Dl SK SPEED CONTROL APPARATUS FOR USE W TH COWPUTER SYSTEMS BACKGROUND OF
THE ENTI ON 5 1. Field of the Invention. The invention relates to a
co }\r systen1mh|ch i ncl udes. a .di sk speed control apparatQﬁ e% "6'

Ar ft. Typically, in floppy disk drives, sone m&& &ﬁ mis

enp ed to drive the floppy disk notor at a constant speed. Wen the .
floppy disk drive is manufactured, certain calibration steps are often used
to assure that the floppy disk drive runs at a predeterm ned rate of
rotation. 15 This required, in.agdition to the calibration steps,
relatively costly speed control nechanisns. Further, it has been suggested

be 20 © " obt ai ned i PrEheFER W@ig%ﬂ?gf#?@ﬁ@% iR Epurlrell, s TV
required that the rat n of the

radi us of the parti gibRErRdUNBCHE BRE NGiveRERIsed. SUMVARY OF THE | NVENTI ON 25
According to the present tnventronm there 15 provided an apparatus for

generating a speed control signal for a disk drive in a conputer system
whi ch includes a m qopfisldssdrthenthvent bardom access menory (RAM, and

provides a video si gnal nflnfedtish fe1a680 5% HoABlELE silben wien®OTPT [ TG

addressing nmeans for direct essin determned 1ocations in said RAM
when said video sigri@rludes g @%Fﬂ%gnt:%ﬂtrﬁﬂ-aﬁﬂﬂaﬁgtl&erl od and for
permtting said mcroprocessor to wite new data into

2. Prior Art.

10 Typically, in floppy disk drives, some mechanism is
employed to drive the floppy disk motor at a constant speed.
when the floppy disk drive is manufactured, certain
calibration sfeps are often used to assure that the floppy
disk drive runs at a predetermined rate of rotation.

15 This required, in addition to the calibration steps,
relatively costly speed control mechanisms.

Further, it has been suggested in the prior art that
better utilization of floppy disks or other disks can be

20 obtained if uniform flux density transitions are used.
This required that the rate of rotation of the disk be
made a function of the radius of the particular track
being accessed.

SUMMARY OF THE INVENTION

25 According to the present invention there is provided
an apparatus for generating a 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,

30 comprising addressing means for directly accessing
predetermined locations in said RAM when said video
signal is in a horizontal blanking period and for
permitting said microprocessor to write new data into
‘said locations when said video signal is in a blanking

35



sai d addressi ng neans being coupled to said RAM wavef orm neans for
converting data fromsaid | ocations and accessed by said addre55|ng

to said speed control signal; whereby said speed control signal is
provi ded w t hout interference with said video signal . As mnll be seen, in

t he present invention, the conputer is used to sense the rate of rotation
of the 10 di sk drive and then provides a control signal to adjust the
disk drive's rate of rotation This elinigpates .the prior art calibration and
also the prior art's speed control mechanism 15 BRI EF DESCRI PTI ON OF

THE NGS Figure 1 ipepidy, 0§é<1ddia@tﬁfzﬁzﬂr@c m@arﬁoﬁﬁlﬁbeéouEY&LQH‘ sﬁ'dgur e 2is
atim g di agram used t descrlb

signal s representative sot’fﬁ\ﬁe e %%s@@chB%itnﬁed%ﬂl\}%stﬂ s at
whi ch they are updat ed ilocatien®4ivd acopssed Byisaid éddmeeksidga@aamhmf a counter

used 25 to generatg, i&‘%ﬁg&’ cBnﬂogn%alF' 9:H£Feb§ #iduéﬂé'egt el vef or ns

generated fromthe countar | ow
di agram used to dekcri b&ionad Fr%tm‘éui’-'lﬁﬂ ‘m‘ﬁf@ﬁt d@tﬁrfgwm witdy saist oduced.

video signal

sai d | ocati ons when said video signal is in a blanking 35 - 2- pergzégg

As will be seen, in the present invention, the
computer is used to sense the rate of rotation of the
; 10 = disk drive and then provides a control signal to adjust
(N : the disk drive's rate of rotation This eliminates the
' prior art calibration and also the prior art's speed
control mechanism,

.15 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a computer system.

Figure 2 is a timing diagram used to describe
20 times at which the digital signals representative of
sound are accessed from the RAM and times at which they
are updated in the RAM,

Figure 3 is a block diagram of & counter used
25 to generate the audio signals.

Figure 4 illustrates waveforms generated from
the counter of Figure 3.

30 Figure 5 is a flow diagram used to describe the
method by which data signals are produced.



L

-3- Figure 6 is a block diagramand schematic of the circuit for providing

e_audi o signal and volune control. Figure 7 is a flow di agram

JT‘ratlng the nethod 5 by which data signals are provided for four .
¥ Figure 8 is-a flowdiagramillustrating the method by which data

sigmals are generated for a "non harnonic" audio signal. 10 15 20 25 30 35

Figure 9 is a block diagramillustrating the general interconnection

bet ween the conputer of Figure | and a disk drive notor. Figure 10 is a

bl ock diagramillustrating part of 3the 5 circuit used to generate the speed

control signal for the disk drive. Figure 11 is a bl ock diagram

illustrating an addi Fiélﬂé'6Fl%r§lblacnfdih§fhnpbﬁ@%bhemb?&§' drokh@enerating kh}

d | d
speed ggn; Loaspeg.-;ﬁicyi theviify thd YGaid s WHS & bamegém?ofse to

_ - Figure 7.1s'aff10w_diagram:illustrating the method
5 by which data signals are provided for four tones;

Figure 8 is a flow diagram illustréting the method
by which data signals are generated for a "non harmonic"
audio signal.

)
15
20

-;J
25
30

35



present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON An appar at us
for generating audio signals in conjunction with a conputer system L
particularly one which generates signals for a raster scanned display af
for generating a notor speed control 5 signal is described. 1In the { B!
fol | owi ng description numerous specific.dé}ails are set forth such as
specific frequencies, nunber of |ines, comercial part nunbers, etc., to
provi de a thorough un@i¢tgstea@disng dlochalipgese il lustrarnih@theHgewaran, it wil |
be obvious to one skilled in_the art that the present invention may be
practiced 10 WPERRAARRERELD botwaen; thesomputer of \Figurelagd: &kisk drive
wel | -known cir gldebs, have been shown in block.diagramformin order not to
unneceéssarily obscure the present invention. DEFINITION In the follow ng
description, the term"audio or sound data 15 signal"” or "sound data" is
used to identify a digl hapal ich J.s_converted to an anal audi o)
signal . The term not o?‘é%%eeébcgsnt“r g?“%‘e AF&TAR, 1??:‘@:’?%??%?‘5? ?zg?‘@gof
rotati on of a FArGEitused No gehreratebynd Hpes®icvntr&ENERA ) ABeHIHEGIBIRE 20
The present invention is currently realized as part of a conputer system
(personal coanFéYebr smal | busi ness conputer) enploying a Part No. 68000
m croprocessor. The address lines and data lines for this mcroprocessor 10
are shown in Figure 1. The other well-known |ines coupled to this processor
are not shown in 25 Ftpure dliis sThioeck depgrawddiuvstraling apoupdixionel a
rgﬂ?gg} éc-(l:-ﬁzs r{a%r;?{a/n Q)%AMB ]éjirgt?w rulsga niq.trs Ig)e(!txeer%. igé Kth%yggergdc cgEtrerorly signal

R for the disk drive.

\I/I

Figure 12 is a graph used to describe an aspect of the

present invention.



data lines 0-15 interconpéct the m croprocessor 10 and RAM 11 to =~ permit
data_to flow fromthe processor into the RAM The'data fromthe RAMi s
co?ﬂ%}d through the RAM data buffer 13 into the processor; also data is .
pzgd fromthe RAM 11 to di sk notor gpeed controller 27 videaq shift
rej@Zst er 28 and sound counters 29. The®5 latter counters will be described
in detail in conjunction with Figure 3. Data is also received by the
m cr opr o RETAELED DESCAERTION OB REEORRYENTEO®ry (ROM) 17 when the ROMis
enabled (ROVEN ), Sim | rIy! data is transqerred' to and fromthe disk
control | er 18 with *PREFRUS) T2%, REPBTR i n8 189410 aleanlsqim cordupefian on | ine
35. This 412h &i &kiPutePSsysten b RN r1§ o5& wh! d Yt hy e PALS
23. Data is |ikew se couj I edhts.lo and frzmgﬁghké%%%grgg?e%sgﬁﬁg{éag seri al
communi cak i("8AteT ATRpaed display sadafon geperatiogat awitor dyzedCoommroti al Part

Nos. 8o3 6. tiyely). es,f.rpmthe mcroprocessor 10 are
coupl ed ?soﬁ't?’ﬂ(la Bfég - ?; ﬁ@z&%&ggﬁnﬁaé&e‘s‘? nnﬁﬂﬁrﬁf'gx%"rgczg?" Sone
of the adthtsdissirgnset, farshi sehilc asespecdfic afrequéensielsg OnindberNos ditaks,
controller 18 ni cati ons contra{ | er 14 and interface adapter

nans. £
15. The ﬁﬁﬁ"&ﬁﬁf‘@gé’gﬁﬁﬁ) PES 550 Pt AFPEiqe 8 Ehanough jindegaranddog ot her
by the miéf QReOpRsEeat ifvedt16h/ Cbbdve®, LEHAUBE AR1oysed Bei N the video

counter 22. During the time when the video signal is "palinting” the
screen, t#dldgdtimthecarydhat| thet presanty Laventdon rmayr b 2praicitticedi| | owi ng t he

t t ' I t M1 ' f PALS 23 trol
Cni's. S P EhE bushe RESRe, ItddE: ' p. P iftancemaiikeses 20 perm ts

_the 25  &irhdps awReSBéenl Ghben din” 6L6dY dALEARS thhe 2 Wrddr nothoSecond |\
address nmultiplexer 21 as is nmultiplexer 20 is controlled by a signal fro}hJ
unngcesaarily obscure the present invention. '

DEFINITIOR

In the following description, the term ”nﬁdio or sound data
15 signal" or "sound data" is used to identify a digital signal which
is converted to an analog (audio) signal. The term motor speed
control refers to the confrol of rate of iotation of a motor or disk
driven by the motor.

