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4,210,959

i
CONTROLLER FOIU MAGNLTIC DISC,
RECORDER, OR THE LIE

BEACHGROUND OF THE INVENTIOR

i. Field of the Invention
The invention relates to the fieid of controllers, par-
ticularly controliers for interfacing betweer a digital

computer znd 2 magnetic recorder such es 2 floppy disc 10

or el MemOTIes.

2. Prior ATt

wumerous controllers are commercially available for
interizcing between digitel computers and magnetic
dicz recorders such as the commorly employed fioppy
dise recorders. These discs include 2 plurality of end-
less. concentric tracks used for storing digital datz. The
controller typically accepts data in parallel form from
the computer and provides the datz in serial form to the
recorder. Serizlized data from the recorder is converted
1o parallel form for the computer. Controllers perform
otier functions such as track sziection and synchroniza-
tion.

Commercially availzble controllers, particularly
those for fioppy disc recorders, are generally compiex
2nd expensive. Because of tneir cost, they do not lend
themsaives to the consumer fisid (e.g., hobby zng home
uses) or small business use. AS will b seen, with the
present invention 2 relatively simple, inexpensive con-
troller is described which is suitable for consumer and
small business applications. However, the principles
employed in the described controller are applicable to
jarger, more elaborate systems.

Ofter disc controllers provide track selection signals
1o the recorder. These signals control a stepping motor
which drives the read-
- the motor is stepped from track-to-track, considerable
time is lost in selecting non-adjacent tracks. In the prier
gri, complex means are used to sliow the stepping
motor to accelerate and decelerate to and from higher
spes=ds when selecting tracks which are separated from
on= another by some distance. With the present inven-
tion, z computed velocity profile is easily implemented,
thus aiiowing rapid selection of non-adjacent tracks.

When a track is selected, gynchronization between
the controller/computer and the data recorded on the
track is necessary. In some Cases, permanent markers,
such as holes, are included with each track to provide 2
fixed reference point. In ssoft-sectored” discs, perma-
nent markers are not used. These discs provide wider
{l=xibility since the user is able to format the disc to 2
particular application. Somewhat intricate hardware is
psed 1o provide synchronization with these sofi-sec-
dieze. A mathed it dacesihes in thic appiicetion
viich provides rapid synchronizeiion for safi-sectored

-~
Retran wre n

SIIEF DESCRIPTION OF TEE INVENTION

An interfacing means for interfacing betwesn & digi-
1! compner 2nd 2 mapnatic disc recordan such at &
floppy disc
peraliel regisier is employed for communicating with
the computer on the data bus. A logic means. which
may be a read-only memory, receives input signals (ad-
dresses) 2nd provides cutput signals in response thereto.
The logic

sceived @ synchronization signal from the computer.
Output signals from the logic means are coupled to the
register and to the timing means. Inpwt signals to the
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ire head to the desired track. If 35
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or other memories, is described. A serial/- 60
390 or equivaient. -
Referning first 10 Y7751, the magnetic diss controliar

sans is controlled by 2 timing mezns which 65

-
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logic means (ezddress signais}
timing means, records’ and registar. Thus, some of the
output signals from the logic means are used 25 gadress
signals for selecting the next outpw from tie logic
meats.

A method is deseriped for synchronizing an n-bit
digital regisier from the recorder. A syochronizaton
field which comprises & piurality of codes, each having
n-bits of ons binary state and at Ieast one bit of the other
binery stats, is coupled to the register. Toe regisier i
sutomaticaliy reset each time a bit of the ene binzry
ctate is moved into the nt stage of the regisier. Wit this
synchronization field, the register automaticatlly be-
comes syrnchronizeG with the codes and words.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the controller of the present inven-
tion interfacing between & digital computer znd 2 disc
driver (recorder).

FIG. 2 is a block
present invention.

FIG. 3 is = detailed biock diegrate of the controlisr
jogic and timing means shown in FIG. 2.

FIG. & is 2 graph of the synchronization field uszd 10
synchronize & register with recorded datz.

