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The recorw~~ of seisrrti~ signals in reinote areas requires. Q...portable,. low
power recordmg'system that •.c~n be l~£t in the field for 3,. fetv weeks at a time.,
Three components or grotUld motion are generally measured, an.d come form
of -,e;vent recording, rather than continuous reeol'din~ should be a~ailable.
'Vhen continuous recording.!s usedsome fo:rm.ofulass .medi;;J.tn}jackup,..SllCh
.as tape -.stl'e.anler.could beused, J~OV{·..powermicrnptQcesso!,$ ai;e. ideal. ro~
this sort.o£ application. They-ofter th~ versatility and .ease ofmodinc4tion
required to ta.i1or a data acq lsition system for a specific sW'v~~problem.
'l'his .dissertation describes. 84cll a.·system using<low power microprocessOrs
and Iowpower l't,udom access m~morY(RAM). Gain ranging techniques are
used to achieve an overall dynamic range of 126 d,B.A time s~~nchronis'ation
methrd using a standard FM radio audtIme ~'pip)l.decoderachieved a time
correlation between stations of be~~er than 10 mS. Power requirelllents .are
low, the.acqttisiMon system· requiring 2,4 W, Tb.e on board ..mem.ory canbe
expanded up .to 61144Mbytes and. the maximum sampling rat.e. (for three
channels) is 2400 Hz. Various '~riggeringalgorithtns Were explored, and event
recording was found tp be practical fotlocal events. Teleseismic triggering
was investigated but a continuous recording system is suggested for recording.
teleseisms ..
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In 1968 ananelogue.tepe based portable seismic data acquisitionsystenl was
developed in the Bernard Price Institute (aP!) for field use, Green(1979).
'With the availability of cheap .microprocessors and portable computers, tt.;J
was replaced by a microprocessor based system in 1986 which is presently be-
ing used in the nek!; This system uses an g.;bit analogue to digital converter,
yielding (1 dynamic range of 48 dB plus another 30 dB hy using compression
techniques. T:.l.e present system also requires a fair amount or power for all
its needs (intermittent data transfer is to a standard PC!) and is powered
by 2 car batteries which are charged from solar panels; (lbservations and
theoretical considerations of rock dynamics. suggest that a dyn:unic range or
120 db to 140 dB is needed to encompass all types ot earthqua~e studies.
A new system with greater dynamic range, and lower power consumption la
required to replace the existing system.

101 Aims

According to Ambuter (1974). "To monitor earthquakes ... in remote areas,
a seismicrecording system shol·11. operate at-low pcwerfor extended periods
of time, should reproduce three eomponents of ground motion with a .large
dynamic range". This design looks specifically at the· dynamic range prob-
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,·lem, and also at·\1sing.event recording (automatic •..triiggering) tethpiques·.to
m.ake rnore effi.ci~~t··use of storage capaci ty. 'The aims wer~ to .~roduce .a. ~ow
power. seisIIli¢ .:data.a(!quisition. systemwith.high •d1nami~ -:ran~~ to rp.place
the p'cese.nt8..bit stations, aad tdjnve$tigat~ the use or .various automatic
triggering algo~thms.

. . --.. ~ .

PciD";,,,,1 design t¢q"trements we", Jow PQ"'e>-cql1S.~i>t~ 'and to ",cord
t.tltfJe component, long period ariel short pf:!riod, seisUllc da,~1:\.at a large dy-
nataic range £qt a few weeks at a time. 1,iheionniofmass stqsagewill ,depend
somewhat on the study bung done, The stand· alone sys~er.nshould have
6 ~~1bytesof RAM for .storage. Th~sis <euougb.Jor a sY$t~min<;orporating
a1.~tOp.latic·.triggeringandjt .•.coUld...be..•·left.in •.•·the.•neld·.for .•.a;~umher ••.~I.weeks.
7}h{~data should ~Si.) be' abl~~to bedownloaded to a. PC '~s. IS',done in the
1~tes,\'nt···8~bit·.Sy~t$t•.····Som~r~~ethodofentedng dat.asuch:~timer· station
number and sampling rate, as wellas the displaY()fs~~ d~;t~}is needed. To
achieve a dynamic range of mqre than 120 dll an' ~~a1(\)gt.leto d~gitai con-~. .-

verser with 13..bit resolution. (12 bits··.+sigfiY· coupl<tifwith a(~ain switchlng,
or gaia. ranging~ system. was .empIo,yed;:.'Three gain bits are l,lSed giving 7
pu;,,~iblega.insteps, and if gain steps, qfi~ ali ~~e t~ed a. theof~tical gain of
66 dB -;a.nbe achieved.. This means a~otaldynamic. range of 142 d~··wo'Uld
be possible. The system requires.th~t'the .real time is acc.f~·ateto at least
10 lnS. A ftu'ther aspect of time accuracy.is that of time syr:.~l:u'ollisationbe..
tween the.£teld stations. The stations also need to be synchronised to bettel'
than 10 mS. The problem of triggering on.both local and teleseismic events
need the capabilities of real time d~ta analysis of the inco:q1ingsignal. The
useof a microprocessor greatly simplifies this.

At present, BPlhas five of these 8-bit seismic stations in the field and another
at the BPI. They consist of an 8 bit analogue to digital conve,t;'terand asso-
ciated analogue electronics (a!1~i~aliasfilter), a. real time dock and display,
three processor boa.rds-Cone for each channel]. each wii!: a 32 Kbyte butter
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·.-Figure 1.1: Picture- or a typical field station
. .

and a PC .~XT clone computer and a~sodated software. The :PCsystem con..
sists of a standard PC with an 8255 input port fer data transfe» between the
processor boards, A 40 Mby~e hard disk is) used as tempol.'ary data storage
and a btl Mbyte. tape streamer for mass. storage once the disk has 30 Mbytes
stored. Power is supplied by two car batteries which are charged by solar
panels, This section has been included -as some valuable lessons were learnt
from the problems encountered in the field with this system ..' Figutc(1.1)
shows a t;rp-lcalfield station. The system specifications for the present 8~bit
system are as follows:

~ 3. Channels
.. Sampling rate of 14 Hz
~Dynamic.Rangee, 88 dB
- Buffer Memory :;::;28 l(bytes per channel

3



.~Power .consttm.ptiori (not inciudhlg PC)· 8,1) W
~1lime accuracyee 1part in 108

. . . -: -, .' .'

The Analogtle to.atgital COlwerter (A/D) is sampled in real time, with a
real ..timedock prov~ding the reference sanlpliugrate. Data.is·rea.d frQm•.the
three component amplifiers by three processor h()a.rds, and the data stored m
each of the 32 Kbyte buffers. When 28 Kbytes oj:data have been generated,
the master processor board. triggers the real time ..clock.which ·latches .the real
tim~'and ttll,11S on the PC ..After booth?~upthe data, is downl()aded from each
Qfthe three acquisition cards and the thb(~'and date that .had beenlatched
is transferred as the filename of the data file. "Vhen the hard drive is nearly
full the data files are transferr.ed to tape streamer, and the files deleted frot).
the hard disk.

P:rolblelrJ(llS Ell1coumrtered. . . - - - - -- - - '_ - ..

Two major problem areas encountered with the present system .W0!'e, power
requirehJ..ents, !lInd h~U'ddrive reliability.

The original solar panels used did not always provide enough power to keep
the batteries topped IIp if it was overcast for a 'fewdays. This Was solved by
using more solar panels. From experience with the 8~bit stat~ ns, assuming
6 hours of daylight, it was found that the meat),power delivered by the solar
panels must be 4 times the peak power drawn by the equipment.
For the 8~bit system: Vee::::::24V
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F'igtlt'e 1.2: Two 48 Watt solar panels

~PC switched on for 100 seconds every 30 minutes - draws 316 A

3, 6li x 100$ * 24hour"$ ==.4 8A h d -1
18008 ' ,. ay

~ Continuous current "'360 mA

J60mA. x 24V == 8,fit-V

~ Total powee
8,6W +4, SA .h.day-l ==13~4W

So for the solar panels
13,4 x 4 == 53,61:1'

Initially only two 48 W panels were used, and power problem.a resulted as
the batteries were being deep cycled. Figure( 1.2) showing two I!S Watt solar
panels,

!t was found in fact, thc>.t I!U order to be sate, four panels needed to be
installed. Subsequently the system has operated perfectly, even du.cing fairly
long periods (4~8 days) of overcast sky. In addition the batteries have lasted
for more than a year.



The hard drive Initially gave some proble.nls~ but they were probably related
t(: the DO to no convertor (DC~DC) which was unreh;~ble. This is not. an
ideal backup medium especially when povv'ermay be a lp:()bl~rn.....When the
dHve is switched on up to 48 times a day a, reliable pov\rer Silppt~ lS needed
ttl; cope with the starting. surges.

T:ie new 1()~bit systelu was designed, beating in mindsome oEtne problema
01 the 8~hlt system. The new system can operate in a'stimd alone mode,
with suitable t,riggering software for local events. However rot teleseismic
sbadles, a similar setup as for the S..hit station's is adopt,ed. Power problems
are not as severe. The use of a large buffer memory means tAat the PC can
be switched on less often (also better for the hard drhre) and total power
drain is less.

Because of the power constraintsforthe unit, CMOS Integrated circuits are
to be used throughot~t... Unfortunately no DSP (Digital signal processing)
chip was available that. meets our pOWer requirements, $1;> dJ.gital signal pro-
ce~sing had to be kept to a minimum. The mieroproeessor chosen for the
deaign wasthe Hitachi 6309 ( A CMOS version ·of the l\.Iotorola. 6809). A
l€i..bit processor (such as the. Motorola 68000 series) Was considered. However
al] OUt design criteria, including the trigger algorithm could be met using the
6~I09so it was ehosen,

Time synchronisatiorr of the systems Was achieved. by using a Rea.! Time
Clock (Accurate to 100 mS OVer a few days). By synchronising th\~ clock
to the standard commercia] SASe time signal. given 011 '!le hOll:t, on the
FM country wide stations, it was pOssible to improve the time cortelatil;1u to
bet tel' than 10 mS between. stations.
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The software for' the acquisitdon unit was'written' in a modular' form, so that
future modifications to the system soitware can be easily achieved.

For comparison with the operation of the 8~bit system, a sampling rate of 16
Hz was chosen. The Buffer Length using standard 32 Kbyte CMOS RAM
chips is 364 Kbytejclll'd. So wit1. four cards.installed and a 16-hit data word
length and a sampling rate of 16 Hz for ,3 Channels the time is :

_ 384KByte x 4cards . :;::16000seconds
(16samples/sec}.(3channels).(2ByteJ/sample)

:;::4 Hours 26min1.ltes

This means that the PC is turned. on roughly everydand a half hours. At 12
V The PC draws 7,2 A. Because a larger buffer length is utilised the, transfer
time is longer, requiring the PC to be on for 200 seconds. So the PC energy
requirement per day is :

7,2A x 200 x 24 :;::2 16A h d .-116000 ' , .. ay

The continuous power drain from the system e~ectronics is 200 l!lA with a
system voltage of 12 V. ~Continuous power

P ;::200mA * 12V :;::2,4W

Therefore the total energy requirement tor the system is :

E ;::2, 16A.h,day-l + 2,4W ;::4,56A.h.day-l

:bot the solar panels, experience has shown that considering bad cloud cover
and short days, you can average throughout the year a minimum of 6 hours
d effective power generation per day. To keep 'the batteries from a deep
cycle operation and shereby increase their life (and reliability) you should
or.ly cycle to 80% of the capacity of the batteries. In addition YOll need
to have energy capctcHy for at least 5 days. In the present case this means
4,8 A.h.day-l x 5days =: 24A.h. 1£you cycle to 80% then the worSt case drain
is over 18 hours (24~6 hours) and the energy requirement is O,2A x 18h ==
3, 6A.h Thus for 80% cycling the capacity should be 18A,h. This is less than
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the 24' A.h already' calculated. The sblar panels should exceed. the da.ilyinput
OI4, 8A.h.(iay-t by at least 20% so that means 5, 8J!t.h.day-l is required from
a l1J:neloperating a minimum of 6 hours, Thus thla panel needsto be able to
su.pply 1 A at the rated 12 V or 12 \IV.One solar panel will be. sufficient for
the power needs ..

A.ccording to Green (1984) mine observations and theol'etical considerations
of rock dynamics suggest that the ra.nge (iIi. velocity to be measured will be
between 10-3 ntrrt/ sec (noise) and 5000 mUll see (±6dB) (extrapolation). The
transducer therefore needs a dynamic .range of. 134 dB. No s.tandard trans-
ducer can pro'V'ide th\~ entire range' and tl'ansdueers will have to .be, selected
for the study-in hand. The analogue to digital converter willneed a range of
between 120 db and 140 dB. This ttansHi;tes (in bit terms) to ,3,,21 or 22 bit
analogue to digital con'vetter!

A 22 bit converter is excessive in terms 10£ precision, and various methods
have been used to compromise between 'the \ls(Jful dyr~a,micrangealld preci-
sion. A top compression amplifler. designed byl1..W.E. Green was used in. the
8..bit systern, This method employs the logarithmic effects of diodes in the
feedback loop ofan operatiott~l amplifier, to provide the Iog response ., Tran~
sisters are used in place of diodes because it is easier to find transistors with
ma.tching V13)1J'S tha.n matching diodes. See ngure(1.3). More than one slope
can be incorporated b;v using more than one feedback loop. See ngure(1.4).
Under low signal conditions the feedback resistor lift provides the feedbaek
and the gainis simply -:;!1. When the input signal is larger than the VB:E
turn 01:.\ voltage, the base emitter junctions of Qla and Qtb start conducting
and the circuit then exploits the fa,ct that I is logarithmically related to V
through a diode. The resistors :aft and Rf2 are also now in parallel. Transis-
tors Q2a, Qllbl Q::1,c and Q2d will sta:rt conducting at ,2 X VBe and the cir.;uit
then follows the log squared response. Problems with this approach are that
transistors have to ·be selected for: sinu1ar VBE'S. Thia approach could also
be used for the 16..bit system providing at least 40 dB of gain giving a total
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dynamic range of124 dB. This method works well with matched. transistors,
However unless separate amplifiers have transistors with similar -:haracter-
iaties, when the data is deconvolved a separate {and specific} look ttl' table
would have to be used for each amplifier•. This is.impractical. if a precision
of better than 1-2% is required. The circuit also has temperatttte effects of
about Oll%loC.

1.3.2 Gain Ranging

Another way ofattaining this dynrtnuc range is to use .a gain ranging tech..
nique before the AID converter. Figure(L5) shows such a system. The very
fast comparators, operating as flash converters, select the gain by utilising a
D/ A (digital to analogue converter) ladder line network to valj the feedback

."" " ",

resistor of an operational amplifier( op-amp). Any errors in the step say due
to offset problems ,-,m mean. that the optimum step (-4 V to +4 V ) in this
case, is not utilised, The output will however not reflect this offset/noise
error, as the output is wholly independent of these errors.

'!'he incoming signal passes through a variable gain amplifiel', Whose ga,in
is determined by the state of the vari?us. comparators U1 ~U6• The input
to these comparators is the rectified lllC()lning signal. Comparator Vi will
sll;1tch when the input is greater than Vref1• Similarly for U2 to Ue. The
comparator's l)\yitching points are selected so as to allow the maximum ;5wi:ng
possible between gain steps. Stability of the comparators is ensured by in-
eluding a .certain amount of hysterep!'" The decoding circuitry selects the
gain step corresponding to the last comparator that has switched. This is
decoded into .3hits which Me incorporated with the 13 bit data from the AlD
as a 16 ·bit .word. These bits are decoded for the an1pIifier(via a. digital to
analogue converter ladder line network) to gain steps of (3 dB. The operation
of the ladder line network is shown. in Figure(L6). Depending; on the selected
analogue switch, the gain of the op-amp can be varied, Using a 12 bit con-
verter a range from ...6 dB to +66 dB (six 12 bit steps) was tned; but lalcer
the last two steps were decreased from 12 dB steps to 6dB steps giving the
range,·-6,·+5, +18, +30,+42, +48, +54 dB. The gain wasdecreasedbecanse
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Figure 1.6: Variable gain amplifier

of noise problems with the higher' gain stages. This corresponds to gains of
X~, x2, xs, x32, ><128,x256 x 512. This gives a theoretical dynamic range
of 60 dB for gain ranging and a total of 138 dB when using a 13 bit analogue
to digital converter, ,This is within the values stated. as our stipulated range.
Figure(l. 7) shows the effect of the gain steps on a sine Wave in.put and the
reconstructed signal.

A Pascal program was written using data from the system to test various
triggering algorithms. The criterion for triggering t~dependent on the par-
ticular study being done. In all cases however the ~f'e(,t , to spikes, and other
noise must not cause a trigger. Local events were 3U~'<1c B~wly tri~ge1'ed with
a simple long term short term averaging (LTA/STA) te~bnique. Differenti""- - - .

ating between long period teleseisms and other signals proved to l~e much
more of a. problem, A suitable scheme is described by Evans and Allen [1983]

12



Figure 1,7'!·Gain Ranging, showing digitised and compressed sine weve; and
the reconstructed signal' .. . .

and is discussed but has not been tested. It was alsc telt that for '~eleseisms
it was more h::upol'tant that 1".l0 events he missed, than f():t memory saving.
COI),tinuou$'.recording aad dttmpi:ng .the data to a PO (as·done in the 8~bit
system) Was implemented.

1041 System Overview

Figure (1.8). shows the block diagram of.the. complete data. acquisition SYf'-

tem, The operation of the system, has been split.: \0 three loOgical8e('+'
The data acquisition section is referred to as the DAC section. Tb~
and teal Time Clock. as the CONTROTJ. section. The memo- ~l
peripheraloutput card as the MEMORY section.

This modular form of construction was fAl~ to offer advt·,tages in terms of
further modifications, In fact some olthe design changes; especially with
respect to the, time update, would have been much more difficult. to achieve
if a single processor had been used. The main reason for the mll.!tiple pro-
cessor design was to. free the DAC processor for. as much data processing as

13



FIRO

Start/Stop

DAC MEMORY]IHardware Trigger 1

I
fRO

: 'Q,'".:-<>,,,- .1:-,
-, -;., __ -I'D

uP

NM!

Seismi¢ Signols in

Select F:Jte{$ ;"

Display

CONTROL

Memory Cards~------~~~T-~--~
t I

I
I
I. ,,.
I
I,
I,
I,,,
I,
1,
I
I
I
I
I
I.
I,

• I~---.~---~~~--.-



possible. Tile everyday upkeep such as time update, user input, time displtlY
and data direction selection is taken care of by the control board c01I"4plett;ly
independently of the other. boards. The data transfer to the PC from the
M~~MORYboard is again completely independent of the other·boards .. Soft~
ware debugging and ntodHication is also much easier with .this distributed
system approach. Data. transier is slightly more cvUlplicated hut a suitable
handshaking scherr ~ has been implemented and works very reliably .. Tne
tate or data transfer between boall?s is approximately 14 Kbytelsecond. A
shared memory seherae was considered with the MEMORY and. DAC boards
sharing the same memory, Memory access is slowed down however, so this
did not seem to offer much advantage. The operation of each of the sections
will be discussed in t~tm.

1.4.1 'rhe DAC section

The 3 inputs are first filt~ed with an anti-alias filt\'Jt} before passing to the
gain ranging stage. The anti-alias filter frt:)qllency is eelected by the control
board depending on the sampling frequency. The AID is clocked by a square
wave from the real time clock, at the selected sampling rate; The follow and
hold gates are opened nt this time. The signals are then sampled $eqllet)~ially
by tl d../D. A fast interrupt request. (f:'IRQ) initiates a read cycle from the
DAC microprocessor .. Because the time from the real time clock can o'~llybe
read to the nearest second, some intor.nru timing is necessary to keep track
of the samples between the seconds. This is·accomplished·by 'only' allowing
the }I ID to start sampling on the transition of a second, and then a count pi
the number of samples (the. "dragon count") is kept, When this count eqUI11s
the selected sample rate (ie. the end .0£ the. next full second) the count.\:4
is reset. The data is read into three 28 Kbyte buffers. When the : 'lifers
are full (or a trigger is recognised) the "latch time" line on &h.eI/O Port is
used to initiate a non maskable interrupt (NMI) sequenee on the CONTROL
board which latches the time. The data is then transferred to the MEMORY
board along with the "dragon count". The "latch time" line then initiates
a second NMI sequence on the CONTROL board, and the latched date and
time data is transferred from the CONTROL tc the MEMOR":c :"oard. A
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hardware trigger input is also available which will also initialise .the dl;l.ta
transfer procedure •described above.

1.4.2 The C01\ITROL section

This section does the upkeep such as user input., real tim~ dock(RtC), display
and data direction control. The operation of the CONTROL board is shown
in the flow <iiagram, figure(1.9),

The various devices such as the RTe, displa~, and I/O ports are first ini-
tialised. The real time dock chip has 6 internal registers that are updated
autom.atically giving the date al1.d time C~ear, month, date, hours, minutes
and seconds}. The control program then checks for a response from the DAC
and MEMORY boards to ensure that they have reset cfJ);tectly. The user
inputs such as time, date, and s~"tlpling rate are ent\ ,,...d on the keyboard
and sampling initiated, 'I'he Control card initiates the AID sampling on the
transition of a second by changing the sta,te of the start/stop line. The time is
latched by the CONTROL board when the trigger line from the DAC board
is pulled high. 'l'his generfttes anon maskable interrupt (NMI) sequence that
latches the rea,l time. The DAC board then transfers the seismic data to the
MEMORY card. Once the data is transferred a second NMI sequence on the
CONTROL board is initiated and the CONTROL board tl:ansrerll t!~"..!....te,
time, sampling; rate and station number to the MEMORY card, Absoh\te
time eynchronisatlon between statione is achieved by using a FM ra.dio and
time "pip'? deeod., .~.':"st'rlbed in section (2.7). The out.put from the ra~
dio is 'taken \ jh~ i '0 port on the PAC card a.Ld the program checks the
:port for an update .t a window of to seconds about ever~' hour. If a, sync
pulse occurs the secon 1q are re$t,;~.tt~dthe minutes updated if necessary. One
problem involved with this method of data synchronisation is that if the time
from the real time clock varies, and is corrected on the CONTROL board
the "dragon counter" for the DAC board will no longer be slY?lchtorused with
the seconds. To overcome thia problem, 1 line from f.he I/O port is used to
generate a NMI sequence on the DAC card. The NMI sequence resets the
counter thereby keeping the time and counter instep.
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Having utilised. three Inicl'oprcrces:lors for.·the design t(1.thef than one 16~bit
processor meant that communication between the boards W<;tS com.plicated.
'I'he 3 hoards are connected via.a common bus and the conttl?l of the halld~
shake lines is done by the CONTROL board. Anyone of the hoards can
be set up to conununicate with elther of the others. However care must be
taken· to. enSllre that ithe card not being used.is in the tri~state·l"node. r.rhe
handshakelinles.·are eonnected to OM08.·4016 switches. These switches are

. :'. ... .' '. . : ...... .' ,."

selected via the· CONTROL outpuf !,ort to allow data transfer between 2 of
the boards, the other handshake lines being kept trl~state. TheIRQ 01' intel'''
l'Upt teqj,lest Un~ on the microprl."Icessoris used fo);,.the data cOltirnurueation
between the hoards.

The MEMORY section is used for the bulk storage (u.p to 6 Mby~es).trEdata,
and for transferrin.g data to peripherals, An output line is available th.a.t can
be used to switch a relay to power up any bulk storage device such as a. PC or
iath~ streamer. Once i:.r.d~buffer roemm:y is tull, the MEMORY mictopl'ocessot'
wlll transfer the contents. of the memory· tiO the peripheral device.

The initialisation (hardware l'eset) process is as follows: AUthree bo~tcls go
tfuough their ownJn.itlaJisation and then the CONTROL board sets up data
transfer MEMORY to CONTROJ:. The MEMORY board then transfers a

. . -

status· byte to indicate that it has re~~t ~(~trectly. The CON'TROt board.
then waits !oruser input 01: Stt~tibn code, $aropling ,ta.te, date and thne.
Once this is ent.m:ed.the CONTROL board sets up CONTROL to DAD and
transfers the sampling rate to the DAC board, It then sets up transfer from
nAC to MEMORY and starts the AiD on the tra.nsition of a. second.

18



In this chapter the sp(>.ginCfJ of each of the three. proces$or h~'~rd$will be
discussed, together with a discussion Qf the an.alogue components Dr the sys~
tern: the an.alogue to digital converter, filters, .gain rar'~ing circuit, time
synchronisatiOtl card, and powel' supply,

The design of the microprooosllof hargware, wtm split into three partsf nanlely
'"The data acquisition and processing hardwsre (DAG)
~Mass storage and D·ata transfer (MEMORY)
w Control and titclng; (CONTROL)

The general philosophy· behind this Was to use fahly simple ll.'licropr-;,ce1':eor
bO~\.1:dstor each of these functi.ons, and in this way expanding the system.
is sintplified. For example Direct Men:loty Aceess (DMA) could be 'Used
for faster data transfer, or alternately the data acquisition .hardware could
be replaced with a digital Rignf.tl procca~ing (DSP) ehip; None of these
modifications would reqttit'f~ a. complete redesign of the systi'lln.
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Figure 2.1: VCVS 2 pole stage

.A 6 p('. =1utterwol.'thfilter was used tor the anti alias-filters. Figure(2.2)
shows the circuit diagram for the flltel' board. The Butterworth response is
acceptable in terms ot .cU11plituderesponse, and is somewhat of a. CQtllprOnllSe
in terms of phase response, The attenuation of a Butterworth filter is on
dBloctave, where n is the number of poles. For the 6 pole configuration
a slope of 36 dE loctave is obtaL!cd. A VCVS (voltage controlled voltage
source - a variatdon ot the Sallen- Key nlter) was used as the bUilding block
for the 2 pole stages of the filt( . The gain for this filter is given as K =
1 +- ~. !i'igtu:e (2,1) shows a 2 pole filter stage. Three of these stages are
cascaded to fOl'IO the higher order filte:t. Each section of the filter represents a
quadratic polynomial describing the response of the overall filter, Tables lor
a Q Pole Butterworth response were obtained.from Horowit~ and Hill (1916)
and these gave gain values of 1,0681,586 and 2,483 fOl the 3 stages with a 3
dB cut at ao == 2;F
The buffer stag~. has 8, gain of 1. Low ·oltset operational atnplifiers (op-amps)
must be used throughout. The filters a,i:ecascaded with the gtins as given
above. The overall ga.in of the filter boardis then x4,2.

20



9----,---.,..- ._..;.,...._~__ ._,__"'OllT
;!;.X<:I-lAt..

iCAl.ltl ¢N _--- ._. __ ~_ ....... ......~_

;(itigure2.2: Oircuit diagr~m of the anti~alias filter (one channel)



The filter can select 2 cut frequencies by switching capacitors. This selection
is done by the CONTROL l'Q.icroprocessorboard dependent on the sampling
rate that has been selected, The two' sampling rate options ~te 32 liZ 4:1d
256.Hz which. correspond to -3 dB filter cuts of 8 Hz and 53 Hz respectively.

_" . - - - '.

Latching relays are used for the capacitor selection to ensure low power con-. .'
sumption. Ail input caJibtatiqn facility is included, 1$0 that calibration of the
electronic system can be ensured.

202 Gain Ranging boards

The gain ranging principle has already been discussed in (1.3.2). The circuit ..'
diagt'atn for the ga.in ranging boards is shown in figure{2.3). The rull wave
rectifying circuit is fonnedby U5a and UOb. UB, U7 and U8 are dualop-amps
which form the 6 comparators. The component values-for the comparators
must be selected so as to 'Optimise the gain for each step. The AID card has a
± 5 V maximum input, sothecolnparators were designed to switch at ±: 4 V.
The circuit of the comparator is show ~in figure(2.4) The requirements of high
speed, lQW power and low ()ff$~trefluited a careful selection for the optimum .
op"amp. For switching stability hysteresis was included in the feedbaokIoop.
It can he shown that for the eircuit in figure(2.4) Cf j Appendix A)

1(, . - .Vr$j.Ru,R, + V;'+.Rg.R$
all. - R$.RJ +Ry.R, +Rg.Rs

Vc,/ j .,;::.Ytel·Rg.Rr- yn-.Rg.Rs .'
Ra.R, +Rg.Rf + Rg.R~

(2,1)

(2.2).

where Vti+ is the voltage when Vo is "high"
Vo- is theyoltage when Vo is "low"

The values for ltu, RJ and 1l$ ate then chosen for Von .aSldVo!l of 4 V and
3,9 V respectively. Figure(2.5) shows atable of the values of Von and VoJf

. . - .

chosen for the 'Varions gaill steps ..·The resistor values Were' calculated using

22



Figure 2.3: The Gain hitugiugboard.
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Figure 2.4: The compal'ator.circuit.

14532.~igital output rFactor I ~Gain(dB)1 V,m r";'V) I Voll (mV/:
+54 -000 512><1------.::-=-::---. 001 256x +48 7,8 7,6-"'__

010 128x +42 15,6 15,2
·OU 32>< +30 31,3···.· 30,4 ..

+18 125 122
+6 500 48ir]

.......6 2000 1950 •••••..•

100 8x
101 2><
110 0,5x

Figure 2,5: Table of comparator switching PO!uts.
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formulas {2..1) and (2,2) on the basis of the yoltages Von andVoJj given in
the table:

The outputs of these comparators are latched by U10 at the sampling rate,
The Analogue to digital converter (A/D) conversion process is delayed. by
6 p$ from t!ie time the sa.mpling rate·signal goes high, until the fo!low and
hold operation is. performed on the input-data. This allows thedecoding by
Ulb Uu. and UIB to select the. gains and allows enough time for the output
to settle dOWIl.· The gain select steps are shown in ngure(2.5}. A digital to
analogue COt 'Tetter (DAC1221) 12 bit ladder netw ork is used in the feedback
loop of an op-amp to vary the gain. The gain c be varied in binary steps
from.l . 4095. Aprime consideration is that theop-amp'soutput must have
settled down before the follow and hold is done, This necessitated a .high
slew tate for..Ug (15V /p.s).

The decoding of the six comparator outputs (via the latch) is achieved by
using a 4532 l,dority encoder, which gives a 3 bit binary .output, depending
on the state of the 7 input lines. Tn this way the output is as shown in
figure(2A}. These 3 bits are. transferred to the A/D board as the most
significant. bits (MSB) of the 16~bitword. {3 bits gain + 13 }.)ltsfrom the
A/D}. The gain bits are also 'Used by the 4028, BCD to 1 of 10 decoder,
which selects the switches to the ladder network achieving the desired gain
steps.

The analogue to digital converter (A/D) board consists of a, a channel.mul-
tiple};.~rwith input follow and hold gates, and a single ADC1225 AID chip
carryiug out the conversion. Figure(2.6) shoWf3the cir(~uit, diagram of the
AID, and figttre(2.7) is the cl1tCuitdiagram fOl the follow and hold circuitry.
The DG309 is a low power high speed gate ClOD nS) which exhibits low dy-
namic impedance (lOO Q). To start saJl1plro.g the start/stop line Is toggled
by the control card and a latched Ula. ens hles sampling... The follow and.
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hold operation.is enabled 6 J,tS after the sampling request to allow time for
the gah~ ranging cb:cuitry to settle down. The first of the channels is then
enabled (yi~ a DG3.09) and read by the AID (U9). The ready signal from
the AYD is used to indicate to. the DAC board that the data. is reaey, and
to dockU17 so as to select either UI0, UtI} 01' U12 and the correct gain
bits are th~n" available at the inputs ot the 4508 buffer U13b; The 13 data
lines from the AID are latch(~dby the.4508 buffe],'$U13, a,nd U14. These
data together with the gain hits make up th~ 16bit word. The outputs of
the buffers are available on the microprocessor data bus, and the DAC board
can select the '4high byte1! (UI3). or the "low byte" (U14). The selection is
done via USa andU8~ and the sel~ct 'ina (seLAD} from the DA.Cboard. The
DAC board has 128tLS to read the data for chaanelf {cOlwersion time ot
AID} hefore the.'data fot' the next Channel t,ecomes available; •...This sequence
is repeated .for th~, three channels (if jum~er J1 is set for 3 channels) and
then the multiplexing circttitry is feset £01' the next sample. The theoretical
maxhn'l\m sampling rate for three channels is then (h(1~B#S' = 2600Hz (Whkb
translates to 2048 Hz in the described system).

Careful ccmsidetatioll must be paid to the slew rate for the sample. and' hold
gate-s. In IJrdet' to swamp the dynamic h:npedance of the gate and provide the
driving op-amp with e resistive load the total series resistance requirement
was taken as lKG. assuming constant current "

'0. __ .rl{ t
y - C

VC
t= I

for C:::= In.Pi V·:.:: 5V i I:= SmA

t:;; 1 X.10~9X.5:::= 10..6$= 1 S
5 x 10...a p

This satjsfies the sampling rate requirements.
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frhe core of thecard is the Hicaehi CMOS 6309 microprocessor (equivalent to
Motorola 6809), The 63B09P version was used which has an internal clock
generator. There is no needfor external dock circuitry and a crystal is simply
connected to the crystal inputs on the microprocessor. The circuit is sh(')wll
in figure(2,8), The 63B09P was usedin all three boards as the main proces-
SOl'. The layouti.ncludes space for an 8 Kbyte 27064 EPROM. However..only
a 2 Kbyte EPROM was necessary for the prototy~e program. All the soft~
ware for the microprocessors WM·writte¥l in 6809·Assembler code. (Further
discussion of t4e softw(:),re is dealt wl.th in chapter .5). A 6264 81{byte RAM
is used £01' general program use, such as stacks, .buffers· and general. storage
requirements. Three 32 K13yte RAM's are used as a temporary storage for
the data of each seismic channel. The Use of more than 64 Kbyte's of mem-
ory necessitated "paging" thes~ thl'~e RAM chips. They are all accessed at
the same merilory location but are Hpaged" by selecting a specHic chip via
all 1/0 (input/output) port. The I/O port, a CMOS 6321 (equivalent to
the Motorola 68211 is used both fot: paging memory and for data transfer.
It is a two port device, one port (8 hits) being used £01' datatransfer, three
of the bits on. the second port being used for ~emory paging. This is the
essence of the Data acquisitic:n card, The memory map £01: the nAC board
is shown in figure(2.9). The select lin(l (select-ad) is taken to the AID board
together with the two low order addrese lines AOand Al. Atldllsss 2001h 1

reads the high byte, while 2002h re~ds.the low byte. Address 2004h is used
to reset. the FtRQ latch, once tht'inte)'.'rupt has been serviced, The two bytes
readfrom each AID are stored inthe 32.Kbyte RAM buffers. It a trigger
is generated by eith~r internal-or ~xtetnal triggering the data will be trans ..
ferred via the 6321110 port. The data transfer is controlled by the I/O port
handshake lines CAl and CA2. These can be pl'ogrammed to generate an
interrupt (IRQ .. the interrupt tequest line being used) When data is ready
to be transferred or received.

tAll hexadecimal numbers will be written. with i),nh followit'._g. the nurnben
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(PAGED)

Figure 2.9: The memory map for the DAC board

This consists of a memory controller board utilisinga 6309lliicroprocessor,
and a number of low power, static random access memory (RAM) boards.
(Up to maximum of 16). The memory oontroll-ir board is shown .n fig-
ure(2.10)J the RAM board in :figure (2.11). There if an addressing facility for
16 RAM boards, each v-sh 384 Kbyte of storage which impl; 1)8 a total storage
capability of 6 Ml-y ~e 01' 3 Mwords, The RAM boards use six:32 I<byte 62:~56
low power statl', HAM chips per board. These chips have very low standby
power 'speoiflcaticn l, typically 10 f.LW. All .32K RAM chips occupy the same
memory space (.:IS sltownin.figure(2.12») but are selected individually byt;le
microprocessc., The microprocessor board is very simple. It consists of the
6309, two Q3211!0 ports, place for 8 Kbyte EPROM and S Kbyte RAI\I[,
and associated decoding circuitry. See figure(2.12) the memQX'Ymap for the
MEMORY board, Four hits of the one 6321 I/O port are input to a, 16 Iine
multiplexer to select which of the 16 RAM boards is to be written to. 'I'he
muhtplexer is a bidirectional device, and the IIO port can be setup to read
the multiplexed line and thus read how many (and which} memory boards
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Figure 2.12: The memory map for the MEMORY board

are installed. The other 4 bits are used to select which 32 Kbyte RAM chip on
the memory board will be written to. -The second 6321 I/O .PQrt is used {or
data transfer. The one port is used to receive da.tl'l,from the data acquisition
Gard, the other is used as a data output port that can be configured fbr data
transfer to a peripheral such as a tape streamer or PC.

