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EBEE U0 LHILGLIGERY D10N CONTAOLLIR
RCERERAL 1NFCRMATION

;1-2-2 Ceneral Deseviption

\fhe BP-0L  controller consists of a six- -layer nrinttﬂ circuit
borrd which may be installed in any bhex-wide UKNIBUS SPC slot.

Ihe controller supports any drive with a SMD compatilbie
dnterface.  Sector size is 512 bytes. Each sector has an ID
ylnﬂk with the adéress (cylinder, head, sector) of the sector, a
%'u**acvur flag and an ID-block ECC. The ID i3 written when® the
‘pack is initially formatited. In ordinary use (under an operating
systen, for example), the ID-block is read to verify correct
wusi#tioninq hefnre read;nq or wriring a sectﬁr.

- 21) signals required tﬁ perform direct: nemory access {BHR}
‘operations - with the. host are provided by the . controller.
‘Fresclectable solderless Jumpers permit the ccntrnller to be as-
&iqned an IfG -address in thﬂ nst uyatem.'ﬂ' .

"-a S ‘;_. :

Ty
L

L T '&:' "-" "._' - . - ": .?.' s i oo oL 1.}

* grhe ~qantruller vuppnrta four drires ; thﬂy may be
- ‘any combination of . c&p&cities, number  of - tracks . and
. ﬁﬁrtrdck formats tnunher of ‘sectors per track). Special
. GDP - function: (Get 'Drive :Parameters) - ‘allows . the
;ﬂﬁcan%rullerw to find out parameters and to pro:eeds them
j.tu the 5ystEm {unly £br formatted drivea!.‘_ s

F':Bingle hex—wide DEC*Eampatible PCB.

A 'Errnr Carrection Cade tECC} pruvides NP .80 11 bit
‘burst error currectinn on each sectors’ data field.

*. ECC dauhleunrd on each sectors’ header field

# Up to 768 byte ( 3 Sectors ) data buffering to
eliminate "Data Late" errors.

* Overlapped scek capability.
* UNIBUS throttle control

Page 1-2



BP-01 LWELLICINT DISK CONCROLLIR
CENFRAL TNFORMATICN

Capabhility of attacliment of remcvable media, fixed
Winchegtler, or combination fixed/reuwuvable media  SMD
conpatible disk drives. v

Automatic self-test microdiaqnostics.

Hultiple sector data transfer

read /write opcration.

s -,

up to 64k words per

ﬁ.z 4 Bpecificatinns

Ak
o

[

1ecificatinna uf the BP--01 cantroller are qummarizeﬂ belnw

e o s h;._-{._ :
'fﬁbkrﬁisi , TTf: gk s
4 l Fﬂﬂctiﬂnal.Charncteristics ~ Lt ?ﬁﬁajf
X In%éé&a&e dnnnuctinn ; | ﬁ i;ﬁﬁ}ﬁfliﬁl“.%% 12 i &
: Cnntrnl : , Daisr'Ch&in |
- Data_. o ““ #R&ﬁial 2
se Ragister address ng ": ;E “:_i “ :é;-f
Stnndard ﬁwoufa)
; AIternative 7?4040(51
Adﬂress Range 0 - 128 K word
Address ‘loadable (default 174(8))
'iiarity.ﬂevel BR5 standard |
MA Burst Control 1 to 256 words UB-throttle
controllad
tor Size 256 words ( 512 bytes )
Page 1-3
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ﬁ‘hwn.lwﬁn1kﬁlma

sectors/Track any - no  special seleciion
requiied, up to 256,

1

Wrocrs/Cylindey any - no special selection
; reguired, up to 127.
ﬁliﬂﬁErSKDIiVu any - no special s&lection
: 7 required, up to 1024.

ata Bufferiug : ; it up tu 3 secturs o
p'k Dperatinn Control - giéﬁ. Expllcit,;implied and nverlafprd
i ] 55 _1 4 seek._ _ : £

ECC - 11 hit erst error deter—
tion and ;orractiun_,; 32 bhit
ECC polinamial. '”x '-" 2

ﬂ?::b 32 bit Eccfwﬁhta pnaftinn veriii—
W4T . catien {Cylinder;ﬂeaﬂ and Sec-
: tor camp&r&snn T

4Pﬂ”furmance Chatnpifristics 'fT_' 2
'_ . : : ."1-.:

Catngia diw Gide B.S“xlS 0",6
1ayer PCB

lable Connections ' One 60-pin flat cablé connector
g - and four 26-pin flat cable con-

nector mounted at the edge of
PCB.
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BP-01 TNIELLIC

1.2.4.4 Power RPequiremeni:. -

V dc, +5% or -5% at 7,5 amps
V dc, +5% or -5% at 0.2 amps
.4.5 UNIWUS Loading - BP-01 controller

1ZNT DISK CONTROLLFR
GLNERAL TNFPORMATION

s g e
- presents one unit
I L s :

.k

— o r—



: CHAPTER 2 3 $
HARGWARE DESCRIPTION

-k ,_-u.-

'ﬁ-‘ - = - el 3
2 sectians 2 a.nd buses af the BP-—OJ are descrihed
LY heluw . iFlgure 2-1 presents a functional block diagram of

:majur » rqg:l.

1b1.un

01.-. On Figure 2—2 15 presented micra wnrrI ‘:lﬁf

o o

-

Sl a8
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o | oeeec [erce | peoe PROC

ot ome | osec | omfren | oaeriEe Doloefo

|5t 50 asf4barfaoles 4440|4241 aofanlas o7 26

N 5 4
Y-8

5
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=

%
iy A

L
g 1
[ i
i g
iy
ok
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INSTRUCTICH

SEQUENCER
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ﬁ;iﬂ?&ﬂmm%hwaMMMEMr
r

G TR S ST A o B B

@.1,1 HMicroprocessor

B rrin part of  the controller is 4 bit slice desimaod
RErcprocessor using four AM 29010 10, Four - stabtic REHs  {la
L Words cach arc used to expand the sicroprocessors’ reciste
pace (REG SPACE) to 32 - 16-bit wtis*i'.jur:- registers. Adéditipnal
RS are roferred to as P-registers, and Lhey énable signirsitant

:HlﬂvEHHHES 1n perrntmance to be arh*=v<n

. P-registers are addreasaa from the micro-word through the
f? addre:a field.! Read/HWrite operations on' P-registers are
'?ﬁrolleﬁ b? pnrticui&r hit combinations in micro-word.

:fV"The dicrnprn¢e5ﬂor gets data to D-inputs from the PiF‘JL"E

B nmajor. data ipath (see i'lg. - 2-1). Microprocessors’ data
ucs are thé only daka sources for Y-hus., Y-bus destination
“Prreqisters and various address pointers. Data can be
ferted frnm Y-HUS “to the D-bus. :

qeﬁuenter Ior the chrnprntesﬂnr consists of thr&e AM
) The ?911 SequencEr provides the capability  for
'sing ‘the: control store from 1Ls program counter, “SI-bits*

a1 fiﬂld.- internal . ‘P-register or internal  four-level
-file, . "The: Sequencer -performs Jumps, conditional jumps,

cond{ ions .can be. “tested. As a special feature the
ncer teésts the Micrnproue ssors’  ALU 'status flags (CARRy,

~instruction. - Hhen*- gtatus flags of the - current
roinstruction are tested, the next address generaticn 15 based
the results of the -arithmetic operation and microprogram
Pry is accessed accordingly. The extended microcycle approach
ibles the standard microinstruction pericd to be shorter by
J Furthermore, microprogram space is saved by eliminating the
d for additional menmory access instructions. The microprogramn
ce made available 1in this manner is used to implement func-
q-s that are not ususlly found in such controllers.

Microprogram execution could be interruplted if disk or
ilbiis microinterrupts occurred. A “Unibus inlerruplt  ‘can’ be
iSked for a period of time whon the HiLlﬂprﬂrt““ur is perforicing
ibime-critical function, whilec the dis interrupt cannot be
asked, Disk interrupts occur durlnq disk read or write
'ratjnn' whenever the R/W shift register is full or empty. The

Page 2-3

utine jumps-.and subroutine returng.,.  Up to 32 individual:

dister, P-f&giﬂtér or frnm the D-bus, which is the controller.

