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1.0
1.0.0

1.1
1.1.0

1.1.1

1.1.2

1.1.3

1.2
1.2.1

1.2.2

1.2.3

TNTRUDUL I IUN
GENERAL

This document specliflies a standard Interface between
controllers and mass-storage devices. It Is a company
standard applied to disks, drums, tapes, and other magnetlic or
cyclic storage medla.

MOTIVATION

The following considerations motivated the generation of a
standard interface. .

The existing number of combinations of controllers and devices
Is too 1large. Past practice was to design and bulld a new
controller for each peripheral device. Standardization allows
construction of controllers which handle more than one drive
in a serles (e.g., RPO4, RP0S5,...) and more than one type of
drive (e.g., RK and RS disks). Controllers with such
compatiblility not only have a longer market 1ife, but also
glve more flexibllity to the customer.

A great deal of "re-inventing the wheel' takes place each time
a new controller s designed. A standard interface
specification provides a basls for design of new controllers
when they are requlired. A written specification alds
documentation of specific Implementations, and when properly
maintained, provides a forum for dliscussion of future
evolutlion.

Prior peripheral Interface designs were not adequate for the
data rates anticipated In the next three to five years. The
need to upgrade our deslgns provided an opportune moment for
standardization.

GOALS OF THIS SPECIFICATION

This Interface standard has been applied Immedlately to the
RSO3, RS04, and RPO4 disks and the TM02 tape subsystem, and to
controllers for these drives In the PDP-10 and PDP-11 product
1ines. Future peripherals, Including magnetic tape, drums,
disks, and possibly domain and semiconductor mass memorlies
should also. conform to this standard. Extension to other
product lines Is also anticlipated.

Each peripheral device Is expected to Implement a subset of
the functions called for In thls Interface standard. In
particular, no device or controller to which the standard has
been applled should perform In ways that conflict with this
standard unless the exception Is documented and approved.

It should be possible to design Inexpensive controllers and
sohisticated "universal™ controllers, all of which conform to

ﬂngnan EN-01047-1A-16-R175-(327)
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this standard.

1.3 GLOSSARY

1.3.0 The language of this specification Is oriented to disk and

dlilglijtlal

drum devices;

where applicable, extension of the concepts to

magnetic tape and other devices |s intended. The following
terms are used:

1.

2.

3.

k.

DRIVE

CONTROLLER

MASSBUS

THE DATA BUS

THE CONTROL BUS

MEMORY BUS

CRC

ECC

EN-01047-1A-16-R175-(327)
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The peripheral device which attaches
to the Massbus and the device's
assoclated diglital electronics.

The unit to which data is transmitted
from the drive., This unlit may or may
not be distinct from the central
processing unit.

The transmission medium connecting the
drive with the controller; the
MASSBUS Interface standard. The name
“MASSBUS" Is a trademark of Diglital
Equipment Corporation. Consequently,
only the following graphic forms are
to be used:

MASSBUS

Massbus

The part of the Massbus which
transmits high-speed data using a
synchronous clock signal.

The part of the Massbus which
transmits control and status
Information usling an asynchronous
"handshake".

The wires which connect a controller
with the central processor and/or main
memory.

Cyclic redundancy check, extra words
written on the storage medium to ald
detection of errors In writing or
reading data.

Error-correcting code, extra words
written on the storage medium to ald
detection and correction of errors.
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: 7
9. WORD Unless otherwlise specified, a word s
: elther sixteen or eighteen bits of
data transmitted to or from the drive
when reading or writing; 16 bits of
control or status Information.

10. FIELD A contliguous sequence of bits written
on a magnetic storage medlium, without
gaps. Also, on magnetic tape, a
portion of a record.

11. STORAGE MEDIUM The magnetic surface on whlich data

bits are recorded.
12. MEDIUM . The storage medium.
13, BLOCK A group of contlguous characters

recorded on and read from a magnetic
surface as a unlt. A block may
contain one or more complete records.

14. SECTOR A portion of a disk storage medium,
having a unique address. A sector is
composed of one or more flelds.

15. RECORD A portion of a magnetic tape medium
recorded between gaps.
16. HEADER A fleld contalining identifying

Information for the sector or block in
which It occurs.

17. PARITY Whenever used, parity Is meant to be
odd parity: the number of 1 bits s
made odd by generating a 0 or a 1 on
the parity line.

18. BIT NUMBER Bits are numbered from the least.
' significant end, starting with blt 0.

1.4 FLOWCHART NOTATION

1.4.1 In sections 3 and 4, a special flowchart notation Is
‘ introduced to show both the sequence of events In controllers
and drives and the timing restrictions which apply to these
events (see, for example, 3.3.3, the flowchart for a read

cycle on the control bus).

1.4.2 The flowchart Is divided by two vertical llines which represent

the physical and electrical separation of the controller and a
drive. On the left are the events In the controller, on the

Hngnan EN-01047-1A-16-R175-(327)
DRA 118A
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right, the events In the drive. A line which crosses the
double 1line represents one or more slignals which are
transmitted on the bus.

1.4.3 There are four kinds of enclosures In these flowcharts:
boxes, dliamonds, ovals, and "butterflles".

1.4.3.1 Boxes (rectangular enclosures) represent events which happen
at one Instant of time. For example, In 3.3.3, the second box
from the top on the controller side contains "ASSERT DEM",
indicating the event of asserting the signal named “DEM" on
the control bus (at the controller end of the bus).

1.4.3.2 Diamonds are decislon polnts, as In programming flowcharts.
The purpose of diamonds is to direct the flow of events along
one of two paths. The decislion Is always one which can be
made on the basls of the state of the logic at that time. No
time Is taken to make the decision; dlamonds never represent
actions or events In the loglic, only a test made mentally by
the reader of the flowchart.

Diamonds contaln a statement with a question mark. If the
statement Is true at that time, the flow line marked "Y" is
taken; [If false, the flow line marked "N" Is taken.

Some diamonds have only one flow line exiting the dlamond. If
the answer to the statement In the diamond does not correspond
to the Y or N on the one exiting flow 1line the flow stops
here.

1.4.3.3 Ovals are terminals, as In programming flowcharts. Ovals are
elther starting points, having one flow 1line exliting, or
connectors or termination points, having one flow 1lline
entering. Ovals which do. not contain "“END" are normally
connectors to an addlitional flowchart.

1.4.3.4 "Butterflles"” are small boxes with two compartments and an
angled side which attaches to a flowline (it Is drawn using a
bisected “offpage connector" outline from a programming
template). Each compartment contains a number or a "U",
These represent timing restrictions. The bottom (or
right-hand) number Is a minimum, the top (or teft-hand) one a
max imum. Times are In nanoseconds. "“U" means that the time
restriction Is unspecified. Empty compartments should not
occur.

l.b.4 FLOW LINES

l.4.4.1 Flow 1lines direct the sequence and timing of events. Every
flow line has a minimum and maximum time assocliated with it.

Hngnan EN-01047-1A-16-R175-(327)
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1.4.4,.2 Flow lines which split Into two llnes are equlvalent to two
lines connecting the source box with the two following boxes.
Both branches are to be actively followed simultaneously.

1.k.4.3 When two flow lines merge, the box entered by the merged 1line
Is activated by flow from elther of the source flow lines.
Conflicts due to multiple actlivation of events should not
occur,

1.4.5 MINIMUM AND MAXIMUM TIMES

1.4.5.1 A flow line which has a "butterfly" touching It represents an
elapsed time between the 1imits shown In the two compartments.
This time may be under the control of the designer. The times
shown are the permissible 1limits allowed by this
specification. :

1.4.5.2 A flow 1line which crosses between the controller and a drive
represents an elapsed time of 0 nanoseconds minimum, 375
nanoseconds maximum. The actual time Is not under control of
the designer, and worst-case should always be assumed.

1.4.5.3 A1l other flow 1lines represent an elapsed time of 1]
nanoseconds (0 nanoseconds minimum, 0 nanoseconds maximum).

ﬂu@nan EN-01047-1A-16-R175-(327)
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2. SUMMARY

2.1 DIVISION OF FUNCTIONS BETWEEN CONTROLLER AMND DRIVE

2.1.1 The controller performs the following functlions:

2.1.1.1 Interfaces with the memory bus cables and slignals.

2.1.1.2 Communicates with maln memory In order to fetch and store
data.

2.1.1.3 Buffers data In order to accommodate timing differences
between the drive and the memory.

2.1.1.4 Communicates with the central processor in order to receive
commands and send error and status Information.

2.1.1.5 Implements commands which may require a sequence of functions
In the drive (which might otherwise requlire a programmed
sequence), :

2.1.1.6 Interfaces with multiple drives.

2.1.2 The drive performs the following functlons:

2.1.2.1 Records and plays back data. |

2.i.2.2 Generates gaps and synchronization marks on the recording
medium (and in general performs all functions which are highly
medlum~-dependent).

2.1.2.3 Provides clock signals to synchronize data transmission
between drive and controller.

2.1.2.4 Maintalns error and status Indicators and generates an
attention signal when exceptional condltions occur.

2.1.2.5 Locates data by address (except magnetic tape).

2.1.2.6  Provides mechanlisms for maintenance and diagnostlic testing i

t.1.2.7 Does error detection on the data and provides error correction |
patterns and positions. .

.1.2.8 Does verification of header information. |

2.2 CONF IGURAT IONS l

1.2.1 The four configurations shown in figure 2.2.1 are all expected

2020020

to occur.

EN-01047-1A-16-R175-(327)
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'2.2.1.1  SINGLE

2.2.1.2 DAISY-CHAIN
2.2.1.3 RADIAL

2.2.1.4° DUAL CONTROLLER

Bngnan EN-01047-1A-16-R175-(327)
DRA 118A

One controller and one drlve; this
could be a speclal case of daisy-chain
or radlal, below.

One bus is threaded among the several
drives.

A separate bus connects each drive
with the controller.

Two controllers with separate paths to
th? drive share their control! of the
drive.
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FIGURE 2.2.2
1.SINGLE | K D
2.DAISY-CHAIN | K
D D D
3.RADIAL K

4.DUAL CONTROLLER |- K

K=CONTROLLER

D=DRIVE

11~-1879
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2.3
2.3.1

2.3.1.1
2.3.1.2
2.3.1.3

2.4
2.4.0
2.4.1

2.4.2

2.4.3

PHYSICAL CONSTRAINTS

The following goals are expected to be achieved by designs
conforming to thls speciflicatlion.

Daté rates of up to 36 MHz (bits).
Up to eight drives addressable per controller.

Cable (Massbus) 1lengths of up to 160 feet (allowing 10 feet
per drive In the dalsy-chaln configuration).

GENERAL ABSTRACT
The following are the main features of the Massbus.

The Massbus is composed of two sections, containing a total of
55 signals. The data bus section, for high-speed data
transmission, consists of a 19 bit parallel data path and six
control lines. The control bus sectlon, for control and
status Informatlion transfer, contains a 17 bit path and 14
control 1llines.

Each drive contains up to thirty-two addressable registers
(some drives may Implement only a subset of these). Some of
these registers, when written Into, control the normal and
maintenance operations of the drive. A1l registers may be
read from, to obtaln status Information.

A sector format (for disk and drum) .Is specifled contalining
header and data records. The length of the header record Iis
fixed and specified (for those drives which Implement it).
The 1length of the data record Is not specifled, and

-.considerable effort has been made to avolid Implicit

restrictions on Its length.

mn@nan EN-01047-1A-16-R175-(327)
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3. THE CONTROL BUS

3.1 INTRODUCTION

3.1.1 The purpose of the control bus is to transmit control commands
and Information from controller to drive; to transmit status
Information from drive to controller; to notify the
controller when an unusual (attention) condition exists In one
or more drives; and to provide a master reset (all drives)
signal from the controller.

3.2 CONTROL BUS SIGNALS

3.2.1 Control (C <0:15>); Bidirectlonal

3.2.1.1 These 16 bidirectional 1lines carry the control and status
informatlion.

3.2.2 Control Parity (CPA); Bidirectlional

3.2.2.1 This bidirectional line carries a parity bit assocliated with
the control llines (odd parity).

3.2.3 Drive Select (DS <0:2>); Controller To Drive

3.2.3.1 These three lines select the drive to be accessed.

3.2.3.2 When the Reglster Select lines RS<0:4> = O4(base 8), the Drive
Select lines are ignored and all drives respond. This is for .
transmission of the Attention Summary psuedo register bits.

5.2.4 Register Select (RS <0:4>); Controller To Drive

5.2.4.1 These five lines select a register In the selected drive.

5.2.4.2 wWhen the selected register RS <0:4> = O4(base 8), each drive
gates out only one bit: Its Attention Active (ATA) bIit s
driven onto one of the control 1lines In the bit position
corresponding to the drive unit number.