GENERAL ARCHITECTURE

20 . The present invention is currently realized as part of a
computer sfstem (personal computer or small business computer) _
employing a Part No. 68000'm1croproces$or.' The address lines and L,)
data lines for this microprocessor 10 are shown in Figure 1. The |
other well-known lines coupled to this processor are not shown in

25 Figure 1. The microprocessor 10 is coupled to a random-access
memory (RAH)_II comprising sixteen 64K dyhamic memory "“chips". The

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



the PALS 23. During the last portion of the horizontal blanking si gnal ,
as will be described in conjunction with Figure 2, nultiplexer 21 select
the highest order 7 bits fromthe counter 22 and forces the menory to t%%
address. This requires that the sound ?gd di sk speed data be stored in\.Z
dedi cated and consecutive locations 5 ofeothe RAM and perm ts easier access
by the microprocessor when this data is updated. A latch, not shown,

provi des an adpermigndstabite thputfr(m tihiec PERN$BE0T hitneshﬂ)ﬂulhe Thel datl dxen 21

to cause direct, agces n a d taln RAM 11. The video
counter 22 whi B4 %gﬁ f% ?“B}e‘fvﬁg ?’é& qﬁﬁ%@gtgﬁ PRITEE 13} dotqydles digital
vi dep- count Whpdee@86F £ 218808 a0 15 ebuptad! fropOthd iRAR pﬂ 13 hPsi dotSF apeed
di sptefy and additional counts for the horizontal and vertical restore

(bl anki ng) per teptFolieR 27 n¥iipos shhtl Feeister Bﬁeﬁ"’é‘t éom sountanscR9q| Y
wth the reget 1ﬁermaL§u&re$sgﬂﬁr%Le&LMﬁ£@ 1%%1 Scanjunction with PALS

23 consi st of ee programarray |ogic ey recel ve the crystal
control |l ed 16nPrgurecBl| Iasa s gulab ferc@ltwed;chyl lthe ovicBéprocess®AD 28omaimer at e

from thi | the standard i gnal S/, CAS/, and th
wel - known i MASRGR ASBoRE e 1 e ABl ol GRa Lo (0¥ 00 it e
horizontal 20 sﬁﬂ‘i‘%&?n'&%' P4 t%ﬁﬁ?én(ah's%\'%h #+6h &8 dfK! boftroller 18

synchroni zation signal (VSYNC ese signals are coupled to the display
on lines 32. @hérerthel tbtﬁtk ngnswq}rlarslms.sdeumlsdgbwm sigmlnonnline 8Gch This

Signal Used®by SRR 88 YbiBF AR EURLoNT deeararestvifiyn B8 S Ann
the PALS 23. TmﬁalsxSamY%elZo@%aefwlﬁneﬂrdm th8ni¥ir8pAotidasoPr Bf €br £
~ gerial communications éontroller 14 and an 1nte;race adapter 18
(Commercial Part Nos. 8530 and 6522, respectively).
Addresses from the microprocessor 10 are coupled to the ROM
15 17, PALS 23 and RAM address multiplexer 20. Some of the address
signals, as indicated, are also coupled to the disk controller 18,
serial communications controller 14 and interface adapter 15.
The RAM address multiplexer 20 permits the RAM to be .
addressed either by the microprocessor 10 or directly by the count
20 . stored in the.video counter 22. During the time when the video
signal is “"painting" the screen, the multiplexer 20 selects the
video counter 22, thus allowing the counter_to directly address the
RAM 11. (A signal fronm PALS 23 contrbls thié selection.) During
other times, the RAM address multiplexer 20 permits_fhe
25 microprocessor 10 to directly access the RAM 11. The second address
multiplexer 21 as is multiplexer 20 is controlled by a signal Ifrom

 the PALS 23. During the last portion of the horizontal blanking



enbodi nent. They provi de,storage for diagnostics, initialization and
ot her functions. The adapter communicates with the keyboard 24. A nouse 25

pr g¢hyes cursor input and switching information to both the controller 14
anapt er 15. A vol ume control knob is drawn on 10 the graphics screen
and.is controlled by the nouse to p’r]svi de three bits of binary data on
lines 37. As will be described in conjunction with Figure 6, these three
‘bits are segdif ols 131 Ald Ae¥SFi1HER O ondhnd ont PEAWEGreSiagnal . VI DEO

TIM NG 15 : In the presently preferred enbodi nent, horizont al

scanni ng seldiptexar 31rsglects tie MEgheadt308d4x, 7 Yets ifrah thearnumpro2urs at a

t f 6 . i | i dth 704 _ -
bi el o, ofbdsob8é) ehbMEnckd 126 Wnis dackile S s F5RES T, g spud i

wor ds fromad lsesRiddedd. dataude stforenvim delincdtedahnd fdongeativeS toddtabag 31
shown gs 16nHz is nore accurately 15.6672nHz.. Referring to Figure 2, on the
di spl ay i PEdibe RAlbmad permits easler-acqess) by jthe; Ricnoprpoesnios veey 88L8on and

342 i nesqpi WBCusait88D: ATi8tdiD2 nbt Bidwn!) OpttivisFed W diﬁaﬁlﬁaﬂoﬂtzont al scan
is the horizontal blanking period sonetines referred to as the "flyback” 25

time. |tisentddeithe sidregsciines of thermulbiplexee Zkao cansecdiréct a cat hode
ray tube is |owered and the be br o th;b C r one side of the screen
to the ot A&F®®S, °t§1é’°$g'l“{ iPe&P rsggféjorf‘,t |§ QH&I ﬁn'on to 342 lines on the
di spl ay, there. atke 23dasdidun®en|2209hidieolsidttlor two Part Nos. 7418393
10 provides a digital video count which corresponds to the beam's
position on a rastei scanned display and additional counts for the \
bdrizoptal and vertical restore (blanking) periods. The timing
signals which operate this counter along with the-reset“siknals are
‘generated by the PALS 23.
15 - The PALS 23 consisf'or three jrogram array logic chips.
They receive the crystal controlled 16mHz oscillator signal from
oscillator 31. The PALS 23 generate from this signal the standard
memory signals such as RAS/, CAS/, and the well-known timing signals
used by the microprocessor. They also provide the horizontal
20 synchronization_sign#l (HSYNC/) and the vertical synchronization
signal (VSYNC/). These signils are coupled to the display on lines .
32. chér clocking signals used throughout the memory, such as the i“J
8 MHz clocking signal used by the counters of PFPigure 3 and the
_ clocking signal used by the disk motor speed controller are
25 ..gener;ted"ithin the PALS 23. -
Two 32Kx8 ROMs 17 are employed in the presently preferred

epbodiment.. They provide storage for diagnostics, initialization



which tine the vertical blanking occurs, that is, the beamcurrent is again
reduced and the beamreturned fromthe | ower part of the screen to the
ypper part of the screen. 5 In Figure 2, tine is shown fron1|ef§£ﬁ§
right by, for instance, the dotted line 39. On the first scan, after

bits have been displayed, the tine represented by line 40 is reached and
bl anki ng occurs. During blanking, it is not necessary for the RAM 11 to
furnish data for the display. Prior to the time 40, referring to Figure 1,
the 10 count from counter 22 accesses the RAM 11 through t he RAM address
mul tiplexer 20. This occurs for each of the lines in the display. (The
counter 22 maintains both a hori zont all @nd vertical count.). The counters do
not “Tncrenent in the normal sense during the horizontal blanking period.

Rat her, four bits of the video counter are reused for 15 counting during
this period. This elimnates address gaps for the sound data. When tine
40 i s reached for each of the scan lines, a timng signal fromthe PALS 23
causes the nul t and okmer 2Ondtdoms.cept addresses fromthe mcroprocessor 10.
Buring the next 192 counts of the 16mHz clock, except  for the last count,
the nicroprocessor is.fyReal@ptdeCesdnualcs tés Ri\%am i%.%anzo.erh%ms«ﬁ%ks
unrel ated to the display. Wien the last count in each of the scan lines is
reached, a Si gn&?”fiﬂem Q‘!?G°PAGP&P“23‘%41[!S&§§°‘!M dotormetiow tohbothy iﬂle

mul ti pl exer 21 nor t een
bit word from t t?t | me &‘;}i’q&el—ﬁeure&/ H‘lmée ?éﬁ%lfgrkhb rgroé &vm th
8 bits goingot othhcrdpmmeueﬂincpznacéoutrnmﬂl by tAé meStblﬁmvtdetm'ne

sound counters seen, . onl i X bits are used by the disk
notof speed conﬁaﬁ PZr'\M“’Z? 3 tangp; ﬁ'yﬁ sdBcRiLL bg,d ”ﬁ?&ﬁ% 4i1® Figure 2,
the sixteen bi tcmﬂstiwmnen%mw thesd ! @iTed bitel RFe ‘ﬂ.@ﬂof&h' o Btatic

regi ster 28 and
volume control for the audio signal.