5,

8, '~ ZERO) " either from the  previous or current -

b, il e e
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T T N g Ty I



B ITIELLIGENT DISE CONTRALLER
:-?d 1JA IJ{ }Il IJ.!.”.';

Bertupt  Control Logic provides ap interiunt veetor deterrdned
e ovcal ion reguestod S Ehebuit s fﬂ'{fﬁﬁk darive ierine

Bhtepruph comcoulbionsthe 23l eeniaid o oy ioohid T (CARKRY LN
e Ccicuencer in held "0%F, Lhe Alw Slotus Tloagn ane ;;wad anii
it Pl atl 3 Aty ess QL aticn CRHAL S b § L “narnal
RGP r 0L~ low. . There is ohiy  chie ‘nenodbheable”  inbarrugh
fut, bheciling the Power-up init, Boibws inii apd the [EOT (Hakl
g Tiwey ). If  such an. irterw-unt  o-ocurs,, the  microprodian

quencer starts #n  execution oi e Ricroprogram  Lron the
rﬂsa zero. i .

f{umxnus Intert“ce

UFIBUS iruerface is controelled Ly the Microprocessor. The
aLe transﬂigﬁ and receives data &nd addresses via Am29%08 bus
pﬁceivera—registers. The UHIBUS arbitration and handshake
Bit 1s realized with the two 16L8 PALs.. The UNIBUS CSR-s  con-
gned . in 1Kx16  buffer RAM are direct;y EGLEEthlE thrcuqh the

crninterrupﬁwsequence.

_LDisk Intarface
iﬁicrnpruceasﬂr lcads information which is to be tranaferred
D A-cable, into two’ 74L5273 B-bit registers. All SMD  bus
ERS “.:and -RECEIVERS --are MC3453 and MC3450 respectively.
procéssor controls selection of the logical disk drive,
errupt status  .from  the drive, cylinder/ head selection, and
ecta ﬂne Of fnur fB“ cnble ports for data transfer..

r‘-- i
HThe serializer!deserializer (S/D) consists of two 741299
ht bit ‘shift registers to convert data from parallel to serial
g Writes and from serial to parallel during Reads. Parallel
is transferred 16 bits at a time from the RUFFER comprised
twn MK4801 RAMs through the two Am2950 multifunctional regiz-
to S5/D during Write operations on the D-BUS. During Read
_ationﬂ. data 1s transferred from the S/D shift registers 16
B8 at a time Lhrough 2350s into BUFFILR.

READ/WRITE  logic, consisting .of 16RA PRL, 74F161
counters, and a 74F521 S5YNC byle comparator, once enabled,
orms a R/W  functions described abaove automatically,

sparent to the microprogram-flow, using a DISK-Microinterrupt
Ence. All needed 1s, to prepare ong of the three possible
CIOR-buffers in BUFFER RAM, and start the function. A 74F521
iC byte comparator is used to compare the SYHC byte read from

Page 2-4




HP-01 10lliGhk rfn’ NiSK CORTROLLER
biodthiveRie DEGCRIFEICE

e dick against & pro<dedined, hardwired constent (BEX 00193).
this camparisan i.h enabled vhen scarching for SYNC dur:ny Reeds
B nion - 1Lr£l11¢L writes jefore start of the Write operutions, &
SYRC byle must be 1: ded Into 2950 registor.

_ Each logical se~tors header and date ficld has four hytes mf
BCC code appended. 7The ECC polinomial is implenented using th:
WFZQQ,-'GHE;?Gﬁz?B and five 74F86 EX-0R gates forming the iead-
gack terme. The ECC volinomial divides the data field as it is
weitten, and * the 32 bit ‘ECC is then appended to the data field.
hen the ECC ‘is beino written, it is shifted out without any
d]:lacl?: ﬁnd *a.t:tn as 32 bit shif!‘. regiﬂter.

1’ ;'1'

non- zero, ‘the'data is in errors ht,ﬁiﬂ “BCC correction routine is
3 ed. “to dal:erm*ne the bit{s) in"error-and location within the
The ﬂata iq mrrected depen mg af prnqram cnntral.

1 Hhen ‘2 sectors hcader ‘or data field is  read, the BECC"
dware: aqni.n'"divld a5 1t by “the fixed: palinomial. The - ECC.
sters are.tested at the’ end ‘of -the ECC field, and if. found ta -

Rty | I

IR Y TR
i e = e T N
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P-01 INTULLIGERD DI CONTROL L"‘l‘.'
HARDWARL DE3SCRIPLTION

Bt word: Cylinder address end [lags
BALD ==""T1 et fRGICAtIng Lhe bad sect c:r_

CYL Eg Is =&seb for all sec*av“ an all tracks of the
last cylindv : . - o =

fi%:’}ﬂﬂuﬁ'”——. Is Set  fTor all sectqrufdn the-last track of
- Any. cylihﬂer s 5 ,

i
_.:.» ] ce .

S

SEC e :Eff P&t fur tﬁe’kiaﬁt 5ectqr aﬂ% a.ny tra.ck :

¥ ageta
on = e I ao T
R ﬁﬁf, Y S - b ¥
nd sector address i, A
o LR e st i i T agids
Pk -'--~..#‘-‘§" » e % 5 x..f‘___r“.
o i T o A, B -
SRR AR T i T
e L Py o
‘tbgfaiil o Ut B Sanper Tl

el

iﬁdicﬁturs.k,

. f_'.tﬁl?%’f-‘ﬂl.mﬁ&ﬂsful_ ;ln
nlrm*umd on.":

W SN C Ny e g -

-

p'jiéaypqéthe READY LED iah~_;

T #!:n:.

'-..-;_ - L

t;roller performs inibia.l:lzatinn tezt_ Test

E ; *"‘ "1’
1. ISequencer test

2. Processcr test
: 3. Ram test
4. ECC tast

5. Internal reqgister test
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S TWICLLIGENT DICE CoHTROLLER
Akl DRSCREIPTION

. Levice test

ii any of these Lests fails, controllier roports the orror in .
e nointenghce status register. The tids indicale winicu  Last
eiied as follows: _ . : - :

4 L 4
Al - L] b - o .
. - e i g . i
LED: & . ERROR . -

e e e e
quéncer test.failed -
rogessor -test failed

- am
s
e

R
o J Joa




CHAPTER 3

ﬁihus‘th&1s ﬂﬁwﬁ?istep prucedure'for
k Qontrnller., The fnllawinq 15

f?INEPEUTIDH

;ue a viuu&l gﬁ;hpection of the board after unpacking. Check
pecifically . for - bent.
~mtunents nrmany nther evidence of physical damage.

or broken connector

installa-
1ist -of

4

damaged f

i

1

|

!



WP-C1 INITLLLIGENT DisK CONTRCLLIR
I~I" O LLATLICN

o ey SR h T T o o Ty B LA i I ey
_l & L.i.h:h'l i o8 T T el SRR 1IJ.J:-- :

e disk  drive wust 'BelSsaiivadredl 060 Lhe pro:sr nualer of see-
s aidsrast Chove JERETULGGrEEE oneleciion  switches properly
OOt iguired =

3 -1-"’

@12 1. LacaliRemcLe

-
.

hE.LUCALfREHﬂTE switch: cantrnlv wnethvr thE drive can be puwerﬁ
- ‘drive (LOCAL) n;- the cortrelier (REMOTE).

o & ;
e i e

.."J-ii‘eaf:.':t,_:; "__ :_

une~ cﬂnfiguratiaﬂ'samup must he ‘made on the cont“olleﬁ he*
gfinsertingvintn ﬂhahiis. “This is-made by SHl. Figure 3 1
waan- aaaemhly diagrﬁmggf the BP~01 ﬂantrﬂller Board. -

1+ '.fg;aai:.-e;;_s..-'j.»;é_-’ieet";an Ll

‘Controller have a'ﬂib&k cf several command and status regis-
rs through which the system can comm&nd the controller. The
nck contains 16 registers.

"The BP-01 provides one standard and one optional address
electahle by switch SWH1l as follows:
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BP-01 INTELLIGENY DISK CONTROLLER
IRGTALLATION

511 Ar_'i drogs '
= gQpe J?aﬁﬁﬂ Standard
On RS 774040  Optional

'.""""'."-'-"—'-“--IFI-I-.-.-:h-hh-‘--—-v———-r-ﬁ-b—l----—di—wﬂ-dl-—-—.-—‘*-‘-i-d-

s g

'L'. '-...:-. = T ; _',L,u” ; o e B

lot along the.

,.*1&er-cpntaina-a¢§
i1l ‘automatically rele

ase

dﬁhﬁ he-hackplane‘
.paases thruu&h the

R LTl . ol i

..
'|
1}

] AL

':' ‘. z g ﬂ}a} ; ‘

= "cuntroller huard shauld he plugged 1ntu the backplane with
‘omporients oriented in ‘the'same direction as the. CPU and other
idules. Insert and remove the board w;th the computer power OFF
Lo avnid demage to the campnnentﬂ.

