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warning: This eguigment generatas, uses, and can radiate radio
freguency enerzy anc if nct installed ard used in accordance
wich the irstructions manual, may cause interference to radio
commanications. As tsmperarily permicted by regulation it has

nct been test=2 for comzlience with the limits for Class A
computing devices purscant to Subzar: J of Part 15 of FCC
F2les, which ars cdesiyned to orovide reasonable protection
ajainst such inzerferance. Cgaration of this equipment in a
resicenzial arszz is lis<ely 7o cause interference in which case
the us2r at his cwT exn2rs2 will be recuired to take whatever
De2suraes may e raguirsd to corrsct the incerference.

llcwing are traderiar4s of Intel Corporation:

isxc 1S3« iz Muitibus and the
z 232X, or if4X and a rumarical suflix
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I. CONTROLLER OVERVIEW

 ;;éf’Ehﬁa0Q6’ is a cemplete single board controller which allows the user to
o __gggfup to two 5-1/4" winchester and two 8" florpy disk drives, two 5-1/4"

~§E;££95:er. ard two 5-1/4" flcppy disk drives or two 5-1/4" Winchester and two Sony
3-1/2% flogpy  disk drives” to any Multibus compatible computer system. A unique

c-serotler architecture utilizing @ multi-processor combination of high integrat<-
%C3 LSI ca-zonents and high speed bipolar circuitry is used to eliminate addi-

22 =paris, sgeciel cadbling, etc., while providing high reliability and perf
s3hy - carelul corsarvative design, reduced component count, re..c=.
onriections, and reduced power ccnsunption.

the three board controller system consisting of the
the Inzel iS3X 218, and the Shugart SA1200.

Stware compatitle with the 1S3C 215 / iS3X 218 combination to allow
: in replacerent without costly software hardler or file system

s2lZ test and drive diagnostics on board.

recovery rhase locked loop design.

Swn v p sy

trerts &' diskette compatihle with the following formats ...
industry standard  mnadie . exchangeabilit.: I Diskette 1, IBM
_Qis:s::s 2. I=¥ Diske:tte 22, Intel S3C 292, ard Intel single cdensity
flznzy davalogmant systens and controllers.

S0
.(f
v
L2

/5"  diskette compatible with the following formats for

Suzzoris  S-i,
iaterchangsasilicy between varicus systems: Inzel [RWX-23 single
€srsity, Int2l iPMX-35 double densi%ty, CEC personal computar, and SMs°
55 ans FwWOULCd controllers.
- 3 iy : [y [l & *
rts Scny 3=1/2" diskette cempatible with FM ard MEM formats.
overlap.. .

orts. € or 16 kit data transfers on a buffer by tuffer basis.

i e e S A

tz Seny drives  istovia the SU pin edge conrsctcr Jl with
11 the drive signals.
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r 24 bit (IEEE 798) memory 2ddressing to
cytes of memory.

va

o Supports 16 biz, <. . ©
allow access to up tc .. '=32
o Supports either 8 bit or 16 bit I/0 addressirg.

Low Winchester disk error rate and high data intecrity guaranteed
through the implementation cf error correction (ECC).

o Prograrmable full sectcr buffering or direct transfer for both flopoy
and Winchest2r drives.

B. FwC8206 COMAND and STATUS

and Reset ocnntrols, all ccmmard and status

Ixcezz for harcdwarsa Start, Stop,

infsrmacion essociated with the Fwi3205 Is communicated threugh Fultibus mesory -
czsed tzzles. This mechanism allows for datailsd control of the disk system by tbe ’
mosTz CPJ angd for exzensive staius rs3tirrs t2  the hist with e minimum of hardware:
mzrizrzeing and hariwere grotoccl. Toz CEU c~~:head t=qulreﬁ fo' disk operation i«
rziuc2c while the level of data transiar flauinilivy and contrcl is enhanced. The
FWZEZ06 is an inzelligant ccontroller. It is =pa:1e of larce block transfars
&2rss3  3e2I5r, trass, and cylirZsr boundaries without hes:t intsrvention. L
incsroeoratss  extersive errscr prectessirg facilitlies to improve cdata recovery ard to
relieve tne hast of error nanZling reszensicilities  except in the rare case of an
inreccvaracle errcr. A If the controller cor disk drive systsm should fail, the:
FnD30C% contains extensive builz in diagnostics &5 quickly isclaze the fault tor;“‘
controller or a drive for minimum repair time.

C. rwC80C6 LCATA TRANSIEIR

Both direct and buflersd datz2 transfe:. .-.Zportad by the FWISC06. Far
wincnasstsr disk t:ansfers where the data rate azgroaches the bandwidth of the host
Mulzizus  svsten, ta transfers can be direct, by locking the Multibus during
trarsisr tirze, or CQEfe:ec througnh an on board full sector buffsr. Flozoy disk.
data %transfers, on the other haend, occur at a low. enough rate that bus access
constraints are far less severe. This allows the FWD8C0S to &o direct disk to
Multibus trarmsfsrs on 2all flcopy accesses without' locking the Multibus.. Ias
acddition, for systems with mixed memory c2paoilities sucnh as cccurs with the

cambination of the 16X bytes of byte-accass-RaM on an iS3C 83/30 CPU board together
with a byte/word access iS3C 032 memory 1. for example, the FnT380C6 alluws the
&ccess wicth (cyte or word) to be specit... Izr each data bu‘fer incegercdently to:
take maximrn advantage of the increased ;eed‘ard re,u: 3 tultibus ba“udﬂddr
reguiraments of word DMA transfers. i @ e
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£WLENCh ECC/CRC

2

C2C is used for error detection on all sector ID fields and
e error rate for these fields is lower than for
czc  facility provides an excellent error detection.
aoility. Winchester dis< data integrity is provided by a 32 bit comguter
av2 a=23 error correcting czle Zssijned eapeczally for the ctypes of errors found.
n minchester tecinolegy cis«s. Tn&s ccca will detect all bursts cf 15 bits or
ard will correst all bocsts of 6 bits or less. This szan was chosen to cover:
te
or

3™ stancard 15 bit
JV'D" disk <ata fia
~—us:er data fields ar.u el

rn *3

-
e )
W

- 0 ()
ID

rajori;y of Wi:chea r errors while minimizing the probability of
riszsrrection. All errcr rection c0u=s, includirg the SS code, have scme
presacilicy of mlSCO!fﬁ”tlcﬁ Tais cccurs when a group of independent errors
Froduce tihe same error residus as would have occurred with a certain correctable:
ar

£

5

r3r. To praveat this situstion, the FwT80J8 saves the error residue from the
b
ec

f

read, reads the sector eagjain, ard compares the residues before making a
tion. This procass virtually guarantees user data 1ntegr1ty The price for"
this reliability is tha:z two disxk revolutions, rather than one, elapse whenever an
errcr is encountered. This results in negligible performence loss.
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E. FUNCTIOMAL SPECIFICATI. .

aximom number of drives:

8" flcrpy drives suppeorted:

At <=t - f - =

o] Clswette Qrmats

<. " Sla-ou Arivyes suscorssl
- - -_ crives e sUl =T
2SN mlmi e Campar oo we

S=.s= Ql3832TT2 I2rmz2Tsd

3-1/2" flczzy drives sugpoorted:

3=1/2" diskezte formarts:

S-1/3" Winchester drives-
S-A—ﬂohgj g .

.
e ST

Winchester drive formats:

Tvo 8" floppies + two 5-1/4" Winchesters or-
Two 5-1/4" floppies + two 5-1/1" Winchesters
or Two Sony 3-1/2" flcppies + two S-1/4"
Winchesters

Shugart SA8l10, SA860, SA8%50, Tardon T”818-l
T™848-2

Si2, and 1024 byte sectcrs in IBM
. ..skette 2, and Diskette D

=m0 o
NSN3}
e QO
-
1)
o b
[N
: n
n

zvte sectors in Intel S3C 202 format.

on o

SA400, 3A45C, SA4lC, SA460, SA4SS,

P .
Srhugare
el I
SAast
- e
Tardzcn Trl0o- 3 TH1CC0-4
el - . - -
iZrs Parigfierals 4PISL, NMPIJZ
P A
1o~C FD-3:z, :3?

-3, 236, 512, and 1024 byte seccors in Int
iR1X-36 FM format. %
236, 512, eand 1024 byte sectors . in Int
iPMX-36 MeM format. : g
512 byte seCtors in 124 personal comzuter
format. S
512 byte sectcrs in CIC personal computer
format. : G
128, 235, 517« ard 1023 byte :
FDODO? Mo farmat.

128, Zié s.2, and 1024 Lbyte
PWDCiCZ 7 format.

’
Y

Sony OA-D3QV"

128, 256,512 byte sectors in Fd format ,
256,512,1024 byte sectors in MIM format

Seagate ST3C6,  ST406, ST4l2, ST4l3 an
compatible., 5

MEM  encodin 'th%' progran selec:ablé‘Se:‘c
lengths of 123, 256 512 or 1025 Lytes.

viinchester dzskrtrans ers can be HJE: r

Cirect by locking the Mulctibus. Fleepy
transfers can also be buffered or dire
without  locking the Multibus. $3.5:
transfer cycles. can be either

wide on a buﬁﬁggkby buffer basis.



'1/0 address selection:

-
4

corruct level selection:

300082

Cefined by hardware strapping. Slip—
junpers select either 8 bit I/0 addressipn
16 bit addressing for full Multibus
acdressing range compatibility.

Defined by hardware strapping. Wire-.rap
jumper selects one of 8 standard Multibus
parallel interrupt request lines.
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puv3I~AL SPECIFIIATIONS

rm2ntals Relativa humicdity: 103 to 90%

Operating temperature*: 0 to 50 degrees C.

(a3

Ster

~
2e
]

(%)

smparzture: -65 to 70 degrees C

*Ixtrene temparatures may require forced air cooling,
i.e. SC cegrzas C  atbient reguires 150 lirezr
feet/minuze over cooponent side of 2T toard in a
typical card cage acplication.

i~ ~s ANap - ce 1 ~e. fv* 7= i
e~ Sorfiat gl S Cclerzllr; soltase: 3N O ({Z3 talarznce)
Rizgls 272 -0ise ust rot exceed 100 mV P-P.
Juarazinz cuarczn i)
-~ N -
Jeda (maximem)
. . . _
Pocwer is supzlied by tha hest computar via the
- < N s - I
stancard Multitoo 2.0 pinz of comnector PL.
' v ‘a -
Mechanizal: To2  controller
g Ea, -
£om factars
Srecification.
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C. DISK FCRYATS AWD « 1133

Taobla I-1, 8" FLOPPY DISKETTE FORMATS

Forma:- Dersity Cocde B.*%2/Sect Sect/Trk Sicdes Cyl Bytes/Tiskette

I3t 1 * Single M 128 25 1 77 256,255

Iam 1 * 233 15 295,680

I3m 1 * 512 8 315,392

1224 4 315,392

123 26 2 77 512,512

Iz 2 233 i3 591,360

S12 8 630,784

1224 4 630,784

Ccuble  MId 123 4 1 77 433,664

2% 28 512,512

Si2 13 591,360

5.2 16 630,784

1224 ] 630,784

123 a4 2 77 867,323

i2v 2D * 235 25 1,025,024

Isw 20 5.2 13 1,182,720

512 13 1,261,3€3

PRI 1324 8 1,281,5¢3

S27 202 DCecusle MEM 122 52 1 77 si2,3.2

forméts rarksd * ara folly consetizls with the indicated I3 Zormas,

forrats listed withous * are logical extersions of I3M fcrmats. o

ully comgatible with the Intel S3C 202 dousie cdensity
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-1 /4" FLOPPY DISKETTE FTRMATS

Table I-2.
Format Density Code By-s/Sect Sect/Trk Sides Cyl Bltes/Disketteg
FCOS07-M Double 128 30 1 35 134,400

256 18 1 35 161,280
512 10 1 35 179,200
102¢4 s - 1 35 179,2001
128 30 1 40 153, soo
235 181 40 184,320:
512 100 1 40 204,800

1024 L gh 1 40 204,80
125 . 3@ 1 80 307,200
255 0 w180 L 80 368,640
512 10 1 80 409,600

1024 1 &0 409;6&&
123 2 35 263,800
235 2 35 322,560
312 2 35 358, 400

1224 2 35 358, 400%
128 2 40 307, 2ua
256 2 40 ‘
si2 .. 18 2 40

1326 0 i 2 40

128 2 87

256 oL 1 2 g2

S : o

1024 2 g3

£.00105 128 1 82

256 1 g9

512 1 80

1024 1 89

128 2 £0 532,48C
256 2 80 655,350
512 2 ) 819,200

1324 2 80 819,200




300082

Taple I-- ./4" FLOPPY DISKETTE FCRMATS (continued)

. Format Density C:3e Byte/Sect Sect/Trk Sides Cyl Bytes/Diskette

iRMX-86 Single E 123 16 1 35 71,680
‘ 255 9 1 35 80,640
512 4 1 35 71,680

1024 2 1 35 71,680

128 15 2 35 - 143,360

285 9 2 35 161,280

512 4 2 35 143,360

1024 2 2 35 143,360

128 16 1 80 163,840

236 9 1 80 184,320

512 4 1 80 163,840

1024 2 1 80 163,840

123 16 2 80 327,680

235 9 2 80 368,640

512 4 2 80 327,680

1024 2 2 80 327,680

Douhla 236 16 1 35 143,360
512 8 1 35 143,380

224 4 ) 35 143,360

255 12 2 35 286,720

5. 2 35 286,720

o 2 35 286,720

225 15 1 80 327,620

g 3 i §0 327,680

1024 3 1 €3 327,680

236 16 2 8) 653,350

812 3 2 g2 655,360

1223 4 2 §0 635,350

B 512 8 1 40 163,84C
512 8 2 40 327,680

R 512 9 1 40 184,320
512 9 2 40 363,640

P 512 10 1 89 409,530




Table =3, % 3-1/2" FLUPPY DISKETTE FORMATS

Bvtes/Diskette

128
256

512
Déuble MEM 236

512

1023

15
9
3

PR

o

et s e

70
70
70

70
70
70

134,400
161,280
143,360

268,800
322,5€0
236,720



3CCQ3zxn

Table I-4. 5-1/4" WINCHYISTER DISK FORMATS
Formatted
Vendor t1odal Byte/Sect Sect/Trk Heads Cyl Capacity (M8)
Seagate  S7508 123 54 4 153 4.230
255 31 4.857
512 17 5.327
1024 9 5.640
ST4C6 123 54 2 306 4.230
236 - 31 4.857
512 17 5.327
1C24 9 5.640
STéI2 128 S4 4 306 8.460
233 3L 9.714
512 17 10.654
1C24 9 11,280
€749 123 54 6 306 12.690
235 31 14,570
5:2 17 15.981
1024 9 16.921
Atasi 3033 122 S 645 22.2°1
238 34 25.594
52 17 28.077
1CZs 9 29.722
3045 123 Sa 7 645 31.2C8
' 235 32 35.831
512 17 39.299
1024 9 41.5610
Maxtor XT-1065 123 54 7 913 44.417
256 1 : 50.9%7
512 17 55.932
1224 9 59.222
XT-1125 123 54 11 918 69.797
253 3L 80.128
512 17 ' 87.833
1224 9 93.063
XT-1140 128 S¢ 15 918 95.178
256 31 : 109.279
5L2 17 ' 119.8%4
1024 9 126.904

-1l
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Table I-4. S 1/4" WINCHESTER DISK FCRMAT (ccntinued)

e Formatted
Vendor Model Byte/Sect Sect/Trk Heads Cvl Cazsa2city (MB)
Rodime 0204 128 54 8 320 17.695
Ampex PYSIS27  2%5 3L 20.316
: 512 17 e 22.282
1024 Qe LT s 23.593
Rcdime 0208 128 54 35.389
256 3L 40.632
512 175 e i 44.564
1024 9 o 47.186
 Vertex VI3 128 54 . 20,466
Tl 235 3L ads 23.43%8
512 17 25.772
1024 9 27.288 -
V150 128 5. 4.110
2385 L 39.164
512 17kt 42.954
1024 e 43,481
Vi73 128 5§ Lo £7.755
256 3L 54.830
512 175 e €3.136
1024 g $3.673
Tandon  TM703 128 S . 5. . 600 20.736
Ly 256 3L s : 23.808
512 170 25.112
1024 e 27.648
CM6426 128 s4 640 17.635
255 kpE - 20.316
512 17 22.282
1024 Qi 23.393
CM6540 128 S4c - 640 125,342
256 Ip T ‘ 30.474
512 17 33.423
1024 33.333
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Table I-4. 5 1/4" WINCHESTER DISK FOPMAT (continued)

Formatted
Vencor Mocel Byte/Sect Sect/Trk Heads Cyl Capacity (MB)
Evotek ETS530 123 54 6 375 15.552
256 31 17.856
512 17 19.584
1024 9 20.736
ET5540 128 54 8 375 20.736
238 31 23.808
Si2 17 26.112
1024 9 27.648
Quansum Q520 128 54 4 512 14.155
256 BN 16.253
512 . 17.826
1024 9 18.87%4
G349 123 54 8 512 28,311
256 31 32.506
512 17 35.651
1024 9 37.748
tio=e: Refer tcs sactisa IV for detailed description
ci disk fcrmats. Fefer to Tatle I-9 for compatibility.

I-13
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Table I-3. 8" FLOPPY DRIVE PARAMETIRS

Unformatted ' Avg tep Settling
Drive Capacity Rotatiocnal Access Tire Time
Mcdel  __ (13) Cyl Sides Latency ' Time (ms) (ms) (ms)
SA310 = 0.40 S[1) 77 1 83.33 - 89 3 16
e 0.80 D
Sa560- . 0.80S 77 2 83.33 89 3 16
. 1.60D : - L
™833-L 0.40 S 77 1 . 83.33 91 4 15
. .0.80D ' o
™3:3-2 . 0.80 S 77 2 83.33 91 4 15
S0 1.60 D i
™Si8-28 . 0.80 S 77 2 83.33 83 3 16
 1.60D |
v2995-63 0.80 S 77 2 83.33 89 3 16
1.60 D il |
SA330  0.80 S 77 2 83.33 91 3 15
. 1.60 D v |
SASC0.  0.80 77 1 8333 91 8 8

O wn

34 ] S = sxngle cdensity; D = double denalty.

