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CHAPTER I

INTRODUCTION

The Departments of Electrical Engineering and Speech at Kansas State
University (KSU) are jointly interested in the analysis and synthesis of
speech waveforms. To accomplish these functions digitally, it is first
necessary to digitize speech waveforms and then to use digital signal
processing techniques on the resulting digital data.

In the past, analog waveforms were digitized by a Texas Instruments
Model 848 Analog-to-Digital Converter, while the control of the sampling
rate and the fetching of the digital data were performed by an Athena
computer, an ex-Air Force machine, The Athena then transferred the digital
data to a Peripheral Equipment Corporation (PEC) Incremental Write Tape
Transport. The output tape of the PEC tape tramsport was then taken to
the KSU Computing Center, where it was made compatible with the pertinent
formats of the IBM 370/158 computer. A detailed analysis of the digitized
data was then carried out on the IBM 370/158 using a high level language,
such as FORTRAN.

However, the above system was restricted by limitation of the Athena
hardware to digitizing signals having a bandwidth of only a few hundred
Hertz. Since typical speech signals have bandwidths of approximately 4 kHz.,
it was decided to obtain a data acquisition system capable of digitizing a
variety of signals having bandwidths in excess of 10 kHz. This report con-

cerns the design and implementation of such a system.
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The desired data acquisition system.employs the Electrical Engineering
Department's Nova 1200 minicomputer for coﬁtrol purposes and its Caelus
disk system for temporary storage of the digital data. Such a system would
be limited only by the time required to position the disk recording head,
if a sufficiently fast analog-to-digital converter were utilized. By trans-
ferring as large a block of data as possible for each disk head movement,
real time conversion rates in excess bf 10 kHz could be achieved. After
the digital data had been recorded on the disk, a more leisurely transfer to
the PEC incremental recorder could be accomplished, since the maximum rate at
which one can write on the latter is 700 8-bit bytes/second. A digram that
indicates the information flow in the overall system is shown in Fig. 1-1.
The operating instructions of Chapter II explain how the information
flow of Fig. 1-1 is controlled by Nova software. This chapter will also
serve as a prelude to the remaining chapters, which essentialiy describe
the hardware impleﬁentation of the controlling input-output instructions.
Chapter III presents a tutorial discussion on interfacing Nova computers;
while Chapter IV shows how a basic interface was adapted for each of the
three peripheral devices. The concluding chapter, Chapter V, presents some
ideas with respect to the uses of this data acquisition system in the general
area of digital signal processing. Suggestions related to additional hardware
that might be built are also included. Finaliy, Appendices A and B contain,

respectively, complete circuit diagrams and manufacturers' data sheets.



CHAPTER II
OPERATION

Preliminaries

Since the external bus terminators should have power applied whenever
the Nova is in use, the toggle switch on the separate power supply should
normally be in the REMOTE ON position. The ON position of the power supply
toggle switch supplies power to the interface regardless of whether the
Nova ig on or off.

The ON-OFF switch on the interface itself may be turned ON or OFF when
the interface is not in use. However, if there is anofher interface further
out on the bus, the interface should be left ON in order to apply power to
the priority logic.

A power supply schematic is in Appendix A; the manufacturer's data

~ sheets in Appendix B.



Analog-to-Digital Conversion

The analog-to-digital conversion capability is almost identical to Data
General's 12-bit A/D converter with their Basic A/D Interface, described in

Section 6.1 of How to Use the Nova Computers [1].

To use the A/D converter:

1. The interface power should be ON.

2. Set the analog INPUT VOLTAGE range selector knob (labelled
"INPUT VOLTAGE" on the front panel) so that the analog voltage
to be input will always remain within the selected range;

3. Whenever the analog INPUT VOLTAGE full scale range is changed,
the ZERO OFFSET trimmer potentiometer and the RANGE trimmer
potentiometer need to be readjusted. Set the OFFSET BINARY-2's
COMPLEMENT toggle switch to the OFFSET BINARY position, and follow
the manufacturer's instructions on adjusting these trimmer potentio-
meters on page 3 of the Analogic data sheet attached in Appendix B.

4. Set the OFFSET BINARY-2's COMPLEMENT toggle switch to the desired
position.

5. Connect the input voltage to the ANALOG IN coaxial connector.

The 1/0 instruction for the A/D converter has the same format as all

Nova input-output instructions. (The reader may want to review at this time

Section 2.3, "Input-Output," in How to Use the Nova Computers.) As in all

I/0 instructions, the Busy and Done functions are controlled by bits 8 and
9, The device code for the A/D ConVerter is 218; the mnemonic is ADCV. All
of the program interrupt features of the Nova (interrupt request, priority,

etc.) described under Section 2.4, "Program Interrupt," of How to Use the

Nova Computers are implemented in the A/D converter interface. Interrupt




Disable is controlled by interrupt priority mask bit 8. The A/D converter
follows the D/A converter on the interrupt priority chain but precedes the
tape transport.

When the Start (S) command is issued, the Done flag is cleared, while
the Busy flag is set. The Start command function can be coded as a mmemonic
modifier or with a No Input-Output (NIQ) instruction as NIOS. Setting the
Busy flipflop starts the converter (if the PROGRAM START-TIMER START toggle
switch on the front panel is in the PROGRAM START position). When one con-
version has been completed, the Busy flipflop will be cleared and the Domne
flipflop set. The output from Done may either be sensed by a skip imstruc-
tion or enable an interrupt request, depending on the control program
structure. At this time the digitized output from the converter can be
transferred into an accumulator by the Data In C (DIC) instruction. The"
digitized data is transferred into the computer as a 2's complement signed
number or as an offset binary number, depending on the position of the
OFFSET BINARY-2's COMPLEMENT toggle switch.

Placing the PROGRAM START-TIMER START toggle switch in the TIMER START
position starts the converter in synchronization with a fixed time base.

The Start (5) command must still be issued to set the Busy flipflop and clear
the Done flipflop, thus permitting the A/D converter to clear Busy and set
Done upon completion of the conversion. The setting of Done can then inform
the control program of the completed conversion by a skip sense instruction
or by an interrupt, depending on the program structure. The time base can

be adjusted from 200 Hz to over 40 kHz by means of the two TIMER trimmer
potentiometers, one of which is a coarse adjustment and the other fine. The
time base can be monitored at the monitoring post located between the A/D

converter's output lights and the D/A converter's input lights.



The Clear (C) modifier clears both Busy and Done. If the PROGRAM
START-TIMER START switch is in the timer start position, the converter will
continue converting in synchronization with the fixed time base, but there
will be no effect on the Busy-Done flags as long as these flags have been
cleared. The Pulse (P) modifier has no effect since the Data Channel is
not implemented. Thus every conversion is under program control.

The format and function of the A/D converter interface instruction

follows:
DIC -,ADCV Data In C, A/D Converter
0 1 1 AC 1 0 1 F 0 1 0 0 0 1

[T SN e | [ | [ | N .
o' 1T 2 3 & 5 6'7 8 9 ' 10 11 12 ' 13 14 15

Transfer the final value of the input analog sample as digitized by the
converter from the interface into accumulator AC and perform the function
specified by F. (The 12 A/D bits are placed in AC bits 0 through 11; bits
12 through 15 are cleared.)

Below is a sample program segment showing the use of the A/D converter
interface instruction. The subroutine is entered after executing a JSR
instruction in the main program.

JSR CNVRT ;Get mext quantized analog sample
—— ;Return here with data in AC

—_— ;Continue program

CNVRT: NIOS ADCV ;Start converter
SKPDN ADCV ;Wait for end of conversion
JMP .1
DIC AC,ADCV ;Read converted data

JMP a,3 ;Return to main program



The Analogic converter on the interface can digitize a voltage to 12
bits in about 40 micro-seconds. To permit an even faster rate, the conversion
speed trimmer potentiometer labelled "CLOCK" on the front panel can be adjusted.
While performing the adjustment, the output of the Busy flipflop can be
monitored on the monitor post next to the trimmer potentiometer. The Ana-
logic data sheet (page 3) in Appendix B gives further information on the
Conversion Speed Adjust.

An alternative way to digitze at a faster rate is to select an output
word length of less than 12 bits by setting the QUTPUT WORD LENGTH selector
knob on the front panel to the selected output word length. Monitoring the
Busy flipflop cutput will indicate the effect of the shorter output word
length.

The reader will notice from reading the Analogic data sheet that all the
converter's possibilities have been implemented on the interface with the
exception of Ratiometric A/D conversion and One's Complement Output.

Note 1: If an analog signal does not appear to be reaching the A/D converter,
check the fuse on the input protection circuitry. The protection
circuitry is quite sensitive and an accidental input voltage spike
can activate the circuit and burn out the fuse.

Although the maximum correct input voltage is +10, the input is
protected against higher voltages by a Zener diode and fuse circuit,
Use only a Buss 1/200 amp or Buss 1/500 amp fuse for proper pro-
tection. A 1/200 amp fuse protects against voltages at least as

high as 22 volts, while a 1/500 amp fuse protects against voltages
at least twice that high.

Note 2: If the A/D interface "freeze's" up, such that the A/D converter
does not respond to the SAMPLE button or the interface never goes
Done, just toggle the RESET switch on the Nova front panel or
execute a program IORST (I/0 reset).

The setting of Done after each conversion is dependent on the
arrival of the End Of Conversion (EOC) pulse from the A/D converter.
If this pulse gets "lost," Done will never be set and the program



will wait forever for Done. There is one and only one way to "lose"

the EOC pulse and that is to manually push SAMPLE at the same time
a sampling program is executing. (Try it.) An IORST just resets
all the flipflops including Done.
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Digital-to-Analog Conversion

The digital-to-analog conversion capability differs from that of Data
General in that only the D/A converter control and one D/A converter channel
is supplied. Furthermore, unlike Data General, the Busy/Done logic has been
completely implemented with interrupt, priority, etc.

The I/0 instruction for the D/A converter has the same format as all
Nova input-output instructions. The Busy and Done functions are controlled
by bits 8 and 9. The device code for the D/A converter is 238; the mnemonic
is DACV. Interrupt Disable is controlled by interrupt priority mask bit 7.
The D/A converter has the first priority on the interrupt priority chain
on the interface.

As soon as the offset-binary data is sent out to the D/A control by a
DOA imstruction, conversion starts immediately. When conversion is com-
pleted in 5 microseconds, the Busy flipflop is cleared, and, if the Busy
flipflop had previously been set by the program, the Done flipflop is set.
If the Busy flipflop had not been set, the completion of conversion has
no effect on the Busy/Done logic. To set the Busy flipflop, a Start (S)
command is issued, which also clears Done. The Start command can be coded
as a mnemonic modifier or with a NIO instruction as NIOS. The ocutput from
the Done flipflop may either be sensed by a skip instruction or enable an
interrupt request depending on the control program structure. The Clear
{C) modifier clears Busy and Done, while Pulse (P) has no effect.

The format and function of the D/A converter interface instruction

follows:
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DOA -, DACV Data Out A, D/A Converter

o 1 1 AC ¢ 1 0 F 0 1 0 0 1 1

| i ! ' | 1 ] v 1 . 1 1

Load the digital data word from accumulator AC into the D/A converter.
Conversion starts automatically and immediately after data has been loaded.
(AC bits 0 through 11 are converted; bits 12 through 15 are ignored.)

Below is the previous sample program segment modified to send back out

the digitized data as an analog voltage again immediately after each A/D

conversion.
JSR CNVRT ;Get next quantized analog sample
o ;Return here with data in AC
——— 7. ;Continue program
CNVRT: NIOS ADCV ;Start converter
SKPFDN  ADCV sWalt for end of conversion
JMP =1 |
DIC AC ,ADCV ;Read converted data
~DOA AC,DACY ;Send back out as an analog voltage
JMP 0,3 ;Return to main program

Output voltage ranges of -5 to +5 volts, -10 to +10 volts, and 0 to +10
volts may be selected by the OUTPUT VOLTAGE selector knob on the front panel.
Whenever the output voltage is changed, the ZERO OFFSET and the RANGE should
be readjusted according to Table 2 through 4 in the Zeltex data sheet attached

in Appendix B.
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Incremental Write/Synchronous Read Tape Transport

The PEC tape transport capability differs considerably from that
supplied by Data General. Not only is the tape transport incremental in
the write mode, but the interface control logic has been minimized. As a
result, few control functions are done automatically in this interface, but
must be performed by the program. Section 3 of the PEC manual 1000/2000

Series Incremental Write/Synchronous Read Tape Transport [2] should be con-

sulted for the operation of the tape transport, while this section will com-
pletely explain the use of the intefface control,

The magnetic tape éystem uses four of the I/0 transfer instruqtions.
Busy and Done are controlled by bits 8 and 9 as in all I/0 instructionms.
The device code for the tape tramsport is 228; the mnemonic is MTA, All
of the program interrupt features of the Nova (interrupt request, priority,

etc.,) described under Section 2.4, "Program Interrupt,' of How to Use the

Nova Computers are implemented in the tape transport interface. Interrupt

Disable is controlled by interrupt priority mask bit 10. The tape transport
is last on the interrupt priority chain on the interface, since it is
generally slower than the A/D or the D/A converter.