This card again 1.1SeSa 6309 microprocessor which controls the following ~
- Real Time Clock and Sample Rate
- Anti alias filters
~Data transfer
- Keyboard and display

The configuration if! similar to the DAC f1udMEMORY cards and the mem-
ory map is shown in fig"Ut'e(2.13). T'he circuit diagram for the CONTROL

34



FFFFh

EOOOh ~..... ~
COO(}~l

A(JOOh

8000h

6000h

..--....,_;...-~--......jl.\ 400011

.....,_------II 2h.:3h

__ --II OOOOh

"\'J, .•.tnelip.ozy map fcir the CONTROL board

board IS SD' 'v, ~4),.

.:'. - .": ..... : ....

The realtime cIocl~(RTC) used-is a Motorola MC148818 low power CMOS
RTO chip. The reference frequency is derived from a parallel resonant
4,19430{ lviHz crystal. The thn~ and date {down to seconds) Is read from
the RTCin binary t6ded dedtn~ (BCD) format. All timlng updates such
as end of month l'ec.:>gnition and lear year conrpensafion are taketl care of
~ the RTe. The square wave .outpu.t from the device is used to control the
sampling rate, andean he selected in binary stepp from 2 - 32768 Hz. The
frequencies used in this case were 32Hz and 256Hz, Th\"; :aTO provides a
1.194304 MHz signal .which is.used for the AID converter conversion clock
signal.
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Figure 2.10: Multiple bus handshake control

The anti-alias ffiters must be selected depending on the s~mpling rate Ch.0-

sell. The two cut frequencies available are 8Hz and 53Hz. The 1/0 port is
programmed to control 2 lines which enable the latchable relays on the filter
card (section 2.1). The "latch on" output enables the 53Hz nIter and the
"latchoffli output enables the 8Hz f.'1ter. These outputs should be held high
by the software for lOmS to ensure the relays ate latched.

The data transfer between the boards was achieved by using a common 8
bit bus between the 3 microprocessor cards. The handshake lines were then
selected using 4016 CMOS switches, for thedesired transfer. The board

. .

not involved in the transfer would ensure its Dutput was tri-state. See fig..
ure(2.15); Data transfer can be achieved in any direction between any o£·the
3 boards by using difi'erel).t combinations oI tr~CAl end CA2 handshake
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lines of the 6321 I/O ports.

2•.6.4 Keyboard and display

. - ".

The circuit for the keyboard anddisplayis shown in figure(2.16J. The DMC
liquid crvstaldisplay used has anintern~l charo.cter.generator which means
that normal ASCII can be sent directly to the display. The 14HC244 buffer
is 'used to interface the disple.ywith the microprocessor data bus.

The keyboard consists of a matrix keypad which is continually scanned. The
4093.gate Ula forn,~an oscillator (frequency •..;_100KHz) which increments
the 4040 BCD cotU4terU2. The BCD outputs are-taken to U3and U4 (Sline
multiplexers), The rnwtipleJl;ed line is used as an input on U4 and is held
high. If a key is held down, the input of '04 (high) is clocked through the
mt.'.ltiplexed line of US. This in tunr.Iatohes the 74HC374, a tri~state latch,
which is connected to the 4040 binary outputs. In this. way each key on the
keypad has a unique code latched by '74HC374 when a key is pressed. The
line used to latch the data' is also used to generate a fast interrupt.l'equest
(FIRQ) to the microprocessor to indicate that a key is pressed and its code
can be read. from the latch.

In order to synchronise the time on' the separate stations, a standard FM
broadcast .receiver covering the 8tl-10S MHz band was used. A time ~'piplt
decoder was built which decodes the time "pips." given every hour On the
regional stations. The original idea was obtained from the Magnetic Obser-
vatory CSIR.

Using this method of time synchronisation means that the stability of the
clockis not that critical, as up to () or '] updatesare received per day. This
synchronisation method was tried with th~ 8-bit system and has proved to
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tJ7b Pit\ ~I) (600mS)

Figure 2.18: Timing Diagram

be very successful. The countrywide coverage by these stations is very good,
ana it was only necessary to use a high gain antenna at one of the sites,
all the other radios opera.ting perfectly well with just a length of wire. The
circuit diagram is shown in fit;ure(2.17). The audio output from the FM
radio is passed to a comp ...rator TI6 where it is effectively. clipped. 'A band
pass "digital filter" is formed by monostables U1!J, U2a, U2b and. gates UOa
and UOb. Only signals, close to 1KHz will be passed to U3a• The rest of
the circuit consists of cascaded monostables which effectively open various
windows) which if the 1KHz "pips" are present, allow the "piplt signals to
clock through the 4022 counter and give a synchronisation pulse, The timing
is shown in ngure(2.18) the timing diagram. The output is a pulse 100 mS
after the correct ZUO time. This 100 mS error is however con~istent with all
the stations utilising the time u.pdate receiver.

Th~ time synchronisation circuit w().rks satisfactorily. However if it had to
be rebuilt monostahles would not be used.
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An Input/OutPllt (I/O) port was built for the PC using an 8255 110 port.
The drcuit. diagram is<shown in. figute(2.19). The port. is used to <transfer
data to the. PC, 8 bits being used as input lines, and 2 line.' being used for
data handshake. The port address can be selected by jumpers Ji - J6 for an..

unused adciress on. the PC. The jumper selections are shown in appendix (C)

{.'

The system tuns off a 12V battery stlpply which is recharged from solar pan-
. .

els, A power supply was constructed using PCB mount DC ,. DC converters
(the NMEOo/12 series from Newport Components). Thesesimplify the de-
sign Ot the power supply considerably, giving a ±15 V and +5 V supplies.
The DC~DC.converters are not particularly efficient however Conly 75%) The
circtut diagr-am is shown in figure(2.20).
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§·oftwar®

As explained In chapter(2) on the hardware, three microprocessor boards
were used (one dedicated to tranElfer of data ,to peripherals, one for tinung
and user cont-rol and one for data. sampling and processing).

Flow. charts will not be used to describe the program operation but rather
a PDt(progratn lscdption, language) will be used ttl convey the system
operation,

Each of the programs will be discussed in tum. A PDt description will be
given for each; and a brief outline ofthe operation. Addendum(l) contains
the program details. Thlt program and PDt listings are tOl. a:3. hannel
sysi,'- 110 triggering, With data downloading tn a PC. Only one memory
board is used (384 l{bytes of bufft: 'stotag~). .

".:": .. : ,.... .."

To makeehe assembler program. more readeble certain conventions were used
in ~rogtam.mi.ng, Variab' _" are given smalliettersl constants are in (\apitals,
while all procedures (o.t subJ.·outines) have their :first letter as 3. !!~pital, Also
a note about the Program. Descripticn JL.;mguage (PDL). PDt is a pascal
like description. of th- softw!;l.te,with general comments in order to describe
the operation d'the so::tware. It \5 a 't.t:'/pdown' description or the program.
General comments are denoted by :lUs, Otherwise names refer to procedures
(subroutirieR).withln.the assembler program. All software has been written
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-. .... : ..

in the form of subroutines that can easily be. inco:rpora,ted into subsequent
programs, Op~rations such as data transfer, RTe functions, and writing to
the display tart all he achieved by calling these subroutines .. For example, for
...hta tra_.'Osferthe.data to be .transferred is simply Ioaded into the accumulator
and the subroutine Xfer_AReg called'
LDA data
JSR. Xfer ..A;Re~

The ~.ledfic e}!pla:nation for e.ach procedure is given in the program listing.
In this .way·itis hoped that £utur~ modifications will be greatly ·simpIified,

The controller card performs the following functions ;
- Real -rime Glock (RTe)
-Keyboard
.. Display
.. Time Update
,.,ContrOl of data transfer between boards
.. Start {Stop of data salt.rplillg
- Selection of anti~alias filters

The PDt descr.iption of the controller software is given in figut(l(3.1) As
already discussed in the hardware" section, a common bus is used to tX'at'.lSfer
data between the three boards. The control card selects the dIrection of
the handshake lints via OMOS bu1fers. A l!l1l.'dnot in use during a transfet1
MUST be l~epttri-state. Even on reset the I/O ports must he forced into
tri ..state as experience with the original a-bit system has shown that the
6321 I/O ports to be very susceptible to destroying each other if' the outputs
are accidentally driven into each ether. The program. first selects MEM-
eNTRL (Ie, Memory to Control). and an uror byte is read from. the memo:t'Y
board. This byte is presently used to indicate t ...the control boned that the
memory cardha,s reset correctly, but will in future be used to transfer data
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BEGIN (Control Program)
In\i.tiaUsle(Porta, aTe, Display, Keyboard)
S~tTran~~cer (Iv.lfEM .. eNTRL)
ReadMEM (.erro.r...byte)
Iterrt·or..lbyie == error Then

*' ReiniitiaHse *'
* Tnputlllata (station,· date, time, sampUng-rate)*
S~tTralPl~·fer(CNTR:t .. DAC)
;:~WriieDAC (samplin.g-rate) *
* Set ..AA ..fUter (sampling ..rate) ,~
SeiTransfer (DAO .. MEM)
*' Wait foll.~!(:eyPressed lit

Repeat. *' forever *
* Output the ~bne to display ~!<

* Cbeck I/O port for time update *
If time-update The"].

Selt'vice..Time
End

END.

Procedure (Sel'v!ce"Time)
Begin

* Reset (seconu,mlnutea) *
* Toggle 1/ 0 Iine to ]lAC NMI *

End

Figure 3.1: PDt Description of Controller Software
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l?l'otedure (Keyboard interrupt) - FlaQ
Begin. .

* Read Oharacter from l<eybpard latch >1<

* Jaeset interrupt *
End

Procedure (Latch/Tranrer Time) ., NMI
Begin

If ftrsi ..tbne Then
Begun

Get'1'lme{!:o~rs,l(nins,stElc$)
il!'st ..time .:= t'a:Ise

End
Else
Begin,

Set'llXans.fer(CNTlFtt .. MEM)
TX'ansferTime (hours,mins,secs)
§et'rra~sfer (PAC ..MEM)
ftrst ..thne :- true

End
End

F1gure 3.2: Interrupt hUUIJltleS : Keyboard (FIRQ) and Latch/l):anster Time
(NMI)
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such as the amount oiRAM avena-hIe, and to indicate wheth~r all tl~e RAM
".. ::'.. ..

is opera~iofia1. The. program thenprompts for userinput (such as' station
number, sampling .l'ater time and date). After selecting sampling rate the
corresponding anti-alias filter is selected and the selected sampling rate is
transferred to the DAC hoard; The program then starts .sampling, and data
transfer from the data acquisition card to the memory cardl~ el:lahled(DAC.~
MEMORY). When the DAC card recognises a trigger (buffur full, external or
.1ternal trigger) it initialises a non-maskable (NMI) interrupt sequence on the
CONTROt.hoard. The NMlintertul:.~··routine,is shown In ngureC3.2).· 'the
first NMI jfttches the tim.e (subroutine latch time) and the time and date
registers are stored. Once the PAC board has t1'ansfer~;ed data, a second
NMlseqt,\ence is initiated by the PAC board and the data-transfer selection
is fiet up: as CONTROL ..MEMORY. The time and date information is sent
to the MEMORY board together with any other system information such
as sampling rate and station number. Transfer DAC~MEMORY is again
enabled for the next transfer from the DAC buffer.

The PDL listing for the keyboard interrupt (FIRQ) is ShOW~lin £lgure(3.2).
When a kpv is pressed, the keyboard latches (he key code, and generates
a fast interrupt request (FIRQ). This calls the keyboard procedure, which
temporadly stores the key code. A look up table Is used to get the value of
the key pressed. The display has an. internal character generator and ASOII
code can oewritten directly to the display .•Various routines for advancing
or decrementing the display are also available t(Jgether with routines such
as WRITESTRING and WRITELN. The operation of these procedures is
explained in the program listings submitted as an addendum.

The DAC· program hutiaHses the. stack and I/O ports then waits for the
control board to transfer the sampiiug rate, The PDL listing is shown In
figurerS,S). The sampling rate is needed to set up t}te correct value for the
"dragon count", The dragon count is used to note on which sample, between
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BEQIN (D.AC Program)
Iuitiallse (110 Pods)
;:< ~lait for comms witl .. CNTRL hoard *
* Read (sampnling-rate) I{<

Dragon ::::::() *
* Butrel' r ...empty (count ;.;.._0) *
Re.p.e~t

If bf~:ffer...281(lByte Then
Begin

>:; buffer - empty '1;

* Toggle line to CN'JCRt NMI .. Iatch time ~t

* 'l'lra.l!1sfe:s:(bldrer)**.Toggle line to. CNTRL NMI .. transfer time >II

End
End

END

Procedure (Read Analog to digital Converter) FIRQ
Begiltll

* Read Channell (data) *
~~St()re(data,bu!lf.'arr1(c.~Ullnt.))*
)',;Read Chanltllcli2 (data) *
;1< Store(data,huiffer2(ccH1!nt» :,'(
l',l Read ChannelS (data) l:t

* Store(data,b'Ollllfer3( ~ount» *
dragon := dragon + 1
U dragon == samplilUg"rrate Thelll

ci,ragon.: •.•0
count := count + 1* Reset Interrupt 'll

End

Proeedure (Reset Dragon COUlllt)NMI
:Begin.

(b.·egon ;= 0
End

Fig1.U'e3.3: PDL description of DAC program and interrupt services
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two full seconds,. a trigger occurs. l'he. til1le tr.ansferted .to the· mass storage
card then consists of the date, hours, minutes, seconds, and the dragon count
- 'which is the number· 01 samples from the previous. whole second. Once
sampling has. been enabled, the AID si,o.;nalsthat data is ready by initialising
a i'IRQ interrupt request. The DAG pr0grarn must read the AiD and store
the datain eneof thre.e buffers (the data could have been stored CQ11Secutively,
but logically itmade more sense to Useorie btu'tet per channel] •.The program

_!" _"_ •• - ---:_ •

must read the data within 128pS qfthe FlRQ signal (the conversion time
of the AID) before the next channelissampled by the A/D. After reading
the three ehaanels, the FIRQ procedure restores. the paged rn.eml;:ltychannel
that was operl;i.tivewhen the interrUpt occurred, This.is to ensure th~t if the
interrupt occurred during data transfer to the MEMORY board, ..that the
data transfer continues with the correct. memory channel selected,

. . . :

The main prog~am..waits in a loop until :either the buffers have scored 28
Kbytes of data, ora trigger is recognised. A line on the:, \ port is used to
generate a NMlon the control card to latch the time. Data is then. transferred
via the 1/0 port (comms port) to the memory card. The ron:u:ns port is set
to tri~state and the 1/0 port initiates a second NMI sequence on the control
board wruch·tiansfers time and date information.

If triggering; techniques are used, .the data acquisition program will incor-
porate the ~Igorjthms discussed in the chapter On triggering, The data is
however in a "compressed" form with th,e nrst 3 bits being.ga.in bits; Data
manipulation cannot be performed directly on this data and the data. must
first be transformed··to·sQme meaningfulvalue, The transformed data-would
in effect, be eq\tivalent to a 22 bit value. It is impractical to use a variable of
this size so some way of keeping the sensitivity, but using smaller numbeis
was needed. For the simple LTA , STA trigger algorithms all.the computation
can be achieved wi.th add and shift operations. The 8-bit X 8~bit multiplY
feature of the 6309 microprocessor is rather slow, but would probably have
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+~12 shift 3 bits left

+54 r.lip
."'_'__'~-"""""'---I

+48 clip

2x ..:+6 don't shift

32>;; +30 shift 2 bIts left
8x +18 . shift 1 bit left

0', 5x ..... ~6 .., .shift bile bit ri.ght
..

Figure 3,4: Table showing opet'aHo~s 0)1 the i3~bitgain ranged data.

to he used tq implement the :filters reqUired for teleseismic triggering,

Thegain ranged J6-hit data repre$~mtati('ln Is as fo"1ows :

'1'he three gain hits {G) form the three .m.ostsignificant bits of t.he 16"hit word.
Th~ 13 bits are in two's complement format. Itwas decided to compr!",s:::the
data t.o a 16-bit word, 'rhis means that th~ high gain data will be "clipped"
(unle~s we are to lose resolution). The dominant frequency infotII1aticm. has
not heen·lost althdttgh·harmomts will beintrodnced ...This should not· effect
the trigg~ .. algorithms too badly, althoughi£ used with the .teleselsmic trigger
algorith.m, the high frequency harmonics caused by the cl:ipl:-.Ingwill interfere
with· tlm algorithtn.. (If a 'very large event is recorded, it may· not trigger as
high frequencies are present due to the dipping action .. see section( 4)). rJ.lhe
13 bit~ from the AID are in 2's complement format. In order to scala the data,
some form of division is .llecessary. Speed considerations meant thaJ only sruft
operations could be employed (divide by 2) but the presence of thegain hit
causes a problem. It is either necessary to'move it to the moat significant
bit, or change the I3-bit dasa to norma] binary format. It was decided to
change to bin~.ry format, by complementing the gain bit. This. could also be
done in hardware to sa;ve computation time The operations performed (>11,

the data are then as shown in figure(S.4). So one bit ofresolution is lost and
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· .
In orde~ to ryc,~rythe signal the DC 6fi'set of the signal ~ust be Galoulated.
Itis assumed tha,tifthe transformed datais cli,Ppedthat the clipping will be
equ:al on bpth skies of the DC level.and ;th.~t 1.10 major errors' wi~lresult. The
ric offset. is cal~~lat¢d by taking a very long term average· (16384 's~mples)
which is a factor of2. This is done to allow division by simply shifting the

,-- . , .

data to the right. A 4 Byte variable is needed foi' this value. The average is
calculated by dividing by 16384, or 14shifts to the right (16384:= 214). The
re,ctlfication Is ~,~e~done hy simply subtracting the average from theinput
value ~:Q.dtaking the absolute value, For a 64 sample STA a 3,byte variable
and for a 1024 sample LTA a 4. byte variable is required. Again the divisions
are,sitnplydone ~:ith shi1ts{6 shifts dghtfotSTA, 10 shiitsdght t9r t'l'A).
The averages are also in 16 bit representation.

To ixnplement the Iow-pass and band-pass filters needed for teleseismic trig-
gering (see sdction(4)} we need ,the hat'dVvaremultiply and divide feature of
the 6309. Only ana-bit x 8wbit. multiply is available so some further manipu ..
lation is required ..The answer 'Y-adablemust be 4 bytes long to accommodate
a 16~bit X l6-bit multiply.
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The operation of the memory program is very simple (PDt description given
in figure(3.S)) and operates essentially as a large buffer ment9ry. One set
of 110 portsJs used for data transfer (one port. for transfer to PC, one fo..:
reading data from nAC and MElVlORY) the other I/O chip being.used for

. -_ - .. -- - .. .

paging memoty~ The.incoming data is .~eadunder interrupt (IRQ) into. the
RAM buffers (tlpto a maximum of 16 boards", 6 Mbytes), 'I'hemain program
is a loop, which waits until the buf!erls nearly full, then transfers the data
to the periphe).'al device (in this case a PC),

The data is transferred from the memory board via the 8255 I/O port to a PC
equipped with .;l.•tape streamer. The programs on the PC ate all written in
Turbo Pascals.s. Reading inU,I.l:ge.arxaysof data in turbo Pascalis somewhat
of a problem, so the ·arrays are declared as absolute arrays (ie .. Use a fixed
memory location) $0 the programs· should not be run with any terminate
stay resident programs which may possibly already be USing that memory
space. 'The data is read using the program RD_SEIS,EXE (S~e Addendum
for program listing). The data is stored in hinary format on the hard disk.

One dump from the DAC board to the MEMORY board consists of (3x 28
Kbytes) + 16 bytes (the header). This is referred to as a block of data (84
Kbytes + 16 bytes long), As previously the old system used ~mOl{bytefloppy
disks for storage of data, the file size WaS) kept as 360 Kbyte. The data is
initially stored on B 40 Mbyte hard drive; and can then be transferred to a
tape streamer. Pascal has a blockwrite facility which allows rapid tran.sfer of
data-in block form to. disk. devices. The quickest. way to transfer data is to

54



lP:roceaure (l.lebtd daia from DAC) IRQ
Begin.

1« Read seismic data ;;':
* Read. (statnon,date,t,im~,samplhllg tailS) *
* Storre data to Buffer ** I!l1\~l'emel!l.1libuffer cor~~~te1!'!:t

End

F'igute 3.5~PDL description of MEMORY software
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open a file, and transfer as many blocks as possible using BlockWfite befoI'e
closing the, file again, 4 Blocks of data is 336 Kbytes long, so a flle consisted
of 4 blocks. The dt'.ta is input. in the, form

.. . :

The header <:(>usi~tso£16 bytes some ohvhich are not in use at pr~sep.t. The
10 Bytes in use i::olltaiu the following system information:

- "dragon cou,1.t" : 2 bytes
- station' number : 1 byte
- year ': 1 b~tte,Binary cod~d decimal CBCD)
..month :'1 byte (BCD)
- day : 1 byte (BCD;
- hour :.1byte (BCD)
- minutes ; 1 byte (BCD)
- seconds : 1 byte (BCD)
.. sample rate ~1byte

The program RD_SEIS.EXE is used to read. the data from the acquiaition
system. Only one memory board was used with the prototype) but ~~tleast
four would be needed for a field system. The data is initially read into three
28 Kbyte art~ys before being dumpedtodisk, One block is therefore 86032
bytes long, a file being 4 X this. Using 4;' memory cards gives, 1536 KBytes
of storage before a dump is necessary. 1'his means 17 blocks can he stored
before a transfer to the PC is necessary. Te·keep this-in blocks of 4, rather use
16 blocks (or 4 files). The transfer time MEMORY to PC is approximately
8 seconds/blocle, and the dump time to diskis approximately 2. seconds per
block. This gives 160 seconds to transfer the data plus the turn on time for
the PC (30 seconds). The total transfer will take about 190 seconds. The
file name is the month, day, hour and minute of the fur G block of data in the
file,
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Onef>the hard ckive IS almost fullj· the files can be copied· to a tape streat!ler
and the files deleted from the hard drive.

The program CONVERT.SXE is used to read the raw data files on the PC?
uncompresses the data, and converts the da.ta to an Ascn file.
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One of the.major problems with 'St. isniicfield stations isthiidata. storage
capacity., This ~torage should be large enough so that the equipment can be
left in the fleldf~I enough time to miike thestation a practical system, The

','.. "

required data st()rage would depencl'¢r) much on the survey and survey con-
ditions, bnt even with a 6 Mbyte 'n",exnory(or 3 Mword) this o~llytranslate$
to approxirnately9 hours 0:stora:2:~a~asampIillg rate of 32Hz for ,$ channels
of data. This would be impractical. for most surveys and unless some ~ackup
form.,of'stora$e (tape streamer" PC) .k, available, ,contiriuous, recOl:ding.is not
viable. The altetnp;tive is to 1.1Sea triggering method (external or 114ternal)
which allows .the 1.UAitto only' store data pnce an "event' has beendetected,
A "pre ~event memory", simply a memory huffer, stores the pre ..trigger. data,
whilea simp!elong term, short term aver~ging (LTA/S'l"A) algorithm is used
for detecting a. trigger. Thh works well for local events. For detecting the
longC)fwavelengths of teleseismic even.ts a much more sophisticated alg1)d~hm
is neccessary, The simple LTA/STA approach, ana some teleseismic trigger
techniques were investigated. These techniques can be applied equtilly well
in software or hardware .." The software algorithms will be discussed,' along
with the hardware equivalent ...The LT..4jS1"Aalgorithm was Unplemented on
a PC .using Tu~'b~Pascal(5.5). The teleseismic triggering algQdtb:trr would
probably have to be iu:.plemented at a lower sampling frequency of 16Iiz
because of time' const1~Jnts (This sampling rate is adequate for t,efes.eismic
studies),
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The discussion of simple averag~ngtechniques is the same whether consid..
ering the software or hardware. case. Using a simple B..bit microprocessor it
is essential that all the computations be done as efficiently as possible. If
the length of the averages is kept to .multiplesof2, all multiplies and divides
can be achieved by eIther. shifting the data to the left or right. The $309
microprocessor has au .a-bit X a-hit multiply feature, but as this is extremely
slow it is to be avoided where possible. Time constraints. dictate that all
filtering, and. processing be kept to the minimum. The actual data repre-
sentation and deconvolution of the gain ranged data has been discussed in
the software section. Only the specifics of the LTAjSTA algorithms will be
discussed hese, The prind-pIe behind this method is to compare the output
of a long period integrator (Long term average) with that of a short period
integr~\tor{Short term average). This method is well documented (Ambuter
et al (1974), and Prothere (1980)], but will be dealt with briefly. A very
simple L'!'A/STA scheme suitable for detecting short period local events is
described by Ambuter et al (1974). Figure(4.1) shows ti~e>tl{lckdiagralu for
the hardware event detector. The long term averager is a nan '.wareintegrator
with a relatively long time constant, or a software routine averaging a large
number of samples, The signal is first rectified before .averaging. In general
the LTAjS'l"f,A.time ratio is between 5·100:1. Tht. time constant of the long
term averager is much l(1).~erthan the longest period of the seismic signo.l
that must he recorded. The LTA therefore sets the level of the background
noise, while the STA follows the envelope-of the incoming signal. These are
then compared and when the STA exceeds the LTA by a speeified amount
(the threshold) for a specified time (the duration), a trigger is recognised.
The setting Q£ the threshold and duration are critical, arid a compromise
must be made between the sensitivity of the algorithm to noise, and the sen-
sitivity to real events. To rectify the signa! it is unf(.'jrtunatelynot as simple
as taking the absolute value of the signal, due to p'oesibleDC oflset. Initially
it was thought that any offset would weight the LTA and STA equally,.but
after careful consideration it was decided that this "as not the case. It is
therefore necessary to calculate the, signal offset by taldng a true long term
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In tegeratc>r
11 .::: 5 minutes

Fi(1).re 4.1: tTA/STA ha.rdware .. Using two integrators

average of the signal. The off.get :must he calculated from a true long ter:m
average signincantly longer than the LTA. A value of 16384 samples (or 16 x
the STA) was adopted. This means a setH,? delay of 1 minute at a sampling
rate of 256H~, and a setup delay crf {)minutes for a 32Hz sampling rate. For
the LTA/STA :filters, Prothero (19801adopted a recursive filter ofthc form.

( '). . [:z;(i) +y(i ....l)(N -1)]
y t == . N

where N is the number of samples in the filter, y(i) is the filter output, x(i)
is the current sample and :v(i...1) is the previous nIter output, The transfel'
function of this filter is given by:

1 ..
HU) = N ~~..(N ~.··l)e-izrrFT

where T is the sample interval.
See Appendix(l3).

60



Hal1lJn}h.ld~,' ,}!::.;::!~O:..."'.....:O::::." '......... ....... ........ ..",._ _ _..,
1.0P ,-

0.1:10

IO.GO

0.40
0.20

O. 00 ',~--....,;:;iO;;,::::,·"·,::;;-~O*Il==::.;::.l~;::::;:~~~~=~F""'9ij~=~~\==~f==l

Figure 4.2: Magnitude response for 32 sample filter

The gain of the fiHeds given by

W(f)t = /N(i. +(~)'J2¥CQS(2,~ FT)
Figure (4.2) shows the magnitude response of the filter (for a, 32 sample

filter, '1ormalized to 1Hz sample interval). Figure(4.3) shows the response
of the filter tp a step input. As can be seer. from the figure, the decay time
of the filter is substantially larger than the attack time. This gets Worse for
filters with larger, values or' N. FoX'a pulse input and a filter length of 1024
samples" the average takes 2 minutes to return tJ. half its max.mum .value,
Prothero gets round this problem by noting that if we rewrite the difference
equation in the form

y(i) == y(i -l)+[x(i) ....y(i -1)]
N

considering [:r(i) - tl(i - 1)] as a correction term, and if the output of the
filter is decreasing; .this factor can be weighted to speedthe recovery. This
scheme has the a\l:vctntage that it is com:pu.t9-tionally simple! we only need to
know .the value ~fthe.latest sample at).d the value of the previous averag "
The disaciva:ntages are theproblems with the decay part o£ uhe.eurve,

A simpler solu~ionJs to use a true Ilrunning avera_ge,1where the la:~t7stterm
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Figure 4.3: Response of filter to a, step input

isadded and the first term is deleted from the previous average.

( ') . x.Ci) +- y(i ·-l)N - xCi - N)y % :=-
N

This has the clisadv 'llltage of having to set up a pointer scheme to keep track
of the fu:st and last element in the filter. The transfer £l:~lction of the filter
is given by

See a,ppendix(B)' The magnitude response is shown in figure(4.4) while the
response to a l'cctangul91' pulse Is shown in fig;ure{4.5}. 'I'he nlagnitude re~
sponse is similar to the fUter suggested by Prothero, and it dosen't suffer
from the recovery problems experienced with the previous filter. The extra
upkeep involved in calculating the average is balanced by the fact that no
weighting is required to correct the decay of the L1ter.

The values fo.1'the LTA/STAwas chosen to be16:1 (or 1024:64). "rhe thresh ..
old and duration values r,l,l'edependent (In the noise level. With a sampling
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Figure 4.6: A local event showing the behaviour of the STA and LTA values

rate of 128Hz, LTA ;:::1024 ~arnples and STA = 64 samples, a value at 30
(rectified data. is. an integer value from 0 to 327(7). for· the threshold and 50
samples for tbe delay was found to pl'a'Vlde reasoaable rejection of spikes,
while sInall evenl ISshould be detected. With a higher noise level present, the
algorithm would have to be made more insensitive by increasing the thresh ..
old and increasing the delay .: The response of the LTA and STA to a local
event is shown in figure (4.6). The 41t" in the diagram indicates that a trigger
has been recognised. A duration of 50 sa.ll.lplesin this case is about 0,5 of a
second. This was sufficient. to preclude mOf'/t high frequency spikes.
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Figux:e4.7: A typical local event withit'a power spectral density. The small
P wave train is followed by the larger S waves

The triggering or teleseisms from a singlestation is much more of a problem.
'I'lie p'wave on a long period instrument malt only provide a few signal swings
on which to trigger. Also in a tectonically ar·tiveregion, 0.1.' one with a great
deal ofmining adivity, tremors can be numerous enough to preclude using the
simple schemesalrejldy·wscussed. Apart from the fact that these tremors WIll
cause a trigger, making the algorithms sensitive enough to detect teleseisme
will alsomake them extremely sensitive to noise. Prothero (1980) suggested a
good starting point for triggering teleseismsis to look lor a LTAjSTA trigger
without a high frequency signal (>3Hz) present. Evans and Allen (1983)
have expanded on this idea and have proposed a teleseism specific algoritfun.
The algo~thm adopted by Evans and Allen reliably detected major phases
from earthquakes more than. 3° from the source while rejecting most noise
events and earthquakes closer than 3°. From their studies of dat.a in the
Western United States! they found that eventc "'t"llrringmore than 3° from
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the stations lose most 01 their energy above 2Hz. The frequency spec~:rum
of a local earthquake c()lltains energy up to at least 10Hz. As. can be seen
from figure (4.7), this is true for a typical local event. Typical cultural noifi~
such as vehicles and other natural noise such as willd tend to have energy
extending well into th~ 20Hz. range.

Evans and Allen suggest the use of a low pass filter with a corner frequency
of 2Hz and a LTA!STA scheme toohtain an idea of the PSD at·.the lower
frequencies, and a sittlilar scheme but with a 3 ~ 8Hz band pass filter for
the higher frequencies. The detection of a teleseism is th~n the occur-
rence of a low frequency trigger without a concurrent high frequen' tdgger.
Figure( 4.8) shqws the logi.ca1 operation of the modified Evans and Allen. a1-
goritlun. The algorithm .shown is a simplHied version pI the Evans! Allen
algorithm. The orig41al program will also detect very large local events (or
large teleseismic events which may, .lip, causing a concurrent high ftequerlcy
output). The original also prevents retriggering of the algorithm by bursts
of teleseismic signals. The algorithm in figure(4.8) is the hasic teleseism de-
tection algorithm, The signals from the band pass and low pass filters ate
rectified and Passed to the LTA/STA routine. This routine would be a sim-
ilar scheme to that discussed for local events. If a high frequency trigger
is detected, this retriggers a 3 second timer which inhibits any teleseismic
trigg.ers. Suitable &gital filters were designed (see Appendix(D) ) for the low
pass and band pass filters, however the algorithm has not been tested. ItWaS
inJdally thought. that teleseismic data frozn the 8~bit system could be used
:0 test the algorithm, but. unfortunately the data is already low pass filtered
at 3.Hz. Also no teleseismic data has been recorded on the 16-bit system.
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The system. has not as yet been field tested. Va,rious problem» were encoim-
tered with the prototype in the.labotatorYi and mos.t of the pI'bb!elUs have
been addressed ..One o{th.e major,r.oblenls was high frequency noise entering
the analogue stag~ ·fl'om tln~.2·MHzmicropi'ocessor dock. frequency .• Noise
was also introduced hy the follow and hold gates. Most of the noise problems
were sorted out, however the data given in the examples was recorded on the
prototype and. is rather noisy. Software filtering was employed on the data
to remove most of the aliased high frequency noise.

