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ABSTRACT

Recently microprocessors are used in a wide range
of applications, auch as Process Control Systems, Communica-
tion Systems, Digital Inatruments and Consumer Products.This
work deals with the application of microprocessors in sudio
syste?;'A microprocessors controlled ﬁrOgrammable audio gystem
has been develdpd, whitch ls able to generate and compose the
tones of different mueical instruments. This thegls describes
the comple te hard-ware anﬁ soft-ware design of a microprocesspr
cgntrolled musical instrument, A conventional musical.key-bOard
hge been interfaced with a microprocessor for real time apera-
tions..A Qoft-ware program has been developed to store or recora :
alao;g:in the memory (RisM) of the system for auto-play operation.f
 This work is intended for musioians and composers of contempo-

rary muglc who are interested in the application of microprocessor

technology to the arts.
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CHAPTER ~ |

INDRODUCTION

Orgraa, O~

Can a microprocessor be considered as a musical

-

instrumant ? A microproceasor can be progiamméd_to creaté
nusical tones of unlimiied variety and versatility. It ia
possible for a microprocessor to produo;.differeﬁt musical
éounds. if it is properly programmed and intérfabed with a
kay-boérd,loudspeaker and o;her audio elect?;niq deyices.?his
work describes a microprocessor controlled syatem deaiéﬁ for
generating tones of different musical instruments., As this
work has emphasized, 2 microprocessor may be employed as a
tremendously versatile and flexible musicnl ingtrument. Micro-
procoesser controlled ﬁusiCal ingtruments have been cémpared

and contrasted with conventional inatruments, thereby revealing



some of their special aspects and distinctions. The intro-

duction of microprocessor musio has opered avenues of orea-

tive possibilities that music compomers have never before

seen. A microprocess contro}led musical instrument can com-
pose or synthasi¥e ény possible combination of,mgaical tone§. 
their pltches may be met ﬁg aﬁy érbifrary value with tremena.
dous precision.

This work deécribes thg complete moftware anﬁ hard=-
ware design of a practical microprocessor controlled musical
instrpment. we have also developed such a sys£6m iﬁ our laSofa-A\
tory using Intel 8085 microprocessor. Our system has been ihfer—
faced with a cdnventional mupical key-board for reai time opera-
tion like an Organ. Qur system ip ab;e ﬁo generatelfdnbs_of
Organ, yiolin, flute, fantasy and horn. It is also able to com-’
pose any combination gf thege five musicu;-instrumentéo The key=
board can be selected to any desired ocﬁav of the above mentio~
ned five instruments, Our'ﬁusical instrument is able to store n
song played on any above gentioned five instrﬁments in 1tB.RAH-
Th; st;red gong can also be réplayed on any of the five instru=-

mentg., This recording and play back system is a unique feature
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of our microprocessor controlled musical instrument compared

, .
to a conventionsl musical instrument, which na;ds a cassette
recorded to gtore a song. By changing software one can easgily
add or change any desired feature in our davelopedrayatem-which

is another distinct advantaBe over any conventional musical

instruments,

A bleck disgram of our microprocessor controlled
mueical system is shown in figuf% 1+1. Here a convenfional ausi-
cel key bosrd has b;an interfaced for real time operation i,e,
play on key-board and listen to speaker witﬁout any tiﬁe deléy.
 The key=-board is.the'input to the mierofrOceSBOr- ROH.has be;n
uséd to store the goftware programme deveiOPed for our system,
RAM has been uged to fecord a soné. A song is recorded in the
RAM in coded form. The key-board.“aoftwaré programme ingide the
RO¥ and therprogrammable 14<Bit binary counter (8155) work toga-
ther to generate a desired tone, which is the processed by an
analog proaessiﬁg ¢ircuit to give the actual waveé shape of a
particular musical ingtrument, The aundio amplifier has béen
used to amplify the output of tpe analog processing circuit to
drive the gpeaker. The détail;d descriptiong of the‘hufdwhre and

software of the above mentioned musical system are given in the

following chapters.
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CHAPTER -~ Il

CHARACTERISTICS OF MUSICAL TONES

2.1 PARAMETERS OF MUSICAL TONES

The basic parameters of musical tones are ffequéncy
(pitch), intensity (loudness), overtones or harmonics content,
’ . 1

vibrate and tremolo,

Frequency and pitchlara distinguisghed in that the
former 1ls a physlcal concept, whereas thé later is a subjective
experience, The unit of frequency is hertz, whereas fhefunit of
pitch ig mel. A 1 KHZ sin wave tone, 40 dB above a listener's
threshold of hearing, produces a pitch of 1000 mels, The pitc£

of any sound that is judged by the listeners to be n times that

of al mel tone is denoted as n mels.



Inenaity'and loudness are distinguighed in that the’
former—is a physical conceﬁt. vhereas the later is a sub-
jective experience intengity denetes the strength o? ampli~
tude of a sound wave, loudnégs igs a meéaurg of tﬁe gengiti-
vity of human_kearing to the atrenéth of a sound wave.‘The.
strengthlof a gound wave ig meaaured in microbar units,Loud-

ness is measured in sone or phon units.

Vibrato denotes the frequency modulation of a tone at a

rate of approximately 7 Hz. Tremolo denotes the amplitude modu-

lation of a tone at a rate of approximately 7 Hz.
A musical tone has overtones er harmonics. Overtone
(harmonicse) spectra for various inastrumental tones and Organ

voices are ghown in figure 2.1l.

2.2 SCALES OF MUSICAL INSTRUMENTS

Key board music is generally restricted to the 12-note
tempsred scale, The tempered scalé¢ divides the octave into 12

intervals whose pitch'ratiOs are exactly equal. Since the octave
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interval ratio is 2:1, the;pitch interval ratio is tyelfth

root. of 2, Figure 2,2 shows tﬁe pi;ch ratios of the equally
tempered scale, Table 2,3 lists the frequencies of the tem-
pered scale, which is uged in thé great majority of organs, .
Different musical inafruments have diffareﬁt-range of fre-

quencies in audio frequency spectrum. Figure 2.4 shows the
range of frequencles for various musical instruments.

Interval : Pitech ratid

Prime o 1
Semitone 21/12 e 1,059463
§hole step 212 _ 112062
Minor 'third ‘ ;23/12 = 1.189207
Major third | Y12 | 4, 259921
Perfect fourth 25/12 = 1.334840
Tritone 26/12 = 1.44214
Perfect ifth 27/12 = 1498307
Minor sixth .28/1‘2 = 1.597401
| Major eixth 29/12 ;.1.681793
Hinor seventh ‘110/12 = 1.781797
Major seventh ' 21j/12 = 1.,887749

Octave 7' ‘ 2

Fig.2.2 Pitch ratio in tempered scales -
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CCCC= 1635 Hz is the lowest note of 32 {1 piteh

CCC =3270 Hz s the lowest note of 1§ It pitch

CC =654l Hz s the iowest note of 8 f1 pitch

C =261 62 Hz 15 the populorly termed middle C of the keyboard

TABLE: 2-3 FREQUENCGIES OF THE TEMPERED? SCALE
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CHAPTER — 111

[NTRODUCTION TO MICROPROCESSOR

%.1. DESCRIPTION OF 8085 MICROPROCESSOR |,

We have developed the microprocessor controlled musical
instrument by using Intel 8085 microprocessor and peripherals,

" A brief description of 8085 microprocessor is given below.

The 8085 ig an 8-bit general purpose microprocessor,which
is capable of accessing up to 64K bytes of memory. The 8085 CpU
functional bock diagram ig shown in figure 3.1, The 8085 tf&ﬁﬁf;‘

fers data on an 8-bit, bidirectlonal 3-atate bus (AD,_,) which

-7
is time-multiplexed 80 as to also transmit the eight lower-order
address bits. A additlonal elght lines (Ag_ls) expand the 8085

system memory addressing capability of 16 bits, thereby allowing
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64 K bytes of memﬁr} t? be accessed directly by the CPU. The

8085 has eight ;ddressable 8-bit registers. Six of them can

be used either as 8-bit registers or as 16-~bit register paira.

The accumulator (ACC or A register) ig an eight-bit regiater;

The programme counter (PC) always poiﬁts to the memory loca~

tion of the next igstruction to be executed. It containg a

16-bit address. The stéck pointer (3P) is a speciél data poin-
 ter that always points to the stack top (mext available stack
address). It is an indivigible 16~bit regisfer. The flag regiaster

k//f9bntains five one-bit F&ags; egch of which records processoEE:)'
Cgkatus information and may also control processor opefation.
:

A microprocessor needs to be interfaced to memories for
programme and‘dgta storage andlto input/output devices for the
purpcese of‘communicating.with environment (which-;onsiats'of men
and mﬁchine). 6ur system has got RAM Qnd ROM arrangeménta for
its memory operation and keyboard, T.V. mOnitO{ycaasefte recor-
daf agd printer interfaciﬁg cépabilities for-ita input/output

operation,
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3.2, DESCRIPTION OF 8155 RAM AND 1/0 PORTS

The 8155 RAM chip has three I,/0 ports apart from 256
byte; of RAM. Two Qf these are 8-bit ports and ;re referre&
rto gé PA and ?B.-The third'pne?.the PC port, is of 6-bits.
The porté can bé‘individually ;ddressed.,wﬁen the chip 1is
gelected and I0/M line is hiéh..using the least significant
}Vbits of the address sent out by tﬁ; 8085 to the'8155. A block.
diagram of the 8155 chip 'ig giv;n in figure 3,2. We havée uaed
these I/0 ports for 1nterfaciﬁg our musical key-board'w;th the"
microprocesso¥. At.the time of ﬁystemriniéialization. the three
ports may be suitably proérammed using tho.bitB'Of.a command
status register (CSR). The CSR is an internal 8-bit fegisﬁef
in the-8155.‘The 6 least significant bits of this regist?r can

be suitably set or reset to programme the three porta.

" The 8155 has a lk-bit programmable counter/timer to
provide elther a square o; terminal éount'pulae for the cpU
sjs;em depending/on timﬁr mode. The timer 1s a 1h-bit down coun-
ter w;ich counts the input pulses. We have used thig programnma-

ble counter to get the desired frequency corresponding to a

particular key of the musical key~board. The input of this
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counter is the clock output of 8085 microprocessor, the out-
pﬁt of the counter 1g the square wave of desired frequency.
‘The output frequency depends upon the content of the COUNT
LENGTH REGISTER. To programme the timer; the COUNT pENGTH‘REGIS--
TER is loaded first, one byte at a timé; by selecting the timer

addresses. .



CHAPTER - 1V

KEYBOARD - INTERFACING AND HARDWARE DESTGN

we have 1nt;2a¢ed a conventisnal muslésl key Hﬁﬂé&'%a
the microprocessor through the imput/output ports of 8155 fnpiit/
output c¢hip. Our key b?afd has 37 individual keys. wa'ha%é ﬁﬁ@éd
these keys by u;gng a 8 by 5 matrix, Figure 4.1 ﬁiﬁiﬁ the ;agl

numbers and corresponding key code, Table 4e2 shows the k§#¢§hi <g
. e D\

T o By o
nnections to form 8 by 5 matrix, Tho(%)iinas (Réturn 1iiiad) have %

.been connected to the input port A §f the.ai55 ohiip and ﬁﬁ@\ﬁ
(Scan lines) lines have been conn;otéd to the outpit port B of
the 8155 chip. Figure ha}_ahé;a the uonneoti§ﬂ§ ot 5 lings and
8 11n§s from the k;yboard to the mic}oprooeseqr sutput/dnpiit
ports, The five lines from the keéyboard hafé Beon connetted

through open colleotor invertéeras to avold the ahért bifﬁﬂit_if

L

N
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fwo keys are prnsgad simultaneously, 8 resistora havé baén
connected between the 8 lines from the keyboard to the 45
volt. So normally the logic level of these light lined are
high i.e. logic "1". At the outéﬁt port B o6f 8155 & 5 bit

data in decoded form is glven by the microprosésscy in 8yslis.

—

o

order at a very EIE? fréquency aes shown in Table by b

N e

SCAN LIHE“§6. PBj, Egzh P8, 22& Egﬁ“
1 0 0 | 6 0' ! |
2 0 o o T °
3 0 ° "o ’
4 0 1 ° 0 °
5 1 © ° ° ’

L . . . L . . — _ . [T W TR, TP L I

Table 4,4 5-bit data format at the output
port B of 8155,

Simultanecuely the microprocessor moniters the 8 imput linen
(Retufn lines) at port A 9f.8155. 1t a kéy 1g pressed aid
1f the correﬁponding scan linés 1is high a logls low 1ﬂ‘ﬁb£&i#
ned at the ;orrésponding input return lines. So.by ¢éhdiﬁg é‘
5 bit data to the scan lines and simultanecusly monitering

the 8-bit return lines, the microprocessor 1s able to indens

tify and code a ologed key form the scan lines data afid rétisi



45
lines data by using software prograﬁme. The key éodé iﬁlg 8-
bit binary nuﬁbér. The 3 least significant bitﬂ repreééﬁﬁ the
coded form of the 8-bit binary data obtained fros the rbtdrs
lines. A software counter has been uged to ¢ods the 8-bit diti
obtained from the return lines into a 3«bit binary ﬂuﬁbgfaih§
5 mogt signifi;&nt bits bf the key code raéreabﬁé thé sgan
lines Aata in deco&ad forsm. The 8-bit data format of & Eﬁy éédﬁ

ig shown in figure 4.5,

D7 DG D5 Du D3 Da D1

' . ] , v ! T
Scan lines data Goded form &f eetiri

in decoded form - lines data

Figure 4.5 8-bit data format of & kej sode,

4

The software prografime to identify a préeasad kﬁy and tb',

generate the key code has been démoribed in shapter 5,
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CHAPTER - vV -

SOFTHARE PROGRAMME DEVELOPMENT

5.1. SOFT-WARE PROGRAMME DEVELOPMENT FOR MUSICAL TONE QENEﬁgTIQN;

1

we have developed a software programme to genbrite different
musical tones UBing-Intel 8085 microprocessor and & céﬂ?éﬂtiﬁﬁéi
keyboard interfaced with the microproceassor. A flbﬁ'dia?fa@ of thisg
software programme is shawn in fig.5.1. To perform the Operﬁtibhﬁ

as shown in flow diagram of fig.5.1 €ight sub-progféﬁme'pré used;

HQhesé sub~-progrems are called by the main program (MAINP) in oyelia

order, The names of thege sub-programs are REFR, INACT, ACTKC, KEI{\

FRKC, STOP, KB and STIME. Thé functions of these sub~prograhs ars
described below, The different variable names uged in thesé sub-

programs are giveh in Table 5,2 with their functional desbfiptionia

e
e, T K " A

Many memory locations are uged for the different variablqﬁ used in
different sub-programs. The memory allocation of differernt variatle

.
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. S TABLE 5,2

NAMES OF VARIABLES AND THEIR FUNCTIO-AL DESCRIPTION:-

- NaME | DESCRIPTIONS:
MAINP * Main program which calls different sub-programs.
REFR : Refresh sub-program, which is used to generate the key code,

INACT : Inactive Key check sub-program.
ACMC : Active key check sub-program.
KEYP : Key on process sub-program.
fREC : Fresh Key check sub-program.

