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WARRANTY AGREEMENT 

Vector warrants to the authorized dealer that products manufactured by 
Vector wi II be free from defects in material and workmanship for a period of 
ninety (90) days following delivery to the end-user. 

Vector's obligation under the warranty is limi ted to replacing or repairing, at 
its option, at its factory, products that, within the- warranty period, are 
returned prepaid and insured to Vector and that are found by Vector to be 
defective. Return authorization must be obtained from Vector Customer 
Support before returning products. The repaired or replacement product will 
be returned prepaid to the dealer. 

T his war I'" ant y s hall i m me d i ate I y ben u II an d v 0 i d if, i n V ec tor' s so I e 
judgement, the product has been subjected to misuse, abuse, neglect, 
accident, improper installation, alterations, modifications, including failure to 
maintain environmental conditions, or use supplies that do not meet 
specifications recommended by Vector-; or external causes such as electrical 
power fluctuations and failures, floods, windstorms and other acts of God, or 
if the serial number and/or product markings have been removed, defaced, or 
altered. -

This warranty agreement is void if the warranty f~rm is not -returned to 
Vector within ten (10) days of end-user purchase. In such event, repair or 
alterations will be rendered onlly on special order by the customer and after 
approval by the customer of the estimated additional charge. 

THE FOREGOING WARRANTY IS EXCLUSIVE AND IN LIEU OF ALL OTHER 
WARRANTIES EITHER EXPRESSED OR IMPLIED, INCLUDING WITHOUT 
LIMITATION ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS 
FOR A PARTICULAR PURPOSE. 

I n no event shall Vector be liable for incidental or consequental damages or 
economic loss arising out of or related to the product or services provided. 
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'Ibis manual is inter.ded for 
experienced assembly language 
programmers, who have an in 
depth knowledge of disk 
systems and disk ccnt..~llers. 

It will describe how to 
L1'!Clena."1t a disk driver to use 
the Vector Graohic I:ual-:.~e 
Controller SubsYstem in ot.~er 
S-loa systsms. -

Each section is °wri tten at a 
unifor:n le~lel of techn ieal 
depth. Each section contains 
specific information about ~~e 
disks and controller. tatter 
sections of the manual build 
on the l:eginning sections. To 
write a successful driver it 
is imperative t.l-at the manual 
be read in its enti...~ty. 
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VECroR CUAL-MODE CGN'!:'-DLLER Su"'BSlSTEM 

1.1 INTFDIXJCTICN 

This section describes the Vector Dual-Mode Controller Subsystem 
(VEDMCS) in sufficient detail to enable the experienced assembly 
language ptcgrarmer to imple.rrent a disk driver. 

1.2 ORGt\N!ZATICN 

This manual will start with eac..~ titled secticn di~lided into pairs of 
subsections. '!he hard disk (HID) will l:e disOlSsed first, followed by 
the same discussion as it relat..os to the flcppy disk (F /0). 'Ibis is to 
separate the ~cific information for each type of disk. As we progress 
into writing the disk driv"er t.r,.e discussion 'Nill reeve to ccmbining tb.e 
~ types of drives into the sane routines. 

The Vector dual mode controller is a self contained unit en a single 
l:oard. On-board memory, whic..~ is accessed through a control port, 
provides the high speed loading and Lmlcading of data to and fran the 
controller. Control am status each have 'CliO 8-bi t registers accessed 
through data ports. After the controller receives the cont.."'"Ol signals 
am data in the correct format", it will automatically sequence the 
physical reading or writing of the disk. 'lhese features save valuable 
netCrj' locations through reduced software, and spare the prcgtanl1Ler frcm 
tedious timing requirerrents. " 

Other features include a built in hardware cenerated Error Correction 
Cede (ECC). If the single control bit "ECC en/off" is on, the ECC will 
be generated and inserted i.nutediately following the data during a disk 
wri te. OJring a read a new EX:C is calculated and COIIlpared wi th the one 
already wri t ten. If an error is detected a correcticn cede is L'1Serted 
in the EX:C block i.nutediately following the data. In tlie off m:de ECC is 
transparent. 

Write pre-compensation is another single control bit feature. The 
programmer need only determine the track number "above ·..,hich 
pt e-coltlpensation is necessary, ar..d turn it en or off. 

Figure 1.1 is a bloc~ diagram of ~~e controller subsystem. It is 
provided as a reference. All specifics will Ce provided in the text and 
tables following. 

Rev. 2. D-A 2/1/81 1-1 
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1. 4 CONTroLLER SUPFGRr c..~ACITY 

1.4.1 HID Configuration 

The VEDMCS has the caoaci tv to IIIll tiolex UP to a total of four drives. 
However, it can supt::Ort- only ONE hard disk- at a time. The remaining 
slots can be filled with anywhere fran zero to three floppy disk drives 
in a daisy-chain configuration. 