Tape movement, selection of the Read or the Write mode, and other
control functions are each determined by a bit in the command register.
The commands in the register are executed immediately upon each execution

of the following instruction:

DOA -,MTA Data Out A, Magnetic Tape

0o 1 1 AC 0 1 0 F 0 1 0 0 1 0

| 1 ] i |

=4
=
~
-
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Load the contents of AC bits 0-10 into the tape command register as shown,

and perform the function specified by F. (Bits 11-15 are ignored.)

Tape Command Register

IRG | RESET | ECR | DISABLE | SPC SRC | REWIND | DENSITY FGC | LFC | W/R

0 1 2 3 L 5 6 7 8 9 10

A complete description of the interface commands are given in the PEC

manual (Section 3) but a summary of each command bit follows:

Bit

0 If the INTER-RECORD GAP COMMAND (IRG) bit is a "1", the DOA command
initiates the sequence of events necessary to generate an IBM-compatible
Inter-Record Gap. If the bit is a "0", the DOA command has no effect.

1 If the REMOTE RESET is a "1", the DOA command resets all relevant
flipflops in the tape transport control logic. If bit 1 is a "Q",
the DOA command has no effect.

2 1If the ECHO CHECK RESET Command (ECR) bit is a "1", and if the transport
is ready, the DOA command causes the Echo Check Error flipflop to be
held reset. If the bit is a "0", the Echo Check Error flipflop is no
longer held reset.

3 If the DISABLE MANUAL CONTROLS bit is a "1", the DOA command disables
the manual controls. If the bit is a "0, the DOA command enables
the manual controls.

4  If the SYNCHRONOUS FORWARD Command.(SFC) bit is a "1" and the transport
is ready, the DOA command causes tape to move forward at a constant
velocity. 1If the bit is a "0", the DOA command causes the synchronous

forward motion to stop.



Bit
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If SYNCHRONOUS REVERSE Command (SRC) bit is a "1", and the transport
is ready, the DOA command causes tape to move in the reverse direction
at a constant velocity. If the bit is a "0", the DOA command causes
the synchronous reverse motion to stop.

If the REWIND Comimand bit is a "1", the DOA command causes the tape

to move in the reverse direction at 50 inches per second (ips). Upon
passing the Beginning Of Tape (BOT) marker, the tape drive ceases and
the tape decelerates to rest. If the bit is a "0", the DOA command
has no effect.

The DATA DENSITY SELECT bit has no effect whatsoever in a 9-track
transport, such as the one belonging to KSU.

If the FILE GAP Command (FGC) bit is a "1", the DOA command initiates
the generation of a 3.8 inch IBM-compatible gap. The File Mark and its
assoclated Longitudinal Redundancy Check Character (LRCC) are written
in this gap. If this bit is a "0", the DOA command has no effect.

If the LOAD FORWARD Command (LFC) bit is a "l1l", the DOA command causes
the tape to move forward at 12 ips. When the BOT tab reaches the
photosensor the tape stops. Since the tape stops in the Read mode
somewhat in advance of where it stops for the Write mode, so as to
read the very first data, the program should establish the Read/Write
mode simultaneous with the Load Forward Command. If a "0" is issued
and then a "1" again, forward motion resumes. Tape motion stops when

bit 9 is a "0" and a DOA command issued.

Note: An interface LFC bit once turned on by a DOA instruction, stays
on until another DOA puts a "0" in bit 9 of the transport
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interface's command register. Thus, if the transport brings
the tape to an automatic stop at the BOT, the interface
Load Forward Command is still on. Since it is necessary to
turn the command off and then back on to resume Load Forward
motion; a DOA instruction has to first place a zero in the
LFC bit 9, before a second LFC, manual or through the inter-
face, can cause the Load Forward motion to resume.
10 If the WRITE/READ STATUS (W/R) bit is a "1'", the DOA command establishes
the transport in the Write mode; if the bit is a "0" the DOA command

establishes the transport in the Read mode.

It is clear that several commands can be given with a single DOA command.
Care should be exercised not to give a contradictory command such as a
simultaneous Rewind and Load Forward.

To determine the status of the tape tramsport, the following instruction

is executed:

0 1 1 AC 0 0 1 F 0 1 0 0 1 4]
| 1] 1 1 1 I ) [ %_ 1 '

0 1 2 3 ty 5 6 7 8 9 1o 11 12 13 14 15

Read the status of the tape system into AC bits 0-9 as shown and perform

the function specified by F. Clear bits 10-15.

Status Register

EOT | BOT | GIP | TNT | TRR | BIB | DDY | FPT ECP | MC

] 1 2 3 L 5 6 7 8 9

A complete description of the interface status bilts are given in the

PEC manual (Section 3) but a summary of each status bit is as follows:
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The END OF TAPE (EOT) bit goes to "1" when the EOT tab is being
detected. When the tab moves away from the detector, the bit goes
back te "0".

The BEGINNING OF TAPE (BOT) bit goes to "1" when_the BOT tab is

being detected. When the tab moves away from the detector, this

bit goes back to "0".

The GAP IN PROGRESS (GIP) bit goes to "1" when an IRG, File Gap or
BOT sequence is in progress. The bit goes back to "0" when the
sequence terminates.

The TAPE NOT TENSIONED (TINT) bit goes to "1" when the tape storage
arms are not in the nominal operating position. The bit is "0" when
the arms are in operating position.

The TRANSPORT READY (TRR) bit is "1" when the tape tramsport is in a
condition to receive or transmit data. The bit is "0" when the trans-
port is mot ready.

The BUFFER 1 BUSY (B1B) bit is "1" as long as there are data to be
recorded present in the transport's buffer system. The buffer stays
full when the transport is writing at the maximum rate of 700 samples
per second.

The DATA BUSY (DBY) bit is "1" when the transport is in the Write
mode. When the Lransport is switched to the Read mode, a delay
occurs prior to the DATA BUSY bit going false.

The FILE PROTECT (FPT) bit is "1" when power is on and a reel of tape,

without a Write Enable ring installed, is mounted on the transport.
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Bit
8 The ECHO CHECK PARITY ERROR (ECP) bit is "1", when a parity error in
“the echo check ocutput is detected. This bit must be reset by the user
with the ECHO CHECK RESET command.
9  The MOTION CHECK (MC) bit goes from "1" to "0" whenever the capstan

shaft rotates through one bit space.

The data to be written is sent to the interface buffer upon execution

of the following instruction:

DOC - ,MTA Data Out C, Magnetic Tape

0 1 1 AC 1 1 0 F 0 1 0 0 1 0

| 1 1 1 | 1 1 (] | ] 1
6 '1 2 3 4 5 6 ' 7 8 9 ' 10 11 12 "13 14 15

Load the contents of AC bits 0-7 into the write buffer, and perform the
function specified by F. (AC bits 8-15 are ignored.)

When the Start (S) command is issued, the Done flag is cleared, while
the Busy flag is set. The Start command function can be coded as a mnemonic
modifier or with a NIO instruction as NIOS. If the transport is in the
Write mwode, the setting of the Busy flipflop, cause the eight bits to be
written. (A parity bit, a mninth bit, is automatically written by the
transport as Bit 8.) When the byte has been writt;n, the Busy flipflop
will be cleared and the Dome flipflop set. The output from Done may either
be sensed by a skip instruction or enable an interrupt request depending on
the control program structure. The Clear (C) modifier clears Busy and

Done, while Pulse (P) has no effect.



A typical write program segment follows:

CONST: 40 sA """ in bit 10 for Write mode
LDA 0,CONST ;Put transport in Write mode
DOA 0,MTA
— ;Get data and put in AC 1
DOCS 1,MTA ;Send data to interface and write it

Data is read from the tape, when the transport is in the Read mode and
is in synchronous forward or synchronous reverse motion, upon execution of

the following instruction:

DIC -,MTA Data in C, Magnetic Tape

0 1 1l AC 1 0 1 F 0 1 Q 0 1 0
] 1 1 ! | 1 1 1 [} II 1 1
0 ' 1 2 3 b 5 6 | 7 B 9 10 11 12 13 1y 15

Transfer data bits 0-7 and pardity bit 8 to AC bits 0-8 and perform the
function specified by F. Clear AC bits 9-15.

If the Busy flipflop is set by the program, Busy will be cleared and
Done set when the data is available for reading. Done may then be sensed
by a skip instruction or an interrupt, just as in the write mode. (In

fact, the same flipflops are used for Read as for Write.)

18
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A typical read program segment follows:

CONST: 4000 ;A "1" in bit 4|for Synchronous Forward
W ; and a "0" in bit 10 for Read mode
LDA 0,CONST ;8end command to tramnsport
DOAS 0,MTA : and set Busy

NEXT: SKPDN  MTA | ;Wait for data
JMP .1

DICS 1,MTA ;Get data and set Busy again

;Have 50-60 microseconds before the next data

s s

; arrive

JMP NEXT 3Go read next data

Note: The transport must be ready and in the Read mode to get a Read Data
Strobe (RDS) pulse. This pulse is used to set Done to inform the
program that the next byte is available for reading. Thus, if the
transport is not ready or is in the Write mode, the synchronous
forward or reverse motion will be present, but no RDS pulse and no
setting of Done.
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CHAPTER III

INTERFACING A NOVA

Chapter Objective

A prerequisite to a good understanding of this chapter is a general
understanding of interfacing any small éomputer obtained, for example, from

section 6-7, "Interfacing a Small Computer,”" in John B. Peatman's book, The

Design of Digital Systems [3]. 1In addition, a preliminary reading of the

"Input-Qutput” and "Program Interrupt” sections of How to Use the Nova

Computers will indicate the requirements placed upon the 1/0 logic design by
the Nova programming structure or software. The material in this chapter
can then be used to design and implemént specific Nova interfaces.

A subsequent study of Appendix A of How to Use the Nova Computers will

have fully equipped the reader to successfully design and build his own
interfaces for the Nova. Specific examples of interfaces for three devices:
analog-digital, digital-analog, and an incremental write/synchronous read

tape transport follow in the next chapter.
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1/0 Bus

A commonly employed method for a computer to communicate‘with peripheral
devices, I/0 devices in particular, is the use of a group of conductors,
called a bus, that run to every device and that carry electrical signals
among the components of a computer system._ The Nova bus carries to every
peripheral:

1. Sixteen bidirectional‘data lines DATAIS5 ... DATAO,

——

2, 8ix device selection lines from computer to devices DS5 ... DSO,

3. Nineteen control lines from processor to devices such as, for

example, the Start command, |

4. 8ix control lines from devices to processor such as, for example,

the Interrupt Request_(fﬁfﬁ).

Sinﬁe the same bus lines run to every peripheral device and each
peripheral is different at 1east‘in its device selection code (for example,
primary disk and secondary disk), each peripheral must have a control or
interface between the bus and itself as illustrated in Fig. 3-1. As shown,
some controls can fit inside the computer mainframe. For additional con-
trols, the bus can be extended to form an external bus as has been shown
for the A/D, D/A, and PEC tape transport controls.

When an external bus is connected, those control signals that origiﬁate
in the processor and that drive devices must be terminated as shown in
Fig. 3-2. The signal receivers are often inverters such as the one shown.
The voltage divider circuit at the end of eachrbus line gives the correct
termination. Note that each bus line is a twisted pair.

Bidirectional signals, such as the data lines, and signals from devices

_to processor, such as Intetrupt Request, must be terminated as in Fig. 3-3.
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Fig, 3-1. Rova System Configuration.
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Fig. 3-2. Termination for an external bus line from
processor to device.

23
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to processor.
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The recelvers of those signals are again often inverters.- Since the line is
pulled low to put é signal on the line, the output transistor of an open col-
lector gate, such as the SN7438 is shown for the line transmitter. When all
the collector transistors on the bus are off, no signal is on thé line and
the 330 ohm load resistor pulls the line high to 2.7 volts as determined by
the voltage divider.

Additional information on bus lines, such as deéoupling the +5 volts can

be found in Chapter V, "Noise Considerations,'" of Texas Instruments' book

Designing with TTL Integrated Circuits [4],
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Bus Recelvers

Since it is good practice to minimize the load on each bus line, Data
General Corporation terminates each bus line only once per subassembly board
with a receiving gate, usually an inverter. From the receiver, the signal
may then bramch out to other gates or even other interfaces on the same
board, as seen in the case of the Device Select lines DSO ... DS5 in Fig.
3-4. (The bar over a signal name means that the signal is on when the line

is pulled to a low voltage.)

Note: Within the mainframe of most of their computers, Data General
replaces the inverter receiver on certain bus lines with a filter
and gate, as shown in Fig. 3-5. This is done to improve noise
margins. Note that the lower input filters out the high frequency
noise, since the capacitor cannot charge up fast enough to give
the second logical 1 input.
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Fig. 3-5. The receiver for some control signals.

