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CHAPTER 1
INTRODUCTION

A time varying signal can be characterized by its
frequency spectrum. By knowing the frequency composition of a
signal, important operations like sampling can be performed on
the signal withqut loss of information. Also differences in the
frequency composition of signals and noise, can be exploited and
used as indications for control purposes.

In Fourier analysis, an amplitude-time waveform is
transformed into a frequency spectrum, which is the amplitude of
each frequency plotted against frequency. The amplitude spectrum
of a waveform is plotted as the amplitude density (in wvolts per
hertz) versus frequency (in hertz). In some cases the power
density is plotted against frequency. Such a plot is called a
power density spectrum or simply a power spectrum.

This report, describes a spectrum analyzer which is relati-
vely simple in operation, and inexpensive in construction, and
uses the MC 68701 microcomputer. A block diagram of the system is
shown in Fig. 1. Descriptions of the major sections of the
Spectrum Analyzer and various hardware designs used are also
given.

The key component in this system is the MC68701
microcomputer, which generates the various frequencies of inte-
rest, and the control signals. The MC68701 alsoc acts as an inter-
face between the input section and the North Star computer. This
interface provides a conversion of ASCII coded serial data (from

the NorthStar) to binary coded parallel data required for the
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generation of frequencies. It also receives the binary data from
the A/D converter and converts it to ASCII coded serial data (for
the North Star). In addition, it also performs logic level tran-
slation from RS232C (at the North Star end) to TIL logic (at the
interface end). The MC68701 is discussed in detail in chapter
III. The analog input section, where the signals are received and
modified, is discussed in chapter II. A brief description of the
software is also discussed in chapter III. A discussion of re-
sults obtained is given in chapter IV. A listing of the software
and the program in BASIC for the North Star computer is included
in Appendix I.

One of the main advantages of this system is the elimination
of tiresome calculations required to obtain the spectrum of noise
signals. Such a system will play an important role in the
analysis of noise signals. A simple operating procedure is

outlined in the chapterVI for the convenience of the user.



CHAPTER II
INPUT ANALOG SECTION
The input analog section essentially consists of the
following :
A. Microphone
B. Input Amplifier
C. Anti-Aliasing Filter
D. Switched Capacitor Filter - The Reticon
E. Buffer Amplifier
F. True RMS to DC converter -~ ADS36A
G. A/D converter - ADC0816
H. Baud Rate Generator - AY-5-8116
I. RS-232C standard serial interface
The following sections discuss in detail each of the above.
A. The Microphone
There are several types of microphones commercially
available which use a diaphragm arrangement to convert the air
pressure oscillations into mechanical motion. This diaphragm is
coupled to a condenser, which generates an electrical charge when
stressed by the motion of the diaphragm. The microphone used in
this present application has good sensitvity and a frequency
response of 15 KHz. In addition it offers simplicity and
durability.
The microphone is an "omnidirectional" device in that
it is sensitive to signals coming at it from virtually any direc-

tion. Even so, some care must be exercised when positioning the
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microphone in order to obtain reliable data. Also, the positions
selected for noise measurement often depend on the purpose of
measurement, For example in measuring the noise emitted by a
motor, it should be placed as near as possible to the noise
source, without actually making contact with any of the moving
parts. This way, important information is not lost. To avoid inter-
ference it is good to have effective filtering between the
microphcne and the rest of the analog section. This is achieved
by a capacitor and resistor network. The microphone connections

are shown in Fig. 2.1.

12 uF
| { 5 ™
iy P~ AMPUFER
208 K

Fig. 2.1 Microphone Connections

B. The Input Amplifier

This amplifier is required at the input so that the signals
can be raised to a level where they can be easily analysed. A
block diagram of the amplifier is éhown in Fig. 2.2. The
amplifier is configuﬁed as a non-inverting amplifier with an
overall gain of apporximately 100. An amplifier with such a high
gain is required because the noise signals being measured have
amplitudes usually in the millivolt range,Aiso it is required to
raise the level of the signal so that it would prove suitable for

conversion by the analog to digital converter.
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Fig. 2.2 Input amplifier with a gain of 100

C. Anti-Aliasing Filter

At the output of the input a low pass filter is
included to avoid aliasing. This low pass filter is actually a
filter having two cut-off frequencies. Cne filter configuration
has a cut-off frequency of approximately 5 KHz. When the switch
across the resistor is closed, another resistor comes in parallel
with the already existing resistor to give a filter cut-off
frequency of 15.5 KHz. Care should be taken to see that the “on'
resistance of the switch is taken into account when calculating
the cut-off frequency. The switch is controclled by the MSB of
port 4 of the MC68701 microprocessor. Two such filters have been

provided to accomodate signals having frequencies greater than 5



KHz.
When R=d4 K, C= 0.008 mfd
Fo= 1/2*%3.14%R*C
= 1/2%3.14*4%10%0.008*10°
= 4,973 Kz

When the switch is "ON":

3
Ron of switch is 80 ohm. Then Reff =l.88*4*10/5.88*l§

=1,2789 K
Fc= 1/2*3.14*Reff*C
= 1/2*3.14*1.2789*0.008*163
= 15.5 KHz
The filter connections are shown in Fig. 2.3.
FROM MSB OF
PCRT 4 OF
MC 88701
> NN
FROM '
INPUT
PR L AANAN
; =
4 K TO RETICON
SCF
T 0.008 v

Pig. 2.3 Connections for the Anti-Aliasing filter

n.sm.;hadmmﬁmm:

The Reticon

The connections for the SCF is shown in Fig. 2.4.
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Fig. 2.4 Connections for the Reticon S&

Switched capacitor filters are similar to standard active

filters with switched capacitor resistors in place of the normal

non-tunable resistors. The stability and the clock tunability of

the SCF eliminates alignment problems. SCF's can be tuned by

varying the master clock and have excellent stability. The

greatest advantage of this SCF is the ability to integrate seve-

ral filters of various types onto a single chip, thus realizing a

savings in the PC board testing and inventory.

The SCF is used to sweep through the spectrum of interest.

The Reticon is a double-poly, NMOS switched-capacitor, active

filter. It can be used to perform as a low pass, high pass, band



pass, all pass or a notch filter. It can also be configured to
perform as a sine wave oscillator with no external components
except an external clock. The filter responses are determined by
ten pins which may be digitally controlled or hardwired.

The Q and center frequency response of the filter are
controlled by ten digital inputs. Five of the pins can be used to
vary the clock fregquency to center frequency ratio over two
octaves and the other five pins are used to vary the value of Q,
which ranges from 0.57 to 150.

For the present application, the SCF is hardwired for a Q
value of 40.0. A high value of Q is chosen so that it would
improve the frequency selectivity of the circuit. It may be
recalled that the quality factor Q of a circuit is defined as the
ratio of resonant frequency to bandwidth. Out of the five pins
provided to vary the ratio of Fc/Fo, the pins Fol and Foo are tied
high. The other three pins Fo2, Fo3, Fo4 are connected to the
three LSB's of port 4 of the MC 68701. The baud rate generator
which provides the clock for the Reticon is configured so as
to generate two frequencies both above 60 KHz. It must be
recalled that the microphone used at the input has a cut-off
frequency of 15 KHz. Also the anti-aliasing filter used has a
maximum cut-off frequency of 15.5 KHz. This means the sampling
frequency has to be greater than 30 KHz to avoid aliasing. But,
according to the data sheets of the Reticon, it is stated that the
master clock has- to be greater than twice the clock frequency to

avoid aliasing. Hence the baud rate generator is configured to
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generate only the frequencies 77504 Hz and 307185 Hz, which are
both over 60 KHz. With the SCF being configured as above, the
frequency of the input signal ranges from 425.7 Hz to 6143.7 Hz.
This is easily determined by using the relation Ratio=Fc/Fo. The
amplitude of the the input signal at each of the sixteen frquen-
cies is measured.

The BPin pin of the SCF is used to feed the incoming input
signal. The LPin and HPin pins are grounded. The output from the
SCF is then fed to a low pass filter which has a cut-off
frequency of 20 KHz. The design of this low pass filter is as
follows -

R=1000 ckms, F =20 KHz , C = ?

F =1/ 2*3.14*R*C
8
20000 = 1/ 2*3.14*10 *C
C = 0.008 nfd.

A low pass filter is included at the output of the SCF to
cut out the clock noise introduced by the baud rate generator.
The signal is then passed on to the buffer amplifier stage.

E. Buffer Amplifier

This buffer amplifier is essentially an unity gain voltage
follower having a non-inverting configuration. This amplifier has
an overall gain of one. The main reason for including a buffer at
this stage is to decrease the input loading effect and to provide
effective impedance matching. A voltage follower has a high
input impedance. Hence, it draws negligible current from a signal
source. Also, it prévides impedance matching and acts as a

"buffer" between two blocks. The signals at the output of this
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amplifier follow the input and are not altered. The signals are
then passed on to the RMS to DC converter. The circuit diagram

for the buffer amplifier is shown in Fig. 2.5.

Fig. 2.5 Connections for the Buffer amplifier

F, True RMS to DC converter - AD 3363

The RMS to DC converter computes the true RMS value of any
complex input signal containing AC and DC components. The

connection diagram for the AD S36A is shown in Fig. 445
+10 v

INPUT FROM
BUFFER AMPUFIER >
TQ ANALOG TO

DIGITAL. CONVERTER

=1Q v

Fig. 2.6 Connections for the true RMS to CC converter
The actual computation performed by this device follows the
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equation

Vims = Avg.(ViﬁV Vrms)
This true RMS to DC converter is subdivided into four major
sections : absolute value circuit which is an active rectifier,
squarer/ divider, current mirror and a buffer amplifier. As shown
in the connection diagram the device needs an external capacitor
to set the averaging time constant. The AD 536A will compute the
RMS value of both AC and DC signals. If the input is a slowly-
varying DC, the output of the device will track the input
exactly. At higher frequencies, the average output of the device
approaches the RMS value of the input signal.

In this present application, the AD 536A is operated with a
supply voltage of +10 volts. The input and output signal ranges
are a function of the supply voltage. The advantage of this
device is that it has a buffer amplifier at the output. A RMS to
DC converter is necessary to convert the incoming signal to a RMS

value which would be a suitable input to the A/D converter.

G. A/D Converter - ADC 0816
The A/D converter used is the AD 08l6. It is a 8 bit

converter with a l6-channel multiplexer. The A/D converter uses
successive approximation as the conversion technique. The 16-
channel multiplexer can directly access any cne of the 16 single
ended analog signals and ﬁfovides the logic for additional chan-
nel expansion. This A/D offers high speed, high accuracy, minimal
temperature dependence, excellent long term accuracy, repeatabi-

lity and consumes minimal power. There is also another input
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available called the comparator input, which is a direct input to
the A/D. For the present application, as there is only one input,
this input is made use of. The A/D has a conversion time of 100
microsecs., and a total unadjusted error of %1/2 LSB. The

connection diagram is shown in Fig. 2.7.

NPUT > 18 17 ez o +3v
FrROM 19 W(+)
ADS3I8A
21 Q/P ENABLE
FROM —> al 18
WMC38701
ADC
ALE 22 o818 - 31|
x.
29
™ EOC
uCssToT S 1= =
z
EPN. CONTROY 37 o8
By 24
2 e =00
Ava Gz
(o-Xo o- 4

Fig. 2.7 Connections for the ADC 0816

The A/D is under direct control of software. The start
convert signal is supplied by software. As it can be observed
from the timing diagram of the A/D (Appendix II), the end of
conversion (EOC) signal goes low after the start convert signal
is supplied. It remains low until the conversion is complete,
after which it becomes high, indicating that the conversion is

complete. This low-to-high transition of the ECC is sensed again
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by softt;vare.

The output enable pin of the A/D is tied to +5 volts. When
tied permanently high, the output is always enabled. Care should
be taken to see that the A/D is read for data only after
conversion is complete. The address latch enable (ALE) is tied to
start convert pin of the A/b, as it has a similar waveform to the
start convert signal only a slightly delayed version. The
expansion control pin of the A/D is tied to ground so as to
disable the 4 bit address. The 4 bit address is disabled as none
of the inputs are being made use of. Vref(-) is tied to ground
and Vref(+) is tied to +5 volts.

