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ABSTRACT

This report describes the development of a data-manipulation experiment
using a Z-80 microprocessor. The instrumentation is included in the payloads
of two Nike Apache sounding rockets used in an investigation of energetic
particle fluxes. The data from an array of solid-state detectors and an
electrostatic analyzer is processed to give the energy spectrum as a function
of pitch angle.

The experiment performed well in its first flight test: Nike Apache
14.543 was launched from Wallops Island at 2315 EST on 19 June 1978. The
system has been designed to be easily adaptable to other data-manipulation

requirements and some suggestions for further development are included.
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1. INTRODUCTION

This report describes in detail the development of a rocket-borne data-
mapipulation experiment designed to process data from an array of solid-state
detectors and an electrostatic analyzer into a form giving the energy spectrum
as a function of pitch angle. The information provided by the system will aid
in further study of energetic particles in the E region of the ionosphere.
Previous phases of the investigation have been described in reports by Voss
and Smith [1974, 1977] and in papers by Smith et al. [1974]1, Geller et al.
[1975] and Smith and Voss [1976].

The energetic particle experiments in the rocket payloads are described
in Chapter 2. These provide the input to the data-manipulation experiment.

A general description of the data-manipulation éxperiment is given in
Chapter 3. The Z-80 microcomputer, the nucleus of the system, is described
together with the devices used to interface the detectors to it. The hardware
configuration is shown in block diagram form. The input and output algorithms
used in the software are shown and a description is given of the format in
which data are output from the system.

The hardware and software are described in detail in Chapters 4 and 5,
respectively. The four printed circuit boards that contain the data-manipu-
lation experiment are described. Timing diagrams of the interface circuits
are presented and an explanation is given of the timing logic. The software
is shown in an instruction-level flow chart, and the effects of various
parameters in the software are described. A feature of the design is the
ability of the experiment to accept a range of rocket spin rates.

Chapter 6 contains a description of the equipment for developing the
software; the MOSTEK software development board {SDB-80) was used. The chapter
also includes details on the design and operation of the EPROM programmer.

In Chapter 7 the performance of the data-manipulation experiment during
the flight of Nike Apache 14.543 is discussed. Some actual data from the
flights are presented to show that the system fulfilled its design goal.

In Chapter 8 suggestions for future work are given. Some improvements
to the present system in terms of both hardware and software are included.
Possible uses of microprocessors in other experiments and in the telemetry
system are suggested in a block diagram form.

Table 1.1 contains a glossary of abbreviations used in the text and

figures of this report.



Table 1.1

Abbreviations
A/D analog-to-digital
CPU central processing unit
CTC counter-timer circuit®
DIP dual in-line package
EPROM erasable programmable read-only memory
EPS energetic particle spectrometer
ESA electrostatic analyzer
FIEO first-in first-out memory
IEI interrupt enable input
1/0 input-output
L3I large-scale integration
MOS metal-oxide semiconductor
MSD magnetometer-signal digitizer
PHA pulse-height analyzer
PIO parallel input-output circuit®
RAM random access mMemory

*#Circuits used in the Z-80 microcomputer



2. ENERGETIC PARTICLE EXPERIMENTS
2.1 Introduction

The data-manipulation experiment in the rocket payload receives data from
an energetic particle spectrometer (EPS) and an electrostatic analyzer (ESA).
The function of these two types of particle detectors is to provide a broad-
band spectral analysis of energetic particles (including electrons and protons)
which are believed to be important as an ionization source in the nighttime E
region. The energetic particle spectrometer is used for the higher energies and
the electrostatic analyzer for the lower energies.

The energetic particle spectrometer and electrostatic analyzer experiments
prepared for Nike Apache payloads 14.542 and 14.543 are described in this chap-
ter. The objective here is to explain the origin and nature of the signals
which are the input to the data-manipulation experiment.

It should be noted that the payloads each include, in addition to the data-
manipulation experiment described in this report, two other systems for process-
ing data from the particle detectors. One is a relatively simple system which
generates a staircase waveform; this is particularly valuable for rapid evalua-
tion of the performance of the detectors. The system has been used in previous
payloads and is described in Voss and Smith [1974].

The other system uses a multiplexer followed by a sample-and-hold circuit.
This was developed for the payloads of Nike Apaches 14.542 and 14.543. It is
described in detail in Leung et al. [1979].

The three systems involve some redundancy both for protection against
instrumentation malfunction and to allow intercomparison of their performance.
Only those circuits which are relevant to the microcomputer data-manipulation
experiment will be described in the following sections.

2.2 Energetic Particle Spectrometer

The energetic particle spectrometer (EPS) comprises a group of six solid-
state detectors in each of the payloads with each detector selected for a
particular objective. The detectors are oriented in several directions relative
to the payload spin axis and as a group will resolve the energy spectrum between
12 and 400 keV. The data obtained from the detectors can be used to identify
the particles as electrons, protons or heavier nuclei.

The solid-state detectors are so-called surface barrier devices with a
depletion depth of 300 um and a sensitive area of 50 mmz. They are manufactured

by Ortec Inc. A surface-barrier detector is a reverse-biased diode fabricated



by depositing a thin layer of gold or aluminum on n- or p-type silicon, respec-
tively, as shown in Figure 2.1. The metal also serves to attenmuate light.

When an energetic particle enters into the detector, it loses its kinetic
energy through lattice interactions. These particles supply energy to the
lattice electrons and 1ift them from the valence band into the nearly empty
conduction band, The high electric field across the depletion region causes
the electron-hole pairs created by the ionization event to be quickly swept out
of the depletion region yielding a current pulse proportional to the emergy of
the incident particle. The particle loses some energy in the thin metal sur-
face layer (dead zone) so that the thickness of the layer determines the low
energy limit of the detector. The resolution (full-width at half-maximum) is
typically 7 keV at room temperature.

Current pulses produced by the detectors are at low levels and must be
amplified. The pulse is also shaped to minimize the moise content. A block
diagram of the amplifying and shaping circuits is shown in Figure 2.2. The
shaping circuits employ a triple-integration and single-differentiation scheme
to improve the noise characteristics of the pulse. The output of the pulse
shaper then goes to the data-manipulation experiment.

Table 2.1 shows the specifications of the six detectors in each of the
payloads. The detectors have different energy ranges to aid in the identifi-
cation of the energetic particles: detector 3 has a broom magnet to screen out
low energy electrons while detector 2, because of its thicker surface, screens
out low energy protons; detector 6 detects both protons and electrons. If the
output pulses from detectors 2 and 6 are similar while that from detector 3 is
different, then the detected particles are electrons; if the output pulses from
detectors 3 and 6 are similar while that from detector 2 is different, the
detected particles are protons or heavier nuclei. Note that detectors 4 and 5
on the payload of Nike Apache 14.542 have aluminum surface layers while
detectors 4 and 5 on the payload of Nike Apache 14.543 have gold surface layers.
This is done because the payloads were designed to be launched at different
times of the day into correspondingly different atmospheric brightness condi-
ticns (i.e., dusk and midnight).

More information on the solid-state detectors is given in Voss and Smith
[1974, 1977]. The EPS experiment for Nike Apache payloads 14.542 and 14.543
is described in more detail in a report being prepared by K. L. Fries, L. G.

Smith, and H. D. Voss.
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2.3 FElectrostatic Analyzer

An ESA is included in the payloads to measure particle flux in the 0.5 to
10 keV range with a resolution of less than 1 keV. An ESA essentially consists
of two cylindrical parallel plates followed by a detector. A voltage is applied
to the plates to deflect particles into the detector. The plate voltage deter-
mines the energy of the particle which can successfully traverse the analyzer
section.

A block diagram of the ESA is shown in Figure 2.3. The plate voltage is
stepped logarithmically through six levels and then is allowed to decay expo-
nentially to zero. The voltage sequence alternates between positive polarity
and then negative polarity and is symmetrical about zero. This allows the ESA
to scan for electrons and protons as well as positive ions. A fraction of the
output of the sweep circuit is also telemetered to ground so that the actual
plate voltage can be continuously monitored. The voltage sequence is synchro-
nized to the rocket spin such that one step corresponds to one rocket rotation
and the decay to two rocket rotations. The total sequence thus repeats after
16 rotations (i.e., six positive-going steps and decay plus six negative-going
steps and decay). )

The detector is an electron multiplier, Johnston Model MM1-5NG. An
incoming particle strikes the first of the copper-beryllium dynodes and in so
doing generates secondary electrons. An applied potential causes these elec-
trons to strike succeeding dynodes thereby generating more electrons. After
20 stages the electrons strike an anode and the charge pulse is collected at
the anode.

The signal from the detector is processed in the payload in two independent
ways. In the first a charge preamplifier in the ESA is used to dfive a stair-
case generator which gives a direct method of measuring the count rate. This
does not involve the data-manipulation experiment.

The second method of processing the ESA data extracts considerably more
information: it gives pulse-height analysis of the detector output {(which
allows energetic positive ions to be identified) and it provides pitch-angle
information. For this method the detector is used with the preamplifier and
charge shaping circuits of the type developed for the solid-state detectors
(see Figure 2.2). The signal is then processed in the data-manipulation
experiment in exactly the same way as the signals from the solid-state

detectors. The ESA is described in detail in Pozzi et al. [1979].
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3. GENERAL DESCRIPTION OF THE EXRERIMENT

This chapter presents a general description of the data-manipulation
experiment in terms of the hardware and software involved. The information
content of the output is also explained. A block diagram of the complete
system is shown in Figure 3.1.

3.1 Z-80 Microcomputer

The Z-80 microcomputer family of components (available from Zilog and
Mostek) has been used to implement the experiment. A microcomputer consists
of three main parts: a CPU (the microprocessor), memory, and interface
circuits to peripheral devices. All of these main parts are MOS LSI devices
and their small size alloﬁs a powerful system to be constructed in a small
physical space.

The Z-80 CPU uses 8-bit data words and 16-bit addresses (i.e., a 216 or
65,536 byte address space). It contains eighteen 8-bit registers and four
16-bit registers. The registers include twé sets of six general purpose
registers that may be used individually as 8-bit registers or in pairs as
16-bit registers. There are also two sets of accumulator and flag registers.
There are six special purpose registers such as a program counter and a stack
pointer. The Z-80 CPU can execute 158 instructions; these include special I/0
instructions which allow the CPU to address 256 I/0 devices in addition to the
memory addresses. The CPU is contained in a 40-pin dual-in-line package (DIP).

The Z-80 Parallel I/0 Circuit (PIOQ) is a programmable device that provides
two 8-bit parallel interfaces between peripheral devices and the CPU. Each of
the two interfaces also has two 'handshake' lines so that the peripheral
devices can control when data is input or output. The PI0 can be programmed
to operate in different modes depending on the application. For instance it
can be programmed to be used as an input port that generates an interrupt to
the CPU when one of the handshake lines is toggled; or interrupt capability
and the handshake lines can be disabled so that data is input or output under
software control. The PIO is contained in a 40-pin DIP,

The Z-80 counter-timer circuit (CTC) is a programmable four-channel
device that provides counting timing functions for the CPU. It can also be
programmed to act as an interval timer. In this mode a time constant is loaded
into a down counter in the CTC by the CPU and the system clock is then used to
decrement the counter: when it reaches zero, an interrupt is gemerated. Other

modes allow external circuits to decrement the down counter or to be driven by
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a divided system clock. The CTC is packaged in a 28-pin DIP,

In the system described here the PIO's and the CTC are programmed as
follows. One port of PI0 #1 (Port A) is programmed as an interrupting input
port with the handshake lines enabled. Port B is programmed as a non-interrup-
ting output port and the handshake lines are not used. Port A of PIO #2 is
programmed as a non-interxrupting input port and the handshake lines are again
not used. The CTC 1s programmed to interrupt the CPU approximately every 1.5 ms.

An Intel 2716 EPROM is used to contain the non-volatile program for the
rocket. It must be programmed by a special programmer (described in Chapter 6)
before it is placed in the circuit. Its contents cannot be change& by the CPU
after it is in the circuit although an ultra-violet light can be used to erase
it if the program is to be changed. It can contain a 2 K byte program and is
packaged in a 24-pin DIP.

The RAM portion of the memory consists of four Intel 2114 memory chips
(also available from EMM SEMI). The'2114 has 1 K x 4 bits and is packaged
in an 18-pin DIP.

3.2 Peripheral Devices

When a particle is sensed by one of the detectors, the pulse that is
generated (as described in the previocus chapter) goes to a pulse-height
analyzer (PHA). It latches onto the peak of the pulse and holds it until a
reset signal is received. The peak of the highest level pulse is held if more
than one is received before it is reset.

Four detectors are used in the PHA system although six particle detectors
and the electrostatic analyzers are accommodated during a flight. An apogee
switch is used to switch two of the particle detectors out and the electrostatic
analyzer and another particle detector in at apogee. Thus the upleg and downleg
records of a rocket flight produced by two of the PHA's are for different
devices,

The four PHA outputs are sequentially multiplexed to the analog input of
the A/D. Every 50 us {actually 51.2 us) the multiplexer switches to the next
PHA, thus each PHA is reset every 200 us. Two bits from the PHA system are
included with each PHA output going to the A/D to identify which PHA produced
it.

The A/D converts the 0 to 10 V analog signal from the PHA system to an
8-bit digital signal although only the upper 4 bits are used. An 8-bit converter

was used due to the unavailability of a suitable 4-bit converter. The A/D used
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in the system is a Datel ADC-EH8B which converts the signal by the successive
approximation method. The conversion time is approximately 2.4 us.

The first-in first-out memory (FIFQ) is used to store data in a queue
while the CPU is servicing an interrupt from the CTC (the CTC has a higher
priority than PIO #1). Nine-bit words are accepted at the input and auto-
matically shifted toward the output and are removed at any rate in the same
sequence in which they were entered. Up to 40 9-bit words can be contained i
the FIFO, but only 6 of the 9 bits are used in this system (4 bits from the
A/D, 2 identifying bits from the PHA system). The three unused inputs are
tied to ground. The FIFO allows data to be taken at a faster rate from the
PHA system without losing data when the CPU cannot be interrupted by the PIO.

