D.C.5

Dl S K CONTROLLER

R-P L



C

R

D.C.S. DIsK-dKi-STREANER - CONTROLLER:
CONNECTED To THE S.G.M.2 SYSTEM
'S A SINGLE BOARD THAT PROVIDES
THUE TRADITIONAL AND ADVANCED
FEATURES REQUIRED To CONTROL |
WINCHESTER TYPE WARD DISK , FLOP®Y
DISK AND STREAMER TAPE

FEATORES. -

- wmcaes‘\‘en. DISK INTERFACE 5STS06 [MFﬂW)
- FLOCEY DISK \NTERFACE

- STREAMER TAPE INTERFACE QIco2

- SUPPORT MFM PraTocoL

-~ SOFT SECTORED

- CYLINDER. NUMRER v To 46 BT

-

U D D A B

)

PROGRANMABLE DI\SK EORMNAT

DOUBLE SPEED on PLOPPY 2L50- S‘oo knz
RuLTISECTOR READ/WRTE 7
ERROR, CORRKECTION yP vo 44. arw

32 BT €Ecc cOBE

DISK SERIAL DATA RATE 5 HEGAANTS [sEc .
SELF bdlagNosTIC

AOTONATIC BAD SECTOR HANDLING

HiGH LEVEL CoMMANDS

OVERLACPING FuNcTIoNALIT les

HASTER /SLAVE HobE

ALL THE COMNMAND ALLOWEDN oN sTREAHER.TAPG

(s,



Board Cowmqu@,;\.—’r‘nov

-Up To 3 wINCHESTER TYPE HARD DISK
-4 FLOPPY DRIVE SINGLE- DOUBLE SPEED
-~ 4 STREANER TAPE QICO02 INTERFACE

ABoOUT DISKS NO RESTRICTION
IN TERM OF ;oquTTnslu TY -
FeoM A CAPACITY Polnt OF \IEW

UP To 2 BCS can BE cONNECTED
To THE SGQM2 sysTEM



————

LNTERNAL LOC,I(, Blocy

INTERFACE anbd LocichL
HantuNng VME aus



C

DATC\. RENSFER Bu:';. ABBQ.E$$

THIS FUNCTIONAL BLOCK SUPPLIES IN
OUTPYT THE HAIN HEHoay AAD RIS
32 & 1N HASTER HMODBE.

I SLANE HOBE ACCEPTS |N INPUT
THE ADORESS BT RELATED 70 THE
HAPPED I/o To GENERATE IMTERNAL
REGISTER SELECTION,

first Ocs 1s HareeD JJo STARTING BROM ¢
54000000 HEX ABNDRESS

Secomt DCs 1S vareed 1o STARTING FRoN ¢
55000000 HEx ADBRESS



Data IransFeER Bus Date

THIS FUNCTIONAL B LOCK

SUPPLIES AND ACCEPTS

8/l BT oF DATA To/From
VHE BUS




Datn Transser Bué ControL Linzs

Tuis FunclionaL Block
CONTROLS ALL THE SIGNALS
INVOLVED DURING A REMwRITE
cfcLe N HASTER-SLAVE HOME




e R e e e B - o ot - -— s A—————————_ A -+

ARE’:!TER INTERFRCE

THis FunNcTionAL BLock
CONTROLS AL THE S\GNALS
INVOLVED DURING A REQUEST
BuscycLE, '

THIS BLOCK HANDLES ALSO
TwE BAIsY cHay connéction
BETWEEN CONTROLLERS |
CONNECIED To THE SANE QLS
REQUEST,

D.CS usES BDos REQUEST N° 3D




TNTERRYPTER

Tiis FoncTionaL BLOCK 1s
CAPABLE To GEMERATE

INTERRUPT REQUEST TO THE

HosT AND REcOgMSE THE

TROPER INTERRUPT ACKNOWLEDGE
RESPONSE. THIS BLOCK HANDLES
Also TME DAISY chaN
CONNECTION BETWEEN CONTROLLERS
CONNECTED TO THE SAME WIERRULET
REQUEST. DCS wiiL SUPPLIES
AlwAYsS ON INTERRLST VECToR,
DURING AN INTERRLET cycLE
COMPATIBLE WITH THE YVME BUS
PHILOSOPRY.

Bcs OSES INTERRUPT REQUESTY N4




Mason; COHPON&'NT:S DescripTion ;

Disk conTROLLER cou'wus THE
FOLLOWING ITEMS:

~IHbdC G8LSYL S\GNeTICs
JNTELLIGENT MULTIPLE DISK CONTROLLERS
- DATR SEPARATOR.

RASEb o' DPLL 68459 sigNETICS
-~ SPECIFIC HWwW rFor TAPE HANDLING

- YuTerrueTeR Monole
BASED ol BIM CEASY HoToRoOLA




THDC 68434

THE SCN 68LSY INTELLIGENT HuLTiPLE

DiISC CoNTROLLER PROVIDES THE TRADITIONAL -
ANY ADVANEED FEATURES REQUIRED To
CONTROL WINCRESTER, RiIgIh dDIsY

AND PLOPPY DISK DRIVES.

FEATURES

- M0S TECHNOLOGY 48 Pus

-31 BT ADDRESS COONTER

- 8/l6 BT DATA CHANNEL

- VECTORED INTERRUEST

- AUTOMNATIC RERUW oON BULS ERROR

- OM CHIP DHA CONTROLLER

-ON CHI@ FIFO BOFFER. 2% aYTeES

- AUTONEATIC NASVER FONCTIONALITIES

- SO?APO&TS VP TO & CHRNNELS N &Ny NIX
- SUPPORTS SA00 AND STS04S WTERFACE
-DAaTa RATE P TO 40 Hba%/ s8¢ MNFM Protocotl
<MIGH LEYVEL CONMAMD SET

~HUIMPLE SECTOR R with 1MPLIED SEEK
-OVERLAPPING oN SEEK COMNANDS

- PROGAANNABLE TRALK FoRMAT

~ BuTon@me BAR S8&0R HANDLING

-32[40 bt €Co TiorRANNABLE PoynoMIALS
/0




OPeERATING MODES

THe INDG PROVIDES Fouk, PosSLIRLE
O?ERm‘mq MODES |

- RequsTter Moasg
REFER TO THE STATE WHEN TWHE (MDbe
IS P SELECRED TO AlLow) INTER AL
REGISTER) READ-wRATE |

~Dua MoaEs

DMA MOMNE REPERS TO THE STATE wWEN
TUE IHMRC ASSUMES QWNERSRWIP OF TRE BUS

- Locac tone

REFERS To TWE STATE (HEN TRE ITNwe 13

TRONSFERRING COMNM ANDS To THRE DILX

INTERFACE OR RECEIVES CONTROLS

INFORM ATIONS FRoM DISk INTERFPACE
*IDLE Mobeg -

Tis MOBE REFERS To A WA STATE

11




ARV
Avpe. 0 |, 68454 48 | e
ADDR 84 |04, 1y | RIwN
B4Aickl | o3 46| UDSN
owNN | o4 4 | LAY
RERUNN | 55 4y LASN
csSN 06 43 plACkN
10CKN (0} 42 MMs-Av
B4N | og G | Din-At3
DDA, (59 4o |D13-Alb
LochL |, 33 [Dz-AK-An
UAS M 38 |DA-AlL-A30
LAS 12 3} [Mo-AR-A2Y
‘ENi 13 34 ‘BS'AQOA\.I%'
ENO g 1 |D2-An-A23
8ry | s 3y [D1-Ate-A26
RQN_ |16 30 [D4-A3-A2S
TWCKLER |13 32 [eLock
W4ATE | 2 3 [JNDEX
REDAT |9 20 LRESEN
RjWctock |;4 29 an
wRDATA_|2) 23 |DS-A8-A24
WR CLOCK |5 3 [Du-Ar-A23
Do-A3-A18 |93 26 ‘534A6-Azz.
Di-Ab-Ao 5, 25 |D2-AS-A2

.....



IMTERM Al qus sveas M ap

SEVEN INTERNAL REGISTERS ARE
FORESEEN oN IMDRC

54000000
HEX ABMR. 5000 0o EfW ECA PoINTER WigH

£% 50 00 DA
HEX ADBR. cs 0000 04 EPMH ECA PUNTER HIDDLE MIGH

HEx ABhR. Sk D000OY EPML ECA PolNTER MIDDLE LOow
T 0QVD V2

000D EPL  ECA POINTER Low

. 8% o0
He:e Abbg 2 200,

THESE Foury REGISTERS ARE LSED
10 DIRECT THE MDC To ATABLE of PolwERS

AT RESET TINE THESE REGISTERS wiLe RE
IMITIALLIZED TO 2ERD

SLddoo0oYy - = 9eCt vy
Hex asn., 55 0000 o4 IVR INTERRUPT VECIOR, REGISIER,

Tiis REGISTER CONTRINS THE VAWE of VECTOR
THAT THE INDL witr. PLACE on THE DATA &S
UPoN RECEIPT of A WIERRUPT ACKNOWLEDGE

13



St 005005 - 2oI<TIE
HEX ADDR. 55 0000 05 |8 INIERRLFT SOLRLE Aa,..q&sxé

Fors THIS REGQISTER 3I0ST FooRky ONT ARE
HERNINGFOLWY. BIT 3-6-5-4 s€T To 4 HERN
THE CHANAEL THRT REQUIRSD A COMMAND |
CoreLETION INTERR VAT

BT 4 REFLECA wnANNGL D

BT & n " 1 -
Bt 6  » n 2
R )} " n 3

HEX ADBR. 54000006 nec DRINE STATUS AND
RN ANR. e 000006 PN conmicoRaTION RECISTER
Bito tteans 8[l6 bt baTa node
BR 4-S-6-3 HEAN DRWE Busy AND ARE
VSEL To START THE I/ oPERATION

U § REFLEX cuwhNNEL ©
&7 S " " 4
| B 6 h N 2
Bda > n o " 3

z




DATA SEPARATOR BLOCK USES THE
DPLL 68659 BI\POLAR CWIPS .
DATA SEPARATOR PROVIDES THE
CAPABILITY TO LOCK THE INPUT SiREAM
OF DATA A&ND SUPPLIES 1N 05T PUT O
STREAM oOF DATA IN PHASE wiTH THE
ProPER Cloc T ORTA THE CORRECT
DATA cobeb.
Two DPLL ARE FORESEEN on DCS BodRD

- FIRST DPLL OSED ForRy, HARD DISK AND

C RONNING &T SHw2

- SECond BPLL LSED FoR FLOTRY disk Anb
RUNNING AT Two DIFFERENT SPEED
-2‘50 Xu3 afo'r Sms‘g, 5‘:«::\ dacvble J%v\m‘\*’y
-500 %ﬂ% -@ot’ Doukle Swd dooble uﬁgnscfy

THE DLl PROVIDES LS50 THE WRITE DATA
I MFM TRoTocoL STARTING FRoM A
W RE DATA v NRZ nodE &ND ASSOCUATED
cLock. | |




2) DPLL SCB68459

The SCB68459 DIisk Phase Locked Loop (DPLL) Is a bipolar chip
that used together with the IMDC 68454 provides all The
functions to control disk/dkt devices wlith SA800,ST506,ST1000
types Interfaces.

The DPLL uses an external VCO for the varlable clock rate
which tracks the read data from the disk unit.

Disk/dkt controller uses two DPLL chlps because two dlfferent
frequences are needed.In fact disk device runs at 5Mbit per
second while dkt device runs at 250/500KbIlt+ per second.

The SCB68459 operates producing an osclllator frequency to
match. the frequency of an Input slignal.

In this locked condltion any slight change 1In. the Input
frequency wil|l appear as a change In phase between the Input
frequency and the VCO frequency.Thls phase shift then acts as

an error signal to change the frequency of the local DPLL YCO
to match the Input frequency.

The DPLL SCB68459 Is able to accept NRZ data and write clock
Information In parallel from SNC68454.1t combines data and

clock to obtaln a resulting signal that becomes the write
data signal which goes to the disk drive.’

The DPLL also bullt write precompensation algorithm In order
to adjust speclal clock data patterns that require
compensatlion.An external delay line Is used to generate the
preclslon compensation needed. .

With a PLL circult bullt Into a read chalin data can be more
accurately recovered.Alded by an external voltage controlled
osclllator the DPLL functlion derives a clock signal from the
read data streams and tracks It through a range of variatlion.

The decoding hardware uses the clock signal to couple the
read data stream.




REGISTER TRoOGRAMMING

A _ 54005000 SINGLE SPeeb
HEX ADR S% 0050 0O b HODE SELECIED

HEX ANVR.. 54006000 DOVRLE SPEED
DOR~ 0560 00 DOM HobE SELECTED

THESE Two POINTERS SELECT THE CORNEST
FREQUENCY To LOCK woRKING AT DPLL AND

PLO LEVEL. .
AT ReSET TINE THIS LOGIC SELECTS T

SINGLE SPEED MODE

17
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o for Tape Masouie

AL THE HW FEATURES BRE FORESEEN
ON THE DCS ROARD 1N ORNER TO SOPPORT
THE TAPE QICO2 INTERFACE COONECTION .
A DEDCATED DATA PATH PROVIDES THE
CONMAND AND DATA IN WRITE OPERATION
ANd RECEIVES STATUS &ND DATA 1IN
READ oPERATION.

A DEMCATED Logie 1S FORESEEN To
SEMNPLIFY THE HANDSHAKE wiTH THE
Dawe bdoriNg THE Rfw oPERATION IN
ORDER TO MINIMIZE YHE &ccesS To THE
VME 80s . | |

READY anbd excEpPTiod SiquaLS cAN BE
VSED BOTH N PoLLING DR, INTERRUVPT
HOME.

g T APA




Adpriz
HEX APDR.
HEY ODHR-
REx ANNR.
hEx AMNR.

HEX ANMD .

NEX ADMR.

