| NTEGRATED FLOPPY DI SK DRI VE CONTROLLER BACKGROUND COF THE | NVENTI

Fi el d Of The Invention The invention relates to the field of control s
-forl nterfacing between a digital conputer and a floppy disk drive. Thet\‘
di scl osed invention is particularly suited for inplenentation as.an '

integrated circuit. 5 2. PriortArt Floppy disk controllers for .
| nter faci ng between di o haectATBULBsAy 30k bAARRShGLeRr | ves are wel|
known. Such di sk drives—T1C —a_notor tor rotating a floppy disk, a

f1 oppy di W%em ble material shaped such that it is
10 flat and circular and onto which is bonded a magnetic nediunm a wite

head for recgrgi‘_rmm_@%mm medi um and a read head for reading
data fromthe nagnetic nedium a stepper notor for noving the read and
wite heads al @hg ifreersiidmeelatesheoftimpfiiedidshf eontmdlAersofioc and | ogic
circuitry for. receiving 15 binary signals which turn the disk drive notor

on and of fin‘rﬁf\f*écmﬁ beteeh® Wigdsakcsompuker Anka £leppy|disk dedivs-s to

be sent t reg¢qr t al s
gener at edqro \egrc?'ég headéf °t ggng e éig'a?rte ﬁpnfggéaﬁ ‘gﬁ’ée*‘&?‘ L:agigﬁ

drive cont;gld,erﬁ,tggaegaae;itmlr&ecessary bi nary 20 signals to turn the disk
drive notor on and off, nove the read and wite heads and send appropriate

signals to the el ectronic and logic circuitry of the disk drive to cause
the read %and wa-eREd88sAXD read fromor wite to the magnetic nedi um of

2ppr opr | at o_si JAREY, B18b-FYRH Thhe B EPE: 1Bt e BEHaER T4 ThAR opr at ‘e

control, dé&ﬁpé‘f@:@a‘?@f%ﬁﬁy‘"ﬁs@%‘i'ﬁ@ﬂ iréna Uikgichdl, CoEPNI&sk - 2-

~ drives include a motor for rotating a floppy disk, a £loppy disk
being comprised of a flexible material shaped such that it is

10 flat ax;d circular and onto which is bonded a magnetic mediunm; a
write head for recording data on the magnetic medium and a read
head for reading data from the magnetic medium-: a stepper motor.
for moving the read and write heads along the surface of the
floppy disk; and electronic and logic circuitry for receiving

15 binary signals which turn the disk drive motor on and off, move
the read and write heads and cause electrical signals to be sent
to the write head for recording data or receive electrical (
signals generated by the read head as the magnetic medium rotates
past it., Disk drive controllers generate the necessary binary

20 signals to turn the disk drive motor on and off, move the read
and write heads and send appropriate signals to the electronic
and logic circuitry of the disk drive to cause the read and write
heads to read from or write to the magnetic medium of the
rotating floppy disk. Disk drive controllers generate the

25 appropriate signals to control the operation of disk drives by
appropriate control, data and clock signals received from a

digital computer,



In United States Patent No. 4,210,959, a floppy disk drive controller is
di.scl osed conprised of a serial/parallel shift register, controller |ogi dfj
and ti-ming neans and | atches. The serial/parallel shift register is used to
trang’f}r data to and 5. fromthe conputer on a data bus. The'controller

| ogi c~and timng neans receives signals fromthe |atches to place the
controller logic neans in one of four -pdssi bl e nodes of operation nanely,
read, sense wite QpObRELéAVSthees PalteAt NG 4Y210,959,°@OEToppyd aLkk tarivead.

Al'l reading and witing is done in a synchronous 10 manner based upon a

clock signal Cerntmidesiin 8darkpsedy EPRPriPedsotiia serial/paralled| ghifk y
simple, | ”expef},sf'ﬁg&ﬁ‘}gné&ﬂxk‘iief‘io@i‘b'. énd YUniiy Weihs £ 13fBds, P UtldSS S

appl i cations. résent 1 nven- tion Is an rhtegratiron o hé control |l er
di scl osed i n Uniertsl/garatsePahdfit rfigisted id G663 tot transfensdatastarxhd

| nprovenents 15 I ncluding the cgpability of multiple npdes of er.ation.
Accordi ng 8o t HEO% EE%ﬁP‘iﬂ?\gréﬁtQ'bﬁ%gﬁér@'ﬂ's \at L Jrﬂﬂa‘gj‘rﬁ?%% BAR%ui t

floppy disk dria{é‘.ngomta 8 silgRb1b Yrdn 86é NALERENRRNpPacl Bhé AdontesPLEer and
at | east one floppy dis rive, said disk drive controller and said

conput er bei ng Tagigl sdansm insendpfafour posatbles apdes ofpopesation nagedkr at i ng
.a clock signal for,input to i Of lon 43 @ ong | lkSi ng
State storage rESHe PEIe YRFF oSl e nsRRhE SETUERS FheblTapS! 1O
commands sent byrfed Joa@PALEeadtngnd wERtingcdapdond Lo & aydclstambesst or age

means for decoding state commands stored in said state storage neans apd
gener at i ng:&ont PapneY based upgp & F1OFK| $19ngd; Flek.osThe gfﬁﬂﬂ@n?ﬁ‘f‘ qgf'a{"hs

T&gi ster means, ai&&ﬁ%ﬁ EONY relat BRIy alipie, MAdxPensiVe ebntiAer biiFItdbYSHON

sa\gd decoded commands; node storageé neans for coupling to said conputer
and coupl ed to fardcahsosderand:snsll dusiness appliigations: Bhe pregent HHyear

I ndi cating the de of operatiop, sel ected 1.d_c v Al tus
regi ster neans ggﬁﬁl’g‘ﬁ‘f'of%%ﬁgd" %8§r%gﬁétgﬁ'&qéoemtgr%%oia‘ppgjr'légg o said
floppy di sk drisgtages ratiefit QUIPH}210,959 wakhl ext@nslény WREi {wproegmenktag t he
status of said at |east one disk drive and the controller for interrogation

by sai d codput erincdnding the cprability)of cppitipdepodes.of AREEAELON said node
storage neans and sacdording b fite present invention there is provided an integrated

circuit floppy disk drive cdntrol;er for interfacing between a digital
computer and at least one floppy disk drive, saild disk drive controller
and said computer being coupled in use by a data bus, said computer
20 generating a clock signal for input to said controller, said controller
comprising state storage means for coupling to said computer for.
storing state commands sent by said computer; decoder means coupled
to said state storage means for decoding state commands stored in said
-/ . state storage means and generating control signals for controlling the
25 operation of a status register means, a read control means and a write
cohfrol means based upon said de%Fd%3j§?¥§“d5; mode storage means
for coupling to said computer andjg;id decoder means for storing data
sent by said computer indicating the mode of operation selected by said
computer; salid status register means coupled to said decoder means and
30 for coupling to said floppy disk drive and said computer for storing
information regarding the status of said at least one disk drive and
the controller for interrogation by said computer, said status being
determined by the contents of said mode storage means and said status

35



- 2A - register nmeans; said read control nmeans coupled to said node

storage neans and for coupling to said conputer and said at |east one disk
drive for receiving data fromsaid disk drive and sending said data to,sald .
conphbe_ in a node 5 of operation as determ ned by sai d node, stora

means; and said wite control neans coupled to said node storage means and
for coupling to said conputer and said at |east one disk drive for

receiving data from said conputer and sending said data to said disk drlve
-in a node of operation as determ ned 200~ by sai d node storage.neans. 15

20 25 30 35 © -3- ISC?UM%BY QEiJH'éaE"c%ﬁ‘cfﬁUﬁEanEhéaJdm&% dafik drive

controller |nterface osed Is m&emente I n_an |nteagrated circuit. The
control l er connects™8%a hotkoragfgans apdfereaunling sacsadf opputen aphy di sk
drives. 5 Based sade atl Deéstnmaudslcoawealfosu@aei\angamav&imf 810 a '

digital conputer, I t |
regordl ng (r)nr:: a fI opp ?@E{' hsr e%ggﬁégagger@gé tgné%g’ggg@g"}g?&?'eél 3&§I y
recorded on a fA oppwfdﬁnﬁl‘atmﬁéa&cﬂﬁemﬂn@# hyoapid Bede sterageomrans: @edns

including a read datsgisqaiies Yont¥l hearsOBsUpkd 13 saimmstmbedhéaasa wite

data register, a rmde Tegi ster,, a,stat,us re ster t decoder
and spegl al functl o Fc& coupling to said comp er and satig aet l1eas é d?s o

drive for receiving data from said computer and sending said
data to said disk drive in a mode of operation as determined

;0' by said mode storage means. S
[y
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registers. The controller operates by the setting and clearing of the
state |l atches and reading or witing the node register, the status

regi ster, the special function registers, the read 15 data register andli._
the wite data register. The setting of a state |latch and accessing of*a _
regi ster.is done simultaneously. The controller, under software control,
operates in a synchronous or asynchronous read/wwite node, and sl ow or fast
read/ wite node. .20 - Control sighdls received by the controller from
the conputer s f state | atches. Two of the |atches

sel ect one of" teémgf'r Sb% &nﬁ"g DIQngtrjaghc drive notor of the selected disk
drive on or off. . Reur M1k i in the disk
drive which cause t fﬂ%@&Qﬁa&Qhﬁpgﬁﬁ@?ﬂﬂiﬁ%é@%é{ﬁﬁ%ﬁ%@gﬁigé}track to
track of the fl mmxﬂnhted'wneanetmiegtmd uda:ttwtcheheaemuomnectohoeche

decoder which decodes cl ockin ontr nal s received; fro

conmput er and géﬁeF host g‘i'%’g S‘B“t B’\/‘&‘% ga g‘?‘eQPEGeﬁlQPEN digk @)’ﬁ’t‘ﬂbl | er
and to thegreag td; aﬁﬁﬁ o] mgggg I ng r@ldseny 30
the functi on to 93 e&#l §%§$ﬁ2“‘f§l?§d€%§vﬂeh' vi& “Eiﬂf ?DE% | PTI ON OF

THE DRAW NGS Flcyupetdr,l Ithelstomatehletthcemﬁnaltmlbfmdodeﬁmgnion nventi on
terf bet digit k d 2 i
2" ock di agr arf GPRERS o AhePRF ik, wid geBebyaW Béefir® Fuchdefianta 1105 2 5°

Figure 3
is a detail ed bbmlsodmg&aeaa‘.athe.rcadpmmm TReconetoller pomprives
invention. Figure 4 is a detailed block dlagran1of the wite control neans
of the present ;qﬂgaﬁgqgﬁql means including a read data register, write control

\~/ 10 means including a write data register, a mode register, a status
tegiste:, state latches, a decoder and ppecial function
zegistezs; The controller operates by the setting and clearing
of the state latches and redding or ﬁziting the mode register,
the statﬁs register, the special function registers, the ieid

15 data register and the write data register. The setting of a
ltate latch and accessing of a register is done simultaneously.
The cont:olle:. under softvare cont:ol, opecrates in a lynch:onons
or asynchronous road/vrite mode, and slow or fast read/write
mode. o _