In the original design, the anti-alias filter, comparators and gain switching
amplifier were all on.one board. Three of these hoards were needed tor. a three
component system.This approach however Jed to all sorts of noise problems,
Initially the latehfor the comparators was "fiee running" at 1 MH~ {derived
fromthe real time clock). It wouldlatch.ori.the.downgoing.·edgeo!the 1Mhz
signal while the A/]) board logic was sensitive to the upgoing edge. This was
to ensure that the gaiu bits could not. change while the AID was latching
them. The presence of the 1 MHz signal, ..close to the analogue circuitry
led to major noise problems as the 1 MHz neise was being induced illtv the
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analogue BIle. Filtering of the powerIines (with ferrite beadsancttantalum
capadtcrs) did not lower the noise. 'I'he design was then changed so that
the gain was latched at the sample ta~e. A delaiYwas introduced between
the latching pf the gain and the follow and hold operation .to ensure that the
gain ranging amplifier and (."\)nt':'olcircuitry had settled down before reading
the data. This techniquehelped but tho signal was stiU'lOisy~ An interesting
aspect of the noise ( and one. that with retrospect can he a prpljlein with this
sort of gam ranging situation) was that the signal to noise ratio gets worse,
the lower the gain ! This is caused by interference after the gain switching
amplifier ~I).d the level is constant for all gain steps. This means that if
a large signal is present; when the Wl:1;Veis reconstructed, the noise in tt..e
high gain stages relative to the size of the signal is negligible. This noise is
however also ,resent in the low gain stages and it now becomes significant.
This produces a very strange signal where the high level inpllt (ie.low gain
steps) is dominated by noise. There was no simple solution to this problem ..
Even if the intenelJ.ng signal is a very high frequellc.f (relative) to the signal,
as in this case, it could not be filtered out. The major difitculty was that
any filtering after the gain ranging amplifier would produce large slew rate
errors and "noise" would be introduced when reconstructing the signal.

After many attempts at· reducing the. noise,. two main causes of this noise
were isolated.
(1) - Ths presence of the switching comparators and digital circuitry (latches,
decoders) near to the analogue circuitry, (80/-LV)
(2) - Bad layout ot the AID board, where the IMHz line used in decoding,
multiplexing and by the AID chip, was inducing high frequency noise .into
the analogue circuitry. (20mV)

The solution to 'problem (1) was to split the original hoard into three separate
boards ~ith three r.hannels on each hoard. So the .system now comprised of,
1 anti-alias filter board, 1 comparator board, and 1 gain ranging board, each
with 3 channels, This had a dramatic effect on the noise level and the noise
dropped to around the Ij.tV level. This noise is due to switching noise and
not due to the amplifier noise.

69



The solution to problem (2) was to change the layout of the AjD board and
again a dramatic impro~/emen.t occurred. The IMHz line was kept as .short
as possible and the digital circuitry kept physically as far away as possible
from the analogue. circuitry. Particular att :mtion was paid to· the "starring"
of the analogue and digital grounds, all having their common connection at
the' AID itself. The specified noise on the AID should have been about 1bit
ox 1,2 mV (for. a 12 bit + sign A/D). This was not quite achieved and the
noise is closer to 2 bits or 3.6 mY. This is however significantly better than
the 20mV or 4bits of noise achieved with the previous layout.

502 Dynamic Range

The overall gain of the analogue circuitry is x 1024. So the smallest signal
that is above the noise is say 5ptV p-p, The hu·gest signal is lOY p-p. So I,h,t
dynamic range is

10
20 loge 5 X 10-6) = 126dB

If we could. resolve down to the 1 bit level OJ' 1,2pV 134dB dynamic range
would be possible. Our limiting far.tor is the switching noise on. the A/D
board. The 126 dB is within the 120 dB to 140 dB stated as our goal.

There was no noticeable distortion due to gain ranging once the signal has
been reconstructed. Care must be taken when setting up the switching points
of the comparators (by adjusting the potentiometers controlling the recti.fl~
cation of the incoming signal) becauca if the ou.tput for one of the gain stages
slightly over-ranges, spikes appear in the data. tt is easy to see thisproblem
when the signal is badly over-range, but .Jit is only slightly over ..range then
random spikes occur in the data. Because the gain is only latched at the
sampling rate it is also not that easy to see with an oscilloscope, because
the spike is only seen if the sample point corresponds to the amplifier OVE~r-
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"~angillg~ ••·.For ..•~hiS·.·•.re~3(Jll.it·.'is·.•eMie,r•..tP se,t.•··.up.·-.th~ ....comparators •..··~n~u.the
latclUng. ~f~~B~;gcd11i$.(~~~;,~~nning" at'l M~Z.,. There is, ajtimper on the'
back pIa-b.e where the saPi~ling rate or t,he 1 ~\1Hz,sign",l'can be selected if
problems ~;e encpuI1tered in setting up, An altern~tive ~s to set: up th~Jgain
ranging sy:3tenl with a DC signal

The 5V. digi~~l $u~plY.draws 100.mA, ~nd.the ili15 V supply;' dtaws\',60 mA
per l'tnl; 'J;gis is:2,S. W 01'192 rnA at 12V. The powet<s'lpply using DC ..
DC C11.7Vet'tOl'S was found to be typically less than 75% efficient. The total
conUnuotl,s ~ttttellt wa$, approximately 300 mAo A more efficient power slfPply. -:

would nave to he considered for the field syste:tt~t

The ItTC can acceptbhe input either from a crystal or a clocksource. The
short term stability of a simple erystaJ. ,o$1'111ator used 1S< in the region of 1
in 106, This means an error of 3j6mS pet.. JUl'. At 256 !iz sampling' rate
one sample corresponds to 3,9 mS. So unless the time update was updating
the clock every hour errors would occur-after 1 hour. At 32 Hz one samr' .
corresponds to·31 mS.· This means 5 hours before errors would be noticed,
This would be just acceptable if the raw" tim.e synchronisation system is
used. If a TCXa (Temperature compensated c:ryst:ai oscillator) were used an
accuracy of 1 in ,It l could be expected. this is the case with th4'!present 8~bit
system where correlation b~40weenstatioas using the time update system is ..
betterthan lOmS. The eXPQ ,seo£ a.TCXO was prohibitivef'or the prototype,
but would have to he incorporated in a practical field system.

71



Figure 5.1: Weath~rpro(.)£enclosure

'"3 Channels
.~ sampliilg. rate 32Hz or 256Hb
~Anti ..alias fllters 8a:~,and 52H~(~3dB cut)
.. Dynamic range ::::;.26dB
,.. Noise figure 5/-tV
...Memory 384KByte expal1~q~~...+" A,144 MByte
.. Power Conf:lumption 2;4Vii
.. Time, accuracy :; t part in 106

A weatherproof enclosure, with the system rack mounted is shown in fig~
ure(o,l). ,The PC wouh:: also be mounted inside. ( A small motherboa,rd and
hard drive can easilybe accomodated in the enclosure). The batteries can
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Figure 5.2: Event at Vaal Reefs 18/07/90

also be included in the enclosure, small sealed batteries being adequate,

The prototype consisted or the acquisition system and 1memory board (le,
384KByte ~ 1 file of 4 blocks could be stored). The software was the same
as fol' the field system, except that only the one memory board was used,
It requires only minor software modifications to adapt the system to work
wit.h more memory boards. Figure(S.t) shows a local event recorded by
the prototype on 18/07/1990. Unfortunately thl4'e Wl:\S some unexplained
resonance at 21Hz and also some 50Hz power line noise present. (See the
PS1) plot ngure(5.3) ot the noise no signal present) An 8Hz softWare :filter
was applied to the data. to eliminate the noise. This particular event was a
large event (magnitude 3,9) at Vaal Reefs and the a.lgori.thmtriggered on the
S arrival. Figure (5.4) shows the entire event together with the trigger levels.
This was the first successfully recorded event and the triggering scheme had
not been optimised. Because of the large noise level present the triggering
scheme was set to a fairly insensitive level and as a consequence it did not
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F;guJ;e 5.3: Noise together with its PSI)

LiA := ~024--------~~,___---------.-------.-----_,.~-~
aTA -= $4. • . . .. . •.WIi\........ + ....

I~.~~
Figure 5.4: "rhe evant showhlg the tclggel criterion
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trigger on the P arrivals. The triggering algol'ithmwas being run on the PC,
a single channelofdata being recorded at 128Hz (in this case the vertical
chantlel) and dumped to the PC. The PC then apalyses the block £01' a trigger.
trhis p'irticular eyent was trigglJted using the siltlple rt.l"A/STA technique
(tTA;:;; 1024), (8TA:::;: 64), delay ·100 samples and f.he threshold e. 30. This
gave reasdll~ple rejection against spikes but was not particularly sensitive as
call be seen front the example, Reducing the value of thethl'eshold makes the
system more sensitive; while reducing the aelay makes the algodthntl more
susceptible j;o spikes.

The hi.ghest. sl;impling rate possible is dfi(,~Il:d0nt on the conversion titne for
the anl:Ll.ogueto digitaLconverter, for the ADC1225 t~ '2SpS. This is 7812
Hz fot a single channel, 01.' 2604 Hz £01' three cilan...1l Jl.ere is just enough
ti."1le, without triggering to prot ess three ch.ann,eIB a, ~8 Hz. With trlg~
gering, assuming am., average of 12 machine cycles. per instr\''l~tLo1):,.and .50
instructio:ns .£f'i1' .Y'he,·algorithm, .•a samplill,$ !:::'~(f. r.)f' 1j1:h~.would j'q~t be pos ..
sible (If; the algorithnfwas only. hl1plemenL~d !Cl' or.c channe.l). This may
be a. bit optimistic hut a sa,mpling rate. r£ .o12l{z, w ith trlgg~ring should be
possible.

75



A microprocessor based acquisition system. gives flexibility for possible lU"
ture modifications . .At tbe sampling rates used in seismolqgy a simple micro-
processor system is adequate for data storage and simple signal pl'ocessing.
tTnfortullately a large portion of time was spent building and debugging the
system, and as yet it has not been field tested. Only the time synchronisation
system, using the FM broadcast stations has been extensively tested, using
the present. 8 bit field stations.

A dynamic range of 138 dB should be possible using tues~ techniques. Noise
problems meant that this was not quite achieved (126 dB). Most of the noise
was induced into the AID analogue circuitry. Presumably microprocessor
switching noise and follow and hold noise. The gain ranging system also
proved rather diffi(;'J.lt to set up and if not correctly adjusted Can introduce
spikes into the data. Once correctly adjUsted however, the distortion. due to
the gain ranging was acer ptable. Top co:tnpression could be just as easily
incorporated into the design and the use of separate gain ranging boards
mean .. that these could quite easily be interchanged.
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Prothero (1980) has found that da,ta compression fot local events {l'elative to
continuous recol'ding)of 100 or g),'eater-(depending on the character pf the
noise) can he ac.lxievedusing simple LTA/STA a1go.dthms. Unfortunately not
enough data has been recorded to suhsta~ltia.te this clairn, however similar
compression sh<;>uld be possible. The ~ai;ca1program used to, trigger the

.. . . - - - . . .

events, showed promise, even in the presence of a large high frequency noise
envelope .• ~rge local events were succ¢ssful1y triggered, although with the
presence of the noise, setting up of the triggering criterion (durat~on. and
threshold) was critical.

The problem of teleseismic triggering and possibly failing to record an event
has not been fullY' covered, further work needs to he done and possibly a
separate board £o~detecting triggers could be clesigned. The externaltdgger
line to the DAC board would beused to initialise data transfer. At present
it is probably better to record all data rather than risk not recording an
event (with a number of field stations you may get one station that misses
the trigger and important data lost). There was also not sufficient time
to explore the triggering algorithms, but the Evans and Allen algorithm
(Evans(88j) should p!;Qvlde a starting point for further study. Also suitable
digital filters fOl' the bandpass and low pass filters required for the algorithm
are descr~ed in Appendix(C}.

The continuous power drawn (2,4 VV)is 3xIees than the 8~bit system (Thisis
the actual powerdri).wn by-the boards, not includi:r.,Jt the DC ..DQ converters
which were found to be very inefficient). Withthe pc.t~sibiIityof using amuch
larger h"affermemory (t\P to 6 Mbytes) the PC· is also powered up less often.
This means that one solar panel should he sufficient for the power needs of
the system.
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A simple crystal oscillator is not sufficiently stable for a practical field sta-
tion. At a 16 Hz sampliu6 rate, with a timeupdate once a day, the accuracy
wouldbe jttst withln tolerance, however at higher sampling rates (256 Hz) it
is totally impractical. (It was also found that with the time decoder units if
the. radio becomes slightlydetimed, the updates·faU·to operate. ·so cannot
necee;triiy rely. on daily time updates), A TCXa (temperature. controlled
crystal oscillator) such as the unit. used 10.the 8~bit system could be used,
but is unforttmately extremely expensive. Also using the time update sys-
tem, and assuming a reasonable amount of updates (once per day) tha~ sort.
of accuracy is not necessary. A cheaper alte:rnative is to design a circuit us-
ing positive and negative temperature coefficient capacitors to improve the
temperature stability, which should provide acceptable accuracy (1part In
101).

Using relays to switch capacitors onthe filter board to select different frequen-
cies made the construction of the nIter·PC..board difficult, The prototype
only has opt.ons for two cut frequencies, if more were needed the construe ..
tion ofthe boards would be extrememly difficult. To overcome this problem,
the system could be run at its highest sampling rate (with an anti-alias filter
for that frequency) and for lower sampling rates the extra samples summed
and averaged to avoid aliasing. (The averaging operation is in fact a low
pass filter as shown in sectioll(4)). 'I'healgorithm can be implemented with
adds and shifts andwill not inteferesedouslywith the processing time. 'I'he
large anti-alias filner boards and the associated switching circuitry can he
done away with. The power consumption will however be increased at the
higher sampling rate.
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Calic1Lnlation of <corlOlpa.rator
s'twitclhdirrng vtOlitages

The comparator circuit of :6.gure(A .1) can be simplified to the circuit as shown
in figure(A.2).

Then we can write

Figure A.l: The comparator circuit
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R$ VOh orv~ - ~ .
~:p.-C:::::J---e- ........--r-~ Va

.tQ

Figure A.2: simplified circuit

Where ~+ ifl the output for a positive SWitlg.

from [A.I}
V . YR-···10= tM. ~ J.i d

Rp .. (A.4)

substituting in [A.S} We get

(A.5)

substituting [A.4] in (A.21 gives

SUbstituting [A.5]into the above equation and after some manipulation. gives

y:.. _ ~+RgRs.+ VrRJRg
em - RfRD + R/RfJ+ RaRS'

similal'1y for the case of Vof i» ~ ... {ie, a swing to the negative rail) we get
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·...CaictL1Ila1tJl(oJQJ.of :tr.atnsfer
fUIDletli<OJlll§ {COIf averaging. fll~eIf§

For a dift'erEmce equation of the form (Stanley (84»

k Ie

yen) ::;:E aix(n ...,.i) - E.Diy{n - i)
i:::O i=!

. the transfer flL'1cti6n is given as ;

For a first order filter this becomes

_ . ao
-1+bZ-1

)Towfor the Prothero (SOl filter of the form

y(il~ Ix(i)+y(i;l)(N-l)]
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So ao:::;:: iv and hl - INII[ substitutin.g in (B.2)·gives

:" .. :

.' SimilarlJ~fot the ~real'averaging filter'

Y.fil.. ~(i) +y(i .'~ l)N ....xCi - N)
..... N

.'So ao = tr· and tw -. £ and vQ == 1 :s~bstituting in (BJ.) gives

1- e~jNZ1tf'1'
H(!·)··- ." " .._ N _,Ne-j21rjT
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Q1fumper §~iht].ngs for §~·55 I/O
Car(l~

The jUPl.pers on the I/O card can be cha:nged, th\ls changing the address
to ensure compatibility with the PC in use, Figure( C.lshows the table ox
settings, and the phYRical position of the jumpers all the card)
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.11/ J'3/
J2 ';<'.1

.1. .11 oJ;!

2 .11 J;;;

3 .11. .,14
.:

4 41 J4
r-

5 .12 ..13

IS .J:2 JZ

7' .12 " ....--.e .12 .14
.'

n J2Jj

t:l ;J,f.p

tl ..rlSo
tl J$o
o J4",

n J3b

JS

Jb .tF4- tF7
J~ ::W4 ... 3F1

.k-__ ~~~~.~ __• __ ------~
.tac- 1SF

JG

J.F'~ .... iFF'~--+-~.~~-----~~tC -3FF

",
\#~

Figure C.l: Jumper settings ,for. the 8200 1/0 card
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Flilter <CSllicVlliatnons for the
tlrnggerrling ta1Igo]~ithm

Suitable flltet's can be designed UShlg HIt (infinite impulse response) filter
techniques (Stanley [84]). The bilinear Z transform. (Bzrx) can be applied to
standard low pass analogue filters, to -obtain the transfer function. in the Z
domain. A Bandpass or highpass transformation can then be applied fo~'the
desired response.

It can be shown (Stanley [84) pp. 89~90) that the transfe.r function of the
form

can be represented in ,the discrete time·domain by the difference .equation

k I:
yen) =: .2:a;x(n - i).,.,. 2;ky(n - i)

i.:;;:O i:;:;l

It is <asimple rnatter then to apply the bilinear Z transform to an analogue
prototype and ~oohtain a dlfferenceequation which can be applied to the sein-



mic data. A standard 2 pole bu.tterworth response is used as the analaogue
prototype;. but any other response or order filt.er can be substituted.

-The Bandpass filter
. .. -

The 'standerd formfor a 2 pole Butt~1'Vforth filter is as follow;;,

(D.l)

where

where

where Vl. and 1.13 are the ncrmalised handpass cut frequencies and At is .the
ar,alogl.l,e low pass reference radian frequency (assumed to be;::. 1).

Now for a sampliag tate of 16Hz

So Vl ~. ~ = 0,375
and vs:;;.~ = 1

Then D:::: 0,66817864 and E ::; ~2;00000002

After manlpulation of (1) we get

Note from the 2 pole odginal, we get a 4 pole band pass filter.

The real.values.would also have td be scaled to·hlteger values for opere,tiona
with the microprocessor.
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So for this filter:

r coCJficTenrI Real variable. 1 i,,!,ieger 'I1ar~
~ % O~~l~M hlm

. .al 0 _, 0 .
(12 ..0,083632668 .: ~10393
a3 0--- ... 0
a4, 0,41816334 5197 ..
bl 2\03667195- 32767
bz 0,28383933 3521
b3 .;0.04350731 ~541
hi 0;209'71536 2606

~Low pass filter
Again the low pass butterworth response is given as

".(.) . 1·.!.:f __:S . ~.-~_ ---_-.--- : ~
i 1"' /2s + S2

and for the 13ZT

and litis the normalised cut frequency.

So fot loA,:.... 8~

After··manipulation of [2J

0,18669433(1 + 2Z-1 +Z-2)
G(z),~ 1- 0, 23146901Z._ 1 "+ O,20971536Z-'2
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Again the teal values must be scaled' to integer values.

So rer the low pass filter .~

~fficienf. L Real 'v(wiable r integer v~7'i;bi;j
1 ao 0,18669433' 16384

a2 OJ18669433 16384 .
hI ~O;23146901 ':20313
b2 0,20971536 18404
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.l\,.DDENDUM

The addendum contains the programs and data sheets for· the seismic data
aquisition system described in the dissertation.

- CONTROL program listing
.. DAC program listhlg
.. MEMORY program listing
.. RD _SElS program listing
.. CONVERT program listing
.. List of 6809 (6309) assembler rimemonics
.. Data sheet for 6321 I/O port
.. Data sheet for 146818 RTe

The programs listed here- are the prototype programs and will still hl),~"eto
modified further for field use. The programs axe structured as described in the
PDL descriptions. General comments ate used throughout however, to allow
people not familiar with assembler programming to modify th':! programs;



{:ONT~OL



LrBl.0~. {Global De~larat~on6 for Control Softwar~}
Cortsta.nte and variablE)s for rout.irtl;'!$irtCiRL and L!SL INC
LIBi. INC

MEMORY MAP FOR CNiRL aOARD

·, FFF0 - FFFF :::
FE0(z)- FFEF =
F'060 - FOFF :::
F960 - FO~F :::
F8(lJt?J - F9~F :::

Interrupt TablE?
Cortstartt Data Area Mes$ages etc.)
Interupt Routine'"
Subroutines for main program
ProgrCl.in;

;
;

·, 10!2){(J- 200(2) ==
(2)80(2)- 0FFF ==
00(2)0 - 1117FF =

VO\riable D\'?taArea
U$E;r Stack
System StacK

; GENERAL CONSTANTS-----------------
;
INT_TABLE:
START_AODR:
CaNST _AI)OR:
VAR_AOOR:
F!RQ_ADDR:
IRQ_AOOR:
SWI_AOOR:
NMI_ADDR;
PROC_ADDR:
;
STACK;
USER_STACK:
;
EN_FIRQ;
D~S_F1RO:
·,ORG CONST_AODR

g·QU 0FF';-;-6h
r;:OU 0F80illh
EQU 0FE00h
EQU !2l1000h
EOU 0FDF0h
EQU fZl000Wh
SQU (2)0000h
EOU 0FD61llhsou 0F960h
EQU 007FFhsou 0Q)PFFh
EQU I2lBFh
SQU 040h

Addr of int. table
Start Of 2716 EPROM
Addr of Constants
Addr of variables

; Fast Int proc addr
Not use:!
Not la.E;ld
NMI Add.r

; Proc Start Addr
; HardWare Stack addr'se$
; User stack address

Enable fast interrupt
I Disable fast interrupt

;
KED_TABLE: OF'a 00Elh\l0C3h,f?jC13h,00::Sh,(2)Deh?f2)C((l!-.~cah,(2)DlZlhJ

(2)09h,f!JC1h,0C9h»0Dlh,lf2)P2h~.2)CAh,0C2h,({,lDAh
Keyboard laok up table
Screen Mes$ages

;
MSGi:
MSG2:

DFFJ "StCl.tionNumber? $'1
OF'a "Sampling Rate? $11



MSGS,;,
MSG~:
MSG,5',~
1'l6Gb:
MSG7t
MSGa;
MgC9.tt:
MSG'~'b:

DFE "1';1-'14'.... Ye"",r J $"
DFB "Xhj:1u", Mohth .~,$"
opa "Input 'o~y: $"
OFB "Input Hour '~. $"
DFS "Input Mi'''Iute5 : $"
OPE "flrss$ lany key e $"
DFE "Pl"'esgany key to ;#"
DPB iI$tar't sampl,j,ng. $1'

,~--.------~--~~--~~~~~------------~--~-----------------~-,;
; OISPLAY CONSTANTS
'.,
Or~lPLAY=
OISP~CTRL;

E:QU flJ4(lH21Lh
Et.!U 04000h

Display port addr
Displ~y control addr

;
CLS:
HOME:
;
ODRAi"l::
;
INrf _VAL:

EQU (ll01h
EQU JZ)W:2h

EQU I2lS0h
EC!U 0:s!t:h

; Cls~r the display
~ Sets CL!I'"'SOl' to" home
; Internal ASCII set

SoftW,",rb' init value
_J.

; Display anel Cursor Controls.~DSP_ON:
CUR_.bN:
I3LNI< .•_PN ::
DSP~OFFg
CLlR_.OFF:r
BLNK~OFF=

EGlU
EC!U
EQIJ
EQU
EQU
EQU

({)IZlCh
!Zl,!?JAh
i2lt2l9h
1Z10Sh
01llSh
IZ1(2)13h

; Defined Cursor t>'pes : 1 = 131inking. Cursor
2 ~ Standard Cursor
No = No Cursor

;
CURSOR_TYPE1 :
CURSOR_"'YP~2 :
NO~CURSOR:
DI SPLAY_OFF:
;
; 6:ntry Mode get
;
INC ....SHIFT:
PEC_SHIFT:
t NC_NO_SH I FT :
DEC_NO_SHI FT =

;

EG!U
e:QU
EQU
E:QU

(OS1?_J:JN,} OR {CUR_ON} DR cBLNK_ON}
rO$p ....ON} OR {C.UR_ON} OR CSLNI<_OFF)
(l)$Fl_ON} OR (CUR_OFf="} OR £BLNI(_OFF}
PSP_OFF

EQU ffJt?l7h
EGlU 14l(i)5h
EQU 14l06h
e:LlU 004h

Inc and shift ~isp
Dec a~d shift tiisp
Increm~nt without shift

; Decrem;.;:ntwithout shift:

Cursor Display Shi.ft...,
CURSOR_R: e:QU 014h



CURSOR_L:
·P!SPLAY ....R:
DISPLAY_L;

; Func.:ticulSet

~QU .: WHIM
lWU 01Ch
EtlU 018h

(no. of bj.ts:;) (dq'ty cycle) (dots in LCD .matrix,) .
.;

. SET_FliNCi:
SET _Jt:'UNC2;

~QU· fZ)'"SCh
··EOU (2)38h

;
PIRQ:

KEYBOARD CONSTANTS

.,
KEYBOARD:
RESET_KED:
;

·A KEY:
BZI<EY~
C_KEY:
D_KEY;
E_KEV:
F_I<EV.:

EOU -aI:lFh
EOU 02001.11
ECilU ·0A001h
EGI'J (!)FAh~
Etll.J f2)FSh
EOU 0FCh
!;:CilU eJFDh
£::OU 0FEh
EClU 0FFh

f8l,. (1/16) '1 (5'H0)
; t8j.~ (1116 h (5::17 )

; FIRG sel for C~AI
Keyboard Read ACId r
Ras~t keyboard interrupt
Val of alpha-c:har~

; RTC CONSTANTS
.'. ";
RTG:
RTC1. :

;
; RTC registsrs
:;
SEC_REG~
MIN_REG:
HRS.....RES:
DAY_RZS:
MTH._REG:
YRS_REG;
REG_A:
REG_B:
REG C:
REG......D:
;
EN_RTC:
OIS_RTC:

EQU ··08000h
EQU e8flHlJlh

EQU 000h
£::QU 002h
EQU 004h
EQU IZlW7h
EClU tz)!ZSh
EOU 009h
EOU 0(ZlAh
Etm !ZJ0Bh
EClU 0fZ1Ch
EGU 1Zl0Dh
EOU .0(!)Ah
EGlU (!JeAh

;
RTC_SEL_32HZ : EGlU 008h
RTC ......SEL_256HZ: EGW·· 000r-

;; Memory mapped .3,ddress· for RTC



·,
ST~_32=
STR_2'56l
;
T 1f'lE:.J'IASI<:
OATS_MASK:

OFS 1132 Hz $"
DF'S "256 Hz $"

.oF'S 1I(2)t'iJ:lZl0;0fli$H
OF'S l1flilZl-0fli-!Z)((J$"

liD PORT CONSTANTS

Memory mapped Port ~d!;,jrE?$$(Comma port;." comma with other board)
(10 port ....control of anU"'al.ias filter,
date direction, time update, start
sampling.)

; .

CO~1MS_"pCIHT : BOW
COMMEl_CONTFlOL. # SQU
IOYORT I' SOU
lO_CONTFWL: FQU

1Zl60!?J0h
0601ll1h
061Zlfll2h
0t>003h

;
; Select data direct;i.oh em 10_PORT
•R
DAC_ME:M:
CTRL_liAC;
CTRL ......"1E:.M:
CLEAR_TFR:

EQU 10000rtJflll(Jb
5:QU (2J(2)1.000(l)t?Jb
e:QW 0 J.IlJIZHll00(2)b
EQU W001.1U.ib

OAt:: to MSM
; CNTRL.. to OAt

eNTRL to MEt1
All tri-st.ate

·,
AA .....32_8EL.. =
AA_12S_SEL.. ~

EGlU 00W0.10W0b
EQU 12l(2JI2).1.lZlW00b

;
I'ME_UPO:S:

•,
; Time updatl:!bit on lOYDRT

•,
; Start sCillTlpl ing lina on IO_prJRT
;
SMPL_l. I NE:.....'ON: EQU 1ZJ0Ql(2)(lJ(2l(2}3. b
Sf'tiPL_L!NE::._OF'F~ IiQU 11.111110b

;
; 110 modes for 110 ports
;
rO_MASI<~
ALL_OUTPUT =
Al-L_INPl.li:

EQU 111:!.:t111l1b
EQU ll1FFh
6:QU 01i.i0h

one input 7 Qutputs



NO_HSHA1<E:
OI,J't _HSHA1<E:
rN-,~SHAKt~

•,

EQU (()1ll4h
E;QU 024h
E:QU 02Dh

g
CHECI<_STATU$: EQU (!JEHiJh·JL ~ ------ ~

;
ORG VAR_ADPAl
1I BENERAk VARIABLES
; -~--------~------;
Stc:1_r1UllH
$am,l'lle_r~t.(;?1
ye~,r:
month;
day:
hdur:
tll.i.n:
S~C:~
olel_hour
temp_val =
t tme g
dC\t.~=
1a tc;M_tnls_cl ta ':
Q 1d _~,H;:lCa

OF'S 1
'oF'S .1.
OF'S 1
DF'S 1
PFS 1
DF'S 1.
OF'S .1.
DF'S 01
OF'S 1
OF'S 1
DF'S 9
OF'S 11
OF'S 6
.oF'S 1

•,
j D ISPLAY VAR IAl:R.SS
~ -----------------;-
\i5P ....dC\t~,::
dl.'::,,:;_rturn #

DF'S 1
OF'S 1.

KEYBOARD VARIABLES
;
;
l<eYPI'"es,sed;

;
; IIO PORT VARIA13!...ES

; --------~---------;
nltti_count#
nmi""",fle\g:
io ..reg~
•$

DFS .1.
DFS ,1
OF'S .:.



CPU "6809. tol11 .•......

HOF "in1:1611

{-----~----~---~-------.~-----~--~---~----------~~---~--1; { P rog ram CoN'tROl,..
c
{
c
{
{

.; {
(

)
}

This program i~ writteH1 uSihg th$.l X16 c;l'"OSS assS!mblerd
The program cClntrols the input of data from the }
1<E:?yboarc:l, the riTe, the LCO cjispLay and data direction J
and transfer from· the three uP boards DAC, eNTRL and )
MEM. .. . .... j

}

.,
INCl,.."L.X81.PCL"
,j

; (Setup interrupt table)
,;.
ORG INT TABLE

- DWM ~lHQ_ADDR
OWM lRCl...,;AOPR
PWM SWI_ADDR
PWM NMl_APOR
DWM START _AOOR

FIRCI Procedure Stc;\t"t Addl'""efss
; r~G Procedure Start Address (not used)

SWI Proc:.dure Start Address (not used)
; NMI PrcH:edure Start Adc:lre$$

27l.6 Eprom Start Addr

( Proc;sdure Re~d_f(eyboard (l':'iRCl) J
C }
{ Fast Interrupt reCjue!st proc~dure - The ihterrupt :i..s}
{ reset and no 'fur·ther action tai<en. All keyboard }
{ inter·actiol"l:(.$ done using cWAr operations - (wa·;i.t )
{ for j.h terrupt operatiClns) j

;
ORG'. F'IRCl_.APDR

L..OARe:~!iT .•.J<aO
(Resert Interrupt)
RTI .
(I~~turr fr·o.m :i.ntsrrupt)

.,----------.------~-------------~------~------~------------------{-------------~----------~-.--~-----------.-------~-~---){

.; {
; (
.. {p

Procedure L..atch_Trans'f(;;?I'" _Time (NMI) ;}
}

Non"'masl<able int.errupt proc:edlll"'(:!, NM! on uP Reset is ,}
ignorl.1l'd. F'irst Ii~set latches the Time~ the .Sec:t:lnd }



; (transfers th~ data
{

)-

J

•,
O.f:{(3NMr _ADOR

•1 (Check nmi_fl.;tg to see if NM! is dus to reset ie. ignore first
NM,I aTter .;1. I"'eset).j

11

LOA l11ni,_fla9
CMr"A #.0FF'h

; (Checl<. nmi_:.f: l~g)·II
SSG! START _NM 1

; (If nmf-cflag Thsn aranch to START_NMI)

LOA #(Z)F'Fh
STA nOli_'f lag

(Else nOli_flag :;::; True)

RTl
.'; (Return from interrupt)
: ';
START _NMI #

(Latch time (!,In .first NMI~ Tr.:sa.nsfer Time em the eeco.nd NM!)

LPA nmi_count
cr'IPA #!2J(Z)h

(Check if fi n;i: or second NM.l)

ENS XFER
( 1f second NMt ·branch to XFER)

JSR L.:1.tch_Time
(Call proce.:Jure Latch_Time)

lNCA
eTA nmi_courlt
SRA RST

; (Set nmi.~Qunt and Return)
;
XF'ER;

JSR tnit_Ctrl_Me1ll
(Setup tral1er!;!.r Ctrl-O';IC)

JSR Transreu'" .....Ota
(Ca 11 Procedure iransfer _Dta

LOA #0Cl.Ih
STA nmi .....court t

( Reset r"ni__coun t )

JSR INtT_DAC_MEM
(Se+up transfer Da~-Mem)



",
RET: RT!