1.4.2 F/D Configuration 

One to four floppy disk drives may be attached in parallel, wi t.~ t.~e 
fourth disk drive filling in the address normally used by the hard disk 
drive. 

1.4.3 HID Fornat 

Follcwing are the specifications in the hard disk ccnfiguration • 

.. HEArS or SURFACES (data) 4 

.'l'RACRS or CYLINI:ERS (ea. surfacs) 153 

SECroBS 32 

BYTES/SECroR (fooratted) 256 

'lYPE of RECORDING MFM 

1.4.4 F/D Format 

EFAI:S or SURFACES (data) 2 

'mACKS or C1LINDEP.S (ea. surface) 77 

'lY.PE of SECroRING HARD 

SECroRS 16 

BYTES/SECroR (fooratted) 256 

T.!PE of RECORDING MFM 

Rev. 2.~ 2/1/81 1-3 
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1.5 CCNTFDILER PORI' DESCRIPrICN 

1-4 

Both the hard and flC'CC'V disks are CC€nted t.~rcuah t.~e saTIE c:cnt-vooller 
ports. As ~~e user, -y;u, must take care in the management of the 
controller to insure t.~e cor=ect forrrat at each access. 'Ibis section is 
an intrcciuction to the t..~eori of ot:eration fcr ·..;hic.~ q:ecific breakccwns 
will t::e provided la ter • 

1.5.1 Status and Central Ports 

There are t·.oIO status ar.d ccnt....-ol t=Cr-...s aedressed at COH (HEX) ar.d Cl..~. 
Each p:>rt provides 8 bits IN and 8 bits OUT. To these ports yeu ~Hill 
OUTPUT information suc..'1 as drive, head, sector, ar:d step· select to t.:":e 
controller. Some exa~p1es of the information ~~at veu will INPUT 
incluCe, write protect, -ready, aI"..a trac.~ o. -

1.5.2 Data Port 

The data port addressed at C2S contains 8 bits of IN/OUT data 
infornation. 'nle buss is tied to a bi-directional 512 byte RAl~ on board 
the ~ntroller. The memory is filled or read bac.~ sequentially frcm 
address zero, with the address counter incre.rre..'1ting autcmatically after 
each access until the Cesired addro-ss is reached. All the infooation is 
contained in approximately the first 400 bytes of memory with the 
remainder of RAM not used. Loading the address counter to zero is 
handled by the reset/start fOrt. 

1.5.3 Beset/Start Fort 

The reset/start p:')rt is a centrol only J;:Ort and there are r.o data li~.es 
associated wi t..i1 it. By p:riorming an INPUT command from l=ort C3H the 
controller will automatically RESET ~~e ma~ry address register to all 
zeroes. A RESET should be acccmolished before each START READ/WRITE, or 
INPUT/Ot.JTPUT DATA operation. - A START is accomPlished bv issuina an 
OI1!Pt1I' ccmmar.d to !;Crt C3H wit."1 the cont..-ol bit "R1:ad;;vrite"- (Port CaE) 
set to the afJ9tcpriate p:')siticn. '!he controller will then autcnatically 
READ from the disk into the controller R&\1 or w""RITE on the disk the 
contents of the controller RAM. The controller will NOT operate 
correctly unless the Status and Control Ports are serviced :9roperly 
before issuing a Start comnand. 

PaVe 2.0-A 2/1/81 
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1.6 SEcroR D.ATA FORMAT 

1.6.1 HID Sector format 

'!he reconmended sector format is illustrated below. 

PRFAMBIE snx: HEAD TPACK SEC'IDR t'ATA ECC RJST1il1BLE 
30 1 1 1 1 256 4 to end of 

bytes ----------------- bytes sector 

~ hard disk sector consists of the follcwing fields: 

1) PREAMBLE: 'llle preamble is a field of 30 bytes of DOH data. It 
provides a tolerance for mechanical and electronic deviations 
against the sector pulse, and a known data pattern for 
~chrcnization of the read data decoder. The preamble is the 
f.lrst thing that you must place in the controller nenory for a 
write operation, although it will not ap;ear in the IteIICry during 
a read. 

2) ~: The sync byte is a byte of OFFH data and is used in the 
disk controller to detemine the beginning of useful data. During 
a read, the sync byte is the first data byte to appear in the 
controller ItelCry. Also, it should follow the preamble during a 
write operation. 