20 _ Conttol signals received by the controller from the computer

&_} - set or ieueé one of eight state latches. Two ?f the latches
select one of two disk drives and turn the drive motor of the
selected disk dzive on or off., Four of the latches control a
stepper motor in the disk drive which cause the read and write

.25 heads to move from track to track of the floppy disk. The
, zcnaining two latches are coupled to the decoder which decodes
clocking and control signals received from the computer and
generates signals to the various registers of the controller and
to the read control means and write control means for cont:olling

30 the function to be pe:fo:med by the disk d:ive.
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-5- DETATLED DESCRI PTI ON OF THE | NVENTI ON A fl oppy disk drive controller,
i mpl eqented as an integrated circuit, is disclosed for providing an
interfidte between a digital conputer and a floppy disk drive. In the

. »

fallowing 5 description, nunmerous specific details are set forth sith as
spécific word or byte 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 invention may be practiced w thout such specific
details. .In other instances, 10 - %wedl known circuits. have been shown in

bl ock diagramformin order not to obscure the present invention in
unnecessary deBBIBE-RERGRIPTIQN |QF THEDRAPINGS for conveni ence, positive
ogic will be used dygyAPSCLi fifhckBEed RASNLIMI01IBL e thE deehlhe Siventdon

hi gh and true are equivalent as are.the terns reset, "0", low and 15 :

- fal se. The predetetfpcingbetwech anibshitalnconputencand at £bopryr dpsk\drdes. an -

i nterface between m,crocopputers n facture "~ Appl e_Conmputer, -Inc._ of ,
Cupertino, Califor rﬁ_‘z?%&ﬁﬁs’ F’is%‘éﬁf” %‘g_ﬁgét"’&"téﬂ&l"%ﬁ@%e@%%?fﬁé‘? et o,
and floppy di skpdesesen,such as Disk Il 20 manuf act ured by Apple Conmputer,.
Inc., and successors_thereto. Referring first to Figure 1, the controller

11 of the present iFAgure Msisdsne&he&glankimrrﬁac@f shewead epntizgilt al
conputer 13 and a_fl disk driy The digital conmputer 13 is coupled
to the control Iméfmi1&?%5&??55“%i&%ﬁégﬁndnal data bus 25 - 17 (DO-D), .
control lines AC A3pidifre §dsS£BecailédblbEl diagzan df BRe BTIEE cuntrelock
lines B and FCLK. Although not part of the present invention, also shown -
in Figure 1 is B9f FOMher PRRSHE1IRVARLAARI s coupl ed to the digital conputer/
t hrough data bus 17, address bus 21 (AO A7) and an enable |ine ENABLE. \Wen
30 the conputer is first turned on, or whenever it is necessary to :

-~



6- reinitialize the conputer operating system a prdgram stored in boot
ROM 19 is utilized to-instruct the controller 11 to read a programrecorded
Qn a floppy disk in disk drive 15 and transfer it over data bus 17 td9

comput er 13. Such. boot or boot strap 5 prograns are well known in the
art and will not further discussed herein. Data on data bus 17, depending.
upon signals which have been placed on control |lines AO A3, conprises a

byte of data which has been received fiomthé disk drive, which is to be.
sent to the 1%;%%&%%&%@&% | oaded into or read from
registers withrn e controller 11. The controller 11 is selected by_ the
conputer by a  "0"A ghopmindifgkrdriverentsollerectmpienenatedias ap &‘!%ﬁgéab%da '
"0" on line [ernr]. K si l.s.qge e y ' r lines 3

~ and FOLK are (fd&5°4y Eﬁ%@&i?%?ligf gpefs%%??{rﬁ'fﬁglgﬁﬁ%fgggﬁgtgeegé ock signals
03 and FCLK argggesercohpated ahdperfilegdpy Wiisk hdriveendnothé felspeird of the
processor in the conputer. In a preferred enbodi nent, is a2 MHz clock

and FCLK Bs a despréptdoBciaumepons (SpeAbFic, detmilfaprosateferth seef 351 only
asynchr onous e, j; Y3ed) o Rgte 1dngks Mkche 8 MhifviaR0a thorousn

Dat a/ control |1es between cont and di sk drive 15 are as
foll ows. Signalmieostdnidieg ¢ tharmegen®3inventiwl. Hoteyeperitnwidl B® whi ch

rotates a unit turn in either_a forward oy ,ba rd direction depending

upon the si gna?Ryings t,88¢ 8 ‘?’ﬁfé&é‘\é\%?‘; I‘S?gg\,@ﬁ'&ﬁﬁf %‘bﬁ?ﬁf"g Hg&i ve, a
unit turn is apPne.gtidedehidiut siéll Bpedi QRCaltAle) i Bthéf iAseirces,
sixteenth turn, however, this value is strictly drive dependent. Each unit

Lance 1y o Eobanr oty okt b ot o T ot st apee, the, foads
HDS-(; is also d?ﬁ‘{fé B%beﬁ?d@ﬁf?“tﬁughfy%ieéﬁ?t [}'ﬁ’lvf ngile%'éﬁc%ng’e%?g 0 etagg%)ﬂ
hal f or one- qugkiede bératkise Btatba Foy &drgeakency; poagicivPlogic will be
' used-t; describe the.inyention._ Thus, the terms set, "1", high
and true are equivalent as are the terms reset, "0", low and
15 .false; | |
‘The é:esenﬁly preferred embodiment of the controller provides
an interface betwéén microcomputers manufactured by Apple Computer,
Ihc. of Cﬁpeztino, California such as its Apple~II computer and
'.sucéesso:s £hereto,'and floppy disk drives such as Disk II
éo manufactured by Apple Computer, Inc., and successors thereto,
| Referring first to ?igure_l,'the controller 11 of the
pfesent invention is shown as an interface between a digital
computé:_is and a floppy disk d;ive_ls. The digital computer 13
is'coupléd td.the con:toller_ll through a bidirectional data bus
25 17.(D0-b7); control lines AO-Aj. device select line DEV, reset
liné RESET and c¢lock lines Q3 ana_FCLK. Although not part of the
present ihirgntion; élso shown in Pi‘gu.t'e 1 is boot ROM or PROM 19
which 15 coupleé.to the'digital Compute: through data
bus 17, édd;ess bus 21 (A0-A7) and an enable line ENABLE. When

30 t'he computer is first turned on, or whenever _:‘._t is necessary to



-7 through P3 are Input to track select anplifiers 23 which convert the
binary signals into a voltage which rotates the stepper notor 22. Signals
on WRPATA are binary signals generated by the 5 control ler and are input
into“4ead/wite anplifiers 25 of disk drive 15. Signals on WRDATA cau%®
read/wite anplifiers 25 to energi ze or de-energize the wite head ctoil 26
to cause data to be witten on the nagnetic nediumas it spins under the-
wite head. Signals on WRREQ enable or disable wite head coil 26 to 10

all ow or prevent the witing of data based on WRDATA. - Sim larly, as the
magneti ¢ medi um passes under the read hegd, the read head coil 26" is

energi zed of ASneRRldiag CtheRdnplie:Iberileilo fsliehs f%’?xg{éme‘la@gené s

read/ wite anplifrers 25 1nto y sig Ich i's aced.
RDDATA. 15 boot ROM\ Mris eatpldzeditosbmstr writghle contgehtenilé¢cdkdyetfi@ di sk -

drive 15 and placed on_th ENSE.] i ne n,a switch 28 1n the disk drive is
¢losed to i ndg’f:%'iré"t [\ ﬁ?§% .“T‘V’ex\ﬂ@%iﬁé’éﬁkp %%:veed:l#ﬂ“g W E S ot ect
state. Such syi teylde ntabBus 17E€H dUnpak e 5 Vi3, ChsiRe bab € brbYost seehpand/ or a
switch which detects whether a floppy 20 di sk jacket has a wite protect

notch, suich aBeogramscakaredl kaopnotthdbe|asthaed widdseet furtbersidisevssedi tch
to close when.ljght to it is blocked by the floppy disk jacket. Lastly,
drive select signal's are generated by the controller and placed on |ines
[err] or [err]. [pae&]or Satahils 1D, depéndiing?bpon sdgndlgiwhich dHade Bédr | S

I nput to a second disk drive. . Each of_ these er_r;-_ or-H{;err _ipputs is -
coupled to a BFpGed Rﬁt‘iﬂ“téﬁﬂlﬁif'ﬁeéraoz'ﬁ%?%’??ﬁ[ﬁﬁfe- pyterf grtavpishhird into

a voltage 10 gaUR6G ekeTPeB e ron the (@13kAUSIv ] bl Ech 25" Y SEE‘seTnQeE@tEﬁeSPi- nni r@/
a floppy disk which has been inserted into the disk drive. 1In the _
10.  disk drive or which is to be loaded into or read from registers
‘within the controller 11. The controller 11 is selected by the
computer by a *0" on line.EEV and_is placed in an initial state
by a "0" on line RESET. Clock'signdls geheiated-by.thé_éompute:_
on li.nes Q3 and FCLK are used by the coqtroller as timing
15 signals. Clock signals Q3 and FCLK afé generéted with pe;icds
which depend on the speed of the p:oce'sso:. in the 'coxﬁputér. In a
- preferred em_bodiment, 03'is a 2 MHz clock and FCLK is a 7 MHz
clock. Additionally, Q3 may be left at "Q" (if oniy ésyhchronous
mode is used) and/or FCLK may be 8 MHz. _
20 Data/control lines between the controller ll.and di;k.dzive /
15 are as follows. Signals on lines 20 thfougﬁ P3 control a |
stepper motor 22 which rotates a unit turn in e'i.thé-r'al fotward'o:_
backward direction depending upon the signa1s'on 1inés PO through
P3. In a typical floppy disk drive, a unit turn is _a.o.ne quarter
25 turn, a one eighth turn, or a one sixteenth tu:n,'hbﬁever, this
vélue is strictly drive dependent. Eaéh unit turn of thé stebpe:
motor causes the read and write _héads- to move a unit distance in
~a fo:wa:d or backward'di:eétidﬁ.- The.unit diétahce'the.hgads
move ig also drive dependgnt; but typicai unit disténéeé'are one-