[21 Max>data transfer rate is 3l. 25 Kaytes/second for sirgle
: ﬁoens1ty and 62.50 Kbytes/second for double density.

{3k Ave:a;e data transfer rate based_on1256 bytes/sector without

~ interleave is 23 X3ytes/s=cond for single density and 40 X3ytes/
. second for double density. A 2:1 interleave would cut average
_transfer rate by two. P Ly ‘
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-6, S-1/4" FLOPPY DRIVE PARAMETERS

——— —

Unformatted . Avg Step  Settling
Drive . Capacity Rotational Access Time Time
vadel  (Kd) Cyl SizZss Latency (ms) Time (ms) (ms) (ms)
SA402  169.4 S(l] 33 1 100 463 40 10
SA4S0  215.8 S 35 2 100 298 25 15
437.5 D
sA410 250.0 S 80 1 100 138 6 15
500.0 D
53460 500.0°S €0 2 100 158 6 15
10C0.0 D
F3I31 252.0°S 89 1 100 133 5 15
300.0 D
wPi32  500.C 3 89 2 100 133 5 1S
2330.0 D ~
130-2 250.0S 89 1 190 % . 5 15
50C.0 D '
130-4 535.0 S 29 2 100 90 5 15
16CC.0 o :
>-333  230.0° 5 40 2 195 93 6 15
1333 SC0.0 3
=337  SC0.0 S D! 2 122 9 6 13
‘:d J.J :
1255 §29.0 5 e 2 1ce 94 3 15
1002.¢ 2

(<] S = single Zaersicy; D = double dansizy.

2! Max data trarsfer rate is 15.63 Kbytes/second for single censizy
and 31.25 Kbytss/szcond for double density.

(3} Average cata tased on 236 bytes/sector wihout

transier rate
fniterlesse is 11,5 X3yz2s/sacond for single density and 2C.0
Koytas/sscond for douzle dansity. A 2:l interleave woulcd cut average
transfar raz2 by m.c. ' s ’
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Table I-7. 3-172" FLCPPY CRIVE PARAMETERS

Unformatted Avg Step Settling
Drive  Capacity Rotational Access Time Tirme
‘Mcdel (MB) Cyl Sides Llatency (ms) Time (ms) (ms)  (ms)
QA-D33vV 250.0 S[1] 80 2 100.0 ms 350 12 30
$00.0 D

[iLf S = single density; D = double density.

j{?li Max data transfer rate is 31.25 Kbytes/second for single density
. and 62.50 Krytes/second for double density.

{3]. Average data transfer rate based on 256 bytes/sector without

"7 interleave is 23 KBytes/second for single density and 38 K3ytes/
sacond for doucle cdensity. A 2:1 intsrleave would cut average
transfer race by two. . :



BIVIVIVY. SIS

Takl: -2. 5-1/4" WINCHESTER DRIVE PARAMETERS

Unformatted Avg
Crive Capacity Rotational Access = Data XFR Rate
rodel (+8) Cyi Heads Latency (ms) Time (ms) Max.  Avg.
STSU6 6.38 153 4 8.33 85 625 476
$ST406 5.33 3305 2 8.33 625 476
STal2 12.73 383 4 g.33 85 625 476

[PV ]
>
O

$Te19 19.14 6 ©8.33 625 476

Lo Am
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The FWCS506 controller supports all the Winchester drives listed in Tab%éifl&’ ;
¢ satiblas. Table I-9 provides an easy reference for the 5-1/4" viinchester drive
c...patibility. h

Table I-9., Winchester Dgi?egComgatibilitx

| | : |lUnformatted:. E
| Corgatibility | Verdar | Mciel ICapacity'(Mggg
| I ! ] : ;
| Fully STS06 | Seagate .| STS06 | 6.3

| Compatible (1) | TI | STSQ06 l %

| | [ |

| ] | o

| F.lly ST406 | Amcex (2)! FYXIS7 o

I Ccrmpatinls (1)! CMI | CM8520%5 o

| ! 4L | 5006 o

| i Rodire(2)| RC231 ke

! | S2agate | ST405 |

! | Tanden | 7T-501 o

| | [ I

| | I i

| F2lly ST412 | Ampex (2)| PYXISL13 |

| Corpatible (L) | CMI | CM5412 |

| | I I 5012 o

| [Rzdine (2) ! R0O202 |

| | Seazate | ST4lZ |

| | Tandon | TM502 o

! | | |

| Fully ST413 PATEax (Z) 1 PEIsS2C |

| Cocmzmazitle (1) | M2 | C15619 }

| | I | S0Ci3 o

] |Rodire (2)1 €203 |

! | Seagate: | ST413 I

l I Tandony | T%503 |

] | Tl |
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Table I-9. Win-hester Drive Compatibility (continued)

. i [ N . iUnformatted |
- Model |Cylinders | Heads |Capacity (m8)|
e I I | !
|

Vender

I
|
]
{
tasi |- 3933 | - 645
o
|
}
5

| l |

Ampex PYXIS27(4)1 320 | 8 | 26.67 |

| 5 | 33.59 |

1 2 3Gs5 (d) | 645 | 7 | 47.03 |
L aur 15425 . | 640 | 4 | 26.00 |
C16640 0 | 640 | 6 |  40.00 |

Evotek ET3333(4) | 375 | 6 | 23.00 ]
-~ 1-ETS540(4)1. 375 | 8 | 3l.00 I

, Quan:un= - . bos12 | 4 | 21.00 ]
ook o f. s12 ) 8 | 42.00 |

Naxbcc IX”—IOQS(G)L,v' 918 | 7 |  66.94 |

' ﬂg;zxﬁ-L105(4)lgfi 918 | 11 | 105.19 |

; 918 | 15 | 143.44 |

320 | 8 | 26.67 |

640 | 8 |  53.33 |

600 | 5 | 31.25 ]

937 | 3 | 31.00 |

987 | 5 | 51.67 |

987 | 7 I 72.33 ]

18 dAlfes should have the
. they ware Seajzare drives.

zrs. However, the FwD32(o

Sle excspt the capacity
T stracs VWl-w4 as deszailad

huese c~1v=s bazsed cn the specifications
iz, du e to drive unavailabil ity,
ea.ed with these drives.

I - 19
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II. PREPARATIQN FOR USE

The sznqle board FWDS8006 is a complete floppy/Winchester controller. 1In order to
use tha controller in a systen, however, certain controller characteristics must be
selected by the user to sui- his particular system requirements and the controller

rust be cabled to the disk drives. -

A, WPAXIN

Examine- all shipping containers for evidence of damage prior to ungacking the
equiprent. If any darmage is fourd, notify an authorized representative of the
shxpping concern tefore ungacking the equ;pnent.

No speczal unpackinrg instructions are required since the shipping containers are of
'a stardard type and easily disassembled. All sub—assemblies are adequately
Aprctected:from normal shecks incurred during shipping.

stuallv 1nscect each assemtly in the shipment for damage. Check each item against
the na:erg list to ascartain that all items have been received.

8. ¢ 1/0 ADCRESS and MZvCRY WAXE-UP ADDRESS SELECTION

:bed in sactis J:"—=z the progta::ed 1/0 interface between the F4D8004 and

ha host is via a sirgle I/0 Write address. In adcdition, a single Multibus memory
asdrassi is used as the starting address of the sequence of memory based
ccr-;plcac1on ard control tables, as detailed in Section III-D. So that the

: *““'al;er w;ll res..cr-fa to th2 correct acdresses as chosen by the user a series of
jumgers on the FWI3005 PC board rust be set. The user must first, however,
dete:‘ o2 what ad::esses are approzriate tassc on three considerations:

1. The addresses chosen must be ccmpatible with the rest cf the
user's Multibus system. The progratmed I/0  address must be
unigue to tha WC8206 and the waxe-up adcdress must pe the system
address of merory suitable for storing the Wake—-up Bleck.

2. Scme jumpering options are cdetsmined by whether the Mul=zibus
systen in which the ccntroller is to be installed uses 8 bit or
16 bit I/O addresses. Typically, small to medium sized sys:tems
using 8 bit prccessor based CPU bocards (such as the Inz:
isBC 80/2C-4, isS3C 80/24, or 1iS3C 80/30) use 8 bit I/C addresses
while 16 bit I/0 acdressing is reserved for larger systems using
16 bit prccasscrs or larger. .

3. The waxe-up address, which 1is actually the Multibus memory

adiress cf tha2 Vake-up Block (Section III-D-1), Iis always a
mulzigle of eichar 16 or 255', e.g. it 1is possible to select a
waka-up address of 00s2C but not possible to selact an
adéress of (0C=:2<H. Also the waxke-up address and the 1/0 address
are closel; related so consideration must be given to choosing a
cembinaticn which  satisfies all of the various system
requirerents. Wwren 16 bit I/0 addressing is to be used, the I/0
acddress is

al~ays the wake-up address divided by 16 or 2S56.

Ir-1
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Thus & wake-uc .:dress of 00440H or 00440Cd corresponds to an:
I/0 address of (044H, a wake—up acdress of 92CDOH or S2CD00H
corresponds to an I/C address of 92CDd, etc. Vhen 8 bit I/0
addressing is to Lte used, the I/0 address is the least
significant 8 bits of the wake-up 2ddress divided by 16 or 256.
Thus for 8 bit I/0 addressing, @ wake-up address of 004404 or
004400H corresponds to an I/0 acddress of 44, and 2 wake-up
address of 1B68CH or 1BS800H corrasponds to an I/0 acddress of
68H.

* Note: For detailed information on memory address generation by the FwD3006 refer:
to Section III-A. - o

o . . : ) b

Noze: The H suffix 1is used throughout this manual ts denote' a number in-
hexadecimal (base 16) notation. Similarly, a B suffix is used for binary numbers. :
Numters without suffixes are deciral. SEE S

I - 2
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Once appropriate addresses have been selected, the following two steps are used to
set 8 bit or 16 bit addressing ad the actual I/0 address on the FWD800S.

Figure II-1 may be used to lccate the jumpers specified.

1. If the F<T8006 is to recognize an 8 bit I/0 address, remove
jurper W37 and switch the jumpers at W38 and W39 to connect A-B.

If it is to recognise a 16 bit I/0 address, install a jumper
at W37 and switch the jumpers at W38 and W39 to connect B-C.

2. The actual I/0 address bits are set by jumpers W21 thru W36 by
following this procedure:

Divicde the waxke-up acdress by 16 or 256 (Section III-A)
and then convertad to a 16 bit binary number, right justified.

E.qg.

0000000001 0001008
1coloo01011001101B

CJ4s04 / 16
92C2000H / 256

444
92CCH

The 16 bi=s are copied to the table below, one bit per box.

xS

| | | | | | |
1W3liw32|W33|W34|W35|w36]|
| | | | | ] I
i
I

I PR N
TR L A
ot v

W29 W30

I
i
!
[
i
!

The F.D8206 is currently shizped from the factory with:

Waxe=-up address = 000404 or 0004CCH

1/C address = 04
8 kit I/0 recognized

Tnis strazoing is subject to chamge without rnotice.

>

-3
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C. OPTION STRAPPING

In addition to the address selection described in the precesding section, the
FWD8006 PC board contains additional jumper locations which are used to configure
the controller to the user's particular Multibus system. They are described below
and may be located on the PC board by refering to Figure II-1. The configuration
as supplied by SMS is shown in parentheses with each jumper function.

wWl-W3 Define First Winchester Drive (W3-AB Installed)

Jumpers Wl through W3 are used to define the first Winchester drive according
to the following table: :

W1-AB W1-BC W2-AB W2-BC W3-A3 W3-BC

No Winchester R R R R R R
Seagate STS06 R R R R - R I
ST406 R R R R I R
. ST412 R R R I R R
ST419 R R R I R 1
'Rodime R0208 R R R I I R
Vertex V130 R R I R R R
V150 R R I R R I
V170 R R I R I R
Tardon 1703 R I R R R R
Atasi 3033 R I R I R I
3046 R I R I I R
Maxtor XT-1065 R T I R R R
XT-1105 R I I R R I
XT-1140 R 1 I R 1 R
Rodime R0204 S S
Ampex PYXIS27 I R R R R R
Evotek ET5530 I R R R R rrlfs‘7
ETS540 I R R R i R;;_‘f

II -4



cME 16426 I R R I R
' CM6640 I R R I R
Quantum Q520 I R R b¢ 1
QsS40 1 R I R R
coe 9415-36 I R I R R
R = Removed
I = Installed

All other possible combinations are reserved.

For drive compatibility, refer to Table I-9.

w4 Define Second Wirc ester Drlve (both AB, BC Removed)

Jumper W4 is used to define the—seﬂond Winchester drive as follcws'

Wi-AB W4-3C o
R R Same as the Exrst one defined by Wl-AB thtufw3-8C3

. R I Rezarved :

I R Reserved

w:—w7 PCefine Flczpy Drives (u?-AB Ins;alled)

Jur;er WS through W7 are usad o deflne the two floppy
drives according to the followirg table'
WS-A3 WS-SC» wG-AB Ww6-8C W7-AB W7-BC
No flezszyv R ﬁxgﬁ;'k R "R R R
S2312 R R R R R I
4250 R R- R R I R
M2336-63
TM848-28 .
TM848-1 R R R I R R
HB48-2 R R R I R I
5A850 R R R I I R
SA43) R R R R R
SA450 R R R R I
SA410 R 'R R I R
SA480 R R R R
FD-S5F

~x

o x

(o)

300082
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MPIOL R I R R R I
MPI9Z R I R R I R
M100-3 R I R I R R
M100-4 R I R I R I
SAdS5S5 R I R I I R
FO-558

SA200 R 1 1 R R R
SA46S R I I R R I
~OA-D3W R I I ¥ 'a‘. I R

‘Note: The two floppy drives should be of the same tyge.

All other possible combxnatxonsgare reserved.

w8 Enable Power On Reset Delay (Installed)

Irnstalled: A 15 second power on reset délay is enabled before the controller
can respond to any host commard. During the 15 second delay, the on board LED
will blxnk for approxlnatelj 7 times.

Removedtx » There will be no delay, i. e. as soon as power is turned on, the
c:ntrollez can respond to host command immediately.

w9 Enable Reset Self Test (Installed)

Installed:ﬂ Upon detection of the seccrs “':3*arﬂed I/0 Start command after
reset: (Section III-3), a comprehensive sez of internal controller diagnostics
is executed. If an error is detected status is posted and an interrugt is
generated. e

Removedr%:Nd?diagnostics are executed'except(via the Diagnostic Command.

wl% Enabt&ﬁ 6 Bit System Bus (Installed)

fInstalleé*:wThe FWD8005 will assume that all memory to which 1t is dxre»ted
suppor:s wo:d transfers which it will use when-a ptop'late.

Removed The» FwD8006 will only do byte data trans‘ers to the Multibus except

for data buffers where word transfers are flagged by the aprrogriate Modifier
bit  (Section III-F-2) ard then only if WLl is installed to enable the command
extension.. : ,

1I -6
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wll-wxzw Enable Commard Extension ard Direct/Buffered Transfers (W1l Installed)

wll, when installed, enables all the extended mode operations except
direct/buffered transfers. In exterded mode, FWD8006 command forms which are
rot available witnh the Intel i58C215/iSBX218 combinations are allowed. (For
detail of extended mode operation see modifier byte of ICPB block in section

III1.D.4.)

If Wll is removed, the exterded mode is disabled and only valid iSBC215/iS8x218
command forms will be accegted by the FWD8006. Note that in this
iSBC215/15BX218 compatible mode, the controller will post only operation
csmplete status, not seex complete or media change status, to the host until
the "Busy" byte in CCB8 is cleared, 1i.e., until the controller finishes
executing a cotmand issued by the host. This means that in the compatible
mcde, the report of seex complete or media change will be cdelayed until after
the controller finishes 2 commard. In the extended mode the controller will
post status internally gqueued in sequence whenever the status semaphore is
cleared by the host, regardless of whether it is seek complete, media change or
oparation ccmplete status. Note that to be compatible with iRMX-86, Wll has to
be removed and W43-3B must be installed. x

Sesides enabling and disabling the command extension, W1l is alse v=
tosether witah W12, to define four direct/buffered transfer modes.
- definitions arz listed below:

Wil wl2

"R R Corpitible mede, both flogzy and Winchester transfers buffered
R I Compatible mode, florpy direct, Winchester buffered

i P Extoncded moce, floppy direct, Winchester programmable

by mcdifiar byte.

Exterded mode, both flogpy and Winchester transfers direct

S e e

X

-
Lae)

This implies <hat bit 6 of the ICF3 mcdifier byte (section III.D.4) is only
. usad - to Zefins Winchester direct/tuffared transfers when Wll is installed and
- W12 i3 removed.

able No-iicst Diagnostics (BC conrected by a trace on beard)

A3,4*SC2both removed: Enables normal controller operation. Stra.. .-
W12 have the control functions as dascribed above.

 AB. installed: Enakles stand-alcne diagnostics. Straps W8 through W12 have-

control functions related to diagnostics and host control is overriden except
fsr reset cocntrol. Refer to saction V. for details of the comprehensive

- -

" diagnmastic cagabilitcies available.

_ BC . installed: The No-Host diagnostic is enabled (low) or disabled (high) by
pin 38 of Multibus P2 connector.

L Noteﬁé The controller is shigped with a trace on the board connecting W13-8C.
The trace has ts e cut if pin 38 of P2 is to be used for other purposes in a
specific system envirsament or if AB is to be installed.
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111 Warning !!}
If No-Host diagnostics is enabled (W13-BC installed) ggg

format is enabled (Wll installed) and Winchester write

protect is disabled (W14 reroved), a format operation will

automatically be started after power on ard data on

viinchestar will be overwritten.

Wwl4 Enable Winchester Write Protect (BC connected by a trace on board)
A5, BC both removed: Both Winchester drives\are not write protected. -
AB installed: Both kinchester drives are wrzte ptotected.

