhe
munmum pulse widih is at least hall the pernod of the maximum
specified counling {requency {or the part. Schri-trigger citcuilry
on the SRC inpul allows slow transition times to be used.

OUT1-0UT5 (Counter Outputs)

Each of the live countess has a dedicated output pin. Depending
on the output configuration, the OUT signai imay be a puise, a
square wave, or a complex duly cycle wavefurim. For counters 1
and 2, the QUT signal may also indicale the stalus of comparator
circuits. Output polarities may be individually programmed.

DB80-087, 0OB8-DB15 (Data Bus, Input/Output)
GATE1A-GATESRA (Auxiliary Gates, Input)

The Data Bus lines are used lo commuiicale withi the exiernal
system. After power-up or 1. sel, the data bus will be conhgured
for 8-bit width. It may be reconligured for 16-bit width by changing
a contiol bitin the Master M. uo ieyisici. Figuie 4 surnimanzes all
dala bus transfers.

a ,
!
w

- E YW T TF TR T T WS A e- e omTe e e - I . -

‘.«".’Ih,-u cpocabing w thio 8 it data but onviotsiena

Loty upliongny be used as additiongl G
! gt e 3 unused ey shouhd bo hold egh. Wien putivd o, o
Gaius o\ siyhal will disablo the aclivn of the gdle input contiuthing
cuounter N. DB 13, DB14 and DB15 should be tied high for an 8-Lit

data bus width.

¢S {Zhip Select, Input)

Tha activa-low Chip Select input enables Read and Write upera-
tions un the duala bus. Seo Figure 4.

RD (Read, Input)

The active-low Read signal 1s condiioned by Cihip Select and
indicates that intarnal information 15 to be transterred to the data
bus. Wil and HD should be mutually exclusive

WR ({Write, Input)

The activu-low Wiile signal 1s conditioned by Chip Select and
indicatles lhal data bus information s o be lranslerned to an
internal lucativn. WR and RD should be mutually exclusive.

C/D (Contiol/Data, Input)

The ContiolData signal selects source and destination locatiuns
for read and winte operalions on the dala bus. Counliol Write
opeiains load the Copunand register and the Data Ponter.

Conlrul Mead operations output the Status register Dala Read
dnd Data Wnite translers communicate with a all_other mlernal

Signal
Caistiguration Data Bus
¢s [cin|rolwa Operation
ololol Transler contents of register addressed
by Dala Ponnlet {o the ddld bus
olotlilo Transler conlunts of d.na bus \u data
regisler addressed by Dala Pomle:
Transier contents ol Slalus register xo
oj1 {01t
data bus.
- DR U VS
Transler contents of dala bus o
oi1j1170
Command register.
XiX 1 No transler.
1 No lransler
X litegal Cundmon

Figure 4. Data Bus Transters.
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S CIMARCL eLnT i T Ceof B Dbl CONMMGi T, gAC T
i’“ v A ioAGe AND SAVE airy comit s
LT . Cuinmngiind Nagiuie WIL Ao e cuitias o ale provided . Slep at i i
V- . The 8:-bit wirte-only Comniiand regrster is joaded Ly wiling intg LOHREE Uy o Lound, set and clear an oulpul togyle, ssue o
'L, . " the conlrol port as shown in Figuie 4. Wit 16-0il data bus, the sOitware ieset, clear and set spocial bits in the Masler Mode
RS low-order 8 bils are loaded iilo the registar, thu hyyh-uider byte tugisiur, fean ! thv Data Puinter register @
E - -~ should be FF (hex). Data Polirts. Tlogister
ﬂ ?’he Command registor prov»du§ld|recl cuntiot over each of ”'f’ The &-bil {iat Puiniter ragister is loadod by 1ssuing the approprit-
t;w general counters and conlruls access through ihe data poit ale conniaind hrough tig contiol port 1o the Cormimand rog:ster.
- e N
y allowing the user lu updaly “'GFD‘“" Puinter reg.sier A sui As showii i i wure 6, the Data Pointer register Lonsists of a Byle
:naly ol ali commands apiudis m 'g“':’ 5. Six ot ‘i"’ ?U'nmd'_'g Pomiter, an Licimenmt Poier, and a Group Ponter. The contont ot
gpe}s at'e :sed lorduectso.lv;are Co;‘“" of “;e “0“";‘”'%"‘)&)‘:?5”' the Data [Nuilur is used as an addiess W pomnt to an inleinal
| ach o ; es;e.sux commands con :""5 a bve bit 5 liold. In a’ rugistor. Whien anogistons addressed Ly the Data Pouritor, it niay
iudar-seluct fashion, each Lit m tho S held (:one.,;\m.nds luongu be accessed tituugh the data port.
the hive general counters (S1 = Counter 1, 52 = Couniiur 2, elc.). )
When an S uil is a one, the specilied operation 15 peiformed on Tho Byte Moniter bit i the Data Puinter register indicates which
the counter so designatod; whon an S Ditis a <o, 110 operatiui byte 01' a0 it ieyisten s 10 be transtented on Lhe nexl accuss
occurs for U CaffosGhag countar. oLy e - ta purt. Whsnever the Dala Poiniter is luadad, the
] Byte Pouic Lit s sel o one, mdicating a least-signilicant byte 1s
' ] L ba aimad i the Af HYTH N, T T e e e
g\co‘:mlm must be u.r..yus)y oho ol it e‘A: M cutninands belore EARCEIES 1 Ly1e Painter togyles following each 8-bit data
b:ur'mr?? can s:m:r;l u;..\t,Ad :‘\,:lul;nbd: unu‘c'omlnu_m. .'-OLGSST"Y transier waa dan 8-bit data bus (MMI3 - 0). o it atways remains
t .:m ie]r_henipi‘:v‘ u'. 5;»"?.1“5'”9 101 haidware gating sel with tie 10 Ll dala bus oplion (MM13 = 1) Although the
| ] NG " 3 H iv a s > ")
acl “ ‘93' " e ‘1 and DILARM cGirinaids peaisll SOWaIS coniainte o) the Element and Gioup Ponter in ihe Data Pointur
aliri Ie! {OCRSS. 1N S "
gatinig of the count piocess, i sume niudes. register catnat be tadd by the host processor, the Byl Pusdor
The LOAD command causes the counter (o be reivaded with the is availubic as a bitin the Status reyistor.
;al::cje n _allherl lhe’Iu?soc:’lzled Load rugisler o the associated To permit e hest processur to rapidly access the vanous inteinal
. N e s o .
old tegisier. Il wiil Giivi Lie used s a suitware retigger, or as registers, foioaiatic sequencing of the Data Pointer 1s piovided.
Counter inializalion pior iu aclive Lardware galing. Seyuenciti, i enabled by Ucanng Master Mode bit 14 (MM14) to
The DISARM command disables tuither co' “tng iniiependent of 0. As shov.ni Niguie 7, several types of sequencing are avaiid-
any haidware gating. A disarmed counter may be ieluaded using ble depoidiiy ai the data bus widih buing usced and the wutal
the LOAD command, may bis incremented of decreimaented using Data Paouivi valuu enlered by command.
= as - N [} oo
2‘8 STEP comrfwand and may be redd~uung the SAVE cummand. When Gt 0wit2  Qand G4, G2, Gt pontto a Counter Groug,
count process may bie resumed using an ARM command. the Data FPomter will proceed thiough e Elemont vy Thy !’
The SAVE coimmand uanslers thae coitents ol a counter lo 1S Element Loodu will auturnnabically sequence hiough thiee val-
associated Hoid register. The Liansler takes place without infer- ues: 00, G aid 10 stariing with the value entered When the
(. fenng with any counting that may be under way Fus command transition Hom 10 10 U0 occurs, the Group field will also be
will overwnle any previcus Hold register conients. The SAVE incremaiil-u by one. Note that the Elerment held w thus case doues
coinmand is designed o allow an accuroulated count tu be pre- not sequei-ce o a value o 11 The Group tield cocalates only
served so thal it can be read by the hust CPU al suinie later ime. within the dive Counter Gioup codes
Cummand Code
cr Ccé C5 l Cc4 [oR] Cz Ct (o1} Command Description
(4} 0 | E2 £ G4 [$74 G1 Lead Dot Poicter regintet with contents ot £ and G hews
Y ' l o Lt 1G £ 000.G /7 1Y)
0 O Vo5 ] sal s S2 S’ Anp counting bl Lelucted countors
r | ’ e
S 0 1 v S5 S4 S3 62 St Load contents ol spechied source mio alf seleoted counlers
. 1 ) i Pt
1 o [ 1) s 84t sy | os2 1 st Load and Arm all “uiecled counlirs
} 1 , 0 i 0 s571 84| 53 S. ‘ St Disanm and Save all selected counlers
'
b—»’ 10 1 ss”i S4 S) Ss2 \l St Save all sglgcl d coutars i hold tegqster
~ 1 t
:. . i . 1 ; Q ! S5 54 S3 52 | St Disatin ol setecied Lounters
;
. |
[ oo 1 [T N4 | w2 ! N1 Set outpul bt MLt~ N+ 100
- t 1 +
- 1 P U i 0 NG | N2 i NI Clear outpul Lid B (G < N+ 101)
Coe t
. 1 R vl I NA | NS 1 N1 Step counter 1t - N~ 101
' ' '
. 1 i 1 ! 1 ] it 0 V] : (V] Set MM 4 (U atte Dala Poinites Segaenomny)
t 1
[ I ‘ \ 0 1 1 1 u Set MM12 (o e el FOUT
I
1 ! | ] [¢] ] i ; [ B | Sel MM Lol 1 Dt but taodad
|- 1 ' I
. 1 LI | 4} ! 0 0 v 0 Clear MMIA {8 naote Data Pomlern Sequencig)
/" . ' l [} ]
' 1 1 1 o ;0 1 LI Clear MBAT2 (Coate o 1 OU Ty
v t [} [
1 vy T o e } \ | ' Cletat MM 0E e 8 Uil bues niedey
| 1 t ! ! J
o el e s e e e
[ Figute 5. Am3%5%12 Command Sunmary.
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- ‘ l————— Byte Pointer

—_—
—
-
b
i
C
.L
f
L.

1 = Least sigmhicant Byle Transleirod next
0 = Most signiicant Bylte Transferred nuxt
Group Pointer Element Pointer
000 = lllegal 00 = Mode Register
001 = Counter Group 1 01 = Load Register 'Enlemenl ((:ycle
010 = Counter Group 2 10 = Hold Reyister cremen
011 = Counter Group 3 11 = Huld Register/Hold Cycle Increment
100 = Counter Group 4
101 = Counlter Group 5
110 = Megal b 00 :- Alarm Reogister 1
: = lllega _ Control Cycle
_ 01 = Alarm Register 2
111 = Control GIOUp Increment
10 = Mastet Mode Register
11 = Slalus Register/No Increment
Figure 6. Data Pointer Counter. MOS 173
‘ } NE1 = 1and E2 = 1, then only the Group field is sequenced. This
Counter 1 Hold Reg. Counter 3 Mods Reg. is the Haoid cycle. It allows the Hold registers 1o be sequentally
. accussuu while bypassing the Mode and Load registers. The thud
‘ ‘ type ul segiencing 1s the Control cycle. it G4,G2,G1 = 111 and
) E2,E1 £ 11, lhe Eleiment Pointer will be incremented through the
Counter 2 Hoid Reg. Countor 1 Load fleg. valug. 00, 01 and 10, with no change to the Gioup Ponter
P ’ ‘ When G1,G2,G1 = 11t and E2,E1 = 11, no incrementing lakes .
! ‘ Counler 1 Hold Reg. place aind enly the Stalus reglsler_woll be available through the ]
b dala puri. Note that the Status register can also always be read ) ;
. ‘ Gitectiy thiough the Control pon. -
* Counter 2 Mode Reg. For aii of these auto-sequence modes, if an 8-bil data bus is used, 3
ihe Byle puinter will toggle after every dala transfer to allow the N
‘ l least and most significant bytes to be transferred belure tho o
Counter 2 Load Reg. Element or Group Fields are incremented.
Counter 5 Hold Aeg. 9
l Status Foglster N
—_J The 8-bil read-only Stalus register indicates the state of U‘le yle
HOLD CYCLE Countor 2 Hald Reg. Ppinler it in the Data Pointer register and the stale of the QU "3
‘ signhal fur each of the general counters. Ses Fiyure 8. The QUT T
signals reported are those internal lo the chip after the polanty- * ]

select logic and ust belore the three-sltate nterface buller cu-
cuitry. The Status reyister is normally accessed by reading the
conltrol purt (see Figure 4) but may also be read wia the data port
as part of the Control Group.

‘
»

; — | | :
- Counter 5 Hold Rey. -
= Alarm Reg. 1 -
P - I SR7 | SKH6 | SIKH | SRa | SH3 | SR2 | SRY | SHO K
[ . ‘ ’ Y
g ELEMENT CYCLE
[ ] Alarm Reg. 2 -
. Master Modo Reg. Stalus Reg 1 1 ouT 4 ouT 2 BYTE -'
- ~ POINTER
;__l L oul 5 ouT 3 ouT 1 -
o "4
¢ CONTROL CYCLE STATUS CYCLE MOS 178
- \ Figura 7. Oata Pointk¢ Saquancing. Figure 8. Status Register Bit Assignments.
.- - MUOS-174
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Counter Logic Givuype

\s shown in Figure 2, each ol lhe five Counter Logic Grouns
consists of a 16-bit general counter with associated cuntrol and
outpul logic, a 16-bit Load regisiar, a 16-bil Hold regisier and a
16 LIt Mode register. In addition, Couiter Groups 1 and 2 also
include 16-bit Comparatcis and 16-bit Alarm registers. The com-_
parator/alarm tunctions ara conuoueq__y tha Mastet Modu 9 feyis-
ler The opeiation ol the Couitier Mude oy, blel.-, lhun 1s the
‘saine for ail ive counters. Thu host CPU has both oad and wiile
accoss to all registars in the Counter Loyic Groups thiough the
data port. The counter ilsull 15 never direclly accessod.

The 16-tut read/veite Load rugister is used 1o control the elfeclive
period of the general couniui. Any 16-bil value inay bo wiitten inlo
the L. i 7egister. That vaiue can thon b9 Wransleired into the
counter each tune that Torminal Count (TC) occurs. “Terminal
Count''is dotined as that jatiod uf iune when the counter contents
would have been zero it an axtoriial valus had nol been hanster-
rad into the counter. Thus the tarminai count requancy cainbe the
input lrequency divided by the value in the Load ro "= 1n ail
operating modes the contonts of other Load or Huid will be
transtenied nto the countor when TC occurs. In cases where
values are being accumulaied in the countar, the Loud register
acton can ba transparent by tdiing the Load tegister wiits it zeros.

The 16-bii read/wiie Hoid i eyister is dual purpose. li can be used
In the same way as tha Load reygisiur, thus offenng an alternate
source for modulo debnition tor ihe counter. The Hoid register
may also be used (0 sitre accumujated counler values foi later

Pros alicas e coue 1oy

Pl v Vv aSprowgeds Tiansfere oo
CUndubin, e a3 10YGivl 1b acLumplishiud by the hartdeany
interfact W wutiw opetatny mudes of by the sullware SAVE
Colmand w. diiy lime.

ol BT ]

The 16-Uit ruawwiite Counter Moude register contiuls the gating,
counting, guipist «nd source select functiuns withun each Counter
Logic Grouy Tigure 9 shows the bit assignments for the Counter
Mode registgis Geneially adch counter 1s independently conti-
gured by ils Cuunler Modu register and does not depend on
configuraion iifuiination vutside its Countor Logic Group

Counter muilo Lits CMO thruugh CM2 specity the oulpul control
configuration. Thu QUT pin may b off and in a thghyimipedance
state, or it thay Lo off with o tow impedance (o giound  The six
remaining conmabions o sphit 1010 active-high and active-luw
VOISIONS 0 iy iive basic vulpul waveluiins.

One outpiut fenm avalable s callod Tenniudl Count (1C) and
represents the penvd in i thdal 1he counter reaches an equiva-
lent valug of suio. Figure 10 shows a Termunal Count pulse and
an example cuntext thal genvrated it The TC widihis deternnned
by the purivu of the counting souice. Roygardiass ol arny yaling
input, the ieriinal count will go active for unly one cock cycie.
Figure 10 cosumies aclive-tugh source pulanty, counter gimed,
counter decrcisenting and an external reluad value of K

The couriter will aiways be loaded trom an extermaliucation when
TC occurs; the usur can choose the source location and the
value. If a noi zuio value 15 picked, the counter will nevei redlly
attain a zeru state and TC will ndicate the counter slate that
would have been zero had no paraliel transler occuned.

Cuount Scurce Selection

r— Count Control

OXXXX =Counl on tismg Edye ; OXXAX  Dusabile Special Gale

IXXAX = Count on Falling Ldye AXXXXEnable Special Gate

X0000 = TCN 1 XUXXX  Heload tiom Load

X0001 = SRC 1 _)\}_;5)((_)(_\({010\5\! leotir Load o Hold

X0010 = SAC 2 XXuxx - CouniOnce

X0011 = SAC 3 7 OXXiXa  Count Repotvely

X0100 = SRC 4 XxXOx  Binary Count

X010t - SHC 5 XaXi1x_ _ BCD Count

X0ttd = GATE 1 XXXXx0)  Count Down

X0111  GATE 2 5 XAXAT  Counl Up

X1000 - GATE 3

X1001 = GATE 4

X1010 - GATE S

X101 = Fi .

X1100 = F2

X1101 = FJ

X1110 = F4

X111t - F5 -

CMISICMI4{CMIBICMI2 I CMUIICMIO] CM3 | CMB | CM7 | CMG & CMD l CMa [ M | oM } Oy | CMO
L— Gating Control Output Control -———J

004 - No Gating 000  nactive, Oulput L ow
004 - Active High Level TCN 1 ol T 001 Achve thgh Ternwnal Count Pulse
010  Achve High Level GATE N+ 1 01U Active H;uh hn_;gle, Ouldyed <~
011 - Active High Level GATE N 1 Tea Al el A o we
100 Acuve thygh Level GATE N 100 nachive, Outpul Hhgh knpedaiice
101 - Active Low Level GATE N 101 Active Low Ternunal Count Pulse
110 - Active thyh Edge GATE N Tlioul et hestjepionmisiionped
111 Active Low Edyge GATE N 14 1 1 b AL EtmcAcmauistumhanginpeibttuducl

Figure 8 Countor Wede Register BA Astignments.
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Another oulpul form uses TC 1o toggle a fip flop lo generate an
output level instead of a pulse. Two vanatons of the loggle
wavelorms are avalablo, as shown in Figure 11. The one labeled
“Delayed" uses only the TC puise to change the leggle. Since TC
does nol occur until a full count elapses following the loading of
the counler, the lirst Wiansition of the loggle is delayed from the
moment of armung. On the other hand, the waveform labeled
“immediale” also uses the TC pulse as the togghng source but
adds a loggle tiansition on the firsi count following the arming.
After the imlial lransition, boti Delayed and lmmediale
wavelorms are the sarne; for lhe same oulput polaiily they will be
180° oul of phase. The trailing edge of TC triggeis the loggle and
the toggle output is 1/2 the frequency of TC.

Countei Mode biis CMB through CM12 specif; the source used
as input to the counter and the aclive edge that is counted. Bit
CM12 controls the pulanty for all the sources, logic zero counts
nsing edges and logic onie counts talling edges. Bits CM8 through
CM11 selecl one of sixteen couniing suurces 1o route to the
counter input. Five ul the available inpuls are internal fraquencies
derived from the internal oscillator (see Figure 15 lor frequency
assignments). Ten ol ltie available inpuls are nierface ping; five
are labeled SRC and live are labeied GATE. The sixteenth avail-
able input is the TC signal from the adjacent lower-numbered
counter (The Counter 5 T~ wraps around lo the Counter 1 input).
This option allows internal concatenation that perniits very long

counts 10 be accumulaled. When TCM__ 15 the source, the count

Il lween th ggled counters.

Counter Mode bits CM3 lirough CM7 specify the various op-
lions available for direct control of the counting process. CM3
and C.vi4 opeiate independently of the athers aid control up/
down and BCD/binary couniing. They may be combined lieely
with other control bils to lform many types of counting contigura-
tions. The other three bits irileract in complex ways. Bit CM5
controls the repetition of the count process. Whein CM5 = 1,
counling will proceed in the speciiied mode unlii the counter is
wsanned or the mode is changed. When CMS = 0 the count
process will proceed only until one fuli cycle of op=ralion occurs.

- This may occur aiter one or two TC evenis. The counter is ihen

disarmed automatically. The single or doubie TC requirement
will depend on the state of gther control bits Note that oven if the
counter is automatically disarmed upon a TC, il always counts
the count source edge which generales the traling TC edge.

Bit CMG specities the location used o reload the counier con-
tents when TC occuts. When CM6 = 0, the contents of the Load
register are transterred into the counter at every TC. when CM6
= 1, the reluad location may be eilher the Load or Hold regisler.
The reivad localion in this case may be conltrolled externally
using a GAlE pin or may alternate on each TC. Bit CM7 controls
the special galng functions that allow retnggering and the
selection of Load and Hold locations lor counter updating. The
use amd definition of CM7 will depend on the slatus ol the Galing
Coutiui fieid and bits CMS and CM6. See Figure 12.

Counier Mude bits CM13 through CM15 specify the hardware
galing cpions. When “no gating” 1s selected (000) the counter
will piocaed uncondiiunaily as long as itis armed. For any other
galing 1w, the count procass i1s conditioned by the specified
galing « oninjuration. Foi codes of 110 or 111.1n s held, count-
iy proceeds after the specihied aclive Gate edge occurs
Therealier, the Gate wput 1s ignored and counting continues
unill alici uvne or two TC pulses occur or the counter is disarmed.
Otlher cuies m the galing lield select either active-tugh or ac-
tive-iow level gating lom a particular GATE pin, or from the TC
siyial ol the adjacent counter. Levei yaung allows the counter (o
couni enly those clock edges that occur while the gate is active.
vighie 12 suimmarizes the vanous counling configurations of the
ASSIJ.