FIG. 5 is & graph iliustrating the format for each
sector of each track, in the presently preferred embodi-
ment.

FIG. 6 is & graph illustrating the byte format em-
ployed in the presently preferred embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

A controlier for providing zn interface between &
digital computer and & magnetic disc recorder or other
memory means is described, While the following de-
scription is directed towards a floppy disc recorder, the
invented concepts may be employed with.other mem-
OrY INgans, particularly where datz is recorded in seriz
form such asina charge-coupled device (CCD), bubbi=
memory, etc. In the foliowing description, BUmMEroLs
specific details are set forth such as specific word
lengths, etc., 10 provide 2 thorough understanding of
the present invention. However, it will be cbvious 1o
one skilled in the art that the present invention may be
practiced without these specific details. In other in-
stances, well-known circuits have been shown in block
diagrem form in order not 10 obscure the present inven.
tion in upnscessary detail.

In the preszaily preferred embodiment, the described
controller znd methicd of synchronization are emnloved
to provide an interizce hejweer 2 TMiCTOSOMDUTET 205 &
minifoppy dist recorel. The controiier is paniciianiy
suited for uer in concumer fanid sech 20 {or o3
hobby or smali business uss. Ir particular, the preses i
preierrea embodiment of the controller is employet 10
provide an interiace berween ap APPLE-Z compuies,
menufzerured by frnie Compuiss Inc. of Cuperiine.

are teceived from the

diagram of the controller of this

.
viae

Calif. and & SHUGART drive, Part No. SA-402, SA-

of the present invenuon. shown 25 controller 12, inter-
faces between 2 dignei computer 15 and 2 disc driver
16. The digital computer 15 is coupled to the controller
through ¢ date bus 12 snd through an address bus 1%.
Tke controlier 12 is coupiea 1o the driver 16 througt: &
plurality of contro} zng date Hnes. The selection of the
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‘rack is coniroiled [arouzn e s1Zns on lines 23, 25, 27
and 28, which are coupled (0 the four phases of the
track-select siepping motor 33 through the track-select
motor ampiifiers 32. The motor 33 and amplifier 32 are

ordinary components commoniy employed in disc driv-
_ers.] o o
A data signal for recording data onto the disc 30 is
coupled to the driver 16 through a line &4 which com-
municates with the head 24 through the read /write
amplifiers 31. Data read from the disc 30 is coupled
through the amplifiers 3110 ihe controller 12 via line 22.
=t head Jw s moved oY e siepping mofor 33 o me
dasired track on the disc S Enabiing signais to control
the driver 15 are couried to the driver from the controi-
ler 22 via lines 10 and 200 A write, rotect switca L8
! o o7 en tha spmrroller 12 waen Ther=isin
-1z iriver that the nioymation o4 3
.50 i0 oe erased. Toda ISy commoa
-vith numarous Jisc drivers.

Zisaucn
TaitiChal wiad 3
signal employed

Before
format employed in the presently preferred embodi-
ment should be described since it will enable a better
understanding of the comroller. As shown in FIG. 6,
the byte format consists of 8-bit nibbles. Each nibble
consists of four data bits and four clock bits; two nibbles

_are requi byte of data. The clock bits are
always binary ones. Thus, two consecutive binary zeros
naver occur in a normal data field; however, 1wo con-
secutive binary zeros are employed for markers, as will
be describad. A. nibble does not include either the more
significant bits or the jeast significant bits: rather, the

_odd data ojts. Di, D3, Ds and D+, are included in one
nibble and the even data bits, Do, D2, Daand Dyg, are
included in the other nibole. By distributing the data bits
in this manner, merging of the two pibbles into a stan-
dard byte is much easier. Note that if the nibbles are in
parallel registers, a shift in one direction by one stage
allows merger of the two nibbles into a single byte.

FIG. 2. the main portions of the

controller 12 of FIG. 1 comprise a serial/parallel shift

registar 20, a controller logic and timing means 24 and
latches 42. The controller logic and timing means 24 is

shown in its presently preferred embodiment in F1G. 3.