VIDEO TIMING

15 In the presently preferred embodiment, hortzontui.scanninz
occurs at a rate of 22,256.84398 Hz. Vertical scanaing occurs at n
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

20 oscillator 31 shown as 16mHz is more accurately 15.6672mHz.

Referring to Figure 2, 6n the display itself there are 512
i_) "live" pixels in the borizonfal direction and 342 lines on the
screen. The 192 remaining bits during each horizontal scan is the
| horizontal blanking period sometimes referred to as the "flyback"

25 tine._.lt is during this period of time that the beam current in a

cathode ray tube is lowered and the beam brought back from one side

of the screen to the other. In the vertical direction, in addition



used to provide the video signal. The PALS 23, as nentioned, on line 32
provide-the horizontal and vertical synchronization signal used 5 in
ynction with the signal fromthe shift register 28 to control the video?
y. When the 342nd scan line is reached (shown as line 43) and at tine
A0\#Al png this line, the nmultiplexer 20 again allows the m croprocessor 10
to atcess the RAM 11. However, at fhe end of line lo 43 and for the
‘remai ni ng period of the verti cal anking, the nultiplexer 21 still forces
‘9 bits of address into the RAM 11 at tinme 41 to allow the 16 bit word to be
suppl i eded 944 NEneaP68 Ane Usp iy, Cthedd 3028 QU 25512 0er16dd@ubidges RAO to RAG
are tinme nmultiplexed to provide these address signals.) During the vertiseal
15 bl ankyhigh ‘t‘R%-‘ch‘f‘Sb’r‘-‘d&e%BF“fO%"é"&bl‘é‘f d'ac@és’?‘?h@‘m 8  except for
the | astagamalredodedenmahtid bean retirded Wrbd Ghb NioveP ParO®b20tne bédReaSto | | be
described that the disk notor speed control data and sound data stored in
the RAM PP YRPeR RRIEHf *BHECFAN%| pl exer 21 with its nine bit address defines
- 20 contjguous heaagneNs, itineBEDENownt fidh Rtk O Bogrd! by,! #6r 88AAcaNd NOt Or
speed data to be nore easilﬁaccessed and uPdat ed by the processor 10. Note
that t heth8 878582 4188 A% o/Pn Fhe ALFSRARERE: 315PT HE RISEREYARPE8peed contr ol
data W | diepEayed, ahdi 1w Ripredcatad ibyN1fuBadd LHred6KeAS Narddbiank iy As
currently inplenmented, during "live" video the m croprocessor and vi deo
di spl ay %4°Yfed PyringrRIpgkipgppits f Mot (RpSeRpary fogsthenRAM AL rteafymidsycl es.
During hawtazes ehe Bhéprkyngpeicr to theoride 427 iezefrdngt £ PIgUTeOD) @EESSOr al on
has access. to the data bus. At tine 41 of Figure 2_-&:13rd ‘word) the
m cr 0[390%%%% oAroq RPuataT A2 %gwes the RAM 11 through the RAM sddress \

multiplexer 20. - This occurs for each of the lines in the display. (Th; -

counter 22 maintains both a horizontazl and vertical count.) The
counters do pot 1néremént in the normal sense during the hbrlzontil
blanking period. Rather, four bits of the video counter are reused for
15 counting during this period. This eliminates address gaps for the sound
data. When timg 40 1s,reached for each of the scan lines, a timing
signal from the PALS 2? causes the multipleéxer 20 to accept addresses
from the microprocessor 10. During the next 192 couats of the 1l6mHz
ciock, excepf for the last count, the microprocessog 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 fhe PALS
23 cl;ses the counter 22 through multiplexer 21 to directly access the
memory 1ll. At this time, the sixteen bit 'oid from the RAM il (ﬁine 41
of Figure 2) is read from the memory with 8 bitg_zoing to the disk motor
25 speed controller 27 and 8 bits to the sound counters 29 (as will be

' seen, only eix bits are used by the disk motor speed comtroller



data transfer time share the d?ta bus in alternate cycles. It is possible
for the mcroprocessor to update the sound 5 data and speed control data_.g
durlng the live video. The data is, in fact, updated during bl anking /€£F3\
periods. As currently inpl emented and preferred the veitical =)
synchroni zation signal (retrace signal) Initj@tes the sound data updatrhg’”
By usitng this signal and by updating the | ocations already accessed (e.qg.
begi nning at th&700 Puring she unsteen Yipad Lpwnt imPigiye Wdabe g xdees biot
interefere mnth t Lea | f t he Soun dat The .software programgssures
PR 155 08, emed o7 LR, oY eRee s Frkiear e

that the updati ng refral ns

M Croprocessor wikiRit8Spidiadd Ot vildéc? sdghdlOUirnBEPALE S5 NG RbA aRded tdh 1i1Fe
di spray, data could be replaced before being used. A'so this 15 arrangenent

frees the sof t we# TPV t ?%R:fr!PPEh’er!PdoYe‘HéPhb gynghrenizehtomisignaliusedt he
sound for updat M‘Q:ohgﬁnéjﬁl wﬁ!ﬁDltP * e@h@k @5 |g¥liled rﬁeeaqlsgeh{ z%o%‘d?o‘%%é‘x

bits representing -t 0 Sl gha I n par al
bit counters 46thenvidéo &sptmyi n 20 Fi gure S. These are conmmer ci al

counters (Part No. 161). e unters re ocke t he 8nHz, cl o

signal on line 48.. Colh"f%gnﬁoér:ﬁ%“ﬁu S "??1 o TRY h‘ﬂ'r’i‘t pe Hre ?ﬂ)\ﬁgd
whi ch is senseda@neimenso 43ong TS, 1ide, Ithezlamesxaiee ﬁba&lfs ni §11W8 the
counters, a longer period of tine is reqU|red until .overfl ow (approxi mtely

32 [er'r])_ 25  whRigrapTooeasor] i twamcersmithaRAOAR. dipvemer c\ad| éhofenrlhetg_rmg
o b byt 88, e bR ALl R bR P8R! 81 e wertiEa P SIhRLIRNCLRE™ | ©

devel oped by % et gener at | hs o] I on of
the time bet vveeauthbeadmgsehn riereeglst bbté o2 dddresgeiplithermuidrangd 47

and_overflow. For
time 41 to allow the 16 bit word to be supplied to the apeed
controller 27 and counters 29. (The lines RAO to RAG are time
multiplexed to provide these address signals.) During the verticsl

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
a8 will be described that the disk motor speed coatrol data and
souﬁd data stored in the RAM 11 is updated.

The multiplexer 21 with its nine bit address defines

20 contiguous locations in memory, thus allowing all the sound and
mntoi speed data to be more easily accessed and updated by the
processor 10. Note that the storage iocution 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" ﬁideo the
microprocessor and video display signal traqsfers time share the

data bus in alternating cycles. During horizontal blanking (for



i nstance, as shown by{Figure 4, the |eading edgk 52 of a pulse 5 occurs

g

upon ‘1 oadi ng of sound data into the counters. |If all zeroes are | oaded,
pproxi mately 32 [err]. later, overflow occurs and the pul se ends as
i n Ated by the trailing edge 54. One pul se is generated during each
horrZont al sweep since one eight bit sound data word is | oaded int.o the
counters during each sweep. Theref re, 10 pul ses are generated at a
frequency of apprOX|nater 22,000HZ, and in theory, this provides a
bandw dt h of proximately 11, 000Hz. In Figure 4, a second pulse 56 is
shown mdc,’nsﬂa 422 %%%T%W‘?%%Tu&éﬂ‘%”&?h‘“ﬁ?#s“ dhecdatasduswoul d occur
when aat aiger 4N WOPigire B! (0Ad Woid Tche m&%ééﬁr 3A $dupq/BREed Ul S€:T.
whi ch is shown 15 occurring during a third sweep, has a\Mcfilwm ch falls
bet weedataharrpstar shue shapedtheydstss bulihtn Miteeeatar eyeXesegrat ed using an
ordinary .inte tor r oyl he, anal og si gn he |nte rator- 60 of
Figure 6 recelgégis go%%é’g s¥%€1§lﬁg &cfr ﬁé"%ﬁ@?g g?/v“?;b ‘“Waveform 61
shows detdiagdrepedd céntrdidavnl apethg\ithBi NivehQ146Y.C 05 Qﬁtﬁozs aveform 61
represents the resultant integration of the pul ses shown in Flgure 4. The
three Bhet, ypdatsdodnninghlenking periodsyph 'emeump)twrmumntm eaflace
adapt e d 0 t une. The
anpl i fliue.ér:)fsirgg&' gt}%aﬁ%ﬁé%kgrg%v?nytsgz‘kq?(&)na?ﬁ%&%tg? 5"59* mt the out put
anpl i t bettistesi the @8und Mambhtedny()ﬁﬁdmelﬁafr hnd S63JND DATA
SI GNALS at fro nme whi ¢ eflne t he .sound wavef or ns are
cal cul g?i%# ?‘h ﬁf’ﬁ?%’ b%’s‘gg &f’“ﬁﬁ & BaeiP9einping sththe ore " soft ware”
geneuaue&w&huibd Ae M4y 8P| OA™SSLT) u‘bdhtﬂikelaoeé Clﬂft LAGHPeREFe withh as U