Wheii cdye galing is speciied and the CM7 bit is cleared,
counting will be enabied on the first aclive gate edge after the
ARM instruction. Counting wili continue until a DISARM nstruc-
tion occirs or one or two TC pulses occur. When the counting
stops ¢t TC, an active GATE edge will allow counting to resume
if the speacified repetition has not occurred. While the counter is
counling no GATE wput edge or level will influence the count
sequence. This mode provides a non-retriggerable, edye-
triggered, digital one-shot function. When edge gating 1s
specilivu aid the CM7 bit is set, counting will begin on the active
gate edge after the ARM instruction. it the specified repetition
has nol occuiied, any active edge of the specitied Gate input will
reload the counler and at the same time the counter's conltents
wiil be lransferred to the Hold register. In this mode the counter
wiil stup atter each TC and will resume on the next active GATE
edge. Thus the counter perfurins as a rolnggerable edge-
trigyered one shot. in the non-gated mode when the CM7 bit1s

ARM

L

DELAYED
TOGGLE

R
INTEANAL |
€| [
{
|
!
1
|

1

IMMEDIATE i
TOGGLE I l

Figure YV, Outpud Wavticams.

" 67

MO 178

1
—
|

g

S BRI SERN. Y TIPoT i WA G VST e

) RN

D |




, - . e L =y oy
ol Mt A S et st i Bt et ATt S i St R c i I S RPN AT A A i SN U ey .

: [ e e

B e e B B el Rl R e - .
i Iy 1 i 0 [N ' bohr v

Spmoan o o LT i -u u : . u V] " 1] ] u 1]
y Hmu;m a)uvfu; (LM-m ‘\~ T A-- i Lrv ‘ u_ '0 ’ L0 ‘ U- 1.1 ’ | ' 1 1 1 1
S ' N R O T U A T Y T ARV N BRI ‘
_'.:x_ Gate Contid (r,»;ls CM13) o 000" lIv!Lﬂ (“u(;-b.'w 000.' L&:V(-l U;L“.(i GO0 TR VEL EEUGE ’ um' L&-V(I t(u;\; @)

- o Count 10 TC uncg. then disaim

I Couni 10 1C iwice. ihen disaimn

. L Gale input Joes nol gate counler wiput
. e T —
g Couni oy duning achive gale level

S1dn count On aclive yale edye dnd
g s10p count on neat 1C¢

. Stan cgunt oh aciive gate edge and
u slop count 0n second 1C

No haiGware 181nygating X 1 1Y X X x X x x X X X

HAcload c:)uulm trom Load Huw;l;: o i
onT1C

" . Reload countor on gach 1C alteinating
100 suwIce Lolween Load ghid Hod x A X X x X
Registers

Transter Load Hegisler inlo Lounler on
aach TC Ihdi yain 15 LUW, ansler Huid
Register nlo counter un gach TC thal
gale 1s HIGM

b — - — S - — - - . . -
On aciive gate edge lransler counise -
v HuiG tleysier and than tehdd
counter lrom Loas Reyster

Un aclive yolu edyy hanslter counlar
WO How Hayisier anyg 1hen 1elodd
counter Ton Load vr Hoks FRegisiar

QOperabing Mude M N (e} P u H S 1 J v w x

— .. O .- —_— W\
Speial Gale (CM7) 1 1 1 ' 1 ) ' ' 1 1 1 ' %)
Heload Sowsce (CMb) 0 o 0 0 0 o 1 1 VY N

Repetiwn (CM5) [} 0 0 1 t 1 0 u NO ) l- VI ’ ¥

Gave Contro) {LMI5-CMLY) 000 [LFVEL|EDGF | 000 |[LEVEL[ EOGE ] o0 [LEVELTEDGE| 000 | LEVIL]| FOGE

Count to 1C unce. then disarm X X

Count to TC Iw'-j: then disarm X - X ’ K

Count to TC 1egjeaiadly X x | X X x

Gale npul G0es NOI gate counter input X 7 A x-

Countt only duiing aclive gate level X X ’ x ) X

St courd on acive yale edye ;\d
siop count on next 1C

Stan counl on sctive yaie edye and
siop counl on sucond TC

No hardware reinggaing X X

PR

Reload covnier rom u;ad Regisier
on1C

Reload counter’on gach TC. aReinalng
rei0ad soulce Detwoen Load and Hold X X X X
Registacs

Transler Load Reystar into counter on

each TC thai yate 18 LOW. transier Hold

Regisiar o counter on each TC ihat
gale 18 HILH .

J— PRSUUSY [P oty PUNIUID SRS PR, MRS

x
x
o
x
.
‘f

v

On aclive gata edye runsier counier
o Hold Flegisisr ana then reload X X X X
counter from Load Regsier

On aclive gaie edge ransler counier
wro Hold Aegster and then (eload X X x
counter lrom Load or Hold Register

Note: Operating modes M and P should not be used.

Figurae 12. Am9513 Operating Modes.
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sel, ihe countur 1s snavicy tui lrequency sieh by oy operakion, «85la Mode Rogloter
{11 “\‘;5{ ““"‘.‘Gt :;_"U,"-:"'L"a':“‘.73 .‘J'iid mi’_“‘ Wil Lo iU """""‘f"" ""J. Phe o b Master Mude (MM) regisler 1 nbed Boacn s
Toa egisiei Ui e s s ticaded wig iha cubidel al ikl aclivities bal are nol controlivd Ly g ihuividua
enminal Cqunl.'lhu GATE wnput is synclivonicad withi the couit Counioi Mode registers. This includes frequency contiol, -
s;%urca 10 eliminate possible race conditonis if it changes as the lime-ol-day operalion, comparator controls, dala bus width R
oceurs. and data pomnter saquencing. Figure 14 shows the bit assign- R
When the Am513 s sel lo operale with an 8-bil Jala bus width, ~ 1enis {or ihe Master Mode register. 4
pins DB8 through DB15 are not used for the dala bus and are A 16-tit scaling counter divides the output of the on-chip os-
available for other tunctions. Pins DB 13 through DB15 should be cillator inlo four addiional sub-frequencies. This provides a —
lied high. Pins DB8 through DB12 are used as auxiliary gating totat of five interna! fiequencies thal may be routed to any of -]
inputs, and are labeled GATE 1A through GATESA respeclively. the geneial counters and to the FOUT divider. The scalvr is
The auxihary gate pin, GATENA, is logically ANDed with the gate tapped every 4 bits and may be programmed by Master Mode
input to Counter N, as shown in Figure 13. The output ot the AND bit MMIS to divide in binary or in BCD. Figure 15 shows the K
gate 1s then used as the gating signai lor Counter N. resulting combinations of lrequencies that are avadable.
COUNTER MODE
REGISTER
TCH - | —————— l
GATEN - | ————em GATE
HPUT EOGE
GATEN —— e MUL HPLERER | AND
GATEH + 1 e ‘D—-. i COUNTER
I CONTROL
GATENA LOGIC
Figure 13. Gating Conliol. oS 179 .
FOUT Divider FOUT Souice e
0000 = Dwide by 16 0000 = F1 4
0001 = Divide by 1 0001 -~ SRC ! K
0010 - Divide tiy 2 0010  SRC2 -
Qa1 Owide by 3 0011 - SKRC 3 1
0100 = Dwide by 4 0100 - SHC 4 T]
0101 : Divide by 5 0101 SHC S +J
0110 - Mvide by 6 0110 GATE Y g
: 0111 Lwide by 7 0111 GAIE 2 g
- 1000 [Dhvide by B 1000 GAIE Y g
1001 - Divide by 9 1001 GAIE 4 .
n 1010 : Divide by 10 W0 GATE S
i 1011 - Dwide by 11 11kt B
o 1100 Dwide by 12 1100 F2 "]
- 1101 Uivide by 13 1101 F3y )
b .- . 1110 Dwide by 14 1110 F4 <
.- 1111 Divide by 15 11t kY ?1
E’ MMI1S | MMI4TMMI3TMMIZ T MM EMMI0] MMY | MMB | MM7 ] Mo | MMS | MMa | MM MM2 | M | MMO .
o ;
s — — h
O L FOUT Gate Compare 2 Enable -
-7 0 FOUT On 0 [hsabled bR
= 1 FOUL Ot (Low Z 10 GND) s 1 Enatred
- <
. Data Bus Width Compare 1 Enable — e
® 0 61 Bus e, 0 Wisatiled
F, - 1 16-8d Bus ',',«, »1  Enabled 1
0 Data Pointer Contial Time-of-Day Mode
a5 ' O  Cnable Increment 00 TUD Disabled R
:, — 4 t - Disable Increment 01 T1OD E nabied. 4 Inpul -~
. A - )
b . Scaler Control 10 10Dt nabied, 6 lnput .-
S 0 Binary Dvision " TOD Enabied. 10 input __‘
8 ] 1 BCL Divmision
L. [ Figure 14. Master Mode Regisler Dit Assigniments. N J ]
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= N -— FHEQUENCY R
B8CD Scaling Binary Scaling SCALEH s

Fraquency MM15 = 1 M!M4t5 = 0 ‘

F1 0sC 0scC

F2 Ft . 10 Fi - 16 el

F3 f1- 100 Fi - 200 ).

F4 F1 : 1,000 F1 - 4,096 1

F5 F1 - 10,000 Fi o ohhue ‘.‘,i

P T )
v
Wl N

, Figure 15. internal Oscillator Froquency Scaler.

Ce e

MOS 1

-

an MMO and MM1 of lha Master Mode register specily the 16, inclusive, and 1s then passed to the FOUT output bulter.
time-of-day (TOD) optmns] When MMO = 0 and MM = 0 the After power-on us resel, the FOUT Divider 1s set to dwide by
special logic used to impleinent TOD is disabied aud counters sixigen.

1 and 2 will operale in exraclly the same way as counters 3, 4
and 5. When MMO = 1 or MM1 = 1, additional counter de-
coding and control logic is enabled on counters 1 and 2 which
causes their decades 1o turn over atl the counts that generale
appropniate 24-hour TOD accuinulations.

224

Master Mode Lit MM12 piovides a software gating capatality
for the FOUT signal. When MM12 = 1, FOUT is oft and in &
low impedance state 1o ground. Alter power-up or reset,
FOUT is gated on.

8it MM13 conliols the mulliplexer at the dala bus miterface n
order 1o conliguie the part for an 8-bit or 16-bit exlernal bus. The
internal bus 1s always 16-bils wide. When MM13 - 1, 16-bil data
is transferred directly belween the internal bus and all 16 of the
extarnal bus hnes. In this configuration, the Byte Powmter bit i 'A%)

: A lhe Data Pointer register iemains set at all imes. When MM13 -
real-time clocking can be, respeclively, 50Hz, 601 .. v 100Hz.

0, 16-bit internal dala s transterred a byle at a Wine to and from
Ihe npul lor Counler 2 should De the TC outputl vl Counter 1

B the eight low-order exlernal data bus lines. The Byte Pouinter bit
u; : Joc TOD operation, Both Gounters should be setup lor BCD toggles with eaci, byte transier in this node. When operating

counting and no gating. The Load registers should be used lo wilh ain 8-bit data bus width, live of the eight migh-order data bus s,
iniliahize the clock lo the piaper line. pins (DB8 thwuugh DB12) ase available fur use as auxihary gate .

PR

Figure 16 shows the counter configuiations {or TOD opera-
tion. The least significant decade of Counter 1 is used to
scale the nput frequency in order lo outpul tenth-ol-second
‘anuds into the next decada. It can be setup o divide by five,
wide by six, of divide by ten. Thus the inpul lrequency for

oo ST

o ]

. . . e
alts lrontt h

C e -y
.

Added functions are available in the Counler Logic Groups for  IPPuls. o]
courtters 1 and 2 {see Figure 2). Each contains a 16-bil Alarm Bit MM 14 controls the Dala Pointer logic to enable or disabie the -',-:-
regisler and a 16-bit Coniparator. Bils MM2 and MM3 control automatic sequoncing functions. When MM14 = 1, the conlents T
the Comparatars. YWhen a Comparator is enablud s oulpul is ol the Dala Puinter can b changed only direclly by entering a ! ‘
substituted for the noynal counter oulput on the associaled  command. When MM14 = 0, several types of aulomatic T
QUT1 or OUT2 pin. The polanty definition tor the Comparator sequencing ol he Dala Ponter are available. These are de-
output will depend on the active-high or active-luw delinition scribed in the Dala Ponter register seclion of this document.
as programmed in lhe appiopriate Counter Mode register. Bits MM12, MM13 and MM 14 can be indwvidually set and reset -
o 0"“( ":‘e comparz 3‘”“""' Is lius, n(hwul‘lemam sc:. :’f‘“' T(?\e using commands issued o the Command register. In addition ._::1
- count changes anc the companson there 0re goes faise. The they can all be changed by wriling declly lo the Master Mode -
" two Comparators can be used individually in most operaling register. )
{j i Mmodes. A special case occurs when the time-of day_oplion is ; ] !
’ nvoked and buih Coulparaiors aig epabled. The operation of _ - NS
3 Con., .arator 2 will then be conditioned by Comparalor_{_so cs ce 4 L ‘v S
- that a full 32-bit compate nust be true 1N order 1o generale a el
. Ve signalon QU 2 Countec 2 X
* ! VN
i" Masler Mode bits MM4 thiough MM7 specily the source input '.“
f far the FOUT divider. Filteen inpuls are-avaiable for selection Hows Minutes -—
p’ and they include the hve Source pins, the live Gale pins and Cis 12 ca e o . :
- the live inlernal frequencies derived from the oscillalor. The L
B ‘Sth combination of the fous control bils (all zeros) is used 1o Counter 1 ) o
- . - ssure thal an acltive frequency is availlable at the input to the AN
b ZOUT divider lollowing reset. A
. '.«
E', Bits MM8 through MM 11 specily the dividing ratio lor the oS 182 Seconds 110 Sec > 6.0010 [
! FOUT Divider. The FOUT souice {selected by Litls MM4 -
S - through MM7) 18 divided by an nleger value betwaen | and l Figure 16. Time-ol-Day Storage Conliguration. -,:)
* 'b-"- e ‘: ‘
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. ACHUICATIT Lo aaaen Lol s THIS Soliwale 10500 15 allive tur Lo r
-.‘! Tha X1 and X2 ineos oon 53 diven witli w RC nebv &, an u.“f"". 'Nl Givatuios L periunitis i ’-j
OXIB7NAI T L-tov s oqUAre wave, 07 & ciys . Figuo 19 shows  <oWel b ies0l o
lhe suggesied methods ol connecting diierent frequency Following either type of Reset, all five counters aie disabled, .
{ ’ sources 1o the internal oscillalor iripul. 0800 is loaded into each Counter Mode register, and 0000 1s e
’ "\ \ . ource  '0aded in the Master Made regisler. This resulls in each counter T
T:‘G use of a crystal P;OV‘des : h-?hly :fﬁ::,i:? "::‘:::C);:‘B"z 4  being configured to count down in binary on the positve-going —
al moderate cos;. anThac:orgg\'%yé : osigne d L useacp stalina edge of tho internal F1 frequency source with no repetilion or )
g melho? oloporanon.d °Thr2 "o éeramig Canaclons corr):neclm gating. The Master Mode register is cleaied 1o conligure the 7
- pasailel-resonant mode. pack 9 Am9513 tur an B-bil data bus width; binary dwision of the internal L
- X1 and X2 to ground ensure proper loading on the crystal. The ; L ) .
; oscillator; FOUT gated on and set tu divide F1 by 16 time-ot-day -
> capacitor 1o X2 may be an adjustable type fui line-tuning the ) : ‘
2 resonant frequency for crtical appiications mode and comparaturs 1 and 2 disabled; and the Data Ponter -
:_ 4 ' increment enabled. g
An RC network provides a very low cost frequency souice but
. ' v Lo -
- may extubit large lrequency varsialions over recominended Eﬁf ﬁ‘(fgﬁﬁar lhc;'l.o‘al? and H(:ld regifterls for 330';;(:.“ r;e:nl::: (]
. power supply and temperature ranges. Nole tnat theie is a re- reaisler ge either the counter contents or the Lata Fo "
. sislor inlernal to the AmY513 in parallel with any exteinal gister. N
Lf resislance. The lolluwing initiglization procedure should be lollowed on o
. Counters 1 and 2 when Tine-of-Day mode 1s selected e
: [} v ",
t- Initialization Procsdures 1. Set Tinve-of Day enabled in the Master Mude register andload e
v The resel fupclion-ia the Am3513 is accomplished in two Counter Mode registers 1 and 2. -
ways: auviomaically duiing power-up and Ly softwaie Master 2. WTime ut-Dayisto count up, load D000 i Load registers 1 and )
Resel command. Powir-up tagel circuitry is iniernally tniggered 2 ai:d execute cuinmand FF43 (Load) 10 luad this value wito 1
by the rising VCC vuitaye whon a predelgnnined threshold is the counlais. This step condilions the count circuitiy o
reached. An intarnal tip-tiop is set by the rising supply vollage 3. Load the desired stan tune into the Load registers and vxecule =
and controls trie reset operation. Tha reset lip-liop remains sel comnmand FF43 again.
unlil cleared by the fiist cctive Chup Selectinpiit Aresel niay also 4. For counting up, luad Load registers 1 and 2 with QU00 s
by intiated by the host piocessor by entenng the Master Reset 5. Counders 1 and 2 may now be armed. .__]
: - !__1
o
- 4 :
N ‘—__4
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= Figure 19. Oriving the X1 and X2 Inputs. i q
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FEATURES

Coiiplete Data Acquisition System

12 Bit Digital Output *

16 Single or 8 Differential Analog inputs
Hiyis Throughput Rate

Selectable Analog Input Ra..jes
Versatile Input/Output/Control Format
Low 3 Watt Power Dissipation

Small 3 x 4.6 x 0.375"" Module

GENERAL DESCRIPTION

The DAS1128 is a complete self-contained miniature hiy's
speed data acquisition system. The compact 3" x4.6" x0.375"
module provides the desiucr with an easily implenente ! olu-
tion to the data acquisition problem. It contains an analog -
put signal multiplexer, a sam; {e-and-hold amplifier, » *~ hir
"A/D converter, and all of the programming, timing and coutrol
circuitry needed to pcrform the complete data acquisition

function. -
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Figure 1. Functional Block Diagram
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The DAS1128 s a high performance device which can digitize N
an anal ¢ signad 1o accwacy of £41L585 out of 12 bits, rela- i

. o, . ..

tive to full ~ale. [Uhas 8ppm/ C gain "emperature coefficient, :

and the masinum throngaput rate can be varied from 50,000 R

conver- wms/second four a 12 Lit conversion from different A

analog hannels, i 200,000 conversions/second for a 1

successive 4 oit conversion made on a single channel.
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ANALOG INPUTS
Number of inputs to Multiplexer

Input Voitage (Full Scale Range)

Maximum loput Voltage
Input Current {(per channel)
Input impedance

Input Capacitance

Input Fault Current (power off or
MUX fadurelr
Lirect ADC Input lmpedance
ACCURACY'
Resolution
Error Relauve to ¥ §
Quantization Error
Dfferential Nonlinearity Error
@ 33kHz throughput rate
@ 50k!z throughput rate
Nose Error
-FS 1o +FS Freor Between Succes-
sive Channel Transitions
TEMP. COEFFICIENTS
Gamn
Offset
Wifferential Nontinearity
SIGNAL DYNAMICS
‘Throughput Rate (12 Bits)

Y

ey
PR

N

MUX Crosstalk ("OFF" channels
10 “ON"" channel}

Differential Awnplifier CMRR

b SHA Acquisttion Time 10 0.01%

p SHA Aperture Uncertainty

SHA Fcedthrough

. DIGITAL INPUT SIGNALS
Compatbility

L

MUX Address Inputs (8, 4, 2, 1;
Pins 19B through 22B)

MUX ENABLE Il (Pin 187)

MUX ENABLE LO (Pin 17B)

STROBE (Pin 24T or 25T)

LOAGENABIE (Pin 248)

CLFAR ERABLE (Pin 258)

TRIGGER (Pin 26T)

TRIGGER (Pin 27T)

' Wenmup time to retesd srcurscy is $ minu
!Specification sppives anly when tracks
- sowly occuring varstions in power suppl

.t Specifications sbject to change without notice

e R K
P AN E. Y. L, SR, PP e

16 Swglc Fnded. 8 True Ditteeental,
16 Pscudo Dilferennal

SHOV o s LUV OV o ¢ L0V -5V o
S5V, UV 10 ¢SV -10 24V 10

SO 24V 0V 1o 210 24V, -5 12V
1015 12V, 0r 0V 10 +5.12V

15V

SnA max

> ohms

popk fur “OFEF" channed

J0UpK for “"ON' channel

tntecnally himited 1o 28mA
10kS2 for each input line

12 Bits
+aLSB
LS8

51 SB, ILSR max
*11L5B
RLSH

.S

8ppm/"C, 20ppm /°C max
Sppm/ C. 1Sppm/ € max
2.5ppm/°C, 6ppm/°C max

50kHz (max)
(includes Spus for MUX and SIIA
settiing ume plus 15us for ADC)

>80d8 down @ 1kHz
70d8 to 1kliz

4.5us max

1uns

7048 down @ jkiiz

Standaid DIL/ATTL logic levels,

1 unit load/line

Positive true natural binary coding
seiects channel for random addiess-
ing mode. Must be stable for

1u0ns after STRUBF.

High tLogic 1) input enables MUX
“HI output (lor imputs U through 7)
High (Logic 1) input enables MUX
“LO" output (for inputs 8 thiough
15)

Negative going transition (Logic 17
to Logic “0") updates MUX address
register. STRONE 1 musi be a Lowe
“1" to enable STROBE 2. STROBE
2 must be at Logic *'1" to enabic
STROBE I.