A 500 KHz square waveform acts as the clock of the A/D. The

clock circuit is shown in Fig. 2.8.

© +5 v

b2

+5 v
7

- 580 180 ohm
md'lm —\AAAY 3
4 qQ
[ 13 12 I | ? 8 | 3 8 7478

7404 1 MHz 7404 7404

CRYSTAL KPR

Fig. 2.8 Circuit to obtain 500 KHz clock for the ADC 0816
The crystal used is a 1 MHz crystal and then it is passed
through a simple divide by ﬁwo circuit to obtain the reguired 500

KHz.
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H. Baud Rate Generator = AY=5-8116

The connections for the baud rate generator is shown in Fig.
2.9. The AY-3-8116 is used to generate the clock frequencies for
the Reticon Switched capacitor Filter. The frequency generated
depends on the word pattern fed to the four inputs Ra, Rb, RCc and

Rd of the baud rate generator. An external 4.91520 crystal is

connected to the two XTAL pins.

49152 MHz CRYSTAL

I’

¥4

Ii
a

1 18
BAUD
=, RATE T o
o
s STR . GEN. 8 —<T MC 88701
+5 v AY=5—
81186 5
. +5V
GND. 4 ”)
11
~. CLOCKX FREQ.
] FOR THE
RETICON SCF

Fig. 2.9 Connections for the Baud rate generator

The AY-5-8116 has dual selectable 16 clock outputs. The
range of frequencies extend from 800 Hz to 307.200 KHz. The AY-
5-8116 has dividers at the output of the oscillator to generate
the different freguencies. |

The word pattern to generate the various frequencies is
supplied at the computer end by the user. For thg present

application the baud rate generator is used to generate only two



clock frequencies, both of which have to be above 60 KHz to avoid
aliasing. It can be observed from the data data sheet for the AY-
5-8116 that the word pattern to generate the frequencies 77504
and 307185 differ by two bits. The two bits which are common for
both frequencies are tied high. The other two are bits are shor-
ted and connected to the MSB of port 4 of the MC68701 microproce-
ssor, When the MSB is high the frequency 307185 is generated and
when the MSB is low the frequency 77504 is geenerated. These act
as the clock frequency to the Reticon switched—capacitor filter.
I. RS=232C Serial Interface

The signals going in and coming out of the processor are not
adequate to communicate with a peripheral controlled by the
processor. Thus, the signals are seldom sent directly to the
interface. The terminals transfers characters of data in the
ASCII form. Special hardware is used to form a standardized
communication bus to which memory and peripherals are interfaced.
A widely used standard wherein the terminals used serial
communication is the Electronic Industry Associates (EIA)
specification RS-232C standard.

All RS-232C signals must be within the limits shown below-
1. +3 volts to +15 volts for a zero.
2. =3 volts to -15 volts for a one.

Thus level translators are required between the TIL levels
and the MODEMS. The level translators require additional power
supplies (+12 volts and -12 volts) to generate the required

signal voltages. The two translators used are :

16
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1. MCl488 : Quad TTL to RS-232C. This is for data going to the
MODEM.
2. MC1489 : Quad RS-232C to TTL. This is for the data coming
from the MODEM to the device.
In all, the RS-232C interface consists of 25 data lines.
Quite a few of these are undefined. In most computer terminals

only 3 to 5 data lines are required for operation.
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CHAPIER III
THE MC68701 MICROCOMPUTER
A. HARDWARE DESCRIPTION

The MC68701 is a single chip microcomputer that is
compatible with the M6800 family parts. The onboard chip resour-
ces of the MC68701 microcomputer include:

1. 128 bytes of internal RAM.

2. 2-K bytes of EPROM.

3. Serial Communicaticns Interface (SCI)- analogous to the
Asynchronous Communications Interface Adapter (ACIA).

4. Parallel I/O ports- that could be used as Peripheral Interface
Adapter (PIA).

5. Programmable Timer.

The internal RAM is located at hexadecimal addresses 0080
through OOFF and the internal EPROM resides at F800 through FFFF.
The memory locations 0000 through 001F are reserved for the
internal registers. The microcomputer (MCU) has an access to a
64-K byte address space.

A few hardware features of the MCU are:

1. 8-bit word size.

2, 16-bit address field.

3. An internal oscillator with a divide by four circuit.
4, M6800 bus compatible.

Tﬁe instruction set for the MC68701 is similar to that of
the M6800 except for a few added instructions. Accumulators A and
B can be concatenated to form accumulator D, which is 16-bit

wide.
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The MC68701 has 29 parallel I/0 lines shared by four ports
1, 2, 3 and 4. A simple block diagram of the MCU with it's ports

is shown in Fig. 3.1.

18\ £ 17 %
LA L
ucas7o"

e /8 - AR A BN
v N

Fig. 3.1 Ports of the MC 68701

An I/0 device is interfaced to the microprocessor through an
1/0 port. Transfer of data and direction of data flow can be
accomplished by suitably programming these ports.

Ports 1 and 4 have 8 I/0 lines each. Port 3 besides having 8
I/0 lines, has two control pins SCl and SC2. The operation of
these pins depend upon the mode of operation of the MC68701.

These ports can be programmed by the user's program. Each
port is provided with a data register and a data direction
register. The ports act as inputs or outputs depending upon the
configuration of the bits in the data direction register. A one
in the data direction register indicates that it is an output bit
and a zero indicates that it is an input bit.

Port 2 is a 5-bit port unlike the other ports which are 8-



bit. This port is used as an interface for the SCI and the timer.
The three least significant bits of the data register of port 2
provide the operating mode for the MC6870l1. Port 3 in addition to
the data register and the data direction register has a control
and status register to configure the control lines SCl and SC2.
Depending upon the mode of operation, port 3 can be used either
as a bidirectional data bus or a multiplexed address/data bus.
B. MODES OF QPERATION OF THE MC68701

The MC68701 can function in eight modes- Mode 0 through Mcde
7. Mcde 0 ‘is a reserved mode exclusively for programming the
~onboard EPROM. The modes are selected by connecting the switches
to pins 8,9 and 10 of the MCU as shown in Fig. 3.2 . Upon RESET,
the levels on the pins P20, P21l and P22 are latched into PCO, PCl
and PC2 bits of the data register of port 2. The processor then
recognizes that it has to operate in the reguired mode.

. Y

AAA
L4
2

e g'

Fig. 3.2 Reset and Mode configuraticn

20
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The eight operating modes of the MC68701 can be broadly

classified under three major modes as:

1. Single chip Mode (Modes 4, 7).

2. Expanded Non-Multiplexed Mode (Mode 5).

3. Expanded Multiplexed Mode (Mode 1, 2, 3, 6).

Each of the above operating modes has an unigue memory map,
illustrating the allocation of the 64-K byte memory space.
Invariably for all the modes, the first 32 locations in memory
are reserved for the internal registers. In modes 2, 3 and 4 the
internal EPROM is not included in the memory map. Depending upon
the user's application, RAM's or ROM's could be fitted into the
external memory space in any mode. A decode logic circuit
distinguishes the internal memory from the external memory.

In some modes the internal EPROM addresses FFF0 through FFFF
are not usable as this area is assigned for the external
interrupt vectors. Upon RESET, the processor fetches the RESET
vector from an external RAM or ROM where the interrupt vectors
reside.

For the present application, the operational mode selected
is the Single Chip Mode (Mode 7). Ports 3 and 4 are used for the
data transfer between the MCU and the input analog section. In
mode 7, ports 3 and 4 being parallel I/0 ports, can be used for
the above purpose. In this mode of operation there is no need for
an external address bus as external memories are not required.
Also, the onboard EPROM is included in the memory map.

C. QUAD BUS TRANSCEIVER

The quad three state transceiver is used for the purpose of
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data transfer between the MC68701 and the input section. A simple
bleck diagram of a quad three state bus transceiver, the MC8T26A

is shewn in Fig. 3.3.

y . . F
ﬁm(/) <7

N ~7  DRNER INPUTS

MCST284
RECEVER ENABLE
g v
[ >
maua.sa / RECEVER QUTPUTS

Fig. 3.3 Bleck diagram of the Tri-state Transceiver

It consists of 4 bus inputs, 4 receiver outputs, 4 driver
inputs and 2 control lines (Receiver Enable Input and Driver
Enable Input). A low signal on the Receiver Enable Input enables
the receiver outputs and a high signal on the Driver Enable Input
enables the driver inputs.

A bank of two guad bus transceivers is connected between
the processor and the A/D converter in the analog input section.
The I/0 lines of Port 3 form the bus inputs to the tristate
buffers. Another quad bus receiver is connected between the
processor and the switched-capacitor filter. The MSB of Port 4 is

connected via this quad bus receiver to two of the inputs of the



baud rate generator, to generate the different clock frequencies
for the switched capacitor filter. The Receiver Enable Inputs
and the Driver Enable Inputs are shorted together.

The software determines if the control pin is to be high or
low. When there is a high signal on the Driver Enable Input the
data at the ocutput of the A/D converter is sent to the processor.

D. CONFICURATION OF EORT L

CONTROL OF TRISTATE

BUFFERS

= P10

START CONVERT SIGNAU

T A/D

_ P11 PORT 1
EDC SIGNAL FROM

A/D s P12

Fig. 3.4 Configuration of Port 1

Port 1 is configured as shown in Fig. 3.4. Bit 0 is
connected to the control of the tristate buffers. Bit 1 is
connected to the start convert pin of the A/D converter through a
buffer stage. Bit 2 is connected to the end of conversion (EOC)
pin of the A/D converter.

E. DESCRIPTION OF IHE HARDWARE OPERATION

The schematic diagram of the MC68701 based Spectrum
Analyzer is shown in Fig. 3.5. The resistor-dicde circuit connec-
ted to pins 8, 9 and 10 of the processor is for selecting the

required mode of operation. In this application the switches S1,

23
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S2 and S3 are open so that the processor operates in Mode 7. A
crystal of 3.958 MHz is connected to pins 3 and 4 of the proces-
sor. This frequency is chosen so that upon proper configuration
of the bits in the Rate and Mode Control Register, standard baud
rates are available. Pins 4 and 5 (being Non-Maskable Interrupt
and Interrupt Request) are tied high to disable the interrupts.

Pins 11 and 12 of the processor are connected to the level
translators, MC1488 and MCl489 allowing for the Serial
Communications Interface (SCI) to accept the serial data
characters from the terminal or to transmit the bits serially to
an asynchronous serial data device. The SCI has two control
registers : Rate and Mode Control Register (RMCR) and
Transmit/Receive Control and Status Register (TRCSR). The SCI is
initialised by initialising these two registers. The least two
bits in the RMCR provide the standard baud rates of 300, 1200,
9600 and 76,800. Depending upon the requirement, the bit
configuration is done in the software.

Ports 3 and 4 are configured either as input ports or output
ports depending on the data transfer between the processor and
the A/D converter or the baud rate generator. One of the I/0O
lines of port 1 is used to indicate to the processor the
direction of data flow. If the bit is low, the data flow is from
the processor to the baud rate generator and the SCF. If the bit
is high the data flow is from the A/D converter to the processor.
The software determines if this bit is to high or low. This bit
of port 1 is connected to the control line (ie., the Receiver

Enable Input or the Driver Enable Input shorted) of the the quad
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bus transceivers.

The two main functions of the interface are:

) 1 To provide the required word pattern to the baud rate

generator and the SCF.

2, To read the data from the A/D converter.

The steps involved in providing a word pattern to the baud rate

generator are :

1. The SCI accepts the ASCII characters from the terminal via
the RS-232C level translators.

2. The software makes the ASCII to B(D to binary conversion.

3. Port 4 is configured as an output port.

The steps involved in reading data from the output of the A/D

converter are:

1. Port 3 is configured as an input port.

2. Bit 0 of port 1 is made high. (This drives the Driver Enable
Input of the transceiver high, thus enabling the processor
to read the data from the output of the A/D converter.)

3. The software makes the binary to BCD to ASCII conversion.

4, The SCI sends the bits serially to the computer.