3 ) HFAD: '!be head byte is a single byte of data in the range of 0 to 
3 written into all sectors. Its value should be equal to the head 
number of any given surface and also equal to the value sent cn 
the 'Head Select' lines to the control t=Ort. '!he head byte should 
be used to verify that the proper surface is being accessed. It 
also follcws the sync byte in I/O operations. 

4) TRACK: '!he track byte is a single byte of data in the range of 0 
to 152. It follows the head byte and should be used to verify that 
the correct track is l::eing accessed during a disk I/O. 

S) SECTOR: '!he sector byte is a single byte of data in the range of 
o to 31. It follcws the track byte in I/O operations, and should 
also be equal to the value sent on the 'Sector Select I lines to 
the control port. 

1-5 
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6) DATA: The data field consists of 256 bytes of user data, and 
fuIfcws t.~e sector byte in I/O operations. 

7) ECC: The Error CorrecticnCode is 4 h~Nare generated bytes and 
is automatically' inserted after the last byte of the data field in 
th~s format. When performing a read operation, the controller 
calculates a new ECC, CC"n"pares it with the ~C that was written, 
and returns with 4 bytes of OOH if the two numbers match. If it 
returns with anything other than OOH you will need the ECC 
software to make any aJrrections. -'!be ECC field in the controller 
nerot:y ~ be zeroed prior to a write operation. 

8 ) POSTAMBLE: 'nle rest of the sector fran end of t..'1e ECC to the next 
sector pulse should l:e filled with zeroes. We recomrrerrl a minimum 
of 128 bytes of OOH data l:e filled into the IlEIl'Ory to cover the 
worst case conditions. '!he o:>ntroller itself will use only as many 
as is required for that particular sector. 

1.6.2 F /D Sector Fcxnat 

'!he recamrended sector for:nat is illustrated below. 

PREAMBLE SYN: TBACK SEC'roR FILLER VATA C.VSt11. ECC ECcj@LID EbSTAMBLE 
. 40 1 1 1 10 256 1 4 1 to end of 
bytes------------------------------------------·-o~s sector 

A floppy disk sector consists of the following fields: 

1) 

2) 

3} 

4) 

~LE: '!he preamble is a field of 40 ooes of OOH data, and is 
othe01ise identical to the hard disk preamc e. 

~: '!he sync byte is identical to the hard dis!t sync byte. 

TRACK: '!he track byte is a single byte of data in the range of 0 
to 76. It follows the sync byte in I/O operations, and should be 
used to verify that the correct track is being accessed during 
disk I/O. 

SECTOR: '!he sector byte is a single byte of data in the range of 
o to 15. It is otherwise identical to the hard disk sector byte. 
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5) FILLER: The filler is 10 bvtes of OOH data, aI".c 1S used to keep 
the placem=nt of the data fieid at a 'standard I 90s i tion wi thi"n 
tb.e sector. It follONs the sector byte in all disk I/O cperaticns. 

6) DATA: The data field consists of 256 bytes of user data, and 
folla.-iS the filler in I/O op:raticns. 

7) CHECKSUM: The checkstnn is 1 byte of data resulting fron the 
_ soft'~ add with carry instruction of all the bytes from the 

trac.1t byte through the last byte of the data field. It's placo-ltEnt 
should be iInIIediately follcwing the last byte of t..'1e data field in 
disk I/O. 

8) ECC: '!he use of the Error Correcticn ecCe is identical to t.'at in 
the hard disk fomat. It' s place.1fe!1t here is irrm=diately following 
the checksum. 

9) EX:C VALID: 'nle ECC valid byte is a single byte of data. If it has 
a value of OAAB ECC is valid. Any other value indicates that ECC 
is notbeing used. We-have defined this byte for sofblare ~es 
so that your disk driver can ccmpe.'lSate ar.d make ~"Our 'old' disks 
upwardly compatible. ECC valid follcws the ECC byte in disk I/O 
operations • 

10) POSTAMBLE: The ~stamble follows the ECC valid byte, and is 
otherwise identical to that of the hard disk format. You should 
also maintain the minimum.reccrmrended 128 bytes of DOH data. 