The D/A converts the system output from PI0O #2 to an analog signal
varying between 0 and 5 V. The D/A used in the system, a Micro-Networks
MN3020, converts an 8-bit word to an analog signal between 0 and 10 V. Since
the telemetry circuitry requires a signal between 0 and 5 V, the most signifi-
cant bit of the D/A is not used and is tied to ground,

The magnetometer signal digitizer (MSD) converts the magnetometer signal
to a 4-bit digital signal that represents the rocket's spin position. The
magnetometer signal is a sine wave whose frequency equals the spin rate of the
rocket. The conversion is done by incrementing a 4-bit counter at a constant
rate (100 Hz) and resetting it when the magnetometer signal crosses a zero
reference point in the downward direction. Therefore, the counter is reset
once per revolution of the rocket.

The circuit of the MSD is described in Leung et al. [1979]. It can be
noted here that when the rocket is not spinning as during testing and before
launch, the 4-bit counter resets itself, allowing the operation of the
experiments to be observed.

The rotation is divided into equal sectors only for certain values of
rocket spin rate: e.g., 6.67 Hz will give exactly 15 sectors (1.e., 100/6.67);
6.25 Hz will give exactly 16 sectors; and 5.88 Hz will give exactly 17 sectors.
In general, because the rocket spin rate is pre-set only within a limited
range, there will not be an integer number of sectors.

In the following section, for simplicity, the data manipulation will be
described for the special case of a spin rate of 6.25 Hz. Later, in Section

5.2.3, the effect of other values of spin rate will be considered in detail.
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3.3 Data Manipulation

As indicated above, the rocket rotation is divided into 16 discrete
sectors {for a spin rate of 6.25 Hz).. This is shown in Figure 3.2(a). The
4-bit number provided by the MSD is used to generate an address for a memory
sector that corresponds to a rotation sector. The offset within each memory
sector is provided by the data from the FIFO. The entire memory address is
formed by concatenating the 4-bits from the MSD with the data from the FIFO,
as shown in Figure 3.2(b).

The lower 1 K bytes of the RAM are divided into 16 sectors corresponding
+0 the rocket rotation sectors as shown in Figure 3.2(c). Each of these 16
sectors is further divided into four areas corresponding to the PHA's. Each
of these areas contains 16 bytes that correspond to 16 energy levels of the
particles. Figure 3.2(d) shows which parts of the 10-bit address correspond
to the rotation sectors, PHA's and energy levels.

When data is input to Port A of PIO #1, an interrupt is generated by the
PI0. The CPU services the interrupt by inputting the data. An address is
then generated as stated above and the location pointed to is incremented. A
flowchart of the input routine alogrithm is shown in Figure 3.3.

The CTC generates an interrupt every 1.536 ms which causes the CPU to go to
an output routine. Data outputs are done in synchronism with rocket rotation.
One memory sector (corresponding to a rotation sector) is output during 1 + 1/16
revolution of the rocket. Data starts being output when the rocket has rotated
to the rotation sector directly after the one corresponding to the memory sector
to be output. For example, data from sector #1 starts being output when the
rocket has rotated to sector #2 (referring to Figures 3.2(a) and 3.2(c¢)). Note
that this results in the data in each sector being accumulated over 17 revolu-
tions (i.e., 16 + 16 x 1/16). Since the duration of each sector is 10 ms (the
period of the 100 Hz oscillator), it follows that the output sequence.represents
the particle data (in each sector) accumulated for a period of 170 ms (i.e.,

17 x 10 ms)} less the reset time of the PHA (42.5 ms). The output sequence
repeats at intervals of 2.72 s (i.e., 17 x 160 ms) for this spin rate (6.25 Hz).

The output routine algorithm as shown in Figure 3.4 outputs a byte of data
when the output flag has been set. If the flag has not been set, the Toutine
checks to see if the rocket has rotated to within the next sector. If it has,

the output flag is set and the routine outputs the first byte in the sector.
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Otherwise the routine just updates the stored magnetometer data and the routine
is exited.

An address register (two of the 8-bit general purpose registers) is used
to point to the byte to be output. After the data at a RAM location has been
output to the D/A, the location is cleared. The address register is then
incremented and checked to see if all of the sector has been sent. If it has,
the output flag is reset. If all of the 16 memory sectors have been sent
(1 X bytes), the address register is reset to the beginning address of the
RAM.

An example of the output from the system is shown in Figure 3.5. Note
that the data from each detector has a 5 V peak at the beginning. Although
this peak should by definition correspond to the number of zeroes (no particles
or particles below the sensitivity of the detectors) from each detector, it is
automatically set to the maximum voltage by the CPU since the number of zeroes
would be large anyway. The peaks are also useful in that they separate the
detectors allowing the data to be read easily.

Note also the signal labeled '"marker" at the beginning of the data for
sector #1. This signal is included to identify which sector is being output.
It varies between 0 and approximately 5 V in 16 discrete steps. For instance
the marker for sector #0 is 0 V, the marker for sector #7 is approximately

2.5 V and the marker for sector #15 is approximately 5 V.
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4, HARDWARE

The designs of the microcomputer, the A/D-FIFQ interface, and the D/A
interface are discussed in this chapter. The microcomputer and the A/D and
D/A converters are contained on four printed circuit boards as shown in Figure
4.1. The circuit board for PI0 #2 also contains the MSD and the PHA. A photo-
graph of this board is shown in Leung et al. [1979]. Figure 4.2 shows the
location of the system on the payload.

Some control signals used in the system are defined in Table 4.1. The
detailed timing diagrams of these signals are not presented here as they are
not necessary for an understanding of the system operation, but they are
available in the MOSTEK data books in the reference list.

4.1 CPU-Memory Board

The CPU-memory board contains the Z-80 CPU, EPROM and RAM memory, reset
circuitry and the system clock oscillator as shown in Figure 4.3. A flexible
ribbon cable (Ansley #FSN-21A-20) from connector #1 provides the necessary
address, data, and control lines for the operation of the other three boards
in the systen. ]

A detailed schematic of the CPU-memory board is shown in Appéndix I.1.

4.1.1 Memory address decoding. A one-of-eight decoder (Intel 8205 or
T.I. 74LS138) is used to enable the RAM and EPROM memories. A diagram of the
decoder circuit pin connections is shown in Figure 4.4(a). Address bits All,
Alz, and Al3 from the Z-80 CPU define which output of the decoder will go low.
The RD, WR, and MREQ control lines are used as enabling inputs to the decoder.
If RD or WR goes low and, in addition, MREQ goes low, the decoder is enabled
and one of the eight outputs specified by the address lines will go low. Only
three of the eight outputs are used because only 4 K bytes of memory are in
this system,

This particular decoder circuit was used because only one external gate
was needed to generate the three select signals (the abbreviation for a select
signal is CS where the line indicates active low) and because it will allow
easy system expansion in the future with a minimum of changes on the board
(i.e., only additional address lines and the other CS lines need be brought
out to add another memory board). The resulting memory address map is shown
in Figure 4.4(c). The 1 K gap between the RAM segments exists because the
decoder generates CS's for 2 K memory segments and the RAM chips are 1 K

segments.
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Table 4.1
Z-80 Control signals.

M1: An output signal from the CPU that indicates the current machine cycle is
the instruction fetch cycle. MI also occurs with 1/OREQ to indicate an
interrupt acknowledge cycle, and it indicates to I/O devices when
to place data on the data bus.

MREQ: The memory request signal is an output signal from the CPU that indi-
cates the address bus holds a valid address for a memory read or memory
write operation.

T/OREQ: The I/0 request signal is an output signal from the CPU that indicates
the lower half of the address bus holds a valid I/0 address for an I/0

read or write operation.

gl

The read signal is an output signal from the CPU that indicates data

should be placed on the data bus by memory or an I/0O device.

WR: The write signal is an output signal from the CPU that indicates that the
CPU data bus holds valid data to be stored in the addressed memory or an I/0
device.

INT: The interrupt request signal is generated by I/O devices. The request
will be honored at the end of the current instruction by the CPU if
software has enabled an internal interrupt enable flip-flop.

NMI: The non-maskable interrupt request signal is also generated by 1/0
devices. The request will always be honored at the end of the current
instruction.

RST: Reset signal

®: System clock

NOTE: The lines above the signals mean they are active low.
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4.1.2 Reset circuit. The Z-80 CPU and CTC have a reset input that cannot
be brought high until the data, address and control lines have stabilized after
power-on. The reset input can also be used to restart the CPU and CTC in their
initial states after power-on by bringing it low for a short period, but this
feature was not needed in the data manipulation experiment since it is a dedi-
cated system (i.e., the software is not changed). When the reset line goes
high, the CPU starts at address zero and the CTC is in its initial state
(i.e., it is not yet programmed for operation). The PIO does not have a reset
input but it is in its initial state automatically after a power-on.

The reset circuit itself is simple as shown in Figure 4.5. When power is
applied, the 68 uf capacitor starts charging through the 10 k@ resistor. When
the Schmitt trigger input of the first NAND gate reaches approximately 1.6 V,
it switches and an instant later the reset line goes high. If for some reason
power is interrupted to the system, the capacitor discharges rapidly through
the diode. The reset line goes high approximately 77 ms after power is applied
[i.e., -(104) (68 x 10'6)1n(1.6/5)].

4.1.3 Clock. A Motorola KII15A 2.5 MHz crystal oscillator provides the
system clock signal. It was used because of its small size, slightly larger
than a 14-pin DIP, and because 1t provides a TTL compatible output. As shown in
Figure 4.6 a 7404 with 330 Q pull-up resistors on the outputs is used to buffer
the clock signal, The 330 Q@ pull-up resistors are required in the Z-80
components' specifications. The KL115A oscillator is specified to tolerate a
minamum shock of 100 G's for 0.1 milliseconds with three shocks in each plane.
This specification is adequate for a rocket flight: the oscillator performed
well both in pre-flight tests and in actual flight of Nike Apache 14.543.

4,1.4 Read-write control. As shown in Figure 4.3 the 2114 RAM circuits
receive the WR control signal. It controls whether data is input or output:

a high level causes data to be output by the RAM's; a low level causes data to
be input (the CS lines must be low also).
4.2 PIO #1 and CTC Board

This printed circuit board contains PIO #1, the CTC and the D/A as shown
in Figure 4.7. A detailed schematic of the board is shown in Appendix I.Z.

The 8205 {or 741.5138) decoder on this board is used to select which I/0
port is enabled. PIO #1 has I/0 addresses 1 through 3, the CTC has 4 through
7, and PI0 #2 has 8 through 11. The other outputs of the decoder are brought

out on conmector #2 for future expansion of the I/0 capabilaty.
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The interrupt enable input (IEI} signal from PI0 #1 is brought out on
connector #2 so that other I/0 ports added in the future can generate maskable
interrupts. This signal would be used in the daisy-chain interrupt mode
(i.e., Mode 2) described in the MOSTEK Z-80 literature in the reference list.
This signal is not used in this system, however, since the Mode 1 interrupt
option is used, as described in the following chapter.

Even though there are only two ports, the PIO's require four addresses
because each port has control logic that must be addressed individually, as
shown in Figure 4.8. This logic is programmed to control whether a port is an
input or an output port, the handshake lines, and the generation of interrupts.

The two handshake lines, RDY and STE, control the data input to a port and
the generation of an interrupt to the CPU when the port is programmed to
operate in the appropriate mode (i.e., Mode 1, consult the PIO data book). In
the data manipulation system the handshake lines are used only for Port A of
PIO #1.

The timing diagrams for ARDY and ASTB are shown in Figure 4.9(a) where
the "A" indicates they are for Port A. Data is loaded into the Port A input
register by applying a pulse of 150 ns (or greater)} to the ASTB pin (normally
high, pulsed low). ARDY indicates when the input register is empty and is
ready to accept an input (normally low, active high). When data is loaded into
the input register, an interrupt is generated by the PIO by bringing the INT
line low. When the CPU has read the input register contents, ARDY returns high.
When the PIO is initialized after power-on, Port A must be read once to bring
ARDY high even though there is no data in the input register.

As stated in the previous chapter the CTC generates an interrupt when an
internal down-counter reaches zero. The CTC in this system is connected to the
NMI line of the CPU which is used to generate non-maskable interrupts. Thus it
has a higher priority than PIO #1 or any I/0 port that would be added in the
future.

4,3 A/D and FIFO Board

This board contains the A/D, the FIFO, and associated timing logic as shown
in Figure 4.10. A detailed schematic of the board is shown in Appendix I.3.
Data is input to this board from the PHA system and is output to Port A of
PIO #1.

The A/D starts converting an analog signal to its digital representation

when a pulse of 100 ns minimum width is applied to its start-convert pin as
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shown in Figure 4.9(b)}. When the conversion is finished, the end-of-convert
line goes low until anothexr conversion is started.

The FIFO can be regarded as nine 40-bit serial shift registers. Data is
input to the first register and trickles through until a location containing
data or the 40th location is encountered. The FIFO has handshake signals
similar to the PIO signals which control data input and output.

The timing diagram of the FIFQ handshake signals is shown in Figure 4.9(c).
The input-ready signal indicates when data may be entered into the first
register. Data is entered by bringing the shift-in line high. This causes
the input-ready line to go low but data‘will stay in the first register until
the shift-in input goes low. The data then propagates to the second location
providing it is empty, and the input-ready line goes high again. The input-
ready line will stay low if the FIFO is full. Once data has been shifted to
the second location, it automatically continues until othexr data or the last
register is encountered as stated above. The output-ready line goes high
when the data reaches the last location. Data is shifted-out when the shift-
out line is brought low and returns high. Data is not shifted from the 39th
to the 40th location until the shift-out line goes back high, therefore, the
output data is stable until then. The output ready line goes back high when
the data has been shifted unless the FIFO is empty.

The end-of-convert signal from the A/D is used to enter data into the
FIFO. When the end-of-convert signal makes a high-to-low transition, it
triggers a 74123 moncstable multivibrator as shown in Figure 4.11. The multi-
vibrator then generates a 475 ns pulse on the shift-in line of the FIFO.