PASCAL may be used to allowa user to nore easily
the reading of the sound data. The software program assures that the

npdnting_rensins,ahead of the reading of the sound data. If the
microprocessor updates the sound data without being synchronized with
.fhe display, data could be replaced before being used. Also this
15 arrapgement frees.the software from the requiremenf of being time
synchronized_with_the sound for updating the data.
| AUDIO SIGNAL GENERATION

_ Th§ eight_pound,dafa bits representing the audio signal are

sh;tted ;n parallel into two four bit counters 46 and 47, shown in

20 Figure 3. These are commercial counters (Part No. 161). The &
counters are clocked by the 8mHz clocking signal on line 48,
Codnting continues in these countérs until overflow which is sensed
on liné 49, Thus, if all zeroes are plaéed in the counters, a longer
period of time is required until overflow (&pprbxinntely 32.sec.)

25 vheresg overflow can occur ss_soon'as one cycle of the BmHz clock if

¢1ll ones are loaded isnto fhe counters.

'..J

o



i npl ement the flow di agrans hhich are discussed bel ow, In general, 5 the
sound data are produced quite rapidly since the process takes advan of
the rapid adding capability of the 68000 m croprocessor. Referring é%)?
Figure 5, assune that a single "pure" topg is to be generated. - Fir < a
| ook-up table is stored within the syste O menory; in the presently

preferred enbodi nen h ok- g b ' ﬁ;iﬁ?ﬁs 1 §.S. . Thus I ght
bit address.to the E‘rgt_gl gu%’% gf‘gﬁ?r"gi F(ﬁ?’?ﬁut reggl_{%“ d’re’ragg{ﬁ gﬁggensg, t he
| 00k- up tabl eneORidENas opOWtilch £ acIivtdonCot @ha fimCB@vween fhe Soading
illustrated by the | ook-up table 70 of Figure 5. The process of %enerati ng
t he, address 19F {tB¢ thsﬁg’sﬂedﬁé‘htth&ﬁ%‘?&ﬁl@ 28d { 47c apd rardouydifAY of

somE™ g edet 'ermseﬁﬂqél,umesbmosg PigubbOFK thd fenalipg 'dagkOss JRDsI1sdt Ored in
register 72. Initially, the 32 bit word stored in register 72 may have any

val ue, for Fbresicamscyponl logdingcof spuadidatmchnin thpcequntess addédello Zeroedhe

resul tant sum.is,restor in reqgister,7 The,nost__signi ficant eight
bits are str i'?fﬁe&"??e(ﬁ] ?g%n ggm&fmgﬁs%z‘igﬁ%bggt%. §Harg€°€d°5§“zésn%g dress
for the | ook-the pabse ehls 5 uaTcdten bRlReOtraliltySedgensd) Ndne pilee 16
small. Each tine this relativelty small binary nunber is added to the nunber

stored in recgenezpted durfes mech kanjaphtalySweep t3inge |qnengighth Bhtcsounyg pyt

rat her, nuner addi t.i o e.nee h e ns
each of the 2@%51 ngé iignggﬁ‘%rdt f’igg %@ -%%Inttégﬁem '#Sn%i%%gbg'ea dr essg'&trls‘}e‘?/’er al
times and theplisgbtakd igenofatiddt at fa pequimcy of approfirarble 23)oodH=A andt Or ed

within the RAM 11 -wil!l vary slowy.. This, of course, will_ correspond to a
| ow frequencyl® |¥heogr, (this Rnoyided iy Papdmd dth oL dPRTOFiMately J1, 0P0RZ . oY

| arge, the regifdrs SECH“aEQSha pulse 56 1s shown which has a substantially
reducéd width@ This, of course, would occur when & larger number is
placed into the counters 46 and 47. The pulse-57, which is shown
15 occurriﬁg during a third sweep, has a width which falls between the
first and second pulses.
The pulses are integrated using an ordinary integrator to
- provide fhe analog signal. The integrator 60 ot.Pigure 6 receives n
load signal and the overflow sigpal; the waveform 61 shown in Figure
20 4 isldeveloped within the integrator 60. VWaveform 61 represeants the
resul tant 1nt§gration of the pulses shown in Figure 4.
The_three_bité of 1nformgtion (bits 37a, 37b and 37c) from
~ the interface adapte: 55 are used ﬁo allow a user to statically
contfol_volume. The amplifiers 63, 64 and 65 are switched (on or
25 off) to permit the output amplitude on line 68 to be controlled.
' CALCULATION OF THE SOUND DATA SIGNALS

Sound data from the memory which define the sound waveforms




| ook-up table wll chaBge nore rapidly and thus, :for instance, each of 5
t he consecutlve eight Bit data words fromthe | ook-up table 70 which are
Fegd \n the RAM 11 will be different. This would correspond to a high
uemgZy. A new eight bit sound data word is obtaied with each addition
énted by bl ock 74. Therefore, % varying the increnent added-on each

cycle the frequency of the-tone |s\ ried. Al the sound 10 data used

duri ng efelcalltanetedaby cthei hycim:roaécxdzaued dioireNgpe tr€¥a MFZNthéye peri ods

of the vertical blanking period. To obtain envelope control or anplitude

nodul at *BH,"eqLEEAT e ‘?'éﬁﬂ‘ég"nﬁ’;ﬁhﬁé tREPoTeRIOGCEHMN o, ATNENEASPEARTe, of set
0-7, cORifgiiged SicACUBVAASHALD I3 bELRACRE {13oRCaK, \é@' bS difrel & {)Ji]ly Bk
al | ow ng a 1l predetermned nunber of frame intervas to pass before

' svm t chi mgpmgethaséﬁgv dpgrinp ohdohtans discusskd cheldw. Refmegenarrl,0 Fi gure
up to four 256x8 | ook-up tables

7, int pres referred nen

may be’ ﬁg% ?h#'ffy"t Rﬁe rﬁré’f’ﬂfﬁ%@é'ggﬁr 41y filnce | the proceRss t8keRach | ook- up
tabl e caaviitagecer %egfﬁsmedam RasdbAdty Sy the sdober ent. For instance,

| ook-up table 80 of Figure 7 is shown as containing a sinewave; table 81 as
a tri angy¢rapregessor.abl e 82 as a square wave, and table 83 as a ranp. The

[l e (i b 1 oubstdpFoRL ATEbtE bsc hale A o of 8635l Somp BC/ 111" °

32, aretoses gendmtelhi SPirsts OVIvokyud| tadleSfs istoFed) within )thAgaystenan
I ncrenent shown as [err] 1S - 15 added tq the previous sum ;bl ock 86)

The nblPeveryii £p cthet PEetantiycrraterspd eabodinente the fookrue kadie ’:ﬁ]d used as-.
an addrgggyd @y ¢k Ne 1a@k! ?oqnedwoeﬁw b1 D laha VBl ol 4RI dh2BLENe0- heu
fo 7 er e a -

sanme process | s repeatée r the nunber shown within b
di ff er ebit output results. FPor a pure tone, the look-up table contains

. points corresponding to a sinewave. This is illustrated by the
look-up table 70 of Pigure 5. The process of generating the address
15 for the subsequent value table is the repeated adding of some |
predetermined number shown in block 74 88 ¢, to a number stored
in register 72. Initially, the 32 bit word stored in register 72
may have any valué,'fof instance, all.zeroeé. The-incréhént,
¢0 is added to-it. The resultant sum 1s festdred in regiéter 72.
20 The most signiticunt eight bits are stripped from the suﬁ as shown
by block 76 and used as an address for the look-up table 70.
Assume for sake of discussion that A¢ 4 is small, Each T
time this relatively small binary number is added to the number
stored in register 72, the most significant bits will not chanée.
2s5but rather, numerous additions are needed for them to change.
Consequently, each of the 256 locafiona in the Iook-up table 70 will

be addressed several times and the eight bits of data from the



5 (or the sane) increnent [err] is added shown at bl,ock 88, and again.the

nost significant bits of thd sumare used to address | ook- up tabl e(@N
e

Simlarly, different stored values and increnents are generated to 4

l ook-ups in tables 82 and 83. The resg[_{ggnt eight bits fromeach o

tabl es are added as shown by bl ocks 8 10 90 and 91 and the nost
significant ejght b|t tLdaP I ke R Ry Bt pck 92 and
stored wthi ni‘g% 'ie.lfﬁ Ithl E&SF%c'gggsi S repea?edﬁ?or éacﬁ of t he sound
dat a words struieg om t:dmraex w1 Rabfrebpovde to faoliov foerusacy.c Ifaned dhedPth@nce

agai n, the fundanent al fre f or h .of thef r to es erm ned
bg I15 t he mglf'éﬁen'th‘vdrﬂ"éﬂui ;Lc%e’tf r%’lf‘%gulg 't"BI % Pté'ngl;%Smand t he
harLﬂu“l_l C CoNt Ridk-irs tailecwillneithopy roke l‘hntﬂpeﬂndsttlmved!qm tontangeheedadoRt up

table. Tabl e o eé.{?%sﬁ%% d13né vt %@mo%é heh 0 G000 BRSEMY dndoangnage

for inplenme |aramo

above- descri betbrsd)undt!genw all‘!}rll aﬂypa#%wt-e@éﬂl'enld tcen%"em rtBI‘ pLeh
achieved with,u [ (for each
Foney wi ¢ hi n P, Sk 2 DERIERCU APRILLS BELGR MREARE | D7 Chee
t 0 be gener at sdiini ¢ ireaprelaentodnky mcckh'M-s Wsmemyekwréqﬂaﬂhe(wfwﬂer) to
the best 25 di ?&:gr nahi || tgclgf e ngﬁyegf k%%nquveuq%cr WPEAnPReESSES
are particul affy s 8 prow I Ng perl o ncti ons are harnonic
in nature anddata pa(n/nulﬂna Qt@ha#rlqeledtntsﬁ#m)rbes@rlﬂhgemmﬂ &nﬁ't!f‘é“l i ke.

