SOUND GENERATI ON APPARATUS FOR USE W TH COVPUTER SYSTEMS BACKGROUND OF THE
| NVENTI ON: ©1. Pield of the Invention. The invention relates to a:§§?5y|‘=5
gengﬁgtion apparatus, particularly one . enployed with a conputer sysiem _
whi €h i ncludes a raster scanned display and a di sk speed. control apparafﬁs.
5 2. Prior Art. There are countless well-known techni ques for.
generating audio signals fromdigital signals. These include the nore
strai ghtforward approaches where digital=signals are used to provide an

I nst ant aneous anplitude of the audio signal, to the nore conplex 10 vocoder
t echni ques wher e GuElds EEHERATIIN ALARRATUS) FBR MISE J4ITY COMPITER BYETAMS used. As
will be seen, the present invention converts a digital signal to an anal og
(audi 0) si gnBACKGBDUND) @FhTHE ENVENRION:Si on is only one aspect of the present
i nvention. Mst often, conputer systens, particularly smaller systens 15
(e.g., personal, conputers) enploy raster scanned di splays. The conputer
generates the videoli nfRieddtoprthantahwEingten. it in a random access nenory
(RAM) . Counters synchronize with the horizontal and verti cal

synchroni zati on si gf2# Sa3eutian refatef 19 § soynd grpegatinn sppsratnschr oni zed
data signal sp{fomuthe fTRHR" dnp1BYEA YAk 1 St eRER I 1L el €00

signal, for i1nstance, through a’s

t register. sone cases, € nenory
is "bit mappesétemndcsinedodigplay nodn 4 Riiskespred centolegpparataed t 0 generate
the video signal. In other cases, the output fromthe nenory addresses a
charact er Yener ati ofi* wiTdATi & %canned to provide video signals. A
consi derabl e anount TRérélalre &6€HV1BEY wed 1-REMNN REchdilqti8BCLeY GedeMitdaR .
-display, particularly in a dynam c, graphics ﬁﬁ
Ao sudio signals from digital signals. These include the more )

straightforward approaches where digital signals are used to provide
an instantaneous amplitude of th§ audio signal, to the more éomplex

10 vocoder techniques where transfer funétions representative of voice
are used. As will be seen, the preseat invention converts a digital
signal to an analog (audio) signal, szlthough this coanversion is only .
one aspect of the present invention. .

Most often, computer systems, particularly smaller systenms

15 (e.g., personal computers) employ raster scanned displays. The
compﬁter generates the video information and stores it in a
random-access memofy (RAM). Counters synchronize with the

U bhorizontal aad vertical syncﬁronization_signals address the memory _€

to provide display synchronized data signals from the memory. These

20 signals are converted to a video signal, for instance, through a
shift register. In some cases,'the memory is "bit mapped" and the
output from the memory is directly used to generate the video
signal. In other cases, the output from the memory addresses a

character geneiatibn which is scanned to provide video signals.



('Nnon-te—xt) rode. I n the personal conputer field, or small business conput er
field, where mcroprocessors are used along with dynamc 5 RAMs, the o
generation of a video display consunes a relatively |arge anmount of 26«

procegsor- and nenory time. It is thus difficult to provide an audio signal, .

particularly a conplex audio signal i n= & di spl ay node. 10 : As will
be seen, the present, inv i rovi des par.at f,or _generatjng audio
signals in conjunct iAor?%\'/’\ng?#rg'g%ngc%gﬁrggc"eﬁs%agpa%r(?"l?i@f sf’ﬁ‘rﬁ?‘!‘%ﬁggu 9 y with

t he generati Ofeneravée AE18bd)Meplay,NatttilaslP 1 & dFmmde ) GirabRleaM t hout

di srupting the video didlsogl ay or -co(n?:pr;ut er operation, and inportantly, with a
mi ni-mum of haftARaFEXtheds: pIac L Fereprnt. computer Eiahdarer sHLEPYSNORRR| ON
The present |pipRtbPe1318Y I vt o2l ARDPPESIIDIE rel GBE A1bRY ALn2BFAMA AUI O
signal in a conputer system which includes a m.croprocessor and a -

random accegsRAMspotle -geRerjticands (v oddde diaplayconsugpma Felativelxtlarge

or edot or i nec 1T P RroR AR FoR Y . 1% N dRug dhaPLEEN ¥ peas! o

hori zontal bl gildvago Pygnad, agutthealdrayTat donples Aiud16 S¥gaal PId G ATOP1ay0
wite new data into said | ocations when said 10 video signal is in a
bt anki ng per i ®e®ssai d addressi ng neans being coupled to said RAM waveform

means for nvertin f [ ' e :
addr essi ngqrq}eans togégiaﬁqéngﬂ)%% gﬁg‘fdoé)g?g#]ﬁ‘:;s 1806h 166 FrovlaBY ‘%al‘gp.“““’

for generating audio signals in conjunction with a microprocessor

and RAM simultaneously with the generation of video signals. The
\/ audio siguais are generated without disrupting the video fiispla.y' or
| computer operation,- and importantly, with a minimum of hsrc_ln.re and

15 processor time.
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processor to write new data into said locations when said

video signel is in a blanking'périod, said addressing means .

being coupled to said RAM: - ~
waveform means for converting data from said locations

and accessed by said addqessing means to said analog audio

signal; )
whereby said audic signal is provided by said

computer system. '

Prefer.ably, a pulse is initiated when the data from
memory is loaded into a counter, and the pulse is ended when
the counter reaches an overflow. The resultant pulses are
integrated to provide the audio signal.

The processor preferably generates the data signals for
the RAM for a single tone by adding a predetermined numbér to
a stored number. The most significant bits of this sum
identify a location in a look-up table and the resultant
(digital) data signal is then stored in RAM. The predetermined
number is repeatedly added to the stored number to provide each
of the data signals for the RAM. For more complex tones,
a number of predetermined numbers and stored ﬁumbers are used
along with a plurality of look-up tables.



whi ch data si gnal S are produceﬁl Figure 6 is a block diagramand schematic 24
of the circuit for 15 provi.ding the audi o signal and vol unme control.

Fkgure 7 is a flowdiagramillustrating the method by which data signals
are provided for four tones. Figure 8 is a flow diagramillustrating the
met hod” by which data signals are generated=-f&~ a "non harnonic" audio

signal . - Fi gu%&%&&gﬁ%t ratl ng the general

i nt er connect i on re 1 and a disk drive. notor.
Figure 10 is a block depgi@miid aSbiédu dda@sid o@ftweoi@p&ee&cwéc&se&hto
generate the speed control signal for the disk drive ure 11 is a block
di agramiil | ust raﬂwr&ﬁead@m prddreisspmritiiphenineg: neettlipcqumsebpuf @ith the
generating the g l, .signal 10 for the disk drive. Figure 12 is a
graph used to |PF a?g's{'ﬁ:io?hncti oning of the circuit of Fig. 11. 15

. DETAI LED ‘DESCRI PTI O\I OF THE | NVENTI ON An apparatus for ‘generating audio

signals in conjunction with a conputer system artlcularly one whi ch
generates sidnals for ZiBuX& @r%c’aﬁﬁ@ﬁ“%%ﬁﬁ’sﬂp&ﬁﬁd f9 dg84TdPat FiRpSa A ho R

e o oL 7 it8 il SeEREL | RSTenedtdeiPS JOLbAN AFe UpGabll | A the

nuner ous SpECI fl c d S are set Ol’t sSuc as spe-C| quencl es
nunber of |inesRAM and times at which they are updated in the RAM.

Pigure 3 is a block diagram of a counter used to generate

the audio signals.

10 ' Pigure 4 illustrates waveforms generated from the counter ot
Figure 3.
Figure 5 is a flow diagram used to describe the method by
which data signals are produced. '
Figure 6 is a block diagram and schematic of the circuit for
15 providing the sudio signal and volume coantrol.
Figure 7 is a flow diagram illustrating the method by which
N data signals are provided for four tones.

Figure 8 is a flow diagram illustrating the method by which

datﬁ signals are generated for a2 "non harmonic" audio signal.



C rcial part numbers, etg., to provide a thorough understanding of the

present invention. However, it will be obvious to one skilled in the art
that the present invention nmay be practiced 10 wthout these specific -
details. In other instances, well-known circuits have been shown in-Rlock

diagramformin order not to unnecessarily obscure the present invent:ion.
DEFINITION In the foll ow ng descri pti on2 The term"audio or sound data 15

signal” or "sound d@fRirel § 1558%0bisky AELL aital signal which is
converted to an anal .oggrfaudilbz) s?%naﬁ.ﬁ%fgyfg}%t%ﬁ%g?‘ stbgeﬁe'ﬁ’d'ﬁ rol refers
to the contrihitevbonméctioh betwabn OtheOkodpubeirObs Wigdrekr adhi 4 GidsRYaifiR. MOt O .
GENERAL ARCH TECTURE 20 : The present invention is currently
realized as Tféﬁ"t"of a conputer system (personal conputer or small business
conputer) enploying a Part No. 68000 m croprocessor. The address |ines and
data lines for this mcroprocessor 10 are shown in-Figure 1. The other

wel | -known |ines’ cothsuze 10 ishasbluokcdtepmmnal Elusdira 61u@\Vpatt ob theFi gure 1.
The m cropy ocess 10 i s _coupled tg a random access nenory (RAM 11

Compr1 i ned FGRAEK JShd o rAuRrEhn, ey el Sentro,iemnin ¥ nine Giak

i nt erconnectdsidve.m croprocessor 10 and RAM 11 to permt data to flow
fromthe processor into the RAM The data fromthe RAMis coupl ed through
the RAM data buffer 13 into the processor; also data is coupled fromthe _
RAM 11 to di sk not oFs ghiecth GANL P1dck 4 W ¢ ' eqi st &, .28 and sound
counters 29. The 5 latter counters wi I?J%rg deg@}‘}%égi‘,‘% 'gef‘é\ﬁuf’ﬁ‘? o
conj uncti on PPRHAOR| efirthe3ciMalls usediifop geneehvhip el dpeedi 66MHFOACEEFHRN 10,
fromthe r1%a95 o%x ErPsr;Dr#iéeFfC]\/p 17 when the ROM i s enabled (ROVEN ). :

r \

o
Figur_e lé is a gfaph used to illustrate the functioning nf
the circuit of Fig. 11. ) |