High (Logic *1") input allows next
STROBE command to sequentially
advance MUX address register.

Low (Logic "0”) input allows next
STROBE command to update MUX
address register according to exter-
nal address mputs.

Low (Logic *'0"") input aliows next
STROBE command to reset MUX
address 10 channel ‘0" overrniding
CGADFNABLE.

Positive going transition {Logic "0”
to Logic "'1"') initiates A/D conver-
sion (even during conversion);
TRIGGEK (Pin 2777) must be at
Logic 0" to allow TRIGGER
function.

Negative going transition (Logic "1
ta Logic 0" initiates A/ conver-
sion; Pin 26 1 (TRIGGER ) must he
at Logic 1" to allow TRIGGER
function.

res

g ¢ 15V and -1V supplies are used, and tor

y voltages

v A

IMGHIAL UV e 0 s ALY

Campatbiiny

Parallel Outpurs
Codng

MUX Address Ootpats
(BB, 4,2t puss |RI.
191 theougl 22 1)

DELAY QUL B 230

EOC (Pin 271)

ADJUSTMENTS & 1 RIMS
Oftser Adjust
Internal Adjustment (- xteinally
Accessibie)
Remote External Adjustment
M 167)
Range Adjust
Internal Adjustment tkxternally
Accessibic)
Remote Exrernal Achustinent
(Pin 1611
Clock ‘Toim (Pan 2610

Factory Settig (Pin 268 “OPENT

External Adjustment Kange
Delay b (Fin 23Ky
Factory Setting (P 23R
“OPEN™)
Exterual Adjustment Range
CONTROLS
SHOR T CYCLE (' 280D

Channel Selection Mode
MUX Address Loahing Modes

A-D Conversion/Channel Select
Sequences

Range Select (Pin 1271)

BINARY SCALEF (P 1518

QUIPUT CODING (P 17 1)

POWER REQUIREMENTS
+I5V $3%
1SV 3%
5V 5%
Power Supply Sensitivity .
Cain
Offset
Ref
ENVIRONMENT & PHYSICAL
Operaung lemperatuie
Storage Femperatare
Relative Humudity
tlectnical Sheelding

Packaging

PRICE

Standacd 01
unit foads hine
BRI, K8 thongh 112
Natutab tunan

P e ieveds §

2
A P

oS complement
ottset bunan o ane s comiplement
Pin selecabie

Poutne crue natnod tanan codipg
nubicates (hannel sadecred

Ney it o temstion ey 1
ta b ogec 0 Gcnnonng wanmdis
Sprs tadinstable toon Yopae,
20083 atier SEROIBL o e
tate s A D camcosiod antongaty
cally swhien cotmecred o the
TRIGGER
High ol o
LONVEIsInn

ST outpur duting A D

STOESB'S i

H1OLSE st

[
H1OL SH's (o) '11-
.“
i
HTOLSH s 1o "
N
1 25p/But :1
b 2508 1t 1o 2 BMus Bt -

LELUTIN
3 Ops 1o 20us "
"4
Connect to ground fog Tull 10 ot -4
tesoluton Connect to By output L
for resatuton 1o 14, 4 his - 4
Randony, sequential conthimuous, M
and sequential thggered Pin j
selectable W
Normal Gnpur channei remams -
selected dunng ite AP conversion ) N
-

amd averlap tnext channel sele- ed
dutiog AZD conversion) Pin setect
able

Ditterental Ampbiier gain cortrol
conneet (o ANA RIN (P 21} o
X1 gam; connect to AMP OUT (Pin
30 fon X2 gaon Hus cantral i
wseeh i S selectinte procedure
Connect to REF ADJ (Pac 16B) 1o
set refetence w1024y
trob 18 geed 1 SR selection pro

this con

cedure, see Tabie 1

Ground for 1's complement output
code; connect 1 - 15V de for other
available codes

A, SOMA toax
ZOmMA | 100 A ax
250mA, SUMA max

Y2 vV
AL AUHAWAY
o Smviy

0o 707
257C 1o +A5 L

Up 1o 95% nan condenung K
RE1 & FME 6 ades texeept connee S
tor 1red) "
tnsatlated sreel cased odule 1007 « 3607 « '
TR i
* -
$295 00 (1 9, price inddudes maning h
opht angle connectn =j
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THEORY OF OPERATION

A block diagram of the DAS1128 is shown in Figure 1. Analog
input signais are applicd to the various inputs of the 16 channel
CMOS multiplexer. This multiplexer in conjunction with the
differential amplifier that follows it, can be configured by the
user to accept 16 single ended analog inputs, or 8 fully differ-
ential analog inputs. 1t can also be connected as a 16 channcel
“pseudo-differential’ iiput device, which penits some of the
benefits of diffcerential operation while maintaining a 16 chan-
nel input capability.

The differential buffer amplifier is gain programmable by the
user via jumpers at the module pins. This feature, along with
the selectable reference voltages, permits the user to set up the
DAS1128 to operate on any of 8 input voltage ranges. The
differential ainplifier drives a sample-and-hold amplifier, whose
function it is to hold the sclected analog input signal at a con-
stant level while the A/D converter is making a conversion.

The A/D converter is a high speed 12 bit successive approxima-
tion device that has been designed using the Analog Devices'
AD562, 12 bit intc-gralcd circuit D/A. The reference voltage
for the conversion is supplied by an adjustable prcusmn refer-
ence circuit that has a temperature coefficient of Sppm/ C.

In addition to these basic functional blocks, the DAS1128 alsu
contains all of the clock circuitry necessary to perfoim the
complete data acquisition function. The internal clock can be
externally adjusted to provide various throughput rates at dif(-
erent accuracies. Input channel addressing logic is provided, as
is the capability to short cycle the A/I) converter (i.e. perform
conversions of less than 12 bits resolution). It is also possitle
for the user to adjust the time interval between input channel
selection and the commencement of a conversion. The user can
thus trade off speed vs. accuracy in the settling tme of the
multiplexer and sample-and-hold amplifier, as well as speed
versus accuracy of the A/D converter.

svaone M\ 10003 MIN u
MUx ADDRESS TOY Y, ARTRA  IORERK
DELAY DUT % (LIS [
THin T
TAISH - — NOM —— ——
[0 S Zhus NOM - ——— =] -
B1 - T
A1z U
oFS Tl
DIFF AMP OUT /\M o
FS ___|] -
+FS = ST S~
s&wour / T

Figure 2. Sirnplified Timing Diagram, Showing Time-lrterval
Assignments and Constants

INPUT CONNECTIONS

As shown in Figure 3, three input configurations can be used.
16 single-ended inputs (3a) can be connected to the multiplex-
er, all referenced to analog gnd. In the second configuration
(3b), the inputs are connected individually as 8 truc differen-
tial pairs. In this case the differential amplifier is connected
“Differentially’” with the output of the MUX. Finally, a
**Quasi-Differential’’ connection (3c¢) can be realized under
favorable ground path conditions. In this configuration the
differential amplifier Lo terminal is used as the ground return

H-3

r‘!'. -

for ail sensuis. In cach of these input schemes, it should be
noted that the input muluplexer has been desigined to protect
itself and signal sources from both overvoltage failure and from
fault currenis due to power-oft loading or MUX faidure.

Ty

Sl S

R L TR
- b
A IRSINGIE B8t LA e

Figure 3. Swynal Input Connections for Three Different
Contigurations

Full scale range of the DAS1128 may be set by appropriate
jumper conmections for 8 ditferent ranges: 0 to +10V; 0 10
+S5V;0 041024V, 010 512V -10 to +10V; -5 to +5V;

-10.24 to +iV24V 512 10 +5.12V.

Note that 10.24 and 5.12 ranges are commonly used since con-
version increients become 5mvV/bit, 2.5mV/bit, and 1.25m\V/
bit.

MUX AND S/1E DYNAMICS - OVERLAP MODE

The overlap mode is defimed as the ability of MUX to accept

a new channcl address thereby selecting the next channel to be
sampled while the previously acquired sample is being held by
the S/ {or conversion. The dynamic charactenstics of the

S/11 circuit are shown in Figure 4. Maximum throughput rates
are obtainalile when a single channel is held at a single address
and the channel is sampled repeatedly. In a dynamic condition,
data-throughiput rates obtainable are shown in Figure 5.

SAMPLE HOLD DYNAMICS

N
A
N
PREGEND THACKING
ANALOG ]
INPUT DECAY RATS
l I N TN VA MAY)
. | i .
| 2
PREVIOUS I ]
7 .
:\N':.ULIOG ACOUISITION | | ~= MINIMUM TURN OFF TIME
YIME MAXIMUM TERN OF F TINE
[ asuvitver | - APCRTINE UNCFRTAINTY
-ﬁ I 110m MAX)
e d— ey o —
SAMPEF  ACQUISITION |8 ~temj= 1500 1P
COMMAND  ACHILVED |
oD
COMMAND

(ERIG o TRIT

Figure 4. Sarnple-Hold Parameters Delined and Specitied
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MUX ADDRESSING

External terminals have becn provided for the address counter.
Thus the address counter can be configured to produce the
following modes: Continuous sequential scanning (free run-
ning), sequential scanning with external step commnand, abbre-
viated scan continuously, random channel selection. See Figure
6 and set up procedure for details.

(o

MUX SCAN CONTROL CONNECTIONS

EXT D>———C| STRODE (247 OR 25T}
DIG COMMAND .
CLAENB 250 O
DAS1128
NAND GATE

197 MUX ADDRESS 8 b—O AQ——

20T MUX ADDRESS A0 B8O

21T MUX ADDRESS 2 —0 cO—

22T MUX ADDRESS 1 }—Q

LAST MUX ADDRESS
CHANNEL | 8 | 4 | 2| 1 | DIG. GROUND

1 XIx|x|a X IF LOAD ENB 1S ALSO USFD,
2 xX1x|8;x x CONNFCT THIS INPUT TO IT
3 X[x)8fa X {70 24R) THIS GIVES LOAD
4 xX[(cix|x X ING PREFERENCE OVER
5 xXlcixfa X CLEARING
6 X[cielx X
7 x| c [:} A x NOTE FOR INITIAL CHANNFL «
8 cCix|x|x x M, CONNECT GATE OtPUT 1O
9 Cix|x|a x LOAD FNB {248) AND CODE
10 cix|e8|x x CHANNEL ING.4.2,1 10
1] cix|nala x ADDRESS M HOWEVER,
[} Blc| x| x X THIS PRECL UDES RANDUM
3 8|c|x|a x ADDRESSING
1" Alcla|x x
15 xixix|x A

X = NO CONNECTION

Figure 6. To shorten scanning sequency of multiplexer chan-
nels, make the appropriate connections, {as shown in the chart)
. between an external NAND gate and MUX ADDRESS terminals
19T to 21T

ST, RS SRR
L. U IR

P PR
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SHORT CYCLE GROY I CONSIDERATIONS u
Lt is pussible to short cycle the DAC1128, i.e.. stop the conver- Attentre 2oondd he given to thie methods of connection {4 4
sion after less than 12 buts. This can be done by connecting an clecincai cotwns and voltage reference points. Analog return iy
external jumper between short cycle terminal and one of the (ANA RiN) and dagital return (DIG RTN) are provided. The 4
. output terminals. With shorter cycles the attainable through- following rules should be applied when integrating the DAS1128 N J.
A :{- ut rate increases, see Figure 5. In short cycle operation the into the sysiem. o
- ‘ w‘;"s‘"“: p':oportlolnatcly 'toalthe "‘"l';bc’ of b"ij ‘ 1. If the *15V power supply is floating (for optimum analog _':
;‘I‘;‘-‘lt; b ote the short cycle terminal must e grounded for accuracy), consect its return to ANA RTN (Pin 2B or 27T). B
u “bit operation. If the £15V power supply is not floating, connect its return b
to DIG RTN (Pin 35T or 35B). X
i
200 ﬁ 2. Connect the +5V supply return to DIG RTN (Pin 35T or N
SINGLE CHANNEL 35B). Il this supply also powers additional equipment, run ! .
F e 1-NONSLEW LIMITED INPUT scparate, patallel returns to the cquipment ground and to |
§ DIG RTN (Pin 357 or 35B). J
w
2% 150 3. To minimize signal grounding problems, single-ended input !
=3 » signals should only be returied to ANA RIN (Pin 2B or N
;::E 125 27T). If this is not possible, then connect the input signals o
EE / A O S At in either the “true differential” or “'pseudo-differential” i
gk o | ADDRESS configurations (see Figure 3). N
X
‘3’; 4. Connect computer ground to DIG RTN (Pin 35T or 35B). 3
gé s 7 I Use hieavy wire or ground planes.
z 501"- A 5. The computer chassis should be connected to the computer
8 I and power supply grounds at only one point.
2 p pply 8 ) p
= . .
= $1LSB DIFFERENTIAL LINEARITY 6. Conncet the thard-wire ground from main ac power input
[ to the comjuter power supply return.
12 e 8 6 4 2
' RESOLUTION - Biw GAIN AND OFFSET ADJUSTMENTS
Figure 5. DAS1128 Throughput Rates The DAS1128 is calibrated with external gain and offset adjust-
ment potentiometers connected as shown in Figure 7 and 8. N

ST

A e e s o s a

The offset adjustment potentiometer has an adjustment range
of at least 300 .5B’s, and the gain range adjustment potentio-
meter has an sdjusunent range of at least 210LSBs.

Offset caiibration is not affected by changes in gain calibration,
and should therefore be performed prior to gain calibration.
Proper gain and offsct calibration requires great care and the
use of eaticinely seasitive and accurate reference instruments.
The voliage standard used as a signal source must be very stable.
It shoul} be capable of being set to within £1/10LSB of the
desired value at any point within its range.

These adjustnents are not made with zero and full scale input
signals, and it may be helpful to understand why. An A/D con- .
verter will produce a given digital word output for a small

range of input signals, the nominal width of the range being

one LSB. If the input test signal is set to a value which should

cause the cunverter to be on the verge of switching between

two adjacent digital outputs, the unit can be calibrated so that

it does switch at just that point. With a high speed convert

commaid rate and a visual display, these adjustments can be

performed in a very accurate and sensitive way. Analog Devices
Analog-Digital Conversion Notes gives niore detailed informa-

tion on testing and calibrating A/D convcrters.

OFFSET CALIBRATION

For unipolar + 10V operation set the input voltage preciscly to
+0.0012V and adjust the offset potentiometer until the con-
verter is just on the verge of switching from 000000000000 to
0000000LLDVT .

For 5V bipolar operation sct the input voltage preciscly to
-4.9988V; for 210V units set it to -9.9976V. Adjust the offset

li-4
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potentiometer, Figure 7, uni’! Offset Binary coded units are
just on the verge of switching from 000V00000VVY Lo

K 000000U00001 and Two's Coniplemeat coded units are just
) on the verge of switching 10000060000 to 1000000VVVOI.

INT.OFFSET ADJUSTMENT

@ INCREASE
OFFSET
+10V REF. 15T
EXT. 20k
OFFSET 16T }—o
ADJ.
ANA.RTN 21/28 —
UECHEASE
OFFSEI

Figure 7. Ext. Offset Adjustment

GAIN CALIBRATION

Set the input voltage precisely to +9.9963V for unipolar vper-
ation, +4.9963V for inputs of 25V or +9.9926V for inputs of
*10V. Note that these values are 12LSB’s less than nominal
full scale. Adjust the 2Uk variable gain resistur, Figure &, until
Binary and Offset Binary coded units are just on the verge

of switching from 111111111110 to 114111111111 and Two's
Complement coded units are just on the verge of switching
from 011111111110 to 011111111111,

CLOCK RATE ADJUSEMENT

The clock rate may be adjusted tor best conversion time/acey-
racy trade off. The conversion tume is vaned by means of the
external circunry shown in Figure 9. Ap open CLK TRIM
terminal (P 20B) results in 1.25us/bit nonunal conversion
tunc. A grounded CLK TRIM terminal (for highest accuracy)
results i 2.08us/bit conversion.

< 1
i
( i VERE A
o ol “'“t CONY I
Cle L
-y T Zul8 - W
. |
C i i
>"”' (R PRINT
5 Nt RE A
P LORNY 1
Tl . i

Figure 9. Cluck Trim

DELAY TiMIF ADJUSTMENT

The DLY OU T signal may be adjusted o vary the A/D conver-
ter triggering time by means of the external circuitry shown

in Figure 10. An open DLY TRIM terminal (Pin 23B) results in
a nominal delay time of 3.0us. A grounded DLY TRIM
terminal (for highest-accuracy) results in 20us delay time

nominal.
INT. RANGE ADJUSTMENT
(\ @ ST o
DECRFASE “. DFCAEASF
RANGE J DELAY .
- vtovRer, 5T "j I ]
(o R® <

A REF.ADJ. 168 20k Duriay a2 ]
Q TRIM R
ANA.RTN 2128 f——— ol '\/3!\1(;. RIN 391360 | oL .
RANGE $ DLLAY !
*R SHOULD BE AT [
LEAST 47k? AND NO 4

MORE THAN 470k, . )
, REDUCING R INCREASES Figure 10. Delay Trim ;
ADJUSTMENT RANGE. .
Figure 8. Ext. Ref. Adjustment N
. h
- i
<3 TABLE | '
Rty IeuT ANALOG INPUT ANALOG JUMPER 1
:‘ - CONFIGURATION CONNECTIONS INPUT RETURN CONNECTIONS 31
-‘_-: 16 Single-Ended 3T thru 107 All input returns 1B w 11T 1
Inputs and to2Bor 21 12B 10 2B or 2T ;

' (Figure 3a) 3B thru 10B 178 to 197
F‘. 18T to 18B 5
N
8 Differen:: | 3T 38 11B w0 128 ;
’ o Inputs thru thru 178 1o 18T to 17 X
N (Figure 3b) 10T 108 1
5 ]
L - 16 Pscudo-Differ- 371 thiru 10T Common lizput LB o 11 1
y . ential [nputs and return to 128 178 10 1971 N
s (Figure 3¢) 3B thru 1UB 181 1o 1HB N
y -
A hl
L. - -5 :
DO T :
L ;
- .. \
. .

o Y
S D ST R R
}'_..-_. - - '.'_ . . hREL R R ._‘_ BE a, e -._ Pl B ...--‘_- - "~
A ol A o R TR N G AP AT L Gk LGP




address will then be determined by the logic levels ou Pins
19B through 22B (the external MUX address lines). Channel
“0" can be selected as the initial channel by setting Pin 258
{CLR'ENBJ to Logic 0" during only oiic STRORE comn-
mand. The final channel can be selected by following the
procedure presented in Figure 6.

3. Select A-D conversion/channel select sequence (sce Figure 5).

(1) NOW/ AL (input channel remains sclected during
its A/D conversion). Connect Pin 23T (DLY QUT)
to Pin 27T {TRIG).

OVERLAP (next channel is selected during A/D
conversion). Connect Pin 278 {EOC) to TTL com-
patible inverter input. Conncct inverter output to
Pin 24T (STROBE). Connect Pin 23T (DLY OUT)

to Pin 27T {TRIG). Adjust the delay to at least

(2)

Source®.

-10.24V to +10.24V

same is - 10V to « 10V plys 151 to 161

-5V 10 +5V

12710 13B; 147 1o 151 and 148 10 ADC
Source®*.

-5.12V 1o +5.12V

same as SV 1o 43V plus 158 10 168,

*ADC Source is usually Sample and Hold Output (131), but may L aay
sigi.l source including Diff. Amp. Output (138) of Sample and Hold s

not desired.

TABLYE I

QUTPUT CODE

CONNECTIONS

Unipolar
Binary

Coonect 177 1o -15V
Use 297 (13 1) for MSB

Conneet 171 to -15V

4us greater than EOC, 20us max (see Figure 10).
The signal on Pin 20T (TRIG) serves as RUN/

STOP control.

REPETITIVE SINGLE CHANNEL. After sclecting
the input channel to be repetitively sampled (see
MUX ADDRESS MODE, above), set Pin 271 (TRIG)
- to Logic 0", Conneet Pin 26T (TRIG) to a trig-

- gering soutce. Conversion process is initiated by

. positive edge of TRIG conunand.

3)

DU 2 i A
. Lt
o

T e

2’s Comiplemient

Use 288 (B1) lor MSB

Offset Binaiy

Connect 177 1o -15V
Use 2971 (Bl for MSB

I's Complenent

Connect 17717 10 2B

Use 28B (R1) for MSB

H-6
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o, :
K _J RECUGMMENQED SEY UP Pioe: HUQE NN TR T ,
P select | . r L . falbie ] '
1. Select lput colinguiatm, o el g, A, b oo o sen Gennect P 2B oS CY e -
, 2. Select MUX address mode, o i 358 i RIN)
' The method of addressing the multiplexer can be selected b. Bn (Bn < 121 hit resolution:  connect Pin 28T to the
by counecting the unit as follows: output pin fon B+ 1L
RANDOM. Set Pin 248 (TOAD ENB) o Logic *0™". The 5. Select optimumn throughput rate.
next falling edge of STROBE will load the address presented The system clock Dicquency and the STROBE 1o T RIG -
to Pins 19B through 2218 (8, 4, 2, 1). The code on these delay (if used: can be trimmed to optimize the accuracy/ ‘
lines must be stable during the {alling edge of STROBE plus throughput rate tade-olf. Sce Figures 9 and jo.
100ns. 6. Select input voltage full scale range. See Table 1. 3
SEQUENTIAL FREE RUNNING. Set to Logic “17, PPin . Lo K
e D e ! 7. Select output digial coding. See 1@ .
248 (LOAD ENB) and 258 (CLR ENB). Connect Pin 278 clect output digiial coding. See Table 111 :
(EOC) to Pin 24T (STROBE'T). Connect Pin 237 (DLY N
OUT) to Pin 27T (TRIG). Use Pin 26T {TRIG) as a run/ TABLE 11 -
§t(l)9 thﬂ.“t:jUI (;le A/le'(l)n}‘“jl:r! \\lnh continue while TRIG FOR FULL SCALL MAKE 1HE FOLLOWING
is high and will stop while TRIG is low). RANGE OF: CONNECTIONS N
’ SEQUENTIAL TRIGGERED. Set to Lagic “17, Pins 24B - . ; o . -
e it ' Qto+10V P21 to 271 147 to 148 1o ADC Source .
(LOAD ENB) and 25B (CUR ENE). Connect Pin 247 . A = :
(STROBE) to external triggering source. The multiplexer 0to +10.24V same as 0 to 41OV, plie 158 to 168, .
address register will autoniatically advance by one channel 01045V 1277 to 138 1T and 4B to ADC Source®, -
whenever 2a STROBE commniand is received. The iniiial chan- — , SV pins 18 o1 .
nel can be selecied by setiing Pin 248 (LOADENB) w Logic Uto+3.12V same as U 1o $5V, plus 158 1o 168
0" during only one STROBE cominand. s ue multiplexer -10V w +10V 121 10 21, 341 10 15T and 1B to ADC

SO AR I N |
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L0A0 enasie TOO0DL | LXK OO .
STROBE 7777777777 /777777, [IYV777777777777
appAesspata QUOKRY] 13 0 / ] ;
DELAY OUT/TRIG IN Sus
EOC 23 CONVERSION N\ S HotDiNeE X} L
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s I I N S 20V A
B4 1 |\ NP A 20 VS
o5 [ 1 A W AR VA '
86 | S 1 [\ LA 2 W u
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Figure 11. Timing for Non-Qverlap Operation in Both Randoum and Sequential Addressing Modes.