For sounds sugh, S, ¥OliGSe B YENAEN WanliPlepRod2ul for may be used for

initially stofri ng Par\Waver orm representative o for exanple, speech Thi s
i s. shown as buffer I® ibtaghgaveiqpe RIRETHUPF AuP] 4tude dodelation, s set of
\h/ ) tables may be used. Each table, for instance, of set 0-7, contains »

sinewave with maximum peak to peak value of 2831 Xo. By alloving .
15 predetermined number of frame 1nterv:13 to pass betore svitching betwean
sets, envelope control is achieved.
Referring to Pigure 7, in the presently ﬁiefe;red embodiment, up
t6 four 256x8 look-up tables may be used within the microprocessor 14.
And, the contents of each look-up table can be user programmed and each
20 may be different. For 1istsnce, look-up table 80 of PFigure 7 is shown
as containing a sinewave, table 81 as & triangular wave, table 82 as a
square wave, and table 83 as a ramp. The process described in
cohJunctién with Pigure 5 is again used. However, this time (with four
simultaneous tones being geneiated) 24 bits, rather than 32, are used.

\/ 25 (This is shown by block 85 in Pigure 7.) Aqin, an incyement shovn as 841 is



Swthin the RAM 11 anfl for practical reasons nmyst be if a |ong waveformis
pistored. The eight bit values are again obt ai ned by addi ng sone

feegmnt [err] shown in block 95 to a 32 bit word stored in register 96

3 e nost significant bits bei n%used to address locations in the
buffer 93. The results for the look=dp in 10 the extended buffer are stored
and sel ected duri ng the horizontal blanking period as was the case with the
case Ofadde@UtcThe PFEvidus Tahﬂ ¢oPockaBERChatle AU BLPSLARROBIRP WFd tTen in
68000 asserrb | anguage. for nEI ementing the flow diagram of Figure 8. DI SK
MOTOR SBE Q%QTP&L'L”ER'&'S (block 87) ppdiusefype n yddtmppyr dibek drives and
ot her u I Const &

pr edet ceurﬁkﬁgﬂddn\régtﬁse éo1 lrtoggtt ?S?C@?@l‘e‘ﬁmﬁ%ﬂ{# \egrl C‘h{LI on §l§,r%%g§%| sk dr;lm\/';
t he speadrepented| fowedhannwsheirs sicain it thiod bloclaB7ueReidal dfifderent! | be

recorded and retrjeved at a cgrtainr For the present

i nvent i GF ‘HBP&) incremept o g‘(;)zna‘ol‘f’gﬁflﬂ”&“dﬁrﬁﬁ?’éf 883n#dhor eover, the
MOt Or SigRed ixe Bkt Gl gABs FealdNEiidBe0tnd Man! kAE KishB ) aiFEsSEd SO that

uniformflux densities result. That is, the notor turns slower when the

out er tyogkkup (tabdeidl. r tpilarlyy éiﬁéPn@ﬁJﬁar%dtﬂnm andyiesremerts nner
t k t h t f
H our o TS Beigiased (A dko) BoB 0 0 Hopile b8 FOHAC T PESUIREI O O .

and i n e1ghtiwitisatrom each(of thdr tatdlesDars ad8ed i g ahsan IHyI ybédwat 8d, Line 99
| ses which: indicate the notor eed. In the

d he 97 with |
B; g\slie%%i/t' ‘?e%clce);ng&(r?rrﬂﬁﬂgmréﬂf&%ts?%amt? AT &x PHRL Apef strom th? the notor

are UsGfbm ad Méhokth OBPYb18LR o hhi C5toeR! PR ndERe liRMEFY 19, mis o
process is repeated for each of the souhd'data words stored within
the RAM 11 when four'tones are geperated. 'Ouce again, the
fundamental frequency for each of the fout tonés is determined by
15 the increment which is added, such as at blocks 86 and 88, and the
barmonic contentl;; determined by the “shape" stored within the
look-up table.
Table I, attached, is a program written in 88000 assembly
language for implementing the flow diagram of Figure 7.
20 ¥ith the above-described sound generation apparatus,

excellent tone control is achieved with up to 24 bits of “frequeﬁéy

control" being possible (for each tone) within the llkhz bnnd. This \‘j

permits almost 17 million different tones to be generated within the

band which is approximately equal (or better) to the best
25 discerpability of the human ear.

The above-~described processes are particularly suited for

'providiqg periodic functions which are harmonic in nature and



5 the notor hub, and thus nolslippage occurs. Consequently, the index
pul ses thensel ves represent the actual rate of rotation of the floppy di-sk,
| f slippage is possible, then markers or bit streans fromthe disk itselz_)w
fry be used to obtain an accurate indicatign of the disk speed. The spgetl
control signal® on line 100 controls the 10'Yotor speed. A predeterm ned ~
signal level i's used on line 100 and the notor speed sensed on |ine 99.
This al | ows tRReVédephuitepabaueditegprresenting pusdceramt itbe kel heParot or 98.
That is, the t k . far G tQhwConnected fo it he r of
rotation of t %mrrgt%chf ?)?V%oiﬁgl’ t?en(?u égg)ns%ged%;‘%nf' Po ut FEn%Y H’el 'ﬁs?%?‘s’r
manner, the linidisklyrsteeingaowaB¥ornsrdfresechtiob & @atki dwadbte, Wpeschei ng
manatact ured, and noreover, the speed control_ nechani sm nor nal lé used

r

within the diBKRedIPROME #RPUfLeRISd P TOSUFACE spTRY RASKRF oA JRERr®™ PBm the
computer 985 yiknid BRPRARM1 hh@N2dY sum%.wl»&&%%&g%& BROL ! PP CCUTS

since the conputer 97 senses the actual nmotor 20 s I ne 99.
currently inpreeSareds thcbestpredr e colght kit Fhtuquuksesagddnaobitaiinnd

effect, detergnineg,the chayacteristjcs of the t or whe new di sk is
pl aced wi t hi n°% H‘gatﬂ%I{mﬁFi {Fé,reﬁﬁ?tor@od%\‘f"a\mi 2‘ v&q%f?e?ggf’ Pf&e?'riar?’ ccurred
on readi ng orstdriedi Dg.regdstdrvioeueith thé histakighiiFeoRdy H1bEbdlaguased thor

i nstance, the indexing pul ses can be checked periodically, or for that

matter, contiMifness, 1ocationg Ha the wtfey 83-of Bre daselfodPhethe lopk-upier
operat es aloaridegleld N bEP IPe | forkBSdd BE1 ML BLARETHAS nERPLSIRLI OF

the outer track. Ooviously, the selected range rate oOf rotatiron wll be
a function of blinkingdperdodfasd lvasdtisk case wiithl tharcgse deppaigures 5 and 7.

.o . . '

~/ " Table 2, attached, contains a program written in 68000
assembly language for implementing the flow glagram of Figure B.

DISK MOTOR SPEED CONTROLLER

15 Moét typically, floppy disk drives and other disk drives,
include a mechanism for driving the disk at a constanf,.
predefermined'fate of rotation (speed). Upon fabrication of the
disk drive, the speed contr01 mechanism is calibrated to assure that

~ data will be recorded and retrieved at a certain rate.

20 For tbe-présent invention the motor speed is éontrollod by &
computer, and moreover, the motor speed is varied as a function of
the track being lcéessed g0 that uniform flux densities result.

That is, the nofor turns slower when the outer tracks (greater
radius) aré.being used and faster when the inner tracks (smaller

25 radids) uré being used.