15
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Simlarly, data is transferred to and fromthe disk controller 18 when the
disk controller 18 is enabled by a signal on line 35. This 10 signal, as
i$s the ROVEN signal is generated within the PALS 23. Data is | i kewi se 20
coupl £éto and fromthe mcroprocessor 16-®0 a serial comunications !
contraolter 14 and an interface adapter 15 (Conmercial Part Nos. 8530 and -

6522, respect iRRJAYLED AZSCREPTIONTOR) IMAEhENVENCIOMr ocessor 10 are coupled to
the ROM: 15 17, PALS 23 and RAM address multipl exer 20. Sone of the

address signals, as iATdAPRATRFUSfOF &Fg?)“(féﬁﬁlﬁﬂ’*?o"t%lal L cosduneficar 18,
serial cOMMUN G 9nGouARts lytin NG SAF SIURNLEL dAbe FIGedtaM ror

address nultiplexer 20 permts the RAMto be addresse
m cr opr ocessors X@sper d¢icapeed Wigplathaend ofernt zéﬂeratgharedmrtortmeal cartrodunt er

22. Durlngthetl en 1 o,sigpal, i s "paint the screen, the
mul ti pl exer > 207 fec % PRET e&éod&)ﬁ'ﬁf ?alé?'if?lL@sﬁfhﬁm"ﬂg'“’ﬂ?é%%mﬁe&?‘ﬁt%
directly addresetaibe BUVbiﬂ fdr/ﬁhst@hahsfiﬂ&lm&rzauWIEEmliimibhbsof lines

selectian.) During other tine t he RAM address multiplexer 20 pernits t he
25 i cr opr octLEEFeia) tpﬁrﬂl”r“é’@ﬂﬁ &tCessta REOYMe #1thorpygh s‘B@Gnat'dU’dPGss

mul tiplexer 214 %hhspfﬂgeﬁx’tplﬁ&ﬁﬁ:h&p | Ry’ O tl anEyb@ 0%599@4 AgIyR he PALS

23. During the ast portion of the horizontal naI as wll
be described i nkﬁdleﬂum:tthenam ttha £i ther aré?senltuuvqﬂtenerwlbeebmttméme

hi ghest orﬂ[? its fromthe cou éﬁeﬁr} 22 and forces the nenory to this
addr ess. s PRt cthesg,BPeidic Hrtdtdfy JosRE eéasmsw%%lokem n

dedicated and goRsAtH G bOGRhaR? f bobe magmAépatc ' Brher SR 88 access

by.the m croprocessor when I s data Is update not
pr\gJu des an adunndcesadridiyt obspure the triresenkidieventiomes of the nulti pI exer 21
to cause direct access to a second pageDQ;Iﬁ%&g data in RAM 11.
In the following description, the term "audio or sound data
15 signal"™ of "gound data" is uéed to identify a digital signal which
is conierted to an analog-(audio) signal. The term motor speed
control refers to the confrol of rate of rotation of a motor or disk"

driven by the motor.

GENERAL ARCHITECTURE
20 _ The present invention is currently realized as pa:t of a
| computer system (personal computer or small business computer)
employing a Part No. 68000 ﬁicrgproéessor. The address lines and
L_j ' . data lines for this microprocessof 10 are shown in Pigure 1. The
other vell-known iinéé coupled to.this prodessor are not shown in
25 F;gure 1. The miéroproceésor 10 is coupled to a random-access
memory (RAM) 11 comprising sixteén 64K dynamic memory "chips". The

‘data lines 0-15 interconnect the microprocessor 10 and RAM 11 to



The video counter 22 which donsists of two Part Nos. 74LS393 10 provides a
~digital video count which corresponds to the beam s position on a raster
scanned di splay and additional counts for the horizontal and vertical ~
restore (blanking) periods. The tim ng signals which operate this coummer
al Q}f& with the reset signals are gene?at'ed by the PALS 23. 15 " The

PALS.23 consist of three programarray |ogic chips. They receive the
crystal cont PeFRrid d!S*FrH?P 6%%‘!IﬂraPth%in%R“PFo#nf@sGMIW@r e dEhe framS 23

and"the ol | AU FieRlsaf bR0E N ARk eBE IS dodg e D GG

provide the heséesudiral aﬂ& daﬁya@hwmuat resm shemal { HSONGh ik amiot-hﬁpeed
vertical synchronization s;gnal VSYNC/). These signals are coupled to the

di spl ay on | CABEFOIder 3o videe, BB Al RaBAALET 28erd HERd fRvaters@9menthey
such as the §.Mkr %Qﬁ&éﬂw-iiﬂrﬁ' absé&d by mgeemnhﬁréoﬁmnﬂgg{ Sigpand the

cl ocking signal” used the di sk notor speed contro are gener at ed
Wi thin the PRLEwES 3-Tvm132Kﬂ&meqﬂlvaﬂebsempboqmi'opnoomoprHsem-bhythe

preferred errbodlrret : 'i' t or age r di agnosti initialization
and ot her fuf&ttd nﬁfm Igé/@{?t S'feﬁ‘e%g?égo&nf‘ ‘H\g‘ggfé ﬂi‘%"ﬁ); ‘adapt er
comuni cat es gii hutxlse &@&bqar@lu%feﬁém&sen% £P6R Wnded: S c3RErd1TRY! uand
swi t chi ng information to both the controller 14 and adapter 15. A volune

control knob when gthe dielk controlleyr 4§ ke snsbledohy cadignak wnt 1ine $&. byThilse

h b | ]l
Goscri bedd n eBirtnes: 48 (iR, Rowy Bleadic bR RBerpPEE wifpin She bhes %y, &
static vol unmpat@nis Aikéeise Boupled @o Sin@dnarom \hohtl clropkdbessor 10 to \

serial communications controller 14 and an interface adapter 15

-

(Commercial Part Nos. 8530 and 6522, respectively).
Addressee from the mlcroprocessor io are coupled to the ROM
15 17, PALS 23 and RAM add;ess mﬁltlplexef 20._ Some of the address
signals, as indicated, are also coupled to the disk controller 18,
serial comqunications controller 14 and 1nter!aoe adapter 1S5.
The RAM addrese multiplexer 20 permits the RAM to be
addressed eithertbf the mioroproceesor 10 or directly by the count
20 stored in the video counter 22; During the time when the video
signal is “paihtiné“ the screen, the multiple#er 20 selects the )
video counter 22, thus allowing the countet to directly address the {
RAM 11. (A signal from PALé 23 controls this selection ) During
other times, the RAM address multiplexer 20 permits the
25 microprocessor 10 to directly access the RAM 11. The second address
multiplexer 21 as is multiolexer 20 is controlled by a signal from
the PALS 23. During the last portion of the horizontal blanking



10 ' In the presently pkeferred enbodi ment, horizontal scanning
occurs at a rate of 22,256.84398 Hz. Vertical scanning occurs at a rate of
6QFz. Each frame consists of 370 scan lines and there are 704 pixels, or,
dots, ,pg¢r harizontal scan. This correspondg to 44 sixteen bit words frog;
t he .11. Thus, the main clock rate from 15 oscillator 31 shown as 1

i's nore accurat FJ,'%‘“']"S" 9@71%%"2“ ?ﬁég{]{geggi& cbolgkg#gtqogz'm %g i gplay itself

there are 512 " e 'prxel’s’in ori zontal rection a 2 Tines on

the screen. ThemdPRprefer R1Ngelucits the hDgheAC brdwx 7Zb0tsh|trom athei Soudter 22
hori zontal bl anking period sonetines referred to as.the "flzback" 20 tine

I't is during thRBd RITEEE e PEBATY KO thimcrdfAreas o PR Te9PLEeR fbRY (Ehe ggund

tube is | owered,gpdifgheshtamubiL BaNbtdieakad 'deat leaS hi® Rhebdit1Ve! FStRtL6ns
the other. In tﬁe vertical direction, in addition 25 to 342 lines on the

di_spl ay, therse afethizCRAMdind permitsceisi®s adeqdssgbwnitbhehnidropro¢essesr vhem(this

bl anki L. Lhat i t b t |
Ceturned i1 om & R8T e PBpuget® ok AREEH R, ajdinl DBk 4Ee W RALQRRE SET |

S In Fi g4ngue, td itB® dddréd®\Winés @ kbé imilleipiexer 2/ tof Giusendinerte,
the dotted line 39. On the first scan, after 512 bits have been displ ayed,.
the tinme.represascess (bp rjsacond pager aficsouad datd A A% Y- occurs. During

blanking, it is not “ecri?;@{féof nr%t*nttgg_ 3 Wil (oabiEeY D £ @ai’?rﬂ&sh]?741.8393

di splay. -Prior to the ti eferring to Figure 1, the 10 count from
counter 22 anceggesidde aRAMilthlt ideogbourte whX¢H zddressonds| ta shexkean?®. Thi s

o hor | zont al _ancPRRSFITEAR LRSS SuMEnib RrY dae Siiheaepdl sRet Tohoe
norngl sense durigidzbRE1Nehd XeRtddaldlreskdred (PRinkddg) FRirlieds. f abé famisgOf
the video counter are reused for
signals which operate this counter along with the reset signals are
generated by the PALS 23.' _ _ |
15 ‘ The PALS 23 consist of thfee program array logic chips.
The§ receive the'crystal controlled 16mHz oscillator signal from
oscillator 31. The PALS 23 generate from this signai the standard
memory signgls sﬁch as RAS/, CAS/, and the well-known timing signals _
uséd by the microprocessor. They also provide the horizontal
20 synchronization signal (HSYNC/) and the vertical synchronization
signal (VSYNC/); These signals are coupled to the display on lines
32. Other clocking signals used throughout the memory, such as the
L_; | | 8 inz clocking signal used by the counters of Figure 3 and the.
clocking signal used by the disk motor speed congroller are
25 .3enerated within the PALS 23. _ .
Two 32Kx8 ROMs 17 are gmplb&ed.in the presently preferred

embodiment. They provide storage for diagnostics, initialization
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15 countlng ‘during this period. This elimnates address gaps for t he sound
dat a. When tinme 40 is reached for each of the scan lines, a timng signal
fP@n t he PALS 23 causes the nultiplexer 20 to accept addr esses from the .
m croprocessor 10. During the next 192 counts of the 16nmHz cl ock,. except

for the last count, the mcroprocessor is free to access 20 the RAM an

thus can performtasks unrelated to the display. Wen the [ast count in

each of the scan lines is reached, a signal fromthe PALS 23 causes the
counter 22 through nmultiplexer 21 to. directly access the nenory 11. At this
time, the sixteen bit word fromthe RAM 11 (tinme 41 of Figure 2) is read
fromthe menory with 8 bits going to the disk notor 25 speed controller 27
and 8 bits to the sound counters 29 (ag will be seen, only six bits are