BC installed: Winchester write protection is controlled by pin 20 of Mulcibusz
P2 ccnnector. Wwrite protected if the line: is drivenr low, not proteﬂted
otherwise. ;

Note: The controller is shlpped with a ttace»cn the board connecting Wi4-BC.:
The trace has to be cut if pin 20 of P2 is to be used for other purposeﬁvH a
specific system environment or if AB is to be*installed. o

- W15 Enable Write Precompensation (BC connecté&‘by«aftrace~on boazdy*

AB, BC both removed: Not recomnended if thes trace betwaen post'.s Br an&ﬁﬁi’ftg
cut; may enable write preccmp. ‘

AS installed: Disable write precomp-
BEC installed: Enable write precomp.

Note l): The controller is shxpped wi:h ‘a trace on ths boa-d’ccqnecslngﬁ
W13-BC. The trace has to ¢ - = iZ A3 is to be installed. - .
2): Even if write precomp is é;,--ed by strap W13, the controller wzlxg
override it if the Winchester drives connected to tha controller argg
manufactured by Vertex or Maxtor becauses both ranulacturers recommend '

that preco*p not be enabled for tnext d'1v=s.

W13-4l3 Select PLL tlmxng tcr 8“ or 5—1/4“ Eloppzes (W13=-As3, th—Aa 1ns€ali
W18-AB, W19-AB installed: Se ect PLL xnteg*atoz time constant fct 8" fla

Wle-8C, Wl9-8C installed: Select' PLL xntegrator tiz constant ﬁov
£lzzpy. ~ S ' '

Note: All other possible cczbinations areviilégél.”

W21-W39 are described in se::ion:IIeB.

11 - 8
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wdl TDisable 8289 ANYRQST (Installed)

Tnstalled: ANYRQST of the 8289 bus arbitgr is disabled, that is lower priority
raster has to acquire Multibus via CBRQ/line.

Removed: ANYRQST is enabled, that is lower priority master will be treated as
higher priority master. )

W42 Enable BPRO/ (Installed)

Installed: Multibus serial priority output signal is connected to Pl-16,
Reqguired for serial priority systems.

Removed: BPRO/ 1is disconnectad from P1l-16 to allow BPRN/ of the next lower
priority board to be driven by external circuitry. Required for non-sms
teckplanas using parallel priority.

w43 Select C3RQ/ (BC Installed)

w42-a3 installed: FwZ8006 Multibus arbitration circuitry is controlled by the
¥ultisus CBRQ/ signal, PL-29. Under these conditions, the FWD8006 wi'®
relz2se the bus to a lcwer pricrity bus master unless CBRQ/ is asserted.
compztibla with 1RMX-86, W43-A3 must be installed. ’

W33-3C installed: FwC8G06 Multibus arbitration circuitry behaves as if CBRQ/
is always asserted. Bus arbitration normally occurs for every Multibus access.

32 Select Interruzt Level (A to D wirewrapped, INTS/)

jumoer 1s usad to select the particular Multibus interrust line

23
ted whenever the FWD8006 generates an interrupt. A ccnnection is
etween W44-A ard ore of the other pins as follows:

HAailtibus W44
.77/
INTS/
INTS/
DTS4/
INT3/
INT2/
INT1/
INTOQ/

RGETmmoOw

II -9
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WaS Enable LED Driver (Cc- :-ted hy a trace on board)

Installed: The LED driver ~hich drives the on-board LED is also connected to
drive F2-28 line.

Removad: Disconnect the on-board LED driver from P2-28.

Note: The controller is shipped with a trace on the board connecting W45-AB.
The trace has to be cut if P2-28 is to be used for other purpose in a specific
environment.

v46-W49 IEEE 796 High Order Address Lines (Connected by traces on board)

These four straps connect the FAT3000 to the four most significant IEEE 796
address lines.

wa7 ADR17/ P2-56
w43 ADRls/ P2-55
_W4S ADRLS/ P2-58
w43 ADR1l4/ P2-57

Note: The controller has these four traces on board. These traces have to be
cut if these four pins are to dDe used for other purpose.

w50 Enable LOCK/ (Removed)
Installed: The LOCK/ signal gen:zrated by the controller is connected to P1-23.
Removed: Controller generated LOCX/ signal is disconnected frem P1-25.

Note 1l): This strap exists only on boards of revision level C and up.

2): The Multibus specifications specify that "LOCKX/" cannot be assarted
longer than 12 us on the Mulcibus. However, when the controller
asserts "LOCK/" rfor Wincuester direct transisr, it stays assarted
during the whole block transfer. Eence it will violate the Multitus
timing specificatioa if this strap 1is installed and Winchester
direct transfer 1is recuested. It i5 the user's responsibility to
make sure that the installation of WSO will not cause any problem in
his system.

and are not user osptions. The must be straprged as follows:

Straps Installed: W20, Wé0 (w20 is connected by a trace cn board. No strap
has to te installed unless the trcce is cut)

Streps Removed: Wl6, Wl7

II - 1y
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D. DRIVE STRAPPING

All the last (second) drives on the J1,J2 or J3 cable should be terminated
properly as recommended by the drive manufacturer. Tables II-3 and II-6
provide detailed information on option straps for each drive supported by the
FWD8006.

II - 12



 Tatle II-5. Flcopy Drive Options -

SHUCAPT 5A400/SA450/SA410/SA460

oI . JUMPERS Sl E
23I4Z € Pensve MX, S, SD Install DSI},SS, DD, RI, DA
C2{v2 1 Remcve X, MS, SD Install DSZ‘, SS‘, gu, RI, DA

Haade will load whea door is closed. Door: locks when dnve is selected.

MICRS PIRI RALS INC; nPr 91/92

JUNPERS
Fzmcve T, T3, T4,
Remzve T., T2, T4, TS, T6

22 1oads when motor comes on.

 TanDeM '::'.1 30—3/”1*'&00-@«

ove NS -1 \'.436, LlpSB, M
zove MDSC, NES2, NOS3, :«m

"

TauDoN r-*43~1m~843-z

ey e
e et :

e Ay a3 i :
: P A 0 : 3 * P P c re s P, i
SAE L M3 . Insc2ll A,X,C,I,R,HL,Z,44,0C,0S2

trolled by Head Load. (HL).

JUMPSES
Tastall #0M,ES,41D,003,50
Install ¥, 85,50,23,50,




32030

225 -

sy A-CIW

RIVZ JUMPERS
Z-IVI 0 Drive switch set to position l.
Sclder Jjumger on back of Scny drive PC board, 34 pin connector pin 4 to
pin 10. This is requirad in ordsr to allow a write to the drive.
‘on-standard minifloppy requirement.
ZRIVE . Driwve switch: set to position 2.
Szlder Jjumper on back 0f 3cay cdrive PC board, 34 pin connector pin 4 to
pin 12. This is required in order to allow a write to the drive.
SEUGA3T SA810/SA3€60
CRIVE UMPERS
-RITT C Famove 3ll jumpers Install »0,8I1,S82,T?,2S,581,Y,SR,LC
cEIVL L Remove ail jumpers Install mO,S1,52,TR,2S,052,Y,SR,CC
v,S% avzilezle cn 4rive FC3 P/~ 232.9 and up.
SEHUSART SA39)
C=i7z JUWPERS
22172 0 Imstall A,M,X,Y,R,I1,C-HI,SZ2,25,0S1,835C,BL,IT,IWI
mIvz L Iinszell A,M,4,Y,R,1,C HZ,SZ,LS,ES~,8SO,H;,I.,Ih-
22,72, erd 2l etcheZ on BC board and are assurtaZ tc be ccnnected. B,S, and Z are
Csnn=cIzd via straps at lecaticn 2F con the driva ard sheuld be cut. Either RS or
FM shcLlt o2 jumpered. Cn 3A831 crives, either FS or TS shculc be jumperad. &S
SuTzers FroanZ F3. No ar jurpers ara to be implementsd.
TANDCH ™243-22
The Iollzwing Jurcers must te installzad
361 (or 282 fzr a s=2cond drive), HL, M4, TR
o= fol;:“inq are installed with a trace on the PC hoard. The jungers dec nct nava

2 be

inszal

ed unless the trace nas been

s2, FS, R, IC, 25, XC

T
-h-- LIRS

cut.

'RISHI 4289535-53

2VZ JJUMPERS
-~ -~ - - - C A . - ~=
< ><.,J5G,SZ,RF3,H5.N,EY, 95,50, 25,
. ~ - - . g0 .
- £S2,J8G,82,RFa, 4N, HY, PSR, 28,

r—
o>

,2,%F,A,X,M0,C,0C, 2

,RS,2,WP,A,X,MC,7,0C, M2
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Table II-6. Winchester Drive Opticns

SEAGATE STS06

CRIVE  JUMPIRS
CRIVE Rsrove shunts 16-1, 13-4, 12-5, 11-6, 10-7, Install 15-2, 9-8,
sPIVE Remove shunts 1l6-1, 13-4, 12-5, 11-6, 9-8. Install 15-2, 10-7.

.V

2 221f Stes cot-ion is selected.

ZACATE ST4CO SZRIES

CEIVET SUMPEFS
Z:IT 0 Remowe saamts l6-l, 12-3, 11-6, 10-7. Inst2ll 15-2, 13-4, 9-8.
Z-IVZ 1 Remcovs shunts 18-1, 12-3, 1i-6, 9-8. Inszzll 15-2, 13-4, 10-7.

CMI OM5000 SERIES

ZEIVZ 0 JUMPERS
CRIVE Q. Inscsil shunt 1-2.
ZRIVZ 1 Inmszall shunt 3-4,
otz EIxsszt f£or stracping differsnces. the CM3CCC series drives are fully

comgztizla with the ST4LCC szaries.

II - 15
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E. DRIVE C:3LE PEQUIRTMENTC

.ne F:D8006 is connected to :.e disk drives via five flat ribzon cables: the S0-pin
(J1) is for operation of up to two daisy chained 8" floppy disk drives; ocne 34-pin

132) is for up to two S5-1/4" floppies; the other 34-pin (J3) is for two S5-1/4"
Wwinchesters. The last drive at the end of these three cables has to be properly
terninated as recommended by the drive manufacturars. Note that the controller
cannot supzort 8" and 5-1/4" floppies simultaneously. For each Winchester drive
there i3 en edditional 20-pin czble to carry the drive data ard control signals.
Tne czDle for tne first wWinchester (WJ) is cornected to J4 and for the second (W)
to JS. Tre raximum length of eacn cable 1is 15 feet including cabling within the
Maltibus enclosure or drive enclosures. The Fproper bec--d edge connectors for the
50-pin cables are Scotchflex ribbon ccnnectors p/n 34.5-0001 or equivalent, p/n
3463-L001 or eguivalent for the 34-pin cables, and p/n 3461-0001 or equivalent for
the 20-pin cables.

Tne following tables siow the pin assignments in each cable.

Tzble II-1. 8" FLCZPPY DISK CRIVE CE3LZ (S0-PIN, Jl)

Signal Nere Criver Pin Signal Function

Low Curreat F06306 2 Red.ced write current

-- not used -- 4

— not used — 5

True Ready Floppy g Crive is ready to handle cdata

Two Sicsd Florp 10 The Zis<ette loece:l is two sided
Disk Charge- Filocoy 12 Disk chznge has bean detected
Side Select £/C28038 14 Seziect cne oI the two sides of the diskatte
-- not used -- 16

Motor Cn F23CC6 13 Turn on the IC mosor

ircax Slcopp 20 Begining oI z=ysiczl cdisk track
Reacy Flozpy 22 Drive is rezdy for access

— not used -- Floppy 24 (sector)

Crive S=lecz 0 rwC3006 26 Enable first flopay £or control
Drive Select I Fw’30C6 28 Enadle s=2zond floppy for control
-- not used — 30 '

-- not used -- 32

Direction FwC8C06 4 Mova heals toward centar if true (low)
Step FWD8006 38 Pulsed fcr a single cylinder steg
wrice Data F+C8006 38 Serial write data to flcppy
virite Gate FwC33C5 46 Enables write current

Track 00 Flogoy 42 R/W heads at cutermost cylincer
wWrite Protect  Flicgpy 3 Carnot write on current drive
eszd Data Flopcy 45 Serial read cata from floppy

— not used — Flowoy 48 (Secarated da:za)

-- nct used -- Flcppy S0 (separated clock)

tote: All odd pins are grouncad.
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Table II-2. S-1/4" FLCPPY DISK DRIVE CABLE (34-PIN, J2)

Siznal Nare Driver Pin Signal Function

— not usad — 2

-- not used -- 4

-- not used — 6

Index Floppy 8 Beginning of physical disk track
Drive Select 0 FWD800& 10 Enable first floppy for control

Crive Select 1 FwD800S 12 Enable second floppy for control

— not used — 14 »

Motor On F»D800C6 16 Turn on the DC motor

Direction FwD30038 18 Move heads toward center if true {low)
Step EwDB006 20 Pulsed for single cylinder step

Write LCata F»D3035 22 Serial write data to floppy

Writa Gate FwD2006 24 Enable write current '

Track 00 Flopzv 26 R/W heads at outermost cylinder -
virire Protect  Flopoy 28 Carnot write on current drive

Read Data Flenzy 30 Serial read data from floppy

Side Select FWZ3800C6 32 Select one of the two sides of the diskettg

— not used — 34 (Grive status)

Fcr Sorny 3-1/2" flz-poy disk drive, a special scramble cable has to be
mada to route ell signals from Jl to the atpropriate pins on the drive.

Sle II-3. S5-1/4" WINCHISTIR DISX CRIVE CASLE (34-PIN, J3)

Sicnal tame Driver Pin Signal Function

Lew Current F.T80056 2 Recduced write current/Head Sel 3

Head Select 2 FwWD8006 4 Most significant head select control
virite Gate FwD8003 6 Enable write current

Seek Complete Winchester 8 Signals the end of carriage movement .
Track 00 Winchestar 10 R/ heads at the outermost cylinder
Write Fault Winchester 12 Drive ray cause improper writing on disk
Head Select 0  F-T80C6 14 Least significant head select control

-=- not used — 15

fiead Selecz 1  FsT23Co 18 Middle head select control

Irdex Wincrester 20 Beginning of physical disk track

Ready winchestar 22 Drive ready for access

Step FND8Q05 24 Pulsed for a single cylinder step

Crive Select 0 FWD80CS 25 Enable first Winchester for control
Crive Select 1 FWDS30S 28 Eanable second Winchester for control

== not used -- 30 :

== not used — 32

Direction FwC3CCo 34 Move h2ads toward center if true (low)
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Hote: All odd pins are . _nded.

TABLE II-4. WINCHESTIR DIFCERENTIAL CATA CABL: (29-PIN, J4/J3)

Pin No. ~ Pin No.

1 11 @D
2 GND 12 D
3 RECAL/ 13 WCATA
4 GND 13 WDATA/
5 CARNP/ 15 D
6 GND 16 GND
7 17 RCATA
g GND 18 RCATA/
9 13 &

10 20 G\D

II - 13
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“IIC. PROGRAMMING THE FWD8006

== F#T5006 controller prasents an interface to the host ccmputer driver program
wnisn is simple and straicncforward. This interface is composed of a single 1,0
ad<rae3 whera the host goes to control the overall executicn of commands, a

£azility by which the csntroller may ganarat2 host interrupts, and a mechanism by
whics rhe host sgecifies, via bloc&s cf data storad in system memory, which disk

oz=rations to perform. Each of the three areas are discussed in sections which

f£allz. Preceedirg thes2 C<discussions, is a section describing in detail the
mectanisn used by the FWC38006 to generate Multibus memory addresses.

A, MULTIBUS ADDRESS GENZRATION

The TWC8G0é is capable of cperating in Mul-ibus systems based on 16 bit, 20 -

24 b remory acdressinc as a ccmponent of systems ranging from low cost ...
t2ssd on 8 bit micreprocassors to high performance products with 16 or 32 tac
graocessors and containing up to 16 Megaby-es of Multibus memory.

cdless of actual mexory size or system addressing capability, the EWDBObG

always calculates memory addresses which are 24 bits in length internally. This
24 bit address is driven onto the Multibus address lines during memory read or
write operations. In those systems wuere~16 or 20 bit addressing is used, the most
sig*:fxcan* 4 acdress tits (ACR14*, ACRL53*, ACR1G6*, and ADR17*) may be disconnec:a2
frea the Multibus P2 connsctor by cutt-“g 4 traces on W46-49 (Section II-C).

*ﬁc & systers using 16 bit addressing, system software will cause the FWDS8006 i3

s
rnly ganarace addrs
ra, =2 ignored ty oth

()’

sszes where the mest significant address bits are zero and these
her boards on the Multibus.

5|
ig)

e Y

24 bit addressas genarated b{ the £wWZ”3006 are not supplied by the host
y, but are constructed by the controllar from pairs of addressing worcs.
echanism used is a form of memory block ind exlng called segmented addressing.
T2 :ed addressing is used to allow the specification of any Multibus address as
c:;:*a:ed represantation of the address of a block of merory, called a Segment,
ard a relative address within that block, called the Offset. Using this scheme has
réry advantages. First of all, it is icentical to the memory addressing scheme
uss=d by the Intel iAPX86 (5085) and iAPX88 (8088). Secondly, it allows the
acdiresses of irdividual bullers, variables, etc. in any one block of memory to be
treated as if they hed 16 bit addresses even though the Multibus system supgorts
26 tit addressing. Tais elso means that data areas in several different blocks
whicn are all at the sazre relative locations to the beginning of their blocks may

S2 adiressed by only changing the Segrment.

Wt

(
\t

(OIS



aidresses gener - =i by the F+DE006 are produced in the same wav
s of whether the ac:-essed memory contains control information, cormard
s, user data, etc. In addition, the initial acdress used by the
r to access the hos- communication blocks, tha wake-up addcess, is
=3 by treating the 16 bit value strapoed on the PB (w21-#36) as a segment
for an acdiress with an Offset of zero.

Segranted addresses consist of the two 16 bit numbers mentioned above, the Segrent
amd the Offset. In all casas where segrmented addresses are used Gy the FwD8006
thase two numbers are stored in mewory in the same format (Figure III-1).

76543210 76543210

Offset MSB Offset LSB | n+0

n+3 Segment MS3 Segment LSB | n+2

I —

[
|
I
l
|
!