53TCP : Stop sub-program which 1s used to stop the tone generation
when a key is released. .

XB : Key—ﬁoard sub-program which is used to control some opera-

tions directly from the microprocessor key-board and also
used to display some informations for the users.

Store time sub-program, which is used to store the time
duration of a pressed ¥Key in a memory location for recor-
ding operation.

w
<
-
B

HLAB : Name table for new pressed keys. A table which contain a
maximum of four key codes, )

game of the memory location to store the code of-the active
€Y.

.
2
e

coM : Name of the 8-bit memory location, which represents the
. status indicator for different operations,

INATB : Inactive table, which contains the key code of inactive
keys.
INTBE : Memory location, which represents the end of the inactive

key table,
INSTN : Memory location to store the ectave number.

“PRCNT : Memory location to store the number corresponding to
prolonged time for sustained operation.

* o

MITAB

Memory location, which contains the first address of
mémory table of a recorded song.

CNTRL : Low=-order counter to store the time of a pressed key
-for-recording operation.

"

Contd...



[k

CNTRH

DBCNT

PEEY

FRQTB

NMTAB

NMATB

NMTBP :

PTAB

-

~ DESCRIPTIONS

-

L 1]

High~order counter to store the time of a pressed key
for recording operation,’

: ‘Debounce counter to store the number for debouncing

operation.

Memory location to store the key code of the key on
Process. : ' -

Frequency table which contains the number corresponding
to each key of the zero octave.

Name table, which contains the names of a recorded SONg.

Name address table, which contains the starting address
of a name in the name table,

Name table pointer, which contains the serial number of
a name, _

Memory location, which contains the starting address of
the play table for auto-play operation.
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are shown in figure 5.3, A system status indicatbsﬁ byté haried

COM ims used to flag the current staté of the different opera-
tions. The bit assignment of COM for different operations ia
shown in figure 5.4,

| Our system uses a conventional musical key-board;which

L \q,
consisgts of 37 individual keys. If a key is pregsed thé nlsfoprow

cessor generates a tone corresponding to that key, If two br more

keys are pressed_g;gylpgpeously the soft-ware program permits the

L ——
—

.microprocessor to generate tones ocorresponding to the last key

pressed. We define the state of a key in five posaibles wiys dfngs

tive key, active key, key on process, fresh Eey and the nﬁrmgl

open key. A key passes through a series of statés till 1t is made
&c ‘ -

ready t°(EE9 procesged for tone genmeration. A kéy state diagréd

is shown in figire 5.5,

Se1e1s REFR SUB~PROGRAM

This subeprogram sends the .5-bit decoded data to the
) — o
scan lines and monitors the Babig data from the retirn 1ikde to

e

code a preszed key. The gode of a pfesged key ig stored in_NTWE
in sequence. NTAB refers to the first address of a S-byte meémory

location as shown in figure 5,3, The firet foir bytes aré'ﬁged
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to store the key code. The last byte contains({?} which indi-~
- —_ S

cates the end of table, The REFR sub-program has beeii used to
store a maximum of 4 key codes inm NTAB, when the ke&ys dte pra-

esed simultaneougly. The flow chart of REFR subeprograi in

~ shown in figure 5.6,

S5ele2. ACTKC SUB=PROGRAM

ACTKC is the active key chbek‘ﬁuﬁ-progrém. whigh ié updd
to gheck if there 1g any active Key: Astivé key denioted the
last key prescéd beside the inactive kéys: If tws or uoprd koyu
are ﬁressed siﬁultanaously the last key 1s the active kéy, Tﬁ#
remaining pressed keys are termed as inaétiﬁe ke&sa Inadtive

key codes are store/ in a table named as INATB. INATB refe!*a to I_QOQ

N (2%

PN
- K ™~ . .

the first address of a\5-b;§b memory location as shown in figure
\ . - . t

S5e3. The firet 4 bytes are uged to atore'the key codes of ine

active keys, the last byte contains FF, which indicates the and

of the table, The key ecode of an active key i stored in memoty

location named ACTK. This subprogram also initialises thé valie

of prolong counter (PRCNT). This counter is used to obtain the
sustained operation of a tome 1.6, a tone ig sustained for i
while after the key is released. The'content of PRCNT deéetérminea

the time of the sustained operation, The flow chart of ACIKC sub-

program is shown in figure S5¢7.
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5,1.3. INACT SUB-PROGRAM ' o

K

usej/kheck if there is any inactive key in inactive Key tablé

_INACT ig the inactive key check sub-program, which is

(INATB). Thig sub-program alse compares the key codes of ina;ﬁ
tive key table (INATB) and new key table (NTAB). If a game key‘
code 1g found in the both table, then this sub-program delvtes
the key code from NTAB, If a key code is found in ilnactive key
table but not found in NTAB, then thia sub~program deletes thé
key code from inactive key table (INATB) . Because the key correa-
ponding'to thig key code has glready been released, 3°;;§uﬁ° net

require it any more. The flow chart of thig sub-program is shown

in figure 5.8, . 'L.}
\- B }-/\“\ }\.':\ fom ;f\jt
Selsl4h KEYP 'SUB~PROGRAM

KEYP ig the key on process check sub-program, which is used
to indentify if there 1s any key on process. The kéy.obaé’ﬁf 4

kéy on process is stored in memory location PKEY, This sub-program
/\rf}: o |
\})95 -_.checks a key on process i,e. a pressed key 20 times to rediugé dée
Mt e - el : - =
p

bouncing. A memory lecation DBCNT (Dbebouncé ocounter) aﬁutﬁiné the
number 20, Thig number can be 6hanged if desired. By iﬁﬁréﬁﬁiﬁm

this nuiber debouncing effect can be reduced more. Afteér qﬁﬁﬁfiiﬁg
; | ST

20 times this sub-program calls another sub-program named'sEND/f

T ' ' ‘ S

.

(f‘{:
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which allows the lh—big\ﬁrogrammagg/eounter (8155) to give nece=

— e —mn -

ssary tones corrsaponding to the pressed key. This Bub~propgLén
also calls pnother gub-progran named(?TRK)whioh atdres the Pt a4
ssed key codee for recording purpose, The flow ghart of this suibs

program is shown in figure 5.9, -

FRKC 1g the fresh key check subap}ogrAm, which whibeks if
there ig any fr;ah_key. A fresh ey is the key which is juat pt%%
sged. Thia sub-#rogram keeps the-eﬁde of the kay 3ust presééd inl
the PKEY memory location for fur@her processing. The flbwhchaft
of this sub-program is shown in figure 5-10. This sub—pgdgfam also

J : m
initislise/ the value of/DBCNT/to zero if a fresh key is detected.

N
e
501.6. S5TOP SUB=PROGRAM

This sub;program is used to stop thellh-bi; programmabig
.counter (8155) when a key is released by eomparing‘the‘stoprbit.of
the syetem status indicator (COM). The COM is a 8-bit-meﬁorf log b=
‘tioﬁ for diffe;ent aystem atﬁtus indicationé. This sup—ﬁrdgraﬁ
algo checks the'sustained bit of COM to perform sustained ﬁtép'
operation. The flow chart for thls sub-progrgm is sh&ﬁn in figure -,

'

5411,
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5.1.7. SEND SUB=-PROGRAM

Thig sub-program compares the content of ACTK i.e. the '

code of a pressed kei?to the contents of a key table named KEYTB;;

——

to get the key position number within an(&ifavg\and octave num<

‘ber from amongst the 3% Octave of the keyboard., The KEYTB consists. .

et —
——— - — N

~ -
'

of 37 data word corresponding to the 37 keys of the musical key
board. This 37 keys represents the 3 Octave with 12 keys in each
Octave., The key position and Octave arrangements are ghown in Fige

4.1l. The bigh order byte of the data-ward of KEYTB repregents the

e T S e

key code, the 4 least significaﬂt bite of the low order byte repre-~
sents the key pesition numbé; 1,9, 1t key, 2nd key et@. within
an Octave, the & mostraignificant bits of the low afde byte ik
the Octave number in which the key is pl;ced on the keyboard. This
program algo sgearches a frequency tablo named FRQT to get a_dﬁth
uged to caloulato'the required numﬁer which isrtb be lodcled - to
the lhwbit gounter (8155) to obtain the tones of desifad ffuqﬁéﬁﬁﬁ;
'

The fraduency table (ERQT) containg 12 data -words corres-

ponding to 12 keys in the highes£ (zero).Octave. The fféquancy tgbie

15 ghown in figure 5.12. The number in the frequency table represents

~
|
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the data which is to be sent to the timer to get the required
tone frequency within the highest (Zero)Ogtave. The hucespaty
data for the key in the same position in anothex Ogtavé gan ha

calculated using the formule ;-

Whera, do = the data for a key in the zero Octave (from

frequency tabls)

{

=
1]

of the n th Qctave,
n = Qctave number,

Octave number can be aelacted from the microprocéssof kéy-bogrd
(between 0-5) and ig stored in th; nmemory 1ocationﬁamed INSTN.
The content of INSTN represents a number in reference to ,ero
Octave, So if a key 1z pressed from amongst the key in the 2nd

octave of the key-board, then its data can be calculated from the

following esquation :-

_ 143
dy,s =d, 277

where 1 = galected Octéve number

The general form of .the formula ia given below =

The data for a key in the corresponding position ..
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: 1+m|
d1+m = do° 2 /

where, m =.Octave number within the keyboard obtained from the

!

KEYTB (Lies between O and 3).

Sorafter ggtting the key code, the key position within -
Bn Qctave and the dctave number can be found from'thé KEYTB andﬁ
the corresponding data to be loaded into the couhter can be found
from FRQT. fhe musical key board can be tuned to any.desireﬁ.fro-.
quency range by changing the 12 data-words of the frequenéy table.
(fRQT). Thé flow chart for the SEND sub-progrnm is ahown.in figure‘

513,

5,2. SOFTWARE PROGRAM DEVELOPMENT FOR RECORDING

The developed microprocessor controlled musical gystem is
able to record a song in its RAM and is also able to replay the .
recorded song. A #ong is recorded with a song name supplied by

the users. A maxisum of 5 songs can be recorded with theit ndmbis,

——

This system perrits mnximum,B.ch&faéters for a song name, TO pers .
form the recard and auto-play operation three sub-programs named
STRK, APLAY and STIME are used. The functions of these Sub«pro«

gramg are dencribed bolow,

5,2,1. STRK SUB-PROGRAM

STRK sub-program is the store key aub-prbgram which atoren



tﬁe key codes of %he pressed keys séquentially in a memory
location, whosg starting addréss ig given by the content of
MTAB. The time duration of a pressed key %g also stored in the
subsequent memory location by uéing g sub-pr ogram némgd STIME.
(STORE TIME). One Byta of memory'is uged to gtore a key code

and the next twobytes aré uged to store thé counter valus(CNTRLi
CNTRH) whigh répresénts the time duration of a predsed kay,
CNTRL is the low-order counter and CNTRH.is the high ofdor coun-.
ter. The flow chart of the STRK sub-grog;am is shown in figure
5-14, The last byte of a recorded éoné ig 'FF' indicating tﬁq eﬂd |

of the gong.

S.22. APLAY SUB-PROGRAM

APLAY sub-program is the autoplay sub-program which is
used to play a recorded song. At first this program takes a key

s

code from the memory location of a recorded song, and then calle
|

the SEND sub-program to get the tomés corresponding fé'fheAké§‘-

"gode., The time interval between two pressed keys is compensated

by delay loop. The flow chamt of APLAY sub-program ig shown in

figure 5.15.
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5e3¢ SOFT-WARE PROGRAM DEVELOPMENT FOR DISPLAY, MONITORING

T

e m s
-

AND CONTROLLING.

A soft-ware program has bean developed to diapiay ﬁeceagary
informations forrthe user, to monitor different operation médes
and to control different operations from the micropndcessor key-
boardf To perform these operation two sub-programs namedigé)an&
GRAPH are used. The descriptions of these.aub—progrgmg‘are_given,

below,

5.3.1- K.B SUB“PROGRAM

*ﬁi

This sub-program ig used to pé;form som;‘operations direqtly.
from the micrdprecessor keyboard and‘to display'aoﬁe necessary
informationg for the users, Octgve.numher can be gelected by-pre—r

. ,

ssinﬁ_ﬁhe{gesij 0=5 of the key-hoar%ﬁ Fhis ig done by putting the

- N : . :
’pressed number to éhe INSTN memory location. The selected Octave
numbér.is algo displayed. Immediate stop operation ié peiforied
by pressing the.characfer *I' of the keyhoard. when 'I' ig pressed
this sub-program sets the cofres?onding bit éf COM t6 2910 fdr
imm;diate stops The word IMMEDLATE.i; also displayed wh@h *It i;
pressed. The sustained stop oﬁeration is done by pressing ths gﬁﬁ;
- racter 1s;rof the keyboard. when 'S' ig pressed the cdfrqspondipg

bit of COM is get to '1' for sustained stop operation and also ‘the

word SUSTAINED is displayed on the screen, There are two modes of
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- operations for the ;usical keyboérd, one in Moqophonic mode

and the another is x-phénic mode. Monophonic mode represents

the generation of musical tone cofrespOnding to alsihglé prae

" gged key. X-phonic mode represents the opératiOn of‘musiCal.
tones corresponding to multiple pressed keys qimultaneously.
Monophonic mode can be selectqd'by ﬁressing the character 'M!

of keyboard, when 'M!' iz pressed the word M-PHONIC is digplay -t
on the screen by this sub-program. X-phonic mode can be selec-
ted by pressing the character 'X' of the keyboafd. when X is.
pressed thig sub-program.£Uts gFF at the first memory loca-
tion of INATB and also displajs the word x;PHONIC oﬂ the screen,
In x-phOnlc mode there ia no inactive key, all of the. keys pre-;
ssed simultaneously are treated is sactive keys. The record mnde
ﬁan be seleCth by pressing character 'R' is pressed tﬁe word
RECORD~MCDE and SGHG~NAHE.are Aisplayed on the screen. A soﬁg
name o©of maximum 8-character should be giﬁen by tﬁe users?whicﬁ
is stored and displ;yed bj the Daume read (NREARD) and ﬁame Qtdre:
{NSTOR) sub—programs; Auto;play 0peratioﬁ is performed by pre- |
ssing the character "A' of the key-board, when 'A' is preaséd
and main program calls the APLAT sub-program to perform auto

play operation. The song name which is to be played should be



5-26

L]

given by the user. This sub-program compares the auppliedlnamq
to the ﬁreviously recorded song name by using a match sub-pro-
gram (MATCH) and if the same song name is found from the pre-
viougly recorded song-names, this sub-program allows auta #laj
operation, If no name is found fr;m the previously reqorded gong
name to match with the name supplied for auto play operation,
then a message NO NAME is disélay by this subprogram. The flow

chart of KB suprrOSram is shown in Tigure 5.16.