used by the disk nmotor speed controller 27.) During the "screen tine"

shown in Fig hﬁg.é e 184RA € Stof Emnﬁi-&% RE{ffReNtine Pl aced in the
vi deo shift ﬁ%glé% kﬁﬁguggg&%o prode e deeo signal. The PALS 23,

as nentioned, on i neru_bz agapterdeotinmibateds oith| tiendeybodridc24. A mouse 25
synchronizatlon S|gnal used, 5 in é? unction with the signal fromthe shift
4 it

register 28 tRF3APESUTEAE ARNE 2 Lobing, dpZormation ke both thene s

reached (shovgomtoli&e 143hndNaadted 1182 40r Holife (dbntrbdl rﬁobt D¢ ardvhi gl exer
20 again allows the mcroprocessor 10 to access the RAM 11. However, at the

end of |irke 1the graphirs gereen: andnis mongrwrenouy ofhet mouseetoi pedvideatiiiesy,

the mul tipl ex S es 9.bits |ntot 11 at tinme
41 to all ow tﬁ{t%éz {’*J'Wgrgg e elg'%fp‘p |ed ?ge spe II]'g’ﬁf%p\{\ﬁler 27 and
counters 29. ¢difuneities J%Qtﬁdii%earﬁebanﬂxml bitd a¥eluddd R6PVE GRatiese,
address signals.) During the vertical 15 blanking, the m croprocessor lQ_,/

is able to ac¥elune ﬁenmeq for thecapdia #8R%¥k | ast count of each line. It is
during this period of tine VIDEO TIMING

10 In the presently preferred qmbodiment. horizontal scanning
occurs at a rate of 22,256.84398;32. Vertical scanning occurs at a
rate of 60Hz. Each frame consists of 370 scan lines and there are

- 704 pixels, or dots, per horizontal scan. This corresponds to 44
sixteen bit words from the RAM 11. Thus, the main clock rate from

15 oscillator 31 shown as 18miz is more accurately 15.6672miz.

Re:errins to Pigure 2} on the display itself there are 512
"live" pixels in the horizontal diréction and 342 lines on the
screen. The 192 remaining bits during each horizontal scan is the
horizontal blanking period sometimes iéfe:red to as the "flyback"

20 time. it is during this period of time that the beam current in a
cathode ray tube 1s lowered and-the beam brought bick from one side

of the scfeen to the other. 'In the vertical direction, in addition

25



as Wil | .be descri bed that tt‘te di sk nmotor speed control data and sound data
stored in the RAM 11 is updated. The multiplexer 21 with its nine bit
gddress defines 20 contiguous locations in nenory, thus allowing all the 3
sounddgnd nptor speed data to be nore easily accessed and updated by the
processor 10. Note that the storage location in the RAM 11 for the sound
and speed control data will be in a dif{grent Iocation than the screen
data. 25 : As currently inplenented, during "live" video the

M Cr opr ocessog, e o | f he data bus
in alternati n{:; g{/l‘f:i lgéseq o Slhﬁ 1&%#?22%% Fah;sk?‘;nﬁt%‘#nn? éef}ilé%tu 1 g 32 to
42) the mecr qhiebéése)rthalvnelﬂasblaebmsoqwr!héhmatia. [sbe .bedp wmm;t- of
Figure 2 (43rg\0"dhudedCadd ewe&me&a&a.awo.sfmq sae(adréi%tatut.ra&%t@rtotl me
share the data bus in alternate cycles. I's possible for th

i crop_rocesso?hett!mspomfé Qfh ghes geTRPDS data and speed controal data during the
i ve video. Jhe dal gy iiguidlaf Aihe \PEleE el 1e20 R BiYsl N6 PELY Grand®,
currently inplemented and preferred, the vertical synchronization signal
(retrace si gnthe) dotted|dpeds: h@ns then 8178t geagpAften§12 Byitgdamg helar s sij gnal
and by updal | agho {Y3al, 438" 1aBSredbb At 39CASIHD (£ dacnel Uiy { N 10

| ocati on used at iné 39, time 41) updafing does not inferefere wth the
readi ng- of th@%ﬂﬂd%@& bl?h‘é-!‘:ofittvm @opruggessarnfonrthe RAMall tthefurplisht i ng
remai ns aheadgffy pdieeksdhfidyOf pbite 2OUNE dab ao, I,fegtmnmforepmseﬁseﬁe
updates the sound data w t hout being synchronizéd with the display, data
coul d be rapl eevst frofosounter RP) agcestes fbecRAMNLL thfough thegBiepddriesees t he

sof tware fronmh{fiepidadlizfosMemls Uoctl B6r hd¥ of Ve M128L 220 tid Whafilf. sremd for
upUl ng the data.

counter 22 maintains both a horizontal nnd vertical count.) The

:o

counters do not increment in the normal sense during the horizontal
blanking period. Rather, four bits of the video counter are reused for
15 counting duriang thts.period; This eliminates address gaps for the sound
. data. When time 40 is reached for each of the scan lines, a timing
signal rram tﬁe PALS 23 causes the.multiplexer 20 to accept addresses
from the microprocessor 10, During the next 192 counts of the 1l6mHz
clock, except for the last count, fﬁe microprocessor is free to access
20 the RAM and thus can perform tasks unrelated to the display. When the
last count in each of the scan lines is reached, a signal from the PALS
23 ca;ses the counter 22 through multiplexer 21 to directly access the
memory 11, At this time, the sixteen bit word from the RAM 11 (time 41
of Pigure 2) is read from the memory with 8 bits going to the disk motor
25 speed controller 27 and 8 bits to the sound counters 29 (as will be

seen, only six bits are used by the Qisk.notor speed controller



AUDI O SI GNAL GENERATI ON Thﬁ' ei ght sound data bits representing the audio
3sjgnal are shifted in paralllel into two four bit counters 46 and 47, shown
Ak 20 Fi gure 3. These are commercial counters (Part No. 161). The - o

2

counters are clocked by the 8mHz clocking signal on line 48. Counting=
continues in these counters until overfljpw which is sensed on Iine 49.
Thus, if all zeroes are placed in the counters, a |onger period of tinme is
requi red unt2l) obarihpveheaPsereenntin"y shdsmRjih Prgushe2 caneOxBiteleavbtan occur
as soon as one cycle of the 8mHz clock if all ones are |loaded into the
counters. YoT#% ZIami the,30BPTF AFesPIRed| HhdlepTiderr BilfeRastateng2d Andes the
wi dt hs of i [ [ b ‘th oagd] of t ei ght
bits into ﬁggoﬁggﬁI%GQg%?lﬁL a%li(}gs%'e;%eo?vw%?rs’igsgt'laeﬁgg‘%&gsi Is’tn"loltv.\%?feby
Figure 4, tis2 pesdidegtiedg@eridonthlaamliveeticadc synchropize tiioadsignadf useind
data into the counters. If all zeroe gre | paded, t hen apgroxi matteltglf
321pec. | &t &® CORARAFEIRD FAEh e A8 THOM 2o PRI taZegiftRE 2% FOpFoRtTOL
trailing edgfeS¢ideonN@i4ptaye i s generated during each horizontal sweep since
one eight bit sound data word is |oaded into the counters during each
sweep. Therefore, [(Whpp| thes343nd seprrkinedigreached gbavy agi 1aemAdNi tad el y
22, 000Hz, a ' 0 | QY ' 0 L OXI| y

11 000t 1 et A8%long thie N4GK; (0% BPARIBL AolhpBRP AT 1L

subst anti al Imtcrepreeedsod diohto Tducess ofheCc BAM SK1,. Howdver(Cotirthehedd af afmer
nunber is placed into the counters 46 and 47. The pul se 57, which is shown

15 occur AP ndtHaPE niPratheinegaining, reripd of bhe Fefkicl Piankingettheen t he

first and saaudpiiieion Ja31Pbees 8ioaleUatesh UtO%ANa R J1n3Ey

i ntegrator to provi e anal og signal. The 1 ntegrator Figure 6 J/

receives a time 41 to allow the 16 bit word to be supplied to the speed
controller 27 and coﬁhters'ZQ. '(The lines RAO to RAG are time
multiplexzed to provide these address signals.) During the vertical
15 blanking, the microprocessor 10 is able to access the RAM 11, except
. for the last count of each line. It is during this period of time
28 will be descfibed that the disk motor speed control data and
'sound data stored in the RAM 11 is updated. |
| The mﬁltipleier 21 with its nine bit address defines
20 contiguous locations in memory, thus allowing all the sound and
motor speed data to be more easily accessed and updated by the
processor 10. Note that the storage location in the RAM 11 for the
sound and speed control data will be in a different location than
the screen data. '
25 As currently implemented, during "live" video the
microprocessor and video display signal transfers time share the

data bus in alternating cycleé. During horizontal blanking (for



. 1

| oad signal .and the overflow(si gnal ; the waveform 61 shown in Figure 20 4 32
I s devel oped within the integrator 60. Wveform 61 represents the ,__"
resul tant integration of the pulses shown in Figure 4. The three bits of .
i nformakion (bits 37a, 37b and 37c) fromthe interface adapter 55 are used
to allow a user to statically control volune. The anplifiers 63, 64 and 65
are switched (on or 25 off) to. perm’t'ﬂ@e—output anplitude on line 68 to
be controll ed. CALCULATI ON OF THE SOUND DATA SI GNALS Sound data fromthe

menory whi ch whefdsnd2 ttee 48D the mbemprocsssor slanec hhg cakssl toy théialata bus.