The A/D end-of-convert signal and the FIFO .input-ready line are combined
to generate a status signal to indicate when the board is ready for an input,
but it is not used by the PHA system. Since data is input at relatively long
intervals of 50 us the status signal is not needed. It may be noted that the
ready-for-input signal, if used, would have to be used judiciously since it
will momentarily go low up to 1.025 us before another start-convert can be
applied, as noted on the diagram. It momentarily goes low because the FIFO
input-ready signal does not go low for up to 440 ns after the shift-in input
is brought high.

Data 1s strobed into PIO #1 using: the output-ready signal from the FIFO;
ARDY of the PIO; and the system clock divided by eight (i.e., 0.3125 MHz).

These three signals are input to a NAND gate whose ocutput goes to another
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monostable multivibrator as shown in Figure 4.2 (the multivibrator is the other
half of the 74123 used above). When the divided clock signal makes a high-to-
low transition while the other two NAND gate inputs are high, the monostable
will be triggered and the ASTB line of the PIO will receive a 580 ns pulse.
This signal is also used to drive the shift-out line of the FIFO. The divided
clock signal is provided by the PHA system.

The divided clock signal is ‘included because ARDY could possibly stay
high longer than the time it takes the output-ready signal to go low and return
high as shown in Figure 4.12. Because of this a method was needed to trigger
the multivibrator after both signals have been high for a period of time. If
only ARDY and output-ready were used, an extra pulse from the multivibrator
could possibly occur causing a data sample to be lost. By using the high-to-
low transition of the clock to trigger the multivibrator only one pulse will
be generated by multivibrator.

On the systems constructed for Nike Apaches 14.542 and 14.543 &/2 was used
instead of /8 (i.e., @ is the symbol for the clock signal)}. This could cause
a problem if ¢/2 goes low, high, then back low again after output ready has
returned high and before ARDY goes low; or if ARDY goes low while both ¢/2 and
output-ready are high. The system usang ¢/2 appeared to work well during tests
and the rocket flight but on future flights &/8 should be used.

The same signal for the PIO ASTB line and the FIFO shift-out line can be
used because the data hold time beyond the ASTE low-to-high transition required
by the PIO 1s zero and a finite amount of time is required to shift data from
the 39th to the 40th position in the FIFO after the shift-out transition.

Since the data on the output pins of the FIFO will not change instantaneously
when the transition occurs, the hold time of the FIFO is greater than zexo.

In Figure 4,12 note that an extra trigger to the multivibrator could
possibly occur during a pulse. This is permissible since it will only
cause the pulse to be longer than 580 ns.

4.4 PIO #2

As shown in Figure 4.13 PIO #2 is on the board that contains the PHA system
and the magnetometer signal digitizer. Four bits of Port A are used to input
the magnetometer data, but Port B is mnot used.

Although only four of the sixteen PY0 I/0 bits are used, the PIO circuit
provided the easiest and most efficient interface to the MSD since all the Z-80

control signals are handled by the PIO's internal logic. In addition the extra
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I/0 bits could be used for a future experiment.

As stated before PIO #2 has addresses 8 through 11 with the CS provided
by the decoder on the PIO-CTC boaxrd, but only the addresses for Port A are
needed (i.e., 8 and 9).

A detailed schematic of this boaxrd is given in Leung et al. [1979].
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5. SOFTWARE

The software written for the data-manipulation experiment is discussed in
this chapter. Since some understanding of the Z-80 architecture is needed, a
brief description of it is included.

5.1 2-80 Architecture

The Z-80 CPU register configuration is shown in Figure 5.1; the CPU
contazins two sets of independent accﬁmulator, flag, and general purpose regis-
ters. A single exchange instruction enables the CPU to switch between the
accumulator and flag pairs while another single instruction is used to switch
between the general purpése register sets, This exchange capability is useful
(it saves time) when an interrupt is serviced because the contents of the
registers do not have to be saved in RAM,

The 8-bit accumulator register is used to hold the results of 8-bit
arithmetic and logical operations while the flag register indicates the status
of 8 or 16-bit operations, such as indicating whether or not the result of an
operation is negative or positive. The 8-bit general purpose registers can be
used in pairs for 16-bit operations, specifically the BC, DE and HL pairs in
both sets. The HL pairs are used by several instructions for memory addresses.

The program counter holds the 16-bit address of the current top of the stack
located in external RAM. The stack is a last-in-first-out memory file that is
used to temporarily store data from the registers. The other special purpose
registers are not used by the data manipulation experiment software.

The Z-80 CPU has both maskable and non-maskable interrupts. The CPU
can be programmed to respond to a maskable interrupt in any one of three
possible modes. Mode 1 is used in the present application since there are
only two interrupting devices. In ‘this mode a maskable interrupt from P10 #1
causes the CPU to jump to location 0038 H (where H means hexadecimal or base
16). A non-maskable interrupt from the CTC causes the CPU to jump to location
0066 H.

The Port I/0 logic of one port of a PIO is composed of six registexrs with
"handshake" control logic as shown in PFigure 5.2(a). The 2-bit mode control
register is loaded by the CPU to select the desired operating mode. The input
register holds data input to the port and the output register holds data that
is to be output. The handshake logic controls the transfer of data between

the peripheral and the PIO.
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The 8-bit I/0 select register and the 8-bit mask register are used when
the port is programmed to operate in Mode 3, In this mode any of the data
lines can be programmed to be an input or output as specified by the select
register., The 2-bit mask control register and the mask register are used to
control the generation of interrupts in Mode 3, but they are not used in the
data manipulation software.

The logic for one channel of a CTC is composed of two registers, two
counters and control logic as shown in Figure 5.2(b). The time constant
register is loaded by the CPU to initialize and re-load the down counter at a
count of zero. The channel control register is loaded by the CPU to select
the mode and conditions of channel operation. The prescaler divides the
system clock by 16 or 256 for decrementing the down counter. The external
clock/timer trigger and the zero count/timeout signals are not used in the
data manipulation experiment.

5.2 Data-Manipulation Software

The software for the system comprises three main parts: initialization,
the input routine, and the output routine. During initialization the CTC and
PIO's are programmed for operation, the RAM is cleared and other pre-operation
details are taken care of. The input and output routines function as explained
previously. These three sections of the software are discussed further below.
A listing of the program is given in Appendix II.1.

5.2.1 Initialization. The flowchart of this section of the software is
shown in Figure 5.3. After power-on the PIO's and the CTC are programmed as
shown although the interrupt capability of PIO #1 is not enabled and the CTC
time constant is not loaded until just before the "Halt" instruction. This is
done to prevent an interrupt from occurring before the initialization is
finished. HL' and DC' are loaded with 800 H and zero respectively for use in
the output routine. Data from the magnetometer must be shifted right two
positions and 800 H must be added as shown in Fagure 5.4 before 1t can be used
to designate the rotation sector memory area shown in Figure 3.2(d). The ARDY
line of PIO #1 must be raised the first time by reading Port A although the
data is not used. After the ARDY line is raised, the CPU executes.a "Halt"
instruction. When thais is done, the CPU enters an inactive state that can
only be exited when an interrupt is received. After the interrupt is serviced,
the CPU executes the instruction directly following the Halt instruction which

is a jump back to it.
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5.2.2 Input routine. A more detailed flowchart of the input routine
than in Figure 3.3 is shown in Figure 5.5. Register pair DE is used to hold
the current magnetometer data and is updated by the output routine. The data
from the PHA system in A is concatenated with the magnetometer data in DE by
simply adding register E to A. Register pair HL is then used to hold the
concatenated data which point to the RAM location to be incremented.

The two lowest order bits of each RAM location are not used since they
could be lost when the location is output due to noise (i.e., low order
accumulations would be difficult to discriminate from zero). Therefore, four
must be added to each location so that it is incremented beginning in the
10 = 1002).

When a maskable interrupt is serviced by the CPU, an internal flip-flop

third bit position (i.e., 4

is automatically reset such that subsequent maskable interrupts will be
ignored. This flip-flop must be set when the input routine is exited so that
maskable interrupts are again enabled.

The input routine requires between 30 and 31.6 us for execution (for a
2.50 MHz system clock) providing the CPU does not service a CTC interrupt.
24,8 pus are required for executing the instructions in the routine and from
5.2 to 6.8 us are required by the CPU to exit the “"Halt" state and prepare
for servicing the interrupt (i.e., the contents of the program counter are
stored in the stack file).

Since the input routine requires 31.6 ps and data is input to the FIFO
every 51.2 ps, the FIFO is never allowed to store data past its maximum limit.
In fact, no more than four inputs are input to the FIFO during the output
routine since the maximum time required for the output routine is about 170 us.

The time it takes for the system to catch up with the inputs waiting in
the FIFO can be calculated as follows. Let 7 equal the maximum time of the
output routine, T2 equal the time it takes the system to catch up, 7y equal
the input rate to the FIFO, and r, the output rate from the FIFO to the data

manipulation system.
<
rl(Tl) + rl(Tz) < rz(sz (5.1)

Now although it would appear that Tl = 170 us, the possibility of the CTC
interrupt occurring during the input routine must be taken into account. If
the CTC interrupt is received directly after the PIO interrupt, the input

routine for that interrupt would have to be finished after the output routine
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since the CTC has a higher priority. In this case the time to complete the
input routine should be added on to the maximum time of the output routine.
The input routine would, in the worst case, start at the “"Load H register
with contents of D" instruction as shown in Figure 5.5. In this case Tl
would be approximately equal to 195 ps (i.e., 170 ps + 24.8 us).

Using equation (5.1) a value for T

2 can now be obtained as follows
1 input 1 input < 1 output
512 s (195 u8) * 575 (1) S 57 e s (0 (5.2)

Since it is impossible to get a partial input, we round the first term up to

4. Thus equation (5.2) becomes

T T
CRN S (5.3)
51.2 us 31.6 us

4 +

This gives a value of 330 us for Tz, but since this is not an integer multiple
of 31.6 us, 347.6 us should be used.

Since this is the worst case value for the catch-up time, there is no
danger of the system getting behind (i.e,, 0.3476 ms << 1.536 ms, the CTC
interrupt interval). The output routine normally takes much less time than
170 us, as will be shown in the next section. In most cases no more than two
or three inputs would be waiting in the FIFO at the end of the output routine.

5.2.3 OQutput routine. The output routine is the most complex of the
three software sections. As will be explained below, this results from a
desire to provide a method for outputting data in the event of failure of
the MSD and the need to accommodate a range of values of rocket spin rate.

A more detailed flowchart than the one in Figure 3.4 is shown in Figure
5.6. The register sets are exchanged after the magnetometer data in DE is
updated. Data for the input routine is contained in one register set while
data for the output routine is contained in the alternate set. Note that DE!
also contains the updated magnetometer data for use later in the routine.
Register C' is used as the output flag, as described in Chapter 3. A 01 H
contained in C' corresponds to the flag being set while 00 coxresponds to its
being reset.

(a) MSD failure mode. The software includes a method to output data
even if there is a failure of the MSD. 1In this mode the energy spectrums

are obtained but there is no pitch-angle distribution.
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Register B' is incremented every time there is a CTC interrupt (i.e.,
every 1.536 ms) and is reset to zero when data is output. If the output flag
is not set by the MSD before B' is incremented to 67, it is set automatically.

The number of times B! is incremented before the output flag is set
imposes a lower limit on the spin rate that can be accommodated. The last data
output and the first time B' is incremented overlap such that B' would be
incremented 67 times between outputs. Since there are 65 outputs (i.e., the
64 data bytes and the marker signal) and B' 1s incremented 67 times, the
largest spin period that can be accommodated i1s 193 ms (i.e., (65€67) x 1.536
ms - 10 ms). Figure 5.7 illustrates the situation for a spin period of 193 ms
(or longer). A spin period of 193 ms corresponds to a spin rate of 5.18 Hz
which is considerably slower than the spin rates of past flights (which have
been in the range of 6.4 to 7.5 Hz).

The choice of 67 in the above discussion i1s determined as a compromise
between complicating requirements. The output rate in the event of an MSD
failure 1s desired to be as fast as possible, which sets an upper limit on the
number of times B' i1s incremented. It was arbitrarily decided that the inter-
val between outputs should be no more than 10% longer than the time it takes
to output a sector. This corresponds to 110 ms and an upper limit of 72 times
(i.e., 110/1.536) to increment B'. A 5.5 Hz spin rate (182 ms period) was
arbitrarily decided upon as the slowest spin rate anticipated. This gives a
lower limit of 60 times (i.e., 182/1.536) to increment B'. Thus the interval
created should be greater than 60 but less than 72; 67 was adopted.

(b) Outputting sectors #12 to #15. The last four sectors are output when
the magnetometer signal digitizer indicates the rocket has rotated to sector #0
(1.e., the 4-bit counter output is zero). Figure 5.8 illustrates the reasons
for doing this. When the spain rate is faster than 6.67 Hz (i.e., 150 ms
period), data will not be input to one or more of the higher order sectors by
the input routine. However, because the software is written assuming there
would be sixteen sectors, all sixteen are always output even though the data
in the highest order sectors may be zero. Therefore a method to set the output
flag for the high order sectors was needed, other than the method used for the
low order sectors explained in Chapter 3 (i.e., for the lower order sectors the
output flag to output a particular sector is set when the rocket has rotated to
the sector directly following it). By setting the output flag for the last

four sectors when the 4-bit counter is reset to zero, a spin rate of up to
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The case shown here is for a 5.18 Hz spin rate (i.e., 193 ms
period). 10 ms must be added to the spin cycle time to

get the interval between the times when the output flag is
set between succeeding sections. Since the counter is
incremented at 100 Hz, there are 20 increments between the
times the counter is reset (the last count has a shorter
interval, 3 ms). This diagram also represents the situation
for a spin period greater than 193 ms and for no magneto-
meter signal. R indicates the internal reset of the 4-bit
counter and M the reset of the counter by the magnetometer.
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8.33 Hz (i.e., 120 ms period: 12 sectors of input data) can be accommodated
without causing the output to get out of synchronism with the rocket rotation.