Rev. 2.0~ 2/1/81 1-7 
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1. 7 FORT FORMAT 

1.7.1 Control Bits 

Control is accomplished by outputting to ~~e appropriate port ~~e 
follcwing bits: 

ro~ BIT ~~..ME CCMMEl1IS 

COE a DRIVE SELECT 0 

It 1 DRIVE SELECT 1 

II 2 EFAD SELECT 0 F /D HEAD SEL = 0 TO 1 

19 3 EFAD SELECT 1 H/D = 0 'ID 3 

" 4 HEAD SELECT 2 RESERVED FOR 10 ~~ 

II 5 STEP A~..cK 

.. 6 DIREX:TICN IN/om 

II 7 !.CW CORRENI' HID ~..cK. > 127 

cm 0 SECTCR 0 F /D SECICR = 0 TO IS 

" 1 SEC'IOR 1 HID = 0 TO 31 

" 2 SECTCR 2 

" 3 SECTCR 3 

" 4 SEC'IOR 4 

,. 5 READ~1UTE 

19 6 ECC ENABLE 

" 7 WRITE Pm:-CCl-!PENSAT!CN ~D. ~..CK > 63 

'!be bit description is as follows: 

PORI' BITS DES.-.~CN 
COE o::r ;'D~R~I;';V"';E::";~.c:..;;'LE~·C""'T""'-: -':;:;!'rhr-e--s--e--:-t:-'ilo-::-b~,!,i ts~-:c~e-:::£~in-:-e-:--t::~"':-: .. e:-:ao~c::re::-s::-s::-:o~£ 

the drive to be used. The hard disk is altNays 
addressed as drive o. Be careful to change t.'1e address' 
jumper en the floppy drive, to 1, 2, or 3 as more 
drives are a:1ded. 

1-8 Rev. 2.0-A 2/1/81 
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COH 

" 

" 

ClH 

" 

" 
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2-4 HEAD SELECT: Head select 0 and 1 are used to access 
the four surfaces of ~~e current SIT disk drive. Head 
select 2 is reserved for t.~e additional surfaces of 
the 10 megabyte version. For floppy operation, set 
these bits to zero to maintain c::mpatibility with your 
older single sided disks so as not to read or write to 
the wror.g side of t..'1e disk. 

S STEP A ~..cK: Tcggling the step bit, fran 0 to 1 and 
back to 0 will cause the drive identified by the drive 
select bits to change t.."1e head :r;osition +1 trac.~ in 
the direction sp:cified by the direction bu. 

6 DIBECTICN IN/our: '!he direction bit scecifies whether 
to move the head in (1) toward the center hub 
( increas ing the trac.1t numl:er), or cut (0) tcward the 
outside edge of the disk (decreas ing the track 
numl::er) • 

7 f.DriI CURRENT: '!be low current be sr..ould be set (1) 
only when r:erfot:ming a hard disk write when the track 
number is 128 or greater. 

Q-4 SECroR: '!he sector bits sp:cify whic.~ sector is to be 
accessed in a disk I/O. Sector 0-4 is used to address 
the 32 hard disk sectors, and Sector 0-3 is used to 
access the 16 flcppy disk sectors • 

• 
5 RFAD/W"RITE: 'lb read the disk this bit is set to 1. To 

perform a write operation it should be set to o. 
Remember,· t.":l is and all other control lines should l:e 
set up correctly before per£ormir.g ~ STARr. 

6 ECC ENABLE: If the ECC Enable bit is set, the 
controller hardware will autanatically insert the ECC 
into each sector as it is written. IT also calculates, 
canpares, am returns with zero or ECC in the read 
sector. Remember to zero the ECC field in t.~e 
controller nercry prior to a write operation. 

7 WRITE PRE-cG1PENSATICN: Write Pr~ltu::nsaticn should 
l:e set (1), onry when performing a hard disk ~Nrite 
wi th a track address of 64 or greater. It should be 
set to 0 at all ot.":ler tinEs. 
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1.7.2 Status Bits 

Status is received by in;ut~ing fran the ~ria1:= r:ort t..~e follcwir:S 
bits: 

FCRr BIT 

COB 0 

" 1 

" 2. 

!1 3 

Q 4 

~ 5 

" 6-7 

ClH a 
II 1 

" 2 

It 3 

n 4-7 

~~.l'!E 

WRITE PFDrECT 

RE'ADY 

TJ?1..cR: 0 

1f.l1UTE ??-.GL'T 

SEE:.{ CCMPLE.'.!.'E 

u:ss CF SYN: 

RESERVED 

FlOPPY DISK SELECTED 

CCNrF.OLLER Bt"SY 

MOIOR CN 

TYPE CF HARD DISK 

RESERVED 

FjD 

HID 
HID & FjD 

HID 

E/D 

H/D 

FULLED UP 

O=~G l=lOMEG 

The bit description is as folloNS: 

FORT BIT DESCRIPrICN 
~"O ~w-R""'I-T-E-p;'R~or""""E""'C-T-:--:Th=r-e-wr-l-t~e-p-t-o-:"t-e-c-:-t--""J.S--an-a-ct-·-~'-ve-~h-l--:Sh 

1 

signal, indicating t..'at a wri te protect tab is 
installed on the fl~ disk which has been selected 
by the drive select lines. Ycu sr..ould c..~ec.i( this bi t , 
and when it is set, disable all write q:erations t: 
this particular drive through soft·,yare. There is no 
prcvisicn to write prot-=ct t...1.e bard disk. 