551N Réqx SVERS

2238%323 CRW CONMAND REGISTER

WRTE o
Sty 00 Y002 R COMNMAUN RIcicTZR
5SS 00 3003 TR Rgi;““s“‘
34003004 nooy  DATA REGISTER
55003004 bR WR\TE
54003006 noo  DATA REGISTER
55 00 3006 READ

3400309 perR, READY RESET
33 003008

Sk 00300A pee e ExcerTion RESET
S5 003300A '

TAPE



& ™ -
'Imcm\\):‘ 2 “Ojuu:

SPeCIFIC Hw VSING THE 68453
HOTOROLA BUS INTERRUCIER HOBULE
THRT HANDLES THE IWTERRUPT
TROTOoCOL AT VME BuS SINE AND
SO PPLIES CONTROL SIGNOLS TO THE
INTERNAL COMPORENTS. ,
SPec.tF\cAu.;/ T SERVES THE INTERRULET
POMCTIONALITY 8T TAPE LEVEL TO HANDLE
THE REAN/- EXCEPTION StGNALS BOTHIN
PoLLinSG OR, INTERRUPT TMOBE PQ@QQQNME)
RY SoFTWARE.
IT SUPPUES ALSO THE CconTROL SIGNALS
To THE IMBDC N ORDER To Atlow THE
INTERRUPT PROSTOCOL . |

<0 | TAPI;




'd

. - -’ = ’r‘) .
NZGQSTERL  TRocge, ArMIAG

THE Bus INTERRUPTER MODULE CONTTAING
8 REQISTERS |

3'35:! bbb?.o SQ-DOUOO‘

L CRO  onRolL QEASTER O
ST ovto0n ’

HEZ &DDR. 54001903 cgp 4 . « 4
Sy >S4 001003

Wex Ade. S4001005 cR2 u w 2
35 001005

| Syoolo0F -
MO EBR. SSooloez B " >

THESE Foury REGISTERS CONTAIH THE
INFORNATION To PROGRAN THE INTERRUPT PRSTOCE

| cm—— T - . | Ctpp"'n.,., fl

F ‘FACl;zm' IQ€1MA¢§’ L2 L4l Lo OB oh S
AL b

e,

Lo+ L2 Llever AT whHieh An iNTERROPT wie
BE QEAIERATEN

IRAC To RESET AUTONATCQALLy IRE CNSS’ USE,

RE TO ENARLE THE INTERRUPT REQUEST
X IN TO SELecT INTERNAL or EXTERNAL VEG
FAC To ReseT autoMATicALLy Fag (W6t use!
FLAG 10 Awow PROCESSOR CoNMumicaTioN

ANY RESOURCE AtLocaTiond (NOT LSED)

L
a’ ‘1/1(1,(,._,// (”\



001003 - e
HEX ADDR. g: ocoloo3 VYRD VEGOR qu\smg 0

5400\008 y
HeY AN 55001008 VR A w "
54001000 |
HEX ANDR . 55001005 VR 2 " n 2.
5400 100F
HEx ANNR. VRD n n 3
X ShbR 553010 3F :

THESE FoUR REGISTERS coNTAIN TRE
INTERRUPT VEGOR .

IN DCS TUAT THRES INTERRLUPT REQUEST
ARE DSED oN BIM AND ONLY THE LAST
TWO VECTORS REGISTERS ARE LSED Fol
TAPE PORPOSES.



Cuannels ConFIGURATION

DCS convNeECTS UPTO 3 HARD BISK
1IN DNSS cnad | 4 FLOPPY Dolg a0
4 STREAMER TAPE.

HARDWARE AND SOFTWARE Wiy LIty
AT CHANNEL LEVEL \S -

CHANNEL O HARD DisK
) 4 n Y bNy MY
Y ' 2 " T :
0 3 FLOPPJ ey smgl;/ alougc S,
a J TOPE DRWE Qlcox

A3




o s 28 At s+ AR

DENIEE ADHRESSHRI LITY

Av SOFTWARE LEVEL THE DEVICE
1S SELECTED FOR START Tm€ 1/0

OPERATION USING THE DSCR REGISIER

IN THE FolLLow c.ochnqu'MuouJ .

CHANNEL O selex 44

n Dscr, B
" A, n 24 n
" 2 n 44 nu
n 3 " 84 o

Fors TAPE DrivE NO SELECTION 1S NEEDED

U




LogicAl STRuCTURS

THE IMDC 1S CAPARLE To EXECURE
AN Ifo operaTioN , QFTER THE TRo PSR
BT N DSCr Has REEN SET, BY
HEANS OF USE 0F S0WE TanLlEs il
HAn hI«ErﬁOky .

TABLES STROCTURE

eee |

_ ECA PoINTERS
W Ech O |
ZXEN N
[ech2 N |
Ech R - )
> T~/
\
N
lecn | ECR
BLoc | BLoci |
0 A
"4
ECn ECA
-BLOCK BLotie
| 2 3 |

e e —— [P - — e o e o C e e————



May ermw/ TARLES

Tuis TABLE 1S ADDRESSED &Y THE
CONTENT oF THE EPNM-EPHMH-SPHML-EPL
REGISTERS AND CONSISTS OF FOLR)

D wordS ABNRESSES THAT POINT To
THE LOCATI0d of Four ECH B LocCkSs.
THE POINTERS WUST RE ARRANGED
IN ASCENDING ORDER. BY DRIVE

6




SCR O OBLOCY

THE IHDNC NEEDS THE ECA TARLE
(EVENT CONTROL AREA) To coOMUNICATE
WITR TAE HOST SfSTEN,

AN Eca TARLE MLUST BE SET FOR €pct
bisk/bkT DRIVE To BE CONTROLLED.
Eca TARLE conTAINS INFORMATIONS
ABOUT THE REQUESTED CLONMAND AND .
THE Bisk bRuwe.

THE INTERNAL MNICROPROGRAM Wity ose
THESE TARLES To GENERATSE THE DISK
INTER.-FACE S\GNAL AnD PERFORMNS T™E
I/o OPERATION . THE WMYBHC ALSO WLt VSE
THESE TABLES 1o RETURY THE STATLS
INFORMATIONS To THE SOFTWARE.

THE Dis¥ DRINE To €8 BLoCK ASSIGNEMENT
IS DETERMINED BY ™E& RELATIVE
POS\TION OF THE TOINTER n THE TABLE,

&7




D .l

oo lcOMBAND CODE | WA STATUL |
ol EXTENDED STATUS |
Ay (| W& & OF Q;ETR)EQ 1AJORL & OP RETRIES
03 DHNA couNT | c,omuwb OPTIONS
oy | BOFFER, ADDRESS MOST SVNIBILANT WORD.
oS | BVEEER QMQCEL LEAST *\"\JHFW AV woRD
YA BOFFER, LENGTH REQUESTED '1
o¥ # OF RYTES TRAUSEERRED '
of CYLINDER, NOMBER, !
03 HEAD # | SECToR |
40 CORRENT SYULUNDER, 'Po':;x\\\')}f_
M PR.P ConNTROL wond
2| SCwT MosT SiGuiRicanT wold ]
3 SCwT LEAST YGMFAICANT WoRD
14 [Sef TERMINATOR R-FY
15[ MBMOM RECORD LENGTW =X
16 [NO PRE INDEX GAP N4 PosT INDEX qm» !
1P INY SYAL BYTE coun IND PoST 1D Gap
18 (N4 Post DATA GAP NS ADD, MARK COUNT
19 REY ! Py j

20-22) . ECC MHAsSKk 3 wWoRDS |
23 | M5T0R 0w -D"L*Mmtg)’ﬁ OF HEADS |
L4 [ENS SECToR & STEPPING RATE
25 [NEXD SEWLING TIME  |HEAD Lodd TimE&
246 | SEEK TYPE | PHASE cOoOnT |
V2| oW wRITE CGURKENT TRACK
28 PREOMPENSATION TRACK

19-34 ECC REMPINDER. > wWORDS
29 | Max HUNRER <V InNDER PER SRELCE
33 | SEToR. LENGTH ELPRG BRYTE

34-3% 2,__TREF PQINTER

14-4S | IMDe  wWORKING ARSA

L AN (A

T~




THREE MDiFrereNT TARTS ARE FoREseenN W
ECRr Blocy

4)

THS FiIRST AREA CONTAINS THE ECA DAT2
FIELY REQUIRED B/ THE (MDC TO ExECUTE

A COMMAND . THESE FIELAS CAN BE FORTHER
SEPARATED io STATIC AND DynaMic FIELDS.
THE STATIC FIELNS BARE VALY FORL TRE
BoRaTION oF & ComNANN.DYwAMic FIELDS
PROVISE THE LOCAL STORAGE NEEDED TO
EXECUTE MULTIPLE SEQOR COHNAANMNS .

!') ForMaT PARANMETERS
THESE PURBNETERS ARE OSED BY T™HE M
DORING FORMAT OPERATION, THESE PRRBMETEDRS
DEFINE THE PuysicAc TRACK FORMAT.

D Nowe coim —
DRiNe CosThoL PARAMSTERS

THESE FIELHS COnTAIN IWwFORNATIONS

THAT DETINE THE Disk INTERFACE TO

T™E MDe

7




Wt o /KWf’/K‘M W/ADZW: A /Méﬂuu

U“(/M,X
C DecciosTion. o8 )asy FOMCTION S TVE L

THE DCS €AN BE EVTHER MASTER oRy

SLAYE CNTHE SYSTEM avs SIPTNANIG

BY THE FuNCIIONRALITY EXECUTEY.

DCS witL BE SLAVE ANY TIME THpaT

THE HOST SYSTEM NEEDS To READ OR -
WRITE AN INTERNAL REGI STER.,

Des wuL 2E MasTER Any'rmé’ THAY

THE IMHC NEEDHS THE BRUSTO TRANSFER

DATA oRy CONTROL INFORMATIONS wiTH

THE Mawd MEMoRY. I CASE of IMDC DATH
TRANSFER, THE bCS witt BRE MASTER, FOR

THE DURATION OF THE DATATRANSFER THAT
COULh BT SINGLE WoRYD ACCESS DR BOR ST
HOBE . THE SoPFTWARE CAY PROGRAMME THE

DLS TO EXECUTE VPR To 14 CONTINOLS WORDS
BURST MOBE TRANSFER .THis FEATURE 1S

 IHPORTANT SINCE THE DCS 1S A NowS
BUFFERED CONTROLLER AnD THE DATA
TRANSFER, occounrs JETweeN THE INTERNAL
FIFO Quh THE NAN MEMORY. -

30




C

Tuspay of OPERATIONS

DCS 16 CAPABLE To exECUTE A SET OF
COHMAMAS BY Heaws OF A COMMPND
ConE RYTE 1N ECA miock.

Two TYPES OF COMMAMDS CAN BE DISTINGUISHED:

D e LNE cormpuhg (T M)
1) DATA TRANSFER COMMANDS

- OFF L\WWE CcOMMADY SET
- -CHIP DIAGNOSTIC
- RECALIRRATE
- Ske¥

- DatA TRANSFER CoMMAMD SET .

- FORMAT

- WRITE MULTIPLE SECTIRS

- WRTE wiTw MELETED DATA FLAG

- REAN MULTIPLE SEQORS |

- VERIRY |

- READ IHENT\FIER

- REAN TRACK

- CORRECT DATA | ~
- PRO(RAMMARLE RECORD PROCESSING

31




- —— e [T e e e ot e . . aioin s eman

OPERAYION STR.GSTUR.E

CONPJIB ECA
| BLOCke ABDBRESS

Sw PAR,ANETERS |
- ECP :

ST
STARY J/0 o8 DSk
SETUNG 1w DSCR

TMR CORRECH BT |

/‘fms L G-

ERRUDT FROM
DS

L, yés

APPLY EccC
worrEcTioN

INTY

READ 1SR, REGWT,
TO DETERMINE THE
CHAMNNEL
NUHMGQER
1 IVTERRUATING

Sw TAKkES

COMPUTE ECA
DecrsioN

Lo ADDRESS

s e e e

/cHECK T/o0 \ 0K i
AESOLT y a4 o/

e OK

DETERMINE ERRoR Type | Mw ERROR

ANS TAKE DEC\SION | m

sw ERQoRS

SHANGES

— ﬁ} ,
MEDIA EREcr — 33




FORHAT TeEeaT o

ForMAT COMMAND SERVES SEVERAL PURPOSES '
IT DEFINES THE STRUCTORE OF THE SECTOR ,
THE (OCATION OFTHE ACTUAL DATA AND PRONIDES GARS
Qb Sywe BYTES THAT AlLow AN INTERVAL For ANY
SwiTeHing Réqume,b BV THE DRWE HARDWARE, THESE
INTERVALS |a TURN ALLOW TWE IMpC To CoMPENSATE FOR
Auy VARIATIONS IN EITHER THE RECORDING HEDIA Aub/ow
THE DRIVE HARDWARE. THE INDC WITH 1ITS STRUCAURE
CFFERS A OHPLETE PROGRAMMABILITY BY HEANS o SOME
FoRHAT TARLES LocaTED 1N M MEMORY , Ju FACTANY FIELD,
THAT COMPOSE THE SECTOR caAN BE PROCRAMMED INTERM o
LENGTW QD VALUE. THE IMDC Wite FORMAT THE TRAC ke
ACCORDING wiTH THESE VALLUES (N FORMAT TARLE QIVING
TO THE OSER A qREAT FLeXimLTY,

EXAMPLE oF PFoRMAT TARLES

FloPey .D\sse HARD DbiskK
00 | 20 00
Al FE ¢ WM) AV FE
80 N3-3 00 N3-3
4€ SECTOR LENGIW 00  SEGoR LENQTW
. 00 oL J 0d NS-4
At F Bt AV F&
fll Lyte oo flbyte o0
‘fE ““-g 00 N‘rZ.
LE oo LE Co
00  NS5-) L€ Qo
c2 ' Fe 00 0=
LE 00 oo 0O
oo ' o 512
IMormpdek 7 755, 33

v 512,



Dl Posv innExqA P Boxht
DL Judex ADHRESS HARK
D3 synve 3 x00
D4 qap 224t

NDEX l DY LasT qaP 2ibiege  IND
b Y A I ' 'Y . 1 1 [ f ( 1 3
YR w HeAdER (_Ou 03| DaTh ‘we:rr’{éd’.‘ b5
./;\:L g Fe e ‘sweised’.i st e, \’ i
Al FQ ' DATA FIELD D cre |
Mew  EoomaT
IN bEx ' ) \NDE
) . . r

[l
\ \J

' k/

A F otetR T G

Y
|
[ 'y

CAUYFR' oatAa T E

N {(( 2
DATA 'Qeaoe: D4
Il cc .' . .

Dl Vost iuheEX QAP 2LxX4
DL sync 1300

D3 PAD 3 XOo

D4 LAST QAP 346 X4E




r‘(:r; e Ma;\,.zu:wzh

CC{/MWW" N)"’”‘M’W ™ }N‘
TUE IMDC PROVIDES AN AUTOM« ¢, E&RoR)

HANAGENENT 1B E-E«gu ed. I FAGT W Eca

2ot A FIELY 1g Foxceesy (Mo or RETRIES)
TO ALLOW THE HOST TO REQUIRE AJUTOMART\C
RETRIES To BE EXECUTED . N cAwnE OF RETRIES
NOT INVOKEDN THE IMDC witL STOP TUE OPERATION
WHEN AN ERROR 1S FOUND AND WILL COMPILE THE
APPROPRIATE FIELD N ECA BLoCie (HAIN-EXTENDBED STAT
To IWFORM THE HOST AROUT THE ERROR D\SW0VEREYD
IV CcASE oF RETRIES INVOKED THE \HDC wiLL RETRY
THE OPERMTION FOR THE AUHRER OF TIMES
REQUIRED BY THE HosT. Tn cAsE oF RETR\ES NOT
WECESSFOLL THE (MDC wite STOP TME OPESRATION An
WQTIFY THE SW, TN CASE OF SVCcESSFULL RETRIES
THE [HBC il coNTINUE THE OPERATION UNTIL A
NEW ERROR 1S FOUND OR THE ENO 6F OPERATION

M)‘/;

OCCOLRS .,

THREE KD OF ERRORS CAN RE Found

-) SoFTWARE ERRORS
D HARDWARE ERRORS
-) HEDA ERRORS
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In CASE OF SOFTWARE ERROQGS THE IMDC wiLe

NOT EXECUIE RETRIES INDIPENDENTLY FROM THE
MAX NUMBER OF RETRIES VALVE |N ECA BLOCK,
CASE ofF SOFTWARE ERRDRS )
- COMMAYD REIECEY |
DUE To unknowN <cOMHAND

- DRINE NOT READY
THE SPECIFIC DRIWNE S NotU RZADY

- COMMAYD ABORT
I/o oPerATiON ARORTED By 5w REQUEST
- WR\TE PROTECT ON DI\SKETTE
WRITE OPERATION cAN NOT €x2<COTED DUE TO WRTE PRATEC

— PosiMonING ERROR

CYLINDER. /HEAD NUMBER REQUIRED BY SOFTWARE
( | GQREATER THAN THE MAXIMUM AcLow ED

- DELETED ANDRESS MARK

DELETED DATA 'S FOUND oN THETRATK
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L) ARENERQE EQRceS

IN CASE OF HARDWARE ERRORS THE [Mhc
WILL EXECUTE RETRIES REGARDH TO THE Max
NUMBER OF RETRIES 1IN ECA QRLock.

