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ABSTRACT

A DATA CONVERTER FOR AN ADAPTIVE

PROGRAMMABLE MEASUREMENT SYSTEM

BY

Sigurd L. Lillevik

A data converter for an adaptive programmable measurement

system has been specified, designed, constructed, and evaluated. Its

function is to sample analog voltages and translate them into digital

formats compatable with Computer Automation's Alpha-16 minicomputer.

The data converter has been designed to sample 32 analog volt-

age channels, upward expandable to 256 channels, at a maximum sampling

rate of 10,000 samples per second. These voltages may range from -5 V

to +5 V and have Thevenin series resistances of less than 1 k ohms.

The input impedance of the data converter is a shunt capacitance in

parallel with a resistance of 10 megohms. It is shown that as long

as the shunt capacitance is less than 0.16 microfarads, the analog

signals will not be significantly attenuated. Since the programmable

measurement system must be adaptive there are two modes of operation

(manual and automatic), each with three schemes of operation (sequential,

random, and static). Resolution of the data converter is 2.5 milli-

volts, and it has an accuracy better than 0.1% of full-scale. The output

of the data converter is a 12-bit binary word.

Several experiments were performed on the data converter for

the purpose of evaluating its performance. It was demonstrated that



Sigurd L. Lillevik

the data converter's control logic functioned as designed, and that the

accuracy (0.09% of'fUII-scale) exceeds the required accuracy (0.1% of

full-scale). An example is provided which illustrates the basic dynamic

properties of the data converter.
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CHAPTER I INTRODUCTION

A programmable measurement system has been proposed for the pur-

(l)
pose of monitoring and managing pest-crop ecosystems. This facility

must be adaptive and must be capable of providing real-time environmen-

tal information in a form which is readily available to users involved

in the design and implementation of pest-management systems. One essen-

tial component in this measurement facility is the DATA CONVERTER (see

Figure 1.1). It links environmental signals with the minicomputer.

Specifically, its function is to sample the analog voltages on each

channel, and translate these into a digital format which is acceptable

to the minicomputer.

The purpose of the research project reported here was to specify,

design, construct, and evaluate the data converter. The output charac-

teristics of the programmable measurement system, its overall transfer

characteristics, and the I/O requirements of the minicomputer, establish

the design specifications for the data converter. These design specifi-

cations are described in Chapters II and III. The details of the proto-

typed circuit are presented in Chapter IV. Experimental procedures used

to evaluate the data converter are described in Chapter V. The exper-

imental results are also summarized in Chapter V.
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CHAPTER II DESIGN SPECIFICATIONS

The data converter is but one component in the overall pro-

grammable measurement system (see Figure 1.1) and, as such, must inter-

act with other components in the system. Its basic functions are to

select a predetermined analog signal line, sample the information on

the line, code it, and present it to the minicomputer for processing.

This sequence of events must be accomplished under program control with-

out the necessity of operator interaction. The principal design spec-

ifications placed on the converter depend upon the following:

1) the output characteristics of the signal conditioners,

2) the I/O properties of the minicomputer,

3) the transfer characteristics of the programmable measure-

ment system,

4) the environmental limitations, and

5) the calibration requirements.

These design specifications will be enumerated in this Chapter.

2.1 Output Characteristics of the Signal Conditioners

In the initial application of the programmable measurement

system 13 distinct types of environmental signals will be observed (see

Table 2.1)52)From discussions with the users of this equipment it was

felt that the data converter should be designed to multiplex 32 analog

channels. Also, in the event that, at some future time, it becomes

desirable to increase the number of channels, facilities for expansion

of up to 256 channels should be provided.

3
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Because of the widely differing characteristics of the environ-

mental data, two sampling modes are needed. The first mode involves a

fixed sampling rate, whereby the minicomputer changes channels according

to a predetermined pattern. The second mode uses a variable sampling rate,

the minicomputer samples channels only when it has received an external

stimulus (i.e., an interrupt).

To determine the maximum sampling rate of the data converter,

Table 2.1 can be employed as a useful guide. Wind speed has the great-

est rate of change of the parameter per unit time, and is found to be a

change of 60% of full-scale per second. If 100 microseconds are needed

for a complete conversion, then in one second 10,000 conversions are pos-

sible. As a worst case analysis, let us assume that 200 channels must be

multiplexed, then each channel receives 50 conversions per second. Now

if 5 readings are required to accurately determine a full-scale change,

then 10 full-scale changes per second will be achieved. Since only 1 full-

scale change per second is needed, a total conversion time of 100 micro-

seconds appears adequate for 200 signals similar to wind Speed. When fewer

than 200 channels are multiplexed, great improvements in the sampling rate

is realized.

The signal conditioners present the data converter with a Thevenin

equivalent voltage source that may swing -5 V to +5 V. and a Thevenin

series resistance of less than 1,000 ohms. The input impedance of the data

converter is a capacitance (due to the analog signal cables and other stray

capacitances) in parallel with a load resistance. This load resistance is

mainly due to the input resistance of the multiplexers. Because the load

resistance is much greater than the Thevenin equivalent series resistance

(10 megohms compared to 1,000 ohms) the signal conditioner and multiplexer
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act as an RC low-pass filter. This RC low-pass filter model can be used

to determine the maximum allowable capacitance.

Of the environmental signals, wind speed has the highest frequency

--1 Hz (see Table 2.1), If we assume, as a worst case analysis, that the

highest frequency of the RC low-pass filter is 1,000 Hz, and that the series

resistance is 1,000 ohms, then the signal will attenuate 3dB when the cap-

acitance is 0.16 microfarads. As long as the combined capacitance of the

analog signal cable, and all associated stray capacitance, is less than

0.16 microfarads, the environmental signal will not be attenuated too

severely.

The data converter will have single-ended inputs, thus, there will

be a common signal ground for all channels. This analog signal ground

will be separate from the digital circuit ground, only coming together

at the system power supply ground mecca. This technique of using distinct

analog and digital grounds allows separate current returns for the low-

frequency components of the analog signals, and the high-frequency com-

ponents of the digital pulses. (For further details on this subject, An-

(3)
alog Devices has published "Analog-Digital Conversion Handbook." )

2.2 Characteristics of the Minicomputer I/O

Computer Automation'SAlpha-l6 is a general purpose 16-bit word-

length digital minicomputer.(4) The I/O data lines transfer information

in bit-parallel, word-serial, manner. These lines conform to standard

TTL logic levels and loads, and operate asynchronously to accomodate many

peripherals with widely varying speeds. Because the minicomputer can per-

form the data transfers in the microsecond range, as compared to 100

microseconds required for the data converter to operate, time constants

in the I/O module are inconsequential with respect to data transfers.
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Details of the minicomputer's I/O structure will be discussed in Chapter

III.

2.3 Transfer Characteristics of the Overall Measurement System

The measurement system must select a predetermined analog signal

line, sample the information on the line, code it, and present it to the

minicomputer for processing. This entire operation must be accomplished

without the loss of required information. Representing this loss of infor-

mation is the degree of accuracy required.