76543210 76543210

Figure III-1. Segmented Address Fornat

.0 arrive at the 24 bit Multibus address which corresponds to a particular
segmantad  address the FwD8006 taxkes the 16 bit Segment a-d multiplies it by either
15 or 235 (i.e. snifts it left 4 or 8 bits)! :-2 then adds the Offset to the result.
Tn2s Tne Szgment is the truncated kbase 274---7: zZ a block (sagment) of memory which

2le S e
st2rzs cn a 16 or 256 byte boundary anc tne Cffset is simoly an index from that
tase &idress. For example:

Segment = 1234k
Offset 5678H

Segrent * 16 = 12340H
plus Otffset + 5678H

Multibus acddress = 17938H

IZ the Segrment is multiplied oy 16 (shifted 4 bits) a 20 bit address will generally
result,  This mede is ussd whenever the segrented address is to be converted in the
saT2 way as imclementad in the iS3C 215 controller, the iAPX30 micrcprocessor esc.
The Fn23008 will cse this mode for all address conversicns fellowing @ programmed
1/C Star: coamand whare tha cara writzen to the controller was OlH.
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T usel thes full 24 bit, IZEE 796, addressing capability of the FwD8006, a
progravmed I/0 Start command is written to the controller with a data value of 03H.
For ’addréssos converted after a Start of this type, the Segment value is multiplied
by@ 255 (shifted 8 bits) before the Offset is added. This allows the specification
’ aeicn of addresses anywhere in ths 16 Megabyte range.

The: tw different conversion systems alss apply to the first programmed 1/0 Start
comrang nd ollowing controller reset. Thus if the value written is OlH, the hardware
";f'strappe@_,v’alue, which is treated as a Segrent, is shifted left four bits to arrive
i ¥ wake-up acdress.. On the other hand, if the I/0 data written is 03H, the
Je is shifted 8 bits to prcduce the wake-up address. E.g. a programmed
: .. of CO70# when set into the aZ<ress straps on the controller board.-is.
14 edf to mean that the Wake-up Block is located at memory address 00700H-if_a-
$ written to the controller’s I/0 address after a Reset/Clear sequence. But
ane physical strapping is converted to a value of 007000H for the address of
. theiWake=up Block if the start value written is O3H.

¢ the Segrent is stored as a 16/ bit number, the Multibus address of khe

the block must be a multiple of 16 or 256. That is; 23450H is a
20 bit address for the start of a block, 23456H is not because =% ~

oSt when: tha» address is converted to the Segment, 2345H.

«Cular r’ultzbus address may b‘s represented in a great many differenc
E.g. 44444H may be a Segmem; of 4440H and an Offset of 0C44H or a
40004 and an Offsaa of 4444H:

©Zi AR

¥ conversion methods-» listed;,above may be intermixed. Thus the first
sued may use 20 bit addressing to specify the Wake-up address at any
boundary in the low I Megabyte of address spac= and then subsequent.
for disk I/G may use 24 bxt.,addressmg to allcw access anywhere in
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3. PRULRAT I T/
~3,33 cortrol of the T ¢ is hezvily focused on the interface presented
c2_=+ tulzibus memory ki o3 tatles, The programmed I/0 interface te  the
corzr-llar has oeen kept to the minimun reguired for overall control functiens,
Tre D.030%F ressonds to o simgle 1,0 elddress which Is selected Ty hardware strans
on tre controllar ooacrld. This adirsss may b2 either an 8 bit 1/0 address as usad
in olcder Multizus comgatible systems of may be a full 1€ bit address to be
c-muesizle with the latest Multizes specificaticn. In either case, the FWi8006
~i11 respond only to I,U write ozerzticns te this address. Wwnenever such an I/0
wrize s detected, th: least significznt two bits of the 2data sent from ths host
372 3522 Iz selzlt ore cf four pessiole razrduare functions:
Data Tuncsica
00= Cilezr Interrurt -.Famove Reset
0iH Siart Cperation - ‘Jse 20 bit addressing
iy es2z Certraollser
Cia Start Operstisn = Usa 24 bit adiressing
Tnzsz Iungtions are descrized in mnce cetzil on the nex: rage.
[z - ¢
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CLEAR (CCH): An I/C wcite ozeration wzth this data value causes any
rerding hardware interrupt to be removed. This is the
normal procedure usec by @ host interrupt hardler in
respcnse to a controller interrupt. This I/C writa
operatica is also used to clear the controller's hardware:
rese: circuitry. Taois must be done after any programmed:
I/0 Resa2t, Multizus INIT/ assertion, or power-on reset
before the FWC8U0: will begin normal operation.

START (ClH): An 1I/0 Write to the FwD8J06 with this data is treated two.
different ways. The £first Start command after tha
controller has bte«  reset is used to signal the fact that

the controller shcu_3d go t3 Multibus memory ard collect the:

addresses of imgortant memory based control tables. This-

operétion returns no status informaticn except that the:

EJSZ £lag is clearszd. After this initial case, an

er Start ccmrands cause the controller to fetch. th

Pa werar 8loc« and to begin executing the couﬁmmﬁm

i£d ed Rcfpr to Section III-E for detail on commandsf

n2 I0P

H

w0
N C
Qn
(r

[\])

o] 'r

().
O

[' .

TS

RESIT (02H): Addressing the FwDS006 with an I/0 Write operatisn wis'’

data wvalus will cause the controller to be
immediately. Current dJisk operations .

inated, tuffer tzansfers in srogress will stop, and no.

s will ke roturnec.

Y
n N,

[\
o ] M W
(a4

0w
cr® O

[

»,

: After the hardwars reset is removed by a Clear
srazmed  I/0 functicn, the controller will executa:
re-up dxagnc;t.-s as sgecified by option strapping ard

ive 1initialization commands will e required before any%
urener dlsk accessas will b2 perfommed. <

Q. ¢ Ve

START (03H): An I/0 'Write to the FwD8CJ& with this data is treated in
the same way as if the data had been O0lH, with a single. .
exception. If the data is OlH, Segment values (included:
the I/0 address straps) are rultiplied by 16 kefore th
Offset 1is added. If the data is 03H, Segment values ares
multiclied by 258 before the Offset is added.




~s wizh aeny other high gsiizrmance disk C ontrcller, the F.TEC06 is capabls of
alsrzi-m the host to significant cnhanges in disk system status Dy gensrating
sariware interr LS. This is done bty assa2rting on2 of the € possible Mulriz.s

-l

leczebla by chargirng @ wire wrepged jumper on  the controller toa2rd. Once the
rict  is asserted, it is removed eithar by a Clear or Reset pregrammed I/0
frcm the host to the contreller. Tne interrupt is also cleared by power-cn

p se : s 1y SV
or Ty the assartion of the MultifZuz INIT/ signsal,

imze2rrazt lines, INVT/ - InIC/. The rartrular interrupt line to be used is ussr

~zr2 are three events which will causa the FWC3006 to assert an interrupt:

1. Conpleticn of a cormand
2. Ccmpletion of a seek
3. Flogpy media change

:fu.8 oCa
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- wzwsRY 3ASED CONTROL PATHS

ain zommand and status zeth between the FWCSC06 controller and the host is a

oy’ -ai

i

2% tables stored in Mulcizus memory. These tables are used to gass all the
v2-¢ infsrration requira? for eacn disk access such as disk function, disk
buifer e&ddress, etc. as well as all status information returned by the
The use of this mechanism allows far more detail and flexibility in
fa:e petween host and controller than approaches which rely on passing
ccmrmard ard status information through hardware registers with hardware protocols.

U XST RN 1

.er
»
-

ans 08006 uses four merory based tables for all ccrmunication between the host
&ncé th- contrcller. These four tables are:

3]
(1]
:'l
0)

WUB - Wake-up Blcck
CZ3 - Channel Control 8lock
CIz - Czentroller Invocatica Block

1273 - Input/Cuszut Paramster Block

d togather via address pointers contained in the blocks

: ck 2 chained
‘. 2 . A £ifth block a;su::atad with mcst controller operaticrs {7 --=
MesTiZes Temery btulfzr where data is either read to be put on the disk, wriz:i:o
Zz.m im2 <isk, cr wsed t2 control such fuﬂC ions as disk formatting. This fif:-
L.i3w 1S alsc Link2d into the chain of ceontrel blocks.
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) wUS - - Wwaks-up 3lock

azke-Uz Block 1is che firz: tlogk in the cnain and is used only t linx the

cintrailer to the rest of the cnain. It consists of 6 bytes (Figure III-2)., Tne
iirst twc brtes are reserved. Th2 rerainirg four bytes contaln the sectentad
33iress (Sec-ion LII-A) cf thz next block in the chain, the CC3. The acdress of
the W3 is defined Zy the same rardware strzgs on the controlier tozrd which define
z-e programmed I/C address used fcr Clear, Start, and Resat prograrmed [/0 virite

smmax.’ Sr>m the host. The value reprasentsd  in these strass (Section II-G) is

ultizllzd oy either 14 or 255 (Zection III-A), i.e. shifted 5 or § bit gositicrs
= =23 =Pz, to ge: the Multinus address of the wWU3. On recognition of the first
procramed  I/0 Start command from the host alzer a harcware reset of any type the
TvC8305 ill go to this address, fetch tne WUB, and interna2lly save the CC3
adcress. Sinice £niz action is only taken cnce after a reset, the WUB need not be
gresered.
l | |
A+l - I -—= | n+2
| I ;
| [ I
n+3 | CC3 Offset I n+2
l l '
l I i
n+rs | CC2 Segren: "ornes
l I |
Tigura IIZ-2 - 3lacv
TeZ=cS e

.o -

. v :
-~ b o -
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2. CC2 - Channel Conzrol Block

1

next block in the control chain is the Channel Control Block, or CCB. It is 6

[¥el

byzes in length as shown in Figure III-3. The first byte is checked by the FAD8006
for compatibility with the ILTEL iS8C 215. If it is not OlH processing will cease
with no status reported. The second byte is the BUSY flag. It is used to inform

the host whether thz controller is busy (0FfH) or idle (00H). This information is
used in hnandshaking commands and status between the host and the controller
(Section IZI-G). The remaining four bytes of the CCB contain the segmented address
of the fiZeh byte in the next table in the control chain, the CIB.

1
(=]

I |
2l BUSY I 0ls | <- WUB points
: I | here
I | f '
n+3 | CI3+4 Offset | n+2 »
| I |
[ I i
n-3 | CIS+4 Segment | n+4 :
I |

!

Figura III-3, Channel Control Slock

o
NCcle:

The actual 24 bi: address of the CCB is stored within the controller during the

rocessing of the first programmed I/0 Start command after a reset. Its location
rust not be charged between ccmmands without a controller reset and initializz-
secuences

4
-
4

PTTT « Q



3. CIz - Controller Invcczt. 3lzck

" o fC--=s2llar Invocation Blocet, or CI3, i3 the next block in the control chain.
T- is 11 oyz2s long as shown in figure III-G.

n+0

n+2

n+4 <- CCB points
here

e e e —— — — —— — — — — — — — — — —

r=2 1272 0fiz=te n+3
i |
n+ii | IC#2 Segrment n+iC
iz 2ra II2-3, ZRarmr2l Invzoanian 8lccx

- ea - -
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'

T-e fields in the CIB have the following functions:

n+0 reserved
n+l Cperation Status:

This byte contains the latest controller status and is
interlocked by byte n+3 below. The status contained in
this byte is encoder on a bit by bit kasis. The bits
having the following meaning:

7 6 5 4 2 1 o0

3
| R Fror b
IEIH|-U-|IDINIS|O]
1t 1 I I I

Error Detected

Hard Error

Unit (2 bits)

= Drive Type

= New Ready Drive (Media change)
= Seek Complete

= Operation Complete

oOnzupcxErm

The E bit is set whenaver an error is detected. It remains set even if =
retry is successful. The H bit indicates haré error. It is set

is detected ard no retry is allowed or if the retries are not succes.

cther words, E=d=0 means successful operation without any error. E-

re2ns error cetected but recovered. E=l, H=l means error detected w~.tw.
unsuccessful retries or without retry. E=0, H=l should never occur.

Note: If an Cgeration Status byte is read in which E=H=l and
N=5=C=0 the controller is indicatirg that its internal
status buffer has overflowed because of lack of nost
servica. Some status bytes have teen lost.

n+2 reserved
n+3 Status Semaphore - See Section III-G for details
n+4 - reserved

n+7

n+8 - Segrented address of ICPB
n+ll



ontt

:elloas tre figure.

for conn4n1~e:;3n retwe=n the F.D8J06 ard tre
.- chain, the Ingput / Cutput Parameter Block, cr ICP3.
~ all the information reguired by the controller for each specific
as d;sk accre ss, bu er address, ard function to be performed. The
sranzed in Figure III-5. A description of each

served

's block of fvu&;bytns is neither reed
?,C*f writzen ~[m§ e E::SCGO controller

Azl ~r;nsfer Ceuns
- the '"'tt:ller ac enc of cperation)

I/J Parameter Block

host is the rext

Stored in

n+tQ <~ CIB
points
here
n+2

n+4

n+6

n+8

n+1l0

n+.2

r+14

n+l3

n+l8

n+20

n+22

n+2a
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T2 individual fielés in the FWD8006 IOPB are defined telow. Note that fields
filled with zeros in Figure III-5 and in the figures fcr the various commands are
raserved for future expansion and should always be set to zero by the hos*t driver
ts insure continued compatibilty. Those fields filled with dashes are ignorad by
the comrands shown and may assune any value.

Actual Transfer Count:

Tnis four byte field specifies ¢ 2 number of bytes actually transfered in the
process of executing tne command. It is treated as a 32 bit positive Rinarv
number. Byte 4 of the ICP3 contzins the least significant bits of

aré byte 7 contains the most significant bits. For normal disk dac.

which are completed without error the Actual Transfer Count will be equal to
the Raquested Transfer Count.

1y

This bit specifies the device type to be accessed.

0 - Winchester disk (iSBC 215 equivalent)
1l - Flopey diskette (iSBX 218 egquivalent)

A sirgle byte rfileld which specifies the operaticn; such as READ,
TCRAT, etc. which is to be perfcormed. The value in trils byte determines how
scme other fields in the ICP3 are interpreted.

is fi2l12d specifies which of the disk drives of the tyre specified in the F
t is to be accessed. Since at most two drives of each type are sucoorted,
e rormal values for this field are 0 or 1. On comrands which set this field
to 2 or 3 the controller will return a CRIVE NOT READY error.

Tess:

This byte is ocnly used to specify the particular diagnostic test to be

executed when the operation specified in the Functicn byte is the Diagnostic
Command (Funczion = CFH). For all other commands tiiis byze must be zero.
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iiier:
Tris btyte is actually trezted by th2 controller as a f1°x4 of 8 single bit
¢amsrel flzgs. The bits ara indspandant of cne a”othor ard are assignasd tha
foilowing functions:
Bit Functior enablsd when bit is set (=1)
7 Enables extensions to iSBC 215 commands
6 Enables cirect Multizus <=> Winchester disk transfars
) Enables word cata transfers within data buffer
4 Undefined - Must be set to zero
3 Undefinzd - Must be set to zero
2 Causes flozov read/write to use deleted data AMs
1 nnibits all error retries
0 uctreszes commard ccoopletion interrupt
For mor2 datailed explaration of the modifier byte, refer to
Seciion IIZ-F.
r~os - e
~f - [
This word is us:d o szezify the starting cylinder (track) number from which
ars Zizw writz, r223, cr format will bagin. The r:nge of values acceptable
Sor ghis werd ars czcandent cn the drive type and cdrive parameters specified
2t inizizlization tire, The smallest cvlinder number is always O, which is
et ingzr farchest Irco th2 center of the ghysical disk. An illegal valu
in izl : 2 tn2 h22Zs on the specified drive to ke 'ef'ac~eﬂ to
colindes ' =Z) arZ an errsr ~ill oe returned.
Sectzr:
Tnis byte is -uch like the Cylirder worZ2 in its functicn. It specifies the
-tner for disk write or read operaticns. The rarge of legal
s 1s Zzzerndent on drive type ard  format (l.e. the nutler cof sectors per
trzck) . Nota2 that the smallest sector nu::er is alwavs 1 for flovov disks arnd
2_.2v5 G for wWinchester disxs.
HesZ:
Thiz oooe Cylindzr word in its function. It specifies
<nz  szar ite or read cperations. The range of
terzloova Like cylincer nusnters, head nunters
313t &t flovoy disxett2s the head nusbar is
&l.zvz O y Giskettes the only values allcowal
&re 0 and

- ece

-
hea T oLt
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T-a  TWD2005 prasents th2 progratrer with & comprehersive repertolre of ccmmancs
Cesi;m2d t3 take full aivantaz2 of tiie cagabilitiss of the disk drives supgorted.
Th23z include ro: only no.mal RZAD and WRITE commands but also commands designed to
tailc ne disk systen's cpsration to different egplications and a complete set of

“diagnostic capatilities. _
The various corma~ds ar: invexed ty initializing the previously described tables
prezerly and then executing a progrersad I,/C Start to the controller. The memory
basesd tagles leadirg up to the ICP3 have been described in previous sections. The
follz-ing seciisns cCetall the ICP3 and data buffer requirements for each of the
connands executed by the F-D08CCso.

comrard o be executed (s determined by the Function field in the
idls val.as and tha cormands asscciated with these values are:

. - - g ‘ - .'
Valus !Hex) fFunceicn

)

INITIALIZE

TRANSFZR STATUS

TCEMA

RZAZ SECTR ID

222D DATA

RIAD TO EUFFIR AND VZFITY
*RITZ CATA

YWRITZ BUTFZR DATA

S im s s me gy
LUIT AT TAECK sS:2=2X

REIRT ST ¢ VEEN IS S5 TIRN SN DY R NS T

L) ot
~
©
w
w
"
<
®
[3 %

resares
BUFFEx .

ASVA T
DIAGNCSTIC

-
-
<

c-ions in  the order given akcve. The

ran of the ICF3 showing those fi=2lcs

fore the ccmmand is execuzed. These

& ; ller for the functicn sgecified, and

= v have any nese dizgrams with dashes insertsd in
nli=a ¢ £igls pa-

§ P - -
HrieS Va C_..".’ aeTaw iz T

Hhs S o REDRS B GOk
e ees T el
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Data Suffer Address:

This four byte field contains the segmented address of the data tuffer. For
normal read or write operations this is the address of the Multitus memory
buffer where the data is to be stored or fetched. For some commands, this is
the address of additional control information.