Fig. 3-6. A D-flipflop.
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Device Selection_and Data Transfer

Figure 3-4 also shows that those control signals such as Data In A
(DATIA) which should affect only the one device addressed must be gated
with a device select signal derived from the device select bus lines. Note
that a Nor gate can perform as a negative logic AND gate: Both inputs must
be logical O to output a logical 1. The three Data In lines (DATIA, DATIB,
DATIC) input data from one of three interface registers into the central
processor, while the three Data Out lines (DATOA, DATOB, DATOC) output data
to interface registers; A DATIA and a DATOA are shown in Fig. 3-4, Timing
of the data transfer is handled by the signals on the bus lines -- taken care

of by the manufacturer.
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D-Flipflops

The standard control flipflop used in Nova interfaces is the type D
flipflop of Fig. 3-6. When the D input is high, the leading edge of a
positive pulse at C sets the 1 output high and the complementary output §
low. A low D input resets the 1 output to a low voltage at a positive
transition of C. A ground level at S or R sets or resets the flipflop
respectively, regardless of the clocked input. A small circle at the D
input implies that the flipflop is set when D is low, cleared when D is
high; or in other words, the set or clear condition is interpreted in terms
of the # output rather than the 1 output (see the DEV INT REQ flipflop in

Fig. 3-8). A typical control flipflop is the SN 7474,
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Interrupt Request

The flipflbp control hetwork)in the device interface that specifies the
state of the device and requests interruptalFontains four flipflops (Busy,

Done, Interrupt Disable, and Interrupt Request). Busy and Done are shown

e

in Fig. 3-7. When a device is ready for service, it sets. a.D.on,é flipflop
by periodically checking the Selected Done (SELD) line which is brought low
when the device's Done flipflop and its device select line are both on. A

skip-on-done instruction in the program can initiate this check. The com-"

it

puter can alternatively learn of the need for service by an interrupt. During

each processor cycle, at a time when the compu;er is ready tolbe interrupted,
the Request Enable (RQENB) line is pulsed. One or more devices needing ser-
vice will then pull ghe Interrupt Request (INTR) line low.

When interrupted, the program can run through a chain of skip-on-done
instructions to determine which device needs service. Alternatively, the

program can issue an Interrupt Acknowledge (INTA) instruction so that the

device interface places on the data lines DATA1O0 - DATA15 the device code of
the device needing service. The device code of the device in Fig, 3;7 is 658.
Note that a particular device code goes on the data lines only if:
1. An Interrupt Acknowledge (INTA) is issued
2 .The device 1is requesting'an interrupt
3. As explaine@ below, it is the physically closest device to the
computer which needs servicing.
Tﬁe Interrupt P;iority In line (fﬁff—T§5 entering an Interface is low if
no previous device needs service. If the device does ﬁot need service,rthe

Interrupt Priority Out (INTP OUT) line goes out low again to the next
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interface. On the other hand, if the device is Done, the Interrupt Priority
Out (INTP OUT) goes out high, and the Interrupt Priority line goes in
high and out high at every remaining interface on the bus. As a result,

only the interrupting device closest physically to the Nova is permitted

to place its device code on the data lines DATALO - DATA15, for the DEV INTP
signal will be low in all interfaces having INTP IN high. The voltage
divider terminators shown are necessary only where the priority signal goes
in and out of a subassembly board. Usually several inte;faces are on a single
board, and the single stage shown is replaced by a chain with terminators at
each end.

The reader may have noticed a fault in the initial design of Fig. 3-7.
This occurs when an additional device of higher priority (physically closer to

the computer) goes Done at the same time an Interrupt Acknowledge is putting

the first device's code on the data lines DATALO - DATAI5. Since the gates
on the interrupt priority chain will then be in the process of passing along
the new priority signal, it will be uncertain as to what device code goes

on the lines. Placing an Interrupt Request (INT REQ) flipflop (Fig. 3-8)
between the output from the Device Done flipflop and the Device Interrupt
Request (INTR) insures that the only device interface placing its device
code on the data lines is that device that had priority at the time of the
latest Request Enable pulse.

Figure 3-8 also includes a device Interrupt Disable flipflop controlled
by the Mask Out bus line and a selected data bit. Placing a logical 1 in an
accumulator at that bit position and executing a Mask Out instruction pre-

‘vents that device from interrupting the computer. The priority of the

devices on the bus can thus be changed. The 16 data bits are each assigned
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to one priority group and several groups can be masked out at a time. The
priority of devices within a group cannot be changed.
Since a device can be in three states, Idle, Busy, or Done, these states

are represented by two flipflops, Busy and Done, as follows:

Busy Done
0 0 device is idle
1 0 device is busy
0 1 device 1s done
1 1 not used

The setting of Busy by the program starts the device. (Done is cleared
automatically.) The completion of the device operation clears Busy and
sets Done. The program idles the device by clearing both Busy and Done.
Figure 3-9 includes the remaining Busy/Done Control signals. The I/0
Reset (IORST) signal, generated by the I/0 Reset instruction or the console
reset switch, resets all interface flipflops and is connected in all inter-
faces to all four flipflops either directly orlthrough OR-function gates.
(Remember that some of the Nand gates in Fig. 3-9 perform inverted input
OR functions: The output is high if either or both inputs are low.) The
Clear line is ORed with the I/O Reset and, when activated by a Clear instruc-
tion, clears all the flipflops except Device Interrupt Disable. The Start
line, activated by the Start instruction, clears Done aﬁd Device Interrupt
Request and sets Busy to restart the device. The Start and Clear lines are
gated with the device select output so that only the one device selected
can be started or cleared at a time. The reader should remember that all
the control signals such as Start, Clear, I/0 Reset, and Request Enable,
usually do not come directly from a bus line but indirectly throﬁgh a set

of receivers shared by all interfaces on a subassembly board.
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With the Busy/Done and intérrupt logic just described, the computer is
interrupted for each data transfer. To minimize 1osﬁ processing time in
going through an interrupt service routine, a ELEEE of data may be transferred
per interrupt directly to or from memory by use of the data channel, The
data channel logic, which is very similar to the Busy/Done and interrupt
logic, handles the data transfers within a data block, while the interrupt
system Iinterrupts the computer at the end of each block transfer. To keep
track of the number of words within a block that have already bégn trans-
ferred, alword counter register must be added. An address register keeps
track of the next available memory location. See Appendix A of How to Use

the Nova Computers for the complete details.
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CHAPTER IV

THREE INTERFACES

Introductory Remarks

This chapter presents the design details related to three interfaces
which were actually constructed. These interfaces are as follows: an
analog-to-digital converter control, a digital-to-analog converter control,
and a PEC tape tramsport control. The reader may wish to pefiodically
examine the related circuit diagrams presented in Appendix A im order to

get an idea of the actual implementation.

The Shared Logic

As shown earlier in Fig. 3-1, the three interfaces are connected to
the external bus through a single set of shared bus drivers and receivers.
Although it is not necessary to share the bus drivers, it is definitely
advantageous to share the receivers wherever possible, so as to minimize
the load each bus line has to drive.

A single receiver, composed of an inverter or the filter and Nand gate
combination of Fig. 3=5, terminates each data line or each control signal
from the computer to the three interfaces. On the other hand, each bus
driver receives its input from a gate that ORs together either data signals
or device-to-computer contrel signals from the three interfaces. Fig. 4-1
shows a bus driver and receiver for a typical data bus, while Fig. 4-2 shows
a driver for a typical device-to-computer control signal.

Since an Interrupt Acknowledge instruction places a device code on the

data bus lines DATA10 - DATAl5, there is an additional input to some of the

drivers of these six bus lines. The device codes of the A/D converter, the
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D/A converter, and the tape transport are resﬁectively, 218, 238, and 228.

Thus, for these interfaces DATAll, DATAl4, and DATALS only are affected.

To put the correct device codes on the data lines, each device ANDs the

INTP IN signal from its portion of the priorlty chain with the INT REQ(1)
output from its Interrupt Request flipflop, as shown for DATALL in Fig. 4-3.
Each of the three'resulting signals are brought from their respective
interfaces to the common logic, where they are appropriatély ORed together
for each data bus, so as to turn on the correct bus lines for all the device
codes. Gating these code signals with the INTA comntrol signal.enables the
Interrupt Acknowledge instruction to determine the time when a device

code goes on the six low order data lines.

From the common interface, the shared control logic branches out to
the separate interfaces. Some of the control signals, such as Start,
Clear, and Data In or Out refer to only one &evice at a time. Thus, these
must be gated in each interface with a device select code developed from
the six Device Select lines by an 8-input Nand gate. The control signals,
.both those gated with a device select code and those that are not, control
the Busy/Done logié and the input-output of data in each interface.
Occasionally, when the fanout from a control signal's gate would exceed 10
loads, a second identical gate is used for the same control signél. This
is done in order to keep the load on each gate within the maximum limit.
An example of a duplicated control signal gate is the added Data In C
gate in the A/D converter interface. Attention will now be focused on the

unique aspects of each interface.
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Analog-to-Digital Control

Since the setting of the Busy flipflop with a Start function should
start the A/D converter, the output of the Busy flipflop must trigger the
A/D converter. The minimum pulse width required by the Analogic converter
for leading edge triggering is 50 nanoseconds; see Fig. 3 of the Analogic
data sheet in Appendix B. Thus, to obtain the desired negative going
pulse which has a duration of 50 nanoseconds, the invertered output from
the Busy flipfldp is connected to one of the low voltage OR inputs of a
N74121 moncostable; see Fig. 4-4. The othef OR input is grounded by the
SAMPLE pushbutton for manual sampling. Tﬁe negative going output pulse
from the monostable's complementary output triggers the A/D converter
at the converter's TRIG IN pin.

At the start of conversion, the End Of Conversion (EOC) voltage level
from the converter's EQC output pin goes high. When conversion is com-
pleted in about 40 microseconds, the EOC voltage level returns to the low
state, By inverting the negative going transition to a positive going
transition, the Done flipflop may be clocked (Fig. 4-4). Clocking the
Done flipflop sets it if the Busy flipflop was still on (Busy could have
been cleared by a Clear function, or the SAMPLE push button could have
sampled without Busy ever haﬁing been on).

Note: If the reader looked at the D input of the Done flipflop in any
interface's circuit diagram in Appendix A, he would have noticed
some additional logic instead of just the Busy(l) voltage. This
unnecessary logic will be removed in the interface serial #2! Since
this extra logic has no effect at all, even its removal did not
justify the time and retesting involwved,.

The 12 digital output registers of the Analogic converter transfer

their contents into the computer when gated by the Data In C control signal.
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Each of the 12 bits that is at a high voltage turné on its corresponding
light emitting diode (LED), driven by an open collector inverter. In
addition, each output bit may be monitored at a monitoring post that is
buffered from the converter for protection purposes by a pair of inverters
(one of which is the LED driver).

The few remaining electrical connections shown on the circuit diagrams
of Appendix A are not discussed here. These connections implement the
options available with the Analogic converter such as different input
voltages, different output word lengths, adjustable zero offset, ete. Since
these connections do not concern the interfacing with a Nova, the discussion
in the Analogic data sheet will suffice in explaining their implementation
in the circuit diagrams.

The final topic of the A/D interface is the extra protection circuitry
on the analog input; see Fig. 4-5. Since the maximum correct input voltage
range is +10 volts, while the Analogic converter is internally protected to
+15 volts, a pair of 12-volt Zener diodes 1s comnected to hold the voltage
within a safe range until a fuse in series with the input burns out. A unity-
gain operational amplifier follower circuit is necessary to prevent the
additional resistance of the fuse (about 250 ohms for a 1/200 amp fuse, 800
ohms for a 1/500 amp fuse) from adding to the input impedance of the
converter (2,500-10,000 ohms, depending on the selected input voltage range)
~and thus offsetting the digital output beyond the adjustable range of the

ZERO OFFSET Control.

Digital-to-Analeg Control

A characteristic of most D/A converters, including the ZD 442 Zeltec,
fast settling, 12-bit converter in this interface, is that they asynchroncusly

transform the digital inputs to the analog output without waiting for a
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starting signal; If it were desired that conversion take place only upon
recelving the Start signal as in other devices, it would have been necessary
to clock the digital inputs into a set of additional input registers using
the output of Busy. The additional registers requiréd were not considered
to be justified. Instead, as actually implemented, conversion is initiated
by the arrival of new data and the Data Out A instruction. Therefore, the
setting of Busy by a program has no effect on thé start of conversion but
igs used only to allow Done to be set at the completion of conversion, thus
informing the program of the conversion's completion. However, a comple-
tion signal needed for the setting of Done is, again unlike most peripheral
devices, not available from a D/A converter. The solution employed for the
setting of Domne is to create a completion signal‘using a pair of monostables;
see Fig. 4-6. These monostables clock the Done flipflﬁp after the 5 micro-
second needed for conversion. (The explanation for using a pair of mono-
stables is deferred until the next section covering the magnetic tape
transport.) Of course, there is a real design question as to whether a
Busy/Done network is really needed when the 5 microsecond conversion time
is equal to the total execution time of 2 or 3 instructions. Perhaps the
Busy/Done logic should just as well have been left off entirely.