Accuracy is the difference between the measured value and the

actual value. This difference is usually expressed in terms of percent

of full-scale. As noted in Table 2.1 the required accuracy is 1% of full-

scale, to provide a margin of safety the overall accuracy of the data

converter will be .1% of full-scale.

The overall accuracy of the data converter can be understood in

terms of the following parameters:

a) repeatability,

b) linearity,

c) hysteresis,

d) sensitivity,

e) resolution, and

f) threshold.

Each of the above parameters have established meanings for measurement

5

systems (see "Measurement Systems: Application and Design", by Doebelin( ) ),

and it will be required that the conglomeration of all these errors is no

greater than 1 L83.





2.4 Environmental Limitations

The environmental limitations placed on the programmable

measurement systems, will determine the construction and packaging

constraints. It is envisioned that the entire system will be housed

in a standard 19" rack-type cabinet. This method of mounting is

desirable to compliment the rack cabinet of the minicomputer and asso-

ciated peripherals. The size and weight of the entire unit must be such

as to conveniently fit inside an 8 foot by 6 foot by 7 foot portable

utility trailer. Because the trailer may be moved from point to point,

steps must be taken to eliminate damage caused by excessive vibration.

Power will be available in the form of standard 117 V AC, 60 Hz,

presenting no problems. Three power supplies will be distributed through-

out the data converter, +15 V DC, -15 V DC, and +5 V DC. These three

power supplies will accomodate both analog and digital circuits.

The ambient temperature within the trailer can range from 0

degrees Celsius to 60 degrees Celsius, and the humidity may vary up to

100% noncondensing. In either extreme the measurement system.must be

operable. These design and packaging limitations should not be over-

looked, and must be included in the design considerations.

2.5 Calibration

Several aspects are involved in the measurement system's reali-

ability, or "trust—worthiness". Calibration is an important aspect, for

it guarantees that the measurement system has the required transfer

characteristics. To facilitate the calibration procedure, no special-

ized or sophisticated test equipment should be necessary--test equipment

should be "built-in" to the circuitry if possible.

Probability of failure should be lowered by providing means by
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which the minicomputer can evaluate the integrity of major circuits. These

checks can be included in the initialization section of all software data

taking routines. When an error condition has been detected, some external

means of warning should be available. If these few aspects of calibration

are implemented into the design, the measurement system's realiability

will be increased.

2.6 Summary

At the present time, one can not purchase an "off-the-shelf" com-

mercially manufactured programmable measurement system which meets the

above requirements. In the future, it is expected, this will be possible;

however, until that time important biological research will be unnecess-

arily delayed.

An alternative approach is to have the programmable measurement

system custom designed, and a prototype built, by another firm. In terms

of man-years and cost this is a poor choice. Delivery dates and price

quotations can be exaggerated, causing the project time-table to be sig-

nificantly altered.

By designing and prototyping the measurement system from'within

the project group personnel, again in terms of man-years and cost, it is

usually found that results only differ slightly from an outside firm. Yet

several benefits will be derived from an inter-project effort, benefits

such as the experience and expertise gained in this area of instrumenta-

tion.



CHAPTER III SIXTEEN-BIT INPUT/OUTPUT MODULE

(6)
Computer Automation's "16-Bit Input/Output Module" facilitates

the unambiguous exchange of information between the central processing

unit (CPU) and a peripheral device. The module is comprised of four

principal circuits: control, interrupt, input buffer and output buffer.

These four circuits are illustrated in Figure 3.1. A general descrip-

tion of each of these circuits will be provided below.

3.1 General Description

Control Circuits- The control circuits "select" and "sense" func-

tions both internal and external to the I/O module. The external control

circuits are of primary interest to the digital systems designer because

they allow the CPU, under program control, to select unique functions

within the peripheral (such as setting a flip-flop which enables the paper

tape punch of a teletype), or to sense the status of peripheral defined

functions (such as sensing a flip-flop output to determine whether the

paper punch of a teletype is indeed in the desired state).

Interrupt Processing Circuits- The interrupt processing circuits
 

respond to externally generated interrupt conditions and generate a vec-

tored interrupt request. The CPU responds by branching to the vectored

software address and executing the instruction at this address. The next

branching of the CPU would depend upon the nature of this instruction and

the priority level of the interrupt. As a specific example, the instruction

may authorize the CPU to jump to an address and enter a data acquisition routine.

10
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Input Buffer Circuits- The input buffer circuits temporarily
 

store peripheral input data until the CPU is ready to accept the data. If

the buffer is empty, the peripheral device places the input data on

the input lines and generates a strobe. The strobe clocks the data into

the input buffer register.

Output Buffer Circuits- The output buffer circuits temporarily
 

store CPU output data until the peripheral device can accept the data.

The CPU loads the data into the output buffer register. When the per-

ipheral device is ready, it reads the output buffer register.

3.2 Loading of the Signal Lines

The artificial boundary that exists between the I/O module and

the peripheral device is composed of 90 signal lines. For a more

detailed explanation, see Appendix B. All of these lines are uni-

directional, and each line terminates on the module at either a signal

driver (for output signals from the module) or a signal receiver (for

input signals to the module). The signal drivers are open-collector

NPN transistors. These driving transistors may each be "pulled-up" to

+15 V DC with a collector resistor, and can sink up to 40 milliamperes

when driven to ground. These open-collector drivers are very flexible,

and in some applications may be used as a "wired-or" gate. The signal

receivers present one TTL unit load to the peripheral device. (A standard

TTL load is -1.6 milliamperes into the module for a logical "0" volt-

age level, and 40 microamperes into the module for a logical "1" volt-

age level. Ideal TTL voltage levels are 4.5 V to 5.0 V for a logical

"l" or high, and 0.0 V to 0.8 V for a logical "0" or low57) )

A standard TTL inverter, a 7404, is recommended by Computer

Automation as a peripheral signal driver because it has a fan-out of
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10 unit loads. As a peripheral signal receiver, Computer Automation

recommends any standard TTL gate with the multiple emitter input transis-

tor. These loading requirements are very modest since the I/O module

was designed to see standard 7400 series TTL circuitry.

Computer Automation also recommends twisted-wire pairs be used

in the I/O cable, and that there be at least eighteen twists per foot.

With every twisted-wire pair one lead is always signal ground. To

terminate the I/O cable, at the peripheral, a 330 ohm 1/4 W 10% resistor

is recommended. Computer Automation suggests the use of a 220 ohm 1/4 W

10% resistor for the open-collector driver "pull-up". These strict

loading and matching rules will keep signal deterioration to a minimum

along the I/O cable.

3.3 Software Implementation

There exist four types of I/O instructions applicable to the

"l6-Bit Input/Output Module": Sense, Select, Input, and Output. Sense

instructions may be used to examine unique functions within the per-

ipheral (using ESOO-ESO7) and to perform conditional software branches

on the results of these status checks. The Select instructions may be

used to control a given function within the peripheral (using EXOO-

EX07). Input instructions read data from the input buffer into one of

two working CPU registers. The Input instructions may be combined with

the Sense instructions to form one conditional Input instruction. Out-

put instructions move data from one of two CPU-working registers to the

output buffer, and may be combined with the Sense instructions to form

one conditional Output instruction.