30 half or one-quarter track, | The binary signals on lines PO



. 8- disclosed enmbodinent, a single bit in the controller is used to

generate a-signal on [err] or [err] and, therefore, only one of two drives
.can be selected at ‘any given point in time. O course, with additional 21
har dyar e, additional drives can be 5 - connected to the controller. It
shoul'd he noted that although only one set of lines is shown as being

coupled to controller 11, with respect to lines such as SENSE, which may be
set for one drive and reset for the other, appropriate logic circuits are

enpl oyed to ensure that only signals froa1;be sel ected drive are 10

input to the controller_logi¢c. Referri now to Figure 2, the main :
conponent's of -t FBIUAR ??)H‘(-?r ingut,itp) qﬂﬁ% Belertsapphifiersi3 Mhiecogvert

controller conphigasndPdCsilaadlslifko3a voitddd WHiER! r
regi ster 35; hanlcti‘ghal?e/gndgr rtn i'f gg rveaa'l g’%gr hégﬂ l:cti";t%gl‘:;;‘; haet gﬁ&s&z@mo“:

decoder 41; rea@2eontr ol rreans 45 and wite control neans-47. Read control
means 45 and wite c ] 7 W | he di sedm) bel ow wi th
respect to Figures 3&] °rneg8§%ﬁ &Py L“Bﬁgefs Eo?ﬁ'ﬁﬂ’?%‘% Ii’Xl'\:/l'h‘:as been
sel ect ed byst he coaepeliRE i:?a 3Pe 1np1ux into gaﬂ/mtéemduemdzi e eprdisrl | er
has been initialized by a signal err] (which sets the state latches to

their -defaul t vefd88)35. h%’-%ﬁﬁr?ﬂl "Fé ‘?‘r\‘§?r"tﬁ9@é8‘b§ﬁ anelithesat 25 too

performa parti & I4C t r ne of
ei ght state | atches gé%u( Oatgﬁbr%rgﬂ 3 anagﬁﬁé%r ou(y)%hl_% 6 caQIng s§€§sh§ul d
be understood t hmt wrmg&frdbusﬁxeofnaymm atétunmohast ite sbanshmaeP&hhhﬁaugh P3

and L4 through L7 unI ss the c | er. has been_sel ected a signal on
DEV, no ‘operati bff? gﬂ%lﬁ)éf‘f Bm eﬂﬁb%%é"cﬁ'ﬁarb&ﬂ gfite P§?¥]°°iéng%lt€s t he

~cautrol | er yhen mousoé %evexb%feammgedseaafa ££Jenﬂ oh HHDARK, | @mag@a;o" .
on AO through A3. . the aforesaid eight |latches Is set 1"
on A()zand r eset Qg/tae magnetic medium passes under the read head, the read head
- coil 26' is enezgized or de-ene:gized and the detected data is
‘converted by the read/write amplifiers 25 into a binary signal :
which is placed on line RDDATA. _
15 : A wr.ite protect sense signal is generated by the disk drive
15 and placed on the sENsE line when a switch 28 in the disk
" drive is closed to indicate.that the'diék drive has been placed
in a write protect state. Such switch may be a mechanical switch
operéted by a user and/or a switch which detects whether a floppy
20 aisk jacket'has a write protect notch, such ES._for example, a
| photocell whi;h éauses a transistor switch to close when light té
"it is blocked by':he floppy disk jacket. -
.Lastly,' drive sé_ie_ct signals are generated by the contr011e£
and p]‘.ac_e'd on_linéé ENABL1 or ENABL2. EITAE'LZI is input to a first
'25  ' disk drive and ENABL2 is input to a second disk drive. Each of
' these E—NT\EI or E m inputs is coupled to a drive motor
amplifier 27 which convexts the binary signal into a voltage to
cause a mot_o: 29 :_ln the aisk drive to rotate thereby spinning a

floppy disk_which has been inserted into the disk drive. In the



-9 - "0" on AO The particular latch to be set or reset based upon AD is

determ ned by the address set on Al through A3. Table 1 shows the

addr esses on Al

~ through L7..5 TABLE 1 A3 -

AL LATCH O 0 0 : POO 0 - 1 ~ Pi O
0 . P2 10 1 1 P3 1
0 22 L4 1 0 L5 1 ' L6 1

1
to oper ate

backwar d directi on dependi ng

L7 on PO. Through P3 cause th ste not or
fisrbﬁﬁesv@"w’;‘é@r?hg' aén%gés $ 808 SHAREPLIRR 3F VEHE D aced | n

an initial Sepbfatecadyighdli én ENREEL Qe EWABTS fara) iHRrBELHE oR1y UnbabE - Or

upon the next signal received. f the next

through A3 whi ch correspond to | atches PO through PS\}nd L4 -

1

0
1

22

signal receitModdrives can ke selgrtedoat any| given peint inctimes hefst epper notor

t.urns one u I d end unit
di st ance foru\/\grrg\b vgtﬁ |s§§{’a§ﬁ ?ter %8’ %dikqoﬁgfﬁé%g%rm#o gr turns one
unit insthe aqnpestddetdl thec icPntralleri hatr ebohlantie vmatied bwmlalsnap;ronef “uni t

di st b ds. both PO, and Pl t PO 25
P3i 1 the nY e o8 ?I{;%dii“oébﬁ\‘}\gﬁfs;‘ﬁgﬁ? S0P} & EPCSRRRFSIARE dHrpo i <

cleared, assyiimgespéls t8N3nekWua &5 FEREEL rwgyféh h§ QS hk€%orPond S set

whi ch causes the stepper notor to turn an ad

direction stdgigenend kesetforathe other, appropriate logic circuits are

- 10 wite

10

heeidyeg rLOot Egéu:e It{ia o%&frl ng’iegna?svgom t{u; sae di Lec? rEi‘:i.ve a:e
input to the cont:olle: logic.

'Ref.ezxing nov to Figure 2, the ;n_éin "compo'nents of the -

. controller 11 will now be described. The invéﬁiéd controller

15

20

25

30

comp:ises mode register 31; status registe: 33; :ead l's :egister

- 35; handshake/underrun flag register 37; state latches 39; -

decoder 41; read control_me_ans 45 and write control means 47.
Réad control means 45 and w:it'_e.co.nt.zol :meanls 47 will be
discussed more fully below with':epec't to Figures 3 ao_d 4
respectively. | | ' _

Once the controller 11 has been séleciéd by '_che'co_niﬁuter 13
by a signal on DEV and the controller has been :I'_.r.zi-tiializea by a
signal on RESET (which sets the state latches _to‘Th_eir default
values), the controller is instructed by the c_oniputer to perform
a particular function by signa_l';f on AD=-A3 w'hic!_i set or reset one
of eight state latches 39 (PO through P3 and I.‘th_tough L7). It
should be understood that regardlees of the states of the latches
PG through P3 and L4 through L7, unless the 'coot:ollé: has been

selected by a signal on DEV, no operations will be pe:fo:med by

. the controller. DEV enables the controller when it is low.” ‘The
falling edge of DEV latches 1:_:£omati.on on Ao_thzqugh A3. One of

the aforesaid eight latches is set by a "1™ on A0 and reset by a

t|ona .unit.--irn the forward

and--

N



movenment in the forward direction is necessary, Pl is cleared and P3 is set
causi ng an additional unit turn of the stepper notor. In a sinilar manner,
i f hackwards novenent of the read and wite 5 heads are necesdgry, and
PO has been set followed by P3, PO is cleared and P2 is set followed by the
- clearing of P3 and the setting of P1l, each of which causes the stepper
notor to rotate a unit turn in the oppogsi_te direction and step the read and
wite heads a i bn oSt @ Kk i 0 y

of o, TBaepp, Wby At e paleloliad MBS o SEFROr R} nefipd? R0

head travel ), dmfeperninedcby (fhet addrasspaet onl 8l thradgh eBseSl'aMeADltheugh

- A3, as appropr u h t e heads ve to y
desired track. h‘?‘ngadIF ts?% g’?A g’;e%%gng &hv{h ?‘ﬁ’@ﬁ&?\“{% Oqt ot her 15
functions to bﬁumyhcﬂ!r_mddbyttﬁheoumtlml ler 11 as descri bed beI ow. After .
the controller has beén selected by [err] and initialized by [err], and
VWRI TE NOCDE REG STER i s set as described below, DO through D4 on the data
bus 17 arg | oaded inte the node regi .stega&]L?o sel ect- a particul ar node of
operation for 200 ~ subsequent reads an es. The data on DO through D4
correspond respectively to the signals LATCH, [err [err], FAST and
8/[err] of the node register. BATCH \ﬁzl'l beudl sc nore fully below with
respect to the read control megns 45 ghd Figure 3.p4SYNCH, when cl eared,
pl aces. the controller in a synchronous node 25 for subsequent reads and
wites. - Wen [err] is set, sulsequet reads and Wlites are perforned in an
asynchronous node. Both synchr ous and asy Chron?flfz modes of operation

[

w il be di scussed more ful'ly bel ow with respect t igures 3 and 4. [err]
wopen cl eaged enabl es a’ one secqnd on poard finer. ghen 30 [err] is set,
the tinmer 1s disabled. The on board tiner will be 25 di scussed nore
fully below with respect to [er¥] and®[err]0 L4 '

1 6 1 15

1 1 0 L6

! b § 1 L7

15 Signals on PO through P3 cause the stepper motor 22 to

operate asfollow’s_. _Setting P0 causes the stepper motor to be
placed in an initial state readying it for a one unit turn in
_either_a forward or backward direction depenéing' upon the next
sign‘ai received, If the next signal :eceived is ) (i.e., when
\/ ) 20 latch Pl is set), the stepper motor turns one unit which causes
- the read and write heads to move a unit distance forward. If P3
is set afte: PO, then the stepper motor turns one unit in the
- opposite direction and the tead and write heads step one unit
. distanoe backwatds. At this point, both PO and Pl are set (or PO
25 and P3 if thé heads are being moved backwazds) and PO is cleared.
~ After PO is cleared, assuming additional forward h.ead travel is
_desi:ed, P2 is set wh;ch causes the stéppe: motor to turn an

additional unit in the forward direction stepping the tead and



whi ch sel ect one of two disk drives which are coupled to the controller.

When PAST 'is cleared, the controller operates in slow node. 5 Normal ly,
internal timng of the controller is based upon the clock signal CLK wiich
is equal te-the clock signal -FCLK generated by the conputer. Wien FAST Is
cleared, intéernal timng, i.e.. CLK period, is equal to twi.ce the period of
FCLK. 28;/7 ‘also relates to timng and FCLKI® When an 8 Mz clock is 10 in

use, 8/7 i s Setyritel hEiddansthidtNBhie AletdnddZorBara,i S1£ 1222l efbnalBead! ue of
8/ 7 is used by the controller to determ ne how many FCLK peri.ods are

required for a ®evemengnin the fespardrdirectiap|is neqessery, iRl &s \giearedand
d | f F d
oSN 1 G0 AE sl ol of M BBt r