CASE OF HARDWARE ERRORS

- WRATE FAULLT

WRITT FALLT coNDIMIoN EXi4TS O DRIVE

~ FIFO OVERRUN / UNDERRUN

THIS ERROR 0COURS IF SYSTEM BOS (S LOST FoR A
LONMG PERION OF TIME - .

— DATR PART TIME OuT

THIS ERROR 0CCOURS IF THE 1MDC LOST THE SYNCRoNIS,,
WITH THE TRACK

- TPoSI\TIONING ERROR

PoS\TIONING ERROR DUE To FAILED sedic oN DRIVE

- BRUS ERROR

: .SYSTaN BUS ERROR COMNDITION 0ccounS
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C FoR THESE KINDS OF ERRORS SPECIAL AcTion
SHOULD BE TOKEN RY THE SOFTWARE REGARDTO
THE KIND OF SOFTWARE OPERATION

.

- /. o -

~CRC/CCC ERROR ON DATA FIEL)
THIS ERROR 0CCOURS IF A CRC/Ece ERROR 1S
DeTecTEn on DATA FIELY. |

- IN CASE OF NORMAL I/o0 THE SW SHoLLD TRY TO
CORRECT THE ERQROR INVOKING THE ECC CoReechion

~TW CASE oF MEDIA VERIFICATION THIS ERROR MUST
PRODUCE A BAD SECOR
-~ CRC ERROR- ON NEADER FlELD

THIS ERROR 0ecouURS IF A CRC ERRCR 1S DETEGED
(,/‘ : ON HEADER FIELD

- I cpst oF NorMaL Ifo THE SW SHoLLOTAKE
DEciSioN ARQUT THE Ifo ERROR

-In CPSE OF MENIA \le:w:.cm\od’ T™IS ERROR MUST
PRODUCE A BAD SETon

~ UNCORRECYARLE DATA ERRORN
THIS cRROR 0CCOVRS AFTER A CORRECT CONMAnD
WHEN THE ERROR 168 ONCORRETABLE FROM THE
ECC ALGORITHM

3y



CRE-ZCC Thiyagmma. s

THE CRC LSED v BOTH FLOPPY HEADER.
BYd DETa FIELDS Aud HEADMER FiELd
O DS 15 TT ZOuUE, -
Dee vsEs STAUDARD CRC PotyjnotIAL
2 BYTES W\E .

XX XS4

THE ECC VSED on ™sK DATA Fsag.ss
Tue qLO\geR. ECC 4 BRYTES LONQG.
th-r)( +X $ X ¢ X‘?t X‘:-X +x+4.

Using Tms PolynomAL THE Des 15
CAPABLE To CORRPECT VP To A4 &
IV ERROR CONTINDUS ,

—_—
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CC  Mavrtiue

Tue Dee SUPPLIES THE CAPAGILITY To cct2E8X A DATA
ERROR, wW(TH A HINCMOM  [NTERVEATION FRGI‘%I USER CoInTOR !
~ DESCRIPTION oF ECC PROCEDORE —
IM CASE CrDATA ERROR THE [HUC AT THE Exh cf OFTRATION
Diccuarges v ECA Bloase Tue SYNHROME CONPUTED DRI
THE READ OPERATION THAT GAVE ERRoR . WHEN THE SOFTWARL
RELOGMSE TUE ERQOR (T SHOULY TRY To CRRECT THE &R
IV orAER To HAYE THIS carAR: LTy SOFTWARE wite SELE, To
THE THbe A CORRECT COMMAMNDY recRTED To THE enAs
THAT AV ERRON . THE IMNC TAKE W ACOONT THE SN hRoH
TREVousLY OANED I ECR Siock AN BEQIN THE CALCULATIC
(N ORNER To DETERMINE (F THE ERROR 1S A ORRECTABLE
T/PE Ay \F YES CoHPUTE THE DISPLACENENT AND THE
ERRORY BORST To AlLow THE CORRECTION. AN INTERROF
WL NSTLFY THE SW ABOUT THE €M ofF WMPUTATION
SENING THE INFORMHATION AB0UT THE TYPE oF SRRaR
CORRECTABLE OR NoT. LN CASE oF wRRETABLE ERRORY
THE HOST wiall TAKE Iu ACCOUNT THE DISPLACEMENT
ANY THE ERROR. BIRST IV ORNER To CORRECT THE
ERROR IN HAIN NEMORY .

o
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C THE DcS THROUGH THE IMDC oFFERs THE
CAPABILITY To HANMLE BAd SPOT on Dtk v A
NERY EQSy MPAuNER. IN Focr wHeN a BAD SPoT
1S Found DURING HEDIA NERITICATION THE HosT -
SMouLt REPLACE THAT SECTOR wiTH AN ALTERNATIVE
ONE. IN ORNER To FORMAT A BAY SECToR THE NOST
SHouLy TRESET 1N THE FORMAT BUFFER THE CoRRET
IHAGE OF THE TRAUC INCLUBING ALso PosotdLE
BAD SECTOR ., THE W wite ALSO DECLLBRE THE
ACTERNATIVE SECTOR WRITING THIS INFORNATION
INTHE FORMAT RUFFER .

( EX. or FORMAT DUFFER. weTH SEcToR A SAN AMA (TS ACTERMATNG ¢

| | T ns FcHs ctaus CYc HS etk
09 AD 00 00 ©0 \0 B0 ol 0220 000X 00 O 00 o2
-Bah SECIoR, HALMLING HoriNg NORMAL I/o-—

Durinf NoaMAL READ/WRITE OPERATIONS THE 1MPC
wike TAKE 1a) AccoUNT THE (NFORNATION wRITTEN IN THE
HEANER- FIELY AnD ' CRSE OF BAD SZTOR wict
AUTOMATICALLY REACH THE ALTERNATIVE SECDR.,
WILL OPERATE THAT SEGOR ANN wile LONTINUE THE
OPERATION RESIARTING FRoX THE BAD SEGOR + 4.
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C OuER L greme, FEaTuRES

THE OUERLAPPING FUNCIIONALITY \& YERY
(HPORTANT Fror A PERFOMANCES Point OF
VIEW. THE DCS THROVGH THE IMDC oFreRs
THE HAXIMUM OVERLAPPING PosSSIBLE,
IN PACT WE caN HAVE 0P To & Ifo OPERATIONS
RUNNING CONTEMPORRRY o Disk/bLT Doives
I\N TERM oF 3 cARRIAGE NOVEMENT , 4 DATA
TRANSEER AnN AN OPERATION ow TAPE DRWE.
IT 1 (M PoATANT To NSKE THAT HowVER onLy
C S ONE DATA TRANSFER cAN RuN AT Disx/mﬁ LEVEL
BUT ADATA TRANSFER oN TAPE cfAn &€
DVERLAPPEY wiTH THUE PREVIOUS DNE ON DISK,
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Signetics SCN68454

Intelligent Multiple Disk
C Controller (IMDC)

Preliminary . Specification
Microprocessor Products

DESCRIPTION PIN CONFIGURATION
The SCN68454 Intelligent Muiltiple Disk
Controller (IMDC) provides the tradition- INDEX
al and advanced features required to : CORNER 7 . a7
control Winchester type rigid disks and a2 71 - 48] Vec : 2
floppy disks. It can control up to four : m g = AN Co 8 p a6
rigid or floppy disk drives, in any combi- : .
nation. It can be used to control, with a Baack [T 46) UDSN : PLCC
minimum of external hardware, any drive ownn [a] 45] LoSN
that has an SA1000 interface standard RERUN (3] [44] AsN 20 p 34
. or an ST506 Seagate interface standard. csN 8] [43] pTAcKN . 2 e
The IMDC supports soft or hard sec- ©mckn [T] 42] 015 TOP VIEW cosms
tored disk track format and standard 8GN [B] m '
IBM track formats for floppy disks (both ooiR [5] W] o1z P Raction Pin Fanction
!smgle and double -density). ', "7 LocAL M 58] o2 g ﬁf gg g;
The controller is programmable via an -~ uas [i7] 58] D11 g Do N o
external host processor by the use of ‘Las [iz]  DIP 57) 010 8 RERUNN 32 Vsg
high level commands. Data transfer on ' evi @] Hos . T et o SECTOR/INDEX
( e host data bus can be 8 or 16-bit in . . 9 BGN 35 SCLK
garallel. The IMDC is capable of han- eno [14] | EY 10 0OR % 08
dling a serial data rate of up to 10Mbits 8RN [i5] e 12 UAS 38 D8
per second. The SCN68454 is construct- Ran [16} 33] 06 . - i a0 ne
ed using Signetics MOS-VLSI tech- nickeer [T 32] scuk e o
nology. o wraate (i8] 30 Woex ¢ 16 mow a4 oo
FEATURES o [ o mesn {50 whoate i o
® Bus compatible with SCN68000 O [ 7] Vss 2 REDAT o 47 DTAGKN
microprocessor WRDAT [21] 28] D5 23 WRDAT 49 LDSN
e Automatic rerun on bus error WRCLK [22] [27] D4 2; ‘{,’5 CLK 2‘.’ g‘,’v%',‘,
e Supports  SCN68000 vectored . .oo@ . . . o 2% D . 52 Ve
interrupts -~ - . on[Z 2l o2 o
e 31-bit address counter - e YOP VIEW t ‘ tan S .
e 16/8-bit data transfers " cooosoos ‘

e Supports up to 4 rigid disks and a Lot
" floppy disks in any combination e On chip DMA controller and FIFO -

e Supports SA1000 and ST506 buffer (128 bytes)
Winchester interfaces e Muitiple sector read/write with
e Data rates up to 10Mbits per implied seek
second for MFM e Automatic bad sector handling
e Data rates up to 2Mbits per e 32 and 40-bit ECC programmable
second for FM polynomials C
e Handles FM and MFM data e Supports computer generated
encoding/decoding ECC polynomials
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ORDERING CODE

PACKAGES Vee =5V +5%, Tao=0 to'70°C
Ceramic DIP SCN68454C6148
Plastic DIP SCN68454C6N48
Plastic LCC SCN68454C6A52 *
BLOCK DIAGRAM '
s 'l i ) !
: A B
. ERROR
. REGISTERS |t > CORRECTION
i i N CODE (ECC)
i : . REGISTERS ‘
HOST w o N t————— -
SYSTEM Q ; READ
& ' Hea , Loaic
wl o g .
E FIFO - p ;
2
i 1
- [ g‘ SERIALIZE/ | ]
o : Z 1| DESERIALIZE
: . W= (SERDES) | DIsK
) : 2|i | recisters’ INTERFACE
S ‘
BUS INTERFACE S
UNIT AND DIRECT| =
. MEMORY ACCESS | : o
L~ COUNTER 4 ! 'WRITE
\ . 1 : NS IR SR i ' '
- 1 Lo [ B B :
t ? (e o B T VoA Yoy
. MICRO. ‘le B D,',s;( - . ‘
: CONTROLLER |~ ¢| © | conTRoLLER
H '
[ i L~ .
’ N - N UM?MS
i e ' B ‘: DY reee ! Tt
. M 5 i ¥l E
PIN DESCRIPTION v 1E oy g i TR TE TV R R TR A SISE P R

IThe pin description table describes the function of each of the pins of the IMDC. Signal names ending in 'N' are active low. All other signals are
active high. In the descriptions, 'REG mode' refers to the state when the IMDC is chip selected. The term 'DMA mode' refers to the state when
the IMDC assumes ownership of the bus. The term 'LOCAL mode' refers to the state when the IMDC is transferring data to or from the disk
mterface The IMDC is in the 'IDLE mode' at all other times.

e

ln this data sheet, signals are discussed using the terms 'active' and 'inactive’ or 'asserted’ and 'negated’ independent of whether the signal is
active in the high (logic one) state or the low (logic zero) state. Refer to the individual pin descriptions for.the definition of the active level of each

signal. o
PIN NO. . v ' ) ,
MNEMONIC TYPE "NAME'AND FUNCTION. - Wi e oy gt
k DIP PLCC _ S : .

A1, A2 1, 2 2,3 170 Address Lines: Active high,:three-statable. in the REG mode, these low order address lines
specify which internal register of the IMDC is being accessed. In DMA mode, A1 - A2 are outputs
which provide the low order address bits ol the location being accessed. Three- stated in IDLE
and LOCAL mode. =z

DO-D15 [ 23-28,| 25, 26, { I/0 Data Lines: Active high, three-statable. In REG mode, the bidirectional data lines are used to

33-42 | 28 - 31, transfer data between the CPU and the IMDC registers. in LOCAL mode, the bidirectional data
36 - 39, lines are used to transfer data between the IMDC and the disk unit (three-stated in IDLE mode).
41-46 In DMA mode, the data lines carry the address information. During the first part of the cycle,
DO - D15 provide high order address bits, A19 -~ A31, which are latched by UAS. The data lines
then provide A3 - A18 address bits which are latched by LAS.

Q .
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PIN DESCRIPTION (Continued)

MNEMONIC

PIN NO.

DIP PLCC

TYPE

FE N S NAME AND FUNCTION P . Sy

'

ASN”

UDSN
LDSN

R/WN

CSN

DTACKN

- -RERUNN

RESN
SCLK

IRQN

IACKN
'BRN
BGN

BGACKN

.30

44

46

'48"

50

45 49

47

43

32

16

15

51

47

33

35

18

17

1o

170
170

1o}

170

170

Address Strobe: Active ‘low, three-statable. In REG and IDLE modes, ASN is an input which
indicates that the current bus master has placed a valid address on the bus. It is monitored by the
IMDC during bus arbitration to ascertain that the previous bus master has completed the current
bus cycle. In DMA mode, it is an oulput indicating that the IMDC has placed a valid address on
the bus.

Upper Data Strobe: Active low, three-statable. In REG and IDLE modes, UDSN is an input which
indicates that the upper data byte of the addressed word is being addressed. In DMA mode, it is
an output with the same meaning. In an eight bit system this input is tied to DSN.

Lower Data Strobe: Active low, three-statable. In REG and IDLE modes, LDSN is an input which
indicates that the lower data byte of the addressed word is being addressed. In DMA mode, it is
an output with the same meaning. In an eight bit system this input is tied to AO.