5.32 GRAPH SUB~PROGRAM

This sub program is used to generate a graphic represen-

tation of the developed microprocessor controlled musgical éPétrﬁ;x> 2
s ' . o
=

' (;;;;;:)A picture of the graphic display is shown in figf!?.l??TTEié

A

sub-progrem is also used to diseplay necassary informati ong foy ‘the

users on the screen.

The compléte software program for the dévéloPed mioro-

processor controlled musical system is given En the Appendix A
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CHAPTER = VI

ANALOG. PROCESSING CIRCUIT

6.1, GENERATION OF ACTUAL WAVE SHAPES OF DLFFERENT INSTRUMENTS

we have obgerved the actual frequencies and wafe shapes of
di fferent convpntiongl musical instruments on CRO screen in thae
laboratory. In our system the actual wave shapes for the five o ' "
iinstfuments have been generated experimentally by adding differeﬁt
harmonies. For this purpoée wa hav? designed an anaIOS‘procesgins
circuit. The input to this circuit is the asquare éavp output of
the 14-bit prosrammablé counter (8555) and the outpﬁt is the dESi-
réd wave shape. The éutput of the 14~bit programmable gountér(8155)
has been treatedlaé_thq fundamental frequeﬁcy and thig fundamental
frequency has been‘divided by‘é bin&ry_counter (SN74191) to gef
necass;ry bharmonicse. Operational ampl#fiers.have been uged to add

the harmonicas. Finally R-C filters have been employed ‘for necesaary -

wave shaping., The complete circuit diagram'of the anmlog processing !
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circuit ig given-in figure 6.1..£ere an open collector hex-
inverter has been used to select.any oné of the fivelinstru-'
ments or any combination among them. A logic "1" to the

input of the he;—invérter disables an instrument,whe¥eas a
zero to the input of the inverter enables an ingtrument. The’
wave shapes of different organs obtained froq the CRO screen
are shown in figure 6,2, The organ tone is obtained ﬁy adding
the. A and D output of the counter. The flute tone is ohtainea
from C output of the counter. The fantasy tone ig obtained

from the A output of the counter. The viclin tone ig obtained
by adding the clo;k input and D output of the counter. The horn
. tone is obtained by adding B, C.and D output of éhe counter; we
have used Op-amplifier, to add the harmonics, for each- instru--
ment; Finally the output of the fivelop-amplifiers have been -

mixed by a mixgr amplifier. The output of the mixer amplifier

has been connected tc the input of a audlo power amplifier.

6.2.| AUDIO AMPLIFISR AND TONE CONTROL CIRCUIT

It 1s necessary to amplify the output signal of the analog
processing circuit to drive the speaker. Thig has been done by

using STK435 I.C. power amplifier. STK 435 18 a stereo power
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amplifier, which gives anloutput ﬁowgr of 7 watte/channel into
8 ohms load. we have used a t@ﬁe cﬁntrbl ﬁirguit by uéiﬁg op-
amplifier, which provides b;ss and treble cpntrols. The tone
coﬁirol stage- normally has a uni;y gain when the con;rol poten-
tismetera are centered, However, this gain 1s adju;table, wiph
respect to frequeﬁcy. if the control potentiometera are not cen-
tered. The output of the_tone-control stage direc}ly drives the

main power amplifier, The complete circuit diagram of the tone

control stage and audio power amplifier i1g shown in figwre 6.3,

.
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CHAPTER - VII

OPERATING INSTRUCTIONS

The ugers should know some necessary instructiong and
I
informations to play the developed mugical instrument. These

instructions and informations are given below. User's opera-

ting informations ére,also available on the display screen,
g T8 ‘

7«1. MANUAL PLAY

4+ Press the Eharacter 'IY of key board for imme'
diate stop operation OR the character 'S' for

sustained stop operation,

2. Select the desired QOctave by pressing the digit

0-5 of the key board.

%, Press the character 'M' of the key board for mono- .
phonic operation, OR the character 'X' for X-phonic

operation,

C?:

4, Select any instrument among-the five = ORGAN, FLUTE,




Twl

FANTASY, VIOLIN, HORN by pressing the corres=-
ponding key on the musical key board. Any com-
bination can be selected by pressing correspon-

ding keys simultaneously.

7.2 RECORDING

1. Press 'R' of key-board to set the ingtrument

in recording mode.

2. Give a song ﬁame of maximumfcharacter long
using the key board;

3. Press 'CR' of key board.

4, Now, start re;ording.f

5. Recording mode can be termina£ed bﬁ pressing
(SHIFfS (hL/(a)'when desiréd.

7.5, AUTOPLAY

1s Press 'A' of keyboar& to set the inﬁtrﬁmeﬁt iﬁ
au?éplay mode.—‘ |

2. Give any one of the song name amomg the regdre

ded song by using the keyboard.




3, Press 'CR' of keyboard to start auto~playing.

4, Stop auto-playing by pressing - ()

.7.h.§?ECIFICATIONS OF THE DEVELOPED MICROPROCESSOR CONTROLLED

MUSICAL INBTRUMENT

Nimbéy 1€ Octaves 6
Nusber of keys : 37 keys
Pireset aounde : 5 sounds j

Organ, Flute, Fantdsy, Yielin
and Horn. Op any cembination of

them, _ , !

Memory play function

Max, 5 songss

* jputoplay.

Built in stereo : * Maximum output power of 7 W per
" audio power amplifier: channel .

* Basg and Treble cohtrols.

*Manual Memory.'storage Capacity-s'
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CHAPTER —-VIII

CONCLUSTON

A practical- microprocessor controilad musical linstrument
has been—constructed-in--our. laboratory by using Intel 8085 micro-
processor., The--complete hard-ware and software design for thise
musical instrument hag been described in the previcus chapters.
This Instrument can be compared with conventional musical instru-
menﬁs such as flute, violin, organ etc. It hasngt some distinc-
tions ané additional facilities over the conventional musical
instruments.The developed musical instrument ia able to generate
tongs of organ, flute, fantasy, violin and horn or tones of any
composition of these five instruments. Because the .developed
mueica; system is controlled by soft-wﬁre program, one can easlly
change any parameter of this gystem as desired. The developed

musical instrument is able to record a song in its RAM, which is



T —

s distinct advantage over the conventional musical instrument.

The recorded song can also be replayed when desired. The maxi-

mum memory capacity of this system i1g. five songs with thelr

-

_‘nemeg, The-mamory capacity can be extended by introducing addi-

et —— e e

tianaimRAM_chips. The developed musical system will be helpful
for musicians and composers of contemporary music who are in-
terested in the applicatibn of miéroprocessor technology to the
arts., -This system can be further'developed by introducing addl-
tional hard-ware and soft-ware. The developed system has gotl

tremendous flexibility over any conventional musical system

because it is programmable.
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APPENDIX A

COMPLETE‘ SOFT-WARE PROGRAM FOR
THE DEVELOPED MUSICAL SYSTEM -



A=

COMPLETE SOFT—WA_RE PROGRAM

ASSM 182@

1AAD
Faza
Faié
Faiz
F813
Fai4
FB1S
F81l6
£817
FBl1@a
Faba
Favs
Faa7
Faoa

Faac

Faap
FarE

182&
18z
1825
187
iaaAn
i8Qn
181
1813
1815
1817
1819
ia1cCc
181D
1822

SE1R
Z2B7FB
SEAL
22BDF8
ii1iaFa
11341A
CDB8A1A
3IE@dZ
D3ECw
3EFF
3gacrFa
=C
268
2e3arF8

Q22
2340
re] 21
aase
D109
2120
G145
B16@
2180
P2ad
pe2a
B24D
ab={=r
B28a
B3AaR
2323
B34QA

Aa3ea
D389
Q4GS
Q42@
Q440
D460
2480
ASYA
aS2a
RS4G
@560
588
VeI
V62D

KB EQ
NMTBP
FRQTB
CNTRL

CNTRH

CKEN
DBUNT
PKEY
ZERDO
MTAB
NTAB
ACTH
COoM E
INATH
INTBE
INSTN
PRCNT

INIT
‘STA
MV I
sSTA
LXI
LXI
CALL
MVI
ouT
MVI
sSTA
INR
STA.
sSTA

U 1AAaH

EQU arFazaH
EQU &F818H
EQU @FB812H
EQU aF8l13H
EQU arFrB814H
EQU BFBa15H
EQU aFB816H
EQYU @FB817H
EQU aF8132H
EQU aF8daH
EQU @FaBeH
QU BF8a7H
EQU @FB8B8H
EQU arFaacH
EQU BF82DH
EQU BFB83EH

MUI A, 10H .
cCom

A, @1
INSTN
D, FRATE
D, FRAT
MOVN

A, 2

@ceH

A, AFFH
INTBE

A

ACTK

NMTBP



PSS

3

CD3E1L1S8
cphacis
CDBF18
CDhFZ218
CDh4919

CDEBL1Y .

CDhAYiA
Ch&aiAn

Cc3g31i8

]

ES

DS
DEBQA
21a3F8
1604
79

a7

4F
FEZR
CA7618
79
D3Ce&
SR

S L4F8
DaCil
oh7pia
D431 8
oF
ZR214F8
8¢

a4

SC
2=214F8
7%

a7

w7

A7

".:: 1;‘;

7

o5
-,
£
15
Cesor

2EFF

77

D1
Ez

DE4LA

- 12660

AE8QA
Aa7aa
azed
B74@
a7eod
2780
Pala3ralva)
Q820
BE4QD
RAED
D88a
r.a=1r,dr,]
@9z
V94D
RASEGR
298Q
1022
1220
1040
106
128
110
112
1149
1162
1180
IR
1z
L0
1Z26A
1ese
1329
1240
1 60
1280
140G
1420
1840
L4GA
Lo

EEN = ok ]
ER T

[T S
R R

MAINP CALL REFR MAIN PROGRAM
CALL INACT
CALL ACTKC
CALL KEYP
CALL FRKC
CALL STOP
CALL KR
CALL STIME
JMP MAINP

AEFR PUSH B REFR  SUB- PROGRAM
PUSH H
PUSH D
MvI C, 8@H
LXI K,NTAB
MVI D, 4

REFR2 MOV A, C
RLLC
MOV C, A
CPRI 2@H
JZ REFR1
MOV A, C
oUT @C2H
MVI A, @

STA CKEN
IN @C1iH

REFR3 CALL ENCD
JNC REFR2
MOV E, A
DA CKEN
ADD B

MOV B, A
INR A



1872 C% L&EQ@  RET
1870 FEFF 162@ ENCD CPI S5+
187F 37 1640 ST

1882 ZF 1660 MO

i881 C8& 1680 RZ

1882 QEFF 1700 MVI B, @FFH

1884 @4 i72@ DEZ:1 INR k&

1885 =7 1742 STC

18BE iF 1762 RAR

1887 DAB4:A 1788 JC DEC1

188A =7 18R - S8TC

1888 C2 182@ RET

188C ES B4 INACT PUSH H INACTIVE KEY SUB-PROGRAM
188D DS i86E  PUSK D

188E 21i@AFA 1888 LXI H, INATE

1891 7€ : 1922 INACE MOV A, M
1892 FEFYT 1920 CDI QAESH :
1894 CAARF1E i94@ 7 SRVE

1837 1iparFsa 1968 LXI D, NTSER

189/ CDhhZ18 1986 CALL TALBE
189D DART7.E cB2e  JC INAC:H

18R 3EQR 222 MY 4,12
18Rk 77 @40 MoV M, A
18R3 23 2R&d TNX
i8RA4 C39118 28 IMP INACE
iBA7 1B cla@ INRC1 DBCX D
18R8 3t 2128 MYI A, 9
i18AA[/ 12 2i48 STAX D
i8RE 23 216 INX H
i8RAC C39118 2188 ImP INGC2
18RAF DY 2@ SAVE PCGR D
18BR E1 2@ PORP H
i8EB1 C9 . 2240 RET

igBe 1A 226 TARS LLDAX D
1883 FEFF 2c8e CPRI BFFH
i18B5 327 230 STC

18BE 3F 2328 CwmC

i18B7 8 o348 RZ

18B8 RE ’ 2360 CMPb M
18B9 13 2381 INX ©
18BA CaBai’l 24 .  INZI TAEZS
18BD 37 2420 TC

i8BE T9 244@  RET

IBHF ZAVGFSH 24628 ACTKC DA ATTH ACTIVE KEY SUB-PROGRAM
18Cz FE@@ c48@a CPI @

18C4 L8 25y RZ
18BCTS D5 2522 PUSH D
18CEe ES oS4l PUSkE H

18C7 218&6F8 o6 LXI H,80TH
18CA 1i1@4aFsE 2582 LXI D, NTAD
18CD CbBzi8 cEae TALL TARE



18D@
18D3
18D6
18D8
18DE
18DE
18E®
18E3
1B8EE
18E9
18ER
18EE
18EC
18ED
1BEF
18F@
18F 1
18FZ
18F3
18FE
18Fa
18F3
18FA
{8FR
18FE
1901
1994
19@7
1908
190A
19@B
190E
199F
1912
1914
1917
131A
191C
191 F
1922
1925
1928
192K
192C

122F

1930
1933
L1936
1239
193C
193E

DRECLA
CDSAlRAR

fei{cyiv

3ICA&FSH
IRAB7FE
Feal
I2B7F8
Z21FF2&
cCREFS
El

D1

=)

iR
IEBD
1z

El

Di

Cc9
SALeF8
FERQ®R

—~
e

DS
ES
Z116F8
1132F8
CDBE1&
DE411%
1R
ZERQ
12
IA1SF8
3C
3215F8
FEFF
D24619
CDSAL1A/
3ER2
3217F8
2117F8
i1@d8F8
CDB218
D22a1L9
18
3RAEFS
1
3R1IEFS
IPR6F8
CD9519
3AATES
E6FE
Sz@7FE

2622
2640
2660
2680
=720
272@
274
2760
o768
c80a
2820
=B84@
2868
c88a
2929
921
2340
= 1=A7)
2384
20Aa
32D
IQ4
36
a8
310
2120
3146
3160
318
3208
3zza
24
3269
3c88
3300
3329
3348
33260
3381
3421
34210
344
3460
3480
3508
IS@
2540
3560
3581
600
362@

Rfadiya
CALL
MV I
STA
DA
ORI
STA
LXI
SHLD
pop
POR
RET
ACTK 1
MY T
STAX
popP
POP
RET
KEYP
Cox
R7
PUSH
PUSH
LXT
L XTI
CaLL
JNC
DTX
MV T
STAX
DA
INR
STA
CPI
JNC
caLL
MV I
3TA
LX=