5.2.5 Controller To Drive (CTOD); Controller To Drive

5.2.5.1 This line selects the direction of transfer. It 1Is asserted
when the transfer Is from controller to drive. :

5.2.6 Demand (DEM); Controller To Drive

5.2.6.1 This line Is asserted by the controller to initiate a transfer
“handshake".

3.2,7 Transfer (TRA); Drive To Controller

EN-01047-1A-16-R175-(327)
DRA ll.BA
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3.2.7.1

3.2.7.2

3.2.8
3.2.8.1

3.2.9
3.2.9.1

3.2.9.2

This line Is asserted by the selected drive to complete a
transfer "handshake".

When the selected register RS <0:4> = O4(base 8), this line is
asserted by each drive, but the controller lgnores the
assertlion. Instead, the controller completes the transfer
after It "times out®. This Is necessary because each bit on
the control lines Is coming from a different drive.

Attention (ATTN); Drive To Controller

This 1line 1Is asserted by a drive when It has an "Attentlion
Actlve" condition. One or more drives may assert It at the
same time.

Initialize (INIT); Controller To Drive

When this 1line 1Is asserted by the controller, all drives
perform a reset functlon. ‘

The purpose of the Initlalize line Is to give an easy way to
clear all drives at once; to allow initialization of the
drives at system startup time; and to allow clearing of

- transient faults.

3,2.9.3
3.2.10
3,2,10.1

3.3
3.3.1
3.3.1.1

3.3.1.2

INIT should never be asserted while RUN Is asserted.
Fall (FAIL); Controller to Drive

This 1line 1Is asserted by the controller when power fails In
the controller. It Is negated when power in the controller is
ok. The drive should ignore assertions of DEM and INIT while
FAIL Is asserted. See Section 11.5.1 for further detalls.,

SEQUENCE AND TIMING OF CONTROL BUS TRANSFERS
Introduction

The flowcharts and timing diagrams below describe the normal
operation of the control bus. In this section, "read" means a
transfer from a drive register to the controller, and "write"
means a transfer the other way.

Not all registers are Implemented In all drives. When the
register selected by the RS lines Is unimplemented, the drive
will still respond with the normal sequence shown In 3.3.4 and
3.3.8 below. After the sequence Is complete, the drive wil}
set the 1I1l1legal Register (ILR) error bit (see section 7).
Zeros are transmitted on the C 1ines on a control bus read;
on a write, the bits on the C lines are checked for parity,
but are otherwise ignored.

mnanan EN-01047-1A-16-R175-(327)
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3.3.1.3

3.3.1.4

' 3.3.1.5

3.3.1.6

3.3.2
5.3.2.1

5.3.2.2

Some registers are designated as read only. Performing a
control bus write to one of these registers will not cause an
error; the bits on the C lines are checked for parity, but
are otherwise lignored.

While a drive 1is busy (DRY bit is reset), most reglsters
cannot be modified by writing. The exceptlons to this are the
Attention Summary register, and possibly the Maintenance
register (depending on the drive desligner's specificatlion).
Performing a control bus write to an unmodiflable reglister
while the drive Is busy will cause the Register Modification
Refused (RMR) error, after the normal sequence has been
completed. The bits on the C 1ines are checked for parity,
but are otherwise lIgnored.

The maximum cable delay time between controller and drive is
375 nanoseconds , assuming a 55 nanosecond driver and recelver
delay and a 2 nanosecond per foot propagation delay over a 160
foot length., The minimum cable delay Is 0. In the flowcharts
below, wherever a flowline crosses between controller and
drive, Imagine a "butterfly" exlists speclfylng max 375, min O,
over which the designer has no control.

The normal "handshake" sequences for control bus reads and
writes are described In 3.3.2 and 3.3.6. Several unusual
conditions can occur which will modify this sequence. One Is
addressing the Attention Summary register (see 3.3.5 and
3.3.9). Another Is when the selected drive does not exist
(see 3.8.1); this Is the "Nonexlistent Drive" error condition.

Control Bus Read Sequence

Refer to 3.3.4 for a timing diagram of this sequence. A
flowchart of the sequence Is shown In 3.3.3. This flowchart
includes timing restrictions in a notation described In 1.4,

The normal read sequence Is as follows.

l. The controller asserts the appropriate DS and RS 1lnes and
negates the CTOD lline. '

2. After waiting the deskew and set up time (min 225, max
325) and walting, If necessary, for the TRA line to be
negated, the controller asserts DEM., .

3. After a cable delay, the selected drive recelves the DEM
assertlon. 75 nanoseconds of set up time has been allowed
so that the drive may use the DEM assertlion edge as a
strobe on the output of Its DS llnes comparator and Iits RS
lines decoder. The controller should hold the DS and RS

lines constant untll the assertion of TRA |s recelved.

A mn@nan EN-01047-1A-16-R175-(327)
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b,

5.

6.

Not more than 500 nanoseconds later (700 for dual
controller drives), the drive has gated the contents of
the selected register onto the C llnes and has generated
CPA. It asserts TRA (each C line and CPA must be held

- steady until step 7).

After a cable delay, the controller receives the TRA
assertion. The controller may disable or change the DS,
RS, and CTOD lines now (If the next control bus cycle Is a
read, the deskew of DS, RS, and CTOD for the next cycle
may begin at this time). :

After walting for deskew time (min 150, max 250), the
controller strobes or gates In the C lines and CPA.
Parity checking may begin at this time.

The controller may negate DEM at this time, or It may
delay the negation of DEM In order to gate the C 1llnes
through without buffering.

After a cable delay, the selected drive receives the DEM
negation. It disables the C lines and CPA and negates
TRA.

~ After a cable delay, the controller recelves the TRA

negation. This completes the control bus read cycle (If
the next control bus cycle Is a write, the controller may
begin deskew of the C lines at this time (or later). This
cannot be begun sooner because the selected drive has been
asserting the C lines until step 7. If the next cycle s
a read, the controller may assert DEM now or when the RS,
DS, and CTOD deskew time 1Is finlshed, whichever occurs
later). ‘

EN-01047-1A-16-R175-(327)
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FIGURE 3.3.3

controlier drive

CONTROL READ

Ds(0:2)
RS(0:4)
NEGATE CTOD

GATE OUT

150 ns deskow Im N
+ 75 ns set-up at drive I&s 7

ASSERT DEM

1

0Ds(0:2)
STROBE  RS(0:4)

TIMEOUT
ON TRA

RS(0:4) = 04
?

CONTROLLER ERROR

“NONEXISTENT DRIVE"” GATE OUT C(0:15) GATE ATA INTO
GENERATE CPA Clmy unit)

ASSERT TRA

)

—
| STROBE C(0:15) l |smoa£ g:::xs;

NEGATE DEM
CONTROLLER ERROR
4 “CONTROL BUS PARITY" NEGATE TRA
-
cPA
DISABLE 01680
END OF CONTROL J
READ
IF THE NEXT TRANSFER

IS A CONTROL WRITE,
THE C LINES DESKEW
TIME MOST NOT START
UNTIL AFTER TRA NEGA-
TION IS RECEIVED.
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77777
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TRA (C)XR)

STROBE(C)
-= CONTROLLER MAY DELAY. NEGATION OF
k——DEM IN ORDER TO GATE C LINES
UGH LATCHING

L

0s(0:2
Rsto:4}‘°’""

[ 7777

C(O:15}{DXT)
CPA (DXT) .

2

/J— CONTROL LINES VALID — T

DEM (DXR)

TRA (DXT)

MAX:
MIN:

!

1 2
(C)= AT THE CONTROLLER
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25 + x 375 700 378 50+ 375 375 .
225 o] z o] 150 .0 - DESKEW
* CABLE W CABLE DESKEW CABLE CABLE FOR NEXT
DELAY DELAY DELAY DELAY CYCLE

! !

3
(T) = TRANSMITTING
(R) = RECEIVING

f Pt

-] 6
% DESKEW AND SET-UP
%% DRIVE RESPONSE TIME
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3.3.5 Readlng The Attentlon Summary Register

3.3.5.1 . The Attention Summary register Is not a normal register. it
Is composed of one bit in each of up to eight drives. When
this register (04) Is read by the controller, each drive gates
Its )ATA bit out onto one of the C lines (drive 00 onto COO,
etc. L

Because all drives are responding at once, the normal
handshake sequence Is not valid. Instead of using the TRA
assertion as a "ready to read" signal, the controller walts
for the maximum delay time and then unconditionally strobes
the C 1ines. The controller negates DEM after it has strobed
the C lines. No drlve may disable its C line output until it
has negated TRA (typlcally after recelving the negation of
DEM) ., When :the TRA 1lne becomes negated at the controller
(after each drive has negated TRA), the controller knows that
the cycle Is complete.

3.3.5.2 Since no single drive Is generating all of the C bits, It Is
Impossible for any drive to generate a valid parity bit.
Therefore, the controller must Ignore the CPA 1lne and must
not check parity when reading the Attentlon Summary reglster.

$.3.5.3 The sequence for reading the Attention Summary reglister Is as
follows (refer to 3.3.5.4 for a timing diagram of this
sequence).

1. The controller asserts code 0&4(base 8) on the RS lines and
negates the CTOD line (the state of the DS lines does not
matter).

2. After walting the deskew and set up time (min 225, max 325
nanoseconds) and waliting, If necessary, for the TRA 1line
to be negated, the controller asserts DEM., ‘

3. After cable delay, each drive receives the DEM assertion.
75 nanoseconds of set up time has been allowed so that the
drive may use the DEM assertlion edge as a strobe on the
output of its RS lines decoder. The controller should
hold the RS lines constant unti] the assertion of TRA is
recelved. : :

4. Not more than 250 nanoseconds after recelving the DEM

: assertlion, each drive gates out its ATA bit onto a C line,
and asserts TRA (the C line must be held steady untll step
6).

5. After cable delay, the controller receives the TRA

assertion from the nearest (or fastest) drive. However,
since the response of other drives must also be waited

mngnan EN-01047-1A-16-R175-(327
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for, the controller does not use the TRA assertion to
start deskew. Instead, it walts at least 1450 nanoseconds
from the assertion of DEM (step 2). At this time, the
controller strobes the C lines and negates DEM (but does
not check parity). The controller may disable or change
the DS, RS, and CTOD llnes now (iIf the next cycle Is a
read, the deskew of DS, RS, and CTOD for the next cycle
may begin at this time).

6. After cable delay, each drive recelves the DEM negation.
It disables the C line it was driving and negates TRA.

7. After cable delay, the controller f!nally’ recelves the
negation of TRA after all drives have negated it. This
completes the Attention Summary reglster read cycle.

If the next control bus cycle is a write, the controller
may begln deskew of the C lines at thls time (or later).
This cannot be begun sooner because some drive may have
been asserting a C line untll step 6. |f the next cycle
Is a read, the controller may assert DEM now or when the
RS, DS, and CTOD deskew time Is finished, whichever occurs
later.
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FIGURE 3.3.5.4

/
% Z // NEXT CYCLE
CTOD (C X T) L2
L
/ / REGISTER SELECT=04g —— o Je— NEXT CcYCLE
RS (0:4)(C N(T) Lz z
Z // / / // f*—— NEXT CYCLE
C(0:15)(C XKR) Z
T sTrRoBE (C)
//// / / / / / NEXT CYCLE
CPA (C)R)
. CONTROLLER MAY DELAY NEGATION
—I be——————— OF DEM IN ORDER TO GATE CLINES
DEM (C)(T) THROUGH WITHOUT LATCHING
re MORE THAN ONE DRIVE MAY BE
HH 1 1 — ASSERTING TRA. WORST-CASE
TRA (C)R) e LT TIMING IS SHOWN.

ns(o:4)(o)(m%/ % 7 7
¢ (x)NDNT) je—— CONTROL LINE VALID ——= ///

DEM (D)R)

|

TRA (DXT)

CYCLE TIME = {2‘25"“"” m,"‘}

: |225+x 375 700 375 375 375 .
MAX ] ol —ole | ole

MIN: zzsr LU L o | DESKEW FOR

[o]
DESKEW CABLE _ DRIVE CABLE CABLE CABLE N
& SET-UP DELAY RESPONSE DELAY DELAY EXT CYCLE

l 1450+y
1450
CONTROLLER TIMEOUT

375 I
9]
CABLE
DELAY

| S oo

1 2 3 4 5 6 7
(C)= AT THE CONTROLLER  (T)= TRANSMITTING

(D)*AT THE DRIVE (R)= RECEIVING
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3.3.6 Control Bus Write Sequence

3.3.6.1 Refer to 3.3.8 for a timing diagram of this sequence. A
flowchart of the sequence Is shown In 3.3.7. This flowchart
Includes timing restrictions In a notation described in 1.4,

3.3.6.2 The normal write sequence Is as follows.

1.

6.

7.

The controller asserts the appropriate DS and RS lines,
asserts the CTOD 1lne, and gates out a word on the C lines
(the C lines and CPA must be held steady untl!l step 5).

