Apple Computer Inc. Patent : 4 210 959

United States Patent o) 1] 4,210,959
Wozniak [45) Jul. 1, 1980
[54] CONTROLLER FOR MAGNETIC DISC, 4,096,579 671978 Black et Bl eeeecinnstsniae 364/900
RECORDER, OR THE LIKE 4,100,601 771978 Kaufman et al. ....... 364/200
4,148,098 4/1979 McCreight et Al ieaeene 364/200
[75] Inventor: Stephen G. Wozniak, San Jose, Calif. '
. . . Primary Examiner—Mark E. Nusbaum
[73] Assignee: é:{']fe Computer, Inc., Cupertino, Attorney, Agent, or Firm—Blakely, Sokolof, Taylor &
- Zafman '
21} Appl. No.: 420 .
[22] Fll):d ::’ 16, 1978 57 cr
[22] - Filed: y * A controller for interfacing between a digital computer
[5 1] Illt. Cl.z ......................... G“F lsm; GO6F 3/06 md a magnetic dlsc rccorder, such asa “ﬂoppy" disc' or
[52] US. QL cooriicnicnsicmniansninnns 364/200; 360/78 other recorder or memory is disclosed. The controller,

[58] Field of Search ... 364/200 MS File, 900 MS File, which permits accessing of the disc with minimum con-
364/200, 900; 3€0/69, 71, 78, 135 trol by the computer, is realized with relatively few

[56) Razferences Cited components and is particularly suited for interfacing
US. PATENT DOCUMENTS betwe;n a picrocomputcr and a “m'miﬂo!:py". Track

selection with a computed velocity profile is employed.

2%3&1 g;:g;g g"’g‘f‘: """""""""""""""""" ggg& Synchronization with a soft sectored disc is achieved
At J L) x e a meesesrrccccvinnsanaacsen H 3 o,

3987419 1071976 Mol et Al ...ooorocerrerrerene Jeas200  “ithout additional hardware.

3990055 11/1976 Henderson et al. oo 364/200

4,080,65! 3/1978 Cronshaw et al. ..coooceeeeac 364/200 14 Claims, 6 Drawing Figures

ﬂ')le. 2

D7 LNVES
70 LNSC
T 77 2| | e
: g AoOE SELET COWTROLLER
4{ 47\_{ SELECT
a He P hed
BYTROLLER
Sz S/ PRl L R Cov7ROLLER (Seccerron) ZJ’? »
! | ST ResISTER Lossc a0 ) A La7THES Sezecr
47 TAING  MEANS —d2~ Ao 708
GMAS
7
e /N 28
Dara Bus 3 «r |_—0
T 3 PAN 5
70 _— S s
CoMAUTER 8 1
S 7 , — I T
AOO0LSS 8
P 77X3 A, Jﬁ 50;/‘ 52)
r
AbTae
Sog 757Fae . ~ TTAER
ALASIORY __jj'___l‘
~45~
sl

(47 4 F\————
20 (¢

LraBLE

Page 0001 of 0010




- 4 210 959

Apple Computer Inc. Patent

4,210,959

Jul. 1, 1980 Sheet 1 of 4

U.S. Patent

MS LI LIS

)

9l

S

Page 0002 of 0010

HITLNINOD
78LIS/T

vy &E
XN ISP AArOYS
I'd 1}
1°(4
Lz
. Y 5
Sory UG = : SY2&7
LT PP \ 7 Yt 77/
| o7 & ~TU—= P I
yaso
NI LS - N vw_
L2770 = X0bY/ ee S HT Y I0XLNOD
P .77 74
o ly o4
LI CETY y ey
B b9 ooty WA Y N
(0
vm.u. - vlw. 7g96NV7 <l
0" Os7 W/ ¢ "
9¢ J