In Pigure 9, the computer o: Figure 1 is shown as computer

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



5 upon the particular magpetic characteristics of the systemand the size
of .the disk. As previouslYy nmentioned, during each horizontal bl anking

ng;gd, 8 bits of data are provided to the sound counters 29 of Figure 1,

a .bits are provided to the speed ;pntroller 27. In 10 the presently

[ enentation only six of the bits_d"this bus are used for speed control.
The bus is illustrated as bus 109 in Figure 10 and these six lines fromthe
bus are shoup xAve! G6kdrOe8! X465 0396 S119hefratdial t i gher.. 102, The six bits
fromthe bus 108 ar‘g&ﬁ oadeblxii nto the sfx .;Jt}agesitg'% P%e’;rf’é’glg% €102 when

t he soundcduputesi §Nakithl pulses wdicledndneste [the Smuvod Epeud.cr $a heFi gure 10

i mpl ements a pol.ynoni al counter.. The data placed into the six stages of"The
mp . @rgﬁﬁ p L ag -

Lyn
shift regPSt¥ Otié'zp’éﬁ f ERRPAANeRT the YAIArEd igdexiag pukpemy WPBnal . “The
eff ecti ve t8biddtofalie inbe@PPIMG TRy dhBiar1Ves UiTo0ba WIS ¥EFdLYS 1A Ling

states involved 20 in the shift register, the 8nmHz clocking signal is
actual | § ébeapretert bubjiandcthur ap. siinpagetqneuret (Goastquentdyagtheofindéme

ual 15 . seigss sbeszsyag
U ongh 1| PRRSThAnShaq e Fuptbathe, Ble mBPurt saf 7 FotRtARAY B8 e of her

i nput t er Feppy diskhe Xraiee1diibet s Opwaibise thoR matikes ar 1Y CHEdang5
provides for counting in the "polynonm al . generator"” -in a manner known in
the prior 23PP then@isk dfselbimayhbesprad tpcehtadaran apcurateniiodicnfippedfto a
Bi nary ot 0 Hehpedd:, ° xif) G cdRuEa RGBS Nung, 1ob FeREFEE T 0
reachedp mosoxjrupleeds &£ qrelietermieed|sipnalObeved $4 Ofseldhon Yiinkt LO@ avidt hi n t he
shift re kgtggto¥qgéeé4ﬂéingé'lgﬁ lksglgggd This aliowé the.éompnter_97 to \u)
record the characteristics of the motor 8. That is, the computer
knows for each motor connected to if.'the fate of réfatioﬁ of the
motor for a parficuiar speed coﬁtrol signal, 1In this manner, the
15 disk drive motor 98 itself need not bé.calibrated vﬁgn being
manufactured, and moreovét; the speed control meéhanism.normally
used within the disk drive is not needed since the speed control
occurs from the'comphter 98. As is uppurent.from_rigure 9, closed
loop operation occurs since the computér 97 senses the actu#l motor
20 speed on line 99, ' - |
As currently implemented, the computer §1 examiﬁes thé
pulses 99 and, in effect, determines the chnricteristics of the @.J
motor 98 when a new disk is placed'within.fhe disk_drive.'betore .
data is written or if errofs occurréd on reading or writing.
25 Obvipusly. other arrangements may be used, for instance, the
indexing pulses can be checked periodically, or for that matter,

continually.



to generate the end of a pulsg in the sane manner as used for the 5 sound.
signal. Referring to Figure 11, counting begins wthin the shift regis e)
102 of Figure 10 at the beginning of each horizontal sweep. At this tI‘
the | eadi ng edge of a pulse is generated sugh as edge 115 of the pulse
shown in Figure 12. Wen the state detectod$106 10 detects the
predetermned state, the end of the pulse is generated such as shown by
trailing edge 116 of IEi gue cpréBentIfhpretdrred entedinérgr 8hetadtyrt bigerates at
integrator 114 and#he resul-tant_signal, on line 100 is used to control the

speed of the MofBfed FraR JOTPRS 1P Ehf innetpRsts thrgky SpaTRATPRAt FATH thfe
shift register,og wack al Ry Sudty, &sa%:kb&&tahee%t9&&@%:b¥o£mode$ qtor

106"vefore the end of each hori zont al sweep. In-practice, the state w
be detected dibei agfudedion rQsﬁ the Fagiing of thhedimkpankiwidlevarylddepending

required for ri en_hori s are used for each
speed contr "l%%gn aﬁ égp{ §\A§'s‘%c?ﬁg eﬁ?‘gfﬁéegqfﬁgcin”ésg e |7spheRrand, the
enbodi ment enpliagsoB Alet @iedd. scan |ines which is evenly distributed by 10.
Nonet hel ess, a pulse is generated for each horizontal sweep. (The tine

constant associ at ed A8 RE¢HOUSLY Apniiopeds) duping-pach dorizentad| Blankissgh
that a continyusod] @akts Srlahea Urel pFSy1488- do tRE &nﬁp%nﬁ: Sels Mg o2

generated for each of the 10 sweeps used to define eac spee control val ue
is "dithered" Rigupe O ded# ddtscanenlpnevidedoto thei apéaneontrmalene2i.hattna

val ue correspondi ng to isre wred on line 100. Referring to Figure 12,
for the 10 ’sﬁe'é‘ﬁsp?gs@atis irplepen ’rﬁignv%ﬂlaes"’fl% the Ritgoen %Hav@“c BEeval ue

t het/ he second di Yé¥ Upedd @utrsP. OmbObud 18 {fu3tPERT oI YBY' & WA
10 and.these six lines from the buq 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-'h§n the sound data signsls

15 are loaded into the sound counters 2. .

Figure 10 implements a polynomial counter. The data placed
into the six stages of the shift fegistér 102 are shifted under the

| control of a clocking signal. The effective shift rate is
approximately lmﬂz."Because of the various waiting states involved

20 in the shift register, the 8mHz clocking‘signul is actually coupled
to the register. The outpﬁt of.the last staﬁe of the register is
coupled to one input terminal of an exclusive OR gate 104 through
line 103. The output of the first stage is coupled to the other
input terminal of the gate 104 through line 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



5 trailing edge 116 of the pulses to vary between the values 6 -ard 7. After

being integrated, however{ the value on line 100 woul d correspond to 6.5.
By_..--ri buting the values and permtting the pulse dithering during the 10
S us-ed to define each speed control nunber, very accurate control

occ Control accuracy 10 beyond the 6 bits |oaded into the shifi
register is obtained. In the present }&alization 400 unique |evels or [err]
bits are achi eved. Attached as Table 3, is the programused for the speed
control, \rpredeternis@)(inasycitbty imrguelysl within the shil?4Sregiktepproved
appar atus has bheen descr, bed t hat €erm'tf bot h sound generati on and notor.

speed contP8P PHEaSFEh ¢ BPGRedri b PL83R1 e cPPRYLd PREr pilasckR® 4ppl i cat [ g
has been ebpleyh ahirOfngW P Rel il 24 Kog RALE o RELS AipRlh NG oftf 9501

in which there 20 is described and cl ai med an apparatus fol generating an
anal og audi®o8elefisie the endcof & pulsmiB: dhe Spmecranngi 84 used| toicshe

m Cr opr QC&33R4 sq{#q..g‘-random access nmenory (RAM and provides a video signal
for a raster scanned displ ay. TABLE | This code is executed every 16
sec at the verti Geifereingade Pigudier Ubi .couhtinmg bppims wibrim thevatiiges for the

Togi sters ugsister 102 6f Pugape 0 10 negtansogsol ach horidontapamaepto (he
T Mo, L3 gt S e fording odee of . putecith dobarifidlln ) WY (1 ©
MOVE #AS5- 6EFhe pulse shown in Figureril2.oNbken kho[Bstadedetector 106
10 detects the predetermined state, the end of the pulse is generated
.8uch as shown by tra1i1ng edge 116 of Figure 12. .The pulses are
1ntegrated.by the'integratbr'114 ané tﬁe résultant signal on line

100 is used to control the speed of the motor in an ordinary manner.

The 6 bits placed within the shift register 102 will always
15 reach the state'defected by the detectof 106 before th§ end of each
horizontal sieep. In practice, thé staté will be detected during
the first 40usec. of the upproximately 44usec. required tor.each
horizontal sweep. | ' |
Ten hofizontal sweéps are used for each speed control
20 setting. This is cbosen since the presently preferred embodiment
employs'370 tdtii scan lines which is evenly distributed by 10.
Nonetheless, & puléé is genérated for egch horizontal sweep. (The
time constant associated with the integrator 114 of Figure 11 is
slow enough that a continuous signal results on line 100.) The
25 pulse widthzgenerafed for each'of the 10 sweeps uéed to define each

speed control value is "dithered" to provide precise values. For



MOVE #185, - ( SP) .1 oop 185 times (half the buffer) 10
;1 oop once for half of the 370 val ues, sunm ng the waveform val ues for eag:

vpi ce SoundLoop CLR W D1 , cl ear out summing register (not.>
the mask) ADD.L D2, D3 . ;conpute voice 1 ADD.L D4,D5 -
; conpute voice 2 15 ADD. L De,D. ; conmput e voi ce 3
ADD. L AO, Al ;conpute voice 4 ;map voice 1 into DI MOVE. L

DSDO AND. L DI DO instance, assumeBsdt 8fvalle %rb%%g‘énaﬂwg to 6.5 is requitbl

DO ;use bits 16-23 MOVE.B (A3, DO, DO ;1 ookup I'n

wavef orm t abl es ADDoWW1indQ0D1 Referring to Figute i2, iFer ;thddloy enesps3useaat o D,
MOVE: L D7, DO 25 : AND. L D1, DO ;mask of f high bits
SWAPX DO define thissealbe; S£hecfiz3dt MouldBhavel the, ROueDE) the secphdokup
in waveformtabl e ADD. W DO, DI ;add it in ;add voice 4 into D1
30 MOVEthe valuepd, /490, $0 onffiorpithe 10 sweeps. Thigaruld capsgyhhit s
SWAP DO up

... :uyse hits 16-23.MOVE.B A5, DO), . 1 ook
in waveform tabl? ABtal\k}“‘-ng@ﬁ_ 116'GF the pulses gﬂd’qrg'x t?e%wggz th;"@ﬂHeoﬁ & Bt

DVA sound buffer with n val : W, #2 D1 . di vl

4(use nost signifi c%‘nt kEﬁr&@‘m&%g&%{%%A@mveg the val?%tﬂn H”el ?184 %@ufc}'

buf fer ADDQ #2, &Strespond to 6.5: b'ﬁVpde{HtﬁftiRé"ﬁ%e\Falues and permitting the
pulse dithering during the 10 sweeps used to define each speed
“control number, very accurate control occurs. Control accuracy

Kyz 10. beyond the 6 bits loaded into the shift register is obtained.
- 1og(400)
log (2)

In the present realization 400 unique levels or bits
are achieved.