After walting the deskew and set up time (min 225, max 325
nanoseconds) and waiting, If necessary, for the TRA line
to be negated, the controller asserts DEM,

After a cable delay, the selected drive recelves the DEM
assertion. - 75 nanoseconds set up time has been allowed so
that the drive may use the DEM assertion edge as a strobe
on the output of Its DS lines comparator and its RS lines

decoder. The controller should hold the DS and RS lines

constant untll the assertion of TRA is recelved.

Not more than 250 nanoseconds later, the drive has strobed
or gated In the C lines and CPA. It asserts TRA. Parity
checking may begin at this time.

After a cable delay, the controller recelves the TRA
assertion. It negates DEM. The controller may disable or
change the DS, RS, CTOD, and C lines now, and begin the
deskew for the next cycle. '

After a cable delay, the selected drive receives the DEM
negation. It negates TRA.

After a cable delay, the controller receives the TRA
negation. This completes the control bus write cycle.

For the next cycle, the controller may assert DEM now or

when the RS, DS, and CTOD deskew time 1Is finished,

whichever occurs later.
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FIGURE 3.3.7

‘ CONTROL WRITE ’

S(0:2)
GATEOUT  R$(0:4)
clo:15)
ASSERT CTOD
GENERATE CPA

<]
150 ns deskew
+75 ns set-up at drive

IF THE PREVIOUS CYCLE
WAS A READ, THE DE-
SKEW TIME MUST HAVE
‘OCCURRED AFTER TRA
NEGATION WAS RECEIVED

TRA
ASSERTED
?

ASSERT DEM

TRA

“NONEXISTENT DRIVE"

3

Ds(0:2)
RS(0:4)
CTOD

STROBE

08(0:2)
=MY UNIT

C{0:15)
GATE IN cPa I GATE C{my unit) I
ERT TRA INTO ATA RESET

U

NEGATE DEM

—

DISABLE C(0:15)
CPA

END OF
CONTROL WRITE

[ NEGATE TRA ]

ERROR CLASS A ’

“CONTROL BUS PARITY"
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FIGURE 3.3.8

croo(cun/ 72  A—nNexT cxeLe—
RSGMENT) " SELECT LINES VALID ——— / / ////// fe———— NEXT CYCLE——=

.

C(O:15)CNT) % ]
CPA (CNT) A-—conmon. LINES VALID —-/ / /// /A‘————NEXT CYCLE —

DEM (C)(T) [ I
TRA (C)(R)
C (0:15)(DMR)
CPA (D)R) Z /////// / Z
DEM (D)(R)
TRA (D)(T) 2425+x MAX
— e = +x
CYCLE TIME { 25543 MIN
MAX: |2254x | 375" | 700 § 375 | 375 | 375
MIN: [T 225 '} 0 Tz 1 [« 0 0 DESKEW
DESKEW  CABLE DRIVE CABLE CABLE CABLE FOR NEXT CYCLE
& SET-UP  DELAY aes}o:agse DELAY DELAY DELAY
1 2 3 4 5 "6 7
(C)= AT THE CONTROLLER (T)= TRANSMITTING
(D)= AT THE DRIVE {R) = RECEIVING
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3.3.9 Writing The Attention Summary Reglster

3.3.9.1 Writing into the Attentlion Summary register has the special
purpose of resetting selected ATA bits In the drives. Thls
register (04) Is composed of one bit In each drive; when It
Is written Into, each drive gates In one of the C lines (coo
into drive 00, etc.). If the llne 1Is asserted, that drlve
will reset Its ATA bit (if the line Is negated, the drive does
not change the state of ATA).

Because all drives are responding at once, the normal
handshake sequence 1Is not valld. Instead of using the TRA
assertion as a "data received" signal, the controller holds
the C 1lines valld for the maximum delay time (at least 1450
nanoseconds) and assumes that they are recelved by that time.

3.3.9.2  Since all C bits are coming from the controller In this case,
the controller generates a valld parity bit on the CPA 1line.
The drives wlill check the parity as in a normal write
sequence, :

3.3.9.3 The sequence for writing the Attention Summary reglister Is as
follows (refer to 3.3.9.4 for a timing diagram of this
sequence).

1. The controller asserts code O4(base 8) on the RS lines,
asserts the CTOD line, and gates out the C lines and CPA
(the state of the DS lines does not matter). The C 1lines
and CPA must be held steady until step 5.

2. After walting the deskew and set ub time (min 225, max 325
nanoseconds) and waliting, If necessary, for the TRA 1lne
to be negated, the controller asserts DEM.

3. After cable delay, each drive recelves the DEM assertion.
75 nanoseconds of set up time has been allowed so that the
drive may use the DEM assertion edge as a strobe on the
output of its RS lines decoder The controller should hold
the RS lines constant until it has strobed the C lines and
negated DEM,

k. Not more than 250 nanoseconds after receiving the DEM
assertion, each drive gates in the C lines and CPA, and
asserts TRA. The assertion of the appropriate one of the
C lines Is used to reset ATA In each drlive. Parity
checking may be done at this time.

5. After cable delay, the controller receives the TRA
assertion. from the nearest (or fastest) drive. However,
since other drives must also have time to respond, the
controller does not use the TRA assertion to terminate the

ﬂnanan EN-01047-1A-16-R175-(327)
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cycle. Instead, It walts at least 1450 nanoseconds from
the assertion of DEM (step 2). At this time the
controller negates DEM., :

The controller may disable or change the DS, RS, CTOD, and
C lines now, and begin the deskew for the next cycle.

6. After a cable delay, each drive recelves the DEM negation,
and negates TRA.

7. After all drives have negated TRA and after cable delay,
the controller finally receives the TRA negation. This
completes the Attentlon Summary reglister write cycle.

For the next cycle, the controller may assert DEM now or

when the RS, DS, and CTOD deskew time 1Is finished,
whichever occurs later).
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CTOD(CXT)
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[*————CONTROL LINES VALID —————

/7
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3.4
3.4.1
3.4.1.1

3.4.2
5.4.2.1

bolb.2.2

5.4.3
S.4.3.1

5.5
5.5.1

COMMAND INITIATION
General

To Initiate a command in a drive, the controller (or the CPU,

via the controller) writes a word Into the Control register

(00) of the drive. Thls word wlll contaln a command code In

bits 1 through 5 and a GO bit (always set, when starting a

command) In position 0. The drive begins executing the

command (If It Is a valid one) as soon as the DEM line Is

negated on the control bus write which 1loaded the control
register.

Command codes fall Into two classes: non data transfer
commands (such as Drive Clear, and Seek) and data transfer
commands (such as Read Data). Bits 0 through 5 (including the
GO bit) are 01 through u47(base 8) for non data transfer
command codes; Sl(base 8) through 77(base 8) are for data
transfer codes (see section 6 for a description of commands
and thelir codes).

Non Data Transfer Commands

Non data transfer commands have effect only on the state of
the drive. The controller merely writes the command word into
the drive as it would for any register. At the completion of
the command execution, the drive typlically ralses an attention
condition in order to signal Its completion (see section 10
for a description of the attention condlition). '

If the non data transfer command code written Into the drive
Is not recognlzed by the drive as a valld command, the drive

will normally signal an error by raising an attention
condition. ,

Data Transfer Commands

When any data transfer command Is written into a drive, the
controller expects data transfer on the data bus to begin soon
thereafter. Normally, the controller will set a “controller
busy" status bit related to the data bus as soon as the data
transfer command code is written Into a drive. Data transfer
then follows, as described in sectlon 4. See also section 10
for notes on programming related to data transfer. :

THE ATTENTION LINE (ATTN)

The Attention line Is the means by which drives which are not
doling data transfers signal thelr need for service. The
normal response of the controller Is to cause an interrupt in
the CPU when the Attention line Is asserted. The CPU can then

Enauan EN-01047-1A-16-R175-(327)
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3.5.2

3.5.3

3.5.4

3.6
3.6.1

3.6.2

3.6.3

3.6.4

3.7
3.7.1

3.7.2

3.7.3

p—

inspect the Attention Summary register and proceed from there.

Whenever the ATA bit in a drive Is set, that drive Is also
asserting the Attention 1llne. Up to eight drives may be
asserting the Attention line at one time.

Drives do not set the ATA bit (and therefore do not assert the
Attention 1ine) while they are executing commands of any sort
(the drive ready (DRY) status bit Is set whenever ATA gets
set). No Internally generated changes of status should
normally occur In a drive after It has set Its ATA bit. ‘

See section 8.1 for treatment of the attention condition when
operating with dual controller drives.

THE INITIALIZE LINE (INIT)

The Initiallze Vine Is used to perform a "system reset" of all
drives attached to a controller. This llne may be asserted by
the controller at any time; however, the controller may not
assert INIT and RUN simultaneously (see sec. 4.2.5.3).

When the INIT line Is asserted by the controller, It will have
a minimum pulse duration of 400 nanoseconds.

When a drive receives the assertion of INIT, it Immediately
aborts the execution of any ongoing command and then performs
all functions described for the drive clear command (see
6.2.1.7). :

In dual controller drives, a drive 'whlch Is switched to
controller B does not respond to the assertion of INIT on
controller A, and vice versa.

CONTROL BUS PARITY CHECKING

Both the controller and the drive normally generate and check
parity on control bus transfers. The CPA line Is asserted or
not to make an odd modulo 2 sum of the sixteen C lines and the
CPA 1lne.

When the controller reads the Attention Summary register (04),
correct parity cannot be generated because not all C bits are
being generated In one drive. Therefore, the controller must
Ignore the result of parity checking in this case.

A1l drives and controllers will have a means of disabling
parity checking while otherwlse operating normally. The
purpose Is to permit smaller, limited feature controllers or
drives which do not contain parity clrcultry to operate with
standard drives or controllers.
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Note: Not all current drives contain this feature.

3.7.4 When a control bus parity error Is detected during a write
into a drive register, the register should be loaded, and then
PAR (or the approprlate error indicator) ERR, and ATA are set.
In the case of a write into the Control register (00), the
register should be loaded, but detection of a control bus
parity error should Inhibit the setting of the GO bit, and no
command execution should occur.

3.8 OTHER CONTROL BUS TIMING CONSTRAINTS

3.8.1 If the controller selects a drive (DS<0:2>) which Is not
present, there will be no response to the DEM assertion. The
controller should wait a minimum of 1450 nanoseconds after
asserting DEM before declaring the error. It iIs recommended
that this time not exceed 1800 nanoseconds.

These times are the same as shown above for the timeout in
reading and writing the Attention Summary register. The same
timer clrcult may be used for both. The error will not occur
when reading or writing the attention summary reglister.

"13.8.2 The DEM line Is always negated during the flirst deskew portion
of the control bus timing cycle. Therefore, It |Is always
negated for at least 225 nanoseconds before being asserted.

3.8.3 Because all of the timing of the control bus Is based on a
maximum electrical length of 160 feet, it Is not possible to
extend the Massbus beyond this length, such as by using bus
repeaters. '

3.8.4 Controllers and drives must Insure that, when they are
! generating them, the signals on each of the C lines and on CPA
are fixed and stable (elther asserted or negated) from the
time they are gated out untll! the DEM line Is negated. This
may require that certaln status lines be buffered or latched
when thelr states are being gated onto the C lines.
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4, THE DATA BUS

4.1 INTRODUCT ION

4.1.1 The purpose of the data bus Is to transmit blocks of data at
high speed between the controller and drives and to control
the initiation and termination of block transmissions. Data
transmission Is "synchronous".

h,2 DATA BUS SIGNALS

4.2.1 Data (D<0:17>); Bidirectlional

4.2.1.1 These 1lines <carry 18 bits of data between controller and
drive.

4.2,2 Data Parlty (DPA); Bidirectlonal

4.2.2.1 This line carries a parity bit assoclated with the Data 1lines
(odd parity).

4,2.3 Sync Clock (SCLK); Drive To Controller

§.2.3.1 This 1llne carrles a clock signal, generated by the drive,
which controls the gating and strobing of data on the Data
1ines.

‘u.é.u Write Clock (WCLK); Controller To Drive

h.2.4.1 This 1line returns the Sync Clock (SCLK) slignal to the drive
during transmission of data from controller to drive. It
tells the drive when to strobe the data lines during a write.

4.2.5 Run (RUN); Controller To Drive.

5.2.5.1 This line controls the start-up and continuation of data
transfer commands. : ‘

4.2.5.2 The RUN line is flrst asserted by the controller to start the
executlon of a data transfer command which has been placed in
the Control register of a drive. Thereafter, the drive
Inspects the RUN line at the trailirng edge (negatlion) of each |
EBL pulse; If the RUN 1ine Is still asserted, the operatlon
normally contlnues.

4.,2.5.3 RUN should not be asserted while INIT Is asserted.

4.,2.6 End Of Block (EBL); Drive To Controller

b.2.6.1 This line Is pulsed by the drive at the end of each block

(sector or record) of data transmitted. At the tralling edge
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k.z.s‘z
b.2.6.3

u.z.siu

‘k.2.7
b.2.7.1

b.2.7.2

4.2.7.3

“.2.70“

b.2.8
b.2.8.1

b.3
4.3.1
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(negation) of the pulse, the drive Inspects the RUN line. If
RUN 1Is asserted the drive continues to read or write. [If RUN
Is negated, the drive terminates the operatlon and disconnects
from the data bus.