Tue latches 42, which are ordinary digirat iatches, store

data ‘or selecting medes O Operation. tracks on the disc
s eral cinrals. as will be explained in greater

detail. Also shewn in F1G. 7 are 2 motor umer means 52
and & bootstrap mermary -3 i

The controiier of FIG. 2. which is coupled to the
computer via the data tus 12 and the address bus 13,
receives a clocking signal at one input terminal of the
MAND gate 31 {rom the compuier. A controller-select
signal on line 47 is coupled 1o the register 40 and latches

"~ 42 to indicate that ihe coniroller has been selected for

operation by the COmMDUIL Cther weii-known control
signals and lines such as these associated with power
~~ suppiles are not sHOWR i FIG. 2.

The controiler of F1G. 2 is coupled to the recorder
tyrough the lines 25 =3 27 =nd 23. which ar2 zlso
snown in F1G. 1. Tre enabis signais on Jines 19 and Z0.
-te data nnes o2 ond 4. and the write profect switen
signal on line 17 are aiso shown in FIG. 2.

;= serial/paraiiel shift register 40 is an ordinzary
; B g it words. in paraliel.
nis data, seriaily. Cnig
disig Thode. During 1he
$'shified into the regster 40
The registar

descriving the coatrollsr in detail. the byt 2

AEAR Yt
P
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-

~0 is comiroiien by signais coupied (o the register on’

lines 30, 71, 72 and 73. These lines onginate in the logic

and timing means 24. During the reading mode, as will

be described, the data shifted into the register is con-

trolled by signals on these lines. During the reading

mode, the register 40 is automatically cleared when its
3th stage) contains

10

25

with the byte format of T10.
nibble is alwavs a binary one (Clock bit}. i1 =
ing mode, data is shifed a0 the register <0 from right
to left. The register 40 is also able to shift data from
right to laft; this is done, 28 will be deseribed in groater
Jatail, 1o sense the signal on line 17.
~ile in the presentiy preferred embodiment an 8-t
ramigter 4 is emploved, 1 16-0it register Or W0 q-pit
isrers may Se ccuzied in seriss 1 -, ow the iransfar
bit words to an aporenniate Sus.
s BSGRSITAD THETICTY O waich i3 coupied o b2
sddress bus 14 and the data bus 13. may ve a read-only
memory such as a__P’R._Q_M.Jn the presently preferred
emiodiment, this optionally empioved bootstrap mem-
ory is a 256-byte memory used to set initial conditions
for operating the system software. The memory may
employed for the reading of operating systems from the
dise, or like functions.
The controiler fogic and

riming means 24 is able to

. sense if the disc is up to spezd and prevides a signal on

{ine 53 so indicating. Lnis signal through timer 52 and

5

40

15

_control_the tour pnases of the track-seiect motor 33

30

W
o

NAND gate 51 prevents the clocking signals from
being coupied to line 50 unless the disc is up to spezd.
The motor timer 52 controls the disc drive moter of the
yecorder via a signal on line 20. Afier data is written or
rezd, the timer 32 prevents the disc motor from stop-

“the nist bit of each

o
R

ping for a predetermined period of time (e.g., ten $eC- w=r—

onds). Note that without this timer a considerable
amount of time would be required to wait for the disc to
be brought up to speed. The signals on lines 18 and 19,
which are stored within the latches 42, are used to en-
able the recorder, including its disc motos.

in the presently preferred embodiment. the latches $2
consist of eight latches which act as a storage means and
decoding means. Four lines of the address bus 14 are
coupled to the latches 27, Three of thase linss ars vsed
to s2lect one of the eight 1atches and the remaining line
is used to furnish data (binary ons ©f vero) 10 the se-
1zcead latch. In this manner, 3.5its of data are loaded
into the 'atchas 42. Four of these dota bits are used 10

{FIG. 1): these Lits are coupred to ibe recorder on lines
=5 through 23. Two_of these data Dits are coupled to
iines 13 and 19 for generation of the enapiing signals for
the recorder. The remaining 1wo bits are coupled 1o
lines 60 and 61 as will be described in zreater detail in
conjunctien with FIG.
for the controller.