Read/Write: Active high for read, low for write, three-statable. In REG mode, R/WN is an input
which controls the direction of data flow through the IMDC's input/output data bus interface and
through an external data bus buffer. R/WN high causes the IMDC to place the data from the
addressed register on the data bus, while R/WN low causes the IMDC to accept data from the
data bus. In DMA mode, R/WN is an output to memory and I/0 controllers indicating the type of
bus cycle. It is held three-stated during IDLE and LOCAL mode.

Chip Select: Active low. When low, places the IMDC into the REG mode. This input signal is used
to select the IMDC for register data transfers. These transfers take place over the DO - D15 lines
as controlled by the R/WN and A1 - A2 inputs. The IMDC is deselected when CSN is high. CSN
is ignored during DMA mode.

Data Transfer Acknowledge: Active low, three-statable. In REG mode, DTACKN is asserted on
a write cycle to indicate that the data on the bus has been latched, and on a read cycle or
interrupt acknowledge cycle to indicate that valid data is present on the bus. The signal is
negated (driven high) when completion of the cycle is indicated by negation of the CSN or IACKN
input. In DMA mode, DTACKN is an input- monitored by the IMDC to determine when the

addressed device (memory) has latched the data (write cycle) or put valld data on the bus (read
cycle).

Rerun: Active low. This input is asserted by external error detect logic to indicate a bus error. In
DMA mode, the IMDC stops operation and three-states the data, address, and control lines,
except BGACKN. It remains IDLE until RERUNN becomes inactive, and then retries the last bus
cycle. If RERUNN is asserted again, the IMDC sets the error code in the main status byte, stops
DMA operation, releases the bus, and lnterrupts the CPU Not monitored in REG, LOCAL and

"IDLE modes.

Master Reset: Active Iow Assertion of thls pin “clears the internal registers and mmahzes the

interrupt vector register to H'OF". All bldlrectlonal I/0 lines are three-stated and the IMDC is
placed in the IDLE mode.

TClock Active high. Usually the system clock, but may be any clock meelmg the electrical

specifications. Used by the IMDC to. synchronize disk functions and external control lines, and
may not be gated off at any time. Theé frequehcy should be 16MH2+1%

Interrupt Request: Active low, open drain. This output is asserted at the end of each command
execution. The CPU can read the status register to determine the interrupting condition, or can
respond with an interrupt a¢knowledge cycle to cause the IMDC to output an interrupt vector on
the data. bus. v

Interrupt Acknowledge: Active low. When asserted, indicates that the current cycle is an
interrupt acknowledge cycle. The IMDC normally responds by placing the contents of the
interrupt vector register on the data bus and asserting DTACKN.

Bus Request: Active low, ‘open drain. BRN is asserted by the IMDC to request ownershnp of the
bus for a DMA transfer. It is negated when the bus has been granted (BGN low) and BGACKN
has been asserted.

Bus Grant: Active low. BGN Indicates to the IMDC that it is to be the next bus master. After BGN
is asserted, the IMDC waits untii DTACKN, ASN, and BGACKN have become inactive before
assuming ownership of the bus by asserting BGACKN.

Bus Grant Acknowledge: Active low, open drain. As an input, BGACKN is monitored by the
IMDC during the bus arbitration cycle to determine when it can assume ownershup of the bus
(BGACKN negated). In DMA mode, it is asserted by the IMDC to indicate that it is the bus master.
Three-stated in REG, LOCAL, and IDLE modes.

3
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PIN DESCRIPTION (Continued)

NAME AND FUNCTION I

‘the external PLL should output the crystal controlled clock to the WCLOCK/ RCLOCK input. With
to the WCLOCK/RCLOCK input.

Enable 0: Active high. This signal is asserted during LOCAL mode when the IMDC transmits disk
control signals on the data lines DO - D15. The assertion or negation of ENO is used to latch the
control signals at the disk interface.

Enable 1: Active low. This signal is asserted during LOCAL mode when the IMDC reads the
status of the disk drive. The assertion of EN1 is used to enable the status information onto data
lines DO - D15.

Upper Address Strobe: Active high. UAS is active only during DMA mode. It is used to latch the
upper address bits' A19 - A31 from the address/data lines.

Lower Address Strobe: Active high. LAS is active only during DMA mode. It is used to latch the
lower address bits A3 -~ A18 from the address/data lines.

Composite Read Data: This signal is the composite disk data synchronized to the RCLOCK
signal generated by the external PLL.

Write Gate: Active high. This signal is asserted during disk write operations. Disasserted during
all other modes.

Write Clock/Read Clock: This clock input is generated by external logic such as the SCB68459
DPLL. During disk write operations, the input is defined as WCLOCK which provides the bit-cell
frequency to the IMDC. The input is defined as RCLOCK during disk read operations. RCLOCK is
twice the data frequency and is synchronized to REDAT.

Write Data Pattern: Active high. This signal provides the write data pattern for external logic, like
the SCB68459 DPLL, to use with WRCLK and WCLOCK to generate the write data pulse stream

to a disk unit. WRDAT is an non-return to zero (NRZ) signal which changes state on the rising
edge of WCLOCK.

Write Clock Pattern: Active high. This signal provndes the write clock pattern for external logic,
like the SCB68459 DPLL, to use with WRDAT and WCLOCK to generate the write data pulse

stream to a disk unit. WRCLK is an NRZ signal which changes state on the rising edge of
WCLOCK."

Tickler: Active high. This signal is used to control an external PLL. When TICKLER is asserted,

TICKLER is low, the PLL should synchronize on the incoming disk data and generate read clock

Sector/Index: Active high. The IMDC uses the rising edge of the signal to generate the read/
write sequence. Hard sectored disk drives output a pulse for each sector boundary for the IMDC.
Soft sectored disk drives have a once around index pulse to define the start of a track.

Local: Active high. During LOCAL mode, this line controls the output enable on the bidirectional
buffers of the address/data lines.

Own: Active low. This output is asserted by the IMDC during the DMA mode to indicate bus

mastership. It can be used to enable external address/data and control buffers. Inactive in REG
and IDLE modes.

Data Direction: Active high. This signal is active during the DMA and REG modes. It controls the
direction of the data through the bidirectional buffers on the address/data bus. DDIR is asserted
during a read operation of the IMDC.

+5 voit £ 5% power Input.

Power ground input. . '

PIN NO. ‘
MNEMONIC TYPE
DIP PLCC
» ENO 14 16 (0]
EN1 13 15 (o)
UAS 11 12 (0]
‘LAS 12 13 o
REDAT 19 21 |
WRGATE 18 20 o}
WCLOCK/| 20 22 |
RCLOCK
WRDAT 21 23 o
’ WRCLK 22 24 (0]
TICKLER 17 19 (0]
SECTOR/ 31 34 |
INDEX
LOCAL 10 . o
OWNN 4 5 (0]
DDIR 9 10 0
Vee 48 52 |
Vss 29 32 |
REGISTERS

Register Map

The IMDC is a memory transfer oriented
device with minimal information transferred to
the registers. The internal accessible register
organization of the IMDC is shown in table 1.
Register bit formats are shown in table 2.
Each is 8-bits wide to allow interface to either
8 or 16-bit host systems. When the IMDC is
interfaced to an eight bit system, AQ is tied to
LDSN and the data strobe (DSN) is tied to
UDSN.

Interrupt Source Register (ISR)

These bits are used to indicate which drive
was the source of a command completion
interrupt. Bit 4 reflects drive 0 as the source
and bit 7 is for drive 3. The assertion of RESN
will initialize all four bits to zero. The IMDC will
not initiate the next command, if pending,
until the host resets the interrupt source bit.
The host should also reset the appropriate
busy bit in the status and configuration

register.

Drive Status and Configuration
Register (DSCR)

[0]8/16 Bit Mode

This bit sets the length of memory and
register data transfers. Byte transfers are
initiated when bit 0 is set to zero. This bit is
set to zero when RESN is asserted.

[7:4]Drive Busy

These bits are used by the host system to
initiate an IMDC command operation for a
particular drive. Bit 4 is used for drive 0 and
bit 7 for drive 3. After the host system has set
a busy bit to activate a drive, the IMDC
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Table 1. IMDC ADDRESS MAP

ADDRESS AFFECTED
BITS' ACRONYM REGISTER NAME MOPE BY RESET
210 o
000 EPH ECA pointer high R/W Yes
001 EPMH ECA pointer middle high , R/W Yes
010 EPML ECA, pointer middie low 1 R/W ~ Yes
011 EPL ECA pointer low . R/W Yes:
100 IVR Interrupt vector register R/W . Yes
101 ISR Interrupt source register ! R/W Yes
1102 DSCR Drive status ‘and configuration register R/W Yes
111 Reserved g ‘

NOTES: \
1. A0 =0 for UDSN asserted, AO = 1 for LDSN asserted for 16- bit mode.
‘2. In 16-bit systems, the data for this register must be in data bits DO -D7.'
Table 2, REGISTER BIT FORMATS ! BT
INTERRUPT SOURCE REGISTER ! B
BIT7 “ BIT 6 BIT & BIT 4 BIT 3 I BIT 2 l BIT 1 BIT 0
DR3 DR2 DR1 DRO
INT INT INT INT < NOT USED >
DRIVE STATUS AND CONFIGURATION REGISTER
| BIT 7 BIT 6 BIT 5 BIT 4 BIT3 | BT2 | BITH BIT 0
DR3 DR2 DRA1 DRO . 8/16
| BUSY BUSY BUSY BUSY < N NOT USED > MODE

responds by accessing the corresponding
event control area (ECA) and performing the
requested action. The host system can abort
the current drive operation by resetting the
busy bit before the operation is completed.
The assertion of RESN will initialize the busy
bits to zero (only time the IMDC writes into
this register).

Event Control Area Pointer
Registers
(EPH/EPMH/EPML/EPL)

These four registers are used by the host
system to direct the IMDC to a table of
pointers. The table consists of four 2 word
addresses that point to the location of the
four ECA blocks. The pointers are arranged in
ascending order by drive number. EPL is the
least significant byte and EPH the most
significant byte. All four registers are cleared
to zero by RESN asserted.

Interrupt Vector Register (IVR)
The IVR contains the value to be placed on
the data bus upon receipt of an interrupt
acknowledge from the CPU. The contents of
vis register are initialized to H'OF' by a reset.

OPERATION

The IMDC is an intelligent controller with on-
chip microprogrammed CPU and interface
circuitry. Two interfaces are provided, one to
the host CPU and the other to the disk drive.
The host interface contains a complete DMA

interface compatible with the SCN68000 bus.
After the IMDC accepts a command, the DMA
interface handles all transfers between the
system memory and the IMDC. The IMDC
signifies through an interrupt signal that the
command is completed.

Operation Initiation

The host must initialize the IMDGC before it
can process any command requests. The
Initialization information must be passed from
the host to the IMDC control registers. The
information consists of the data byte or word
transfer mode selected in the drive status and
configuration register. The host must also
load an interrupt vector to the interrupt vector
register and load the event control areas
registers with the start location of the ECA
pointer table in system memory.

A new command is requested using the drive
status and configuration register. The user
sets a bit corresponding to the drive to be
serviced. This causes the IMDC to start
execution of the command for the requested
drive. This can be performed as long as the
bus is available. The IMDC accepts the re-
quest but does not necessarily begin to
process it. If the IMDC is currently doing disk
data transfers to another disk drive, it will
accept the request and treat it as a pending
request for disk drive service. It does this in
order to prevent forcing the host processor to
wait for it to complete its current processing.

The IMDC will execute parallel seek opera-
tions for floppy and SA1000 type disk drives.

Because four different drives can be on line
simultaneously, the possibility exists of more
than one pending request to appear in the
drive status and configuration register. In this
situation the IMDC will process the drive
requests in ascending order (i.e., 0, 1, 2, and
3) and then start again with drive zero.

It is also the responsibility of the host to
insure the drives that are to be controlled are
in a ready state prior to issuing commands.
Commands issued to drives that are not
ready will result in the command being abort-
ed. Also if a command is requested on a drive
that goes from ready to not ready, the IMDC
will abort the execution of the command. in
both cases, an interrupt cycle will be initiated.

When RESN is asserted, the IMDC will go
through an internal initialization program
which clears the control registers and the
interrupt vector will be set to H'OF'. All bus
and control lines will be cleared and the IMDC
will enter an idle loop.

DMA Operation

After a command is started, it is executed
without further communication with the host
system. All memory data transfers are han-
dled automatically by the on chip DMA con-
troller. The IMDC indicates that it wishes to
become the bus master by asserting its bus
request (BRN) output. The processor ac-
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kﬁowledges the request by asserting its bus
grant (BGN) output whlch puts the bus up 1or
arbitration. i

The IMDC will be the next bus master when
its BGN input is asserted. The IMDC then
waits for address strobe (ASN), data transfer
acknowledge (DTACKN), and bus grant ac-
knowledge (BGACKN) to become inactive. It
then asserts the BGACKN output.to become
the bus master and negates the BRN output.
The IMDC then proceeds with the transfer of
data between itself and memory. After the
data transfer phase, the IMDC relinquishes
bus mastership by negating the BGACKN
output. Flow charts for the transfer operations
are shown in figures 1 and 2. Refer to the

L T A TEIT BT R N

timing section ‘for the equivalent’ timing' dia-
grams. .. -

DMA Transfer Rates

The serial read/write 1/0 portion of the drive
Interface is a’'dedicated slave of the IMDC
disk drive interface; that Is, a serial string Is
sent or recelveéd by the interface without
interruption. The DMA Interface, however,
must surrender the bus for arbitration ‘after
the requested number of operands have been
transferred. If the number of transfers does
not provide the IMDC with “sufficlent bus
access time, it Is conceivable that the DMA
may fail to keep'track with the disk 1/O
operation. This situation can occur if the bus
is lost for a 'long' period of time. At the IMDC,

1 e

the serial disk -transfer rate is 1.6usec per
word at a 10MHz data, rate. The IMDC pro-
cessor operates using a 312.5nsec period
clock. Three cycles or 937.5nsec are required
to perform one DMA transfer. If the system
bus is unavailable to the IMDC DMA for an
average time greater than the difference
between the drive and DMA transfer rates
(662.5nsec), overflow or underflow of the
FIFO buffer can resulit.

As an example, consider a Winchester disk
transfer data of 5Mbits/second. If the transfer
count is set to 16 words per transfer, the
IMDC will transter each 32 byte block in 156
microseconds. The transfer time will be 51.2
microseconds for the disk data to put 32
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bytes into the FIFO. The difference between
the two transfer block rates is 36.2 microsec-
onds. This is the maximum time which the
IMDC does not require the system bus.

To avoid this situation the DMA must not lose
the bus for a period exceeding the difference
in transfer rates. This can be accomplished in
a variety of ways. One approach is to allow
the DMA to have the bus mastership for the
entire sector transfer. A second approach is
delay the DMA until a sector has been read
into the FIFO buffer and to delay writing to the
disk until the FIFO is filled with one sector of
data. The first approach severely restricts the
availability of the system bus to other devices.

The latter approach requires a minimum FIFO
buffer equal to the size of a sector and
introduces a delay into the IMDC operation.

As a result, both approaches place stringent
limitations on the system and reduce the
throughput of the device.