The EBL line Is always pulsed at least once by the drive which
is commanded to read or write. This 1Is necessary, even In
case of error, so that the controller can tell when the drive
has disconnected from the data bus.

The duration of an EBL pulse Is at 1least 1.5 microseconds.
This Is long enough to allow the controller to respond to the
leading edge by negating the RUN line, and have the negation
safely recognized when the trailing edge occurs.

After a drive has disconnected from the data bus (at the
negation of an EBL pulse), no more state changes shall occur
due to the data transfer operation just terminated.

Exceptlion (EXC); Bldlrectlional

This 1ine Is asserted by a drive performing a data transfer to
indicate that an error condition has been detected.

Once asserted by a drive, the EXC 1lne remains asserted until
the tralling edge of the last EBL pulse.

The time from the assertion of EXC to the trailing edge of the
next EBL pulse must not be less than 1.5 microseconds. This
is to allow the controller time to respond to the EXC
assertion safely before the drive next Inspects the RUN 1line.

The EXC 1ine may be asserted by the controller in order to
abort a data transfer command, but the controller may not
assert EXC and RUN simultaneously.

Occupled (0CC); Drive To Controller

0CC 1Is asserted by the drive as soon as a valid data transfer

command |s recognized and accepted. it Is negated at the
tralling edge of the last EBL pulse.
NOTE:

occ assertion 1Is not conditional on receiving RUN
assertion.

SEQUENCE AND TIMING OF DATA BUS TRANSFERS

Introduction
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4.3.1.1

4.3.1.2

4.3.1.3

4.3.1.4

§.3.1.5

4.3.2
4.3.2.1

The data bus Is used for transmission of data from and to the
drive recording medlum. TIiming of transfers Is controlled by
a clock which Is generated by the drive.

Transfers are orlented towards blocks of data which are
transmitted as a group (e.g., sectors on a dlsk, records on
mag tape). The drive will normally send and recelve data only
as whole blocks. [If the number of data words desired by the
CPU is not an integral times the number of words per block, It
Is up to the controller to stop the transfer to memory on
reads or to provide filler words on wrltes.

The data bus Is shared among all drives. Only one drive may
be attached to it at a time. The controller should prevent a
data transfer command from belng loaded into a drive while 0OCC
Is asserted.

A drive attaches Itself to the data bus and asserts OCC when a
data transfer command Is loaded Into 1its Control reglster.
After transferring one or more blocks of data (unless a class
B error occurs), the drive dlsconnects from the data bus and
negates 0CC. Disconnect always occurs at the tralllng edge
(negation) of an EBL pulse.

For detalled description of error conditions and their effects
on data bus slgnals, see section 7.

Data Bus Read Sequence

This section describes a typlical data bus read sequence with
no errors. 4.3.2.3 Is a timing dlagram of a read of a single
sector with four words. 4.3.2.2 Is a flowchart, with timing
restrictions, of the read sequence. The following sequence
occurs on a data bus read (refer to 4.3.2.3).

1. A read command is loaded into the Control register of the
drive. If the command Is vallid, the drive enables Its
data bus recelvers and drivers and asserts OCC.

2. Not more than 100 microseconds after step 1, the
controller asserts RUN.

3. After a cable delay, the drive recefves the RUN assertlon.
Disk drives now begin searching for the desired sector.
Tape drives begin tape motion.

4. When the drive has read the first data word and gated |t
onto the D lines, It generates DPA and asserts SCLK.

S. After a cable delay, the controller recelives the SCLK
assertion.

ﬂnanan EN-01047-1A-16-R175-(327)
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6.

The drive negates SCLK no less than T nanoseconds after
asserting 1it, where T 1Is elther 225 nanoseconds or 30
percent of the nominal burst data perliod of the drlve,
whichever Is greater. The Data lines should be maintained

valld for no less than one half of the SCLK interval after

7.

SCLK Is negated.

After a cable delay, the controller recelves the SCLK
negation. The controller strobes the D l1lnes and DPA, and
checks the parlty.

If there 1Is more data to be read in this block, then not
less than T nanoseconds after step 6, the drive gates out
the next data word onto the D lines, generates DPA, and

‘asserts SCLK., Steps 5, 6, and 7 then follow.

10.

11.

12.

13.

14,

After the negatlion of SCLK (step 6) on the 1last word of
data In the block, the drive asserts EBL.

After a cable delay, the controller recelves the EBL
assertion. At this time, the controller must declde
whether or not to have the drive read the next block of
data without disconnecting from the data bus (the
controller may already have negated the RUN line).

If the controller decides not to read the next block, It
negates the RUN line not later than 500 nanoseconds after
step 10.

After a cable delay, the drive receives the RUN negation
(the RUN line may already have been negated).

Not less than 1500 nanoseconds after step 9, the drlve
negates EBL. At this time the drive strobes the RUN
line. If RUN has been negated, the drive dlsconnects
from the data bus (the DRY blt should be set and 0CC
negated at this time).

After a cable delay, the controller recelves the EBL
negation (the controller may now generate an
end-of-transfer Interrupt, and start another data
transfer). :

EN-01047-1A-16-R175-(327)
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FIGURE 4.3.2.2
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FIGURE b.3.2.3
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4.3.3 Data Bus Wrlite Sequence

4.3.3.1 This section describes a typlcal data bus write sequence with

no

errors. 4.3.3.2 1Is a flowchart of the write sequence,

showing timing restrictions. See 4.3.3.3 for a timing dlagram
of a write of a single sector with four words.

The following sequence occurs on a data bus wrlte.

1.

7.

9.
10.

A write coomand Is loaded Into the Control register of the
drive. |If the command Is valld, the drive enables Its
data bus recelvers and drivers and asserts 0CC.

Not more than 10 mllliseconds after step 1, the controller
has gated the flrst word onto the D lines, and has
generated DPA. It asserts RUN.

After a cable delay, the drive recelves the RUN assertion.
Disk drives now begin searching for the desired sector.
Tape drives begin tape motion. '

When the drive Is ready to accept the flrst word, It
asserts SCLK.

After a cable delay, the controller recelves the SCLK
assertion. The controller asserts WCLK.

After a cable delay, the drive recelives the WCLK
assertion. The drive now strobes the D lines and DPA. It
checks parity (the drive may now begin to write the word
on the medlium). ‘

The drive negates SCLK no less than T nanoseconds after
asserting 1It, where T Is elther 225 nanoseconds or 30
percent of the nominal burst data perlod of the drive,
whichever Is greater.

After a cable delay, the controller recelves the SCLK
negation. The controller negates WCLK; it then gates out
the next word on the D llnes, and generates DPA.

After a cable delay, the drive recelves the WCLK negation.

If more words are to be written, then not less than T
nanoseconds after negating SCLK, the drive asserts |t
agaln (the Interval between the flrst and second SCLK
pulses shown In 4.3.3.3 Is 1longer than the 1later
Intervals, since this Is probably typlical behavior for
disk drives. The restrictions on the Intervals are not
different). Steps 5, 6, 7, 8, and 9 then follow.
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11,

12.

13.

14,

15.

16.

After the negation of SCLK (step 7) for the last word in
the block, the drive asserts EBL.

After a cable delay, the controller receives the EBL
assertion. At this time, the controller must decide
whether or not to have the drive write the next block of
data without disconnecting from the data bus (the
controller may already have negated the RUN line).

If the controller decides not to write the next block, It

negates the RUN line not later than 500 nanoseconds after
step 12.

After a cable delay, the drive recelves the RUN negation
(the RUN 1ine may already have been negated).

Not less than 1500 nanoseconds after step 11, the drive
negates EBL. At this time the drive strobes the RUN
llne. If RUN has been negated, the drive dlsconnects
from the data bus (the DRY bit should be set and 0CC
negated at this time).

After a cable delay, the controller receilves the EBL
negatlion (the controller may now generate an
end-of-transfer Interrupt, and start another data
transfer).
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FIGURE 4.3.3.2
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FIGURE 4.3.3.3
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bl
bok.1

bol.2

k.5
4.5.1
4.5.2

k.5.3

4.6
4.6.1

b.6.2

DATA BUS PARITY CHECKING

Both the controller and the drive normally generate and check
parity on data bus transfers. The DPA llne Is asserted or not
to make an odd modulo 2 sum of the elghteen D 1llnes and the
DPA tine.

A1l drives and controllers will have a means of disabling
parity checkling while otherwise operating normally, The
purpose Is to permit smaller limlted-feature controllers or
drives which do not contain parlty circultry to operate with
standard drives or controllers.

Note: Not all current drives contain thils feature.
ERROR SIGNALING

The EXC line Is used to signal an error conditlon by the drive .
which Is doing a data transfer while the transfer is going on. |
See sectlon 7 for a complete description of how various error |
conditions are handled.

The drive which Is doing a data transfer never asserts the
ATTN 1line (of the control bus) while the data transfer Is
golng on. |If an error occurs, the drive does assert ATTN
after disconnecting from the data bus (after the DRY bit is
set and OCC negated).

When the controller asserts EXC, it must always negate RUN;
under normal conditlons, the controller negates RUN whenever
the EXC llne is asserted. See sectlion 7 for descriptions of
cases where this may not be true, and the possible
consequences.

DATA TRANSFER COMMAND TERMINATION

Data transfer commands are normally terminated at the trailing
edge (negation) of the EBL pulse (when the RUN 1ine has been
negated). In abnormal or error situations, the drive still
must generate an EBL pulse, In order to define to the
controller when the drive has disconnected from the data bus.

When a drive negates EBL, It disconnects from the data bus If
any one of the following Is true: :

1. The RUN line Is negated.
2. The EXC line has been asserted by the controller

3. The drive has asserted EXC due to a Class B error.
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4.6.3

“.6.“

b.7
b.7.1

b.7.2

b.7.3

bo7.4

b.7.5

b.7.6

The controller cannot distinguish 3 above from the case of a
Class A error (in which the drive will continue If RUN remalns
asserted). Therefore, case 3 may result In a "NO SCLK"
timeout after 250 milliseconds (see section 7).

In 'mag tape, a Frame Count register substltutes for sector
detection on disks. The mag tape drive generates an EBL pulse
when the frame count becomes zero.

During data transfers, control bus writes are not permitted
Into any reglisters except the Attention Summary register and
the Malintenance register.

ADDITIONAL DATA BUS TIMING RESTRICTIONS

Because the timing of the data bus is based on a maximum
electrical length of 160 feet, It Is not possible to extend
the Massbus beyond this length, such as by usling bus
repeaters. ,

There Is a point in time for each sector (on disk) beyond
which an attempt to read or write that sector will fall (on
this revolution). Let us call this the "“Sector Declsion
Point". The drive should assure that the tralling edge of the
EBL pulse occurs not later than 5 mlcroseconds before the
"Sector Decislon Point" of the following sector. The purpose
is to allow the controller sufficient time, after a transfer
terminates on a drive, to write a new desired sector address
and a new command into that drive, and not lose a
revolution when the desired sector Is the next one.

When the drive asserts EXC, It must assure that (whenever EBL
Is next asserted) EXC and EBL are asserted together for at
least 1500 nanoseconds. This may sometimes require extending
the normal duration of the EBL pulse.

When a severe (Class B) error occurs in a drive during a data
transfer, the drlve designer must take steps to assure that
the SCLK, EXC, and EBL 1lines do not get “stuck" 1in the
asserted state. Also, the SCLK pulse should not be allowed to
"glitch" (have a very short duration) In any error case.

After the controller has asserted RUN, an error should be
declared If no SCLK pulse Is recelved for 250 milliseconds or
more (unless OCC Is asserted). An error should also be
declared if, after RUN Is negated, no EBL pulse has occurred
for 250 milliseconds or more (unless OCC Is asserted). The
assertion of OCC should inhibit both timeout errors.

After the drive has received a valid data transfef command,
the drive should declare an error (Class B, which causes EXC

@n@nan EN-01047-1A-16-R175-(327)
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b.7.7

4.7.8

b.7.9

4.8
b.8.1

4.8.2

b.8.3

and EBL pulses to occur) If RUN assertlon has not been
recelved for 10 milliseconds or more. :

The drive will not assert EXC (without a simultaneous EBL
pulse) untll after RUN assertion (or EXC assertion) has been
recelved.

A drive should assert SCLK no sooner than 2 microseconds after
recelving the DEM assertion on the writing of a valid command
Into the Control register.

The controller does not assert WCLK on read and wrlte-check
operations.

RECOMMENDED PULSE DURATIONS

The EBL pulse should be Initlated as early as possible. Its
duration, If possible, should be at least 2 to 5 microseconds,
as long as this 1Is consistent with 4.7.2. More than the 5
mlcr?gecond margin specifled In 4.7.2 should be provided if
possible.