(Ret~,.(rn from interrupt)

.,"~----,-----~",,,-----------~.-----..-.-----..._.
'l

; Inc:1ude the 1ibrQlry Procedures LIEL.INC
;
ORGPR.OC_ADOR
l:\lCL "L. tEll ol NCO'

;
; BEGIN (Main Flrogram)
;
ORG START_ADOR

LOS #STACI<
LOU #USER_STACK

(Setup hal'"dwan~ and U$~r ztackSi)

LOA #l2ItLlh
STA nmi_flCllg
STA 11m i _c.ount

(InitialiSiS var:tableSi)

JSR Ini.t ....forte
JSR Init._D;{.splay

(C""ll initi<AliSiation pl'"o'.:ch.,lres for Ports and Displ<AY)

ANoce #SNjIRGl
(Enable Fast interrUpt requests)

L.DX #MBGl
JBR Write_Line

(ttJri te MBGl - Inl,ut stCllticm number tt) displQ\Y)

LOX 4~$ta_num
JBR Read_String

{Read two digit. I,IQlril'!lbl.e from keyboa,"d into sta_nul11)

JBR Clear
..lSR CUI'"_Home

(Clear Screen and Cursor Harne)

LOX #MSG2
"leR Write_Line

( Write MSG:2 - )!nput. sampling Rate)
~
GET _SAf1PLE_FmTE:

LO~; #STR_32
JSr~ write_String



(Write Ma~sage - 32 Hz )

LOB #R1C.._SEL_S21-lZ
; (S_Reg r= 32 Hz se lec::tion for RTC)

JSR Read~C;har-
LOA keypr-essed
CMPA #":0

; (If keybq.'lrd c:h;,tracter pressed:::;:A then sel ected E:lse continue)

(Dec:::rement

SEQ SELEcrt2P
LOP. #07,11"
SrA" dec~'jJ1um
JSR, Oec~.Oispla}1

the display by 7 characters.,
UlX #STR',...256
JSR Wr.tt~~_String

; (Wr,i,te message'" 256 Hz)

LOS #RTC' •..E:1E:L_256HZ
:= 256 Hz seledtion fOr RTC)

JSR Re~d_Ch\S\r
LOA keypressed
LIvjPA #"~11

; {If keyboard ~!l'iar·acter J~ressed = A them selected Else continue)

LOA #1Zl1 1'1
alA deC_Mum
JSR Oec.....DisplCAy

(Decrement th. ~isplay by 1 cnaracter-s - length af mesaage)
BRA Ge::r_SAMPLe:..J~ATE:

(Repeat Unt..tl keypressed :::;:A)

SELECTED:
sora sampte_J'''. te

(store selected sample rate'
JSR SelYilter

(Select the anti-alia. filter)
JSR Init_Ct,'"l_Oac
LOA sample_rat.e
JSR Xfer .....AReg

(Tr~~n$fet'" samp 1e_rate to OAC"'boal'"'d)

JSR Init...p;$c_Mem
(S~1:up data tl~an$fel'"' l1AC_ME:M)



•,
JSR Cletar
JSR ClJr_Home

(CleQ\r DispLay)

LO"JSR
LOX
JSR

(Input Vetar)
•s JSR

JSR
LDX
JSR
LD~
JSR

; (Input Month)

JSR
JSR
LOX
JSR
LOX
JSR

; (Input day)

JSR
JSR
LDX
JSR
LDX
JSR

(Input hour")

#MSG3
Write_Line
#year
Rea.r:i_String

Clear
Cur_Home!
#1"1S84
Write .....L.it:le
fl:month
Read_string

Clear
Cur _Home
#MSG5
Write_Line
#day
Read_Str~ng

Clear
Cur_Home
#.MSG6>
Wri ttl) ....L..{r.e
#hou\"
Reac.1....Str'int;J

JSR
JSR
LOX
JSR
LOX
JSR

(Input Minutes)

JSR Clear
JaR CUI'"_Home
L.OX #1"tSSa
JSR Wri te_Li.ne
JSR Re.ad_Char

(St..art ClcH:::1< when key is pre$$ed with selected time)

Cle.ar
Cur_Home
#MSS7
Writs_Line
#min
Read_String

JSR Ini t_CLoc:k
(lr'litialise Rre)

JSR Set_Sel



; <Set selected time ahd date)
JSR Start_Cloc:k

(Start the RrC run:iing.)
JSR Clear
':SR Cur ......Home
LOX' #MSG9c:1
JSR Wr;i,te_Line
LOX #MSG9b
JSR Write Line

; start sampling after ke-ypr~5:;.sedand transition of a sec:ond

JSR READ_CHAR

LOA . #SSC_REG
JSR' RrC_READ
STe old_s,ec

; (Read !Second$; from RTC ""nd store in old_sec:)
'j'
START_SEC: JSR RTC_Re~AD

eMPS old_set:
SEQ START_JSEC

(Rt.-Cldsec:onds from RTC ~\\nd c:ompare with old_se.c:)
(ContinuE? em' tr-ansi ticm Of a second)

LDA
ORA
STA
eTA

(Or SMPL __U:NE __QN
enable the AID)

io_reg
#SMPkJ..1NE_ON
iO_N~g
roytJRr
with the iO_I",eg (inputloutput rl;':!gi$;ter) To

.;
JSR Clear
JSR ClJr _Hom~e
LDA #NO_CUReIOR
SrA rnSp __CrRL

(Clear DiSPlay and hide c:url"?r)

;
MAIN_LOOP;

JSR '. Chi:1t:I<_Upcla.te
; (Call CtlE?ck_,.UPdateProcedure- t(:)' (:hack for til'1c;?$ync:; pulseS from

the time-sync card)

LDX
JSR
';8ft
JSR

time &.

*year
Read_Time
Write_Timt:ll
Write_Date

date and outPlllt to display)
eRA MAIN~LOOP

(R~peat MAIN",J; .•C10P forever)



· .;
END



LI131.1NC

; Included are ~
- Oispl~y RO.L.\tinesfor the 68(2)9 uP for driving tht::

Optrex LCD Display DMC16249~
- Routi,nes for Read ing the KE?ybbard
- Routines fOJ~ the the MC1'468);$ re.;;!l time :11ock

The file 1...1Bl.0tL, c:o.nstatlt and var+'l.Ole
declarations for· tht} routines; given l"iere must Cl.].$0

; be ir\(::;luclec:l in the sour Gte fU~.

;----~-----.....--------~--~-.......~------~--------~--~~-........---
..;

,~-==:======::::====;:;::;::;:'~';::=-===;:;==:::::=::;==-===:::;::-:;:==;::;::======'::::=';::;:~;:::';::':;:' ,;
;

Des~ription of Display Procedu~j$"
.j.
.;-

Procdure Init_Display
{ Pel'"forms the tlecessary softw<;!.rein i tie 1isatior'i

for the O?TREX display }
",

Procedure Clear
{ Clears the display = JSR C~ear }

•,

Procedure Cur_Home
{ MovE;lsCursor to home position ., JSR Home }

; Procedure Oec_OisplClY
{ The c:Ii.splay is deleted fr,jrt\tnt:: cursor

by the ammount specified in the variable
dec_num )

Procedure Write_;String
{ The address of the start of the string is
loaded into the X register, 6\nd the proc:edure
called. The string must be

terrt\~nated wLth a • }
·.,.;

Proc:edure Writ!S'...;.Line
( The addrs$s of the start af the string is
loaded into t.he X register, and the procedure
called. The string must be terminated with a $.
The pr<;:)gral'llinsert$ up to 4121blanks }

·,

Procedure Oelay1
{ 'Long delay'}

;.Procedurt:;>OelaY2

•,
;
.;



{'Short d~lay'}
;

;
;

; . _-Ini"t_D;:spl.ay'!

;
,P,"'ocf:dureInit_Oisplay

Software Init proc~dure - Se!e OPTRF.::X'Mctnua,l

JSR
LPA
STA
JSR
LOA
STA
JSR
LOA
STA
JSR

DeJay1
#INIT .,VAL. ';
blSP_CTRL
Pelay!

rDISP~CTRLJ .- tNIT_VAL
Wait mti~e than 4i~mS

#INIT_VAL ; [DISP-,CTRLJ := XNIT_VAL
01 Sp_erRL . ,; Wai t more than 1I2HZ)uS
Delay1
#tNIT_VAL
Dr8P-,CTRL
DeLay 1

; [nrSP_CTRLJ : :::; INri_VAL
; Wait more than t00uS

LOA #SF.::T_FUNC2; 9, 1/,16 d: ..ty ~ 5~(10 dots
!:iTA OISFJ_CTRL
JSR Oslay1
LOA #CUR ..."OFF' ; Switch Cursol'"Qff
STA PISP_CTRL
JSR Del.ay4!
JSR CLEAR Clear D~splay
LDA ~·HNC_NO••3HIFT .
BrA nrs= _CTRL
JSR Oelay2

lnc no shift

;_

LOA #ODRAM
aTA DI~P_CTRL
JSR Delay2

;
JSR CL.EAR

Inc: and shiftLOA #rNC~ ..NO_SHIF'T
SrA OtSP .....CTRL
JSR Oelay2
JSR: CUR_HOME

L.DA #CURSQFLT'{PF.::1
SrA DISP_CTRL

; CUrsor Home
Sel fli:.\shil'l9



;;.-.--~~------------~~--------~--------------~---
;
Clear: PSH\-I A

LDA #CLS
srI>. OISP _CIRL
JSR Oelay2
PULU A
RTS

A_Rsg .::::CLS
CO.!SP_CTRL..J ~;:::

•,

Procedure Cur_Hom~.,
CUR__HOME:

PULU A

PSHU
LOAsrA
JSR
RrS

A#HOME
DISP_CiRL
Del,;$.y2

A_Reg :;::: HOME
CDISP_CTRL J : =:;

; End THome;> }

-j-

Dec_Display:
PSHU :e
LDA #OEC_NO_SHIPT
SrA PrSP_CTRL
JSR Delay2
LOA #CURSQR....L
LDB dec_num

OELETE_CHAR =

Set cLI.rsor left
a_Reg ::;:dec_nufTI

STA
JSR
DECS
eMF'S
ElNE

IHSP_CTRL
Dslay2
#l!l0hDt:LETE_CHAR Until d~c_num ::;:0

LDA #1NC_NO_SHI F'T
STA IHS.P_CTRL·
JSR Delay2
PULU 8



RTS ; Ret.urn

.,_._.,-----'_..,__------- ..........---- --------------- ......._-_,....___,.
;
; fJl"<ocedur~ \4)l"'i ce_String
;
W"'it.~9.....String: PSHU A

LDA ~X+ (A_Ret;;). p::: L (Reg_X ) J
; (Reg_X) := (Reg_X) + 1

CMPA #11$" «Reg_A) - 1'$")
SEGl ENP ....W__ST (If tel-O : E:ND,JAI_S,')
S'iA o ISPLAY ; CDISPLAYl t= (Reg_A)
JSR Delay2 ; Call Delay2
aRA Wri b?_Stri.ng

ENP~~W'_ST:

End
PUCU A
RTS

;
Wri t's_Line.:, PSHLJ PI

PSHU E
LDB
LDA
CMPABEQ
STA
JSR
INCa
BRA

CHE:CI<_L INE:_LEN:
LDA
eTA
JSR
CMPB
,SEQINca
aRA

AAA.:

PULU a
P~LU A
R1S

•,
Delay1:

#0(21 ,
~X+
#"$11
CHECK_L rNE_LEN
PISPLA~'
Delay2

; P Reg e= CHeg_X) (inc: X_Reg)
; c. .to.fc:l<for ant:!of string

8ranC:h'if ~nd of sYring
W.rit.e c:;ha.r, :ter to disrJ!<;ly

AAA
:14:" 'I ; fill. with blanks
DISPLAY
Oel~y2
~~27h ; Lang ..h tl'f lin::: (4(tJ c:harc:ters)
e:ND...;.WR_LINE

CHt=;:CI<_LINS_LEN

":.' '

PSHU A



LOOF 2:

LOOF!:

FlSHU 8
LDA MJl?Jh

LO'EJ *00h
INCB
CMPE #(7J4eJh
ENE: LOOP!
INCA
GMPA #0PFh
ENE: t...OOP2
PULLi :a
PULLi A
RTS

;
bELAY2g

PSHU A
LDA #0(211,
INCA

CMPA #17JPFh
ENS: J,..OQ}")3
PULU {' .'
RTS

-~~------~------------------------
Proc:edut'"'1;1Rt'i.!ad_and~Ec:ho

{ Pt'"'ocedu·r6! wai ts TC)I'"oii\. key to <be pressed; arid
echoes the charact.er to the Jisplay. The lower ;
nybble of t~he variable key_pressed ccmt.ains the
~ex value Of the input key. The uPPer nybble
should be .nded out for safety ••ke }

ProcedLlre ~ead •.Char'
{ Procedure waits for a key to be prassed, and
tn& valkle written to l<ey _pressed a$ in
Reac!_and~l;:t:ho. The valye is nC)t hQwaver ec:hC)ed
to the display } ·,

Procedure Read_String
( Reads two digit nu,Tlber from thElikeyboard and

stores them in a one byte variable r:.:>!tedto
by -ahe X_~eg in eel) form~t )

·,
;

;- ·Ilf-



.,
R~~d_And_E:oho:

; Pl""ocedure..Re~d....And_£Cho

PSHU A
PSHU B
PSHU X
CWAI
LDA
LDX
LOANEXT;

#F1RQ
KE:.VBOARD
#l(SP _tABLE
#0t;?h

Wait fbr FcH:it Interrupt
Re~d keyboard latch

LOg ,X+
eMF'S Kt::YSOARP
SEtl FOUND
INCA
ER4 NEXT

FCHJND=

Compare chptc:terwith; L.Qokup table

ADOA #3121h
stA keypressed

STA
JSR
PUL.U
PULU
PULU
RTS

M.ake valt>.E?Ascii.
store value in keypressed

DISPLAY
Oela.y:2
X
a
A

; Return

.,
Read _Che\!'- : PSHU A

PSHIJ a
PSHU x
CWAI
LOA
LOX
LOA

NE.::XT1=

#F'IRQ
l<EVBOARO
#KSD _TASL.E
#fllflJh

Wai t far interrup·t
ReMd kmyboard latch

Loa ,X+
eMF'S I<EVBOARD
SEQ FOUN01.
INCA
ar~{'\ NEX T.1

i='OUND1:
At)DA ~t3(2]h
Sl"A keypre?s$ed
j;lI;JLU x

6



PULU 13
PULU A
RrS Return

;
Read_String:

JSR
LOA
JSR
Lt>I3
SUBAsueS
BOLA
ROLA
ROLA
ROLA
STA tl:1mp_..val
AnOa temp_v~l
8Ta ,X+
JSR OELAY1
RTS

Read_and_Echo
KeYPl"'ss$Sd
Read_and_Echo
KeyPr-essed
#3l2Jh···
#3!ZJh'

Read Keyboard
A.....Reg J= l(eypresSE!d
ReCld I<eyboar-.d
B_Reg ::::KsyprE!s$ed
Make Ascii

; Sh.i.f t val ue in A,_Re~Jto
high byte

Make BCD valUE! of the two byte~
Write to vcn""i.:ableCX_RegJ
Return

;
; Descf~ptior of Rsal Time Clock (RTC) Procedures •,
; :":====:'::===:::=;::==;:',~:i' ;:;::::::;:;:===:,=:;::;'======,:::::::: ===~~=:::===========:;::';

Procedure RTC .....Writs
{ Procedure to write data to the RTC. Reg_A
must bE! lOdoed with the addres$ of the RTC ;
regi!ster, Reg_B ~o.dththe Oat.a } ;

Procedure RTC_RE!Ci\d
{ Pr-oc::edur~to reCid da.ta frOm the RTC. Reg_A
must be loade::dwith the t3'idre!Ssat the RiC
r egister- p Reg~J3 wi 11 contain the d.:\ta·j

Procedl..lreInit_clock
( Initialise 24 hour, BCD format, &

sampling rate }
Procedure Start_Clock

( Enable start bit )
; Procedure Set_Sel

{ Set All the time & date reg1ters to !Selected c;



values }
Pl"'ocedure Read,...Jime

( Read time into Time and date variables }
Procedl..4reUpdate_Time

'[Update the time var'iables (year ••••• seconds).
wi th the pre!:)f,;mt.time from RTC }

Procedure:: Write._Time
{ Write time to display }

Procedu-"2 INrit,e_Date
'[Wrl.'tedate to display }

Procedul"'e Split_Wl"'it.e
; {The one byte aeD variable passed in A.....Reg is ;

spl it into .f-"J:;J ascii Characters and the two
ascii chal~a\.ters are s1:ol"'edin the variable
pointed to by X_Reg}

Procedure Latc;n.....Time
'[The date and time data is read into t.he

Variable latr.h_tme_dta }
Procedure Check_Update
'[Procedure ~heck$ a 10 second window about the

hour for a sync signal$> resets the minutes and
seconds c;ounters,~ and uPdcates the hour if
nec:sssar-y..(~'lIle pr-ocedure ignores any updates
ar-ound 00h00.) ) •,

•,
Pr-ocedul"'eSet_Hour-

(used by CheCk_Update to reset minutes and
seconds and to update the hour } .,;========~~~~~=====~~=========~======~=~=~==~=~=====:;

Procedure RTC_ Read
;
RTC_Read: STA RTC

LOS srci
RTS

; RTC Register in {4_Reg
elata in a_'''9g

End (Rle_Read)

Pl"'ocedUl"'1:?RTC'""\Write
;
RTC_Write: eTA RTC

STa RTc~t.
RTC Register in A_Reg
data in a_Rsg



RTS
; End {RTG ...)JrH:~)

-;
Init_G10t:k~ .

LDX #iIME __MASK
LDY #TXMf;

HHf-i: LOA ~X+
STA ,Y+ .
C.MF'A #1'$"··
ENE HHH
L.DX #DATE.....,MASK
LOY #tiate .

I ""I: LOA ,X+
STA ~Y+
CMPA #"$"
ENE HOH
LOB
LOA
JSR
LOA
L.OB
JSR
RTS

s~mplia_,...~te
#REI3_A
RTC_Write
#REG......E
#OXS_RiC
RTe_Write RTC disabled

Return

;
STAR'r _CLOCK:

LOA #111::(3..)3
LOa #EN_RTC
JSR RTC_Writ.e
RTS

E:nable RTC

End (Start Clock)

;
SET _BEL g LOA #YRS __RE(3

LOB year
JSR RTC_Wi'"ite ; Write years to RTC



LDA #:f"lTH_REG
LP8 .. month
J.5R . HTC_Write ; Wri,temorith -t:9RTG
LOA #DAY_~EG
LDB day
,]SR RTC_Wri te Write days to RTC

LOA #HRS _REG
LOB hour
JSR. RTC:_Wr i te Write houn:;. ttl RTe

LDA -.#M !N_RES
LDS·. min
,'JSR··· RTC_Write

..~

LDA #SEC_REG
LDS #(2)f2lh
JSR RTC_W,rite
RrS

; Write $e.c:.tlnds to RTC

Encj {Set_Sell

Updates the vlSlriable pointed to by X_Reg
;
RE:'ad_Time:

PSHU A
PSHU B
LOA -. #VRS_RES
.:JSR -.Updte_Time

LDA #MTH_REI3
J8R U.pdte_'.'ime
l..PA #DAV _REG
J8R Updte_Time

LOA #HRS_REG
JSR Updte...;,Time

LOA #M! N_REG
JSR Updte_Time
I..OA #SS:C_REG
,jSR Updte_Time
PUl..U i3
PUl..U A



; EMd {Re~d_Time}
;

RTS

·J .

Updte_Time.: .

Procedure L)pdte_Time

;
JSR RTC_Reacl
SIS ,.X+
RTS·)

; End rUpdt<=_Tima}

r. Procedure ¥Jrite_Tims
•,
Wri te_Time:

PEiHU
PEiHL)
PEiHU
LOX
l...OA
JSR
LDA
LOA
JSR
LOA
LOA
JSR
LOX
JSR
PULU
PUlL)
PULU
RrS

A
8
X
#ti.me
nour
Split ..Write
~·X+
min
Split .....Wr-ite
,x+
sse::
Split_Write
#time
WRITE_LINE:X ...

s
A

e:nd rWri te_Time)

·~-------------------~
Procedure Write_OCite

Write haur in ASCII tu time

Wr~te seconds in ASCII to time

Wri te time to display.

Return

Same funtion a.r for Write_]ime (See above)
;
Wri t.:? ......Date;

PSHU
PSHU
PSHU
LDX
LDA

A
8
X
#date
year



JSR
LDA
LIlA
JSR
LDA
LDA
JSR
LOX
JSR
PULU
PULU
PULU
RTS

$plityJrits
'X+;,

'month
"Spi i.t_Write
,X+
d.ay
$p 1it_W't' i te
#d.ate
WRITI;:_4INE
X
13
A

; End
;....
1
;Pror.:eoure Split..._Wr,ite.,
spli~ ..,Write:

rF'R A~J3
ANl)S #00Fb
1DPf',#30h
ANPA #0F0h

-.RORA
RORA
RORA
RORA
ADOA
STA
STS
RTS

#3rzJh
,X+
,X+

;
Latch,,_Time:

, Split byta into tWCl variable\;
and make int~ ,BCP

Store ASCII values in. (X_Reg]
and eX_Reg + 1]
Return

LDX #1atCh....,tms_dta
JSR Read_Time
fiTS

End {Latc:h_iim~}

Procedure CheCk_Update
;
Ched<._Update:.

LOX
JSR
LOA
CMPASEQ

#year
RI:!<SId_,Time
"our'
#231-1
UPDATE_RET

_ ......... _ ...~-_F+_--_...,""'"

; 1f time



CHECK:

8TA -dld_houP,'
LDA trdn
CMPA #59h
ENE UPDATE_RET
LDA sec
CMPA #551;1
ELf' UPDATE REi
L.DA "*SEC.....RES
JSR RTC_Re.;tci
CMI?8 #06
BEQ '. ' UFOATEJ~ET
L.DA Ioy.mn
ANDA #iME_U!=lDTE
CNPA #TME_upotE
SECl CHECK
LOA' io.......reg
ANDA #11111011b
srA l(l....,l?ORT
JSR Set~_Hour
LDA io re9
ORA " #0\t.H2100100b
STA rOYDR,..

Chec;k port fcw 'Apciate

; If t;q:,date ·fhsn
t0991e liMe to NMI ~n DAC

It time ';:; 7?h59m55s Th(:?ri continl.l

Set hours, mitts, secs

UPDATE __RET=
RTS Return

--~---~'~"----------~--
h 'c:edure Set_Hour

~
Set_Hour=

LDA #MIN,FES
LOB #00h
O'SR RTC_Write
LOA #SEC_REG
LDB #00h
JSR .,,"RTC_Wr.i.te
LDA #HRS _REG
LnB old _how"INca
JSR RTC_Write
RTS

End (Set_HOUI"',

~===-=:;;:'==-=#!=-=:::~-==~;;:;;;:=;::-::;;:;;=='~'=-="::===.==.;::-=====:::=~,::;=-==:::===::i::::"9.
;
; Description of 110 Port. Proc:adureEi

'p

•
"

;
; Procedure Init_Ports

..,
: ;.



;_
.j

j Procedure SQT,;.;..Fil ter
; {Setup antS·slia$ filter ~epending on ~elec~ed

sampling r"ate }

; PrC"lcedure tr.a.tl$ter_Dta
{; Tr-an$fer thslatch_tme .....dta t:d the MEMboard}

Procedure Xfer .....AReg
{Trarlsfer-. the COtlil!~11t$ of PI.,...Ra9 to coroms port}'

; .. ;
; Procedure tni.t_l';trl_T,':H: '. ;
. ; {InLtii:lli.se dai:.a transfer CNTRL to PAC }

; PrQceclure tnit_Oac_M$m
; {; .!ni ti.alise data transfer DAe to HEM }

.•;

; Procecture !n!t.....Ct.rl .....Mem
; {tn i tial.ise data tl""ansfer' GNTRI;,..to M!2M }

; Pro cedure If'i it....-Metfl_,ctrl
{ !ni..tiQ>.lise data transfer MEM to CNTRL }

;

Procedure rnit_Ports
;
tnit_Ports:

LDA #IO_MASI<
BtA t.O:_PORt
LDA #NO_HSHAKE:
STA' IO_CONTROL

LOA #I(lI]JQl001(l)l2lb
STA io_reg
STA to_pORT
RTS

.; Sl$ltup ; outputs 1 input .....I/O port.

no handshake.:-- 110. P(jj'"t

; 1/0 regist~r

; End {!nit_port5J

Procedure 8atYi 1ter
;
Sel_Filter:

LDA sample_rate
CMP4 #I2lBh
BNE: SET_129
LOA #AA_32_SEL
ORA io_reg
BRA FXL_SET



LDA #AA;:.12S~SEL
ORA ··.·io~reg

FIL_SET:
eTA
LOB
J$R
LOA
ANDA
S.TA

"10_PORT
:tHZlalh
OELAY.1
#lL1.0W.tl1b
.i.o.....re;!g
rO_PORT

; switGh on ~~_fil line

switch of f line;!

;'
Transfer _Otct:

LDA
JSR
LOX
Co'a

$t~_r'lUt1
X,fee-_AReg
# 1a.t CM_tlne_.d ta
#1Zl0h

LOA ..
JSR·INCa
CMPS
aNE
LOAJSR

, )(+
Xfer_AReg

#06h
CDNT
$·~mple_r~te
Xfee-__AReg

Rrs ; Ret.urn

;
Xfe·r_AReg ,:

srA COMMS._PCJRTLDA COMMS_PORT
; Te-~ns Ter A_Reg

Dummy read to
; toggle handshake

CHECK_T.FR:
LDA COMMS CONTROL
ANDA'#CHECK .....STATUB
Cl"lPA#CHi::CK_S!ATUS
ENE CHECI<_TF'R

RrB

.; Check .handsha.k~ line

; Return

End {X fer ARe.g}

ProcedUre {rnit_Ctrl_D.;le}



:·9
In it_....Ctrl_Dac f" '."

PSHW A
i...DA
ANOA
ORA
SrA
SrA

io __reg
#CLEAR_TFR
#CTRL_DAC
.i.o,..,,),-~9
IO_PORT

LOA #ODR~SET
$TA COI"IMS_CONrROL
l,.OA ,#ALL_owrpUT
STA. COMMS_PORt
LOA' #OWT:_;rlSHAKE
SrA COMMS_CONTROL
PULW ARrs

j Procedure tnit~.J)~c_Mem
,;
Init_Pac_Mem =

PSHW A
LDA i~_reg
ANDA #CLEAR .._TFR
ORA #DAC_MSM
STA
STA

io_reg
IO.YORT

LOA #DDR......;9ET
SI A, COMMS_CONTROL
LOA, " #ALL_INPUr
STA COMMS__PORT
LD,A #NO_HSHAKE
STA ,COMMS_CONTROL

PUL.W A
RTS

End {In.it_DcH:_M(:1(fl}

; 1;$hake t:trl--dac

hshake dac..mem

Procedurl;:? .I nit,.....Ctrl_Mem
;
Init_Ctrl_Mem:

PSHW A
LPA iO_I""'c;:g
ANDA #ClEAR_Tr=R
ORA #CTRL_MEM
STA i~_reg
STA lOYORY " hshake ctrl-menl



;,

;_

LDA #DDR SfZT ,
STA COMMS,...;CONTR''~iI
LOA f4:AL.L._OUTPUT .
STA COMMS_PORT
kDA #OUT_HSHAK~
STA COMMS_CONTROL.
PULU A
RiS

';'
;

Procedure
;
; Ini t_Mem_Ctrl:

PSAU A
LDA io_reg

..•ANDA. #CLEAR_TFR
·ORA· #CTRL_MEM
STA iOJi:1g
STA {0_fORT ; hshake mem-ctrl

,;,
L.OA #DDR_SET
SlA CtJMMS~CONTROL
LOA #ALL_INPUT
STA COMMS_PtlRT
LDA #IN_jiSHAKe
STA. COMMS_CONTROL.i

·PULU A
RiS

End {Ini t_Mem_Ctrl1.~--..-.----.....;..-- .........~-





LIEl2 ..0Ct..
; Cbnstan'ts s,nd var.ie\blesfor t;..outin~s in DAC ;and L!E2" iNC

MI::MUR\ I"IAP F'PR PAt: BOARD.. ." ~ __-__ ~_~':"'~~_.""";_~'-"""_oO!oO_.. ......."""'"'-__........~ .......:

FPF'Z) _. FFFP =
; FE01.'IJ - FFE!= ::::

PCf2}11J - PDFF ::;:
·PA0!Zl - FEFF =
F91ZJ0 - !=9FF ::::;

;
.l.!Zl!Zl1Zl~ 2~0(2)
0800 ....I2JFf=!r=
01Zl1Zl0 - !2I7FF

Interrupt Table
Constant Data Area
lnterupt R(::iutines
Subroutines for main program
Program

=: VC1:riabJ.ePata Area
== USer Stack
::::; S-ystem Stack

; -~-~----~-------~
;
TNT _TAElll:::
START_At10R=
CClNST_APOfd
VAR ....AJ.:)DR:
P!RGt ..ADDR:
IRQ_AODR:
SWI_AODR:
NMl_ADDR:
PROC_ADDR:
•~STACK:
U.Se:R_SiACK;
;
EN_FIRQ:
EN....tRQ;
OlS_FIRQ~
D!S_tRGh.p
F!RQ:
IRQ:

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

6':QU
EQU

IZiFFFdh
01='EH210h
taFE0!7/h
(2).;1. (lJtV IZlh
IZ1FDI2J011
I2lFCIZl0h
1Z100(ZJ(7Jh
IllFCt=l0h
0PA00h

007FFh
00FF'Fh

EQU m6Fh
SQU tUtFh
EGlU 040h
EQU 01011
EQU IZlElFh
EGU IZlEFh

110 PORt CONSTANTS
o ; ..

Addr of tnt table
Ste\rt Of 2716 EPROM

; Start Addr of Cansta
.. ; Stell t Addr of Val""
; Fast Ii"terrupt pt'pc

rntE?r"rupt prt:)c

time update
I PrQC5 St.rt Address
; HardWare stack address

Usar stack address
, Enable fast int request
J Enable tnt request
; tH.$~bl'.' FIRG!
; Oisable IRQ

; Mem~ry maoped Part Address ( Comms port = comma with other boards



.
? to-port = mise con tro 1 funct.ions.)

C01'1MS _PORt ~ SQU
COMMS_CONtROL.; SOU
lOYORT: E:G1U
lO_CONTROL! E:QU

0CF'FCh
0CFFPh
I2lCFF£h
(?JCFFFh

;
; 110.·modes for ports
•, . .ALL:._OUTPUT: .
ALL_INPUT:
NO_HSHAI<S:
QUT _HSHAI<E:
IN_HSHAKE:;
;
nOR_SET:
;
CHi::CK_STATUS:

EQU lZlFFh
E:r.IlU lZlfZ)0h
E:GlU 1ZJ04h
!::QU (lJ24h
E:QU fZ)2Dh
EQU 1ZJ!Zl!ZJh
EG1W (2)S0h

;' .

; liD Lines for p~ging memory (ch~nnels 1-3)
;
MEN_CH1:
MJ;;M_CH2:
ME:M_CH~~

EGlU 020h OR NMI_OFF
E:QU 040h OR NMI_OFF
E:QU IZH312)hOR NM! _OFF

v
; 110 lina fOr NMI to CONTROL (latch/transfer time)
;
NMI_OFF:
NMI_ON:

;
aUF_FULL.;
BUFC'=S=
MAx_aUI: :
;
AD_HB:
AD_LB:
Ri::SET _1NT :

EQU (,J10h
EGlU (ZlEFh

EG1U !2l6t=FFh
E:G1U W40!2JlZlh
EClU 07F~Fh
ErlU f2)2001h
EG1U fZ12t2102h
EQU 02(()0411

;
DRG VAR_ADPR
;
; SEN~RAL VARIABLES

; ---------~-------
;
sample,jate;
!';iamplt"?_count:
d l""agClo_c:oun t:
x_c:oun tel'" :

Di='S :2
DFS :2
OFS :2
OPS :2



y _countet" :
bottom:
sel_chn 1:
c:hQ'lhnel:
c:hec:k_int:
top;:
buf_flag:
num_loops;
temp:

DFS 2
DFS 2
DF'S 1
DFS 1
DFS ,,.,
DFS 2
DFS 1
DFS 1
OF'S 1

•,
rio PORT VARIABLES

;
io_reg: DFS 1



CPU "6SIZl9.tbl·'i
HOP UintJ.6f1·

( Progr~m PAC j
; { }

{ This progr~m is writti:n for thi: X16 cross assembler •. The }
{ progr~m re~d? threi: ch;annals of d~ta from the AlP ~nd }
( store$ them in threE) 3ZK bl.d:fers. Once tha buffers ~re j
{ the d~t~ is tr.~n$·Ferred to {';he MEMORY board. }
( ..... - .. . . . . }
(-- ...-.---~-- ........:';;'.-:-~.-":".""--------~-"",,,;;-:,,,,--- .....:.~.,--....------.;;".-,. .......~---'--'- ...-~ j

;
!NCL . f'L!8Z.0CL"., .
; (Setup Interrupt table)
;
ORGtNT .-tABLE

DWM PXRCl_ADDR
DWM IPt.l_ADDR
DWM Si' I ....ADPR
DWMNM1",",ADOR
DWI"1.8TART_ADOR

; FtRCl Procedure St~rt Address
; IRQ procedure start address

SWl star·t addreS$ (n.ot Llsed)
NMI procedure stat"t ·adoress

;_ 27~6, ~prom St~rt Add,'"'
;--------.- .........--- ---,-----__....--,-------
; Procedure COflllfls

; { Proc.:edure C~mm$ (IRGl) }
{ I

; { The IRQ lIne together with th. cAleB lines on the 6$21 }
{ 1/0 port are used for dat~ transfer. See data sheet for }
( ccmtrol of CAltS lines under interrupt. )
{ I

•~
ORG 1RQ_ADPR

LOA COMiVfS,_PQRT
STA temp

A_Reg =:::: comms_Port.

Rrl

Procedure Re~q_AO

( Proce(:!ure Read_AD (i='IRQ) )
{ }

; { When a F'lRQ is received from the AID board the data is }
; { r-ead into one of. three memol"'Ybuffers (bufferl'lJ .nU at thE.~J

{ same address .... arid ere paged) }



; { )

;
ORG F!RQ_AOOR

PSHU A
PSHU B
LOA
CMPA
ENE:
LOB
BRA

nUrfl_loops
#((J!2lh
CHANNEL.2
#MEM_CH1
go

Case nUrfl_loops Of
o = (RsIJ_F.).~ME:M_CHl
1 = (Reg_a) :::: ~1EM~CH2
'3 ~ (Reg_B) == MEM .....CH'3

·,CHANNEL2~
CMPA #01h
BNE CHANNE!L3
LOB #MEM_CH2
BRA go

•,
CHANNELS:

LOB #MEM_CH3

GO:: aTB j_PORt
INCA
STA num_l.oops ; nUrfl_loops=num_loops+l

;
LOA AO_He
LOB AD_LB
SrD BUPOF'S, X

; (A,..,Reg) s= (AD_HB)
(E_Reg) := (AD_LB)
Buffer[ (X_Reg) J ; =

(Reg_D)·,
;

LOA !1UrlL.l00j:)s
CMPA #03h
aNe: RESTtJRE

LOA #12l!2lh

If nUrfl_loo~$ ::::'3
then Begin

num_loops r= (2)
( X_Reg):::: ( X._R~g ) +2
If (X_Reg) :::: 8C2J12l0h
Then

(X_Reg) ::::: 0;
x_cQunt.=x_coul1t+2
s_count=s_count+i
If s_coun t ::::

$~mple ......rat:e Then
sample_count: := (2)

( IOYORT)=ssl_chnl* Reset Interupt: *
End; {RTl)

Loa f!:02h
ABX
CMP)( #80t?)0h
BNE: CCOUNt
LOX #0!lJQ'f2lh

;
CCOWNT= LOO )'{_C:C:lun ter

AOOO ~4f2l0W2h



·, LPP $ample_!:CJuJ1'L
ADI).D #000111
8TO sample_!:ount.
CMPD $$.mple_r~te
BNe: RE2STORE2LDD #0!2)~0h
srt) sample_count

·,RESTORg:
LDA sel ....ctlr11
StA IO_PORT
LO~) RESET_INr
PULU 8
PIJLU A

; Reset. FIRGl interrupts

Rrl Return
End;

Procedure Reset_Dragon

{; Procetlur~ Reset ....Or<;lgon (NMt) }
{ }

; { The sample_count coul1t~r is reset 011 an NMI }
; { }
{--- .....--.-.,... ....--.,.. ....--~...~-....-.....---------'"" ....-'~.,...-~ ....-~~-....--........--......,.-,...........--....._----}

;
ORG NMI.....AODR

LpD #00h
STp s<1\mpls_count
RTI

Reset. sample c~unter

•,
ORS PROC_ApOR
;
; (Include pro..cedure!:>from LIl3:Z.INC)o ;
INCL ItLIB2.INC"
;
~ 13EGIN (M""in prClgram)
;
ORG START_ADDR

LOS fl:STACI<
LOU #USER_STACI<



(Setup h~rdware and USler stacks)
J8R Delayl

; (Wait 101'"other bb~rds to initialise)
~18F! Init_Port:s.
JSR Delay2:

; (Initial iss I/O ($( Commsports)

LDA #MEM_CHl
S7A I0.....F0Rr
BrA sEll_chnl

; (Setup memory buffQr !)
;

JSR Read_BRate
; (Get samp.le rate selected from CNtRI.. bo~rd)

LOX #0000h
STX x_counter
STX bottomstx top
STX s.ample_coun t
LDA #00h
BtA num_loops

(!niti~li$e counters)

ANDCC#EN_fIRQ
(Enable fast interrupt requests)

, ( The main lC10Pwaits until the buffer.s are full (ea!;h - 2SK) thEm
transfers th~ buffers to the i"lEMORY C.;l,J"'d).,

;
MAIN_LOOP:

LOP x_countsr
01PD #71?)W0h
BNE MAIN_LOOP

l Wait for Z8K of data

STX top
LOP #0fl.)0I?lh
STv )I._c:ou1"'t:.er

LOP sClmple_count
sro dragon_c:ount ; Store counters

)
JSR Switch_NMI ; Latch time on·CNTRL boar-d
LOA #0011
STA. channel

.:rSR In i t_Comms_Out
;
TXF'ER=

LOA channel ; setup memory buffer 1,2 01'" :$



LDY bottom
C.MPA f!:00h
BNE MEMZ
LOB #Mi::M_CHl
BRA ~LCTED

;
MEM2:

CMPA #12l1h
ENE MEM3
LOB #MEM_CH:G:
BRA SLCTI:!D

;
111:!M3:

LOB #MEM_CH3
•,
SLCTED:

8T1:3 sel_chl'11
STa rOYORT

;
TXLOOP:

lOA
JSR
TPR
AOOO

13UF'OF'S,Y
X'fel'" _AReg
YltO
#012l01h

CMPY #Srt.lrtHZJh
ENE CHECK_FINISHED
LOY #0000h

;
CHE:CK_FIN!SHED~

CMPY
BNE
LOA
INCA
STA
CMPA
aNE
LDP
JSR
ri='R
JSR

top
TXLOOP
channel
c:MClInnel
#03h
TXF'ER
d rag.on.,,_r':CH,m t
Xfer_AReg
B,A
><fer_AReg

JSR Tri_State
LOn top
STO bottom
JSR SWitch_NMI

Transfer emf? byte of data

Check if buffer is finished

Check for 3 times

Transfar dragon count to MEMORY

; Tell CNTRl board OK to transfer
latched time



; LIB2.1NC { PACRoutine>s }

,;-

; Oescripticm of .Proc:edur(?s
;-~-....... --_...- ...... ..--- ....................... ------- .... -- .................