0 -
g Toyn =
] : . i
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EP-C1 YNTELLIGENT DLSK:- CONIROLLER
TNSTALLATICN

5.5 CARLING

he L ang B cable signals are shewn in Moure 3-2.

- fig 32 B A5 DOLE SIGNALS -

W o i
T s 2

35
‘ S
235 -3, 32 ':
% B : :
e o o
| o R ;
5 .-
v 4D gL
S _;fi o 3
¥ ‘2 .:' T‘I,.%::.-,.

R e 21

A B ;

.-* .:'_-

4

43 -

50

51 3] 3
- USEL TF5 52 2
- . SELO 53 2
= - LY 54 24 5

- &C1

* SEL2

- SELd

- WFRT

- PICE-HOLD
- BUS 10

O I
L
0
Fod
s
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BP-4) INTELLIGERT DiSK ( Uj*.' ik

L 3.5.1 A Cable

L |

The 60-wire A cable shonid be slugaed into the.gommector on the A

i port of the controller and wired to the fi t  drive. If - uore

éthan’ one drive "1a. used, it dg then d&isy*ﬂhaintﬁ to the other
“drives. . The "Iast drive or Lhe A calile must

atalled.;ﬂ_gﬂ : :

e h L AmE it - [ P . ¥
ol W TN SR P e e e T O LR Y e 1

i drive to cne
ncée which b
termihetors

___FF,F-" r ;a-t; ved ?011
s 'of the cont er.
ction jfig -used by ?tim

:"-"" .

it s ver

Ohh&c L i.orr-- to: ';1

o R, i

1] 5 ‘The selﬁteﬁt‘:‘ 1s exee;:ting on .every ‘BUS -INIT. ~If the

f test “has - heenntﬂefuted uucngs sfully, the" RE&D¥:LED willibe .

. Allithree LED3 will ‘be ON or flashed- when the’ ‘controller

nnot properly addre;gs at least. one drive. Thia ‘will occur if

ithe. A and/or B cables are not pruperly plm;y&d in or two drives
have an identical code plug.

. The fnllowing ‘teble cnntains possible states of LED and
Eexplanatinn. : & & i

'Page 3=5

T :::411'5)4 'an. . .:- -a-'a-}'h

VE‘ﬂ tﬁrminatcr inu.z';

g;imporﬁant et
‘t':m"-‘ 10?1‘: o

< pept o A e - S i S,

tomat V. E}:&ﬂﬂte a-bﬁ-il‘m in power-up

1

*'w_-v-'- Rl T

B v 1 i



" hp.-01 Ihl‘F“'LJ.L' YT DISK CONTROILLER : : : - :

_ﬁJI threecLBDERporaanont 'ON Contreoiley cap~-not addre:s

at Jeast one drive on A cable.
..o lhe A -cible ic }]fﬂh&bJ v nol -
Soplugged in or can be
-frevpraL pluﬂg 1n.

% : gEad “from ’-E:
040 and all ﬂt‘h

mat he dizk.'“&h ;La
< ﬂé&q_ not write Bad. -
: alid tn furmatfth&y

3. Deposit the drive number (if other than 0) in BPCS1 i
: at;??dﬂﬂﬁ (774046 if alternate address is selected). 3

4. Déﬁasit ‘the maximum Cyliﬁdax nunber minus one (cyl -

-1) into the BPCYL at 774020 (774060 if alternate address }
is selected).

Page 3-6
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BR=-0) IUPELLICERT DISK ConhimCLLUR
IRLTALLATICH

5. Deposit the  maximus Head and Sector addeess wminus.,

& cne (heal=i,.sectoir-1) into the EPDAD at 774016 {??GGEG_f
if giterncte nddr>ss is 1&1&?150}. - o

6. Demoslt ‘@ 177400 An  BEUCT ot 274002 r:fhar,'z if
.- alternate ¢ ddre s iq aplgctpd} B B Eﬁ '=y; SE G DA
BPCIR (Formab. 'DIsk compadt) atir =
ate addrﬁ;5~1z 5e1fcted!.~ S

T “}"“ 5 : J

0 p[??iOSD if altarnate addreqs :;';E
~drive ih'vn error. -The READY oy
ﬂ “should’ ‘be ekazined to- - .

_—+

--\.__L sy .

.l-;
M

i e 'rpaﬁiinq~the RFﬁbf‘ﬁﬁﬂ-shﬂuld stng*
indicahing'bpﬂLCﬁntroller is “in _idle state.
58 v & “ "BELSR regiater*tuqﬁeﬂ,uif thﬂ

75 %ﬁw

P unde; fgﬁhat inandf:”'""

"‘"'"f

i - L g T | e
[P L - Tt L

R T



CH.HE"TLJ.# 4
I!'EGIST.'I""':'S Sex:

; 3%1;& t*eqia;l;gr-a in the BP-01 cnntroiler. They are
_;1nhemﬁage, -] oller to the drives-and the - computer.
2gisters: gﬂgh _‘and/or reod under program control in
3 init: ected _inls: commands and monitor status and
te s“faan«rhe wrgtnen in nrly hy uurd

uingufbdhl is a summary nf the regirterﬂ uéed b§

2L

hﬂm are canbain&d :l.n t.hr_ Rm{ huffer.
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I-‘l o5 I:J 4 4 }-"I s J.HJ-L '.l. ]-‘.-l. -'?.1';.. ‘L:Ui; :l'i:i E}LLl::;

CONTROLLER REL].%.EP‘S

Conitroller register summary

_H.D_DRE_IS_S i ‘DESCRIPTION

]

~ XXXX00, ' | CONTROL AND STATUS _

" WORD COUNT z;i.;ﬂf

a9

;_g'axxxxnzhu

*xxxxo4 UHIBUS AnnnEssfn4is'

CDN'I'RDI. AND STATUS 1

L =Rl

DRI‘U'E STATUS

g <.

— -r-llll-l---u-———-i-—-__....,....

ERROR REGISTHR 1

.l-.l.l...............

L:-'.AITEMI ON RE'GI STER .,

”;ffqatvnrﬂnﬂn .im' e

1:g3£EEc PDSITIQH Zopins

“ECC PAIiERH»- ;i jﬁf;

ERRUR REGI'STE!R F i

TR.EH SACTION CDUIﬁT :

CGH‘I’ROLLER ATTENTION

MAINTENANCE CONTROL

5
L [
| B
1
W '
o
ey
I
4
L]
F
i
| MAIRTENANCE STATUS
i
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BP-01 INTELLIGERT DISK CONTROLLER
CONTROLLER REGISTEDS

4.1.1 Control end Status Register (BPCSR)

v i‘d“.‘"-.i—\-

Baly
T i by

i Tl

-"L." L

e TR PO ALl e S

R I ST L o o e

A LR
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BP-01 INTELLIGENT DiBSK CONTROLLER

CONTROLLER REGISTERS

2 - Funecticn codes are @
Functiori. code

Octal(*) Hexadecimal (%)

Hinary,

00
02 A
.“:l hi  . .

r .dé{- 3

L

18

" (k) codes include GO bit set to 0.
“"Bit 5

~Function

description-
Nop

Seek
Recalibrate
(Home seek)
Controller init

Rea&
Write .

Read header
Format track

Fnrmat;ﬁisk;

parameters
Load vector:
memory

Diagnostic
functions

" Dump controller

Ready (RDY)
Controller ready bit - this is the only bit set after
the controller initiation. When set it indicates that
-the controller 1s ready for a new command.
Bit 6 : Enable interrupts (EI)
This bit is set or cleared by the program. By setting

this bit, program enables the controller to trigger

interrupl when operation is completed.

Page 4-4

an

i o———



BP- 01 INTELI.IGENT DISK CONTROLLER
CONTROLLER REGISTUYRS

¥

Bit 7 : Busy (BSY)
This bit is used, together wilh Lock bit, to synchronize
access to device regislers betueen the program and the
controller. - This bit 1is set by controller after it
fills all registers with dota arnd triggers an interrupt.
Program sets this bit before it moves data into device
. register. When this bit is set, controller will not
. change contenta nf_the device registers.