Two special features of the CPU are the ability to perform

8-bit (or byte) input and output transfers, and the ability to mask

(logically "And") input data with the receiving register. These two
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special CPU features, along with conditional I/O, make the software

instruction set extremely flexible and powerful.

For high speed data transfers directly to or from memory and

the peripheral, Block I/O and Auto I/O instructions are used. Both

instructions have multiple word formats (two or three words), and dur-

ing execution, may be thought of as direct memory channels. Block

I/O has been designed for in-line programming, whereas Auto I/O for

servicing peripheral interrupts. These two high-speed instructions

may be used when I/O transfers must be made every 5 machine cycles.

3.4 Summary

The CPU can easily control and sense functions within the

peripheral and set up high and low-speed data transfers. The I/O

module provides two very convenient digital buffers, and has been

designed to see standard 7400 series TTL circuitry. Finally, the I/O

module will enable the peripheral to utilize the powerful and sophis-

ticated instruction set of the minicomputer.

Numerous trade-offs exist between the software and the hard-

ware. The module has been skillfully designed to encompass a wide

spectrum of applications, and because of this, unavoidable ambiguities

exist. Let's say ITRAN was enabling the input buffer continously, why

then is EST necessary? The obvious answer is that an EST strobe is

required when ITRAN is off. The computer can be programmed to operate

a peripheral in a sequential manner, and it may not be necessary to

use the buffer status lines (IBF, OBE). If the digital systems designer

takes advantage of these software-hardware trade-offs, the interface

design can be greatly simplified in certain applications.



CHAPTER IV CIRCUIT REALIZATION

The design specifications require that an analog—to-digital con-

verter (ADC) and an associated analog voltage signal multiplexer be inter-

faced to the minicomputer via the 16-bit I/O module. Realization of the

required circuitry involves the following sequence:

a) the theory of operation must be conceived,

b) specific components must be identified,

c) the circuit must be described (schematics drawn), and

d) the prototype must be built.

This chapter describes the above process, and reveals the implementation

of the design specifications delineated in Chapters II and III.

4.1 Theory of Operation

Either a minicomputer under program control or an operator must

be able to interact with the data converter so as to control the ADC,

select a multiplexer address, and read the converted data word. A gen-

eral block diagram of such a system is depicted in Figure 4.1.

Because both the minicomputer and the operator must be able to

have control of the data converter there are two fundamental modes of

operation: manual and automatic. To distinguish between these modes

a Gating scheme is employed.

The Multiplexer Address Generator (MAG) has been designed to scan

between a lower multiplexer channel limit and an upper channel limit minus

one. Upon loading new limits into the MAG, it presets the multiplexer

15
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to the lower limit. After the ADC has completed each conversion, the

MAG increments the multiplexer by one channel. When the upper channel

minus one is reached, the MAG automatically presets the multiplexer back

to the lower limit. The output of the MAG, the Multiplexer address, is

available to the operator on a light emitting diode (LED) display.

The MAG may be operated using one of the following schemes;

namely sequential, static, and random. When the MAG holds limits two

or more channels apart and the upper limit is greater than the lower

limit, sequential operation is possible. This type of operation involves

scanning from the lower channel to the upper channel minus one, presetting

back to the lower limit and so forth.

If the limits loaded in the MAG are one channel apart and the

upper limit is greater than the lower limit, then static operation will

occur During this type of operation the MAG increments the multiplexer

only one channel then reaches the upper limit. It then presets back to the

lower limit or original channel. Static operation enables one to

take multiple readings of the same Analog Voltage Channel.

The data converter can also be operated randomly by loading the

MAG with new limits (and presetting) before each ADC conversion. Random

operation requires an extra step (loading the MAG) compared to sequential

or static operation, but the data converter can "skip" channels, providing

maximum freedom.

The Multiplexer receives an address from the MAG and decodes it

to select an Analog Voltage Channel. The selected analog signal is "caught"

by a sample-and-hold circuit while being converted to a digital format

by the ADC. Results are available on a LED diplay, or can be read by

the minicomputer.
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4.2 Component Identification

After the basic theory of operation has been identified, specific

components must be selected. These components are of three classes:

linear, linear-digital, and digital. Justification for the selection of

the components to be discussed, is focused on the requirement that a .l%

of full-scale accuracy be maintained. The agglomeration of the selected

components must produce this accuracy, and experimental data verifying

this will be provided in Chapter V.

It was decided that the linear and linear-digital components be

obtained from Datel Systems, IncSB)The linear components include the MM8 eight

channel analog multiplexer, and the SHM—l sample—and-hold module. The

lone linear-digital component is an ADC—M12B converter, a 12-bit succes-

sive-approximation type analog-to-digital converter. Both the linear and

linear-digital components are available as a modular package (the DAS-l6).

This package also includes additional system control logic and an LED

display.

The digital components were purchased from Signetics, Corpig) and

included the following:

a) 7400-Quad 2—Input Positive Nand Gate;

b) 7404-Hex Inverter;

c) 7475-Quad Latch;

d) 7485-4—Bit Magnitude Comparator;

e) 74l2l-Monostable Multivibrator;

f) 74l93-Synchronous Up/Down Binary Counter.

The digital components are all standard 7400 series TTL logic, and are

compatible with both the Datel product line and Computer Automation's

16-bit I/O Module.
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Once the basic modules (the linear, linear-digital, and digital)

have been selected, the schematic diagrams must be drawn. This process

can be difficult due to the many subtleties involved, such as, maintaining

logic polarities and fan-out/fan-ins, matching module properties, cas-

cading similar components, and maintaining the pr0per timing character-

istics.

4.3 Circuit Description

The circuit schematics are comprised of nine drawings, each rep-

resenting distinct aspects of the overall data converter. This section

will describe each drawing, delineating the data signal lines from the

control signal lines. It is important to note that the number within

each symbol corresponds to a physical location.

Lower Register- Figure 4.2 depicts the Lower Register. It acts
 

to store the MAG lower limit, and originates the Multiplexer address. Inte-

grated circuits (IC's) l to 6 are 7400 Quad Nand Gates and implement

the Gating scheme represented in Figure 4.1. These Gates accept the data

lines BCO-BC7 from the minicomputer (lower 8-bits) or the data lines

SRLWO-SRLW? defined by the operator. Control signals SRENBL and SRENBE'

select which set of data lines are to be presented to the 7475 Quad Latches

(IC's 7 and 8). These control signals are originated by the operator and

are changed by using a toggle switch. ,When the Quad Latches are strobed by

control signal CLK, the 74193 Binary Counters (IC's 9 and 10) are also

preset, by control signal PRESET, to the same number being strobed into the

Quad Latches. The Binary Counters are cascaded to form an 8-bit counter

whose output represents the output of the MAG. Control signal COUNT incre-

ments the counter, which changes the MPXO-MPX? lines and the Multiplexer

channel.
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To help illustrate the above consider the following example:

Suppose the minicomputer's output buffer contained 11110000 (lower 8-bits)

and SRENBI:were high, (SRENBL low). If CLK were strobed the Quad Latches

would store 11110000 (IC 7 all zeros), and if later PRESET were strobed

the counter would preset to 11110000. Now if COUNT were pulsed, then the

MPX lines would increment to the value 11110001.