The 12 digital inputs are held during conversion in latches gated by
the Data Qut A control signal., Light emitting diodes and monitor posts
are connected to each output bit. In accordance with the Zeltec data sheet
in Appendix B, some additional circuitry is implemented in order to make use
of the DfA converter's options such as variable voltage outputs, adjustable

 zero offset, adjustable full-scale ranges, etc. Finally, a unity-gain
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operational amplifier follower circuit on the D/A converter's output
increases the available current at the ANALOG OUT coaxial connector from

5 to 25 milliamperes. In addition it serves to protect the converter,

48
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PEC Tape Transport Contrel

Since the design philosophy of the PEC tape transport interface has
. been to make the hardware as simple as possible and the software control of
the transport as flexible as possible, it was decided to assign a data bit
to each transport command. Thus, placing a logical one in one or more |
accumulator bit positions and executing a Data Out A (DOA) instruction
executes the transport commands assigned to those bits. Since the transport
requireé a pulse for some commands, while other command functions respond
to voltage levels, a command register composed of monostables and latches
has been implemented; see Fig. 4-7. Those command functions requiring a
pulse are connected to the output of éommand register monostables; those
requiring a level are connected to the outputs of latches. The data bits
provide the input to the latches or one of the inputs to the monostables,
while the DOA instruction either provides the second input required for
the monostable to pulse or just clocks the latch., The commands to the
transport are all implemented through the command register, except the
Write Step Command which is connected to the output of Busy as described
later.

The tramsport not only accepts commands but also returns status
information. By gating each of the transport's status lines with the
Data In A control in the interface and assigning each line to a data bus line
(Fig. 4-8), the status of the transport can be read into an accumulator.

To transfer the eight bits of data to the transport for writing, the
data signals DATAO - DATA7 form the inputs to eight latches clocked by the
Data Out C control; see Fig. 4-9. The outputs of the latches hold the data

inputs to the transport high or low during the PEC Write sequence.
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MTA-DATA OUT A ——
#3 VY =

DATAQO Ar Q Inter Record Gap
Command

v

MTA-DATA OUT A —¢ Qf— Synchronous Forward
Command

DATA 4 —D Q-

Fig. 4-7. The command register.
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MTA-DATA IN A

MTA-EOT

End Of Tape——ﬂ

Beginning of Tape-—-—-|

Fig. 4-8. Gating the status bits.

MTA-BOT
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MTA-DATA OUT C

C l—— tape bit 1

DATAOQ D /] .

c l1—— tape bit 2

DATAL D 0}—

MTA~DATA IN C

MTA-DATAO

DO— MTA-DATAL
L]
L]
L ]

tape bit 1 —

tape bit 2 —

Fig. 4-9. Data transfer in the tape transport.
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To permit the setting of the Busy flipflop to initiate the write
sequence, the Busy output forms one of the inputs to a monostable whosedpulse
output 1s connected to the PEC tape transbort}S Write Step Command input;
see Fig. 4-10. Another monostable input comes from the output of the Write/
Read Mode latch. Without the latter connection, tape stepping motion could
occur regardless of whether or not write current was flowing in the recording
head and the data was actually written. With such a connection, tape stepping
motion can occur only when déta is actually being writtemn. During the write
sequence, the transport automatically writes the ninth bit on the tape.

This bit serves as a parity bit.

When the data has been written, the Done flipflop must be set to inform
the computer that the next set of data can be presented to the transport
and written. However, the transpori provides no signal when it is ready to
write the next byte of data, although it is known from the specifications that
the transport can write up to 700 bytes per second. Thus to clock the Done
flipflop, a pair of monostables must be set for a combined pulse width of
1/700 seconds and connected between the output of Busy and the clock input
of Done., A pair of monostables must be used here (just as is done in the
D/A interface) because it is possible when writing at the transport's maximum
rate, to exceed a single monostable's maximum duty cycle of 90% on. Since
the pulse would be on for 1/700 seconds and off for only the 10-20 micro-
seconds needed for a few computer instructions to get the next data to be
written, the timing components would never fully return to theilr reset
states. Exceeding a monostable's duty cycle results in a non-uniform pulse

width and causes excessive pulse jitter.
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BUSY
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Fig. 4~10. Tape transport connections to Busy/Done.
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To read data, the transport is placed in the Read mode and the tape set
in Synchronous Forward or Synchronous Reverse motion. As the tape moves,
bytes of data are successively placed on the transport's read limes, at
approximate intervals of 80 microseconds. When a new byte of data is ready
for reading, the transport sends out a Read Data Strobe (RDS) pulse. (If

the transport is not in the Read mode, there are no RDS pulses.) Gating

the read data on to the data bus lines DATAO - DATA8 with a Data In C

signal (Fig. 4~9), and connecting the RDS line to the preset input of the
Done flipflop (Fig. 4~10), enables the computer to gate the data into an
accumulator when the RDS pulse sets Done, Of course, for Done to set, Busy
must have been previously set by the program. Thersetting of Busy by the
program has no other effect on the transport in the read mode, except to
allow the setting of Donme. The reader is reminded that the Write Step
Command monostable tied to the ocutput of Busy pulses only when the transport

ig in the Write mode.



56

A Note on Grounding

To conclude this chapter, the reader's attention should be directed

to the fact that all analog returns join at a common point, which is in

turn tied to the digital signal ground. See,for example, the section

"Installation and Grounding" in the Analog-Digital Conversion Handbook,

pp. II-163 to II-166 [5].
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- CHAPTER V

Ml

CONCLUSION —- IDEAS AND SUGGESTIONS

The availability of a one channel digitizing capabiiity can be used
to good advantage for various digital signal processing applicatiouns. Research
efforts can be initiated via spectral analysis, digital filtering and
correlation techniques of various types of signals, thefeby increasing the
potential for interdisciplinary research efforts.

The above system can also be used to good advantage for pedagogical
purposes. For example, the system can serve as a laboratory tool to
complement the digital signal analysis/filtering techniques covered in the
. Digital NWetwork Theory course (EE 647). For example, analog signals can
be synthesized, digitized, filtered, converted back to analog form, and
then displayed. If speech signals are 1lnvolved, one can qualitatively
assess the effect of filtering them by hearing the reconstructed speech.

A useful source for ideas pertaining to research and pedagogical

applications in the Analog Devices' Analog-Digital Conversion Handbook.

For those interested in fﬁrther hardware design, there are a number
of worthwhile projects. A real-time clock would find use in the timing
of program loops or in fixed delays. If there is a demand for special-
purpose interfaces, the equivalent of the General Purpose I/0 Interface
board in the Nova could be reproduced but outside on the external bus.
Such boards may also be purchased at a reasonable price (Douglas Electronics,
Inc., 718 Marina Blvd., San Leandro, Calif. 94577). Printed circuit board

slots with power available could be pre-wired to the bus. One spare, printed
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circuit, general purpose interface board could be printed and the IC's
implementing the Busy/Done logic soldered on. To construct a new special
purpose interface, one would need only to take an available board, solder
on the data channel_IC's if desired, any registers, and wire-wrap the
special purpose logic. Debugging the new interface would be mostly con-
fined to the specialized logic that was wire—wrapped.' If a spare general
purpcse interface board were always available, then an interface for a
specific appliéatien could be readily developed.

In conclusion, the PEC incremental tape transport can be used not
only for data acquisition but also for backup prbgram and disk storage.
The calculations shown below give some idea as to an incremental transport's

relative usefulness for program storage:

Approximate time to write 8 K of memory to tape:

8192 words x 2Lytes . (700 bytes

word ) sec ) = 23 sec

Approximate time to read 8 K of memory from tape:

2 bytes 5 80 x 10-6 sec
word byte

8192 words x = 1.3 sec

Approximate time to write 1 disk to tape =

256 words " 12 sectors % 2 tracks _ 203 cylinders
sector track cylinder disk

2 bytes . 700 bytes _ 1 min
X - X
word sec 60 sec

= 59 min.

Approximate time to read 1 disk from tape =

256 words _ 12 sectors % 2 tracks " 203 cylinders
sector track cylinder disk

2 bytes x 80 x 10_6 sec 1 min _
word byte 60 sec
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Circuit Diagrams
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AD-DATAQ

MTA-EOT

MTA-DATAO

AD-DATAL
MTA-BOT

MTA-DATA1

AD-DATA2
MTA-GIP

MTA-DATA2

AD-DATA3
MTA-TNT

MTA-DATA3

AD-DATA4

MTA-TRR

MTA-DATA4

AD-DATAS
MTA-BIB

MTA-DATAS

AD-DATA®6
MTA-DBY

MTA-DATA6

AD-DATA7

MTA-FPT

MTA-DATA7

Fig. A-3.

+5 V

BUS

DATA

~OC
N o]
L)
2
s oy
o
)
ro

[ oc o6 PATA L o DATA
78
|
T
DATA 2
oc b e sl 62>0° DATA

DATA

e
__.g;_
\/

|
| oc 3 DATS O DATA

;

DAT
gg o po 2 DATA
|
|
2
DATA
6 13
| oC 1A 7 61 DATA
+5 vizl 77 |

Common logic:

|
I

connections to data bus lines 0-7
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BUS
I
AD-DATAS
DAlQ DATA 8
WTA-FCr Dﬂ, ——2’_— DATA 8
MTA-DATAS8 |
|
e l
MTA-MC 4| OC o——2161 - DATA 9
+5 Vo 76
|
I
DATA IN C 9 DATA 10
oc _ 11 10
SBepitn IODLQ 61 DATA 10
AD-DATAIl 6 l
g i
1 .
INTA " ATE T 5
DA-INTP+INT REQ(0) 76 - - DATA 11
5 1 B EZ I
AD-INTP+INT REQ(0) 45 1 +5 7 |
WIA-INTP+INT REQ(0) -3
DATA 12
r
|
(strappcdlthruugh)
DA'l‘i 13
®
|
(atrappedlthrough)
DA-INTP+INT RIQ(1) = 8 q S[ATX 14
WIA~INTP+INT REQ(D) 10 o
1[1 75 |
INTA |
DA-INTP*INT REQ(1) 12 1113 |
. - 13 49 DA]A 15
AD-INTP~INT REQ(1) 14
INTA
Fig. A-4. Common logic: connections to data bus lines 8-15



BUS
]
(
|
QENB ©- 13@012 —0O RQENB
|
|
s ) 1 2 .
MSKO O— ‘ 63 XO0— O MSKO
}
|
T -
I_)C“A | (strapped through)
1
™ L P
( 1K ‘T 100pF _
: ) 4
o ? ‘ VVV e EOLT b" 0 I0 RESET
I 1k S} 100pF © IO RESET
BE T | T of 64 © START
o o
! 11
CLR © 1 —_—
I 12| 64 O CLEAR
l ==100pF
| K _I-
10PLS O— — 0
| (strapped through)
1
DATIA O— _ _ 79 Y? O DATA IK A
| |
1K 100pF
r L
| 4
DATOA O— [ 5 79 xﬁ, -0 DATA OUT A
: 1K =7 100pF -
DATIB o - o
1 (strapped through)
DATOB O— 0
: (strapped through)
DATIC © —10 o T
i i 9| 79 DATA IN C
[ e
‘ 1K :I 100pF
| .
DATOC E: S 13 1 e o
; LVW 12| 79 —0 DATA OUT €
i 1K -.-“-ElOUpF |
Fig. A-5, Common logic: control signals to the devices
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| |
DS0 o 1% 3{}0" ——DS0
|
|
DS1 - 3 o >0-E _DS1
|
| | |
—_— 10 —
DS2 @ j@t\ra Dsz
| |
|
553 - L@;ﬁz - “ﬁﬁ
I
o |
B o s@;@ @o"_—m
l [
I
S 11%0 13 125
] , DS5

Fig. A-6. Common logic: device select receivers
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DA-INT REQ(I)

== DA=-INTI’ IN

L

AD=1NTP IN

50 —

AD-INT REQ(L)

2
13[EE:}3; 11—
21 74

—— MTA-INTP IN

MTA-INT REEQ(1)

5V
2 _[3309 o INTP OUT
Lrze
[

. (data channel priority chain is strappced through)

bA-DONE

1
AD-DONE 12 5]
MTA-DONE i +5 ¥ -A]
DA-BUSY 3
AD-BUSY 6 10
- 9
MTA-DUSY +5 v 1]

DA-INT REQ(1)

o K
AD=INT REQ(1) _,__#5.@5__ 13
VA THT REQQT) __ 15 v 44

SELD

Fig. A~7. Common logic: interrupt priority chain and control

signals from the devices
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START —20 1 1 2 ——
DA-SELECT —aqg o1 O Ha=START

DA-START

DA~-SELECT

CLEAR _5_0 \4 DA=-CLEAR
6d 31 )

DATA OUT A
DA-SELECT

—&d . \1o | Ty
9 O 51 } DA-DATA OUT A

pST 1
DS1 —2
sz 3
ggz 5| 80 Yot ,_Zbi__ DA-SELECT
DS5 6 '

45V 11 - DA-SELECT
+5 v

- 1‘
DA-INTP IN 5] 81 P2 DA-INTP+INT REQ(D)
DA-INT REQ(0)

Fig. A-8. Digital-analog control signals from the common logic
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DA-INT DIS(0)

s ;6
DA-DONE(1) —-4]

14

P £ P

RQENB

68

MSKO {11

owra(7 )2

DA

INT
DIs
D34 0

|

10 Rngf_____,f___Li?

8.2K 470pF g _2x 470pF

10

DA-START ,—_ 2|

2.

3 usec 2.5 psec 1] 3
= <

L]

67

22

DA-DONE (0)

DA-BUSY (1)

DA~-START

66 Y& - Da-DoNE

=

~—-— DA-SELECT

DA-CLEAR -11

51
I0 RESET -12] ~

Fig. A-9.