For Status Keys and Signal Condition Data, Refer to Box Below.

SEOQUENTIAL ADDRESSING OVFRLAPF MOGE
ARRANGED FOR CONTINUOUS CONVERSION WIITH 2tus PERIOD

Cit. 2 =
Gl 3 =

CANB{ LETT HIGH

SIGNAL CONDITIONS
AND STATUS KEYS
FOR FIGURES 11 AND 12.

~-3.415V CODE 010 101 010 101
410.235V CODE 111111111111

- LOAG FNABLE T AN DOOONRNEY . .

- STRORE — — Cll 0 = -10.240V  CODI. 000 VLU VLY VOO
b - e e e S T T T B e WILE Cl. 1 =43.410V CODE 101 010 101 010
a TRIG START) T RuRS W e T AR TR e ow

.,

. i TTTTTADIUST IO e T s T S NI : ’ e
DELAY OUT/TRIG j ABNSTIO M L T - ADC SET UP FOR *10.24V INPUT,
~. E0C _ 15 CONV N (HOLDINGY N OFEFSET BINARY (FORTWO'S

Py mux aporout X T T T T K T T COMPLEMENT, USE Bl FOR M .S.B.)
. OUTPUT DATAVALIO ___ | UL _Jcnan 2paTA
h s 3410 T b KEY INPUTS QUTPUTS
k- DIFF AMP OUT [ o N —— 1923
- -FS 3415 10245 m May chs . D "t k X
b . — S M OUT s ___ o Y A~ . 4y change on't know
b, - ‘ s - 777 | May change 0o 1] Changes 0101
b, - -

) . . SSS May change 1 to 0| Changes 1 to 0
r Figure 12. Timing Diagram for Overlap Operation in the R i " ol

L Sequential Addi.-  1g Mode. For Status Keys and Signal Con- v Must be stable Will be stable

;.-_: dition Data, See Box at Right.
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DAS1128 Connector Pin Diagram

" +15v 1

ANA ATN 27
CH O N kL (CHURIN)
CH 1 iN ar ICH1RTN)
CH 2 N ST 58  CHI0 IN (CH2RAIN)
CH 3 N 87 3] CH 1T IN ([CHIAIN}
cH 4 N W18 CHIZ IN ICHARIN)
CH & N 8T 8B CHI3 IN ICHSRIN)
CH 6 N 97 9% CH 14 IN [CHERTN)
CH 7T IN 10T 108 CH15 IN (CHTRIN)
MUX HI OUT HMT 1B MUX LOOUT
RANGE SEL 121 128 AMPINLO
S8 1Oyt 13T 138 AmPOUT
ADT IN 1 \L1) 48 ADCIN 2
+10V AEF 157 158 BINARY SCALE
EXTOFFSET W1 68 REF ADY
OUTPUT CODING VT 178 ENABLELO
ENABLE HI wi e Bour
BOUT Y pux 197 198 BING myx
40UT) appress 207 208 AINT AppREss
20UT} 4 iNEs 20 218 2N iNes
10V 21 228 1N

' DLY OUT 23T 238 DLy iRiM
STROBE | 247 248 (OADTHB
STROGE 2 25T  2%8  CLRENR
TRIG 267 268 CLK TRIM
s 21 e EGc
SHTCYC 207 288 Hiour
B10OUT 29T 298 B2OT
830UT 30T w8 BaOUT
850UY 31T 318 Beour
87 OUT 321 328 #BOUT
89 OUT 331 3B B 0T
8110UT 340 348 B171 A OUT
OIG RIN 35T 3B DIG AIN
Y 361 36B 5V

)Y
Typical Appiications

DAS1128 WITHI MOTOROLA 6800

—AbREREE T
> v

6800 ROM nAM

A '
DAIA BUS
\ Y
0; Lo e
DASHIZH
rR ry, L]
Ag ] AQ la 2 a1 L mux 0wt

4L SH

Fhy PR 4
Ay o] Ay 205 s g

FA, PA 8
LA EE HMSR

A = s

HESE ! o PCE | -~ STHOBF

RD " qia apf’
pE—

L} I

—m= s g

NOTE

1 8255 USED IN MODF 1(STROGEN 1°0)

2 PCG INDE XES MUX TO DESINED CHANNEL

I CS 1O A, WHERE A IS AN ADDAESS BT OTHER THAN Ay OR Ay}
4 PCHINIPIATES CONVERSINGG

9 FOC STRORES IN DATA AN MUX INFO

# 8255 SHOWN HOWEVER 682) CAN ALSO BF USED
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GENERAL DESCRIPTION

The DAC1118 is a 12 bit, general purpose digital-to-analog
converter which comes complete with an input storage register
and a versatile output amplifier. This low profile 2*' x 4" x
0.4 module has been designed to provide economical solu-
tions to a wide range of digital-to-analog conversion problems.
Performance specifications include 5us settling time t0 0.01%,
£20ppm/°C zzin temperature coefficient, and +%LSB lin-
earity error. .

The design of the DAC1118 centers around the AD550
monolithic quad current switches and a hybrid resistor
assembly consisting of matched precision resistors and a

thick film network. The resistor assembly which contains all
of the critical gain determining resistors and the quad switches
with their inherent temperature wracking provide ithe DACI118
with excellent performance over temperature.

The fully DTL/TTL compatible DAC1118 can be provided
with a variety of input codes. In addition, any one of five
voltage output ranges can be programmed by means of ex-
tern:! jumpers connected to the module's terminal pins.

DIGITAL INPUT CITARACTERISTICS

The TTL/DTL compatible storage register containcd within
the DAC1118 is configured during production to accept

either Binary (including Offset Binary), Two's Comiplement,

ot BCD code. Digital data appearin,, . the converter’s 12 input
terminals Will be strobed into the register whenever a positive-
going transition is applied to the STROBE input (pin 22).

With the STRODE input heiu at either Logic U7 or Logic 1",
the input data may be changed wiihout affecting either the
contents of the register or the vutput of the converter. The
transfer characteris: . ; of the DAC1118 are such that a full
"/ scale digital input (such as 1111..11 for Binary coded units)
will result in a positive full scale voltage output.

1-1

P . o . ) - N
B it addan dia i e TR I SO AL

FEATURES -y L

12 Bit Resalution Eva, Y‘ ' t\

Input Register Included (‘ ’J;".’//”' i

Choice of Codes 3 Fv"( .

Programmabie Output Ranges S T

Low Profila 2" x 4" x 0.4 Module Y ) a

N
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PO s T L~
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‘/;P/\i\'_ ~,,/\__’\¢ “ N\ / ..

T SR L A NV LA
OUTFUT CHARACTERISTICS

The 42 binary-weighted current sources which form the basis
of tiie il ro-analog conversion process are directly con-
troli ! iy the digital data stored in the input register. The
combincd output of these sources is applied to the internal

Op ainp sumining junction to produce a voltage output signal.
By connecting jumpers between the proper module pins,
various values of op amp feedback resistance and thus, out-
put voliage ranges can be selected.

In order o produce bipolar outputs, the current input to the
intenial op amp is offset by % Full Scale. This offset current
is geuerated by the peecision internal referénce source and is
applied to the op amp summing junction by means of jumpers
connected to appropriate module terminals.
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RESOLUTION 12ims e . rea b N
- 5 ‘ o 1EN
rl‘l(;rl'AL INPUTS GAIN ANu éLnU AI\DJ UsSTIA» T o
.ogic Levels - 0V < Logic 0" < 0.8V For units viili-ing bipolar codes apply the digital input cor-
LN +2V < Logic 1" K +5V responding 1v the negative full scale analog output and ddjust
C Data Input Load ! Standard TTL Load/but the zero pot unul the vaiue listed is obtuned with $1/10LSB.
Suobe laput Load 3 Standard TTL f.oads A .
Strobe Pulse Width 20ns (min) For Unipulat codes apply 0U . . . 0 and adjust for OV out.
Dats Set-Up Time 20ns (min)
Data Hold Time * 8ns (min)
L INPUT CODES . 8 o GAIN ADWUST
o Unipolar Binary, BCD 4y OH +001. 20 TuAn
R Bipolar Offset Binary, 2's Complement cw 0032, 20 Tu
. OUIPUT RANGES Vo +5V @ 1OmA
- R 010 +10V @ 5SmA ‘SVH no Amu'»l‘sv
) : 125V @10mA : : VN o 20 1uRN
15V @ 10mA . n ’
. . : $10V @ 5mA ) '
OQUTPUT IMPEDANCE : 00261 . Gain and Zero Pot Connections
. SETTLING TIME Susto 0.01%! . . C .
. Slewing Rate 20V fus For all unjts, once the appropriate zero adjustment has been
, LINFARITY ERRUR THLSE (Max) ) made apply the digital input corresponding to the positve full
TEMPERATURE CUEFFICIENT R scale analog output. Adjust the gain pot until the valuc histed
Gua * . 120ppm/"C, (£30ppin/ C max) , _is obtained withn 21/10LSB.
Unipolar : 130uV/°C (£50uV/°C max) PR
Bipolar R tiu0uv/C (¢ lJUuV/:C max) ouTPUT ('u"'.\' hCTIONS_
- Diffevential Lincarity T2ppio/ C (*10ppm/ € max) OUTIUT RANGE PINS JUMPERED TOGETHER
3 TEMPERATURE RANGE
, . . . ) ) -
' Operating . o '00‘70 C o . Bipolar Offsct | Feedhack Resistance
S Storage -$5 Cto +100°C - - - -
POWER REQUIREMENTS +I5V 15% @ 20mA (25mA tax) Binary | BCD Binury BCD
© =15V $5% @ 30mA (45mA max) +25V 45,40 47,42 43,45
43V H10% @ 125inA (171mA max) : 5.0V :;. :(i :;.:i |
T DY Tvrryd - : oV 46 . .
P()W[-..R SUPPLY SENSITIVITY . . D ISV 46, 34| 16, 34 47,42 43,45(47. 42
Gain . 220pp/ WAV of Reading LoV 46, 34 46-34 47 42 47 43
Zero . +Sppin/% WV of Range* Uto+ R ' ' '
" DIUSIMENIS : N X .
, *Jser Provided) ’ INPUT-OUTYUT RELATIONSHIPS
Gain (1002, 20 Tusn Pot) * $0.2% of Range . '
Ze10 (20k8L. 20 Turn Poi) 10.3% of Range LiGITAL INPUT NOMINAL VOLTAGE OUTPUT
S ' For 10V step. ] 010 +5V Oto +10V
h Thor £ 15V supphies ouly with « {13V ead -15V supplics tecking. . Range Range
? Resuding fog bipolar input is defined as | Actual Reuding - (- F.S) L. Binary Code
* Range for unipoias opetsuon & ¢ .S, Range for bipolas operstion = 2 (¢ F5.). sibittitinng +4 YOBRY +9.9976V
. Specifications subject to change without sotie. GOURIUGUUO0 T +0L2vV +0.0024V
HOGVORUGLOV VUGV 0.0000V
BCD Code
o1 1001 1001 +4 9950V +9.9900V
LY GO0 000} + 0050V +0.0100V
' GIUL G0 UOUL 0.0000V 0.0000V

Unipolar Output
OUTLINE DIMENSIONS

Dimensions shown in inches and {mm). DICEH S INvUT NOMINAL VOLTAGE OUTPUT
t2.5V 5V tiov
Range Range Range
}'_—u"‘“'“’ 1 earman e Two's Complement Code
17§ ol +2 AYRRV [ 44 9976V | 499951V
|_t_ QOORRKKIOG ) LHOOI2V ] 0 DO24V | 40 V4BV
_savmmy QOUERHGUDOI0 GOV | 0 0000V | 0.0V
lmmmmnmt{ -2 5000V | -5 (KKIOV | ~10.0000V
v yessnspew OR~ Offser Hinary Code
.";‘j‘j %?mgiﬂéu NOTE IRERZRRRRRRAI s2 4URAV | 44 9976V | 499951V
39 . ] : e ; . .
veeRbam nawy 7 . \ 10000000000 1 QOOI2ZV ] 00024V | 0.0048Y
v s saftasohaetpatat! arminad ping imtalled only in thaded hole FUR OO0 GO0UOV | 00000V | 0.0000V
i rLL‘i Frers v 4332 Moduls waight’ 3.5 ounces (99.3 grems) (L) AVREVCHTTY -2.5000V | -5.0000V | -10.0000V
+ Y All pins are gold platad hetf-herd heass,
14+ 4 q{ 305 (MIL-G-45214), 0.019” £0.001” (0.48
113 Peuse’e +0 03mm) din. . .
YRS Bonvulosnts sarty. o ‘:;;"‘" For plug in maunting card end connector BIpO/df OUtpur
. h t + tL“‘ ] 1500 1114.30mm} x 3 760" 195 2%nm)
- Anpiis Lf; .0 410” (10.41mn) order Boerd No.
Xod Lt ey ACadse ORDERING GUIDE:
s pev’e
it 3
}}: s DACI1I8 - XXX
417 Begse )
Lk TS H TR 023 (Binary, Offset Binary)
) 7.“{; HLHHEH 1-2 - 025 (BCD)
[- SOTTCM viIew o fo-cr0a 1 o8 - 044 (2's Complement)
- L]
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MBG4™ GAK STATIC RAM
S-100 Bus

USER'S MANUAL

SSM MICROCOMPUTER PRODUCTS, INC.
2190 Paragon Drive
San Jose, California 95131

Telephone: (408) 946-7400
TWX: 910-338-2077
Telex: 171171
DDD: (408) 946-3644 (110 Baud)
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"MB64 is a trademark of SSM Microcomputer Products, Inc.
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1.0 INTROLUCTICH o
J - '

—~ The SSM MB64 represents a significant advance in low-cost, high-density,
- static memory boards. It iuncorporates such fealures as bank select,

extended addressing, dizgnostic LEDs, and a provision for battery backup.

The MB64 is configurable as two 32K byte bank-switched memory blocks, or
64K bytes of memory with standard or extended addressing. The MB64 can be
disabled in 2K increments by the use of a Magic Mapping™ circuit Lo
provide memory space for other memory~mapped devices within the computer
system. This board is equipped to sense the phantom disable line to
prevent hardware conflicts with auxiliary system boot KOMs on another 696
compatible board.

Features:

- Two 32K byte wmewmory blocks

Low power CMOS RAM chips (ilM6116P)

High speed access, approxiumately 150 usen.

Bank switching circuity to support NP/M, CRUMIX, UASIS, etc.

Extended addressing to support 1EEE 696 products

LED indicators for RAM select and bank select

Low power cousumption of less than 300 ma typical

Up to 8K of the top 32K can be replaced with EPROM (2716 type) on-buard
Card ejectors

Goldplated PCB edge connector

The board has been designed to conform to the prupused 1EEE 696 standard.

Magic Mapping is a trademark of SSM Microcomputer Products, luc.
CROMIX is a trademark of Cromzmco, 280 Bernardc Avenue, Mountain View, CA.

. OAS1S is a trademark of Phase One Systems, 7700 Edgcewater Drive, Oakland, CA.
MP/M is a tademark of Digital Research, P.0. Box 579, Pacific Grove, CA. -
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2.0 SETTIM Mr ovarh a4 q

—~ This section provides the iuformation necessary to configure the MBO4 to 3

. your particular applicatiun., Section 2.9 provides several example selups ﬁ

T to assist you in performing this task. Be sure to also read Section 2.10, -

SWO OPTION, for proper read/write operation of the MBG4 wilh your CPU. y

NOTE: All of the following options (except BANK BIT) can be selected 3

either by using supplied wini-jumpers or wire-wrapping. g

2.1 MEMORY ARDRESSING 3

- The MB64 is divided into two memory blocks of 32K bytes each. Block-A is -]

physically located on the left half of the board; Block=b is physically -]

) located on the right half. Refer to the Memory Map in the APTENDIX for {

) the address location of each memory chip. ;

Each 32K block can be addressed to either the lower or upper portiovn of =

. the 64K memory space. Both 32K blocks can be addressed to Lhe same 5

:m; address space if the MB64's Bank Select optiou is used aud the banbk bit .

" for each block is different (refer to Sectiom 2.3). g

% .

. :

= ] X

v, - ADDRESS BLOCK~-B BLOCK-A B

i!! i

L. Upper 32K E17 to ElI? E20 to EZI 3

o Lower 27K E18 to El9 E21 to EZ2 1

S P Block Disabled E18 open E21 open 1
AN

(o 2.2 EXTENDED ADDKESSING .

The MB64 is designed to support extended addressiug (Al6 thru A23) as
defined in the proposed IEEE (Y6 standard. This will allow Lhe MBGS to be
placed on any 64K boundary within a maXximum wmemory space of 16 megabytes.

The Exteunded Addressing option is enabled by connecting E26 to E27 for
Block~A, and E29 to E30 for Block-B.

To select the extended address range which will enable the MBO4, juwpers
will be either installed or removed on the the header Fl thru EI6 listed
below.
Installing a jumper will provide a match when Lhat particular address linc
is at a logic zero (low). Removing a juwper will provide a mateh when
that particular address line is at a logic one (Liigh).
A
N
o
- .
- . i
-l i
e A
L - J-6 3
- - K
S
b "
f- ]
o !
Al
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2.3

(o

2.3.1

2.3.2

——— e e mpnm - i e =

Jumper installed = 0
Juuwpaer rewoved = 1

A23 | A22 | A2]1 [ A20 | A19 | AL18 [ALl7 [Al6
ADDRESS ADDRESS
(Hex) E9 | E10 |Ell1 | EL12| E13 | El4 |ELS5 |EL6 RANGE
El {E2 |E3 {E4 |E5 [E6 (K7 |ES8
000000 0 0 0 0 0 0 0 0 1st 64K
010000 0 0 0 0 0 0 0 i 2nd 64K
020000 0 0 0 0 0 0 1 0 3rd 64K
030000 0 0 0 0 0 0 1 1 4L 64K
040000 0 0 0 0 0 1 0 0 5th 64K
FE0000 1 1 1 1 1 1 0 255th 64K
FF0000 1 1 1 1 1 1 1 256th 64K

When Extended Addresing is selected, Bank Sclect is disabled; therefore,
Bank Select and Extended Addressing are not possible together for the
same memory block.

BANK SELECT

To extend the amount of memory available for an 8-bit CPU, Bank Select
can be used on the MBG4. This memory managemenl techuique switches in
and out a 64K bank of memory by writing to an 1/0 port. Multiple 32K
blocks, on one or more MB64s, can be addressed to the same address
space, but only ONE block will be active at a time. All bank control is
done through port 40 Hex (or 4l Hex). When Bank Select is selected,
extended addressing is disabled; therefore, bank select and extended
addressing are not possible together on the same memory block.

Bank Select Enable

The two 32K blocks of memory on the MB64 can be individually bank
selected. EZ26 thru E28 controls Block-A, while E29 thru E31 controls
Block-B.

OPTION BLOCK~-A BLOCK-B
Bank Select’ E27 to E28° E3J0 to E3l
Extended Addressing E26 to E27 E29 to E30
Neither option E27 open E30 open

Bank Bit

One of 8 bits sent out to I/0 port 40 Hex can be used to turn on (or
off) a 64K bank of memory. If the data bit senl is a zero, the bank is
disabled, Tf the data bit sent is a une, the bank is enabled.

.
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All baclk bit selecticn is through a 16 piv IC header, Pins E4l to b 1
are data bits I/ thru 2O, respectfuvliy., Piu Lab is for banking Block-4, -:J
—~ and pin E38 & E39 are for banking Block-B. -
T (D7) D6 D5 D4 D3 D2 DI (DY) A
Eai___ _ E£48 J
Q0000000
BLOCK B ,BLOCK A ]
Yy ¥ -]
DO D0000O0
E3B | £40 -4
€39 .
BANK BIT HEADER
L
- Counect pins E38, E39 and E40 to the data bit desired by soldering a 4

wire on the IC header. If only one bank bitl is used for Block B, you
can jumper E38 to E39. Be careful that pins E4] thru E48 DO NOT SHORT

v oa e
A I L)

- TOGETEER. Pins E4]l thru E48 are the main 5-100 bus' data output lines,
and shorting them together may cause damage Lo other boards in your sys-— j
tem. .