Register pair HL' is used to contain the address of the next byte to be
output, and the difference between the contents of HL'! and DE' is used to set
the output flag since DE' contains the updated magnetometer data. 1If the
output flag is not set, but the difference between the contents of HL' and
DE' is FFCO H (i.e., the 2's complement of 0040 H), it will be set. For
instance if the contents of DE' were 840 H and the contents of HL' were 800 H,
the output flag would be set. Since H!' contains OB H when HL' points to a
location in the last four sectors, the output flag can be set when the most
significant byte of the difference between HL' and DE' equals 03. For example
when HL' contains B40 H (i.e., corresponds to sector #13) and DE' contains
800 H (i.e., corresponds to sector #0) the difﬁgrence is 340 H. By only
considering the upper byte the software is simplified and takes less time.

(¢} Sampling time. In the simplified description in Chapter 3 it was
shown that the accumulation interval for each sector is the time 1t takes for
17 revolutions of the rocket. This will now be shown to be true for the
actual output routine just described.

As shown in Figure 5.9 the interval between when the output flag is set
for one sector and when it is set for the succeeding sector is 1 + 1/16
revolution for the first twelve sectors. The interval between when it is set
for sector #11 and when it is set for sector #12 is 1 + 4/16 revolution since
the flag is not set to output sector #12 until the rocket has rotated to
sector #0. The following three sectors also start being output at sector #0
on succeeding revolutions so that the interval between setting the flag is 1
revolution for these sectors., Thus the sum of the sixteen intervals is
seventeen revolutions (i.e., 12(1 + 1/16) + (1 + 4/16) + 4 x 1 = 17).

The sampling time for most sectors is a constant (170 ms) when the output
is synchronized to the spin of the rocket, independent of the spin rate; the
exceptions are the highest order sectors for spin rates greater than 6.25 Hz
and the lowest order sectors for spin rates less than 6.25 Hz. After the
rocket flight the spin rate is accurately known and the sampling time of the
sectors can easily be calculated. For example, consider a spin rate of exactly
7 Hz. This is a spin period of 142.86 ms. Thus sectors #0 to #13 would have
the full sampling time of 170 ms but sector #14 would have a sampling time of
48.6 ms (i.e., 17 x 2. 86 ms) and sector #15 would have a sampling time of 0
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Figure 5.9 The interval between the output flag being set to output
consecutive sectors depends on which sector 1t is beang
set for. (a) 1 + 1/16 revolutions occur between when the
output flag 1s set to output consecutive sectors except
for 12, 13, and 14. (b) The interval between the output
flag being set for sectors 11 and 12 is 1 + 4/16 revolutions.
(c) The interval between the output flag being set for
sectors 12 and 13, sectors 13 and 14, and sectors 14 and
15 is exactly one revolution
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(i.e., no data). In practice only the data from sectors #0 to #13 would be
used.

Now consider the situation for a spin rate of 5.5 Hz. The spin period
of 181.82 ms results in sectors #0 and #1 accumulating samples twice and,
therefore, having sampling times of 340 ms. Sector #2 has a sampling time of
201 ms (i.e., 17 x (10 + 1.82) ms). Sectors #3 to #15 have a sampling time
of 170 ms. Thus sectors #0 to #2 would contain more samples than the other 13.

As noted in Section 3.2 the input to the data-manipulation experiment is
the output of the PHA. The multiplexer in the PHA has a timing sequence,
involving the sampling and resetting, which reduces the count rate to 70% of
the rate originating at the particle detectors (ERS and ESA) [Leung et al.,
1979]. This factor must be taken into account in deriving flux densities from
the output data of the data-manipulation experiment.

(d) The marker signal. The marker signal described in Chapter 3 is
cbtained by extracting the sector number from the HL' register pair and
outputting it immediately after the output flag 1s set. The lower two bits
from the H' register and the upper two bits from L' register are loaded into
the A register. The data is then shifted in the A' register such that the
most significant bit is in the sixth bit position as shown in Figure 5.10.

(e} Other features. Again referring to the flowchart in Figure 5.6 1f
the output flag is set when the output routine is entered, the program branches
to '"SEND". This section of the output routine outputs the sector data to the
D/A and resets the output flag when all of a sector has been sent.

"END'" is a RAM location that is used to contain the last address of a
sector plus one, When HL' has been incremented enough times such that its
contents equal the contents of the END and END+1 locations, the output flag
is reset,

The hagh level outputs at zero energy locations that were discussed in
Chapter 3 are obtained by outputting 7F H when the four low order bits of L'
are all zeroes. The zero energy outputs will be slightly higher than the
maximum output of the other fifteen energy levels since the two lowest
order bits are ones whereas they are always zero for the other outputs.

Whenever the output routine is exited, the register sets are exchanged.
As stated previously the DE register pair now contains the updated magnetom-

eter data for use by the input routine.
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Figure 5.10 The marker signal 1s obtained from HL' and is
put i1n A' for output to D/A. (a) Sector number
in HL' is put in A'. (b) Three shaifts are then
done to put data in proper bit positions for out-
put to the D/A (i.e., two right circular shifts
and one right shift with a zero put into the
7th bat).
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The "return from a non-maskable interrupt" instruction automatically
enables maskable interrupts. Therefore, the interrupt enable instruction does
not have to be used (it was used in the input routine).

(£) Output routine execution time. The amount of time necessary to
execute the output routine depends on the branches taken within it. There are
three main possihle paths that can be taken: (1) the output flag is set and a
byte of data is output to the D/A, (2) the output flag is not set when the
routine is entered but it is set during the routine, and (3) the output flag
is not set when the routine is entered and it is not set during the routine.
Path (1) requires from 99.6 us to 123.2 us depending on whether the output
flag must be reset or not and whether it is the end of sector 15 or not. Path
(2) requires either 130, 160.4 or 168.8 us depending on whether (a) the flag
is set because B' has reached 67, (b) it is set for one of the last four
sectors, or (c) it is set for one of the first twelve sectors. Path (3)
requires either 112.4 or 104 ps depending on whether the flag test is applied
for the first twelve sectors or for the last four.

Path (2) requires the greatest amount of time, but it 1s the path most
seldom taken since the output flag is only set once per revolution. Path (1)
will be taken 64 times per revolution since 64 bytes of data are output. The
number of times path (3) is taken depends on the spin rate of the rocket but
it will be taken fewer times than path (1) unless the spin rate is slower than

or equal to 5.3 Hz.



6. THE SDB-8Q BOARD AND THE EPROM PROGRAMMER
Software was developed for the rocket system using a MOSTEK SDB-80 board,

a teletype, and an EPROM programmer as shown in Figure 6.1. Some of the
features of the SDB-80 and the design and operation of the EPROM programmer
are discussed in this chapter.

6.1 The SDB-80 Board

The SDB-80 is a complete stand-alone microcomputer designed around the Z-80
nicroprocessor. It contains 10 K bytes of on-board firmware for software
development consisting of an assembler/editor and an operating system. Programs
can be edited and assembled directly from 16 K bytes of on-board RAM; this is
much quicker than using the teletype tape reader and punch for the source and
object versions. Two PIO's and a serial port are provided to interface the
SDB-80 to peripheral devices. A photograph of the board is shown in Figure 6.2.

The operating system, the DDT-80, has several commands that allow a user to
control the operation of the SDB-80. The DDT-80 also provides the software
routines for interfacing various peripherals, such as the teletype, to the
board. The commands of the DDT-80 are useful when debugging a program on the
SDB-80. For example the user can read and modify registers in the CPU, start
the execution of a program at a particular address, or dump the contents of a
memory segment to a paper tape punch. A particularly useful command allows
the user to set a breakpoint at a particular address within a program (i.e.,
when program execution reaches this location, the contents of the CPU registers
are printed out).

The text editor on the SDB-80 is used to generate and modify Z-80 assembly
language source programs. There are several editing commands for both line and
character editing. Examples of these are a delete-line command and a command
that changes a string of characters to another string.

Once the source program is generated using the editor, it is assembled to
produce Z-80 object code. The assembler on the SDB-80 is a two-pass assembler,
and it supports conditional assemblies, global symbols, relocatable programs
and a printed-symbol table.

The SDB-80 was used to generate, run and debug the initial software for
the rocket system. The A/D, the D/A, and a simulated magnetometer signal
digitizer were interfaced to the SDB-80 using the two on-board PIO's. A CTC
on another board was used to generate the non-maskable interrupts since the

on-board CTC generated maskable interrupts and had a lower priority than the




Figure 6.1 The EPROM programmer and the teletype connected to
the MOSTEK SDB-80 board. This system was used to
develop the data-manipulation system software.
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PIO's. Once a version of the program was running well on the SDB-80, it was
transferred, with some minor modifications, to a 2716 EPROM on the actual data
manipulation circuit boards for further debugging. Using the SDB-80 for the
initial versions of the software greatly reduced the debugging time.

6.2 EPROM Programmer

An EPROM programmer was designed and built to program 2708 and 2716
EPROM's. The EPROM programmer is interfaced to the SDB-80 by PIO #2 (connector
J3, Figure 6.2). Port A is used for the 8-bit word to be put on the EPROM,
and Port B is used for the programmer control signals.

6.2.1 Programming waveforms. The 2716 EPROM is programmed by applying
a 50 ms TTL-level pulse to pin 18 (the PD/PGM input) when there is 25V
on pin 21. Figure 6.3(a) shows the 2716 program and verify waveforms. Before
the pulse is applied, a data word and its corresponding address must be placed
on the data and address lines of the 2716 and held for the duration of the
pulse. The CS line must also be held high during the program pulse, but the
programmed data may be checked immediately after the 50 ms pulse by lowering
the CS line.

To program the 2708 it must first be put in the program mode by bringing
the CS line to +12 V and holding it there for the duration of the programming.
A +26 V 1 ms pulse is applied to the PGM pin for each data word corresponding
to an address generated by the 4040 counter. Programming all 1024 locations
sequentially with a 1 ms pulse constitutes one loop and one hundred loops are
required to program the 2708 (manufacturer's specifications). The program
waveforms for the 2708 are shown in Figure 6.3(b).

6.2.2 Programmer hardware. The amount of hardware involved in construc-
ting the programmer was kept to a minimum by implementing all the timing
functions with software. A block diagram of the programmer is shown in Figure
6.4 (a detailed schematic is included in Appendix | 1 2

The 4040, a CMOS binary counter circuit, is used to generate the addresses
for the 2708 or the 2716 when one is being programmed or read. Since the
data locations are programmed sequentially, the 4040 is reset and incremented
to generate the corresponding addresses. A data word corresponding to the
address generated by the 4040 is placed on Port A of PIO #2. Then the PGM
line of the 2708 or the PD/PGM line of the 2716 is raised for 1 ms or 50 ms
respectively as described in the previous section. The 4040 is then

incremented and the next location is programmed.
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Figure 6.3 Programming waveforms. (a) 2716 program and
verify waveforms. (b) 2708 program waveforms.
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The AND gates are used to prevent the program pulse lines from going high
or the CS lines from going low accidentally. Before the programmer software
is executed, the output buffers for Port B of PIO #2 on the SDB-80 are high
because the Port B lines are in a high impedance state and the Port B buffers
are non-inverting TTL gates (i.e., the TTL-gate inputs float high; the buffers
are not shown in Figure 6.3). When Port B is initialized, its output lines go
low. Since both high and low states are encountered, an exclusive or type logic
had to be used to aveid damaging the EPROM or incorrectly programming a locatiom.
By inverting one input to an AND gate and not inverting the other only one input
state will cause the output to go high, which solves the problem.

The following Boolean equations show the CS lines and the program pulse lines
of the 2708 and 2716 as functions of the Port B lines. For the 2716 they arve:

CS = B1 - B6 = Bl + B6 (6.1)
PD/PGM = BO - B7 (6.2)
For the 2708 they are:

CS = B4 « BI = Bl + B4 (6.3)
PGM = BO - BS (6.4)

B0 and Bl control the input and output buffers for Port A of the SDB-80
PIO. BO must be high to enable the output buffer and Bl must be low to enable
the input buffer. As shown by the above equations the CS lines cannot go low
unless the input buffer i1s enabled, and the program pulse line cannot go high
unless the output buffer is enabled.

As shown in Figure 6.4 there is a switch on one of the inputs to each of the
program pulse AND gates. They prevent an EPROM from accidentally being programmed
by some possible malfunction of the hardware or software on the SDE-SO. Before
Port B 1s initialized by the programmer software, the switches should not be
switched with an EPROM in one of the sockets since there would be a possibility
of a spike being generated and reaching the program pulse inputs. This could
result i1n an incorrectly programmed location or damage to the EPROM.

The timaing diagram for the Port B lines is shown in Figure 6.5 B2 is used
to increment the 4040 and B3 is used to reset it to zero. The other lines
function as explained previously.

6.2.3 SDB-80 modifications. The SDB-80 was modified to allow a user to
easily operate the programmer and to generate the 50 ms program pulses for the
2716. An off-board 2716 EPROM was added to contain the programmer software
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and the on-board CTC had two lines tied together.

As shown in Figure 6.6 two one-of-eight decoders (74LS138) are used to
decode the memory address for the off-board 2716. The starting address for
the 2716 1s 4000 H. This places it divectly above the 16 K bytes of the SDB-80
on-board RAM. The EPROM is interfaced to the SDB-80 through connector J1
(the system bus connector, shown in Figure 6.2).

Note that the CS signal for the 2716 also goes to the DINB signal of
connector Jl. This enables a data bus input buffer on the SDB-80 when the
CS line goes low.

The zero count output of channel #2 of the SDB-80 on-board CTC is tied
to the timer trigger input of chéﬁnel #3 (pin 8 to pin 6 of connector J1).
This allows the counter of channel #3 to start being decremented when the
counter of channel #2 reaches zero. This is done to time the 50 ms program
pulse necessary for programming 2716 EPROM's because a single channel of the
CTC cannot time that long of interval.

6.2.4 EPROM programmer software. The programmer software in the off-
board 2716 controls the sequencing required to program the 2708 and 2716
EPROM's. The user is queried to select which operations are performed by the
firmware (i.e., he chooses either the 2708 or 2716 to be either read or
programmed). A flowchart in Figure 6.7 shows how this is done. The program
is listed in Appendix II.Z2.