Procedure> Del ·v1.
{ 'Long Oel~r' }

';
;
;c
;,; Procedure Ds:J.<3.y2

; ('Short Pelay~ }
,;

Procedure Init....,.ports
{: In i t.ia1 ise the 6321 1/0 port - Comli1sPort

; fe)l'" commswith other bo~.rds; 10 pca-t for
control 6f memory ~a9ing }

; Procedure Xrsl-....AReg
{ iransfer the !;;ontantSl of the A_.C;:egto the

Comli1sport ... and v.1~it for h::mdshake J

proc;edure Init_comms_Out
( Setup handshaking and c;omm~port as output} ;

Prot:edu re !ni t_Comms_In ;
( Setup handshaking and comms port .;;s input }

Prot::edure Tri_State
{ Set; ccmms port. I'lS input1 no ha.ndshake>} ;

Proc;edure Switch_NMI ;
; -{ Switch line! 04 on :to-port to toggle
; latc:h/transTe!l'" time on CONTROLcar-d (NMI

sequerl ce ) } ;

; Pl-oce!dure Re~d"_SRate
( Read sample I"ate code from CONTRO(~board

calculate the scampII'::!rate and st.ore in
; va,l'"iable samj:Jle_rat,e j

Proc;edure Delayl
;
Del~y1:

PSHU A
F'SHU 13



LDA ~(2HZlh
LOOP2:

#012Jh
LDOPt:

LOB
INCS,
CMPE #0412Jh
ENE LDOP1
INCA
CMPA
BNE
PULU
PULU
RTS

#0FFh
LCiOP2
B
A

.,-~--~----------~----~~~~--------~--------~--~~~~----~~~;
;.Procedure Oelay2
;
Delay2~

LOOP3:
PSHU· A
LOA #00h
INCA
CMPA #0FFh
ENE LO 0"" 3
PULU A
RTS

; Elld {Dfi'11ay2}

Procedure Init_Ports
..,
Init_Ports;

LDA #0FFh
STA laYORT
LDA #NO~HSHAI<E
STA IO_CONTROL

LOA #!2lWH
STA iO_rf1:!g
STA IC_PORT
RTS

register

;
Xfsr_Areg =

STA CDr1MS_PORT
LOA Cm1MS_poFft ; Oummy reacl to

; toggle handshake
CHECI<_TFR:



LOA' taMMS .CONTROL
ANDA #CHfE:CKJ3fATUS

,_- _- - ~-.' _". _"

CMPA #CHECK::.JSTATUS ; Check for h~nd$h.ake
fINE CHECK_Tt='R

;
RTS He-turn

End {Xfer_AReg}

; Proceqi)re Init_Comms_Out
;_ ."..

·Init_Comms"",Oub

PSHU A

LOA #ODR._SET
BTA COMMS_CONTROL
LOA #ALL_OUTPUT
STA COMMsYORT
LOA #OUT ....HSHAKE:
STA COMM$;.,.CDNTROL
PULU A
RTS

Procedure Tri_Stc1l1.te
;
Tri_State:

PSHU A

LOA #~OR_SE:T
BTA ..COMMS __CONT~OL
LD~ #ALL_XNPUTsrA COMMSYORT
LOA #NO_HSHAKE
BTA COMMS~CONTROL

PULU A
RTS

Procedure Init_Comms,_ln
;
Ini t_Comms_In. ~

PSHU A
LOA #DDR_SET



STA C.OMMS_CONTROL
L.DA f!:ALL_INPU1
[TA COM~;S._PORT
LOA #!N._HSHAKE
STA COMMS.......CONTROL

PULU ~
Rrs

End {Irlit_Ccmrn$._Out}

Prcn:::edure owi teh_NMI
;

;
Sw i tch_NM!;

LOA
ANoA
SrA
JSR
LOA
ORA
BTA
RrB

End {Switch_NMIJ

#NMI_ON
sel_cMnl
lO_POR1
oE:LAY2
#NM!_OFF
sel_chnl
IO_PORT

leaIE:' memory sele.ct bits i'1tac:t
swi tell line on

swi toM li.ne off

;;
Read _SRa te : JBR Init Co~ms_In

ANDCC #gN_n~Q
CWAI #IRQ
ORCC #D!B_lRQ
LOA
CMPA
8N6
LDD
STo
BRA.,.

LBL_l : LOD
STD

;
END_SRATE:: JBR

RTS
;
; End {Read_SRate}

wait for data frdm CNTRL

temp
#0J3h
L8L_1
%t20h
s.amp.le_r'ate
e:ND_SRATE

#100h
"'ample_rate

Tri __StQ\te

;---------------------~.------~~----------





;--------------------------------------------------------------
MEMORY !"IAP F'DR MEt-lORY SOARD---------------------------

~ F'F'F(2) - F'!='F'F ;;; Interrupt riSIble
F'E(2)(?)- F'F'EF' = Con.si;:C:\ntOiSlt/i).Are.l

; F'B(2)(2)- F'DF'F' ;;; r~tet"'l.\ptRoutines
; F'C(2)0 - FEF'F = Subroutin(!;ts for main prot;;Jram
I FS(2)W - F9F'F • Program

;., Oi2lllJ0 - E(Z)(z)fZ1 ;;;
CSI2JfZ1 - CFFF' ;;;
C(Z)12)12J- C7FF' ;;;

;-----

Variable oat. ArBiSI
U$er Stack
Systenl Sta.ck

GENERAL CONSTANTS_____ ~ N _

11

tNT_TAELE:
START_AOOR=
CONST _~\P.OR~
VAR_AOOR:
FIRQ_ADPR:
IRCl_AOOR:
SWI_AOOR:
NMI_AOOR:
PROC_AOOR:
•,
STACK:
USER_STACK:,
EN_FIRQ:
EN_IRQ:
OIS_FXRGl:
OIS_IRGl:

o ;
FlRQ;
IRQ:

EQU (z)PFF='6h
EQU (z)P801Zlh
EQU 0pe:0l2Jh
EQ! I 0D(2HfJ0h
e:QU 0FA((J(Zlh
EGlU fllFB(2)(2)h
eQU 0(1)(2)0(2)h
EQU (2)(Z)QJ!2HZJh
SQU 0FC001'\
E;QU 0C7PPh
E::QU 0CFPF'h

e:mu 0SFh
e:t~u 0E:F'h
EmU 040h
E:(~IJ 01011

E(~U 081='h
E(~U 0E:Ph

lID PORT CONSTANTS------------------

Addr of Int table
start or 2716 EPROM
Addl'" of Com:itants
Adcir 01 variables
Fa$t int proc: C>.ddr
IRQ iNt addr
not used
riot used
p\I"CJcSt.;l.rtAddr
HiSln::lw6\l"'estack 6\ddresS
User stack address

; Ena~le fast int request
J Enable lnt request

Disable FIRQ
O.i$6\ble IRQ

FIRQ sel for CWAI
IRQ $e1 for CWA!

Memary mapped p(::)rtI~ddre&!:i ( Comm$ port := c:omm.$ wi th otht=)r' boards



IO-pc:'l.tt::;m ..i.'Si;; c:ontr'ol r.unctiofl$ )

.:J c:omfl\.S port. addreS;f,~
; c:ntrl port for t:tJmms

PC.pprt.etddreS$
; (::ntrl port for PC

·,
; ,

COMl"IS_PuRr: '.
COfrll"lS _CONTROL.:PC_PORT:
PC_CNTRl..:

, Stilu
EQU
t;QU
gQU

l7JA0!7.l0h
((JA!ll01 1'1
0AfZl02h
lZlAI21(7J;Sh

•s
; Port A and a f!.:)r control of Me:MORY
f'lEM_SEL.ECT _A = ·E:QU .!219((J(l)l'lJh ; 1:>0 select. e:xt. ooap"d

01 :;;low Tor output.
,ME:M.....CNTRL. ...A: EQU
MEM __Se:U=:CT,_e;' .." ....e;.QU

.''. MEM'_CNTRL_CS~·· sau

090011'1
090021'1'
11Jt90f(JSh

•,
";
•,.

;,
~ tiD mod~$
AL.L......OUTPUT:Al...L_INPUf:
NO_HSHAKE:
OUi_HSHAI<E;
!N_HSHAKE:

for Ports
£SOU
gQU
SQU
EOU
EQU

0F'Fh
000h
(If(l)4h
0241'1
0201'1

EClU liJ00h

~QU 1/J$0h
;
riA)( _BUP =
MAX_j ..AST _aUF ~

01FF'Fh End of bl.r'fTElr
03FC0h ; End of last buffer
00(2)(2)10000 , OR 1irHl' to !Switch on PC
111.1-0111b AND line! to swite::h off Pc

EQU
e:QU·?PC_ON:

PC;__OFP~
EO!)
EO!)

;
memory_ban!~ .~
chip_num:
full :
tempa
c:'trl_l"'sg:

OF'S
OF'S
OPS
!iF'S
OFS

1
1
:2
.1
1



CPU "6809.tbl"
HDF" "int16"
-; .
....:;: t_-.,.;;.-.,;;...--_--,...;.-;,.;.:.--.~~..:i.;-: ........~~ ......:"'---•...,..--.;...--- ..~- .....-..:....~~ .....~.--~~-~ ........... "!~--...........---.~-~-......;.;..,_......_~_-""7"-)

; ( Prog~am MEM )'
r
"\.
r
L

(
; (· (,.

(

· {,.
~ t,.
; {

.(!
;: (

This program is writtli:?n fOt~ the X16 c:n:l$S assembler. The )
pl"'ogral't is wri tten for on) y one RAM b04lrd ~ elnd wowld have j
to be tllod i fied few more boards. :r t operates by nlUng the J
memory sectuei1tially, four dump a from the DAt: board c~.n be }
read~ The data is then transferred to the PC. It i~ sssumedJ
that the data is transferred to the PC before the next )
dump from the DAC boar-d. This it:;; the case at 32Hz CHJt )'
program may n~ed to b~ modifi:ed TOI~ 256Hz. .. )

:;.{~-----~---.-----~--------------~--~--~----------~~~~~-------)·,tNCL "LIE3:;).DeL"
:;
;- (Setup t(,terrupt table)·1>ORCS lNT_TA8LE

DWM FIRQ_ADDR
DWM lRQ .....AlODR
DWt"1SWI_ADrm
Dl-:JM I\lI"I L ~AODR
OWN STAR1 ......ADDR

• FIRQ t::irOCe!durla itI,"t Atldress
HiD prot:e>dt:ir~ st.<;lri- adrJr€;?ss

; 5WI st~rt addr~':Ss (not: !..lsed)
; 1\11"11pr-.Oi ~(jU:"'l? s,tat~t address
; 2'716 I::prL,,;/l) S t<'l,-t Addr

{
;. {.. {,
iii ' {,
{
(

Procedure Comm5(IRQ) )'
j
I
}
)
}

The IRQ 1inl;:' tQgethsr wi th the C'4IC'EJ L..nf's on the 6:$21
I/O port are used for cia. ta trans:i1'E;'r. See da,ta. sheet for
centro 1 of CAleS lines under' int€;?r"rupt.

DRG IRQ_AODR

{'- ......---~---,----~' .....',-~-....".-~'"t.,.--- - .......~-- -~,,"''''_ ....;'.'"::'....- _'_,_-_ ......- - ............-_~', ioooo' ';;..._,}

LDX
LOa
ROLf)
ROL8
ROt.}3
ROLe
ORaANoa

count
I::hip_Mum SI.:) t c hi p on the RAJ-' board

#~Ph
ma-mory_b.;inf.;



••srs M~M~8r;:L..ECT._J3'

LDA CQMMS....PORT
STA ,X+

A_RE!G .;;::.comm$w_Por t
eX_Reg) :;:.;; A_Reg

, .C!VIPX #MAX_13UF
ELl RETURN
LOB chiP_num
INCa
srB Chip_Mum
LOX '#fZ)0(Z}lZJh

See if 321< is reached

Next chiv 1f lest chip - 32K

RETURN: LOA
BrA
$TX

memory __partk
ME:M,_SELECT _8
count

$ Re~tore memory bank iM case
I transfer to PC interrupted

RTI Return

·•ORG PROC_AODR
-;
; (In cILlde procedures from LIB.::$. INt;)·~
XNCL "LIB3. INC"
;
; BEG IN (I"laj.n PI'''ogram)"
;
ORG STAR:- _AOOR

LOS #STACI<
LOU #USER_STAC!(

{St:.>tup hardw<;lre ~rftl user stack.S)

JSR Del.;tyl
(Wet.i t f(:w other bt;la,rtls to ;i.nitialise)

JSH Ihit_Pbrts
JSR Pel~y2

(XI' .tial i$e 1/0 8< Comm5 ports)

LOB 44:0/2)h
LOX #0000h
STB chip;....num
STX count

(Setup counters)
;

(Check for .11th chip in bank,. then s teart the xfer to PC)
;
MAIN_LOOP:



LDA chip_l1l.tm
CMPA #!Z}Ah
8NE, J1AIN_,LOOP.....

•
. (Use Y....iReg as the counter)

~ (S_Reg counts the memory chips)

LDY fl:0rlJ(ZI0h
LDO #f"IAX _.BUF
ST!) fuLl
LOS #f1lFh
ANPl3m.elllory_bank
9T8 mernorY.;..banl.:
STB MEM._SELECT.._B

LOA
J9R
CMPY
ENE

;Y+
X'fer_AReg
full
XFER

INC8
PSHU 8ROLe
ROL8
ROLS
ROLE!
LOA #t2JFh
ANOA memory_bCl.nk
STA melmClry_bank
ORa memory_bank
S1'8 memory_bank
81'S MEI'1_SELECT .....8
PULU S

CMPB#0Ah
81\11:: CHECf< __LAST
PSHU 8
LOP #MAX_LAS1' ....8UF
STD full
PULU S
BRA XFER

;
CHECK_LAST: CMP8 #0Sh

ENg XFER
LDX .#0f2)012)~1
LDA #00hsrA Chip_num

. . .

"; (Select memory Ch.1p)

3:2k chip TU} 1 '?

, r l' .i ts the last (llth) chip
then stop whell"l MAX_LAST_SUF is
re.;lched

l:"inished then reset counters



)~* The PC will hol.d the handshake line after- the last dump
until it has finishSd ~ll disk aCceSS. It will thEm rele.ase
the line and the PC Can be switched o~t. **

JSR Switch_Off_PC switch 01'+ PC
BRA MA!N~.~LOOP ; Continue:

;
END.



1...1133, INC ( f"1E:MORY RpLttine$ )

;
; .P$scriptiqrI of Pt""ocedures;~------------~-------~-----
; Pro.cedure De l<"Ayl

{ 'Long DE?lay' .}

Procedure Oelay2; c .: Shart Del.JO\Y' }
i r

Procedure Ihit_Parts
; {Initialise the bl21 1/0 port ~ Comms Port
; far comins wi th other bOil.rds:;, Io POl"'t for

control of Ml;>morypaging} g
; ;
; Pl"'ocedure Xfer_AReg
; { Transfe~s the

contents of the t!L,Reg to the PC P(:)l"'t }
;

F'rot:edureSwitt:h_On_PC
( Enable liAs ta turn on PC }

Procedure Sw.Ltc:h_Ofi_PC
; {Disable line to PC };======================.=======~=====================J
;---------------------~~------~----~------------~~;
; Proc:ed,.,
Del..;\yl:

PSHU A
PSHU 8
LPA #0!2Jh

LOOP2=
#i2)0h

LOOP1;
LDB
INc13eMPE
ENE
INCA
Ct1PA
BNE
PUlU 13
flUlU A

#Q,l40h
lQOPl
#!2lr-Fh
LOOP2

;
;



.,

;.
.; Description of Fir-oct:?dures;~---------------~-~--~-----
; Procedure Delayl
; (' Long 1)@ l~>"J 1 .... :~...

.. ;,~ j: .:: .....

Procedure ..I)t:::>1~y2
; {' Short O~l~y' }

...
.,"
;

.,
Procedur~ Init_P.oi"'ts

{ Initi<5l1ise the 6321 110 J.")ort - CommsPort
for ccmms ';-.)ith other '":Ipar-d$, Jci port for
contr-ol of memory p#!:.'t~ng j

;
; Procec:lure xter:._;ARE;'g
; {: Transfers the
; conten ts of the A_Reg to the PC port J

Procedure Swi tt:h_Qn~PC
( enable line to turn on PC J

..,
Proc:edur-e SVJ.itC:h_Off_Fie

{ Dis~ble 2ine to PC };~===================================================;

;
Delayl:

PSHLJ A
PSHLJ B
LDA #f2l0h

LOOP2:
LOOP1:

LDBINca
t;MP8
BNt:
INCA
CI"IPA
aNI;:
FiULU
FiLJLU

#eJFFh
LQOP2
s
A

ff:fl)!ZJh

#IZJ4!ZJh
LOOP!



RTS

End fDelaylj'

..,..__...._"~---.:,
; Procedure Delay~
;
Delay2:

LOOP3:

PSHU A
(.J)A .#tZlfZlh
INCA
Cl"lPA· #0FF h
J3NE·····lOOP3
puLU A
RTS

; End {Del ay:2}

;
.'1ni t_Ports:

LOA;"
stA
LOA
STA

#ALL_OUTPUT
PCYORT
#OUT _HSHAKE
PC_.CNTRL

LOA #ALL_! NPUT
StA COrIMS_PQRT
LDA #IN __HSHAKE
STA COtvlI"IS_CONTROL

If;A'' #ALL_ClUTPUT
LDS .#ND .....HSHAKt::
STA MEM__SELECT _A .
sra MEf1....CNTRL_A
STA MEM_SELECT _8
STa MEM_CNTRL_El

LOA #fLJ0h
SrA memory _b...1nk

Only using 01"1. RAM board
= select board address 0

eT~. ctrl_reg
eTA' ME:M_SELiECi _A

RTS.~
End {tni tyorts}..,--~~------~--------------~--~--.------------~--~-------------



STA PC_PORT
LOA PC.}lORT

......; Procedure Xf.er,...;_Af'gg.: ..,

CHECK_TFR: LDA
ANnA
CMF'A
SNE

PC_CNTRL
#CHE:CI<:.._STATUS
#CHE;:CK_:sTATI)S···
CH.t:::Cl(_TFR

;

.",~--~~------~--~--__..------~-~-------------~----.,
;
Sw,i tch_On_PC =

LOA #PC .,_ON
'OR?'-. ctrl_reg
STA' . ctrl_r'f2g
srA MEM_ SELECT_A
~TS

; End {Switch_pn,_PC}

;
Procedure Switt:h_Off _PC

;.
SWi tch_Off_PC: , .:

LDA·. #PC_Oi=F
ANDA'ctrl_reg
STA ctrl_reg
BTA ,MEM_SELECT _A
RlS

j•.,
; End {Sw.itch~Of1';_PC}.,__..--------------~~----__.,------~~~----------..----~------------~~





<: Program REAO_Sr::IS
c
c
{
c
{

c
c
{:
{
c
c
{

J
}

Program reads; datCi\ from the a~ta aCqui,sl·tion systsm )'
MEMORYbO,ard - :3 channels f ~ncl stores the data to disk. :}
Four blocks of S-c:h~nnel data .;tre read at. a +- .:(.11=. )'
On power up the PC wi.ll i"itiat.e data transfer ,l>.nd four 3
dumps will be read from the .MEMORYb<:;lard~ Once detta has )'
been stored the program signals the MEMORYboard to )
switch off the FC. Data. is stored in bin.;l:ry format J
Because the pr;,o.g.I"'ama!lQcates memo'ry using absolute J
i;lrrays,. dOf'ituse this program w.ithClny TSR's otherwise }
strange things" will happen· !t~ }

: '...:

)'

USES Crt;

CONST
Port_A
Por.t_B
Port_C . :;::i

Control...]='ort =

;:: $lb4 ;
::; $.tb5

$106
$lb7 j

( Acldr~sses of 8255 1/0 porte J

TYPE:
Pa t_A rray - Array tw •• $3FFFJ .0f Bv te

VAR
rfragon, lOOFlS~ channel~
t:ount

st<atus
val.' . la12

Byte;

St''''ingC1J;

St.ring ra] ~
oat_file
HB_arl'"ay_l
La_array_!
HB_ary·ay_'2
I...B_arraY_2
HE_array _3
I...B__array _3

O.at...Array Absolute
: Dat_ArN\y AI::I$dlute
: bat_Array Ab~dlute
: O.;\"C_Ar,"'ili\Y AO$olute
: P~t_Arl"'?y AbsolutE';'

:O~t..}\rr.ay Absolute

.$A01!)0:$1!)12l01ll ;
. $AWWfll: $40@1:..1 ;
$A!l)I!)(2)., $130(12) ;
$A0CZi0:$C00(?j
$8!'lJ0g):$WI!)(l)0
$$(2}1210:$4000 ;

d>El.t_.arr ArrsyC.t.~l~) Of Byte;
{Data in the form: dClt_.a~rel) ;::HElyte clragon count

(2) -. I...Eyte dragon count
(3) ;:: s;tati..:;>1'1rH.•urlber
(.:4 1- ::; y e:a r'· ~r~:1.



t5J -- t1l(:)!1th SCD
Co) :;:; th~y seD
C7J = 111:)I.;i\l""'=i SCD
taJ - minutes aCDt9J = seconds BCD
C10] :;:; $<lmplE! rats
C3.2J -- unused
0,3) :::::unused
t 14 J ::: u.rd.lsed
[153 :;:;IJnused
[163 :;:;unI..Ht1sd}

{ r oc::edure Chec:k statu$
Checks fpl"" h~ncrshaks T!"'Ot" the Mf£MORYCARD 1

ProcedUre Chec:r<~StatuE,; ( V~i'"' st,~tU$ ; Eyte);
Bet; it1

$·tEltU$ :1::: pcrtrp'Clt~,t~CJ;
$.tatu$ J:;; statw::; AN)) $SIll;

Enel;

\ Procedure 1'(;:'';:I91E;!_Hanchilhctlke_rjn
rog9lt;1$ the l"I~rtd$hake Une to the! MEMORY Cc.i\l""d - data recei.ved)

Pl""oc(.;dul"'e rQ99 te!....HandshaKs_On;
SeQ.i.n

Portr:Port ...~CJ t;:;:; !l);FE;
End;

t Procsdul"'e 'T'0991e_Handshake_Off
r0991es h~nQ:haka lina off }

Procadl.,tl"'.e rogg le_H.:irh~shQ\'<e_;.Off;
8agin

PClr'tCPort_C) p:: $J::l";
End;

( Prt'lcedure Gat_Oe1ta (HB9 l..S : OQ\t_Arl'"a~ ~
RSiad$ the bloC:l<$ of hi-byt~ and lo"'bytt? .:.::)t~ fr'Clm the MEMORY
board and stClre$ in the Hl3, 1..J3 OIr"'ays)

Proc:edLo'·(:t Set_Oata ( Var~ He_Array, LS.,..J·trray : Oat_Al"'l'"ay :"~

Val'"
$tatus
eount

.~ytea
lnte~er';



Begin
ccun t :=: Ill;
R~pea.t

Chec:k ....Sta. tl.lW($t~tU$) ;
If status ::;:0 Then
Bet;,lit'l .

1'O<;lg le.J4etnc!shClke_Off;
HE_Arra.ytcountJ := PortCPort_AJ; < Get Hi ....byta)
To~g le_l··Ia.nd$I-Ia.ks_on;
Re.pe~t.

Check, ....Statu$($ta.tw~);
If atatus ::;:W Then
a(l)~il'1

Togg le .....H.;H"lc!shGl.!<.a....P'f'f;
t...S_Arra.y(;:;:ount.l:= PortCPort._AJ; { Get La ....byte )
Togg 1e:.J-Jc;.ndsha\ke~;.On i.
count· r= c:o(.mt+ 1;

End;
Unttl statua ::;:0;
TO'1g 1 I.'i1__ Hanc!shetke_Of f ;

lind I (J fJ
Unti 1 <;OUI1 t ::;:$:$..SmlZl;

Etl1d; {Get_Oatai

ClrSc:r;
Writeln;
Writ.InC'Read SSismic Data'),
Writel n { f_: ... "' ...... jj;& • .,...~_o.!oiI.-.4~_~~~~~Joio!!' J-;
WritS'ln;
Writaln('lnitialieil1g •••• ')J
PortCCONTROt..._PORTJ := $9A .~

( Initiate Handshaking
F'or loops g:;: .1. Tc;:i 4 Do
13egin

{ Wait 1·<:)1'"Re;sponss from MISMORY8Q<)).rd j
Writeln('Raady to receive fila('~lcops.· )'}~
R~p!;1at

c:hS'ck_st.atus (status) ; { W~it 1.01'" handshake 1
If atatua • 0 Than

Wri·t~ln(; R~c;eivin9 O~t.Q\ ...... ,').
Until status = 0;
{ Read Oat~ Freti' tvlamory So~rd},
For channel ~=: 1 To 3 Do
SegJ.r,
fJ.lrit~ln (. Reac:U.ng t;:;hannel (' ,t:I'1Q\nl1el~.' ) , ) ;

Case ch<i1nl'Hlil Of



1~ Get ....O~ta(HBJ~rt'·~y_l~ Ua_Arr~y_l);
~: G~t_PCi\ta(Ha_An"'~y_Z, I...B_..Array_Z);

',':$: G~t_D~ta (H13_Arr~y _:3~ I...B.....,Array_::> l ;
End; fCa~~)

End; {F'C)rJ

For c:;t:lunl:;p;;: ,1 10 10 00
BeQin .... '

roggl~_Handsh~ke_Offt
R~pl2~t

Check_Status(statwS) ;
Until $tatws ~ 0;
d<1At_BrrCcountJ r;:.: PorttF'oF',t_AJ;
roggJe_Handshal<~_On ;

End; {For}
7'oggl ~_H!S\ndl;!hak$l __01 r;
header r::'l ' ';

For ccun t .;=: .. t/" tC't 9 00 t I"la.ke hea,dsr f rem ECD time da t.~ }
Eleg~n.

Str(dat_arl-'tcoun,tJ And $ii.lF', va 1,1.) ;
Str«d,at_arrCc:owMtl And $F'0 ), 8hr 4~ v~.tZl;
head lEW" ;;;:; header + \1<5\12 + vall ;

E:nd; {F(:'Jrj
Writeln(' fi.nishad file: } I1he~dern

:( OPen fils i;lnd write the da'\:lSI )
Wr-iraln(' Pumping tt:! cli$k.~.');
AQsigr:r( dOle., f i.1 ell he.adsr+' •de t r ) ~

ReWri te (dat_fi 1e,16 n
B1Qt:I<Wrt tS (d.at_fi i'e. ,dat....;,C1rr$1);
SlockWI'" i t~ (dlSl t_T i 1'e, I...S.._Array _1 ~996) ~
ElIQckWr.i.ter.d~t_fi 1e ,Hg_Arl"'~Y _1 p 996) ;
El1ockWI'"it:s( d~t_f i Ie al...a_Arl"'~Y_~$ 9(6) ;
Slocl<Wri tl$ (dat_i~J.l~ ,HS_AI"'I'"q\Y_.2, 996) ~
81 oc:I<Writ~ (da\ t_T i Ie J I...S_Arl"'ay .....:$, 9«76) p
a loc:l<Wr itfj (Q,;'At_'fi Ie, H8_Alrl'"C\y_3, 896) ;
Clo$E1(d~t._;Hle) ;

5nd; (F'ol"'i

( Signdl MSMORY bo.a","d ... tl"~nSf,(~W cc!(npl~tel1 can, t.urn of;: PC.
It is not a problG!m ,i'r tM~ PC i$ \awi tc::necf off b(?ltQt'''S' the
program has terminated ~ C\!;"i all data is ~tcwed and f ilse
ere closed. i

'( Wl"'i t<! cl"le\nnel 1. i

c w"..! te c:h.$\nnsJ. :2 j

'( Wr·i~e czhtannel :5 )

10991 e_Hand~h~I\~.e~wOn;
Oelay(1012l);
TogQ le_H~\nd'.ii.\h1:~ke_Off~

E:NO.





(~-~-.--------~-.~---------~---~~-------~-----------~------)
{ PrClgraffi CONVERT
{

c
{
{
{
{
{

c
{
{
{

}
)

Progra.ffi reads in binary files gSMerated by REAO__S~IS aMd }
decompre5;ises the data and stores in an ASCII text file )
thE! d~ta haS been I"'educed to .1.6 bits - rather than thE:: }
uncompress£i!d 21/22 bits for simplicity sake. This is net}
.:I restrictJon On the data, .the origina.l 21/22 bits can J
be v"et:rieved they were not however needed for test }
purpoSt""s. To make 22 bits vari.;lble Y_Vo3l1 must be m.;ldl~ }
tyP!:: Longlntand all const.:lntsin the Case struct(;,H'e :}
must be Il\ultiplied by S. )

:>
{----------....._"'"""~~-"._..~..........---- ..... _...,- ...._'-:--""'" ...-~._'~-------......... ,_.-----~'"""'"'........--- }
USES crt;

TV;~E
Oat_Array ~ Arraytf21 •• $SFFFJ Of Syte

VAR
in_file
txt_file
HB_arr..:lY
La_array
ga.in, count II

HE_val, La_val
y_val, x
st, header
dat_a.rr

Fil.e;
Text.;
Dat_Arr..:lY;
Oat.....,Al"'ray;

Byte}
rnteger~ C Data is reduced to 16 bitS}
StringCSJ;

: Arraytl.~16J Of Eyte~

{Data i'i the form: d<$.t_a.rrCJ.J ;:; Hayte dr~gt:m count
C2j == LElyte dragon coun t;
CSJ =: sti'iltic:m number
C4J =: year aCD
t5J :::month act>
CQJ - d$y SCD
C7J ;:; hours BCO
teJ :::minut.. SCD
t9] - secondp BCD
(10J - sample rate
(123 == unused
(13J ::;I unused
r 143 ~ UnWS(iiH:I
C.1.5J ::;I ulil.lsed
[16J == u,1used}

BEGIN
ClrScn
Writ~ln;
Writeln ( •FL1(E! conversion uti li ty' )
WI'":i. tre! Ii.( , ....~-,_ .......- ....------- ...-- ...-- ....-. )
~rit'eln; .



Wri.teln ( t Files 6\l'"e decompressed .and corwerted to ASCn text f i l.es.' )
Wri.teln;
Wri.te(tFila to be converted; ')1
~ea.dln(hea.der);
Writeln;
Writeln(' ReadinQ File •••• ·J;
Assign (in_f:i.l e, header + '. dat· ) ;
Reset(in_~fi1e, 16);
Assign(txt ......fil.eJheader + '.txt');
Rewrite( txt_fila) ~
B1ockReeld (1n_T i Ie, da t_C\l'"r~ .1); {; I~aad the he~ del"" :

( the header is written
by a nl:!wline )

rOF" x #= .1 To 16 Do
8egin

Str(dat_al""rtxJ, st) ~
Wri·te(txt_file~ 5t, t

End,
Write~n( txt_file);

to first 16 charcters in file, followed

, ) ; { Wri ta the header J

(Rea.d the
Wri teln ( •
F'or count
.8e9·in

BlockRead (in_fi Ie, La_array, a~6);
Blocl<rsadCin_fi:!.e, HEl_array, 996);
For" X p::: (() To $3PFF Do
Begin

HE_Val := HS_Pr"rayC(x»);
LE.....V~l := La_Array r (x ) ) ;
gain := !-I:a_val And $E0i
HE_val ;= He_val And $lF~
'I_va 1 := HEC...va 1 l:e 256 +- L.8_Va1;
:r'f y_val > 4i096 Then

y_val r= 'I_val'" 9192 ;
Case gain Of

$0 t y_yal :=
$20 y_val:=
$40 'I_va 1 ~:::
$611.1 y_val;=
$S!Zl y_val:=-=
$A!2l y_val::;;
$C0 y_vQ\l::o;:;

End;

:s channels decompre$$ and write to text file }
Converting ~nd Wri't.ing to text file •••• ');== ,1. To :3 00

C Rea.d the seismic: dQ\'ta. )'

( Strip g.in bits )'

C Make value -9192 < X < 8192

"I_val
y_val
y ....val
y_va.l
y_val
y_ve.l
"I_val

div 16;
diy 8;
div 2;
l:( 2;
~~8;* 3211
>:< 64,

( Calculata multiplication)
( factor depending on the )
{ gain bits )'

Strey_val pst);
Write(txt_file,l!:it,l• ');

Snd;
End;
Close( txt_fila);
Clo~a( in~...file) ;

END.