- 4 210 959

Apple Computer Inc. Patent

4,210,959

Jul. 1, 1980 Sheet 2 of 4

U.S. Patent

FIoEN s
6l oz S ors
~
x_.. 1S
~Qlr~
Ay
%..VMMW . TS L OOLy
e Sewuvoy
) \\
vl Q NN
S /// 4 mmll " \ < %
.. o—1 o l %7 b
o || <
Syl
WM.%G&\ ~Zb— — SWEy sy b
£ V\WN% STpUPy by o /90y |- . LYY LA l
o/ ..M (VoLL27778) ITIIUN) €9 B 1O Il
— 7
% 19 Ll 7
A - AR ;
LO.7 TS L 0]g
P 7 70NLN) L7270 ooy » c
/] P )
b9 IR iz 2 nw
o8 os

SNy KL

J

Page 0003 of 0010




© 4_210_959

Apple Computer Inc. Patent

4,210,959

Jul. 1, 1980 Sheet 3 of 4

U.S. Patent

yor aroy 2Ly I/
> N.MW.\WQ @27) 2y of
L 2RI,
UYL 7LD
) | yodbr W IS /0
ce 159 vy 00
- 59~ b5 —A— LTI TOW
y Cs5 Tow
vo\ 29— 1 i eny 61 zy of 9¢f ¥
7 , - —
st/ | | Loy
Y70 STHILYY | (SHEZYY O7/907 )
> 1 ! f ! 6059 o
om\ (oML | ( ) oy
/ [ SUNALNO N g¥
& tt mal IS K L SRS S
< 24— A —~~—0L
Sz
] 1L
61 | 6 9
o ~Ob £ (=Y 7 ;
m% (€z2e372) ) L
NZULS/ORY LAHS eor 2l
. 1" mrveny/rrazs A7
2l

l\)

el

J

Page 0004 of 0010




- 4 210 959

Apple Computer Inc. Patent

U.S. Patent

4,210,959

Sheet 4 of 4

Jul. 1, 1980

9 .\mﬁu\.
(SHIYWY S LAWY [ =SUIF YI0% ) LOWOS LRS-
Og |xom| o |ywow| 47 |xop| S |wop| ‘o |wop| £ \xop| So yor| 4o oo
e -~ I\ v -
ol % o ~>7%

Xy Bt oIS SSTUTY Lo/ NUBS
A A
\Vn% 2, / poi o /
B\ ez | o | A4S o2 | Epp LSV | | e | W | IWAS| O
3 L &-\-
D7 7 27 7 /7 7 3 SO
(w3 =3 e e e €0 4] 19 00 &l
_ G7 e INVAS-S7TS
\ O.__.__uv__Oq_.—__W-O_____._.O_____-qu-_______Oﬂ____._. ........
wp O T
; 1 H i !
IR 4r
TIATNOY IMES 4_ _ _ et

LTy LT LY LY LIS

fUNC, T ORI LSOry

J

Page 0005 of 0010




Apple Computer Inc. Patent : 4 210 959

4,210,959

1

CONTROLLER FOR MAGNETIC DISC,
RECORDER, OR THE LIKE

BACKGROUND CF THE INVENTION

1. Field of the Invention

The inveation relates to the field of controllers, par-
ticularly controllers for imerfacing between a digital
computer and a mgneuc recorder such as a floppy disc
or other memories.

2. Prior Art

Numerous controllers are commercially available for
interfacing between digital computers and magnetic
disc recorders such as the commonly employed floppy

5

10

disc recorders. These discs include a plurality of end- 13

less, concentric tracks used for storing digital data. The
controller typically accepts data in parallel form from
the computer and provides the data in serial form to the

recorder. Serialized data from the recorder is converted -

to parallel form for the computer. Controllers perform
other functions such as track selection and synchroniza-
tion.

Commercially available controllers, particularly
those for floppy disc recorders, are generally complex
and expensive. Because of their cost, they do not lend
themselves to the consumer field (e.g., hobby and home
uses) or small business use. As will be seen, with the
present invention a 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
larger, more elaborate systems.

Ofter disc controllers provide track selection signals
to the recorder. These signals control a stepping motor

25

30

which drives the read-write head to the desired track. If 35

the motor is stepped from track-to-track, considerzoie
time is lost in selecting non-adjacent tracks. In the prior
art, complex means are used to allow the stepping
motor to accelerate and decelerate to and from higher
speeds when selecting tracks which are separated from
one another by some distance. With the present inven-
tion, a computed velocity profile is easily implemented,
thus allowing rapid select:on of non-adjacent tracks.