DA-DONE (1) LT

D

12 11
_D),_ DA=BUSY
31

DA
BUSY
35
0

3

Digital-analog Busy/Dane implementation



DA=-DATA OUT A

w
1659

- [3M@

M\
[ : 165¢

E @ 1
1650

Ly
11M>
[ 1650

bit 1

bit 2

[\
13M
i 1650

LED‘*W@

ENY

5
E 1650

From
common interfac
e
A 2 |
DATA O D L=y munitor @ pust
3T QLS
2 |-
DATA 1 3} b Q !" 18508 noniter 1 past
. ooy 10
6 23 _h, 5
DATA 2 D L 216508 nondtor 2 post
L 4E
9 23 -
DATA 3 42 Q B wonitor 3 post
Ire 16
22 g
b1
DATA & 4 p e1 16502 ponitor 4 post
pAC ap2
4 21
DATA 5 i D QL“—‘W— monitor 5 post
4 C QRO
6 22 .
DATA 6 > i D Q mouitor 6 post
p—t C q}-2
. 7 22 _ 16541
DATA 7 o Q moniter 7 post
13—
4 2
DATA 8 T D Q monitar 8 post
= ¢
Q
y_oun .9
DATA 9 3 p g o b monitor 9 post
— ¢ Q
21
DATA 10-—>-3 sftll L0 sstene 30 poge v
Iy 13@&;\/\/\,@—
54 ‘ I_ 1650
=1 gl
pATA 1t —2 b o%zmnimr 11 post
Fig. A-10.

[M@' i

[M@

Digital-analog data input register

D/A
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ZELTEC PIN 22 @ tof 1N
iF OUT
ZELTEC PIN 23 e rF Ol
+5 ¥ ® FSR SELECT ZELTEC PIN 19
ZELTEC PIN 22 @— 1ok 1N 1oV & o FSR SELECT ZELTEC PIN 21

10-10V ® PY
l 3
]

ANALOG OUT '6/70
ZELTEC PIN 30 o o—
@

FSR SELECT ZLLTEC PIN 20

® 00

FSR SELECT ZELTEC PIN 20

ZELTEG PIN 23 4 REF OUT
REF

N
ZELTEC PIN 22 o o oSt
ZELTEC PIN 31 ANALOG GND [

ZELTEC PIN 24 .FULL SCALE ADJ.[

ZELTEC PIN 29 ¢ZERQ OFFSET ADJ,

ZELTEC PIN 30 o ANALOG OUT ~4————— ANALOG OUT

Fig. A-11. Digital-analog OUTPUT VOLTAGE selector switch, trimmer
potentiometers, and output operational amplifier



START —2y
AD-SELECT .30

CLEAR 5
AD-SELECT _GQ

DATA IN C —3()
AD-SELECT —2()

DATA IN C 30

AD~SELECT 9

DSO
D81 _—

2

D82 ___ 3

DS3

DS4
DS5 ——8
+5 v 11

)
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17 > AD-START

17

AD-CLEAR

AD-DATA IN C

17

AD-DATA 1IN C

UV

19

V—QD)LAD—SELECT

AD-SELECT

+5V 12

AD-INTP IN —d3
AD-INT REQ(0) —L

Fig- A-lzn

S

15 AD-INTP«INT REQ(0)

Analog-digital control signals from the common logic
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RQENB J TP AD-INT REQQL)

3 AD

INT

s RE(}
AD-INT DIS(0) — k] a7 1
6 I [V ) I

Ap-pomi(1) 2 1 3

O

0
MSKO cLlc,, 112

INT

| p1s
DATA 8 o7 ol8

10 RESET , 1

(&)
Analogic EOC pin - 9 5 8 «—34C 1}2 2 (e
AD 10| 16 AD-DONE
DONE -
8
-DONE(1) 2 :
AREROHELTY 3) 18 Yo—1Hs >0l 2 o
7 ) L AD-SELFCT
AD-BUSY (0) : '
AD-START -1 13
(510 1 4 ) R —
1 16 ADTBUSY
AD-DONE(1) M 11 9—13
AD
BUSY
12 3 8
=P 0
AD-CLEAR 11 . _ . ﬁ
10 RESET 12 ) 17

Fig. A-13. Analog-digital Busy/Done implementation
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8.2K 220pF

.——|'
PROGRAM | B
START 14 11 10 usec
BUSY (0) 5 " — ey
q L Analogic TRIG
_ § ) IN pin

TIMER N
START
4 |5
+5 Vv
3K é SAMPLE
+5 Vv =

+5V

[=]
et
=
|
11
11

Fig. A-14. Analog-digital TIMER and connections to the Analogic
trigger input
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A/D

i
Bl

B2

B3

B4

B5

BS

B7

BB

B9

B10

Bil

B12

-
3

' _OFFSET BINARY "To common
’/2'5 COMPLEMENT ~ » interface 1650 W\
! "3 e —AVV— +5 v
g (2 -13>:>3— AD-DATA 0 @—
o
. 1{%32- L monitor
[ ———— \
ZDAT 650
*HDB_ KD-PATA 1 | 2 @ s
3pc 3 3 4__. monitor
& AD-DATA 2 7650 3
13 AD-DA ) sy
2 64313 b monitor

2 e -t =
"lj 13 11 AD-DATA 3

\ v
1650
'"'MM_@B_ +5 v

1 E—
";} AD-DATA &

313 monitor
> "
‘—W—@— +5V

S

AD-DATA 5

e
W

11 &d"

<

AD-DATA 6

Da
B

1loC

1 &d‘z—-—in ; ).')—12 monitor
65Q \@

11 >)—LQ— monitor
1650
— R +5 v

+5 v

14 3
14
14
2 |
3 Dll_ AD-DATA 7

12

[=]

1{>02—‘ monitor
Tesa %
—'\/\N‘—@- +5 Vv

3 4 . monitor

L :
HD}L AD-DATA 8

™~

3 &CA

LY
1650 °
- 45y

4 ——
ﬁB)b_ AD-DATA 9

1%

o

2 >}L monitor
———JVVGVSQ\—@\\ B-— +5 V

(directly to common

B 4

interface)

o

12— o
j

AD-

L DATA 1IN C

11 joC (}
A 2
DATA 11
2 .
—L——D{‘-b 4 W2 . monitor

9 4 >).B_ monitor
2\
—/\}\9\5}’—@-‘ 45 V

1Y 4 10 monitor
"
¥}
M 45 ¥

Fig. A-15. Analog~digital output gates
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Analogic +10V REF pin @- ¢

20K (.} 20Kk <€—
Analogic ANA RTIN pin ¢—

250K
Analogic RANGE pin :

500K

Analogic OFFSET pin g Y
+5V
Analogic CLOCK ADJ pin g ¥ %11{
Analogic DIG RIN pin ¢
L
500
6 "
ANALOG m_('\j 24 )@ Analogic IN 2 pin

Zg 12-volt Zener diode

\VA

Fig. A-16. Analog-digital trimmer potentiometers and input
protection circuitry



Analogic WRD LTH IN pin

s

-5/45
SV @

-10/+10 V ®
0/+10 Ve

Analogic IN 1 pin

X

\

Analogic IN 3 pin

Analogic RANGE MODE pin

Fig. A-17.
switches

.\

B3
B4
B5
B6
B7
B8
B9
B10O
Bll

B12
B{(n+1)

Analogic
Analogic
Analogic
Analogic

Analogic
Analogic
Analogic
Analogic

Analogic
Analogic

Analogic
Analogic

+5 V REF pin
IN 2 pin

+5 V REF pin
ANA RIN pin

IN 2 pin
IN 2 pin
ANA RTN pin
IN 2 pin

REF SW pin
ANA RTN pin

REF SW pin
ANA RTN pin

Analog-digital OUTPUT WORD LENGTH and INPUT VOLTAGE
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TRANSPORT CONNECTOR . " Winchester MRAC 1045-J6

INTERFACE | MATING CONNECTOR Winchester MRAC 104P-JTCAIL
CONNECTOR
LIVE GROUND
PIN PN PIN SIGNAL
-——p=~ Interface Input
wferm—— Interface Output

2 - C oy z ———= INTER-RECORD GAP Command (IRGC)

k! AD AT —e—pe FILE GAFP Command (FGC)

& AN AT —p= WRITE STEF Command (W5C)

5 AX BB — = WRITE DATA 0 (WDO)

6 JBF BL ——— WRITFE DATA 1 (WDI)

7 DR - BV ———p WRITE DATA 2 (WL2)

B Bz’ CD ————pe WRITE DATA 3 (WD3)

9 cl CN — WIITE DATA 4 {WD4)
10 B F e WHITE DATA § (WD5)
11 e R ———— WRITE DATA 6 (9-channcl syslem only) (WD)
12 v A ——— WRITE DATA 7 (9-channel system only} (WD7)
13 n s ———p= ECHO CHECK RESET (Optional) (KCR)
22 q u ——— DBUFFER | BUSY (BL})
27 ¥ AC -—— GAFP IN PROCESS (GIP)

24 AH AM —— ECHO CHECK PARITY ERROR (Optianal) (ECP)
25 D I «———~ END OF TAPE Marker (EOT)

26 N T a4——— BEGINMING OF TAVE Marker (BOT)

27 X b «g——— TAFE NOT TENSIONED (TNT)

28 e k 4—— TRANSPORT READY (TRR)

29 AS AW w——— READ DATA ¢ (RDO)

30 BA BE «4——— READ DATA 1 (RD1)

11 BK BP “—— READ DATA 2 (RD2)

32 BU BY «d———— READ DATA 3 (RD3)

33 cc CH «#4—— READ DATA 4 (RD4)

3 LM S «g——— READ DATA 5 {(RD5)

35 C H «a——— READ DATA & (9-ch nnel system only) (RD6)
36 M 5 wt——— READ DATA 7 {9-channel system only) (RD7)
37 w a «——— READ DATA P (Parity) (RDP)

38 £ j at-——— READ DATA STROBE (RDS)

33 P t at— DATA BUSY (DBY} "

SPARF

F -3
Q
®
»
&

14 CHB CF —— DATA DENSITY SELECT (Optional) (IMDS)
15 A E —p JOAD FORWARD Commuand (LFC)

16 u Y ——p REWIND Comimand (RWG)

17 ~F h —pe REMOTE RESET {IL115)

DISABLE MANUAIL CONTRQLS (BDMC)
SYNGHRONQUS FORWARD Command (S¥FC)

it et
o
£53
o
>

20 AE AK e SYNCHRONOUS REVEKRSE Command (SRC)
41 Bw AU o -5 vults } For monitoring only; not
42 LA afp——— 5 volts {fur customer use
43 CE t——— 0 volt
22 (e 34 at—— - CHASSIS GROUND

CL -w—— =10 volty For monitoring only; not
46 . CR ag—— +10 volts } [ur custorner usge
47 _AF AL d—— FILE PROTECT (FPT)

: ﬂ , AP ———» WRITE/READ STATUS (WRS)
AR AY -+ MOTION CHECK
Fig. A-18,

Incremental Write/Synchronous Read DTL Interface Signals
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START —aQ

1 e e e D

MTA-SELECT ——og) MTA~START
CLEAR -__EQJ

MTA-CLEAR

MTA-SELECT —2Q

]
(v o]

DS

DATA IN A —20

MTA-SELECT —30) MTA-DATA IN A

DATA OUT & —d

DA\

12 S
—_———e DATA OUT A
MTA-SELECT —2Q T
DATA OUT A
DATA IN € —39 __ \10
g ] 28 DATA IN C
MTA-SELECT —2Q) /
DATA OUT C 12 28 = DATA OUT C
MTA-SELECT —=£0) /
DS@ L
DS1
Ds2 31
Ds3 -4
ps4 —5| 30 MTA-SELECT
DS5 — &
45V 11 ‘MTA-SELECT
+5 v 121
MTA-INTP IN — 12 11
MTA-INT REQ(0) _ 13| 41 - MTA-INTP+INT REQ(0)

Fig. A-19, Tape transport control signals from the common logic



RQENB 31

1
MTA-INT DIS(0) ——‘ 42 o3 2l 26 416
MTA-DONE (1) —2;

10
0
Crral
INT

DpIS
DATA 10———234n26 0

10 RESET—————?H

11 .BK ) . l—TF ¥
Il I 1110 |1 E 10 4
O)

MSKO -

" PEC RDS

o

N

4
1 3 Ts
g s i o B g E

MTA-BUSY (1)

IS

79

+ MIA-INT REQ(L)

. du
1 4 lr—l
31 33 )
42 YoB— MTA-DONE
MTA A
MTA-DONE(0) 9 . N
MTA-BUSY (1) —— ” 0105 -
) i 1 ¢$—————— MTA-SELECT
_ 65

MTA-START 10. L 31 Sesams
& 42 2 MTA-RUSY
UG~ Ti.dd ’})
MTA
BUSY
27
8
% of
11 -
MTA-CLEAR j3- _
10 RESET —12 5y
10K 220pF
T, e -
i P
T _ 3 58 fh— abc PLC-Write
45 Vb ] b Step Command
I_‘ Q ]

B_ wra-pusy (1)