READY: The ready line is a hard disk only interlace 
signal. wnen it is true, tcget.~er with ~l< Complete, 
indicates that t..1.e drive is readv to read cr '..;rite, 
and t.~t all I/O signals are valid.- ween this line is 
low all writing ar.d see.i<ing q:eraticns are ir.hibited. 
~ady tine after ~r on is approximately 15 seconds. 
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COE 2 TRACK 0: wl1en tb.e active high trac.l< 0 signal is set 
to a ene, the drive indicated by the drive selec~ 
lines has its heads r:ositioned at trac.~ zero. 

" 3 WRITE FAULT: '!his hard disk. only interface signal is 
used to indicate that a condition exists in the dri ~le. 
that can cause improper writing of the disk. '!his 
active high signal (1) indicates a fault, an:1 inhibits 
further wri ting until the corXii tion is correctEd. 'n':e 
three conditions detected are as follows: 

" 

" 

" 

em 

" 

" 

" 

" 

A. Write current e:tists in a head without a write 
gate signal or no write current exists in t.~e 
head with a 'Nrite gate and drive select signal. 

B. Multiple heads selected. 

c. rc voltages are grossly cut of tolerance. 

4 SEEK COMPLETE: This hard disk only signal is high 
orily when the heads have settled on the final track 
desired after a series of ·step and delay instructions. 
Seek complete will be low during a power on 
recal.ibration which has been issued by the drive lcgic 
at ~r on because the heads are not over trac.l< zero. 
This signal must be high prior to p:rforroing a:rrj R/"1'4 
op:ration •. 

5 LOSS OF SYNC: 'Ibis hard disk active lew signal (0) 
ii'ldicates that the phase lccl< loop sector ccun ter has 
not achieved sync..'1ronization. 

6-7 RESERVED: Reserved for future features. They are 
pulled up at the current t.ine. 

o E'IDPFY DISK SELECTED: '!his signal is high whenever t.~e 
drive select lines decode a floppy drive address. 

1 CONTROLLER BUSY: '!his signal is high only wne.."l a 
Start ~ has been issued, and a read or write 
operation is in p'ogress. 

2 MOTOR ON: 'Ibis floppy disk only signal is high cnly 
when the rrctor of the drive selected has not timed cu-c. 
fran a previous drive select q?eration. 

3 TYPE OF HARD DISK: This is a hardwired signal 
iridl.catmg t.'1e ~ of hard disk selected, O=5rnegabyte 
version, ar.d l=lDnEgabyte version. 

4-7 RESERVED: Psserved for future use. (Pulled up) 
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1.7.3 Data Bits 

The data port addressed at C2H contains 8 bits of IN/Cu~ data 
information. These arc ~~e DI ar.d CO bits 0-7 of the S-100 cus. The ~l1S 
is tied through tri-state driver/receive:!:"s to a bi-directicnal 512 ::1~:: 
R&~ on-board the controller. The me.rnory is filled or read ::;ac:-: 
sequentially from address zero. The address counter increments 
autcmatically after each access until the des ired address is reached. 
All the information is contained in approximately the first 400 bytes ot 
rnetn:t:y with the rena~.der of R1-.M not used. Before petiot::ning ar.y I/O cr 
Rt'tl operation you must set up t.'e cont::-ol bi ts ~lia the 1:"hO c:nt..-o~ 
l=Orts, chec.tc the apptopriate status bits on the t",.;o status 90rts ,and 
load the address counter to zero by issuing a RESET through t.-:e 
reset/start p:Jrt. w~..en outputting to the centraller in prer.araticn :cr a 
~Nrite operation, 'lOU ImlSt load, s~~a at address zero, t..."1e creamble 
through postarnble. ~When inputting from-the controller aft2r a reac 
operation, the first byte read ~Nilll:e tb.e sync byte follcwed by tl:e 
remainder of the bytes through the postaIrCle, in the appropriate dis:< 
format. 