In rypical operation, the compuier through the con-
erolier of FI1G. 2 senses the posiiion of the head (current
trock) over the disc Specificaily. the track rumber
which is read by the head is coupled to the computer
tsrough ihe regisier 0. The computar is abie 10 com-
pute the ideal velocity profile for moving the head 10
the desired track from the current track with a rela-
tively simople aleorithm. Since 2li four phases of the
srzpping moiOT <3 are controiled ihrough the iarches 42,
rapid acceieration and decaleration. and higher rates of
rotaucen. are obtainable when compared 10 s1eppINE the
molor 1rom track-lo-track.

3 to select a mede of operation™

bC‘é=‘ e -
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To acieve an efficient velocity profile for a stepping
motor. 1z pnor arl ollen resorted to releiively COmnisX
huravezre. With the lazche=s 42 and 1S coupling 1o the
compuier through the address bus, an ideal velocity
profue may BE quiclly and efficiently computed with-
out such hardwores

in Fi{. 2, the register 45 and the date bus 1 are
again shown. The controtier logic and timing means 24
of FIG. 2 comprises 2 Jopic means 4% and z timing
meons £3. The logic moons 48 mey be anv logic means
adeptabic for recaiving input signals and for providing
wrecisrmined CUIPLL signais in response thereto. Thus,
orcinary logic getes or othzr known logic arrays may
be used. In the presently preferred embodimeant, & resd-
oniv memary, speciiically 2 PROM, is emploved. The
wming mesns, in the presenuy preferred embociment
compriszs four (%) Jatches which are controlied by the
clocking signal, line 53.

The iogic mezns (PROM) 48, in the presently pre-
ferred embodiment. comprises 2 256-byte memey
which provides an g-bit output on lines 70 through 77
for each §-bit address recsived on lines 60 throngk 6.
Tte gnecific funciions controtled by the PROM shall be
Gisomezes below. The specific program stored¢ within
the PRLOM 4% for the currently preferred embodimani is
skowrn in TAELEL

Twao of the zddress signzls to the PROM 45 are cou-
pied from the latches ¢2 of FIG. 2 on lines 62 and 61.
Thess signals select the four possible modes of opera-
tion; specifically. read (0D), sense write protect/writc
initialize (61). write (10) and write load (11). Another
input to the PRONM 48, line 62, is the signal sensed by
the recorder head which is coupled to the controlier on
line 22. An ordinary edge detector 77 is used for detect-
ing the edge of this signal and for providing a binary
signal on line 62. Tha input signal on line 63 is the serial
output from the register 40. The remaining four address
signels to the PROM 48, lines 64, 65, 66 and €7 are
ourpyt signais from the latches 43. :

Acg is zpperent from FIG. 3, four of the eight bits of
output from the PROM 48 provide address signals for
the PROM. The signals on fines 75 through 77 provide
input address signals for lines 63 throuch €7. One of
these lines, line 64, also provides the recording signal
for recording data onto the disc. -

Assume that the controller is in the reading mode as
determined by the 00 signal applied 1o the PROM 45 on
lines 60 and 61. The latches 43 operate at twice the
cycle rete of the microprocessor which correspoads 1o
3 raie eipht tmes faster than the bit c=ll disc rats; thus
the lziches continuelly relzase address signals 1o the
P QL Tnkiiaily, the register 22 is empty (il zeros). In
tha prozpely nrziorred erm~odiment. if 2 trznsition oc-
cur or bme €280 11 07 faver oF such lateh oysies. 2

: i er znd the PROW pros
. =2, 71,70 end 73 whick. alter gepoding
gy Tlie LECOASET woz, SNifEs & binary ont in the 1irst stage
o the register &G 1T tweive such cycles oceur withot 2
cpanrsine g zere is thified inte the register 40, (A will
o2 described later, il the fist bit is 2 zero it will b2
skiznad). Thir continues until the register is full. Count-
in- cifectively occuTs by the repeated addressing of the
PR.OM as the signais pass throurgh the latches 43.