Fig. A-20. Tape transport Busy/Done implementation



MTA~DATA OUT A 10K 220pF

From common I YN r‘4F-1
interface 14 11 fio

80

+5V

To PEC

1809 transport

1 usec

play s i,
1 (F4— PLC-Inter-Record
Gap

er== 10l

+5 V
3,92k 3 uF
+—|
4 11 Lo 1800
: >2 msec
A3 1 e b
3 PEC-Remote Reset
+5 v -4
DATA 1 ———— 5
+5 Vv
10K 220pF
_*
L 180G
14 1 0
- 56 ket N S
15 ' L A5 — PEC-Rewind
+5 v ]k >
= )
DATA 6 2
10K 220pF
[J\ﬁV\f—-—iF—] :
14 1 l1o B0
57 1 usec
1 9hc 8

PEC-File Gap

DATA 8 3

Fig. A-21. Tape transport command register monostables



MTA-DATA OUT A

81

1800

18, Qb f«/\/\,— +5 V
DATA 2 2 ¥ ﬁ & = -l PEC-Echo Check Reset
13 28R +5V
13. Ql l—’\/\/\/f
paTA 3 3p ' G 3 E} . PEC-Disable Manual
1804 45, 37 Controls
e QL r VWA —
paTA 4 _Sp 7% gli : PEC-Synchronous
1800 Forward
A +5 V
3 ' g
DATA 5 —4P 08 g % ; PEC~:::21;;2mus
1808
13 Q +5V
DATA 7 2y 72 5 PEC-Data Density
Select
13‘_‘ ol +5 V
DATA 9 _3p 2 gjLe 130 J PEC-Load Forward
1808
4 +5 V
L Q
DATA 10 &, 72 3 PEC-Read /Write
- Q-
-n 72 qQ 8
Fig. A-22, Tape transport command register latches



— _MTA-DATA IN A

From PEC o .
transport interface
A ™,
’ \M_ rd ™.
3 TR
PEC-EOT 2|39 P — MIA-LOT
TR
4704
4 ' -
PEC-EOT 5:55::)311—— MIA—BOT
']
4700
8 YT E ]
PEC~GLP 10| 39 ___ MTA-GIP
a]—:/\_/\—/\]
4700
1 — e
PEC-TNT 12| 39 L WTACTNT
llm
4700
: D ——
PEC-TRR 3] % MTA-TRR
|Im
400, )
PEC-B1E 5] 40 — MTA-B1B
]
470Q
9 A
PEC-DDBY 104 40 MIA~DBY
1] e
4700
13— o
PEC-FPT 12| 40 11 MTA-FPT
«] 4700
PEC-ECP 2| 41 MTA-ECP
]
4700
4 PR
PEC-MC 5—7;5::})————— HTA-MC
I g

Fig. A-23, Tape transport status gates
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MTA DATA OUT C

To PEC
From common transport
interface

N 1800 / 5%
rd N _ +5 V
c Q- rVVV"
DATA 0 -2Jp 69 b 110 _ PEC-WRITE DATA 0
2 1800
13 |g oL [JVNNr——+5 ¥
paTA 1 2fp 69 gis__13 ) PEC-WRITE DATA 1
1808
4 +5 v
6 ] Q
DATA 2 6FD 9 gL PEC-WRITE DATA 2
8 ' 1309
4 +5 V
C Q_
pata 3 Zp ©° 51_,___’0 [ PEC-WRITE DATA 3
1800
13 ¢ Q ' v
DATA 4 _2|p 70 g PEC-WRITE DATA 4
13 c Q +5 V
paTA 5 _3|p 0 | PEC-WRITE DATA 5
4 c Q 180? +5 Vv
DATA 6 _6|p '° Q PEC-WRITE DATA 6
+
W c = 5V
DATA 7 | 70 (8 13[2;;15 | PEC-WRITE DATA 7

Fig. A-24, Tape transport data output registers



MTA-DATA IN C

To common
interface
.y
, /
37 MTA~DATA 0
37 Yo% MTA-DATA 1
37 Xx®— VTADATA 2

37 YLl MTA-DATA 3

From PEC
transport
P
/7 N\
1
PEC-READ DATA 0 L2
'W‘"W‘T
4700
4
PEC-READ DATA 1 >
i
4708
PEC-READ DATA 2 L0
'
4700
Wi
PEC-READ DATA 3 12
3
4700
1
PEC-READ DATA &4 o2
||l'-\/\/\f"--I
4700
4
PEC-READ DATA 5 o
l\}—y\mf~1
4700
PEC-READ DATA 6 10
B
700
13
PEC-READ DATA 7 12f

PEC~READ DATA

Fisl A"‘25.

| v

4700

38 MTA-DATA 4

18 6 MTA-DATA 5

33 2— MTA-DATA 6

38 DL MTA-DATA 7

32 MTA-DATA 8

Tape transport data input registers

-\
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POWE

MODEL 55 BT

SINGLE
VOLTAGE

558

‘Designed

especially for use

{0 O

goma N d v,

wmﬁ%‘

Y 5 oo by A
J iy ol RSP TR

" 86

DUAL
VOLTAGE

SBY

:‘:--?“".Up to 60 Watts
Any DC Yoltage

3 to 30

. LY il » N
Electrical Specifications:
INPUT: 105-125 VAC. 50—420 Hz
REGULATION: LINE —0.005% OR 2 MV MIN (10 VOLT CHANGE)
LOAD: 0.05%, OR 10 MV MIN (FULL LOAD CHANGE)
RIPPLE: LESS THAN 250 MICROVOLTS
IMPEDANCE: 100 Hz — 0.001 OHMS
1 KHz — 0.005 OHMS
10 KHz — Q.01 OHMS
100 KHz — 0.1 OHMS
RECOVERY TIME: 25 MICROSECONDS
OVERSHOOT: NONE ON TURN ON OR OFF
TEMPERATURE: OPERATING ~40 TO +71°C
STORAGE —65 TO 4-85°C
COEFFICIENT 0.01 %/YC MAX

CURRENT LIMITING: FIXED - FOLDBACK TYPE -
AUTOMATIC RECOVERY
OUTPUT: FLOATING.

SEMICONDUCTORS: SILICON

CAPACITORS: COMPUTER GRADE — 10 YEAR LIFE
OVERVOQLYAGE PROTECTION: FIXED CROWBAR - OPTIONAL
WEIGHT: 4.25LBS

Ordering Information:

WITH
SINGLE OUTPUT PRICE OVERVOLTAGE
(Models 55 - 3 thru 55 - 30)
1-9 $59 ea. $65 ea.
10-24 $56 ea. $60 ea.
DUAL OUTPUT
(Models 55 - 1212 thru 55 - 1818)
1.9 ' $69 ea, $79 ea.
10-24 $65 ea. $74 ea.

: IO, i
Model Voltage Amps
55.3 * 25-35 5.0
85-.4 35-45 50
555 45-58 50
55-6 55-6.5 45
55.7 65-75 45
55.8 7.5-85 45
55-9 B5-95 4.0
55. 10 9.5.10.5 a0
55-11 105+115 40
55-12 11.0.13.0 30
55-14 13.0- 150 3.0
55- 16 150-17.0 30
55-18 17.0-190 25
55.20 19.0-210 20
55.22 21.0-230 20
55 .24 230-250 20
55.26 250-27.0 2.0
55-28 27.0-29.0 20
55-30 29.0 - 30.0 240
B85-1212 *11.0-130 1.0
55. 1515 =14.0- 16,0 1.0
551818 =17.0-19.0 1.0

Flestosinting ne.

7718 CLAIREMONT MESA BOULEVARD
SAN DIEGO, CALIFORNIA 92111 7 (£14) 273-1414
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DC POWER SUPPLY
MODEL 55-5

- 4___]_:, o e oy [ ko) 8 (o} nnO‘SIQ‘O

cas
3o
s ROWBHQ?S 8 s £l
4 g ere %1
- or RZO O Ci cs
-‘: o e
s :
: l“ -
' "3 O Onr"?
4 : J' O An O
RESISTORS
R1,8,14 100 RL20 R6,11,13 510 RLZ0
R2,4,9,16,17 1% RL20 - R7 .05 Wi
R3 10K RL20 i R10 2.2K KLZ20
R5 910 RL20 R12 500 POT
R15 27 RL20
CAPACITORS SEMICONDUCTORS
(9] 500 MFD 15y - Regulator 723C
c2 9200 MFD 15V Q1 2N5296
€3 4.7 MFD S0V Q2 2N3055
C4 1000 mmfd CR1,4 1N4002
(] 500 MFD 15V CR2,3 VTA200/T (VAROD)
CR5 1N752A (5.6V)
CR6 40654 (RCA)
F1 Fuse AGC6
T Transformer 5575

NOTE: F1, R15, R16, R17, CR5, and CR6 are on units with overvoitage
option only.

@lgﬁmamﬁﬂm{ﬂ. 7718 CLAIREMONT MESA BLVD. » SAN DIEQGO, CALIFORNIA 831118 TELEPHONE: {714) 270-1414
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MODEL 10 DT POWER SUPPLIES

SINGLE
VOLTAGE
$27
DUAL $35

Designed especially
for 1C’s, logic circuits,
and test equipment

Up to 10 watls
any DC voltage
3to 30

Immediate Delivery
From Stock

g“' [THWr “,,‘;

Electrieal Specifications:
INPUT: 105.125 VAC. 50-420 Hz

REGULATION: LINE: 0.0059% or 2 mv MIN
(10 YOLT CHANGE)
LOAD: 0.05% or 10 my MIN
(FULL LOAD CHANGE)
RIPPLE: LESS THAN 250 MICROVOLTS

IMPEDANCE: 100 Hz - 0.001 OHMS
1 KHz - 0005 OHMS

10 KHz - 0.01 OHMS

100 KHz - 0.1 OHMS

RECOVERY TIME: 25 MICROSECONDS
DOVERSHOOT: NONE ON TURN ON OR OFF

TEMPERATURE: OPERATING 20 10 +719C
STORAGE -65 TJO +85" C
COEFFICIENT 0.01%4/°C MAX

CURRENT LIMITING: FIXED - FOLORACK TYPE -
AUTOMATIC RECOVLRY

QUTPUT: FIOATING

SEMICOTDUCTORS: SHICON

CAPACIHTORS: COMPUTIR GRADIE 10 Yialt LI
OVLHVOLTALE PROTECTION: QPTIONAL

WLIGHT: 1.7 LHS

Low Cost nnd Reliable DC Power Supplies

i el e i o

Mmzhmuuwh Adﬁﬁ*zu«aunm&&&u‘“ Coabed h._wwuma. asai .nM" i "“;'“J doii i it RN

B

B T o P irad

3?3'

*NModel Voliage Amps
105 4555 12
1012 11-13 0.8
10-15 1416 0.6
10-24 23.25 0.4
10-28 26-30 0.35
10-1212 113 0.35
101515 * 1418 0,35
10-1818 11719 0.35

ANY OUTPUT TO 30 VOLTS AVAILABLE

Single Dual
Quautity Supplies With OV* Supplies With OV
1-9 327 ea. $32 ca. $35 ea. $45 pa.
10-24 $24 oa. $28 ¢a. $32 ¢, $11 ea.

“FUN OVER YOLTAQL MGDILS
ADD -0 TO MOODEL HUMDET

Hlpetmsinidnsine.

T8 CLAILMONT MESA H/IU EVARD
SAN DILGQ. CALIFOIINIA D2110 4 (714) 2791414



DC POWER SUPPLY

MODEL 10-1515

89

PR T ] [ ]
R e | | e .
e _ﬁ - ¥ L R
E , 1-.14»- - ; [ feme= =g, 23
S .l [ Tk % . . cmac—a ‘B
1 R G [ ]
DE cr 3 . e I cs ] e sk
" R e SLEDRE U S B B a® kp__ 8§ &2
U " oc[5108r] o[ 1560 c
CAC I G v ' kB HIEE
E- > rré az laa 00 s rnéo?’;
(Bl - ¢ e e ° ol
:Ev lad ‘O% éc u "'"’-'\nl Ou 5
o i
7 T ” eraca o« crh
i e ril d{ ;E q’ 0
cF ape riz R2 o 0
” g x| FiT e
< o L -, L4
X 600 volo oo §
CJAE() CAS Q¢ ()._
SCHEMATIC + ~ “com
PC BOARD LAYOUT
PARTS LIST
c1,5 860 MFD 30V R2,18 10K RL?20
c2,6 4.7 MFD 10V R3,19 750 RLZO
c3,7 1000 mmfd 200V k4,20 100 RL20
C4,8 47 MFD 25Y RG,22 910 RL20
CR1,2,3.6, R7.,23 1.0 BWH
7,8,9,12 1N4Q02 R8,15,24,31 1K RL20
CR4,10 Zener 184742 R9,25 2.7K RL20
CR5,11 SCR 40654 R10,26 680 RL20
ui,2 Regulator 723 R1%,27 500 POT
T1 Transformer 1071515 R12,14,28,30 820 RL20
F1,2 Fuse AGC] R13,29 220 RL20
R16,32 910 RL20
NOTE: R13,14,15,29,30,31,CR4,5,10, & 11 are only on un1ts with

overvoltage protectlon

[ lectmanieiiza .