Bits 8and 9 ;5 “Btended bus address’{EXBA)
2o The' progranm ‘sets these bits to address bits 16 and 17 of
{fl the Uhihua addréss {dntu huffer addreas!.;

S Biﬁ ll
e '\-n'p"b 13' -n. r

Bif 12" .i Strnhﬂ Hinus ISTHI : :
' ‘These two bits .are used by the program when the read
operation is fetried.- Only one of these two bits may be
set. at one time.’ Bit is cleared by the contrnller after

mpleted. 2

; e Tong & _
Y BiE 13 Offseﬂ;*l’lus (OFP) - -
.+ . This bit is set by the g;ugram and tells the controller
. . to offset the . -heads the center 1line. Bit. 1s
‘cleared hy thh‘“cnntruller after the operation is

_f'tonpleted.;

Strobe plus ESTPI

'I-g.rll

T -‘_-.

e jw'Bit 14 3 foset Hinus (OFM)

.~ to offset the heads from the center line. Bit - is

““¢leared by the “controller after the operation is
completed. These two bits are used by the program when
the read operation is retried. Only one of these two
hits may be set at one time.

Bit 15" Errnr {ERRI

This bit is set by the controller when any type of error
occurred cduring the operation.

Page 4-5
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- TivACRAGENT DTeR CNEHTROGLER

B0 OLLY Y UG LETLRS

Bl.2 HWord Count Reglaler {(BiaCl)

hibus address @0 xyax(2

Ihis register is used with data transfer operationz and is sct by
the program te determine a length of data transfer. For read and
write operations program sets this register to negative number of
words of Lhe data to be transferred. For format disk operation
program sets ‘this register to negative number of sectors per
track, multiplied by 2.

'l
e

8.1.3 Buss Address Register (BPBAD)

g;ihus address ¢ xxxx04
This register is used with data transfer operations and 1is set by
the program to set the starting address of the data buffer in the
memory. - 1t “is 1loaded. to specify the 16 low order bits at the
starting memory-address. The register is updated at the comple-
tion of the function, - . ~

B . .. | s k e

€ o £
. - S )

4.1.4 Control and Status Register 1 (BPCS1)

=

Unibus &dﬁréésl&' Xxx%06

B 1i 1 12 1710 8 B 76 B A 3 S

T T T 1 T 1 T 1 7 i L T T T =1 T T 1
e | | s oy I I | I I | | I I | I
| R | i e T B e e O . i P IV E 1D AR 9UNIT |
i E | | Pf-BE 2 E S £ =8| | 5_1 ety 0 TR P s | |
| J | 1R~ B )P MY R e 5" | o, ek e I T R D I i I
TR s B 8 e i o b v ey b it

Bits 0 and 1 : Unit number
Thene two bits are set by the program to select a
desired disk unit (0 - 3).
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A Bit %
L& BIERT. 4 Luck (LCK)

fff Th1s bit, together with Busy hit is used tn aynchronize
‘access to device ‘registers. . This 'bit 1s  set- by

BIF-6: ANTELLIGZRT DIGE CCNLROLLER
COIPROLLER REGISTREKS

Bit 2 : Header compare inhibit (HET) )

WhET get, he header coapardson is  inhibit. The
contents, ¢f the header of- the targel  seclor are not
validated. If ‘'get, the desired sector 1s always

searched {rom the lndex Mark.

Bit 3 : Format data disable (FDI)
When set, 1indicates that the contents ‘of the formatted
sector is left unch&nged. Only the header is overwrit-

-ten.._

Bit 4 s ECC disable (ECD)

When aet ‘disables the correction- of the currupted data
in‘the data buffer. Thé controller actually performs
ECC*= correctinn rnutine hut it does not. perfarn dﬂt& cor-

#"'.

31;,5;,' Interleaved sectur map (ISM)

A Reserved

'-cbntrolleffhefcre it modifies contents of registers, and

13 ‘cleared by controller, when values of registers are

sets. . This- happens hefqre an 1nterrupt is triggered by
thﬂ cnntrbller.t 3

5 ?fﬂfﬂit 8 Unused

e Eit_ﬂ,: Missed tranafer (MXF)

Data miss from disk to controller. Set if no SYNC

-character is found during a READ or WRITE operation.

CBit 10 : Program error (BER)

‘This " bit 1is set hy'cﬂntrnlle?'if the program attempted

an illegal operation, or started a ‘legal operation in an
illegal way, or the program has set an 1llegal combina-
tion of bita (like setting bits for plus and minus
offset simultaneously).

Bit 11 : Nonexistant memory (NXM)

This bit 1s set by controller indicating the memory
transfer missed. The bus address register will contain
the address +2 of the memory location that does not
exists. -

Page 4-7 .
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EP- 01 3!

Hke
Ao

CONTROLT I—’ I"Ei 1G5TERS

- Bit 15

4.1.5 Drivq_sﬁatus Register (BPDSR)

LICOAT DISK CONPROLIER

L]
BRitL 12 : nonexislzent drive (MXI) :
Set by controllcr if an  operation is atterpted to
nonexistont drive.

Bit 13 : Unibus parity error (UPE)
Set by controller when a memory parity error cccural

Bit 14 : Unused .’

Operation Rejected (REJ) .
Set Dby the controller, indicating an operation request
to a drive, while the controller is'’ already performing
anuther nper&tinn on the same drive.

e
.

n
e
"'_:r.?d e

53
b

B oscens . w0

15 1413 12 ST L o TR R S R e
| 1 I ,.-I Efmg i ¥n 1 i A T | 1 T ¥ 1
 AESeE TR s o R R CO B R e
 HRET AN R Bl e (T e R B e
R L0 B F T LR R 2 14 UL
LR R-he SN S TR - B B+ . 0 S A T e
IR S R ERERERE s o B

Bits O through § : Unused’

Bit 6 : Offset mode active (OFA)
Set by the controller, indicating that offset mode

operation is active. i

Bit 7 : Drive ready (DRDY)

Indicates the drive -is ready and on line. This bit is
set by the controller after the "Get drive parameters"”
function has been issued for a ready disk drive.

Bit 8 : Drive busy (DBSY)

When set, indicates that the controller is already
performing an operation on the selected drive.

Page 4-8
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LP-01 UNELLIGLET DISK CORYROLLER

CORTROLLER BREGISTERS

2ites A thioougly 335 v Unoacd '

Bit 12 : Disk write lockod (HLY)

fhis Dbity is  =el. by ihe cuntroller, When theideivie S5
write locked and o write or Jformat operaliocn is at-
tenpted.

Bit 13 : ledia online (MON) .

et by the- controller,. indicating the drive is physi-
cally connected to the controller.

Bit 14 : posittioning in progress (PIP)
Set by the controller, when performing the positioning
operation on the selected drive. '

Bit 15 : Error (ERR) - :
Set. by the controller. This bit is set when an error
OCCurs on selected drive. 4

4.1.6 Errat'RegiﬁtEf}iﬁﬁEﬂlj

: iﬂus address : xxxx12~. 

5 12 13732 01 10 9

B acked Grive duping thep Wiy T g
B i ] T I | I I ] 1 | [] 1 I 1 1
| | | | | | | | | I | | | I I I
| SIB{SID|D}O|WR}I|fO|H|[H|[E|R|W®W]|TI,|
| LoDl b EdbckB el thideatilng BERIC tHiC . C 'C L4
| B | 8 dhGul Giok Gufede ofs Bl A ¢puBiped| Bre| 'H i e ol e
} ttachs. | L WE TR L | | o

Bit 0 : Illegal function (ILF)
Set by the controller. The function code is not legal.

Bit 1 : HKrite clock failed (KHCF)
wet by the controller. The controller is unable to
write the current sector.

Bit 2 : Rcad clock failed (RCIF)
Set by the controller. The controller is unable to road

Page 4-9
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PP 01 TWNIELLIGENT DLSK CONTRCLLLR
CORTR "“.;IJ. H F:.‘"I*a.! 4+

data Fron tho, disk drive: '

Biz 3 : ELC hosd grror (LUH)
Set by the conoreller when o unrecovershlc 200 erid
was debecled.

=

Bit 4 : Heador compare evror (HCE) :
Set by the controller. The scctor address Is not as
expected.

Bit 5 : HEader ECC error (HEC) ;

Set by the controller when an ECC error occurs during

read sectur ‘header. It causes & current function to.

terminate withnut transferring any data from/to the
._disk .m.;h.,

Eit ﬁ Disk adﬂress overflow {GUFJ

Set by the controller when the seek operation is
initiated with cylinder address greater than the real
numher cf cylinderﬂ on the selected drive.

. Bit 7 : Invalid address (IVA)
g J'.fgg ?g the controller, if the cylinder address is uver
4(10). :

© Bit 8 : Write lock error (WLE)
“8Set by the.: ~controller indicating the HKrite prcotect
switch is on on the salﬂcted drive during the WRITE cor

:FGRHHT operatinn.