1.7.4 Reset/Start Port Fo1:IIlat 

'!be reset/start t=Ort is a control cnly p:Jrt, and there are ro data lines 
associated wit.~ it. By parfo!J1ti.ng an INPUT connnand from port C3H the 
controller will automatically RESET the-memory address register to all 
zeroes. A RESET should be accanolished t:efore each. START READ;tNRITE, or 
INPUT/OUTPUT ~TA operation. - A START is accomplished by issuing ax: 
OtJrPOT caranan:J to port C3H with the cent..--ol bit nRead;Write ll (Port COE) 
set to the appccpriate r:osi tiona '!be controller will t.:'e."l autanatical1y 
READ fran the disk. into the controller RAl.'1 or ~mITE on the disk ci:e 
contents of the controller Rk'1. The controller will NOT ocerate 
correctly unless the Status and Control Ports are ~ serviced properly 
before issuing a Start command. Remember that a reset only sets t..~e 
controller m~~ry address counter to zero, and that a start only 
initia tes and completes a transfer of data bet"',.;een the disk and 
controller tterorj as sp=cified by the cont..--ol bits. 

1.8 OPEPATICN 

1-12 

'Ibis section will discuss only t.l;.e basic ft.:ncticns of calil:rate, s:lec:, 
seek, read, write, am use of the status am ontrol bits. In the nex~ 
section we will discuss scree of the features that vau micht want to aCe 
to your driver, such as functions ar.d error detection. At this time rr'le 

are going to recombine the hard and £lcccv disk sections as an aid t:: 
help· you use the sane routiries for bot..~ types . of drives. 
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1.8.1 Calibration 

Although the hard disk drives tha~selves provide a pcwer on calibration, 
it is PJssible to be l:ehind track o. You may also at some time lose 
track of the drive head position and want to perfOtm a recalibraticn 
cycle. Note the use of the counter to prevent a loop of excess i ve 
attempts. 'Ihe suggested flcwchart is as follcws: 

Rev. 2.0~ 2/1/81 

CALIBRATE 

LOAD 
COUNTER 

TO 80 

INCREMEN'I1 
COUNTER 

THIS IS TRACK 0 
RES ET SOFT'tlARE 
TRACK COUNTERS 
FOR THIS DRIVE 

(E~IT ) 

PRINT ERROR 
MESSAGE 

f1TRACK 0 
NOT FOUND n 
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1.8.2 Drive Selection 

The physical selection of a drive is the result cf the drive sel~ bits 
arriving at the controller via an output a::rnrrar..d to ?Jrt COE. 'The ::-esult 
of this is that the hard disk then i.1'!'%IEdiatelv r2s-...-....r.cs '.Y'it..'1 a r2aC~l 
signal ar.d it 1 s ot.~er status bits. In the case of -:loPl=Y dis~c.s, i~ 
starts. all the motors. C1ec.'dng the status bit :y~tJr en ir...diC3.tes t...~t 
all floppy drive rotors are running. '!be sl.~gested fcr:rat is: 

PRINT 
ERROR 

SELECT DRIVE 

GET STATUS 
OF MOTOR ON 

SEND TO CONTROL 
PORTS, DRIVE, HEAD, 

SECTOR, R/W , 
AND ECC ON 

N 

N 

DELAY 250MS2C. 
FOR SPEED TO 

COME UP 
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1.8.3 See..1( a Trac.1.c 

Seeking is simply a series of step c:rmnands (To;gle Bit 5, Cont--rol Port 
COH) with each step followed by a 3 millisecond delay to allow the 
mechanism to react. Pdditional head settling tine is necessary after the 
final trac.lc is reached. For the floppy disk it is 15 milliseconds, and 
for the hard disk it is autcmatically provided in the status bit, See..1<: 
Canplete. 1he direction bit IlUlSt be set 100 nsec. prior to t.~e stefl bit. 
Seperate instructions are recamreooed. 

CALCULATE 
POSITION 

DIFFERENCE 
AND 

DIRECTION 

Rev. 2.0~ 2/1/81 

MASK IN 
DIRECTION 1-----'0 

BIT 

r--~l STEP ~,-' ---
f 

DELAY 
3MSEC 

SAVE NEW 
TRACK 

ADDRESS 

, 
( EXIT) 
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1.8.4 Write 

wnen wri tina the disk be sure to load the correct data foz::nat for t.~e 
1:i'"P= of disk -in use. The controller lTe.TtOry em ~ reed or writtsn at t.~e 
rate that I/O instructicns can Ce issued. Cne rret.~cd is: 

CMAR=CONTROLLER ME~ORY 
ADDRESS REGISTER 

FORMAT FLOPPY 
DISK BUFFER 

LOAD CONTROLLER MEMORY 
CALCULATE CHECKSUM AND 
POKE IN IF FLOPPY DISK 

LOAD IN CONTROL 
BITS WITH WRITE 

~ I RESET CMAR [ 

N 
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1.8.5 Read 

Reading is approximately the reverse precess of ·~-riting. 1he differe..'1ce 
is that you chec.lt the header for the correct head, track, and sector, 
and check the trailer for ECC and checksum. 1he suggested flcwc..'1art 
follows: 
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SELECT 
DRIVE 