F. SOFTWARE DESCRIPTION
The software controls the direction of the data transfer and

is also responsible for the ASCiI to BCD to binary conversion and

vice-versa. If the interface receives an "&", the data transfer
is from the computer to the baud rate generator, to generate the
various clock frequencies. If it receives a "?", the data

transfer is from the output of the A/D converter to the computer.
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To begin with, all the data registers, data direction registers,

control registers and stack pointer are initialized.

The following steps are involved if an "&" is recognized :

1. Port 1 (excepting bit 2) is configured as an output port.
Bit 2 is configured as an input.

2. Port 4 is configured as an output port.

3. ASCII to BCD to binary conversion is performed.

4. The binary data is stored in the four most significant bits
of port 4.

5. A software delay is created so that the data on the
interface lines becomes stabilised.

6. Bit 1 of port 1 is made high and then low, thus initiating
the coversion for the A/D .

7. A software loop is set up to see if the end of conversion
pin becomes high, indicating that the conversion is
complete. This pin is connected to bit 2 of port 1, which is
an input. When conversion is complete, data is available at
the output lines of the A/D converter.

The following steps are involved if a "?" is recognized:

1, Port 1 (excepting bit 2) is configured as an input port. Bit
2 is configured as an input.

2. Port 3 is configured as an input port.

s A high signal is sent to the control of the tristate
buffers, enabling the driver inputs of the transceivers.

4, Binary to BCD to ASCII conversion is performed.

5. The ASCII data is sent serially to the computer.



G. ONBOARD EPROM OF THE MC68701

One of the excellent features of the MC68701 microcomputer
is it's ability to program itself. The processor has an onboard
2-K byte Erasable Programmable Read Only Memory (EPROM). Mode 0
is exclusively used to program the onboard EPROM. This mode is an
expanded multiplexed mode wherein the MCU has an ability to
access a 64-K byte memory space. There is a special circuit
available which is used to program the onboard EPROM. First the
codes that are to be loaded into the onboard EPROM are entered
into a fully erased EPROM called the data EPROM. Then by applying
the appropriate voltages to the programming circuit, the codes
are downloaded from the data EPROM to the onboard EPROM of the
MC68701. Care should be taken to see that the onbord EPROM is
fully erased before programming. The programming of the onboard
EPROM of the MC68701 was done on the "MC68701 Programmer"
available in the Engineering Technology department of Kansas

State University.

28
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CHAPTER IV
IESTING, RESULTS AND ANALYSIS

At the terminal end, a program is written in North-
Star BASIC to generate the word pattern for the Baud Rate
Generator and the switched-capacitor filter and then to accept
the converted value from the A/D converter via the MC68701 inter-
face. This value is then used to express the level of the signal
in decibels.

There is a total of sixteen frequencies generated, and
for each frequency generated the amplitude of the signal at that
frequency is obtained and passed on to the computer to be used to
calculate the dB level. These values are then used to plot a
graph of noise level in dB as a function of frequency. This gives’
the audio spectrum of the noise source.

Communication between the North-Star computer and the
analog input section is established by the "&" command. The "?"
command results in the analog section sending the last reading
back to the NorthStar, as an ASCII character string. The BASIC
program then calculates the db value of the signal at that freg-
uency and prints out the value.

Now, to test the system under discussion, a step by step
process has been evolved. Not only was the performance of the
system as a whole evaluated, but also the performance of
certain important components like the switched-capacitor filter
is studied.

Initially, the audio spectrum of the damped noise
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existing in the envoirnment where the experiment is carried out
is measured. No area is completely noise free and this existing
noise contributes to the noise content when the noise from a
certain noise source is measured. Knowing this, the actual noise
content of the source can be determined by subtracting the
background noise from the total noise.

Next, a loudspeaker is used as a socund source. This
speaker is fed from a signal generator set at a particular fre-
quency. The noise level is now measured. The actual noise content
of this source is determined as explained in the previous parag-
raph. During this measurement, it is required to see if there
exists any distortion or clipping at various sections of the
system. This is achieved by observing the waveforms on a scope at
various points. This gives an idea about how the system performs
during measurements.

Further testing is carried out by injecting a
sinusoidal waveform set at a certain frequency straight into the
system without feeding it into the speaker. The waveforms at the
input and the output of the input amplifier are observed. This
provides an insight to the system performance when not measuring
noise signals.

To evaluate the performance of the Reticon switched-
capacitor filter the following method is adopted. As already
stated before in the preceding sections a total of sixteen
frequencies is generated by the baud rate generator and the
Reticon. Now, each of these sixteen frequencies are generated one

at a time and the waveform at the input and output of the Reticon
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are observed on the scope. In this way the—performance of the
Reticon at lower and higher frequencies can be studied.

Finally, the speaker is given an input set at different
frequencies and the noise levels aré measured. To have a
different noise source, the noise levels of a hairdryer are also
measured.

To plot the graphs, the "LOGPLOT" routine available in
the HP86B computer is used, with a few modifications. This
program, written in BASIC, has the capability of plotting the
amplitude in decibels as a function of frequency. For
convenience the frequency is expressed in logarithmic form , as
it is easier to handle. The plot routine is executed and the
audio-spectrum of the noise source is obtained. The Y-axis of the
plot is seen to be only for a limited range. This is to facili-
tate better viewing of the signals within a smaller range.
RESULTS AND ANALYSIS

Looking at the plot depicting the noise levels of the
speaker output with the input to the speaker being a sinusoid set
at 1 KHz, it can be observed that the fundamental occurs close to
1 KHz. The main harmonics seem occur close to 2 KHZ and 3 KHz
which is as expected. Cbserving the waveforms at various points of
the system during measurement seem to indicate that there seems
to be some noise generated which can be attributed to ground
loops and inadequate grounding. This can be remedied by having a
printed circuit board made for this system. This can eliminate

grounding problems to a large extent.



32

Next, when a sinuscid was injected straight into the
system without going through the speaker, it was observed that a
fair amount of clipping existed at the output of the input
amplifier. This could be because of the offset problems and the
high gain of the amplifier. This problem was solved to a great
extent by including offset adjustments in the amplifier circuits.

Next, the performance of the Reticon was evaluated as
outlined earlier. It was found that the output of the Reticon
maintained the basic sinusoid shape during the lower frequencies.
But as the frequencies increased and approached 5 KHz the wave-
forms became distorted and became more triangular in shape. From
this it could be concluded that the performance of the Reticon
deteriorated and hence became unreliable at frequencies approac-
hing 6 KHz. Figure 4.5 shows how the output of the Reticon changes
as the frequency increases.

Next, the noise levels of the output of the speaker with
the speaker set at different frequencies is studied. It can be
seen that there exists a strong fundamental component with
harmonics occurring as expected at multiples of the fundamental
frequency. The same trait is observed when studying the plot for
the hairdryer. Plots for the different input frequencies are
included in this chapter. It can be concluded from the above
testing methods and results obtained that the system performs as
expected and that distortion occurs at higher frequencies, which
can be eliminated by having a printed circuit board made for this
system. Also, the performance of the Reticon is fairly reliable

at lower frequencies but become distorted at frequencies approac-
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hing 6 KHz. Hence the Reticon is recommended for use at lower
frequencies and definitely not at frequencies above 6 KHz.
DRAWEACKS AND IMPROVEMENTS

Some of the drawbacks of the system being discussed
include, the sensitivity of the baud rate generator, the
performance and sensitivity of the microphone being used and the
reliabilty of the components being used in the input analog
section.

The AY-5-8116 baud rate generator can only generate
sixteen frequencies. Also the frequencies generated are not uni-
formly spaced. Thus it is very difficult to observe the level of
signal at other frequencies than those generated by the baud rate
generator. Even the frequencies generated by the baud rate gene-
rator are different from those listed in the data sheet of the
device. This shows that this device is not very accurate in its
performance.

The noise is measured with the aid of a microphone
which has to be sensitive to noise and rugged enocugh to withstand
the industrial atmosphere. The microphone used here has a fairly
uniform response upto 15 KHz and this could prove sufficient for
most applications of measuring audio noise. But in other applica-
tions where the spectrum is required for higher frequencies, it
is essential to obtain a high performance microphone.

The position of the microphone plays an important role
in the recording of the input signal. The microphone, being

omnidirectional in nature is susceptible to noise coming at it in
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all directions. To make sure that only the valid signal is being
recorded the microphone is placed near the noise source. This
could help, but it is totally impossible to prevent other signals
from being included along with the wvalid signal. Ancother reason
for placing the miérophone as near the noise source as possible
is to see that the intensity of the noise level is not reduced
with distance.

Another major drawback could be the reliabilty of the
components used in the input analeog section. The overall
performance of this system could be improved considerably by
using precision components. For example the input amplifier can
. be made a precision amplifier with very little offset and very
high input impedance. The resistors and capacitors used can be
made precision resistors and teflon capacitors.

The main advantage of the system lies in the simplicity
of operation. It does not require expertise or a great deal of

know-how to operate this system and can be easily accomplished by

a layman.
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QIAPTER V
APPLICATIONS

One of the major applications of the Spectrum Analyzer
is as a noise and vibration analyzer. Rotating machinery can be
noisy and can suffer from excessive vibration. Noise is generally
irritating while vibration may cause premature failure. The
MC68701 based Spectrum Analyzer can be used to resclve complex
noise and vibration signals into constituent signals as a
function of frequency, thereby generating a spectrum. This
spectrum can be evaluated, in terms of amplitude, for predominant
frequency components. Such tracing of noise or vibration sources
allows corrective measures to be applied most effectively. One
such method would be to take the Ease line signature of the
vibration of any machine; this could be filed, and periodically
recorded data could then be compared to the base line signature
to see if significant variations have occurred. If such variat-
ions are observed then corrective action has to be applied
before total breakdown.occurs. Changes in the vibration level of
machines indicate changes in the condition of the machine. Vibrat-
ions level increase as the machine deteriorates, parts work loose
and bearing wear increases. As a result the noise level also
increases, and this could serve as an early warning and enable
effective maintenance and overhaul to be planned before break-:
down.

Measurements made for a diagnosis of machine vibration
depend upon the access to the machine and operating speed range.

In the process of identification of machine faults it is
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advisable to take and analyze as much data as possible. Such data
can be used for fault identification and fault correction. This
data can be used in problem solution or used as supporting infor-
mation for any calculations that are needed to be made. The
MC68701 based Spectrum Analyzer can be used for the acquisition
of the data.

Another important application of the analyzer would be
to use it for measuring acoustic intensity of engine noise and to
evaluate the radiation of noise from vehicles. The dynamic forces
generated within engines give rise to vibrations which are either
adsorbed or transmitted through the engine structure. Those vib-
rations which transmit to the engine surface are then converted
in part to pressure waves within the medium that surrounds the
engine. Some of these waves are of resistive nature which propa-
gate to the acoustic field and become the radiated noise emission
of the engine. A study conducted by General Motors [17] for the
measurements of noise emitted from engines, reveals that the
directivity of noise radiated from engine/chasis systems, could
be improved considerably by having two closely-spaced microphones
to record the noise. The report in its findings states that
acoustic intensity is related to the cross spectrum between the
acoustic pressures of the two microphones used. This has
facilated in the development of a practical method of measuring
acoustic intensity.

One more specific application of this analyzer could be

in measuring the noise level in a grain elevator. In a grain
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elevator there exist abundant machinery and that includes a lot

of moving parts. As a result, a great deal of noise is generated.

This ncise can be periodically examined to see if the noise

spectrum is as expected. If found to be different, this could be
an early indication of component failures or improper operating

conditions. Corrective actions are implemented to prevent

permanent damages.

Discussed above are only a few of the many applications
of the Spectrum Analyzer. This analyzer can be used in any noisy

envirorment to serve as an early indicator of possible failures.
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CHAPTER VI

OPERATING EROCEDURE
Connect the appropriate power supplies. Power supplies needed
are +10 volts, -10 volts and +5 volts.
Connect the RS-232C link between the interface board and the
computer to the second serial port of the NofthStar computer.
Connect the microphone to the input socket provided for it on
the input analog section. Care should be taken to see that the
microphone is placed as near as the noise source as possible
without touching it.
Switch on the power to the computer system and load the
Spectrum Analyzer program.
Switch on the power to the Spectrum Analyzer board and "Reset!
the system once before operation starts.
Type ‘RUN' to execute the Spectrum Analyzer program. The noise
levels in db corressponding to the various frequencies is

obtained.