TP0H CLATALMANT MELA IV B SAN DGO, CALIWONNIA UIVHES TLLEPHONT

[714) 270 1414
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GENERAL DESCRIPTION

Analogic’s MP2410 and MP2412 are extremuly low cost, high speed, highly
accurate, stahle, and highly reliable un.llog to-digital converters. Housed
inasmall 4" x 2" x 0.4" MODUPAC Mthese fast (40 microseconls for )
12 bits) anl highly reliable {250,000 hours MTBF) converters provide sub-
stantial space and cost economies in high speed-inedium resclution digitiz-
ing systems. The high accuracy and differential linearity (0.012%) plus the
high stability {differential linearity tempco is SPPM/°C) of the MP2412 as-
sure high performance in all general purpose applications.

PERFORMANCE ACHIEVEMENTS

The high digitizing rate of 25,000 conversions per second with an accuracy
and differential linearity of 0.012% and the high stability of the tAP2412 are
economically achieved by exlensive utilization of MS1 and other advanced
components. While producing a fast, accurate and stable converter, the broad
use of MSI reduces the total parts count thus enhancing reliability. Reliab-
ility is further increased by employing the latest manufacturing and auto-
matic testing procedures in the constructian and checkout of this ADC. Im-
plementing these and similar wehniyues assures that the MP2410 and the
MP2412 provide highly reliable and economical analog-to-digital conversion.

The MP2412 is an extremely flexible system component useful in many
digitization applications. The input full scale voltage range is pin selectable
as is the output digital resolution and binary code. The serial data output
allows A/D conversion at the analag source and provides single-line transmis-
sion of the digitized data to remate equipment. The accessible reference
control permits ratiometric digitization for use in tracking applications.
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Figure 1. MP2412 Functional Block Diagram. EIR COMPANY
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FEATURES

¢ Low Cost-MP2412: $75 (100’s)
..MP2410: $65 (100’s)
o HighThru-Put
. --up to 50KHz
» High Accuracy and Linenr.it;r
© ..within 0.012%
e Low Parts Count
"...only 46 components
* High Reliability
..250,000 hours MTRF
" APPLICATIONS
® Instrumentation Systems
e Computer Controlled Industrial
Processing
¢ Data Scanning Systems

ANDLO T .

... The Digitizers

Fm Vel i LiEemi Ee e Samimm ek

Audubon Road m Wokefield, Massachusetts 01880

TWX (710) 3480428
Sulte 205, 6405 Metcalf
Sh.unee msnlon, Kansas
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Tel. (617) 246-0300

¢

Y i
S S !
) J|- o R

-



e e ”- -‘ Pl S i AR Dt LA R ) Y PTE CRL TR o e mu"ﬂl"ﬁ'!d"
' 4 o SP[;CH ICA'I IOD:IS‘ . _ ] AN2412 (PC card mounted MP2412)

ANALUG mvur . :
Ingut Voltags [Full Scale flange)  Pun sctucrabte: - 10V o ¢ 10V,
g OV w0 P10V, =5V 16 25V, oy DV 11 93V 1w Frog 10)
lnput impedenca Depands on FSH, See Frg. 1)

ACCURACY (837'C)

|
|
K
|

Reswlutgn Pirnseteviahle. Ttol 2 besiMPZ2 3170 1010 b (NPTAI0)
"Absolute Accur sy 20 0LT% FSA (MPLATL. 2 ovs FSH (M 20100
** Rolstwe Atcuracy 20 002 FSIMPZATT), *0 05 FSR (IMP2410)
** Ditforantial Linesrity ) O0VIN FSH (MPZ412); *0.05% FSH lMP"llﬂl
DOuantiring Errar 4 LSA
3uNoin [lcluder Retocsres Nnoe) DDI% FSA P P iefarred winput
Maonatonicity Guirgitendd
. MistingCodes  Manw a1 optumum linearity, Reter 1o Fig. DA,
STABILITY s gl )
Tompco of Ditfarentisl Linearity . <4 tppm/'C FSA
Temponof Gun  <225ppem/" € Resig
Tempan of Offwr <*H0ppm” C FSA
© Power Supply Sensithvity 20 LN12%W% chatign i 1upply »oltage
- Rapeshibiity Dutiran) by Noise avd Accurpcy

Worm-up Tima to Stated Accuracy <5 maaten
Oparating Temparsiure 0°C ta +70°C
Swraga Tamperaturg -25"C o +85°C
Relative Humidity 5% to 95% non<andeiung
Mechenical Configuration Encaprulaied plostic casa t
Pachaging MPZAXK I w A" x 04" Modugac |Sev Fig. 4)

CONVERSION TIME T T ‘ oV et ;lj; - *'“‘7 - Pﬁmﬂr‘hvw L A T -w--.u-...r.r“’,o,‘W‘
7, Total Conversion - Aujustabie: 24 2 49 ruac for 12 bts, ) : . : ;
% 20 to 40 psec lun 10 bits [Sew Figuies 9 a0 94} I i o P LE, . o .
. % 1o e e - s Loy L A e
DIGITAL SIGNALS R . % V. r"-.nm.\..r Lo . e b -
Pusllat Outpur (Ses Timing Oragram Fig. 31 BunaryB1,B11u 812 TTL rmpatibie, 2 unt s line { ; :F:-‘u'_j'w'r:_::i.ma-- \ il fams g
. Betial Output (Sew Tiniing Disgram Fig. 3) . Nrcative pulses simultsnetus withclock gufse for 07 b N | B il o el
_ Output Coding . Piur mlecrable: Biary. Oflsat Binary. 2°s cumplemant_ ; vrend T - e —er i B ]
s - . N " 4 1 i E
. . ool :mmnz..luﬂwe-umnumdwww. : v 'L‘ “ ] . L'_M_n__n“r" 3
. L : i
LTI . Triggrioput  Standard TTL. Sev Viming Dicgram [ S N Fom S
- “* Tiigme Input Tramition <200 {RO% 10 10%) ! o [ 1] !
+  End of Conversion, EOC “0" lgvel trantition, nominglly 100vec after LS8 durs i 1 : :
R . . pub, TTC companbie, 9 lak {%ee finung bragram] " o _I L .
: EOC Tramition  C70uuec (10 1y 90K} ; R ow Bl s R v
Clock Output TIL cumparilie {Sen Timing Do ani) 4 . T
= Clock Stabuliry 0 1W°'C i Lt B& uT
Clack Quiput Capacitovs Load J0pF niammuen dlgwable N f i t
. e, Salactoble Word Lengih 21017 M MPZA12); 21010 0 [(MPZ4 05 pogr 3} ! : i -r K
3 o) . i + B . 1.] v s
. - Lo ® b s oy Gan = “HeR T
RISV % mA 2 l T
5 i E =15V 1% 0 mA 3 1 PR e 00 I
o, e BVISR  20mA : I P s=uw p -1
ENVIRONMENTAL, PHYSICAL, & RELIABILITY = N i‘ ‘
1
g
! a
P
L

-1

o

Masimum Ingut Without Camage  £15¢ ‘ .o {I
15

‘. Packayng ANZAXX  MPZ4XX on plugin P.C. card (Sew Fig. 12)

Angloge may upgrade thew specificatians M sny lima. 8 o ¢ ‘
* Arier 0 CALIBRATION wction and Figs, 58 1For GEM quantities the ytandard metal caw it svaslable i ; ;
"&cF-pn’A ot gt : “hru_-i’lﬂmmuuummu R L VR ottty o8 T T .y
[P ¢ R b B gk -4 i W, i._.ﬁ::)«.- R o i b P ek Ly ¥ b i
Binary Output Coding” Figure 3. Timing Diagram for MP2412 showing
The input full scale voltage range and the output digital code are nominal waveforms for 6.2695 volts input at
pin selectable. The input voltage-to-output code transfer functions 0to +10V FSR.
are shown below.
: oL
10 B!T RESOLUTION 128IT RES. UTION #____ TN _.] ‘
Unipolar binary: Unipolar hinary: T e T G T -t
+ 9990V = ¢ 111 111 111 + 99976V = 111 111 111 111 N e e 4
0,000V = 0 000 000 000 0.0000V = 000 COO0 000 Q0L L )
Bluie. . B10 23 JR B12 ) "
Offset binary: Offset binary:
+ 99E0V « 1 111 Nl 11 boO8951V = 110 110 111 111
0000V = 1 000 000 00D L0000V - 100 000 OLUD 000
- 10,000V ~ Q 000 000 LU0 - 10,0000V - 000 000 OUG OHa
Bt...............B10 Bl M2
T aarrnr
Two's complement; Two's complement:
+ DO8OV = D 111 111 111 + 99951V = 011 111 110 111
0.000V = © 000 000 000 0.0000V = (OO GOO 000 OGO R S
-10.000V = 1 DOO 000 000 --10.0000V = l(_)ﬂ 000 000 0UO 2 s pen W b L
B1,B2.......B10 B1,82.......012 i l

T

*10 wolt units only, Far § valt units divide input shown by 2,

Figure 2. Input/Output Coding Table. : Figure 4, MP2412 Qutline Coutiguration..
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CALIBRATION ANC OPERATION
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Lincarity and relative accuracy of the MP2410 and MP2412 is built in. Absolute
accuracy is implemented by adding the external circuitry described in Figures 6
and B and calibrating the zero offset and full scale range.

Zero Offset Adjust

Apply the input voltage shown in the accompanying tible and adjust the OFFSET
potentiometer so that the LSB of the output codes listed in the table alternates
equally between "1 and 0" OFFSET should be readjusted whenever the select-
ed full scale range is changed.

Es MP2410 or AN2410 MP2412 ar AN2412
Range Input Qutput Code Input Dutput Code
Voliage (B‘, B?_. "'BIO' Voltage (l‘l,l, llz, ...812l

=10V to +10V | +0.0008 { 1 000 000 ODO/Y +0,0024 | 100 (00 D00 GO0/
GV 1w +10V | 10.0040 | G OO0 000D 000/Y +0.0012 | poo 000 000 000/1
= Vo + 5V } 400049 | 1 000 000 000N 10,0012 | 000 000 COO OLD/Y
OVie+ BV | 10.0024 | 0 000 000 OUON +0.0006 | 000 000 000 000/1

Figure 5. Offset Calibration Chart

Range Adjust Zero offset should be calibrated before adjusting RANGE,
Apply the input voltage as shown in the accompanying table. Adjust the
RANGE potentiometer so that the LS8 of the output code, 111...110/1 “31 3
By ..B n}), alternates equally between 1 and 0", RANGE should be re-
adjusted whenever the selected full scale range is changed.

F.S. MP2410 or AN2410 | MP2412 or AN2412
Rarigd Input Voltage | Input Voltage
—10V to +10V +9.9706 +9.9927
ov to 10V +09853 +9.9964
~ BV to+ BV +4.9853 +4,9964
OV 1to+ 5V +4.9927 © o +4.9982

Figure 7. Range Calibration Chart

Conversion Speed Adjust

Conversion time may be set from 2.0usec/
bit to 4.0usec/hiit by adding the circuitry
described in Fig. 9 andd acljusting the clock
frequency. An open CLOCK ADJ terminal

P \-__...._....-._.. MP2AID
wnt-
o - MraL

FELAT vE ACCUAALY

results ina 2.50ec/bit conversion time, { I TR TV EY W

. . R ?I'l 74 au 3% &0 Jres M
Some dl:-wrmrullun n accuracy rn.av occur ;‘; ;: L oM o ﬁ-’ﬂiﬂl!i
at the higher clock speeds. (See Fig. 9A}L CONVE HSION THIE

Output Word Length Selection

The number of bits in the output word is pin selectable. To operate the ADC
at its full capacity B{n4-1) must be connected to WRD LTH IN. This connect-
lon is fattory installed on the PC card for all AN versions ordered and must
be removed when operating at less than full capacity. To operate the conver-
ter at less than its full digital output capacity WRD LTH IN must be connect-
ed only to the terminal identified as one bit more than the desired number

of bits out.

EXAMPLE: When the ADC is operated as an 8-bit converter, connect
WRD LTH IN 10 B9 anly.

Ratiometric A/D Conversion

Ratiometric A/D conversion is available with the MP2410 and MP2412. Write
tor application note'showing details,

Ona’s Cumplement'

One’s complement output code may be obtained by connecting the

conver t-r a3 shown in Figure 10. '
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SO00K S #10%

- OFFSET |

20K02
OFFSET
POT

Figure . Connection for Offset Adjustment.

250K 2 310%

20KQ
RANGE
FOT

Figure 8, Connection for Range Adjustment.

+5 VOLTS

1K8

Figure 9. Connection for Clnck Adjustment.

~aFigure 9A. Relationship of Nelative Accuracy
to Conversion Time,

OPEN COLLECTOR 20K 120%
DTL/TTL INVERTER

10M52 + 5%

OFFSET

&

BV LT §

.

Figure 10. Connection for One’s Complemant.



Input Voltaye Range Selection

The tull scale input voltage range can be selected by inaking the connections according to the following tabies.