LOAD IN CONTROL 
BITS WITH READ 

INPUT FROM 
CONTROLLER 

MEMORY 

( EXIT) 

CMAR=CONTROLLER ME~ORY 
ADDRESS REGISTER 

i PRINT I 
ER...1i.OR 
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An important consideration, vmic..~ may r.ot te ignored in the design of a 
f1e.~ib1e disk driver, is t.~ har.dlir.g of errors ~Nhich occur. Magnetic 
storage devices, in general, are subject b errors. ?le."(ible disks are 
subject to damage or contamination due to handling, ma<ing error 
detection particularly important. AI though contami...T'lation is r:ot t.\;.e 
prcblem with the Winchester hard disk technology, should a hard error 
occur, it must be dealt '.vi th for successful systaT!1 q:eraticn. Mcst 
errors are' of a te!1lfOrary nature and THill be invisible to t.~e system 
T,a/ith a prq;erly designed disk driver. '!he follcwing di.s..~sion leav"'es it 
up to the user to imp1errent flexible error routines to handle HID and 
F ID comb inaticn svstems. Exarecles of basic ar.d s:eci'::ic er:=or ccCes ar..d 
tyr:es can l:e fourrl- in tr..e ~ie disk driver at ti:e ern of t.~e manual.
Most errors can l:e attril:ut-ad to cr.e or rore of the follcwing scurces: 

1) 

2) 

3) 

4) 

Transient Electrical ~ise 

Med ia Con tam ina tion - Particles of foreign subsUncss may 
becare lodged l::e~-Il t..~ head ar.d the recordi~ surface of 
the disk ar.d cause Cata errors. 

Bead Positioninc; - '!be read write head may be positioned to 
the wrong traCk 1f t.~e sp=cified step rate is exceeded or 
may be marginally l=Csiticned if a drive is misadjust-ccl. 

Disk Centerina - Due to the way a flexible disk is 
constructed, o~ in t.'e event the -disk is damaged or 
distorted due to mis-handling, it is t=Ossible that a 
diskette may be iILlfItop=r1y clamped .to the spindle in the 
disk drive. 

The following are the suggested procedures to ~er£o~ proper error 
handlir.g in disk read/write cparations: 

1.9.1 Read Cperations 

1) Step the positioner to t..'1e desired trac.le. 

2) Perfcrm a read q;;eration as described in Section 1.6.5. If a 
header or chec.l.cslm\ e!.!.or ccC'~, re-read the sector up to 6 
times. If an ECC error occurs, t'e-!:'ead t.'e seC"'--ar up to 6 
times checking for 2 consecutive read operations in which 
the Error Correction G-~e is identical. At t.~t ~ it 
would te safe to say that the ECC is cccd and to go to t...'e 
software ECC in ~ system for t..l;.e C:;rrection. 
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3) If the six retries "Here LmSuccessful, step t..~e cositioner 
off one track arrl t::en back to t.iJ.e desired track. Repea t 
Step 2. If still IIDsuccessful, step the :fQsi tioner off cr.e 
track in the other direction arx:l then bac.'<. Repeat Step 2. 

-4)--Perform the restep prccedure given in Step 3 up to 4 times. 
If still unsuccessful, deselect the unit and delay about 
20Omsec.o Reselect tb..e tmit, restore to t:::ac.~ 0, ar..d ~i< 
to the desired trac.~. Receat Steps 2 and 3. Perform this 
reselect function UP to 3 times. If still unsuccessful, 
al::ort the op:ration with a permanent I/O error. 

~.o9.2 Write Cp:raticns 

1) Step the p::>sitioner to the desired trac.~. 

2) Read the sector inunediately preceding the desired sector. 
p..~ errors which occur should be handled in the manner 
described for not:mal read operations. '!his e."1.Sures t..~t t±e 
correct head and track have been selected and ~~at ~~e 
sector counter is synchronized with the disk .. 

3) Write the desired sector as described in Section 1.6.4. 

4) Read the sector just written to check that the data was 
reconJed ~r1y. If an error occurs, repeat Steps 2, 3, 
ar.d 4 up to five tim:s. 

5) If unsuccessful, p:rform the restep cp:ration as cesc::'il:ed 
for the read op=ration arrl repeat Steps 2, 3, and 4 • 

. 
6) If 4 restep operations are unsuccessful, perform ~~e 

reselect oceration as described for the read oceraticn UP to 
3 times. If still lmSuccessful, ai:ort the cp€raticn wi t.i1 a 
:pecanent I/O error. 