The controller should assert RUN as early as possible. Under
normal clrcumstances, RUN should remaln asserted until the
controller recognizes the end of a transmission (by word count
or block count).

The drive should be prepared to abort a data transfer in an
orderly way during the time after an EBL pulse negation and
before the next sector decision point (see sec. L4.7.2). Some
controllers may vroutinely use the EXC line to stop transfers
during this time.

E05E020

EN-01047-1A-16-R175-(327)
DRA 118A



159 REV _ A PAGE __46.0

DEC STD

5. DRIVE REGISTERS

5.1 INTRODUCTION

5.1.1 There are a maxIimum of 32 reglsters addressable In each drive;
a drive wlll normally Implement a subset of these. When a
reglster which Is deflined In this sectlon Is Implemented, It
must be assligned to the Massbus locatlon specliflied In Its
definitlon. h

5.2 DESCRIPTION OF DRIVE REGISTERS

5.2.1 Massbus Locatlon 00

5.2.1,1 Thls locatlon contalns the Control reglster. This register
recelves the command code, and dlsplays Port Status, Format,
and GO blts.

5.2,1.2- All Massbus devices must Implement thls reglister.

5.2,2 Massbus Locatlon 01

5.2.2.1 This locatlon contalns the Status reglster. This Read-Only
reglster displays all non-error status blts plus the composite
error bit.

5.2.2.2 A1l Massbus devices must Implement thls reglster.‘

5.2.3 Massbus Locatlon 02

5.2.3.1 This location contalns the Error 1 régfstef

5.2.3.2 All Massbus devices must Implement this reglster.

5.2.4 Massbus Locatlion 03

5.2.4.1 This 1location contains the Malntenance reglster. This
reglster Is to be deflned by the drive desligner, for use In
dlagnostlc and malntenance functlons.

5.2.4.2 A1l Massbus devices must Implement thls reglster.

5.2.5 Massbus Locatlon 04

5.2.5.1 This locatlon contalins the Attention Summary reglster. This

ot

Is a speclal pseudo-register which displays the "Attentlon
Actlive" status of all drives, one bit per drive. Each of
these ATA bits may be cleared by writing a "1" Into the
approprliate positlion In thls reglster.
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5.2.5.2
5.2.6
5.2.6.1

5.2‘5.2
5.2.€.3

5.2.7
5.2.7.1

5.2.7.2
5.2.8
5,2.8.1
5.2.8.2
5.2.9

5.2.9.1

5.2.10
5.2.10.1

5.2.11
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A1l Massbus devices must Implement thls reglster.
Massbus Locatlion 05

A1l 16 bits of thls reglister are to be Implemented as
Read/Write blits to assure that dlagnostic routines have at
least one reglster In which all 16 bits of the control bus are
recelved and latched.

This locatlon contalns the Frame Count reglister of Massbus
tape drlves.

This 1locatlon contains the Deslred Sector/Track Address
reglster of Massbus drum and disk devlices.

Massbus Locatlon 06

This locatlion contalns the Drive-Type reglster. This
Read-Only rezlster contalns Informatlon ldentifying the drive
model and characteristlics.

Englneering note 3.5 shows sample settings of all bits In thls
register for the drives which have been assigned Drive Type
Numbers.

A1l Massbus devices must lﬁplement thls reglster.

Massbus Locatlion 07

This locatlon contalns the Look-Ahead reglister of Massbus disk
drives. Thls Read-Only register dlsplays Information on the
rotational positlon of a disk.

This 1locatlon contalns the Tape Character Check register of
Massbus tape drlves.

Massbus Location 12(base 8)

This locatlon contalns the Desired Cylinder Address reglster
of Massbus moving head disk drives. Thls reglster recelves
the address of a cylinder to which a Seek Is to be done.
Massbus Location l13(base 8)

Thls locatlon contalns the Current Cylinder Address reglstér
of Massbus moving head disk drives. Thls Read-Only reglster
displays the address of the cyllnder at which a moving-head
disk Is poslitlioned. ’

Massbus Locatlon lui(base 8)
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5.2.

5.2.

5.2.

5.3

5.3.
5.3.

5.3.

5.3,

5.3.

5.3.

11.1 This 1locatlon contalns the Serlal Number Reglster of certaln
Massbus devices. Thls reglster must be Iimplemented on drives
with a removable medlum (l.e., magtape, cartridge disk, etc.).
On other drives, thls reglster may be Implemented 1If deslred
by the drive deslgner.

The Serlal Number reglister Is not requlred on drives with a
non-removable medium because the drive serlal number can be
recorded on the med!lum.

11.2 Thls register Is Intended to allow ldentiflication of the drive
unit and to distingulsh It from other drives, possibly of the
same type, attached to a single controller. It.ls also
Intended as an ald to fleld service trouble reporting, by
glving software the means to conslstently ldentify the
partlicular drive which has falled or has glven error
Indlcatlons. ;

11.3 The serlal number Is displayed as four decimal digits, which
are the last four diglts of the drive serlal number as
normally deflned and stamped on the cablnet.

DETAILS OF MANDATORY DRIVE REGISTERS
1 Contro! Reglster (00); Read/Wrlte
1.1 BIt 0 (GO); Read/Wrlte

A command (blits 1-5 of thls register) which Is to be executed
Is always transmitted with this bit set. When the assertion
of the "GO" bIt Is recelved the drive resets the DRY status
blt. When reading from thls reglister, this bit always
corresponds to the opposite of the DRY status blt.

1.2 Blts 1-5 (F1-F5), Functlon Code; Read/Write

Thaese blts are the command which Is belng or has been executéd
by the drive. See sectlion 6.

1.3 Bits 6-10
These blts are reserved for use by the controller.

1.4 Bit 11 (DVA) Drive Avallable; Read-Only
This blit Is Intended for use In dual=controller
confliguratlions. The bIt normally appears set. |t appears
reset when the drive Is switched to the other controller.

1.5 Bit 12-13 (spare); Read-Only

Enanan EN-01047-1A-16-R175-(327)
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These two blits are spares, but may only be used as read- only
status blts, This Is to allow controllers to also use these
bit positions for writable local control blts.

5-30106 B'ts 1“"15
These blts are reserved for use by the controller.

5.3.2 Status Reglister (01); Read-Only

5.3.2.1 Blt 0 (spare)

5.3.2,2 Bit 1 (BOT) Beglnning Of Tape; Read-Only
Set while magtape Is positioned over the Beglnnlng-Of-Tape
marker.

5.3.2.3 Bit 2 (EOF) End=0f-Flle; Read-Only
Set when a flle mark record has been read on magtape. Reset
at the beginning of each read and wrlte command.

5.3.2.4 Blts 3-5 (spare)

5.3.,2.5 Blt 6 (VV) Volume Valid; Read-Only
This blt Is reset whenever the valldlity of the volume mounted
In a drive with removable medla Is In question. In the RPO4,
for example, VV Is reset whenever MOL changes state.

5.3.2.6 Blt 7 (DRY) Drive Ready; Read-Only-

This bit Is set when the drive Is ready to accept a command.
Upon completion of a data transfer, "DRYY should never be
asserted before the negatlion of the 1last "EBL" pulse. For
other operatlions, the drive deslgner should explicltly specify
when "DRY" Is asserted. It Is reset by the drive when It
begins to execute a command; however, there Is no minimum
time for It to remaln negated.

5.3.2.7 Bit 8 (DPR) Drive Present; Read-Only
In drilvas with dual controller poris, this bIt Is set to
Indlcate that the drive Is swltched to this controller. It Is
reset while the drive Is In the neutral state or Is swltched
to the other controller. In single-controller drives, thls
bit Is always set.

5.3.2.8 Bit 9 (spare)

ﬂnﬂnan EN-01047-1A-16-R175-(327)
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5.3.2.9 Blt 10 (LBT) Last Block Transferred; Read-Only

This blit Is set by a disk drive at the end of the transfer of
the last block (l.e., set at the assertlon of end of block for
the last block). It |s reset whenever a new value Is written
Into the Deslred Sactor/Track Address reglster. The purpose
Is to provide an Indicatlon of "end of drive" before an error
oc?urs If early detectlon Is wanted for splral reads or
writes.

NOTE:

If a read or write attempts to contlinue Into the next block,
the AOE error occurs. LBT will remaln asserted.

5.3.2.10 Blt 11 (WRL) Wrlite Locked; Read-Only
This bIlt 1Is set when the drive Is In the write locked state
and wll11l therefore not accept write commands. The state may
be caused by a panel switch, a write protect ring (magtape),
or by the matching of the desired track fleld with a setting
of wrlite-protect track swlitches. This blt Is reset only by
changing the state of the switch.

5.3.2.11 Bit 12 (MOL) Medium On Line; Read-Only

This bit Is set when all applicable condlitlons In the
following llst are satlisfled.

A. Removable medium Is mounted

B. Door closed

C. Moving heads loaded

D. LOAD/RUN switch Is In the RUN poslition
E. Splndle speed Is ok.

F. Unlt number plug Is Inserted

The bIlt Is reset when any applicable condltlon becomes false.
Ag'atg?ntion condition Is ralsed for every change of state of
this t. : .

5.3.2.12 Bit 13 (PIP) Positlioning Operatlion in Progress; Read-Only
This blt Is set during the execution of some non-data-transfer

commands (for example: Search, Seek) It Is always reset at
the termination of the command.
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5.3.2.,13 BlIt 14 (ERR) Composite Error; Read-Only

Thls blt Is set whenever any bit In any error reglster Is set.

It provides a summary Indlcatlon of the exIstence of some

error condlition. Whlle thls bit 1Is set, the only command

which may be executed Is the Drlve Clear command. Thls bit

may be reset by writing 0's Into the error reglisters, by

??ecutlng a Drlve Clear command, or by asserting the INIT
ne.

5.3.2,14 BIt 15 (ATA) Attentlon Active; Read-Only

This bit Is set at the occurrence of an attentlon condition
(see sec. 9.4). It may be reset by executing a Drive Clear
command, by asserting the INIT 1ine, or by writing a 1 Into
the approprliate posltlon of the Attentlon Summary reglister
(see sectlon 9.4.4),

This blt also appears In the Attention Summary reglister, In
the blt poslitlon corresponding to the drlive unlt number.

W?enever this blt 1Is set, thls drive Is asserting the ATTN
1 ne.

5.3.3 Error 1 Reglster (02); Read/Wrlite
5.3.3.1 Bit 0 (ILF) Illegal Functlon; Read/Wrlte

Set when a functlon code Is recelved In the Control reglster
(bits 1-5) with the GO blt (blt 0) set, and the code does not
correspond to an Implemented command on thls drlve.

5.3.3.2 BiIt 1 (ILR) Illegal Reglister; Read/Write

Set when a control bus read or write Is attempted from or to a
non-exlstent reglster (writing Into a "read- only" reglster
does not cause thls error).

5.3.3.3 Bit 2 (RMR) Reglster Modiflcatlon Refused; Read/Wrlite

Set when a control bus write Is attempted Into any existing
drive reglster (except Attentlon Summary or Malntenance) whlle
an operatlon Is In progress on thls drlve.

5.3.3.4 Blt 3 (PAR) Parlty; Read/Wrlte

Set when a parity error Is detected on the data bus durlng a
write operatlon, or when a parlity error Is detected on the
control bus whlle writing Into a reglister. Thlis blt applles
pn}y to Information belng transmitted from controller to
dr ve,
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5.3.3.7

5.3.3.8

5.3.3.9

5.3.3.,10

5.3.3.11
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NOTE:

Drive deslgners may, at thelr option, Implement an addltlonal
bit (DPE) to slgnal a parlty error on the data bus sectlon.,
See sec., 7.6.4.

BIt 4 (FER) Format Error; Read/Wrlte

Some drives have a medium wlth more than one format. This blt
Is set when the Format Selector blt does not match the format
ldentiflcation on the medlum (see deslred Cyllinder Addresss
reglster, 5.2.9) during a read or wrlte operatlion.

Bits 5-8 (spare)
BlIt 9 (AOE) Address Overflow Error; Read/Wrlte

Set durling a read or wrlite operatlon when the last addressable
sector has been read or wrltten and the controller attempts to
contlnue reading or writing. The error Is detected when the
Deslred Sector/Track Address register (and the Deslred
Cylinder Address reglster, If present) Is Incremented by the
drive, causing overfliow from the hlghest order address. The
Invalld address error (IAE, see bit 10) Is not set In thls
case, .

Bit 10 (1AE) Invalld Address Error; Read/Wrlte

Set when the drlve recelves a command (wlith GO blt set) whlich
requlres the use of the Deslred Sector/Track Address reglster,
and the contents of that reglster do not correspond to any
exlsting sector on thls drlive.

Also set when the drive recelves a command (with GO blt set)
whlich requlres the use of the Deslired Cyllnder Address
reglster, and the contents of that reglster do not correspond
to any exlisting cylinder on thils drive.