M Cr opr ocessoy, . €,S | £ th e "software" generated,w thin
the m cropr ocxets;tg'r“.el\%r-r'ﬁfggi3 “rgrgZ&#gn urz;%ée?ﬁesd"éﬁr?i%mﬁﬂ and 8ound/sReed ¢ o
al | ow a user astaRELnstRdi kimd ERALTRAE &dW budVIndadtsrite Wycilksar € di scussed

below. 1In general, 5 the sound data are produced quite rapidly since the
process takes advantHydsopossidle fard thel RLSFORRASABEPT 89 ypdatiec tHB (VYL

"M Croprocesso Refgrti ' 5 u t ingle "pure" tope is
to be genergt&e'('fa ﬁltlgs%ﬂegg +%<3‘E—ng&fet§bfhé |?g?%r1eggvm@,ﬂ?n A the g?é't eir?flgn
NeENDry; in theaqu,capdited puefop bEchkaahopirions. t Ne LorentPy t1dph Emdnted S
bits. Thus, for each eiﬁght bit address to the table an eight bit output
results. For FFHErEetofde Yerdicad i Bvasbroniizatiomeippal fsptrace: stgaaddondi ng

to a sinewaveiniflated Sthe bosdd ahed dpdativ. Oﬁk-mnﬁaﬁi‘iiﬂfﬂx fhgWye S The
a

process of generating the address 15 for the subsequent value ta Ig is the
repeat ed addi hefagingothe Jrestdoasnsireddy srcessehdangi n begdakinglatstieERR] to

mber. i : 72 Lot tiall v i : _
oot Srer 30 Eeloh el 55, (e 8 bl iy bR M Bl SR

[ERR] i s addethé ceatiinght? thes Woubdidatul) iThe 85t tWaed prografi fdstied 2hat the
‘updating remains ahead of the reading of the sbund data. 1If the
" microprocessor updates the sound data without being synchronized with
" the display, data could_be replaced before being used. Also.this
15 arrangement trEes the software frdm the requirement ot‘being time
synchronized with the sound for updating the data.
| _ AEQEQ.SIGNAL GENERATION
The eight sound data bits representing the audio signal are
shifted in parallel into two four bit counters 46 and 47, shoin in -
20 Pigure 3. These ire commercial counters (Part No. 161). The
counters are_cloéked by the 8mHz clocking signal on line 48.

ij Counting continues in these cokpters until overflow which is sensed
on liné 49, Thus,'it all zeioes nre'placed in the counters, a longer
period of time is required until overflow (approximitelf 32,gec.)

25 whereas overflow can occur as soon as ome cycle of the 8mHz clock if

21l ones are loaded into the counters.



20 The nost significant dight bits are stripped fromthe sum as shown_ by

bl ock 76 and used as an address for the | ook-up table 70. Assune for sake
- of discussion that [ERR] is snmall. Each time this relatively small binary
nuda®r is added to the nunber stored j \_register 72, the nost si gni f i€ént
bits will not change, 25but rather, ™n fous additions are needed for them

Lo ehange. Consequgniioty GpRlboRl 1d1ae0oRdedch) N5 (fhulEcd 0kt 201 € 7O

b}

wi Il be addressed several | and t S m 1 he

| ook-up t alaleewidtinghofiiwhiish Gired avtidtitlion her BAY thiheVbétwear ¥hesl108bng Thi s, of
course, will correspond to a | ow frequency. If, on the other hand, the

i ncrenent 9fERY eight hitsi {atq, therepuntens 46804 147 pRGAVEREIIHOKFED tabl e
will chan r api gl Ok : consecutive
o ght b 1 aTRiGE AR ek e o R R aaEE B B & e e RV
11 wi || Pecgufé aipont loaling o wound clatespurnd the counters.f r &fjuelic gerdemew

ei ght bit soUPd_ tatword is‘a_bt?igyeg W th Sa h additjon re resen&ed by

bl ock 74. *FRet®qf% 48P IRPIATIRLERY PRoF%ire AR Hd QT TH X RFCHPPRY (he
frequency e piifsd @b@s ias Yadicaded by thbetsAuNgg Iddgdads. UDRE plitsens each
frame can easily be calculated during a few scan |Iine periods of the

vertical Ideaskatef duriag] eadd hogrizpntadnseeenmsinemiong| ekghtahbt isondd
nodul ation, .a set, of jahl es, na e ed, Fach,tabl e,  for .insganc of set
07" cont dutd 85t fa, L8 1T 188 4HRB5eed did TSt piien, | pdiaForey,

al | owi ngp pul’sedr frdcgenidiated & EDEFedienty O abpieuinately @2pasoufehsd e

swi t chi ng between sets, envelope control is achieved. Referring to Figure.

7, in the ¥ &bepni.y thiwiRIPFtdpse AoBRRIRALL ofy apBTax3apteln ld, PRz  uplt abl es -
T b B IAT o B P08 E0 b W M s ARLEESERC)| 00P
| ook-up t afddnc8d wifdthi gUhds| of cdliPse), would occur when a larger number is
placed into the counters 46 and 47. The pulse 57, which is shown
15 occurring during a third gweep,'has a width which falis between the
first and second pulses. ' _ | |
The pulses are 1ntegrated using an brd;nary'integrator to
provide the analog signal. The integrator 60 of Pigure 6 receives a
load signal and the overflow signﬁl} the waveforh 61 shown in Figure
20 4 is developed within the integrator 60. Waveform 61 rebresents the
" resultant integration of the pulses shown in Pigure 4.
The three bits of information (bits 37a, 37b and 37¢) from
the interface adapter 55 are used to allow a user to staticaily
control volume. The umplifiérs 63, 64 and 65 are swifched {on or
25 of?) to.permit the outpﬁt amplitude on line 68 fo be controlled.
CALCULATION OF THE SOUND DATA SIGNALS

Sound data from the memory which define the sound waveforms



as containing a sinewave, table 81 an a triangular wave, table 82 asd 4
square wave, and table 83 as a ranp. The process described in conjunction

W th Figure 5 is again used. However, this time (with four sinultaneous
tones -Rgi ng generated) 24 bits, rather than 32, are used. 25 (This is shown
by block. 85 in Figure 7.) Again, an incrdfent shown as [ERR] is added to

the previous sum (bl ack 86).. .The nost _significant _bits are str|pped from
t he gum (b oc?’%f%‘?‘éﬁdkﬁge%"&gea'ﬁciaalr"’ecse S?Brﬁ’t'heu?:’iﬁ Fésw&rﬁbpgit A bit
word within tog t'abkwa3@r ddiRritd® MtRGEShe  $1or3pPsddadol O A ReghetTREeShOWN
within block 87 where a different 5 (or the sane) increnent [ERR] is added

shown at bl ockamsgaganPushats PARGAINDSRY ShegiFed cnellow & usern o mora #erellised

to address | opk-.uj ' Nyl I i r 0 al ues’ '
ncrement o ariijdaehf e Plow dilbidils Yool LhETGREE T (38 Efitrar,
resul tant eisggtie Housd fdatm &nc produdedequstel eapaly afitlasl tae prveessbtaKesocks
80, o 90 and 91 and the nost significant eight bits are stripped fromthis
sum as- shown BEFaHtaER @Zta‘hd@ﬁﬁrﬂfiﬂﬁt?ﬁﬂﬁb!g@mﬁﬁoﬁﬁ $8009hj s process is
repeated for gach Qgc%JLgr?O“”d data words stored within the RAM 11 when
four tones are generated. Once again, the fundanental frequency for each of
the four tones i s deReferrisg toyFigurend, assusactiatWai simgile “Ypiced, tonecsas at
bl ocks 88 and 88, and the haryonic cqQntent is deterni ned by the "shape" .
otored ui thi ntere RORAERIBAr aLEst i 1AOK U, R oL A5 SYed BYUHMaRE,TAEER | n
68000 assenfy MemckygUes tnbOprddiRk Eyiytei 5 ddN Embd et 2HeA Too-up SaRe 4s 20
Wth the above-descri bed sound generati on apparatus, excellent tone control

i s achi eved wR3¢r&upite. 2Fhhs ; Sonf eadh efghth b}t catdress "thdhagtaldespb|aieptor
each Tone) i Ll the | kg bang. TSRt ol RSk oFbla BRedldd o ont
points corresponding to a sinewave. This is illustrated by the
look=up table 70 of Figure 5. The process of generating the'dddfess
15 for the subsequent value table is the repeated'adding of some
ptedeterﬁined number shown in block 74 as ¢o to a number stored
in register 72. Initially, the 32 bit word stored in register 72
may have any'value, for instance; all zeroes. The'increment,
¢g 18 added to it. The resultant sum is restored in register 72.
20 The mbst siznit;cant_eight bits are stripped from the sum as shown
by block 76 and used as an addresslfor the look-up table 70.
Assume for sake of discussion that A ; is small. ﬁach
\,; time this relatively small binary number is added to the number
stored in register 72, the most significant bits will not change,
25but rather,'numerous additions are needed £§r them to change.

Consequently, each of the 256 locatioms in the look-up table 70 will

be addressed several times and the eight bits of data from the
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band whi.ch i s approxi matel'y equal (or better) to the best 25 discernability
of the human ear. The aboVe-described processes are particularly suited for
provi di ng ‘periodi ¢ functions which are harnmonic in nature and -17 -- *
provide a tonal quality representing rmusic, and the |ike. For sounds>€lch
as voice, an "extended" |ook-up buff®r may be used for initially storing a
waveformrepresentative of, for exanple, speech. This is shown as buffer 93
in Figure BeooNna Phie shich srgstored vy e MMk mhllRxny s1omd- f of

practical “R8$088 dékde,beriil cokrbépdda VRVET10W Mriequdnly PE 18] GaCthe dfifarei ght bit
val ues are again obtained by adding sone increnment [ERR] shown in block .95
to a 32 bi kantbr ghesiiperedert, ‘thSt'ég‘%'W tIAT§ehethepesud i) frem ARt bits bei ng

used to adqpsssp! AGEE IS Jnnnielmo&uﬂc!ﬁmﬁanaﬂnes.r 28¢! | thstdaRl, tedbn lgp0k-up in
10 the extended buffer are stored and selected during the horizontal

bl anki ng Jp&b? FIRSCuRY PHEPECBte dtlitt MoRdfctreRsthepf ook tR, taRlas 74 afich a9 ¢ 2,
attached, Gesiedi I tBe NAROIIAWLLY bé (2P2drln6S0RK) s286AADEaErb g8 AGCa kR
i mpl enent | Er:{g the fl ow di agram_of Fi gure 8. DI SK MOTOR SPEED CONTROLLER 15
Most typi cHFPIReneyopf\Pel; SiBhE i tould, fdaty (vard dpsebtaigedouity; pagh de o

mechani sm fa@a1 tloh \depPedel Cedlib§ b13tx 74C ORBEATIbre PELIREPING B0 14 FHeReddf
rotation (speed). Upon fabrication of the disk drive, the speed control

mechani sm 28984 [op |525h £FCl JUQ fraauensy of the tene| 15, Japiedor MY WedsW8Eri eved

at a cerjfplidité alsRd diP1ng each framelfd BEM1DY BDEOGuITLedDfurtlal fdv 86bcDY 2
conputer, and noreover, the notor speed.is varied as a function of the

track bei ngiaeResieds ot the Jertinad HLApk4ng, Prieds ties result. That is, the.
notor turns sl oweto \dbeitat BieveQbije codtral kit {uplEEIdel modulation, » set of v
tables may be used. Each table, for instance, of set 0-7, contains a ~
ginewave with maximum peak to peak wvalue of 2sgr'“°° By allowing a
15 predeternined number of frame interv;ls to pass before switching between
sets, envelope control_;q achieved,
| Referring to Pi;ure 7, in the preiently preferred embodiment, up
to four 25628 fbok-up tables may be used ;1th1n the microprocessor 10.
And, the contents of each look-up table can be user prozranmed and each
20 may be dif!erént. Poi instance, look-up table 80 of Pigure 7 is shown
as containing a sinewave, t;ble 81 as 2 frigngular wave, table 82 as a
square wave, and table 83 as a ranp. The ﬁrocess degcribed in
conjunction with Figure 3 is ageain used. However, this tiﬁe ('ith four
simul taneous tones being generated) 24 bits, rather than 32, are used. y