. Plot the spectrum on the HP86B computer using the 'LOGPLOT'

routine available on it. First an input data file has to
created with the all the frequency and db values being
supplied. Then the 'LOGPLOT' routine is executed to obtain the
spectrum of the noise source.

If the above enlisted steps are followed faithfully, the

spectrum of the source can be obtained very easily.
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Appendix I
1. Cross assembler listing for the MC68701.

2. Program listing for the Spectrum Analyzer in North Star BASIC.



1

PAGE

3wipEn

14 CATS3-AS

DRCLE w&a23

(18 |

InNC.

TR

.l;.Eﬂn.

nwevoasg
TRTLA

1Y (*
PYRISHT 3874 3y 427

egTp

IS Te=
e

Sbiy

Fod

IASTF 1.1

LA 1

CC CRT55 A3zIMse,

res

™y
1e
't

“

49

1., Cross Assembler listing for the MC§8701

MLL>wa
[=1 1

b Fim (S8}
,?“ -—

g##-ﬁ&i*#-ﬂ###

- Qd <+

* =t W @

- ZTeore Z o8 .

» AUCASQdR e -]

ki d we #+ W w

.4 Qe DEQITe =TT | o

& [ I RRTTIT Py =T v

3 QIS A e

- qVi VS DD [~

* Qe=Jwue & OO o

» -l QU OGOE Ll ]

-] Vi Jo T * e e o

# V=, FWUI=Y T =y Lol 4 I
2 LY >o =1-] -

3 b WO T L id it b o Uy e
o TWa=GLUAE VI o 11 (=13

- W It we b e OO0 Qg b=
w0’ e B= -t W e [ -9 O Wy
»0 z Adeitidd > o -w o,
o ZL DAY TTWU. W =i
L. o QUd OZ00 oo

-2 ] LY e R e LI ] » obm UL
Y- A0 B = O O w0 O NE ML LOLTEDY o
# T SO W ek Imem DWIUN wikds we &
B el Peogle ZECIGI O et (0 e e b o e e o O b (2 UL
IS QIR E LW S VIHE L IO LU
3 W W (L1 S 2 temQOrmEQOC 0 =
MM VI EOuiE a0 R MO A L) vt
SRATTEEG WGLd = dwu wsut & e
T ad TOOAD Q= Otk W 028 WL 1L =LY
1. 3

[

- €T P JOUE -

HU M 0l T3P a-tcuua-:aunrzum L.
Saiwer w0l 3 IO eI )
o mmmu:aqu-u.ﬁ ok €2 e o s s o o e e 434 1§ P

AN AV A MY
DD eme I T ™ £

a oug .o
[y, T IR TS =

A T 4 wd TIEFEd UprnOIICEODIE -
U T L el T ke Pt L LR L U LTS T T
4 2 AaF L diudf :-o—uuun.nawxuzbz
F nldeaer el D4 ot

DL IO LR WY mcm-uc-lchc-nn..u...

W e e e o et
it 68 o a3 o W o of o O I
LM = O b

% MARIT -0
2 e PUEE (2 b DI 0 T 3
-3 LL S L4 -
puasees U 2T *

8 TCID T JOor B
2 MU A WISt OV
masr T =T
QPRI I 3 ey [ L A1~ Loy ]
A PRI AT Y F7. L) - TR T AT ¥ X121 RE+
M2 AT b v gl WP TR O O e AR ) IO TR et AR TR LYY e O e L O s SO P UL (R el gy
A S rnArAT N T e I M SIS IR M )i et 1T I VIV Tl AR ST el T N
WAL Y 1P T U TG o e g O e 5 g e T R U S B U Y U0 R A D e T B A WD A Gk W o Y e
0T U DT T L
2N Ok T 0
- Ll RIS XTT R P
P oadldl ! [ VIR
FAmunuAn M w $NNDUDINDoDNDID DDA IDIDDINDNDINDIDODD
S et A 00 N TN L) IR PSSO TORCYIIE 3 3 S0Pl ad PRI A o€ B AETNC AT AP B JCNC P4 O IETT NS
.'-:tul.l b LLIUtDoun X «}l!'luwuﬂul TP Al b U0 P PR LD RE 0 TS VL Al U0 I P H PR R A U 4 SR P P BRRI R D
54 wetmi =it D
FoR NI T ARy [T T - - 4
Sori LeeFoal i n O -] 3=
EOFT il midee i Lt et (it d wv AT AT Mt NOT) MEIMeT-
;:- R ATL 0 G mET PO F  oded N G b Y GG M) ST P I it

et LI IO A CLHIETE R AL E VN, oF =1 B 2 22 “T UM A D D) ittt T L e )
ﬂ-ﬂ HHRBPLIHBN G BAMMHACOIRAUACNIOE S U P it Y T ddd S NN T I T IS T

L D EHDI Y oF VO CD et N 1L LMY D o1 O i TR D I SO DOO
N QLI OMNIDG GGt M dailviddduduaqudy QU000
OPRAULSDVDVOCOOONDIOINTIONTOCTOOOIDO0 nra M
O LILOCOUSOOODOOMOOMAOOCANACIIOITOOOL L. LI

-Gy 1 DGR S e 4 o 1Y W TR ED et P Y 1 O e (T D et P o UL (VP TR LD b 3 T Y VP T (VS
DD EIIDCIC ) T vd-omet i wd o ol o wmt yt 2 4 TN DV C SO DSOS OO FPHTHN A AU I ~F o T N8 Pl sl of s
A OAOC™EAMNOOSOMIISOONOIDIDODIIOICIMDODIN MO TDDODRIS
LUeONEQUeLOOORLEOSCTROCOOCOOGIOIDOO0 WAL IINOOOON0OC
SUOODUOENOOCTODAIOWOLOIMOOOONOASLOOUOoOUOMOODURoODDOOND



&
s

paG

Y

m

2SC-assw

FOTRORTLA “£3Say (F

§2ECay

50 -

L * 5
pae Q. ; . e
+ # [TV oW &
a @ - ATW #
* ® aDn B 5
& & «z . 3 < B
* # 1" - 3 e »
- a9 - * o aaw &
4 B - w w, . 4 =z &
3 o o= OF w» 2 = o Hmul B
5 o 11T (=] - us #ZD B
%W o LT x [ - - w2
*TE Q - = ] o *nQ #
g W me— [ o Q e L O -
L-1-1 ] e T [—] [ 1 a o L1 - 4
4 & e zZ o o - fo0) @
Bwa 2=z 2 > = S
Sor it Uora . " v ot e
das woa = #WDer
- [- 3" - = [ ] ~ sa ud
I o« b a FLEIr=F
- ] (S ) = ot ' o fauwa L
mor (=l (=3 = wv L] LTIxXS
wredt WwZa o Ld - St LasI UL 4
K= -l e ™ 0 % =2
bl W = (1] = &
Sl e bl Ll o Q - n R T
Wah u aue w - 2 o &
ot * 2L - o - Fwe
Bi=ft a Zail (%) a “ w T o i i
BhmE - Suinr ] < ¢ O o a # Ta®
HNTE O w»n [l [ "1 T . S iueor
o -l (31 = % wd B w us &1 <&
# 5 oW Q@ Q T3 O &~ = i H= e
2w I ~ - -t o - < & =D
#IL - el - 2 = b Sroas
T -t T -« wa = d @ m nradn s
# 5w - o= a T [ - a BWE
LT - T ]} [ == wi =y W e Z - % et
da. - =Cla a (IR N T T 2 PP )
L | (8] Wk o W o B
ARLR = - W > < CEWT I
e 0 = —m O = 2 =t
L i ny - HG = ) = €1 wle A8
2T 0 bt ) o = (171 1w z - 1 -
ewq o’ = wl f+ I ud R wend
B v At & G D WD 1S w e o
=i 3 L=
ame FTE O
o ™3
1 DTN
e 8 v 23 74 [ a -1 De
D et WA ("4 ] T M3 e, M e -l [ LT R -
1 3eee )t Qe ue - D L NC T LT T (ST %] L X~ TR
el ad T AT mor wr & Wi« v Mo I * Der B
Lt I I il W = Lo T L W T ST - g it
£ -] - )
Fhar Er S L ~17 2-3
TN el ey - qaet aeg - AT A i -]
ae 3 T IR
FE KO AN LGAALAAMN T A0 N9 TA0ALO S JU TA WY 0.0 J ISR TAON & e
AR AR S OHCINQRICIOMNALGCHE S CICICH HUIEHIOIC AR T PVn T2V vinaun Ok o SO 3 e 3
e e T T T N S AV i N L T T BT LZ M B TN ™ A VI T2 T 8 iy
* =  J>u
sl vt #
= T ur s
[k i S~ - e} = - *TATE
bl dal] ' o (= (=] L JTH ST g -1
a2 @ v L » ] o] w
o RN -t - (%] - E-E-R-1-38-1
. ] o
e X (4]
2 N et - - T NN DI, L oL e REIMLD
LIt - CHet T - U e SO W VLT, - e D=l
o
™ AN £ DTN A S Pt YT AN O O N AT T 0D vt Y D ot a1 3 (R D LT oF el e D VSN
LY QLTI LOINMN T (R OMMOOCITI M AR QML NER GO S 3 PITDN IODC
I F P DU Al i O 3 VAT o e g bl b Ml vt N IO i P9 0 7 s v o L L e ¢ 198 Y
OO NHID DO OCIDO €D o vt v o t ot o) et v w0 g ot 1 O A AL OGO O IOGT YOI VT iYW P 3 o
241 QARSI PTG O L FEVTI Q2 OTH AN A ANV GG G L QO PO O Y FF L M3 Ll s AT AN G - T 4
LT I T B T T L T O T T L O T T I Y T 7 S T T Lo T O TR T I T iy T T T S Py T
GV o f 01T (T Y e O IPY P 1 W 1 T ST et (7Y o WY VTR ) om0 PR o b D LT T e PN ) o U1 (e DL S g 00 0T P I

BE VB LOVARY o WS U0 oL S W A W N0 8 D AD P P P P e o P Pow Pom o 8 GG DU AW | (GG N R AU USRS DD DO O
DO CQAOMODONILNIDONOMNIMMOSODDIOOIODIIOCIDV A CICI ) IO D OO onl 0 vt ot om el
GOQOCNIOOCCIOOOOOQOLOIQOMOSLOOOODMICQOONAMOLINOAULOAOCODONIC
OO0 DOOAOOOVNOONTIOWINOOONDOLWOODODAICINNIINIOOCOONIQOOOOUCD™



ny

LIF

n

"y

5-48§

35

FCTORTLA 252514 (R

sSCen

sP

1

» .
-9
™ L]
-] b=
=
= w
- wr
v 3 =
- L) "1}
- =
Q - =
W =
o8 a o %
= e o
D= [ -
ot - v
U a -]
- - - 3
e =2 o
' [+ o
o
na vy 4
(X ] L §
Lad 3,
g ~ [~]
™~ o
(=] tal [}
1]
[l 1 ~ - +
m ] -
9 v - e
| cabnd - (S ] bl
-8 a d w
W Lt o
wa & =< =
b 1] b W
u 'l o xr
-l o -
[ = 'Y}
- () T =
~ ey (3 o
- i a .
”e . o
(=] o Lae w
o4 W (W] L] -4
fr w
VT emntl o N Ind [ T B A I § T} Lo B L — PR S o N a Y ol - P -
Foia v el MY X [T ST L FTYY (] W MO udihlels & F Clofs = a & (19
— Ve G w0 Oy WA Te Aiasd.tI7E 9 Inadu T tul =z bt
1% G G Iy LAY L - £ RN Dl B D)y £ YN DEIEDIL Ll [
Maguaan ddett [qe1 «a4a & SV TFTARTTAN I AF N AT A