When a track is selected, synchronization 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 a
fixed reference point. In “soft-sectored” discs, perma-
nent markers are not used. These discs provide wider
flexibility since the user is able to format the disc to a
particular application. Somewhat intricate hardware is
used to provide synchronization with these soft-sec-
tored discs. A method is described in this application
which provides rapid synchronization for soft-sectored
discs.

BRIEF DESCRIPTION OF THE INVENTION

An interfacing means for interfacing between a digi-
tal computer and a magnetic disc recorder, such as a
floppy disc or other memories, is described. A serial/-
parallel register 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) and provides output signals in response thereto.
The logic means is controlled by a timing means which
received a synchronization signal from the computer.
Dutput gignale from the logic means are coepled to the
rcglstcr and to the timing means. Input signals to the
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loglc means (address signals) are received from the
timing means, recorder and resister. Thus, some of the
output signals from the logic means are used as address
signals for selecting the next output from the logic
meens.

A method is described for synchronizing an n-bit
digital register from the recorder. A synchronization
field which comprises a plurality of codes, each having
n-bits of one binary state and at least one bit of the other
binary state, is coupled to the register. The register is
automatically reset each time a.bit of the one binary
state is moved into the n# stage of the register. With this
synchronization field, the register automatically be-
comes synchronized with the codes and words.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 2 is a block diagram of the controller of this
present invention.

FIG. 3 is a detailed block diagram of the controller
logic and timing means shown in FIG. 2. ‘

FIG. 4 is a graph of the synchrpnization field used to
synchronize a register with recorded data.

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

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

DETAILED DESCRIPTION OF THE
INVENTION

A controller for providing an interface between a
digita! computer and a 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-
cry means, particularly where data is recorded in serial
form such as in a charge-coupled device (CCD), bubble
memory, etc. In the following description, numerous
specific details are set forth such as specific word
lengths, etc., to provide a thorough understanding of
the present invention. However, it will be obvious to
one skilled in the art that the present iizvention may be
practiced without these specific details. In other in-
stances, well-known circuits have been shown in block
diagram form in order not to obscure the present inven-
tion in unnecessary detail.

In the presently preferred embodiment, the described
controller and method of synchronization are employed
to provide an interface between a microcomputer and a
minifloppy disc recorder. The controller is particularly
suited for use in the consumer field such as for home,
hobby or small business use. In particular, the presently
preferred embodiment of the controller is employed to
provide an interface between an APPLE-2 computer,
manufactured by Apple Computer, Inc. of Cupertino,
Calif. and a SHUGART drive, Part No. SA-400, SA-
390 or equivalent.

Referring first to FIG. 1, the magnetic disc controller
of the present invention, shown as controller 12, inter-
faces between a digital computer 15 and a disc driver
16. The digital computer 15 is coupled to the controller
through a data bus 13 and through an address bus 14.
The controller 12 is coupled to the driver 16 through a
plurality of control and data lines. The selection of the
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track is controlled through the signals on lines 25, 26, 27
and 28, which are coupled to the four phases of the
track-select stepping motor 33 through the track-select
motor amplifiers 32. The motor 33 and amplifier 32 are
ordinary components commonly employed in disc driv-
ers.

A data signal for recording data onto the disc 30 is
coupled to the driver 16 through & line 64 which com-
municates with the head 34 through the read/write
amplifiers 31. Data read from the disc 30 is coupled
through the amplifiers 31 to the controller 12 via line 22.
The head 34 is moved by the stepping motor 33 to the
desired, track on the disc 30. Enabling signals to control
the driver 16 are coupled to the driver from the control-
ler 12 via lines 19 and 20. A write protect switch 36
couples a signal 17 to the controller 12 when there is an
indication within the driver that the information on a
particular disc is not to be erased. This is a common
signal employed with numerous disc drivers.