LXI D, INARTE

CALL
JNC
DCX
DA
STAX

HEYPZ LDA PKZVY

STA
calu
DA
ANT
S7TA

-

CTHL
STRK
a, o
ACTH
com

COM

H, @FFH
PRCNT

H

L e

“F

DCX 7
A, o

D

-y

™,
b

LDA
@

)

-

H, PKEY
D, NTAL
TARS
KEYP1
e
A, @

D
DBCNT
A
DECNT
@FFH
KEYPR3

STRK
A, @
ZERD
H, ZERO

TABS
HKEYRZ
|
ACTH

D

ACTH
SEND
Com
BFEX
Com

PHEY

KEY ON PROCESS

SUB-PROGRAM



194131
1943
1945
13947
1948
1949
194A
134D
194F
1950
1953
1955
1956
1957
195A
1958
195C
195F
1961
13&2
1365
1966
1967
19aehR
196R
196&
196F
1378
197=
1375
1976
1979
197A
197D
197E
197F
198@
i981
13983
1985
1988
138A
198D
198F
199c
1995
13996
1397
1995
1998

SEZQ
3Z16F8
El

D1

c2

£ES
210ace
3EFF
BE
CAE91LD
3EDQ
BE

23
CR4D19
B

7E
321efFe
SEDD
77
Z215F8
23
C34D19
E1l

=]
3ARTFE
iF

D
=628
CReii3
ES
SAGEF S
2B
c2@EFS
7C

BS

El

ca
2E8:2
D3CY

3AB7FS

EEFE
Zea7rF8
SECR
3Ie7IED
SZ7RES
ca

=5

i-.‘ =

et

E&FE

SART7E8

3640
3660
3680
3700
3720
3740
3760
378@
3800
3820
Za40
3860
3880
3900
3920
394@
3960
3980
4R
4BE0
4Q4T
4PE@
4082
41QQ
412@
4140
4160
4180
4200
4220
424@
4260
4280
4300
432Q
43410
4360
4380
4400
4420
444
446D
448Q
4500

soe

454

4558

4580
4620
462D

HEYD1 MVI A,
STA PKEY
HEYPZ POP H

pPOP D

RET
FRKC PUSH H
LXI H, NTAB
FRKC! ™MVI A, aFFH
CMP M

JZ FRKCE

MVI A,

CHMP ™

INY H

JZ FRKC1

DCX H -
MOV A, M

STA PHKEY

MVI A, 7

MOV M, A

STA DBCNT

INX H

JMP FRKCI
FRXC2 PCP H

RET

FRESH

KEY SUB-PROGRAM

STSP LLDA COM STOP SUDB- F’_FEOGRAM

RAR

RNC

ANI 8

Jz STP1
PUSH H

LHLD PRCNT .
DCX H

SHLD PRCNT
MOV A, H

ORA L

o0P H

RNZ
STP1
ouT
LDA
ANT
5TA
M I
5TA
aTA
RET
SEND PUSH H
PUSH B

LDA COm
ANI @FEH

MUI A, 82H
@CaH

cam

AFEH

COm

A, 2@H
BEDTIH
REQ7AH

SEND SUB- PROGRAM



193D
19AG
19A3
19A4
19AS
19A6
19A8
19a3
19AC
"19AD
19RE
19B1
13B2
19B3
19B4
19B5S
19B6
19B7
19B9
19BA
19BE
19BC
19BD
19BE
19C1
19ce
19c3
19C4
19Cc7
15ce
19CB
19CC
18CE
19CF
19D1
19D3
19D5
19D7
19Da
19D3
19DA
19DD
13ED
19E3
19E4
19E5
19E€
197
13ER
19eC
19€EE

3E07FE
CDDALS
=3

7E

47
E6QF
87
2118F8
85

&6F

DZB219

24
4E

23

66

69

78
EGFR
@F

QF

OF

aF

4F
3QA@DFS8
ai

4F

@D
CACR19
29
C3C319
7D
D3C4
7C
F&4@
D3CS
3ECZ
D3CA
C1

E1l

]

21EA1T9

JAAEFA
CD4D1A

23

BE

ce

23 -
C3E319
1825
1124
i286

46410
4E6Q
4680
47@
4728@
4740
4760
478@
4801
4820
48413
4860
4880
4900
4920
4941
4960
49812
S2ER
SPzR
5049
Se6@
Sa8’
5102
5120
S14Q
S16Q
S18Q@
S200
S220
5240
SZ6@
S280
S302
S320
S534@
S360
5380
S4Q@
S42@
S44Q
S460
S48Q@
SSo@
SSe
SS40
SS6@
SS8©
SeRa
SE2@
S64@

1oR

STAB

STAR1

KEYTE D

STA .COM
CALL 3TAR
DCX H

MOV A, M

MOV 3, A

ANI @cH

ADD A

LXI H, FRATE
ADD L

MOV L, A

JNC SENDi
INR

L

SEND1 MOV C, M

INX
movV H
MOV
mQay
ANI
RRC
RRC
RRC
RRC
MoV

@D TTI
QN X

r
7
b 3
=

H

c, A
INSTN
ADD C

MoV C,A

AGAIN DCR C

JZ SEND2
DAD H
JMP AGARIN

SEND2 MOV A, L

auT
MoV
ORI
auT

BC4H
A, H
4H
PCSH
MVI A, aCeH
OUT @CaH
POP R

POP H

RET

LA
ChRLL DPK
INX H
CMP M

RZ

INX H

JMP STAB1

DWw 2411H
DW 861izH

CD1de



19F@
19F2

C19F 4

19F6
19F8
19FA
19FC
19FE
1RO
1Az
1AG4
1AB6
1AG8
1AA
1AGC
1ABE
1A1D
iAlaz
1A14
1A16
1ph18
1AiA
1R1C
1AlE

- 1A2@

1A22
1AT4
1A2E
1AZ8
iA2A
1A2C
1AZE
1AZR
1A32
1A34
1A36
1R38
1A3A
1A3C
1A3E
1A4Q
1A42
1A44
1A46
1A48
1A4R
1A4C
1A4D
1A4E
1 A4F

1323
1483
1522
1684
1721
182@
1985
1R17
iR&:
=4 " B =
2115
2281
2314
24812
2513
2647
271
2811
2946
cA10
2B45
SQaF
Z1aE
344
33@aD
3443
35
I&642
278E
=8aA
2941
3AB9
3B40
408

3706@

SEQQ
970@
ARRR
A9BR
B3R@
BEQ2
CARA
DS
E2B@
EF 0@
FDo®?
FF

FS

=
J

=
b

S66@
568
S700
5720
S74@
5760
5788
saa@
S820
S584@
S860
5880
SI00
5920
S940
5960
5980
6000
6020
6040
6060
6080
612@
6122
6142
6160
6180
6200
6222
6241
626
6200
6200
6320
6340
63260
6380
6402
6420
6440
646W
648@
65@0

S2@
ES4@
6560
6580
6620

EG2D

6640

D
DW
Diw
DW
DW
Dt
D
DWW
DW
DW
DW
DW
DW
DW
DW
D
DW
DW
DW
DW
DW
DW
D
D
DWW
DW
DL
Did
DW
Did
DA
bW
DA
Db}

FRIT DWW

D
DN
Dt
D
oW
Dl
D
Dl
DW
Did
DW
DR
DR

3L3H -
85144
2215H
8416H
2117H
co18H
8319H
171AH
8214
le2@H
1521H
a1z2H
14234
ae4H
1325H
4726H
Iee7H
1128H
4629H
l1az2AH
45284
QAF 32+
DEZ1H
44 32H
AD=E3H
4 334K
RCEZSH
4236H
REZ7

RR3Z68H
41 59K
A3 3ARH
4@a573H
241K

QP BEH
QA9 7H
QR2ARH -
_RAADIH
QBB IH
QRREN
QRCAH .
RADSH
PRE2H
BAEFH
BAFDH
@FFH

PUSH P

PUSH M
PUSH E

a7



1ASa
1A53
1A56
1AS7
1AS8
1A/59
1ASA
1A3D
1ASF
1AG6A
1R&1
1RG4
1A&7
1R68
ITARES
1A6C
1A&D
1AGE
1A71
1AR72
1A73
1A75
i/78
1A7B
1A7E
1A7F
1R/R81A
1A81
1AB4
1A85
1R88
1R89
1R8A
1A8B
1A8D
1A8E
1A8BF
1A
1A91

2179E9
cChasaz
C1

E1l

F1

c9o
3AG7F8
EcR4
c8

£S5
ZAiF3
ZAREFA
77

23
3R12F8
77

23
ZA13F8
77

23
36FF
Z21@F8
Z1203Q
2z12Fs8
E1

co

ES
2A12F8
23

Ei
co

1A
FEFF
c8

77

o3

13
CZeA1A

ec1lcFs

GECE
66882
&78a
5720
674
6761
&78a
c8a.
6822
&840
686@
c8e@
&9aa
&9z
694@

- g96@

698@
7000
7220
7040
706@
7080
71Q@
7120
7140
7i6@
718@
720
7220
724@
7260
7280
7300
7320
7342
7360
7380
7400
7420

LXI H, BEQ79SH

CALL 289K

POP
PP
pop
RET

STRK LDA COM

ANT
RZ

E
H
P

A

PUSH M
LHILD MTADR

LDA
Moy
INX
LDA
Moy
INX
L DA
MoV -
INX
MVI

ACTK
M, A

H
CNTRL
M, A

H
CNTRH
M, A

H
M, @F FH

SHLD mMTAR

LXI

SHLD CNTRL

POP
RET

STIME PUSH H STORE

H, @

H

LHLD CNTRL

INX

SHLD CNTRL

pOPp
RET

MOVN
Cox
RZ
MOV
INX
INX
JMP.

H
H

LDAX D
AFFH

M, A
H
D
MOVN

STORE KEY SUB-FPROGRAM

TIME SUB-PROGRAM



L

A1
5}

i
oy

=

DWW PDONNNND D&

RG-S PO ODONL

\J

T

oD Dl

.b4H,mH,ﬂww”.;
I NN N e Ry IR o U« l v

s

[P

DLD D
WD b W& T~ b

Fr

U

L T

LRAg

14
i
T

D

L)
N

NG T OO
&M &Y

S RLIL R N 4

~ 15 0~
()

“H;
RN NV RT R
‘ &S

7 o

-~
i

e
EUR S

|
1
L
I
¥
¢

47
CDBIES
DADA LA

&
t R

Rz@
DAL
qasR
BRAED
aiae
21=@
G148
B1e@
a18&
Ay
[FuF=F=ary
24D
ATed
azan
FaBEAF Ih
AEZ

DILQ
RIED
B8
i G 12
JasR
B4 40
Qas
348
BSaa
BaS2@
GBS4LB
ZSED
B=aA
Boa
@e2@
B6 412
BEES
BE8A
azaa
A7
G740
B76@
a7Tse
DDA
oac@
2840
=8a0
Ba88Y
sl vy
BS2

agap
BEe0
aoad

INIT EQU 1800H
MOVN EQU LASARH

GRP EQU 25A7H
INSTD EQU 2F&7DH
AUTCC EQU OF87AR
ASPD EQU R2FB73H
INSTS EQU @QFA874H
SeEND EGU 1996H
NMATR EQU OF8&66H
PTAR EQU @aF 38644
NMTRBDP EQU QF83@H
NMTAER EQU QFB831H
MmTAR EQU GF81H
ANTR EQU AFav7oH
WORKA EQY @FB7ZH
SCRM EGQU 27AH
ACTHK EQU aFL&aeH
COM EQU @F8B7H
INATE EGU QF8@EH
INTBE EQU BFBBCH
INSTN EQU @F38@DH
COMSR EQU BFSOEH
AR CALL INSTD KB
Sl KEYR
RNC
CPx
RC
cPI
JNC
ANE

22aH

36H

KE1
AFH )
STA INSTHN
QCT LXI H, QEEC4H
LXI D,2CTAV
CALL MDWVN A
LDhA INSTN

ORI 30H

Moy M, A

RET
CCTAY DWW @Z@FH
Did L i4H

DiW ZE1&H

DE aFFH
“Bl1 PUSH H
AUSH B

LXI H, COMTR
MoV =5,A

CALL COMSR

JC FOUND

pop B

S5UB - PROGRAM



iADs £: 1@e@  POP H

1ADT C3 . 1@2®  RET

1ADA E9 1@4Q FOUND PCHL
iADE DRFL 1@e® KCALL IN @F1H
LADD E&RT 1380 ANI 7

1ADF C8& 1id@ RZ )

1AEE 340 1128 MVI A, 40H
iAEZ D3F1 1i4® OUT @F1H
1AE4 DRFR 116@ IN @F@H

LREE CDEBF6 118@ CALL QF62BH
tAED 37 iF@3 STC

1REA C9 12&& RET

IAER CDDR1IA 1248 KEYB CALL KCALL
1AEE D@ 1262 RNC

1BEF FES4 128 CPI 24H

1AF1 C2151B 1383 JNZI KEVYB1
iAF4 ZAQT7FE 132@ SPLAY LDA COmMm
iAF7 E&FA 1348 ANI @FAH
iAFg 3Z207F6 1260 STA COM

1AFC CDC31D 1380 2LAY CALL MODE
TAFF 1i@dALE 1430 XI D, PL
iBO2 CDEAIR 1420  CALL MOVN
LBeS 13 144Q INX D

1B@& CD8ALA 1460  CALL MOVN
iRED 9 1480 RET

iB2A 1@QC 15290 PL DW BCLQRH
(REC @119 . 152@ DW 1901H
1HBE TF 1549 DB QFFH

LLEF oo 1560 SP DW c@asaH
1811 2@s0 158@ DW 2@2eH
iB13Z ZOFF 1GRAT  DW RFFZRH
1R1S 37 1628 KEYB1 STC
1RiIE. C9 1648 RET

iB17 3RO7FE 166@ SUSTN DA COM -
IBiIA FE1A 1E8@ ORI 1@H

LB1C Z2@7F8 170@ STA COM

LELF P1D9EE 17286 LXI H, QEED9H
iREE 1i2Bt 174® LXI D, PROL
LBES C08aiA T 176@ MOVET CALL MOVN
1328 C1 1782 SAVE POP E
1BED &1 180@ PGP H

iBEEA CS ie2@  RET

LBREZR 1315 1849 PROL DW 151i3H
IBED 1314 1868 DW 14:i3H
TREF @Le9 1880 DW @9@1H
1R31 QEQS 192@ DW BSBEH
IR3IZ @AFF 1920 Dk AFFQ4H
LR35 ZAQTFS 1949 IMmMD LDA COM
1B38 EEEF 1960 ANI BEFH
1R3A 2E@7F8 1982 STR COM



Z1D3EE
114618
C3oS51E
@3B0
aDos
B4@D
@114
@SFF
ZEFF
Z2@CF 8
3C
3208F8
21CESE
26@D
11721R
23
CI2S1E
3EFF
3ZBBF8
21CEEE
3618
CEISELR
108
@FQE
2983
=
3A30FA
FEBS
CRAZ1IE
cpem:ic
CARE1E
CDF&1C
CD731D
CD2E1D
2A1@Fe
36FF
ZAG7F8
FeB4
Z207F8
CDCZ1B
2 1EAEE
11BA1
C3251 &
CDEFiC
Z184EF
11BS1B
C3251B
BELS
BCRAC
FE

r=d ral¥advs
2R2a
240
263
P=gra LR
2129
212
2142
16

2180

bl ralry
222@
4R
226
2o
2320
o322
2340
ZI6ed
2280
40

2420 .