MM NI TR AC O NN YU LTI R ot D GLIS )T T T A ) d o ST R o e e ed LD
O e, e (" e 010 £ VR QNI T U DO TN it P O Z e ORI wd ed U S e AT LY IO
) Tt WA T 2 7 N G G i ia N0 l--dﬂ'l_..“!! ad VAN Y LUV LA MO L) D AN Y T )

E
~y Iy [ ]
-t (L1 = _ Ly
o 5 L1 -9
- L= = x®
~ (']
> <1
AP UIYR Ty Medes RIS RICY PGS OWLILIGIW] " IO I L [ [ (=]
L 3D DY I3 s Ui JEMY (N DY eTay vfaf f el YLl G -7 «f -1

P Y - L) P ) g g AN P UL A o el P )¢ D G e ) P P e e Pen P ) S ) S et PO R LD 0ER  Pe e KD TR L WP
= (F L (T R ERCTH DI FNVT A AR o T A O P N TG T O P (1 (P U, ST Pos 08 O ANV ET - T IR Tl U 1Y TP

I T WTIET iU Lty nP WAL Ul mt @) oF P OO L Gl st 008 P UV T S0 Y 501 2T G bl S o A NP L U S
I IDMLIIVI"ID NN IT SN A A IR Ty g o P P o) o8 T IR AU A LA TN
St (R Godle th A A R GUER AN TH T N O O R T R RSR ORI 8 AR b G R TR R DR S T (R Ch R P G T s (R (S ™

s Hghl Wb ddelh Ll MWL U WU LA R e M e b U Tl B o o W U Lk L et 0D ML T e L M L PRt e i 6 Tt

WP VTS e A | PP 1OV S0 PR T g T o ) U T TN D et Ood 7Y o F D P O IR LD s T o U O P 04 0t T s AT Lo Y ) P TV ORI
EIMIDD e oL “|fqﬂ~~lﬂ~ﬂ'lmﬂm“lﬂ'lﬂ|"1ﬁ nd o WP -r A AP WV U LA D

maaumooueem«:nguaoaaeaonameaceoq ﬂﬂnﬁﬂﬂnuo@ﬂeoaacenug Pl 1-1-1%]
OSSO AL OOOS N EASOCSONATAAOMNOMNMOUOCOCLLOODROOBLAMON

.



4

PAGE

(¥ ]

=L

14

YEgIAE CP]SE-a

VIRCL R

¥

sepzCaun

52

a
w
§ LR 2 E L] [
L w &% &% w
o S 3+ & >
~ .4 L . 4 -
= % mQ B o
- =4 L] &% i+ o
-3 a = a HIWE #
Q o] 'Y SENE &+ w
a - | = F W -
[ oW oW = = 5 @
= ar x = *=Oa % ]
] > W W O i W =z
2 > o4 X ea 2D 9 o© . w
v ] = 4 W “+ =4 & 7]
w (W] QO T #OWET ¥ o - -]
- LI -~ - RaIQ % w [- 4 -
(%] -l [ BRI P = (1]
H xws @ a2 o - a w
w T = AN % QU B e g
- =k @ m = Frel W X a -
< WL e FETI= F A ~ [
Y] > =2 2 xa Hq > b w
o wE T QO o *T0 % = -
w T = = Nl 4 o v o
| L ] Lol s ool % - < [
77 QO &x &« @+
= Rl = W U S ¥ o s [
- - > > LN TR -
- 2 = = e 3 x -t
= - 0O Q Q 5 XD # W -
o A d W W Smuia #F > - -
u 4N T B e 2
Det & e ] IEQD % w L% ] | b
Q - - e AL ¥ W - —
o ikl o 1} ] HED> o W o~ wi
[} - (LTI - | HOSuJde ©
bl W oW m FUT T . a bR
SV o w =T ow ] (€]
W =M Q #C (L] z L s -
z Tl WY LY e JOFiG - w as L
- a L = 4 Al o =
<ST - = - W < -
'Y < w® ™ E-REITE R T N - ] = [
o €2 [P T R | A Iy Y " oY
(3 2T L S T 2w 3 3 I & =
b= wmwy = 3 u % MEDE T - [ ™
w viem T ke . Sur i [ [ w
#*Ztan &
A SR I TTE
e NI R
Ny =
LR RS ] ) r
o b ol e 3 3 ma I A w ~ W ol e B L a3 w1 DML dae U
i Daladaded PO b X M1 f Dot et et D) JTAUCISRC NG (%) Qretrn ory
FH=AIUHANSTI A AP L e 832V tweg " CYSIF TR S
MDD A IO IvuNd L QT . -}U!ﬁlz..lﬂn‘-ur- - EXNTSN " FSN. ]
=+ v
- XTTTYTTeE- 23
o iy F1w TS geirielga Tl <f el Rl g e YL -] gt < o «f rled st
T -y
WUIH IS L) ST T T TR TSI NI QT D eP (L 40 A O ? B0 Ol AL W TS ST

ST 1 T 3 b Ve L pmr e (LG e 2 LI 1M 5 AU o 3 R I CIC I bt Y {1
AL GAVIAR NV VTV N VI E N A T RN D L 3 Hmw«gg N E N ET P i Wi
E-1
BN 3
eI e
Lk B L LN o -3

-
- W vk o-tm—o--ﬁ-
el < -
- ]} L E-R-N-2-) ﬂ'
m L
h @
(2L Ll T EI ST E T T O T T IT, TTTIET A T — TEF T LV S - TRV T BN A ] <t ot - [FIN IO T
DT NI AR D O DG et (] I, I
P L PITH LR P e i) S e 00 o (1S 1 0 0 e o) Pm £ PP LDaf P d b s O BN Lt et D Lo L L T LINT ST Y Y VT R, ]
CIPe N ST Ve QR OYAICROR (A RO I QY T TR A DD I ™) DD OODPCIDUW N AUG
e P F D W s a S O N LT Bl S Mk G D G Gl NS ) T T D LHEMT U P UL I L e ST
PN O Y L A P o P e e e P TSN IRO T OO IR (T (T (e T (B 00O DMOOQMNIO O metyied
AR E AR SRR O TP RO (BT T R IR TR b O A oFrl L T ool rfvgat ot «F o of of
Mo U b L b U Al I R b P U e bt B UL IA L B LR L M e el el U bbb oade d e 4 G U WL UL

T f V) P VTR T et JOPV P AN TP 7Y P D) PN o TV (P CD T P U PR DA CD 1Y § A e DN D i T P
o-u-a-u-thﬁ-n-ﬂ WO P Pos o oo . g i P P o TS TR PR 20 R0 ATHTICNY A O O QN 1% P € (TR QR MV AN DY €3 D O C IV € oot 4o gt st oot g

ot g o Dol b L A i Lo e e e L L L
ewamaamarwocaanaumaemn:-neaaanoaanuccancooor:auoa-:-:onanaoo
DeNOSOGMONAMMOONOOOOONOCIOACIDIOOOCONODOUOOTOONDOUIICDOTOD




R

CRISE-A85P3L

ATam

FOTIALY P

SPZCah

§ L]
(13
> .
b= (]
L -}
L -
2
w o
= w
z
(1"} L] - .
iy [77] [=] [T7]
= L] - =z =2 »
[ o 4 [ ] a . [ 1Y)
] o | = - >
22 < = =4 =
Qv -] Qo - [
xw or ag = =4
= o (L)
= g < @ & W
2= = (=] "o [= T 3
. - 3 -y =11 =1
wr =t - v - v
= - (=] (W] =] [
Y sl ) =8 L4 [ [ ] <
mZ Qaa o< 74 a & -
w ok Qe . -
. -1 [T U - o aw w @ D
[ d < =@ w (77 S Wi =3 o o
Lol oo =W > =2 >> W (7 ™)
= Ll o - (] = il =2 or
[ ween 1 - e g = -
. [ =Y - -y - o, b= Y ™ [ Y
-5 Crae (-] m I = LI
| w b= LU Q [~ 1177
3 auw Eal ™ = =0 aZ o o W
w [t -} [l 1] = [ -yt
o ] ("} [} [Pl ] -4 e
r 11 an bl Q af - a
- o - M=) = -1 =E - o,
- Uy = S - ] [} -
Ll 1] =X - e r - - 4
or [ - ] i [
il ol altd - L 232 [X] 2w
"t e n R ALl v 3 of wnn < otk
-t 1 b i L o (21-S i m n I
Wi ;T -l i or - o - e R
L -4 & € N Lol B I T L] [l =1 e I S TR
I T4 [SF N bl ad Mt Qe et M LML PdI L™ O NI D d LD LT ddl™= O
e It WV ISaI™ Mt TN SIICWHIL IR L0 LD ORI AN I TN Oy YT LT LN
hd - PR kT :)-uum':mﬂmmcan‘ﬂ:-:ﬂu-ua=|-|nmmu¢-:3"3n3--"--1-mnn
[ i LR RN - O RGL AL T e TIVIZN LA IMIA N T I AT UT I R AONane TS AZ N
-~ daan =\ MaeymRgriags Tl TaNTaSAuadw g O LT - K o

IO I N U INOIT T L TAN T IR NI IO A SIS T T AR A IS T T I )aA TV r T
l l"‘ﬁ|1ﬂf W A G QM LT O N FT N O Q M (el TRl DI e g T
D ad el MVE A Wi s I T PN I WY Q4 LA™Y A BV 0T AT WY e VY A A ™ nN-iu-_lG U o) €1 W Y ™ )

- -t (o ] rd L]

o ~ (] w [+ w1

- o w (9] i (%]

e a = a = (™

e [~} b (=] = L1~

a = - 2 - . At
ny LT, T ) W Fleawt  CHPOIMIIIL TN U C O CH LD et F O EI AV ST CaAIIC § P D ) st o] UL TP D
[ ¥ 3D o el @ U O L T DML L IS S Dt 0o T el DU, AT O OO T

P g rogenind LI it vd o] Wb T Pl P L e Ped 34 S I € w1 o 40 P P L P ) D e (U CD N TP 3 P (g, ) e
MG DLITMILI N o T 7 T T g (0050 TV (o U 4.7 LB~ e 12 (T VO QR AL UV QU I TR Y Y DI i T A R R R T (A . - Y

WA I et 9 Ve ™ P70 coaso dh P o WD e VP L I G TN A T 6 L) ad O T B U P A A DTN o AR L b e 4
ey T A L LR LT R T A PR A Ly Tl L T T T T RO R T N N AR RN LT L T YL TS T Y TR RN RV RET R, B IV T L S N T e, X
AT et efetrimgeiannadrgadadaanqldamAauag i AadanecuantadadTdwaguadunynaga
Uolicbhe Bt i Sk 1o tae b Pt ook 1 G H M Wo Ul WL W UL A0 kot Lh ohe e bl 0 10 48, 3 o b o A 08 L LA B 1) bk Do A M 3, MWL 00 W L TR

APm T G e ) P L Y% ) P T TS e T o N T P s O U O e Y F WO P O I st N T P EA TP TR CR e P ) - W P LY TR
e T T N T Y T T L T P i Ll e T T D T Dag b e e e o e e 2 M bbb b b AL ATCAL LEPRTFTRY- MVENE TV, BV PPV, RV TV, T 20
P L L L L LR L L T e T L Ty L R L Y L L L N O T N N T N P Y TP N PPy
OOMAIVOLIOSOLWOISOOGOOMMIOUENOAUOONSSOOOOOOOIOUSEOCMOOCNSO D
SO IOATDSONANOOVODIENASNUEOAODICUO ODNOOLOID SN0 ANDIO LD