Before describing the controller in detail, the byte
format employed in the presently preferred embodi-
ment should be described since it will enable a better
understanding of the controller. 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 required to store a byte of data. The clock bits are
always binary ones. Thus, two consecutive binary zeros
never occur in a normal data field; however, two con-
secutive binary zeros are employed for markers, as will
be described. A nibble doe: nat include either the more
significant bits or the least significant bits; rather, the
odd gata bits, Dy, D3, Ds and D5, are included in one
nibble and the even data bits, Do, D3, D4 and Dg, are
included in the other nibble. By distributing the data bits
in this manner, merging of the two nibbles 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.

Referring now to FIG. 2, the main portions of the
controller 12 of FIG. 1 comprise a serial/parallel shift
register 40, 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 FIG. 3.
The latches 42, which are ordinary digital latches, store
data for selecting modes cf operation, tracks on the disc
and other control signals, as will be explained in greater
detail. Also shown in FIG. 2 are a motor timer means 52
and a bootstrap memory 45.

The controller of FIG. 2, which is coupled to the
computer via the data bus 13 and the address bus 14,
receives a clocking signal at one input terminal of the
NAND gate 51 from the computer. A controller-select
signal on line 47 is coupled to the register 40 and latches
42 to indicate that the controller has been selected for
operation by the computer. Other well-known control
signals and lines such as those associated with power
supplies are not shown in FIG. 2.

The controller of FIG. 2 is coupled to the recorder
through the lines 25, 26, 27 and 28, which are also
shown in FIG. 1. The enable signals on lines 19 and 20,
the data lines 22 and 64, and the write protect switch
signal on line 17 are also shown in FIG. 2.

The serial/paral'el shift register 40 is an ordinary
digital register for receiving 8-bit words, in parallel,
from bus 13 and from shifting this data, serially, onto
line 63 during the writing/reading mode. During the
reading mode, data is serially shifted into the register 40
and then removed, in parallel, onto bus 13. The register
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40 is controlled by signals coupled to the register on
lines 70, 71, 72 and 73. These lines originate in the logic
and timing means 24. During the rezding 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
n'h stage (8th stage) contains a binary one. Note that
with the byte format of FIG. 6, the first bit of each
nibble is always a binary one (clock bit). In the record-
ing mode, data is shifted into the register 40 from right
to left. The register 40 is also able to shift data from
right to left; this is done, as will be described in greater
detail, to sense the signal on line 17.

While in the presently preferred embodiment an 8-bit
register 40 is employed, a 16-bit register or two 8-bit
registers may be coupled in series to allow the transfer
of 16-bit words to an appropriate bus.

The bootstrap memory 45, which is coupled to the
address bus 14 and the data bus 13, may be a read-only
memory such as a PROM. In the presently preferred
embodiment, this optionally employed bootstrap mem-
ory is a 256-byte memory used to set initial corditions
for operating the system software. The memory may be
employed for the reading of operating systems from the
disc, or like functions.

The controller logic and timing means 24 is able to
sense if the disc is up to speed and provides a signal on
line 53 so indicating. This signal through timer 52 and
NAND gate 51 prevents the clocking signals from
being coupled to line 50 uniess the disc is up to speed.
The motor timer 52 controls the disc drive motor of the
recorder via a signal on line 20. After data is written or
read, the timer 52 prevents the disc motor from stop-
ping for a predetermined period of time (e.g., ten sec-
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 witiiin the latches 42, are used to en-
able the recorder, including it: disc motor.

In the presently preferred embodiment, the latches 42
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 42. Three of these lines are used
to select one of the eight latches and the remaining line
is used to furnish data (binary one or zero) to the se-
lected latch. In this manner, 8-bits of data are loaded
into the latches 42. Four of these data bits are used to
control the four phases of the track-select motor 33
(FIG. 1); these bits are coupled to the recorder on lines
25 through 28. Two of these data bits are coupled to
lines 18 and 19 for generation of the enabling signals for
the recorder. The remaining two bits are coupled to
lines 60 and 61 as will be described in greater detail in
conjunction with FIG. 3 to select a mode of operation
for the controller.