4410
2460
=480
[Sdw]riita]

J——
oc

2540
2560
2588
cEQD
o620
2640
2660
2681
27aa
272@
2740
2760
2780
=Ba
2829
840
2860
288@
2328
=9ed
2942
c9Ga
2584

FULL

I.XI H, @EED9H
LXI D, IM

JMP MOVET

IM DW @D@9H

DW @S@DH

DW 2304H

DWW 14@1H

DW BFF@SH
MPHON MVI A, FFH
STA INTBE

INR A

STA INATH

LXI H, @EECEH
MVI ™, @DH
MPH1 LXI D,MP
INX H

JMP MOVET
XPHON MVI A, @FFH
STA INATB

LXI H,EECEH
MVI M,.18H

JMP MPH1
MP DW @81QH

DW QEBFH

DW @3@3H

DE @FFH

RECRD LDA NMTBP
CPI 5 '
JZ REC1

CALL NREAD

JZ SAVE

CALL NSTOR
CALL NMDSP
CALL ADSTR
LHLD MTAB

MVI M, @FFH
NONMR LDA COM
ORI 4

STA COM

CALL MODE

LXI H, QEEEARH
LXI D, REC

JMP MOVET
RECt CALL USRCL
LXI H, @EF84H
LXI D, FULL

JMP MOVET
DW 1SB&H
DW BC@CH
DE BFFH



|l e O S Ny -)—-. b e pd b
onnooan

Pk kb b b ek P
WDOodMm

=1
2Z0F
1204
2eze
FF
21ESEE
11CD:iR
CD8ALA
c9
@D@aF
D4QS
2EFF
DS
CD8Q1:s
CA3C1IC
CDS21D

DE4TIC

2264F8
7E
TEFF

FEFF
CAZ31C
FEQ®

. CA421C
ES
CDDB1A
€1
DERIIC
FEZ4
CA33ic
7E
32REFE
CD9619
o3

ES
cA7TSFe
44

4D

£1

SE

prm B
[

pi =
B

QA2
Jaza
SA4A
3060
89
210202
31z
314
2160
2180
3cda
322
3240
326
3z3@
S32A
33c@
2340
336@
23280
3428
34cd
3444
2460

3480 .

3500
3520
3540
3560
3580
3600
3620
364@
366@
3681
3700
372
374@

. 3761

2780
I8¢
28232
8442
3860
2882
230G
292@
2342
2360

3980

A-1d

REC DW @512H
DW @F@3H

DW @412H

DW 202+

DE @FFH ]
MODE LXI H, @EEESH
LXI D, MG
CALL MOVN
RET
MO DW @F@DH
DW @5@4H
DW BFF2EH.
APLAY PUSH D
CALL NREAD
JZ NIL
CALL MATCH
JNC NFND
NONALl SHLD PTAR
MOV A, M

CPI AFFH

JZ APLA4

MVI A, 60H

STA @E978H
INX H

INX H

INX H
APLA1 MOV A, M
CPI BFFH

JZ APLA4

CPI ©

JZ NOKEY

PUSH K

CALL KCALL
POP H

JINC APLAS

CPI 24K

JZ APLA4
APLAZ MOV A, M
STA ACTK

CALL SEND
APLAZ INX H
PUSH H

LH._D ASPD

MOV B, H

MOV C, L

pPOP H
DELY2 MOV E, M
INX H :
MOV D, M

DCX H

AUTO PLAY SUB-PROGRAM



iB
7=
Bz
cazbic
2R
78
B1

—
1

ceieic
22
23
C3F1iE
CD7AFS
C21C1C
ZE8s

11531C
CDBRA1A
C33C1iC
RQEAF
chas
alab
BSFF
41

SiE

=
el sk

7318
53
17iR
493
331EB
4D
S@lk
1
&351R
47
251
48
anib
S
86F &

400A
4222
4040
4260
4084
4 1@
4120
414Q
4ield
4180
L ¥egralr
L4228
L4240
4260
48R
4 3@
L4308
L4340
4260
43280
44
4420
444

4460 .

4480
4300
452
4540
43560
45860
460
462D
4642
4660
468@
47 AR
4720
474D
476
478
48Q@1Q
4aZ@
484D
4860
4880
43R
4921
4944
4950
4980

AN

DELY1 DCX D
MOV A, E
OorRA D
JNZ CHKEY
DCX B -
MOV A, B
ORR C
JNZ DELY;:
INX H
INX H
JMP APLA1l

CHKEY CALL
JMP DELVY1

apLA4 MVI
QUT AaCc@R
MYI A, 2eH
STA QES7HH

NIL POP D B}
POP B
pOoOP H
RET

NOKEY MVI A, 82H
oUT @CaH
JMP APLAZ

NFND LXI H, @EF84H
LXI D,NTF
CALL MOVN
Jme NIL

NTF DW @FREH
DWW @REZBH
DW @D@1H
DW BFFRASH

COMTE DE 41H
oW APLAY
DE S2H
DWW RECRD
DB S3H
Dl SUSTN
DE 494
DW IMMD
DB 4DH .

DW MPHON
DR S8H

DW XPHON
D3 47H

DW NONMR
DB 48H

DW NONMA
DR S@H _
DW GFBABEH

n

AUTOC

A, 82H



1C765
iC77
1C739
107/
1-7C
ic7d
157
icea
12581
1C324
1887
iC8A
18D
iCée
iCar
ic2s
1C9sS
1C37
1 SBA
iC9o
1CSF
1CRE
15/S
i1CRG
iCR9
1CAR
1CAC
icAr
iCBhi
iCBe
i CB3
1CBS
i1CRrAa
iCBA
1ZERD
LCC

N e Y
R ALY il
1CCS
1ZCY

far b

iCCs8
1208

iCCcC
1i2CE
iCDh1
12D4
1CDhe
12D2
~1CDE
1CDe
1CDF

S4
&3Fe
43
911D
4C
T7F&
FE

£S5
S184CF
2SFEFF
211@1D
CD7RBE
£1

ES
S1C740
CDF60d
FE24
C2R31C
21C74@
3GFF
CDEF1C
21C74@
7E
227erF8
23
FE20
CAAS1C
FEFF
£1

co
FE@D
ceceic
3ED@
CDE122
C39D1iC
FE@E
CeDp41C
2ECT

BD

CAS21C
o
208
CDRIML
C3921C
FER
DA9E1IC
FESR
DE9sic
47
E&BF

Saaa
w1 % P i
S04@
S060
Svo8@
S1&
S312@e
5140
oiled
3180
ScaR
S220
Sc40
o268
S28a
oS30
S32@

5340

5350
5380
o40@
S48
S44@
3460
S48
2584
5320
3548
S56@
55989
SER@
3620
5642
Se6
5680
Q7R
o7ca
5748
o760
S78@
S8ad
5822
5B4@
5860
5882
59520
S92
9944
o960
S980

DB 54H
DW 2F883H
DE 43H

bW C

LEAR

DE 4CH

bW B

FA77H

DR BFFH

NREAD PUSH H
LXI H,@aEF84H
SHLD OFFFEH
LXI H, SNGNM

CALL
POP
READ
LXI
NEXT
CPRI
JNZ
LXI
READ1

SCRN
H
PUsH H

H, 4BC7H
CALL Q@F6H

Z4H
CR

H, 4QC7H
MVI M, @FFH

CALL USREL

LXI H, 48C7H
READE MDYV A, M

SHLD PNTR

- INX
CPI

H
c@H

JZ RERDZ2

CPI
pPoOpP
RET
CR CP
JINZ
M T
. CALL
JMp
DEL C
JINZ
MyI
Cmp
JZ N
DCX

85PA MVI B, 8

CALL

@FFH
H.

I @DH

DEL

A, @D&H
DELH

READ1

PI 8

CHAR

A, BC7H

L

EXT

H

1@a3H .

JMP NEXT

CHAR CPI z@H

JC N
CPI
JNC
MOV
ANI

EXT
SEH
NEXT
E, A
@RFH

READ 5UB-PROGRAM

faly



1LCEd
1CER
1CES
iCE7
iCES8
i1ZEB
i1CEC
1 CEF
1C0+2
10F 4
iCF7

PRl ol
-

4T

1CF9
1CFA
ICFE
1CFeE
ILFF
LDz
105
L 0E7
DA
R 1 1
1D@ap
1 DEE
iDarF
iD1@
ipiz
1514
PR Y =
TLi8
inDiA
1G1R
iDiE
1DLF
thae
10EE
108
LE3
10EA
1DhHER
1D2E
1D=F
D3
LDES
iDhzae
1057

D3
=

r

Lo
s
1DZ=

1D3D

1id

77
CDOZR1
ZECF
BD
cAcC1o
23
c3z921C
Z18EEF

SERE

CDEl1@e

Co
£S5

DS

cS
2A7e2Fa
£x
CD1B1D
CDBALA
ZEE3
CDE 1@
36FF
C1

D1

£1

£9
SI4F
HE4LT
2R ar
4140
4S52€
@D
ZA30F8
zC
se3ere
2132178
QiR
zD

ca

29

6O2Q
EQz@
6043
6R6Q
5980
610
S12@
6140
C1Ew
6180
6@
&2
6241
HER
620G
6300
6320
624@
626D
6380
E400
£420
E440
6460
£48Q
6520
652@
ES4@
5560
Aataln
CEQ
GE2@
654
cE6d
6E8@
67@@
6720
E7 40
£76@
£782
68210
caz@
&84@
566D
5880
6927

532

534
69602
egsa

A-lD

MoV
cAaLL
MVviI
CHp
JZ B
INX

M, A
1@3H
A, ACFH

L
sPA
H

JMP NEXT

USRCL

cAaLL
RET
NSTOR
PUSH
PUSH
LHLD
XCHG
CALL
CALL
mMmviI
CALL

MVI ™, QFFH

pOp
=lal=]
POP
RET

LXI
SaE1H

PUSH
D
B
PNTR

SETHL
MOVN
A, 63H
QE1H

|2
D
H .

H, REF 824
MVI A, @REH

4 NAME STCRE QUB'PROG?AM

SNGNM DI 4FS3H

DW 4
DW 4
DWW 4
DWW 2
DR &
SETHL
INR
STA
INCNM

INCH: DCR A

RZ
DRD
Jmp
ADSTR
PUSH
LHLD
INX
SHLUD
XCHGE
CAl_L
Maov
INX
MoV

74EH
Ec@h
D41H
E45SH
DH
LDEA
A
NFTBP

NMTERD

L XTI H, NMTAB
INCHL LXI B, 2AH

B

INCHL
PUSH
D
MTAR

H
MTAR

INHLEZ
M, £
H
M. D

H



iD3E
1D3F
1D4G
iD41
1D44
1D45
1048
iDan
1Dai
1D4C
1D4D
- 1DS@a

L Y —
L it 4

1D52
1D54
D37
LDSA
1D5RB
3 e T
1D5F
1D61
ibb4
1DE7
T1D6A
108D
1D6E
1BelR
1D7@
1571
1n7Z

L P CE R Y
W@y~~~
NP LU0 OG

T

UD YO U UG

EB
cA7ArFs
REDL
Co53a1l
Ces71D
ZA7cF8
Chanit
7E

i lor
et

=12
&F

—_——
L

co
Z144EE
*1321F8

‘cpDAaAlA

-3
3A3aF 8
2166F8
3D :
ca

-
j

722
7022
724@
7360
7R8@
7100
712@
714@
7i6@
7180
7o00
7z
7240
7260
7280
7300
7320
7340
736@
7380
74QQ
742@
7449
7460
7480
7501
7520
754@
756@
7580
760w
7620
764
7660
7682
770
7720
774D
7760
7782
7800
782
784@
786@
7880
7900
7922
794@
796@
798@

POP D

POP H

RET
NXTA LDPA WORKA
INR A -
STA WORKA -

CPI 5 .

STC

cmMC

RZ

CARALL INCNM

STC

RET _
MATCH MVYI A,
STA WORKA
MATC1I CALL NXTA
RNC

XCHG

LHLD PNTR

MvI: c,8

CALL @153H

JNZ MATC:

LDA WORKA

CALL INH3

mMav A, M

INY H

MoV H, M

MOV L, A

ETC

RET
NMDSP LXI H, dEE44H
LXI Db,NMTRE
CALL MOVN

RET

INHLE LDA NMTRBP
INHZ LXI H,NMATD
INHZ2 DCR A '
RZ :

INX H

INX H

JMP  INHZ
NONMA PUSH D
LXI H, 44224
JMP NONA1
CLEAR LXI H, 9EE 44+
MVI A, 7BH

CALL @&E1iH

MVI A, @

STA NMTEBPR

POP B

NAME DISPLAT SUB-PROGRAM



E1l
c2

SJEC2

227DF8
2ECHS

S27AF8
22778
Ze8ai-8
S=83F8
32868
=10a41

221

COhR725
18230
2c75F8
CDD11D
SEAG

I274F 8
3@ 8
CDB414A
CDhE41A

"CDDE1D

CDES1
co

=S

C5
CIo@1kE
ES

25
C3171iB

8@@A
AR

BRA4Q
8Q60R
aRae
312
2122
81412
8164
8162
azan
a2ce
/az4
826
azap
a3
BZ212
8340

B350
8380

B4@A
8422
844@
846@
848
8500
aS2é
8549
A5cd
8581

AT

pPOP
RET

MNIT
STA
MV I
857TA
STA
87TA
5TA
STA

MVI A, QCIH
@F 37DH
A, aC3H
@F 87AH
QEB77H
@F 88@H
@F882H
PFBBEGH

INITL LXI H,4100aH
SHLD MTARB
CALL GRP

LXI

H, BOH

SHLD ASPD
CALL. INDP

MV I
5TA
JMp
INDP

A, @
INSTS
INIT
CALL OCT

CALL SPLAY
CALL SMPH
CALL SSuUsT

RET
SMPH PUSH H
PUSH B

JMP MPHON
S5UST PUSH H
pusH B

JMP SUSTRN



—=SR7
25A9
ZSAC
25AF
coB2
2S5BS
29EB8
=25BB
25BE
25C1
25C4
25C7
oSCA
25CD
=SDha
25D1

25D 4

25D6
2sDb7
25D8
2sD9
25DA
£5DD
25DE
=SDF
2SE1

2SE4
25ES
2sE8
2SEA
2SED
2SEE
25F1

25F3
2SFS
25F6
o5F9
25FH
eSFC
eSFE
ceQi

2604
cEBE
2609
260C
cearF
seie

PROGRAM

A7

BELF ARE@
CDOO3R1 240
CDDiES 2060
CDES25 P08
CDEEZS @105
CDFC2S P12
11002@ D140
@17FEB Q160
214QE8 180
CDASF2 2200
21CREB 22
114223 Q24
@1FFED 2260
CDASFZ 2289
c9 A32@
2100E8 Q32
@GEA @34@
7@ R360
23 @38
7@ D42
2R Q42@
114200 R44Q
19 - D4ER
7C D480
FEF@ QS
DADGES @520
C3 AS4Q
213EE8 P56
@&DS PS80
CDD62S P62
Cc9 @62@
210QE8 Q640
36FA DEEQ
16F3 Q680
23 a7 @@
CD2C2E @72a
26FS D7 4G
Co @760
21CREF @780
36ER PERD
CDF 325 2820
36D7 Q84Q
2181EE PLEd
CD1FZ26 288@
21Q1EF Q9
CDiF26 232
Z181EER @94

AS

FOR GRAPHIC IDISPLAY.