Requested Transfer Count:

This four byte field is set by the host to specify the number of bytes which
are to te transfered in the prccess of executing the command. This field has

the same format as the Actual Transfer Count and it 1is also treated as a
32 bit positive binary number.



reserved e

This block. of four byte& is nexther read
nor written by the F~D8006 controller

n+0

m2

Actual 'lrans er 'Couma

T (returned by thet contr@l

‘45 aﬁ* erdsof operatz.on)s




‘M pm s e maa
ria -7
C et swiiaa

tcarséar Srive re;gteﬁ —arsnetars  to tha

Thne I=i<iilizs comrard is uzd o 2
cumtrilles 2m3 , Srive hazfs te cylingder 2ero to' s .ch:c*xze positioning.
N2 zaroratizs Sz suzh ehircs as the ranbar of cvnm..e's, neads, bytes ger
ssszi-,  Eus. ms=isn £ b2 passsd to  the controller is contained in an
EX S ol SOt -3 nis exzersion is eizhz tvtes in lengtﬁ (Figure 1II-7) ard
i372dirzssed oy uffer CIfsat and Sagrment stored in the IOFB.

n+l Total NurZer of Cylinders n+0

o
-
(VS ]

Hezds - Winch n+2

,,1.
w

=7 /Sector 1S3

(o4]
RE
T
m

n

— . —— —— W e — o —— — ——
e, e e e e f s e o] e () —

— — S p— — — —_— — —— —— —

izcza I -
izrmazicn contzinad in the ICPS  extensisn is usa? by the controller
zi21ad coTrmands, th2 Iniziz? == Ccmrarng should o2 issued for each
22n Izllewing @y fall.o.: resat wiizthar caused by power Ty
2 vrxramoed [/O Rese: czorard (Sastion III-B). Comrands issu
3wz nit zeen initialized will not ke executsd and an error wiil

.

i the ICF5 extersion have the foll c-uf'g reznirgs:

Tozzl ._-izr oS Cvlindars:

e

n..er: of Eh:
oer va’ue of thi

sical cylindars available
s word fcor the diflsrent
I

ALl oz 8" flsn wzgerzad Z, the controller have 77 cylinders, but €
SR Ilomyye At 33, &2 or 30 cylirders. To provide flexidle media
gxsrancegsilizy i1/2" £lczny drives are uszd, the controller allows
2 o Zizwezza fo ; @ «3T?I drive to be read by a 26 TPI drive. Thre
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process is as’ follows. The controllet recognxzes the 96 TPI drxvevby»gtrapsﬁ
wa-w7. If the total number of cylinders specified in this word is 35.or 40,

the controller will issue double stepping pulses for each cylinder. 1If the
toral number of cylinders specified: is any value other than 35 or 40, no
double stepping will be provideds  Also note that the double stepping is

allowed only for read operation but not write operation because a diskette
written by a 96 TPI drive may not create-a strong enough signal when read by a
48 TPIL drive.

Heads - Winch:

This byte specifies the number of read/write heads on a Winchester drive: The
proper value for this byte for each of the drives supported is also contained
in Table I-6. When a floppy drive is specified, this byte is ignored.

Sides - floppy:

This byte scacifies whether the diskette to be used is single sided if the
byte is one, <r double sided if the byte is two. This is needed because the 5
1/4" floppy drives do not generate a "double sided™ signal and the controller
has no way cf knowing whether the diskette is single sided or double sided
without this byte. The 8" floppy drives, however, do not need this e
tecause the "double sided" signal tells the controller directly whether the
irserted diskz-te is double sided or sanle‘sxded. This implies that: :theré
is a media change after a 5 1/4" Eloppy drive is initialized, the controller
cdces not kncw whether the diskette is changed from single to double sided or
vice-versa unlass the drive is re-initialized progerly. This problem does not
exist for the 8" floppy drives.

3y=es/Sector LS3:
Bytas/Sactor MS3:

These two bLytes. form a word specifying the number of data by:éSfid?a-disk‘
sector. This sector length must match the format of the disk’ and' must be:
either 128, 233, 512, or 1024.

If the drive specxfxed is a E’oppy, thxs byte is used to specify the tecordirq?
Censity and data encoding scheme used on diskettes in this driw
drive specified is a Winchester, this byte is ignored. Possible val
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‘Read Txtenses Status Bufier

LRt

7 6 5 4 3 2 1

resarved

- This block of four bvtes is reither rezd
ler

ror wrizten oy the FWD80CE control

ey e s iy o e e

, &ztual Transler Count
|7 (returned by the coatrollar at ernd of cperation)
I I
- I —- l
l l
- I |
— 1 Fae=1 |} — |
i | |
e , S [
¢c 06 0 0 0 0 Q0 |- Medifizr
|
; A i
_.._...._ f -—

Cata Bufler Ciisz:

Cata Buflfer Segrer:

— i o ——

7.0 2 1 0 76 53 4 3 - 1
Figure TII-8, IC23 = Trarsfer Status Cormand

n+J

2

r+4

n+6

n+8

n+lo

30003220



STATUS

=0 re2d the contents of the Exterced Status
memory. It is normally usad to gain detailed
or which was repcrted via the Error Detected

brwc 4
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I8. Executing this cc.ﬁend will cause the
tc the data buffer sgecified in the Data
The contents of the Excended Stasus Buffer
all commands except Transfer Status.
is required, the Transfer Status commard
th2 errcreous comrard execution.

i€ t-e externsion bit (bit 7) is not set in
ther~ise. The bytes contein the followirg

-, = -

St ()
. |

[§ 1)
O R AR

-
-
=
-
-
-

2wy

wn

A0
()4
)y oo
2. O O b«
»auab

[ N B PV S 5

(&)
™~

3
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n‘ o ke

b B I R
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(AU T}
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[}
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0
o' o
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-
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C
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N 17 Fe 0 ) tn s

re oW

[N T
[{V I

[ Y

<h
W
(1Y

detzc:tel tefore the requested

3 exnzaustad. '

T2t 2 track as bcth an al:ternate
2

ve trazi or a defeczive track

track which was nct formatted as an
:ko

3.2 a ¢commarg for 2 Grive which s
sicinz 2 ssak.

.zr error (Seztion V)

ite cr format a writ2 crszacoed

not connected

or not i :
dress (cvl-n-a:, head, or sectsr)
not fourd cn sgecifiad track
szaecification
Cat=z122 on selactsl Crive
z (S=zztion V)
3 is diffarant than sgecilfied
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reserved
Cylircder address mlsma:~
drive fault '

resarved
Ca-a field ECC/CRC error (If error could not be

reccvered, H bit is set in Operation Status in CI3)
reserved

Word containing d°=lted cyllnder

Desired head

Cesired sector :

word contaeining actual cylinder and flaqs

Bits 7-4 of byte 8 are flag bits as described below.e
Bits 7-6 provide code of the track type:

CC3 Normal track

013 Alterrate track:
138 Cefective track:
118 Reserved

Bits 5-4 define the sector sizes:

0C3 128 bytes/sector
013 235 bytes/sector
108  S12 bytss/sector
13 1024 byte :/:é’:tv'

Act.al head
Fztial sector

Nurcer of retries atie cted / reguired

Petailed event code (Aczendix A)

Byte 12 is only returned if the extension bit (bit 7) is se=
in the Modifier in tha ICP3 fot tneATrans:et Status cormanc.
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FCRUAT

™e Format ‘commdnd is used to write the sector header information onto a single
track of the specified disk drive. These sector ID fields segment the track,
allecating space fcr each of the data sectors. .They also contaln information used
in subsequent write or read operations to locate the correct sector data area and
to verify that the correct cylinder and head have been reached and that the sector
data area allocated matches the sector length . .to be written or read. In addition
‘to the sector ID fields, default cata fields are also written. The length of these
data fields is the length specified in t~2 lzs% Initialize command for this dr:
This length’ also controls sector sgacing &« the number of sectors on the tracs.
For further details on the actual information recorded during the formatting
process refer to Section IV. Information required by the controller in order to
forme:z the track is passed by the host in an extension to the IOPBI The extension
is six bytes long and is addressed by the data: buffer offset and segment words in
the I0P2. There are three versions cof this extension which' is shown in
Figure III-10 kelow:

[ boooe i b
n+l | User Patzarn 1 | = Track Type | n+Q

! LG B

I | T |
n+3 | User Pattern 3 | User'Patters 2 | n+2
r+> |Interleave Factor| User Pattern 4 | n+d

l ! s ¥
Figure I22-10. ICP8 Zxktersiza Fermat Comrmand

‘The three extensicn t,pes ccrrespond to the " thres tyges of track formatting which
‘ray be spegified for a Winchester disk. Thes2 are a normal data track, an assigned
alternate track, or a defective track. The assignment of track type is gar- -~
‘redia flaw management, coversd in Secticn III-I, and is controlled by the .

type con led 'in the first byte of the extension. This byte is assizned wtie
{fallowing values: )

Valie Track Tyze

CC& -~ Normal Lata-

¢CH : Assigried Altarnate
8CH - Dafective:

Whan fotma;ting a flczoy track this byte mist be ;e;&;



e which is written into the sector data
P

-2a5 on - .sozy tes the first byte (User Pattern 1) js
.eceazsd  throughout the s:. o, l.e. tires, 256 tires, etc. For Winchester
trazxs thz whole sequence is r:zeatad; i.e. 32 times for 128 oyte sectors, 64 tires
far 235 w:=z sectors, etc. Tn2 pattern 1S written to the Winchester in the order
i= a=-223rs in the ex-a2rszicn: Usar Pattern 1 is written first, User Pattern 4 is
written last.

Wren tr2 tr2zk is to te formatted as a Defective Winchester track the User Pattern
by<25 written are ussd on suzsesusnt actesses to  locate the assigned alternate
rrzck whera the cata is written. In this cas2 they are interpreted as shown belcw.
User Pattern 1 Alternate Cylinder - LS3
User Pattern 2 Altarnate Cylinder - MSB
User Paz:tarn 3 Alternate Head
User Pitzern 4 Fesar/ed - must be OCH
Ths zave factcr 1s us2d tc control the orcdsr in which the sectors appear on
Ste Zosizzl ortracA, &0 int2rleave factor of 1 specifies tnat sectors are %o re
wrizIan  In seguencs 2rount tne tra {.e. 1Index, sector 1, sector 2, etc. OQCther
walo2s T2/ zZ2 ussd o inTraas: Lhe S< rctaticnal time between sequential secton
SLTI2r3 2 Tnat the dzta Ircen ealn I2r ray be processed before the next sacton
So TS:E STraEck comss wnZsoootn2 crive r2zd/write head. For example, sincqg
wingrezszer cizk Za:za ] re normally boflzraed thru the controller’s on board
, &= lezszt cne 2 2 12 =2 allow2d (rcr2 in scme systems) ketwe2n
~zial sscicr oo a.l tne er cIntent.  ts be passad betwean tha
S the Mulzizls ry. Tne intsrleave fact::r is the mininurm nutzer cof
~sals c=s szzrt of cne sector and the start of the naxs
sectcr. fcr flozzy ard ssctor © for winchester is always
iTTadiately ne gnysiczl track irdex. Zome examples of trzcss
nterlesz r2 dizgratr=d belcw:
~533.7ing 2 ssctors/trace (e.g. 1024 byte flczoy singla damsity):
f2zoor Crder frem irdex

DLW N -
- .
W s U N

[

ur g w
da 00 ) O

-e =



S0ucezm.
4. Read ID - Read Next Sector ID Field

27 6 5 43 210 7 6 S 43 210

n+l } reserved % n+G:
I S
| This block of four bytes is neither read }
n+3 | nor written by. the FWDB0C6 controller 'g nt2
I
I |
n+S | ; ; 1 4
| Actual Transfer Count |
| (returned by the controller at end of operation) |
n+7 | 1 n+6
| ]
n+9 | - | — | £ n+8
l ! [
| b | Ik
n+ll | —_ | Func=3 | m— | U.F |
| | | | b
o cee b
n#l3 | 0 0 0 0 0 0 0 0 | Modifier b
| [
n+ls | —_— b on+le
l -
| +
17 | —_— -— | n+l6
| b
| ‘ N
n+l9 | Data Buffer Cfisat S n#l8
I » |
| N R
n+2l | Data Buffer Segrent % n+20
| : .
l I
n+23 | b on#22
;o — iy
! 1
25 | | onr24
I 1
7 5 5 4 3 2 10 7 6 S 4 3 2 1 0
Figure I22-11. ICP3 = Read Sactor ID Cemmand




30203220
R=zxD S2CTCr ID
Tra2 fza2d Sestor ID commars is uwsed to transfer the contents of the next availabla
ssctor ID fizld (Secticn IV) into the data tuffer, This information may then ke
used  for & number cf purposss such 2s varification of cylinder and head s=lection,
s2stsr  length dsterminatiosn, rceta2ticnal access optimization, etc. Since this
coarard réy te usad to verify Zdisk wesiticn, o implied seek or head selecticn is
osrisrm=d, ard the sactcr ID is read frcm tha2 disk track which was last reference
cn wns crive. The data tullsr to o= o 3 acddressed by the cdata buffer offse:
a~Z s=z3Tent In the sarme2 w2y as th2 bulll Ior @ r=2ad or write command. The dat:z
wolitiaza to this ouifar Is five Iytes  in langth and is diagramred in Figure III-12
oE-REH
! | I
nelod Cylinder | n+0
i ! |
\ | I
n+2 | Szctor | F22d | n=2
i ! !
I l
| TTLLJS0C | n+s
! i
3210
Wrera:
T.  Trzc< Tvoe L. Lenczin c¢f Sacicr
S2 Norral Cd 122 tvies
G.  Assizgned Alc C: 255
10 Cefective 13 Si?
11 Mot us=d 11 132+
Fizore I27-12, Cz%z2 3ufisr - Rezd Se2ctor I2 Command
1II.- 22



30008220 -
S, DRead Data - Read Cisk Cata Intc Memory

765 4¢3 210 7 6 543 2 1 0

| |
n+l | reserved |  n+0
| : |
l This blcock of four bytes is neither read | ’
n+3 | nor wricten by the FALE006 controller | nt2
| |
| | ;
s | | n+4
| Act2al Transfer Count ‘ | R
| (returned bty the controller at end of operation) | ,
n+7 | |  n+6
I I
| | I R
9 | -— | -_— 0 0
| I i
I | | bt
n+il | -— | Func =4 | -_— | U} nﬁQg
I | | I
n+l3 | 0 0 0 0 0 0 0 0 | Modifier | n+l2
| | |k
I ’ k?
n+l5 | Cylinder | o
| |
| I , | :
n+l7 | Sector | dead | n+l6
| | !
I |
n+l9 | Data Bufisr Cifsat | n+l8
i ‘ |
I |
n+2l i Data Buffer Segren: | n+20
I [
[ |
n+23 | . [ n+22
| Requested Transfer Count }
| | -
n+25 | | n+24
I P

~I
[6))
wn

43 210 756543210

L T LY T I Mae A
izore 12213, IC23 - Resi Cata Cocrrmard

TTT - 2.



30008220

The Re22 Cata cormand is, with write Data, one of the

Its Suncticn is to transfer

rzaD CATA

two rost cften used commards.
datza from a disk drive into a Multizus memory buffer
the drive to be accassed and the Cylinder, Head,

The 1273 fields F arg U szecily
ané Sector fislds Cdeterzine the starting location on that disk. Da is
transfered, starting from the first byte of that ssctor, into Multibus memory
startingy at the byte addrassa “by the CLCata Buffer Cifset and Ssgment. Subsequent
bytes are transfered to sequential bytes in memory until the2 number of bytes
transfered is equal to tha Raquestzed Transfer Count field in the ICF3 or until an
erro: cccurs. At this peint the Acz_al Trarsfar Cocunt field in the ICPB is updated
with the nutser of bytes actuzlly written to the memory buffer and status is
recurnzd. If buffered transizrs rave been selected (defired by w11 W12 ard ths
mcdifier byme), each sactor is read frem the disk into the controller’s on board
bueffzs 2ard then transfer2d to Multifus meTory.
IS th2 Rsquested Transizr Count has not b2en exhausted by L time the last sector
on 2 ftrack nas keen trarsisrad, the FWC8005 will automaticelly continue the reading
of dzza frem the first sactcer on the next track of the cylinder by switching head
salection in ssguenta.  In additicn, If tha count has rot bean exhausted by the
tir2 th2 las: sec:zsr cn the last track of the cylinder has bt2en transfered, the
F2300€ will augsomarnizally sae< the drive to the next seguential cylinder and pegin:
rs2:ing at hezZ 0 anZ tne Iirst saclor. I the Reguestad Transfer Count dees not.
F;-:ify an inceyral nurmzer of sacsiors, the last sector containing part of the data
©1i1 te re2d inzo thes con bcard bullar in full, but only =nough data will be moved
o =n2 Multibus buffer to exnaust the count.
Severzl 5its in the peogliiler fleld in the ICPZ may te z:=: to tailor the Rezd [Cata
cemmani, Thase are listzf in th2 tazle talcw arc descrifed in dezzil in
Sectizn I2I-T.
3iz faonction enabled when Bit is sec (=1)
7 Enables extensions to 1S8C 215 cormands., Must be
set to enable bits & or =.
) * Enables direct Winchester <disk tc Miltibus trarnsfers
rather than fully buflered trznzizrs.
5 Enables word data transfer within carcza buffer evan
if Wl0 is removed speciiyirg tyt2 transizrs,
4 Uﬁcef na2d - Must bte sat to zero
3 ndelinad - Must be set to zer
2 Causes ficzoy read te use dele —d czza AMs
1 Inhizits all error retries
0 S.coressss command completion inmterrugs
Not2 that al nough  the controller can do diract Winchestar to Muliilus Zi3ta
transiar :y locking the wolzizus, dzta overrun may cccur I the Multizes catz camth
is Zuz2 wiZe, or if tre Miltioos startirg address 1s odd (T2 Myltizus crotococl
rec.lirss that a single L 2 transisr b2 E:llcwed by a string of word <ransisrs (2
the C2%3 path is word wiZs tet the starting address is odd) or if the Multibus
terory 1s a dual port c:mory which has to be shared by seme other non-Mulilzes
rastars like remory on : CfJ ocard tecause the controller can only lock the
Mulzizus  arbitration tut - - -2 cinzrol over the dual pert artitration which c:as
not resice on Mul:lbu;.
Irr - 30