2.3.3 Power-Up Stale

In a bank selected memory management system, one of the memory banks
must be active on power-up to allow normal CPU operation. Each bluck on
the MBG4 can be set up to be enabled or disabled on reset (bus pin 75)
of the computer.

oy

POWER-UP STATE BLOCK-A BLOCK—-B
a
Disabled E35 to E36 E33 Lo E34
Enabled E36 to E37 E32 tu E33

1f the Bank Select option is used on the MBO4, the user MUST select one
of the Power-Up options for each block. [NOTE: Rescl must be generatoed
ot power-up of the computer during POC per tlie 1EEF 6Y6 standard.]

2.4 EPROM OPTION )

The MB64 board is capable of supporting up to four 2716 EPROMs. Four IC

sockets (U7, Ul4, U21, U28) have been provided with a jumper option Lo .

connect Lhe Vpp (programming pulse) pin on the EPROM to +5 volts. The "

four IC sockets are addressed as the top 8K bytes of Rlock-B. j
Address RAM ROM Sucket e |

1st 2K of 8K | E50 to E51 | E49 to ES0 u28 ]
£ Ind 2K of 8K | E53 to E54 | E52 to ES53 uzl ]
& 3rd 2K of 8K | ES6 to E57 | E55 to E50 Ul4 X
® 4th 2K of 8K | E59 to E60 | E58 to EHY u/ -
E:: [Remember that there are NO wait cycles genevated by the MB64 for the
e - EPROMs; therefore, the board cannot be run any faster Lhan the EPROM's j
[ - : speed.] E
- ]
C 5
Ii. ; ;::
¢
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2716 Vowulfucstuzers

CURKIERT AVAILABLE
NANME PART STANDBY READ SPEED
Intel 2716 25ma 100ma 350ns to
(10ma Typ.) (57Tma Typ.) 6 50as
NEC UPD2716 25ua 100 wa 450us
(10wa Typ.) (57ma Typ.)
Motorvla MCM2716 25ma 100ma 250us
AMI 54716 25ma 100ma 450ns
Fujitsu MBM2716 25ma 100ma 450us
Hitachi HN4G2716 35ma 100ma 450ns
(2lma Typ.) (62ma Typ.)
National NMC27Cl6 200ua 30ma 450us Lo
(12wa Typ.) 650ns

2.5 2K MEMORY DISABLE/MEMORY ORGANIZATION

2.6

The MB64 board is equipped with a special Magic Mapping circuit which
allows the board Lo be disabled in 2K byte incremeuts by simply removiny
the appropriate memory IC, This allows the user Lo free up memory space
for memory-mapped devices such as disk interfaccs, video boards, geucral
1/0, ROM boards, etc.

Magic Mapping relies on the assumption that the waster CPU board has
external pull-up resistors on the data input (D) lines or the computer
system has a terminated bus. The pull-up resistors on the DI bus will
force the bus to "FF" lex state, even if uu $-100 board 1is prescut.
Therefore, "FF" does not have to be transferred from the memory board to
the data input bue. The code "FF'" Hex is used internally by the MB64 to
disable the ability to read the memory.

To determine which memory chip should be removed for a particular [ree
address space, refer to the memory location map in the APPLNDIX.

If the user wants to disable Magic Mapping for some reason, simply remove
1C U44 (74L830).

BOARD ENABLE INDICATOR

The MB64 has 4 memory state iudicators at the tep . dge of the board. Two
indicators show whether a 32K block of memory is selected. Two indicators
show whether the bank for a block is enabled.

32K BLOCK A 0

32K BLOCK B—— .~
BANK A ENABLED-— _~
BANK B ENABLED—

.-
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If the MBOA ds set vp for Nank Select (feriian 2.3), both the blov ! i
(label: ENA,ENB) aud bouk LED (label Lty A,PTE B) must be 1it to read or
write to the correspondiug 32K bytes of wewvry.

BATTERY CONNECTOR Jl

The MB64 is set up for a future battery backup piggyback board which will
interface through connector Jl. The counecter Jl is used for:

. Battery power input (VBAT)

. Remote MB64 enable/disable (Sense)
. Off-board logic power (+5V)

. Battery charger power (+16V)

. General purpose power (+8V)

When no battery backup is connected to the MBG4, JI pin 5 Lo pin 6 (seuse)
must be shorted together tu enable the MB64. Also, Jl pin 3 Lo in 4 wmust
be counected to supply power to the memory chips when no battery power is
avalilable,

Ty B EEE
o[ BB e
+lv +IlGV + 5V
VBAT SENSE

BAT TERY CUNNECTOR

SETUP FOR CROMIX

The MB64 can be set up to support Lhe "User Memory" requirements of the
CROMIX operating system by Cromemco. Under CROMIX, there can be up Lo 6
user memory boards of 64K bytes each. CRUMIX requires bank-switched
memory, with the upper 32K residing in the selected user space and alse in
the comwon memory bank (number 7).

The MB64 is split iuto two 32K banks called "A"™ and "B". Bank-A will be
addressed to low memory rauge, while Bauk-B will be addressed to the upper
32K range. Bank-~B has two bank bit inputs (E38 & E39) so that it can be
switched into two differeut banks per CROMIX. First, set up the MB64 for
64K with bank switching, and then select the bunk bits [or the user mewory
you are supporting. Typical setup is as foliows:

J=10

M . « ., - ~ e . . . . DO Y . -
PIPPU P E  w W . S AP, S TR S . Y PR TR S AP .V A e

St A A B M Sl " A A A S JM AR N S R S A N Al Ml ke M cnd AR At A Ar ec S B4 S Syes ame - sieidr A e
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@ £00 Liuked Slawe Lawory
:;3 CONNECY CUAHENY
S [\:. E17 to EI8 Enable upper 32K
o : E21 to E22 Eunable lower 32K
_c J1-3 1o J1-4 Enable memory power
: J1-5 to J1-6 Luable MB64 (battery chip select)
E27 Lo E28 Fuable Banh-A wmode
E30 to E31 Enable Bank-B mode
E39 to E40 Set both bank bits the same
E35 to 136 Reset Bank-A to OFF
F33 1o 5L34 Resel Bank-B to OFF
Fra to 125 Liilile SWO sighal
i 36 to kAl Lic b le upper 32K at Lank

User Kooy Setup

SEK CORRLCT CRUMIX SIZE W
Ist EAD 1o L7 One uscer systoen
2ud L40 to Lao Two " "
3rd E4O Lo L4 Three " "
4Lh 40 t . L4b Four " "

Sth LE40 Lo Ea3 Five " "
OLh E40 to LE42 Six " "
1 o

2.9 STANDARD SETUP

"' In this secltion we will try to show scme standard confiparatsons Lo G
o MB64.

2.9.1 64K memory, no options

CONKRECT COMMENT
El17 to LE18 Enable upper 32K bytes
E21 Lo E22 Enalile Jower 32K bytes
J1-3 to Ji-4 Enable memory power
J1-5 to J1-6 Enable MB64 (battery chip select)
E35 to E36 Keset Bank-A (turn off{ LED)
E33 to E34 Resel Bauk~B (turn off LED)
= E50 to E5I Set U28 as RAM
- E53 to ES4 Selt U121 as RAM
L ES6 to ES7 Set Ul4 as RAM
. E59 to E60 Set U/ as RAM
®

PR A UL SRS . SIPAL P
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2.9.2 60K mopory with top AF 1007

-
- CORNECT COMMEBT
- .\"‘
o El7 to El18 Enable upper 32K bytes
E2] to E22 Enable lower 32K bytes
J1-3 to J1-4 Eunable memory power ‘
J1-5 to J1-6 Enable MB64 (battery chip select)
E34 to E36 Reset Bank-A (turn off LED)
E33 to E34 Reset Bank-B (turn off LED)
E55 to E56 Set Ul4 as a ROM socket
E58 to E59 Set U7 as a ROM socket
E50 to ES5I Set U28 as RAM
E53 to E54 Set U2l as RAM
, Remove U7 and Ul4 RAM chips. Place first 2K of EPROM (2716) into socket :
Ul4, Ul4's socket is addressed at OF000 Hex. Place second 2K of EPROM g
into socket U7. U7's socket is addressed aL 0F$00 liex. Remember that .
the CPU's speed cannot be any greater than Lhe access time of the on- :
board EPROMs unless wait states can be preset on the CPU or other 696 9
memory support boards. 3
p.
2.9.3 Bottom 32K banked with top 32K master g
i
“QHNRECT COMMEKT L
) E17 to E18 Enzble upper 32K bytes X
4 E2]l to E22 Enable lower 32K bytLes .
J1-3 to Jl-4 Enable memory power N
o J1-5 to J1-6 Enable MB64 (batter chip select) )
(__. E35 to E36 Reset Bank-A -
E33 to E34 Reset Bank-B (turn off LED) :
E27 to E28 Enable Bank-A mode g
E40 to * Select bank bit ]
E50 to ES51 Set U28 as RAM N
E53 to E54 Set U2l as RAM -
E56 to E57 Set Ul4 as RAM ~
. E59 to E60 Set U7 as RAM ~
y
- * Select bank bit per Sectiom 2.3.2. ;
f; This setup makes the top 32K of memory a permanent (non-banked) master, b
‘e whi. : the lower 32X of memory is bank selectcd. The lower 32K of mcemory N
. is switched off during reset or power-up, but can be turned on if E35 Lo -
- E36 is changed to E36 to E37. .
@
[_._-‘ -
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2.9.4 Two 32K banks, lower address

CORNECT COMHEKT
E18 to El9 Enable lower 32K bytes (Block B)
E2]l to E22 Enable lower 32K bytes (Block A)
J1-3 to J1-4 Enable memory power
J1-5 to J1-6 Enable MB64 (battery chip select)
E35 to E36 Reset Bank-A )
E33 to E34 Reset Bank-B 1
E27 to E28 Enable Bank-A mode
E30 to E31 Enable Bank-B mode
E40 to * Select bank bit for A
E39 to * Select bank bit for B
E38 to E39 Strap up used input
E50 to E5I Set U28 as RAM
E53 to E54 Set U2l as RAM

‘ ES6 to ES7 Set Ul4 as RAM
E59 to E60 Set U7 as RAM

* Select bank bit per Section 2.3.2.

2.9.5 48K banked slave memory

16K of memory (from Block-B) will be removed from the MB64 to make il a
48K only board.

CONNECT COMMERY
El7 to E18 Enable upper 32K
E21 to E22 Enable lower 32K
Y J1-3 to J1-4 Epable memory power
J1-5 to J1-6 Enable MB64 (battery chip select)
E27 to E28 Enable Bank-A mode
E30 to E31 Enable Bank-5 mode
E39 to E40 Set both bank bits the same
E38 to E39 Strap up used input
E38 to * Select bank bit
E35 to E36 Reset Bank~A to OFF
E33 to E34 Reset Bank-B to OFF

* Select bank bit per Section 2.3.2.

Remove U6, U7, Ul13, Ul4, U20, U21, U28 and U35 from their sockets. This
will disable the top 16K of memory with the help of Magic Mapping.

J-13
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CONNECT COMMENT

El7 to E18 Enable upper 32K

E21 to E22 Enable lower 32K

J1-3 to Jl-4 Enable memory power

J1-5 to J1-6 Enable MB64 (battery chip select)
E35 to E36 Reset Bank-A LED

E33 to E34 Reset Bank-B LED

E26 to E27 Enable extended addressing (A)
E29 to E30 Enable extended addressing (B)
*El thru El6 Select extended addressing code
E50 to ES51 Set U28 as RAM

E53 to E54 Set U2l as RAM

E56 to ES7 Set Ul4 as RAM

E59 to E60 i Set U7 as RAM

* See Section 2.2 on Extended Addressing.

SWO OPTION

Some of the $-100 CPUs, and most of the IEEE 696 CPUs, are equipped with
awrite status signal ~alled SWO. This signal can be used by the MB64
to control memory writing operations. I{ your CPU doesn't have this
signal or the timing on this line is not correct, the S$SWO oplion can be
disabled. e sure to clieck your CPU for SWO (bus pin 97) and select the
appropriate mode,

e Enable SWO for writing: Counnect E24 to E25,
e Disable SWO for writing: Connect E23 to E24.

RECOMMENDED SETTIRG

Model CPD Mangufacturer Conaect

CB1A 8080 SSM E24 to E25
CB2 Z-80 SSM E24 to E25
SCC Z-80 Cromemwco E24 to E25
ZPU Z-80 Cromemco E24 Lo E25
ZPB 2-80 Northstar E23 to E24
- Z-80 |Dynabyte E23 to E24
- 8080 WAMECO E24 to E25
SBC-100 | 2-80 |SD Systems E23 to E24
ZPU Z-80 TDL E24 to E25

J=14
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3.1

32K MEMORY SELECT PROM

The selection of 32K bytes of memory is controlled by a 256 x 4 PROM which
replaces several discrete logic ICs by acting as a memory-mapped truth
table of the logic functions desired. The address lines and chip select
pins of the PROM are used as inputs to the logic¢ fuuction, while the
output pins equal the truth table solutiomn.

The input PROM signals are as follows:

SINP [bus 46] = PROM chip select 2 (E2)
SOUT [bus 45] = PROM chip select 1 (El)

BANK-A ENABLE = PROM, address A7
BANK-B ENABLE = " " A6
NOT ENABLE-A = " " A5
NOT ENABLE-B = M " A4
MAGIC MAPPING = " A3
SMEMR [bus pin 47] = " " A2
PHANTOM [bus pin 67] = " " Al
PDBIN [bus pin 78] = M " AO

BANK~A or BANK~B ENABLE must be at a logic ome to activate 32K of memory
on the MB64. The NOT ENABLF lines are used to select the lower or upper
32K block of memory within a 64K boundary. The Magic Mapping line must be
a logic one to enable a memory read. The PHANTOM line (per the proposed
IEEE 696 staudard) must be a logic one to read from or write into memory.

The output TROM signals are as follows:

32K SELECT-A = PROM data 3
32K SELECT-B = " "2t
OUTPUT ENABLE = " "1
READ ENABLE = " "0

The 32K SELECT lines from the PROM are used to control a 4-to-16 decoder
which drives sixteen 2K RAM chips. The OUTPUT ENABLE line from the PROM
goes to the OE pin on each RAM. The READ ENABLE line from the PROM
controls a tri-state buffer to transfer data fiom the selected memory chip
to the data input (Di) bus in the computer.

To select a 32K block of memory, we need BANK ENABLE and ADDRESS (NOT
ENABLE); therefore:

32K BLOCK-A = BANK-A ENABLE and not NOT ENABLE-A
= A7°A5

32K BLOCK~B = BANK-B ENABLE and not NOT ENABLE-B
= A6 AL

To select one 32K block tliat does nut conflict with the other 32K block,
both conditions MUST NOT be true. Also, PHANTOM disable must be true to
select anything,
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32K SELECT-A (D3) 32K BLOCK-A and not 32K BLOCK-B and THANTOM

> A7°AS5*(A6°A4) Al

4
¥
A7
»
L}

“

) . 32K SELECT-B (D2) = 32K _BLOCK-B_and not 32K BLOCK-A and PHANTOM 5
A A6 A4 (AT-53) Al R
=

To provide an OUTPUT ENABLE signal to the RAMs, first the CPU must be 9
performing a memory fetch operation (SMEMR) and the 32K must be selected. «3

OUTPUT ENABLE (D1) = SMEMR and (32K BLOCK-A or 32K BLOCK-B)
= A2°(A7°A5) @ (A6°A%)

xof b

4
o 1,
[

] \

) * ! .
To turn on the tri-state bufier (U43) to read memory, the read strobe
(PDBIN) from the CPU must be true, as well as the Magic Mapping control
. line.

KeAD ENABLE (DO) = PDBIN and SMEMR and MAGIC and PHANTOM
and (32K BLOCK-A or 32K BLOCK-B)

= A0°A2°A3°(A7°A5) @ (A6°A%) Al

With these four equations for the data lines of ‘'« PROM, the following
truth table can now be generated for the PROM.
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256 x8 PROM

3.2 MEMCL. ADDRESS SELECT

Memory r !dress selection is provided by jumpers E17 thru E22. These
jumpers allow the user to select the lower or upper 32K of memory within a
64K boundzry by selecting the normal or inverted state of the Al5 bus
line. The input pins A4 & A5 must be & logic zero to emable 32K of

memory.

-0 [e20 . o Sal

E21! O [e} 2ias
-0 |€22 \
———— PROM
O |87 gprz ,

e8| O- e A4
O lew9 —
S

MEMORY ADDRESS SELECT

3.3 2K MEMORY DECODE

After the input conditions are met on the PROM per Section 3.1, one of the
two 327 select liunes (D3 or D2) gaes low, enabling a 4~to-16 decoder IC
(74LS154). The 4~to-16 decoder receives address lines All thru Al4 as its
input and therefore will decode down to every 2K memory increment within
one 32K boundary. Each of the 16 outputs of the 74LS154 goes to the chip
select pin of a memory IC within a memory block.

The 4~to-16 decoder has two enabling pins. While one enable pin goes to
32K Select, the other enable pin goes to the battery back-up connector Jl.
Jl, pin 5, is used by the battery back-up option to protect the data
within RAM from being changed while on battery power. Without battery
back-up, this pin is normally grounded to enable the 4-to-16 decoder.
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3.4 MAGIC MAPPING, ~ i
Originally incorporated into the MBS8A in 1977, the Magic Mapping circuit fj
allows & socket on the memory board and ite supporting circuitry to be -
disabled by simply removing the IC chip, The Magic Mapping circuit
disables the tri-state buffer from driving the data input (DI) bus if the
memory IC is removed. Memory space (in 2K increments) can be made
available for memory mapped video, 1/0, disks or ROM boards within the 64K
of memory.
|

Magic Mapping relies on the assumption that the master CPU board has
external pull-up resistors on the DI lines or the computer system has a
terminated bus. The pull-up resistors on the DI bus will force the bus to
"FF" Hex state, even if no S-100-board is present. Therefore, "FF" does
not have to be transferred from the memory board to the DI bus.

Ub44 (741830) is an "FF" detector on the I1HB64. If an addressed memory chip
puts out any Hex code except FF, then U44 outputs a one which will enable
the read buffer (U43). 1If “FF" is detectd, the output tri-state buffer
is turned off, allowing any exterunal $5-100 board to drive the DI bus,

Magic Mapping allows for an entire 2X memory increment to be available for
other memory boards or smaller areas by filling selected areas of RAM with
"FF" Hex. .
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MAGIC MAPPING CIRCUIT

3.5 EXTENDED ADDRESSING

The proposed LEEE 696 standard for the S-100 bus has added 8 additional
address lines, A16 thru A23, for up to 16 megabytes of memory. The MB64
has an on-board 8-bit comparator (U38) whichk can be set to enable/disable

. the memory per the state of the extended address lines. Input lines A6 &
A7 of U4]l (PROM) are used to enable or disabie a 32K block of memory per
the equations in Section 3.1.

\ e g
a23[is_>———————1lpqs U38 qaf'2 2 OEls
bd
az2[i7 _>————————Lf e asP—f@—EI0 (s
a21[15_>— 131ps asiid I8 (e
a20{59 &2 azi- & _fo £
Al9 Ps o6& 5 E4 Ei2
aig [62 > Hp alf® 3“ £30 Qe
a3 >—— ey arf8 3 __E2 €
ais 64 >—2 [@2—EL0 O
T4LS688 —
u40 U4l

EXTERNAL

ADDRESS PROM

ENABLE €26

RPG-2
. £27 o a7
(VL
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3.6 BANK SELECT CIRCUIT

The bank select function is driven by I/0 port 40 or 41 Hex. This
function is used in memory maunagement schemes to provide multiple layers ™
of memory, all addressed at the SAKE cddress space. Each banked memory

board is turned on or off by the wmemciy manager software, for each task to

be executed, as scheduled under time or priority interrupts.

-
L.
T
-
L

The 1/0 address decoder is one 74LS688 (U32) comparator. This IC puts out
& negative pulseevery time PWR, SOUT, and Al thru A7 match the preset
inputs on the other side of this comparator. Due to the lack of suffi-
cient inputs to U32, A0 was not sensed, so the bank port address is 40 Hex
and 41 Hex.

PWR| 77
él +5V
2| V3 |,
A7 [83 >———=iq4 P4
a6 [82 >——-——Tha2 pq‘?-—w—-!
A5‘o7 pritd
A4[30 >—— 166 poft>
Y —— 1,0 Pt :
a2[8r >————— 34 Pipd .'
a8 3l a2 >
sout (48 >———Fjas paid ¥
L ~—
7415688 (ﬁ -
(v42-p3.11) ~
'I/0 _ADDRESS DECODER :
A
. . _— . . \
The bank select circuit is divided into two banks of 32K each. A bit N
within the byte sent to I/0 port 40 Hex controls the activation of a bank. ;-.:
‘o To save the user-selected bit for contiauous bank control, a flip-flop o
. (U41) is used for storage. The bit to be stored is selected by a 16-pin ]
IC header. If the bit sent to the D~input of the flip-flop is a one, then :
3 the 32K block is enabled. 1If the bit sent is a zero, them 32K is -l
disabled. |
3
On power up in a bank-selected computer system, one memory bank is usually ‘4
activated as the master. The flip-flop has been provided with jumper .
options to force the 32K block ON or OFF on power-up (POC) or reset. 5
[MOTE: The proposed IEEE 696 standard requires Reset to be generated when N
the POC bus line is low.] \
2% i . "
Jumpering E32 to E34 (E35 to E37) comnects the computer's reset signal to the w
set input or clear input of the bank flip-flop. :
-]
=l
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o BANK B CR4
-5;L53
-0 (E34
- BANK FLIP-FLOP
e If jumper E32 to E33 (or E36 to E37) is counnected, the memory block that

flip-flop is controlling becomes a master baik on reset. If jumper E33 to
E34 (or E35 to E36) is conmected, the resect signal clears the "Q" output
of the flip-flop and that memory block.

Two bank select indicators are provided oa the MB64. Each flip-flop
drives a LED to indicate if one of the 32K baunk flip-flops are emabled.