The SDB-80 PIO #2 is programmed to be operated in Mode 3 for both port A
and port B. Port A is initially defined to be an input port, and port B is
defined to be an output port.

After port B is programmed, the 4040 reset line is raised and the I/0
buffer to port A is disabled. A message is then output to the user to ask
whether a 2708 or a 2716 operation is to be performed. After the user defines
which one, he is asked to specify a read or write operation.

The read routines for both the 2708 and 2716 are very similar. The only
differences are that the CS lines controlled by port B are different and that
the 2708 has 1024 locations while the 2716 has 2048 locations. To perform a
read operation the corresponding €S line is lowered and the input buffer is
enabled. The data byte is then input and stored at the location specified
by the HL registers. HL and the 4040 are then incremented. If the contents
of HL then equal 1024 (for 2708) or 2048 (for the 2716), the routine is

exited, otherwise 1t continues as above.
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The program routines for the 2708 and 2716 differ chiefly in the way the
programming pulses are applied and in the way the contents are checked after
the EPROM is programmed. When either routine is entered, the contents are
checked to make sure the EPROM has been erased (i.e., when an EPROM is erased,
all locations contain FF H). After this is done, the 4040 and HL are both
cleared, and port A is changed to an output port with the output buffers
enabled. A message is then output to the user telling him to turn on the
""program enable™ switch on the programmer. He then hits any key on the tele-
type keyboard to start the programming operation.

To program one location of the 2716 data is output on port A and its
PD/PGM line is vaised for 50 ms as stated in the previous section. Since two
channels of the CTC must be used to generate 50 ms, they must be programmed
such that the sum of their time constants is 50 ms, One is programmed to start
operating immediately while the other is programmed to start operating when
its trigger line is brought low by the zero count output of the first channel.
The second channel is checked continuously until it reaches zero. When this
occurs, the PD/PGM line is brought low and the contents at that location are
input and checked to make sure they agree with the data that was output to
the 2716. To input the data port A is changed back to an input port, the
input buffers are enabled, and the C3 line of the 2716 is brought low. If
the contents of the 2716 do not agree with tpe data that was output, the
buffers are disabled, the CS line is brought high, and a message is output to
the user notifying him of the error. The program routine is then exited and
the SDB-80 jumps to the DDT-80 operating system. If the contents do agree,
Port A is changed back to an output port with the output buffer enabled. HL
and the 4040 are then incremenetd. If the contents of HL then equal 2048,
the program routine then branches to "QUITY. Otherwise it continues as above.

To program the 2708 a 1 ms pulse is applied to the PGM line while the
corresponding data is on port A for each location. This constitutes one loop
and one-hundred loops must be gone through as stated in the previous section.
Register C is used as the loop counter. Only one channel of the CTC has to be
used since only a 1 ms pulse is required. After data is output to Port-A, the
CTC is started and is checked continuously until it reaches zero. The PGM
line is then brought low and the 4040 and HL are incremented. If the contents
of HL equal 1024, then register C is incremented. Otherwise it continues as

above. If the contents of C are less than one hundred, another loop is started.
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If it equals one hundred, HL and the 4040 are cleared and Port A is changed to
an input port along with the buffers. Data is then sequentially input and
checked to see if it equals the original data. If it does not, the user is
notified as in the case of a 2716 error and the SDB-80 jumps to the DDT-80
operating system. If all the locations agree, then the QUIT routine is entered.

In the QUIT routine the buffers are disabled and a message is output to
the user asking if he wants to do anything else. If he answers yes, the
program is started over at the beginning. Otherwise a jump statement to the
DDT-80 operating system is executed.

6.2.5 Operation of the programmer. The programmer is simple to operate.
The desired EPROM data is put into the SDB-80 RAM starting at location zero.
Then the user causes the programmer firmware to start being executed by using
the 'E' command of the DDT-80 operating system. The following sequence illus-

trates the operation of the programmer starting at the 'E' command.

'.E 4000'

?iTER A FOR 2708,B FOR 2716

?N?ER P TO PROGRAM,R TO READ
?ivT TO DO MORE? Y=YES,N=NO

E;TER A FOR 2708,B FOR 2716

AT

EgTER P TO PROGRAM,R TO READ

TURN ON PROGRAM ENABLE,THEN HIT ANY KEY
WANT TO DO MORE? Y=YES,N=NO
'INT
The above user responses are self-explanatory with the possible exception
of the next to last one (the characters within the apostrophes are user
responses). After the program switch is turned on, the user starts the
programming operation by simply hitting a key on the teletype. Note that when
the "N" is entered in the last statement, a jump to the DDT-80 operating system
is executed,
The programmer firmware automatically checks to see if an EPROM is erased
before it is programmed as noted in the last section. The following shows the

response of the firmware when a user attempts to program an unerased EPROM.
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'.E 40007
ENTER A FOR 2708,B FOR 2716

!‘BI
ENTER P TO PROGRAM,R TO READ
IPI
NOT ERASED
If the data from a location in an EPROM does not agree with the data that

should be there after it is programmed, the programmer firmware notifies the

user as in the following sequence.

'.E 4000

ENTER A FOR 2708,B FOR 2716

tRt

ENTER P TO PROGRAM,R TO READ

lpl

TURN ON PROGRAM ENABLE,THEN HIT ANY KEY

ERROR AT 0001
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7. FLIGHT RERFORMANCE

The first flight test of the data-manipulation experiment took place on
19 June 1978: Nike Apache 14,543 was launched from Wallops Island, Virginia,
at 2315 EST as part of the Joint American-Soviet Particle Intercalibration
(JASPIC) Project.

The rocket attained an altitude of 185 km at 214 s after launch. It has
a mid-flight spin rate of 6.85 Hz, well within the design range of the data-
manipulation experiment. The spin period is 146 ms.

Figure 7.1 shows a section of the chart record about 5 s before the
launch. The time interval between outputs of low order sectors is 160 ms and
the output data sequence repeats at intervals of 2.54 s. OSince the time
interval between outputs of low order sectors is 160 ms instead of the
expected value of 170 ms, it appears that the oscillator in the MSD has a
frequency greater than the nominal value of 100 Hz (i.e., 17/160 ms = 106 Hz).
It can be seen that although there is no rocket spin the experiment is properly
sequencing through the 16 sectors. (The signals from the detectors are
principally noise).

A section of a chart record containing the signals from the data-manipu-
lation experiment and the magnetometer is shown in Figure 7.2, This is taken
at 7 + 95 s {T is the launch time), with the rocket at an altitude of 120 km.

The data output sequence repeats at intervals of 2.48 s. This is 17
revolutions (17 x 146 ms), as described in Section 5.2.3(c). The interval
between the outputs from the low order sectors is 156 ms, in agreement with
1 + 1/16 revolutions. The intervals between the highest order sectors do not
correspond exactly with the description contained in Section 5.2.3(b); in
particular sector #15 finishes being output immediately before the output

flag is set to output sector #0,
It appears that the flag to output sector #15 was not set when it should

have been (i.e., when the MSD counter is reset“to zero) and had to be set
automatically“wheh register B' had been incremented to 67; see Section 5.2.3(a).
The problem could be due to an error in the program in the 2716 EPROM. Some

of the object code involved in setting the flag for the last four sectors was
entered manually instead of being assembled from the source listing given in
Appendix II.1. Thus the error in setting the flag for sector #15 could have
been the result of an error when typing in the object code. Possible improve-

ments in this area are discussed in Chapter 8.



TIME CODE  paeeJ hmmenismnccm:s O e P s " i > ey

MULTIPLEXER ! Y2 353 RE——— paL gi e e

' : : l

ESA - - : : - —

1. o ) B ~ .1111 '
g
weromossssen ) |l ;“1 | gt s | lili% [

PROPAGATION

A .
PROBE ***;Jir SR ] [ "
EPS '-—-““""“ b
ESA I A
EPS - ] ’:l"“rkk
ESA HV MONITOR b
bl Do
MAGNETOMETER = oo
" T T omRaTE L Ll "
U U ST BT I L S
BATTERY MONITOR e e RAL R

TIME CODE

TIME BEFORE LAUNCH {SEC)

Figure 7.1 GSection of chart record from Nike Apache 14.543:
5 seconds before launch.

9L



TIME CODE  iianss

,,
I

om
ey

-

3
- = ——
e
I .
e
S e 7

o “
MICROPROCESSOR | ] ‘ |

I

‘: -‘ F| 5, "l\ I j
A T" b, ‘: ': . . N b , ' }
PROPAGATIONq k3o Ly T 0 I SERTE TR S e Wi Py .

1

- ”'m‘ar\%w
0N AN Y 1 O

PROBE
-

EPS<

A
ESA

EPS

ESA HV MONITOR

MAGNETOMETER

BATTERY MONITOR

TIME CODE

94 95 96
TIME FROM LAUNCH (SEC)

Figure 7.2 8Section of chart record from Nike Apache 14.543:
95 seconds after launch.

LL



78

Although sector #15 would not normally contain data for a 6.85 Hz spin
rate, it did on this flight because of the 106 Hz frequency of the MSD
oscillator. Since the spin period i§ 146 ms, sectors #0 to #14 have a
duration (for input of data) of 9.4 ms for each revolution of the rocket. For
these sectors each output represents a sampling time of 160 ms; see Section
5.2.3(¢). Sector #15 has a duration of 5 ms for each revolution so that the
sampling time for this sector is 8 ms (i.e., 17 x 5 ms).

The experiment performed well, with the anomalies noted above, until
182 s after launch (altitude 180 km)}. Subsequent to that time data appears
in sector #0 with no data in the other sectors. Also the sequencing of sectors
#12, 13 and 14 1s anomalous. This is illustrated in Figure 7.3 with a section
of chart record at 7 + 185 s. It appears that there was a failure involving
the MSD or the PI0 #2 (the magnetometer itself did not fail; the signal still
appears on channel 6 of the telemetry system). Supporting this interpretation
is the observation that the interval between the outputs of low order sectors
was 203 ms; compa}e with Figure 5.7 which shows this interval for a low {or
zero) spin rate. The data output sequence repeats at intervals of 3.02 s.

As noted all the data after 7 + 182 s is accumulated in one sector., The
energy spectrums from the several detectors are obtained but without any
information on variation with pitch angle. The signal from the microprocessor
ends abruptly at T + 348 s (altitude 101 km, descending).

The second rocket carrying the data-manipulation experiment, Nike Apache
14.542, was launched from Wallops Island, at 0030 EST on 27 September 1978.
This rocket attained an apogee of 183 km at T + 212 s.

Preliminary examination shows that the microprocessor data-manipulation
experiment performed perfectly for the duration of the flight. None of the

anomalies noted earlier were observed during this flight.
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8. (CONCLUSION AND RECOMMENDATIONS FOR FUTURE WORK
8.1 Conclusion

In the preceding chapters the design and operation of the data-manipulation
experiment has been discussed in detail. It has been shown that it is an
effective system for reducing the data from the energetic particle experiments
(described in Chapter 2) to a form correlating accumulations of particles at
several discrete energy levels with their pitch-angle distributions. The
output from this system will reduce the amount of time necessary for interpre-
ting the data from the energetic particle experiment.

Without the use of a microprocessor this rocket-borne system could not
have been constructed. Nike Apache 14.543 was the first to include a micro-
processor on a University of Illinois payload. The success of this system on
Nike Apache 14.543 will provide an impetus for updating other rocket-borne
instrumentation by making greater use of digital processing and LSI integrated
circuits.

8.2 Suggestions for Future Work

After the data-manipulation system was completed, it became evident ‘that
some things should be changed. These changes are outlined below and are
followed by suggestions for other applications of microprocessors in rocket-
borne instrumentation.

8.2.1 The data-manipulation program. A simple change in the data-manip-
ulation program (listed in Appendix II.l1) will enable the output flag to be
set for the last four sectors in the same manner as it is for the other sectors;
if the spin rate is too fast, it would continue to be set when the rocket had
rotated to sector #0. To do this statement #102 (“JP NOSND") should be deleted
and the two statements, "POP HL" and "PUSH HL", inserted in its place.

As an example of the result of this change suppose the spin rate is less
than 6.67 Hz, The output flag to output sector #14 would be set when the
rocket had rotated to sector #15, but if the spin rate were greater than 6.67
Hz (i.e., the MSD counter is reset before it reaches 15}, the flag to output
sector #14 would be set when the rocket had rotated to sector #0 as before.

8.2.2 The MSD-cirecuit. The change, described above, in the data-manip-
ulation program will not be necessary if the following changes are made in the
MSD circuits.

The method of converting the magnetometer signal to a digital form

(Section 5.2) can be improved. It would be much better from a software stand-
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peint and from a data interpretation standpoint to always have exactly sixteen
sectors of data. If there were always sixteen sectors of data regardless of
the spin rate, the output flag would be set in the same mamner for all sectors
and there would not be transmission of useless data; in the present system
when the spin rate is above 6.67 Hz, the last few sectors may not contain any
useful data.

The simplest approach would be to use an A/D converter to convert the
magnetometer signal. The magnetometer signal would be made to vary between
constant voltage limits, 0 and 5 V, for instance.

Another approach would be to use a counter as in the present system but
with the counter clock changed such that its frequency was always siXteen times
the frequency of the magnetometer signal. This can be done by phase-locking
the clock oscillator to the magnetometer signal as shown in Figure 8.1(a).
Since the frequency of the Q3 output is equal to the frequency of the clock
signal divided by 16, it is used to generate the error signal. The relation
of the counter outputs in relation to the magnetometer signal is shown in
Figure 8.1(b). The center frequency of the VCO should be about 108 Hz
(6.75 x 16).