GRP M
cALL
caLL
CALL
CALL
cALL
LX<
t X1
LXI
cAaLL
LXI
LXI
LXI
CALL
RET

VDL
MV I

viD1
INX
MOV
DCX
LXI
DAD
MoV
cpl
JCc Vv
RET

VLDR
MV I
cCALL
RET

FRSTL

FRST2

FRST1

FRST3
cAaLL
MVI
REY

HLD L
MVT
CALL
MUY

LeTmME
caALL

LSTMm:
CALL

LSTM4

VI B, 1FH GRAPH
1@3H
VLDL
VLDR
FRSTL
HLD

D, 2eaoH

B, OEE7FH

H, QEB4@H
@F2A9H

H, QEBCOH

D, 234@H

B, @QEDFFH
OF 2/9H

LXI H, 2EA@2H
B, BEAH
MOV M, B
H

M, B

H

D, 4@

D

A, H
araH
LD

LXI K, QEB3EH
B, @DSH
VLD1

LXI H, @ESBDH
MVI M, 8FAH
MVI D, @F 3H
INX H
MOVD

M, AFSH

X1 H,BEFC@H

M, BERH

FRST1

M, @D7H

{XI H,QEE81H
STLN
L XI
STLN
LXI H, QER&1H

H, BEF@A1H

SUB-PROGRAM



Ze15

2617

c6iA
2610
cE1F
2621
2623
2624
c6z26
2629
262k
262C
Z62E
262F
2632
ce31
o632

3I6CE
CDhD2126&
3&CD
21B1EE
36EE
16CC
23

1E3C

CDREZE

36DD
c9
1E3E
7a

23

1D

cea
c3zEze

@96@
@98
1200
1020
1040
106@
1080
1120
1120
114@
116@
1180
1200
1220
1240
1260

1282

MVI M, BCEH

cALL STLNI

MVI ™M, BCDH
LSTM3 LXI H,QEEQ1IH
STLN MVI M, @EEH
STLN1 MVI D, @CCH
INX H

MVl E, 3CH

CaLL MOVD1

MUI ™M, @DDH

RET '
mMOVD MVI E, 3EH
MOVD1 MOV M, D
INX H

DCR E

RZ

JMP MOVD1



DATA

DUMP 2@ae Z235F

EA
8E
8@
8@
ER
RA
as
8a
EAR
AC
ae
ad
A
BJ
B@
B2
EA
=17}
8@
a8
ER
CS
8@
an
EA
D3
C3
cC2
ER
BF
D5
95
ER
BF
DS
95
ERA
BF
D5
25
EA
EA
DS
Ca
ERA
ER
DS
Ca
EA

ERA
8F
83
8@
EAR
9B
16
a3
=zA
BC
ae
83
FR
B@
B2
B2
EA
16
aa
812
EA
cC
210
a8a
EA
F3
C3
C32
EA
an
Cad
BF
EA
ae
ce
BF
EAR
8@
ca
BF
EAR
ca
ca
EA
EA
ce
C
EA
ER

85
a8
8
8@
25
a8A
a5
¥a b
94
Ac
aa
8@

‘B@

B@
B
B
aa
aa
8@
8@
aa
CA
a8’

8

84
ES

C3

C3
B3
95
95
se
B@
23
95
(=11
=211}
5
95
aa
ca
ca
Ct
Cce
ca
Ca
ca
ca
c3

az-
8E
aa
aa
24
AR
aC
as
an
BC
8a
an
Ba
BA
B4
B2
8&
ae
8a
8@
8=
CS
an
an
ac
D3
c3
C3
B3
BF
BF
D3
B@
BF
Br
DS
ga
BF
8BF
0SS
Ca
EA
EAR
DS
Cix
ER
EA
DS

ca

a7
ar
ca
&
95
BF
@aF
21V
94
ac
2
=1
B
BB
Ea
B@
e
17
2%
210
B3
cC
aa
a
ac
3
Cc3
C3
B3
8
&
()
ta
8a
8a
ca
8
=10,
8
c2
Ca
ca
Ca
ce
Ca
Ce
c
ce
C3

84
&E
8a&
8a
25
AR
14
D4
=2
a9C
82
8
B@&
B@
B&
B@
84
an
aa
a9
B3
CA
8@
8
ac
E3
c3

=
—

B3
35
95
95
B2
295
=
95
82
95
25
95
cCa
Caa
cCa
Ca
Ca
Ca
Ca
Ca
C3

FQOIR

81
8E
ae
(2Y7,]
25
Ab

Qs -

25
92
AC
az
8@
BEO®
BQ
B@
Bd
BA
e
=3,
aa
AA
C3S
ae
aa
AR

=2
(o=

C3
C3
AR
BF
a2F
BF
B2
BF
BF
BF
8o
BF
BF
BF
Ca
ER
ER
EA
Cia
ER
EA
ER
Cc3

A-20

ac
ac
(=]
(2Y,]
8a
B3
A4
1@
8c
ac
(=217
8
B@
B@&
BA
BO
BE
19
e
3
BR
cC
sa
8o
RE
F3
c3
C3
BE
a8a
8@
anm
R
8
8
a8v
an
(237
8a
89
ca
Ca
Ca
Co
Ca
ce
Ca
Ca
cCz

(S RAPH

a9
ac
Ba
aa
a
B2
a9
14
58
ac
aa
83
Ba
B®
B
BQ@
BC
aa
a2
8
B3
CA
aa
ae
ac
E3
C3
c3
B3
D3

[
1t

95
B@
D3
95
95
aa
DS
95
95
Ca
DS
ca
ca
Ci
DS

ce

Ca
c3

P ROGRAM

[ —
J

8k
8@
8o
95
AR

a1l

a@
94
AC
82
aa
B@
B@
B@&
B@
BD
8@
8
ae
B7
CS
aa
81
9D

D2

C3
c3
BR7
co
BF
BF
B@
ca

—
-

BF
ga
Ca
BF
BF
Ca
ca
EAQ
EA
Ca
cd
EA
ER
c3

ac
B
8@
a
an
AR
14
12371
aa
BC
aa
8
B@
B2
B@
BD
BS
1A
=17
8
95
ccC
an
aa
95
F3
cC3
C3
95
95
8
a2
Ba
25
ap
8@
a@
95
an
8
co
cCa
co
CcCa
Ce
ca
ca
Cia
Cc3

&893
ac
aa
(=]7]
98
BF
aa
el
A4
&8C
=1y
82
B2
BA
B@
B@
Ag
8
8
82
B3
CA
(=Y ]
8@
8cC
E3
c3
C3
B3
BF
DS
95
B
BF

=
F

95
a¢
BF
D5
35
co
EA
D5
ca
Ca&
EAR
D5
ce
C3

a9
8@
aa&
DS

—
-

aa
a5
D5
98
ez
8@
D5
B@
p@
B@
FS
15

8@

ga
D3
cC
8
8
D5
F3
C3
c3
D7
Ca
BF
EBF

—
wd

Caa

- BF

BF
D35
ca
BF
EF
HUw
co
ER
EA

=
pu

ca
EA
ER
DS
C3

aa
8
aa
DS
£a
24

-
£

DS
8a
aa
ea
DS
B@
B
B@
D5
1]
8a
=1}

=
p.

CA
8
an
DS
£3
C3

—
HINE S

23
95
Bih
GS@
D35

=
-t

£
32

=

.
935
8o
&
o5
;|
Ca
Ca

[
L g

Co
C
C@

=]

C3



ER
D7

C3

DUMP =34@

ER
22
13
r={"}
ER
p=d )
2D
20
ER
3A
a9
14
EnR
3R
aE
29
ER
A
Q1
12
EA
=48]
<D
2D
EA
21
a3
cA
ER
=D
=D
=D
Ef
2C
17
zZ@

c3
c=
EB

£EA
2@
oF
2
ER
co
2D
()
EA
c@
B3
a1
ER
r=d )
b=t
AE
ER
ca
i9
as
EA
2D
2D
=D
A
@&
QE
A
=A
2D
D

2D

EA
13
=374

26

C3
C3
T3

22
15
29
=3
2o
2D
2D
2e
@
2o
=0
16
e
2o
2@
14
@
20
e
12
2@
2D
2D
2D
2e
20
@1
2R
co
2D
2D
2D
ca
14
FE
a1

EE
EB
D7

C3
cC3
ca

257F

c
B
Q&
2a
(=44
2D
2D
22
c@
(="
b4
3A
2@
=4}
c@
3A
=47
=4 ]
=@
3A
c@
2D
=D
D
i
Qs
29
=4 =
ci
2D
=D
=D
i
2R
=4
14

A-21

C3 EB C3 D7
C3 EB C3 C3 B C3 D7
C3 EB C3 C32 ER C3 C3 EB C3 D7

Sgry
L =)
Ay ol

aF
t=d".}
(=4 "]
2D
2D
2@
b=d )
r={7.)
(=41
2a
=4}
2a

2

<@
c
=4
c@
2D
b

2D

2A

Fai o)
ar

=
=

&b
2D
2D

-
ol

a8
16
l1e
@1

=@

i2
r=d v}
2@
2D

=48]

e |
=

=4 ]
=4 i
1ia
3
2@

13
1@
2
o
ail
14
=D

.eD

D
2D

P
=

@D
DE
—A
=D

=D
2D
aF
Z@
ag
13

=@
132
@D
r={")
cia

2D

2D
e
@D
FE
@
2D
@9
Fr
2o
20
i2
FF

>
[ il

=@
2D
2D
=D

2R
aD
=@
2A
=D
=D
2D
=3¢
iz
Fr
@aF
13

22
25
@1
c@
oa
2D
2D
oo
2D
o’
P
35
@D
=3
o
2
s
an
2@
20
2D
2D
2D
2D
2A
21
3A
2A
2D
2

2D
2D
ac
2
@C
19

C3 C3 EB C3 C3 EB
C=Z C3 EB

ciA
ac
14
Py
ca
2D
z2b
2@
1@a
co
2@
ca
a0
p=a"e)
A
ca
az
=4’}
[=4%]
{1y
2D
2D
D
2D
=A
QE
=372l
=A
2D
2D
=D
2D
3A
2@
a9
2R

s
raL=)
20
2@
2D
2D
r=l%,)
e,z
18
FF
2@
a5
13
FFE

=
=

@F
@i
FF
212
2D
2D
D
2D
2R
@4
24
2A

—
“—

=3
=D
=D
15
@A
@aE
1A

23
aF

>
[

=4’}
D
2D
22
@aF
2D
r=q ]
ca
Qa4
15
r=q "

r
| -

iz
15
c@

-
=

2D

e
—_

=D
20
=]
(e i
=4

>
=

=D

- |
[ =

2D
b=4 %/
=2
12
2R
2@

a4

r=4%]
29
13
co
2@
2D
=D
20
a3
a8
2@
c’
@1

4
ou

@
=@
=414
ar
=@
i
2D
=D
2D
(=drd)
2A
&35
=@
=
D
EI

=D
3
=4’y
Al
2

t=d )

=
QF
=@
DS
ca
2D
p=t%
bBS
az
aF
aF
ns
14
@l
1@
DS
=47}
1a
14

=
~d

2on

—_ .

ch

D

| =
o

=R

oy
—

A

=
et

D
2D
D
ol
=l
DE
FE
DS

c3
C3
DS

cO
A=
r=d7]
D5
p=4
2D
=g

=
t

20
RE
a3
D5
a4
ag

L]
iz

b
c&
2aCc
i
DS
D
2D
2D

=
-

=42
@D
A
5
=D
oD
D

=
=)

ul=
3R
=3

=
o



APPENDIX B

8085 INSTRUCTION SET SUMMARY BY FUNCTIONAL GROUPING

(FROM INTEL USER’'S MANUAL)

FUNCTIONAL DESCRIPTION OF 8155 cHip

-~ {(FROM INTEL USER’S MANUAL)

FUNCTIONAL DCSCRIPTION OF STK-U437 1.C. CHIP
(FROM SANYO USER'S MANUAL)