I'ows conpuiers w ¢l ocks
and conputers wis la 8iddlarchasker,t df ibazdvands \mwuemwva{emhha andhatite,
data witten by a conmputer with a 7_Mdz_ clock can be read by a conputer

with an 8 NHz cheads AFR® RACEEs3tY.3nd RO bas iheen Bofe fodloeed bynR, H’é’eﬁ‘l oaded
t t t t
o 5ot P 1 28 B o PEIQ b 008l B AT,

sel ected. When batting BDfIRl,sedch df iwhdch ¢xused the ateppet avotordto \t@tlaas dHeen
sel ected, setti n | at ch "

latch L4 is set! uH tF tl“ét“c#lfgn |°§p°(5”lﬁeo4‘1’\?§t¥ms‘“éln%'bﬁ%ﬁgﬁf°2§ and ERIABﬁI

if LSis "1", dhpygs 2 hﬁi@'ﬁhkﬂﬂké’ln[@rﬁckwﬁﬁéé la1FBeti NI OrittBEe &RleBOW DE
descri bed. V\hen [err] is set, if L4 is cleared, [err] or [err] is :

di sabl ed b%ol ogiod RO« G&btP%2?3dép€nfnw1ﬁosnt#ne) %t?ﬂng‘%fPLSPItﬂf@rreby
_shutting down driv t he

clearing of L4 ?G&"ggn%glrhe%%i“?%\&?é'l a&'l% ESFE%JF Tegaggg'éﬁf gg[bé?r] or
[err] until addZessed OHAC AWPSULH na?rm@p@&mseé (8o chdgeCitheSréa@S8haOr
until a one- write ;xeads to move to any d'_esired track, _
_ ' The setting and'clea:ing of L4 through L7 determine other
15 functions .to be performed .by the controller 11 és’ desctibed below.
' After the controller has béen selected by DEV and
1niti$1ized by RESEYT, and WRITE MODE REGISTER is'set_ as described
below, DO through D4 on the data bus 17 aze loaded'-ihté the mode
ztegister 31 to select a particular mode of operation for
20 ' subsequent reads and writes. The data on DO thkoﬁgh D4
correspond respectively to the signals LATCH, S—Yﬁ.'o_ﬁ", ?AST. .
and 8/7 of the mode register, LATCH will be dis'c'u_ssea more fully \J
below with respect to the read contrel means 45 and Figure 3.
SYNCH, when cleared, placeé. the controller in a sfnéhzonous mode
25 for subsequent reads and vrites. When SYNCH is set, subsequent |
reads and writes a:é performed in an asynchf’on_ous.mode. Both
synchronous andaéynchron’ots rﬁodes of ope:at’:loh will be discussed
more fully below wi.th respect to -E‘igutes. 3'and-4. _
OBT when cleared enables a one second on board timer. When

30 OBT is set, the timer is disabled. The on board timer will be



half millisecond timer has elapsed if LATCHis set). Generally, it is
preferable that there be a delay before turning off a drive notor because
subseguent di sk operations frequently occur in a5 - very short ti@g
frane _after prior disk operations. Thus, without the delay before _
disabling [err] or [err], subsequent disk operations would be subjected to
“waiting for the nmotor to achi eve proper speed. O course, the operation
system or other programin the conputer should include appropriate waits or -
‘timing | oops, @@scussedemonecfellyabylow ovichseespetatio ENABLIS knd eBNABLEr Wi tes

are requested unti r tor.j to speed. Additional functlons :
perfor(r:]red by tﬁgifhnﬁe:}(ﬁcq ?“an[‘a’&%@‘ #Ffﬁ%ﬁ‘ Hﬁfhé%‘f%ﬂg@ & the, L7, and
MOTOR- ON. L6, cbAt#ldeMITOR- ON sel ect which register is to be read or

witten as described 15 bel ow. Registers are read during any operatldn
in which AO i s bei rithed BT 45 RArsrsdertheacentioller wpecatdrdnAflaws nodeng

set. L6, L p. d whi ch.decodes
the inputs and as %scrl ﬁﬁ'q[]i nﬁ]ﬂ %ggg éagm:k&g gﬁgbﬁejat A1 i*&s READ
STATUS REG STER1o¢R sﬂﬁmmﬁuamﬁ edifiliTto 2fie c1 dATS IR SIER, READ DATA

REG STER, READ 1's REG STER or READ HANDSHAKE/ UNDERRUN FLAG REQ STER. - Each
of the followi 3§P8FRNS: PHibe; SREPYRES e o When PAST 4P| ﬂﬁ?‘éégéﬂéﬂfdrr] | s

i nput to decodey fﬁiﬂg, Wgn éxfi pbge S8 S*WI J q:rwqceogl}%éggiéjf%?d

pl aces -a 25 on causes read églster
35 to place a byte mbiaamlhtasm timingiaadRCLKL7 WHémes DREE n@eghi 7.

The bper adong. SFELBRT I TER A%, 3 bt UpFERia 5t F Bieg WS luavaretn o7
"R the decoderheldaBée of awage&saa by e 100 RS TN/ Sigeh 82 b ne hBIEmbHHCTT ON
perfornmed when 27 - 13 -
.. FCLK periods are required for a given unit of time. For example,
if PCLK is 8 MHz, one microsecond will be eight clock ﬁeribds; if
FCLK is 7 MHz, one microsecond will -be seven clock peribds_. This
15 allows computers with 7 MHz clocks and computers with B MHz
clocks to read and write equivalently, that is, data written by a'
computer with a 7 MHz clock can be read by a conipute: with an 8
MHz clock and visa versa. |
After the mode register has been loaded to sét' up pat_ticula:
20 modes of operation, one of the two drives is selected by latch LS
as follows. When latch L5 is cleared, drive 1 is selected. When
W . . . latch L5 is set, drive 2 is selected. After .a dfivé has been
selected, setting latch L4 will .cause line MOTOR-ON to go to ",
When latch L4 is s'et, if 1a.tch- LS is 0", drive 1 is enabled by
25  ENABLI; 4f LS is *1", drive 2 is enabled by ENABLZ.
OBET mentioned above can now be described. When OBT is set,
:1£_ L4 is cleared, ENABLL or ENABL2 is disabled by logic circuit
42, depending upon the setting of L5, thereby shtii:ting down drive
motor 29. However, if OBT is 'cleg:ed, then the cleafing of L4
30 . will not cause logic circuit 42 to disable ENABLL or ENABLZ until



READ DATA REGQ STER is set will be discussed below with reference to the
read control neans 45 and Figure 3. Wien L6 is "1", L7 is "0" and MOTOR- ON
is "0" or "1" (i.e. don't care), the decoder 41 places a "1" on READ STATUS
REG STER 5 which causes the contents of the node register 31:and st us
register 33 to be placed on data bus 17, such that the bus takes on<the
foll ow ng values; LATCH is pl aced .oszO SYNCH i s placed on D1, [err] is

ced on D2, FAST is ace 8/ 7 aced on D4, MOTOR-ON i s pl aced
g?aDS a 0 PsORt aﬁ?@an‘bﬁ’i dl?ﬂf SESF\E?J ib‘i' mq'ﬂ"o’rﬁ {FR8e %y upEL), @ ORe pi aced
on D7. The papersfi1dgesohd eTner hﬁfsheiaﬁbbegiﬂfﬂabﬂntﬂeseEP”pBEﬂéra]ﬁyL5 then
able to determ ne the status-of controller 11. Wen Is "0", Is "1"
and MOTOR- OMti és prgfegable] thay ftherekeder deliaypbefurs aufzﬂihqonfﬂmlrive
HANDSHAKE/ U TR Whi ch apses t handshake/ underrun
flag regi stelng%Ii ?%&!Jﬁh%&?ﬁ%&? oé’? OPRFR Lfg°ﬁ'g quﬁ“gﬁﬁé’.”?ﬁﬁ &g URF on

D6 andsa haw@s@a&m:&l ﬂ.gné‘ﬁt@ﬁeWf.te'fhﬁrmdﬁlékﬂbpﬁkﬁﬂiddBF ands} hadhaagshake
flag HS wil | be distussed with resp thewijte control neans 47 and

Fi gure 4. 2(he delay befene 9654%11“9" Bﬂ@mu Qr "ENABRZ ﬂm@&l gisk 0" the
d d 41 " t th h
Goloer 13 gt Voull WS SRE FEGLETED 105 o iR

corr espondi rgoperLﬁ@BL Of corrses pehedioperdtd ob Yt emDar OdmﬂéﬁSprmladl ng to
[err], D300rre on to FAST and D4 corresponding to 25 8/7. This
occurs duri i ‘WG%E‘F@G“E‘}I?F?"&P de |APRPRF 1At ecHRkt &) PT { Hiingleops,
functiqy B ed RbELssa¥iENebGnshie 2RI RN edbS o 'rli'f;:iig@ag coder 41 N
pl aces a "1" on WRI TE DATA REG STER. The function perforned en WRI TE DA\ﬁ(
- REQ STER i s zaguegted upsilli Srudcine motow i¢ np tefapeedce to 30 wite
control means 47

Aaﬁgtiongi'f%nctions p%gformed by the controller are _deter~
mined by the settings of L6, L7, and MOTOR-ON. L6, L7 and MOTOR~
ON select which register is to be read or written as described _
15 bélow. Regisﬁe:s a:e:réad_duzing any operation iﬂ whichlao is
' being cleared. Regisge:s aré.w:itten_to when A0 is being set.
L6, L7, MOTOR-ON, AG and DEV are input to decoder 41 which
decodes the inputs and, as described bglow; places a"li-on one
of the lines Rsan'swarns_azczsrzn, WRITE MODE REGISTER, WRITE
20 DAfA REGISTER, READ DATA REGISTER, READ 1's REGISTER or READ |
| HANDSHAKE/ UﬁDERRUN E‘LAG REGISTER. Each of the following '
'operaﬁions.take place as the £falling edge'of DEV is input to
de@ode: al. | | ' | _
| When L6, L7 and MOTOR-ON are "0", the decoder 41 places a
25 "1" on READ 1's REGISTER which causes the read 1's register 35 to
Place a byte of binary 1's on the data bus 17, lines DO through
D7. 'Thell's on the data bus a:é ﬁead_into the memory of the
éomputer for use by the oﬁerating system or othei program,
When L§, L7 are "0" and MOTOR—ON is '1", the decoder 41
30 'places a 1" on READ DATA REGISTER. The function performed when



The read control means 45 will now be discussed with reference to Figure 3.
As noted above, with L6 and L7 equal to "0" and MOTOR-ON equal to "1", the
decoder 41 places a "1" on READ DATA REG STER O course, prior to readi ng,27
t he read head 5 Is noved to the desired track of the floppy di sk by o
r ot atg'hg t he stepper notor 22 according to control signals on PO through P3

- as described above. As the floppy di sk tqkgat es under the read head, data

recorded the track causes. the ?’é}b rsgd bead .t o be energl zed and
de- ener gi zed HISi Aflkﬁﬁﬁﬁflnl s“d"h“' ReEadigrussed helow i SEEELPREEL bit s

and cleared biges tae me BERERN fedfyissNand\rikhis 3, ne, neither the
controller nor the conputer can determnmi ne which portion of a track is under

the read head. TheWkedris i METhdd $91°00cand MOTORGONHE 20y ora "k tdditg
shoul d be starged,i 52 PGV p
synchroni zat i onoq’fgré“ggh purg)c'{)cs"eﬁl g‘iy]gﬁ geﬁ i kﬁl% é?wgskggf Thte No

4,210, 959.5. Oncehishnchuges the | comtinss €cthohialentshi stepdingnPreraeass as
follows. The read data extractor 51 detects ne atlve transitions of RDDATA