The computer sensas 2 full register by polling the
2oic bus and by specifically determining if & binary One
1s in the niF stage of the regisier. As mentioned. the first
oy of each mibhle s always a binary one. When the
remster-1s Juil, Hiw COMDPUIED remaves the data through

=a

L e
S e

15

20

. (11).) Every eigh: cloch cveles,

35

43

45

50

65

-
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tie data bus 13 and the register 40 is cicared. In the
interim. the PROM 4% wans for ¢ binzry one znd the
following bit. Then it writes this bizary one and the next
binary bit into the register 40. The temporary delay of
shifting into the register is necessary i provide ampie
time for the computar 1o withgdraw the contents of the
register 40. When 2 fuil register occurs, if the first bit
sensed by the PROM is a zero, it is effectively skippec,
although shifting a zero into the empty register would
not affec: the operatiorn of the devize. In this manner.
nibble after nibble is rezd from the disc. shifted serially
into the registar 40 2nd then removed in parallel onio
the data bus 13. The PROM 4f provides the logic 10
insure the shifiing of the correc bina~ bits into the
register 4G as 2 function of the signal on iine 22, which
is couplec 10 the PRON or line €2

In the recording (writing) mode. the mode select
signal (10) is applied to the PROM 45 on lines 60 and 61.
{Previously, each nibbla is shifted into the register 40, in
perailel, from the computer during the write load mode
the sifmals on lines 70
through 73 cause the regisier 45 10 siifi its contents to

_the right by one stage. Far each such shift. the next it

ir (e register is coupies 16 fine C2. The signe! o ling c3
determines the ouipul signz! from 1he PINOM, 2nd par-
ticulerly, the signal on lne 7¢ which is coupied to the
recorcer via line 64 zfter passing through latches 45.
Each of the B-bits are thus shifted frem the register 40
and supplied to the recorder.

In the presently preferred embodiment, the mode
select signals change t0 11 for the loading of the register
45 from the data bus 13. Note that this is not necessary,
and that the computer could directiy communicate with
the regisier 40 for purposes of loading data into the
register.

During the sense write protect/write initialize mode,
the signal on line 17 is shifted to the left by the register
40 and sensad by the computer. In this manner, the
computer can determine if the perticular disc on the
recorder should not be written onto and provide an
appropriate indicztion to the operator. QOther data or
signals mey be transmitte¢ on line 17 where appropri-

te.

As mentioned, in the presently preferred embodi-
ment, & sofi-sectored disc is employed. When the re-
corder is first seiected, signals from the disc are coupled
through lines 22 and 62 to the PROM 48 (reading
mods). These are shifted into the register 40, One prob-
lem with a soft-sectored dise is that there is no immedi-
ats way oOf cetermining Whete in = nitble reading first
occurred. Some means oF method must be provided to
glign or synchrenize the ghiftine of the dote info the
remerer &5 wizh tn2 niphiss recoros@ On e gisd.

farsing w0 FLG. < i dring fisid of
congl izzil
Eeor woré consisie of e
binary zero. 1 seli-syncaronizatan fiziu, i & MOTE
gencral form. consisis of n-binary onss where n corTe-
gnnnds 10 the number of staces in the regcister foliowed
by z1 least one binary zero. AS will he seen with these
n--3 godss, Ty TrTioter «n eacare with everv n bits until
the fizzi s " - " - -zsznpowith
gvery n--1 bits.