" UBit 9 : Upwratiﬁn incomplete IUPII
Set hy the controller indicating Lthat the current opera-
tion was not sucaessfully completed due to error condi-
tions. . :

‘Bit 10 : Devidﬁlcheck (DVC)
Set by the controller indicating an hardware error on
selected drive.

Bit 11 : Data check (IIC)
Set by the controller indicating a data error during a
READ operation.

Bit 12 : Seek incomplete (S1C)

Set by the controllcr, indicating a seek failure.
Recalibrate function should be issued to the drive.
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RP-01 FRTTLLTCEE: TILSK f""’;']*(?i.i.i'}-!
CONTROLLEA KECIETERS

Bit 13 : Had seciar (105
SJet. by the contreller, dpdicating that the curcent soc
tor ha= =« Lzgd flnag.

Bit 14 : Select error (5LE)
-Set by the controller, indicating that an nr91al1au wia s
- initisted to the nonexistent drive.

Bit 15 : Error in error 2 register (ER2)
Set Dby the controller, indicating that a fatal error is
in the 'second error register. :

4.1.7 Attention Register (BPATT)

‘Unibus address : xxxxl#‘

Contains the ‘attention summary status for all drives. A status
for each drive is set aftar a request to that drive has been is-
}ued or diagnostic test has been performed.

‘-15 14 13 12 11--1_;:\2_'"--,,9;_' N8 ¢ 3 2 1 0

T Taam Pyl cotoiatus fumeiReRt S Slaa thassdr cdn o D)
DRIVE 3 | DRIVE 2 | DRIVE 1 | DRIVE 0 |

SUMMARY | SUMMARY | SUMMARY | SUMMARY |

| | Lo | o | |

| _ [ | [

1 1 1 ] ] 1 L | et 1 1 1 | | 1 1 J

There are four status bitz provided for each drive.

Bit 1: Drive ready (ATSKDY)
get, 1if a drive is ready and online.

Bit 2: Drive on cylinder (ATSCYL)
Set, if a drive is on cylinder.

Bit 3: Drive in crror (AVUSERR)
Set, if any error occurrecd on a drive.

Bit 4: Drive write protccted (ATSKLK)
Set, 1f a drive has write lock switch on.
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i BT B PR

1.} Dick fddress Kowister (1s-0))
lRibus addiesns @ xuazli

B 12 13 320l c30 A SEERReeEE 5 ¢ 30 310

! 1 L T | BEE e | T T T T | | | et i =4 3 |
o= | * |
| TRACK NUMBER | SECTOR KUMEER |
| e | |
. I I
i i 1 1 1 1 1 1 1 o K 1 1 1 I 1 ]

" Bits 0 through 7 : Sector number.
.~ The. sector number 1s incremecnted after each successfully
‘.- -~ completed function. The sector number can be up to

e =y 137 7(B). : :

. Bits B through 14 *: Tracic number.
~The " track number (head) is incremented after each suc-
~cessfully ¢omn1eted ‘functior.. The head number can be up
to 177(8). ~ :

Bit 15 : Reqervé&;.

Eth data transfer and pnsitjc ing operationa this register is
8t by the program to the desirec sector and track number.

fth Format Dizk operation this register is set by the program to
ixircun sector and track nurmber ( sectors/track - 1 and
fracks/cylinder - 1).

iﬁh. Get- Driwve Parasseters operolion this registcoo is seb by th=
jitroller to mnmaxinwuam sgector and track nuaier available
5ELLﬂr5fvrh{n - 1 and tracke/cylinder - 1).
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P01 1NSLILTIGCHATT D SK CORERIRESEE
C{f J.I‘--..J' I |l-uf:' T‘t::ntr'lﬁirhl 3

Bnhihus oodress @0 s dU

UG, 240:380r 1200021n208h6912 Bit Forr@ctisn sqttesn. 2Facii

L] i T. v I = i { a1 " R | r T I i
: K .

I t

I CYLINDER .# [

I |

| | I

1 1 1 1 1 1 A I 1 L 1 1 1 1 | )

Bits'o'thnouqh 10, : Cylinder number.
-'.iJ-

Biﬁﬁ et s & through 15 :'Unused.

il

-11th data transfer anﬂ pnsiLinninq opcratlcns this register is
'ﬁet hy the prugram to the desired cylinder number. :

f;ith Format Disk Gperatian this register is set by the program to
?imum cylinder number. l cylindersfdisk =. 1),

{Hith Cet Drive Parameters ¢perat1cn this register is set by the
controller Lo maximum cylinder nurber available | cylinderrfajak
i 11.

5}.1,15 ECC Position Register (BPECL)

tUnibus address @ xXxXxi2Z

‘When the controller performs the BECC correction routine this
register contains the bit position of the burst contiining an &r-
' ror. .

Note that the ' controller c¢orrecte the data buffer hefore it
‘transfer block to the memory if the ECC correction enable bit is
set. If  the  error is unreceverable this register contains the
value 10040(E&).
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B-01 YNTELLLICEMT DISY CORIROLLER
TR LER RECISTERS
ﬂ.f.ll E0C Pattern Reginier (BEeC2)
Winibus address ¢ xzyz2d '
This register centains the 11 bit correcticn pattern. Each logi -
cal 1 in this patiern indicates which bit is in error. The " drrae
‘pattern may straddle two 16-bit words. The bit displacement to
‘he rigthmost bit of the pattern is determined by the bit count in
BPEC1. The Actual correction is done by the: exclusive-OR of the
error pattern and the data in disk buffer if the error correction
is ‘enabled by . setting the ECT bit in the BPCS1. If the ECI is
‘set the corrupted sector is transferred to the memory without
_correction applied.. . B T T :
E : Ve AE R R Bt T TR
;i.l;iz Second Er;ar:Reqister ( BPER2)
?Hhibus-addfésgxiFix WR2657 < |
=15 14 13___j;;1?-,,_:ﬁ1'1,_"io-,_9" g B S e R SR S e L L
e T || | R R S T T ; =7 T T T ) 5
el Betmmed wlmahink ook e B b il bl ol £ |
SRR D Ty 2 ks o Rl T S W e o e R
R DR S e o B e e ok Bl
=) DR bedila TGl ) e s et | 8- 1R
& ERELY O ey LT SR R fos o e PE R REw CE | | I
1 L i | 3= 1 o | 1 1 1 1 - 1 o | X .I 1 1 =
Bit 0 : Data late (DLT)
Set by the controller when the controller 1is unable to
complete loading data buffer during WRITE opcration or
transferring data buffer during RFAD operation while the
drive reguests a transfer. This is an informational er-
ror.
Bit 1 : ECC soft error (ECS)
Set by the ccntroller. The controller sets this bit
when a recoverable data ECC error has been found and ECC
correction is enabled.
Bits 2 to 7 ¢ Gpare
Page 4-14 j
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TRetr I anici 70K CONEEE
CORNTTRICLLER REGLS lkHu

Eit e 11Yleirl wector loaded (VEC)

el by the controller when on'illegal vector valuswis

lozded into ti¢ 'Bug sddress ' register durine the LOAD
"wector funclion, A legal vecltor value is in a roige 0§

Lo 774(8).

Bit 9 : controller internal error (CIE) =
Sel. by the ccntrnller when an fatal internal error is
detﬂcted. 3

-Bit 10  Timeout iTIH} '
‘Set by the cuntroller. 1ndicat1ng an inhternal Timeout is -

':uccurred.
Bit 11 3 dere lh:;_; _
Braz Simat férmakted Arive NFED)

Set by the controller during the GET Drive Parametera
function, if the cuntrnller failed tn found any fnrmat—
ted headeb,n : . . g

B 18 Illeqa; unrd count (IRC) B Faid
re.Set * hr ‘the «controller when an illeqal wnrd count is_
; -1nadad for any np&ratinn, B g ot

. Bit 14 : Illeqal disk address . (Ihﬁ} . i
Eosaet . Dy Lh& cﬁntrﬂllﬁr ‘when “a illegsal disk address
;-{cylinder head or sector} is laaded for any operatinn.

i .