-synchroni zed tbeaisset 3@ EPoR&k Pipgedion dats bus, 7., spgh thaﬁe@%ﬁ ibpé ERKARSi ti on
of RDDATA occu le LAk er o ep S :
interval is 166§CLtIl<‘s f%%%ﬁ %Igg?esﬂeﬁ?cn %rbltlﬁ%%?v m{}gbiﬁ%ﬁg

i nformation onORIIDATWT issm b DeBasT disepladerd on D:ar 8/hds phased

intervals.” A"1" | ve trapsiti nat t he expected t

interval. A 0" °55°4' "Sgg%g’ #ﬁr%%‘FFgrP’hP °e>%ﬂe%]ta€§§t?'?n?5 “ﬁeﬁé‘}?ﬁect ed
tine i s wWglenedrby thePasel MRELY i8ngrdraldl ofid7, ntﬁrevabemfmaesﬁidmaﬁier the
expect ed tine since the data is not precisely spaced when read due to

vagiations | n @kbeke PSperam dndthe irepputerclidals thenable ro degarmine thansition

of RDDATA is d Aok rotl the 30 read data extractor 51 causes
t he S|gnal LFT?E?O&SS(é §°’Ehr°he’?rﬂ - _

When L6 is "0*, L7 is -1- and MOTOR-ON is "0" or *1", the
decoder 41 places a "1" on READ HANDSHAKE/UNDERRUN FLAG REGISTER
15 which causes the handshake/under:un'flag regiéter 37 to place
"1"'s on DO through D5, an underrun flag URF on D6 ana a
' handshake flag HS on D7. The underrun flag URF and the handshake
flag HS will be discussed with :espect to the write conttol means
47 and Pigure 4. |
20 . When L6 is "1", L7 is "1" and MOTOR-ON is "0", the decoder
31 places a "1" on WRITE MODE REGISTER and the data on DO through
1~/ o D4 of the data bus 17 is written into the mode register 31 with
. DO corresponding to LATCH, D1 corresponding to 5YNCH, D2 ce:res-
ponding;to 0BT, D3 corresponding to FAST and D4 cottesponding to
. 25. 8/7. This occurs during WRITE MODE REGISTER'et the rising edge
of the logical function Q3 or DEV. '
When L6, L7 and MOTOR-ON are "1", the decoder 41 p;aces a
*1" on WRITE DATA REGIéTER. The function performed when WRITE
DATA REGISTER is set will be discussed below with reference to

30 write control means 47 and Figure 4.



- 15 - for one CLK cycle. The next expected data is nonminally at 16 CLKs

when 8/.7 is set. This may fange between 16-8-8 CLKs and 16+7=23 CLKS.

Thus, if another negative transition of RDDATA occurs between 8 and 23
. CLKs, another "1" is detected and LFT1 5 pulses to a "1" for. one CrK
"Cycle. If no negative transition occurs on RDDATA between 8 and 23" CLKs a.

"0" is detected and LFTO pul ses ta “1""‘for one CLK cycle.

ol ed W Lhi 1 Jiee GPRCELb WiEne eI Goyobe WRUBLAS §1EE5°L

hi s may range

t he next expect om nal I

If a LFT1 has

RS

ot herw se

bet ween 32- &e?é:ﬁcKStamigaieYkSQAﬂzié&ed wowe,negai Léecand a7sequaintof RDDATA

occurs between 24 and 39

is detected and LFT1 wil |l

for one CLK“@yAns MOFPRy Wﬁ@@&?’l%l{‘raﬁgﬁqﬁfﬁd&l‘ FOBAREEB R (+S %R "O s

detect ed ancighbThamd REGPeRERS toE 'éeursé' |t)6 r&dd1ng

pulse to "1"

WY rd2a hea@t erval s

ber
are wi dened from the nom nal nunber gt m nus g CLKs and plus 7 CLKs
with LF51 beisgoped sockkief dasmnaek mﬁatise ﬂonpz)fﬂiRDMTAonecing; thet hin the

o1 RDOATA ViRsTRR e ¥ B2 3ReBRe0 3Rtk pICh Gl L Y AR v

8%above,

except 20 ddsceibed abave NAEI th EYofdy GLKE rbtdtéd @ndefl ol redd Usead, CLKS

and plus 6 CLKs. .LFTO and LFT1 are input to logic circuitry 53 which sets
line 55 if L9aka pecorpedothetzask anﬁ%‘ Fhej coiltn the 'read headssodmy js 1"
(as descri be : £ ¥ﬁﬁ _input to .
shift regi stéeinquhigwfmhda? }%tce)gg?&r#ehg%&%en s ? r%glns er 57 is signaled
_by shi fifo cl osdereSpimdingstormit bitsd iand ckaried h:ln:[eubn tthet Megmeltibt regi ster
one bit at atine. Shift clock 59 sets |line 60_at the end of each LFT1

~ pulse or LFTRFHiRmse A5 kBEE GiMen agpither the coreplipr norgths,comppier 4 1y |
byt e of dat aci}?‘%ell?gﬁﬁ‘ir&hbﬁﬁﬁg po?t Porf 2 §hérfatck is under the read head.

Therefore, a method for determining where data reading should be

started is necessary. A method for providing proper

15 = synchronization .for such purpose is described in United States

Patent No.4,210,§59._

Once synchroniza;ion has been obtained, reading proceeds as

follows. The read data extractor 51 detects negative transitions

of RDDATA synchronized to the CLK clock signal. Each time a

20 negative transition of RDDATA occurs; it resets an interval

'counter. When 8/7 is set, the interval is 16 CLKs.

' When 8/7 is -

reset, the interval is 14 CLKs. The information on RDDATA is

spaced at these intervals or "around” these intervals, . A "1" is

a2 negative transition at the expected time, i.e. interval. A 0"

25 . is no trens_ition at the expected time, The expected time is

widened by approximately one-half an interval before and after

~ the expecﬁed time since the data' is not precisely spaced when

read due to variations in drive speed and other external_ factors.

. A negative transition of RDDATA is detected as a "1" and the

30 read data extractor 51 causes the signal LFT1 to pulse to a "1"

/

W/



- 16 - register. This occurs because the initial bit received by the shift
regi ster 57 fromthe data stored on the disk is always a "1" accordi ngot
the graup code coding schene utilized for storing data on the diskette.
Wher ey} the.leading bit of a byte 5 is always a "1". Once SR7 is set, '
‘| oad read data register logic 61 generates a signal on |ine 63 which causes
the data in shift register 57 to be paral'?é&l 1oaded into the read data ,
regi ster 65. THRE SR TGLK EYFit-cr Thy nest caxpected asdants moninakly 3ki¥& cl ock
after SR7 s 10cixsghed@/7108 bk, | EniBaby {hAPEERYINT08LD cippoati data
The signal on Iine-63 1s set by load read data regtster logic 61 as

foll ows. | n synbéwieadRLRSodeThuis, eif vinothé¢emegative’ Btangitdon)@E IRODADS et , t he

o . L RsoIdThus, oAt wiskbfemegat iy G FODAT:
cach time 1 he srqs, pifneB Ecihd i feualy SR @ercri Ty Ghrerfrl b 9T o0

read data rsegi speliselsogid Ca @1 £d700R¥ECLK Whele.X71E ncsabgatiive. tradsdmidhe first
bit of the byte being read arrives at_the far end of the shift register and

is parallel |o0afRRPIENeH RODATA Petvase B 28di 43 SLK8s2 “Ohclg dagestedd2ddt a | ogic
20 61 wi'll hojghgd ipgc;sﬁﬁ dPM 4 eb ol cekKksyafd,er SR1 (corresponding to bit

1 of shift register ) becones "1" due tothe first bit of the next byte
bei ng shifted througlf shFfl hasgpcstugre87withinthielexpected simrshh® t hat the

byte in th dat a_regi st 65 is th dth vajlable.to b
outed Lo buf { iR ERGARESS L 2Rt SR N b Ao GRSAGH o be

seen by theConpethfia113 a8l ¢X¥s. | ORG sCHOY HAnGe KitweeRMA=24 \lkisdakyt €
twce. The rising edge of D7 is delayed by hold read data register logic 67

sq that if D7 i32+%38 Siks.helf @rpegativestzansition jof RODAflaPefnrScHet¥RAD t he
923,90 DO Y 4 oy SO R D Bea3un b8 370
one CLK cycle. 1If no negative transition of RDDATA occurs a "0" :
is deteéted.and L?TO ﬁill.pulse to '1‘. Similarly, subsequent
15 intervals are widened from the nominal number of CLKs by minus 8
* - CLKs and plus_;l CLKs with LFT béing pulsed if a negative
transition of RDDATA occurs within the widened interval and LETO
being pulsed if there is no négativé transition of RDDATA. When
'8/7 is reset, LFTO and LFT1 are pulsed as described above, except
20 intervals are nominally 14_CLks and are widened minus 7 CLKs and
plus 6'¢£Ks; | | _ | |
LFTO and LFT1 are input to logic circuitry 53 which sets
line 55 if LFT1 is "1" or clears line 55 if LFTO is "1" unless
SR7. is ‘1*'(as:ae$c:ibed below),.thé data on iine 55 being the
25 data ihéﬁt'to shift fegister 57. | | _
| | The.aata on 1iné'55, whén shifg register 57 is signaled by
shift clock 59 by a signal on line 60, is input to the shift '
register.éne“pit #t a time.- shift clock_ss sets line 60 at the
~ end of ééch LFT1 pulse or ﬁgro pulse exéept when SR7 is set. SR7
30 s set after a full.the of data has been shiﬁteé into the shift



31 - 17 - hold read data register logic 67 as follows. Wen LATCH is
cleared, which it should be‘during synchronous node operation, and X7,
correspondl ng to bit 7 of read data register 65, is set, output RR7 from ™
I3ch read data logic 67, which -corresponds to 5 input bit 7 of buffe¥
I's not set - until 1 CLK period, when FAST is "1" (fast node), and a 1/2
CLK peri od Wnen FAST is "0" (slow node),g@fter X7 is set. In asynchronous.

mode, i -e. Wagguddil] dis® g&cu{seﬂgcﬂ?%eatﬁﬁguﬁﬁ £ha Biel P PALEL! B (ngaded fTom

shift reg| ster This 1 occurs read 3 Fed ster | ogi c
61 setting | ishéf63eglieneSE7 Fromeathe dé’ba stoned drhtlie Bhekdfstslwilys ead data

register 65 i, pro | oaded into i ster -in conputer

asynchr onous “hodse Bf_‘ﬁf‘\él-{t% |gr%wgeb%>d§@9 sqleae n&ﬁéﬂepsf%'et the data
on X7 is pl agedr iy BEYa oh ERé disRact&lat AnéLdinStRE 1@&1:&9&'&3 £la % tkhe
ri sing edge of D DATA REA STER.  Thi s ensures that f the set

up and h®l d Aeceiwayseat™"ef the conputer 13. |If D7 is read by _t he conput er

13 as "1" DOthr corretl WLitten into register of the
conput er d)nlé?l 5@7 i%e SALN él LEAd 941 &5 gé i8 ‘?gzngﬂﬂfﬁ't§safter
READ 20 DA'EPsHEGISa'ERiIn% 6xwhaeH dihides tHe d(an:aes,n shiet Ruyesbas srees read
by the conputer) so that X7 -will bhe clear-and the conputer 13 will not

re-read the b§tBAzadlph iqpdgd intg shesasdefrtysepister FSe. Theekhifity of READ
DATA REG STEBeg:\./géetrV\?‘fofg rc?La@'aﬁedgaﬂ" Llr&%’\’sgfféj% SE*% eW gl{)l gf erence