Bit 11 (WLE) Wrlite Lock Error; Read/Wrlte

Set when a wrlte command (wlth GO blt set) lsl recelved whlle
the wrlte locked (WRL, see 5.3.2.10) status blt Is set,

Bit 12 (DTE) Drive Timing Error; Read/Wrlte

Set when an Internal timing fallure Is detected by the drlve
during a read or write operatlon,

Bit 13 (OPl) Operation Incomplete; Read/Wrlte
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Set when an operatlion falls to complete within the expected
time. Examples: a Search command has not completed after the
disk Index mark has been detected twlce; a Seek operatlion has
not completed after the maximum allowable time; a read or
write command has been recelved (with GO blt set), but the RUN
1ine has not been asserted after 10 mllllseconds (or more).

5.3.3.12 BIt 14 (UNS) Drive Unsafe; Read/Write

Set when a condition has occurred In the drive which makes It
Imposslble to operate normally. Examples: power 1lne voltage
below 1Iimlt; temperature 1imit exceeded.

5.3.3.13 BIt 15 (DCK) Data Check Error; Read/Wrlte

Set when the data checking clrcultry of the drive (CRC or ECC)
has detected an error In a block of data while reading.

5.3.4 Maintenance Reglster (03); Read/Write
5.3.4.1 Bit 0 (DMD) Dlagnostic Mode; Read/Write

This bit controls certaln dlagnostlic and malntenance
functlons, to be defined by the drive desligner (example: In
moving-head disk drives, a write command wll1l not be executed
while the heads are offset from cylinder centerllne, except
when thls blit Is set).

5.3.4.2 Bits 1-15
These bits are to be defined by the drive deslgner.
5.3.5 Attentlon Summary Reglster (04); Read/Write-1~To-Clear

5.3.5.1 This reglster consists of one to elght status blits, each
corresponding to the ATA status bit of one drlve. Bit 0 Is
the ATA bit of drive 0, bit 1 Is the ATA bit of drive 1, and
so on to bit 7, Blts 8-15 are not used.

5.3.5.2 The timing of transfers on the control bus to and from thls
reglster 1Is speclal. See sectlons 3.3.5 and 3.3.9 for a
descriptlion. :

5.3.5.3 When this reglister Is selected, all drives respond. When
reading the reglster, each drlive presents Its ATA bit In the
approprlate blt poslition. When writing, each drive receives a
bit from the control bus, and If the blt Is set, the drive
resets Its ATA bit. For each blt poslition and drive, the
table below applies when writing Into this reglster.
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Blit Written ATA before ATA after
0 0 0
0 1 1
1 0 0
1 1 0
Thls scheme allows the program to reset the ATA blits which
were already seen and acted upon, wlthout accldentally
resetting other ATA blits which may have become set In the
meantime.
5.3.6 Drlve Type Reglister (06); Read-Only
5.3.6.1 Bits 0-8 (DT0-DT8); Drlve Type Number; Read-Only.
These blts contaln a code number which Identlfy the drlve
model and major varlatlons. The codes are assligned by the
Massbus committee and are to be wlired Into the drive at
manufacture. See englneering note 3.5 for a llist of Drive
Type numbers whlch are currently defined.
5¢3.6.2 Bits 9-10; (spare)
5.3.6.3 Bit 11 (DRQ) Drlive Request Requlred; Read=Only.
Set to Indlcate a drlve wlth dual controller ports, which
therefore must be requested before use and released after use
(see 8.1)
5.3.6.4 Blt 12 (spare)
5.3.6.5 BlIt 13 (MOH) Moving-Head; Read-Only
Set to Indlcate that thils Is a moving-head disk drlve, which
therefore has a Deslred Cylinder Address reglster and other
moving-head control and status blts.
5.3.6.6 Bit 14 (TAP) Tape Drlve; Read-Only
Set to Indlcate that thls Is a tape drive.
5.3.6.7 Blt 15 (NSA) Not Sector-Addressed; Read-=Only
Set to Indlicate that thls drive does not have a deslred sectér
track address reglster.
5.3.6.8 Englneering note 3.5 shows sample settings of all blts In thls

reglster for the drives whlch have been assigned Drive Type
numbers,
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5¢3.7 Serlal Number Reglister (17(8)); Read-Only
5¢.3.7.1 Bits 0-3 (SNO1l, SNO2, SNO4, SNO8); Read-Only

Lowest order digit of the serlal number, encoded as an 8-4-2-1
decade,

5.3.7.2 Blts 47 (St11, SN12, SN14, SN18); Read-Only
Second lowest decade.

5.3.7.3 Blits 8~11 (SN21, SN22, SN24, SN28); Read-Only
Third decade.

5.3.7.4 Blts 12-15 (SN31, SN32, SN34, SN38); Read-Only
High order (4th) decade.
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6.
6.1
6.1.1

6.1.2

COMMANDS
COMMAND CODES

Command codes are dlvided Into two types. The flrst type are
commands whlch do not cause data transmlsslon (and therefore
do not use the data bus). The second type are those whlch do
cause data transmission over the data bus.

Command codes are listed below by octal value. The two- digit
octal code represents the low-order 6 blts (blts 0-5) of the
Control reglister. Thls Includes the GO bit (bit 0), which Is
always set when a command Is Initlated. Therefore, all of the
codes below are odd.

The two types of commands are dlstlnguished by the code group.
Codes 01-47 are non-data-transfer commands. Codes 51-77 are
data transfer commands.

Non-data-transfer commands

Command Moving-Head Drum And Magnetic

Code disk Flxed-head Tape
(octal) Disk
01 No Operation No Operation No Operation
03 Unload Spare Rewind, Offilne
05 Seek : Spare Spare
07 Recallbrate Spare Rewlnd

11 Drive Clear Drive Clear Drive Clear
13 Release Spare Spare

15 Offset Spare Spare

17 Return To Centerlline Spare Spare

21 Readlin Preset Readln Preset Readin Preset
23 Pack Acknowledge Spare Spare

25 Spare Spare Erase

27 Spare Spare Write Flle Mark
31 Search Search Space Forward
33 Spare Spare - Backspace

35 Spare Spare Spare

37 Spare Spare Spare

k1 Spare Spare Spare

43 Spare Spare Spare

L5 Spare Spare Spare

47 Spare Spare Spare
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6.1.3 Data transfer commands
Command Moving-Head Drum And Magnetlc

Code = Disk Flxed-head Tape
(octal) Disk
51 Write Check Write Check Write Check
Data Data Forward
53 Wrlite Check Spare Spare
Header and
Data
55 Spare Spare Spare
57 Spare Spare ~ Wrlte Check
Reverse
61 Write Data Wrlte Data Wrlite Forward
63 Write Header Spare Spare
And data
65 Spare Spare Spare
67 Spare Spare Spare
71 Read Data Read Data Read Forward
73 Read Header Spare Spare
And data '
75 Spare Spare Spare
77 Spare Spare Read Reverse

6.1.4 Codes 51-57 are reserved for Write Check commands. Codes
61-67 are reserved for Write commands. Codes 71-77 are
reserved for Read commands.

6.1.5 The Write Check command codes must correspond to the Read
command codes one-for-one, because the actlon of the drive Is
the same for Wrlte Check and for Read.

6.2 COMMAND DESCRIPTIONS

6.2.1 Non-data~-transfer commands
Unless otherwlse noted, each of these commands causes the
drive to become busy (GO=1, DRY=0) (see 5.3.2.6) for a flnlte
time, and causes an Attentlon condition at the termlinatlon of
the command.

6.2.1.1 No Operatlion (01)

Thls command takes no time to execute. The drive does not
become busy. The GO bit Is reset Immedlately, and no
Attentlion conditlon Is generated.
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6.2.1.2 Unload (03)

For moving-head disk, this command causes the heads to retract
and the drive to be taken off 1line (MOL blt reset; see
5.3.2.11). However, an Attention conditlon 1Is not raised
unless the operation falls to complete. Thls Is because It Is
assumed that the program whlch Issues an unload command does
not need to be advised of the "going offline" change of status
caused by that command. ATA should be asserted by the drlve

when lg becomes ready after coming back online after an Unload

command., '

The drive electronlcs are not powered down by thls operatlon.:

6.2.1.3 Rewind, Offline (03)

The selected magtape beglins rewindling and goes offline. GO Is
reset and DRY, ATA, and SSC become asserted. Operator
Interventlon Is requlired to bring the drive back onlline.

6.2.1.4 Seek (05)

For moving-head dlisk, this command Inftlates a seek to a new
cylinder. The Deslired Cylinder Address reglster contents
control the destination of the seek.

Bits 0-7 of the Offset reglster are reset, and the heads are
positlioned to the centerllne of the new cyllinder.

6.2.1.5 Recallbrate (07)

For moving-head disk; causes the heads to be re-~indexed and
then posltioned to cylinder 000. The Current Cyllinder Address
register (blts 0-9) and the Offset reglster (blts 0-7) are
cleared.

6.2.1.6 Rewind (07)

For magtape; causes the tape to be wound back to the
beginnlng-of-tape mark and then stopped.

6.2.1,7 Drive Clear (ll(base 8))

This command Is the only command which will be accepted by -a
drive whlle the ERR blt Is set (see 5.3.2.13). The command
causes all of the followlng to be reset:

All error reglsters

The ATA and ERR bits In the Status reglster

The ATA blt for this drive, In the Attention Summary reglister
The Deslred Sector/Track Address reglster
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Bits 0~9 of the Desired Cylinder Address reglster

Blits 0-7 of the 0ffset reglster

The ECC Positlon reglster

The ECC Pattern reglster

Some blts of the Malntenance reglister, as specifled by the
drive deslgner.

It does not reset any of the followlng:

The Control reglster (except the GO blt Is reset as usual at
the completlion of thls command)

The Drlive Type reglster

The Look~Ahead reglster

The Current Cylinder Address reglster

The Serlal Number reglster

The HCl, ECI blts In the Offset reglster

The FMT22 bit In the Deslred Cyllnder Address reglster

The DMD blt In the Malntenance reglster

The Status reglster (except ATA and ERR bits).

No Attentlion condltlon Is generated by thls command.

6.2.1.8 Release (13(base 8))

Thl§ command 1s meaningful only on Dual Controller drives (see
8.1). 7

When executed, thls command causes the drive to switch to the
neutral state (If no request from the other controller was
pending) or to the other controller (If a request was
pending).

No Attentlon conditlon Is generated by this command, on the
controller which Inltlated the command, ’

6.2.1.9 Offset (15(base 8))

For moving-head disks; causes the drive to dlsplace the heads
a small amount (25-1575 mlcrolnches for RPO4L) from cyllinder
centerllne. This 1Is used In recovery of data which may have
been recorded off the centerline.

The O0ffset amount and dlirection are controlled by bits 0-7 of
the Offset reglster.

Performing an Offset command wlth an Offset amount of 0
specifled In the Offset reglister does not necessarlly
guarantee that the heads are returned to cylinder centerlline.
(see 6.2.1.10) ’
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6.2.1.10 Return to Centerllne (17(base 8))
For moving-head disks; causes the drive to reposition the
heads to the centerline of the cylinder currently belng
addressed (see 6.2.1.9). Blits 0-7 of the Offset reglster are
reset.
6.2.1.11 Read-In Preset (21(base 8))
Causes the drive to be placed In a known state. Refer to
Drive documentation for detalls of speclific drlive actlons
(which reglsters are cleared, blts which are set, etc.).
6.2.1.12 Pack Acknowledge (23(base 8))
For moving head disks; sets the VV bIt for the command
controller. This command must be Issued before any data
transfer or posltioning commands can be glven If MOL changes
State. ’
6.2.1.13 Erase (25(base 8))
For magtape; the drlve writes forward on the tape, erasing,
untll the End-0f-Tape mark Is encountered.
6.2.1.14 Wrlte File Mark (27(base 8))
For magtape; causes a flle mark record to be written.
6.2.1.15 Search (31(base 8))
For dlsk drives, the current sector fleld of the Look-Ahead
reglster Is compared to the desired sector fleld of the
Desired Sector/Track Address register. When they are equal,
the command execution Is complete.
The purpose of this command is to provide automatic angular
positlon sensing In the drive, with an Attentlon slgnal belng
used as a slgnal that a deslired posltlon has been reached.
The desired sector fleld would normally be set by software to
one or more sectors ahead of the sector In which a data
transfer Is to take place.
6.2.1.16 Space Forward (31(base 8))
For magtape; the tape Is moved forward over one record.
6.2.1.17 Backspace (33(base 8))
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p—

For magtape; the tape |s moved backward over one record.

6.2.2 Data transfer commands

These commands, when Issued to a drive, cause the drive to
attach to the data bus. The timing restrictlions for transfers
are descrlibed In sectlon 4,

Interrupts to the CPU are generated by the controller, as
deslired by the controller desligner. Attentlon occurs only on
error detected by the drlve (see sectlon 7).