B0B5A INSTRUCTION SET SUMMARY BY FUNCTIONAL GROUPING

Table 6-1
' lasructien-Code {1} Intuwetion Code (1) s N
Mnemaenls — Oevaription 0y 0y B By O3 02 D1 Dy Pap Mnamonia  Duerdpiion Oy Dy O By O3 0By OF Dy Fage
MOYE, LOAD; AND 8TORE . !
MOVIIT? Moot 0 I0 0 0 O § 0§ § tu [ Call on rara I L R TR
MOY My Mowmgisittlamamery 8 1 1 1 0 1 8 4 (4.} Call #n no tero 1 [ 2 A e 0 5N
MOY r.M Mo memery te cegisrer 0 L] b D 1] 1 1 4 54 cr Cadl an positive 1 1 L] ] ] ] - 3 AT
BVle-- . Momimmedistareginir 0 0 JD D D t 1 ¢ s4 cm Call en mimus LI R N T D D B I X7
MYiM Mewimmedistememery 0 0 0t | 8 | I 0 54 trt Coit on patity ¢van t 1 [ | LI I B TR
(840 ] Losdimmedistarsgie 0 0 8 0 8 0 B t s cro Catt-on awiry sdd 1 t 1 ¢ 0 1 ¢ s
’ - Rir8At . RETURN
wkia Losdimmedisermpnr 0 0 0 1 0. 0 O 1 84 AET Retwen [ T R T T RS R T
P OB E At Return on carry I A T I B AT
hihy Ledimmudisregir 0 9+ 0 8 L L ANC Aatutn o0 no emiy (I I B R I I 1R
: Prrnat - %3 Netnd on o I N N N A T
STAKA fore A bfttent 6 0 8 0 0 & 1 0 536 ANZ Return on ng 1618 1 P60 6 0 0 9 %94,
STAXD ' Siom A indirect o 0 ¢ v LI I T [T Return on gt ' 1 1 1 0 t 8 0 s
UIIAI : Load A inflracy N g o @ 1 0 ! 'ﬂ e AN Return on minut 1 1 1 1 ¥ 0 0 8 sn
ROAKD Lot Aindiver L are Metwnonpmitymen 8 1 1 8 -1 & p g St
s Srara A dirvct A L nro Patern on parity od¢ O T R T I B A T
LoA Lasg A dlroet‘ 0 [} 1 1 1 1] 1 0 &% RESTART ' : : .
SHLD Store H & L diret & 0 1 0 6 b t 0 ss
L3 Renmt | T A A A ] LI S N T
LHLD Lowd M & L irecr- ] L 1 L} | ] 1 ‘ [ INPUTIOUTPUT
xtna Exchnp DAE HAL | 1 LI R R A I T ] : :
Peghtars N tanwi L R R - D B B % T
ITACK 0P8 aut Qntput [ ' ] 0 1 LI BT
PUSH A Purhiephiir o k& It ¢ ¢ 0 1 et w15 —INCAEMENTANO DECALMENT
€ on ek ILLN toe rEmgst cogneg [} ] [ ] n H ¢ 0 L2
PFUSH D PFush eegisier Poni 0 & 1 1 ] L] [] 1 [ ] I &8 pCA+ Orcteciont ipqyter 1] L] L] . n ] 1 [} LI Y
£ ok . : . ‘ [LLE ] Imttement mamory ] [ ' ) 1 ¢ 1 LI EEY)
PUSH M Puth reglster Pair H & LIRS I Y I R R S R T DCR M Decremenr memary LI N Y
i XN inemanr B AL I T Y
PUSH FI__Peih A snd-Fiop L R I T it
. on tisck INX O Ingiemem O R F o 0o 0 t o @ Y
rord Fop regites Pait 4 & 't 0 0 0 8 0 01 s P
€ ol preck [LER ] Increment H A L, ] 1] LI G o | 1 %9
LY Pop rogret air D8 [ I R N I I T WY tpitens '
CEafl-nmk .
oR K Pus ragaier Pric H & Loy 1 6 e 8 0 1 sas ocxa Dytrament 28 C LI D I I R B
L ol stack bCx D Dacramymi DA E 1] n 1 1 ] 1 LT ]
FOPPEW  Pog A end Fiap 1 ¥ 1 \ [ T S TN T} OCx H Owcremani M A L o [ 1 L] 1 L] 1 [ % 5
ol ik . ADD
LELTN Enchang tup ot 1 L] t [] ] [} i I 51 ADU Add rapylter in A 1 L] e [ 0 & § 5 %8s
Nk HA L AOL ¢ At dewatet 1o A ! £ 0 ¢o 1 $ 0§ s
ML H B L to stk poinier- t ' 11 ' [ I . B | with Carry
Lxlse Load imeadisty ek 6 0 1 ¥ 0 @ 0 1 b¢ ADLM Add mymony tn & b c o 0o toq 5§
pointer AICN  Add meany to & t 08 0 T o o p &3
MRS dncremwntsthpsintt 0 0 1 4 0 .0 | | sy . Wi enry o
CCx g» Decrement nack L] i ) 1 ] 1 1 4 ADt Artd ymmmdinte ts A 1 i ] n | T 0 4§
poinin ALl Adid efimidram 14 A 1 1 LI ] i [ ] 5‘)'
Nmp with cariy
e Inotp wrmonditvons T T T T S TN naon A BECIuH K D& b9 b D 6 1 sm
r PO R T S T S T TP bAb D Add n.n( A K L e T R Y
e Sarhp = o corry T I I R R B R B YT AU - AR L g S A L L A L
” o om rere I N T T AOSE  Add thrch oater 1 AL L 1
FLT Jurhp o nn soen ] 0 ¢ 0o & ¢t » w1 "R
r v ponithe 1 1 vt 0 & 1 ¢ w3 SusTRact .
™ g an main 1 1 ' 1 N e 1 o i Sum s Stttk 1agade 1 hooh L ¢ 5 1.5 %
”1 Jump en party even LR T B T T SR S ¥ . frowe A
- Jernp on parity odd LI D I B S R P LY :"::::;':r::n [, LI T T R T S S S
PeML N ALt prognem 1 1 t [ ] 1 [ ] Pt oA sua N Suliract H— ' 0 " i » f N J s
LNt . Pt A
ealL LAY Subtlrats mearr bpm L I L T T
CALL Cot wnconditumpl i 1 0 0 1 t ] %13 . Al iy
44 Cotoncmy - L D R T I ST s Selittmn ¢ vt tatr 1 LI R e N Y
4 19 Collon ne canry ] ] [ ] 1 ] | o 0 han A&

‘At mnemonics copynghled - Inlel Corpotation 1978,

14
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8085A INSTRUCTION SET SUMMARY (Cont'd)

NOTES: 1. O0S or §58: B 000, € 001, D 010, E011, W 100, |, 14, Munory e A 1

1. Two gonsible cycle times, (W12 indreate instruciion eyctes dependenl pa condition Ham.

+All mnemonics copyrighted: Intel Corporation 1978..

Table 6-1
inptrustian Cade {1) Iavtrution Code (1)
“Mremanic  Descriptien Dy Dy Og Da DBy O3 Oy Og Pue Mrsmaric  Dereription pp @y D ©a Oy B3 Oy Oy hw
SR Subnpcl immedute 1 [ N ' to0 5B REC Aptate A right o 0 & o 1 I B I 2
. tram A weth heow LYY Motete A ledt thraugh )] | 0 1 -] 1 1 1 ¥
LOGICAL ' : cery
ANAT  And ieguist wilh A [N T T T S T T 2 LYY Relntn A 1gn1 threugh ('S Y SRS T R N B T 20 X
CNKAY Castuier DR eyt v v @ 1§ 5 5 50 ey
wih A i
URA OR geiter wiih A L] 0 ! L n 5 5 $ 50 SPECIALS
[ILN Comamravemuier wnth A 1 & -1 1 1 %8 8§ &0 L] Complemant A [ 2 T T T A R O
ANAM And wpinsry wth A I & 1 O 0 1 P S0 bils Set cwry ¢ ¢ v 1 8 1 t b s
KRA M Catlusres OR memory N T T T T N B LR T cHy Complement caity p--g 1t 1 1 1 1 1§
. PRITY AR Decimet syl & L] a 1 Q Q 1 1 1 8
.L.'Pl'.lﬂ U mwmaty 'wilh A LI ) ] 1 [ 1 1 [ R CONTROL
LMF M Lomosre memury weth & ! poor ot ' \ LN T R Y]
ANL Ang mmeditte with A i ' s g8 D i T 1 ) nabis dnterrupty 1 ' 1 1 [ I T B I 1)
LD Eaglusirt QR smmedisit % 3 v g i 1 10 a1 m Qiatin Fhigrtupt ] 1 1 1 2 0 1 [ 31
with A HO# Me-bperstina I} ¢ a4 o & ¢ £ 0N
L) R mmpdie min A, 1 1 1 i 0 1 1 o &0 HLY Hald ] 1 § t L] 1 1 oW
cr Compare rnmedore ' ! 1 t ] l [ I |
- wath A NEW 2085A INSTRUCTIONS
ROTATE R RIN Naad Insnirapy Mk ¢ o t ¢ & b o 0 &N
ne Rotsle A lelt o o 6 o ¢ 1 LI I 31 5iW Sat Intoitupt Mash a 0 LI a0 i



B-3 )

Tot S
n1€3§

8155/8156/8155-2/8156-2

2048 BIT STATIC MOS RAM WITH I/0 PORTS AND TIMER -

‘R 256 Word x 8 Blts ‘B 1 Programmable 6-Bit 170 Port
M| Single +5V Power -Supply ’ M Programmable 14-Blt Binary Counter/
B Completely Slatic Operation Timer o : B
B Internal Address Lalch B Compatible with 8085A and 8088 CPU
B 2 Programmable 8 Bit I/Q Porls # Mulliplexed Address and Dala Bus

M 40 Pin DIP

The 8158 and 80158 are RAM and™1/0 chips to"be used in the 8085A and. 8088 microprocessor systems. The
RAM portion is deaigned with-2048 static.cells orgsnizod aa 256 x 8. They have & maximum access time of 400'ns
Lo permit uae with no walt stales in BOBSACPU; THe B155°2 and 81562 have maximum.accesstimea of 330 ns for use
with-ihe 8085 A-2.and-the-lull-speed:5-MHz2-8088 CPU.

The 170 portion conalsts of thras general purpose 1/0 ports. One of the three ports can be programmed to be siaius
pins, thua allowing the other two ports fo operate in hendshakes mode.

A 14-bit programmable.counter/timer is jalso included on chipto provide either a square wave or terminal caunt pulse

for ihe CPU aystsm depending on-timer mode,

PIN CONFIGURATION BLOCK DIAGRAM
—\_—
*c, O wid v
w, 0Oz [ eey
TiMER N [ 8 [J-re, 0% - 4PORT &
neset (4 1], A <I>"°‘?
rc, s ], ;
TIRERTUY (6 1 e, o '<:> ane
wom T} 2 e, BAM
CEomee-(] s ad s, . [ORTS
wQs azErn, At P

F
)

NEY]

- FR-( sise 2t .

ALE I gys6.y; 203 P, An -
AQy [J1z %1561 7] e,

]
Wi . PORT C
40, (0. 28] ra, ' . ¢ <I> PCooy

r,

AD, [ t5 26 1] ray
AD, 18 [ ra l

‘g ¥ j ’ ' Fimen K ‘[ Veg 115V!
Apy (f 1 4[] ra, R

TiMER B0 Vg 10V1

Ao, [ 22[0 rA,
a0, O} HInRI
vy (- njdea,

" B155/8155.2 = CE. 8156/8156.2 = CE

.

L



B-4

8155/8158/8155-2/8156-2

8155/8156 PIN FUNCTIONS

Symbel Eunclion
RESET Pulse provided by the BOBSA to ini-
input tialize the system -connect 1o 8085A
RESET OUT . tnput high on this line
“resets the chip and initiatizes the
three 1/O poris lo inpul mode. The
width of RESET pulse shoutd Lypically
be two 8085A clock cycle times.

ADo-7 3-state Address/Data linea that inter-

input face with "the-CPLU -lower-B-bit. Ad-
dress/Data Bus. The 8-bit address is
tatched into the address latch inside
the 8155/56 on the falling edge of
ALE. The address can be gither for
the memory section or the I/C seclion
depending on the I0/M input. The
B-bit data is either written inlo the
chip orread from the chip, depending
on the WR or RD input signal.

CE or CE Chip Enable: On the 8155, this pin is

inout- CEandis ACTIVE LOW, Onthe 8156,
this pin i3 CE and is ACTIVE HIGH.

RD Read control; Input low on this line

tnput with the Chip Enable active enables
and ADg-7 buflers. If IO/M pinis low.
the RAM content will be read out to
tha AD bus. Otherwise the content
of the selected.t/O porl.or.command/
stalus registers will be resd Lo the
AD bus. ’

WR . Write control:"Input-low-on.1his line

input with the Chip Enable actlive causes

“the data-on-the Address/Dala bus to
be written lo the RAM or I/0 ports and

command/status-register-depending

on 1O/M,

Symbol

ALE
Jnput-

10/M

Jinput
PAgp-n8.
rinput/outpuis

-PBp-718.

rinpuifautput:

PCq-516:
rinput/outputy

TIMER IN
rinput
TIMER GUT

output.

Vee

Vss

Funclion -~

Address Lalch Enable: This contro!
signal latches both the address onthe
ADg-7 lines and the state of the Chip
Enable and 1O/M into the chip at the
falting edge of ALE.

Selects memory il low and 170 and
command/status registers if high.

These B pins are general purposes V0
.pins. The.in/out direction is selecled
by progremming the gcommeand
register.

These. 8.pins.age general purpose I7Q
pins, The in/cut direction is selected
by programming the command
register.

These 6 ping can function as either
input port, putput port, or as control
signais for PA and P8. Programming
is cone through the commend reg-
islar. When PCy.5 are used s contro!
signals, they will provide tha fol-
lowing: ‘

PCo — A INTR (Port A Interrupt)
PC1 — ABF 1Port A Buffer Fully
PCz-— A STB (Port A Strobe)

PC3 — B INTR (Port'B Interrupty
PC4 — B BF 1Port B Buller Fuli)
PCs — B STB «Port B Strobe)

Inputl 10 the counter-timer.

Timer output. _This outpul can be
gither a square wave or & pulss de-
pending on the timer mode.

+5 volt supply.
Ground Relerence.

™
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DESCRIPTION

The 8155/8156 contains the following:
» 2k Bit Static AAM organized as 256 x 8

+ Two B-bit I/O ports {PA & PRI andone 6-Bit ¥ Q.port (PCH

* 14.bit timer-countar

The IO/M {IO/Memory Selecl) pin setects aithar the five
registers (Command, Status, PAp-7, PBo-7, PCo-s) or

the mamory (RAM) portion. (Se® Figure 1,)

The 8-bit address on the Addresa/Data tines, Chip Enable
“input CE or CE, and 10/M are all laiched on- chip al the

ialhng sdge of- ALE. -(Saa Figure 2.}

: 'y 2-BITINTERNAL DATA Buk )
|

:

! COMMAND [ o] l l r | l rA I T!M’:H TIMER
1| "TTATUS { - =

‘1 Timi A

| s ' ’ MODE
b —_— e -

Pgure 1. 613578156 Intarnal-Reglsiers--

T inss)

CA

L R156L /

o

AN
/
N\

0y, ADCRESS

w T\

. X DATA VALID

& gd Rk

|

-/

MOTE: FOR CETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C. CHARACTERAISTICS

.' Fgury l. $155/8158 On-Board Memory Read/Write Cy'cle
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PROGRAMMING OF.THE.
COMMAND REGISTER

The command-register-consists-ol-eight_latches._Four
bilg ¢0-3: deline the_mode- ol 1tha-ports. Awo-bils. (4-5)
enabie or disable-the-interruptirom.port.C when it acts
as cantrol port, and the last two bits (6-7 ) are for 1he timer,

The command ragister'contants can be alterad at any
time by using the I/Q address XXXXX000 during a WRITE
operation with the Chip Enable active and 10/M = 1, The
meaning of each bit of the command byte is definad in
‘Figure~3. The contents of the command register may
naver be read.

-READING-THE-STATUS-REGISTER

The slatus register consists of seven latches, one for each
bil; six-10-5) for the status of the ports and ona {8) for the
stalus of the timer. '

-The status of the limer and tha I/Q section can be polleg
by reading the Status Reglster {Address XXXXX000)
Status word format is shown In Figure 4. Note that yoy
may never wrile to the stalus ragister since tha command
register shares the same I/O address and the commang
register is selected when a write 1o that address is issued.