Referring to F1G. 4, assume that the disc includes the
above-described synchronization fiald. Assume further
that reading begins where indicated by the start line.
This first binary onc 18 shifted into the register 47 of
FIG. 3. Eight bits iater the first reset occurs and the

.
z
weros ore empyes
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Tegier automaticaily cleurs ©ines 4 cipary onz isn e crnesk Wi ue seraliy inoved tarougn tag regsted. Tad
n stage. Following this. eigit dits later, the second marker A3 wil not be recognized since synchreniza-
reset occurs. The third reser ceours eight bils later as tion has not yet occurred. Following the gap 35 a syn-
indicated in FI1G. 4, and finally. the fourth reset OGCUIS. chronization ficld is reached and synchronization oc¢-

{(When the fourth reset occurs, a binary zero is in the 5 curs. Then the daz field markers DM, and DM; are
first stage of the remister.) From the next bit forward tne recognized. fJOWeVeEr, since they were not preceded by

register will automatically ciear every n-- L bits later, an appropriale address marker, the data which foilowed
and thus the register will be compiezely clearsd whez is ignored. Alter a 3ap (corresponding to 2P 7N 2
the address maker (AM,) reaches tne regIsier. Likawise, synchronization de:d (corresponding 10 synchroniza-

if r2acing cegins before the synchronizetion fizld, syn- 10 tion field 20) is rsacned, and synchronization 0Cguss.

N

chronization will be achieved before the end of the The markers AM1 and AM3 are recognized atlowing
ferd, L the idennfication of the voiume. track ang ssCof. Taen
Ta the presently preters2d emitciiment, sach of the  thedaa stored wwitain that vojume, track and secicr wiil
sracts 3 divided imto 1l cegioim cas sogh ractor i5 1

5 te road, if raguirzd,

et
«

eesor incinGes 305, SUSA 25 599 15 Thus, 3 comelis 2or interfacing between 1 dizhas
aompnui? Cf dean : .

P 2, anse

B
S Ut B nel L RHEAL A F _5:":‘3;....‘.‘.'_’ G0 il 3Gine Tais

——

Gear apd . cpScrIf, OF a8 ke, 35 se2n

o A mimmum of aerdware i required 0 [2o
1anon, : £oia 1R CORIC.2ln Zvncironizarion with a soi-is-

Foiowing tae zap 70, there is syncarcaization feid tored disc is scaieved without adgitonal hargwars 2y

-9 which corresconds to the field sEown in FiG. 4. 10 reading a predetermined seif-synchronization iield from

Vyhite in theory oaly & codes of n binary ones and a2 the disc.

binary Zero are required to synchronize the tegister,

cleven such codes are used within the synchronization TABLET
field 50 to assure synchronization. 500 Da 0D 18 3 0A OA DA A
Fellowing the synchronization field, the address 25 S1ov B ¥ T - O
g . . X N ! 0- 18 38 08 38 O0A 0A 0A 0A
marker identified as ANy appears on the track. This ¢z 18 39 18 3 18 38 18 3B
marker is used to indicate that an address follows. Inthe  ¢m0- oD OD 28 18 0A 0OA DA DA
presently preferred embodiment, two conseculive ad-  €nE- 28 4 28 ¢ 2 8T 4
dress markers are cmployed as snown by AM; and ‘é;;'s" fg : i: . g‘;‘ 2‘; 3? by
Abla 'I_"ne address markers are distinct and immediately 30 0. 0D ob 58 cs DA O0A 0A O0A
recognized by the computer. AS previously mentioned coi3- 8 - 18 53 3 53 18 573
with the nermal data field and other information on the + €750 8 7 53 <8 O0A 0A A 0OA
Gise, every other bit is a clock it (binary cne). Thus, ciss- 58 7 8 8 s B % I
two binary zeros do not Coeur in succession. However, Cc;ig' 21‘? gg’ g.: gss 2’; g‘;‘ %? g’;‘
each marker includes both a missing clock bit and data 35 oo 68 22 &8 g2 OA OA OA OA

bit. If reading beings in the middle of a data nibble. only C118- 68 o 63 g8 6 08 6 88
a data bit or a clock bit may be missing, but not both. ¢ b €p K3 cs 0A 0A 0A 0A