Another alternative is to assign the bus arbi-
tration such that the IMDC always has highest
priority and that the bus must be returned in a
time segment shorter than the transfer rate

~ Table 3. INPUT PORT DEFINITION

difference. This latter solution requires exter-
nal circuitry to implement and still does not
guarantee the IMDC bus access time is
sufficient. To provide the user with maximum
system flexibility, without severely resfricting
the bus to other devices, the IMDC hag been
structured to allow the user to specify the
number of operands that the DMA can be
master of the bus. The ECA Command Op-
tion field permits the user to select ‘the
number of operands that can be transterred
before the bus is returned for arbitration. This
technique allows the user to customize the
DMA operation to the needs of the system.

1/0 DESCRIPTION

The disk interface consists of two sections.
The input and output ports that sense and
generate slow changing or static control sig-
nals and the serial read/write data section.
The parallel data is transferred over the
address/ address/data lines (A3/A19/
DO - A18/A31/D15) during LOCAL mode.
Table 3 shows the data bus assignment
during an input port bus cycle and table 4
shows the output port bus cycle assignment.
f |

- SIGNAL

! DEFINITION

BUS LINE NAME

DO INDEX Rigid disk index signal (hard sector mode) must be - i
' greater than 500ns !

, D1 READY | Drive ready ;
D2 SEEKC . Seek completed R
D3 TROA Track zero first signal !

D4 TROB Track zero second signal !

' D5 WFA .« Write protection for floppies ! Vi

. D6 WFB " | Write fault "
D7-D15 | * Not used !

! |

Table 4. OUTPUT PORT DEFINITION b

: SIGNAL ‘ CLoee e

BUS LINE NAME DEFINITION R
DO HEAD1 Head select 2**0/side select for floppy disks.set to '0' .

for single sided floppy disks ‘
D1 HEAD2 Head select 2**1
‘D2 HEAD4 'Head select 2**2 that can be transterred,
D3 HEADB8 Head select 2**3 L L
D4 HEAD16 Head select 2**4 . ‘o
D5 Not used
D6 STEP Step pulse 10usec long (period set in ECA)
D7 DIR Direction of head movement (a high corresponds to
‘ head movement toward the disk spindie) '
. bs LWC Low write current .
D8 | mOT Motor on " D

. 010 PRECOM | Precompensation enable RO,

' D11 HOL "' ''| Head load for ﬂoppy disks )
D12 "SELO Drive 0 select S N S TR
D13 SEL1 Drive 1 select A
D14 SEL2 Drive 2 select 7 gt

D15 SEL3 Drive 3 select

The two signals enable 0 (ENO) and enable 1
(EN1) are used to gate the signals off or onto
the bus. ENO is used to latch the bus during
the output cycle and EN1 is used to enable
the input data onto the bus.

Input Port

The input port consists of eight lines to input
disk status information to the IMDC. All sig-
nals are active high. To accommodate differ-,
ent drives, signals TROA, TROB, WFA and
WFB are used. The IMDC will respond to any
one of the signals which becomes active
high. The drive will not activate these signal
simultaneously.

Output Port

The output port consists of the signals corre-,
sponding to bus lines DO through D15. All
signals are positive logic. A practical imple-
mentation of the output port would consist of
standard octal registers.

EVENT CONTROL AREAS

The host system communicates with the.
IMDC through the event control areas (ECAs)
which reside in system memory. An ECA
parameter block is set up for each disk drive
(up to four) to be controlled. These areas,
contain information that is required by the'

IMDC to execute a disk command. This'

information includes data about the request-
ed command and the disk drive. The host.
prepares for IMDC operation by loading the:
ECA pointer table in system memory with the'
address of each of the ECA blocks. The disk;

*drive to ECA block assignment is determined

by the relative position of the pointer in the)
table. The first table entry corresponds to.
drive zero, the second entry to drive one, etc.
(see figure J). |

|

The IMDC microprogram will use the data’

. contained in the ECA block to generate the:

disk interface signals and perform the re-:
quested drive 1/0. Prior to informing the host
of a command completion, the

IMDC writes the return status information to
the appropriate ECA block memory. Table 5
describes the format of the ECA block.

The communications between the IMDC and
the host are established through the ECA.
Alteration of 'the ECA by 'the host after a
command has been accepted by the IMDC is
not allowed.,

The static and dynamic (see ECA fields) ECA
command parameters should be verified by
the host before new command' execution'is
requested. During execution of a ‘command
involving multiple" sectors,’ it ‘is*possitile that
dynamic va|ues generated by ‘the IMDC could
be invalid. The host does not havé’ access
during this time to alter or even check these’
values, therefore, it is the res;;onmblllty of the
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‘ Figure 3. ECA Block Addressing

host to not only guarantee the integrity of the
initial “parameters but also’ to insure that
values calculated by the IMDC during the life
of a command remain valid. For example, the
IMDC cannot know that a calculated DMA
address is valid until it attempts to transfer
data. .

Implied in the execution of any disk operation
is reading of the ECA data by the IMDC to
load the drive control parameters. At the
conclusion of a disk operation, the IMDC
performs a write operation to the correspond-
ing ECA parameters to store the results of the
command. Both reading and writing of the
ECA fields by the IMDC utilize the host/DMA
interface to arbitrate for the system bus and
to perform the required -handshaking.

ECA FIELDS ' "' ' "

As an IMDC command proceeds through its -

execulion; it references and alters various
fields of the ECA. To gain a better under-
standing of the interactions between the
IMDC and the various ECA fields, the ECA
data can be separated into four general
categories. o
1. Command, command status, and execu-
tion parameters o
2. Programmable record processing fields
3. Disk Format Fields
4. Drive Control Parameters

These categories differentiate the ECA fields
not only in content but in terms of the access
and alterability.

|

Command, Command Status
and Execution Parameters

- These parameters consist of the ECA data
-fields required by the IMDC to execute a

command. The fields can be further separat-
ed into static fields and dynamic fields. The
static fields are valid for the duration of a
command; the IMDC does. not alter any
information in these fields as long as the

..command is being processed. The dynamic

fields provide the ‘'local storage' needed to

.. execute multiple sector commands. . The
.IMDC uses the dynamic fields of the ECA to

maintain the current execution status:of the

on-line disk drives.
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Table 5. ECA BLOCK FORMAT"

WORD NO. | 15 ' 8 7 0
00 Command code Main status
o1 o Extended status
02. 7/ Max # of retries "Actual # of retries
03 DMA count Command options
04 . Buffer address most significant word
05 Buffer address least significant word
- 06 Buffer length request
07 # of bytes transferred
, 08 Cylinder number .
09 Head number Sector number ‘ .
10 Current cylinder position ‘
11 PRP command control word b
12" Location of SCWT, most significant word A
13 Location of SCWT, least significant word .
14 Scan terminator , [  Reserved ‘ .
- .15 ! Maximum record length - 1 o o b
" 16 NO - Pre index gap N1 - Post index gap : e
17 N2 - Sync byte count N3-Post ID gap * ' pee
18 N4 - Post data gap N5~ Address mark cnt = e
( 19 L Reserved e
1 ,20-22 ' ECC mask (3 words) ™ v
- 23° ' "Motor on delay # of heads
.‘ 24 X ~ Ending sector # Stepping rate
- 25 Head setting time Head load time
26 Seek type Phase count
L 27 Low write Current boundary track
28 Precompensation boundary track
29 - 31 ECC remainder (3 words) raew
32 . ) Maximum number of cylinders per surface
33 First sector/sector length I Flag byte
'34-35 ' B -tree pointer (2 words) _ b
36-45 IMDC working area W
' . 10 words ‘

* Physical starting sector number.
.~ "*. Programmable record processing parameters.

hee ‘Tfack format fields,
0000

st

Command Code (1 Byte) °

The command code indicates the command
to be executed. Table 6 lists the valid IMDC
commands and their associated codes. For a
complete description of each command refer
to the command description in the Command

- C‘qchon. L -

ECC remalndef will be aligned to the MSB byle of this field.

Main Status (1 Byte) ‘
This field contains the general oriented status

information about the command execution.

This encoded byte is updated at the comple-

tion of the current command and before the

interrupt is asserted. Table 7 shows the

possible values which may be returned by the

IMDC.

BRZE TR IR YR I Co

P gt ety 0

Extended Status (2 Bytes)

This field contains specific bit oriented status
information about the command execution. If
errors result during the execution, the corre-
sponding bit will be ORed into extended
status and kept there. This OR function can
be used by the host system for error logging.
The extended status will be reset to zero by
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Table 6. COMMAND CODES

the IMDC at the beginning of the command

execution. The error defmmons are shown in
table 8.

COMMAND HEX

MNEMONIC | CODE DESCRIPTION
WRMS 00 Write multiple sector S

WRDD 01 Write: with deleted data flag

VER ! 10 Verity \

REMS . " Read multiple ' sector '

PRP f 12 Programmable record processing : ‘
TSR 13 Transparent sector, read.

RETD 20 Read identifier’ e
FORM 40 - | Format o
CALB 41 Recalibrate to track zero '

CORR 81 Correct data o
DIAG 80 Diagnostic

Maximum Number of Retries (1 Byte)
This parameter specifies the maximum num-’
ber of retries per command (not per sector)
that the IMDC attempts, after a disk operation
error. Loading a zero value indicates that no:
retries should be attempted. This byte will not
be used if a bus error or FIFO under/overrun’
error occurs during the command execution.’
A These two errors will cause an immediate’
N command abort. If an identifier is not found,
16 revoluuons of the disk will be tned before
exit.

Table 7. MAIN STATUS CODES

]

~ Actual Number of Retries (1 Byte)

; : This byte is set by the IMDC to the actual
DECIMAL | ; : o number of retries executed per command. All
VALUE DES?H'PT'ON L retries are accumulated by the IMDC on a

; e tor by sect is.

0 Correct execution without-error . sector by sector basis

R Irrecoverable error which cannot be completed {auto retries are at- DMA Count (1 Byte)
! tempted, see extended status) e This byte contains a DMA transfer count. If a
2 Drive not ready - v i 1S ! |+ zero value is specified, the IMDC: transfers:
3 'PRP operation unsuccessfult ‘ T v, | | only ong.operand ahd surrénders the bus. A
4- 5i Not used - - N ¥ i ' --’transfer amount of 1 to 1elcan be specmed
B IR | ey o :
- , 69; ﬁo:nmar;d ‘tejected S - Command Options (1 Byte) ' i
( . 1'0 : C° use 4 abort (b bit by h : " . . - This byte contains options that are to apply lo
- ommand abort (busy bit reset by host) ., 1) 1y ~ the current command. Valid options for han-'

11-255 Not used

TEIRIS BN
v

IR I ,dung of deleted-data address marks are de-|

X X T
|

Table 8. EXTENDED STATPS’f""j o T

. Scribed in table 8. Sectors with the deleled-
data address mark (bits 0 1 of the option

1""field) ‘will be handled as' shown for read

L IR
DATA BIT e . DESCRIPTION o
0 Write fault N N IR !
1 CRC/ECC error on data or ID et et e
2! FIFO overrun/underrun S e
R No identifier found St G
, 4 || Not used A R B O R IR A o nu'mm \‘u
5' | Deleted data address mark ‘ ; " mm ,“,
6 i Write on write protected diskette - o e
7 Positioning error A
8! | Data part timeout Lo peds e A
9 | Not used e O
10 Uncorrectable data error (ECC)
11 Not used
12 Not used '
13 Positioning timeout et iy i ke
14 Not used o
© 15 ?ds‘Error‘Feultt'(DM/f\'operation) frorai® By ek pted

“operations, excluding those associated with
“the PRP command. Some retries may be
necessary in these steps. They all start with a
. new. identifier search. : :
: . PR A
’ - Buffer- Address ‘ |
.This is a 31-bit starting buffer address for the:
w\DMA transfers. The LSB of the address field,
""" defines the even or odd address of the 16 bit
<~ words when in 16-bit mode. For the 68000,
only the first 23 bits are used for addressing.,
--.The additional bits can be used to implement
the function codes.” It should be noted that
the IMDC does not protect the upper address
lines, AD25 ~ AD31, fror counter overﬂow It
is up to the operator to prevent transfers
between the IMDG.and memory greater. than

PR B TR TR VIR N B IR TN TR AFITINR MR ,.‘.‘, USRI

[ ) [T an|

N ]
- -

the 68000 addressing range.. For PRP. com-
mands, ; this field. contains. the pointer 1o the
content of the matched record data. (see
Programmable Record ,Processing section).

Buffer'Length ‘Requested (2 'Bytes) "
This field contains the requested number ‘of
bytes to be transferred. This field implicitly
defines the number of multiple sector trans-
fers to be performed. A seek only will occur
when a zero length is specified. For the
format track command, this value is used to
terminate the operation.

Dy o asedpd
Con i) ~yff
A BTSN TRV B R R 1S

il grpg et

P
P,k e
Cenodsy elitipan
TR

IR

/0
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Table 9.: COMMAND OPTIONS

oy e

B B;T,‘ | FORMAT ‘ . OPTION DESCRIPTION
“9=0-[' " 00 ' | FM, IBM single density format -~ = .
vt ohe 01 -l MFM, IBM double density format EERRRNTUC
“tvol 40 | Programmable disk format SR
ST | pyte cylinder Y S RO
et ek qq Programmable- disk format SRR e
2 byte cylinder* e :
2 . | Not used .- P
4-3 .00 - | Select CHC—CITT (CRC-16)
I R . polynomial " B
01 . .|, Select 32 bit ECC polynomlal o
10 Select 40 bit ECC polynomial
11 Not used :
5 0 The sectors with deleted-data address mark will be skupped as
if it did not exist. A successful CRC/ECC check is not required.
1 The data of the sector, with deleted-data address mark will be ,
: transferred to the host system and the operation terminated '
‘6 K Not used ' '
7 T Hard sectored disk e B

Actual Number of Bytes Transferred

(2 Bytes)

This field indicates how many bytes have

been actually read or written during a com-

mand execution. The value can be used, for
ample, for a location of a problem sector

- with an irrecoverable error. The value of this
field can be changed by the IMDC during the
execution of a command and used as an
intermediate field.

Physical Starting Sector Number -

(4 Bytes)

Cylinder, head, sector - This fleld contains
the physical disk sector location at which the
command is to begin execution. The format of
the field is shown below:

Cylinder High

Head Number

‘Cylinder Low

Sector Number ’

vy : FRTIR

Current Cylinder (2 Bytes)'
These two bytes will be updated by the IMDC
after each positioning. At the beginning of the
IMDC reset, they should be set by the host
system to zero, because most of the hard
disks have built-in automatic recalibration. .

Programmable’ Hecord
Processing Fields (10 Bytes)

The programmable record ptocessing fields
are described in the Programmable Record
Processing section. .

(’:\ sk Track Format Flelds
" (8 Bytes)

The disk track format fields are described in
the Disk Track Format section.

ECC Mask (6 Bytes) '

These six bytes define the error correction
polynomial. The standard notation of a poly-

nomial is: X*0 + kag X3% + eee + k¢ X' + ko X0

The coefficients kag through ko may be any
combination of 1s and 0s. For a given polyno-
mial, an equal combination of bits in the mask
register will initialize the IMDC logic {o gener-
ate or check the same polynomial on the disk.