25 (This is shown by block 85 in Figure 7.) Aqain, an increment shown as A¢) is



radi us) are being used and %aster when the inner tracks (smaller 25 radius)
are being used. In Figure 9, the conputer of Figure 1 is shown as conpuater
97.. A disk dr|ve such as a floppy disk drive and in particular, a d
drive <t or . is also illustrated. LiWgz89 provides the conputer 97 with
pul ses mhich indicate the nmotor speed. In the presently preferred

enbodi nent , n i Dl algh OMafplie h
f1 oppy di sk g?‘?vﬁé%@% ﬁéeg%eae&ggﬁg 5)t heﬁﬁo?%grll % angﬁtgﬁ?}st-g Qre
sl i ppage Occﬂmnv@dnmem lsum (biockn8EX apd] m hhemselddmzr gpr estent the

actual rate of rotat t.h opRY p055|ble th

nar kers or bFP’%‘-’t’PgaW R ﬁ’ét 'Pr@ %us%nft %gguséd c?ﬁf'ﬁ ?1'°§ﬁss
accurate i ndjgajdgeutéed fobeucu HemS&e atlowd mtsp@aﬂoeemvr Ghesé QAL e fdkeaine 100
controls the 10 notor speed. A predet erm ned signal level is used on |ine

100 and the ﬁarcﬂhespew doemanmenn |4® Qeigg»dd?ﬁl@%m shdlepe &onpater 97 to
record the char §r| stsltcsié) Eh& tig gﬁthg fe ‘%Jgg 9‘? %gg knows for
8 19 |P 'f‘h ion of t a

each notor cB8ffket € ra rota
particul ar speed-@omilsni 83l gralhiuﬂyt,hdszmauerstou-he viluds simddunmmtsr 98
Itself need not be calibrated when bei ng manuf actured, and noreover, the

speed cont r oRTAERaREFAted 10 hHiomy IoiPR 1hi AP ¢ 83 a9 83\ cTHes TREYI 1BEded

since the SpQege¥ithObrodCEttS ot 048 (18169 RE! £idedBas Ao :gfomaeis g, om
Figure 9, closed | oop operation .occurs since the conputer senses the

actual notnr 920ambh@3dansh thsrmﬁgsimfée!IEMBytmﬁtISemwédipndtiefcmrmmler 97
exam nes the pul ses 99 nd S fec 1:gllet S ¢hB he e%h%r II cs of
the not or 3\§ﬂeﬁs EPRLR f‘(“iq‘s I%ﬁ: AT ? FSIE O ve: be ore data
switten Orpx'bf:eéﬁr ner &M@HJ I eder 20t seﬁnd\ﬁdafthn&rds stored within
' the RAM 11 when four tones are generated. Once again, the
fundamental frequency for each of the four tones is determined by
15 the increment vhich_ie added, such as at blocks 86 and 88, and the
harmonic content is determined_by the "shape" stored within the
look-up table. | ' |
‘Table I, attached, is a program written in 6800@ assembly
language for 1mp1ementing the flow diagram of Figure_?. '
20 lith the above-described sound generation apparatus,
excellent tone control 1is achieved with up to 24 bits of_"frequency
control” being possible (fof each tone) within the llkhz btnd. This
i_,' permifs ilmpsf 17 nillion dirferent tones to be generated within the
band which is epbroximgtely equal (or better) to the best
25 discernability of the humnn.ear. )
The above-described pfocesses are particularly sulted ter

providing periodic functions which are harmonie in nature and



25 Qbvi ously, other arranggrrents may be used, for instance, the indexing
pulsegwcan be checked periodically, or for that matter, continually. I n
the p ééently preferred enbodi nent, the notor operates at a speed from *
350rpns for the innernost track, to 700rpns for the outer track. - bt

—

OGbviously, the selected range of rate of j4otation will be a function-of the -
radi us of the disk and wll vary, depending 5 upon the particular nmagnetic

charact er i Yro¢8dd®fa k5853 abEMPMEphébentis diisthCard SKe ﬁfiegr epdpousl y
menti oned, during each horizontal blanking period, 8 bits of data are

provi ded t wouhds sswehdas wice; Y Yegtendedlir ook-uprbitZebi nay decugadodored to
the speed qgo ler, 27. In 10 the presently Jjnple tation only six of the
bi ts o nISIELALY eeGitng BorevaiofaPisiiBphntectiR ofrc e viamaly MREE buc
109 in Fi gundslis ahdwh s duster I93Nes Figaseide BHe Wirees NUVZa6UgncBet O Si X

stages of a shift register 102. The six bits fromthe bus 108 are | oaded
into the §iwitsingde BAM (Heapdgfan pragtisaj rensone muninfe gttt & 3eRfals 15 are

| oaded i nt d . I iy ﬁﬁﬁp YBRdi s
counter. T%e'kgg‘t”zp&gag‘gﬁtﬁ?gﬁet e g‘.’?%‘?&é@?%ﬁt e ?Er??a?%gpgétnei?'le&w are

shifted under atéing sohe olncrbnentc| Higkshuynsiyrklock Shcochf X thitewsdd ft rate
f
§

' imtely imz. h i pus, yai t tates involved 20 °
b the oni rTeered; & areieter SH BN she most pERme Pt Mk SRR B E oo ¢ he
regi ster. Tdudressbcadioddianl 8hé wirage oF. t e 1RGPS ok St UBbESLY QnONe

I nput termnal of an exclusive OR gate 104 through |line 103. The output of
the first?sthey@xtendad, bptfen grenstoredcind golected, duripe she tharigontall 04

through |1 gy ehking lbriof i&WEEHY cede i Y ERS dae SPWbhPd ublS.

"pol ynomi al gener ator _ _ _ N
Table 2, attached, contains a program written in 88000

assembly language for 1mp1ement1n§ the flow diagram of Figure 8.
'MOTOR SPEED CONTROLLER | |
1s ' Most typically, fioppi.dgsk drives and other disk drives,
include a mechaniém;for driving the disk at a constant,
predetermined rate of rotation (speed). Upon fabrication of the
disgk drive, the speéd control mechanism is calibrated to assure that
data will be recofded and retrieved at a certiin rate.
20 The: motor _speed may be controlled-by'a
computer, and moreover, thé motor speed is vuried_us a function of
the track be1n§ accessed 8O thit uaiform flux densities result.
That 13; the motor tﬁrns alower.whén the outer tracks (greater
radius) are being used ind tastef when the inner tracks (smaller
25 radiﬁs) are being used.
Ih_rigure 9, the computer of righre 1 is shown as computer

97. A disk drive such as a floppy disk drive and in particular, a



known in the prior art. The gtages of the shift register 102 are al so

coupled to a state detector 106. This detector determ nes when a

predet erm ned binary state is reached within the shift register. Wen this 38
state ™ reached, a signal is coupled owgp,Line 109 to stop the shifting

Wi thin the shift register 102; this signal is used to generate the end of a

pul se in the Sﬁ{n;‘n gner as ed for the 5 sound signal. Referring to

Figure 11, coufit§ g"i e PRECTIni 18 tHEosH ustratadst ekinen29opravitdes cthe) at

t he begi nni ng @dmpRsed 0 &9 Hud ' ' he | eadi dge of a

pul se is generatgg such as e%egii\éﬁgghtﬁgi%gfés'etthg%v\%&i %p |dg'urg'91 " When

~the state det epresentlic prefersedc embadiaept cdeestindedd SindleRing 1666 bmt he

pul se is genergted s as._shown_by traili edge 116 of Figure 12. The
pul ses are i ntgﬁger gtog%}c&’/'etﬁse&?ntgb'%/é}ﬂ”lfagﬁn‘ggt'ﬁé' rdgred Areskeyed tan
line 100 is dIStitk mOt6PHubY| add@hePard s0ipgage sa8ws %ﬁaeeﬁéutﬂeﬂytﬂaaaﬂﬁéx

L
The 6 bits placed within the shift register 102 wll always 15 reach the
state det ect edPhBeShEReRSELRes FePIREeRdf $he ackuak matef ot yolkatiom pontle sweep.

In practice, the Sta i d ' the first 40psec. of the
appr oxi mat el y ??F@% &%é%yui #%Bﬁftg?&%;é or |1I£'?)%t aﬁhegv\%"ér ST¥e ﬁ’gﬁ PAcitiw: iz
sweeps are usetirdmrtheatiskspsed fcoay hel ud ot dhtadn diisecusatdAa@ici166C0E he

presently preferred enbodi nent enploys 370 total scan lines which is evenly
Zoe gbend

di stributed by*i%hdiREfRESEr e sentxolggignal ga Hae 10QIconsrolmthe
sweep. (Theid | B8tdt0BSEH ASSRetiihed bikdaiC1dvd1e ! b fogung 11

I s sl ow enough that g conti nuous Ssi gr?al {ken'tsaul %ési%ngﬁia‘%%dlé%ﬁ&fhgbrggngul se
wi dt h gener at ethd @otenireed sehmsed Joms\idee s eThiis allbéwsehe acdmpapes d7Cqot I Ol

vahue is "dit h%ceo d \t:!(x)e %Elg}q.c eer?ét?féss%tviﬁleuggtorlz%rs. That is, the compu;:er'

knows for each motor connected to it, the rate of rotation of the

- motor for a particular speed control signal. In this manner, the
15 disk drive motor 98 itself need not be calibrated when being
mgnufactured. and moreover, the.sﬁéed control mechanism normally
used within the disk drive is not'needed.since the épeed control
occurs from the computer 98. As.is.apparent from.Figure 9; closed
loop qperation occurs since the computer 97 senses the actual motor
20 speed'on line 99, |
| As currently.ihﬁlemepte&, the computer 97 examines the
pulses 99 and, in effect, determines the characteristics of the
motor 98 when a new disk is placed within the disk drive, before
data is written of if errors ocqurred on reading or writing.
25 Obvidusly. othér arrangements_may:be_used, for.instance, the
1ndex1ng pulées can be checked periodicaily, or for that matter,

continually.