300082
6. Read Buffer - Read Disk Data Into Controller

7 6 54 3 210 7 6 5 4 3 210

| . l
n+l | reserved } n+0
|
I This block of four bytes is neither read I
n+3 | nor written by the FWD8006 controller | n+2
| |
| |
n+S | | n+4
| Actual Transfer Count |
|  (returned by the controller at end of operation) |
n+7 | | n+6
| |
| | I |
n+9 | -—- | _ | F 1 8
| | | |
| | | | |
n+tll | -— | Func =5 | _ U |
! | | | |
| | . |
n+l3 | 0 0 0 0 0 0 O O | Modifier | n+l2
| | |
| !
n+ls | Cylirder | n+l4
| |
| | |
+1l7 | Sector | Haad | mt+lé
| I I
l |
13| —_————————— I o2
| l
! |
n+21 | - | n+20
| !
| I
n+23 | | n+22
| Requested Transfer Count |
| |
n+25 | | n+24
| |
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Figura III-14. IOF3 - Read to Buffer and Verisy Comrzrnd

11T - 31
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30008220
7. write Data - Wicite Memory Cata onto Disk -

7 6 5 4 3 2 10 7 6 5 4 3 2 10

; l
n+l | reserved | n+0
| |
| This block of four bytes is neither read |
3 | nor writtan by th: T 72006 controller : n+2
|
| |
n+5 | | n+4
| Actual Transfer Count |
| (returned by the controller at end cf operation) |
n+7 | - |  n+6
| |
| | | |
n+3 | -— | —_— | F| n+8
| | | |
| I | | |
n+ll | -—_ | Func =6 | -— U | ne”
| I | | I
I l |
n+l3 | ¢ ¢ 0 0 0 O 0 0 | Modifier | n+l2
| | |
I |
n+ls | Cylincer | n+l4
l I
| I i
n+l7 | Sectcr | Head | n+l6
| | |
| I
n+l2 | Data Buffer Cfisac | n+l8
! I
| |
n+2l | Data Buffer Segment | n+20
| |
| |
n+23 | | n+22
] Requested Transier Count |
| |
n+25 | | n+24
I . |
7 8 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Fizura IIZ-15, 1ICP8 - write Data Commard

11T - 33
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wRITE DATA

e s e—

Tre Yrize Cata cemmand is, with Rzz3 Cata, one of thz two rost olten used commands.
Is function is ko =ransfar Zaca from a tultibus memory buffer to & disk drive.
The 1028 fields F a-2 U specify the drive to be accesszd and the Cylinder, Heed,
ar¢ S2azter fields dszzrmine ths starting location on that disk. Data is
trersfared, starcing from the first byte of the mMultibus tuffer addressed by the
Caca Buller Segment and Jffse: to that starting disk sector. Subsequent bytes are
carziszred from ssguentiael bytes in the buiifzr until the nurber of bytes transfared
iz ecuz2l to the Reguested Transiar Count field in the 1IOP3 or until ar error
ocTurs. At this point e al Tran r Count field in the ICP8 is updated wit!
rme rn.Tier oI Tytes 2 frzm the Multibus, and status is returred., 1If
suffzred tzzrsfazrs b fined by Wll, Wl2 and the modifier byte),
ezz., s=3c:izr full o« ed from the Multibus buffer into the
conirallar’s on zzard ~en this data is written onto the disk.
I o2 Beglestw2?d Trans Ce2n exhausted bty the time the last sector
<lot T fas fean tra: 22225 wWill avtcmatically continue the writing
ss 5 the first .2XT  track oI the cylinder by switching head
salszzizn in secuernc: I th2 count has not been exhausted by the
tire the las3t sacice cf the cylincder has been transfered, the
TTILIA will automatizall o th2 next saquential cylinder and begin
Wwrizing at nezf 0 and If tns Requested Transfer Count does nct
specliiv an inzacrzl o ro s, the last sector written will contain the
,ast zarzizl sector’s Zas ~ce of the szctor i1l te £illed with zeros.

2 In zhe ICE3 ray e set to taliler the Write Dat
Tn2 tailse belzw and descrized iIn dztell in
3isz Tunteion enzbled when Biz is set (=)
7 Zrnables extensicns to iS22 215 cocmmanis. Must be
set to enable bizs € or 5.
z * Tmzblas direct Multitus to winchester disk transiasrs
rathar than fully bullered trznsisrs.
S tnazles word data transiar within Z2zta buffer even
1f Wl0 is removed speciiying byte transfers.
4 Undefined - Must Lte s2t to zero
3 Undelined - MusSt be set to zero
2 Causss Ilcopy write to use cdelezed data aMs
1 Irnizizs all error retries
0 S_coresses ccocrmand corplation interruct

~e o - v -~ 9 9] - - A i -
* Thsz mznzionsd in F22d Daza Ccrrarnd apoly to diract
A - < . e 3 - - -3 < -~
MolTl IZ ary of thesa thres conditions exist, a data
.
Ao
DERL

[22 - 35



300082
8. Wwrite Buffer - Write Controller Data onto Disk

7 6 5 4 3 210 7 6 5 4 3 2 10

| l
n+l | reserved 1 n+0
I
I This block of four bytes is neither read |
n+3 | nor written by the FWD8006 controller : n+2
|
| I
S | | n+d
] Actual Transfer Count |
| (returned by the controller at end of operation) |
nt7 | | n+6
| |
| ] P
n+9 | — | -— | F | n+8
| I -
I | I o
n+ll | -— | Func =7 | —_ | Ul n+l0
| l | I
| | |
n+tl3 | 0 0 0 0 0 0 0 0 | Modifier { n+l2
| |
| |
n+ls | Cylinder | n+l4
| |
l I |
n+l7 | Sectzr | Head | n+l%
l | l
l |
n+l9 | _ | n+l8
I !
l |
n+2l | | n+20
l I
| |
n+23 | | n+22
| Requested Transfer Count !
| |
n+25 | | n+l
I |
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Write Buffer Data Cocmrand




30063223

The writa 30ffar Data cominerd i3 ifznziz2l to the Write Data ccmmand exCept that no
data iz transfersi freom the Multizus cuflzr. Tygically this cormand is used to
write tha sams dara paziaca i rultiple s2ctors on a disk. If the Reguestad
Transfar Count sgecified in thz I722 is ror2 than the nurter of bytes in the first
seczur specified, s=juential sectors will be written with the same data startirg
each time at the firsz byte in the cormiriller’s on beard sector buffar, If the
ses=3tzd Transizr Count 15 nct a Tuolzizl2 ol the nutber of bytes In a sacicr tre
last szctor writzen will ke wrizzan witnh uwartizl tuffer data. The talarnce of the
ssctor will Ze written with zers Zdzzz2 tvrmes

For <dez2ils concerning ISF3 parzmaters rezuired for use of this command refer so
the Cascristisn cf the osofifzred wWrite Catz2 comrmend,

"
L]
r
|
o
[0}



9.

Seek - Initiate Drive Carriage Positioning

n+l

n+3

n+S

n+7

n+9

n+ll

n+i3

n+ls

n+l7

n+l3

n+2.

n+23

n+25

l
I
I
I
I
I
I
!
|
!
l
[
|
!
l
I
l
|
f
|

7 6 54 3 210

7 6 54 3 2 10

resecrved

Tnis block of four bytes is neither read
nor written by the FWD8006 controller

(returned by the controller at end of operation)

Actual Trensfer Count

c o ¢ 0 0 0 0 O

Modifier

| Hdead

[
I
l
|
I
!
l
I
[
|
!
l
[
|
I
|
|
|
l

I2P2 - Initiate Track Sesk Ccmmand

30008220

n+0

n+2

4

n+6

n+8

n+l”

ari2

n+l 4

n+lnA

III - 37



30053220

NITIATE TRAKK SEZEK

ceta o

e Track Seek ccmrard is used to position the read/write heads cn the

=

Grive withouz transfaring data. Because each of the data transfer
cerrands includes implied s22k, the primary use ci this command is to allow th
controller to perfcrm othar activities on other drives in the system while the
he23s are being pesitionad. Unlike other commancs, tre Initiate Track Seek ccrmard

-
dces nct wait until the heads have reached the reguested track before continuing,
Cnce the controller has cetermined that The drive s ready to be positioned the
seek s initiated and status is returned. When the heads on the drive have resched
the sgecified track, ses< cocrzlste sta=is 15 posted and a seek complete interrupt
is generated. Because the command i3 . -~2d when the seek is initiated, several
s22<3 rmay e in progress on diflZarznz Jrives at the same time (overlagped sesx).
This Izzility allcws tha hcost to s:zart seeds cn multiple drives and then reasd or
writ2 Zata frem e first of them to r22ch the specified track.

I7: - 3%



10. Buffer I/0 - Transfer Controller/Memory Data

n+l

n+3

n+S

n+7

n+39

n+ll

n+l9

n+2l

n+23

n+25

7 6 5 4 3.2 10

7 6 5 4 3 2 10

This block of four bytes is neither read

reserved

nor written by the FWD8006 controller

Actual Transfer Count

(returred by the controller at end of operation)

|
|
l
l
I
| |
]
I
I

I

|

I

|

I

|

|

| -— | Func = E _— 0

l I
| . I
| 0 0 0 0 O 0 0 O Modifier I
| ' I
l |
| Starting Controller Memory Adiress |
| |
l | I
| — [ Directicn |
I | |
| I
I Data Buifiar Cifset !
I |
l |
| Data Buffer Segment |
i I
l l
| |
| Requested Transfer Count !
I I
! |
l |

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 ¢

III-18, 1783 - Byffer 1/0 Cocmmard

n+0

n+2

4

n+6é

n+8

n+l0

n+l2

n+.

n+lo

n+ls

-

-
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11. Diagnostic - Begin Faul: Detescticn Diagnostic

7 6 5 4 3 210 76 S 4 3 210

[ |
n+l | reserved : n+0
|
| This blcck cf four bytes is neither read |
m3 | nor writzen by the FwC3006 controller [ n+2
| |
| |
n+s | | n+4
| Actual Transfer Count I
| (returned bty the controller at end of operation) i
n+7 | |  n+s
| |
| | | |
n+9 | -—— I _ | F'| n+8
| l I
I I I I |
n+ll | _— | Fbue=F | —_— | U] n+l0
| | | | |
| | |
n+l3 | Test I Modifier | n+l2
| | !
I |
n+tls | Cylinder (Recuirszd for some tasts) | n+ld
| I
[ | |
n+l7 | Sazzor (Some tasis) | Head (Some tests) | n+ls
i ! l
| ' [
n+ld | Cets Buffer CiZs2t /Scra tests) | n+l3
[ l
I I
n+2l | Lata Suffsr Segment (Scme tests) | n+Z0
] |
| |
n+e3 | | n+22
| Reguasted Transiar Count I
| (Some tssts) I
n+25 | _ i n+ls
| l
7 € 35 4 3 2 1 0 7 6 5 4 3 2 1 ¢C
Ficora2 I21-12 1283 - Diagncstic Cemmand
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06H

O7TH

OcH

300C8220

This sub-function is also for drive alignment and test and is
for flogoy disks only. The specified drive ;s.selected, a seek
is performed to the Cylinder and head specified, and the head
is loaded and unloaded about 5 times per second incefinitely if
it is an AC drive. For DC drives, 04H and O5H are icdentical.

This sub-function is also for drive alignment and test. The
specified drive is selected, a seek is performed to the
cylinder and head specified, the head is loaded if the floppy
is an AC drive, and then the drive is stepped. between the
specified cylinder and the specified cylinder + 1 indefinitely,

This sut-function is-also for drive alignment and test. The
specified drive is selected, a seek 1is performed to the
cylirder and head szeci“'~, the head is lo2ded if the flcozoy
is an AC drive, and tre  :ntire track is written from incex
to index with an unbroken repetition of the data byte in the
Secter field of the ICPB. For floppy disks the track is
written with the density and encoding as specified in the last
Initialize Cemmand for the drive. Note that 'after this.
sub-function exescutes the specified track must be re-formafted.
teiore it may be used for data.
This sub-function is used in conjunction with the next
uo-function  to exercise the Winchester error correcti-
circuitry to verify -its proper operation. Its execu*
very similar to a Write Buffer Cata command except it
Recuested Transfer Count is assu~:d to equal the lengtn of ore
sector ard the CRC or ECC bytes written to the disk follewing
the sectcr data are taxen from the controller’s on bcard buffer
instead cf from the CRC/ECC circuizrv. This allows a sscter to
te written to either a flctoy or Winchester disk drive with a
cravicusly calculated CAC or ECT error included.

Tnis suz-function is the complement of su—Iunc
csscribed above. 1Its execution is similar to a Rezd
and Verify command except that the Requested Transie
assured to be egual to the length of one sector and tn
zCC bytes following the data on the disx are also rez
czntroller’s on board buifer. No CRC or ECC error da
correcticn is enabled when this sub-Sunction is inwvek

This sur—Function is used to turn on the on~board L=D.
This sub—functicn is used to turn ofZ the on-board L2,

This sub-function moves Winchester heads to the shizoing track
-

cZ the drive type defined by straps Wl-W4 (secticn II-2).
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n+27

Reserved

Reserv=d

30008220

n+26

| I l
| [ |
| I |
| I : I
n+29 | Reserved : Reserved | n+28
| |
n+t3l | Flczgy Crive Total I Floppy Drive Total | n+30
| CYL (H3) I CYL (LB) I
| [ I
33 | Flecppy Total 527 | Ficcpy Drive Total | n+il
|  for 123 875 (3) ! Heads |
| I I
r~+35 | Flczoy Tcta. S27 I Floocpy Total SPT I n+34
| for 312855 (3) I for 256 8PS (3) I
I | |
37 | Fasarved I Flopcy Total SPT | n+36
| | for 1024 BPS (3) |
I ! |
| ! | .
=3z | n+38
. | | .
I |
. I Reserved I
I |
n+s3 | | n+62
| |
(L) S77T: sectcrs per track
(2) 273: S zes ger sector
(3) IZ ths byrs is za2ro, itz msans that the ccocrresponding
sscizr size 1s not suczcrzed.
Tizure IITI-2C. I273 EZxtension = Diacgncstic Command, Sot-Imction CITH continuzd
Byte 0: Flopzy EZncciing Byte
This byte defines th2 flopcy enczding format so that the controller can, baszd eon
the flczpy drive strags cefinsd cn board, cdstermine nurzer cf secters cer
rezurn it to the informaticn block. Tre2 byte is assigred the follcewis.
dilisrent formats:
CCx  FM - 8" 2+ cormpatisle or S 1/4" IRMX 86 comfatible
old MEM - 8" IZM comzetizle or 5 L/ IRMX 89 or I3M FC ceompatitle.
224 ¥MEM - 3" Inzel SzC 272 ccorzetible
Ce5 MmfM - 8" S¥5 FATOLC5 ccroatitle
074 MFM - 5 1/3" CzC PC ard S“S £wCCL06 cempatible
084 MEM - 5 1/4" S¥S FnZl307-1 compatible
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Bit 7-6
Bit S
Bit 4
Bit 3
Bit 2°
Bit 1
Bit 0

Reserved

Wl3 Enable ro hest diagnestics
W8 Enable 2 minute POR delay
W9 Enable self test

. W10 Enable word transfer

Wll Enatle exte~ced mcde and buffered/direct transfers
w12 " "

Controller Strap Byte 1 reports Led state and floppy size

Bit 7-2
Bit 1
Bit 0

Reserved
Floppy Size=5 1/4" if 1, else 8"
LED state: l=on, O=off

Bytes m+0—n+3 are sugrlied bty the host prior to the command execution,

n+4—n+63 are returned by the controller when the command is finished.

3000822
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exol.ded from Muitizus acce:zs for extended periods should exclusively uce buffeced

ra~sfers with an a: crogrwa:g interleave factor for optimum disk thre. put. Note
L 2= e above description 2a.so arplizs to floppy drives excert that:

1) THa flepcy dirsct/buffered transfer is controlled by Wil ard wl2
(Sectizn II-C), not by bit 6.
2) Tha ¥ultisus is rot locked wien floppy direct transfer is enabled

3iz 5 - Selective Word wics Multitus Transiers ’
In most systens the Multizus memory accessed by the FWD8006 is capable of either
sz or word transisrs. In tnase systems the controller will normally be optioned
tz do werd transizrs wharsver :o:sLble to reduce Multibus usage (Section II-C).
Thzre are cazes, hcwzv2r, where portions cf system memory will allow only byte wide
transfers whils thz remairdar will suzoort either. In these systems, it is useful
tc ssecify ths transizr widsh which the FwD3C06 may use on @ command by command
tesis. This flexizilizy is zrc yided oy tit 5 in the IOPB modifier byte. Setying
tnis bit togszher wizn tit 7 informs the controller that even though its nogmal
cze of Mulititus aczcess is byte wide only, the data buffer addressed by the Bata
E.iizr Segment &rnd [Lata Bulfsr Cifset for this command may be accessed using yord
Wwilz transiers.
3iz 2 - Ficgoy Delat=l Zata AZdrass Marks
Tor @ variety ¢ r2zscns it is often valuzbla to be able to mark the date "l*tnn
to flogoy disks in 2 wav which may be detaczed Ly the controller when the sectcr is
rsz2. This mighs o= ccocne, for exangle, to flag bed ssctors, to mark free sectors,
ez, Thils may b2 Zzne with the Fv uaqu by using Deleted Data address marks. As
sxcwn  in Secticn IV, the data address mark is recorded on the disk 1n‘ed.a:ely
—rzceading the sac:ior data whenever a sactor is written. The data AM is reac an
intargreted by tn2 controller but is not transiarred as part of the sector da ta.
Fcr most operations a normal data AM is usad. Under these cenditicns the dzta AM
is cnly used by the controller and is invisible to the rest of the system. In
trcse cases whe'e a fl:oos Ccdisk sec:tor is to be specially marked, howevar, a
ciffsrent data address rm=r< 1s written alecng with the data. This sgecial AM, the
S2lzted Dat Aﬁ, is r2-ocnized by the controllsr when the sector is rzzd and

the Write Caza corrm2nd 2nd the V*1:= Sufizr Data ccmrand ray be macde to write

s Gisk seczors wizh Izlst2C Zaza AMs plsc= of Normal Cata AMs. Fcr each of
comrznds, 1Z iz 2 i~ th2 ICES rc“.;.er byte is s2t whan the ccrmand s
4, all seccors wrizzan will nave Celeted Data AMs. Ncte that thlis will =
e sectors iI trne2 Rezuasizi Transisr Cgunt in the ICP3 is larger than the
of a siryls s=c:izor,

I - 43
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‘lc“ﬁ% satmors with Celstec I. 25 are ecognzved by, both. 5%f ead Data. commang

3 the ngd( to Buffar arc :rify commands. In each case, tre action taken is
- mzmined ty the setting £ .5 zits in the ICPS modifier byts, bits 7 and 2. The
=312 nelow lists the four corsinzticns of these two bits ané trne pre 95°1“9 which
resulss:

Biz'7  8i:2 ~ action
s Qe e Sa::ors with Deleted Data Aﬂs_aré skipped
1 Sectars with Normal Data R¥s are sx‘ cred

(&)
n
[}
1)
r
\)
3!
n

with Eebeted Data A&s a*ﬂ skizped

! n3 . afcer ‘the first s=¢*c' with

a Caletad & is encaun;ered and an e'rorw‘

st2tus will e rety rned with an;ev—ﬂ"code of

42H: deleted cata AW encoun tered.