MODUPAC MP2412 OR MP2430

RANGE INPUT IMPEDANCE IN1 IN2 IN 3 RANGE MODE
-10V o +10V 10,00082 TO 6V REF TOINPUT TO ANA RTN 10 REF SW
oV to +10V 5,0000 TO ANA RTN TO INPUT TO INPUT TO ANA RTN
- BV 1o+ BV 5,000 TO +5V REF TO INPUT TO INPUT TO REF SW
0V 10+ 5V 2,50087 TGO INPUT TO INPUT TO INPUT TO ANA RTN
P.C. CARD AN2412 OR MP2410 )
RANGE INPUT IMPEDANCE PIN 17 TERMINALS ON CARD
=10V to +10V 10,0002 TOPinV £28 to E31, £36 o ESC
OV to +10V 65,0008 TOPin 19 £28 to E29, E33t0 E34
— 5Vto+5 V 5,00082 TOPinV £29 10 E50, E33t0 E34
0V to + 6V 2,5000 TO Pin 19 £33 10 £34, €33 ta E3G

Figure 11, Range Selection Tables Showing the Jumper Connections Needed for FSR Required. Analog and digital
ground must be connected so that the voltage between them daes not exceed 300mV.

FGRBERING INFORMATION ]
1

Simply specify

Configuration
For

12 Bit Modupac

MP2412 on a PC card

10 Bit Modupac

MP2410 on a PC card

Enter

MP2412
AN2412*
MP2410
AN2410*

93

* For OEM quantities or as part of a system order, FSR connections

{See Fig.11) are made at the factory, The part number should be adjusted
as foltows: For 0 to +10V, add —1; =10V 1o +10V, add —2; -5V 10 45V,
add -3, 0V to +5V, add --4. For example a AN2412-2 i5s a 12 bit ADC
with —10V to +10V F5R. :

QUTLINE DRAWING

HBHOLL (W AW

" cae

-G TIOR £
At tapie ¢ abu e

T
» U mnm

*For MP2412 only, For AN2410 pin P and terminal E26 are Bin+1);
pins 3 and H and terminal E25 are at binary D",

TERMINAL PIN DESIGNATION
DES'GNAT,'ON TRIGGER IN [! A 11 eoc
- : B 2
ANARTN « WRDLTHIN: C 23 { B(n+1)®
ANA RTN [D 4]
IN2 B20UT { E 5 {1 B1OUT
CLOCK ADJ + B4OUT .' F 6 B3 OUT
6 +5v 8120uUT | H 7 | BGOUT
| WRD LTH IN BsouT |4 8 | BBoOUT
WRD LTH IN BrouT § X @
WRD LTH IN CLOCK | L 10§ SERIAL DATA
B(n+1)* 5V M 11 45V
an’ OIGRTN | N 12} DIGRTN
g9 *B1IOUT ; P 2] BroQUY
ANA RTN Biour ! k 141 pooUT
IN1 SIGRTN | S 157 ANARTN
IN3 INPUT ¢ T 169 INPUT
ANA INPUT E U 17 RANGE MODE
IN3 REFSW | Vv 1B
N1 ANA RTN l W 191 ANARTN
+6V REF —15V [ X 20} 18V
418V 1 Y 217 #15v
+10V REF QUT | Z. 22 | RANGE ADJ

Figure 12, AN24X X Outline Drawing, Jumper Terminal and Connector Pin Diagram.
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GENERAL DESCRIPTION

Models ZD440, 441 and 442 are fast settling digital-ta-
analoy converters offering resolutions of 8-, 10-, or 12-
bits binary and settling times as fast as 2 us.

Each converter, including its +10V reference, is com-
pletely self-contained in a small module. The converters
are capuble of being driven either from the internal refer-
ence, or from an external reference. When required, the
internai 10V feference con be used to drive un fa tan
additional ZELTEX 400 Series DAC's  (if no external
trim circuitry is connected to the reference). If external
trimpots are used to adjust the full scale or offset, as
shown in Fig. 1., the internal 1efeience supply must
be huffered. Full scale range sclection is accomphshed
by jumpering pins, as shown in Table 1

The leads are spaced to fit standard DIP pc boards such
as AUGAT and CAMBION. In addition, the leads are
coated with a special tin plating which meets the salt
spray requirements of MIL-T-10727A.

UTLINE DIMENSIONS
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CONVERSION PRODUCTS 0O OPERATIONAL AMPLIFIERS 0 POWER SUPPLIES
PERFORMANCE SPECIFICATIONS
FEATURES , Typical G 26°C and + 15V Power Supplies
Z 4
® 0 —70°C OPERATION hy s g o IO s e SO
x HESOLUTION 8 fuL 10 Ba 12-8n
® TTL/DTL COMPATIBLE SETTLING TIME
® 2,5 SETTLING TIME - 0% ‘:’ ‘.TZLV ' 2 ¥ i
- + '] w v
e FITS STANDARD DIP MATRICES “ovhe siov 3 10 i
® ADJUSTABLE FSH AND ZERO OFFSET RECHRALY R NC i — .onss.
® MODELS INTERCHANGEABLE PIN-FOR-PIN 1% of Headinigl Man.) 1£0.008%4%C3. {-0.005%/*C] €D UOTW/*C)
Ziero Oitsel 0% -005% -0eS4%
% F5R] Maa. @ ona ® 1-0.007%C| 1:0.007°/°C) 1:0.002%%C)
Linearity 0.2% 0.05% :DO1%
1% of FSR) Max.® sne @ [0.002%/°C) 1:0 002%/°C} 1:0002%/°C1

Long Term Stability

Data Conligrwstian
L¥TL/DTL Compaiible

% of FSAIQ) +0.055/10,000 Hr.
INPUTS
Oats Cading Muditied 2't Complement B:potar

Straight Buary Unipotor

Paraitel, § Lime/Ent

Cutput Noise

Invternal Referrece Quiput

<1 mV RMS, 10 H:z to 300 kH:
FIOV (:1%) @4 mA :0.9% {No La.d - Fult Load)

Logec {.evels DTL/TTL Compatdde, Pusilive True Logic
Dala Lonking 1 TTL Load/Line
Earvrnal flcterence input V@ 15mA
OUTPUTS ther Selectable Via Vice Jumnpers
Full Scale Range OV to +10V, $IDV o 15V
Chutput Drive
{Short Circuit Proof) B mA
Guiput Capacitive Load 300 pf l 300 pF l 1000 pf
Cutput lingedance 3 DC 0.1 ghm

ENVIFLONMENTAL
Ugperating Temyp Qw0'C
Storage Teep -25 o 85"C
Rclal-ur Humity 907 Non-Condeniing
Pam.n REQUIREMENTS } - SV(.GUEOma] 4BV -5 60 mA | BV (5% 50 maA
A5V @ 25 mA 15V @ 2L mA VRIS mA
~I5V 3 10 mA
Oerated Pe lyrmanca 115V to 1RV 11 5¢ 40 118V 115V 1o 16V
PRICE {1-24) s 539 555

Prices and speciflications subject to chanpe without notice.
Adjust to zerp error with external tiim potentiomater.
2) FSH is defined as 13V for 15V operation, 10V for D 10 H10V

operatiun and 20V for +10V operation,

MODELS 440, 441, 442-BLOCK DIAGRAM
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OPERATION

Several extemnal comections must be made for proper
spetateon of each digital-to analop coaverler. |atemal of
external refeience, and full scale voltage ranges are
selected by pncipening pins as shown in Table 1.

Table ). External Connections for DAC Operation

OESIRED OPFRATION CONNECTIONS

Internal Reference Pin 22 to Pin 23

External Refercnoe
10V _{110%), 1.6 mA

Connect ta Pin 22

r10V FSR

Pin 71 to Pin 22

Fm ?0 to Pin 30
Pln 19 to Pm 2?

OV to + 10V FSR Pin 20 to Pin 30

= BT

INTERNAL REFERENCE

The internal reference of each D/A converter can be used
to drive two addilional units. To use, connect pin 23 of
first unit to pin 22 of each additional converter.

GROUNDING

Analog and Digilal grounds on the ZDd42 must be tied
logether somewhere within the system. . On ZD44Q and
20441, the grounds are internally jumpercd together.

OPTIONAL ADJUSTMENT

Each converter 1s ready to operate within givin speuili
cations withant oxternal adjustments,  However, special
Tytl scale scttngs w Fne adjustment of olfwet voltage
tan be made wsinp the encul showny hedow.  [he cucmt
provides a full scale adjustment rappe of (10%, aml an
offset adjustment range of 40" mV.

NOTE: When using external reference, adiust the
full scale range by varying the external

reference voltaur.

Pin 1 e RLfour

SERIN i
u — AL 1o

IX
ne IN LOG GND

ne FULL SCALE AOI

LAD O FSOT ADI
ne !

Fig. 1. Full Scale and Zero O!fsel Adjusiments

INPUT CODING

Table 2. Ofiset Binary

— NPT CODE T
OulPuT  IMsB &R
{BIPOLAR) ?7]2': 2 2 |?'§‘2h2- 7w
FES. —1se | 4+ 1 [y vy
+% F.8. t |1 |olo]oiofo Jo
ov+1Lsy 1 jojo |lojo oo |4
0 Volis 1 |0 j0 O |0 |0 jO |oO
ov - 1LSsB o [r 1t [l 0
~%FS. o1 |ololojo|o o
~FS.+11s8f 0 fo |o oo |o o |1
-F 5. 2 lo|o|ofolo]o o
Table 3. Straight Binary
[ INFUT CODE
U |mss _ 1sn |
{URIPOL AR 2 ";'2 2 2 Ha s tlg g n
Fs.c1ss | 1 I v T
1% ES. 111 |o|o o {o |o o
+% FS. 110 |lo o [0 {o lo lo
+% F S, o1 oo |o o |o o
oV +1LSB o {ojlotfo (oo o |
0 Volts o loJo {a jo o jo o
Table 4. Binary Weights
MSB 2”! 5
2 2': 25
3 2:_ 125
4 2_‘ 0625
5 2°, 03125
& 2__’ 015625
7 2 M 0078125
g8 2” 00390625
9 277 001953125 .
10 2°'" 0009705625
1 2 v 00048828125
LSB 2-1? 00024414062
MATING CONNECTOR DATA
‘][ "°°"' ':J."."..?‘.‘.
[u!,:uHllly}l.sutllll.l;;;luj ;;:_
b= S O 5
g —
y/ TUTT Inr -+
uuu guvunwuuuuu___'l"n..
e 1Y
FAAT N B Tvre | s { miwa | pouc | g |wo RTOD :m';rg
WCI0 Mg Mg asst oy [Ri1] 1PN 2 L4
[eciisamcra | one foisn [vie [ el 7 t';.ﬁg'
LT+ L

Bulletin xo, 20342

Litho UL5.A. Junu 1073
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APPENDIX C

PARTS SUPPLIERS

. Supplier

Amp Speclal Industries
P. 0. Box 844 '
Paoli PA 19301

Analogic
Audubon Road
Wakefield MA 01880

manufacturer's sales outlet:

Burstein - Applebee
3199 Mercier
Kansas City MO 64111

Cherry Electrical Products Corp.
3600 Sunset Avenue
Waukegan IL 60085

Dialight Corporation
60 Stewart Avenue
Brooklyn NY 11237

Electrostatics, Inc.
7718 Clairemont Mesa Blvd.
San Diego CA 92111

Newark Electronics
500 North Pulaski Road
Chicago IL 60624

Olive Industrial Electronics
6662 0live Boulevard
St. Louls MO 63130

Radio Shack
2609 Anderson
Manhattan . KS 66502

Parts bought

binding pbsts, pin connectors
A/D converter

W. G. (Bill) Reinschmidt
EIR Company

Suite 205, 6405 Metcalf
Shawnee Mission KS 66202

Vector peffboard, capacitors, miscellaneous
lever switches
light emitting diodes
power supplies

potentiometers, IC's, Amphenol connectors,
fuses, handles, miscellanecus

Scamby IC sockets, connectors, switches,
wire, miscellanecus

knobs, capacitors, diodes, toggle switches,
screws, miscellaneous



PARTS SUPPLIERS (Continued)

Radio Supply Company
P. 0. Box 1220

115 Laura

Wichita KS 67201

RGS Electronics
3650 Charles St., Suite K
Santa Clara CA 95050

Stevenson Sign Service, Inc.
127 McCall Road
Manhattan KS 66502

Walter's Radio Supply, Inc.
3627-35 Main Street
Kansas City MO 64111

Zeltex, Inc.
940 Detroit Avenue
Concord CA 94518

manufacturer's sales outlet:

Zener diodes, miscellaneous

aluminum, plexiglass
relays, miscellaneous
D/A converter

Ron Harper :
Technical Representatives, Inc.
Rt. 1, Box 301

Peculiar MO 64078
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ABSTRACT

This report concerns the design and implementation of a basic digital
data acquisition system. The system is capable of digitizing a variety of
analog signals, and involves the Nova 1200 computer in the Electrical Engi-
neering Department of Kansas State University. The report is also intended
to serve as a manual for operating this system.

Included are operating instructions for the analog-to-digital and
digital-to-analog capabilities, along with an incremental digital tape
recording capability, all three of which were interfaced to the Nova. A
special chapter which deals with the general interfacing concepts pertaining
to the Nova is also included.

In conclusion, several interesting applications of the above data
acquisition facility are suggested along with ideas for extending the iﬁter-

facing capabilities of the same.