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

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

The present application has been divided out of our
copending U.K. patent application No. 8429501 in which there

20 is described and claimed an apparatus for generating an analog
audio signal for use in a computer system, which includes a

microprocessor and a random-access memory (RAM) and provides

a video signal for a raster scanned display.



Ioop for half the val ues SUSQ #1, (SP) ; decrenent counter

B oundLoop ;loop till done ;now do the second half of the
r 5- MOVE. L SoundBase, A6 ;point to start of buffer MOVE =
/ ( SP) ;reset the counter SUBQ #1, 2( SP) ., decrenent
.sgco;;\d counter BNE. S SoundLoop ;loop till done OK, all-.done,
Updat e sound table, restore registers and return to caller 10 ADDQ
#4, SP ; pop off loop counter MOVE.L BoundPtr, A6 ; get

t abl e address ADDQ #2, A6 MOVEM L D2- D7/ AC Al (A6) ; save back the sound
registers MOVEM L (SP)+, DO D7/ AO-A6 ;restore caller's registers TABLE 2

MOVE. L SoundBase, A2 gat\ sound base address ADD. W #64, A2 <4
,start 32 bytes io LEA 676(A2) A4 .. ;conpute the end addr ess
CLRW -(SP) flagAp®sy 1 5 MOVE #337, D2
- ;338 bytes to nove in Ist half ;0K now that we have everything set up,
start the gRisncddeots execiitdd edele 18Ufaberat MBWEreBtical Aletracéd?) , hove
it into thést®rRyursuf fErcopgybey the 370 vajues for the sext sweep.hunp to next |ocation
MOVEM.L (A6),D2-D7/A0-AS5 : ;get sound params 1nto.rezisters
5 MOVE.L  SoundBase, A8 ipoint to the buffer .
.ADD.W = #370,A6 :actually, point halfway into it
MOVE.L  #$COFP0O000,D1 ;set up mask in bigh part of Dl
MOVE #2,-(8P) ' ;init outer 1oop counter
MOVE #185,~(8P) iloop 185 times (half the buffer)
10 ;loop once for half of the 370 values, summing the waveform values for each voice ' \\‘)
SoundLoop . .
CLR.W DIl . jclear out summing register (not the mask)
ADD.L D2,D3 ;jcompute voice 1
ADD.L  D4,DS ;compute voice 2
15 ADD.L  D6,D7 ;compute voice 3
ADD.L  A0,Al ;compute voice 4

;map voice 1 into D1

MOVE.L DS5,D0- '
AND.L ' D1,DO ;mask off high bits

20 SwaP .DO _ ;use bits 16-23 :
MOVE.B O0(A3,D0),D0 ;lookup in waveform tables
ADD.W  DO,D1 ;add it in

:a&d voice 3 into D;
MOVE.L D7,D0

- 25 AND.L. D1,DO0 smagk off high bits
. SWAP Do ' " juse bits 16-23
MOVE.B O0(A4,D0),DO ilookup in waveform t;ble
ADD.¥ DO,DI ;add it ia L
;add voice 4 into D1 _ \7J
30 MOVE.L Al,DO :
AND.L D1,DO ;mask off high bits
SWAP Do ' ;use bits 18-23
MOVE.B O(AS5,D0),DO ;lookup in waveform tsble
ADD.W  DO,D1 - -3add it in
35 supdate the DMA sound buffer with the new value
LSR.% #2,01 ;divide by 4(use most cicnl!ictnt bits)
HOVE.B D1,(AS6) sput it in the buffer

ADDQ #2, A8 s;bump buffer poister



10 ADD. L D1, D3 ; bunmp cunul ati ve i ndex SWAP D3
;get high part in lowterritory ADD. W D3, Al ; bunp to next
eptry (maybe) ADD. W D3, DO ;accurul ati ve nunbone CLR W -
D3 ' ;reset integer part 15 SWAP D3

;restore D3 ; have, we exhausted our request? CMP. L Al, A3 SA
; past the end of the buffer? DBLE D2, I nterpol ate ;i1 f so, stopit T’ f;
TABLE 3 ; Routi ne: Set Speed, SetASpeed QA gument s: D6. Wi nput)
track nunber speed should be set for Drive (input) - -- current disk drive
5 ;1loop rox-ThicSpﬁﬁadTbiueél n) -- speed code table for current drive
Wi t~ - (output) -- Time if eed changed regi sters ot her
than% A2, DO D2 ar% %9\; opal | ed %Jﬁgp ta11(oBiYFeed):  Seek, RWPower ;
( Set ASpeed) : MakeSpdT 10 ; Functi on: 1h IS routl ne determ nes the
correct speedi:nRyl dg the second Balf of thpdutfemack and sets up the PWM nenory

buffer to ; t gdes u heg, val ue of Wait is
set to SpdChngl me i f g Ls%&%%'c?angee&‘;jq 8 LP.HJ: “ b ﬁ‘ne Tr kSpeedThl

for the current dri Vggﬁm #1,2(SP) idecr S‘ﬂ{i °°ndl'h=eum|rve enable is
not changed, Just th tﬁ?f'?"é”?n mermof 3P°P ®8d is an alternate entry
poi nt whi ch stoml ¥l dome,t piapemobud fteblegCrantdie Fetiatars REE FeCRAC Lo m.pz,,

10 ADDQ #4,5P ;pop off loop couanter
MOVE.L SOundPtr,AG iget table address
ADDQ #2 ,A6

MOVEM.L D2-D1/AO-A1 (AS) ;save back the sound registers
’ MOVEM.L (8P)+,D0-D7/A0-A6 ;restore caller's registers



20 Set Speed BSR S GetDrvl ; set up DI. Al MOVE. W D6, D2 _
; speed class is just track nunber LSR W #4, D2 ; divided by
16 . LSL.W  #3, D2 - ; adj ust to double-longword word index 25 *

: ; add drive specific offset MOVE. W, Tr kSpeedTbI
get the speed we need ADD.W O f Speed(Al,D)

g in an adj ust rrent (watch max, mn) 30 BSL. S 02 -
; ogn' t go bel ow 0 MOVEQ #0O, D2 02 Cw. W #399,D2 BLE.S 03 MOVE. W
#399 D2 - ; don't go ab%_?i 399 35 03 MOVE. W PWwal ue, DO
, are we at that speed? BPL.S ' , if speed is invaljd,
wait power-on time MOVEEW Pw OnTi masul 2, DO BRA. S 06 40 04 SUB-JW
D2, DO BEQ S  Get Drvl : . if so, just exit BPL.S 05 NEG W DO
; positive speed difference 05 LSL. W #5 DO ;o multiply
by 32 to get speed settle 45 time CUP. W SpdChgTi ne(Al), DO ; m ni mum wai t
time for spegﬁ) 2.5A2 g "°§5‘g Trmm) D 06 ° ADD. W
Vi t(Al) DO gga )i K4 Current ni 'fge end address
CLR.¥ =(SP) iflag pass 1 '
5 MOVE #337,Dp2 .338 bytea to move in lst balf
30K, now that we have everything set up, st:rt the main loop to fill the
bufter
MOVE.B  (Al), (Az) imove it 1nto tbp DMA buffer
ADDQ_ #2,A2 _ ;bump to next location _
10 ADD.L D1,b3 . ;bump cumulative index \\g)
SWAP D3 iget high part in low territory
ADD.W p3,Al ;bump to next entry (maybe)
ADD.W D3,D0 saccunulative numDone
CLR.W D3 ;reset integer part
15 SWAP D3 ;restore D3

;bave we exhausted our request?