Bit 15 & Spare ﬁﬁiﬂf_--'

-

.1.13 Transaction Count Register (BPIRC)Y

nibus address : xxxx30

1s register contains a transaction counter incremented at a
einpleticn of any function.
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LR REGIST

R d.1.14 Controllor

P Unibus addiress = x?.xaz

nance purposes.

j}ﬂhibuﬁ”addgeﬁ;

b

B,

s 3413 12 1 1u

PELLICESY 18K CUH

Internal SLa

THEOLLER

L]

tus (BPOAT)

r

P Thisz register is read unly and contains an infnrmation on maxinte-

j= A MY
iy o - TGl o TR
- I

< PR ER LR W
S e T e ——
PR
L ——— — e =]
LAY | I o
i = T 'y
i s
L v T II..
L R ——
I : v L% -,
!
-
e e

110
111

i -t
e A et
_-1'--.—-—_.-.-
aly S LF]

L”ééqﬁencer tgsf

e S ; ff-i : _:} A
Biﬁﬁ_ﬁ ==g- 1 maintenance functinn : :
o R oo L o

~ Code function e *

.

Processor test

RAM test

Device test

ECC test

Intecrnal Registers test

Timer test
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BP~01 TWLELLTCIWT DYSX CONTROLLER
COLTRULIYR RECGTSTERS

Bite:3 -914 : p.lpake

Bil 15 : Diagnostic function done (DN
Set Ly the controller, indicating the diagnostic func-
tion is completed. Hust be cleared hy the program.

E ™

. 4:1.16 Controller H%iﬁtﬁnanca Status Register (BPMNS)
l Unibus address i xxxxSE _.?1 e

L "'H '-"'.r"‘ e T n e
-_ R i ] i g g TR
P A i

f i 14 13 m 1:1 «zf’i;jr_'- T O e e N ':1 -_3,:*-:-'2- 3t

-'_1. l-" ..: l I L.-r: L 'y ] l

J!
PRUCESBUR el PROCESSOR
1 MAJOR  :. | SUB ERROR

N e
i S

.rf'-"_?"“...’ﬁ‘—-"'T

A o | ST s &
T e el 3
P e e e — e
1 7
% L e
.
e L L
h-—.—n-s.——-—l—.-——
- ; .-h-.g
P
]
L8
it
- — e R e — — ]

1
3 - -
- ; Sk -
2, i 1, -
W i q -
o ] - Rl
' ! ’ e
-y T e B 1
K- ; =
4 .. Lo
CR .

f -;ggit5-ﬂ - 4 ; Errbf ﬁéde L“ifif: "?f;;ﬁa iy

;:E?Tit Code _TL; : Explanation :

20 . iis Queue uperatinn failed
21 '_"'Rnﬁ test failed |
22 ©  Sequencer test failed
23 Processor test failled
t 24 Registers test failed
25 ECC test failed
26 Timer test failed
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Fi2=-03 LIEFELG TG LG
CORTRHOGLE:: RixLelnes

i { [;"l. (.'j_-:_,:.a.f.

1
Processclt 8rror =inor soor

Py 5 =07

Code

Ezplanaticn

1 ‘Rotate 1 operation failed

2 ~* Rotate 2 . operation failed
e s Bhift uperatiun failed

% :
Bits E - 11 s Fracessaf error majnr code

Cade Explanatipﬁ?

ot - .....a._.__......,...........__.-_....,...._........

viﬂove anﬂ suhtraat failed

R e i_:IncrEﬂgEF fﬁilﬁd
R B T VE .'_1Decfement faiiéd
_ Shift‘faiIed

Tou'r - -ﬂﬂﬂ and xnn failed

Bits 12 - 15 : -Reserved
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CHAPTER &
COMMANDS . %'

'5.1 COMMANDS

- ., Te initiate an operation pragram sets proper data, function
' code and unit number dinto contrn11EE registers: when thﬂ program
fsets - go Dbit . in . the. “BPCSR - régister, the cnntrﬁller reads the
.register _cJeara go bit and .initiates the operation. At  thiss
Fpoint, - until the SEEK nperatinn is completed, the controller can
;ac:ept command for. annther drive (unit number). - The  controller

;simultanenusly. However, the cantraller will reject 8. cnwmand
;fpr a. huay drive. 3 - ; 3 R -
e 2

Hhen an nperatinn is campleted thﬂ contrbller cﬂmpletes the

‘and triggering an interrupt, if IE bit is set in BPCSR register,
‘The controller completes the commands in the same order as the
. corresponding positioning operations are completed.

b The contrcller has only one scet of registers; the program
- (when issuing & comwand) and the controller (when completing a
ccrmand) are accessing the same set ol registers asynchronuoslly,
In order to avoid conflicts, both thoe program and the controller
‘must. fcllow a synchronization proccdure to gailn exclusive accend
Pto the controller registers. Two bits (BSY bit in BPCSR registes
pand LOCK bit in BPCS1 register) are provided for synchronization
' procedure. The details of synchronization procedure is explained
fin section 4.2 below.

To initiste an opcration the program should

Pacge = .5~1

s capahle of “performing one’ uperatian on each cahnected drive 3

‘command by setting final status v&lues into controller regicters




BB -G TUTSLLIGENT DISK CONCIMOLLEDR

L]
= gabtaln acisc to. the Cortrailzr rrgisters by piricins
'.-:.sa~_4 GhE Svnchevnisablon proc. dura. (When access 15 ohs
alized, BLEY bif in NDPCSR regicter i sel and LGUR IR
I'-“('I regicster is-clear)

- - get dafﬂ, Such ﬂas_'uniﬁ nusber, disk address, momory
- pddress and word count, intm cL1Lraller regigtoy
not the BPCSR regiqt&r}..gf

{r-

g Set up new cnﬂtenhs nf the BPCQH'EEHiStEr'
fun:Lion CGdEw _- 5 ‘ZJ-f f;:"

mEmory addreas Extensinn hiLs*
},E'

IE hit with tha o

1 {;:G0 bit set

_BSY bit clear .

- % oy, - e

e muvéffﬁe:ﬁeﬁ'coﬁﬁgﬁﬁﬁ iqﬁo-tha'BPCSR rggistaf.”

.4' 3

ﬂwterrgpt}, the BSY bit is set and the LOCK bit is cleéared by .the

contrcller rﬂqlﬁters and clears the BS5Y bit in the EPCSR register
;tn release access to the registers).

_ The cowmands are divided into three categories: * data
transfer commands, positioning comminds and special commands.
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When' an’ operutian is" completed {the cuntroller triggera an’

tontroller, -so there is no need to perform the synchro- nization
procedure. - The program reads the final status from- the =
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PO IRVSLLTGUNT DISE CoNTRAEGES

COMMARDS
sl CPozitioning Cominod s
pasiticoning cucands ape asea o jon Lthd heads Cover SENSEHEEE
pack. Cush an sction €o6 foke ‘willisiconds’ to connlebel Uhe
positioning comcands are ¢2scribsd Lelow:

9.1.,1.1 3Seek  Command ~-. This -commandj dﬁu5gs~ the heads to bhe
» moved te the cylinder address specified by the value ‘in the BFCYL
- register. If the drive is unable to complete a move within 500

. the controller sets the appropriate status in vregisters.  ‘he
_=cnntrnller-will not 1usue any camrdnd to :;aar the Eeck fault.

:'5 1'1 2 'R&Eaiibfate fHumE Seek) - This cnmmiﬁd wiil cause the

'1tnmm&nd clears drive.. fault and seek error. This operation is
_lnﬁger Than seek*to cylindet zZero. - ZE 4 £vlsrde

1‘-'

5 1 2 Dnta TTanafLr Ccmmands : § A FLREDE A 'f

. sector header must be made before the data transfer is atarted

- expected valuer- the transfer. will .be started: based on-the
. pre-recorded sector pulses and no header errors will be reported
in case of error. Operation with HCI bit is not recommended
. because the controller must search for desired sector. from the
index pulse. :

- mented after each transferred sector from or to disk. Therefore
at the end of function the disc address will contain the addiess
of the next sector. When the cylinder address changes during the
Lranzlier, the controller will automatically perform the implied
seek.

Page 5-3

- miliseconds or if it has moved the carriage®to positicn outside
. the recording field, the drive assarts the seek error signal and

“drive. pﬂssit*oner to pnsiLion the hecads over. cylinder. 0. This

;iAlJ data tranﬁfer carmands have seek and sector search fUﬂCtiﬂﬁa.
- dimplied. For all ‘commands exgept the Format write a match of the

I the HCI bit is set, the header will not be compared to the

. The disc and Unlbus address will be automatically incre- -




AP-21 INTELLICENI TISK CONTROLLER

wel 2.1 Head Data - This commend reads the 256-word data filed
I}om the selested sector and transicre deta to the menory. When
the sector date tranafer (disk Lo cuntroller) is complete, the
ECC ig chocked to ensure the integrity of data. If a data error
occurred the LECU correction rouline is executed to determine
whether Lhe error is correciable. If the ECD bit in the. BPCS]1 is
set.,  the. controller. will not. aurrcct data in the hufter befure
transferring them to the menary 4 SRR -

.r s . oL Ty J !
1 “a‘_ - L *_._“ .‘ c_n-'. e

hgader fielﬁnfinn requested number of .}ectﬁrfimp to 127)

e . tie o B
\; : 'l?’t' } L L A r,,sh i ,._?