COM. COMA. COMB Complement accumulOlqr Of memOrV location ...............
PM DeCimal adjust A accumulator .. ,

""D""E:",C';"'.;.,D-,:,E.".CA",.:,..'D;_E;_C;_B;__+--:;O,_;fi.;.,Cf.;..em;_·.....en.;..t:..;;.accuml.ll~totor m"'e-m-O~!Y"'I:-o-co-ti-o""n-----_""~
SORA, EORS . Excll,Jsive or memotv with accumulator

ADDA. ADO a Add memory to accl.lmulator
ANDA,A~D~B~~ ~~A_n~d~.m~a~m;_o;_ry~·7W;_lth~~a~;__u~m~u~la~to_r~ ~
~A~S~L~,~A~S~LA~.~A~S~L_B~·_~+~_A_fl~th_m_e_tiC__Sh_if~!_o_fac:c:umufatot~~;_m,_;a....rh.;..or~V;_la;_ft;_'__ ~~ __ -4
ASR. AS~A. ASHB ArithmetIC shift of ac:cumulatdr or memory right

EXG At. FIr! Exchange At WIth R2 (Rl. R2 .'" A. e, CCi DP)
~'N""'C=-,-:IN::-:-=CA'':'''-.I::-N:-::c:-::a---+-"'ln-c-rll"'m"";e;"nt-a-c-cumulat{l~ iJr mamoty location
LOA. LOe Load aocumulator from memory -- -J,

~L~S:(,:.L~S~L:A~,:I.~$~LB~~::~:~L:09:ic:a:I:$I='Iif;t~le....ft:_. a_c__cu_~_nu_la-:-t_o.r_o_r_n_l.e_m_.o~r,,""v_lo:-c:a__. !....'Q:-"....,_. .{
LSR. t.SRA •.I..SRS I.ogicol shift tighl ae(,Umulator or msrnory location
'M1Jt-~----......j-~u"';nS;"'ig-n--e""d-m""'U~ltiPIV(I" x e ... 01 •• -,-.~-------;
NEG, IIlEGA. NEGB Neg!lte<)ccunll.lluia,r orm$morv

NOT!:: A, a. GC or Of' may be pushed to (pull ~ from) ~itherslack with P$HS, ?SHU fPUL$.
PULU) inStructions.

la.BIT ACClJWIU!.ATOR AND MI:MORV lNStllUCTloNSb MnClVlflllictel Q~rQiiQn' .
~D. Add.memorv~cumulator ~- .........--,--t
CMPD COrnparo momory from 0 accumulator

NOTI;:: 0 m.. pushed(pulled) ~o eithar ;)lllck With PSliS, PSHU IPULS,
PULUI instructions.



CMf'S. CMPU Compare memory from staCk pOlnt~r
I-C,....M.,...P-X.c..,...,C-M-P-Y--~-+-,...,C~o-m..:.p-ar-e.....rri'emefV fr?m inde). regiSter
eXGM. R2 EXI)t\(inge·O.X. Y. S. U or PC with 0, X. Y,S. U erfle
LEAS, LEAU I.oad effec!lIIe address lnlo stack pointer
LEAX, LEA Y Loao .effeClive address Into Index regiSter
I:-L::::O'::::S-,l:-':O~U7........ -----~-+ ...'TL-oa--d....s::-'tacl< (lolClter Irom memory
LOX. LOY Load index reglste( fram memory
fiSHS Push A, a, CC. OP, 0, X, Y, \J, or PC onto hardware stack
PSHU Push A. a. ce. Op, 0, X. Y. S, 0 . ". ?nto uSer stack
PULS Pull A. S, CC. OP. P. x. Y, U Or PC from hardware stack
1-:?-U~L':"'7U-----....._.......--t---P':""u::-II"":A·7e,cc, OP. o. X. Y, S or PC from hardware staCk
5T5. STu Store .$ICit:kpOinter IOfl1emory
sr1<. STY Store Index register to memory
TFR.R1. R2 Tisns(er 0, X, Y. S, U or PC to 0, X, Y • s, U or PC
ASX Add B accumulator to X (unSigned)~~..-- __ ~.c.... __ ~~~~ _

QRANCHINSTRucnONS

BCS, LBCS Brlilnch jf carry sat
sec, iscc Sral'\c~ if carry clsor
evs. LSVS Sranch If overf:,.:;l:.:;.ow..,;;. ..::sa;;;,;t:"-__ ~""""' __ .........~ __ ~~_-I
eve, LBve Bran~rflow cieGI'

SIGNED·"=i.l"£M+N:':-C~H::":e"="S""""-"'-~-""""'-'_-"""""--;
BOT. LBGT 8umchjf grlJilll'Jr (Signed) .'aGe, LeGE';......--- .........j--...,,;.s..:..;ra..;..n..:..;ch..;.."":if.::g:;.:re..;..at...;;e..:..;.. :;.:Ih.:!:a:""o-'O"';;re~q~U-;al;..(..::5..,.i;::g~n-...G;:.,:"":d;.:_.,..,::::::::,~:::::::~-l
SEa. LBea Branch if equal
aLE. LBLS. Branch if less then or squal (signedl --
5L T, t.BLT J Gr(ln<:i1if i(i!lS than (signed)
1--- ._E.~~~N~!) ~~~NCHP!S_ •• _ ..... __ • -1
aNt, L8Hl Branch if highEir (unSi~ ...._~. ""f

Fa;.;.H;.;rS;.:.• .;:(• .;;.B;,.:H;;;.S ......j......:B:.;.ra:;.;n;;;c;:.h,.:.:jf,..:.h~igharat ssm!) (un$igned)
81:0, LsEQ Branch if aqual
SlS. LSLS Sranch if lowar or samo (unsigned)
BlO. LELa Branch if lower (unsignedl

SSR,L8SA
BRA, LaRA
BAN. LSRN Sranch never

-------1



', : .. :, .:': .... :: ...

PsS'udo nrnemori;i.C:~ ( X-16 Assembler ·b.l..t"ectives )

DFS -
OF'S - Define stc;:tr"age. Reserve a section of memo.ry with UM$pecif5.ep

contents, .
.. .•.. . .... , .

Eqx:.Iata .e Used to assign aJri integer value tp a l~beLSQU -

INCL ... Include $our-c:e file"

ORS - Origin. Specifie$ tt,e val\.ie Of the program counter'" during
Cl.s$c;mbly.
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HOJIS~~1. [lH[Q)S3A2~ aHti)®~~2 ~.~~,-
IeM~)~' t?)~A(P®rD~h®w~'r frijterfa(C® Ad~~i~rl

~.'.' ..........•.•-W~UVlBN~Jf--I "",,,..,.,,,,,,"HO'i>$? ····~·.·.·l
I
I

the 1i!)63l11a a CMOS lIeriph!tat In(errac~Adap(er pro-
'1!:1jhe.~tliv~l'Sal nwa~$ of in[~rf~cinG p~rl~hml ~qllip'llent
"the 1:106809 MfctQPIOCe5Sin$ \.Init (MPlI): fhiS d~vl~~ is
dpable of jnl~irac\nll theMI'll 10"peripherals through Ii'll)
ijil bl.t;!!:l~UOhalpeJivh¢tal dal~.bu" .. and ...four cunl~IlI'"
1;:,1. 'No externat .logic is required f9t inlcrfacing to most.

j
llriPhCraldcvicc~, , ....
Tlt~functional tl:mliguralhm Q(thilP1A.is. p(9gtamlucd

by !he MPU dutllif\ mtem initialltal;un. ElI~h o.f llle Mri'
'#ral data lhl~$ can be prop'~mnl~tlto act ;IS ~!Hnjl~t \)1

I'Jtput,a.oil ~~ch "I' tbefolll cOlllrtll/!l11~m,lpl.lirics ma~ be
l~-.mliled· fur 1.1110'of several> eohtrOl mudo, "hi$ all!,)ws
tN;lh degree. or..flQxibillty 111the. I,Jv-.r·all ojle.talll)n of the
~tej'(.ce, E&ce¢dll1l). Low POW!lf. .dhislpali()i) 'is rcallzcij. due
tOtdojltlllg CMOS Jlt!)~¢r;s•

• Ft;ATURIiS l

I LQw·Power. !'iiilh-ilPeed. High·[l4nsilv CMOS
, Compntlblo Wilf1:J~MOS. PIA (H()6S:lH (Aefer to E·I~l!tti.
, C91$j)~cill~lj01}ia~ h1~.IIOO!lJjf!cronee,J ' , '.
I Two ni·diril~illln~IIHIi{ Pcriphe;ol Octo Sus f(lt inl~thca
IQPeripl\Qra!dQviI:D$ .• '. . .' .... . .' ..•.

I High·lmpG~alltW:)·Stlltl and Oir~C.1TrDnslmll Orive flett.
phnrall.;lno$

I T\\Io'M'L.(.lriv~CQptlbmtYMAIIA~lId e Sid~ a'llttlr~'.
I HMdshake Ci,lntlQl Logic for tmlUt .and OutPut PoriphOr~1

I O~arotiQn .: .,.. '

j
' CA1,CA1....... .PortA.. (pAl '" FA,)

a : Cili. elll' •• , •• " .•'Pertb .... .Ipa~- PB11
I iWQPrQgrammnblQ ConttQl Ace15t~ru '

b TW~~9t~~~abtP Data t)lloclit)1'I RanistQIS
. jOMA; OPRSI

\!< U
0, U
" "01 'f.O
l!. II
C, U
,1\ .1'
:-.o~ t$ - -...._~..J

".11_"I U
tiilJ
I'4.IG
1:l,36
IJiiiIt
I 1&
III ""~'L..c"~_ ..,l'



. .

The PIA ln1lrf4CC$ .Q .:hHI0680(l MI''' wj!lum clJiht-blt
bJ.dltectlonal datAbu!, threei'JI!p ~Iect linen,.two :erPsterote!ect
f;:~; two iO:etlupt requeer ~cni t~nd/wrill: llite, enable Hnund
r::ll Uno, Tlte~ rlsncln. Iil !;Qnjun¢tlon with tho B0580!)
'1UAoutput, ~fmn lh", MIlU loh&'/(I cemnlete .conltol OYerItb PIA. VM'" $ho1i;dba 1'\lL~ed.\O conJunctlon With. an MPU

, rA4lcil!line into II chJp &e!,,~t ilil,\';<: ?IA.
I. 1ll-Olroc1loilQI P6lta(D~""Q,)'I. The b~ditectlornl dn!;I·Unl)#(Od" 'P'r} .nUow the (rnotrer of
ilia betwc. en the MPU nn.d.I.·.h.~ 1>1."'..'..'file' 1 III busoutput d..riven
til Ihree-ar.A1edevices lila! rcm!tln .in t. • cbi3h'impe4~nce (off)
l1Memep! when the ijPu. parfotrrta a PIA read op~rn!ion. The
P/W llne u 1J1 the Read. ("HII)h") nate when the PIA 15 selected
Tor~.Rend o.p:!,at!ort.
• Il,~nb!e (EI .. ' ." . . . .
The~l\aW PU~, E, Ia the o!iiy Ul'l1insslanlll1bM IHupplied

·.I··s'':,.·~.:i.m.'~:.e.\~8....•.aU.t.;~.~h.~.•.; ..•~.~~1u~.·;f:~~~l;~:o~!~
11l!i lis"&.! mutt ')~~n!l~,;~UI'¢lo¢k pulse, .

,0 llo.'ldNul~ ~1t;'411 .. .•........
! Tflit tlgnQ) l~~~e.,~'N bl'.lhg M:N to control tho
I cr ~~ll! tt:l!.,Sr¢r'on th" ~"l. ~U$, ... "!.QW" state r
11:;;1 eMb!~s til, r.>!yI! ~~!'f';t a.'ld data 1$ tlans[elr;,
t willo t~ n.<\ l)(l1i'~~:? $l~nl\llfthe .:ievlce ttl$ been "' ...IA "HI\lIt" oll ~he, ~N$.!i\~Ult up the PIA for ~ Iral1sto: of ~
,11) !hebus, rhe Pi ~ ()Uil)ulbuffers are el1abi~(j when the prOI
rMltlS 2M' t~e tna1:;:.: jl:.lu £ «Ie PfC!l:rlt.

'

0 Rot:lt(m) .... ". . "
The acUv¢ "l.~w"RES liM I$JlS'ed 10 rese.1 all regisler biU irt

• ('~.PIA III ~ )oglea'/1.elO, "Low". This line -ean be uSIld ,s a
. ~wet·nnte~t and ~H\ moster teset during syslem operation.

t
! ChJpSalQlll (CSO,.~, lln4 ~I
, These Ihre~ [nplII s!..n.nills.·..·Are \l.se.d.. 10 seleet the PIA. CSo and
CSt must'be "1-111,11"alld C[~mUUI be "Low" (or seteetlon of

!~'I~.:V~•..:da~.·I~.a~~ri~5~.~~h..~h.t/~knn.c.ted!In~:~~:r~~~~;~rl
~ lht duraUo(lof the E pul~. The device is deselected when
oy of the ehip tel",ClS J,~ lit the IlIa~tlve state,
• RCjJfll;rSol.w 'So I;md REhl

Tho IWP. renis\e! ~~lecl lIM$ ~ti! b!lld t~ lIelOCl thQ YArid\l~
~Iero Inl!d~ the PIA. Tilet? t....o \liI~~~~vused In conjunction
ui1hlnt~rnal Control ~e(llslS"I$.l:).~J~et 10particular rcgbter that
bIDWwritten ot read,
1b 1l\lo,.1iId6." !><Ii
~nl'l"

Hoe~21 ,HDi)M21.H063BZ1

The register nnd c!tipcSIllftt Iirt~& \hQuld be $\able,Jot Ine
.~u;ationof the Epalsi' Nbije In the read:..lr wrile cycle,
.• 11119"'",1A~u~n iiiiiii>. cMmoBi .
'. Tile active "tow"llltetlllpt Reqt.!si lines (IRQA. anlllRQll)
~Cl to 1r.I~rrUl>t the MP!) ~Ithe. directly 0' thrQuahinlcrrupl
priority drcultry. The~e liRes rue "open drain" (no load devi~
on the chip), This (lctmUs aU litterfupl lequ~s\ tit,e! to be tied
\oG~ther in a wlre·OR conOguraUon. . . ..... ..' . . .

E~ch l1N_Wt;\ has IWO Internlll lntcrl'Upt !InB blt4 Wilt eM
c~ute th~IRQ Un~to eo "Lo\"J ".Each flaffbltIUl!(i®ia( _:Wilh
a part!c\\!ar p~rlphcrnl intotrUl't llne, Al~ foUl' 1nh'!flUpi enal/lo
bll~ ~rQprovided In Ihe PIA which lJlSy be u~d to inhl~it n
pattlculilr iOlCf!'llpt trom a p~riphernl de'li~.
Scm.cing an interrupt by the MPU may be aCCQmpUshedby A

:A;lttware routine that, on ~ I'riotllitecf hasit, sequentially tends
.and 'em the two control registels in each NA forj;\terrupl nail
bils that are set
.: TlIt interrupt n~ns a~ cle~red (zeroccl) as,Ji resull Qrart MPU"
··1~eait•Peripheral Data OperaU,rt of ilic' corresptJndi.,a dnv,
. reilhlcr. Af~f belitg cleared, the .frittlruCt na(l tit CW!ot bt
~£I..bled co be set until the PLA 1$ deselected dUIl,IlI ,!.11 E pulee.
Th" 1 ulse is used to •.conditlon . !he interlVil COlltrOr Une~

CSI , Ca,). When these liMa ,~.. used u inwrupt
.I ·.,e Eo Pills!! mus.! 0~ur(i"'1I1.the inactIVe edge 10
•. _ til, III' ''\_'pt fri 'til '$1811(1) .10 condition th~

., (b .,t1!!!uf>' fl~Bhas been enabled nnd
lui! b..en pr )p.et!y . conditioned,. lhe

~ lh .. nex t a¢.tlv~ han,mon (If the

Il' Cia LINES

..' Poi~ ,. • il: ulterfuptcO~~Il)lllitennd
two sets !If a'On .91-llh .llalpetiphcrlll ,mHus for Inter.
raCine to ;,nP\lI!ouIFlt dWIC4S. Fig, I 5 ~h~waIh'e block alagram
ef Port A andPort B. The output dljv~~ of Port Aand Port R
consist .;,r three-state drivers, allowing them to enter a High·
In\pedal'.c~ ~Iat~ when the peripheral data lilill; is u~d as all
mput, IJotl A and Part a have the same output buffer. £illt the
c~~u!t conflguratlon is slightly djffel~nt anI.! Ihla mues the
diffiwmce on data flow whell Ml'U reads POrt A and Port B
In thJ eaee q:)ch Port is. specUl¢d a$ OUlp".t. AI. shown in Fit •
tS, tlwoUlllut of the perlph~rlll dat~.A It Iransfenqa to inlem.n1
datl,bus when u~1i as output. On tlw other hand, In the.(;WI
{if Port .9 the contents of output :e~isler (ORB) is dltect:y
trallsf~rred 10 internal data bus lhrouYt.lhe multiplexor.

FiGura Hi !:l!oCkOiDgl~m of ppr.Aand Part D

@) MO'\rACMD

\
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o ~ort A ppriphl)t~1'ntG (1lA~"M·I
finch or tha p~ril'ljor~J data \lOlls can be ptogrrunrund to aet

.s an input or outpUl, 11tl$ Is ac¢otnpillhed by '~IIil1g A" I" III
the WltC$pondinll Dsta Ditection Rcllis\ct bit for Iho$!¢ il!lil$
which ere to bH1.JIPUlt. A .'()•• In a bit of the Oat~ O!.~. tlr..,
Re~Jt~t causes Iha corresponding perip'. ri\! datA !Inc I' ~cl llS
nn Ulput. Dilling All MPU Road .Pnlpherlll Oaln C)~~ral. on, 1M
riata on PQliphcrul 110M progrllmfl'led 10 net M l~plIU ~l)l-'\1ar-
directly on Iho corrWJ))ondin(!MPt1 O"ln Qus Une~.

'rhe data ill OUlP!>, R~flhter A will appear Oil the dnt~ lin~s:
'Ilot ",e proetatnmed l(! b~ outputs, A I081cul "1" written Into
h'e regi$tet wUI eause a "High" on the correspondinG dnlu lil\~
\IUe n "0" results In a "Low", QatA In OUtput Register A mat
L" tnd by an MP!') "R¢ot! Perlphml PncnA" oper~tlon when
the ~(;tl'esllondinlJ. Unc~ arr, prograMmed ca, O\lIPUII.
o I).,vt I) [luflphor~1 QBla (PGo "'Pl.h)

",o,'it "f lhn Pmt n penpheral \lain bus can be proerarumcd
to act ~ an input or 1.1UI!lUI like PA~ ... PA"

['an " Ffh are III Ihgh·lnlJlcd;il1~~ ~(lndl\itlll ~~~auSathcy
are thrCC'SI~I" outputs lllSI like "'\0 -I'llu when tile peripheral
IlIt$!!3 U¢ tiled lIS i)lPI!\$. when I'ftlgram'llcd US outputs, MPU
read of I'M II make il pl)sslbl~ to re~l! Ih~ ,'UIPIH rc~lslcf
r~gQrd,l)ss 01' PB<! ... PI!, loads.
• liitorrupt Il'tPUI (CAl $1\\1 CDII

l'enphernllnput hOM CAt and CDI nrc trtput (lilly 11M» that
$~I Iho (I1tmulll nog$ or Iha ~cnlrQI resisters. The Mtive
traMlllol! for 1110$4Ilgnnls Is :1)10 programmed by lhe two
con ttol registera.
o f>Qflphollll eOnlrl)1 (OA)I

Ihe ~eriphotut (:,mtm] hne (,,11 c.m 110 I'tIIFrltn.-cII tIl
act ill an inlcrtllpl Inlllll \It ~I ~ rl':lpher~II'llntr,'IIIIIIPilt.

The function Ill' Ihi~ signal II pfllgr,lmrncd II> the {'onllnl
Register A. When usee! ns an '''PltI. IhiS sigl.11 IS 111 IIi~h·lm·
pCQuOGe slut~
o PotfphQral Colltrol (CO,I

Peripheral Control lin~ Cth "".1' al~Q be PfoBtl\tnmed 10 uti
!1.1 an lnl¢trupt (nplIt or petlrh,"AI ~ont!ol OUlpUt.

Thl~ lino 1; flr,'gratllm~d by (""\lIol Rcals\~r n,
When US!ld as an inpul. 11111slgttalli In Ih$h.ltnpcdunco.

(NOr!!.) 1. t>ubc Width ortntcrrullllnpu!S. CAl ,CA,. Clh an~
ella £hnll be BleMer thsn 11 e cycle limo. In tha me
thul "Hll)h" IlroC or It sign!;! If not conlullled In
Inler1\lpI pUIIll, en Interrupt nUB mal' not bo Sill.

~~_;..., ... ...c.j

"Mt:li1'''." .Cvf:lf r 1'1\'

!j lNreRNAI. CQNtROL.S
There are liX locauons wuhin tho PIA ~cm~lblc to Ih~MPIJ

dOl4 bU$: two Periphera] RIl81$1m. two O~t4 DirccllO!\ i\~.
(Ii$:~t$, and two Control n~i!bter$.Scloetloll or tl1m locntloll$IB
tOllltoUet;! by the Mit fl.1d ~Uil ",putt togethor wilh bit 21n tilQ
Conll~:d ROgister, M shown In Table I.

---_.------------
fnblo t 1l1t~rnal Addrnulnll

•• O()~'t Ct,O
• ~."M~e~1 ,"lIrl~~q ICO'IIOI;1 a OCMIIQ IQrIr! ~onlt'nll\~ PoriphQ(al
dllQ bijund QijtpUI'O~IItO"

o htlti~lIaDtlol't
,,\ "Low" rC$¢I line hM Iho Qrfe~t Oh~IQllIe aU PIA retJ!JI¢tI.

Thts will uet PAo ....PA" Pllo ....Ptl"CA, l!Ild Clh u!mpuU,nnd
311 Interrupt$ dl$~bl.od, The PIA musl 110conflgul¢d durlllg the
restoll pmgram which rollowQ tho rOlct.

OCluil. or pO$slble ,olli'lglltaU(ln~ of the OQla Diroction c.nd
Control Rt(lisult ere Ott ruUOW$,

o DQtil blrootlofl fle'lliotora (OtlAA ~l1IJDORQ)
The two I)nla Olr~cuon n~(ll$tm allow tho MfU .(1) ~ontr\11

Ih~ QII~r.tlon or ~Qta through mil corrospondlng llot1~hQr$)
11&"[Ittl~.A PUla Dlt~ellon Rl)flIGtorbll $\It ut "0" connaurot tho
C!ltr(lspondlnu peripheral datu tlnlt ~a an Input; n "I" rO$ull. In
an outpu ••

q Conw)1 Roolltort (eRA ~i'lderml
The two Control RCGI&lqr$ «'itA nnd CR!!) allow the MPU I~

contrnl ihe Qpmtmn of tho four peripheral conttnlliocs CAh
CAl, ('Ill and tB~. In addition they allow the MPU to enubla
thQ interrupt lines lrld monnor the $I~IU$or th~ Interrupt Or..(lt.
1)1\$ (j Ihrollsll S or tho IWO rcal$leu mny be wnuen 01 r~nd by
the MPlJ when the proPQI' chip $cl~ct ill\d rer;lstM $flecl sli).ll~1
ere \lppll~d. Dils 6 arid 1 oi tha two resistors are rand only lUId
are rumlillcd b~' $l(tcrnnl lnlerruplU ()c~urr(ull on control linel
CAb ('At I elll OfCIlI. Tha (atOlll of tho Clll\lIol WQrd$l1
shown III Tablt 2.