CMP.L Al,A3 ipast the end of the buffer?
DBLE D2,Interpolate ;1f so, stop it



50 CVWP.W  PwrOnTime(Al), DO~ BLT. 8 07 MVE WvarChTi.rre(AI) DO

07 MOVE. W DO Wait(Al) ;SetASpeed is an alternate entry point whiche
sinply sets up the speed code 5 in D2 Set Apeed MOVE. W D2, PWWal ue Qg)
:note the speed for future reference I\/DJEJ:/IL D3- D6/ A2, - (SP) . preser V& K
A2- A7, D3-D7 SUB.W  #399, D2 - N invert it (for sony) 10 "
NEG W  * D2 EXT.L D2 ' " ; meke it along . .. DV #1 OD2
~; remainder in high word MOVEQ #11, DO (BABLE 3 . MOVE. B DO, D1
; main speed val ue 15 MOVE. B DOD3 ; save bit 0 LSR B
#1, DO EOR B DOD3LSRB #1, D3 ;newb|t5->cyBCCS
02 20 - 3 BSET D%ﬁél%%“ D2,.01 SWAP D2
r eminder dete Aggt tguthe*F" tﬂ%ﬁi%mu@znaea sholRE s 1ieDiis from
dither table Diove (input) NeWlcuBren® dfekrddivel (D2), get 2
bits from rext; one lJJadevﬁngSpeedTbl (in) -- speed code table for current dri
H Wait (output) -— 0, or SpdChgTime if CurSpeed changed
H _ registers other than AO—Az DO-D2 are preserved
;Called By: (SetSpeed): 8eek,RWPower
H (SetASpeed): HukeSpdTbl
10 sPunction: This routine determines the correct speed value

for Track and sets up the PWM memory buffer to
produce the desired output. The value of Wait is
set to SpdChgTime if the speed is changed. O
otherwise. The TrkSpeedTbl for the current drive
ig used. The drive enable is not changed, just the
PYM buffer in memory.

15

SetASpeed 18 an alternate entry point which simply
sets the pvn buffer according to a speed code in D2.

WO WS Ve VS Ve Vs e Ve W W

20 Set Speed
BSR.S8 GetDrvl ; set up Dl.Al
MOVE.¥Y D6,D2 ; speed class 1s Jjust tr;ck number
LSR.¥ #4,D2 ; divided by 16 . . .
: LSL.¥ #3,D2 ; adjust to double-longword word index
25 ADD.¥ D1,D2 ; add drive specific offset
MOVE.¥ TrkSpeedTbl
(Al,D2),D2 ; get the speed we need
ADD.W  OffSpeed(Al,Dl),
. ' - 2 .3 add in sn adjustment (watch max,min)
. 30 BSL.S a2 - 3 don't go below O
MOVEQ #0,D2 :
02 CMP.W  #399,D2 .
BLE-S ‘3 . .
MOVE.¥W #399,D2 ;: don't go above 399
35 @3 MOVE.¥W PWMValue,DO .3 are we at that speed?
BPL.S @4 : 12 speed is invalid, wait power-an
time : )
MOVE.W PwrOanTime(Al),DO
[ BRA.S @6
A 40 04 SUB.W D2,DO
) BEQ.S GetDrvl ; if so, Just exit
BPL.S @5
NEG.W DO ; positive speed difference
a5 LSL.¥ #5,D0 ; multiply by 32 to get speed settle
45 time
CNP. ¥ SpdChgTime(Al),D0 ; minimum walt time for speed change
BGT.S @6
MOVE.¥ SpdChgTime(Al),D)
@6 ADD.W Wait(Al),DO ; add in current wait time

- S0 CMP.¥  PwrOnTime(Al),DO



MOVEQ  #36, D3 ; big | oop goes 37 times LEA PWVBUT f er , AO

; fill up PW buffer (37x10=370bytes) 30 . MOVE. L PWWVBUf2, A2

; ip.case of alternate buffer 01 MOVE. Q #9, D2 ;i nner x
Iooes 10 tinmes MOVE.W Db, D4 ; dither pattern 02

LS #1, D4 ; carry2§t - 1 means use hi gher value BCC. S

03 35 MOVE. B DO D6 ; use higher value BRA.S 04 03
MOVE.B D1, D ~; use nmain value 04 MOVE. B D6, (A2) ADDQ

#2, AO BLT.S ev@r ot h te is sound stuff 40 ADDQ

b
#2, A2 DBRAg; QﬁﬂBFﬁ’ui igf EML (SP)+ D3-D6/A2 ; observe reg

save conventi ons Set SpdEXi t GetDrv 1 45 Dl therTbl ™
; used to tﬁ‘t‘-’;ﬁ#‘t’h’é speéaevalteueeatewnw vEichoeinpSBess ApS e, SpepdSeotie Byt €
AA, $B5, $B’7“§ B, $FF, $40,$00 . CLAIM5 1. An apparatus for generating a .
speed cont gexAspeegnal- for a disk drive in a corrput’er system which 5
i ncludes a micro 9% "gggha’r ndomme speedr Sor( RANFe rafierqocevi des a
vi deo si gnal forg g A8 di spl%ﬂ"e'&'ﬁnﬁ"gr P37 _
SUB.W #399,D2 invert it (for sony)
10 NEG.¥ D2 :
BXT.L D2 o ' ; make it » long . . .
DIVU #10,D2 ; Temainder in high word
. MOVEQ  #11,D0 .
a1 MOVE.B DO,D1 ;+ main speed value
15 NOVE.B DO,D3 ; save bit 0O
© LSR.B  #1, DO : : _ _
EOR.B DO,D3 - . o/
LSR.B #1, D3 ' ; new bit § ~> ¢y _
BCC.8 a2 .
20 : BSET  #5, DO
DBRA  D2,01 -
SWAP:. D2 ; remainder determines dither
NOVE.B Dither?bl(nz) ns : need 10 bits from dither table
ASL #8.D5 - : :
25 MOVE.B DitherTbl+1(D2),D5 ; get 2 bits from next one
LoadPWNBuf _ :
MOYEQ #36,D3 ; big loop goes 37 times
_ LEA PWMButfer, A ; Till up P¥M buffer
- S : (37x10=370bytes)
30 MOVE.L PWMBuf2,A2 ; in case of alternate buffer
Q1 MOVE.Q #9,D2 5 ioner loop goes 10 times
MOVE.W D5,D4 . ; dither pattern
Q2 LSL.¥W - #1,D4 ' ; carry bit = 1 means use higher value
BCC.S a3
35 MOVE.B DO,D6 ; use higher value ,
BRA.S @4 : . oA
e3 MOVE.B D1,D8 ; use main value : </
4 MOVE.B D8,(A2)
: ADDQ #2,A0 : every other byte is sound stuff
40 ADDQ #2,A2

DBRA  D2,02
DBRA D3,Q1

MOVEM.L - (SP)+,D3-D6/A2 ; observe reg save conventions
SetSpdExit BRA  GetDrv 1 | |
45 DitherTdl : ; used to dither the speed values evenly

.Byte $00,$20,8$21,$24,894
-Byte  $AA,$B5,387,3$78, $7F,$40,$00



addressing neans for directly accessing predeterm ned |ocations in said RAM
when said video 10 si gnal is~+ﬂ-a—hoLL19ﬂL§L_9%anking period and for
permtting said mcroprocessor to ite new data into said |ocations wen ..
said video signal is in a blanki nHFﬁ mﬁﬂ"mﬁ dressi ng neans bei ng ’@ﬂ')
coupled to,said RAM 15 b ! for converting data fnrgm,
said | ocations and accessed by said addres$in§ neans to said speed control
signal ; whereby said speed control signa@n&; provi‘ded without interference

with said video signal. 20 2. The apparatus defined by claim1l wherein
sai d ‘wavef orm neans conprises: a counter into which said data is | oaded
from-said | ocations of said RAM said cawiuer -counting at 25 a

pred&fernined rate after said data is |©0aded; pul se generation neans
coupled to said counter for initiating a pul se when said counter begins
counting and for endi nd.sai dApwEpparatius nfarageheratirgea speed oosteol

predet erm ned count, -sgiigré UlesE 29818 aﬁ%gfﬂ?ﬁ]&%‘@?ﬁ‘g:sﬁgﬁp““mh to said

counter. 3. The appa us defiI ned I'ng Integration
neans for integrating JBrlUdss| & AICTQPTACESSPT 80| & TaPEIR-REEESSNMEMOENS. 35

(RAM), and provides a video signal for a raster
- scanned display, comprising:
addressing means for directly accessing
predetermined locations in said RAM when said video
10 signal is in a horizontal blanking period and for
(_/ ' permitting said micrqprocessor to write new data into
said locations when said video signal is in a blanking
period, said addressing means being coupled to said
RAM; '

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

whereby said speed control signal is provided
without interference with said video signal.

20 '
2. The apparatus defined by claim 1 wherein said
waveform means comprises: ]

a counter into which said data is loaded from

I\ ' said locations of said RAM, said counter counting at

25 a predetermined rate after said data is loaded;

pulse generation means coupled to said counter
for initiating a pulse when said counter begins counting
and for ending said pulse when said counter reaches a
predetermined count, said pulse generation means coupled

30 - to said counter.

3. The apparatus defined by claim 2, including

integration means for integrating said pulses from said
pulse generation means.

35



e §

4. The apparatus deflned by claim| wherein said conput er system senses -
di sk drive speed and varies saidt controt——st+giat—as-a function of said speed:
to

4.~V|de dynam c cali-bration, apparatus defined by clains 1 =
or wher ein said speed control ! mmm_ﬂ mﬂai for a varying speed
dependent on the track being acces . 10 15 20 25 30 35.

ey

L4

4, The apparatus defined by claim 1 wherein said - R
computer system senses'disk drive speed and varies -
said control signal as a function of said speed to

provide dynamic calibration.

5 _ .
5. The apparatus defined by claims 1 or 4, wherein
said speed control signal provides for a varying speed
dependent on the track being accessed on a disk.
10 o S )
. _ \
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