- 21 - instance, assunme that a value corresponding to 6.5 is required on
line 100. Referring to Figure 12, for the 10 sweeps used to define this .
.value, the first would have the vaI ue 6, the second the value 7, and_ﬂso on *
for the 10 sweeps. This would cause the trailing edge 5 116, of the pw#Ses
to vary between the values 6 and 7. Af Lq?bel ng integrated, however, ‘the

val ue on line 100 would correspond to 6 By distributing the values and

permitting the pul 38 ¢he PRéEsdHE16UpFISrEEE chiBoSVIRARS L dotor AL ath .
speed control nunber, very accurate control occurs. Control accuracy beyond

the 6 bits lsospesd foon r&sarm foki the dppexmast Eraciht & 7®@rpms rLorrhther esent
realization 400 | s .or RR] ,bits, are achi eved. Attached Table
3, is the pr°88?€1 rﬁgg ?"Wé‘ySp%% %bﬁﬁe& raR%e Ofefrten° 68%%%%68{&1

| anguage. TlpydSa AihcitidH @\tedbaaaawé WY beé diseNadieseil baGy! NddpeRifg t S 15
bot h sound generati on and notor eed control in a floppy disk drive, or

the |i.ke. 3 WPeRrtheo PREHEUART Mne EHRTAHSTEE Bt G RT NEhe gBetey 3nd (the ded
out of the presesy t8PPdsigkat i on there is described an apparatus for
generating a speed control signal for a disk drive in a conputer system
whi ch i'ncludes a mAsrmﬁoesbomeantbmedr.aMaemswmyl(Wwys;nand

provi des a video. sig raster ed spl a r| Si

addr essi ng REAAR ‘forgg+sr é’gt 1’%“38‘583%’7"3335‘? \ egé rﬁ%éﬁ Fff)r?rsbgf’ﬁ sai d RAM
when sai d ViF@@réignaha isS bibs areOpidaidleal wlﬁekbﬁmpe&ﬁfhw Nl 1n
permtting said mcroprocessor to wite new data into said | ocations when

sai d vi del® sihgnafesentin iapbﬁmaﬁgc’pe?nilﬁdﬂ%aﬁfdtwdﬂ-éssﬁmgkmm bee ng
g(r)lgpl ed to Saleq 5A Mspeecy con%rol. a%e f'b(ers Onvﬁ(xts p&eqag.g tIurso%Qg 6}. Flgucraet ! Qns
10 and these six lines from the bus are shown coupled to six stages
of a shift register 102. The six bits from the bus 108 are loaded
into the six stages of the register 102 when the sound data signals
15 are loaded into the sound counters 2,
Pigure 10 1mp1ements a polynomial counter. The data placed
into the six stages of the shift rggister 102 are shifted ﬁnder the .
control of a clocking sigﬁal. Thé effective shift rate is _
approximately 1mHz. Because of the various waiting states involved
20 .1n the shift register, the 8mHz clocking signal is actually coupled
to the register. The output of the last stage of the register is
coupled_to one input terminal of an exclusive OR gate 104 through
line 103. The outpﬁt of the first stage is cbupled to the other
input terminai of the gaté 104 through ling 105. This arrangement
25 provides for counting in the "polynomial generator" in a manner
known in the prior art. The stages.of the shift register 102 are

also coupled to a state detector 106. This detector determines when



<

accessed by said addressing n%ans to said speed control signal; whereby
sai d speed control signal is provided without interference wth said video

si gnal . TABLE | This code is executed every 16 sec at the vertical 40
retra&e'lnterrupt It conputes the 370 vg%:es for the next sweep. MOVEM L
[ ERR] - ; get sound parans into r sters 5 MOVE. L

A6) , D2- D7/ AO- A 0| nt_t t SoundBase, A6
(ac% ual 'y, poi nfi’rﬁaﬁemu?%tb&nr Ee fax Cﬁiﬁthe shift registery
up nmask in hlgﬂhqaathisﬂstEﬂehﬂBVEéached#Za d&SBi1 is coupled over line;1dd koOuter
| oop counter MOVE #185, - ( SP) ;loop 185 times (half the

buffer) 10 ;| oB¥Proftke shatting widhin H’»Ee:#’(}f\?a?%tesm. nghtdwimlefisr nsed
val ues for eac{‘b \ﬁghgﬁéowléﬁgpo%.p%\ise gz the same manner as ses f? eQém ce 1

summi ng regi ster (not the rrask)
ADD. L D4, Ob sound signal. ;conpute voice 2 15 ADD L D6, D7
; conput e voi ce 3 ADD.

into DI MOVE. L D5, eﬁﬁﬁb"g“ g Figyre 11, °°““5‘:*0"r93gﬁ§ s if“ﬁﬁ& E‘f"\tliglt(zzg .

SWAP DO register 102 of MYArei 165 aibtwel bbEMiniEg 6f AdckRordPontal sweep.
,  ookup -in waveform tables ADD.W DO Dl ;add it in ;add voice

3 into D; MOVEAt thdd timezrSthe leading edg@\NIZ b puldle mgenerated such qsmdke of f
high bits 115 of the pulse shown in Pigure 12. When the state detector 108
10 detepts the predetermined state, the end of the pulse is generated
such as shown by trailing édge 116 of Figure 12. The pulses are’
\.; ' integrated by the integrator 114 and the'resultant signal on line

100 is used to control the s_peed 6!_ the motor in an ordinary manner.

The 6 bits placed within the shift register 102 will always
15 reach the state detect_ed by the detector 106 .before_ the end of each
| horizontal .sweep.' In practice, the state will be def:ected during.
the first 40usec. of the approximately 44usec. required for each
horizontal sweep.
Ten horizontal sweeps are used for each speed _control
‘20 setting. This is chosen since the presently pretérred embodiment
' employs 370 total scan line_s which is evenly distributed by 10.

k/ S | Noﬁetheless. 2 pulse is generated for each horizontal sweep. (The
time constant associated with the integrator 114 of Pigure 1l is
slow enough that a coantinuous signal results on line 100.) The

25 'pulse width ge_nerated for each of the 10 sweeps used to define each

speed control value is "dithered" to provide precise_values. For



SWAP DO -use bits 16-23 MOVE.B O A4, DO, DO

;1 ookup in waveformtable ADD.W DO D ;add it in;add voi ce 4
into D 30 MOVE. L Al. DO AND. L D1, DO , mask=of f
hi gh bifjs SWAP DO ;use bits 16-23 MOVE. B QAS DO ,

; | ookup in waveformtable ADD. W DODl ;add it in 35

- 21
; updat e the DVA sound buffer with the new val ue LSR W #2, D1

; di vide by 4@ostanvest asslgm thcart vbltes)cob%dﬁdiﬁ} 10A\8)5 is required, ot it
in the buffer AD%Q bunp buffer pointer ;1 oop for
hal f the val ddge Ref%?f*(’BPP Figure 12, f%mw%tsweeMtdem dgfine

SoundLoop I“QOptﬂé gy I fer
MOVE. L Soundbas o~ ihes gofﬁfﬂtﬁg1g?§v§03?@gvﬁ pe. e EL“%&fsE'?? gﬁ;ﬂ'g

;reset the c@unerd QQUBQ for #he 2lcRyeeps. Thig d@nlémﬁéesﬂmrﬁdatﬁu edgdNE. 8
SoundLoop

0 al | .done te und abl e
restore regsi oter et zfrl]‘g g&e)]f%érsn dpﬂ. ?g“fd S Vi1us %ﬁb" g?’
: pop of f Ioop.ncemﬁu’d.l\/ﬂﬁvler,&umdﬂﬁe% line 1ongﬂu1hahbﬁ:e’#$é585€o ADBQ
#2 A6 MOVEM L D2- D7/ AO-Al, (A6) ;save back the sound registers MOVEM L
(SP) +, DO D7/ RS Abst1idytink thel Falues PRd)iRorBitting the pulse dithering during

the 10 sweeps used to define each speed control number, very
accurate control occurs. Control accuracy beyond the 6 bits loaded

10 into the shift register is obtained. In the present realization 400

unique levels or (4°°)b1te are achieved. )
log (2)

Attached as Table 3, is the program used for the speed
control, written in 68000 issembly language.

Thus. an 1mproved apparatus has been deecribed that permits
15 both sound generation and motor speed control in a floppy disk
drive, or the like.

In our co-pending U.K.'pafent application No. 8527978, divided
out of the present application there is described an apparatus for
generating 2 speed control signal for a disk drive in a computer system
which includes a microprocessor and a random-access memory - (RAM), and
provides a video signal for a raster scanned display, comprising:

addreesing means for direcfly accessing predetermined locations
in said RAM when said video signal is in a herizontal blanking period and
for permitting said microprocessor to write new data into said locations
when said video signal is in a blanking period, said addressing means
being coupled to said RAM; _ -

waveform means for converting data from said locations and
accessed by said addressing means to said speed control signal;

whersby said speed control signal is provided without
1nterference with said video signal.