The CTC could also be used to generate a digital representation of the
magnetometer signal. Since only one counter/timer channel (chanmel #0) is
used in the present system, the other three are available for other applica-
tions. Referring to Figure 5.2(b) it is seen that the external clock/timer
trigger input can be used to decrement the down counter. The zero count/
timeout output goes high when the counter is decremented to zero. The magnetom-
eter signal could be used to decrement the channel #1 counter. Since the CTC
interrupts the CPU at intervals of 1.536 ms, the cycle time of the magnetometer
signal can be determined by counting the number of intervals it takes to
decrement the counter. For instance if it takes 93 intervals to decrement
the counter by one, the time constant of the magnetometer signal is 142.8 ms
(i.e., 93 x 1.536 ms = 1/7 Hz). Once the time constant is determined, channel
#2, programmed to be a timer, can be given a time constant of 8.925 ms
(i.e., 142.8 ms/16). The zero count/timeout output of channel #2 can then be
used to decrement the counter of channel #3. The lower four bits of chamnnel
#3 then would be the digital representation of the magnetometer signal.

The advantage of this method over the phase-lock technique is that it

takes little extra hardware and would cover a wider frequency range. The
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disadvantage is that it has a much slower response time and it would require
some CPU time. Figure 8.2 illustrates the extra connections to the CTC that
would be required.

8.2.3 Automaiic reset circuit. An automatic reset circuit would be
useful during a flight if the CPU jumped to some unspecified location outside
the defined program, perhaps due to noise. The circuit shown in Figure 8.3
would reset the CPU if it is not addressed after a period of time. For instance
in the present system the CTC interrupts the CPU every 1.536 ms causing 1t to
jump to the output routine. The reset circuit could be made to reset the
system if this did not happen. One shot #1 would be triggered by the CPU during
initialization. The pulse would be sustained if it were addressed periodically.
If it were not retriggered, its 'Q' output would go low triggering one-shot #2
causing the system to receive a reset pulse. By requiring an I/0 instruction
to be used to retrigger one-shot #1 the probability of retriggering it
unintentionally is reduced.

Other schemes such as requiring a particular data word at one address can
be used to reduce that probability even further, thereby absolutely.ensuring a
reset if the system is not functioning properly.

8.2.4 C(ircuit layout. The printed circuit cards should be changed by
separating standard microcomputer components from interface devices that will
vary according to the requirements of a particular experiment. Cards contain-
ing such components as the CPU, memory and PIQ's could be used for several
applications without having to be changed. The method of connecting the cards
together should be changed to edge connectors. This would allow a card to be
easily replaced thereby simplifying debugging of the system. The cards could
be strapped in by a bar on top of the cards during a flight to prevent any
movement (the bar would also prevent movement when the system was foamed).

8.2.5 The development system. The development system should be improved
by the addition of an in-circuit emulator and a good bulk-storage device. This
will cut the development time by a significant amount.

Presently there is no equipment, other than an oscilloscope, available for
debugging hardware problems. The in-circuit emulator would be useful in
debugging both the system hardware and software. It interfaces external
circuit boards to the SDB-80 by a 40-pin connector inserted in place of the
Z-80 CPU. It allows the actual software to be run on the boards just as if
the CPU were still there while giving the user such capabilities as a real-
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time trace of program execution and single-stepping through a program. A
faster bulk storage device than the teletype paper type reader/punch would
allow programs to be changed faster.

There are software drivers in the SDB-80 operating system (DDT-80) for a
high-speed paper tape reader and a punch. There is also a compatible flexible
disc unit available from MOSTEK. More sophisticated hardware and software
could be accomplished with this additional equipment.

8.2.6 Other applications of the rocket-borne data-manipulation experiment,
Another function a microprocessor could perform during the rocket flight is
the calculation of electron temperature. This function could be added to the
present system since one channel of PI0 #2 was not used and since there is
plenty of available space left on the EPROM. This calculation would not
degrade the performance of the system since it would be done at relatively
long time intervals,

8.2.7 Data-transmission systems. An even more valuable application
would be in the data-transmission system. Currently this system 1s an analog
frequency-division multiplexed FM device. It should be upgraded to a time-
division multiplexed digital system possibly using a microcomputer. This
would allow higher resolution data to be sent back. By using a microprocessor-
controlied digital telemetry system data flow could be optimized. Since some
experiments will have faster transients, they could be allotted more time
slots. Other experiments might require data to be sent only at non-periodic
intervals depending on the occurrence or non-occurrence of external stimuli.
Interrupts could be used to send back the non-periodic data with priorities
assigned depending on the most important occurrence, and a time slot could
be specifically allocated for all the non-periodic data.

Some of the code-decode (codec) devices that have recently become avail-
able could be useful in a rocket-borne digital telemetry system. These devices
convert an analog signal in the voice-frequency range to a digital bit stream
using either pulse code or delta modulation. Some even have facilities for
microprocessor control included.

8.2.8 Applications in ground-based data processing. A ground-based
microprocessor-controlled system could be used (in conjunction with the data
transmission systems) for bit-synchronization and demultiplexing the data.
After the systems were synchronized, the demultiplexed data would be placed
on a multi-track tape. After the flight the same system could be used to
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process the data off-line. Figure 8.4 depicts block diagrams of the ground-

based data-reduction systems.
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APPENDIX IT.1 . Data-Manipulation Program
: * ‘1 1

-

DATA MANIPULATIONTSRQGEAM ©
ADDE OBJECT

>O0ee
> 1326
>gea1l
>gpa2
>@Bee3
>@pos
>Qess
> 3F@G
>@eo4

'peee
‘geee
'8Es
'eaa7
'@eeo
‘pyeB
'aeeD
"@eor
*8g1!
'BE13
tEels
*RE17
'@e19

'@gel1B
'galE
toB2g8
'ep23
'B026
‘peal
P29
rpgac
‘@@ 2F
*PB3G

‘2158
*glse
te154
'2155
'Z137
'B159
'gl1sa
*gl1sc
'B15D
'@1SE
*Gled
'Blel
'Bleg
8163
*Gles
8167
*0169
'*Bl16B
*gl1ec
"€ 16E
aieF

'5538

EDSE
31F@13
JEA4F
D3d1
3ECF
p3\3
D399
JEBe
b3a3
JEFF
D3p9
JEAD
D394

218868
3608
116188
B1FFB3
ZDEO
L9

i gulaiolo]
216228
D9
casegalr

DBo8
E6GF
57
JLOO
CB3a
iF
CB3A
IF

C3GEZL"

62

5T #

Boe2
86803
geg4
gegs
BEH6
gcao7
2ges
2669
1717037}
ecell
pele
2013
G114
gels
ao16
eol7
BE18
gels
eg2e
pg21
ggza
ee23
gaz4a
eeas
gE26é
ge27
2gas
gepase
g3e
gedl
63z
£E33
GE34
EE35
BE36
BE37
£E38
2e3%
BaaG
@41
ggaz
EE43
EBay
geas
Be4s
pea7
Be48
BE49
1121
2es1
B@sa
8@53
g054
gess
Bes6
EE57
gess
Bes59

Fla
END
PLAC
P1B
PIBC
F2A
P2AC
S5TAK
CTI

3 CLEAR

S5PLT:

HLT:

3
Lot 24

EQU 1326H
EQU @1

Eau @2

EQU &3

QU @8

EQU @9

EQU 13FBH
EQU @4

ORG @5

M

LD 5P STAK
LD ASEIBB1111E
oUT <(PtaCl.a
LD A,11621111B
OUT (PlBCY.sA
OUT (P2ACY.,A
LD J-VR 0

OUT (PIBCI.A
LE &, 8FFH
OUT <(P2AaCr.,A
Lb A-18120181B
QUT <(CT1).A
LOWER

LD HL,B@6GH
LD (HLY. 0O
LD DE.86@14
LD G, 1623
LDIR

oRX

LD EC,E8

LE AL,888H
EXX

JP SPLT

ORG I5gH

IN As(P2AD
AND 0O€eglil11B
Lb b,a

LD A28

SRL D

RRA

SRL D

REA
LD L,A
LD A, 08

ADL A,D
LD DA
LD H.D
LD £, 1000CEGBI 1B
OUT <(PlAaC)sA
LD As 1S

ouT (CTl)sA
EI

IN As,(PIA)
HALT

JP HLT
ORG J38H
LD ol

;PI0#¥] PORT A

5 ENC OF SECTOR ADRDR.

JPIC#1 PORT A CONTROL
;JPI0O#1 PORT B

JPI0#1 PORT E

;PI0O#2 PORT A

JPIO!2 PORT A

s STACK ADDRESS
;CTC CHANNEL #1 ADDRES

CONTROL

CONTROL

FINTERRUPT MODE 1
$STACK POINTER
3MODE 1 CONTROL WORD
iP10#1 PORT A
3MODE 3 CONTROL
iPIO#]l PCRT B
JPI0O#2 PORT A

WORD

J0UTPUT PORT
$PROGRAN TG BL

; INPUT PORT

s CTC CONTRQL WORD
FCAANNLL #)

1K OF Ra¥ USING BLOCK LiOVE.

JBEGINNING ADDRESS

i CLEAR FIRST LOCATICGH
s ADDRESS TO MCVE TGO
JNUMBER CF MOVES - |
j BLOCK lIOVE

i SET UP BC' AND (L”
3 FOR OUTPUT ROUTINE

;GO AS0OUND OTHER STUFF

JINPUT ¥M5D uATA
JGET RID OF EXTRA BITS

FSJIFT TO PROPER BIT
FPOSITIONS.

JLOYJEDR TWO BITS IN A
JPUT SHIFTED EATA
JIN AL ANL DL AFTLW

$ ADDING ON UPPER BIT.

i EUABLE PIO#1 10T,

JCTC TIME CONSTANT
JSTART CTC

; ENABLE INTERRUTT FF
3 RAlI SE ARDY LINE
JWAIT FOR INTERRUPTS

JINPUT BOUTIN:z ADDSESS

94



LHDL-

'EP 39
'ER3B
'ge3c
'023D0
"@EB3E
'G840
regat
'ga42

'BB66
'2067
'G069
'BE6E
" DB6C
'BE6E
' 3E70
'g071
1BB73
'GE74
'0875
‘77
'B6B78
"GE79
'GE7A
'007B
'087C
'BGTE
'ggTF
1g@82
'2083
19p84
' 0086
'EE8B9
' 3Q8A
'9P8B
'268D
' G096
"G99 1
' gE92
"9 4
(GE95
'GB97
'0e9A
*B29D
' G@OE
' BEOF
' BeAl
' BBAZ
TLBAYL
"GEAT
V6249
"BEAC
' ggAD
‘BGAF
'LGE]
'peB2
' GeB3
'ZCES

DATAH IIANIPULATION PROGRALL

OBJECT

DECY
83
6F
7E
Céegy
77
FB
EL4D

28

CBEg
L&GF
37
JRBE
CE3A
iF
CB3A
IF

SF
SEGE

82

57

D5

Do

Dl

3EB1

B9
CACBEG®
B4

78
FE43
CAaB6BO"
ES

76C
FEBE
cz2oLeo’
37

3F
ED5S2
7€
FEE3
CaBS@@’
C3aced’
37

3F
EDS2

7C
FEFF
ceacee!
FECE
CAESEB’
El

SEEE
paoe

be

g8

ED4S

El

5T #

o6
866 1
gEe2
BB63
ga64
D@65
66
ag6e7
gees
2869
ee7¢
ge71
veve
PET3
BE74
BE75
AB76
6877
gaT8
2879
pese
B8 1
pgge
BE83
ge84
EBEBS
2886
6817
Gess
BE89
EE9g
[AA
ge9e
¥ee 3
BE% 4
€ecos
PB9é
e£a97
CE98
gg9o
gles
g181
g1z
@103
164
2165
gl1e6
g1av
B1e8
G189
plio
g1i11
gl1ie
2113
Glla
2115
gllé
8117 SWLFL:

NOTEE:

HOSND:

IN
ADD
LT
LD
ADD
LD
EI
RETI
ORG

IN
AND
LD
LD
SRL
RRA
SRL
RRA
LD
LC
ADD
LD
PUSAH
EXX
POP
LD
cP
JP
INC
LD
cp
JP
PUSH
LD
CP
JP
SCF
GCF
5BC
LD
cP
JP
JP
SCF
CCF
5BC
LD
cP
JP
CP
JP
FOP
LD
ouT
EX¥

RETH
POP

ORIGINAL PAGE 1§
ALITY

oF POOR’' QU

A,(Plad
AsE
LsA
A GILD
As 84
(HLY . A

66H
AF » AF?

A, {P2A)
GEEB1111E
PoA

AL B8

D

b

EsA
A, BBH
aA,D
Dsa
DE

DE

£.B1

c
Z+5END1
E

A B

67
2,SNDF1
HL

AsH

2EH
NZ,HNOTBE

HL,LCE
a,H

23

Zs SNDFL
NOSND

HL.,DE
ALH

BFFH

NZ ,NOSND
BCOH

Z, SUIDFL
HL

As GE
(F1BY,A

AF » AF?

AL

3 INPUT DATAH FROM FIFO
s CONCATENATE DATA 'ITH
Ji1SD DATA 1.1 Dk.
JILPUT DATA TO &
JINCZ. THI®RD BIT

J REENABLE LiASKAELE IUNT

;OUTPUT FOUTINE fED.
;s EXCHANGE AF FRGISTL®S

;UPDATE l3SD DBATA IN DL

3 STORE DE
J EXCHANGE REGISTERS
$PUT DE LATA IN DE®

JSEL IF QUTPUT FLG SET
;G0 TO SEND IF IT IS

JSEE IF B' HAAS EELN
JINCRs TO 67,1F S0 SET

JSEE 1F LAST 4 SECTORS
s1F NWOT GO TO NGTEL

;s CLEAR CARRY
;SUBTRACT DE' FROM HL'
315 UPPLP BYTE §3.

JIF IT 15 ,S5LT FLAG.
J1F NOT,EXIT ROUTINE

s CLLAR CARLY

JSLE IF BIFFERENCL IS
JFFCRBH (2'5 COMPLEMENT
i OF G04€HY .