25 to Figure 4 Ite cont means conprises Wi areg |s er 81 for
recei vingoa lsytesa)fthdathtti(s lbeady itiot @ccept tlne rbixs Kby tehiof t datay st er 83 for.

convertlngthep at a te dat ter 81 to serial form and/:
toggl e .85 for ge q‘t J(ﬁn”tesf# %‘h% 84 1pag. 93k £EERSHRT 0 t he

disk.  Witejzggfd I‘ﬁ| agofougagns 47 further corrprl ses | oad/[err] -1 ogi c 87,
handshake/

In synchronous mode, i.e. when SYNCH is '0'. when X7 is
'_'reset, the read data register 65 is loaded with the data in the
15 shift register 57 each time the shift register 57 shifts by the
setting of line 63 by load read data register logic 61. However,.
when X7 is set, z.e., when the first bit of the byte bezng read
arrives et the far end of the shift register and is parallel
loaded into the read date register 65, the load read_datallogic
20 61 will hold line 63 low for four CLXs after SR1 (corresponding
to bit 1 of shift regxster 57) becomes "1" due to the first bit
of the next byte being shifted through shift register 57. This \.J
delay is to ensure that the byte in the read dats register 65 is
there, and therefore aﬁeilable:to 5e routed to buffer 66 and on
25 data bqs'17 D0 through D7, long enough to be seen by the computer
13, but not 10n§ enough to be seen as a éalid byte twice. ‘The
" rising edge of D7 is delayed by hold read data register logzc 67
g0 that if D7 is read by the computer 13 as "1", it is guaranteed
that the data on DO through D6 will have been correctly written

30 into a register in the computer 13. This delay is created by the



-18- underrun logic 89, wite shift clock 91 and WRREQ | ogi c 93, all of
whi ch control the timng of the wite control neans. To initiate a wite,
sL6 is—set, L7 is cleared to set up a pre-wite state. The pre-wite te
Ani tatsal i zes the wite shift 5 clock 91 and load/[err] logic circuit 87
setting.line 99, sets WRDATA and [err], resets underrun flag URF in
handshake/ underrun flag register 37 -afti-initializes a toggle clock in
toggl e 85. Priholdtasadcéagkd registerglogic Sidas Sodhowsd Whemplrazed im

POPIOPT TG MthERd PR Sh. MIRAeRLIE] e 8 eRRh ! wbE] el O
~ REG STER whi clanlioer)s cdet ésgonamaglaioabbtisy b, :m abeH Ui Ber 68, LI sekjt e
data register 81 at the r|S|nicquied ge of the logical function @ or [err].

Thi s regi st er BEPHtH RRA £rqm, hafd eadodafa) 1PREQ 63ini vhiqhegpsmmsés &9 foll ows.
As not ed gbovanpfiUle! 6 ke 871 {0'not Onet LAILF Blrkpdeibh] Ylned, 1 ne

99 is set ine 99 I's set, a pulse fromthe w ock 91 on
line 97 causeFASZtis i"b" ifase ket oF @0d at B/ 2 TLKL pe hind aheheﬂxsmis i f t

regi ster 83, asynchr onous_pode err] is set), the load will be

conpl et ed appr‘SE‘?‘ﬁd{"&‘?/ RELHR XEL 48 §g&fter WRI'TE DATA REG STER has been set.
20 In synchronoug, WagRehdionBub Onéhe) kle.Don&R ETES ok het)eaal @aka and five
B periods after WRI TE DATA REG STER has been set. In synchronous node,

(SYNCH is resaepgisken 6Agis parrhirds 10adéd|fromsshifEnregitster dsit.a Tlais.s been

oaoror "8 T ekhed ) BAENRE 14 PRI Fu8led 1RANE o) hat B’ EidLS og
- geriods) the WRATERY Gst 8¢l eTh réndurd 'thad the daitacen \A«BDAT&tjas:egusﬂeal i zed -

a_"1" and, according to the group code codi ng schenme used, the first bit
of a byte nust65hds properly Jdisaded dagpst cregdstey in smrqteevlﬁ'yim ght 03

peri 0ds afte! o ifouRREMmd A8 dekhcnl ShbQUPdLEIE B BEL. OWfer? Lazch afeer Wi th a

|ne 4515 a
set, the data on X7 is placed on RR7 by hold read data register

15 ‘logic 67 at the rising edge of READ DATA REGISTER. This ensures .
that D7 will meet the set up and hold requirements of the -
oompotez 13. If D7 is read by the computer 13 as "1", D0 through
D7 are correctly written into a register of the computer 13. X7
will be reset by clear X7 logic 69 fourteen FCLK's after READ

20 DATA REGISTER is set and D7 is "1" (i.e., the byte has been read
by.the computer) 50 that x7 will be clear and the computer 13-
wxll not :e-read the byte as valid during subsequent polling,
_i.e.. : setting of READ DATA REGISTER. _ .

_ . Write control means 47 will now be. described with reference

25 ito Pigure 4. Write control means comp:ises write data register

| 81 for receiving a byte of data to be written on the disk, shift
_:egister 83 foz converting the parallel data in write data
-register 81 to serial fotm, and toggle 85 for generating the
bitstream which is to be written onto the disk. Write control

30 'means 47 further comprises load/shift logic 87, handshake/



33 -19 - continue such shift and toggle until the byte has been witten.

Thus, a byte of data is shifted out and witten in 64 3 periods and a new
byte of . data can then be parallel loaded into shift register 83. Wth thigs ™
timng, a"1" nmust be placed on WRI TE 5 DATA REG STER every 64. (B8 ¢

- p8rd ods, otherwise Os will be shifted out of shift register 83. During
synchronous nobde URF is al ways reset soO ¥hat URF does not prevent witing

data on di sk byus&ryuRd1¥IFES] WwldResahietVBeck B8 SO WRREESIodis bF), a1l
asynchronous node (SYNCH Is set), 10 the tim ng constrai ﬁjt:osd ofb r @

synchronous wri efwhich Fentroddthevtdming of thewniteusomizrdd, mewris.e control -

eans 47 operat e f A hj ft, .register, 83 has peen paral lel
Toaded wi th e dai 2% Foveire & driee? e il B ET 1R SRR P TS ART B b

in shift registpreSi ivel btdte.Shiké gdeoniite statdindtrhlakes i ghltdanesCLK
15 periods, toggle 85 will cause WRDATA to toggle from"1" to "0" since, -
-as noted abbve, PRk Bdsand leaps shifit 1p9ic Ghgeuide 87 setting hineg@8ntsedsift s

~and toggles are —ﬁ‘-de [ (s o ek, al ight _bits. have, b
“shifted out of gﬁﬁ@[ r%eig?gt er'} ,BgPQT%E? f%ﬁ“?‘ ?]6434 lgkg_ﬁp}’%l%%stshaée?"l“deégeﬁi ne
99 which paral | élag cagis@éxr 37sand tiniefasizes 83 o0gvlé hckbrkaih revygrei 8% dat a

regi ster 81. \Wep 8/[err] is set, shifts and toggles are separated by 8
CLKs. \When 8/ TFF° é%e??gt{a&ggfggi’lfccﬁf ’@ddks‘hég?@rb%mff%‘? i&nEIP%"r?iPF%{%te

occur 8 CLKs af gesed26! SS1ecPUend Gesifed Ara¥e thrd ELE‘%d%hCBN.OCﬁH§§ :1%%’:"9
asynchronous 25 wites as conpared to synchronous wites, the tollow ng

addi tional Mper and MHRTAR-ONnaeeidd”+ dhendegadierhnlacest a 11 omiWRITHr DARK | v o
Conpl ot on of s RGIARCPETGA JoREE fRtanFrET MBER B T30 B, SRk BB phe°
'signals on |ineyr9¢eaittadPediked0s] attoltfd r¥indIeahandstk eogDEL] EuRct G C
.89 when WRI TE DATA REQ STER ' _ . S :
Q3 or DEV. This register is in turn parallel loaded into shift
~ register 83 as follows. As noted ab'oxlre,'"whén load/shift cont;ol
15  logic B7 is initialized, line 99 is set. When line 99 is set, a
pulse from the write shift clock 91 on line 97 causes data in -
write data register 81 to be latched into shift z.egis't'er 83, 1In
“asynchronous mode (SYNCH is set), the load will be completed
approxim_atély eight CLK's after ﬁRITE‘ DATA REGIS‘I‘ER has been set.
20 - In synchronous mode, the load will be compl.e"tetli. between four and
five 03 peridd's after WRITE DATA RB.G_ISTER has been set.
- In synchronoﬁs mode, (SYNCH is reset) writing continues as _ N
follows. Once the data has beeﬁ loa'ded into "s'hi.ft register 83,
_ the most significant bit in the shift régiéte: will be shifted |
25 onto line 95'. which will cause (after two Q3 perio.d-g) the WRDATA
to toggie from "1" to "0" since WRDATA is initialized at "1" and,
accoraihg to the group code éoding' séheme uéed, t';he first bit of -
a byte must be a "1". Shift register 83 will shift evéry eight
Q3 periods after it has been loaded, followed two 03 periods
"30 later wi'th a toggle, if the date on line 95 is a "1", and will



34 20 is enabled. Since conputer 13 can issue a command to clear LS which
wi || cause the decoder to enabl e READ HANDSHAKE/ UNDERRUN FLAG REQ STER, the
status-of the handshake flag HS can be deter- mined by the conputer. %a,;
IS, _:t;igg conputer can poll the 5 handshake/ underrun flag register 37 J
unti'l the HS flag is "1" indicating that the wite data register 81 has
been parallel |oaded into the shift redister 83 and the wite data register
i's availabl e fcionahRRehERChy AR £51anthtQ9SleREY HbechyiuPaF RRANc¥FEtteL t he

write data regi r lge e et L6
which wi'll ena l;'?‘ 48 ﬁ%&%ﬁé&%ﬁngﬁiﬁﬁﬁgﬁum%ﬁﬁ ?:giu%%nt nP‘gngen:tigg? a bus

17 to be wri t‘:gand mmwv\bytteaoﬂaﬁastaregn shen l&lpai’alhnbmbededlahta sl'ei\ﬁtbyt e of

dat a hasmfact eenl wite gda I St 1 pri

| oadi ng the shifg*1%®* 39 S’q&‘ t?ﬂfbg'uﬁdglrr Hs"r Iq’zSg &?’% ﬂ‘e wilze' ©
handshake/ snder:rmn ﬂaemegmt?rsebsl Pe A pYRheami 010 OWFE11 BE sMilreda
above, during the pre-wite state when witing is initiated, underrun flag