~are trestel normally aeo sketze 1nter:ace, i. e.

= the Zatz contained in a Multitos buffer is written
e el In eddition, the Actua) Transier Count ret -rreéé
to. ¢ TE &g3ingt the Requas--,‘ ;.ats.er Cc;n:'z; reg
ci by cintz2irad in the ski zed sectsrs. Note that B
5wl 15 possizle o run cu cEisa*:c:s.on the om
=2 T ZerCommiil ' S

o




G. ISSUING COMMANDS and REICIIVING STATUS

Be-ause the main channel ci com-unication between the host and the FwT8006 is the
merory based tables, the protocol required for issuing commands ard receiving
is very siwple and straightforward. It is also essentially constant for all

s?‘:"v‘s . : -
The saguence reguired for commard execution by the hest is:

-t -

cormands.

After any reset or if the controller alone is to be reset:

A. Put FaT2CC5 into Reset

B. Initialize wWU3, CC2, and CIB as required
C. Issce Clear and Start

D. Vaiz for not BUSY

-

Then for any subsequent comrands:

E. Process any perding status while waiting for not BUSY
F. Initialize CC3, CI3, ard ICP3 for commanrd

G. Issues Start

#., Walt for interrupt or goll for status

Tzzh ¢f thess stess Tavy T2 Droxen down into details as follows:

A, P.t FaT232l0 into Reset

Issuing a crogrammed I,0 Reset command (Secticon IZI-3) clears
ary  zerniin interruzsss and acc.les hardvare r2set to the
FAT3135 controller harZwars. 11 drives are ce—sa2laczad., Any
Cls< writss in progress are abruptly terminatad and Ilcctoy hezds
arz tnlcaded 1f it's an AC drive.

2. Inizialize WU3, CC3, and CI3 as reguirad
wake-up block (WUB) is set U2 pointing to the CI3.
Zranrel control block (CC2) iIs set ud ooinmting two tne CIs.
CZr.annel Invocation Blccx is set up.
Szatus Semaghore in CI3 1is cleared (CCH).
BLUSY in CC3 is set (CFfH).

C. Issce Clzar ard Stars
Izs2inz a programmed 1,0 Clear removes n2 harcd
o2 25 hardware allcwing it to reczsnize Stars
cZscz ccntrollisar has  just k22 in
cres Start ccrmand it receives Is cr
w3y . than azztsmzting to £222h zn
corrz F.T3CCs will examine it's h
catermin Malzious pemory address of  the 2 Then wil
chai: 2 »U3 to tha CC8 internally saving th2 adirass ¢
this Iz then clears BUSY in the CT3 withcut issuing -any
SzItus. :
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lecting xts“mtable accresses, the host
any furthar ccmmands. - Whea the BUSY -
1l2ared the F¥D2905 is ready to receive
wlll star**w:ch coxmandsvto initialize
n SYSuﬁﬁo

=2 wT3%I5 is o9
frz.n frzm issuin
I3 has kteen
These rormally
Isk drives i

01l
\J
<

ng{ﬁer not BUS!

E. Process any na._ing status whi le wa;

urstances the cannrclle: w111 be - nct BQSY?

Un der nontgr‘ cirs

alrea: If cverlagzed cperations aré used, however, the host
nay have to wait for a previously issued ccmnand to cnmpxete

tefors exscuting another. Durirg this time status- may be posted
fcr sa2k CWT:l-t

: ‘ ion or for drxves cem:ng ready Thzs status
snculd te precassed es it 1s posts : L

m Tee /e e e .
An Inguz/CTutzon Yaramater cfk (IOPB} is set up £ct tbe~ccmmaad
wnish i3 %2 e suzcuted raxt.
Tre JI3 rust Zoinz at this ICP3.
i f o T T NS
8U3Y s s2t (I7TE; in the CC3.
G, Isz.z S:tars
<
(=
<
t "'“a'CAnnaﬂd.
»A’
: 2l a T e - v
E. wziz 27 Inmzzrruzt or moll for
wngn  the contrsiler nao -3ned ewecu:Low ci a comrand, when a
P fodniet whsn a 2gis CArive haf‘ﬂ"a - ready 8%t a"l W.l"
Sz« CIiTZ.etlgs, or whsn a ¢isk Jrive bescrmas ready, status will
£z tcstad.,  Th2 host m2v than examine the status in urﬁet to
Czizrmine I1I an error occurad arg = ce::- wha c-“‘ :a o
L3322 =Xz, : S :
vmermzvar  thee £L23003 hzs status inforraticn to pass qtoo t.e hos ~1t etanr:‘a the.
Sratis Serashore in the CI3. IZ it is zers, PD30¢ i1l a s=Jmav~*:*_*r=v ous
S=z=.z iniirmasion hos Desn zoctepizd 58 It then writes tha new status
cyte 1> 2 Cgeration Shaztu g3 8 3 ets the ssmaphore neor-zsro. Tha
fosT st Lld Dollow the revsrs oo} wreh_vaf the Status Semathere is.
nen-nzt  ThETohost os..oollo=s ‘”«“= c01:21rs ne~ s:a"35f
P P R VSR : aN
.- o B R ] - - d - - -
Sm2T.3 Zarmszhors s ot2llo ot
the JTET2iizd STatls Eurs
wTEINLI I oneT aen elrco nis
EAps o A A - o eln
Iownz D28 finds tha Statis
S Itz onist iz will sa2vzothz ostacto O.Ll %
.2tis Ssrmashors periciiz:ly 3“ is the
§T2i.3 %o ne gassed is - ir3 not- clear the Busy
Eyte in =02 CI2 umTil o in o Fooovolt rstlon Stacus byt
T )
o'—: - sé
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H. ERRCR PRCCESSIIG

normal operating circumstances, comrands issued to the FWD8C06 will be
r3ce ::ed without error. Tne Cueration Status byte for these commands will reflect
this fact by having the Summary Error bit (bit 7) equal to zero when status is
re;orted. Under these circusszances, the host will take appropriate action
whe~ever status is reported bassd on  whether the status is for the end of an
overation, a seek ccmpletion, or a rew crive ready.

I an error does occur, thz level of host action must be determined by the
acplication and the type of error. Tn= Transfer Status command will oiten be used
&: these times to cde:tarmine cetails of =nz =2rror. Errors will generally fall into
cne of three categories. Trhe first of thess i5 operational errors. These errors
ar2 caused by user software or operator errors - 1nclude such things as illegal
cvlinder, 1illegal sector, wrong ssctor lengt rite protect error, etc. The
£#-8CC6 will report tnzse errors so thact the host or operator may take whatever
ccrrective measurss ars reguired. Tn seco nd categ.. is disk media errors. These

e
2
2

e
czur because c¢f flaws In the mediz itself (hard errors) or because of an
cccasicnal error cn media rezd operaticns by the disk system (soft errors). The
Fw22005 is gre-grogramm2d to harcdla the majority of these errors dlrectly, wis"

kest  interventicn. IZ autzrzzic retries are not disabled by setting *
Bi= (bit 1) in the Mcdifier field in tna2 ICPB, the FWC8006 will atter:
frcm these errors using a re:try policy which is dependent on the ¢ .. .. _.
enccuntered., For proclens which rm&y have bean caused by a seek error the procedure
uszd iIs to s22k the drive to cylinfzar 0 and then btack to the proper cylinder. [This
will b2 done twice beforz the errcr is assumed to be hard. The errors handled in
this way are:

Illscal alternate track

Cyliéder eilress mismasch

No &d<rsss marks on hrzac
Fzr errors which -2y have been causad by redla read errors the read cgeration is
rzc2a2t32 up to eight times btelfore an errcr is ccnsidered to ke hard., Errors
harcled In this w2y ars:

Cz2zz CRC errcrs on flcoppy

Uncorractable data £CT errors on winchester

Missing Data Acdcdress Marx

Sector ID nct found
In eazh of the c3sz=s 3zcve, ths rnumzer of retries attamgied is always availatle at
2n2 end ¢l tne cormani o execuiing the Transier Status Command.
In eddition to the error recovary gprocadures covered abeve, the FWCECCT6 s.zoorss
grrIr corresticnocnotns Cztz fislds cf the winchester drives. When an ITC errcr s
c2t2ctsd, the sectcr 15 re—rzal moil eithar it is read c*rrec:ly or unzil trh2 sama2
rasidue Is read twicza., When th2 latter cccurs, an at emgt 1s mace to reccver th:
caza and continue.

1T°" - §

W
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directly bé%wcan;a,ﬂqltibus cata wuffer

pl gnevar the FaC2008 is tr. oring data 1 3 Mu
<asz 3 iz in is poss:i.. oz rave & cata late (2is¥ write) or cata overrrun
sk raz-) error. TAess :-- =i:n a resdlt of the fact the the disk must transfer
@ata 2 a fived rate. Trus Z:r Zirect transfers with no buffering, the Multibus
messr, rust be accessed at regular intervals.  If either of these errors occurs,
tRa  FWD20C3 will rever: =3 a o_.ffared transfer for that sector to insure that the
cerwsams i3 evenmually finisned.  ESecause this results in an additional two
revsl:zion delay for eacn sectsr reccovered, the system designer who wishes to use
firscz crzasfers wmust Ins.re that these errars will occur infreguently enough to
nsc Z23rads system perfcrmance excessivaly.
wren th2 Transier Stat.s and Is iss.ed with the extension bit in the Medifier
fielZ (zit 7) sez, rthe l2 Tz r2z.rn22 s an intarnal event ccde for the precise
errcr datactel an ac n&l 2il 7o determining the exact cause of an error cr
Sunssic : e 3 272222 using the wvalues in Agpendix A, If the moss
ic2 1T 0L th: T 5 521, a2 errcor rerorted was successfully recoveres
witn IZC or csontroller rs
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I. MEDIA FLAW MANAGEVENT

3ecause of a number of prysical factors including high bit density, mancfacturing
processes, etc., Winchester disk surface§ genegally centaln a small nutker of
flaws. These imperfecticns in the magnetic coating can cause daca written over
them to Le unreadaols. These flaws range from less than a bit to many bits in
length. Althcugh the Fas2006 features an error correcting code scheme on these
disks there are a nurker of reasons why additional measures are required to deal
wizh these media flaws. They include:

Flaws may occur in parts of the track outside of the data fields such as
sync fields. . ‘ ’

Flaws are sometimes lcnger than the error correcting capabilities of the
ECC polyncmial. '

Permanent har2 errors sigrnificantly reduce the probability of a separate
scit error heing ccorrectakle.

t
)]

ar to avoid these flaws, the FWD8C06 incorzora¥:-

a2 <
coing £lzwed tracks. Wwhenever a Winchester track is fc-
laz zits are s2t in each of the sector header fields -
rack 13 a normal data track, a cdefective track contalnirg mecia
leerrnaz2 track reserved to replace : cdefective track. This system
tc te forma:ited as a cdefective trac- and to inclucde in the dz:2 on
imTzr %o an alternate track to be uszd for the data. Cnca this has
wlll autcmatically seek to tne alternate track whenevar it
trzz<. This wor«s as follcws: The contreller starss tha
tnz27 it is on a normal track, ard the contrzller will tire
o 12 a cdefective track s enccuntarsd beczuse ths sactar 1D
track can never razcth. The coniroller then is3.:235 a R2zd
3t it is a celfeczive track : Colldle
rack nuwtber from the delfactive ol

r
.
&1

track and execute the ccmranc. =
excezt for the extra tirme reguirsd es! alzarnate
after the track has been accesss:. In crder to use this
ussr will nomally reserve several cylinders a3t the erd ci wn2 disg
2r alterrate tracxs. To reduce access time, however, alzernate trac<s ray ke
e avay frcm the innmermest cylinders. when the ccontroller encounzars an
zlzsrnzte track in plac2 cf a normal cata track, the alternate tracg Is s«innm=d
B detets ny daca Iar, Thzt is, tre next daza s transfsrred az tr=s
sz cial hezZd adirz:ss cor et the next cylindar If the altarnate track s«<izzec .
at  the highest nezl zilress of the cylirder. Note, however, that eva ootails
©rzoess Is invisizls to the hest system, preser allocazizn of this track
T3t e made In tns nc3t s,=tan’ s disk access roctines, tecause 1f the t2 is
tr23tsC &5 a nortel traci<, the controllar cannct find the mointer i goin!
tre daza flelZ of an alzizrnate trazk. For information on Icrmetting 2 and
a.zarnate tracks re2far to sSection III-I-3.
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IV. MEDIA OSCANIZATION

A. PHYSICAL MEDIA ORGANIZATICH

The physical characteristics of the varicus disk drives sutdorted by the FwZ8005
ané the rejuirement trhat the storage available on the disk Le addressable in
ranageable parcels corbine to present a numzer of parameters Lo the host which must
be manipulated properly to access the disk drive completely and efficiently. 1In
general five parameters are used to address the smallest block of cata in the disk
system. They are:

Tyoe -
Unit

Cylinder

Heza

Sec:z

er, the host rust first specify the Type
2r; and because the FWD8006 will supgport
¢ must specify which Unit (0 or 1) 1is to

Bacause the FWC3005 is 2 combirsd co c1l
of disk to ke accesssgd, flogcy cr winchas:
as many as two of ezch cdrive Typ2, t 5
ke used.

)

Having specified a particular cis« drive, the physical construction of the drive’
now plays a role in further sgscifying the data s lccation. Each of the drives
sugported by the FWCECC6 records data on flat disk surfacss which scmewnat resemble
chonograch records (withcut grooves) which are coatsd with a thin layer of magnstic
raterial, In tn2 czs2 of the flcocopy disk drive, these disks ars macde cof flexible

plastic end wey be remcved, Ir their protective jacxe:ts, frcm the drive. Zach
arive may czontain only one disk at a time. The Winchnaester drives, on tns other
nard, use rigid <isxs maca of aluninunm whiich are not remcvatls; being s=2alsd inside
tne clean envircrmant of the drive. -Unlikz the flepoy crive, the wincheszar citen
nas mutiple disks in on2 drive mounteZ c¢n a ccmmon cenzrz2l axis. Thase Cisks are
carallel to each other and turn tcgethar. '

The number of cisks in any sirgle drive ard the number of sides, or suriaces, on
these disks which ray te used for recording data varizs da2zending cn drive tyge,
ranufacturer, nd capacity. In each «case, each czata recording suriace is
asscciated with a rmagnetic hezd assesbly which is used o rzzd or write czza cnto
that surface. The magne:zic hezds for the wvarious surizces are rountzl In a lire,
garallel  to the axis of the disks. As thes disks turn, 2 bard of rmagrzatic ratarial
on  each surface sw~eeps urZer the h22d where. it may £e wTitten cr real. Z:i7Zn bard
of raterial is czlled a track. Tne collecticn of *tr-2cxs uncder ail tha n2:ds is
called a cylinfer tecause they resemble a gphysical cylinder; conceniric with the
vazrious disks and witn a radius eccal to the distance from the centar oI tn2 disks
to each of the heads. The heads rmay not be moved relative to ore ensther, but the
entire asserbly (scmezises callsd a carriage or comz) may be moved sC that the
heads are all closer to, or fartmer from, the center oI thelr respectiva disxs.
This movement causes a different sat of magnetic bands (frac<s) to sweep undar tns2

heads and thus cefines a new cylinZer.

17 -1



canstruction lezds o twd rore of the paramerars used to locate

cal ¢rive const
§i4§féys:em. The hos:t muss s;ec;fy which of the cylinders contains the
_esntroller uses tois information to rove the heads 1n or cut to the

tioa. _This movera-~=, called seex<ing, is done in discrete steps ty
Ze n:rolze' or tms cdrive itself and accounts for ruch of the time it
a::es: a particular piste of data. Cylinders are nurbered sequentially
huiﬂh is the cz‘*r:er ar the outside edge of the disks. In addition to
the C/lxrder rurser reguired, the host must also specify the surface to
T\is is dcne b/ scecifving a head nunber. Heads are also numbered
, starting from zero. Sin ce suxtchzng between heads may be done at
ratas than roving the ha:zds e2n cylinders, all of the tracks cn one

1 -ry
cyl':ie; are normally us2d befcr2 the heads are stepped to a new cylinder, 1o
cambinatien of cylinder numzer ard head numbsr uniquely locates one track on the
disx drive. Because flcgzy cdisks ar2 always used one diskette at a time, flopey
cylizders re scmezimzs callied racxs and flecpy heads called sides. Thus
"erazk 40 - side 1" r2ally m2zns "cylindzar 37 - ne2ad 1". Single sided diskettes
may  cnly be reccrizd on cns sifs: he2d 0. Couble-sided diskettes may be used on
ch siZss: ne2ad U ard h=ad L.