Thus, thf comp,u‘.:r cannot mistake data or other infor- C.“.gg_ gg g; 22 gg 'gA gi 908 " g‘f\
mation O MAr«ers. . cos- 98 39 98 B o9 BB 9 BB
Aftar the computer senses the addrsss markers, it 40 CTAGC- oD D9 c3 8 DA OA OA QA
then xnows that address informaton foilows. Taree A ad s at G Ag C3 A3 G
waords consisting of a volume number. a track number gg? c_:z ;‘:98 ‘:2 ‘é? g‘;‘ gf;‘ i;‘ 21;
and a sector number (shown as words 31, 22 and 33, &1C0- D9 > D8 F§ OA OA 0a OA
respectively) are read frem the discs to provide an ad- cics- D F L3 Fs Ds Fs D& T3
dress. Following the secior numoer, an 101 chack is 45 C7DO- B9 Fo D2 F3 QA 0A 0a Ca
made on 1ae volums, t‘rac_':f. and $6CICT RUMSS. In the gg& ?S ap gg ?o Ef\ gal\ gi 21
presently preverred eratodiment, an exciuzive ORiag of 8- ES i) ge # O ©E 88 E1 O
these thres numbers is emplcyed and checked with the CcTFO- 1D 3D =3 EQ 0A 0A 0A Oa
error check word $4. A third address markar, Ay, is (.37?3' ES 3 F2 O3 E5 8 E8 03

aead in the presently preferred embodiment 1o close the 20
addrass fictd. : '

Next the dara fieid begins, starting with a Zap 35. 1 claim:
Following the gap 35, synchronization is again required 1. An interfacing means for interfacing between a

=nd thus a synchronization Aeld. such os the fizid S0, s digital compuier and storage device such asa magnstic

racentad, Two Gata maikars oF and 37 aiz cod <o intro- 85 dise recorder, comprising

igs the stored data 33, In the present: =rzferred em- e F T e naralial in=wi-
nediment, 250 $-bit words (236 nibbies) are stored S LT oonTw
wittn dara 53, Then an £1707 checi is made. sarial ipLL/ CUIDUL RS a2 It SR
N5 matter whers reading Laains within the address Covice, sed regiaier means also having 2 oo
Sa4 or data fieid of F1G. 5. svnchronizatien is achieved ©0 means having 3 ploraiity of register contred !
“arorz the COMDUIET ACTSEIS Gnid. e admputer wul . = far sontrouing troaster of data 1o and from ¢
qot accept sny data including addrasses) uniess it is register means
preceded by 2 recognized maciet. To rzcognize a latch means naviag 3 piurality of latch mput Linzs anc
uruer, the marker must o8 properly alizaed within the 2 plurzlity of ‘aicn cutput lines, said laich mennt
Ltages of ihe register -4, ol sor conuroiling ¢ fow of digital signnis oeth-uzl
Iy way of example, if reading taoins intne middle of 1ok input ices and iatch ourput lines 1 rescnaze
‘he volume number. the 4213 corresnonding 1o (his - dmmr EtT

numbper, the track number. SeCIor numoer and effor ChoCk MENs v s zone- semng fotm s E e
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read-Only MEmOry Mens having sn address mezis
- with & piurality of address inpul iines, anc & piurais
ity of daz output lings. szig read-only memory
mesans for receiving input signals on said address
input lines and for providing predetermined output
signals on said date output iines in response thereto;

& portion of said read-only memory meens data out:

put lines being coupled to said register control
means viz said register control iines for controdling
gata flow to and from said register, another portion
of said read-only memory msans datz output lines
being coupled o ¢ai¢ latch means input lines, said
|etch means output lines being coupled to said ad-
dressing means via & portior. of szid resd-only
memory means adaress lines for providing & por-
tion of sn address thereto suzh that some of said
output signals from said read-only memory fmeans
are emploved as next address signals to said read-
onlv memory means in response to said timing
signal;

said interfacing means further including means for

coupling the addressing means via znother portion
of said read-only memory means address lines to
said computer whereoy said computer may com-
municate with said storage device through szid
interfacing means.

2, The interfacing means defined by cleim 1including
storape means for receiving digital signals from szid
computer and for providing control signals to said stor-
age device for controlling track selection, said storage
means being coupled to said computer and said storage
device.

3. The interfacing means defined by claim 2 wherein
said means for coupling the addressing means via &
portion of said read-only memory address lines to said
computer comprises said storage means.