URF i s reset, .iou OfREE Zqadster) 83. THRUTdNG SYNGhTINONS Bpde URFSES ag.yays
handshake/ under Lérlltl Eﬁag Rﬁhﬁgié Qﬁ:g%{e%en@ LP@ﬂx Oéa{.l]%asnﬂskb

regi ster 83 en e Ser byt e has
not been writt ecavishh® WRREQVES tbe €eta regi ster. 81 SI nce the current state
of underrun flag URF is input to_[err] ‘logic 93 through_ Ii 01, if URF is
set then no new. dat ¥hethdhBeeontrodden 4snin AFyRCRELNONS ‘F%‘bﬁ SEBRI 188t e

| oading t heohi fie teRlf Sbnittaiffs of BHENBRER W2Gbes S3e1dlas8BRthiRer Sh! )

before the next transitl on of WRDATA occurs. Wien WRREQ i , the wite
head is di sabl expyprhraneusngodaie vsake cwtteobfme@asa'lf.pmmlsngs Movs-en URF

Ca oL e ¥ oSl i AL SR hn, PP PS4 B i
during asynchr ofi@us weité ataSeyitabr 6312. th&@os8Neignificant bit in shift
register 83 will be shifted onto line 95 and after eight more CLK
15 periods;'toggle 85 will cause WRDATA to toggle from "1" to "0
sinee, as noted above, the most significant pit must be a *1l°",
Subsequent shifts and toggles are separated by eight CLKs. After
' all eight bits have béen shifted out of shift register 83,
load/'ﬁ'fi logic 87 places a "1" on line 99 which parallel loads
20 shift register 83, with data from write data register 81, When
: 8/7'is set, shifts and toggles eee'sepa:ated‘by 8 CLKs. When 8/7
i is reset, togglee occur 6 CLKs after shifts, and shifts occur 8 |
CLKs after toggles, | - _ |
Due to the relaxed iiming which occurs durin§ asynchzonous
25. writes as cempa:ed to'synchzodoue Q:iées. ghe following
' additional operations are needed'to'ensure ehat data is being
properly written. Handshake fia§ S is set bf handshake/underruh
logic 89 upon the completion of a parallel loading of shift
.'tegister 83, as determined by signals on lines 97 and 89 and
30 reset by the handshake/underrun 1ogzc 89 when WRITE DATA REGISTER



35 -21- exanple showi ng how | atches L4 through L7 are set by the conputer

duri ng synchronous wri-tes,
L6 L7

|n3t‘#a| state 0 0 1 0 0 Cset L6 O -0 *z’

0

o o0 1

clear L6 1

NMOTOR-ON 1 1is @nablid. sgnce cfmpute: 13 can issue geqoq_%anq)pg Gheateld at e:
Wfﬂ& Vi1i Ledus@Cln @ Bech i 13 brdb1 e OREHD ARSuARE iniciRRuR ©

initialize
WRDATA; se

t

MOTOR- ON Action O 0 0 0 0
set L7; wite data on bus into the node register 'if)

0 0 _%ear LO 0 O -0 0
' sét L4; select drive 1,

err reset

see Table 3. TABLE 2 (Asynchronous Wites) L4

set
15

et L7,

enabl e WRI TEpmmBQI)STER, the status of the handshake flag HS can be deREG STER 1

0O . 0
o 1

25 d
REG STER 1

flags 1

10

15

20

25

30

1
1

1 d KS and URE f] 1
mined by the computé%rﬂl eta 81 %"ﬁg‘e’?&}@"\‘ﬁ 532%9051 §ha ;s bee

0

n set

hQndshaie/undJerrun Jflag tegister 37 untEPlenleOisepmly ¢s\WY=TE DATA
clear L6; read HS and URF

oindiq;ting 1that the write data regist@gngl rhas pgen PAG_RMRI | ag

loaded into the shift register 83 and the w:ite data register is
available for another byte of data. Once the computer detects
that the write data register 81 is available, it may issue a
command to set L6 which will enable WRITE DATA REGISTER which

will cause the byte on data bus 17 to be written into write data

register 81.

To ensure that a new byte of data has in fact been loaded
into the write data register 81 prior to loading the shift
register 83, the ‘underrun flag URF in handshake/underrun flag
register 37 is employed as follows. As noted above, during the -

pre-write state when writing is initiated, u_nderrun £lag URF is

~rese-t, i.e. when L7 is “0". The urzderrun flag URF is set by

handshake/underzun logic 89 when the parallel load of the shift

‘register 83 ends, if the handshake'flag is set, indicating a new

byte has not been written inte the write data register Bl. Since
the current state of underrun fleg URF is input to WRREQ logic 93
throsgh line 101, if URF is set then no new data has _been loaded
into write deta register 81 befo:e'losding the shift register 83,
and ﬁ_R—EQ' logic 93 will enable WRREQ before the next transition
of WRDATA occurs. When WRREQ is i'l'_', the write head is disabled
preventing the same byte of data from being rewritten. URF can
only be reset by exiting from writing, i.e., when L7 is "O%,

For an example showing how latches Lé through L7 are set by

the compu_ter during asynchronous write_s, see Table 2. For an



010 = W*

0 ) - until it has been set 1 0
1 1 set L6; enable WRI TE DATA REQ STER 1 .0 1
1 . . clear L7; exit wite node 1 0 O 0 1 "
Clear L6635 0 0 0 0 1 clear L4; 0 - 0 39
0 ™ 0 MOTOR-ON cl ears _after tinmer counts down -22-
36 o~ (Synchrordus Wites) L4 L5 L6 L7
NEHII%-CN exam@@é'sﬂowﬁng hdy latChes L@ throBgh L7 are set by thienfampdtest ate
5 0 i u 1 eg L6 0 0 1 1-- 0
set L7; wri te kvl “Srisyﬁ‘ﬁgr?'?ﬂ(f H’b%*e“r'eﬁ?% T2l 0 1 0 0
cl ear L7 0 0 0 0 clear L6 10 1 0 0
0 1 _ - set L4 sel ect drragLel2 set MOTOR-ON 1 0 1
0I 1 ' set L6; .pre- (hdynehranpus; Wrifiesdal i ze wite shift
clock; initiali d/ .15 _ _ _ _ . shift
cont roI E set [é‘fr]gg erxﬁ 1mBU'Q‘N 1 1 A:.:i.im set L7;
place a byte Ofo dat g on odat ag busgl7 every 64 @hitiaacksat) 1 0 1
0 1 clear L7; exit wite node when done 1 0 0 0
1 0 cl&ar 36 00 00 0 0 8et L6 clear L4
' N 1 1 0 set L7; write data on bus
into the mode register
10 . 0 .0 1 0 0 clear L7
_ 0 o 0 c o0 clear L6
N\ 1 o o o 1 set L4; select drive 1, set
- MOTOR-ON _
1l 0 1 0 1 set L6; pre-write state;

15 - initialize write shift
, ' o clock 91; initialize load/
shift control; set WRDATA;
set WRREQ; reset URF -~

- 1 o0 1 1 1 set L7; enable WRITE DATA
20 _ . REGISTER
1 0 0 1 1 " clear L6; read HS and
: _ : URF flags
1l 0 0 1l 1l ' continue polling HS flag
: . until it has been set
25 l 0 1 1 1 set L6; enable WRITE DATA
_ REGISTER o
Lo 1 o ] 1 1 clear L6; read HS and URF
- e . - flags
1. 0 0 1 1l ' continue polling HS flag
30 until it has been set
1 o 1 1 1 _ set L6; enable WRITE DATA
. S : REGISTER
1 0. .1 .0 1 clear L7; exit write mode
| 1.0 0 0 1 clear L6 .
35 0 ©o 0. 0 1 clear L4;
© o 0 0 O

MOTOR-ON clears _
- after timer counts down .



0 0 0 0 0 , MOTOR- ON cl ears 25
after tinmer counts down The di sclosed controller may be packaged in a
standard 28 pin, 600 m| plastic DIP using well known prior art methaods. .
All-.of the pinouts are shown in Figure 1, except for voltage sourte Vec sand
ground. 30 Thus, a. di sk contgogigr for interfacing between .a.-”
digital conputer and a floppy disk driveé which nmay be inpl emented-as an
integrated circuit has been descri bed. payg gontroller is capabl e of
_perfOrm’;ng mul tiple nodes of opefSyncbronduscWuikiesy fast and sl ow cl ocking
and synchronous and asynchronous readi ng and 35 witing. -23- CLAI'MS
1. An i ntegrated y@ r CyH t E%mludisk driv troller for interfacing
bet ween a di gl a%g cgﬁbutég and at [east one TToppy disk drive, said disk
drive control@er 8nd $aid® O conput er ihitiied stand ed, in use, by a -
data bys, said cogpufer generating a clock sigg%I for input to said _
controldler, said Controlle cohprising: st af&® orage neans for coupling to
sai d conputergforglO- 3 1stoging state cogamnds weide RYeSaAndpeenpPUt €1,
decoder neans coupled to said state storageineamedéaregiaseedi ng state
commands stored iﬁ sai d stgte t orage neans and ggnerating control signals-
for controlling the lé _ oéeration of. a®stdh regi ster neans, a read
control neansgandga wg te gont gol -means basggesip9g sai d decoded conmands;
node storage neans. for coupling to said conmputer and coupled to said
decoderltneansl f or Ost o ng @at alsent by sai dse® L4; seleamtnguives l,ndetati ng
the node of operation selected by said conplPEQR-ON
1 0 1 0 1 ' set L6; pre-write state; ;‘/
o initialize write shift
clock; initialize load/

15 - . ' shift control; set
’ : WRDATA; set WRREQ

1 | 0‘ 1. 1 1 set L7; place a byte of data
' ' : on data bus 17 every 64 Q3
clocks
20 1 o 1 0 1 ' clear L7; exit write mode
. o when done

1 0 0 0 1 _ clear L6

0 o o0 0 1 clear L4

0o o o6 0 o MOTOR-ON clears

25 - : after timer counts down

The disclosed coﬁtroller may be packagéd in a standard 28 |

pin, 6'00 mil plastic DIP using well known pricor art methods, All. S
of the_pincuts are shown in Figure 1, except for voltage source
Vec and jround.