&
TABLE 2 MOVE.L SoundBase, A2 ; get sound base address ADD. W

#64, A2 - .start 32 bytes in LEA 676(A2), Ad 42
; conpute the _end address CLR W -(SP) ;flag pass 1 5+
MOVE \#337, D2 ;338 bytes to nove in 1st -hal f ; OK, now that
we have everything set up, start the maQploop to fill the buffer MOVE. B
(A), (A2) o ;nmove it into the DVA buffer ADDQ #2, A2
;bunmp to next location 10 ADD. L D, D3 ; bunp
cumul ative i ndex SWAP D3 . ;get high part in |low
territory ADD. W D3, Al ; bunp to next entry (maybe) ADD. W
D3, DO ;accunul ative nunbDone CLR W D3
,reset .integer part 15 SWAP D3 pppre - ,restore D3
; have we exhausted our request’> CWVP. L AL A ; past the end
of the buffer? folat ; $& 0 |t TABLE 3
Routine: - Sapmnsme HatEERae, et e iy o
nunber speed sheul d be set for Drive |nput) -- current d| sk drive 5
TrkspecdTol (1) - SRRMLCOHS AbAAGE O T Oyl iolls Wb socd SEBHCL
0, or SpdChgTinme if bicCadubinig ] a8 .pointﬁ:&@& b Ol 1er than
70,A ;actually, point halfwa nto it
AC-A2, DO D.2 are pr 95333’359 . #s_OOPPOOOO._Dl ;set up maz 1: hj.:h ;J: of D1
"~ MOVE - #2,-(SP) ' ;init outer loop counter
UOVE #185,-(8P) ;loop 185 times (half the buffer)
10 ;loop once for half of the 370 values, summing the waveform values for each voice_
Loy SoundLoop ) _
N~ CLR.¥ D1 ;clear out summing register (not the mask)
ADD.L  D2,D3 ;compute voice 1 '
~ ADD.L D4,DS ;jcompute voice 2
15 ADD.L. D6,D7 ;compute voice 3
ADD.L  A0,Al jcompute voice 4
;map voice 1 into D1
MOVE.L D5,D0 _
AND.L D1,DO ;mask off high bits
20 SWAP DO ;use bits 16-23
MOVE.B 0(A3,D0),DO ;lookup in waveform tables
ADD.¥ DO,D1 _ ;add it in
;add voice 3 into D;
' MOVE.L D7,D0 :
25 AND.L D1,DO - ;mask off high bits
. SWAP DO ;use bits 18-23
MOVE.B 0(A4,D0),DO ;lookup in waveform table
ADD.¥  DO,D1 ;add it in
v ;add voice 4 into D1
~— 30 . MOVE.L A1,DO '
’ AND.L D1,DO ;mask off high bits
SWAP Do ;use bits 16-23
MOVE.B O0O(A5,D0),DO ;lookup in waveform table
ADD.¥  DO,D1 ;add it in

35 ;update the DMA sound buffer with the new value

LSR.¥ #2,D1 ;divide by 4(use most significant bits)
' MOVE.B D1,(A8) ;put it in the buffer
ADDQ #2, A6 ;bump buffer pointer



; Cal | ed By: (Set Speed): Seek, RAPower ; ' ( Set ASpeed) :
MakeSpdTbl 10 ; Functi on: This routine determ nes the correct speed
val uef@r Track and sets up the PWM magory buffer to ; L R
produce the desired output. The val ue &-Vait is set to SpdChgTi- e it he -
speed is changed. O ; ot herwi se. The TrkSpeedTbl fCM
current drive 15 is used. The drive enable is-not
changed, Just the PWM buffer in nmenory. SetASpeed is an alternate entry

poi nt which sinply sets the pwm buffer according to a speed code in D2. 20
Set Speed ;BSEp Por GRLPItEL values = ; set up D. A MOVE.W D6, D2

; speed class is énlégt t[,iac(lépglunbe(rj LS‘R;.%N{P #4, Dgnqeg 4 d; didvi ded by
16 LSL.W  #3, D2 ’ - adj us¥ ? a¥egngwor d word i ndex 25 :
. ADD.W Di,D2  D°NE-3 Soundloopy driv'el“s’f)é:g? itgg’"%ffset MOVE. W Tr kSpeedTbl
"(Al, D2) , DZnow do the semwindibadfSqroele Wetfered ADD. W O f Speed(Al,D1), 2 '

; add incan adju tGwat.ch max, min)_ 30 : BSL.S @
* don't go bel ome%ﬁ‘_’gbimf%z ;2:?2&:1{@, TtASOWST BIE S 03 MOVE. W

#399, D2 SUBQ doA1i2(§B) above 3?@3&'!0393!900& coudith®. W PWWal ue, DO
. are we at that ¥FeRd25eseler o4 iloop Bl dose . i speed is invalid,
vai t powver-oR( ali ndnbDdpaiVe BYdddNtibIe( Aleptd?@ Highsters & return to caller
10 ~ ADDQ  #4,8P ; 122 1
MOVE.L SoundPir,A6 ;g:: :;bxe°:5¢§§::t°'

ADDQ #2,A6
MOVEM.L D2-D7/A0-Al,(A8) ;save back the sound registers

MOVEM.L (SP)+,D0O-D7/A0-A6 ;restore caller's registers



40 04 SUB.W D2, DO BEQS GetDrvl . if so, just exit

BPL.S 05 NEG W DO ' , positive speed difference 05

LSL. Ww-#QDO ; mJItlpIy by 32 to get speed settle 45 tine

CKP W,_ . SpdchgTi me( Al ), DO ; m ni num wa\gA_tlms for speed change BGI:S 06 44
\/\\7‘SpdChgT| me(Al ), D 06 Wait(Al), DO :~add in

'current “Waikt time 50 CNP.W Pw OnTi me(Al ), DO-. BLT.S #7 MOVE. W

Pwr OnTi ne( Al ), DO 07 MOVE. W DO, Wait (Al) ; Set ASpeed is an alternate

entry point which sinply sets up the speed code 5 in D2 Set ASpeed MOVE. W
D2, P\\Wal ue , note the speed for fuhsuee2reference MOVEM L

D3- D8/ A2, - (SP) . preserve A2-A7, D3-D7 SUB.W #399, D2 ;
invert it (for sony) 10 NEG W D2 EXT.L D2 ' nmake
it along . . . DI\:/U?L da ; remai nder in high vvord I\/D\/EQ
#11, DO 01 . - MOV DC2° ase, "e g]! pﬁs’@d‘%FEﬁa
! DU. W
MOVE. B DCD3 © LEA 373(@3 54 bl t O LSFﬁ put ,. g DO D3
CLR.W =(SP) ' ;flag pass 1
5 HOVE #337,D2 3338 bytes to move in 1lst half .
;O0K, now that we have everything set up, start the main loop to fill the
buffer _
MOVE.B  (A1),(A2) * ;move 1t into the DMA buffer
~ ADDQ #2,A2 ) sbump to next location
10 ADD.L,  D1,D3 ;bump cumulative index
8S¥AP D3 ;get high part in low territory
# ) . ADD.¥W D3,Al o ;bunp to next entry (maybe)
\—l ‘ADD. W D3,D0 ;accumulative numDone
o . CLR.% D3 ireset integer part
15 SWAP D3 . ;restore D3 _

;have we exhausted our request?

CMP.L  Al,A3 ;past the end of the buffer?
DBLE &= D2,Interpolate - 312 so, stop it



LSR B #1, D3 . new bit 5 ->cy BOC.S 02 20 / BSET

#5, DO DBRA D2, 01 SWAP D2 _ _ remai nder - det er m nes )
dither MOVE.B DitherThl (D2),DS ; ~rf2Bd-10 bi ts fromdither table ASE >
-D5 25 : MOVE. B D|therTbI+I(D2) D5 ; get 2 bits from next ( :
_ dPWBuUf MOVEQ  #36, D3 ; big Ioop goes 37 tines LEA
' PVWBufferAO ; fill up PWM buffer (37x| O=370bytes) 30 MOVE. L
PWBUf 2, A2 . in case of alternaf4BLB ¥ fer 1 MOVE. Q #9, D2
; i-nner Ioop goes 10 tinmes MOVE.W D5, D4 dither pattern 02
LSL. W #l, , carry bit = 1 means use higher value BCC. 8
03 35 E. B ; use higher value BRA.S 04 03
MOVE. B DL, Dt‘a'?ﬁﬁft, [%‘;p?‘fi" geyTELTraal Wiy spesa WEUER B 0 £42) ADDQ
#2, AO ; ; ever r@tehel(i lna |s-s=0urnhsdm drie

#2, A2 DBRA : 'D2, 02 DBRA T"‘S!Bs N1 IgPe ‘!1|36F curren
H Yait
save convent} ons Set SpdExde 1,,43 oth EH \io § ’fz}g ;33:: b%;“g
; used to dither the speed ¥sa ug)s egek X'P Byte $OO $20, $21, $24, $94 . Byte
peed): See ower _
$AA, $B5, $B7, WB $FRY 340, Tagpocd): MaReSpdTHL
10 .Punction This routine determines the correct speed value

. for Track and sets up the P¥WM memory buffer to

" produce the desired output. The value of Wait 1is

. set to SpdChgTime if the speed is changed. O

otherwise. The TrkSpeedThl for the current drive
. 1is used.  The drive enable is not changed, just the

PRYM bu!!er in memory.

15

-. SetASpeed 1s an alternate entry point vhich simply \
gets the pwm buffer according to a speed code in D2. W

[IRTRE YR YETRE TR TN TR YR P

20 Set Speed
BSR.S GetDrvl
MOVE.W D6,D2
_ LSR.¥ #4 ,D2
~ LSL.W #3,D2
25 ADD.¥W D1, D2

set up D1l.Al

speed class is Just track anumber
divided by 186 . . .

adjust to double-longword word 1ndex

“e we ms we wo

add drive specific offset
MOVE.¥ TrkSpeedTbl
{Al1,D2),D2 ; get the speed we need

ADD.¥ 0118peed(A1,D1),
2 : add 1in an adjustment (wutch max,min)

we wy

30 BSL.S8 a2 don't go below O
MOVEQ #0,D2
Q2 CNP.¥ #399,D2
BLE.S @3 .
MOVE.W #399,D2 ; don't go above 399
35 @3 MOVE.¥ PWMValue,DO ; are we at that speed? :
BPL.S a4 ; 1f speed is invalid, wait power-on
time
MOVE.W PwrOnTime(Al),DO \
BRA.S @6 \_}
40 @4 SUB.¥ D2,DO
BEQ.S GetDrvl ;3 1f 80, Just exit '
BPL.S @5
NEG.¥ DO ) ; positive speed difference
a5 LSL.W #5,D0 ;: multiply by 32 to get speed settle
45 time
‘ : CNP.¥ SpdChgTime(Al),DO ; minimum wait time for speed change
BGT.S @6 :
MOVE.¥ SpdChgTime(Al),D) _
() ADD.¥ Wait(Al),DO ; add in current wait time