Tha caza cazacity of each trizi cn @ Zisk is still too large for most applications,
s3 Taz wrace cis further divided into a number of equal length records called
s2c%srs. < S3me disk drivaes grsovide harcuare signals which may be used to determi-~»
sacssr lzcaticas within the track. Tais is not true of the drives supported &
TWo3I83, towever, and Ior thes2 Zrives szecial data is recordad on the track. .
witl, nsrmal  data,  to lucite ez settor. This  schere, called soft-sectoring,
reliss. or writing special tic pattarns on the disk which may be located by search
~-rdwzre  later. Tre  cprecess of writing these s-=2cial patterns, sector

:atifleation data, end cefault data ssctors is callsd formatting. Since the
sTscial dazas ussd for scit-zactoring is nct over—written w-en user data is writczan,
=ress3 ezl only b2 Isrmatied cnt2 unless a new allccazizn of the treck is to t=
sz£3.%lsl, @iz, longer cor shorisr data ssctor aress, or in response to certain hard
ersLrs. L
Caze =ns trasks on a <isk have been formattsd, the last piece of addressing
infzr=2:iz~ i5 avzilzzle: the sactsr nurber. Seciuse any sarzicular sector will
nly 2233 wonisr o th2 ezl once per disk rsvcliution, rotaticnal’ latency also
€gniriz.tes sizniliczntly to disx access tima.  Schemes using sa2ctor intarleave
nelz T3 radite This cusrn22d by incr easxrg the Trozazility that the next saczor =:
S2 rzad cr wrizzten will z2 cn2 of the first Lo come arswnl o the head.
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E. 8" FLOPPY DISK FCHM-~.

The F+D8006 supports flocoy diskettes in both IBM sxngle/double densxty'fotmats ,
the S3C 202 double density format. In these formats the position of each sector on
a track is marked by the controller by writirg a special pattern, called an address
rark (AM), on the diskette. The address mark, along'wxch other identification data
(track, head, sector and format), is written only when the diskette is formatted.
In normal write opsrations only the data, data address mark and data CRC bytes are '

written.

The arrangerent of sectors, ICs, etc. on each floppy track is shown below:

I_I InZEX

|

| St ,
IGTXIG 1112 12, 1D1cAT ICIG 1210 ICi¢ DA Icie | msﬂc.
|1 |al2 |AIRECIRI3 jAIFISLDIRI4 |AIREC|R|3 |AIFIELDIRI4 |...|DATA
|__Iml lmisllcl Imisscaiicl Imls2 Ici  |mlRecs2icl | IREC

whare Gl to G5 are GAPLl to G3PS
XAM is Index Address Marx
IAM is ID Addrass Mark
ID REC is ID Recor?d (4 bytes - se2 belcw)
CsM is Data AcZdress Mark
C3C is Cyclic Recduncancy Check (2 bytes)

Each ID record consists of 4 Tytas ’*,t&é-iﬁ- owis g form

7 0 =
| CYLILIER | where fo~‘a: 0"4 = 145 oys s/secho'~«b
OlH = 238 bytes/scctcr
| HZAD | 02H = 5i2 bytes/sector
, 03H =1024 bytes/sector .=
| SECTCR I
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Tr2 f5)lowing tazie sutracizas tne z:zectd ¢ tae varlous forrmats:

“tn

, Bytes/ Sytes,
Far-at Czde  I2M Szct

- ARl
IS;"! S'J E:"'. l PR,
® - Az
1 32
P
1 5.2
e
l - o =T
- i o ) 12
I3 T2 MM a 12z
4 233
-
- A
4 .2
. Tt~ e
& -
—~- . -
P RGN 1 1Zs

Net2: Gap lengons lisczaed o th:2
bty a sync field of ls-ztn oo

Wwill T2 someakat differznz ¢
variatizns in ¢isx rotaziznzl e

cAN A N " e mmmte meme m . -
Co 5‘1/'1 f‘n‘: 3"L//2 A Tl wasl STl

1 - -~y oA s
e 22+12 <
-~ -~ ~n -, =3

< 1 a

L2292 “LeTal =z
[ e -~ i -

=T . % B

- 24"’-2, -2
e - . - .-~
-v it eaTil A Vab

PRSI NN
SN N W)
da N Oy B

[
«

LR - S Y 1 L.
232 15 42 11+5 .
-~ ~ ooy TR
- - PR T o G W G n B
- . (e Wz
~ A, - et l-"'ﬁ' ‘
- - “~ Y4
- PO | - 4.4 -aT0
s T -z o K -~ Lo e 511
LE=zs MO < ozl P o
sT e =, ; » - > -
Iz ) 4 SR, z - &e
. - = < -
& PO he § <.
o -~ Vo . g S
IZw PO MEs 4 237 w3
= -, v . M - -
(5:2378) G 2 s
Py D 1 CZ
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D. WINCHESTE& DISK ?ORMAT

. Tae wxncbester drxves sugcgortad by the FWD8004 are soft sectored and the track
format is similar to the flogpy disk excegt that there is no incex address mark
(XAM) or gap 2 (G2). This means that gap ! immediately precedes the ID address
mark for sector l. Also, the 2 byte data CRC which is used on the floppy disk is
replaced with a 4 byte data £CC cepable of detecting and correcting up to a 6 bit
burst error. The arrangerment of sectcrs, ID, etc., on each track is shown belcw:

ST ICIC DA 1E16 1110 Icls 01 5G| |ASTIET 6 16|

11 |AIRECIR|3 |AIFIELD|CI4 |AIRECIRI3 |AIFIELDICI4 ]...IDATAIC] S5 |1 |
F»th!ithCl lM1R£C#L1C1 I“I*Z tCt IMIREC#2IC] | IREC IC| [

wne:e Gl to GS is GAPl £o Ga23
2 xs‘ID Address Mark (2 kytes) :
ID REC is ID Record (3 bytes - se~ belcw)
Cx4 is Data address mark (2 byte
CRC is Cyclic Redurzancy Check (7 by=z3)
< is E"rcr»Correﬂticn Code (4 byh_s

Each ID 'ecc:d ccnsists of 3 bytes in tha following format:

(o8 6 s 4 32 1 0 :
Lo 3 }

S |
8

b
}
!

w»z
o
1ol
i

;ahe;e;ﬁ_ L [S3 of cylincder nurker (tit 7=0)

bit 9,8 of cylinder nurzer :

Logical CR of cylinder nunber Eif 10 and head

. This allows the cylinder nurber to excead i

' number to exceed 7. If either h2ad number >

51024, then CiH=l. CH will be zero only if ¢
<1024 and head rumter <8.

=
noweon
(D

Ls3 of head nurker (bit 2-0)
yte s/ae tor ccde bits
8 - 25G bytes/sector
B 512 bytes/sector
8 1024 bytes/sector
=
2

=

uom
OQUo w
.,«8&

3 12y Lbytes/sector

nate/cefaztive track bits

- norial track
~alternate track
Celactive track
resarved :

>
o
n:p-p 1
(o] H —o

8
CO B
8
8

‘."0
= =

+



ok g;*tgéhbv“ e3/ssc%0or cede cefined by B are different from those
des=ribed in Fiz. III-12. The user stould use the ccde d2fined in Fig.
II‘-lz‘tlthaugﬁ the actuzl caode stored on Gizk is the coce defined by B.

The controller autoratically translates the figure III-12 code irto cade
éé '."XEd by B before any ‘”"“Estef accass is started.

rl- (934

The followirg table surmarizes the aspec:: of the varicus formats:
Bytes/ Bytes/  Sect/ Gap Gap Gap  Gap
I Sect B Trac« 1 3 4 5
2 128 118 S4  4+12 348 1+25+12 124
2 238 0I3 31 4+12 3+8 1+50+12 129
e s12 (I3 17 4+}2 3-3 1+35+12 183
-2 :‘324 133 9 4+12 3+2 1+4531+12 215
Note: Gap lesgths listsZ in the Surmi nsn are actually a gap of n bytes
Ly @' §ne fi2id cf lsngenom. Gap 4 lergins ara congosed of 1 byte for writz
turn-oii, & nuwmer ol actual ger fytes and 12 bytss of sync fleld. Also, as
Slcopy Sorrmacs, the actioal lencth ol Gap 4 and of Cep 5 will be somewhat dxf‘eceng‘
i zha 34 values 1istsd above tscause of wvari:zions in disk rotational
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SAULT DETECTIGN and DIAGNOSTICS

The FyD8006 is conserva-ively designed and requires no periodic maintenance or
adjustments. Field failures may sometimes occur, however, due to the occasional
failure of an IC or other component on the controller. The FWC3006 contains a
combination of facilities both to allcw the prompt detection of most controller
hardware failures ard to aid in diagnosing not only controller failures but a
variety of drive or cable failures as well. This combination not only adds to
system reliability and end user confidence but also shortens the time required to
return a failed system to normal operation either in the field or at a local repair
facility without the requirement of returning the system to SMS.
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A. CONTRCOLLEZR SZLF

to run a series of internal hardware tests

rt ccmmand after the controller is taken out
of hardware reset. Since the first Start is used to collect block addresses, this
s2cerd Start will be issued for the first controller command. Normally this Will
be the Initia"’z° ccmmand for the first disk drive. These on board tests are

Built into the FwCB(C06 is the ability
fcllowing the secord programmsed I/0 Sta
<

- -

enzkled by installing option strap W3 on the FwD3006 PC board (Section IIrC)
Zxcept for a sl'~~t lengthenirg in the resgonse time to the first commard issued ;
acd the reporting of an error if a fault 1is detect-e=d, the self test execution is
entirely trarszarent to the host. If a fault is de-:cted, status is postad in the
Crcerztion Status byte in the CIB. This status bytes will have both the "Zrror" ard
th2  "Hard" bits sat, but neither "Seek Complete" rcr "Creration Ccmple:e" will be
s=z. The self tast seguence includes:

MCS £rccessor exercisa

MCS processor program checksunm

Contrcller RAM and buffer checx

Tirer ard port check

Disx data path check



In orsdar %o allow the disx stcr=32 systen L3 te teszed or exercised eithar witheu

a ncst system cperating or wita e m;:igum arzunt of hest driver software, th;
TWTE006 provides a pre—crocr_.:el exercis2 of the controller itself and of all
drives atracted. This tes:t may Se run either by‘executing the appropriate wvarsicn
of the Diagnestic ~~~='i (Sazticn ITI-E-11) or by properly strappiny ti
cortreller PC bcard. 1Tnis strasping cesszas apgropriate disk parameter data to the
syszan tast facility within the ccnircller. Strapping options are:

(2nz2512s nz host diav“ostl-s)

Wi3-28 installed

W3 rot usad .

Vi nct usad

Wl not ussd .

Wil inst2llel (format enadble, ‘see discussion below)

wi2 rot ussld

Wi-23 thrcogh vWT-3C still have the sare drive typq deiinzgxon as.

tne normal cgarats mois (Sacticn II-C).
Qmce e gntrsllar i3 zowarad O, it will access‘ each of tne drives which are
rexds, LI the wll dumzar is installsd 2t power up time, and :hﬁawinches er write
vraizit 1S Fdizszlad (l.e. Wwl4 dizaZlexdj, a 13 secord dela; is automatically
enzzlad, aad. then each drive will be ifsrmatced with 2855 byte_sac:ors.(IQ% oD c1
“'2gost once bafare trh2 continucus rz2d tests begin.  If W1l is installed witt

chzscar  write pretect enzdlied, the contraller will fo at only flopgies tefara

tne continsis rea2d test. If Wil is ron installed, the cca::ollet goas directly ©
re3d S drives and wilil coniinue ini:finitely. £

W
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el , €3Th CyClz <f n2 tast Wwill be zracesdad by an exacution cf the s
tsss sn V=A 2zZcvs). IZ a faelt is datsctad during the sel‘ test the =2 on
et er PC toard will b2 illuminazad and drive testing wills sbop. If on2 £
ot} £ails wha crive cest it will not be:read zzain. This situaticn wiil ke
rell n th2 fac: that the hzads on thag drive ui:l‘ rst be Seekiﬁg £rzn
cyli cylindsr, In additicn, at the point in the normal test seguerce whar2
e Srive woull n3va bean accessad, the LD will illﬁ.zﬂa“e for zkcut oo
hals ccnl ty siznzl a failure. For actizn ts taxe i{I any part of ths tast
shoulc f3il, refzr t3 Secticn V=C kelow ' '

warning ! 4!

is enabléav (Wl3-8C ins: -e@) ara

If No-fost dizxcrncstics

fcrmat s ernzcled (W1l installed) and Winchester wrics
grotect  is diszulsd (Wls removed), a format opera.ion will
uzsmatizally te stzrisd after powear on and data con

wWincnester will £2 overswritzen.
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C. TROUBLESHCUTING GUI--.__uZ

Whenevar there 1is reason to believe that the disk system has failed, a number of
capabilities of the FWDE(GL6 may e use< to aid in determining whether or not there
really is a failure ard, if so, in which system component the failure has occurred.
In most computer systems, the test method for collecting this information is to
exacute diagnostic programs via the host CPU. Normal FWD8006 commands,
particularly the Diegnestic command, 1ay be used to determine quickly whether there
is a fault amd whether it is lccated in one of the drives or in the controller
itself. If for some reascn this method 1is impractical in a particular situation,
=2 following procedure may be us=d to isolate the majority of disk system errors.

Tnis sequence may e&lso Ee foll- - .~ a controller is initially received to
verify that no camage was done in ... __..-g. ’

1. Disconnect all dérive cazles ‘rom zhe controller PC board.

2. Set the optlion straps oreozerly for the systen in which the controller is
to be testzd exCept for strags Wl-w13 which should be set as shcwn below.
This ﬂl~L= stracpirg forces the corzroller to execute the self test
immedia ly after power on. ’

Tl-a remcved - no Winchester

W5-W7 reccved - no fleppy

wl3-AB inst2lled - ernable nc-host diagnostics
WE-W12 remcved

B

3. 1Install the conhtroller in a suitable Multib:s compatible tackplane.

4. Power the ccntroller and insure that the sugpl voltage is within
o 2
tolerance (Ssction 1-F).

is applie?d ard then remcved, the LZD on the controller EC

5. Wnhenever res
112 illuminate for a orie:l pe:z and then be extinguished.

bcafd DL U

&-‘(T

If the LEZ fails to come on, or ccmes cn ard Stays cn, an internal controller

failure 1is incdicated. Insure th_ socketad comgenants on the board are fully
seatad in their sockets aréd tri. > pins are bent or brcx-A. If the board
ccntinues to fail this tezz, contact SiS customer sugport for additional all.
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rccerly vhen the test described above is

SamuroL.er board appears to work F

i =ne follewing p' oceiure may 52 used to test the ccmplete disk system
2 rcst driver peogran.

Ins.r2 that the FC toard op-iosn Straps are set correctly for the system in
whicn the controllar is tc ke tested, again except for W1-#13 which should
be set as indicated for the Systen ard Drive Test in Section V-B above.

Attach drive cables paying sgacial attention to proper termination.

(]

suitzble Multibus compatible backplane.

Azilv  pewar to the contrcller syste=n ard disk drives, checkirg that all

czevating veltazas aca within thair tolerarces.

whano th2 controller i3 oowersd up it will begin running the System and

Driva Test (Sectizn V-2 atsv2). Eazh cycle of the test will be preceeded

c,; @ razeticion ¢of ths internal sail tast (Saction V-A). i

2 fac:lc Is deteszel Curirmg con2 ¢l the exscutions of the self test the Li_

23 2onstsller PO beard will core on and stay on. I this oczurs the fauln

2.7 22 <rzazed &s c2z3cribed It thz csatroller onl. test abcve. If a Zauls

: rmz 25t oI on2 ol tha drives it will ro lorger bs aczszzszad
£lzsh. This fact w3y b2 recognizzd by the operatsr as 2
-

P —p——)
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Azz=-~ A — Detailed FvwD8006 Event Ccles

ovm

Datailed event codes are status information returnad by the EWLEI(6 descriting, in
as much detail as the controller resident processors have availadle, the most
racent controller internal evert. Typically, this event is the cause of the last
command termination. This information may be used to determire the exact nature of
a disk error, the sgecific ICPB field in error, etc. The event code is returned by
the Transfer Status function as the last byte (byte 12) in the buffer
(Section III-E-2).

For more information on error pr vcesszna, see also Ssction III-H, The most
significant bit of the event ccis ~he buffer is rot part of the code. It
is used to indicate that an e« ... which was later recovered bty internal
centraller retry. The 128 event csces ray te divided into four groups:

0Cd - 1FH Non - Error Evenrts

20H - 3FH User Error Events

40H - SFH System Error Everts

60H - 7 Controller Error Events

NCN-ERRCR ZVENT

CCH No Event / No errors
Clq - 1FH Reserved -for internal controller evsnts

USER E=RCIR EVENTS

2CcH reserved

2lH Illegal functicn

224 Invalid commard

223 Illec2? =i

233 Inva.._ .  .-Zer nunker
234 Invalid hez:Z nurzer

2545 Invalid sector n;::er
2743 Illegal bytes cer sector
2ZE Tco many Winches‘e: cylindzrs
294 Too many Winchestsr heac
2AH Illegal flogpy sides

284 Illegal encoding

2CH Illegal format code byte

2Ld Mo cdafective/alternate trao< Iormar cn Slczzy
2ZH Buffer starting acdress tcc smal

255 Buffer starting acddress + .

3CH Can't execu:e 8083 coce

3IH Ccmmand issued for a drive whizh is in usa

324 Ccrmard iss ed for an uninizialiczcad Zriva

33H Illegal testc nurter S“Aﬂ*:i:a:icn

34H End of media before reguested transiar exhzaustzd
354 Resarved

364 Sectcr size rnot supported by speciilied enccdin .
374 Resarved
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CONTRCLLER/HARIV. 22 =ACR EZWENTS
60H _=fault error - EST
61H Zarriege registration timeout
. 62H Yo Winchester seek complete
63H Irmedizte se2k complete
64H winchester seex timeout
65d reserved
66H Illegal treck type in Winchester sector ID
67H reserved
68H 8385 failure
694 Program checksum error
6Al 2Xx8 raM fzilure
684 8155 Rt failure
6CH Millisecord clecck too slcw i
eCx Millisecond clock too fast
6Z4 8155 port failure
64 B2 hung in EST data loop
708 Comguted write ECC error
7iH Pattern error - Last cylinder write/read
7t reserves
734 No stable ECC resicdue
74H - 75H reserved

Apperdix A - 3
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