6:2.2.1 Wrlte Check...(51(base 8)=57(base 8))

Each of the commands In this group causes the drive to perform
exactly the same actlion as the corresponding Read command.
The difference Is that the controller, Instead of transmitting
the data to memory, reads data from memory and compares the
dlsk data and memory data, word for word.

662.2,2 Write data (61(base 8))

For dlisks; this command causes transmlsslon of data from
memory to the data fleld of the dlsk sector.

If the disk has a header fleld, the valldlity of the header Is
checked by the drive before data transmlsslion beglins for each
sector.

If the disk Is a moving~head disk, a ‘seek to the cyllinder
Indicated In the Deslired Cylinder Address reglster will be
performed automatically If the heads are not already
positioned there (the "Implled seek" feature).

662.2.3 Write forward (61(base 8))

For magtape; thls command causes transmlsslon of data from
memory to a tape record,

Tape records are always written In the forward directlion, but
can be Read In elther directlion.

6.2.2.4 Wrlte header and data (63(base 8))

For disks wlth header flelds; this Is the "format" command,
which creates formatted header records.  The drive expects to
recelve &4 words of format Informatlon, to be wrlitten Into the
header fleld, plus the uUsual number of data words, which wll1l
be written with the data fleld, for each sector. The flrst
two words of the header are to contalin bits which match the
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contents of the Deslred Cylinder Address register and the
Desired Sector/Track Address reglister In that order (see
sectlon 10).

The header fleld Is not checked before writing. The "Iimplled
seek" wlil1l occur If requlired.

6.2.2.5 Read data (71(base 8))

For disk drives; thls command causes transmission of data
from the data fleld of the sector to memory. ‘

If the disk has a header fleld, the valldlity of the header Is
verlfied before data transmisslon begins for each sector.

The "Impllied seek" wlll occur If required.
6.2.2.6 Read forward (71(base 8))

For magtape; thls command causes transmission of data from a
tape record to memory.

6.2.2.7 Read header and data (73(base 8))

For disks wlith header flelds; this Is the only command that
allows the header fleld to be seen by software. The header,
followed by the data fleld, Is transmitted to memory.

The valldity of the header fleld Is checked before the data
fleld Is transmitted. However, the header and the data fleld
are always transmlitted. -

The "implled seek" wlll occur If requlred.
6.2.2.8 Read reverse (77(base 8))

For magtape; this command causes transmlisslon of data from a
tape record to memory, but the dlrection of motlon of the tape
Is reversed from normal.,

Because the order of words transmitted from the drive Is
reversed from the order In which they were written, they wlill
be written Into memory In the reverse order unless the
controller also reverses lts sequence of memory access.
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ERROR HANDLING
INTRODUCTION

Massbus Drive errors are grouped Into two categorles, '"Class
A" and "Class B", according to when they are to be handled.

A "Class A" error Is defined to be a Drive error which can be
handled at the completion of a non data transfer ~ command or,
Iin the case of a data transfer command, at a convenlent block
boundary. Controllers typlcally termlnate data transfers at
the end of the current block (but additlional blocks may be
transferred).

A "Class B" error Is deflned to be a Drive error which must be
handled I(mmedlately; the occurence of a Class B error causes
the drive to termlinate command execution as soon as possible,

The responsiblliity for deflning the set of events which
constlitutes a glven error shall lie with the drive desligner.
Errors which are Class A do not normally disrupt the
successful transmission of data. The drive designer should
Insure that, when defining a Class B error, he structures that
definition so that the termination of the command executlon
occurs at an approprlate point In that command executlon.

The responsibllility for the classiflication of speciflc drive
errors as "Class A" or "Class B" shall ultimately lle with the
drive deslgner.

USE OF ATTENTION (ATTN)

Massbus drlve errors are slghalled to the controller with the
ATTN line.

If an error occurs while the drive is ready (DRY=1), the drive
both asserts ATTN and sets ATA Immediately.

If an error occurs while a command execution Is In progress
(DRY=0), the drive asserts ATTN and sets ATA when the drlve
becomes ready (when DRY 1Is set) at the termlinatlon of the
command executlion. :

USE OF EXCEPTION (EXC)

The EXC 1ine Is asserted by Massbus drlves when they detect an
error during a data transfer operation. See sectlons 7.4.3
and 7.5.3 for a detalled description of when EXC s asserted
by a drive.
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7.3.2 EXC may be asserted by a Massbus controller (if It has negated
RUN) In order to termlinate a data transfer operation. The
drive dolng the data transfer responds by asserting EBL and
terminating the data transfer.

Note 1: There are cases In which a drive may not recognize a
controller's assertlon of EXC, Thus, It 1Is not
always posslble for a controller to cause an
émgedlate termination of a data transfer by asserting

x [ ]

Note 2: No error Is set and the ATA bit Is not set when a

data transfer Is aborted by the controller (by
asserting EXC).
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FIGURE 7.3.2.1
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7.4 CLASS A ERROR HANDLING PROTOCOL

7.4.1 Class A errors which occur whlle the drive Is ready cause ATTN

to be asserted and ATA to be set upon detection of the error
(see flgure 7.4.1.1).
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| FIGURE 7.4.1.1
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1
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(CLASS A)
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7.4.2 Class A errors which occur while the drive Is performing a non
data transfer operation are signalled at the completion of the
command executlon, when DRY becomes asserted. After DRY has
?e:n asgerted, the drive asserts ATTN and sets ATA (see flgure

L] 02.1 [ ]
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FIGURE 7.4.2.1
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7.4.3 Class A errors which occur while the drive s performing a
data transfer operation are handled according to the followling
sequence: (see flg, 7.4.3.1 for a flowchart; see flg.
7.4.3.2 for timing dlagrams)

1. 'The selected drive asserts EXC. If the error occurs
before RUN has been asserted, the drive walts untll It
recelves the RUN assertlon. It then asserts EXC.

If the error occurs during the EBL pulse, It may be
handled In one of two ways:

A) EXC Is immedlately asserted. The drive deslgner must
Insure that the next negatlon of EBL occurs no less
than 1500 nanoseconds after the assertion of EXC (so
that both EXC and EBL are asserted together for at
least 1500 nanoseconds).

B) The error Is not slgnalled unt!l the end of the data
transfer. When DRY becomes asserted, the error ls
handled as described In sec. 7.4.1.

Note: |If the error affects the valldity of the data
which' was just transferred, alternatlive B Is
not permitted. See sec. 4.2.6.4.

2. The controller, on recelving the assertlion of EXC, decldes
whether or not to contlinue the data transfer. |f the
controller decides to stop, It negates RUN. If It decldes
to contlnue, It leaves RUN asserted.

3. The drlve contlinues the data transfer untll the next EBL
pulse occurs. At the tralling edge of EBL, the drive
Inspects the RUN 1lne. If RUN Is asserted, the drive
begins transferring the next block of data (leaving EXC
asserted). If RUN Is negated, the drive termlnates the
operation.

4. When DRY becomes asserted (at the tralling edge of the
final EBL pulse), the drive negates EXC, asserts ATTN, and
sets ATA. The cause of the error should be clearly
;n?lcated by the state of the varlous error bits In the

rive.
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FIGURE 7.4.3.1
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FIGURE 7.4.3.2
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7.5
7.5.1

7.5.2

7.5.3

| Enam0Z0

CLASS B ERROR HANDLING PROTOCOL

Class B errors which occur while the drive Is ready (DRY=1)
cause ATTN to be asserted and ATA to be set upon recognition
of the error (see flg., 7.4.1.1).

Class B errors which occur during a non data transfer
operatlon should cause the command executlon to termlnate as
soon as possible. When DRY becomes asserted, ATA Is set and
ATTN Is asserted (see flgure 7.4.2.1).

Class B errors whlch occur during a data transfer operation
should be handled according to the following sequence (see
fig. 7.5.3.1 for a flowchart; see flg. 7.5.3.2 for timing
dlagrams):

1. Command execution should Immedliately termlinate (It s,
however, the cholce of the drive deslgner to define
exactly when an error "occurs').

2. The drive asserts EXC and EBL.

Note: If the Class B error occurs whlle SCLK Is asserted,
the drlive deslgner must Insure that the error does
not cause SCLK to "glltch" (to have an arbltrarily
short duratlion). This may be avolded by delaying
the assertion of EXC and EBL untll SCLK Is negated
or by holding SCLK asserted untll EBL Is negated.

3., After Insurlng that EXC and EBL have been asserted
together for at least 1500 nanoseconds, the drive negates
them, dlsconnects from the Data Bus, and becomes ready
(DRY=1) If posslible.
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FIGURE 7.5.3.1
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F1GURE

7.5.3.2
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EXAMPLES OF CLASS A ERRORS

The examples glven In thls sectlon describe how exlsting
Massbus drives handle these Class A errors. Each of these
examples deals wlith an error which 1Is flagged In Massbus
reglster 02 (Error 1 reglster; See sec. 5.3.3). Because all
Massbus drives contaln thils reglster, eachtof these examples
represents an error condition which every Massbus drive must
handle. Whlle each drive designer must deflne each error
conditlion within the context of the drive he Is desligning (see
Sec. 7.1.4), these examples may be used as a gulde In
arriving at that definition.

I1legal Reglster (ILR)

This error occurs when the device control loglc decodes a
nonexlistent reglster address from the Reglster Select 1lnes
(RS<0:4>), The error bit (Error 1 reglster, bit <01)) Is
cleared by a Drlve Clear, Massbus INIT assertlion, or by
writing 0's Into the Error 1 reglister. Attempting to wrlte
Into a read only register will not cause the ILR error to
occur, The bits recelved will be Ignored and no other errors
will be flagged.

This error is handled In the sequence described In Sec., 7.4,
Register Modiflicatlon Refused (RMR)

Thls error occurs when a write Is attempted Into any reglster
(except the Attentlon Summary or Malntenance Reglsters) during
an operatlon, It Is cleared by Drive Clear, Massbus INIT
assertlion, or by writing 0's Into the reglister.

This error Is normally handled as described In sec. 7.4;
however, the RSO4 Drive, when performing a Search command,
aborts the command executlion upon detecting an RMR error.
Thls happens because the ATTN 1lne is asserted at the
successful completion of a Search command; If RMR did not
abort the executlon, the controller would not recognlze the
error,

Massbus Parlty Error (PAR)

This error occurs when a parity error Is detected while
wrliting Into a reglster on the Control bus or sending data to
the drive durlng a wrlte operatlon.

When a Control Bus parity error Is detected during a wrlte
Into a drive register, the reglister should be loaded, and then
PAR (or the approprliate error indlcator), ERR, and ATA are
set. In the special case of a write Into the Control Reglster
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(00), the reglster Is loaded, but detection of a Control Bus
parity error should Inhiblt the setting of the GO blt, and no
command executlon should occur.

Except as noted above, thls error Is handled as described 1In

sec, 7.4,
7.7 EXAMPLES OF CLASS B ERRORS
7.7.1 The examples glven In this section describe how exlsting

Massbus drives handle these Class B errors. Each of these
examples deals with an error which Is flagged In Massbus
reglster 02 (Error 1 reglster). Because all Massbus drlves
contaln thls reglster, each of these examples represents an
error conditlon which every Massbus drive must handle.
Although each drive deslgner must defline each error condltlon
within the context of the drive he Is designing (see Sec.
7.1.4), these examples may be used as a gulde In arrlving at
that definltlion.

7.7.2 111egal Functlon Error (ILF)

Thls error occurs when the GO bit Is set while the function
code In the Control reglster does not correspond to an
Implemented command on the selected drlve.

This error Is handled as described In Sec.7.5.

The ILF bit In the Error 1 reglster (Blt 0) will be reset when
a Drlvg Clear command (functlon code 11) or an INIT pulse Is
recelved. ‘

7.7.3 Format Error (FER)

This error occurs when the prerecorded (during pack
formatting) "flag" bIt on the header Is not equal to the
corresponding flag bit In the "offset" reglster. This
generally Implles that the wrong medlum has been mounted on a
Massbus device.

This error Is handled as described In Sec. 7.5.2.

7.7.4 invalld Address Error (lAE)
This error occurs when the address In the '"Deslred chlndef'
Address" and '"Desired Sector/Track Address" reglsters Is

invalid. The ll1legal Address Error will occur only If the GO
bit Is set and the functlon Is one which makes use of the

"Deslred Block Address" reglster. It does not occur, for
example, on elther the "Seek" (05) or "Return to Zero" (17)

functlions.
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8. OPTIONS
8.1 DUAL CONTROLLER
8.1.1 - Two Independent Massbus controllers may share a single Massbus

drive If that drive has Implemented a dual controller option.

8.1.2 A drive which Implements a dual controller optlon will have
three states (wlth respect to Its two Massbus Controllers):

A. Connected to controller (A)
B. Connected to controller (B)
C. Neutral (not connected to elther controller)

While In the neutral state, the drive Is not connected to
elther controller, but Its reglsters can be read by elther
controller.