¢

bAGE

M CRGSS-ASSKELEFR

¥533

PCTORCLA

s$Pzal

449 .
3 * *, »
. 4 » (¥}
L ] - -
* ++ -
. ++ v
. #4a
e = w
- S @ =
0 # [ s
r % *
w #4. # 4
= 20 @ =]
- &+ *
o = * .- [~
= W . L3 o #0O % =
g = * - Q L 4 w
- ] - w B B 3
- [ L Ll . Ha & =
ww @ = ol [=] L TR - -
a o g - ur w *> © =
N e L] = | o w *2 % .
- b - o L v %0 & [ Qo
@ Q . - Lot o a ] o = Q -
2 Q =2 € o2 - = &>+ 3 &+ 2
i < o o - Ly e WU W %3 -
[ = « al #X » [ =
- - v = W - U 2 e o
W o - - @ mn & * = 'R
> > " [- 4 ®] o v 3Z o (]
- > o we W = O e o
- z 2 = - - 2= # ® -1 =
] ol v P J L= ] -l ) W et =
WV 8o (¥} w DT b we $w K - W
Qo wa oW o et d M3 #en H x
n 2w [ [ B - =] v %D & =3 "
- - - el = o - * = -
v on < wI L ur - 3T 8 - I
" " w = [} - %O B E2
T X L. o = - =L ke esF x =]
< il P s W e G ] ()
b i ™ (LAY, 4 a Lad & fUema (X
P R i | = o s we L] VD QP z 1
2 2 -a - LY O 2w .
W N [ 4] = pal « L ot i} [ [
e BW (%] w T o [~ IOXT . - T L | = X
w ao " 19 wedd o = ~NF o " -
e
&
oL =8
o B
(5] - tr 2 - UMD e D -
LI T TIE T T R ¥ Lo IF 1 I ~ J - sy — el oo W -
(P CIANMTIEINY MMM LHAD e XML Wi epe e e MNOROMIEMIE 2 o Qo o
B, Deeuney A me AN T sy W Ff TAMumy il i ey Feassd Dei bw gt ot gt T
T QNN kW WL ST WA Vi - e XWZT A TOJT #i73 2 012 a
- B isIm Y
- I TR
gy STAN et annttey M o g Fdd gy «
o

Wil TR ST et CIM LRI o1 AN v o ST RN an ulﬂﬂuxddd#tﬁ—-l-.‘h.'-d'rdzrrrg"l,!rn_)u\
WS CINLCHE S AMEC T UL HAALR QLIS O 20PN SR OIN SedE AUV di LI S

VT o O Y ) d O VN D) o U D T L L 0T € MW Y Y U 1 N D Pt G d 10 0L WA WL aAam R

#I L

o e

ve lad T STe;R

L] ] o 3 3 [ -

(LA (%) »n () o - [ - 4 k2

it wvi w u ] o o e

= = = - ~ = a #aah
a 51 de m ['IYY 2 ut
2 - = " = =
WSO R e QS N0 £ Jem M Qe ey D0 IO AN D -ea 0
MYl DT M LMl ON v e U= e CIOQMOD NGO a1 o Qe 23ry
MIUI D LI Y R I P VAL (D ) P ) QT D 7 P L M R G et I T 10D R L DT TP P, TR TR ]
AR ) T DO L TN I S TG NN Y S MU A Paee SO P I YT P 1 P
VA e e Y gy P 09 0 D0 i, el MO A 1A CD S I VAN P e el W03 6 o o D T EDCH G I UL Ja Vi
LD RN R R R Al o oF T T of «f QO MU I G I O CIIDIDI DMV Do
ndgadNiGdundusgtdant fadaIddetatgqagaaeciea g [TV, PO YT R R P
VI TR PN PO T T PO T T O { Ty o iy T TR T S R TI T  TRL M TR TR TR AR AT B N Ay MY T T S ST R [ B O T W T I TR T B TSR TR T IR 1
ST Y P 1 b ol P APV D e HE VAP 1Y P P P e N Y U SR T R O w0 P S RO et VLT U P RSy et 25 FWA
s e}

Pom g P P P e 7S IFD 4 0 G WOHOTY PP B3 PR3 AT G G DA KA O RN (D 6 O R D0 D ) G O i ot 9t g g g o et e g g ¢
Ry T e T e Y T L LT L T L L L L L Ea L L L s L i D los e L Ds Landaa B L L L D T Lok T T Da T U Ll |
OO0V OAANIOULSAOOOGOAOOI0SCCUOOCNOCISIACOTOCOCOMOOOMr IDO0
MO0 OeaAGSaGSIIO NG 0OAOORLIANANDOAQOOAQOONICICIDIDIQ



7

PAGE

$€-a35moLER

| e

SPECAY

TORCLA %£38a% CRD

T NG TO “FF™ IF TPE RESULT IS NEGATIVE.

.
] w
v w
[ %] [l
L d -
t d -]
-]
b 1 .
= (X3 o=
L5 ] [ond -l
-l L =
w
wr ue w
;S = o
- -
1]
- - x
o o -
< L g
- -4 ur
™~ = 3
Wi ar [
=2 = = w
vy w [T ]

4 s LW D D ()b [T 1)
d baby e FLLiICAL - 2
2Py g a.Scne th 3T
Pe CT et DS Dt DT ML = ae
1 WA AW AT LIMMALZ A 3
Mmgiaie an e IR LT B dera

HRUTONGED O RLHGH Y Sk
&

$FFFE,

K LCCAVIONG SFFFE AND
BRUBBBHPFAPARERG AR AR R B EF PV UUS LR ENSALUGEE SV B LY

- 1“2'-‘N'"f'-‘@*'-lﬂf#ut*ﬂﬂ#t##*ﬁ#ﬂt##ﬁ&#ﬂﬁ#

o
[ =1 ]
Lk ]
wE &
T |
> -
e -
= 43 4L
YA
IR Q ™
(- XT84
S or
W %
iR

AR A A IS DI RCIT T JX A IT NG T BV
CleT e o™ I P b O £ D D pu fF b 53 F3 1

-l } 1 I ) o T OVE 4 TV G A Y

- ~ (5]
- - -
"™ W o

-3 - -
L NG SNPISe TN QY f
M e AL T LI DD < I

P TS T R e LA Tt T Rl Lk Londiad
ENMNTIC CiIF B O lr= I8N 0D C I « M TvmiAm

WV ) Gl e o 2 W kit e Gl bl T D 1 ST I WICY
o g b o e € OIS H P VTN Y
IRTTERTTY L T T U T A NPT DAL BRI PEL A ol 2 = DT L
Wed U eth L bl b W Ltk e el i il P U Al L

#
LT
3% ke 5t
# o
bt
(-2 1)

@+ 2
RRRE

M

iy
u

fal
. W
[T TN
il .

H T T G et 1N <P Y LV T O P w1 Y A A D P e D 10 Sl TN )
PP IO T O T YR AT o F o8 of P oF F P oF 2 WLy
UL T () ) AR Y AP [T T M AL M A LT MM iy
OMWOAUSISNOADLOITNAOOOCCOONOITE , IO
QOISTAAOQCHINOMIAMOMAGOQOOA0ONG QaRd

TV P

MhisS Ay Y

a¥MalL TacLi

I OUOW
DR oMUy
DO h
OO ik

Mol |NNG
- Ll
(- Ll -1
QP dazTo.a

N QOUHD e
e TWO
[=1S AL (W3-

QT 0~

D YO OO
et L
oooQomad
SO k.

>
~N MO of
&y QoI
LK Ex
[=1- £ L= P L]

€ el ~F U P
3 e, W AN
QOIS odmha
OO S L .

" -
-y T
L0 LICIN
Cr o o W
[=To2 - WP P

DO -
Cromtu] oS e T ON
DoOSCQITIh
b OO U U

ur Q -
T R
U= TLID
T T TN
Ve T

QP NP, L
Dt =t POl Y
- IR
U OOOLU. UG

vl
= LGt
10 TSN
St T T Ui
DTN i 5 o ]

OIS vy
SO il PN
g- QAU =\
W D I U b e

(=TT 8= BIL_T=~11)
[WTST Tl ]

W USHE e D AP0
hidagiiy Wes
DI IRl )
QUOOL. I b

2]
'L L=
oL 0 TN
= D00 Wes
VIS T

55



2. NorthStar program for the Spectrum Analyzer
**********;r*****************************************

This is the NorthStar program in BASIC entitled "SPAN" for
the Spectrum Analyzer. This program provides the word pattern for
the various frequencies and gets back the value of the input
signal at each of those frequencies. It then calculates the
decibel value of the signal and prints out the freguency and the
corresponding decibel value.

ddedhkR kR hthkdk kit rtrthtrrbrtheiiidhihhddiiitthir

10 DIM F(40),X(40),B(40)
20 F(17)=6143.7
30 F(18)=5136.9
40 F({19)=4296.3
50 F(20)=3592.8
60 F(21)=3002.8
70 F(22)=2511.7
80 F(23)=2101.1
90 F(24)=1760.4
100 F(25)=1489.4
110 F(26)=1245.3
120 F(27)=1041.5
130 F(28)=872.0
140 F(29)=727.9
150 F(30)=608.9
160 F(31)=509.4
170 F(32)=425.7
180 FOR I=17 TO 32 STEP 1

56



190
200
210
220
230
240
250
260
270

PRINT#1,"&",I*256,"$"
FOR J=1 TO 1000

NEXT J

INFUT#1, "?",AS
X(I)=VAL(AS)
B(I)=20*(LOG(X(I))/2.3)
PRINT" ",F(I)," ",B(I)
NEXT I

END
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Appendix II
1. Data sheets for the MC68701 Microccmputer chip.
2. Data sheets for the ADCO0816 A/D chip.

3. Data sheets for the Reticon switched capacitor filter.

58



1. Data sheets for the MC68701 - 59

Advance Information

MOS

(N-CHANNMNEL, SILICON-GATE,
QEPLETION LOAD)

MICROCOMPUTER WITH EPROM

MCEE7071 MICROCOMPUTER UNIT (MCL)
The MCES701 is an 8-bit single chip microcamoutear unit IMCU] wrich

significantly 2nhanced the capaocilities of the ME800 family of pans. It

<an be usad In OraaUCTION Systems to adaw for aasy firmware changes
Wwith mMinmum detay or it can be used 1o emuiate 1ne MCBBO1/03 for
software deveiopment. It includes an upgraded MBBOO microgrocessar
unit (MPU] wath upward sourcs and object code comoatbility. Execu-
ton umes of ksy (nstructions have been improved and saveral new in-
3iruchions have been added including an unsigned muitgiy, The MCU
can funclion as a MoNoIMIC MGracomputer or can be expanded 10 a

64K bvta address spacs. It 18 TTL comoatible and requires one + 5 vait L SUFFIX
power supply for nonoragramming coerauan. An additional Vpp pawer B CERE:S'E ;::“GE
uoply '3 nesded for EPACOM grogramming. On-chip resources include
2048 bytes of EPAOM, 128 bytas of AAM, Sensl Communications Inter-
face (SCII, paraiiel 1/Q, and a thres function Programmanie Timer. A

summary af MCU fsatures includes:
® Ennanced MCBB00 Instruction Set
@ 8x 8 Multicly Instruction
® Senal Communicanons Interface (SC)
® Uoward Source and Object Coge Compaudility with the MCBS00
® 18-8it Three-Function Pragrammabia Timer

PAN ASSIGNMENT

@ Single-Chip aor Expanded Operatian 10 84K Byte Address Spacs vssll: @ E
® Bus Compatbility with the ME800 Farmly xTaLiz »(sce
® 2048 Bytes of UV Erasable, Usar Pragrammaocie ROM [EPROM) ExTAL2(3 B0 sc2
@ 128 Bytes of AAM (54 Byres Aewmnacle on Pawsrdawn) g 378 #10
® 29 Parailet I/O and Two Handshake Cantral Lines = )
@ [nternal Clock Generator with Divide-ty-Four Qutput AaTgs g £
® -0 to 85°C Temperature Range RESET/Vee(s BrIz
veel 7 M p13
P0( 8 1 PrI4
P21 (]9 zgr1s
P22(Q0 nJrPi6
P23 0,7
r2a (12 Hlrag
P1o(] Pat
P11l P4a2
GENERIC INFORMATION M2l P
P13( Paa
Pucxage Type Frequency (MMzl Temperaturs Generic Number P14(] fas
Caramc 10 Q4C 1 J0°C MCB8701L P15 B
L Sulfix 1.0 -40°C 10 36°C |  MCEST0ICL g a8
1.2% 0°C o 70°C MCBB701L1 P18 [ P47
1.25 =-40°C 10 B5°C MCB8701CL1
15 0°¢C 10 70°C MCBRATONL P oce by
12_._C! Q°C to 70°C MCBEB7Q1L
Fhs Rt COnimyy i lGrenaion On & rrw oroUsGt. 5 i i ey

e wbwCl 10 Change weiRoul Aance
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MC68701