In typical operation, the computer through the con-
troller of F1G. 2 senses the position of the head (current
track) over the disc. Specifically, the track number
which is read by the head is coupled to the computer
through the register 40. The computer is able to com-
pute the ideal velocity profile for moving the head to
the desired track from the current track with a rela-
tively simple algorithm. Since all four phases of the
stepping motor 33 are controlled thrcugh the latches 42,
rapid acceleration and deceleration, and higher rates of
rotation, are obtainable when compared to stepping the
motor from track-to-track.
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To achieve an efficient velocity profile for a stepping
motor, the prior art often rescrted to relatively complex
hardware. W ith the latches 42 and its coupling to the
computer through the address bus, an ideal velocity
profile may be quickly and efficiently computed with-
out such hardware.

In FIG. 3, the register 40 and the data bus 13 are
again shown. The controller logic and timing means 24
of FIG. 2 comprises a logic means 48 and a timing
means 43. The logic means 48 may be any logic means
adaptable for receiving input signals and for providing
predetermined output signals in response thereto. Thus,
ordinary logic gates or other known logic arrays may
be used. In the presently preferred embodiment, a read-
only memory, specifically a PROM, is employed. The
timing means, in the presently preferred embodiment,
comprises four (4) latches which are controlled by the
clocking signal, line 50.

The logic means (PROM) 48, in the presently pre-
ferred embodiment, comprises a 256-byte memory
which provides an 8-bit output on lines 70 through 77
for each 8-bit address received on lines 60 through 67.
The specific functions controlled by the PROM shall be
discussed below. The specific program stored within
the PROM 48 for the currently preferred embodiment is
shown in TABLE L

Two of the ad-'ress signals to the PROM 48 are cou-
pled from the latches 42 of FIG. 2 on lines 60 and 61.
These signals select the four possible modes of opera-
tion; specifically, read (00), sense write protect/write
initialize (01), write (10) and write load (11). Another
input to the PROM 48, line 62, is the signal sensed by
the recorder head which is coupled to the controller 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. The input signal on line 63 is the serial
output from the register 40. The remaining four address
signals to the PROM 48, lines 64, 65, 66 and 67 are
output signals from the latches 43.

As is apparent from FIG. 3, four of the eight bits of
output from the PROM 48 provide address signals for
the PROM. The signais on lines 75 through 77 provide
input address signals for lines 63 through 67. 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 to the PROM 48 on
lines 60 and 61. The latches 43 operate at twice the
cycle rate of the microprocessor which corresponds to
a rate eight times faster than the bit cell disc rate; thus
the latches continually release address signals to the
PROM. Initially, the register 40 is empty (all zeros). In
the presently preferred embodiment, if a transition oc-
curs on line 62 in 11 or fewer of such latch cycles, a
binary one is recognized and the PROM provides an
output on lines 70, 71, 72 and 73 which, after decoding
by the decoder 40a, shifts a binary one in the first stage
of the register 40. If twelve such cycles occur without a
transition, a zero is shifted into the register 40. (As will
be described later, if the first bit is a zero it will be
skipped). This continues until the register is full. Count-
ing effectively occurs by the repeated addressing of the
PROM as the signals pass through the latches 43.

The computer senses a full register by polling the
data bus and by specifically determining if a binary one
is in the n* stage of the register. As mentioned, the first
bit of each nibble is always a binary one. When the
register is full, the computer removes the data through
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the data bus 13 anc the register 40 is cleared. In the
interim, the PROM 48 waits for a binary cne and the
following bit. Then it writes this binary one and the next
binary bit into the register 40. The temporary delay of
shifting into the register is necessary to provide ample
time for the computer to withdraw the contents of the
register 40. When a full register occurs, if the first bit
sensed by the PROM is a zero, it is effectively skipped,
although shifting a zero inio the empty register would
not affect the operation of the device. In this manner,
nibble after nibble is read from the disc, shifted serially
into the register 40 and then removed in parallel onto
the data bus 13. The PROM 48 provides the logic to
insure the shifting of the correct binary bits into the
register 40 as a function of the signal on line 22, which
is coupled to the PROM on line 62.