T~bIO 2 Conlt.llt Word Formot

triA IrlQAl

1
CRa mOOt

6 5 I.~ I 3 .L 2 l' I 0
IRQO~ CO. ConllOI I Dorm I·CIl I CQ""OI

~~~~~~ __ ~~~~~~A~C¢_OI~I~~~
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OQIIDil~,!lion Act4~1 Control t;llllCM2 and 01'11121
ml2 .n Melt Control IQUl$lcr ({'ItA and ('RIl) all'lws

Illcction of ~lth4t 8 Peripheral InNlra~c Register \II the Datu ..
[){It'llon R.~BI'ler when (he proper rfglslllr select lIsn~1$ are,
tJ)IiI:~d10 Rh andRSI . .. . ...
Int:lttul>~FIt~\ IcnAtl, CAM. OA!lG, ulld CR871
The rour II t(\\tupr lIan bil~ nt~ ~Ol by acuve tran~lli,m$ ,.If

Jl~al~ on th~ I'~~rhllerrupl und Peripheral C,wrol lilies when
~~I)"~UnCi. ere I tQat ....'11ttl~d to bl!! 101'>11$.ThC$c biu catlout be
l.11dltwly rrom.lh~MPO Data Du! ~nd ~tO re$~tII\dir~~tly 1),·lt
Roed Periph~ral ttl~ Opel~Urn ~n thg aplllopnate $WIOO.
Cl:nlrclof CAl Qt:,ctCS.1 1111011\11)11.lnl\$ leMO, CRBG, Cfl~\ "
~tlCRtm .
The. two IOW~M4 'del bllaOr tlte eontrol registers i.lr~U~C!III'

¢Omt!)lllle iJ\tmupt·Il,PU( liMa CAl and Clh, Iliu ('·MO and

(,1~Q241C used In ellilhle 1~...1MPU mterrupt signals fRQA arid
mQ8, r.espc~lival~ n,u ('RAI 311dUUlluctCrtllOle the active.

..• 1IJlI.1I1<I11"I' the ullcrrupt lh[luqi~IIJls CA. and (,fl, (1~~JC J),
Centrol 01 CAl ~ntLClh Pqtiph(ii41 C.,tItlQI I.lnol'll;f:lA3.
C~M. CRM. CRe3, CRG4, Md CRIlGI

am J. <1 411115 .. I lh~ two '!)(ltmi lclllslCIS alit used It)
,(jltUul the CAl anu Clh I'ct1Ph~t,,1 (\)1111111 hnes. These bils
Jeternlllle If the. cuntrul Imea wil! M an ilt~tr.\lpl .neut 1)1 an
(lUlpU' control sl!\Ilal H bit eMS (('RUS) is "0" CAi (e!))).
is an l"tmOI)! mpul l!IIe similar til C'AIIClllllTable 4), When
fRAS (CIUIS) is "I". CAt (Clh) becomes an output signal
t:l~t muy h~ used In ,,,"trui p~rlphelulll~ta.trunsrm. Whenltl
lh~ 11U1pui n)lld~, ('.\1 qnd ('Ill lIav~ slightly Jiffereht
.h~IJ~t('n;th;s !TJI11~ ; 311\1hi.

c

...·-.....,.0----1

CRAG CRM
(eRGS) (CRU41

0 Q

0 0
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ClUJ!)
Q 0 UfHah" who/) ,:lQ intQrtllpt fltD bl,

CAP.? It. s~i by 4;' activo trnniltlon
~f.tr,o eel ~i!Jtl.',(&10 Figuro 16)
"Hlgl'l" oil th!1 j:'Jt)!itJvo ~(!!1j)01 11l~
!Itlt "f:i" Plllne fQllowlno on "I!"
PlllAOWhiQh oec:ur:~d whlio thi'
parI we' dosoloCIOd, (S?~ r:IOIIt~ lUI~ ..

·CfH14 cnsa

Tabie 6 Control Of CAl Ui aM OIJ!put .. CRAS " "'"-_ ...................._- .......-.......;..:;.;;.·-1 .. CAl

I
I 0

. Cleared SotCRAil CRA<I
o
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o Jnlthlilutl~"
When the external rc~¢i InllUI RES 'f.lOi)~"1.9111", all i.n!crn~

l¢sUl~rs ata clenr~d to "0", Pcrlll~to1 dAtQ 1»1'1 (PAft ....PAi,
PDa"'PB,) 1$ dollna" II) b~ lilPUf #nd CQl)lrOllUlcj (CAl ,CA~.
cal lind ell,) .nrcdef\noil'IQ.bo the Inlortupt Input llnet. PIA Is
~ lnitlallicd b)l $p€iw~fQ $i)qu~ncq M fQUow$,

~ ~~~IW'ltQ Opslr)tllln N.ot U~lM Control I.!na~
<Rotll Opa,UI(liI>

[:;I"~t.~~'I~~II~"r~gill~:::'~O"••...•.•.•...••.·1
~Qih;t:;,o~jw!. :']

I ,t,ll~OIl~'Mhm:>

C ~IHI=';QCliC~ '~u,mno "~F"

,~ Program the data I,ltreclllJll r~giilc,n~ceublt of the control
re[llSlcr to "0" 10 allow 10 accessthe dada direcuon reSIster,

iI. The dnta ur the coutml hM full~ttu" I~~t 1l11O'.it4 accumu.
latur, Ilr wluch [lata nflccUnl1 R~gisl~i A~~$! all $.I\.ali be
prugr(ln\J1\e\llo "I",

• Ttllil$r~r the conuol dnl~ from ·tho iI~¢umulator .intu the
,:ontrol register.

CLR eRA ~'('(ear the DORA a~m! bit ()(th~ ~l)liltolr~gistcr 10"Q".
C~f1 ()OIlA e . ~'Ie~r411 oM utlh¢d3M di.tc~llUn IcUiU~i.
~OAA ~$b4'" SCI PORI. ~C~e$~ bll of rhe tOtlllol regi~ter 10 "1" 10 nll(lW
SYM I eFtA to a~~~$$the peripheral iJ'Ilet(n~~ register.

1
1
I

LOl<A: PII'IA

c~n
IflAA
SlM

otA • Sel l>!mll U'~I!S~hll til' Ihe ~UIIII,iIIC&ISICI (0"0".
U$P~ l"~ 5¢.I ~IJbll~ \).1 the ~",a direttlul\ tcuISICI tv "FF".DORO sr

LDM
S'1'AA ,

I,
lOAA I

liTAA

#$04') q SOl DORa MC~SSbi! of tlte cOlluol reglsccr to "I" 10 lllluw to
CAn . access the perlphttalltller(aee rcglller.

DATA )1, W,lle tho Ullin Inll1lhe pcripMnt)illwface rentStet.
PlflQ



Hj)6321.H053A21.H De3a41 .........._.---..._,,------....~-------- .................- .........-~··.,,;;I\,'
• RQPtlIWIltGQl)!it~lln~ V~lnQtontH)1 LlfllIi

R~adlwtite teqll~1I from perlphcraluhaJl be put lnlo th~
e4rMol llnO$ .(1$ an lI1(crrupt sl(lnl1l. illiG then Ml'U reads Of
wtil"~nner doloCllll~l1it~rru"t "quelt. .

<Hct:ll>
Tlte (oUQwiN! ~ ..1$ th~[ Port A t, lI~od Md .thM 1M nallll!

~dUoo( CA I lIldical<lG the t¢qUQUl (or fe~1i (rom ~riphcrcll.

Ct.Il' eM • $01 the DOM tlC0(l4~bit II) "0",
QI-R QbAA. sct nlI blt4 or the oulll d.itocllon I'OOht9r If,!"0",

I.PAA ~$Q() 0 PrOQlll!'Il th9 rilllnO od1\'3 or CA. to Ito u~lIvQ.lRQA.1Ii m~d
$TAA eRA IlIIdOOM 1\( ~'QbIt 1$ &Otto 1,

LOOP t;OAA CRAI
UPt. ~OQP.· Q Cheek wlliHhet hQ rend r¢q\lOst· tom~$ ftom p~rlph,,'ib"---........---r------...... or not,

To reAd Ihe perlphorlll (lata, the dat~ II Oltbclly Iramfcrcd. t."
the ~,Ia buses DD"'01 Ihrou(lll PAo ....,PA, or PBo"'PI.l, ~nd
thWArt not lat!:hQd I.n Ih~ PtA. It no~ot~ry, Ihe IIntn ,ho\lld b~
Mid In !he ¢l\tunalIAlcb UiltU MPU cQmpl~lcs teadlng it,

When Ulltlo.Uzlnu.!he conU\)l register; Intorrupt nag bit
(CRA?" CltA6, ClU17,CRB6) Clll1MI be wtillQn from MPU. If
OOOC~ the 1IllCtrupt nag rnu~t b~ t¢W by d~rnrny read 1)(
i'\1r1phornlll.ee\$t~r A WId B.

<lNrlt~
Write QJlO~QtIQtI.~ tho l'ltorrupt !'j(lnnlls !Ill foUow, .. Iii

tIiIG c~~.ll PlItt ~ yt\ld III1d Interrupt requ¢tl Is mput 10 CBi,
AIld 1M rn<:! On" is tel ill lil# rtcltia ed[li of CUI'



·--- ........------------KP6321.H063A21 H063a21

eLR
LOAA
STM

I.OAA
STAA

: :::: I

Lll!)t,.M COh\QI1" QllhQ q~IPMt
tOOlllor I~ lho 'CClJtlWI.lol

~OAA

SrAB

Interrupt r~que~< nen blU (CM1, CItM. CR.!l1llJ1d C!lll<i)
t.!!Mol be wd:tor. nn<l they ennnet be abo r~$el by lUt{tC
op~lallon 10 Ih~ tJIlflphqrnllntetfaqe reulSler, S() dumMY telld of
~llpherlllllll~rIUC~ tC(linl\f Ja MedMi 10 re$gt Ihe naUI.

'rC! ~C~Gpt the Mxt IJIICtrupt,lt Il! ass$nlll)) It) rC06\ Indltt;lly
th, JIIlorrupt nail by e!U/llmy lOSe! of p~rtpherilllnwra¢e
~iJI'\ct, ". .

Sott\\Ill1'¢ _!}ollrt.«malJ\Od monll(lMd nllov\) tottlllr~$ Ml'1) to
~nllnuoualy IMnitor tho control ro~l$tnr to detect the rend!
II'r(lo rQqucSI (tom pcrlphorn.!Q, .SQ!,'IUtO! P10IValllS cannot lUll al
lila .~mu tllll$, To avoid mb probtdlll. Mfd\v~rD lntqtnlpl ttlW
bJ IIt~d. The MPU '" blllli'fUptod b~~mQA or IR'QIJ WhM the
road(wrlt~ .tequcst Is ()CCUn'Qri frOIll PQrlphdrn'* ~I\d men. MPU
b.I\IllytM CI;\\lto. of lito IntQWlpl roqll~$t during Inltrnlpl PHI'
~1iInfl.
o Hlilldwo!IO Mli1.lo

'l'ho fUMtianl or eM llJId cr.;n .1lI~a!mUar bill no! IdQI\II¢al
L1 the h~4'lhllkc modl\S, POll A b \i~ol! for load hMd,'hllkc
opclallon Md Porlll In u(;Id fot wtlt~ )\l;)l\d·shIlkD mode,

CA. IU\d CBI Ut~ ~~d for Intorrupt Input IQljUestl MIl CA,
»nd Cll~ ere c!)nltoJ ()IlIPIlI$ (!lIlllW~r)IllIul11d'~hl))\o mode.

r.it!, \Ii, Fill. 17 IU\d Fig. 18 U1()W thd Ilmlnn of I'Ullld'$halI9
mod4.

< Re,.-dH~rnI'lh~«o Mm!:l>
CMS .... ''', ~AA4....0" and CRA3.....0..
<D It. PQ!iphotM doVleo put~ thQ 8>b1t dn!4 on the p~rlphc(al

dQI~liM# nrt¢f the \:ontrol outpUI CA$ noel "Low",
® Th~ pttipher;)) IcqUC$ts MPU It) read Iht. data by llSing ('A I

Input.

CRII ~ Set OORS access bll It.! "0"
II$~P. }(lCma ~ S~I all l:oil& of DORa 10 output "I",

#$06
CRB

I'rOlll'am the rishlg edge OrCSI to be Hcllve, IRQS is masked
Me! OORIJ access bIllS ~l to "I",I •

CFl9
LOOP

Q Check whether the write request cernes (tulll peliphernls
or nOI.

• Reset (he ('!Ul1 Oas' by the dU,1\n\) reat.! Ilf Ihq
penphcloll inrertace t(l?lstet,

PIRl! e StOIC (he cI~ta of (he a~cutn\llat!,)r B to Iho periphm.l
tllwfa~c regJS!M.

Q) ellA 7 ({ag is lilt urtd CAl becomes "High" (CAl aUIO'
matlcally b6COtTIU "HI8h'.' '0)' Il\q IIItmllpl C'1t,1)' Thi1
\rtdic~ICl lha peripMrllJ 10 mttirttaln the CUrtOnl daiS Il!Id
nollO (Io.t\s(er the nellt <1m.

® MIlU lICCeplS th~ r~ac! requcnt by (RQA hMdw~re InICt!\Ipt
or eRA read, Then MPU rcud~ the peripheral reatmt A,

III CAl aOel "tow" on th~ f()U()WU18edge or ro~d £na~io
pul!c. ThIlIJJ(oti'lls lhat the poriphcl~ IlllJl.ellhe j)(lll11l41n
to pOll A.

<'\VIlla Hand·,hlll.o>
CI\\OS '" "I ", ClU14" "'0" o.t\QCRQ3" "0"CD A perlpherlll ~~Vl¢a teqllcM~MPU to vtrlttl tno (laIn by udnn

CBI lIlput. C'.!l) O\,lIPUI tetnnln! "l~' unll1 M,PU wtlte
!hlill to th~ p~tlph&tlllln\crra~e rea.l~tcf.

~ CRIl7 nas Is #~lllJId MilU acecpu tho wtl\e reqlloR
1,.)/ MPU r~~d$ Ih~ pgtl.ph~rlll 1n14lfuce tugi$let to rct~1 eRB7

(dummy read). .
W then MPU write data to Iho perlpherill IIIlcriuCll reSister.

'rhe data Is output to PQrt B thtouGh tM OUlputl~nl$tf,r,
G) CBI aUlomatlcaUy becomes "Low" 10 lell the peripheral

~hal MW !laC" is on port. II.® "he ~llpheu!llcad the data on 1'(1118 pCtij:;eral dMa UnCl$
and sct CBI 10 "I,.ow" 10 leU MPU thnl 1M data on Ire
llerlphotl1l dat~ UnC$ MI peen «\ken MQ IMt I\Ql\1dalt eM
b~ written 10 the pct1pMrallntcr{acc reglst~f.

<:Pull4 m\1Uo::>
CItAS" "1", tllA4 b "0" ~Jld CAAl " "I"
CRas " H l", CRM" "0" and CRa3 '" "I"



t ~ suMMARY OF CONTROL RE;(lfSTE;A$ C~A AND ClUJ
Control regisltt$ eRA an~ eRa have total cenuol <Jf.CAI•

I CAl, e81, Md tal lines. The nali..l of eight bllS of the ~Qlllr()1
t ICl!iltMImaY be rtad mto the MPll. However, 11l~Ml'U ,~Ill)nl)'
1 I'Jr(leInto B.II0 throu$h Bit S (6 blts), since Bil 6 una 81.l7 are
1 ~tonl)' byCAheA:. cs., or C~I'

.\I /.IAcltCtclno PIA~ .: . ..... .'
f1l!(ore ~d4(~lsil1g l'IAs. the d~l~ dlte~tJort (VORl ri(~$t lirsl

bt loaded Wllh tl1q bll pattern that defiM! hew e~~h lme l~ (1.1

luMllon, i.~.,aun Input or an output, A Iogic " l" III the data
dlr~~Ul,)n(¢(!I$l41 det'lnei Ine ;:ormpondmg 11M as an output
whl1~a IQgic"O" Qcl1ne4 the ~otresllumling tine ann Input.
Slll~elhe DOR and the periphcraJlJit~t(ac~ re$ister have the same
~le'$, the. CQIHrul re~IsHl !.lli 2 dH~rmIM$ wlu~h register I~
~lnG addrmed. If" .BIt 2 in the ¢llrtllul regi511)rIS a ["gJc. "0".
tlte.t1the DOR Is ~ddICS~tI, If Elf 2 in Ihe conucl rCI!J$ter I.
ro~"I", Ih~perlphe~<\11l1lCrfao;e legl~ter 1$ addressed; The,
fQr~, Ills menttal mat the DOR be lou Jed Iltst befote sellin"
.Bit 1 of the eontrol register,

<::C~~tl\lllp> .
C!v~na I'lAwilh an address III' 4004,4005.4000, jud 4U01.

<ro04ls the addle» oUM A side pcrlpherallnterface T~.g!ster.
40(15 Is 1M a!lt!tep$ or the A side ccntrol r~JltSlcr. 400~.1~ the
IddfU$ Q( the S sld~ peliphel'~1 interface regist.r. 41,)0715 the
~ddress ur \h~ S side ~onlrol ttalster. On the A side, llils 0, l , ~,
!lid 3 wUl be defined as Inpuu. while Bil$ 4, 5,4, all" 7 will be
~d as QutPUI$. On Ihe B SIde, ~U unes will be us¢~ as uurputs.

(DORA,l'trlAJ
(eM)
(()D~B,pml)}
(c~n)

PtA IAP " 4004
PIA tAl'. '"'4005
PiAl!'!!)" 4006
PIAn~c" 4007

LOA kll'i'olJ 1I000()
STAA PIA lAD
LOA A·tj% 1I11JIII
STA A PIAIBP
LOA A #%00000100
srAA I'IAJAC
STA A I'lAI.ac

(4I)ijl;JIII$,4 iIlpub)
(L()4ds A VORl
(All outputs)
(l.lla!ls B PCR)
(S.~·tsl!it 2)
(BII ~ set tn A contrul r~gl)te,)
(Sit 2 ~l tn B cent -ol rcgl$i~l)

I.
2.
J,
4.
S.
6,
7.

Stal~meOl ..2..~Qdresse$ ihe bOlt, $in~~ Illnonlr;>l regl"cr
(01l2)l1lil not been I\ladell·, Stul~men($6 and ?Imld Ihe o.'I1rtlr(J1
llla.tllm wlih Bit ..~ Sel, l\) uddrmlnB rIA lAD III I'IAUlO
eeeeues tkperiph~ral ,OlillrllCC rcgillcr.

Q PiA ~,o9t~mmlnn VI~ tho Indq~R~UiHet

The prO$iUIlI shown ,:I ihe ptevious SC~(I\l1l can be uccoru-
plllh~d ullo~ the In~l.·lt .Rrllllter.

1. LOX
1. srx
3. LOX
4, STX

#"~~~004
PIAl.AD
#$FF04
PIA lUI)

$FO"P!A lAD ;$04~'I'IA IAl'

$FF .. PIA I IlO.$04"PIA 1ac

U(JJB til? Jn~C~ IC~i~{CI III nus ~xallllll~ has ~av~<I II,' by I~~ <II
ptugmn l1Ielllul)' as ~l)JlIpar"1l lu the pl\J!!lalll Ihul'Ili III Ih~
pr~~/t)UfsediulI;

When ~U.Ihe outputs or 1!1~~11PtA purl are tube u~tive >·t••,w
(rJU~~OA vults). the fuUuwUlgpru~c(htrc shoult( be I.IseU,

a) SU Bnlll! the conttultegister.
b} S.lure allIs (SFF)11l .1101.)1~tiphellilinlCtface ttgist¢t,
e) (,Ie~t Bil ~ in the cont. ,\ r(gi$ler. ... .
d) Store all Is ($FFJ II! Ih~ d~la dlre~li()11 rC~lsl~r.
e] SI,He ~<llItroJl Willa (811.2 .~ I) In control (ft~istfl,

<f 'pip>
. a shle III I'IA I IS sel ur III huve all a~Il'~ 1,,1'1outputs,

{'HI alltl ('(II ~It set up I" alhlw IlIlerfIJPl~ In Ih~ !lAND·
SH.'\KE MOD!: and CBI \\'111 reljJunti III puslhve edges
l"ww";lo."High" transtuonsr. Assume teset condltlons. Ad-
'eSSCl arne: up and equ~(~d to the same lab¢ls ~ PICv!OU$
xample .
I LOA A :14
~, 51'A A!'IAtSt'
,I. U.)All::$H
4, SlA llPIAlBD
S, t'LRI'IAIBI.
o. stA a ('IAIIlP
7. t:.t.:oAA ::S27
K, STA. A PIAilK 0\,11l)0111 ... • cunttul r('~I~I~t

ih~ above procedure 1$ r~qul(cr.l In order tu avolil 1.I11tpU!S
gUlllll "Low", III (he ncuve hL<1W" TRUl: SlAIL.whell clll$
,,,•• ("'tilt\) Ihe d~l~ ..lire,liun Ic_glslcr as wUlli~ be ,the cuseif

':1)1111.31o;ullngut~lt\)1\ pr<)<;cd.ure were folluwed. .

S~1Ihl Z III PIA flit' (,;<>llIh,1rClImer)

Ali Inn pClll'het41111Ierla'~ leglslcr
t'kiJIlIU1 .
All Is UI duta qlf¢;'11lH1t(~I~ler

'111~!~h~nglng RS~ And rlS I
Sum' system apph,alll.ln~ ma> requue muvement ul' III bus

vi tl~la 1\) VI IMII the "uutsule world" Via tW\lI'IA ports (A
sule + B SlUe t. When tlns IS Ihe ease It IS an aoJvanlage III
lflter~,)mW~1 RSI anU RSv ~,t'"UI,IW5,

RSo to A I (AJdre$~ LIne All
ItS I IL' AO I AJdlm t:.il'c All)

This will pia," th¢ p~nrhcral interface r~gi$l~t$ and conuul
regIMC(' Stu~ by Sll.1C111(he lIIemury map ~$Iullows.

Table

PIAIAD
PIAI!)D
!'IAIAt'
('IA I Ill'

$4004
540U5
$400()
$4007

IlJOI{A, I'll{ \ I
(!)DR!!. PIHlh
({'RAI
{('RIlI

ihe IIHI~!\t~glstei or ,IJ,lliulnt¢1 may he used hI m"vv Ihe
le-bu d~l~ In twu M;bu .bylel with \lilt in>lIWIIUn .\, .111
~Xillllpli!:

LOX PIA lAO PIAIAD .... ,XH PIAiao ..... t:oq

I) PIA ~ Altor I1mt
Wheli the itEs {Rcsrt Ltne) has been held "Lu( 1\11 il

111I1I11I1UII\ <It' one nncruse, ..Jti\I, all l~glllQts in. the PIA ,,,II be
.:Ic.u.~u,

II~,;,;'I'""I Ih,' lc>cl ,,,,,Jlil"IIS. the l'lA has bee I! "~Iill~d~,



~ SUMMAR\( or CAi .ClIt PFlOGMMMINQ
SH~ 5, 4, and J ot .tM centro] reg{ltm are lised to ptOgtt.f

Ih¢ (lp.~falll)ti of CAl·CBt. .

follows,
LAIII/O hMS III the "outnde W\,lt!Ij" have bWI dcfihed as

inputs, .. . ... . ..
2, CA" CA1, ca" and C31 have been defined as m,mupl

mpiJ! lines Ihal Me negahve ~,jge seJl!IIIYe.
3. AU the Interrupts art th¢ wiHrot linej at~ n13sked, SelllntOr ..

Interrupl flag bits will not cause l'It<M or TRPli to ~p "Low",

o SUMMARY OF CAI,CS, PROGRAMMING
BIIS .1and. Q Ilf ihe respecnve ccntrol regtsters ale used 10

program ihe inltmupt Input contrul hl1t~ CAl and ('BI.

f\lotClhbl. thIs Is the same lOgic as BilH and ~ for CAt .en,
wh~ti CtwCBj ar~progtill11ltii!d as inpl.tt~. .

IICAI Fpllj!!\(:
C1nlrol ~iltol
CA, - PQ"hv. £d~•• Allo~ 'nl."UPI
CAl - Pull. Mod.
ca I • NeooflYa .Sdg', M~I' InlarruPIce,·_ Hone! ShAktiModf

lI!lu"'~R ••• ~~
PIA lAO
PIAtAC
PIAlaO
~IAj!!C

ell! Conf'RI/('Y~SaIll1lllIl
~()A.A #sec 10.1 t \lOO
S'tA A PIAIAD 1)0 !Q.OoFiA
I..tM A #$FF IHI HU
STA A PIAiOO 11010 ODRe
~OA A Al$;lF 0(110111!
sr;!' A PIAIAC To "A" CQrtt'l)l
LDA A 1:$24 00100100
stA A PIAI!lC To "S" COnllol

I) - H~n(j$h4~o Modo
, .....Pulso M()d~

~ Iii:! Follo\l';;no M;x'IQ

PA.

"A" PA,
PA.
PA,
PA,
PAl

PAl

Cll,
ca,
jlO,

"B,1I

F'Qlittf 2\ P:A Cot1fiQurll1loti Problem'





,..-- Ad.vance 11llformationJ>....--_-_:.,.~ ~~_..J

lAEAt.-TIME CI..OCI( PLUS flAM·(A'tC)
The MC14Bai8 Real·rulle CloCk plus RAM 1$ a peripheral devIce

WMlch Intluqes the vn'que. MOTEL conceorJor use '/Yuh VBnO\,l$
m,croproce.sC)rs. rmcrocornputers, and larget computers '. ThiS Pari
combineS three Utllqul) features a cornetete (lme'QI, daY Clock With
alarm and one hundred year calendar. a prQgrammabie penPQlc mter-
IVPt and.:SQuar,,·wava lleMrator.· and 50 bvtes of .iOW·PQ'Ner static
RAM lhe MC 146818 use~ hlgh·sPeed CMOS technotcgy to Interlace
wIth .11vlHz proce$sotbuSes. wMe consulT"ns ver"; Ilille power

TM.I'l~al.Time ClOck plus RAM has IwO distinct uses FlfSI. It IS
deslgnea as abal1ery PQwered CMOS part lm an otherwise NMOS/tTL
svsreml meludlng all fhe common barterv backed·vp fU~CIlOhs sucb as
RAM. time, and.eaiendat Secondly. the MC146a18 may be "sed With a
CMOS microprocessor to rel,eVe the .software Of .the \Ime~eeplng
workload and to extend Ihe available RAM of '.11'\ MP·u SUch as the
Mc:146(l()5112,
e Law' Power. HI9h·SP~. High·DenSity CMOS
() Inwnal.Tlme Ba"~ and OscIllator
Q CountS Seconds. MJnutes. and Hour$ of Ihe D~y
.0 CQunts t>Ms of the Week. Dale. Month, ancj Y~al
o 3 V to 6. V QpQrallOh
Q TIme l!a~e Input Opllons 4 194304 MHz. 100' 76 MHz•.or

32768kHz. .'.
o Tune aa.sa OSCillat\)( for ParalleJResonant Crvs'~ls .
o 40 IO.2CXlIf.W TYPical OperaM9 Power at Low FreQuency time Base
() 4010 ~O roW tYPical OperaMg Power at High. Frequency Time
B.se

o BIOarv.or BCD Representation of rime, Cafendar •.and AI.rm
o l~- Or ~4·Hout Clock wilh AM and PM Ir\ 12·HQur Mode
o Daylight Savings time OJ)llan
Q Aulllm;rllc ~nd of Month ~eCQg"ition
o Al,ltomalie Ll)al) Year CompenSation
o M,eroprocassor sus Compatible
o MOTEL. Cj,c,.,t for aus Umversallty
o .Mul\lplax~ au~ for Pin EffiCiency
o Interlaced With Scltware as 64 RAM Locauons
I) 14 BVles of ClOck and CJnlrQI fhl!lISI~IS
o 50 aVles ~( General Purpose RAM
o $Iat~s Bitlt\dicales Data Integrity
o Bus Comnallble InltlrruPt Signals liRe})
o Thr~ InWrupts are Separately Software Maskable and Testable

Tili'lil-9t;Day Alarm. Onee-per-seccnd 10 On~e.per-Day
Perlc(M Rates from ~ 5 iJS 10 6()Q ms
~no;!;OI-Clock Update Cycle

o P,ogrammablll Square-Wave Output Signal
o Clock OutPut May ail' Used as MIcroprocessor Gloc.~Input

l.l;..;' · ~ __ ~A~.t_f~lm_e_B~a~s_£l_F_te_q.u.e_n_~__ +_1_0_t_+__4~~~~.~ __
• €I 44-1'ln Oual'h,·Ltne Package

Q ChIP Carner AISQ Available

IHIGIi.PEflfPRMANce
SILICON' GATE ¢OMP.LeMfNTAAY MOS)

REAL-TIME CLOCK
PLUS RAM

P $UfFIX
PLA,TIC PAC~MlE

CASE 109

s SUFFIX
caROIP PACKAG<

CASE 62~

ZSUFFI)(
i:HI? CARRIER

CASE 761 •

PIN. ASSIGNMENT

NC

OSC\

OSC'

VOO
sow
PS
CKOl.t

CKFS

,HQ

RESf1

OS
NC
flW
AS

CE

AOa

A04

A07

VSS '- ..... ....;........_-J

Pin numbo~ In ""rP.rit~ t~pr!)$enteQuivalenl Z
sulli' chIP tlI1!let .plns. Pin~ ltl;ll have not beGn
desigM!1)d for the chIp ~'lJSt are IlOl.cQl1n6cled



flGVRE 1 - W.lCK DIP,GRAM

OS/;;

OSc,t

SI"
lnterlace

Ir OCOI
B,naTv

<[Itternanl

MAXIMUMJtA~!~: IVOllagIl'l2_(O_tarP"'~-"':~"'7V'i"SS::..I ""V'-;otu_"_"""_""""u;:'ni~I'

SupplvVolt~9a vco ~03to .. so V
Alll~put voJii,-!le!l-."'E"'~-Ce"P"'\"'O"'S"'C':"I--t-"'V;:'.n"'-"'" ,~ -'"'O""s"".",,'o-:V.,.O-O-...'"'o:::'.""S+-..,V7""1
Curr~ntDrolnp(;rPI" eKtl~din~
V~'b and IfSS

lU mil

THeRMAL CHARACi!:IlI:SiICS
Svmllol Valuo Unit

!2O
OJ!; 65 ·CIW

eo

eKOu'
~~fS

SOl"

RES('

PS
Re91S!ertA. fl., C. [)

IA Bvtes)

CfO~k. Alarm,
i;:aleM~tRAM

11i) BYle~'

Use-RAM
150 avlesl

1M deYleO contains~"cu.trvto protect IM,n-
puIS .galnsl damage dye 10 h.gh SIOHt yOl!a9~
01 ~I"ctric Mlds. howllve1, ,1'$ adVIsed thai no'
rnal precautions be lahan 10 aVPld applicatIOn of
any vollaga higher than maximum tal'ld voitages
10 IhlS hlgh,l[llpedance tUtu" FO. proper ope,a-
lion ., IS racornrnended Ihat V,nnnd VO.ul beea~.
strp.Md tQ the ral'lQc IISSSIV,n or Veul'
...VbO A2hablhlV of operatlQn IS anh~nceQ If
unuI<I(I ,npuls are llQd to ~~ appropllale tOglt
voltage tGve!!" Q ' ellhQf VSS QI VOO!



MOTel

the MOT!:L circuit IS a new concept that perrnrts 1M
MCll16818 to be dlr~ctly mterfaced with many tYpes of
microprocessors. No eKternallogl~ IS rleed~d. to adapt to the
dilfer~htas In OQSCOrltril! signals f,om common multiplexed

.' . bus mictoPtccO;s.Ols. '. . . .'. .•. '.' .. '. ..'
. PraCtlcaily all microprocessors tnlerf~c;e with one ot two

synchronous b.us structures. OM bus was cllQlnatSd bv the
Motorol~ MC~ 1Jn\t lhe other by If,a lOlei 8080 Ghd lIS
C()Mp~nIOnPM:, ttle f;!~a.

the MOTEL. CirCUlIHOI MOToral: ,J':I~11G1.bu5 com-
patibllityl ISbuilt Inl(( penpheral and mp.moty IC. to permit
dlrilCt COnnaCIICIl10 ~Ithr.lr tVPI) Of bus ,In Il1duSttv standard

bus structure IS ~ow aVa,Iabie. thE! MOlEl concem 1$

shOwn logIcally ii't Figure 9
MOTEL selects COil til tWOmlerprel<ltlC)ns of two pins In

the MotorrJla case/O!> and RfW are. gated togothello pro,
dUCfl the Internal read enabi~ TI:!l.'MtGrnal Witte enable is a
sur.,lar gatons of. ~ Inv~r.2JLofA/W With competitor buses,
the ,nvers.on of·JIO.·andWR cleate funC(IO.<liilly IdentIcal I"'
terna! read and Wille enable Slgll~t5. ..

The MCl4681a.aulpm~~rcaiJ\' selects the ptoeesSi;lc IYP~by
u$Jng AS/ALE !(llatch the state althe OSI"O pin. Since OS
ISalways lo.w and AD IS ~IW<!Y$high QUrin~ .1$and A~E: jhQ
latch a\llornaucally,mllcates WIlIch P'o~~ssor 'pe 1$ con
nected.

C:omp~IlI(l' Type
MPu SignalS

""C:\"~IB
til'" 'S'Qt:'!als

AS liS

DS

SIGNAL DESCRIPTIONS

The block diagram m Figure 1, $/10\11$the pin connecuon
with tM malor,"lern~1 functions of the MC1~16 Aeat·Time
Clock plus RAM .rhU .fOllOWing paragraphs cescnce th~
funct.on of each pin.

VOl), VSS .. ' .' ."
. OC pow!)r IS prO~IQe(j 10 : ..e pen on lhe •.e IWO pms, VOP
being Ihe mote Positive voltage. The O1IMnum and maXI'
mum voltages are listed III the ele"tncal CharllclenS(lcs
tables.

05Cl. OSC2 - rlMI: .SASS, INPUTS
Thl! lime base fo.r the .llme functions may be lin externa!

. $1i)MI or the cryst~I' oscllialOr E"terM: sqL!are WGves al
4 194304 MHz. 1 048576 MHr, or 32 768 kHt may b>i ton,
nected to eSCl as Shown ,,.. "Igure 10. The Internal uma-
base frequency 10 be I.,sed IS chosen In Reglstet A

the Oil-chiP OSCillatOr IS de$,gned for il Parallel resonant

In!e'''3
, "Slgta'S

Ar 'M c,ystal. or 4, 194304 MHz or 1 O4l3(lill MHz freQ~~"
CI~SThe crystal connscnons ares~~wn I~ F,gure 11 and ll'e
crystar cnaractensncs In Figure 12

CKOUl .... Cl.OCK OUT, outPUT

The.CKDUi pon IS an output at the llm~·bMa IreQlJC"~1
diVided by 1 or 4. AmalOr use Illr CKOUi is as tho Input.
.Clock 10 lhe mlcroproceSSQr; lhereby sa....Il19 the CO$\ (>1a $f·
cone crvstsi ihe frequ$ncy 01 CKOUT dcpenQ, UPOh ~"P
nrne-base fr~que(lCV and the Slata (If the CKFS pin as sl1O''''
In Tabla 2

CK!'$ •• CL.OCK OUT ~R"aUENC'

When tha:CK FSpill ,& MdlO VOO II causes CKOUTtC) 0::
the same lreQ1Jency. IS tM !line case at.lhe OSC t pin"" he
CKFS 1$ tied to vs l.' CKOUT IS the OSC11une ba$e.:'~,
".,ueney oll/lded by IOllr Table 2 summenzes the t'He •. ,
\)KFS



~IGURli II) ,. ellreflNA~ 1IMe·l)ASS CONNECTION

~ 1100

,t OPlfO'~1

4 1$4:J04 MHt ~ 11100 ~ 1 !.' Vi

or I 2 r----.....,
1 1)48$76 MHt •__ ... - ........-« O$Cl

0,
32166Wz

OSC2

MC146615

fiGURE 11 - CRYSTAL OSCI(,\.ATOR CONNtCT1QN

4 194304 MHz.
1 04S576 MHz.

or
32763 kH,1

MCl4Gl16

3

,.;............---1D~-··-_"..



TAiilf; a - t~OC:1{ OUTPUT fREQUENCIES

nmo a= ClQtkFr«t,'¢n~ (:\Q~kf"'~
(OIlCn . St'~ Pin· IMplI1 P'n

I'r«tutll\l;\l (CItFS) (CKQU1'j
4194$Q4MHz
41$4394 Ml1t
1l)46S16 MHz
104S57&MHI
<32100.kHz

~.7flakHl

High 4 tS4:J04 MHz
Low \ 048576 MHz

""gb 1 il4Il57liMHI Ilow Z6Z 144 kHt
"J9h 32 7ElG~Hz
1 r:""•• a 192 kHz

SOW ... :UAR£ WAVE, ()utpot
The saw P"l cen O~tPut l) slgrtalftOm one of the 16 taps

prQvldad e~ the 22 mlcrnaHf,vlder llt~ges The frequ~r.py of
the S~W may b& alteren bv pr~grammlng Res!stor A, as
shown In table 5 The saw SlllflPI may be MMd nn and off
USI"g t~e SQWE bit 'J:le!;llstct a
ADO·AO? '"' MIJL'I'IPI"t:XED BIOIl1"CT)ON~1" AD·
Dt'lESSIPA tA SUS

Multlpie~~d 1M. processors save pms bv pres!)nting the
addr~5s Qurll1g thQ IIrsl portion of the bUS cycle and uSi.1l9
the same PinS !Junng ~he second portion for data. AddresS'
then·data mvltlpleMlng ti?es YlPt slow the aCCGSStlltle of the
M::l46~'B Sln¢1l Ihe bus reversal from addreS$ to data IS cc-
CJJUt;lg dMfll\O the IntGlnol flAM G~Cl)$S,ume

rhO address mUSI be '}aifd luSt priOt II;) the lall of ASI AtE
lit ",hleh 'ImG lhe MC\4001!llatCh\ls tha A~dr$$s from ADO
10 AD5 Valid wnte data must bn presenlad and held sIabl(l
dlll'''9 the latter porllorl of the OS or WR pulSeS In a reao
cycle, .lhEi MC146S1!1 oulputsl)lghl PitS of data dunn9 th(.>
latter cornon pI the OS or rro pulses, then ceases driVing thEi
buS tretums :ll!lP\ltput dJIVer~ to tha high· Impedance state)
when OS lails i~ lhf. MotOrol~ case pI M01'El or 1m Ii!,es 1M
IhI! other t;~SI1

AS ~ MULTlPLEXED APPRESS STRoae, INPut
A pOSltlV~ Y(,Jn<Jmliltlf)lexeo address strOlle pulse serves

to demultiplex lh~ bus. Tho felling edge of AS or ALE causes
the 3ddr~S5 to te latched. Within the MC146811l 1M
aulqmalic MOTEl. CirCUit ,n th'1 MC14!lBl$ al$o·,8tches 1M
slbte (If the OS pin \'illh the talHng 9dge Or AS or AlE.

OS - PArA SiAtlEIi 06 RMD, INPUT
The PS pin h~!itw() Iht~rprot~tipns vis the MOrEL CI(<;Ult.

When eOlanUuflil from n M~torola \ypl\l processor. t S 1$ a
POSl'Ive Pulse tiUM!l the laller portion QI tho bus cyt:,e. and
IS variouSly ca!liJlj OS fdola sl'obel. t: lanable!, snd 412 (<1>2
ClOCk) PUling r~M welas. PS sI9HlfieS Iho tlmll thai IhG
RTC 1$ to dnve thO lJil;!irac;tlonal bus. In wrne CYcles, thQ trell·
'"9 &Qge 01 PS causes tha Relll time Clocl: plve R.I\M tc
lalch tM Wlillen datu
The saco~OnL Interpretation of 0$ IS that of Rti,

MEMR. or IIOR emel'l3tlnQ from 1M compemcr type pro·
cesser. In thiS cese, OS ;tlanuflQS tna time petlod when the
,oaHIrne ~loc~ plus RAM .:lnves tM bus wllh lebil data TNIS
mwprOtation of OS IS ~IS(l tha same as nr. OUtPut·~nabla
SI90al on a,lVplcal memOry.

Tha Mor~L CirCUlI, Wlthlh Itle MCI4$81a. Jatchl)s the
stale of the OS ptn on the falllnitedge 01AS! ALE WMn thl<
Motorolij mode 01MOTEl, ISdasfraU OS Must be low IMIng
ASI Ai.E. whlr,h IS tI~$ease WIth the Motorola 'l'Iultiplaxed
bus proceSsorS To ensUletha compahto, mOde of MOT"!.,

tho;!OS pin must remain high dunng the lime ASIAI.E IS
high

R/Vii - ROAD/WRITt:, II\IPUt
The MOT!'L CIICUIljrMISlhe R!W prn Il'I oneot 1WOWilYS

When a Motorola wpe processor is connected, R/iiii 'S a
I~"QI Which Indicate. whether the current cycle 1$ a fead 01
witte A te~d cycle IS mOlested Wlttl a hIgh level on RI VIi
while OS IS hIgh. whar~as a Wille cvCle,5 a low on R/W du.·
In9 DS
The ~(lnd Interpretation OlJliW IS as.a negahve w'"~

1:)I)I$e. WR. MEMW. Dnd OW Irom compellt(lr..!.'{pe pro-
cessors The MO rE~ CflClfll, In !])!S mode !lIves RIW pill the
same meaning as tha wtlte (WI pul.;c on m;;ny gene',c
RAMs

CE ;... CHIP ENABI.E. INPut
The chlianallie (CEl sIgnal must be aSserted (fowl lor il

bU$cycleln which the MCt4~alalS to::Jeac~(lsSed CS 1$ "01
la.cned and muSt be stable dutlng OS anc AS IMolor.o!a
case of MOTEP .1nd dUring RO and WR lin the clner
I:!t9TEL easel. BIJ$ eycleGwh,ch take place Wlihoutassertlng
Ce: c.u~~ or) acuons to take place WIthin fhe MCl46ala
WheN Cc .$ high. the multiplexed PUS putpul IS In li hlg~
Impedance stat!)

W"en CE 1$ high, all at;ldras~, d~ta, OS, and RIW Il>jlutS
from thc processor are dl$conn~ct/)d Within tM MCl46816
This permitS Ihl) MC14001810 be IsoIOIe\! from a powareJj'
down processor. When ce IS he~d hIgh, an unpowaret1
daVie!) cannot rec~lve POwer t;lIouph the InPUI pln~ !rorn the
telll·llma tlock power seurce. Sanety power eon$umjltfO~
can mus be reduced PV uSing a puliuP reseror or acl"~
clamp on ee when Ih~ maih power IS off. When cg IS nor us-
ed, It should be (lrQun(led.

IRQ .... IN'fERflUPT Rt:ClU(;ST. OUTPUT
([lE! i'iiQ plt'liS an acuve low output of the MC14681S tMl

r~a~ be u$sd a~ an 10larrupt mput 10 a prccessor. The IRQ
output remains low as Il)l'I\)8$ lhe status bit r.au~.Ing tbe If"
terrupt IS oressnt Ol,ld thE! cmtQSPOIll:Mg Intetr~Pt·Gndble bit
IS set To clonr the IRO pin. the prO~l$SQr prO!;tfam nCrf1wUV
reads f{~9IsWC TheR~s~l pmalso cleats pendlOg InW
tuPIS.

When ~o mterrupt condItions are presen\, 1M fRO level IS
ih tns hlgh,ullpedance state Mvltlple mlatrUPtlng deVices
may thus be connected to an IRO bus With QrI& pullu!) at tHe
prccesser.

R6SET ~ A~SEt, INPUT
The RESET PI" (foet 1'\01 Ill,feCI the ClOCk. calel'lCW. 1)1

AAM lunehons On powerup, th~ mn P'II must be hCl~
loW for the spP<;lfled time. tAl.H. In C!rI:Jer to all\llrl !he p~we'
SUpply to st~blh,e Figura r3 SIU:;lWSa typlc~1 tspmsent~IIO"