If a permanent I/O error occurs, there Iray be a defect in or damage to 
the recording surface of the disk, the disk may be i.ropro-;:erly centered, 
or the disk may have bee.'1 written en a marginal dri ~re. 

The restep procedure takes advantage of tb.e friction in t.~e I=Osi tioner 
system causing .t.,lj,e head position to deviate slightly frcm the raninal 
trac.it lX'sition. nus :fOSiticn will be different when t...~e head is ste~ 
to a trac.~ frcm different I;Osi tions. In I"I.ormal q;erations t.~is ;osi ticn 
difference has no effect, but it can =ossiblv recover data that was 
written on a rrarginally aligned drive. .. -

!he reselect procedure serves to dislcege any foreign particles and to 
recalibrate the l=Ositioner, should it be t=Ositioned t:J the wrong trac.i<. 
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As a example of all the principles in this :nanual, a sample disk drive!: 
is presented following ~~is se~icn. This driver provides the facilities 
to seek to a track, seek and read a SeC~r, seek and ~.«ite a sector, 
~..k ar.d verify a sector, ini tializc the disk d::i'ler, and pe!:'::cr:n a 
wri te-prot-o.ct cetect test. 

The PJwer-on recalibration is transparal'"lt. '!he driver maiJltains a "'~ble 
-containing ~'1e current track address of each drive connected :'0 t.~e 
controller. '!he user's ccwer-:)n initialize soi"t'..mre rrust set t..':e ent:::'ies 
in the table to OFFH. 'lie first tirr.e a dri ~le is accessed," t-i:.e c!:i ~ler 
will recognize this flag and recalibrate the PJsitioner en. the d!:ive 
1-.-.f' .... \., '1=' ~ ..... 
~t:::_ore perJ:or:ro.r:g tLe sp:c~_~ea ~n ~~cn • 

When the driver is called, a register t=ai::- must I=Oint to a param=te!: 
blcc.lt refered to as the Disk Centrol Bloc.~ or I:CB which specifies tbe 
operation to be perfonned. wnen t.~e dri~;er r;turns, the cor..diticn c:Ce 
will reflect the status of the or:eration. (Se= t.~e listir:g for cetails.) 

'!be OCB is structured as follcws: 

ADImSS BIT DESCRIPl'ICN 

FONCTICN CODE 
tCB + a 0 SEEK ~...r.a CNLY 

II 1 SEEK AND READ SECIDR 

" 2 SEEK FoND ~'ffiITE SECI'CR 
" 3 SEEK Al.'ID VERIFY SECIOR 
II 4 INITIALIZE DISK DRIVER 

" 5 WRITE PROrECT CETECT Tr:'.-ST 

CONImL FLAGSjU"'NIT SELECT 
I:CB +1 

II 

" 
II 

I:CB + 2 

rx:B + 3 
r:c:B + 4 

0=3 UNIT ADI:RESS 
4 INTERRIJPI' SAVE 
5 WRITE PRDrEcr CETECT 

O=INEIBIT l=PERFOFM 
6 CCMPARE VERIFY AND WRITE c::HECi{S'Uwi 

o =INEIB IT l=PERFOfM 
7 PRE-WRITE m CHECK CONrROL 

O=PERFORM 1=IN8IBIT 

SEC'IOR ADDRESS (0 TO 15) 

TRACX ADDRESS (LSB) 
TRACX ADDRESS (M....~ ) 

(0 ro 153) 

(c:nt. ) 
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CCB + 5 
CC8 + 6 

BUFFER ~..Dr:RESS (L..~) 

Bt:JFFER l-..DCRESS (MSB) 
BUFFER ADI:RESS IS 'mE S~..Rr ADI:RESS 
CF 'lEE 268 BYTE READ/W""RITE BUFFER TO 
BE (SED IN PERFOFMING 'mE OPERATICN. 
~.MPLES CF '!BE BUFFER ORGANIZATION 
FOR THE FrDPPY AND HARD DISK CAN BE 
FaJND IN TEE S;'.J.\fPLE CRDlER FOU.CWING 
'lEIS SECTION. 

'1b perfODIl a write op:ration, nr;ve the data to the read/wri te buffe!:", 
set up the r:cB, and call the driver a 

To perform a read operation, set up the r:cB and c:all t.~e driver. ween 
the operation is canp1ete, the Cata fran the cesired sector will be in 
the read b.Iffer a 
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EXHIBIT VI-12 SCHEMATIC OF 5% FD CONTROLLER BOARD 
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EXHIBIT VI-13 SCHEMATIC OF 5V4 FD/HD CONTROLLER BOARD 
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