30 Thus, a disk controller for interfacing between a digital
computer and a floppy disk drive which'may be implemented as an
integrated circuit has been.éesc:ibed. The controller is capable
of §etforming multiple modes of operation, including fast and -
slow clocking and synchronous and asynchronous reading and

35 writing.



said status register means couple oder nmeans and for coupling
to - said'floppy disk-drive and sal ut er for stori-ng i nformation

regardi ng the status of 25 (’ HM di sk drive and the
controlter for interro- gation by 5 rlﬁmald status being - -
determ ned by the contents of said node storaﬁe *means and said status 37
regi ster’ ieans; 30 said read control means coupled to sard
nmode storage nmeans and for -coupling t©23a d conputer and said at |east one
disk drive for receiving data fromsaid disk drive and sendi ng said data to
sai d-conputer in a node of operation 35 38

-24- as deternined by said node stor &BM&ans; and said wite control means
coupled to said node storage neans and for coupling to said conputer and

said at 5 | east pne di r d i onput er
and sendi ng said-data to saaé ﬁﬁéﬁﬁ&fea cirg ¥?\§%§ @#si % i&?t?%ﬁg%@
deternmined by sai d nofler sinmlefgeingaaq@eea 8 digitaihecmht&roamalatdhﬁashed by

claim 1, wherein saidosé F16ppy0disk d:ﬂé)ram BRI r VBt 8 5Lt Qﬂrd”sﬁidty of
| at ches which store said tate com*rarhﬁe rs}ﬁ.'nt by  sai dﬁﬁgﬂg@ut er

The
control l er defd ned byCofPY Fﬁ pel N Ypes BY R sstﬁgocq“ﬂugei d
| at ches control posit gemérating aaclbok signak tfeppinpubtioosaidicentirdlbér,| ssixt one

di sk drive, enable an .nmotor in said at | east one disk .
drive, select one of g%ﬂgﬁfférfggnﬁi di sk drive to wite to or read from-

and cause said decoder neans to generate said control '_ signal s as detern ned
by said state commands. 20 4tate storhde mwans r_ﬂb'r' Sdupleid B6Ckdld cdmpliter? for _

wherein said g storing state commands sent by said computer;

decoder means coupled to said state. si:orage means
" for decoding state commands stored in said state storage
_ means and generéting control si'gnals for controlling the
15 operation of‘ a status registet means, a read control means
' and a write control means based upon said decoded commands;

mode gtorage means for éoupling to said computer and
coupled to said decoder means. rorIStoring data sent by said
20 computer indicating the mode of operation selected by said
computer; _
said status register means coupled to said dgcoder
“means and for coupling to said floppy disk drive and said
-computer for storing information regarding the status of
25 sald at least one disk drive and the controller for interro-
' gation by said cdmputer;'séid status being determined by the
contents of said mode stoﬁage means and said status register
means; '

30 ' * said read control means coupled to said mode
' storage means and for coupling to said computer and said at '
“least one disk drive for receiving data from sald disk drive
and sending said data to said computer in a mode of operatiqn

.35



decoder neans decodes predetféggggg_ggg§_gi_saLd plurality of |atches by

| ogi ¢ nmeans. 25 controller defined by claim1, wherein .
sai d node storage nmeans conpri a“t“““ "l atches. 6. . 'The
control l-er defined by claimb5, m K““ ing a delay timer whereixq/
sai d_nodes of operation are a romous 30 * readi ng and writings:
synchronous reading and witing, timng based .on said clock signal running
at-a first speed, timng based on said clock signal running at a second

spee%i enabling said delay timer for turnlng off a drive notor in said at
|l e one di sk drive, and disabling sar ¢4 delay tiner for 35 - t urni ng

off said disk drive T, d.erggdef ined by claim-1,
wherein said status érge)g?tfse[rg%ned bﬁggaégnl%rdfs%grg&; %érHal [ tyr%gf | at ches and the

information stored in said |atches is used to informsaid conputer when

said at |east one disk driviliswriBe aontidleméans coupled Goesiidshedee and when a
drive notor in said gt _|east one

. i vat e
controller defined bY°ERH Weq_ns ﬁﬂ‘g %Ff%’ﬁ#%% g%l i% q:eﬁe%ﬂ’ljssijcﬂ“rﬁh ses:
10 a read dat aSext r akeast ameagiskf driveofnrereceiglr@data foomisakd cosputiered from

sai d di sk drive i ”t Oan% Qéddrrﬁé'sfaidcﬁat§96 ééidouiéﬁﬁri\%oiﬁ%ﬁ\fﬁé‘gfbdd&ét/ onl S

and binary '0's; regi ster neans coupled to said read
data extractor maansaq‘ getarpingd by fpid Mode3torage mEenNs serial pul ses into
paral |l el data; a register means coupled to said shift register means 20

for storing paraIIeI data f ' i ffos Lstar . ns Ll . sal
paral l el data can be pl acecﬁ’g %g#gnggtéaet%ﬁ%p?i éla W héi%% saia sq:ate
10 - storage means comprises a plurality of latches which store )/

said state commands sent by said computer.

3. The controller defined by claim 2, wherein the state
commands stored in said latches control positioning of a
15 stepper motor in said at least one disk drive, enable and
' disable a drive motor in said at least one disk drive, select
one of said at least one disk drive to write to or read from,
and cause said decoder means to generate said control signals
as determined by said state commands.
20 o | o
4, The controller defined by claim 2, wherein said
decoder means decodes predetermined ones of said plurality
of latches by logic means. _ o’

25 5. The controller defined by claim 1, wherein sard mode
' storage means comprises a plurality of latches.

8. The controller defined'by Clain 5,_further comprising
_ a delay timer wherein said modes of operation are asynchronous

30 reading and writing; synchraonous reading and writing, timing
based on said clock signal running at a first speed, timing
based on said clock signal running at a second speed, enabling
said delay timer for turning off a drive motor in said at

_ least one disk drive, and disabling said delay timer for

35  turning off said disk drive motor.
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transfer to said conputer; and a read data control neans coupled to said
read data 25 extractor neans,  Ssardstift—register neans and said
regi ster neans, said timng signal er being input to said
read <enAtrol .reans, said read data “ﬂ]’ﬂﬂﬂﬁﬁﬁg 'lor controlling the 99
| oading of data into said shift regiss 3 d regi ster neans an
onto said data bus, and using 30 said timng signal to ensure that
data sent to said conputer is not lost and is not duplicated. 9. - The
controller defined by claim8, whereid Sard read data control neans
conprises: 35 40

shift clock coupled td" sal‘aer%“’é%?‘F Sefined i, GLaim, 4 é‘gFﬁe@hFﬂd Freiﬁuéter
means for generating earegispexl meapsceampeisesi @ plhrdliity afi $atohesmmdstien shi ft
S0 S L0 P8 ot Daded. Wt LNl BASEn 117 Bathy NS 1y 3L A7 L orh U185, S

| oad read data register og c circult sai d
shift register means &PAPYLETWhepgsaideat riéaﬁ%; O“Miéh Qi‘émjésai%lagmtet o said

regi ster neans when proretectaktatieNardivilen Q0HSIvVenotBAn bath heaQrase@akved by
sai d comput er skqfﬁernlneqagg a bit in said register neans; a hold
read data reglster Iodﬁf %Y 29 ‘to said register neans and a

buf fer neans, sai.d buffer nmeans al so being coupled to said register neans,

said hol d read data 1%, e B RN ér @B rfeaChy Eldin £ WNeRGinAsaidibaq L0 sald

buf fer means after a predetern1ne perlo I's 1 ong enough to
ensure that data in s&ORtEA) PRANSEURELISRSS been properly transferred to said
conputer, said)predeternmined period of tinme being based upon the timng of

saLd ?Or“’”ter as _ a read data extractor means for converting serial
signals received from said disk drive into a plurality of
serial pulses representing binary '1's and binary '0O's;

15 a shift régister means cpupled to said read data -
.extractor means for converting said plurality of serial
pulses into parallel data; .

a register means coupled to said shift register means .
20 for storing parallel data from said shift regiéter means
until said parallel data can be placed on said data bus for |
transfer to said computer; and '

'a read data control means coupled to said'read data
25 - extractor means, said shift register means and said register
means, said timing signal from said computer being input to
said read control means, said read data controls means for
controlling the loading of ' data intc said shift register
means, said register means and onto said data bus, and using
30 said timing signal to ensure that data sent to said computer
| is not lost and is not duplicated.

9. The controller defined by claim 8, wherein said read
data control means comprises:
35 '



20 determ ned by said CIMQMSTV;_’&_U conput er. 10. The
controller defined by claim1l, wherein sai +te control neans conpri ses:

25 : register maanﬂ"ﬂ,l | el data fromsaid conmputer =2
to be sent.to said disk drive, Imnmgmlﬁf,rfeans coupled to said S
regi-ster neans. for converting *sai‘d parm tainto a serial bit stream
- 30 toggle nmeans coupled to said shift register means for generating pul ses

reprggenti ng binary 'lI's and binary 'Osopphich are sent to said disk drive;

and wite data control neans for controlling the Ioadlng 41 - 27 - of

dmafromsauicmmMer|ntos reqi ster shift register
~neans, and said toggle neahs® 3&%5&%&8“{ ﬁ&?plﬁgt@ regd SXLEACEPEK dri ve

i's not lost and i s nméandugnd satdoehifk registed means Far Ehaemmhg al signadef i ned

by claim 10, wherein I hi ft

cl ock coupled to sai E‘?%hg’efe[ sgi‘? sqﬁer I %tﬁép mfg'??q‘? &Q_ c? g%ltfot 1§5§?"Z

| ogic circuit, couplweitht dat@ab@seyhm saitb@dgxa,idtwﬁngeuna pudises i i te shift

cl ock, which sgnds a signal to said shift register neans causing the shift

Gata whi ch has been pr evi o 0P 1 1520cHRER TR SEaFa NSk b CPURRERORT ¢
circuit coupled to ssaid shifd eludkshsaid shdft segisteogreansiandusdid segister d
wite shift clock fopeQengiibh Wndd $"8lghal Gd B Tegidtlr GRURY WAEn WRE8
data in said register means had been received by said computer
10 as determined by a bit in said register means;

a hold read data register logic circuit coupled to
said register means and a buffer means, said buffer means also
being coupled to said register means, said hold read data

15 - register lbgié-circuit sending a signal to said buffer means
after a hredetermined period of time which is long enough to
ensure that data in said buffer means has been properly
transferred to said computer, said predetermined period of
time being based upon the timing of said computer as

20 determined by said clock signal from said computer.

10. The controll'er défined_ by claim 1, wherein said write -
control means comprises:

25 o register means for storing parallel -daté from said
computer to be sent to said disk drive;

shif‘t register means coupled to said register means -
for converting said parallel data into a serial bit stream;

30 - . .
toggle means coupled to said shift register means for
generating pulses representing binary 'l's and binary '0's
‘which are sent to said disk drive; and '
35 '

write data control means for controlling the loading
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20 .said register neans is ready to receive additional data fromsaid

conputer. 12. An |ntegrated e+%ea+%—##eppy-d#sk_dr|ve controller
substantial ly as hereinbefore descri reference to and 25
il us.t._pat ed in the accorrpanyl ng drlﬂ"ﬁﬂi"l“ﬂl"ﬂ"l“l

- 27 -

of data from said computer into said register means, said
‘shift register means, and said toggle means, to ensure that
data sent to said disk drive is not lost and is not duplicated.

5 11. The controller defined by claim 10, wherein said
write data control means comprises?

a writg shift clock coupled to said shift register

'means;
10
o/ _ : a load and shift register logic circuit, coupled to
said shift register means and said write shift clock, which
sends a signal to said shift registér means causing the shift
. register means to load data from said register means and shift
15 data which has been previously loaded; and

a handshake/underrun lcgic'circuit coupled to said
load and shift register logic circuit, and said write shift
clock for generating signals to inform said computer when

20 said register means is ready to receive additional data from
said computer.

12, An integrated circuit floppy disk drive controller
-/ : substantially as hereinbefore described with reference to and
25 as illustrated in the accompanying drawings.

30
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