Drive Control Parameters

These fields contain information that define
the disk interface to the IMDC, This informa-
tion is provided by the host system and is not
altered by the IMDC. The IMDC micropro-
gram, that controls the disk drive 1/0 issued,
continually references this information during
the execution of a command. Because of the
potentially large number of possible variations
of interfaces, the IMDC cannot provide exten-
sive verification of the parameters contained
in these fields. Protection and verification of
these fields are primarily the responsibility of
the a host operaung system and. not the
IMDC. - AT Co T e

P . I

Motor on Delay (1 Byte) "
This field contains the motor on delay (period)
in ten millisecond units. A value of zero
represents a zero delay timeout.

Number of Heads (1 Byte)
This value is the number of heads on the disk
unit. The maximum value is 128.

Ending Sector Number (1.Byte)
This value is the last sector on the track
(cylinder) for the disk unit.

Stepping Rate (1 Byte)
This field contains head stepping rate (period)
in' 500usec units If applicable,' " "

i

Head Settling Time (1 Byte)

This field contains head settling time in
500usec units. If a non-zero head settling
time is specified, the IMDC assumes that a
seek complete is not available from the drive.

2

Head Load Time (1 Byte) = ' o
This field contains head load time in 500useéc
units. For all’ hard disks, this' value  must
always be set to zero by the host system

Seek Type (1 Byte)
This field defines what type of seek position-

ing is to be performed. R

VALUE ) Dsscmmou: i}
0 Normal single step seek
1, .| ST506. with, accegeraled
| seek
T2 Disk with' buffered seek

Phase Counter (1 Byte)

This field contains the phase counter which is
a status of the command executuon set by the
IMDC. s :

Low erte Currenl Actlve Track

(2 Bytes) L
This field defines, to the IMDC, the track at
which low write current (LWC) output signal,
on the output port (bit 8), is to be asserted.

Precompensation Active Track (2 Bytes)
This field defines to the IMDC the track at
which precompensation signal (PRECOM) is
to be asserted at the output port (bit 10).

ECC Remainder (6 Bytes)

This field contains the ECC remainder gener-
ated by the IMDC read operation. This re-
turned value will be zero unless an error is
detected.

Maximum Number of Cylinders

(2 Bytes)

These bytes define, to the IMDC, the maxi-
mum cylinder count for the disk unit on line. If
an operation is specified beyond this bound-
ary, the IMDC:will- abort the. command

Sector Length (1’ Byte)

This byte defines the 'sector length as a
power of two multiple of 128 bytes, i.e., sector
length = (2% ) (128 bytes). The minimum
sector length' of 128 bytes is specified by a
zero value while the maximum length of 4096
is specified by 5. The most significant bit of
this byte is used for the IMDC's starting
sector number, either 0 or 1. The three least
significant bits are used for the secfor length.

Flag Byte (1 Byte)

This byte is placed in the ECA by the IMDC
during a transparent sector read (TSR) com-
mand operation. It is the flag byte for the data
field part of the sector.

B-Tree Pointer (4 Bytes)

The IMDC loads the physical sector number
of the last record match when in the PRP
command mode and in the B-tree scan func-
tion (see the Programmable Record Process-
ing section for further details). = '
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IMDC Work Area (20 Bytes)

These ten words are reserved for the IMDC
microprogram. The meaning of certain bytes
of this area will be determined by the com-
mand being executed.

COMMANDS

The following is a generalized description of

the sequence performed by the IMDC to

execute a command:

a. The IMDC checks if the drive is available.

. lfitis not, the IMDC generates an error

. status and a completion interrupt.

b. The IMDC executes a track seek if nec-
essary. For drives which have a seek
complete signal (as indicated by a zero
value in the head settling time field of the
ECA), a command termination can be
caused by the timeout of the drive signal
SEEK COMPLETE. Drives for which the
head settling time is non-zero, the IMDC
waits the specified time after issuing the
stepping pulses (that is, there is no time-
out on the seeks).

¢. The head will be selected, or for a floppy
disk, loaded. The IMDC will wait four byte
times to insure head switching has oc-
curred.

d. 'The IMDC reads the sectcr identifier to
locate the requested sector. If the IMDC
is unable to perform the sector identifier
read, a retry is attempted for as many
times as specified in the ECA maximum
number of retries parameter. If the retries
are all unsuccessful or if no retries are
specified, the command is terminated
(step g) and the status 'no identifier' is
returned. If the matched sector identifier

" indicates a bad sector (see Track Format

- description), the IMDC uses the replace-
ment information to perform steps b and
¢ for the new sector. This bad sector
replacement is not counted as a reftry..

e. After the requested sector has been
located, the IMDC performs the sector

., disk 1/0 (read or write) and DMA opera-
tions. If the operation cannot be complet-
...ed, the retry processing described in step
d is attempted. A failure in this portion of
.the command is indicated by the return
status 'data part time out', which distin-
. guishes it from the read identifier failure
of step d.
f. If multiple sectors have been specified in
'the tommand, the IMDC assumes contig-
uous physical sectors: steps b, ¢, d and e
‘are repeated for each sector. The IMDC
automatically performs any track seek
required if the next physical sector is
Iocated on the next cylinder, When the
. sectors are interleaved, the IMDC re-
peats step d until the correct sector is
located.
In the case of a bad, sector replacement,

the IMDC continues the multiple sector

operation, after the replacement sector,
at the sector physically located after the

bad sector. It performs all the necessary
track repositioning required to return the
drive head to the next physical sector.
g. Upon command completion, all relevant
ECA fields are updated and the appropri-
ate bits of the 'interrupt state status' and
‘drive status and configuration' registers

are set and an interrupt signal is generat- - -

ed by the IMDC. Upon interrupt acknowl-
edge, the IMDC presents the interrupt
vector from the interrupt vector register
on the data bus.

Command Description

In the command descriptions, the term FIFO
Is used to refer to the internal memory of the
IMDC when it is used as a FIFO buffer.

Write Multiple Sector with Implied Seek
(WRMS)

After the desired sector is located, the IMDC
will write the complete data part; preamble,
address mark, flag, data, CRC or ECC and
postamble. The precise format is given by the
drive type. The FIFO will be continuously filled
with the new data from the buffer. The
number of data bytes written in‘one sector is
determined by the IMDC using information
from the ECA fields. This operation is repeat-
ed until the number of sectors, implied by the
buffer length lleld of the ECA have been
wntlen S

Write wlth Deleted Word (WRDD)

This command differs from the normal write
only in that the flag or address mark written is
the deleted data address mark, or . flag.

Verity (VER)

Verify with implied seek is the same function-
ally as the read command, except the IMDC
compares the ECC or the CRC for accuracy.
No data is transferred to.the system..

Read Multiple Sector wlth Implled Seek

(REMS)

After a successful seek to the desired sector,
the IMDC will start to read the data of the
sector, fill the FIFO buffer and check the CRC
or ECC code. This sector data is transferred
through the DMA interface to the host system
memory. This procedure is repeated until the
number of sectors, implied by the buffer
length field of the ECA, have been read. For
sectors with the deleted data address mark,
the IMDC will process them according to the
options selected in the command option field
of the ECA.

Programmable Record Processing (PRP)
Refer to the Programmable Record Process-
ing section.

Transparent Sector Read (TSR)
This command will read a single error sector
and transfer the data to the FIFO buffer

regardless of a CRC or ECC check. Only the
extended status will be correspondingly filled
with all errors encountered. The transparent
sector read can be used for diagnostic pur-
poses and, with some manual help, for recov-
ery of damaged data. In case of an incorrect
CRC/ECC remainder, the IMDC discards the
remainder into four bytes reserved in the ECA
for this value. -

Read Identitfier (RETD)
This command will read identifiers as they
come from the disk and fill the whole buffer
with records consisting of:

- flag byte

= ID data

- CRC

- remainder generated by IMDC

- A CRC error.will not terminate the execution

of the command. For ‘'soft sectored formats,
the command execution will begin' and end
with the detection of an index pulse. For the
hard sectored formats, the IMDC will detect
and count sector pulses to determine the
command termination.

Format a Track with Implied Seek
(FORM)

The IMDG supports four different media for-
mats (see Disk Track Format section). This
command allows the user to write the format
information,  as spécified by the ECA track
format fields, to the recording media.

Recallbrate to Track Zero (CALB)
The function of this command is to retract the
heads to track 0. The IMDC issues one step
'IN' and then steps 'OUT' until the signal
track 0 'becomes active or the maximum
number of steps equal the number of cylin-
ders from the ECA. The check on seek
completed timeout will be made for the hard
disk. The function recalibrate can be initiated
automatically by two conditions:
- Encountered error in cylinder number
by reading or writing.
- Writing zero into the current cylinder
in ECA. L '

Correct (CORR)

This command provides an error mask which
is used to correct the data in the memory. It
uses the ECC remainder field of the ECA. The
IMDC will put the error correction vector and
its relative position from the end of the data
buffer into the ECA.

The 24-bit ECC correction’ mask will ba
placed in the flag byte and first half of the B-
tree pointer of the ECA block. This is the least
significant byte of the 33rd word and ttié 34th
word of the ECA block in memory as shown in
table 5. The offset count will be placed In the
second half of the B-tree pointer or the 35th
word of the ECA block. This is the relative
offset from the.last byte transferred to memo-

)
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(»/ ry, plus four for a 32-bit ECC or IIVG for a 40-

bit ECC. '

Chip Diagnostic (DIAG) B
The IMDC will exercise the 16-bit counters;

the record counter, the record length counter, .

the buffer length counter, and the time out

counter. If everything is functioning properly,

the IMDC places a zero byte into the main
status. Otherwise, an irrecoverable error bit
value is set in the main status.

DISK TRACK FORMAT
The IMDC supports four different track for-
mats:

- |BM-3740 single density

- IBM System 34 double density

- Programmable soft sectored

- Programmable hard sectored

In each of the formats, data on the physical
media is separated into blocks of information
or sectors. The format serves several pur-
poses in this arrangement; it defines the
structure of the sector, the location of the
actual data, and provides gaps and sync
bytes that allow an interval for any switching

“~quired by the drive hardware. These inter-

is, in turn, allow the IMDC to compensate

(» tor any variations in either the recording

media and/or the drive hardware. Although
each of these formats is well defined, varia-
tions of parameter values within a given
format require that the IMDC provide the user
with the capability to program them.

Because there is no one standard which
defines track format parameters, a descrip-

tion of them and other pertinent definitions *

are included in this section. See table 10 for
track format definitions. Tables 11 and 12

provide a summary of. the formats and tha,

Table 10. TRACK FORMAT DEFINITIONS : IR | |

programmable values. The followmg defini-

tions apply:

The format command operation is performed

. by the IMDC as integral operations on a per

track basis, as opposed to normal disk 1/0
which is on a sector basis. This technique
was selected as a compromise to satisfy two
conflicting - requirements command efficien-
cy versus equal access of on-line drives to
the IMDC resources. Obviously, these com-
mands would be most efficient if allowed to
monopolize the IMDC resources. However,

this situation would prevent any other drive .

from being serviced until the command had
been completed. Normally these commands
are background tasks with the other disk
operations having a higher priority. For this

reason, allowing the IMDC to concentrate

completely on either command is not a good
+gystem: practice.

The IMDC becomes available for other pro-
cessing after a full track has been processed.

_In the worst case situation for the format

command, the time the IMDC will not be able
to process the other drives will not exceed

two disk revolutions. This would occur for:

disks in which the index pulse was 'just
missed and a complete revolution |s required
to find the pulse.

The programmable soft sectored disk format,
which is used mainly for hard disk drives, is a
MFM format which is nearly identical to the

IBM double density format. The hard sectored *

disk format is used for rigid disks with an

internal sector clock and is similar to the soft -
except that each. sector:

sectored format,
starts with the sector pulse rather than a
related byte count from the index pulse.

i '

PR

The format track command allows the user to
write formatting information to the recording
media. Specification of format parameters is
accomplished by changing appropriate ECA

fields. This structure gives the user a tremen-

dous flexibility to accommodate, through
changes in the ECA, variations that occur
within a given format.

For non-hard sectored disk formats, the
IMDC writes the sector identifier and fills the
data part with the fill byte starting with the
leading edge of the first index pulse and
ending with the leading edge of the next index
pulse. For hard sectored disk formats, the
format information is written between sector
pulses.

Tables 11 and 12 show the possible layout of
the track information in table format. Table 11
is for the floppy parameters and table 12 is for
the rigid disk format parameters. In table 11
each of the different fields on each track is
described. Associated with each field is
where the IMDC gets the data, either from the
ECA register locations or through the DMA
process from the system memory.

ECA Track Format Fields
For the four formats supported by the IMDC,

. eight parameters are required to specify the

format of the recording media to the IMDC.
The format parameters are programmed by
changing the values of the appropriate ECA
fields. The layout of the track formal portion
of the ECA is given in table 13.

NO and N1 are ignored by the hard sectored
format and only N1 is applicable to the
programmable soft sectored format. N5 con-
tains the number of address marks contained
in the address mark subfields for the activel

NAME SUBFIELD FORMATS . "' DESCRIPTION H

NO Index ! IBM only Pre-index Gap. This gap represents the number of bytes lhat ap-’

‘ ’ pear prior to the index’ pulse.
N1 Index All except Index Gap. This gap represents the number of bytes that appear
hard sect after the index pulse and prior to the ID subfield. .
© N2 ID, data All ‘ Preamble count or sync. This is the number of index sync bytes -
‘ that precede the. address mark. )

N3 ID All Post ID gap. This count is the number of bytes that separate the
ID subfield from the data subfield.

N4 Data All Post data gap. This count is the number of bytes that separate
the data subfield to the beginning of the ID subﬁeld of the next
sector.

N5 ID, data IBM Address Mark Count. This contains the number of index address
marks contained by the subfields. For single density formats, the
count is one and for double density the count is three.

ID, data Prog The number of data part address marks is a 1, 2 or 3. The num-
ber of ID address marks is always 1.

/13
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C Table 11 SUMMARY OF FLOPPY FORMAT PARAMETERS

' ' IMDC HEX DATA HEX DATA

o DESCRIPTION USES " VALUE FM CNT " VALUE MFM CN’l"
Pre-index gap . . NO : v FF 40 - 4E 80
Sync field = N2° | . 00 6 ~ 00 - 12 ..
index mark = " N5« | FC/O7! -1 i..Cc22 . 3. -
Index flag ' ! o= .= .- FC 1 e
Index gap N1 . FF 26 .. 4E . 50. .

«Sync field - N2 - 00 6 00 : T2 A
-ID- address mark - ] .| - FESCT? 1 A8 23
-ID address flag - . ' ¢ S R I - . FE 1
.Cylinder RIS . . DMA . . : O E 1
. Side oy ! Yoy OMA, o Lo n 1 oF Vo
. Sector : ] ,, DMA SR I I B - - R 4
"Record length " L T DMA Y ot ol 014 1 ‘
‘CRC-CCITT 7 R o e 2 Repeat as !
Post ID gap B A I FF 1 " 4E 22 fequlred

- .Sync field - N2, |~ 00 .. 6 . .00 12 '

*‘Data address mark - - N5 _FB/CT! 1 ~ A8 3 (
Data address flag S - - FB 1 '
‘DATA (see note 4) . : D l Fill byte 256° “Fill byte. .-..| -« 256... .