&, The interfacing means defined by claim 3 wherein
said input signal to said read-only memory means from
said storage meens is used to select a reading modeor 2
recording mode. ‘

5. ‘The interfacing means defined by claim 4 wherein
said storage means COmprises digital latches.

6. The interfacing means defined by claim § wherein "

said computer has an address bus and a data bus and
wherein said ditigal latches are coupled to said address
bus of said computer.

7. The interfacing means defined by claim 1 wherein
at least one of said output signals from said read-onty
memory means is coupled to said storage davice to
grovide a signal for 2 writiny mode.

f£. The interfacing ma2nf gafinad by cleim 7 wharein
w2l Tegister means sarizlly provides 2 digizal s

2l on
g2, sarie) inpus/output line 23 oas of szic agdress iInpais

:c saig read-omly merory means during szid writing i

mogs.
¢, The interfacing means defined by ciaim € wherein
szif output signals {rom g2id recd-only memCTy moLno

controls the serial loading of a digital work intw said 60

registsr means during a reading mogs.

10. The interfacing means defined by claim 1 wherein
said register means receives digital words in parzallel
jorm from said computer and serizlly couples said

. T rpe oy Tt e Pl —ar - T Em I e T
L5 £ 8 L oNTORIZLON Sagiie: {som saiu OO

only Memory means an€ eaid storage gevice (o7 1288

H
S

11. The nteriacing me2ns of claim 1 whergin said
seversi input/output line of said repgister means i: coun-
pied 10 sai2 recorgar through said {atch mezns end szid
read-only memaory meatt.

12. An interiacing means for imerfacing beiween &

digitel compuier enc siorage device such as & magheic
disc recorder, COMPpIising:
register means having & plurality of parallel inpui-

/ourput lines for coupling 1 eaid computer end &
seric) inpui/output ling for coupling 1o saic $10T=g=
device, said register means elso heving & control
mean: heving a plurality of register control linge
for controliing transfer of data to and from said

regisier means;

jatch mezns having 2 plurality of latch input lines and

a plurelity of jatch outpu: lines, said izich means
for controlling the flow of digitz] signais between
latch input lines and 1ztch output lines in responss
1o 2 timing signal;

clock means for generating gaid timing signal
reag-only memory means having an address means

with z plurality of address input linec. and = plural-
jty of daw outpul lines, said read-only mEmMoTY
means for receiving input siznal, on soid address
input lines znd for providing predetermined ouiptl
signals on said data ourput fines in responss therslc;

a portion of said read-only memory mmeans dézta out-

put lines being coupled to said register control
mezans via said register controt lines for controlling
data {low to and from said register, another porticn
of said read-only memory means data output lines
being coupled to said latch means input lines, said
latch means output lines being coupled to said ad-
dressing means via 2 portion of said read-oniy
memory means address lines for praviding & por-
tion of an address thereto such that some of said
output signals from said read-only memory meins
are employed as next address signals to said reac-
only memory means in response to said timing
signal,

said interfacing means further including means for

coupling the gddressing means via enother portion
of said rezd-only memory means address lines to
said computer, said read-only memory means being
coupled to receive & data signal from said storage
device as an address input on one of said address
input lines during reading of data, said read-only
memory means being coupled to said serial input-
/output iine of said register means 0 receive 2 data
sicnal from said register means.as an address input
on another of said address input lines, and one of
seid resd-oniv memory data ouiput lines beins
courizi AT scif ©ioTLst devize 13 pravids £ &

theraty cusing recording of

£ compter may communicate with saic worens
Gevies through said interfacing means.

12, The interfzcing meens definad by claim 12
whersin szid contro! signzl for said latzhing means €2~

—t

14. The interfacing means defined by claim 12 inciud-
ing storage racens coupied 0 saud compuien. ag rant.

PO et o

ing signals from said -omputer {of controlling trach
selection by said storags device and for seiecung said

words to said read-only memory means during 2 writing 65 recording of reading of data.

mode.

- . H = *