3.7 BATTERY BACKUP

The MB64 is provided with a connector labelled J1 for an optional battery
backup circuit. This battery option can maintain power to the memory
chips for more than 5 hours, depending on the mcaory type and manufacturer
used. For further information, please contact SSM for features and date
of availability.

D

3.8 BUS_ INTERFACE

The MB64's memory chips are isolated frow the 5-100 bus by buffer ICs
(74L8244, 74LS125, etc.) or gemneral logic (74LS154, 828129, etc.).

a. Address lines A0 thru A7 are buffered by U33 (74LS244).
b. Address lines A8 thru Al0 are buffered by U39 (74LS244).
c. Address linmes All thru Al4 are isolated by U3l & U34 (74LS154).
d. Address line Al5 is isolated by U40 (74LS368).
B e. Address lines Al6 thru A23 are buffered by U38 (74LS688),
f. Status lines SINP and SOUT are isolated by U4l (825129).
g. The status line for memory read (SMEMR) is isolated by U4l (825129).
h. The read strobe (PDBIN) is isolated by U4l (828129).
i. The write strobe (PWR) is isolated by U2 & U39 (74LS688 & 74LS125).
j. The read/write disable line (Phantom) is isolated by U4 (825129).
k. The status lime for writing (SWO) is isclated by U39 (74LS125).
1. The memory data is read via U43 (74LS244).
m. The mewory data is writtem via U45 (74L5244).

The data buffer used during & read operation (U43) is controlled by the

logic truth table within U41 (828129) and issued on pin 12, U4l, pin 12
— will not provide a chip enable to U43 until the SMEMR, PDBIN, PHANTOM,

Al5, SINP gud SOUT signals are in the correcct state (see Section 3.1).

—,
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The data buff-~ used during a write operaiion (U45) is controlled by the

buffer gate U39 (74LS125). To guarantee thal the data is still present on

the memory chip when the WE signal goes high, the write line (U39, pin 11) “~\
drives the RAM and U45 directly. (U45 provides 10 nanoseconds or greater

delay before the data becomes invalid at the end of a write cycle which meets

the manufacturer's specification of 0 nanvceconds of data hold time.)
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4.0 AEMORY TEST PROGRAM 3
oy H Simple Memory Test k
) ; Written by Andrew Schneider 4
; ° Modified by Malcolm Wright %
3 Coyright 1977 by SSM :
; Set "START" to the startiug address of 1
H memory to be tested. Set "MEND" to the last %
H address of memory Lo be checked. 3
; The program will stop (MALT) when complete 3
H or if an error was found. "“GORB" (good or N
; bad) will be set to 00H for good memory or g
\ 5 to the.byte pattern that would not read or iy
; write correctly into wmeamory. "LAST" is the j
; location where the lasi{ address tested will :
H be saved. If memory is good, then LAST=MEND. i
8000 = BEGIN EQU 8000 ;Start of program
E000 = START EQU 0000H ;Beginniny of address
E3FF = MEND EQU TFFFU ;Ending address
8040 ORG BEGIN ‘
8000 210000 1XI H,START ot e '
8003 11FF7F LXI D,XEND v Tee '
e 8006 2B DCX H
" 8007 23 LOOP: INX H Heemoon
8008 3ETF MV1 A,TFH (ot il
(;— 800A 07 CHECK: RLC v
800B 77 MOV M,A e [t
80GC BE CMP M . ,
800D C22080 JNZ ERROR - c
8010 B7 ORA A / o
8011 FAO0A80 JM CHECK ‘
8014 7B MOV A,E .
8015 BD CMP L . ,. L
8016 €20780 JNZ LOOP preen ! ‘
8019 7A MOV A,D ’
801A BC CMP H '
801B €207 80 JNZ LooP
< 801E 3E00 MVI A,0
i 8020 322780 ERROR: STA GORB ;1f using an IMSAI front panel
s ;replace with CMA
;.:-: H OUT OFFH g
- ;to displsy byte on front panel. g
o 8023 222880 SHLD  LAST Jheo B
a3 8026 76 HLT "
- 8027 00 GORB: DB 0 -
;_! 8028 0000 LAST: DW 0 -
-~ 8024 END >
R
E-._.; ~ .
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. Some checkout of the MB64 can be done by just watching the LEDs on the
O board.

5.1 BANK SELECT TEST

A If you have another memory board which will run your system, you can
. temporarily disable the MB64 to test the bauking circuitry.
a. Remove jumpers from El7 to E22.
N b. Make a test header for E38 to E48.
C;~ Connect E40 to E48 (Bit0)
) ‘ ~ Coumnect E39 to E&47 (Bitl)
St Connect E38 to E46 (Bit2)
c. Run the following routine (clear BANKS):
ORG 100H
100 AF XRA A 3 SET BANK BYTE=0
101 D3,40 OUT 40H ; SEND BYTE
103 ¢3,00,00 JMP O s GO BACK TO CP/M
All LEDs of the MB64 should not be 1it, This checks both halves of
U42 for a zero.
- .'/‘
N d. Now run:
ORG 100H
(Y 100 3E,01 MVI A,1 ; SET BANK BYTE=l
102 3,40 0UT 40H s SEND BYTE
104 ¢€3,00,00 JMP O ; GO BACK TO CP/M
Only the LED labelled BNKA should be lit. This checks one-half of
v42.
e.. Now run:
T ORG 100H
- 100 3E,02 MVI A,2 ; SET BANK BYTE=2
e - 102 13,40 OUT 40H ; SEND BYi.
oy 104 ¢3,00,00 JMP O ; GO BACK TO CP/M
- Ouiy the LED labelled BNKB should be lit. This checks the other half
of U42 and one input of U37.
' f. Now run:
~\_ ORG 100H :
- 100 3E,04 MVI A,4 ; SET BANK BYTE=4
.’ 102 D3,40 OUT 40H 3 SEND BYTE
- 104 C3,00,00 JMP O 3 GO BACK TO CP/M
Et ~ Only the LED labelled BNKB should be lit. The checks the other input
‘l._:v k. Of U37.
[ 2 3-30
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g. Lace, run:
ORG ivul ; SELi.. uasubitu BANK

100 3E,08 MVI A,8 ; SET BANK BYTE=8
102 D3,40 OUT 401  ; SEND LYTE
104 ¢€3,00,00 JMP O ; GO BACKX TO CP/M

No LEDs on the MB64 should be lit.

BANK PRESET

If you have another memory board which will run your system, you can
temporarily disable the MB64 to test the banking circuitry.

a. Remove jumpers from El7 to E22.
b. Install jumpers E35 to E36 and E33 to E34.
c. Push computer Reset. (DON'T LET THE SYSTEM BOOT.)

No LEDs on the MB64 should be 1it. This tests the reset inputs of
usz,

d. Tuostall jumpers at E36 to E37 and EiZ tv E33 now.
e. Push computer Reset.

Both LEDs on thie MB64 labelled BNYA & BHKB should be lit. This tests
the set inputs of U42.

f. 1Install jumpers at E36 to E37 and E!J to E34.

g. Push computer Reset.

One LED on the MB64 labelled BNKA asliould be lit., This tests that the
set/reset inputs are not shorted beiween the halves of U42,

' MEMORY ADDRESSING

If the MB64 is set up in one of the many standard configurations indicated
in Section 2.9, the LED's ENA or ENB sliould be flashing dimly as the
computer accesses the board. If there cie 1o jumpers on El7 thru E22, the
MB64 cannot be read.

By enabling half of the MB64 (32K), it sliould be possible to run user-
defined memory tests. Jumper E18 to "' to test memory block B as the

first 32K and leave E2] open. Jumper E21 to E22 to test memory block A as
the first 32K an< leave ElB open.
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SSM Microcomputer Products, Inc. warrants its products to be free from
defects in materials and/or workmanship for a period of ninety (90) days for
kits and one (1) year for factory assembiled boards. In the event of
malfunction or other indication of failure allributable directly to faulty
workmanship and/or material, then, upon return of the product (postage paid)
to SSM at 2190 Paragon Drive, San Jose, CA 95131, "Attention: Warranty
Claims Departmeut"”, SSM will, at its option, repair or replace the defective
part or parts to restore said product to proper operating condilion. All
such repairs and/or replacements shall be rendered by SSM without charge for ]
parts or labor when the product is returned wilhiu the specified period of ‘
the adate of purchase. This warranty applies only to the original purchaser.

This warranty will not cover the failure uf SSM products which at the
discretion of SSM shall have resulted [rom accident, abuse, negligence,
alteration, or misapplication of the product. While every effort has been
made to provide clear and accurate technical infurmation on the application
of SSM products, SSM assumes no liability in any events which may arise from
the use of said technical information.

oV Bt Vs e

This warranty is in lieu of all other warranties, expressed or implied,
including warranties of mercantability and fitness for use. Iu no event
will SSM be liable for incidental and consequential damages arising from or
in any way connected with the use of its products. Some states do not allow
the exclusion or limitation of iucidental or consequential damages, so the
above limitation or exclusion may not apply to you.

AP\

IMPORTANT: Proof of purchase is necessary f[or products returned for repair
under warranty. Before returning any product, please call our Customer
Service Department for a return autlicrization number.
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p
PAKTS 1oy 1
IC'S ;l
32 ul-u30, 35, 36 HM6116P 2K x U CHOS static RAM (150 us)
2 u3dl, 34 7418154
2 U3z, 38 74L5688 8-bit cowmparator
3 U33, 43, 45 7418244
1 U39 7418125
1 U40 7418368
1 U4l 825129 256 % 4 bipvlar PROM (marked MB64-LE)
1 42 74L874
1 U44 74LS830
1 u37 741832
1 VRI 7805 +5V vultage regulator
RESISTORS
1 RI 10K ohin 1/4W 5% (browa, blach, orange)
5 RPl, 2, 3, 4, 0 2.7F olus 10-pin 81T resistor network
1 KP5 4.7K ohw 10-pin SIP resistor network
1 RP8 2.7K ohm 8-pin SIP resistor network
1 RP7 IK okm 8-pin SIP recistor network
CAPACITORS
4 cl, 3, 13, 14 4.7 uf DIP tantalum
27 2, 4-10, 12, 15-32 .1 uf monoliluic capacitor
DIODES
o CR1-4 LED Dialighi 5%5-2007
SOCKETS CONRECT RS
4 l4-pin sockets 9 3 x 1 header strips
3 l6-pin sockets 1 6 x 1 header strip
5 20-pin sockets 1 5 x 2 header strip
34 24-pin sockets 1 & x 2 header strip
AL WARE
1 #6 lardware set
1 Small heatsink
2 Card ejectors
19 Mini-jumpers
1 MB64 PC board
1 MB64 manual
1 Warranty card
1 16-pin IC header
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F- \TURES
* Singte 5V Supply and High Densily 24 Pin Package
e High Speed Fast Access Tirmne 120ns/150ns./200ns max
e {ow Power Slandby and 100uW typ (Standby) ]
Low Power Operation 1BUMW typ (Qperation) INDUSTRIAL STANDARD i _
* Con “tely Siatic RAM No clock or Tinmng Sttobe Regunied 24 pin (0.6 widih)
e Duectiy TTL Cuimpatble All Input and Qutput .
¢ Pin Out Compatible with Standard 16K EPROM MASK ROM ‘ .
® Equal Access and Cycle Tune ‘ N
B FUNCTIONAL BLOCK DIAGRAM
AQ o——— T
J e v (DP-24) ]
S Row K Menmnry Matiix —ut T :
Decodes| o 128x128 W PIN ARRANGEMENT
AB O ——m - ] o
I___m:r I 1 ar{1 J ~ -EZJ Vee '
1101 0 ——T—{?J T : Colurnn 11O :I‘ . o A6 L{ gjj AB "
- [ - - - . = P
7 [l : Input "_""—“f"“ i l AS[J ,211 A9
' : ( Daita Cotuinn Decouisr 1 . Ad L,; ;]J WE .
e ) Contiol ! ! IS =47 .
: ; /‘\ - v A3 I,ﬁ‘, /”] (613 -
\ ® OB O =~ ; {: - E 11' S A?Lb “‘_JA\D ..
e e i ' —
e A10 ; ! 'SI it ](,S
) ) :
. i by TR ST Ly a0l & 17108
LS ot l o1 @ 16]1:07
Of Controd i - ;
o- Logic J 1oz {1v 1106
e _ S - o3 {1t 1405 -
GNO[1 Y 1il10a .
L . _J
(Tup View!
B ABSOLUTE MAXIMU™ DATINGS -
liem Symboi [ T L o
Voitage on Any I'n Relaive to GND Vrw | —() e ' Bl A\f o
Operatiug Tempetatuie I B (g “'__,- _OE_~ <
Storage Temperature T =55 Siwled 4 C -
‘Temperature Under Bias T ) - I_(f_ln_a.?_‘ ] _._"( R
L..‘ Power Dissipation [ i 0 w -
S 8 TRUTH TABLE i
b - - M
.- s GE Wi Mude Va Cutieat _boem Rel Cycle
S — bt B ‘
[ - H X X Not Selectec Iya Lin """h 7 — -
- . — b B K
.- L L H Read L Do Read Cycn No 1 3
p — e . — e - — PRSP pp— - - e e B
) . H i Write L . De | Wied ch Nol =
@ L n . Write L. D, " Wate Cucle Not 2 -
.
F NOTE The specifications of this device are subjec! to change without notice. Picase contact your nearest
. ‘ Hitachi's Sales Office regarding specifications .
[ - J=37
2 <
»:‘ —_
X )
- AL NI e aa, ".-.'_:."\-‘.’---'_h-‘ﬁ.:‘.-\. s -'n-.;._; PPN, Y 'h-- A aTataAatalet A tA cd




PP AL A L

Li8

-

v

B

A
R M

7Ty

»

LA Gt M)

T

L Shadn At Salk - fadk- ]

I " SN T Y

S
. oy g —3d
MWD IGR TITITS - - )
® RECOMMENDED DC OPERATING CONDITIONS (0" ( *> fa % 70°0) o
Parameter Synbol Min b Max | U o Notes -
Sunnly Vol v, 45 50 5.8 v E—-
up oltage ——— — e e - .
bpy Tollag GND 0 0 0 (S B -
input High (logic 1) Yolage Vi 22 s 1 60 Vo o j
, . . *Pulse width Sops 1C el
Input Low {logic 0) Voltage Vi -0 08 v Lyomin 01V :
B DC AND OPERATING CHARACTERISTICS (0" C = Ta 2 707C, 17, = SV A UG G0 ayy \j
s
HAeTioP-2 AMGLIONY P4 | ‘ e o : . o
F 39 S S Rty S T - ‘mt est Canditions Notes T
- Parameter Symbul Mon rl\_p_ E’j’_‘,_ __Ni'“ __L‘? E M"" .. } K _:
boo o MAX
Input Leakage Current 1 ! 19 ' i A N S AR O TR TN P l
— —— e | - ( _ S e
{ H CS o OL -y
Output Leakage Current Vool l 10 | 1o || Ay (l,”\/; W, ! 1‘{
- - - ——— e e e e e v~ t . - .
Opesating Power Supply < I - ) A ¢ L S P |
Current. DC fe 40 80 ¥ T mA | I uA :
. S B U B (S U ; l ' .
Operating Power Supply ! | b XSV, 0ey
Current:* DC leca 35 7 :‘f' é o POMA L umA ;
N MIN vvele duty
Average Operating Current? | /o¢s 40 K0 AN Y mA - Inﬂ",\ ‘
Standby Power Supply - 5 15 -
N 5 mA s
Current: DC Iss 3 15 ] o R ’”___ o .
] CSeT b, - 02V
candby Power Supply - 0.02 2 0.02 2l mA | et a. 0ov
Current:' DC OF b ta 02V
— — | OO . — -— - f— e = -4 ———
. *ly - 4mA
Outpul Low Voltage Ven *0.4 *04 v “I.‘i S 2 lmA
Output High Voltage Vo 24 2.4 log = 1 OmA
NOTES 1 Typical hmits are al Ve = 5.0V. Ta - + 25°C and specified loading
2 Reference Only
3 HM6116P-2 o, = 4.0mA. HMG116P-3 HMG116P- 4 /o — 2 1mA
B CAPACITANCE (! - 25°C.[= 1.0 MH,)
Parameter Syuthol Tvp M Vinp H\‘undumm Notes
Input Capacitance Cin i I L biv-ov
Input Output Capacitance Cro S 7 pl b OV
NOTE 1 This parameter s sampled and not 100% tested.
® AC TEST CONDITIONS
Input puise levels: 08vVto24v
Input nse and falf tirmes: 10 ns
Input and outpul timing reference levels 15V
Qutput lcad: 1 TTL Gate and C;  1UIpF
{Inctuding scope & jig)
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S 8 AC CHARACTERISTICS (Ta=0°Cto 70°C, V.. = 5V t 1070 ualess oiiic wine nuled ) :
. « READ CYCLE ]
HMoll6i-2 HMeollOP-3 HM&6l161*-4 . 4

bt Sy —— [ - R - |

Pasameter Symbol MIF Man Min Max Min Max m ‘

Read Cycle Time re 120 i LT D - I S ‘

Address Access Time 144 IZ(_) | ) 150 7 __200 - ns

Chip Select Access Time tacs o l20 A ) /I SQ | ) g(n() o b

Chip Selection to Output in Low 2 Iy 10 3] 15 ns Rk

- JRUU Y SUNUE R - e 4

Quiput Enable to Output Valid tor 80 | | Jw o 120 n b

Output Enable to Qutputin Low Z torz 10 15 s . ns ]

Chip Deselection to Output in High Z Iz 0 40 . [}] ‘>() ) 1] 60 ns P

, Output Disable to Output in High Z towz 4 v 50 0 60 ns ]
Qutput Hold from Address Change ton 10 is 1s ns N

4

B TIMING WAVEFORM OF READ CYCLE NO. 1'%
{RC o :
Address >< ><
-
faa
o~ —

& OO R L7/ ‘

. L 4

S I It

(. F OE (] o
~E \ f \ forz / /S S //

C . b o] 4

J 4 /A/ / / :'

. fonz 9

= :;‘LS - tenz | X

Dout ]/ \'\Z>< )QO" o

8 TIMING WAVEFORM QF READ CYCLE NQ. 2248

Address

X

‘AA

ol

Dout

-
Y
T
i
N
-

S U ThL T

[N ]

.T e - v . - . . - . . . - R T S N S ) T P ) - EEAR ¥ .
- . - WL T e T e @™ e e
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e Se T e
Trn e
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RO

Wy st

SN

e

RSLNEAES .l,

'y

'

@.

L ] 1
[ S S

AN

R N R Yt SRR B oY
oo, . -

B TIMING WAVEFORM OF READ CYCLE iHO. 3" 343

& *\

/

facs

fcLz

I ‘o
b=
) | !

Dout

>_v__

NOTES: 1. WE is High for Read Cycle.
2. Device 1s continuously selected. CS = vy
3. Address Valid prior to or coincident with CS transition Low
4. When CS s Low, the address inpu!l musi not be in the high impedance state

*» WRITE CYCLE :
P HM61 02 HMoLi6P-3 HMOTT6P-d ] | .

: t Sy - e .
arameter Syuibol Mmn Max M Max _J Min 1 Mav e !
Write Cycle Time ™ 120 150 200 [T )
Chip Selection to End of Wiite 1y 70 % 120 | o ;
Address Valid to End of Wiite tan 10s 120 140 | s :
Address Set Up Time fas 20 - 20 20 TS ;
Write Pulse Width tnr | 70 - 9 | 120 SN |
Write Recovery Time twnr 5 - i 10 TN R
Outpui Disable 1o Output in High 7 tons Q0 44 0 i 50 0 60 . o
Write to Qutput in High Z tins 0 51) 0 60 0 60 i m :
Data to Write Time Overlap Ipn 35 40 o) 1 ne &
y Data Hold from Write Time tou 5 10 10 4 ns '
Output Active from End of Write 1w S (TN (] !T Cooms :
«
"
B TIMING WAVZFORM OF WRITE CYCLE NO. 1! :
twe ll
'''' = T W
d
Address A 1
n
N
e L TAEL N
| !
oE > / T ‘\~ . ) N 3'
ﬁ ﬁ /- ‘[‘ I( Ww ~ . ) A A ]
/ !

AN Y

AN
™~

p-e e

fas

e AW - - -]

.

e TN %
W - \\‘ \, '\\

A,

tonzial -[

NN NN

AT

&

Dout

NN NN N N
/7 //1// 2 A "-—'nu T

o

a'm ‘s "a a

Din / '
| L

b
e A KA KAl A "t




Address

Dout,

Din

NOTES

— - e c e = —— HMIGT1GP ST

b WA =

W em~NS:

]L fwe ]
X X
1 {_____.__ IeW - e eafee e W R3]
U . Ay " -
. Loy N\ T/
N (sl Y A F
AN \ \ \ \\\ j ya i 4/ /
An ]
o tweld
j N \N‘\ /
\
148 — i / e
= Lluuzldl |
— e tow (71 ’ (81
SO\ N RN T T v_\‘/—_—
> > ,
Lk A / - Lok P S F 7T . IQIN"M

WE must be high durning all address transilions.

A write occufs during the overlap (twe) of a low CS and a low WE.

twa 1s measused from the earher of CS or WE going high 1o the end ol wrile cycle

Ousing this period. /O pins are in the output stale so that the input sighals o opposite phase to the oulpuls must not be
apphed

I the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, oulputremainina
high impedance state

OE 1s continuously low (OE = Vi)

Douwt is the same phase of write data of this write cycie

Doy is the read data of next address

it CS is low duning this period. /0 pins are in (he output state Theo the dala input signals of opposite phase to the
outpuls must not be applied to them
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INTRODUCIION :

The Imaginator is an intelligent, high efficiency, &4 resolution (504 by 247 pixel)
graphics retrofit unit for your Heath/Zenith H/Z2 15 Lo minal and H/Z-89 computer.

The Imaginator Las its own onboard microcomputer {: perfurm graphics processing in-
dependent of the host computer. This reduces tlie b den placed on the host processor
and therefore improves execution speed.