Upper Register- This circuit is schematically illustrated in
 

Figure 4.3. It stores the MAG upper limit and compares the lower and

upper limits. In much the same manner as in the Lower Register, IC's l

to 6 (7400 Quad Nand Gates) perform the Gating scheme of Figure 4.1.

These Gates accept the data lines BC8-BC15 from the minicomputer buffer

(upper 8-bits), or the operator defined data lines SRUPO-SRUP7. Control

lines SRENBL and SRENBL select which of these data lines will be pre-

sented to the Quad Latches (IC's 7 and 8, both 7475's), and stored when

control line CLK is strobed.

The 4-Bit Magnitude Comparitors (IC's 9 and 10, both 7485's)

monitor the output of the Quad Latches (the upper limit) and the MPXO-

MPX7 lines (the lower limit) originated in the Lower Register. When these

two sets of data lines are equal, control line A_;-B goes to ground. This

control signal will be utilized by the Lower Register to preset the 8-bit

counter to the lower limit.

An example that illustrates the Upper Register interaction with

the Lower Register is as follows: Suppose the upper limit is 00001000 and

the lower limit is 00000000. After seven COUNT pulses the MPX lines con-

tain 00000111, on the eighth COUNT pulse both limits are equal and AI;_B'

will go low. This change will cause PRESET to be pulsed and the MAG will

be preset to the lower limit, or 00000000.
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Switch Register- In the two previous diagrams (Lower Register

and Upper Register) the data lines which establish the lower and upper

limits were from the minicomputer, the BCO-BC7 and BC8-BC15 lines,

and the operator SRLWO-SRLW7 and SRUPO-SRLW7. The Switch Register

circuit (Figure 4.4) establishes the latter two data lines.

Both sets of data lines employ the same signal scheme, a SPST

toggle switch either closes (for a zero) or remains open. In the open

position a 4.7 K ohm 1/4 watt resistor is used as a "pull-up" to provide

the 5 V "one" level. These signal lines are then used to establish

the lower and upper limits of the MAG in the manual mode.

Control signals also originate in the Switch Register circuit.

SRENBL and SRENBL are formed here by a DPDT switch. These control

lines establish the two basic modes of the data converter operation,

i.e., manual and automatic. TWO other control signals, LOAD and CNVRT,

are also found here. These signals are activated by depressing normally-

open momentary toggle switches. Through the use of RC contact bounce

elimination circuits, these toggle switches develop 1 microsecond

pulses.

The last circuit in the Switch Register is a LED driver and

display circuit. The LED's are to be read by the operator to deter—

mine the current Multiplexer (MPX lines) address. The drivers utilize

anRCAum
1c, the CA3081, which contains seven common-emitter NPN tran-

sistors. The transistors are biased "on" by the digital counter and are

essentially no "load" on the TTL logic due to the 10 K ohm base resistor.

The 150 ohm resistor in series with the LED's serve to limit the power

dissipated in the LED's. This type of driver circuit is ideal for this

application because it does not affect the fan-out of the digital logic.
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Figure 4.4 Data converter switch register circuit.
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Multiplexer- This circuit accepts 32 analog voltages, decodes
 

the digital address received from the MAG circuitry, and provides two

analog outputs. The first analog output is for channels 1-16 and the

second for channels 17-32.

The analog signals are connected through a chassis mounted BNC,

and to a DPDT toggle switch (see Figure 4.5). In one position the

analog signal is sent to the MM8 multiplexers by a 28 AWG coaxial cable.

In the other position the MM8 input is "short-circuited", and the ana-

log signal is loaded by a 10 K ohm 1/4 watt resistor. This technique

is used to isolate and terminate the analog signals for testing purposes.

The Multiplexer has the first three channels dedicated to ref-

erence voltages of +5 V DC, ground, and -5 V DC. These voltage levels

arise from a resistance voltage divider across the +15 V and -15 V power

supplies. These voltage levels provide the ADC with full-scale, half-

scale, and zero readings.

Only the lower significant four bits of the MPX lines (MPXO-

MPX3) are needed in the multiplexer decoding circuits. The upper four

bits (MPX4-MPX7) are used by the DAB-16 ADC system. Because the OAS-16

has 16 channels of multiplexing each channel is sub-multiplexed by

another 16 channels. As a specific example suppose address 00010011 is

contained in the MPX lines, the second channel of the OAS-16 and the

third channel of all sub-multiplexers would be selected. Since only the

second channel of the DAS-l6 is selected, only the third channel's

signal of the second group would by converted by the ADC. All other

sub-multiplexer third channels would not pass through the DAS-l6 mult-

iplexers.

To achieve 16 channels of multiplexing from the MM8 modules



26

   

  

alike lOK

MMLTIPLEXER

Figure 4.5 Data converter multiplexer circuit.
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(8 channels of multiplexing), they are cascaded using a 7404 Inverter.

This Inverter supplies the necessary condition to switch from one MM8

to the other. Following this idea MM8-1 and MM8-2 are used for channels

1 to 16 (output is IN16HI), and MM8-3 and MM8-4 are used for channels

17 to 32 (output is INlSHI). The MM8 modules conform to standard

binary decoding, the MPXO line coresponds to the LSB.

DAS-l6- This ADC system includes 16 channels of multiplexing,

a sample-and-hold circuit, a successive approximation ADC, and internal

control logic. Inputs to the DAB-16 (see Figure 4.6) are the analog

voltages from the sub-multiplexers (INlHI, INlLW to INl6HI, IN16LW),

the address for these channels (RAIl to RAI4), and a CONVERT control

signal.

The DAS-16 produces a 12-bit data word which is displayed by

LED's, or is read by the minicomputer. The other OAS-16 output, the BUSY

line, changes logic level during a conversion, and is used fer control

purposes within the data converter.

Operation of the DAS~16 system is as follows: When a multiplexer

address has been presented to the system, an analog voltage is con-

tinuously observed by the sample-and-hold module. At this time the

CONVERT line is pulsed and the signal is "held" by the sample-and-hold

circuit. During the converting process the BUSY output changes state,

returning to its original logic level at the conclusion of the conversion.

When the BUSY line returns to its normal level many circuits are affected,

this is discussed next.

Control- This circuit is responsible for distributing the con-

trol signals throughout the data converter and to the minicomputer. The

control signals cause the limits to be strobed into the lower and upper
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Figure 4.6 Data converter DAS-l6 circuit.
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buffer, provide a pulse used to increment the binary counter, pulse

the DAS-l6 to begin a conversion, and initiates an interrupt. The

Control diagram is Figure 4.7.