50 CMP.¥ PwrOnTime(Al) ,DO



CLAI M5 1. An apparatus for generating an analog audio signal in a

: corrputer system whi ch includes a m Cropr oegpssor and a random access rrem)ry
(‘RAM ,~and provides a video signal for a raster scanned display conprlél.,ng
5 < . .. addressing neans for di rectly accessing predeterm ned

| ocations in said RAM when said video signal is in a horizontal blanking
period and for permitting said mcroprocessor to wite new data into said
| ocati ons when sai d viggece Segnal is in a blanking period, said addressing
means bei ng coupl ed 1MvE.¥ Perondisk(RYVDOWaAvVef or m neans for converti ng 'data
fromsaid | ocat®ons HYEH BRIt ) sai d addressing means to said anal og
audi o signal; WegtsB¥ed dk GnaaitePnsteJlitlry i fo1Rf QUL SL1dd y Seditd P/ spbedl Bode
system 2. 5 'IllneD'dappar atus defined by claim1 wherein said wavef orm neans
conpri ses: gi%&ﬁ nto which said data is | oaded fromsaid 20

| ocati ons of sal ovicw dpg Iwia¥QecouNt i;ng,,@’t tie Bp&edC& Fadied Ferbfendbl €
said data is | oaded; poYB!éa 02196/ &2.i-0SP)reanspresesyd 82470 BBADYU counter for

initiating a pul se §a| i)&ﬁowt er is | Qagnevdggniq Fpor' ng iai d pul se when

sai d count.eggoverf| OVﬁgsill dp se gener at i’on Teans oupled to said
counter. 3. The apparatus _defined by claim2 including int egratlon means

for int egratl ng said Ees#ﬁ 89 sai d pul s:e"’zﬁqémt l%ﬁiﬁ?a

MOVEQ #11,D0

Q1 MOVE.B DO,D1 ; main speed value
15 . MOVE.B DO,D3 : save bit 0
LSR.B #1, DO H
.. © ~ EOR.B DO,D3 -_
o7 : LSR.B #1, D3 ; new bit § => ¢y
\— "~ BCC.S @2 _
20 _ BSET #5, DO
DBRA D2,01
SWAP p2 ; remainder determines dither
MOVE.B DitherTbl(D2),D5 ; need 10 bits from dither table
ASL #8.D5
25, MOVE.B DitherTb1+1(nz),D5 ; get’2 bits from next one
LoadPlanf
MOVEQ #36,D3 ; big loop goes 37 times
LEA PWMBuffer,b A0 ; £111 up PWM buffer
: (37x10=370bytes)
30 MOVE.L PWMBuf2,A2 ; in case of alternate buffer
a1 MOVE.Q #9,D2 ; inner loop goes 10 times
MOVE.W D5,D4 ; dither pattera
Q2 LSL.W #1,D4 ; carry bit = 1 means use higher value
_ BCC.8 @3
35 MOVE.B DO,D8 : use higher value
BRA.S Q4 :
P Q3 - MOVE.B D1,D8 ; use main value
W, o4 MOVE.B D8,(A2)
. ADDQ #2,A0 ; every other byte is sound stuff
40 ADDQ #2,A2

DBRA  D2,02
DBRA  D3,Ql

MOVEM.L (SP)+,D3-D8/A2 ; observe reg save conventions
SetSpdExit BRA  GetDrv 1.
45 DitherTbl . .3 used to dither the speed values evenly

.Byte $00,%20,%$21,%24,%94
’Byte SM.335p$37. 573.5??.3401300



4. The apparatus defined by claim1 or 3, wherein said hori zont al
bl ankiﬁng occurs at a frequency of approxi mately 22,000 Hz. T
S

he
appar defined by claim4 wherein vertical m
frequency of approximtely 50 Hz. 6. é_?e appar a Ia| M
i ncl udi ng additional 5 wavef orm means{for con wﬁL\ ‘

| ocati ons and accessed by sai d addressi ng neans | eontrQI
signal. for a disk drive. 7. An apparatus for generati ng an anal og audl o]
signal 10 in a conputer system which includes a m croprocessor and a

random access nenory (RAM, and prdduAdMS a video signal for a raster
scanned di splay, conprising: a first counter for providing a digital count
representative of said video signal timng for said 15 di splay; first
address mul tipl exi ng-nmeafd IAFRrTYEpTITEPEARtLNg #1 FarlworHstiorsienrtai d first

counter as an addregs 4 @ofglitdr Ry uhe@stinﬂnwwga Aidteptdc@Bss ahdie
hori zont al bl anki ng SPEL] od of said vi d?‘s)%@ g%% sai.d first addﬁ%ESﬁ. means
on

20 - coupled to said TASERT R POPHM RRFVEERS m PR 8 ans

~for coupling said diegraster cwanted displspiapmprisdtgrount er . as an address to
said RAM durigg periods ‘A’Q&‘z‘és?.?ﬁ %né(érQePoxsHﬂf&'tl%%c@ééé‘ih&“d%gdéﬁm{ﬁ’éﬁt ion for.

presentation on said display c? dress signals from
sai d m ciopr ocessor 1PERtENY iRA%H’ét Rﬂ"b&%ﬁ" &8+d NéIgRorigehsisin (4 Borigrptaly)
bl anki ng period; waweérdify FRRDSd @A \RRE! da1itithg daiermitasghobBéddoadey essed

write new data into said locations when said video signal is
in a blanklng period, said addr=sslng means being coupled
10 to said RAM: _ o/
waveform meahs for converting data from said locations
and accessed by said addressihg means to said analog audio
signal;
whereby said audio signal is-prnvideq by said computer
15 system.

2. The apparatus defined by claim 1 wherein said waveform
means comprises: .
a counter into which said data is loaded from said -
20 locations of said RAM, said counter counting at a predetermined
rate after said datz is loaded;
pulse genération means, coupled to said counter for
initiating a pulse when said counter is loaded and ending v
said pulse when said counter overflows said pulse generation
25 means coupled to said counter.

3. The apparatus defined by claim 2 including integration
means for integrating said pulses frum ‘'said pulse

aeneration means.

L, The apparatus definsd by claim 1 or 3, wherein said
harizontal blanking accurs at a frequency of approximately
22,000 Hz.



s

during said horizonta

audi o signal.

30 8.

blanking period by said first counter to said anal og
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of 4 di¥endom access menory (RAM) and provides a

aster
7. - An apparatus for generating an analog audio signal
in 2 computer system which includes a microprocessor and
a random-access memory (RAM), and provides a video signal for
a raster scannad display, comprising:

a first counter for praoviding a digital count
representative of said video signal timing for said
display; |

first address multiplexing means for coupling said‘
digital count from said first counter as an address to said
RAM at least during a portion of the horizontal blanking
period of said video signal, said first address means
coupled to said counter and RAM;

second address multiplexing means for coupling said
digital count from said first counter as an address to said
RAM during periods when said viden signal is previding
information for presentation on said display and for coppling
address signals from said microprocessor to said RAM at
least during portions of the vertical blanking period;

waveform means converting data from said RAM addressed
during said horizontal blanking period by said first counter
.to said analog audio signal.

8. The apparatus cdefined by claim 7 wherein said waveform

means comprises; .
a second counter into which said data is loadsd from
said RAM, said counter counting at a predetermined rate after

" said data is loaded.

$8



25 scanned di splay conprising the steps of: accessing said RAM during
horiz ntal blanking periods to obtain data signals representative of said _
audi ignal ; converting said data signals into updating
sai d data si gnal s representative of sai€dZ89- 1““'@" IH" l’ﬂﬂ:@"ng &e-
vertical blanking periods; whereby said audi o sigral ¢i stpriovisded wi t
Interference with said video signal . 14. The net hod defined by cra|n113
wherein said nicroprocessor 35 provi des said data signals representative
of said audi o signal r edet, erm ned, hunber, to a stored
nurmber; (b) using the rmﬂ"l%ﬁ 6%?'?‘?85;?!?’“5? & CRPlef et ?Ijr‘{;?%r'\do‘é%’rt" Bhin a

| ook-up table; (c) stoorimigistingsaipubse sberd saiubmedntarnbsarlaedecsam:p(a) 5

(d) placing said dat Joly IFS [ d RAM

wher eby t he fundanene?’d?ﬁgrgrgg%%grr’{féy &Lgf}dﬁgéﬁ é@mtg c{algpﬂ%%nctlon of

sai d predeterm ned rﬁ?ﬁﬁéf“laﬁcﬂeﬂﬁ'éaqiaﬁ‘ MgATT bedrg EH‘EF%GF’ %Fﬁ““&ﬁd?‘ﬁ‘"§?§nal is
a function of thhe 10 contents of said | ook- up tabl e.” The net hod
defined by claim14 r edet er ed, nu d ed t ored
nunbers, and the re tan ﬁﬁ%tu&r‘gwgfg%ﬂ bysc a&?;’a iiB"ﬁg‘& r%“%'c’)?!ﬁ?%%:

tabl es; and where 15neans tfioe intsgrashigmisraidanﬂseﬁ tfsmmfsatdh@uéeﬁngehemtmfrom

.said N | ook-up tabl g,gapevi des said data signal representative of said audio
signal . 16. An apparatus for generating an anal og audio signal in

10 10. The apparatus defined by claims 7 or 9 wherein said

hc:izantal blanking occurs at a frequency of approximately
22,000 Hz. o/

11. The epparatus defined by claim 10 wherein said vertical
15 blanking pccurs at a Frequency of approximately 60 Hz.

12, The'eppa:atue defined by claim 7 including an additional
waveform means for converting dsta from said RAM, addressed
during'seid horizontal blanking period by said first

20 counter, to 2 speed control signal for a disk drive.

13. A method for generating an analog audio signal in a
comﬁuter system which includes a microprocessor and'a'randum-
access memory (RAM) and provides a video signal for a raster
25 scanned display comprising the steps of: N
accessing said RAM during horizontal blanking periods
ta obtain data signals :epresentative of said sudio signal;
converting said data signals into said audio signal;
updating said data signals representative of said
30  audio signals during vertical blanking periods;
whereby said audio signal is provided without interference
~ with said video signal. |

14, The method defined by claim 13 wherein said microprocessor
35  provides said data signals representative of said audic signal
by: ' '



20 a conputer system which includes a m croproc and a random access
menory (RAM), and provides a video signal for a ramw

Ztrjg\?\:ﬁ\gét a|2!5y as herél nbefore described with refererﬁ"l’,ﬁ”mw’lmﬁﬂﬁ)anyl ng 5

(a) adding a predeternined number to a stored number°
(b) using the most significant bits of the sum as a
location in 3 look-up table;
(c) storing the sum as said stored number of step(a);
5 (d) placing said data signals from said look-up table
into said RAM, ‘
whereby the fundamental frequency of said audio
signal is a function of said predetermined number and the
harmonic content of said audio signal is a function of the
10 contents of said look-up table.

" 15. The method defined by claim l& wherein predetermined
numbers are added to N stored numbers, and the resultant
N sums are used as 1ocatinns in N look-up tables; and where
15 the most significant bits of the sum of data from said N look-up
table provides said data signal representative of said audio
signal.

16. An apparatus for generating an analog audio signal in
20 a computer system which includes a microprocessor and a

random-access memory (RAM), and provides a video signal

for a raster scanned display, substantially as hereinbefore

described with reference to the accompanying drawings.

25