T 8 3 4 ) 1 Q

[rsa]rm[ ses] realrcifrcif-en] 2a].

[—— [———

T ] - ONFINLL PAgy | o et
| .
' v
: ! = DEFINES 84y | 1+ ourry
; i
1 I oasaLty

.| A
bl e | A
i | Lo 1peALTa
o :
i l_a._._._..........._._....tnnn.g,pon A .
! INTERAUPT 1 EHADLE
i
: b ENASLE PORT B 0 - DISABLE
INTERRUPT

i [ 02« NGP - DO NOT AFFECT COUNTER

| OFEMATION

01 » STOF « MOF IF TIMER MAS NOT ETANTED;
STOP COUNTING t# TR TIMEA 11
RUNNING

10 = BTOP AFTER TE = STOP AMEDIATELY
AFTER PRESENT 1€ 18 REACHED (NOP
IF TIMER HAS NOT STARTED}

11 = BTAAY = LOAD MODE AND CNT LENOTH
AND START IMMEOLATELY AFTER
LOADING {1¥ TIMER 1S MOT PRESENTLY
RUNKINGL IF TIMER 13 RUNNING, START
THE NEW MOOE AND CNT LENDTH

ST -IMMECHATELY AFTER PAESENT TC
18 MEACHED,

o TMER.COMMAND—

ADy AL Dy -AD¢-ADy ADy ADy ADy

(Tl 2 T T I

POAT A INTEARUPT ATOVID

PFORT A SUFFEM Fui, LA WPTY
LINFUTIOUTPUT)

brem s it POAT A INTEARUPT ENABLE

4= PORAT B INTERALFT REHTY

et rr—erets. PORT B BURFER FULLAWPTY
{INPUTIOUTMUT)

- POAT 0 INTEARLST EWABLID |

TIWMEA INTERAUFT (Trus 617
18 LATCHED MMM wHEN
TLAMINAL COUNT 14

-~ MEACHED, AWD 1§ NESET 10
LOw LMON READND OF THE
C73 MEGISTEN AND BY
HARDWARE NELETE,

'Flgyre 3. Command Reglster Bit Aasfgnment

Figure 4, Status Reglster BIt Asslgnment
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INPUT/QUTPUT SECTION

The I/0 section of the B155/8156 consists of five registers:
1Saa Figure 5.}

¢ Command/Status Reglsier (C/S) — Both registers are
assignad the address XXXXX000. The C/S address
- --parvas-the-dusl-purpose—--

whan the C/S regisiers are salected durlng "WRITE-
“‘gperatlon, & ¢ommand Is writlen Inlo the command
-fogistet. The contents of this registerare not acceasible
Ahrough the pins.

Whaen the €/S (XXXXX000| is selected during 8 READ
operalion, the status information of the /O porls and
the timer becomes available on the ADo-? lines.

* PA Reglster — This register can be programmed to be
either input oroutpul patts depending on the status of
the contenta of the C/S Register. Also depending on
Inhe command, this port can operate in either the basic
mode or the strobed mode (Sea timing diagram}, The
/O pins assigned.in relation to this regisl;er area PAp-7.
The address of-thia register is XXXXX001.

¢ PB Reglster — This register functions the same as PA
Reglster. The I/0 pins assigned are PBp-7. The address
ol this register is XXXXX010.

* PC Reglster — This register has the addrass XXXXX011
.- ~.-—and-conteing-only-6-bits—Tne-&-bits-can-be-program-
med 10 be ellher input ports, output ports or as control
signals“tor-PA-and-PB-by-properly. programming the

AD2 and ADj bits of the C/S register.

whan PCo-g |8 used as—a—¢ontrol—port—3-bits—are.
assigned for Port A and 3 lor Port B, The first bit s an
interrupt that the 8155 sends.out. The second Is an
outpul-signal-indicating-whether:the buiter is full or
emply, and the third is an input pin {o accept a sirobe
for the strobed Input mode. (See Table 1.

Whanthe“C’ port is programmed to either ALT3 or ALT4,
™ control signals for PAand PB areinitialized as follows:

CONTROL INPUT MODE OUTPUT MODE
BF Low " Low
INTR Low High.
} $T8 { -input Control Input Control

O ADDRESS!

SELECTION
ATIAS |AS{A4 |AY[AZ[AY]|AO
x|x|xix|{xlo|0o]olinewal Commang Siatus Register
x1xlx|x|x|o|[0] | Generat Purpore | O Port 4 !
xjx |[x|x|[n|0o|:}o][Generat Purposel QP B
Al x| =x]xfo ]l ifonC - Qeneras Putpose 1 O 2 Conb
e[ x|a]x]t 0]y fLowOaee B oas ot Tomer Cauet
x x| x| x| xfr ol [rgnd it Tiaet Count sng 2 ois

ot Trmer Moae

L LTI CEEEE S
X. Doant Care

1 170 Addtess mutt De Quakheo by CE + 1 8155 erCE~Q 8183 g G = orGer
13 e the Appropriste reguiiet .

Figure 5. 1/0 part and Timer Addressing Scheme

Figure 6 shows how I/Q PORTS A end B are siruclured
within;the B155 and B158: .

B155/8156
ONE BITOF PORT AOR POAT B

FaN ouiruT 1
o TATEH o [ 1
. -] 1
L0 oureut ' |
LNABLE |
.. |
: (- ) |
>~ - t - . |
N E wRITE I B -
: P'-‘.‘l‘r'_____1 MoBE® lal
s lHUl 1% '
HN 1 i . 4__; |
‘1 L "1 | waren b
MEAD PORT a o i
CLK b
<
o
WO 18]

T4 = 1 POR OUTFUT MOOE

MULTIPLEXER =@ FOR (MPUT MODE

110 JImPLE INPUT CONTAQL

31 BTAORED iNPYT
READ PORT » (10/fl=1) o iND=0) » (C2 ACTIVEL ¢ (PORT-ADORERS SELECTED].
WAITE POAT « HO/Ra1) » (FR0) o (CE ACTIVEI« IPORT ADDAESS SELECTED)

s
() OUTPUT MODE }

Flgure 6. 8155/8156 Port Funclions-
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' TABLE 1. TABLE OF-PORT CONTROL ASSIGNMENT. -

Pin ALT 1 ALT 2 ALT ALT 4

PCO Input Port Outpul Port A INTR (Port A Interrupty A INTR (Port A Interrupt)
PC1 “Input Port Output Part - | —A:BF (Port=A Bulfer_Full: A BF (Port A Builer Fulty
PC2 Inpul Port Output Port A 5TB Port A Sirobe A STE (Port A Strobe:
PCJ Input Port Output Port Output Port B8 INTR (Porl B interrupt:
PC4™ | ~ input Port —{_. Output Port Oulput Port B BF 1Port B-Buifer Fully -
PCS tnput Port Qutput Port Outpul Port B-5T8"1Port'@ Strobe)

Note in- the diagram that when the /O parts are pro-

grammed to be outpul ports, the contants of the outpul
. ports’can stitl be read by 8 READ operation when appro-

priately adqressed.

The outputs of the 8155/8156 are "glitch-frae” meaning

that you can write 8 “1” to a bil position that was pravi-
ously "1" and the leve! at the output pin will not change.

Note also that the output latch s cleared when the pory

enters the input mode. The output Iatch cannot be loaded

. by wriling 10 the port it the port is in the input mode, Tha
result is that each time a port mode Is changad frominput_

-to output, the output pina will go iow. When the 8155/56

is RESET, the output latches are all cleared and all 3 ports

enter the inpul moda: -

When in.the ALT 1 or ALT 2’ modes, the bits-of-PORT C b

PORT A

CUTPLT 3
AINTR(SICNALS DATA MECFIVED)

10 0088 RET INPUT
POAT &

A BFISIGHALE DATA MEADY)

ERLLE RS
ALTEIACKNOWL. DATA AECEIVED| TO/FMDu
POATC B 3TH (LOADRPORT B LATEN) PERIPHENAL
INTERFACE

BRF(SICNALS BUSFER IS FULL)

BINTR (SIGNALS BUFFER

are structured like the-diagram-above-in-the:-simple input

or output mede, respectively,

Reading from aninput port with nothing connecled to the

"pins wiil provide unpradictable raayls,

Figure 7 shows how the B155/8156 170 poris might be

conligured in a.tlyplcal MCS-85 system.

READY FOR READING)

*ORTH

YO SONS INPUT FOAT (OF TIONALI

~-TO BCAS AET.INPUT

Flgure 7, Example: Commoand Regicier = 00111009
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TIMER SECTION

‘The timer is & 14-bit down-counter that counta the TIMER
IN pulses and provides elther a square wave or pulae
-when-terminat-count-{TCyis-reached:"

The ttmar.has the I/O address XXXXX100 for the low order
byls of the register and the O address XXXXX101-lor
the high-order byte of the register. (See Figure-5).

To program the timer, the COUNT LENGTHTREG™ia
londed first, one byte at a time, by selecting the timer

--addresses. Bite 0-13 of the high order count register will
specily the length of the next count and bits 14-15 of the
high. order_regiater will specity the timer output mode
see Figure 8). The value loeded into the count langth
reglster can have any value from 2H through 3FFM in
Bits 0-13.

1

r ] ] 4 3 2 t o

el

L r I
TIMEA MODE
.

MSB OF CNT LENGTH
7 & & 4 3 2 1 ¢

Lelrefmfnfnjrln]]

L i
L86 OF CNT LENGTH

——Figure 8.-Timer-Formal_

There are four modes to choose from: M2 and M1 define
the timer'mode, as shown in Figusre 9.

FTWEROUT wavEFoRmE:
WOOE stanmt TEAMIMAL TERMINAYL
(1) “BQUNT: —CQUNT.. COUNT
" : ST N
. o 1 WNGLE o n U et
, FOJARE WAYR
1 CONTINUOUS
Y ' T sousnE wave | S | S— -
3. BINGLE

18— PULSE ON-
TEAMINAL COUNT

| 1 & CONTINUOUS

FULSES - ¥ L%}

Figute 8. -Timer Modes

s 67 (TM2 ‘and TM+) of command register contants
iy used to start and stop the counter. There are lour
tommands 1o choose from:

™z TWha

0 0 NOP — Do not aliect counter operation.

0 1 STOP — NOP i timer has not started;
atop counting if the timer is running.

1 ¢ STOP AFTER TC - Stop immediately
alter prasent TCisraached {NOP it timer
haa-not atarled)-

! t  START — Load mode and CNT length

and start immediately after Ioading (i
timer-is not presently running), If limer
is running, starl the new mode and CNT
langth immaediately alter present TC is
reached.

Note that while the counter I3 counting, you may load &
new count and mode into the count length registers.
Bafore-the- new count and mode will be used-by the.
countsr, you must issue 8 START command 1o the
counter, This applies even though you may only want to
change the count and-use the previous mods.

in case of an odd-numbered count, the first half-cycte
ol the squarewave outpul, which is high, is one count
longer than the second (low) halt-cycle, as shown in
Figure 10.

L1

- 4
5 .

NOTL: S AR S AEFLN TO 1xf WUMALA OF CLOCAS :N THAT TIME PERICE

B

—_——

Figure 10. Asymmetrical Square-¥Wave Quiput ll‘lm\.llllﬂg._
from Count o @

The counter in the 8135 is not initialized to any particular
mode or count whan hardware RESET occurs, bUt RESET
does stop the counting. Theretore, Counting cannot begin
tollowing RESET untit a8 START command is issued via
the C/S register,

Ptease note that the timer circuit on the B155/8156 chip
is designed to be a aguare-wave timer, not an event

-counter.. To .achieve this, it counts down by twos twice

in completing one cycle. Thus, ita registers do not con-

‘tain-values directly reprasenting the number of TIMER IN

pulses received, You cannot foad an initial valué of tinto
the count registar and causs the timer to oparate, as s
terminal count value is 10 (binary} or 2 (degimal). (For
the_getection of single pulses, it is suggested that one
of the hardware intarrup!-pins on .the BOB5A be used.|
After the timer has startad counting down, the values
residing in the count registers can be used to calculate
the actual number of TIMER IN pulses required to com-
plate the timer cycls il desired. To obiain the remaining
count, parform the following operafions-in ordaer:

3. Slop the count

2. Anad in the 16-bit velue from the count léngthregisters
3. Reset the upper two mode bits .
4

. Reset the carry and rotate right one position all 16 bits
through carry

5. Wcarry is set, add 1/2 of the full original count ( V2 {ull

count — 1 il full count is odd).

Note: If you staried with an odd count and you read the
count length register before the third count pulse occurs,
You wili not be able to discern whatherone or two counts
has occurred. Regardiess of this, the B155/56 always
counts oul the right number of pulses in generating Lhe
TIMER OUT waveforms. '



EQUIVALENT C!

Lo

Features
m OIMST, 2 Channels by 1 Power Supply
& Small shock noise because of direct coupling
emitter teedbacked
® AF output power STK-433: BW min., STK-435b:
7W min., STK-437: 10W min., STK-439: 15W
min,, STK-411; 20W min, )

*

ABSOLUTE MAXIMUM RATINGS / Ta=25"C STK-433 STK-435 STK-437 STK-439 STK-441

Maximum Supply Votiasge Voo max 32 39 50 56 63 vV
{pin 7to4 or 12}

Opera;ing Case Temperature Tp . 90 . 80 90 - 85 85 °C
Storage Temperature Tsty - - - ~ 3010 +100 °C
Allowable Load Shorting 15" ~+ -+ - - 2 114

Time (in apponted condition)
RECOI\!MENDED OPERATION CONDITION / Ta=25°C
. STK-433 STK-435 STK-437 STK-439 STK-441’
Subply Voltage  Vce 23 27 33 39 44 v
L - .7 .o - 8 Q
OPERATION CHARACTERISTICS / Ta=25"C, recommended condition, Pg=600§2, VG=40dB . - . '

' STK-433 STK-435 STK-437 STK-439 STK-441 unit

Load Resistance 8

Quiescent Current lcco  recommended - . - - - 120 mA max
Vee ’
Output Power Po THD=1%,. 5 7 10 15 20 Wmi.n' |
. : f=1kHz - : :
Distortion .. . -THD Po=0.1W, * 05 08 02 02 0.3 %max |
. C f=1kHz - ,
% Frequerj\cy: f Po=0.,1W - - - - 110k
Response - R
: - o \1'1'
APPLICATION: AF Power Amp. Y N\
A
STK 433,435,437.438.441 - -
T - /
amp ] amp ”.,’ B e STRTETRTSTR
# 81 lags |aw
NI

C2 10V | 25V | 25V
(o] 16V | 24V | 35V
C4 16V | 16Y | 25V | 25V | 35V
Ch | 25V | 25V | 35V ) 35V | 38V
Co | 29v | 2ov | o0V | 63V | 63V

* See the Opwiatiun charactarstics on th apeciicption.
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