A 128 character coinmunications buffer further iniproves execution speed. This buffer
permits the terminal and the host computer to povfuim their tasks asynchronously.

A graphics command may be entered by typing on thie keyboard when the terminal is
OFF-LINE or it may be sent via RS-232C from thc ho=!t computer when the lerminal is
ON-LINE. -

The Imaginator's transparent operation leaves ali u7 Lie termiinal’s normal escape func-
tions intact. The terminal's normai alphanumeiics oo tutally independent of the Im-
aginator's graphics. The two displays can be ove..c 1o " on ¢ue another and may be in-
dividually altered under software control. Both uipiuu.asneric and graphics tinages can
be created in memory and restrained firom being dispiiyed on the screen. Once created
they can be displayed instantaneously. Alternaiively, the images may be displayed as
they are created.

The graphics command processor (GCP) can be invel.ed to accept commands in either
ASCII or BINARY format. ASCli mode has the a.ivantage of easy user implementa-
tion of the graphics command language. All of the comniands can be directly output by
high level language programs which are executed isi tfic host computer (e.g., PL/I, FOR-
TAN, PASCAL, BASIC, and of course ASSEMI’LY languages). Standard, off-the-
shelf, interpreters and compilers are all that are requirrd {those languages need not have
any special graphics instructions). No machine liague e driver prograims are required.

The BINARY mode has the advantage of high ei/icieney A minimum of information
must be sent to specify an operatic~ Again, no sp:eciai iaterpreters or compilers are re-
quired but machine language drivers are suggesteq (eves these are nol required) for effi-
ciency.

An additional memory-mapped socket is provided fur memory expansion. Up to 16K of
E/P/ROM can be mounted and addressed Ly the GTi*, or 6K of E/P/RUM and 8K of R/W

RAM can be used. Custom programs can be dowiscaded from the host computer into
this memory for fast independent execution.
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EnterGraphicsMode
MoveTo (X,Y)
PointAt (X,Y)
LineTo (X,Y)
AreaTo (X,Y)
PriLineStyle (2)
30 Unique styles
SeclineStyle (2)
30 Unique styles
LineType (2)
On
Off
Complement
Read Bit
Toggle to Alternate LineStyle at Boundary
. Read Byte
DisplayToggle (2)
Enable/Disable Graphics
Enable/Disable Alphanumerics
Erase Graphics
or any of the eight combinations

BringlnProgram (Z,,Z,,....2,,,)
JumpToProgram . )
ExitGraphicsMode

Cle~land Codonics, Inc. reserves the right to di-~cutinue products and to change
spec. aiionsat any time without incurring any obligation to incorporate new features
in products previously sold.
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HOST COMMUNITCATIONS

REQ

When operating at high baud rates, the graphics ter-
minal will generally lag bet.” 1ihe host cuauta if
asked toexecu! e a succession of commands with loug
execution times (e.g., Erase, AreaTo, and LineTo
commands). The Graphics Command Processor
(GCP) will set the Reguest To Send KS-232C line
false when the terminal's inputl communications buf-
fer is nen:ly full, preventing a loss of data resulting
from a Luffer overfivw. {The terminal's bell will tone
to indicate a luss of data.) The GCP will reset the [le-
quest To Send line true when the buffer is ready to
receive additiona! data.

Therefore, it is important that the host computer or
MODEM is configured Lo respond Lo this sigial. (The
terminal n--ds no modification because it is
manufactured with hardware handshaking capabii-
ities.) A true BS-232C configuration will work fiie,
but often the typical RS-232C's handshaking por-
tions are incomplete. Pin 4 of the 25-pin D"’ connec-
tor on the b~k pane. of the terminal is the Request
To Send line (deiuied as Clear To Send at Lhe conr
pv' - end). A physical wire must connect the ter-
minal’s pin 4 with the computer's (MODEMs) pin 4.

The UARTSs used in the host's RS-232C serial ports
fall in two catagories. Soimne UAR'T's, such as the IN-
TEL ?251 Universal Synchronous/ Asyncronous lle-
ceiver/Transmitter, respond directly to the Clear To
Send signal. A high or low on the Clear To Send liue
with this type ol UART will electronically disable or
enable transmissions This type of UART requires no
further modifications.

LIt
B

D R A
paataa a2t

Th@

- a W

CNTS

The otlier tvpe of UART has a software flag that
reprcwvais the Clear To Send signal. Normally, the
computer’s operating system’s Basic Input/Output
Systeia 13 108) is respounsible for interfacing with the
seriai ;xnt hardware. Generally, the BIOS will check
to sec ;i e transmilter is ready (TxRDY) before
loading thw UART witha character to transmit to the
terniic il Vo add hardware handshaking, simply
modiiy (e BIOS to check the Clear To Send flag
also. t'liis -, make sure that TXRDY AND Clear To
Send i vuth Liue before loading the UART with a
new Cu.r.cter Lo transmit, .

Withaut this hardware handshaking, it is the pro-
gratiin s responsiblity to add software timing
delays Lo joovent a buffer overflow.

Haruwa, v uandshaking will in no way detrimentally
effect Ui operation of any of vour existing programs.
Software haadshaking is still present when running
the ter;uiual in its standard alphanumeric mode.
Assuiniig, thal the process executing in the host
computer understands ctrl-S {stop transmitter) and
ctrl-Q it Lransmitler), it is pussible to suspend
graphic: i ogram oulpul by Lyping a ctrl-S on the
keybouuid, v tien the terminal is on line.

The (:C.* supports only one directional hardware
handshaking Jt will send signals to control the
host's seiind channel transnitter,but will not respond
to siguais sent to the terminal’s serial channel
transaiitt- i from the host.
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WELCOLE
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1
k
Welconie to the field of computer graphics. The Lo mind is the grestest known ,4
graphics processor in existance. Thoughts can be ins taaily conveyed by means of a pic-
ture. And in this time of information upheaval 714 ics is needed more than ever to "

enable one to assimilate it all. A= a result compute. ;- sphics is one of the fastest grow-
ing disciplines in computer science.

Try typing in and executing the following demonstration programs. (We are assuming
that you have access to a BASIC interpreler or comjnier.)

Note that the Imaginator is assumed to be installe! ii; .i terminal that is serving as the
console.

In case of error. If nothing appears to happen or scrietidng very strange happens onde
you have typed the RUN comuand give the terinin.: o hardware reset (right-SHIFT

(o RESET) followed by a ctrl-C (or whatever commai.d stope: program execution in your
particular version of BASIC). Type L15T and thei Jeoi o check the program for typing
errors.

Eater and run this program first:

DEMONSTRATION 1.

00010 DEFINT X.Y
00020 PRINT CHR$(27):1"

00030 PRINT “I10,N255,D3"

00040 PRINT “M™;0;125

00050 FOR X =0 TO 500 STEP 2 |
00060 Y = 100*SIN(X/13.27) + 125

05070 PRINT “L";X;Y

00080 NEXT X

00090 PRINT “D6,E" \
00160 STOP
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Hera's another one,

DEMONSTRATION 2.

00010 DEFINT A-Z

00020 PRINT CHRS$(27);""1"
00030 PRINT "D3,12,N255"
00040 FORJ=1TO 10
00050 X =251

00060 Y =126

00070 PRINT “P". XY
00080 FORI1=0TQOB80STEPB
00090 X =250

00100 Y =125

00110 PRINT "L"X;Y
00120 X =254

00130 Y =121

00140 PRINT“L", XY
C0150 X =258 +1

00160 Y =125

00170 PRINT “L" XY
00180 X =250

00190 Y =133+

00200 PRINT "L"XY
00210 NEXTI

00220 NEXTJ

00230 PRINT “D6,E”
00240 STOP

il

(ORI

LL.”

L

Too simple? Try this one if you Lave some time.

This prograia requires the ..ust computer to caleulate over 30,000 coordinates so it
! takes quite a while to complete. Si. * Lhis prograr. . .«Jiolux, read the rest of the User's
Gl

BPRY GRNDIET R NI |

00010 DI7iNT FLLN,OX,Y
00020 DIM L(302) R
00030 PRINT CHR$(27);" 1";"D2,1{255,10,M0,0, "L 20247,11" ]
00040 FOR1=0TO 301 i
00050 L(i)=0 A
00060 NEXT | -
00070 PRINT "PQ50023" 1
00080 OY =23 .~

® 00120 ZX = (X-150)*(X-150)/1790.5
: 00130 ZY =(Y-50)*(Y-50)/199
00140 Z = COS(ZX + ZY)(SIN(ZX + ZY + .48)/82)
} 00150 NX=X+Y +50
00160 NY=Y+Z+20
' 00170 IF F=1THEN PRINT “M",NX,NY :F=0:00T0 200

- 00110 FOR X =0 TO 300 :3
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o 60180 IF NY >=L(X+ 1) THEN PRINT " .0, 0Y;"L";NX;NY : GOTO 200
- . 00190 IF NY < =L{X+ ) THEN L(X) =L+ 1): GOTO 210
ST e 00200 L(X)=NY
:.‘-: -, 00210 OX =NX
N 00220 OY = NY
o 00230 NEXT X
00240 F=1
00250 NEXTY
00260 PRINT “D6,E"
00270 STOP
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GENER. L

COMPUTER GRRAPHICS BEAZICS

This is an introduction to the general concepts of
computer graphics for those who may be un{rmiliar
with the field. Basically, a graphics terminai in ils
simphist form need ounly execule two conunandz:
MoveTo(X.Y) and LineTo{X,Y). A superset of com-
mands can be formed from these two primitives.

Consider for the moment a hardcopy XY plotter. The
MoveTo(X,.Y,) command in this case will }ift (}:e pen
off the paper and muve it Lo the absolute courdinate
{X,.Y,). The LineTo{X,.Y,) command will diop the
pen onto the paper and move it in a straight line to
the ¢! olute coordinate (X,,Y,) li.e., it would draw a
line seginent from (X,.Y,) to (X,.Y,).

In a CRT style graphics terininal the comianls
would be execuled in a similar manner. The
MoveTo(X, Y} cominand will move a virtual pointer
to the absclute screen coordinate (X,,Y,). Notling is
wrilten or Lthe screen. The wineT¢'™,Y.) command
writes a s! “#ight Liie on the screen | .m the a* -~lute
coordinate (X,.Y,) to the absolu!» - «dirate ... 1)
by turning on the appropriate pixels {picture ele-
ments). Almost any geometrical shape can be created
by & —quence of MoveTo and ©.. .eTo conunands
{e.g., & circle can be approximated by a many sided
polygon). Several other primitive utility commands
are convenient, such as some means Lo erase the
screen and a cornmand to reinitialize the graphics
terminal. To take some of the burden from the ap-
plications programimer, this primitive instrue’ onset
is usually expanded.

IMAGINATCR SPECIFICS

The graphics screen memory is composed of 131672
bit arrangedina 512 by 256 array (although or:1y 504

by 247 are user accessible and displayed). The
positive 2 uxis (horizontal axis) originates at the left
of ths screen and terminates at the right. The
posilive 1" axis (vertical axis) originates at the bot-
tom n. i scieen and ends at the top. Therefore, the
origin (1,0} is located at the lower left of the screen.
Since the aiphanumeric screen is 80 characters wide
and Lhe graphics screen is 63 characters wide, the
graphics scicen’s left starls at the slphanumeric’s
9th cluiiacter pusition,

To view the entire graphies sereen, enaple the 25th
line, E3C x 1 {ESC[ 1 hilin ANSI mode).

When the terainal is reset, either when powered up. a
keybouid teset right SHIFT-RESET |, or a software
reset ESC 2 ( ESC [ z if in ANSI mode} the terminal
will perforn: as though it were unmodified. It will ex-
ecute all vl ithe escape functions it did befure the addi-
tion of the Imaginator—the functional existence of
the laginator is transparent to the user. (At this
time the graphic’s video RAM will be cleared, and the
line t: ve will be ON; the primary line style will be
solid. the secondary line style will be blank, and the
virt  ooinger will be assigned as (0,0).)

To inve e the graphics command processor (GCE),
an “isniesiiraphicMode’” escape sequence is re-
quirea. (\When graphics or “EnterGraphics Mode™ is
refe. (v ir this manual it should be connoted as a
referei-ce Lo the capabilities of the lnaginator, not
the 35 special symbols stored in the terminal's
character generator.)

The GCP can be invoked to accept commands in
either /© i mode or as seven bit binary words
(BINALY node) Both fornns of vach command will
be accoinpanied by a functional description.
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A comunand may be entered either Ly typing on the t

keyboard when the terminal is OFF LINE or it may ]

be sent via RS-232C from the host computer when :

/" the terminal is ON LINE.

There is no good way to abort a command midway
(e.g.. delete and backspace won't erase a coinmand), i
Obviously, a keyboard reset right SHIFT-RESET is .
one way to clear a half-created command, but is
rather drastic. The GCP expects to receive com-
mands and data in certain fixed sequcrces; once a
command sequence is started it must be completed.
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COMMAND FORM AND
FUNCTION, /:SCII

ASCII COMMAND T'CUMATS

A complele description of the jurin and function of cah corumand follows.

Upper case characters'A,B,C,D.E.J",G 31 1LJ K, LM, M7 1 represent commands (some
of these are unassigned).

X represents the tbdolateé horizoiital coordinate] 11 mit be an integer between 0 and
999 inclusively, although it will be truncated to 5G3 ;i i-aier than 503.

Y represents the absoluté vertical cocidinate: It myi~t 1+ 20 integer between 0 and 999
inclusively, alihough it will be tiuncated to 246 if ..o er that 246.

Z represents an operiand. It must be an integer betweon © and 999 inclusively.

fopt. delim] represents an optional deliniiter. A delimii =t liere is not required but may be
included. If included.it may be any number of AL cliaraclers exceptthe charac-
ters 0,1,2,3.4,56.7.8..

[delim] represents & **limiter. A deliiniter here is mandatury unless three consecutive
numérals preceed itia delimiter is automnatically assuiicd after a three digit number; ad-
ditional delimiters are options” The delituiler may i« i:ny ASCII character except
0,1,2,34.5.6,7.8,9.
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It will be assumed in the remnindir of this =il that the language BASIC is
understood by the reader. However, unly the sl udimentary of BASIC cominands
will be used to prevent undue confusion to a novice.

The following examples illustrate a typical comn:and furmat:

A PoistAt command: P opt. delia} X [delin] Y [delliv} 12 y Yie created in BASIC as:

PRINT “P"; X;Y The space will serve as th.: deliiter.
or
PRINT “P" XY The tab will serve as the delimiter, (::»te thal in some BASICs a

tab may be represented as a series of spaces. This format would
then be inicisicient.)

or
PRINT "p" The carriage return/line fecd il serve as the delimiter.
PRINT X

PRINTY

or

If X and Y are constants such as X=25 and Y=J

PHRINT P";25;39 The space will again serve «s Uie delimiter.

or

FRINT “P025039" The leading zeros create Liives dipit numbers so the delimiter is
automatically inserted.
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EnterGraphicsMode, ASCII

Command form: ESC 1

Command function:

This command signals the GCP to interpret a!l future information as graphics com-
mand/data; No graphics attributes are reinitiajized. Commands and data will now be
assumed to consist of the ASCII characters A.8,C.D.EF.G H,1J K.L.M\N.O.P and
0.1,2,3,4.5,6,7,8 9 respectively. ASCi [ mode has Liie advantage of easy user impleinenta-
tion of the graphics command language. All of the cuinmands can be directly output by
high level language programs which are executrd in the host computer. No machine
language driver programs are required. The ASC11 mode has the disadvantage of ineffi-
ciency. On the average, twice as many characters nmust be sent to the terminal than in
binary mode to perform the same operation. Tlic disadvantage would be most evident
when communications speed, rather than vector drawing speed or host processor speed,
is the effective bottleneck. )

EXAMPLE: 10 PRINT CHR$(27),"1"

3
3

v
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MoveTo (X,Y), ASCII

Cas

o 3

Command form: M [opt. delim} X [delim] Y [delim]

Command function:

Tho virtual pointer is assigned the absulute coordinate (X,Y). Nothing is written to the
screen nor can it be interrogated.

EXAMPLE: 10 DEFINT X,Y
20 X =25
. 30 Y =210

40 PRINT “M";X;Y
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PointAt (X,Y), ASCII 8
b
2
Commasd form: P (opt. delim] X {delim] Y [delim] <
A
4
Command function:
The virtual pointer is assigned tlie absolute coordinate (X,Y). The Pattern byte (see the
LineStyle commands) is rotated one position; if tLe carry contains a 0, the command is
treated as a MoveTo, command. 1f the carry conluins a 1, the pixel is interacted with ac-
cording to the peading line type (see LineType command).
EXAMPLE:; 10 DEFINT XY
(- ) i
- 20X =25 '
(. 30Y =210
40 PRINT “P";X;Y
1
9
= 1
™
i: .: 1]
]
- -
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LineTo (X,Y), ASCII
Command form: L [opt. delim] X [delim] Y [delim]
N
1
Command function:
A lineisdrawn from, but not including, the virtus! pointer's currently assigned absolute
"coordinata to the absolute coordinate (X,Y). The line drawn is subject to the current line
style and line type attributes. This command w:ll emulate a MoveTo command if the
;o line style is 00000000 (execution time will be considerably longer however). At the com-
~ pletion of this command,the virtual pointer is assigned the absolute coordinate (X, Y).

EXAMPLE: 10 DEFINT X,Y

| :
. 20 X =25
30Y=210
40 PRINT “L":X:Y

LAt St et
AR P
('Y ‘y .l.

.

—
"

L2 o
1

LT N,
.
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AreaTo (X,Y), ASCII

Command form: A Jopt. delim] X [delim] Y [delim]

L 200 AUD SRS
ARG

Command function:

The area inside a regular rectangle is filled. Therecte:.i. v is defined as having the virtual
‘pointer’s currently assigned absolute address as one ver tice and the absolute coordinate
(X.Y) as the diagonally opposite vertice. Starting «t, Lut not including, the virtual
pointer's currently assigned absolute coordinate,a liorizoutal line is drawn to the op-
posite side of the rectangle. When pussible, a second liiic starting at the original side of
the rectangle is drawn adjacent to the first line (a rectaagle with a height of 1 will only
accept one line). This procedure is repeated until the vl sigleis filled. The line drawn is
subject to the current line style and line type attributes. ‘This command will behave as a

ioveTo command if the line style is 00000000 (cacculion time will be considerably
longer however). At the completion of this commau.! i}ic virtual pointer is assigned the
absolute coordinate (X,Y). ¢

EXAMPLE: 10 DEFINT X,Y
20X=25
30Y=210

40 PRINT “A";X;Y
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PriLineStyle (Z), ASCII

Command form: N |opt. delim] Z [delim]

Where: Z{3'a number between 0 and 999 inclusivel;. This number is converted to binary
‘format whose léast &ignificant’8 bits are used (v J. line the Primary Pattern.

todd o Bt atat el ke et et e el A% _A R

g

Command function:

This command permits dashied or dotted lines Lo Ue automatically generated by the
GCP.

PHEE Y Y

Preceeding any write to the graphics display, tlic i uding Pattern byte is rolated one .
‘position. The least significant bit is rotated iiito Liie carry and is used to determine i

whether screen interaction is permitted or not. A juvgical 1 inthe Pattern represcnts per-
Migsionto interact with the pixel; a 0 disables ii.*eruction. The pending Pattern byte is

then updated with the new rotated pattern. Tl.. ~ .st significant bit is the first to be .
tested to determineif interaction should occur. ‘1iiv: 2{ore, the eight bit line style pattern .
is re; ‘itively traced .. .he screen when drawiig a line. g

ROTATION

[10101010~]> CARRY

PATTERN BYTC

The LineStyle and LineType commands are tote Iy i lependent of one another. The line
style will equally effect any line Lyje attribute (¢. et READ BIT and READ BYTE).
For instance, a line drawn with a 10101010 lisic ».yl¢ and a complement line type will
complement every other pixel.

> When short line segments are used to construct lvig; lines (e.g., curves), they should be

W sent in a consecutive order. There is no guarantee th-t a line segient patched into the

E:'-'f middle of an existing line will have a perfectly matcied line style sequence. Of course, it
is possible to reset the sequence by executing avuilier LineStyle command.

2 Thepending line style pattern is .lways reset to I’rimary when entering any graphics
o command.

e .—> Any portion of the graphics display may be selecti- ' crased by executing an AreaTo
command with a line style of 11111111 and an CI'F line type.

EXAMPLE: 10 PRINT "“N2565"
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SecLineStyle (Z), ASCII

Command form: O lopt. delim] Z {delim)

Where: Z is a number between 0 and 999 inclusively. Thiis number is converted to binary
format whose Jeast significant 8 bits a1e used tv d.fin the Secondary Pattern.