CONTROL TIMING (Ve =5.0V £5%, Vgg=0, Ta=d 10 70°C

. MCEST01 | MCBA701-1 | MCBRATOY | MCEABI01 | |
e — Symool LT Max | Min | Max | Min | Max | Min MTE
Frequancy of Qoeraton la Q5 {10]05]128]|05] 15 | 05| 20 |Mrz
Cevatal Frequency Ixtap [ 20 | 40 | 20| 50 |20 60 | 2.0} 80 |MH:
External Qscillator Frequency - My | 2030 ] 20 50 [20] 30 [ 20] 80 |MH:
Crystal Oscutator Siart Uo Time tee - || -] w| -] 100] -] 10|ms
Processor Control Setug Time pcg | 00| = [ 170 = [0 - [ 1Oy = [ ns
OC ELECTRICAL CHARACTERISTICS (voc=5.0 vde £5%, Vgg =0, Ta=T| ta Ty, uniess otnenwise notea)
MCEE701 | MCBB701C
Charscteristic | Symeal Min | Tyo Max Min Tvo Max Unit
Input Fhgn Voitage REdeT Vgg 40 - vege vgg =40 - ver
Qther Inputs* Vi |Vgg =20 - ver Vg =22 - Vo v
Ingut Law Voitage AESET V§5-0.3| = |V§5-0% [V§5-0a| - |v§g-u<
Other Inpuyts* Vi, Vgg-03 - Vgg+Q08[vgg-013 - My s 081 v
Input Current, See Nate Portd - - 0.6 - - o )
Vin=Q102,4 VI 5CI fin - - 1Q - - 14 A
Ingut Current
Vin= 005,25 VI R M| 14 = 15 25 = 15 5 i
Ingut Current
IVina0100.4 V) RESET/VPR |  lin - -2.0 - -~ | -z20 - ma
Vin=d Q V 10 Ver! - - 80 - - 30
HeZ (QH Stated 1nout Current
(Vin=0.851024W) Portsl, 2. ana3 | Itg - 2 0 - 2 0 wh
Jutpul Hign Voitage
Hi gagd ™ = 55 wA, Vo = Min} Portd, SC1,SC2| Vou |Vvsg~-24 - - vgg + 2.4 - - v
I, oag = = 100 A, Voo = Min Qther Quinurs Vgg+» 24 = & vgg 24 = N
Quiout Low Voilage 3
ILcad = 2.0 mA, Ve = Mini All Qutputs | v, - - ¥gg+05 - - vgs =06 | v
Qarington Unve Current
Vo= 1.5V Port 1 IoH 1.0 2.5 10.0 10 25 190 ma
Intermal Power Qissication
IMeasured at T4 = T in Steady-Siate Operanon! PINT - - 1500 - - 1500 m
input Capacitance Port3,
Vin=0, Ta=28°C, iq= | MMD) Portd, SCI | Cip. - - 12,3 - - 12.5 aF
QOther Inputs - - 100 - - 100
Ve Stanaby Powerdawn | Vspg 40 - 3.25 4q - 525
Pawerup Vsg 475 - 325 475 - 5385 s
Standby Current Powerdown | ISRB = % no - - A0 ma\
Programmung Time Per Svte (Ta = 25°C) ) 5 - 50 25 - 50 ms
Programming Voitage (T4 = 25°C) Vpe 200 210 220 20.0 210 220 Y
Programmung Current
IVHESET = Vpp, T4 = 25'C) Ipp - 0 50 - | = ma
* Except MOGE Drogramming levets; see Figure 15,
NOTE: AEBET/VPp lin differs from MCEB0T and MCE803 vaiues.
PERIPHERAL PORT TIMING (Refer to Figures 3-8)
p MCB8701 | MCBA701.1] MCEBA701 | MCEBAZ0) | |
Chammeme Symbol e T Man| Min | Max | Min | Max | Min ] Max |
Pengnaral Cata Setup Time lposy | 20| - | 200 - | 50| - | 100] = | s
*[Perprerat Oata Hows Timer aM | 200 - | 20| = ] %[ - |00 - |~
Oesay Tima. Enable Positive Tr 1o 053§ g Transiion| gy - | 10| - 30| - | W0)] - | 2% |m
Oeiay Time, Enacie Positve Transpon to C53 Posive Transinon '0sSD ~ | 30| - )30 - | 0| - 350 | ne
Delav Time, Enacie Negative Transiion 10 Penoneral Data Vaug 1PWO - 150 - 50 - X0 - 0 | s
Ingut Strope Puise Widin tpywns | 200 - 0| - 10| = 10| - ns
Input Data Hoig Time : tw | %0 ] =] 01 =] 0] =1 0] - |ns
Imout Oata Seruo Time ng 0 - 0 - 20 - 0 - ny




MC68701

MCE8701 MICROCOMPUTER BLOCK DIAGRAM

RESET/vpp

a8l

6l

PX i ]
Le LB M
2o K= e ] N i o
Y] i <:‘ 4 =]
P4 i T4
| 7 {
P o L {
Y7 i — fner [
502 ] <— | T
SC | i
_— g
Pag) ]
L0 50 legm—
P47 e Zoareas — —>
Pay ™ aa
Fad sgemind [— e 1 ()
llﬂﬂ—q\ e e e W 1 T
P aff ety > e 2 317
faT Pagy | [———en P 1]
P — e 0
f————ee 18
Ve Sisnaoy e —— 1
e AN
MAXIMUM RATINGS
[ Aating | Svmoat Vaiue ume_| This device Confas Crewilry 1a grolect the n-
Supoiv Vanage | vee ~0Jtw +70 v DULS agmInat daMEQe Cud 13 RGN sLANE voHAgeS
inoul Valtage Vi -0dtw =70 v or alectne heids; nowever, il i3 3gvisad that nor-
Goeraong T e Fanas T BT mal Drecautions be taken (0 aveid aponcaton af
MCSB?G\ * 9 Ta DL|: 70"' ae any valtage nigher than maxemum rated vaitages
WCEBIOIC -0 1g 85 1a this Mign-impedance crcuil. For Droper opera-
= = - 10 11 1S recammended tNat Viq and Y, De con-
| Storage Temoerature Range Tstg | 0wa c raved 1a (ne range Y55 S (Vin ar Voud S VEE
Rehabuuy al coeraton 13 ennanced if unusea \n:
THERMAL CHARACTERISTICS £l are tied 10 4n ADOrAONALE lAQIC vOItage laved
'7 Charactenstc | Symoal 1 Value Ranng 8.g.. mner Vg or Veg).
]
i Thermat Aemistance l
i P CIW
| Catarmic Pacrage JA i c

POWER CONSIDERATIONS

The average chio-junction temoeratura. T, in °C can be obtained from:

TimTa+(Pped a)
‘Whera:

Ta ® Ambient Temperature, °C

45 = Package Thermal Resistance. Juncuan-to-Amoient, °C/W

PosPINT - PPORT

} PINT®mICC x VEE, Watts — Chip Intarnal Pawer
PPOAT = Port Power Dissipauon, Wats — User Determined

[&}]

Far most applicatons PPORT < PINT and can be neglected. PPORT may become significant it the dewica is canfigured to

drive Dartington bases or sink LED loads,

An approximate refauonship between P and T [if PPQRT is neglected) is:

Pp=K«I(T +273°C!
Solving equanons ! and 2 for K gqives:
K= Ppe(Ta+273°C) + 4 a*P 2

12)

13

Where K i a constant pertaining 10 the particular part. X can be determined trom equation 3 by measunng P (at equiibrium)
tor a kngwn T A, Using 11s value of K tne values of Pgj and T j can be obtaned by soiving equatians (1) and (2) neratvely for any

value af Ta.



- Dy Data sheets

for the ADC 0816

National
Semiconductor

Ato

D,Dto A

ADC0816, ADCQ817 8-Bit .P Compatible A/D Converters

with 16-Channel Multipiexer

Generai Description

The AQCD814, ADCO817 data acquisition companent is a
menalithic CMCS devica with an 3t analog-to-digitai

converter, 18-channel Muitipiexer and micropracessor -

campatibie cantrol logic. The 8-0it A/O convarter uses suc.
spsdive aporoximation as the canvarsian tachniquae. The
canverter features a Nign impadanca choogar 3tagilized
comparator, 2 258R voilaga dividar with analog swilcn irae
114 3 SUCCBSSIVe APPrOXIMation register. The 18-channel
muiticlexer can directly accass any one of 18-single-
snded anaiog signais, and provides the lagic for adai-
fienal channed sxpansion. Signal conditioning of any
neiag input signal is easad Dy Qirect accaess (o the
muitiplexer cutput, and lo e input of the 3-bit A/D
converter.

| Tha device eliminatas the need for external zer and fulk

scdle agjustments, Easy interfacing to mMicroprocassors
1s grovided by the latched and decoded muitiptexer ag-
grass inpuis and (atened TTL TRI-STATE® outputs.

The design o the ACCD818, ADCDB17 has bean optimized
By incorparating e most dasirable aspects of saveral
oD conversion tecnniques, The AOCD818, AOCO817 of-
fers high speed. Nigh accuracy, minimal temperature
dependenca, axcalient long-larm accuracy and rapsatadil
ity, ang consumes minimal power. These features make
this dewice idemily suited tg applications from procass ana
machine contrel 10 sonsumer and auiomotive applica-
jons. For similar performance in an 8-channei, 28-gin,

&bit A/D convarter, 3es the ADCI808, ADCOBQ9 data
sheet. (See AN-228 for more Information.)

Features
8 Fessoiution — &-bils

" @ Total unadjustied errar — = /2 L33

B No missing codas
B Canversian 1ima — 100 us
B Singie sugply — 3 Vg

ang =1L38

B Cperates ratlomatrically or with 3 Vg or analog span

adjusted voitage reference
B 18-channei muilioiexer with latched

contral logic

B Easy Intarface 10 all microprocessars, or operates

“stand alone’’
® Qutputs meet T voitage levei spec
B 3V lo 5V analog !nout vaoitage ran

fications
qa aith singla SY.

Supply
B Na zerq ar fullacaie ad{ust required

8 Standard hermstic or maoided 40-pin

OIP pacxage-

® Temperatura range -=40°C to +395°C or -55'C to

+125°C
B Low power consumplion — 13 mwW
8 Latched TRI-STATE® autput

B Direct accass (0 “camparator I and “muitiptexer out™

for signai conditioning

Cave.

TRLSTATE® s & reqister ol -

Block Diagram

EMD OF CONVEASIOR

(INTERRYPT]

Lt gurryrs

veg RO AEFis)

CONPARATOR LY G START  cLoCK
WA TIMIXEN
aur e e — - ———L-—-1
¢~ Gl 8T A0 1
- G | CONTAOL & Tisnd
y
] i ! |
IPLEXIM:
1§ ABALOG INPUTS = it ANALOG l
- o TMTOHES SAR ;
[L— .
bamn { toMPaRATOR f - ]
fe—rs 5
S ) srare —
pa— | aurryY
= | aren [0
N ] | wries [
]
C; | | s
l SWTCNH TAEE |
’  Cym—— |I }
-~
LUTA0ORESS ol Loeaee S |
| .- h:::ll 1 |
WAORESSLATEN ENASLE  Ommet  OUCODER l |
| IS8R AESISTOR LAGOER
(IMAGON CONTROL  Oewnn 1 1 _;_l
l aursur
e e e ] Senane

AQFi=1
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ADCO0816, ADC0817

63

Absolute Maximum Ratings (Notes 1 ana 2

Supotly Voitage(Vags i(Noted) 6.5y Temperasture Aange(Note 1) T s Tas Tuag i
Veitage et Ay Rin =43ViaiVes +03V ADCDS18C) =58'CsTya+ 8%

Excwot Cantrad inguts AQCUS18CC), ADCDA1SCCN, ~d0"CaTas+8C
Voitage at Control inputa -0.3V1ia 15V AQCOS17CCN

(STAAT, Q8. CLOGK, ALE, EXPANSION CONTROL, Rangeot Vag (Note 1} 45Vne dlVee |

AQD A, AQD 8. AQD S, AQO O Veitage st Any Pin Mioves
Sterage Temoerature Asngs =45°Clo +190°C Except Coantrot inguta .
Pacxage Olasipation st Ty = 25°C TS mw Veilage at Control incuts | e
sad Tempersture (Solgenng, 10 seconds) 300°C [START, Q& CLOCK, ALE. EXPANSION CONTROL, -

Electrical Characteristics

Operating Ratings (votes 1 ana 2

ACO A, ADD B, ADD G, AQD O)

Canverter Specifications: Ve s -1 Vac= ng ») ng,,- GND, Vin= Veomearaton ine Thins Tas Traax and

feix = 840 kHZ uniess otnerwiss stated.