In the recording (writing) mode, the mode select
signal (10) is applied to the PROM 48 or lines 60 and 61.
(Previously, each nibble is shifted into the register 40, in
paraliel, from the computer during the write load mode
(11).) Every eight clock cycles, the signals on lines 70
through 73 cause the regis:er 40 to shift its contents to
the right by one stage. For each such shift, the next bit
in the register is coupled to line 63. The signal on line 63
determines the output signal from the PROM, and par-
ticularly, the signal on line 74 which is coupled to the
recorder via line 64 after passing through latches 43.
Each of the 8-bits are thus shifted from the register 40
and supplied to the recorder.

In the presently preferred embodiment, the mode
select signals change to 11 for the loading of the register
40 from the data bus 13. Note that this is not necessary,
and that the computer could directly communicate with
the register 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 sensed by the computer. In this manner, the
computer can determine if the particular disc on the
recorder should not be written onto and provide an
appropriate indication to the operator. Other daia or
signals may be transmitted on line 17 where appropri-
ate.

As mentioned, in the presently preferred embodi-
ment, a soft-sectored disc is employed. When the re-
corder is first selected, signals from the disc are coupled
through lines 22 and 62 to the PROM 48 (reading
mode). These are shifted into the register 40. Ore prob- -
lem with a soft-sectored disc is that there is no immedi-
ate way of determining where in a nibble reading first
occurred. Some means or method must be provided to
align or synchronize the shifting of the data into the
register 40 with the nibbles recorded on the disc.

Referring to FIG. 4, a self-synchronizing field of
coded words are employed to provide synchronization.
Each word consists of eight binary ones followed by a
binary zero. This self-synchronization field, in a more
general form, consists of n-binary ones where n corre-
sponds to the number of stages in the register followed
by at least one binary zero. As will be seen with these
n+ 1 codes, the register 40 resets with every n bits until
the first bit is a binary zero. Then the register resets with
every n+1 bits.

Referring to FIG. 4, assume that the disc includes the
above-described synchronization field. Assume further
that reading begins where indicated by the start line.
This first binary cne is shifted into the register 40 of
FIG. 3. Eight bits later the first reset occurs and the .
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register automatically clears since a binary one is in the
n'h stege. Following this, eight bits later, the second
reset occurs. The third reset occurs cight bits later as
indicated in FIG. 4, and finally, the fourth reset occurs.
(When the fourth reset occurs, a binary zero is in the
first stage of the register.) From the next bit forward the
register will automatically clear every n-+1 bits later,
and thus the register will be completely cleared when
the address maker (AM;) reaches the register. Likewise,
if reading begins before the synchronization field, syn-
chronization will be achieved before the end of the
field.

In the presently preferred embodiment, each of the
tracks is divided into 11 sectors; one such sector is
shown in FIG. 8. Each sector includes gaps, such as gap
79, to compensate for variations in the disc rate, since
the disc is not always driven precisely at the same rate
of rotation.

Following the gap 79, there is a synchronization field
80 whick corresponds to the field shown in FIG. 4.
While in theory only 8 codes of n binary ones and 2
binary zero are required to synchironize the register,
eleven such codes are used within the synchronization
field 80 to assure synchronization.

Following the synchronizaticn field, the address
marker identified as AM; appears on the track. This
marker is used to indicate that an address follows. In the
presently preferred embodiment, two consccutive ad-
dress markers are employed as shown by AM; and
AM,. The address markers are distinct and immediately
recognized by the computer. As previously mentioned
with the normal data field and other information on the
disc, every other bit is a clock bit (binary one). Thus,
two binary zeros do not occur in succession. However,
each marker includes both a missing clock bit and data
bit. If reading beings in the middle of a data nibble, only
a data bit or a clock bit may be missing, but not both.
Thus, the computer cannot mistake data or other infor-
mation for markers.