5IF IT I5,5ET FLAG

ELT D/7A QUTPLT TO €
s EXCHANGE REG. SETS

JSET FLAS ROUTIHE
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DATA MANIPLLATION PFOGRAN

ADDR

*Z2h6
'EEE3
"BEEA
YGEEB
*OCEC
*GEBF
'EeCe
*pac3
'gac4a
'BECS
"PECs
*BBCA
'BECE
"@gch
'BECF
‘cene
'BEDA
' BeD7?
' 9ED8
'BERA
r@anc
'@enD
'BGES
*9BE1
'BOE4
'*BEET7
'BBES
*GPEB
'BEED
"UBEE
"PEF1
'@BF4
'Ber6
"@BF7
'90F8
'G8FA
'38FE
'@oFD
'BOFE
*OCFF
‘2186
rplga
radi64
'P185
@166

O0BJECT

OEE]
O6ET

DS

LE
llageg
19
222€13
El

Bl
C3rAageg’
BecsH
7L
LagF
FEZG
czpvoe’
3ETF
C3Dapat
7E
Jogo
Da3ge

Cereag’
3A2113
BC
carege’
3EQC
BC
Cer4po*
218808
GEER

De

a8

ED4S
7C
E6E3
85

aF

BF
CB3F
D3a2

L9

@8

ED4S

ERRORS=£2¢¢
ERRORS=GHGG0

ST #

2118
gt1e
glae
g121
g2z
2123
g124
6125
a126
gi27
eles
a129
z138
G131
g1se
Z133
0134
§135
B136
8137
6138
2139
8146
&141
grag
@143
2144
B145
Blas
6147
2148
€149
gise
8151
@152
G153
&154
B155
@156
B157
e158
@159
Q166
2161
alez
2163

SWNDF 1

SENDIL:

SENLG:
SENL2:

SEND3:

SEND4:
SENLS:

MARA:

LD
LL
PUSH
PUSH
LL
ADD
L
POP
FOP
JP
LL
LL
ANL
CP
JP
L
JP
L
LD
ouT
INC
LD
CP
JP
LD
cp
JP
LD
CF
JP
LD
LD
EXX
EX
RETN
LD
NG
ADD
RRCA
RRC&
SRL
ouT
EXX
X
RETN
END

C,01

B, BB

DE

HL

DE., 64
HL.,DE
CEND),HL
HL

DE

MAFK
B.0%

#L

BFh

2
WZ.,SENL2
AsTFH
SENL3

A, (HL)
(HL)Y.,B¢
(PIBY,A
HL

8, CENDD
L
NZ,SENLDS
As(ENL+1)
H
NZ,SENLE
A, ECH

H
NZsSEND4
HL,8gEH
C,0¢

AF 4 AF?
fiah

poesedil
asL

A
(PiB),A

AF s AF"

96

3SZT QUTELT FLAS
JCLEAR E'

FJLO&D (END) WITH
JENL ADERESS OF SECTOR

JCLEAP B

JSLE IF £ LENEFGY POS.
30UTPUT MAX LEVEL

JPUT ACCUMULATION IN A&
JCLEAR TO ZEROQ
30UTPUT TO D/A

JSEE IF ENL OF SEZCTOR

3SEE IF ALL 16 SECTORS
3HAVE LDELW SENT.

FRESLT TO RBEGILNING
JREEET OUTPUT FLAG
JEXCHAULGE REGISTERS

sMARKEF SIGNAL ROUTINE
3EXTRACT SECTOR NUMEEZPR
3FROY LL'

FSHIFT TO RIGHT PGS.

3 OUTPUT TO D/a
FEXCHANGE REGISTLSRS



APPENDIX II.2 EPROM Programmer

EPROM PROGSAIMER

ADBDR

' 4200
14083
' 4285
14387
' 4289
' 4BaB
' 408D
' 4BBF
1401
14613
'4915
t4p17
rap19
T451C
Y45 1F
r4p22
14025
'4G26
' 4529
'4p24
'402C
' 4@ 2F
*4B31
'4p34
' 4537
14039
'493C
' 4Q3F
‘4042
Y4G45
T4B46
14049
' 4644
' 404C
' 4B4F
Y4651
' 4054
14857
'485A
' 485D
' 4G5F
'4661
' 4063
T4Ges
' 4665
' 4967
t4269
' 4R6B
' 4960
' 4G6E
' 466F
14078
r4372
14875
'4676
14879
1 4G7C

OBJECT

315@FF
JECF
L3D7
3Loe
o3D7
JECF
D3D5
3LEFF
D3D5
3EAE
D3D6
1E28
217442
CLC7E3
CL9CES
CLBTES
42
CDYCES
78

FE4l
caq84?
FE42
CA374ET
C31748
1E606
219g42°

CDC7E3 .

CDYCES
CLTES
42
CD9CES
18

FESD
CAT94G"
FESZ
Cast4p?
C3374¢°
i1ee@s
2leeee
JEE4
L3abe
LBLC4
77

23
JLED
D3De
3EE4
L3Dé
E3

37

3F
ED52
casssae’
&l
C3clqa:
112868
2leece

5T #

sppe
20a3
eog4
2085
pBoBe
eas?
L] )otsd
geae
GB16
poli
g@tia
B@13
8214
Ge1is
gole
8817
ag18
6@19
ge20
Gzl
egz2
g@23
geea
a825
Bg26
aez27
BB28
epze
BB3e
BE3l
Be32
2833
BB34
6835
gade
ea3?
ge3sg
2839
pR4g
pE4al
geae
ee4a3
de44
BE45
egas
Be4a7
go48
6249
0ese
Bgs1
ggsz
G853
geEs4a
Ges3
EB56
2e57
gB58
Ge59

BGN:

X2716:s

READ:

REl:

PROG:

CRG
LD
LD
ouT
LD
ouT
LD
ouT
LD
ouT
LD
ouT
LD
LD
CALL
CaLL
caLL
LD
CALL
LD
Ccp
JP
CP
JP
JP
LD
LD
CALL
CALL
CaLL
LD
CaLlL
LD
crp
JP
Cr
JP
JP
LB
LD
LD
ouT
IN
LD
19C
LG
ouUT
LD
ouT
PUS.
SCF
CCF
55C
JF
POF
JP
LD
LD

4B BOBH

5P, PAFF5E2H
A, BCFH
(RACTHI A
A.GD
(BD7THY>A
A, @CFH
(BDSH)Y A
A, AFFH
(BD5HY, A
As1818111CE
(@D6H) s A
.0
HL,MESGE
PTXT

CRLF

ECHO

B.D

CRLF

A.B

'A'
Z+R27T38
.B'
Z.X2716
PT

E,G
HL.MESG!
PTXT

CRLF

LCHO

BsD

CRLF

Al

'P'

Z + PROG

* R.

7+ READ
xXe7l1é6
DE,80BH
HL.,QG@0@C
A,1112C12088
(@DEH) , A
A, (GD4HD
(ALY » A

HL
As111EGE0CH
C(BDEH) L A
£r1118B18L0
(L&) s 8
HL N

HL,DE
Z,QULT
Hi

RE1l
DE,BCZZH
AL, BESE

I STACK POINTEP
sMODE 3 CONTSHOL
;PI0O#2 CONTROL

ALDR
WOFE

JDEFINE TO RE OUTRUT
3ii0De 3 CONTROL WOPL
JPI042 PORT B CONTROL

OEFINE TO BE INFUT
JREISE 4g4d RST.
$DISABLE BUFFERS

JOUTPUT ON TTY TO

SUSER. ASK TO DEFINE
327088 ORK £716. DDT-8C
sROUTINES FOR TTY 1/0

JUSER SPECIFIED
;2768 OR 27167

s REPEAT IF +RONG CHAR

3ASK WHETHER TG READ
3 OR PROGRAN.

5 USER
; READ

SPECIFIED
QR PROGRAI?

FREPEAT 1F WRONG Cdarn
SWUMBER OF BYTES
FSTARTING ADDRESS
JLOWER 4€4@ RST AWD
;2716 CS.

JIJPLT LATA FROH 2716
s STORE AT ADLR (L)}

[ & T
JINCGAE

ENT 4247

s CLLAP CaATRY

J5LL IF (LLX>=306L
JGLIT 1F IT LOZS

s CONTINUL OTAZRIISE
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EPTo
ALDL 0BJLCT
*4¢7F 3EL4
T4e81 D3L6
r4G33 L5D4
*4985 FLFF
4087 CZ38411
*4CcaA 23
'4483 JEBH
Y480 L3D6
T448F 3EEB4
*4291 D306
"4293 ES
v4g94 37
*4395 3F
4696 ELS2
'4F98 CAasF4@*
'409B8 EI1
r4E9C 38348
'489F L1
'42A8 J3EALR
‘4gAa2 L3Dé
‘aga4  3ECF
*48A6 D3DS
*40A8 3Lo@
r4GaA D3DS
142aC 3EAT
r4¢nk D3D6
4686 1E96
r4pp2  2labaze
*43B5 CBC7E3
*40B8  CLDOCES
T48BR  CDR2ES
T48BE CDE9CES
*48C1 116pEs
t48Ca 212%C0
*4@CT7T 7TE
T4@8C8 D3D4
*480CA 3E37
*48CC D3Da
*49CE 3EFG
'*46pd D3LA
*t4gh2 3L3F
*4@D4 L30B
v4¢D6 3EES
*40D8 L3LB
‘aghba 3E27
*48DC  L3L6
'49DE DEDU
"4ELG FEBI
"4GEZ2 C2DL4sG?
"48E5 3LEAT7
"4QE7 D3D6
F4BE9 3EAG
'4BEER D3D6
'4BED  3ECF
"4qEEF D3D5
'4@8F1 JLFF
*46F3 LD3D5

YACFS

JEA4

PROGR&IIER

ST #

BZoo
Beol
zoee
Ga63
4064
Pe6es
GE66
Bee7
Bo6es
BBe&s
garTe
Ga71
ce7e
E€73
@e74
075
E676
2e7T
Go7e
ee79
ze80
pag 1
geaz2
€683
geBa
6ga5
aB&e6
Bes7
gess
e889
goge
B091
geoz
Ag93
Zeo4a
€ees
BL96
goo7
gegoe
ee99
zlep
g1o1
gi1g2
213
gle4
£185
B1oe
2167
ples
2169
glle
Gl11
glie
2113
£it14
g115
g116
2117

MY
fo
[\l

PR3:

PR1:2

PULSL:

LD
ouT
IN
CP
JP
ING
LD
guT
LDP
ouT
PLSH
5CF
GCF
SBC
JP
POP
JP
POP

ouT
LD
ouT
LD
ouT
LD
ouT
LL
LD
CAaLL
CaLL
CaLL
CALL
LE
LD
LD
ouT
LD
ouT
LD
ouT
LD
ouT
LD
oUT
LD
oLT
IN
CP
JP
LD
ouT
LE
ouLT
LD
ouT
LD
ouT
LD

4111021688
(BoGil)s A
As(BD4H)
BFFH

NZ,PGE

JIL

8, 1C110C032E
(ZheHY, A
£5151131C68
(ED6dYs A
HL

hL,DE

Z,PR3

HL

PRE

HL
A>1B1C111EE
{(@D6HYs A
A,BCFHA
(@D5SH)Y s, A
8,68
(@osri)s A
A210126111B
(@D6HY, A
EsB
HL,IMMESGEZ
PTXT

CHLF

RDCHR

CELF

DE, B84

L. 2BC3

As (HLD
(GD4HY» A
A,0B011€111B
(2BbAHY, A
As24C
(BDadY, A
AsBELILLLIE
(BDBH), A
A,232
(CDBHY, A
ALBElEBILID
(EDeHY» &

L (EDBH)

£1 .
NZ,PULSE
Arl€lE6111L
(ED6th s, A

A, IC1BGLIEDB
(GD6HY ., A

A, ECFH
(EZDSH)Y -, A

As GFFH
(ZD5SHY .. A

A, 10120 1CEB

98

JEWASLL IN™UT
JLOJER 271¢ CS
JIN=UT TO Ska IF
51T IS5 LEASLU
JIF LWOT, TLLL

SUFFEFS

USET.

JINCRENENT 4C40

5 CLEAR CARRY

JSER IF (1iL)=82%H
JSTOP IF IT DOES

FJOTHERWISE CONTINUL

; DISAELE BUFFLRS. 1
32716 C5 AND 4248 RST

jCHANGE PFORT & TO
;QUTPUT PORT.

3 ENaBLE OUTPUT BUFFER
JLOWER 4048 EST.

3 TELL USER TO TUFN 0P
5 PROGEAS EJNASLE

i SUITCHES.

JUAIT FOGR AN INPUT

s FROM USER.

3 QUTPUT DATA ON S03TA
3SET UP CTC FOR 5@ xS

JINTERVAL. HAVE TO
JUSE TWO CHANNELS.

JRALSE PL/FGH LIWL OF
J2716.

JIIT FOF CTC TO
JCOUNT DOWd.

SLOVEr 2716 PFO/PGH
s DISASLE DRUFFERE
;CHANGE ZPORT ¢ TO
;AN INPUT PORT.