Parameter Caonditions Min Typ Max |Units
ADCoa18
Tatai Unadjusted Error 5°C =12 5=
[Note 5) T“ 1o rp‘“ =X4 LS8
ADCDar?
Total Unadjusted Error 0*C o 70°C =1 sa
{Nate 5) Thoss 10 Tisax =114 |LSB
Input Resistancs i From Ref{+) ta Rei{ =) 1.0 4.5 Q
Anaiog Input Veitage Range (Mate 4) V(+) ar V(=) GNDO-0.10 Veg+0.10 | Yoo
Vagma.; Voitage, Top of Ladder Measured at Ref(+} Vez Veg+d1 | ¥
Vaemei*Vagm=) voiage, Canterof Ladder | Veei2-0.t | Vegi2 |Vegi2+da| v
2
Vagx-) Vaitage, Sottom of Laader Measured at Ref( =) - Q1 0 v
Comparatar Ingut Current f. =840 kHZ, (Note &) -2 =05 2 aA

Electrical Characteristics

Digital Laveis and DC Specifications: ADCC818CJ] 4.5V 5V 55.5V, = 58°CsT, s + 125°Cuniess otherwiss noted.

ADGD818CCJ, ADCCB18CCN, ADCCE17CEN 4,78V Vo 5525V, =40°C 5T, s +85°C uniess otherwise noted.

Parameter i Canditions | Min Typ | Mex | uns
ANALOG MULTIPLEXER
Ram Analog Muitiplaxer ON (Any Selacted Channel)
Resistancs Ty =25°C, R = 10k 15 k| xq
To=85°C 5 "
TA-I 125'0 & g xQ
ARon 3 ON Resistance Between Any | (Any Seiected Channef) 75 Q
2 Channeis Ry = 10K
lorm ey QFF Channel Leakage Current | Ves s 8V, Vi = 5V,
Ty 25°C 10 200 nA
T.w {-} Tm 1.9 A
lamm=) CFF Channel Leakage Current | Veg =5V, Vi = q,
Ta=28°C -200 naA
Tunm 10 Trsax ° =10 ah
CONTROL INPUTS
V".“ " ngicll 1" Input Voitage Vq_—l.ﬂ v
Vi Logical 0" Input Voitage 15 v
linan Lagical 1™ Ingut Current Vi = 15V 1.0 A
(The Control Inputs) )
ey Lagical “§" Input Current YinsQ 14 i
(The Cantrol Inputs) )
leg Supply Current Toyx = 840 kHzZ 0.3 0 [ ma
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dectrical Characteristics continue)

lgital Lavels and DC Specifications: ADCIZI1EC] = 4.5V € Voo € 5.5V, =55°C < Ty € +125°C uniass otherwisa notad.

ACC0218CCY, ADCUB18CTN, ADCOBITCCON ~ 4,758V € Vog € 525V, =40°C & +85°C unless atherwiss noted.

Parameter Conditions | Min. | Typ. | Max. [ Units

JATA QUTPUTS AND EDC INTERAUPT)

Yot Logieal “1" Output Voitage lg = ~380uA, Ty = 85°C Vom0 ‘l v
lg = =300uA, T, = 125°C SE e

oy Logical “0" Cutput Voitage lg =1.8mA 0.45 v

oo Logical 0" Cutput Veitage E0C | I =1.2mA 0.45 v

r TRI-STATE® Qutput Current Vo aVee 1.0 LA
Vo =0 =30 A

Hectricai Characteristics

Nming Specitications! Voo # Yagw, )35V, Vage-, = GNO, 1, = 1,220 ng and T, = 258°C untess ciherwise noted.

Symboi Farameter Conditiona Mir Typ Max | Units
lws Minimum Start Puise Width {Figure 3) 100 200 ns
‘ALt Minimum ALE Puise Width (Figure 5} 100 200 ns
e Minimum Address Set-Up Time | (Figure 5 5 50 ns
v Minimum Address Hoid Time | (Figure 5} 25 50 ns
ty Analocg MUX Daeiay Time Fg=QQ (Figure 3) 1 25 w8

Fram ALE
'uw tgt QE Contral to Q Lagic State C. =50 pF. Ry = 10K (Figure 8) 125 250 ns
I Low QB Controi to HI-Z' Cy = 10 pF. Ay = 10k (Figure @) 125 %0 | ns
s Conversion Time fo = 8§40 kHZ, (Figure 5] (Nota 7) 9 100 " 118 as
o, Clock Frequency 10 640 1280. | xHz
'toe EQC Dsiay Time (Figure 5) 0 8+ 23| Ciock

) Penocgs

G Input Capacitancs Al Controt [nputs 10 15 oF
2 TRI-STATE® Qutput At TRI-STATE Outputs. (Nate N 10 15 pF

Cavcacitance

i ABROIGIE MARIFRT (SHINGE 4re (hOee vaiuse Beyond which (N tile of t"e dewes may De impaired.

-2 AN wEgeE ard MeaBured with respect to MO, unieds otnerwise sgeci!isd.

M2 A 28ner diode exisis. intemally, from Yee to GNO ang has & typical breakdawn vallage of 7 Vog.

wma Twd onecitio diodes ATE Hex 10 ¢Ech SASIOY INOUL WiICA will forward conduct [of analoyg Inpul voitaged one diode drop Setow ground of ane diode dioa
oiw than (Fe Y wagly. The 10ee ailows 100 MV lorward Bias ol sither dlode. This maana that 48 Iong 48 (D8 snaiog Yy doed NOL excaed INe SLRDIY
wieqge By More than 100 MV, 1he outdul coda will be commect. Ta achieve an sosouie 0 Voo 194 Vag Inoul vollaQe range wil (Rergione requine 4 mMINIMum suo-
Froatage of 4.500 Voo cvel TWMDSrAtNTE var Initiad ang loagirg.

uni Tol unad|usted orraY Includes affsed, fulk-ecals, and linearity wrrors, See £igure . None of thewe A/DN requires 4 260 of full-acaie sdiust. However, if
1 10 00w |8 desired 1OF AR RNRIOY INOUT Other 1RGN 0.0V, o if & narrow fuil-ecaln soan exists (for snampie 0.5V to 4.5V fulk-ecaie) (Ne reierence voilages
34 08 B0jUMOG 1O SCitiove thid. See Figure 12

& Comparatar INGul SUTENT 18 4 OIS curment into of oyt of e chagpaer staliiized comparalor. The bias current varies directly wHh clock frequency sna
" bl e (Figure i See parsgraoh 4.0.

Wl ™he outouls of the data regISIer are ugdated ane clock cycie belore the M3ing edge of EQC.

118020V ‘91802QvV



LPin
HPin
Brin

¥ Data sheets for the Reticon SCF

Cleck +ﬁ -V GND

L]

RN
=

: Q
CONTROL CONTROL

out

Functional block diagram of

* Q must be set to 1110l for oscilliator mode operatl
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Vss (1 18) EPin
Qo (2 17) | Fgo
Q1 (3 16)| Fo1
Qy - |(4 15)| Fo2
RS620
Q3 5 14) | Fg3
Q4 (6 13)| Foq4
Clock [(7 12Y] Vaut
GND (3 1)} Vop
BPin [(9 10)| L2in

RS620 Pin Qut Diagram

- k3620
TABLE I Filter Select Table
_ — Connections _

[Filter Tvpe LPin Bpin BPin
Lowpass vin GND GND
Highpass GND 7in GND
Bandpass GND GND vin
Notch vin vin GND
All-pass vin vin vin
Sine Wave * GND GND vout
Oscillator

on.



18
15—

14 b 1

13=—Fo4

+v
:'510
L
oy
B Pn 1K .9“ '
"SIGNAL Pln 3K
GENERATOR P AN—T
Pin 8K
Qe A 13
OSCILLOSCOPE!
e . 12
SPECTRUM | Your z
ANALYZER |
K
PULSE
GENERATOR

Figure §

'“‘“ o

RS620 Test Circuit
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MICROPROCESSOR OR
TTL HARDWIRE
_ LEVELS

" {0.g. "0" = GND OR =V)

(I‘. - +v)



+ TABLE Il RS820 Q, Fy Programming Table

a  COOE FolFo COOE

Qa...Cq Foa. . .Foo
57 00000 200.0 Q000a
8% 00001 191.3 00001
T3 Q0010 1829 00010
.79 Q0011 174.9 00Q11
a7 00100 187.2 0Q10a
95 00101 159.9 00101
1.08 o110 1829 00110
1.2 Q0111 148.2 00111
1.35 Q1000 139.8 01000
1.88% 41001 133.7 Q1001
1.95 Q1010 1273 Q1010
22 21011 122.3 91011
25 01100 118.8 Q1100
3.0 Q1101 1113 01141
.5 Q1110 104.9 Q1110
‘._2_5 Q1111 1023 01111
5.0 10000 ' 97.8 10000
53 10001 893.5 10001
7.2 10010 89.4 10010
8.7 10011 88.8 10011
10.0 14100 818 10100
11.5 10101 732 191401
13.0 1011Q 74.3 10110
18.0 - 10111 71.5 10111
17.8 11000 88.4 11000
19.0 11001 88.4 11001
23.0 11010 825 11010
- * 28.0 11011 9.8 11011
* 380 11100 . 572 11100
* 40.0 11101 548 11101
* 80.0 11110 823 11110
*1%0.0 11111 . %0.0 11111

*Thesa values are maximum. Minimum values are greater
than ¥ Q. All other Q have a tolerancs of =10% and
typicaily are within a few percant,
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TABLE IV

PERFORMANCE STANDARDS”

PARAMETER SYMBOL | MIN TYPICAL MAX UNITS
|CIock to Center
Frequency Ratio (7) Fc/Fyp See Table
(=2x II
£s/£q)
Q: (7) See Table
“n bk
Supply Current Ip 4.5 mpa
Maximum Qoutput current|Io 4 mA
Qutput Voltage :
Swing Q>1 Vout 14 volts p-p
Qutput Noise (5) Q=1 270 uv
Dynamic Range (6) Q=1 94 4B
| Q=40 84
Total Harmonic
Distortion (6) @ 1 KHz 0.2 %
Insertion Loss - 0 . dB

* V+=]10V, V==2=10V,

(1)
immunity.

fg=2 KAz, 25°C

off may exceed negative limit.

(2)

(3) For low-end Q values,
extended to 2 MHz.

(4)

(S)

(6) 14 Volts p=p input.

(7)

compatible,

Sample rate = 1/2 external master clock rate.
Broadband to one-half the sample rate.

All devices are internally gate-protected for static
Applying AC signals or clock to chip with _power

Trigger voltage is referenced to ground (TTL compatible).
the external clock rate may be

Q and fc/fy control lines and clock are TTL or CMOS
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ABSTRACT

A system to determine and plot the audio spectrum of a
noise source has been designed and developed. The system makes
use of the Motorola MC68701 microcomputer chip to provide
communication between the input analog signal and any computer
which uses the RS-232C standard. The computer in this instance is
the NorthStar computer. In operation, the input audio signal is
fed via microphones to the input analeg section. Here, the
signals are amplified, filtered, converted to a DC value and then
fed to an analog to digital converter. The start convert signal
to the A/D converter is supplied by the MC68701. After
conversion, the data is passed on to the MC68701, where it is
converted from binary to BCD to ASCII and sent serially to the
computer. At the computer end the data is received and the
decibel value of the signal is computed. The computed values are

then plotted against frequency to obtain the audio spectrum.