After the computer senses the address markers, it
then knows that address information fcliows. Three
words consisting of a volume number, a track number
and a sector number (shown as words 81, 82 and 83,
respectively) are read from the discs to provide an ad-
dress. Following the sector number, an error check is
made on the volume, track and sector numbers. In the
presently preferied embodiment, an exclusive ORing of
these three numbers is employed and checked with the
error check word 84. A third address marker, AM3, is
used in the presently preferred embodiment to close the
address field.

Next the data field begins, starting with a gap 85.
Following the gap 85, synchronization is again required
and thus a synchronization field, such as the field 80, is
repeated. Two data markers 86 and 87 are used to intro-
duce the stored data 88. In the presently preferred em-
bodiment, 256 8-bit words (256 nibbles) are stored
within data 88. Then an error check is made.

No matter where reading begins within the address
field or data field of FIG. 5, synchronization is achieved
before the computer accepts data. The computer will
not accept any data (including addresses) unless it is
preceded by a recognized marker. To recognize a
marker, the marker must de properly aligned within the
stages of the register 40.

By way of examnple, if reading begins in the middle of
the volume number, the data corresponding to this
number, the track number, sector number and error
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check will be serially moved through the register. The
marker AM3 will not be recognized since synchroniza-
tion has not yet occurred. Following the gap &5 a syn-
chronization field is reached and synchronization oc-
curs. Then the data field markers DM; and DM are
recognized. However, since they were not preceded by
an appropriate address marker, the data which followed
is ignored. After a gap (corresponding to gap 79), a
synchronization field (corresponcing to synchroniza-
tion field 80) is reached, ard synchronization occurs.
The markers AM) and AM; are recognized allowing
the identification of the volume, track and sector. Then
the data stored within that volume, track and sector will
be read, if required.

Thus, a controller for interfacing between a digital
computer and a recorder, or the like, has been de-
scribed. A minimum of hardware is required to fabri-
cate the controller. Synchronization with a soft-sec-
tored disc is achieved without additonal hardware by
reading a predetermined self-synchronization field from
the disc.

TABLE1
C700- DA oD 18 38 0OA OA OA O0OA
C708- 18 39 18 39 18 3B 18 3B
cio 18 38 08 38 O0A OA OA OA
Cr18- 18 39 18- 39 18 3B 18 3B
cro- opb OD 28 48 0A OA OA DOA
C728- 28 48 28 48 28 48 28 48
Cc730- 28 48 28 48 OA OA OA OA
C738- 28 48 28 48 28 48 28 48
C140- 0D 0D 58 C8 OA OA OA OA
C748- 58 78 8 7 s8 718 S8 78
C75%0- 58 78 58 78 0A O0A OA OA
C758- 58 78 58 8 58 78 58 78
C16C- 0D oD c8 C8 OA OA OA OA
C768- 68 08 68 88 63 08 68 88
C7710- 68 88 68 88 OA OA OA OA
C778- 68 ok 68 88 [ 08 68 88
C780- 0D cD C8 C8 uA O0A OA OA
C788- 98 B9 98 B9 98 BB 9 BB
Cc190- 98 BD 98 B8 OA OA OA OA
C798- 98 B9 98 B9 98 BB 98 BB
C7A0- OD D9 cs C8 OA OA OA OA
C7A8- A8 Cc8 A8 C8 A8 C8 A8 C8
C71BO- 09 39 A8 AO OA OA OA OA
C7B8- AS8 C8 A8 C8 A8 C8 A8 C8
C1C0- D9 FD D8 F& OA OA OA OA
CI1Cs- D8 F8 . D8 F8 D8 F8 D8 F8
C7DO- D9 FD D8 F§ OA OA OA OA
C1D3- D8 F8 D8 F§ D8 Fs D8 Fs
CTEO- 1D DD ES EO OA OA OA OA
CIE8- ES8 88 ES8 08 E8 88 E8 O
CIFO- 1D 6D ES EO OA OA 0OA OA
CIF8- E8 88 E8 08 E3 88 E8 O8
L ]
I claim:

1. An interfacing means for interfacing between 2
digital computer and storage device such as a magnetic
disc recorder, comprising:

register means having a plurality of parallel input-

/output lines for coupling to said computer and a
serial input/output line for coupling to said storage
device, said register means also having a control
means having a plurality of register control lines
for controlling transfer of data to and from said
register means;

latch means having a plurality of latch input lines and

a plurality of latch output lines, said latch means
for controlling the flow of digital signals between
latch input lines and latch output lines in response
to a timing signal,

clock means for generating said timing signal,
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read-only memory means having an address means
with a plurality of address input lines, and a plural-
ity of data output lines, said read-only memory
means for receiving input signals on said address
input lines and for providing predetermined output
signals on said data ouiput lines in response thereto;

a portion of said read-oaly memory means data out-

put lines being coupled to said register control
means via said register control lines for controlling
data flow to and from said register, another portion
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 a portion of said read-only
memory means address lines for providing a por-
tion of an address thereto such that some of said
output signals from said read-only memory means
are employed as next address signals to said read-
only memory means in response to said timing
signal; )

said interfacing means further including means for

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

2. The interfacing means defired by claim 1 including
storage means for receiving digital signals from said
computer and for providing control signals to said stor-
age device for controlling track selection, said stcrage
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 a
portion of said read-only memory address lines to said
computer comprises said storage means.

4. The interfacing means defined by claim 3 wherein
said input signal to said read-only memory means from
said storage means is used to select a reading mode or a
recording mode.

S. The interfacing means defined by claim 4 wherein
said storage means comprises digital latches.

6. The interfacing means defined by claim 5 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-only
memory means is coupled to said storage device to
provide a signal for a writing mode.

8. The interfacing means defined by claim 7 wherein
said register means serially provides a digital signal on
said serial input/output line as one of said address inputs
to said read-only memory means during said writing
mode.

9. The interfacing means defined by claim 8 wherein
said output signals from said read-only memory means
controls the serial loading of a digital work into said
register means during a reading mode.

10. The interfacing means defined by claim 1 wherein
said register means receives digital words in parallel
form from said computer and serially couples said
words to said read-only memory means during a writing
mode.
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11. The interfacing nieans of claim 1 wherein sud
several input/output line of said register means is cou-
pled to said recorder through said latch means and said
read-only memory means.

12. An interfacing means for interfacing between a
digital computer and storage device such as a magnetic
disc recorder, comprising:

register means having a plurality of parallel input-

/output lines for coupling to said computer and a
serial input/output line for coupling to said storage
device, said register means also having a control
means having a plurality of register control lines
for controlling transfer of data to and from said
register means;

latch means having a plurality of latch input lines and

a plurality of latch output lines, said latch means
for controlling the flow of digital signals between
latch input lines and latch output lines in response
to a timing signal;

clock means for generating said timing signal;

read-only memory means having an address means

with a plurality of address input lines, and a plural-
ity of data output lines, said read-only memory
means for receiving input signals on said address
input lines apd for providing predetermined output
signals on said data output lines in response thereto;

a portion of said read-only memory means data out-

put lines being coupled to said register control
means via said register control lines for controlling
data flow to and from said register, another portion
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 a portion of said read-only
memory means address lines for previding a por-
tion of an address thereto such that some of said
output signals from said read-only memory means
are cmployed as next address signals to said read-
only memory means in response to said timing
signal,

said interfacing means further including means for

coupling the addressing means via another portion
of said read-only memory means address lines to
said computer, said read-only memory means being
coupled to receive a 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 line of said register means to receive a data
signal from said register means as an address input
on another of said address input lines, and one of
said read-only memory data output lines being
coupled to said storage device to provide a data
signal thereto during recording of data, whereby
said computer may communicate with said storage
device through said interfacing means.

13. The interfacing means defined by claim 12
wherein said control signal for said latching means com-
prises a synchronization signal from said computer.

14. The interfacing means defined by claim 12 includ-
ing storage means coupled to said computer, said read-
only memory means and said storage device for receiv-
ing signals from said computer for controlling track
selection by said storage device and for selecting said

recording or reading of data.
»
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