A timing diagram (Figure 4.8) has been constructed to aid in

understanding the control circuits. When the minicomputer executes

an output instruction and loads the output buffer, a pulse is sent out

on the STB line. Likewise, when the user presses the momentary LOAD

toggle switch a pulse is formed on the LOAD line. In either case, one

of these pulses (200 nsec) will trigger IC 3 (a 74121 Monostable).

The output from the IC is a pulse (CLK) used to strobe the lower and

upper buffer, and preset the binary counter using the PRESET line.

A length of time will go by, at least one machine cycle, and

the minicomputer will issue a SEL :12, 3 (ER?) instruction, or the

user will push the CNVRT toggle switch. At this time IC4 (a 74121

Monostable) will trigger. The result is a 5 microsecond pulse at CONj

VERT, on the trailing edge of this pulse the DAS-16 will begin convert-

ing. The trailing-edge triggering of the DAB-16 is intentional since

it allows the sample-and-hold module 5 microseconds to settle. The conver-

sion process requires around 10 microseconds as shown on the DAS-l6

BUSY line in Figure 4.8-

When the DAB-16 BUSY line returns to ground IC 1 (a 74121

Monostable) fires and is trailing-edge triggered. This pulse is used

to provide an external strobe (ESTA to the input buffer. When the EST

pulse is received by the input buffer, it acknowledges by sending back

A0. This A0 pulse is then looped back to the I/O Module to provide

an interrupt stimulus at RNTl. Thus, the minicomputer interrupts and

reads the input buffer which contains the ADC data word. Notice that
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EST is only generated when SRENBL is high. This is to prevent an inter-

rupt from occuring when the data converter is in the manual mode.

When EST goes high IC 2 (a 74121 Monostable) fires on the trail-

ing edge producing the 100 nonosecond COUNT pulse. This signal then

increments the binary counter, thus changing the multiplexer by one

channel. This completes the normal operation of the MAG unless the

binary counter has reached the upper limit, for when this occurs ATP-

goes low. When this happens IC 8 (a 74121 Monostable) triggers on the

leading edge of A_;_B1 The pulse which IC 8 produces is sent to line

PRESET, putting the MAG back at its lower limit.

I-O Cable- The final three schematics deal specifically with

the I-0 cable. Figure 4.9 illustrates the input data lines, IDOO-IDlS,

to the minicomputer. The signal drivers, IC's 1 to 3 (7404 Hex Invert-

ers), cause the logic level to be inverted. This problem can be cor-

rected by simply grounding the IPOL line on the I/O module connector

(a ground logic level will then be interpreted as a one).

In Figure 4.10 the output data lines of the minicomputer are

shown. For each signal, BCOO-BClS, a 220 ohm open-collector "pull-up"

resistor (to +5 V DC) and a 330 ohm cable matching resistor (to ground)

is used. Both these resistors aid in maintaining the quality of the

digital signals.

The third drawing, Figure 4.11, depicts the E8 to E256 data

lines (which determine the vectored interrupt address), the interface

control signals (EST; STB, ERE), and several lines used to establish the

digital ground return for the minicomputer and the data converter. If

the desired vectored interrupt address is :92 (hexadecimal), as was the

case, then switches E16 and E128 are left open while the remaining
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Figure 4.9 Data converter I/O(1) circuit.
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Figure 4.10 Data converter I/O(2) circuit.
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Figure 4.11 Data converter I.O(3) circuit.
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switches are closed. Upon recognition of an interrupt, from the data

converter, the minicomputer will then vector to address :92 (hexa-

decimal).

The circuit is now completely described in terms of a theory,

specific components, and electrical schematics. What remains to obtain

realization of the circuit, is to construct the prototype. This step

is outlined in the next Section.

4.4 Construction of the Prototype

The data converter is housed in a standard 19" rack-type cabinet,

four panels are mounted. Each panel can be removed from the rack by

detaching a connector. One panel mounts the 32 BNC chassis connectors,

another the power supplies, a third holds the switch register (for

manual operation), and the fourth panel mounts a card cage assembly.

It is noted thatin Appendix C, several photographs of the data converter

are available.

The BNC panel also includes 32 DPDT on-off toggle switches for the

analog signals. Running from each BNC is a 28 AWG coaxial cable. These

cables are tied together to form a larger cable. This larger cable ends

at a card inserted into the card cage assembly. Located on this card,

besides the 32 coaxial cables, are four MM8 multiplexer modules.

The power supply panel has a +15 V DC and -15 V DC (at 300 milli-

amperes) analog supply and a 5 V DC, 3 ampere, logic supply. A toggle

switch controls the AC power, and a fuse is mounted to provide overload

protection. The voltage outputs are located on the back side of the

panel at a terminal strip, but may also be monitored on the front side

using bannana jacks.
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The switch register has 19 toggle switches mounted on it. They

are situated on the panel in three groups: control, lower buffer, and

upper buffer. Also included on this panel are 8 LEDs, which display the

current multiplexer address (the MPX lines). The LED drivers are mount-

ed on a small board located on the back of the panel. Signals from the

switch register panel are sent to other circuits on a cable which stops

at a card inserted into the card cage assembly.

The fourth panel contains the card cage assembly which holds

nine cards. Each card slides into its own slot and plugs into its

own connector. Connections between cards are then accomplished by

wiring from connector to connector.

Whenever possible wirewrapping was employed. The IC packages

were inserted into wirewrap sockets, components were soldered to wire-

wrap stakes, and modules were plugged into wirewrap socket terminals.

Characteristics typical of wirewrapping are flexibility and density.

Both these characteristics are desirable whenprototyping.

The I/O cable was constructed with a twisted-pair 26 AWG ribbon

cable. Six lengths of this wire were necessary to send the required

minicomputer signals to and from the data converter. The ribbon cables

were tied together and ended at a card inserted into the cage assembly.

The other end of the I/O cable was wired to a plug which mates with the

16-bit I/O Module. Located on the card are the I/O signal receivers

and drivers, along with a special IC which contains miniature switches.

These switches are used to determine the vectored interrupt address.

This address can be easily modified by these switches.

Because the sockets into which the cage assembly cards are inser-

ted has wirewrap terminals, the backplane connections are wirewrapped.
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This differs from the card wirewrapping only in wire size, 24 AWG

compared to 30 AWG.

The construction of a prototype involves numerous steps, many

of them too tedious to be discussed here. It is pointed out, though,

that these decisions must be made and can affect many aspects of the

resulting product.

4.5 Summary

Circuit realization can be achieved only after the design

specifications are known. The process begins with a theory of Operation,

components are then identified, next circuit schematics are drawn, and

finally the prototype is built. Before the prototype is installed in

the field, it must be tested to see if the design specifications have,

indeed, been met. Experimental procedures, results, and a discussion

of such tests are the subject of the next Chapter.



CHAPTER V PERFORMANCE

It was necessary to perform several tests on the data converter

to evaluate its actual capabilities. These tests can be grouped as fol-

lows:

1) verification of control logic,

2) calibration of the ADC,

3) determination of the static accuracy, and

4) an example of the dynamic response.