JENABLE INPUT BUIFL™S



EPROIY PROGR&IMELR

ADDR

*H489F7
Y4EFQ
'4ZFB
'40FD
'4@FF
Y4188
'4183
4105
r41e7
t4109
'4108B
‘416D
*A1BF
Y4111
411413
*4115
vail17
Y4119
t4118B
411G
'411b
t411E
*411L1F
4121
t4al24
t4125
14128
t4124A
*412C
t412D
‘412F
Y4132
t4135
'4136
* 4137
'4134
‘4138
*413E
t4lal
*4143
Y4145
14148
t4144
Y4140
4158
t4153
t4156
Y4157
Y4154
'415B
*415D
t416¢€
r4l16e
t4]165
t4168
t4165
*416E
Y4176

OEJECT

D3L6
3EE4
L3D6
DBD4
BE
c22841°
3EA4
D306
3EA6
D3D6
3ECF
D3DS
308
D3Ds
JEL3
D3L6
3EAT
D3D6

23

ES

37

3F
EDS2
cassazr
El ;
C3C748"
3Ea4
D3D6 _
ES5

1E86 |
21F 142"
CLC7E3
El

1C
CDBBES
7D
CL8BES
CD9CES
3EAG
D3L6
C31DEl
1EGG
2196421
CDC7E3
CD9CLS
CD9TES
42
CLDOCES
178

FES5@
cagaal’
FE52
CabB4al"
C34841°
116604
212028
3EB4
D306

5T #

2118
Bl119
o128
giel
glza
gl23
Blz24
g125
Biz6
g127
B128
6129
Bl3e
G131
Gi3z
G133
Bi34
8135
G136
2137
B138
@139
elae
Big1
glaz
21423
@laa
B145
g146
2147
@148
2149
gise
81351
gl152
@153
6154
2155
G156
€157
g1ss
2159
glee
glel
glez
2163
gle4
B165%
g1e6
g167
G168
6169
g17¢
2171
B172
€173
G174
€175

ERROR:;

X27E8:

RL:

PUSH
LD
LD
CALL
POP
LD
CaLL
LD
CaLL
CeLlL
LD
ouT
JP
LL
LD
CALL
CaLL
CALL
LD
CALL
LD
CP
JP
CP
JP
JP
LD
LD
LL
oUT

(BD6H)Y 4 A
As111081968
(BD6HY - A

A, (BD4H)
CAL)
NZ,ERROR
A,181061€6B
( GDEH) , A
A,18109112E
(ED6HY A
AsBCFH
(EDSH) ., A

A, 00
(@LSH)Y . A

£, 1G10EC11E
(OD6E), A

A, 181RGI1ILE
(@D6H)Y » A

HL

HL

HL. DE
Z,0UIT
HL

PH1

A, 19186106ED
(BD6HY» A
HL

E,
HL,MESG4
FTXT

HL

AsH

PACC

AsL

PACC
CTLF

A, 1C1L£0118E
(GL6.1),A
IINTR

E,B
HL,MESG!
PTXT
CRLF
ECHO

B. Db

CRLF

£, 5

'P'

Z.PG

lF'

ZJ,RD
na27@8
DE, 48641
HL.,CCCS
A, 1B11C16BE6E
(ELE6D) A

JLOWER 2716 CS

JINPUT DATA & VERIFY
JIT IS GORRECLT.

JRAISE 2716 CS
JDISABLE BUFFERE
$ CHANGE FORT A TO

;s OUTPUT PORT.

JINCFEMENT 4G4E

i CLEAF. CARRY

FSEE [F (HL)=B@EGH
JGUIT IF IT DOLS
JOTHERWISL CONTINUEZ
JLISAELE BUFFEFS

; TELL USER
s EPFOR WAS.

WHEME

JDISARLE DBUFFEFRS
JPETUNN TO DDT-8€

5 ASK USER JuibTHED TO
JREAD OR TO PFOGFs 1.

JUSER SPECIFIEL
JOEAL OF PFrCGTLI7

S REPLAT IF WFONG Cdar

3# OF BYTLES III 2708

JLOWER 27€8 CS.,
F ENAELE INFUT BUFFEF
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nbwi

ral7e
*4174
4175
4176
‘4178
*4l17A
"417C
'417E
*417F
‘4180
‘4181
'4183
'4186
'4187
Y418a
418D
4198
t4102
'4194
4196
'4198
4198
'4319C
419K
'41A8
ralaz
'41A4
*41A5
*4146
*41A7
t41a9
*4laC
'41AD
'41EG
v41B2
'41B5
'41B8
Y41kB
'41BD
'41GLF
*41C2
Y41GC3
'*41C5
Y4107
*41C9
T41CB
*41CD
*41CF
T41Di
"41D4
*41D7
'*41DA
"410D
*41LG
"41E3
"41ES
*41E8
'41EA

EPROM
OBJECT

DBD4
77

23
3EBB
D3Dé
3JEB4
L3Dé
ES

37

3F
EDS2
CASS542°*
El
C37241"
118064
21e69e
kB4
D3D6
DED4
FEFF
CEBé41l?
23
3EBD
D3Dé
3EB4
D3D6
ES

37

3F
LDS2
caca4q):
L1

c3g 441"
lEo@
21FB42!
CDCT7ES
CLYCES
3EAas
D306
CI1CE}
El
3LAL
L3Dé
JECF
L3D5s
SLEER
L3Es
jeeg
21AD42"
CLCYES
CD9CES
Ch22L5
Cb9CLES
119884
EE64
216982
3EAT
b3es

PROGRAMIILE

ST #

G176
e177
z178
@179
glge
gig1l
2182
@183
G184
al18s
186
8187
G188
glge
p19g
algl
g19e
2153
gl194
@195
6196
@197
F198
Bl9o
2220
peegl
a2p2
@2e3
G284
8285
8206
ga2e7
ga2u8
Geoy
gelg
£2l11
galz
G213
Eel4
6215
p2lé
217
G218
Zel19
geza
g2zt
gz22
@223
4224
gzas
Ge26
B227
z228
Bz29
£232
ge31
pz32
2233

RDl:z

PG:

PGS

PG6:

FGT7:

PG1is

BRIGINAL PAGE 1S
©F POOH QUALITY -
IN A, COD4H
LD (HLY. A
INC HL
LD A, 1211068068
QuT (@DEH)Y » A
LD A, 1811210808
ouT (ZD&6H)Y » A
PUSH HL
S5CF
CCF
S5EC HL,DE
JP ZsQUIT
POP HL
JP BD1
LD DE, 46@H
LD HL.,E8
LD A:1081]18106E
ouLT (ZD6H>, A
iN Ls (OD4AH)
CP EFFH
JP NZ.PGS
INC HL
LD £, 121126886018
QUT (&éDeHY.,h
LD A, 101181068
QUT (GDBH) » A
PUSH HL
5CF
CCF
SBC HL.DLE
JP Z.PGT
POP HL
JP PGS
LD E,@
LD HLLMESGS
CALL PTXT
Csnll., CRLF
LC L2 1816581188
aQuT (EDEh) 8
JP IINTHR
PG KL
LD A lEI1CT1102
ouT (OD6A) o
LD A, 8CFH
ouT (gDSHY.4a
LD A, 0C
ouT (ODSH)Y A
LE EsD
LE JdLalice 552
CALL PTXT
Call. CRLF
CaLL RECHR
CALL CRLF
LD DE, 43841
LL C,102
LD HL-ZG
LD A, 1E1CC1Y 1
QuT (ZD6HY A

i00

J1IAPUT DT FROXM 27C38
+STORE AT ALLRE (LL»

JINCRENENT 440G

i CLEAR CARRY

JSEE IF (dAL)=4g¢H
$QUIT 1IF IT DOLS

JLOWER 2788 CS.

s ENABLE INPUT BUFFLR
INPUT TO SEE IF

JIT IS ERASEL

JIF NOT,TELL USER

SINCREULNT 4840

s CLEAR CARRY

$SEE IF (HL)=490H
J1F 50,60 TO PGT

s OTHERWISE CONTINUE

JLISALLE BUFFEPE.,
+RAISL Cs

I5Aa3LL BUFFERS,
NAISE 408482 RST.
i PORT & TGO
UTPUT ©ORT.

s
]

3JTILL LEER TO TU=N
i 04 PROGRAN ENAZLE
;SUITCAES.

JWALIT FOR IN®UT
JFROII LSEFR.

3C IS LOOP COTUTLR
SLOVER 4040 TST,

i ENACLE OUTPUT LUFFZR



HuDhR

'41EC
"41ED
Y4ILF
'41F1
'41F3
Y4]F5
*41F7
Y41F9
"41FB
"41FD
Y41FF
vt4z2pe
‘4284
Y4206
Y4208
Y4204
Y426C
*420E
t426F
T4219
*4211
4212
TA214
*a4z217
r4218
4218
*421C
*421D
‘4228
r4222
'4224
r4227
*42P9
Y4228
422D
t422F
ra4z231
*4233
'4236
'4238
T423A
4230
423D
'4246G
t4241
Y4242
4243
t4244
4246
14249
r4z24n
4240
*424E
Y4256
*4252
Y4255
'4257
' 42859

L0 PROGRAMMER
O3JECT ST #
7C B6234
Babg £235
3EL7 B23é
L3Da 0237
3E97 G234
B3ba A23%
387 u24g
P3D6 0241
DI:Da ge4z
FLo} £243
C2FB41! Ez24a4
JEAT B24s
D36 G246
SEAS Be4a7
D3D6 B248
3LAT g249
D3 D6 gase
23 £251
ES ga2s52
37 %253
3F 8254
EDS2 #9255
CalBg2® #256
El 6257
C3EC41? 2258
El 2259
gL B260
Car742? 3261
3EAF Bas2
E3D& £263
C3E541! BE64
SEAL @265
p3De 8266
SECF E267
D35 2268
3EFF Be69
D3L5 G276
21EER0 g271
3EBy gz72
L3De ez73
DBDg @274
BE G275
ca2z2g41] gz276
23 2277
ES E273
37 az19
3F Q28e
EDS2 gegt
CAS542" gas2
El Bes3
3EBY 2234
L3D6 £28s
JEB& Bago6
L3Dé 0287
Cildgpae: G288
3LA6 B2us9
B3b6 6290
1EZ8 gz91

PG2a:

PG4s

CHAK:

CHX1:

CUIT:

LD
oLT
LD
ouT

T
Lo

ouT

ouT
IN
cpP
JP
LD
ouT

ouUT
LD
QuUT
INC
PUSH
SCF
CCF
SBEC
JP
POP
JP
FPOP
CEC
JP
LL
oUT
JP
LE
oUT
LD
OUT
Lb
ouT
LD
LD
ouT
IN
CP
JP
ING
PUSH
5CF
CCF
SBC
JP
FOP
LD
ouT
LD
ouT
JP
LL
ouUT
LD

As (HLD
(ED4i) . A
ABEA1C111D
(EDAHI L, A

Az 151
(gbAaH) . &

A, 18EC0111RB
(@D6H)Y . A

AL, (BDAH)Y

g1

NZ,PG3
A,1610210118
(ZDEHY ., A

A 12186G11E
(@D6H) » A

AL 1E1ER111B
(@DEHY , A
HL

HL

HL,DE

Z,PG4

HL

PG2

HL

c

ZsCHK
As121211115
(CDR&H) A
PGl
A,181B1116E
(@D6lY, A
ALECFH
CBESHY. £

A dFFH
(GD5AY, A
L, GE&

A 10111005
{BD6IL

A5 (BD4H)
{HL)
NZ,EEROF

HL

HL

HL,DE
Z.QUIT

HL
£y1811E0CGCL
(gD&A), A

A IB1IC1EEE
(GL6HY » L
CHLl
£,161¢B116E
(BD6H) ., 4
E,€

101

JOUTFUT DATA CL
JPORT i

+S5ET U3 CTC FO™ | IS
SINTLEVAL.

FJRAISE 27063 FGi1 LINE

FUALT FOF CTC TO
5 CAOUNT

L]

DOWi .

SLOJEL 2708 PGH LINE

JINGRLMENT 4g4¢

s CLEAR CAREY

JSEE IF (HL)Y=4PZH
;G0 TO PG4 IF S0.

;s OThERWISE CONTINLE

;IF 12€ LOOPS,5TOF
JRAISE 4@46 RST

JIF <168, COLTINUE
s DISAELL LUFFERS
JPAlSL 4G4G_LS5T.
5 CHMAIGE FORT A TO
JLIPUT PORT.

s ENAELE INPUT ZUFFELs
JLOVYER 4€4€ PST & CS.
JSLE IF CUidTedTs OF
;27€8 AFL COPRECT.
J1F NO0T,GO0 TO ERDROR

sCLEAR CAFRY

JSEE IF (HL)Y=4¢eH
JIF S0 QUIT

FJINCIEINIUT 4€4cC

JOTHERWISE CONTIKUE.
sBISASLE BUFFERS



EPROM PROGRAMMER

ADDR

' 4855
' 425E
r4261
' 45264
‘4267
14268
' 4265
'426C
" 426E
14271
'4274
'428F
14290
' 42AC
* 424D
142D4
*42D5
*42FD
' 42F |
*42FA
' 42F B
' 4385
>E11D

>E3C7T
>ES9C
>E597
»ES522
>ESBRB

OBJECT

21D542"
CBC7E3
CD9CES
GD9TL5
42
CD3CES
78

FES9
CagBag-
C31DE1
4S4E5445
B3
404E5445
63
S5455524E
g2
$5T414E54
B3
4552524F
B3
4E4F542¢2
B3

ERRORS=¢06%
ERRORS=0200

ST #

gzgoz
g293
8294
8295
G296
geo7
gz29g
gaee
B3gs
g3gl
g392
B3g3
B304
6385
B326
g367
g3o8
a@3a9
elieg
B3l
gatiz
B313
Bar4
G3ls
gilé
B317
8318
831%
g3ze
G321

MESGO:
MESG1s
MESG2:
MESG3:
MESG4s
MESGS:

MNTR

LD
caLL
CaLL
CaLL
LD
GALL
LD
CP
JP
JP
DEFM
DEFE
DEFM
DEFB
DEFM
DEFB
DEFM
DEFE
DEFM
DEFE
DEFM
DEFB
EQU

102

HLLMESGS
PTXT
CRLF
ECHO

B.LC

CRLF
A,B

'Y'

Z s BGN
MNTR s OTEERWISE TO DDT-8&
"YENTER A FOR 2706%.E FOR 27I16°

83 JSIGNIFIES END OF [1S5G
'ENTER P TO PROGRaU,R TO RE&D'

B3

*TUBN ON PROGRAM ENABLE.,THEN HIT A'
@3

'*WANT TO DO MORE? Y=YLES,N=NOT'

83

*EFROR AT *
B3

*NOT ERASEL?
&3

GEI1DH

FJASK USER 1IF HE WANTS
5TO0 DO MORE.

JIF YES GO TO EBGN

;LDT-8F ADDRESS

#THE FOLLOWING ARE DDT-8¢ ROUTINES FOR TTY I/0

PTXT
CELF
ECHO
RDCHR
PACC

EQU
EqUu
EQU
EQU
EQU
END

BE3CTH FFPRINT TEXT

SES9CH JEETURN, LINE TEED
GES9TH 3 INPUT CHAR..ECHO IT
BESE22H 3READ A CH4Re

QOES8BH OUTPUT ALCUMULATOR

. GFE
£E POOR Quarpry