7 L}
i ¥ .41..
£ 3

-f"n. ;'-‘s’mw

% :h.; ékﬁ. % L x = é— I}H!"" \ .'_a-.*.-.'.' ; .‘"
r,S 1 ThE Wri ;g ‘Deta “-ﬁ&hiﬁ“icbmmand qri ga the ZSE-wnrd data
. field- of - ‘the“selected; . Ssector. A two word: grappended to each -

Sectol; LIIfS theﬁawurdfbnunﬁwikyleagﬁ _"'" e.remaining data
are unpredictable. (not zéro filled).: :Aft thé' aectar ftransfer
,mthe disk. add%ess ia autumaticarly 1ncr¢m 'ted" D s o

ry and 256-word data-generated -
e generated with two fﬂxtd -word
5secﬁnd EB6D. = A number: “of “the

PR o

....-_...

I:-L v . u"i"i"—.,-’l. .. o :.' s e “ 2t . o : .

4 al ﬁmManda arE“ﬁused tn'initialize tha controller, or get
the drive characteristics and -farmat disk drive. _ maintenance
fcpmm;nqg are special cummands, ; : TR

p, b d - g s e

i i Toeg ok i =l

ik ”-":‘."_'-"—

x '-J

X i g s Fots g .. .
.i..'.t.'.‘\‘\;q TR ., oo
g g MR : : ;
s TR T
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5 1 gt Read ID s This cummand tr&nafera the 2-word sectnr

‘This »t;“gm?alhd writeftﬁp' 2 ieera

regiuter_usinﬁ formula '
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COMHANDS
5.1.3.1 No operation - This command selects dr ive, reports the
drive status into the BPDSR register and clears Unibus address

and exbension bits.

5.1.3.2 Controller Clear =~ This command cause the controller to
initialize itself and clear all registers, flush the internal

- queue and set ready hit 1n BPCSR. This command does not generate
; interrupt.-  . _

B ek e
i :

_“5 1“3 3 Load'.vectbr = This command is used to load the inter-
“rupt vector. The vector:-value must be supplied in the BPBAD
}reqister. Enntraller checks if the vector -is loaded before issu-
ing the interruPt. If‘the~vector is not loaded, the interrupt to
i_dﬂf&ult vector (174(8))  will be issued at the end of each com-
.nnnd. Thia cnmmand will nnt qenerate interrupt itsnlf.

.-""'”- = ".-l'..d < S

."."_'

: ﬁ1.3 4”'Getﬂ drive parameters - This.command is used to obtain
ﬁthe ‘physical drive size. ' The dfive must be formatted prior  to
j;ssuzng’ this functicn. TThE controller will return the drive phy-

sical size into the BPDAD and BPCYL registers. Note that this
. function can: take a: mﬂignificant time to cnmplete at the first
time after cnntraller initializ&tinn. :

..-.-:’._--r., = .--':-_ 1__-

;5.1;3ﬁ55_ybfm4t fdisk *1;This command is used to format the drive
‘automatically.’ Note that this command can take a significant
time to complete. MWhile this function is active, the controller
- is not ready to accept the next command for other drives.

-

9.1.3.6 Dump-' Ram ° ='This command is wused for diagnostic
. purposes, :
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COMMANDS

5.1.3.7 Maiptencnce command - This commond is used for diagnos-
tic purposes,

' 5.2 SYNCHHDNI£ING ACCESS TO UEUIEL REEISThRS

-
-

qaynchrnnizeﬂatcess 10 the :nntrnller reqist%ga.
o i i

r’

ﬁregisters tp_prbper values., To do'this, _cpntrqller first sets
. Lock - bit  inthe Control ans status regis {CSR). and¢waits for

_triggers an . interrupt

=

g .|_l
-‘" '. \-"\l‘\:

,r-.. L
B ; i " Mol At

inte rrupt

.1'-". e

5;n-BPCSR rﬂgiater.=a';;a

HGTE

N%'Uae_:bf read-mndify-write instructinns is nbt recom=-
mended.

When interrupt occurs, the controller already sets Busy bit,
50 the program does not need to do that. But the program should
clear this bit after it finishes servicing the interrupt.

Page 5-6

. If  the. program tries to access devlne registers, while the
controller 1s thanging register contents, an unpredictable result - .
‘might = appear. ~ “The program should  follow . these rules to;,v'

i L T
& (] Tyl T
RO L :rg-.‘.\ax_.-' e SEN

Hhen the cantrcller cnmplebes -any éﬁeration, 1it: will set

" Busy bit- Elearam “Then it updates. regist r "Tts, ‘clears- Lock
bit' and sets Busy. bit; if Enahle mtermpt-. bit :I.s set; it

s pranam Should fbllnw*th& fﬂllnwing prncedura{ hefnrega
W}t.tries “toaccess controller registers, it .séts Busy. bit- and
.chécks ‘the .Lock bit in Cnntraljpnﬂ status register {CSR].“ Ir -
‘Lock: bit - is'set, the prngramﬁclearn Buﬁy bit and wait& for an.

: i3 fE Lack' hit is clear,” th&‘ progr&m _has an - access tb-:"-"
'tuntraller :egistEra. - The program then sets-all “desired values =
into - registers and clears Busp bit by 1nading new functinn code .

o TR VRN S | PP fa i W

S LY S )

o, gl



: '-r- ""-.)... j 3 B

a L T E 3 -. _. .__}-...I. - 2
- Ihe BPFHT'fbrmatter-diagnﬁstic id a stanﬁ*alnn; prngram intended :
~ as a preliminary formatting program and test tuul‘ The BPFMT -is
-:'diatributﬂd.in_a.bnutahle form&t.;‘. S - ﬂ-br A

e z ‘_' E.

------

3 hant prauedurea; PR T3 : TR A S e

_ .1 mvmcms :mz EPI-‘I"JT

'4.‘:!--\

software -BOO. command from’ the’ disk media.. When the program ini-
ializes itself the fnllowing mesaage will be displayed: “f;“_fga

:;Bp'ﬂl Fnrm&tter—ﬂiaqnnstic pragram vl. ﬂ : MR R T :

6.2  EPFMI COMMANDS

. After initialization the prnétaszets the defaulthﬁdlues for the
various symbols which are used to control the operation such as
disk-type,interrupt address ete.

The following is the table of the symbols which can be
displayed and changed. Initial values are in square brackets.

I BRK LCO01] ASCII code for the break character. Typing this
- character causes the current operation to abort.

CSESC Current number of cectors to transfer. Must be
set before READ or WRITE function.

Page 6-1

: = This‘h:hapter descrihea the use of the BPFHE‘prngram It is
: aaaumed the familinrity with the BP-ul cnntroller, ns uell as the. ;

BRHH? can he bnuted by h&rﬂwura frum the magnﬁtie tape or hyf -

s Lo o e b ni Ll aE ol dati g b DL B




CYL
DRIVE €03

L UADD [£1740001
. WBUF

open

BP-01 INTELLIGENT DISK CONTROLLER

Current Cylinder number

Current Drive number. Can be in range from 0 to
. - :

-

Current Head number .

controller interrupt vector address.

. Number nf'Cfiindefs on device. This value is set

automatically if TYPE is nonzero.

Numﬁer;fﬁi”-ﬂeadn  nn device. This value is set

automatically if TYPE is nonzero.

: ?Numbér- ﬁf.isectnrﬂ on device. This value is set
. automatically if TYPE is nonzero. :

"‘ﬁf:Bugfef go;jféadingfg&ta:
3 Rdﬁtiﬁejinvncaﬁioﬁfrepeat count
. Current Sector number.

: Déﬁid&;fffpe-ﬁumhéf; This value can be modified

to other drive type or zero.

Cnntrﬁllef-CQR ba?e.éddreas

Buffer for writing.

Memory and symbol examination and modification is similar to the
Online Debugger. '

Each line begins with a‘>’ prompt.