The first test demonstrates that the data converter's control logic oper-

ates as designed. Calibration of the ADC, the second test, adjusts the

ADC transfer characteristics for optimum accuracy. The final two tests,

determination of the static accuracy and an example of the dynamic response,

illustrates the DC and AC Operation of the data converter. These four

experiments will be outlined and discussed in the Chapter.

5.1 Verification of Control Logic

As stated in Section 4.1, there exist two fundamental control logic

modes; namely, manual and automatic. Each of these modes has three schemes

of operation: sequential, static, and random. Consequentially, six dis-

tinct sets of experiments are required to fully verify that the data con-

verter's control logic operates as designed.

Verification of the manual mode follows the algorithm outlined

in Figure 5.1. Limits used in the sequential operation test were 00

(hexadecimal) for the lower channel and 20 (hexadecimal) for the upper
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Figure 5.1 Data Converter Manual Operation Algorithm.
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channel. Using these limits, and following the algorithm, the data con-

verter sequentially stepped from channel-to-channel, and preset, as re-

quired, when the upper limit was reached.

Static operation using the manual mode, was achieved by followb

ing the algorithm and loading such sets of limits as: 0-1, 5-6, A—B,

and 15-16 (all hexadecimal). In each case multiple readings of the lower

channel were observed. Random operation using the manual mode, was

simultaneously verified in this test since the lower channel was changed

(preset) each time that new limits were loaded.

A small program, see Figure 5.2, was written and toggled into

memory to verify automatic operation. The program begins at address 100

(hexadecimal) by loading into the data converter the limits found in the

X register. After the ADC interrupt is reset and armed, the convert

instruction is given. Following the convert instruction is an endless

loop. The minicomputer will interrupt while in this endless loop and

vector to address 92 (hexadecimal). Here the input buffer, containing

the data word, is read into the A register and the program stops. At

this time the limits in the X register may be altered and the program

started again. If the limits are not to be changed the operator depresses

the run switch (on the minicomputer) to continue the program. The pro-

gram is continued and another conversion is made.

To verify each scheme of operation (sequential, static, and ran-

dom) in the automatic mode, identical limits as used in the manual mode,

were stored in the X register. In each case identical results were ob-

tained; therefore, all six possible schemes of operating the data converter

were verified.





Address

92

93

94

95

100

101

102

103

104

105

42

nge_ Mnemonic

F201 JMP $+1

5896 INA :12,6

0800 HLT

F20C JMP $+:C

6E92 OTX :12,2

4090 SEL :12,0

4091 SEL :12,l

0A00 EIN

4093 SEL :12,3

F600 JMP $+O

Starting address- 100

Comment

Jump to next word

Read input buffer

Stop program

Jump to :101

Load Limits

Reset ADC interrupt

Arm ADC interrupt

Enable all interrupts

Convert

Loop to self

Figure 5.2 A program to verify the data

converter automatic operation.
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5.2 Calibration of the ADC

This process began after all equipment had been powered for one

hour. The circuit used for calibration is illustrated in Figure 5.3.

A battery was used as a reference voltage to eliminate any "ripple" that

might be associated with a power supply. The voltmeter used to cali-

brate the data converter, a Wavetek 201(}l) has an accuracy of (I)

.ll millivolts on the 10 volt range, and .01 millivolts on the 1 volt

range. Resolution of the voltmeter is to 5 decimal digits. The volt-

meter, then, has sufficient accuracy and resolution to be used for

calibration purposes.

Calibration requires the adjustment of two miniature lO-turn

potentiometers located on the DAS-l6. The two adjustments determine

the ADC off-set and gain.

The off-set is adjusted first by selecting a channel which pre-

sents exactly -5 V DC to the ADC (this voltage is monitored by the volt-

meter). The data converter is operated manually, and the off-set is ad-

justed until the converted code is 000 (hexadecimal). This determines

the zero code of the ADC.

When the ADC off-set has been set, the gain adjustment is made.

The data converter is operated manually, selecting a channel which pre-

sents exactly 4.9975 V DC (as monitored by the voltmeter). This volt-

age is determined by subtracting l LSB from the full-scale voltage, or

2.5 millivolts from 5 volts. The gain adjustment is varied until a code

of FFF (hexadecimal) is displayed in the LED's of the DAS-l6. This

adjustment determines the full-scale code of the ADC.

When the off-set and gain adjustments have been made, the data
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Figure 5.3 Calibration circuit for the data converter.
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converter is then fully calibrated. A convenient third voltage (the half-

scale value), analog ground, can now be checked and should yield a code

of 800 (hexadecimal). This type of coding is "off-set binary" since the

analog ground code is 800 (hexadecimal). For a detailed explanation of

the calibration procedure Datel has prepared "Applications Handbook For

Adjustment and Timing of Analog-To-Digital And Digital-To-Analog Con-

12)(

verter Products".

5.3 Determination of the Static Accuracy

To determine the accuracy of the data converter a circuit iden-

tical to Figure 5.3 was employed. Data points were taken every 0.5 volts

and the results are tabulated in Table 5.1. The final column in the table,

total error, includes both the error of the data converter and the error

of the voltmeter used in the test. The largest error was found to be

9.21 millivolts or 0.0921% of full-scale. Since the required accuracy of

the data converter is 0.1% of full-scale, an experimentally determined

accuracy of 0.0921% of full—scale is, indeed, satisfactory.

The input voltage was varied in both the positive and negative

direction, and no hysteresis was found. To determine if all channels

were identical, in terms of accuracy, a 1.2 volt mercury battery was con-

nected (one at a time) to each analog voltage channel. For all 32 chan-

nels the DAS-l6 output code was identical, thus, the calibration and

accuracy tests performed on only one channel are valid for all channels.

It can be deduced, therefore, that all 32 analog voltage channels main-

tain a .0921% of full-scale accuracy.
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Table 5.1 Experimental results to determine the static accuracy.

 

Input Octal Output Error Voltmeter Total

voltage code voltage (mV) error (:mV) error(th)

-5.00 0000 -5.0000 0.0 0.61 0.61

-4.50 0312 -4.5068 6.8 0.56 7.36

-4.00 0626 -4.0087 8.7 0.51 9.21

-3.50 1144 —3.5053 5.3 0.46 5.76

-3.00 1460 -3.0078 7.8 0.41 8.21

-2.50 1776 -2.5048 4.8 0.36 5.16

-2.00 2317 -1.9946 -5.4 0.30 5.70

-1.50 2627 -1.5063 6.3 0.26 6.56

-1.00 3144 -1.0058 5.8 0.11 5.91

-0.50 3461 -0.5053 5.3 0.06 5.36

0.00 400 0.0000 0.0 0.00 0.00

0.50 4315 0.5004 0.4 0.06 0.46

1.00 4631 0.9985 -1.5 0.10 1.60

1.50 5147 1.5014 1.4 0.26 1.66

2.00 5463 1.9995 -0.5 .30 0.80

2.50 6001 2.5024 2.4 0.36 2.76

3.00 6316 3.0029 2.9 0.41 3.31

3.50 6634 3.5058 5.8 0.46 6.26

4.00 7151 4.0063 6.3 0.51 6.81

4.50 7465 4.5043 4.3 0.56 4.86

5.00 7777 4.9975 -2.5 0.60 3.10
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5.4 An example of the dynamic response

The purpose of this experiment was to evaluate the basic dynamic

characteristics of the data converter. Figure 5.4 depicts the circuit

used in this test. The oscillator was adjusted to produce a sinusoidal

signal with an amplitude of 10 V peak-to-peak. A program was then exe-

cuted by the Alpha-l6 (see Appendix D) which enabled the sinusoidal

waveform to be sampled several thousand times. The channels to be sam-

pled were specified by an operator via the teletype keyboard. This

program was designed to record both the maximum and minimum reading,

find the mean average all readings, and print out these results for each

channel.