of lhe R~S~~¥ln CIrCUit
WhOM l: 1$ low lh~ fr,lJowmg occurs
a) Putlt)dle Interrupt tn~Ole (PIEI bit IS tl~arj)d to lNO.
b) Alarm hllarrupl Enable IAIE) bit IS Cleared 10 zero.
I)) UpdatG endSd Interrupt enabl~ IUIE) llit 1$ clealed to

zero,
dl U~datQ end~d Inlarrum ~Iag IU~ll)lt IS<::Iearedto WO.
el Interrupt l1eQuf$1 ~tntus Flag nRa!'1 tilt I~ Cleared to

zero,
1) Penodic Inter/up! Flsg IPFI bu rs Cleared toler!).
g! The part 1$ 1'101 aCCeSSible



~IGUM 13 - TYPICAL POWEAUP OelAY
clRcurr FOR RES~T

01 02

OJ '0. MCHI$18

I,,,,, .yJ
...)...,.-..,

01" ':.80701 ISenotlkyl or EqUivalont
02.·03" lN4148or ~qulYillenr

, ?,e· If the RTC 's ,splated from 1M MPU or MeV p(>wGr bV il

d'ode drcp, eMe mu~.t ~~ taken to meet V,n reqtnrernents.

FIGIJRE 14 ... TYPICAL POWERUP DELAV CIRCUIT
FDa POWERSENse

Ot 02

Voo 2.0 k

1
I

Mctllealij

01" \160701 ISc~pltkvl or Equlvalenl
02" lN4148 or EilulvlIlenl

gl Alarm Inter/1.lpt Flag lAFI bi1 IS cleared to zero,
h) iI\1l Plh ISU\ hlgh'lmpedanca 5tato, and
II square Wava ouiout Enabl~ lS~WE) bit 1$ cleared 10

zero.

PS ~ POWeR SENse, INPl)T
The pewee-sense pm IS used 111 the C(1tltrcl of the valid

RAM and lime [VRTI bu m Aeglster D. When the P$ pin i~
lOW the YAT bit IS cleared to zero.

When uSing the VAT feature during p·~""erup. the PS Pin
must be e.(ernally held low for the speclf:~d tpLH time. As
pnwet IS apPlied, the VAT bit rsrnems low indicalltltl'hat th~
contents of 1M RAM, tulie registers, and calendar are not
guaranteed. P$ must go high after powarup to allow the
VAT bit 10 be SEI by a read of register O.

I'OW~R·OOWN CONSIDERATiONS

In mO$1systems. the MCl400tS must connoue to ke tl
lime when system power IS remo\led, In such systems. a
conversion from system power to an alternate pOwer S.lpply,
usually a battery, must be made, DUling the transition trorn
system to battery pcwer, the deSigner of a battery nacked-uo
RTC system must protect data II1tegnty•. mlOlml~e power
consurnption. and ensure hardware r.ellabihty,

lh!)chlpenable (CE) pin controls all bU$lnputs IR/iN, OS.
AS, ADO-AD7)' cg, when negated. disallows any unmtend-
ad nrC)di(lcallQn of the RTC data by the bus, CE also rec' JCoaS
power ccnsumcnon bv rQduclng the humber of transmons
seen mternally.

~ower coosumptlon may be lurthar reduced bv removing
resistive and capecruva loads frem the clock out (CKOU'rJ
pin and 1M squarOWave ISaWI pm.

During. anti after the powar source cenveraton, the YIN
maxImum specification must never be exceeded. Failure to
meel.tM VIN maximum specification can ':Me a vlttu<,1
SCA to appeur which may result In excessive current drain
and des~ruclldn of ttle part,

AODI1ESS MAP

Fllluia 15 shOWs tho address map of the MCI4ll81S, lhe
memory censers of 50 general purpose RAM bytes, 10RAM
byle:! which norm~lIv ccntein the time, CBtat'ldar,and l!1.::m
data, end lour ~()httl)l i)nd status b\'t~a, All (l4 bytes are
directlv readable and wrltabht by 1M !)roCBs!i'lr program alt·
¢ept. for :he fOllowing: 11AeglsWs C and 0 ~re r~ad or:IV.21
bit 7 01 Aeglster A is read only. and 3) the high·order bit cf
the seconds byte is read on[y The contems of four control
and status register.; lA, B. C. Qnd 01 are dcscribrnj in
R~OISTEAS.

liME, CALtNDAR, AND AI..AHM LOCA1', )NS
The prClc;~ssorprogram obtains timO and co!ondar infor-

mation by reading the ~pprollflate lC)clltl!lnS, Ihe progrilm
may Initialize ths nme, calendar, and alarm by wilting to
thess AAM Idcations, The contents of the 10 time, calonQor
and alP.tm bytes may be ell ler t:lInary or binp""Codsd dec!'
mallSCOL



I'IGUfl~ 15- APOR~$SMAP

00 0 SeconOS 00
14

; <1Cnnds Marma"eS 01
IJ 00 2 I\!II!"!UlP.S 02
14 OE 3 Minutes Alatm 03

HOutS ()4 B/I'larv
HoursAlatm 0'; or BCD

COr'"·lenls
6 DAval \.\leek 06

50 Dale 01Month 07
BYle$
Us~r a "'onln OS
RAM

9 Vefif ~,
10 Rsgister A OA

•
II R~glsler e. 0(;

12 Regl$WC DC

63 3F 13 ReglSletD 00

delorl) ujltlallz;ng the mternal regIsters, the SET bit In
Register B should be set 10 a "I" to prevent timefcalendar
updates from occurnng. The program initializes the 10 loca-
lions 11'1 the Sall)¢te!l (ormat (brna.ry or aCOI, then mdleates
the. Iorrnai In the data mode IOMttm tJf Register BAit 10
time. calendar, and alarm bytes must use the same data
mode, ellMr binary or BCD The SEi bit may now be cleared
10 allow updates. Once Inltlahzed the real· lime elo~k makes
all updates m Ihe selected data mode. iM d~ta mode cannot
be changed WlthO~f reimllahZlt19 1h!l10 dat~ bvtes.

Table 3 shOli"S the binary and BCD fprmat$ of the 10 nme,
calendar, and alarm locatrons. The 24/12 bit In Register B
estabhsh~s whetM! the hour tocauons represent I-to- 12 or

0·to·23. Th" 24/12 bit cannot be changed WIlhout rell\Itlal,Z'
'"9 the hOur 1!)e.:JtlohS When th$12·!1our Iorrnat IS selected
the hlgh·order bit of the hours byte represents PM When It 1$
a ''1''

The time. Cal¢ndar. aBet alarm bytes at!) noHllW8YS at
ceasabie by tnenrocessor program Cace-per-second tne 10
bvtesare SWItched to the upoateJo9'C to be advanced bv one
second and to eheck for an alarm con\..~Ion If any of t~.e10
bvtes are r8&dat nus urne, 1M data outputs are undefIned
The update lockout tirll~ 1$2481'S at the 4.194304 MH~ and
1 048567 MHz hlTle bases and 1948 p$ for the 32. 768 ~Hl
time base The Update Cycle section shows how 10 accorr-
modale the update cyCle in Ihe processor program

o

TABLE ~ __ T1ME, CA~ENOAFI. AND ALARM OA TA MI)Oes

OG<>lmol Ranna
r:••m.;......--

Function FIanoo Blntiry Oata MQdO SCD Oata MQdO IiIlniu'Y aco
O.to Mod. Oom Mlid~

SG<>onds (J.S9 S()().$38 $()O.$59 IS 21
S.wonds Alarm 0·59 • (X).53& 51)0.$59 I• 21

Minutes \i·59 ~(X).$3B $QO.$59 311. 58

'VlInutes Alarm (1.59 $(X).$38 sco-sss 3A 58...............
Hours 1·12 SOI·$OCIAMI ~r.(j :01·$12 IAMI ~nd 06 (\5

It2 Hour Model $&1-$8C (PMI $81·s92 (PMI
Hours 0·23 $1)0.$11 $QO.$23 05 05{24 Hour Model

Hours. AI.rm 1·12 sot-sac IAMI and $01·$ t2 fAMI and os 05(172Hour Model $8H$e (PM) SSH921PMI
Hours Alarm ().23 $1)0.$11 $()o'23 05 05

124Hour Mode'
Day 01 the Week 1·7 SO(.$07 $01·S07 06 06Sunday", 1
Dale of the Month 1·31 SOHtF $01·$31 I--,OF 15

Monlh 1·t2 $Ot·SOC $01·.!2 02 02
Year (J.99 $(X).$63 $00·$99 4F 7a

Addr~
~Q\!lllion

4

8



rh~ th(~ alarm l)v(SS may be used In two wayS. First.
when the p((\.sram ,nserts on alarm time tI, Ihe appropnatE)
hours. minutes; !InC) seccncs al'1rCtt tocauons, the alanTI
,nterrrupt IS tn'tl,Ueq al tM speCified time each day If th~
ala:m enable bot.S h'gh The SeCi:)nduSage i$ to in$erta
'oont care'.' sreie rn one or more Qf three alarm bvtes The
"don't care" J;od!:'$ env hexadeClrtt.1 byte fromeQ 10 FF
That IS, Ihe two most slgnllicaht bl:~ Q( each byte, wh~n t.et
to. "I", treale a '·d()nt.:a.r~"situation Anal<lrm ",tetrupl
each hour IS: create.tl with a "ccn't.care' coda In th? hOurs
al4ft" Iqcailon ~I01IIJrly, an alarm IS generated ev~rv mlfllJllt
wtlh "don'.! care" c;ocles 1M the hOurS ancl rntrM¢$ ,!lQlm
"yte~. The ".Qon'\ care" codes to ~U three ~Iarm bytes cre.al0
an Interrupt liVery second

srATICCtv'.OS RAM
The 50. genera' .purpose RM!· bytes are nol dedicated

",,(h'P. the ~ICI46$'S TheY can be uSl;Id by tnEl prOCE1s$.lr
~rOoJram. god are rU"y aV5ll3l"te dU(lng the upoate c,''.ie
V'!h~il )Ime ar'.~ Calendar mt:;>,msnon must use i)afte,y

n~c~up. ~ery IrI)4"~"'I!Y ,here I~ other no"'volanle qats IMt
f .ust .~.e.rew,,'eJ " ..~~ rnam pnwer ,~'emoved The 50 use,'
RAM .bvtes serve .Ihe "~~d for IOW,powel CMOS banerv
oac;ed swage; arc e'lend lhe RAMavailable 10 the pro,
Jr~m . .: .
Whtlri f.lIrthe( CMOS RAM IS Meded, addilii'inai

MC146818s may bemcluoed in IheSYSt&rn The tlmeicalen:
dar (uncllom, may ne disabled bv holding tHe OVO·DV2
dividerS, Iii Register A. 10 th~ reset state cv salting tho SET
bl' In RegiSter B crov removing tho oscillator Holding the.
diViders .in reset orevents mtsrrupts or SOW ()ulp~t froJ'i)
operatmg while seitlng the SET bIt allows these functiOnS to
occur. With. the d!Vlders cl.ear, the available user RAM IS e,-
tendeo 1059 bytes niB hlgh,order bit of the seconds byt!).
bit 7 Of ReglsterA, and au mts of RegiSters C and 0 cannl)t
effectlvelv be used as general purpOSe RAM

INTERRUPTS
The inc Ill". ' ,.,e'udes three separate fully automatic

sources of li\terru~,5 to the processor The alarm Interrupt
rnav be programme;! to occur at rates irOll1 once- per-seccno
to one,a·t!av·· T~e. OeroOdlc Interlupt mav be setected. for .
'ales froin flall,a·second :0 30 S17)1o The 1Jpd<!lfrended ..
loter'~pt may tieu$e~ to mdicate to the program that ~n·4P;
dale CvclQ IS(;omp!eied tach of these mdependenf In terrupt
eo~dlttons ar~ df'o;cribed 1Mgreater detail m ctber secuons

The orocess!)1 plagram erects which mterrupts, u aov, u
wisnes to r~celve three l)IIS In RegIster" enable the thlee
,nlerruPts· Wtlllng a "I" to a mterrunt-enaote bit perrnllS
that.nterrl.lptto bel.nt!18ted when tM ever!\ occurs. A"O"!t'l
tne Interrupt'enable bit prohibits the IRO pin hom being
sssened due IQ·the ,nlerrupt cause

If an ,ntettupt lIag IS alreadv set when the: ,nWt~PI
pacome· ~nabled. tM IRCl Pin IS Immtldlqlelv aCW~\ed;
though Inl) In'wupt ,"ltl8tll'1g the event may Mve OCCW~d
much earlier Thvs. there <Ire cases wMre the prOgram
shoul(j clear .suen e;lrlt~r mllisled mterruots before first
enablIng nE?' v.mterrupt s.

When ~n intemJpt evont cccurs a (iag bn 1$ set to a ''1'' itl
Register C, Each Dr the three interrupt sources have separate
flag bns In Register C. which 91):i¢1 u'idependent ollhe state
of the correspondmg enable bits to Register B The fiaq bit
may be used WitI' or without .enabltng the correspondmg
enable bl.ts

In Ih~.software scanned tasK :ha program. doeS «ot
enabl~ Ihe In(Strupl .T)1e "tnts;,upt" flail b't becomes 8.
status bit, WhiCh ltlesoftW;lfe IOlerio9.8ttlS•.wheh It Wishes,
\. 'han tM saftware detects tha\. the. flag 15set.rt IS an ,l)dIC!l.'
non 10 softwtmitMI tt'ti! "lnter'upl"·evcnt OGcy'red smce the
bIt was iast read,

However. thete IS one p(~Cilution ·~u flag bllsll! Register
C arc cleared Ireccrd of 1hlllnwrUPI event 1$ erased) when
<leglster C IS read Oouble lal~hlnQ IS 111~lu(ledWith Regisw
C SI) the bits which are s<;!talll ~tahle throughout the lead
cvcle All b,tu which are hlllh WhUh read by the program arc
cleared, and neW Interrupts (en ~ny bits) are held until aH~(
the read cycle, One. two, or three flag bUS m~y be found to
t;e set when Register C is read: The program s;,ould ",spect
all utilized flag bitS every time .Regi$ter C IS read 10 insure
that no Intertupt$ are lOst

The second lIag Oil usage methOd IS wit" fUlly enabled
iti.lerrUPts, When arl InterrupH)~g bi.t IS set an!!..!!t!ll:or·
responding Interrupt-enable' bit 1.5 stse set, the IRO pin lit
assalted low iRa ISasserted ~sioog as at least one 01 lhe
three int~rr\lPt sources has Its fI.g ~,;d enabJE bits both set
l'M IROF bit;" Register!! is 8"1" whtirtever the IRQ 1Mis
belOg drivel\ low

The processor program can determine that tha ate
initiated the Interrupt by readrn~l AeQI.star C,. A "I" in bit 1
IIROF l;ill' indicates lhat ens or more mterrupts have been
tnmated bv the part. The ectcl rea(llng RegiSter C clears all
the then-active flag bns, plus thEl IROF bit When the pro-
gram finds (RaF sel, It should loOk .<.it each 01 the mdlvidusl
flag b·ts ttl the same byte whlcll have the corresponding
Interrupl-mask r-rs set and service each JOtetrupt whlCYI IS
SEt Agatn, more than one ,ntetrupHla\) bit may be set,

f;lVIOt;R S"i'Atlis
The MCl4681B has 22 bln~Iy'dlvider stages following thl!

lime base as shown in F,gure I, The outcur of Ihe diViders is
a 1 Hz slgnQI to the update-eycle logiC. Thl< divloers are eon-
troller by three dlYlder bus lOV~, DVI. and OVOI," Register
A.

PIVIOER CONTROL
The divider· control bits h~vl!llhrsa.u$es. as shown in Table

4. Three usable ope ra ling lime bases may be selected
(4.194»1 MHz, 1048576MH~. or ~Z7QIHHZl. The diVider
cham msv be Mid reset, whIch allqws precISion St:1tllllgof
the tlrna. When the divider is chanqed from reset to an
operaM9 ums base, the flfS! update eycle ISone-half seCond
later, The divlder·c~nlrOI bits are aiso used to faCililate
testing 1M MCl46at8. . . .
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1:1Ividerail.
r{~gl$ler ATimo·Sp:W

FtOql!BI'1CY
OpCfoliQi"I
Mode

Dlvtder ·eVpb~.Firs'
Reset N·Dwi\ier aIlS

4194304 MHl Q C \) 'J'!?5. N :f0

1 048516 MH: 0 0 ves "'.2
3~ 768 kH. o o ~€S N- 7

Ahv C "'i' Yl:!S

An, Nt.: \'~S ,...:__j
NOla. Oth~; eOmb''lahdns of divider bit' are used lor lest purpOSi':" cnlr

SOUARll·WAVE OUTPUt SllLECTION
Flhee~ ()f the 22 dl\!lder !.Ips are rnaoe available to a

I·Qf· Hi selector as shown. In "~iMe1 The ("51 purpose 01
selecting a divider tap '5 to generale a square-Wave oulpu!
Signal at the Sow pm The RSO· RS:) bits 1M Register A
establish the square-wave frequency asl.15led 1M Table 5 The
:;QW frequency setecucn shares 'he 1'01·15 selector WIt;!
pencdic Interrupts

ones the trequencv .15 selected. the output Of tne SOW pin
may be turned on and off uOde.r program centro! with the
square-wave eni)ole ISOW~1 bit In Register e Altering lhe
dtvld~r, square-wave output selection bits, or the SOWE
output-enable Olt may. gen~rate an asvmmetncai waveform
at the time of execunon. The r'luare-WBve output Pin has a
number of cotenuar uses For exomple. 11can serve as a fre-
Quency Standard for e"ter~al use. a frequency synthesizer, or
could be used to generale one or more audio tones under
program contrOL

PERIOOIC INTE!lRUPi SiitECilON
The penodic mterrup] allows the IRO PIt' 10 be trtyge'e~

from once every 50() ms 10 once ever, 305t7 1,$ rh~
petlodi InterruPt .ISseparate from liW aiarm mterrunl wl1:C~
ma'{ bll ou1p,·· from once-per-second 10 once-per·d~v
tabls s: ShOW that th~ periOdiC '''Ierr~p! ra'e IS seleclM

with the same NeglstSt A bits wmcn seiect ;Ne snuare- ....~,e
trequencv Changing one also Cr.anges Ihe othM But ear'
function r, 'Y be separately enabled sO Ihat a progr<lrn CQ"'~
SWitch bell ~el1 !he IWO I~atute$ or use bolh. The SOW Pi'
IS enable!' Oy the SQwt b!t 10 'Ieglsw a Slm"arl" 'he
pellodlc mterruptts en.bled by 1M PI~ bit In !'leglste' a

"erlnCile <nterruPI IS usable b.i practlcallv al( real·1'" ~
svstems. It can be used 10 scan for ali fol:'.'s of InputS l'on
C(;htBC! closuras to seflal rec~ive tilts or bv tes II Carl be uSeQ
11'multipleXing diSPlays or With soltvare c(jun:~ts iC 'l'le~
sura mputs. create 'jut!)U! tntervals. CJrM.at( tM next oQPUI'{l
software function.

TAat.E S - PERIOPIC INTERRUPT AAT~ ANO SaUARE WAVE OUTPliT FREOU~NCY- ....
4, 1!»304 or I 04$76 MHz 32,168 kKz

$~Ie¢l alts TImeBa" Tln<> aase

Al1fJlsti!IA P."odle PerjQdl~

A53 ! 1152 RS1 RSO
InWlUpt Rale SQWOUlpu' Interrupt Rate SOWO~lpur

tPI Frertuertey IP! Frequencv
0 0 0 0 Non. Non. None N01~e
0 0 () I 30517 )1$ 32768 .Hz 39002& m. 25$ HI
0 0 0 61 035 ~$ 16 384 ~fll 78125ms 128HZ

~0 0 I 1 122 u10.s 819Z kHz 122010.s a 192 kHz
I) 0 0 244141.5 4096kHZ 244 141 .s 4 ass kHz
0 0 1 48S 281 ps 2 04a kHz 48S 281 .s 2048kHz
0 I 0 9i'6 5(;2.s 1024 "Hz 9765(;2)1" 1024 kHI
0 I I 1903125m5 512 H( 1903125 m. 512 Hz

0 0 0 J 90625 ms 256Hz 3 9062S ms 256 Hz
I 0 C I 78125 rns 1281'<, 1 ~125 ms 12S Hz

p.-..!.- 0 0 15625 ms 64 Hz 1& 625 I"IS 64HZ
I 0 1 3125 ms 32 HI 3125 ms 32 H!

0 0 625 res 16HI .._ f- 62&m5 16 Hz
0 1 125 ms a Hz 125ms BHt

0 250 ms 4 HI 250ms 4 Hz
!i(J()ms 2 HI !lOO 111$ HIt



UPOA rl: CYCLE
ine MCl46818 executes an upoMe cvcte i)Mce·per.

second. ~ssurl1lng one 01 the prnlW nme bases s n place.
'he DVO·DV2 dlv.der IS not clear. and tne set bit " Register
!;l ••' dear The SET bit ,n the "I" state .perr1'lItS ,..~ progwr.
10 In.tlahze the lime ~no cstennar bvres by stop pI lan e,ust
log update and preventing a new one from IJC::u'ong
The primary tuncllon of lhe update CydA IS to ·"cremen!

Ihe seconds byte. Check lor nvernow. Increment tHe minutes
byte when approprlale and 51) forlh Ihrough 10 1'1ol'vear of
the CMtv'Y byte 1ne update cvcte also comca-es each
alarm byte Wllh the corresP"nd.ng :mle Qytl" .no -ssues an
alarm IIIl march or If a "don't cere" ~ade 111XXXXXXI IS
present In all three POSitions

With" 4 194304 MHZ or 1048576 MHz time base the up-
date cycle takes 2<$ I's WhIle a 32 758 kHz lime ease update
cvcle mkesl984l'$ Dlmng the uncate cycle, the :.0'8. caren-
dar. and alarm bytes a e hOt accessabie by the processor
p'O!:1'i)m TheMC145818 proteclS tM .orog,<)I'I. ftC'll readong
van.,uonal data ThiS pretacuon 1$ "roVlded b\. sWitchIng
Ihe lime. calendar. and .ala,nl portH:)1\ 01 Ihe RA\.1 olf the
mIcroprocessor bus dUring Ihe ehttre update ~·.';Ie If the
processor ,eilds IneSS RAM IOCallOnS ()etore the update IS
complete the output Wlff bp. undefoned The update m pro-
greSS IVI!'1 status bit IS set dvnog tM mtervat

A program which randolT.ly accesses the time and date m-
lorlY'~hOrt findS cera unavailable statistiCally ooce every 4032
attempts Three methods 01 accommodating ncnavatlability
dUling updale are usable tlv the program. In dlsc~~s,"g the
three methods It IS ailsl,lmed tha! at random pOlrlS user prO'
grams are able to call a subroutine to oblaln the tIme ot day

the f"SI method of aVOiding lhE) update cyCle uses the
uPdate·ended mrerrup: If enabled. an Itlterrupt OCCurs after
every update CYCle \'In.':;:' mdrcates thai ove' 999 rns are
available to read valiO time nnd date ,nformatlon Outing trus
time Ill.llsplav coul(l be uI)Q~!ed or the Infermat·on could be
translered to connnuoustv ,\v<l,lable RAM Before le')vong the
mterrupt ssrvice rouune, 1111;IPQF bl! onlleglster::: Should be
ciearso.

The second rnetnod I;S ,$ tnll ":Jdate·ln·progress bll IUtPJ
In Aeglster A to deterrmne If the update 1;;ycle IS '" oroqress
or not The UIP bit Will pulse once-oer-secono StatiStIcally.
the UIP bIt Will mdlcats that lime anct date .11'ormatlon IS
unavailable or a avery 20~2attempts lifter the U·~ bIt goes
high, the update cvcle begln$ 244 J1$laW tMrefore. If a low
ISread M the UIP bit. tile user has at least :<:441'$before the
nrne/calendar data wdl be changed. II a "'" IS read 10 the
UIP bit, the tlmi!>/calendar data l1ia~' not be vahd. the user
ShOuld avord interrupt 5crvlce routmes thaI would cause the

lime needed to read vaha urne/calendar data to exceed
2441'S

Tha th,ro method uses <1 canodlc tr1tetrupt to dete/mona If
an update cycle IS to prOgrsss The UIP bit In Reglstel AI$ set
hlOh between the ~ettong Of ti1e PI' bll ,n Register C '<see
F'gure 161..Penodl(; Interrupts that cccur 3! a rate of greater
IMn ISUC + iuc alluw valid. (1mB and date ,nformal'on 10 be
rearJ at each occurrence 01 the penodle Inrerrupt The reads
should 0'1 completed Within rTpI - 2)'" taue to ensure that
o;fafu IS not read d~nng the update cycle

To properly setup the mternal counters ior daylight sav-
I09S lime cperanon. the user mUSI set the time at :east two
seconds before the ranavet Will occur l,kewlse. the nme
must be set 4t least two seconds before the end Of the 29th
or 3(1th day of 1M mornn

REGiStERS
the ,ilC14SS18 has tour registers •....hlcn are accesstbta to

lhe processor pro9ram. Tha four remsters are also tully ac-
cessibte dUflng the update cycle

Rea<!IW"t~
R-..,s,er

a,cepl UIP

VIP - the update In progress (UI?I bit IS~ status fiag that
may be rnonuored by the plogr ...r- Vhe~ UIP IS a "I" the
liP'.iate cvcie IS In prog'e$~ Or Will begIn. When UIP 15 a
"0" the update cycle IS not 11\ progress and Will no' be for at
least 244 IlS tlor aU "mp. bases) ThiS IS deta"~d In Table 6.
The lime. calenda'. and alarm mformatlon In RAM IS fully
available to the program when the VIP bit IS zero - 111$ not
In transition. Tile VIP bJl IS if reac only bit. and IS not af·
fected by Reset WritIng. the set bIt 10 Register B to a "I"
Inhibit any update cycle and 1hen clear the UIP status t)ll

TASLE 6 ~ UPDATE CYCLe'rIMES

UIPSil
Tima Base
rO$CIl

Minimum Time:
UP<Ill,a Cye'" Timo eoloro lI~tll

fluel CVeio (teuel
4"94304 MHI
I 001576 MHz

I 32768 'Hl
o 4 IS- ~..\ MHz
o 1 04&'J MHz
o i 32 7(;8 kHz

248 ~~
248ps
1984p.S

244 ps

244 ~s
2441'5

~IClUAE te - UPDATHNOEO AND PERIODIC INTERRUPt RELAtIONSHIPS

PF bit Iii

Reglsler C·

IPI'" P.tI~dlclntett~pt Time l"t.",all5001I15. 260 ITI$, 125ms. 6;1.5mp, etc per rabl~61
IuC .. Updala Cycle tllne 1248~s Or 1984jlSl
lauc 0 OelQYTIO\" Before Update Cvcl~ 1244psI



DVZ. OVt. OVO - r"tee bUS ar~ \.I5&d 10 I.or~'lItthe pro-
gram to select V8!10uS contilllon$ Qr the Z~'5t~ge dlVldet
cham The divider selectlo~ bits 'dMllfv whiCh of lhe three
!lme-ba5!1I'eQUenCleS '5 In use Table 4 snows that IIlM
bases at 4 194304MHt 11)485,6 Mlii aod 32 168~H~may
ti~ used The divider seiecuon llI1S are atso used to ressttne
divIDer ~"aln When Ihe l.me' calendar rs first 'nlt.ah~ed, Ihe
program may start tile dlll;der .II the {lrecise lime stored In

the'RAM When the p'\lI(jer reset IS '~mov¢d the ~"sl update
cycle llegins one-half second ISler. fh(!Se tbree read/write
bits are nOI affected bv ;:;~SEi' .

RS~.AS;.!,AS), RS\".~ T~e four ralesel.eClJon nnsseiect
one of 15.tacs on Ihe 2Z,slage Q!V.der, 9' d,sabla me dlYlder
output. .The tap selecled wav ce used 10 generate ~n output
sauare wave (SOW Olnl end-or a ~t,,)dIC Itltw!)ot rhepro·
gram may do one 01 l'1e lollO\IVHl9 I I ena~le the Interrupt
With the PIE flit, 21 enab!e tne SOW output pm With ;he
SOWE bit. 41 p.ndble O(l\t- ~l the same t.me at 'ne same r4ta,
or 41 enable neither lable 5 IISIS Ihe peflodlc If\lerrupt rates
and thlt square-wave freQUencieS thaI mal' lie Chose" WIlt'
the RS t'rlts These four tnts are read ,.,nle nus wh'Ch are nOI
eHected Oy BESET

REGiSteR e [OOS)

R(l:cld··Wtll£l
!1"F.l':\l!Up'l

ser·~When the SET tlilisa "0", the uodate cycle tunc-
nons normally by advShcmg Ih~ counts once-Per second
When ,he SET bit" Written 10 a "1". ~f1y update cycle In
plQgreS$ ,s alJorled ~hd ,he {ltogran, may u'ullalize the urne
and calendar bytes wlthQu! a~ up(,afe OCCUrntlg,n (~e m";ls'
pl,nlllahz!OQ SET IS a read!WnIe ou whIch IS not mod,fteO
bv RESET at Inlerna' tuncnons of the MC146818

PIE - The penodre IntarruPI enable (PI~I bit is 'l
read/Write bll wh.ch ancws the perlodlc"nlerruPI flag IPFJ
bit tn Register C to cause the iAti pm ttl be dnven low A pro
Qram writes a "I" to the PI~ tnt ,n order ro receive penornc
;nterrupls at thE! rate $peClful.d ov th~ A$3, RS2, RSt, end
RSO bus In Regl$.er A A zero In PIt; blOCKSJli(S 'rOm !;icIng
IMlated by a pW(ldlc mlerrupl, bill the. perrodlc lIag ,PFI bit
ISStll[ set at the pencdic rate PIE 15 not mo(:hfled bv any m-
ternal MCI468tS tuncuons. bUI rs Cleared to "a.. by a
~

AlE - The alarm Inu)rtupt enable IAIE! bit IS a read/wllte
b.t WhiCh when set to a "I" permltslhe al.armHag tAF) brt m
Regl.ter C IQ assert iim An qlarmlOterr~pl OCcurs tor each
second that the three IIITh~bytes equal the three alarm bytes
(incfu()'ng a "don't care" alarm code ot binary l1XXXXXX)
When the AlE bit 15a "0", the AF bit does not Initiate an IRO
signal The 11E'St:'I' pm clears AlE to "0" The ,,'llamal tunc-
uons do not affect the All: bit

UIE ~ The WE (updafe·ended Ir tarrup! enablel bit IS a
read/write bit which eneetes the upd.• fe-end fla!J1LJF! bit In
RegIster C to assert iim The Rffi'T om gOl119low or thesn bit gOI~g hlyh ciears the 1)11:bit

sown - Wh':fl the $quarNVQV9 !lnaple ISOW!:) bit IS set
to a "t" bv Ihl' program, a square-wave $Ignal ~t the tre-

quency spe¢lfled ,11Ire tale S1llectlon bIls IRS3 10 ASO, ap
Pears on the SOW !'lIn. When 1M SaWE bot 1S set 10 a zere
the SOW pin 15held ,~w The State 01 SOW~ '5 cleared by
the RESET pm $OI'VE.$ a read/Willa bl!

OM - fM data made (PMI bit IrO'C3tl's whether "me
enc ~alen.(w u)Jdates ate fa use bmarv Of !leO iQrmalS T~~
f)M billS wfllten by the crccesser pr09'3tr ~nd may be 'e30
bV tna pregram. til). IS not mOdified 01 <In, !~ternai fUIICI'ties
or mrr A "I" In OM signifies \ll~b'\ "ata. wnlle a O· 10

OM specifies b,~afV'CQded·deCimal ;!lCO ,jala

.21/1.2 - The :W12 Colw.oi!llt eStabliShes me lotma' c·
IMe nours bytes ar elthe' me 2d,nqu' "'oo~ '8.. T') O' \hi>

l2·hout. moot! !~ ·'0") thiS IS a reilO ,\',Ie I.'JI. whle/" -s ~.
fet:ted Qn:y by soltware

OSE - TM dayllghl sav.r.gs ennble .PSE) bit IS a
read/wrote b;t VlhlCh allows thll PlOW;!'" to enable ~wc
specIal updates. (when OS!: -s • "1"1 0" !"e last Su"ct;l, ,r
Apn' the time mcreme"tS 'rom 1.59 59 AM to 30000 A'I
On tna las' Sunday It'I O(,tob03r ""h~r' mil !Ime hrs! reJC)1eS
\ 59 59 AM II chdnges 10 f 00 00 AM "',pse soeClal ~PJ.'J"
dO 1\01occur whr I the OSlO Pit IS a "0·· OSE 's not Cnaoqec
by any Inter'1;!1 ( )erahor s or reset

REGISTER C Isl)CI
Msa ReaCH)"'"

Reg'ste'

IROF - The Interrupt request flag !lRoe! If set 10 i) . ,

when cna or mOre 01 the fo'ro."ng ll.e !'~e

~F"'PIE""T'
AF=AIE="I"
l,lF=UIE","l"

I e , IR'JF'" PF.PIE+ AF.AI6<-tJF.\JIE

Any t"';:~ th.IROF brt is a "I". tne IRO p,n IS dflve" ~"
An Har, b.U are ciea,qd after Register C IS read by tne V"
gram or WI'e~ Ihe RES~T {lIIlIS law

pro _ The peh::.><:!:;,,,,eltuPI lJa9 IfFI IS a rea;j.OnJy p,t
wnl~h .s sel t~ a "I" when a parl'"ul~r e~ge.s detected .cr

.thll seleCISO I.ap of lhe diVider r' I The HS3 10 RSO b,t~
estebush 1M penodlc rete PF ISset to iii ··f' ,",jeP, ndsnl 0'
the ~t~t";,{the Pie bn PF being a "I' 'MlalElS an rna $'9"3
and ;1315the rAt)F bit when Pl~ I. alSC)<l . F The PF t" I'

Clpareo !;>v a AES'Ei' or a sottwara lead Of Reg.ster C

At' - /l, "I" 11\ the AF Islatrn InterrupI 'lag I bit Ind.ca,e~
thai Ihe CUTtMt IIm~ has maltnad tM ~Iarm lime A "I "
the AF causes the IRO Pin ttl go low, and" ·'1" ~a. ,e
Ihe IROf' bIt, when the AI~ bit atso IS a 1 A RESET O' i
read 01 Reglsler C {llear~ AF

UF - The updat~·~"ped Interrupt Ilag IUFI billS set a!!e'
each IJPdate cycle When the UIl' bit IS3."1'. tlte "1" In lJ'
"~uSe5 tne IROF brt to be a 'T'. asselling IRO U~ ISCle<l,~a
by a Reg.sW C read or a ~ •

1:13 TO bO - 1he unused bus 01 S.aM RegiSter 1 are rea4
as "a's" They can not be \lVfltWI



REGISTER 0 ($001
'ASS

tI~ad Onlv
Aeglsler

VAT .... The valid RAM aM time IVAn bit md,(;atat the
aorl(litlon of trll'1 contents of the RAM, OTt;lYldedthe power
S'ln$~ (PS) pin IS sallsf~ctotdy connected. A "0" appears In
,he VRi bit when !he power-sense pin 1$ low, The processor
~r(l.9Wll can set the VRT Illt when the MIGand cal~"d~r ale
Intuallzed !O Ir)(liCale that the flAM 'no ume at" v~hd The
VAT ISq read onlv bIt -Much rs not modified by the RESEr
pm The VRT bit can only bG set by fe~OI"a Reg.ster 0,

bS to bO - The rema.nil'(j bits of ReglSI¢r () are vnused
They cannot be Wtltter., but are alwaY$lead as "O's"

IYPICAl INTI;IlFACING
,he MCl4&ll$ IS bert SUited lor US(1Willi mrcreprocessor I

which '~en~(a!e an acoress-then-deta rnuWpleked bur.
Fisures 17 and 18 show Iypl::al In!erfaces to bus-cornpanb' •

orocsssors. these Interfaces assume Ihat Inc address
decoding can be dOne q\liCk!y However, If $tandard metal
9.t~ CMOS g.tes are used the CE se:up time m~v be
violated J'igurf.l 19 dlustrdtflS an alternatlvf.\ method of chip
serecnon which Will accommodiltc such slower decOding.

The MCl46818 canlle '"te'ta~ed to Single-chip rmcrcccm-
puters tMCU) bv uSing eleven. port hnes as shown In Figure
2(k NOfH'I>ultlpfe"ed bus mcroorccessors can bll InWlaced
·",,'n "ddiMllaf Support. . .

There IS. one method of using the muUlple~ed bus
MCl46S1g with non·multipl~.~d bus prOC(1SS0rs,The jnt~r·
IS.Ge uses ~yailable bus comrol Signals 10 mvltlplex the
addresS and data bus \ollalher

An example .uslOg eltll~r tha Motorola MC6llOO, tvlC6002.
MCesoo. ()rMC6$09 microptOc4ss0r i$ Shown I" Figure 21.

FJ9lJre22 illustrates the subroutmes which may be used lor
data transfers Ie a non- multiplexed svstem r~e subroutmes
should be ll"ltered WltA the reglstets cont~lntng lha lollOWI09
data:

A.caumulalor A: ih~ address 01 Ihe IHe to be aCC(1SsetJ_
Aceumufatot e Writ&~ 'the dala to be wntten.

Head; The data read Irorn the RTC,
The t.TC ismapped tJ two ccns~c\Jtivemem()t\r,;"";;-'i"ns -
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