PRGN SR I A |

R

Command function:

S Gl

Identical to PriLineStyle (Z), ASCII

EXAMPLE: 10 PRINT “O170"
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LineType (Z), A5 i1 5
- 2
r- ]
1
Comnand form: I {opt. delim] Z jdelii] "‘
Where: Z PIXEL ACTION
o/ ON
1 OFF
R COMPLEMENT |
- 3% READ BIT  §
¥ TOGGLE TO ALTERNATE LINESTYLE AT BOUNDARY
5% READ BYTE
Command function:
This command sets the type of line to Le drawn, {Mut., that a point is considered a short
line ard an area is considered a long line). Consider cucli pixel of the line individually for
now.
The different line types are explained below.
ON—the pixel is turned on.
2 S A -
- OFF —the pixel is turned off (i.e., erased).
&
-
e COMPLEMENT—the pixel is camplemented {i.c., the pixel is turned on if it was off and
E it is turned off if it was on).
)
»‘;_.» READ BIT—The pixel is interrcgated to determ’ne whether it is on or off but is not
e ‘otherwise effected. An ASCII 0 or 1 followed Ly a carriage return is transmitted to the
host computer for a pixel that is respectively uii ot un,
:.‘C This line type has some special rostrictions.
This line type can only be used in conjunction: wit'i a PointAt command. LineTo and
AreaTo commands will imitate a MoveTo convuiand.
_ Note that if the terminal is OF ' LINE this atliiLute will perform no function except
,' that the PointAt, LineTo, or AreaTo command will .ct as a MoveTo command.
2
The line style will act as if it were set to solid (11111111) regardless of its actual value.
(See LineStyle command). This is to prevent tho Lo 't cumputer from getting trapped in
an eternal wait loop for a terminal response if Liie lii:e style contains a 0.
¢ The process executing in the host computer that is rcsponsible for reading the data sent
) by the terminai inust be fast enough to keep pace. The terminal will transmit the data as
fast as the baud rate selected will permit.
¢ K-18

STl e e e el < e s ST T s . ) RO : PRI L
L e e e e, R Lt T et e T TR ot S e TR AR WY -
PRI AR o e » aoaal oo - P NSNS AR S UUR TGP  AE N W




R P N e — LARN S gni v e asak asamny

It is important that the host computer does not czlio the terminal response (0 or 1 fol-
lowed by a carriage return) back to the terniinal. An ocheed response will be treated by
the GCP as command/data information. (This is really only true if the GCP is in
BINARY mode,because in ASCI! mode the 0 or i «il ise received when the GCP is ex-
pecting an opcode (A—P) and will therefore be assuined Lo be a delimiter.) See the Ex-
amples section of this manual Lo sce how this can e iraplemented.

et emtante Tuld B e Choala tao s

TOGGLE TO ALTERNATE LINESTYLE ATEOUNDARY —This line type is a very _}
simple, and therefore linited, algorithm that may Le used for filling irregular poly gons. ]
W

As the line is scanued,each pixel is interrogated in Larn (v determine whether it is on or ]
off. If it is off it is written to according to the pendii.g linc style. A single on pixel will be iy
* left untouched, but the current line style pattern is excl.nnged with the alternate Pat- 1
tern. For instance, if the line style is c:rrently loaded witii the Primary Patternit will be by
reloaded with the Secondary Pattern,or if the Linestyleis currently loaded with the )
Secondary Pettern it wili be reloaded with the Primiiry Pattern. If two or more adjucent If]
pixels are on they will be left untouched and line style pattern will NOT be exchanged. ::
At the completion of the LineTo or AreaTo comma:.u the line style is reloaded with the R
Primary Paftern. :
d

7

READ BYTE—The display byte is read and convert- d loom binary to hexadecimal. The
ASCII representation of this hexadecimal numbes i liatsnutled to the host computer.
Display bylesare defined as 8 cun ~ulive horiz.. .“ul picllocations. The beginning of
a display byteis (X,Y} where X is 0,8,16,....400 aud V it «iy integer between 0 and 246,
inclusively. Each display byte is redundantly addre «~ed '.5 8 coordinates. For example,
to access the display byte begitining at (6,9} any «.{ tic i slluwing coordinates could be
used: (0,0}, (1,0, (2,0), {3,0), {4,0, {5,0), (6,0), or (7,0i. The pixel at the beginning of the
display byte is the least significant and the pixel au Luc heginning +8is the most signifi-
cant.Notice that this means that, visually, a patters on the screen will appear inreverse
significance witi respect to its hexadecimal represcntation.

Leading zeros are transinitted (not suppressed).
This line type has some special restrictions,

This line type can only be used in conjunction wiih a PuintAt command. LineTo and
AreaTo commands will imitate a MoveTo command.

Note that if the terminal is OFF LINE this attribuie will perfori no function except
that the PointAt, LineTo or AreaTo cominand will wct a5 & MoveTo command.

The line style wiil act as if it were set Lo solid (11111111 regardless of its actual value,
{See LineStyle command) This is Lo prevent the hosi computer from getting trapped in
an eternal wait loop for a terminal respon-e if the line stxle contains a 0.

The process executing in the host computer that is re=pousible for reading the data sent
by the termina! must be fast enough to keep pace. The termninal will transmit the data as
fast as the baud rate selected will permiit,

o It is important that the host computer does not echo the terminal response (00 to FF
: followed by a carriage return) back to the terminal. An echoed response will be treated
by the GCP as command/data information. See the Examples section of this manual to
. see how this can be implemented.
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DisplayTc; ;le (Zj, ASTCII

3

4

Cammand form: D lept. detim) Z (delim] "
4

Where: 2z ENABLE ENABLE CRASE §
ALPHA GRAPHICS GRAPHICS “

1ov NO NO NO 2

g 1 NO NO YES 4

2 NO YES NO i

3% NO YES YES ‘)

24 YES NO NO 1

15 YES NO YES 1

26, YES YES HO '

*75H YES YES YES -

Command function:

T IR §

This command has two distinct functivns. One fui,clivii is Lo permit the user to block or
not block tha display of alphanumeric or graphics ii:for:nation to the entire screen. The
other function of this command is to erase the entlire graphics display memory. This

command stays in effect even after executing ai: ExitGraphicsMode command. .
P

1

A

EXAMPLE: 10 PRINT “D3"

This command would disable alphanumerics, enable graphics and erase the previous im-
age. -

LN} h'Ll_l-_J-_l‘.‘"Il.

Loy

N

A Tals e e s

SV OULI |

K-20

o a L Ta’a"ad

i S TP MU UL UL "YU SV, JUN I S ) et A A A . T N S T St ta s .
- - Sk kS AP N ECRRT WU W U WO VIR W, S WA S LA AN S A UR Y Y. VPSR . W L, AP, PSR [ S Ay




BringInProgram (%9), (Z1), ... ,(Z127), ASCII

Commaund form: B [opt. delim) Z0 lopt. delim] Z1 [opt. d:fim), ... , 7127 (opt. delim]

C.D.EF.

AND

Where: Z is a & 7 digit hexadecimal number between 00 and FF, inclusively, A
leading zero must be present if a single digit numb.: {i.e.. 63 not 3). However, do not in-
sert a leading 7~o in froat of a twy digit number .., Fi'not OFF).

Command function:

This command loads 128 bytes of data (Z0-Z127) i.lo the expansion R/'W RAM U9B.
The data is converled from hexadecinal to binary fvriual prior to loading into R/IW
RAM. ZG is loaded into mmemory at address CO011}, 221 is ioaded into memory at CO02H,
etc. After the 128th byteis loaded,control is returacd to tise GCP for the next cununand.

This command is only uselul if R/'W RAM is mounted at U9B. Beware that once g
BringInProgram command is initiated,the GCI' will expect at least 256 characters
before accepting new commands (this is trueregarul=ss of whether R‘'W RAM is present
at U9B or not).

EXAMPLE: 10 PRINT "B”
20 PRINT “00"”
30 PRINT 00"
40 PRINT "00"
50 PRINT “C3"
60 PRINT 04"
70 PRINT “CO”

1290 PRINT 00"

This example of data entry is correct with regard to format but is quite inflexible and
therefore not advocated as a good programming technique.

Where: {opt. delim) ia Lkis case is any ASCII charncter except 0,1,2,3,4,5,6,7,8,9.A.B,
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JumpToProgram, ASCII

Command form: J

Command function:

This command transfers control from the GCP to the program residing in U9B.
Transfer is accomplished by a JMP (JUMP) to address CO04H. Control may be given
back tc the GCP by & RET (RETURN) statement.

Before the transfer is made, a test pattern is written to location C000H and then read
back. The pattern must match or no transfer is permitted and control is returned to the
GCP. Therefore, physical memory must be muunted at U9B and it must be valid at
CO00H. This prevents inadvertently jumping to a nonexistant program, resulting in a
runaway processor.

EXANMITLE: 10 PRINT *J”
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ExitGraphicsMode, ASCI:

Command form: E

Command function:

This commnand instiv .. the GCI to relcase control back to normal alphanumeric pro-
‘cessing. All previously set graphics attributes will remain valid (i.e., no attributes
revert back to default or reset values).

EXAMPLE: 10 PRINT “E”

K-23

B T L T T TP A e SO I R A T e T Mt et At e v s -
N S S, o e -,_"-_"~_' AMUPRLY .“‘-", W st Y, W -:‘_ -~ '-‘_'.‘ ‘\-\. O &\-\" K ‘_."‘ AR LS
; S TPV S I DO XA IR RIS GG AR n e

S e -
R W AT AT, WA W S Pl s Y,

Y W _F_ 2_s



CAS™

BDS C ‘ser's Guide

Appendix E

The CASM Assemt'’-langusge-to~CRL-Format Preprocessor
For UDS C v1.50 |

sie only ineans previously provided to BDS C users for creating relocatable
ohject modules’ (CRL files) from assembly language programs was a painfully
complex macro package (CMAC.LIB) that only cperated in conjunction with Digital
Resea.ch's macro assembler (M~7.COM). This was cspecially bad because MAC, if
not already owned, cost about as much as the entire BDS C package to purchase.
This document describes the program "CASM", supplied to eliminate the need for
"MAC". CASM is a preprocessor that takes, as input, an assembly language source
tile "of - type *.CSM" (mnemonic for C &SseMbly language) in a format much closer
to "vanilla" assembly language than the bizarre craziness of CMAC.LIB, and writes
outzan: " ASM'""fil& which may then be assembled by the standard, ubiquitous CP/M
assembler (ASM.COM). CASM automatically recognizes which assembly language
instructions require relocation parameters, and inserts the appropriate
pseudo-operations and extra opcodes into the resulting ".ASM" file so it properly
cssembles directly into CRL format. In addition, some rudimentary logic checks
are performed: doubly-defined and/or undefined labels are detected and reported,
and similarly-named labels in different functions are ALLOWED and converted into

unique names so ASM won't complain.

E.1 Creating CASM.COM

CASM is supplied in source form only on the BDS C distribution disk. "Before
compiling CASM.C to make an executable version, customize the beginning of the
file by setting the default library drive and/or user area definitions to conform to
your system configuration. Instructions for compilation and linkage of CASM are

given in the comments at the head of the file.
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N E.2 Command Line Options
- " L}
o
~ - Enables comment retention on both input and output. By
o | default, CASM strips off all comments from the input file
when reading it in, and does not put any comments into the
A assembly code added to form the final ASM file. If - is
. specified, the original comments are preserved and CASM adds
v its own’comments to ncw sections of code.

~f Flags old CMAC.LIB m=scro library operators, to help users

convert old assembly language source files to the CSM
3 format.
—y $
L J -0 pame Calls the output file nome.ASM. Normally, the output file is
f‘\. named by tacking an .A%M extension onto the [ilename of the
- CSM input file. '
' The files making up the CASM package are us follows: )

CASM.C Source file for CASM program

F )

. )
f "ol AIA—AJ“JD

o
Qe CASM.SUB Submit file for performing the entire

- { conversion of a CSM file into CRL format

>

‘. ASM.COM (or MAC.COM)

o Standard CP/M utility, for assembling the .
i T *© - output of CASM. 1
= DDT.COM (or SID.COM)

Standard CP/M utility, for converting the HEX
output of the assembler into binaryy CRL

o : ) : - - format.

;::: ' The pseudo-operations that CASM recognizes as special control commands .
o within a .CSM file are as follows: :
L

- FUNCTION <name>  Each function must begin with a FUNCTION pseudo-op, where

- <name> is the name thsi will be used for the function in the .
v .CRL file directory. No other information should appear on .
T this line.. Note that there iz no need to specify a complete .} K
.

W
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list of contained functions at the start of a .CSM file, as was
the case with the old CMAC.LID method of CRL file

generation.

i 8 e my

EXTERNAL dist> 1If & function calls othe; C or assembly-coded functions, an )
EXTERNAL pseudo-op naming these other functions must ‘
folow immediately after the FUNCTION op. One or more
names may appear in the list, and the list may be spread over
as many EXTERNAL lines as necessary. Only function names
may appear in EXTEHNAL lines; data names (such as
"external" variables defined in C programs) cannot be placed
in "external" statements.

&t

ENDFUNC

ENDFUNCTION This op (both forms are equivalent) must appear after the end
of the code for a particular function. The name of the
function need not be given as an operand. The three
pseudo-ops just listed are the ONLY pseudo-ops that need to

appear among the assembly langusge instructions of a ".CSM"
file, and at no time do the assembly instruction themselves

need to be altered for relocation, as was the case with
CMAC.LIB. :

PR RS T SO AP D

aca

INCLUDE <filename>

INCLUDE "filename" This op causes the namcd file to be inserted at the current
line of the output file. [ the filename is enclosed in angle
brackets (i.e., <filename>) then a default CP/M logical drive is
presumed to contain the named file (the specific default for
your system may be cusiomized by changing the appropriate
#define in CASM.C). If (he name is enclosed in quotes, than
the current drive is searched. Note that you'll usually want
to include the file BDS.Li3 at the start of your .CSM file, so
that names of routines in the run-time package are recognized
by CASM and not intcepreted as undefined local forward

- references...since CASM is a one-pass preprocessor, that would
-E_’: cause it to generate uadesired relocation parameters for
;f:':ﬂ instructions having rus-time package routine names as
9 operands. Note that thc pseudo-op MACLIB is equivalent to
- INCLUDE and may be uscd insiead.

The format for a ".CSM" file is as follows:

f
A Y
e L-3
- .
BD Software .
» .
V.
e
Kooy @ o, o .
2 W T e Tet Tat T~ .. - B
“ ot e = " C g I R e ) e . " e
N \.P .L A AP . o e ' ;':'._:‘-_:.-_:';\w et .'-‘..J', -t'..n‘ - ';.‘_-‘..-.-_ A

- » . - .
D e T oy UYL CL TR N




R g I yr—_—

..\:": ‘

v November 1982 BDS C User's Guide

> {
--.. ) t
"(“{1 ‘-‘::.".'\ . ) - . ':
- . INCLUDES bds.lib J
 ®

o FUNCTION functionl 4
o EXTERNAL needed_funcl [,neeced func?] [,...] ] :1
A x code: for functionl® _ ,, .. , . .. . .
B 5 ENDFUNC ’ '

o FUNCTION function?

: ! [ EXTERNAL needed_funcl [,needed_func2] (,...] ]

- , code for function2

:-‘;f . ENDFUNC

_:: I - ‘ -

. Additional notes and bugs:

P 1. If a label appears on an instruction, it inust begin in column 1 of the line.

- If a label does not begin in column 1, CASM will not recognize it as a label

J_ and relocation will not be handled correcily.

i 2. Forward references to EQUated symbols in executable instructions are not

o e allowed, aithough forward references to relocatable symbols are OK. The

’ ) G reason for this is that CASM is a onec-pass preprocessor, and any time a

previously unknown symbol is encountered in an instruction, CASM assumes

oy that symbol is relocatable and generates a relocation parameter for the

LSSt instruction.

",

1

3 3. INCLUDR (and MACLIB) only work for on= level of inclusion.

%

" 2 4. When a relocatable value needs to be specified in a dw op, then it must be

-_'.»jj the only value given in that particular D¥¥ statement, or else relocation will.

e not be properly handled. In other words, only cne 16-bit relocatable item is

T allowed per dw statement.

. J

5. Characters used in "symbol names shculd be restricted to alphanumeric

" characters; the dollar sign ($) is also allowed, but might lead to a conflict

" with labels generated by CASM..

.r 6. The .HEX file produced by ASM after assembling the output of CASM cannot

p -~ be converted Into a binary file by using the CP/M LOAD command; instead,

xE DDT or SID must be used to read the file into memory, and then the CP/M

SAVE command must be Issued to save the file as a .CRL file. CASM

inserts a line into the ASM [ile ending in the character sequence ".",

.._'. /
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~

I N specifically so that the line will be flagged as an error... the user may then
look at the value printed out at the left margin to see exactly how many
256-byte blocks need to be SAVEJ after using DDT or SID to get the file
into memory. The reason that LOAD cannot be used is that CASM puts out
the code to generate the CRL File directory at the end of the ASM file,
using the "ORG" pseudo-op to set the lccation counter back to the base of
the TPA. The LOAD cominand aborts with the cryptic message "INVERTED
LOAD ADDRESS" when out-of-sequence data of this nature is encountered.
Rather than having CASM write out the directory information into a new file
and then append the entire previous outpul onto the end of this new
directory file, I decided to require the user to cnter a SAVE command.

7. The CASM.SUB submit file may be used to perform the enlire procedure of
converting"'2"",CSM: file to a .CRL file; except for entering the final SAVE
command. For a file named "FOQO.CSM", just say:

submit casm foo

and "enter the "SAVE" command just the way it instructs you to when
processing is complete.

L5
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:
Appendix I d
' A Long Integer Package for BDS-C
Rob Shostak ﬁ
August, 1982 :'4
{
s
4
5
I.1 Introduction f
R
7 3
- This package adds long (32-bit) signed integer capability to BDS C much in the N
. same spirit as Bob Mathias's [loating point package. Addition, subtraction, -
multiplication, division, and modulus routines are provided as well as comparison, "
assignment, and various kinds of conversion. .
Each long integer is stored as an array of four characters A long integer x is 4
thus declared by: 5

char x{4];

The internal representation is two's complement form, with the sign (most
significant) byte as the [first byte of the array. For most purposes, however, you

needn't be concerned with the internal represeitation.

) Most of the routines that operate on longs take three arguments, the first of
- which points to where the resull is to be stored, aid the other two of which give
the operands. For example, given longs x, y, and z {all declared as char[4]),

ladd(z,x,y)

computes the sum of x and y and stores it into z, which is returned as the value
of the call. Note that the resuit argument may legitimately be the same as one
(or both) of the operand arguments (for instance, ladd(x,x,x) does "the right

thing").
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The package is written partly in C and purtly (for speed and compactness) in _}
8080 assembly language. To use it, simply Lnl. LONG.CRL into your program. A )
description is given below for each routine. 5
N
\
e N
itol(1,i) h
char 1[4];
int i; j
K
Stores the long representation of the 16-bit integer i into 1, and ::
returns 1. :
atol(l,s)
char 1[4];
char *s;
Stores the long representation of the A cii string s intc 1, and returns
l. The general form of s is a strizy of decimal digits, possibly
preceded by & minus sign, and terminate’; by any non-digit. \
’
1tca(s,l)
char *s;
char 1{4];
'_':'.j- Stores the Ascii representation of long ! into string s, and returns s.
L The representation consists of a null-ter: c.ninated strmg of Ascii dxgxts
- preceded by a minus sign if 1 is negativi. s must be large enough to
b receive the conversion. -
t:}:{ ladd(r,0p1,0p2)
L - char cf4];
= o St
rl Stores the sum of longs opl and op2 inte r, and returns r. opl or op?
b may be used [or r.
b
L
E:-:'-. 7 -
' o
SR
>y >’

M-2
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e i
: !
. ¥
Lsud(r,op1,0p2) 5
char r{4); ]
char opl[4]),0p2[4); j
Similar to ladd, but computes opl - op?. ‘
q
§
1mul(r,op1,0p2)
char r[4]; 3
char opl1{4],0p2{4]; 4
Similar to ladd, but computes cpl * op?. i
:
1div(r, op1, op2) 4
char r{4]; g
char op1[4], op2{4}; "
("“ Similar to ladd but computes the integcr quotient opl / op2. If op2 is J
zero, zero is computed as the result. .
R
Imod(r, opl, op2) :‘
char r(4]; 4
char opl[4], op2[4]; ]
::::j Similar to ladd but computes opl mod op?. If op? is zero, zero is 7
e computed as the result. ’ 3
g | 1
o :'
':f:i;:-‘ . lcomp(op1,0p2) )
char opl(4], op2[4]); X
o
P ;
LJ Compares longs opl and op2, and returns cne of (the ordinary integers)
> 1, 0, -1, depending on whether (opl > or?), (opl == op2), or {opl < -
: op?2), respectively. )
M=-3
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lassign(dest,source)
char source{4],dest{4];

Assigns long source to long dest, and returns pointer to dest.

Itou(l)
char 1{4];

Converts long 1 to unsigned (Ly truncation).

utol(l,u)
char 1[4];
unsigned u;

Stores the long representat.on of unsigied u into 1 and returns .

[.2 Implementation Details

Most of the work in the routines above is done by a single 38030
assembly-language function calied long, the sourcs fur which is found in the file

LONG.CSM (availalbe from the C User's Grouw). The remainder of the package
resides in LONG.C. Note that most of the puiinitives described above simply call

long, passing it a function code (ihat tells it what operation is to be performed)
together with the arguments to be manipulated.

The file LONG.CRL contains the compiled {unctions given in LONG.C, and
DEFF2.CRL contains the workhorse function inng.
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Canton, Ohio. He graduated from Canton McKinley High Ei
School in 1968 and attended the University of Akron, :?

Akron, Ohio, from which he received the degree of Bachelor

of Science in Electrical Engineering in June 1973. Upon
graduation, he entered the Air Force on active duty in

December 1973, and received his commission from Officer

e |

Training School in April 1974, He served as a schenme

engineer at HQ Southern Communications Area Tinker AFB

. Ty
T 7 "
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b

f

r communications operations officer at the 2006
a ﬂ! Communications Group Incirlik Common Defense Installation
ﬁ Turkey until November 1980. He then served as tactical

communication equipment acquisition officer for HQ Air

Force Communications Command, Scott AFB Illinois, until
entering the School of Engineering, Air Force Institute of

Technology, in June 1982,
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under this thesis, the AFIT Speech Lab's Cromemco S-100
bus microcomputer system can be configured as a dedicated
stand alone speech work station. Hardware is now
developed which provides an extended memory capability
for storage of analog-to-digital sampled analog speech.
Data storage is via a direct memory access (DMA)
capability. The hardware also supports providing an
analog output from previously stored data samples via a
digital-to-analog capability. Software is developed
which controls the analog input to be sampled and the
sampling rate to be used. The software also allows the
sampled data to be graphically displayed 500 samples at
a time on a video display screen or to be placed in or
returned from more permanent storage on a magnetic disk.
The detailed analysis, development, and fabrication of
the hardware and software is also contained in the
thesis.
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