The dynamic response test was performed using the static (without

multiplexing) and sequential (with 32 channels of multiplexing) schemes

of operating the data converter. Results of these two tests are tabulated

in Tables 5.2 and 5.3. It is noted that as the frequency of the oscillator

was increased the min and max values began to decrease. When this occurred

the sampling rate and the number of periods observed were not sufficient

to detect the desired min (-5.000) and max (4.997) values. If the sam-

pling rate, or the number of periods observed were increased, then both

min and max values would agree with the lower frequency cases. This of

course, is only true as long as the aperature time (5 microseconds) of

the sample-and-hold module is much less than the period of the sinusoidal

signal.

5.5 Summary

The results of the experiments described in this Chapter clearly

demonstrate that the data converter's control logic is functioning as

designed. Also, the experimental results verify that the accuracy of
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Figure 5.4 Circuit used in the dynamic response test.
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Table 5.2 Results of the dynamic response test-without multiplexing.

 

frequency(Hz) minimum(V) maximum(V) average(V)

0 -5.000 4.997 0.002

1K -5.000 4.997 0.002

10K —5.000 4.997 0.002

40K -5.000 4.997 0.002

50K -5.000 4.997 0.002

60K -4.978 4.997 0.002

70K -4.924 4.997 0.007

80K -4.909 4.995 0.007

90K -4.885 4.992 0.009

100K -4.836 4.963 0.009

Table 5.3 Results of the dynamic response test-with multiplexing.

 

frequency(Hz) minimum(V) maximum(V) average(V)

0 -5.000 4.997 0.002

1K —5.000 4.997 0.002

10K -5.000 4.997 0.002

30K -5.000 4.997 0.002

40K -4.975 4.997 0.004

50K -4.963 4.997 0.004

60K -4.909 4.975 0.007

70K —4.904 4.956 0.007

80K -4.839 4.941 0.009

90K —4.819 4.904 0.009
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the data converter exceeds the design requirements. A software package

for the data converter is currently under development; it will enable an

operator to completely evaluate the static and dynamic capabilities of

the data converter. Some of the important features of this diagnostic

package are described in the next Chapter.



CHAPTER VI SUMMARY

An adaptive programmable measurement system has been proposed

for the purpose of monitoring and managing pest-crop ecosystems. One

component in this facility is the data converter. The purpose of the

research reported here was to specify, design, construct, and evaluate

the data converter.

After carefully considering the overall programmable measure-

ment system requirements, the prototype data converter was designed,

constructed, and its performance tested. These performance tests demon-

strated that the data converter's control logic functioned as designed

and that its accuracy was better than 0.1% of full-scale. An example

demonstrating the basic dynamic properties of the data converter was

included in the experimental tests.

To further evaluate the dynamic response and to facilitate the

maintainance of the data converter, a software diagnostic package is being

developed. This package will be operator interactive--the desired tests

may be individually selected and executed. Static performance will be

evaluated in much the same manner as previously described in Chapter V.

The dynamic performance, however, will involve finding the time constants

and delays associated with converting a signal with a large time rate of

change. This may be accomplished by synchronizing (interrupting) the

minicomputer with a -5 V to +5 V ramp, and sampling it, on the order of,

50 times a period. By decreasing the period of this ramp signal these

time constants and delays will become measurable. The dynamic perfor-

mance tests described above will be included, along with others, in the

software diagnostic package.

51
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In retrospect several design changes might be made to suit a

particular application. To reduce the cost of parts (see Appendix E)

the DAS-l6 ADC system could be eliminated, and separate ADC and sample-

and-hold modules could be substituted. The full capabilities the DAS-l6

system were not utilized in this design, nor could they be used in any

application requiring greater than 16 channels of multiplexing. For this

reason a saving of $300, or 15% of the total cost of parts, would be

assured by implementing this substitution.

Additional cost-savings may be realized by deleting the manual

mode. The Gating scheme and the complete Switch Register circuit would

not be necessary, and about $100 could be shaved off the parts list.

A final recommendation to improve subsequent data converters in-

volves a third mode of operation. This mode eliminates the need to

execute a convert instruction for each conversion. Once the limits are

established in the MAG, a convert instruction is issued. The data con-

verter then provides its own CONVERT pulse (and all future pulses) for

each conversion.: When the upper limit is reached the MAG presets and

a second interrupt is issued which signifies an end-of-block. By using

an AUTO I/O instruction and two vectored interrupts, one for each data

word and one for an end-of-block (or ECHO), this new mode could easily

and efficiently be programmed. Since the ADC would essentially be

"free-running" from lower to upper channel (once started), converted data

words would be available and read into the minicomputer every 15 micro-

seconds. Using this new mode of operation the data converter's sampling

rate would be increased by nearly a factor of 10.
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APPENDIX A

Glossary

Note- Definitions are from "IEEE Standard Dictionary of Electrical and

Electronics Terms", Std 100-1972.

asynchronous computer- A computer in which each event or the
 

performance of each operation starts as a result of a signal generated

by the completion of the previous event or Operation, or by the avail—

ability of the parts of the computer required for the next event or

operation.

SEE? A binary digit.

buffer- A storage device used to compensate for a difference

in the rate of flow of information or time of occurance of events when

transmitting information from one device to another.

ppgf One or more conductors used for transmitting signals or

power from one or more sources to one or more destinations.

central processing unit- The unit of a computing system that

includes the circuits controlling the interpretation and execution

of instructions.

conditional jump- To cause, or an instruction which causes, the
 

proper one of two (or more) addresses to be used in obtaining the next

instruction, depending upon some property of one or more numerical

expressions or other conditions.

decode- To produce a single output signal from each combination

of a group of input signals.

diagnostic routine- A routine designed to locate either a
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malfunction in the computer or a peripheral device.

half duplex bus- A bus arranged to permit signal flow in either
 

direction but not in both directions simultaneously.

hardware- Physical entities such as computers, circuits, tape

readers, et cetera.

interrupt- To stop a process in such a way that it can be resumed.

interface- A shared boundary.