The following is a list of the general rules:

- All numerical data is in octal representation

- expresssions may be used to expres location to be

- Expressions are evaluated left to right and may con-
tain both numbers and symbols

Page 6-2




BP-01 INTELLIGENT DISK CONTROLLLR

- Nalid operators are [4,=,8&, 11 {ﬁlus,minus,and,nr}

Auy illegal input s flagged with a '?’-
i QYL a:

Ihere are tio cdmmgd@ characters;';, P e "

EIJ fal&sh} Dpen mamury 1ncatiunir1

£<Esc>:| {e5ca.pe} sta.rt rautine f‘-_,,j «.~,, e et
Ay 1 Sy .. .-..-l-_‘-':s 1" . ; : ': - . 3 -"a—"; = ..":;___:_ * A % T I. el .1:
5:2.1-0j ‘3 ' 1 1 o TR NIRRT W ) v
2.1 p&n ennr? 'unah nnn ,: .fﬁi _ﬁréﬁﬁg%c%;“ Sotest ool

?upenin 'fmemory ana mudifying it are just 1ike in ODT. Tﬁ“ﬁfgﬂfa;:"
-fln:at;un, ‘type the address followed by a slash. BPFMT will . show .
i ﬁcaﬁtenta and willvwait for input or tarminatar.v If the v&luef?

.....

TE:minators ara* f&fufcﬁfﬁ§{i£;:$ﬁffgﬂégj EEEQ
: (LF} {1inefaed3'§pen qlluwinq Incatian f | "i
'-n 3 -u.i- b ks o e ! -.-.Z...
s _-=<cn> {carruge_paturm begin nest lme with pmmpl: i

-“[93 {questien mark} reupﬂn the s&me lncatiun again

E*J fcircumflexl ﬂpen previous Incatinn :

B6.2.2 Start rautine - ESCAPE

'Routines are started through typinq the routine number terminated
by the ESCAPE character. The following is a list of routines:

Number Routine Description

0 MAIN Full format and check

i 4 INITC Initialize the controller
2 REZT Home seek

3 SEEKT Seek test

4 TRKO Format track zero
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EP-01 INTELLIGINT DISK CONTROLLER

RW Read/Hrite pass cver disk
. WDAT Write data
RDAT Read data .
FMT Format disk -~ track format
SHAKE Randonm seeks under 1nterrupts
FLAG 2 Flag bad- EECtBES on disk - >
... WALK - . Walk through the reqigLers %
x;ﬁ JWBOT = . - . Write hnntwpinck
oy :FHTZF,- - - "Format drive . : : ,
3 GDPT Get drive. puramatera i e ey e SRR v
‘T‘ ';= .7 »’ ~'T' 7 o u.r??ﬁkﬁﬁﬁJﬁﬁaﬁﬁaeg; el

':1'-'-"-3"." po i

,3 Addresing'the cantrnfiar CBR#gbf;iﬁ

-“"r_::-lu .“:—--\. s Al E‘*‘d-‘;""" _'_F“, Al .
~-ref1xing an-.. Expressian be ' hﬂcausea hﬁfhnse aﬁdress af the

=keeps “ﬁppy hf hhe .cﬁnhrallﬂr regiagers

to functinn executiun. ww_;mﬁ,,_ AR

HE -.'L_, T 3
4:* B i i bt o

E#E".Lis Tthe Commanﬁtand_ﬁtatus-l register and “*12" is.
théuﬂrro_rlfkagister. . o Rk A : "
HTZ 5 Printing an expresinn value .  “_- f i

.1_

Eaign._ :

Page 6-4

CS5Rs' to-be ‘added to that expngaaihn.< Pur;;&xampiei- w6 A8 ‘the’
;Cummand and Status-l reglstar and “#12" is the Errnr 1 Register.-“

A S -r-«';-.u-:- s 2 L L hedged Al
'43~ﬂmﬁﬁn Bave b o g "ﬁ$; %[qﬁg RS
i addreﬁinq the saved conb%uiler CSRa | > P e R

;'E.q.; _.r .‘_T_ -.‘.,. 3 \“L‘

TR internalf?if:
This is usefulffhr*examiﬁing controller regiater settingg; %

& g.preffixinqh“&ﬂ expressianifb "*“-cau:e&_tha viftual hasa':
g_dresa*uﬂ -the saved CSRs- ta*ﬁefadded to that ~.expression. = TFor.

;hfter a prumpt, an expressicn may be typed fnlluwed by an equal"



BP-01 TNTELLIGENT DISK CONTROLLER

6.3 DRIVE TYPES

The formatter must be configured .to operate on the drive at hand
since many different models can he connected ta the controller.

';h" A

The. fﬂllnwinq 1{5"¢the table- n! dﬂive_t
G f*‘im AT R Regme

mitawgﬁ_gw

e R --r_‘..__.-'£L :"'.' -u-__._ 4 5 :

hBuot the formatter and set ‘the type lncation apprnprintely. Be
sure that the controller is plugged in. The drive must be
iconfigured to the same number of sectors as the BPFMT for the
specific drive. To inspect the BPFMT internal table start Home
seek test and examine locations NCYLS, NHDS and NCESC for that
‘drive type.

Page 6-5

ey Eymbul TYPE cnntains an 1nfnrmatinn un the tvpe of the
- drive. If the TYPE contains zero, the BPFMT wiil not load physi-
ﬂcal characteristics {aectcrﬂ, heads and cylig?ersl autamﬂtically;“r

Hf#ﬂ&?&?ﬁhbi_names-,

'""-Eam b Proa i s e
_EAGLE Fujits_li EBEIIE.EABOHE % £
b NEGL. _SNEG. séuua_ T
"'_Z';';,'.-'.:_"'Ax\tn apex 40M: -

P s b oSl 0 geEl AE Y,

ey 4 a8



. BP-01 IWPELLIGENT DISK CONTROLLER

. 6.4.2 Tormatting :

There are three ways to format the dick pack:

=4 manllaF g . s @

1;. Invoke . Full format and check routine, the pack will
~be first tested then formatted, checked for bad sectors
“and formatted again. This . operation can Dbe ﬁquite
time-cansuming for 1arge capacity dEVices. -

”ﬁfﬁ; Invoke rautinaa tuJ 4 to, qhe:k the ‘disk, then. start
oL tﬁb}ﬁﬂf ruutina:“?This ‘routine {6thts a pack track hr
tta:kaand chgcka~far vnlidtty* 2 : -
e tt ? =ty < o wwﬁ_ AR S :
* 4 oke rnutinq§+ 0 “to 4'to cheththe diak, then gtart
: : rautinﬁ.ihihigh_rautine ‘will- start cnntrbller
et rnub;ine toformat a pack-and w:l.,]{;k not_check: the ‘contents '
' -:nf the formatted data. 'You can start thg foutigﬂ-LFLAG
' 12 to acan the pack fnr bad sectnra. :

i b Tl L
a S T Er ey i
et PRl Ly ST

")

s S A e L,M';;u.:u.:'ﬁ:ﬁ:éﬁﬂMWummfa it

]
i

_:-Eri-u;r a.ft.er init. ‘tBP,.f:SRr.*Eﬁnon h R
| ' The contrail&f is nnt prnperly initialized.

¢ .,@5 : .-;..*\

.l

fSnftuara timenut functinn nnt cumpleted {BP.CSR/'BUSY’') H

QAT L AR AL i LT

The function was not completted in the expected 1nterval.

Drive not ready. {BP.Dsnr-RE:Am': 1

Drive not present not ready or in error.

Error bit ON. (BP.CSR/'ERROR’)
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BP-01 INTELLTGENT DISK

Function terminated with error.

BUSY hit not cleared by INIT. (BP.CSR/'BUSY')

Initiﬁli:atinn waa*nut aucceusfu1,1~

iy 1’ w"f‘ﬁ

. o s, "-tﬁ
i ,?’-%&‘i&ﬂﬁﬁ&v&’ —Jﬂﬁh‘.

':'“'}i_?_rl'

P T = o i il | g ; ' " C '-L-.i.-l . 4 | =T
g 1 .'-'-'..-': : . iy

Cuntroller was unahle to ﬁetect the 111&931 function.

_ Compare error. (Read/Expected) _ :
The read data was not as expected.

- Invalid BP.CSR value after INIT (BP.CSR)

Page 6-7
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BP-01 INTELLIGENT DISK CONTROLLER

. Initialization unsuccessful.

Bad sectbr found, cannot flag. {CELEHEhDHSEETGR]

.'.\._‘

~Sector: remains unfl&gged-;;ga__“3

I. ,.I

Canqqt write”mémsf;:ln

:.i-rr [

: Cnnkrnli‘"?r“

:ﬁﬂardﬁareTéaftwarE'v&f&iﬂﬁﬁFl‘ 8=y Lo e

Program error. (PC/PS)

Memory trap during read/write or other trap.

Bad sectors flagged =

This is the informational message.
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