. CRC-CCITT N IR I .- - 2 D Ly 2. . ,
Post data gap N4 ' | FF 27 4E 54 v
Inter-record gap® o , FF, 170 4E 598

NOTES: ‘ - B [

1. Shows data paltern and clock pallern (clock pattern: normally FF)

2. Shows data p‘attem clock petlem should suppress clock bit between data bit ,;
' '3 and’a, " ! . . . "
(, ) 3 Shows data pallem clock pallern should suppress clock bll between data bit \ ,-,' .

‘4'and 5. i vt . o

4, This- example is for a 256 byte-sector, others will have-different. values. et ! '

5. This is: an.approximate count. . .: coadne b ozt o - ";

Table 12. SUMMARY OF RIGID FOBMAT PARAMETERS o '

IMDC ' HARD SECTOR SOFT SECTOR

D .
"~ DESCRIPTION '
USES - Hex Data: -. Hex Data '
' - Value Pgm Cnt Value Pgm Qnt

Index gap N1 A 22 C ot 4E 22
Sync field N2 00 13 0 , A3 _ 1;_ o
ID address mark N5 Al 1 A 1" ' :
ID address flag FE 1 Y L= SR E 1 » ; .
e | oua R T R I
Head e e |; DMA Seaerit]y TR TN * "'“ i

-Sector : - ‘DMA . . 1. . P 1 : g
CRC-CCITT «i " b v e i e ey aiet | el i o 24, 2 ! ir2 Vi |
Post ID gap no N8 fer i 00 3 00 3 Repeat as l
Sync field B R RO R IR F 00 13 required
Data address mark, . . N5 A 1. A1l 1 ;
Data address flag ' FB ' 1 FB 1 ;

" DATA (note 2) : - - Fill Byte . 256 .. Fill Byte 256 |
CRC-CCITT .| note 3 2,46 note |3 2,46 i
Post data gap N4 00 - -3 00: 3 !
Inter-sector gap* ¢ v 4B > 15 4E 16 v l
'~ Inter-rec gap* . I R 4E 346 o

C NOTES: =~ =~ ' - o B T . |
/ 1. Shows data pattern; clock pattern should suppress clock bit between data bit 4 and 5. !

2. This example is for a 258 byte sector; olherc will have different values.
3. Can be either a cnc-ccm 32-Bit Ecc or 40 Bll ECC Fleld
4. Approximate oounl s o

| (R0 L T B R A ol w

. .
| [
' L

e
R S
T A

eT
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format; valid values are either one, two or
three. N2 must be at least (our.

Format Parameters

Although exhibiting some differences, the
parameters that constitute each of the four
formats supported by the IMDC are basically
similar. In each format the data on the disk-
ette or disk is separated into a logical data
block or sector. The sector becomes the
smallest block of information that can be
addressed directly by the IMDC.

The programmable soft sectored and the two
IBM formats organize the physical disk into a
circular path or track, which, in turn, is sepa-
rated into several sectors. In this scheme,
tracks on the media are referenced with
respect to a physical index mark. An index
mark pulse is generated by the media to
indicate the beginning of a track. By specifica-
tion of a track and sector, the location of a
sector on the media is uniquely addressed
(for at least one side of the media). The
programmable hard sectored format also
uses this track and sector structure, however,
it differs from the other formats in that in
addition to the index pulse, each sector is
oreceded by a sector pulse.

1each of the formats, a sector can be further
separated into two parts or subfields - an ID
and a data subfield. The |D subfield contains
a unique identifier (or-address) and .descrip-
tion of the sector. The data subfield contains
the actual data of the sector. Both subfields
contain three types of Information: '
1. Address mark - unique character which
precedes the data in the subfield. For the
MFM formats, (non IBM single densnty) it
is followed by a single character, the
address mark ‘flag, which - further: de-:
::-scribes the subsequent data. - "
2. Data (either actual or about the sector).’
3. Error report - pattern generated by the
IMDC that is used to venfy the da\a
transmitted. ‘

ot o .
Both fields contain sequences of characters
called 'gaps' and 'syncs' that are -used to
differentiate the sector sublfields and to pro-
vide an interval that allows any hardware
switching to be performed. As a result, these
sequences' provide any timing compensation

due to variations in @ither the recording medua
or the’ disk drive. '

. '

For the programmable hard sectored and IBM
formats, (formats that use the index pulse), a

- *hird subfield, the index subfield, is utilized.

Table 13. ECA TRACK FORMAT

15
Word
16

8 7 0

NO - Pre Index Gap

N1 - Post Index Gap

17 N2 - Sync Byte Cnt

N3 - Post ID Gap

18 N4 - Post Data Gap

This subfield appears prior to the first physical
sector of a track on the recording media and
has subfields which contain gap and sync
sequences. Unlike the other two fields. it
occurs only once per track and contains only

the address mark information. i )
i

Format Table a

Table 14 contains the tables used by the
IMDC during the format operation. Each table
section is unique for the four different format
types the IMDC can execute. The table is
addressed by the SCWT pomter in the ECA
block in RAM.

Provisions for a Bad Sector
Substitution by Formatting

The IMDC command provides a convenient
mechanism for handling bad sectors on the
recording media. For example, consider the
identifier (ID subfield) layout for a good sector
using the programmable soft sectored format.

Coding
. , Bytes  Data/Clock
Preamble(sync) N2 00
Address mark 1 A1/A0
Flag ey FE (norma!)
Cylinder number 1or2 " t
Head number ' 10
Sector number’ RO o
Sector length ' 1 ety
CRC-CCITT 2 e e
Postamble < R E
Post ID gap N3 Pt
The data part of the seclor s ‘
- COdlng
' Bytes - ‘Data/Clock
Preamble(sync) N2 -
Address mark.. -, - N6.+ A1/A0
Flag ' -4 *(FB (normal)
St e or F8 (de-
-leted)
Data v 128X**L- L is the num-
. ber between
0 and 5
ECC Ne
Postamble U
Post data gap ‘N4 - Ui

B o x VUMY e et

AR T R T IS T I A 1)

vy e » cngagee
sofedon sy o 0t

Ib'f,d!f‘ﬁ'

EE I N i e £ 0 d

I IR TR S

N5 - Address Mark Cnt

The'media sectors with defects cannot be
used for recording data. The host can replace
any bad sectors it encounters during format-
ting with good sectors. Sector replacement is
accomplished via the coding of identifiers (ID
subfield) during the formatting. A bad sector
is identified by the host placing an X'FF' in
the sector length field of the ID part of the
sector. The identifier for the bad sector is
then extended with information pointing to the
replacement sector.

Usually, there will be more than one identical
bad sector identifier on the track for the same
media defect. In this way, a later correct
reading will be possible independent of the
position of the media defect. During the read
and write, the IMDC will automatically issue a
seek to the replacement sector cylinder.
There is no restriction on the placement of
the substituting sectors. The identifier for a
bad sector for the previous example would
then appear as:

Coding
Bytes  Data/Clock
Preamble N1 00
Address mark 1 A1/A0
Flag : 1.  FE (normal)
Cylinder number 1or2
Head number : - - 1 MSB set to 1
for bad sec-
tor
Sector number 1
Cylinder number 2
Head number 1
Sector number 1
CRC-CCITT 2
Postamble 4
Post ID gap N3
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- Table 14. FORMATS

v IBM FM
15
01 00
FE 00
80 N3-3
FF Sector length
01 00
B’ 00 |
Fill byte 00
L FF | Nas
FF . 00
T o NS
DC 00
FF. - - 00

P

¥

)
T

PROG 1 AND 2 CYL
15 o 0
, 00 00
CAL | FE
N ™ N3,
’ 00 * Sector |ength
00  N5-1
A1 FB
Fill byte 00
00 N4-2
4E 700
€&, |, 00 .
00  cfi00t
h 00 " 00,

Note that these lables are" aligned to an even address boundary;. :*

PROGRAMMABLE RECORD

PROCESSING
The lollowmg dehnltions apply:

Key

Character string that the IMDC is to Iocale,

and match.

Scan

Search operation performed by the IMDC in
trying to match the key.

Field (data item)

Smallest unit of named data. It consists of

a string of characters that has a user defined
significance. Records are formed by joining
several fields together.

Record

Named collection of data items (fields) that.

has significance to the user.

Key Field ' oo
Field that contains the key data.

File
Named collection of all occurrences of
given type of record.

The IMDC can be instructed to locate a

specified string of characters within a logical

data block on the recording media. After the

string has been matched, the IMDC can

perform the following additional functions:

® Retrieve and store the content of the
logical data block

® Process a pointer from the data block
® Locate all data blocks that satisfy some
search criteria

These primitive functions constitute the pro-
grammable record processing (PRP) capabili-
ty of the IMDC, which can be used to form the

basic support of more sophlstncated apphca-

tions: such as:

® Directoty processing ' i

e Data block retrieval for dala base .
‘management systems

® Processing of complex file structures
(linked and mapped file structures)

® Searching of mullilevel tree or network
data structures

The programming for the PRP functions con-
sists basically of two parts. One part involves
loading of ECA fields with parameters that

define the PRP operations and the physical:

representation of the data to be' processed.
The second part consists of table(s) which
describe the search criteria on a character by
character level. oo

PRP ECA Fields ,

The IMDC requires the following mformauon

to define the PRP operation:

1.” PRP command control

2. Location of scan control word table

3. Location of matched record storage (not
a separate PRP field; the IMDC uses the
ECA buffer address field for this purpose)

4. Scan termination character

5. Maximum record length

PRP Command Control (1 Word)
This field contains the execution control pa-
rameters for the PRP command. The format
of the command control field is:

Vo
t

B-tree scan (bit 1) — This parameler en-

ables the B-tree scan function on the IMDC.

No data transfer — Returns pointer in ECA
B-tree pointer.

Record type (bit 2) — This parameter con-
tains a code which specifies the record type:

IBM MFM
15 N
00 02 !
Al FE |
80 N3-3
4E ' Sector length
00 02
M "'FB
Fill byte 00
4E N4-5 -
e w
00- ) N5-1
c2” FC
€ 00
et . iy

cob o : o

0 YIFixed length. The record length is given
in the maximum record length (MAXLEN)
field of the ECA.

1 Variable length. The' record is of variable
length and uses the content of the scan

""terminator field of the ECA to determine
the end of the record. If this terminator is

" not found, the IMDC uses the MAXLEN
parameter to’ termlnale the " record
search Coe

Location of Scan. Control Word Table
(2 Words)

This field contains the address of the start of
the scan control word table in system memo-

Scan Terminator (1 Byte)
This character specifies the end of the scan
field in the record.”

Maximum Record Length

(MAXLEN -1 Word)

This field plus one is the maximum length of
variable length records and is the Iength of
the ‘fixed length records.

Scan Control Word Table

The scan control word (SCW) table's primary
task is to provide the character by character
comparison template. It also is used to locate.
the key field and provide processing instruc-
tions for the IMDC as shown below. It must be
located on an even word boundary.

15 ' o ‘ o
Program length

Record start offset

Number of record to be scanned

Scan control word(s)
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Bits 8- 15 '

DATA - This 8 bit field is used in the following

manner depending on the usage defined by

the operation.

1. It contains the data' to be matched
against the key

2. It contains a count for-repeating a previ-
ous instruction.

3. It contains the character used with the
continue opcode.

Bit 5

SUB - This bit is used to indicate the last
character of a subkey or the last character of
the key to the IMDC. This flag is used by
AZFF and SUCFF to control generation of the
automatic initialization state for these de-
vices. This bit must be set for the last byte of
the key field, i.e., when bits 6,7 are 0,0.

Bit 4

ORENA - This bit is used to indicate to the
PRP processor that the result of the previous
subkey comparison is to be 'ORed' with the
next logical comparison. This bit must be set
for the last byte of the key field, i.e. when bits
6, 7 are 00.

Bits 6, 7

P -This 2 bit field is a command to Qhe'

.MDC to perform one of the following opera-
tions independent of the resultant logical
processing being performed.

76

0 0 Indicates the last byte of the key
field.

0 1 Read this character (data) into -sys-
tem memory from this character until
“either:

1. Stop read command is issued, or
2. End of key, and no match has oc-
" curred. o

1 0 Stop reading

11 No-op

Bits 0-3

OP CODE -This field is used to indicate
either the logical comparison or some special
control function is to be performed.

CODE OPERATION

0 Repeat previous instruction
(data + 1) times

3-1 Not used

4 SUCFF is unchanged

5 Continue scanning, no-op until
'data’ byte is read
Not used

‘ It ORFF is set, then store this

character into the FIFO. If ORFF
is not set, then use last point in
FIFO as address of next sector

to be scanned on the next level
of the tree or plex.

8 Reset SUCFF if (CHAR GT
Data) « (AZFF = 1).

9 Reset SUCFF if (CHAR GT or
EQ Data) ¢ (AZFF = 1),

10 Reset SUCFF if (CHAR LT
Data) « (AZFF = 1).

11 Reset SUCFF if (CHAR LT or
EQ Data) « (AZFF = 1).

12 Reset SUCFF if CHAR = Data.

13 Reset SUCFF if CHAR NEQ Data.

14,15 SUCFF is unchanged

The number of scan control word tables
required to describe a PRP function is deter-
mined by the data structure organization. For
records organized in a relational structure, a
single SCW table is required to provide the
pertinent parameters. A complete description
of the PRP operation is defined by the single
SCW table and the ECA fields.

For records organized into a tree or plex
structure, each level generally requires a new
SCW table. Because each level may have a
different record structure, certain ECA param-
eters describing the record structure must be
updated (see PRP ECA fields discussion).

Note that a repeat operation cannot foliow a
continue operation.

Location of Matched Record Storage (2
Words) :
The IMDC will use the previously defined
‘buffer address' field.:

PRP Status Flip Flops ,
To understand the operation of these flip
flops, one must differentiate between the
'automatic initialization state' and the 'logical
operation' of each of these internal devices. If
this distinction is not made, some apparent
conflicts in their logical state appears to
exists. For example, a contradictory condition
appears to occur for the accumulated zero
flip flop (AZFF) for the last character of the
subkey. According to the description of the
flip flop, it is reset if the comparison fails.
However, in the same description, it is stated
that the AZFF is set if the character is the last
of the subkey string. This apparent contradic-
tion is easily explained; it is simply a problem
of failure to recognize the sequence of events
that is involved in execution of the 'logical
operation' and the 'automatic initialization
state'. The logical operations are performed
by the flip flops prior to the automatic initial-
ization state.

In order to help in making this distinction, the
operation of each of the flip flops is described
in terms of the logical operation and the
automatic initialization state rather than in
terms of the set/reset conditions.

Accumulated Zero Flip Flop (AZFF)

This flip flop is used to report the status of

each character by chara?cter comparison. It is
/

used to identify the first unsuccessful charac-
ter by character match.

Logical Operation — The flip flop is reset on
the first unequal character comparison.

Automatic Initialization State — The opera-

tion of the flip flop is initialized to the set

condition:

1. At the beginning of a new record.

2. At the end of a subkey prior to the next
subkey. The SUB bit of the SCWT indi-
cates this condition. -

Success Flip Flop (SUCFF)

This flip flop can be used to indicate the
logical status of the subkey match operation.
The AZFF cannot be used for this purpose
since its primary task is to respond to the
character by character search operation.