EEEET A pattern of characters that is used to control the reten-

tion or elimination of portions of another pattern of characters.

pgripheral device- A mechanical or an electric contrivance to

serve a useful purpose and is outside the computer.

real time- Pertaining to the actual time during which a physical

process transpires.

register- A device capable of retaining information, often that

contained in a small subset (for example, one word), of the aggregate

information in a digital computer.

routine- A set of instructions arranged in proper sequence to

cause a computer to perform a desired operation.

simplex bus- A bus arranged to permit signal flow in one direction

only.

software- Computer programs, routines, programming languages

and systems.

system- An integrated whole even though composed of diverse,

interacting, specialized structures and subjunctions.

transfer- To transmit, or copy, information from one device to

another.
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APPENDIX B

l6-bit I/O module signal definitions

Note- Definitions are from "l6-Bit Input/Output Module", prepared

by Computer Automation, Inc. (1972), pp. A-4 to A-8.

A9: Input buffer regenerated clock pulse.

BCOO-BClS- Output data lines to peripheral device. These lines

can be either positive or negative polarity. Polarity is defined by

use of the OPOL signal.

 

E8;E256- Interrupt address select lines. These lines are user

defined and ground-true.

ESO-ES7— External sense lines. These lines are positive-true.

§§IT External strobe. Generated by the peripheral to strobe

input data into the input buffer register.

IE§0;E§7; External control lines. These lines produce an 800

nanosecond ground-true pulse when activated to control user defined

functions in the peripheral device.

I227 Input buffer full. Conveys input register status to the

computer and the peripheral device. A low output indicates that the

computer has accepted the last input data transfer. A high ouput indi-

cates that input data is currently stored in the input register but the

computer has not accepted it.

IDOO-IDIS- Input data lines from a peripheral device. These

lines can be either positive or negative polarity. Polarity is defined

by use of the IPOL signal.
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£229: Input register polarity control. If the data lines are

ground-true logic, IPOL is strapped to ground. If positive logic is

used, IPOL is left open.

ISRANf Input transparent. Causes the input register to be trans-

parent, permitting peripheral input data to be applied directly to the

data bus.

92E: Output buffer empty. Used to convey ouput buffer register

status to the computer and peripheral device. A low ouput indicates

that new output data is in the ouput register and that a transfer is

imminent. A high ouput indicates that the output data from the last

transfer has been received by the peripheral device.

923g: Output buffer ready strobe. Generated by the peripheral

device to acknowledge receipt of output data. Causes the output empty

signal OBE to go high.

22927 Output register polarity control. Grounding this line

causes the BCOO-BClS outputs to be in inverted logic form (ground-true).

Leaving the line open causes the output data to be noninverted (pos-

itive-true).

FED-P84; Address select lines. These five lines determine the

l6-Bit I/O Module user defined device address. These lines are ground-

true signals.

EMILE? Interrupt request number 1

RNT_27 Interrupt request number 2.

55927 Interrupt request polarity control. A ground-true RPOL

signal causes a ground-true external interrupt to be recognized. Like-

wise, a positive-true polarity signal causes a positive-true external

interrupt to be recognized.
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§EQET Peripheral strobe polarity control. A ground-true polarity

signal causes the EST and OBRS signals to be recognized if they are ground-

true. Likewise, a high polarity signal causes the EST and OBRS signals

to be recognized if they are positive-true.

STE: Output data strobe. Goes high for approximately 200

nanoseconds.
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Item Quantity Description Unit cost ($) Total cost ($)

1. 15 7400 Quad 2-input Nand

gates 0.55 8.25

2. 5 7475 Quad latches 1.40 7.00

3. 3 74193 Binary counter 3.90 11.70

4. 3 7485 4-bit magnitude

cOmparator 7.00 21.00

5. 5 74121 Monostable multi-

vibrator 1.10 5.50

6. 6 7404 Hex inverter 0.70 4.20

7. 4 MM8 multiplexer 99.00 396.00

8. 1 DAS-l6 ADC system 695.00 695.00

9. 1 DPS-1 5V@3A power

supply 32.06 32.06

10. 1 BPM-15/300 115v@3oo mA

power supply 89.00 89.00

11. 1 MS-7 BPM socket 3.50 3.50

12. 40 10k ohm resistors 0.10 4.00

13. 20 220 ohm resistors 0.10 2.00

14. 20 330 ohm resistors 0.10 2.00

15. 10 2.2m ohm resistors 0.10 1.00

16. 10 150 ohm resistors 0.10 1.00

17. 10 1k ohm resistors 0.10 1.00

18. 10 10k film resistors 1.34 13.40

19. 50 0.01 mF capacitors 10WV 0.15 7.50

20. 20 TIL 210 LED 1.40 28.00

21. 32 ENG connectors 0.76 24.32

22. 3 3-termina1 connectors 0.55 1.65

23. 3 4-termina1 connectors 1.05 3.15

24. 1 AC line chord 1.50 1.50

25. 1 Pilot light 1.00 1.00

26. 1 Fuse holder/fuse 2.25 2.25

27. 1 Can of paint 1.75 1.75

28. l Bud relay rack (table) 18.00 18.00

29. 2 AMP DIP switches 3.73 7.46

30. 16 JBT SPST toggle switches 1.60 25.60

31. 33 JBT DPDT toggle switches 1.58 52.14

32. 2 JBT SPST momentary

toggle switches 1.90 3.80
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Item Quantity Description Unit cost ($) Total cost ($)

33. 2 Bannana jacks-green 0.95 1.90

34. 2 Bannana jacks-white 0.95 1.90

35. 2 Bannana jacks-black 0.95 1.90

36. 2 Bannana jacks-red 0.95 1.90

37. 2 RCA CA3081 NPN transis- ' '

tor array 6.24 12.48

38. 1 Beldon 8700 28 AWG ‘

coaxial cable-50 feet 14.40 14.40

39. l Wirewrap wire-30 AWG 59.25 59.25

40. l Wirewrap wire-24 AWG 25.34 25.34

41. 1 Bag of 100 wirewrap

stakes 26.85 26.85

42. 10 Printed circuit card

connectors 3.90 39.00

43. 1 Bag of wirewrap sockets 12.30 12.30

44. 1 Universal card cage

assembly 31.44 31.44

45. l Bag of card guides 6.75 6.75

46. 10 Universal cards 6.18 61.80

47. 2 Boxes of 2-56 machine

screws 2.00 4.00

48. 2 Boxes of 2-56 nuts 2.00 4.00

49. 2 Boxes of #2 internal

tooth lockwashers 2.00 4.00

50. 1 100 foot roll of twisted-

pairs ribbon cable 48.00 43.00

51. 50 Augat 16-pin wirewrap

DIP sockets 0.89 44.50

52. 30 Augat l4-pin wirewrap

DIP sockets 0.79 23.70

53. 1 8"xl9" vector board 11.00 11.00

54. 1 Bag of 100 clear cable

ties 1.10 1.10

55. 1 Misc. aluminum & machin-

ing 50.00 50.00

TOTAL COST OF ALL PARTS- $1976.24
 

 