Logical operation — The SUCFF Is reset by
the interaction of the SCWT operation (OP
code) and the status of the AZFF.

Automatic Initialization state — This flip

flop is set for the following conditions:

1. At the beginning of a new record.

2. Atthe end of a subkey if the ORENA bit
of the SCWT is set.

OR Flip Flop (ORFF)

This flip flop is used to indicate the resultant
scan status for the entire key field. The ORFF
will always be in the set condition at the
conclusion of a successful key scan, regard-
less of the logical operation performed be-
tween the subkeys.

Logical operation — The ORFF is set at the
end of a successful subkey comparison; this
condition is indicated by the SUCFF and the
ORENA bit of the SCW table both being set.

Automatic Initialization state — RFF is

reset for the following conditions:

1. At the beginning of the first record.

2. At the beginning of all records to be
scanned.

Programmable Record
Processing Operation
Although the programmable record process-
ing command utilizes most of the basic disk
read sequence described earlier, its execu-
tion involves significantly more character pro-
cessing than is performed for the basic read
operation. For the PRP command, the func-
tion of the IMDC memory is split; one portion
is allocated to store the PRP program con-
tained in the SCWT table and the remaining
portion is used as a FIFO buffer. The term
'FIFO" for this discussion of the PRP com-
mand refers to the memory available after the
SCWT has been loaded. The command is
‘normally’ executed in the following se-
quence:
1. Transfer the SCW table data from system
memory to a portion of the IMDC memo-
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ry. The remainder of the IMDC memory is
used as a FIFO to store the data from the
record.

2. Perform disk positioning 170 to locate the
drive read/write heads to the first sector
at which the PRP is to operate.

3." Perform a read of the sector ID parl to
locate the data part.

4. Read an operand from the data part of
the sector. The IMDC performs process-
ing of this operand in order to locate the
key field. This step is-repeated until the
key field is located.

5. After the key field is located, it is com-

_ pared character by character with the
SCWT template. This step is repeated
until a match or no match with the key is
determined.

6. If the scan does not produce a match the

current record is skipped and the next

record is located for processing by re-:

peating steps 3, 4 and 5.

Programming Parameters

Supplemental Information’
The following describes programming param-
eters in more detail.

-Record Format Types

Records to be processed by the IMDC, re-
gardless of the overall data organization, can
be formatted in one of two types.

1. Fixed - Records consist of a fixed num-
‘ber of characters. The user must pass a

" record length parameter value to the
IMDC.

2. Variable - Records are of variable length.
Requires the user to specify a unique
termination character to identify the end
of each record.

Since all records organized in the relational
data structure are identical, the selected re-
cord format is applicable to all the records
being processed. For data organized in a tree
or plex structure, each level may have a
different format type, therefore, each requires
this parameter to be specified.

Key Fleld Location

The IMDC allows the user to specify the
location of the key field in the record. The
SCW allows the user to program the neces-
sary information to locate the key field. The
record format type determines how the key
field is specified.

1. For fixed length records, the key start °

occurs at some fixed number of charac-

ters from the beginning of the record. For

these records, the user must provide the
. IMDC with this count.

2. For variable length record, the key field
location is specified by the number of
data fields occurring prior to it in the
record. Data fields consist of data that is
bordered by a 'marker' character. Nor-
mally, this character will be some unique
control character like atab, line feed or
return code. The PRP hardware will count
the occurrence of the markers to locate
the key field. Specification of the variable
length field requires the user to provide
the 'marker’ as a parameter to the PRP.

Record Offset Start

The recording media often contains some
header or identification information prior to
the first record. The IMDC allows the user to
specify where the PRP control is to become
active. This allows the IMDC to skip any
information that is not to be processed by the
PRP. This parameter is referred to as the
'record start offset'.

Number of Records.to Process -
Because a user does not always know how
many records are to be processed, the IMDC
provides mechanisms to limit the number of
records that are to be processed. First, the
user is required to specify the 'number of
records to process' parameter which is a
count of the maximum number of records to
be processed. In addition to this count, the
user must also specify either an 'end of
record’ character for variable length fields or
a record length count for fixed length records.
The IMDC will monitor the number of records
processed and will terminate the processing
when the total equals the 'number of records
to process’, or if the 'buffer length’ is ex-
ceeded.

Programming the PRP Feature

One of the most powerful aspects of the PRP
feature is the capability it provides the user to
effactively specify the search criteria on a
character by character basis. The PRP fea-
ture not only allows the user to establish the
criteria for success, but also to specify the
action to be taken after completion of a
search. The PRP program consists of two
major parts. The first part essentially defines
the basic requirements of the processing and
the structure of the records; it is given once
during initialization of the feature to the IMDC.
It consists of loading several ECA fields
dedicated to defining the parameters of the
PRP operation to the IMDC.

Scan Control Word Table

The second part of the PRP program consists
of a template which is used to perform the
character by character match of the record

data as it read from the media. The template
consists of the character string data to be
matched and processing instruction for each
character of the string. The IMDC utilizes a
16-bit word to implement this comparison/
instruction. It is loaded by the host into
system memory and is transferred by the
IMDC into its memory before execution of the
PRP command. The SCWT is used in con-
junction with three internal IMDC statuses to
control and monitor the operation of the PRP
search. Because of the interaction, they will
be described prior to presentation of the table
format.

PRP Key Status

To implement the PRP feature, the IMDC
performs a character string search of the key
field against the scan control word data. The
IMDC generates and stores the status of this
comparison in three flip flops dedicated to
reporting the status of this operation. The
logical operation of these flip flops is as
follows: . .

For the most general case, the key field is
composed of substrings. For convenience
these substrings shall be referred to as sub-
keys for the remainder of this section. The
desired logical result of the scanning of the
entire key field is the logical combination of
the constituent subkeys. For this general
situation, there is the possibility of three
levels of comparison statuses that occur in
attempting to match a single key field -
character, subfield, and entire key field each
has a status that must be monitored by the
IMDC. The IMDC has three flip flops that
generate a status that allows these condi-
tions to be monitored. Consider the example:
YYYYYY985DEF12580XXXXXXXXXXXX

This key field consists of five sub-
keys; YYYYYY, 985, DEF, 12580 and
IXXXXXXXXXXXXXX!, referenced arbitrarily
as subkeys A, B, C, D, and E, respectively.
Suppose that each subkey has the following
logical condition associated with it.

A -Value is not processed by the PRP

B - Value greater than 980

C - Value equal to DEF

D - Value less than 20000

E -Value is not processed by the PRP

To perform the scan operation for this exam-
ple requires that the IMDC be able to gener-
ate and monitor the condition of the character
by character comparison (level 1), each sub-
key (level 2) and finally the entire key (level
3). The SCWT has been structured to allow
specification of such combinations.
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ABSOLUTE MAXIMUM RATINGS'

PARAMETER o RATING UNIT
Supply voitage - -0.3 to +7.0 "% :
Input voltage? -03 1o +7.0 v ol ‘

Operating temperature range®
Storage temperature

. 0to +70 °C
8510 +150 | ' °C

P

R T

[ [

DC ELECTRICAL CHARACTERISTICS Voo™ 5V £5%, Vss = 0V; TA - 0°C to +70°C45

by LIMITS
PARAM‘ETER‘ . ! TES‘I‘,CONDITIONS S UNIT
TR : ‘ Min Max
Ve |Input high voltage 4y, b i b g. i 204A il 20 Voo v
ViL Input low voltage ™" .t ... . ) : S | GND-0.75| 0.8 v
N Input leakage current - Y. ‘ [RRRES E "5Vt . 20 uA
RERUNN, RESN, SCLK, IRQN, IACKN BRN, BGN T ) . .
BGACKN, ENO, EN1, UAS, LAS; REDAT, ol oy - Tt
WRGATE, WCLOCK/RCLOCK, WRDAT, WRCLK, o . v
TICKLER, SECTOR/INBEN, LOCAL, OWNN, DDIR
Itsi1 Three-state (off state) input current ! DURN A ev214V/0.4V 20 MA
A1, A2, DO-D15, ASN, UDSN, LDSN, R/WN, N o ' ’
DTACKN
loH = —400uA
Vou Output high voltage lo = 6.3mA 2.4 v
- A1, A2, DO ~15, ASN, UDSN, LDSN, R/WN,
( DTACKN, ENO, EN1, UAS, LAS, WRGATE,
- WRDAT, WRCLK, TICKLER, LOCAL, OWNN, DDIR
VoL Output low voltage ' ‘ 0.5 v
A1, A2, DO -D15, ASN, UDSN, LDSN, R/NN,
DTACKN IRQN, BRN, BGACKN, ENO, EN1, UAS,
LAS, WRGATE, WRDAT, WRCLK, TICKLER,
LOCAL, OWNN, DDIR
Pp Power dissipation 15 w
. . Vin = 0V, Ta = 25°C
Cin Capacitance fo = 16MHz 10 pF
NOTES:

1. Stresses above those listed under absolute maximum rating may cause permanent damages to the device. This is a stress rating only and functional operation of
the device at these or at any other condition above those indicated in the operation section of this specification is not implied.

2. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. Nonetheless, it is
suggested that conventional precautions be taken to avoid applying any voltage larger than the rated maximum.

3. For operating at elevated temperatures, the device must be derated based on + 150°C maximum junction temperature.

. Parameters are valid over specified temperature range.

5. All voltage measurements are referenced to ground (GND). For testing, all signals swing between 0.4V and 2.4V with a transition time of 20ns maximum. All time
measurements are referenced at input voltages of 0.8V and 2.0V and output voltages of 0.8 and 2.0V as appropriate.

&
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C AC ELECTRICAL CHARACTERISTICS Vg =5V 5%, Vgg=0V; Tpo=0°C to +70°C*5 (see figures 5~ 18)

iy TENTATIVE
‘NO. FIGURE CHARACTERISTICS LIMITS UNIT
, Min Max

1 5 Cycle time 62.5 ns

2 5 Clock pulse width low 21 ns

-3 5 "Clock pulse width high 21 'ns

4 5 Rise time 10 ns

5 5 Fall time o 10 ns

6 6 Reset pulse width us

7 , A1 and A2 set-up to CSN low 0 ns

8 7.8 Local low after CSN low . 1.2 us

9 7 DO - D15 valid data from ASN, CSN, and UDSN or LDSN low 1.2 us

10 7,9 DTACKN low after DO - D15 valid data 62.5 ns

11 7 CSN high after ASN, UDSN, LDSN. A1 and A2 10 ns

12 DO - D15 hold after CSN high 0 ns

13 ) Local high after CSN high 100 ns

14 'DTACKN high after CSN high 100 ns

. 15 . | CSN low time : 1.2 ps
( 16 , A1 and A2 HOLD after CSN high 0 ns
17 8 DDIR low after CSN low 1 us

18 8 DTACKN low after CSN low 1.4 us

19 8 R/WN low before CSN low Lo N ns

20 8 R/WN low afterl CSN high P o 0 ns

21 9 IACKN low after last of ASN AND LDSN o _‘ ‘ 30 ns

22 9 IRQN high after, IACKN low K o 140 ns

23 9 Local low after IACKN fow 1.2 us

24 9 DO - D15 valid after last low of ASN, LDSN, IACKN 1.2 us

25 9 IACKN low time R 1.2 ps

26 9 DO - D7 hold after LDSN high 10 ns

27 10 BRN high after BGACKN low 1.2 us

28 11 OWNX low after BGACKN low : 1.2 us

29 11, 12 DO - D15 valid before either UAS or LAS low 65 ns

30 11 DDIR low after OWNX low ‘ 500 ns

31 11, 12 DO - D15 valid after either UAS or LAS low 5 ns

32 11, 12 LAS low before ASN low 0 ns

33 11 ASN, data strobes width low (read)/ASN write 440 ns

34 11 Local low after data strobes low 20 ns

C\/ 35 11, 12 DO - D15 valid after data strobes high ns
36 11 Local high after data strobes high ns
37 11 DDIR high after ASN high 20 ns

38 11, 12 OWNX high after ASN high 400 ns

39 11, 12 BGACKN high after OWNX high 30 ns

oy




Sighetics Microprocessor Products

' Preliminary- Specification

Intelligent Multiple Disk Controller ‘(IMDC) i

“1 SCN68454

( AC ELECTRICAL CHARACTERISTICS. (Continued) - -

VAN e IR T Lot ‘:.’ﬁ‘ R IR A R e
T er, e . TENTATIVE |
“NO. FIGURE CHARACTERISTICS LIMITS UNIT
‘ *. Min Max
40 12 Data strobes with low o © 80 | ns
41 12 R/WN low before ASN low i 35 ', hs
42 1‘2 DO -D15 valid before data strobes low e at R 62.5 | ‘hs
43 12 R/WN low after data strobes high 30 | ns
44 13 'D0 -D15 valid before ENO high - ‘ 40 ' ns
45 13 DO - D15 valid after ENO low 0 40 ns
46 14 [ DO-D15 valid after EN1 low RS uf 40 i ns
47 ! 14 DO - D15 valid after EN1 high e Y 0 50 ns
48 | "' 15 WRGATE high after SECTOR/INDEX high ''*° A TBD
49 15 WRDAT or WRCIK valid after WRGATE high' i", N ! TBD
50 16 "REDAT high before WCLOCK/RCLOCK high® . 1! 20 ns
51 16 REDAT high after WCLOCK/RCLOCK high o v 20 ns
52 18 RERUNN low before DTACKN low Vol oyl e 20 ns
53 18 "RERUNN low after DTACKN high S ' e 320 | ns
54 " DTACKN low after DO - D15 valid o '-625 | ns
(« 55 8 ‘D0 -D15 valid after data strobes low ' s 62.5 hs
56 12 ‘Local low before data strobes low 50 ns
! 3 ‘ EEEEREE RN S
» | ! al !"?) c“ LRV l/hi‘-'ii PRt '
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Figure 7. IMDC Register Read Cycle
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Figure 8. IMDC Register Write Cycle
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Figure 9. Interrupt Acknowledge Cycle
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Figure 12. Single 16-Bit DMA Write to Memory Cycle
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Figure 13. IMDC Output Port Timing
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Figure 14. IMDC Input Port Timing
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Figure 15. Write Operation SRR
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Figure 16. Read Operation ‘
i
[SLEIN y el Ty e ST o o
t
i
Y .’,‘ " e e ”"‘,.»y' } \
g : ‘é‘v“ {
! 4 ‘
: : f !
) b BRI !
‘ |
o e ' o ‘ H R
N e ey iy a4 e o L .
o | ’,{ t .
. ( ' TS B o - .‘ix (
| |
N i "YM ;i PN i ld
; PR A fort wl
: | e
i A f 14 o
' fab e S
LY
4
i eypglesi ¥ Lo ! vab IR B e

G




Signetics Microprocessor Products Preliminary Specification

Intelligent Multiple Disk Controller (IMDC) - SCN68454

o N__/ \n__/
p— \ / \___/

- N\

DTACKN

LOCAL \ / \ » /
/

N
e /"\
> AN N

soncen \

WFO019908
- Figure 17. Example of Multiple DMA Read Cycles

')t the high order address does not change, VAS will not be asserted.
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Figure 18.. RERUNN 'Asserted During 'DMA.Read .Cycle
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