When the drive Is connected to controller B, only controller B
can operate on the drive's reglisters (except for the Attentlon
Summary pseudo-reglister).

Simllarly, when the drive Is connected to controller A, only
controller A can operate on the drive's registers (except for
the Attentlon Summary pseudo-register).

8.1.3 A dual controller drive Implements a manual switch with three
positions: "A", "B", and "A/B". The "A" and '"B" positlions
override the programmable swltching by locking the drive to
one controller. The "A/B" posltion allows the drlve to be
connected to elther A or B under program control or to rest In
the Neutral state. When a drlive Is connected to controller A
under program control (with the manual swltch set to "A/B"),
It Is sald to be selzed on A, \When a drive Is connected to
controller A by setting the manual switch to "A", the drive Is
sald to be "swltched" to A.

Note: The manual swltch takes effect only while the drive Is
belng powered up. It Is ignored at all other tlimes.

8.1.4 While a drive Is In the neutral state, an INIT pulse will
cause ATA to be reset on only the controller from which the
INIT came (there 1Is really a separate flipfilop for each
controller). A drive which Is connected to a controller will
Ignore any INIT pulses from the other controller.

8.1.5 While the swltch Is set to A/B, a change of state of the MOL

bit will cause both ATA bits to be set (except on an unload
command) . However, a drive whose swltch Is In the A posltlon
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wl1l not set the ATA bit of controller B when MOL changes
state, and vice versa.

8 * 1 [ ] 6

A drilve which Is selzed on one controller will return to
neutral (not selzed on elther controller) If after one second
no read or write commands have been Issued and there Is no
request pending from the other controller.
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g, HARDWARE DESIGN NOTES
9.1 INTRODUCT ION
9.1.1 This sectlon Is primarlly a collectlon of Massbus folklore.

It Is Intended to Inform drive desligners of some of the
hardware Issues whlich have been noted and resolved up to thls

time,
9.2 NOTES ON MASSBUS PROTOCOL ;
9.2.1 When performing a data transfer command, it should be noted |

that RUN may already be asserted when the GO blt becomes set. .

9.2.2 The OCC 1ine In the Data Bus sectlon (see sectlon 4.2.8) Is to
be asserted by the drive during the entlire data transfer. OCC
Is asserted as soon as a valld data transfer command Is
recognlized and accepted., It Is negated at the tralllng edge
of the 1last EBL pulse., The assertlon of 0CC does not depend
on recelving RUN assertlon.

9.2,3 The RH11l Massbus controller decrements the Unlbus Address
reglster (RHBA) on READ/WRITE CHECK REVERSE (57,77) commands. |
These commands cause words to referenced "backwards" !n memory
while tape motlon Is "“backwards".

9.2.4 The RSO4 fixed head disk drive aborts a Search command
execution Immedlately upon the detectlon of an RMR (Reglster
Modlflicatlon Refused) error conditlon. It Immedlately sets
DRY, RMR, ERR, and ATA, See sectlon 7.6.3 for additlonal
Informatlon. ‘

9.2,5 When a Read or Write Is done from or to the last addressable
block on the medlum (for example, block 07777(base 8) on a
drive wlith 4096 blocks), the Last Block Transferred (LBT) bit
Is set at the end of the transfer. Thls allows the controller
or CPU to Implement “splral" reads and wrltes by Incrementing
the drive number for the next block, when the LBT condition Is
detected. The LBT blt Is reset whenever a new Read or Write
command Is started, The LBT conditlon does not cause an
Attention condition. Therefore, the LBT blt must be actively
sampled In order to Implement splral reads, writes, etc.

89.2.6 If a coomand code other than Drive Clear Is written Into the
Control Reglster whlle any error bit Is set, only the
following wll11 happen:

1. The command code !s loaded.

2., The GO bit Is reset,
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3. The ATA blt Is set (If not already set).

9.2.7 In general, a channel (such as on DECsystem-10) may slgnal
“complete" to the controller some time after the EBL pulse.
The.controller has kept the RUN 1ine asserted, so that the
drive Is golng to continue the transfer. The controller then
negates the RUN line and asserts EXC In order to abort the
contlnuatlion. The drive responds wlth another EBL pulse,
This can normally be completed before the flrst data word of
the next sector Is transferred. In transferring the last
addressable sector, however, the AOE blt may be set before the
channel has told the controller to stop. The error Is
spurlous, because the channel In fact knows that the transfer
Is complete.

9.3 NOTES ON MASSBUS TIMING

9.3.1 Drive desligners should Insure that no serlous problem occurs
If the DEM 1lne Is negated prematurely. Current drlves
currently lIgnore DEM except as a handshake Inltlator untll |
they assert TRA. In no case do they place data on or strobe
data from the Control bus 1llnes (C<00:15>) unless DEM Is
asserted.

9.3.2 The safest way to Insure the valldlity of Control Bus transfers
Is to start the deskew for reads and wrltes only after
recelving the TRA negatlon from the previous transfer.

9.3,3 Thls speciflicatlon speclifically does not require SCLK pulses
to be evenly distributed, but this was Intended to allow
elongatlion of the Interval rather ‘than contraction of It,
relatlve to the nomlinal data rate. It seems that good deslgn
practlce requlres that a drive never Issue SCLK pulses closer
together than the nominal (burst) data rate of that drive.

This suggests that the minimum duration of SCLK assertlon and
negatlon should be expressed In terms of the nominal burst
data perlod of the drive. Let P be the nominal burst data
perlod. Then the minimum SCLK assertion duratlon should be
" 30 p or 225 nanoseconds, whichever 1Is 1larger". This
guarantees that the duty cycle of the SCLK pulse Is not worse
than 70% to 302 In elther dlrectlon., See sec. 4.3 for
further detalls; filgure 9.3.3.1 shows a typlcal SCLK
assertlion., .
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FIGURE 9.3,.3.1
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9.3.4 Sectlon 3.6.2 of thls speciflication requires the INIT pulse,
when It occurs, to be at least 400 nanoseconds In duration.
This duratlon was chosen to be long enough to assure that
clrcults In all drlives have time to respond to It. It was
then proposed that the minimum wldth be extended to 1500
nanoseconds, In order to allow time for the reset functlon to
be completed In all drlves before the controller tried to
Inltlate a command. The extended time was Intended only as a
restriction on the controller. We now agree that It Is
sufficlent to restrict the controller, so that It does not
attempt to Initlate a command untll at least 1500 nanoseconds
after the INIT signal has been asserted. The INIT pulse
minimum width thus remalns at 400 nanoseconds.

9.3.5 The timeout In the controller should occur In two phases:

1., After RUN Is asserted, there Is a timeout If no SCLK pulse
Is recelvgd within 250 milllseconds.

2., After as many SCLK pulses are recelved as are deslired by
the controller, and RUN |s negated, there Is a timeout If
EBL !s not eventually asserted and negated.

Note: Both phases of the tlmeout should be Inhlbited whlle
0OCC Is asserted.

9,3.6 The RPO4 wll1l have a nominal response time of 600 nanoseconds,
with a worst case time of 700 nanoseconds (DEM assertion to
TRA assertlion).

9,3.7 The drive deslgner should explliclitly speclfy how long It takes
hils partlcular drive to execute a Drive Clear command.

9.4 NOTES ON THE USE OF ATA (ATTENTION ACTIVE)

9.4.1 A drive Is normally expected to set ATA whenever It comes on

1lne or goes off 1line (the MOL bIt changes state). In
powering up the loglc of a drive, we assume that It Is making
the transition from off llne to on 1lne, even If "power off"
Is the only offllne state. Therefore, ATA should be set on
power up, unless there Is some other condltlon which keeps the
drive off 1ine. On power down, ATA should also be set and
held as 1long as possible, both because of the online to
offline transitlon (I1f the drive was on 1lne) and because of
the Unsafe (UNS) error condlitlion becoming set.

9.4.2 1f the controller asserts EXC durlng a data transfer and there
I1s no error In the drive, the drive aborts the transfer, but
does not create an error due to recelving EXC assertlon, and
does not set ATA. See sec. 7.3.2.
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9.4.3 While ERR Is reset and DRY Is set, all valld functlon codes
are acceptable. If a valld functlon code (with the GO bit
set) Is loaded Into the drive Control reglster while ATA s
set, the drive should reset ATA and proceed with the command
execution.

9,4,.04 In the case of a persistent error In a drive which cannot be
cleared by a Drlve Clear command or even by INIT, It Is highly
desirable to be able to clear ATA, so that thls drive does not
cause perpetual Interrupts, and thus block other drives on
this Massbus. Thus, It Is necessary to allow resetting of the
ATA bit (by writing a 1 Into the Attention Summary reglster)
even whlle ERR Is set.

9.4.5 Since all drlives are affected by a write to the Attentlion
Summary reglster, and slnce It 1Is deslrable to be able to
affect the ATA blts of non busy drives at any time, a busy
drive (one which has Its DRY blt negated) must be prepared to
allow such a wrlte to occur wlthout causing an RMR error.

It Is apparent that ATA 1Is never set In a busy drlve.
Therefore, the busy drive does not have to Inspect the blt
belng wrltten because It cannot affect ATA. It should also be
noted that a drlve which Is performing a data transfer can
Ignore a parlty error which occurs on a write to the Attentlion
Summary reglster, agaln because such a wrlite cannot affect the
ATA bit (which must be In a negated state).

Note: It Is acceptable for a drive not to assert TRA In
response to a write to the Attention Summary reglster.
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10. PROGRAMMING NOTES
10.1 INTRODUCTION
10.1.1 This sectlon Is a collectlon of notes and examples whlch

should prove useful to those persons who are concerned wilth
the programming and general software Impllcations of the

Massbus.,
10.2 GENERAL IMPLICATIONS OF THE MASSBUS FOR SOFTWARE
10,2.1 The Massbus Interface standard has several effects on the

deslgn of devlices which comply with It. A device normally
must contaln all the necessary loglc and reglsters to carry
out varlous functlions without the supervision of the Massbus
controller. For a disk these varlous functlons Include Seeks,
Searches, disk address Incrementing for splral data transfers,
and automatlic error recovery operatlons. Because the devices
are "smarter", there are certalin Impllcations for how the
software should be written.

1. Operations once started In a drive can not be cleanly
aborted,

2. The typlcal controller clear or Inltlalize coomand Issues
a Massbus INIT, A Massbus INIT causes all devices on the
Massbus to be Inltlallzed. The Inltlallze performs the
same actlons as a Drive Clear command In all drlves.
Therefore, thls should only be done at system start up
time or In the most severe error cases (e.g., the
subsystem Is hung up). -

3. Because the Massbus Is to be used with a varlety of mass
storage devices, the functlon codes have been placed In
groups. Therefore, thelr values and structures are
different from older devices.

4., Because the splral 1/0 1loglc (Incrementing the deslred
disk address) Is In the drives, automatic overflow from
one device to another Is normally not possible at the
hardware level.

S. System throughput can be optimlized to a very flne degree.
Thls 1Is due to the ablllty to Interrogate and Inltlate
posltloning functions In all devices even while the
controller and one of Its devices Is busy with a data
transfer. .

6. Slince the currently selected unit In the controller can be
changed at any time, the software must take care not to
lose the unlt number of the device performing a data
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transfer, This Is of particular Importance when writing
Interrupt handling routines. The Unlt Select bits should
normally be saved and restored.

7. In the general case, more than one type of Massbus device
may be on the Massbus., For example, one Massbus
controller may be controlling a mixture of RSO4's (fixed
head dlsks), RPO4's (moving head disks), and TU1l6's
(magtape).

8. Massbus devlices have a much hligher data rate than simllar,
older devices. It Is Important for system desligners to
conslder the possible Interference and Interaction between
1/0 and CPU In memory access.

9. Most moving head disks will have a header record which
precedes the data record In each sector. The length of
the header wil1l be four words, The flirst word will
contaln the cyllinder address, In the same format as the
Desired Cylinder Address reglster. The second word wlll
contaln the block address, In the same format as the
Deslired Block Address reglster. The third and fourth
words may contaln (a) a repetition of the flrst and second
word, (b) CRC words, or (c) other unrelated Information.

The drlve wlll read and examine the flrst two words of the
header durilng Read Header, Read Data and Write Data
operations. The drive compares the flrst two words of the
header agalnst the cyllinder and block addresses and glves
the Header Compare Error (HCE) If they do not agree. The
Read Header command wlll cause all four words to be
transmitted to the controller. The Write Header command
will always expect four words to be sent from the
controller. The drive does not check the header words
belng wrlitten.

For more Information on the use of the header record,
please refer to the documentation of the specliflc drive
belng programmed.

10.3 PROGRAMMING NOTES ON MASSBUS TIMING

10.3.1 It takes at least one (1) mlcrosecond to ¢clear a slave or to
Inftlallze all slaves. Thls could cause a problem [If the
program assumes that the drlve Is ready to accept a command
Immedlately after the Drive Clear command |s accepted.

10.3.2 If data overrun occurs In the RH10, It may assert EXC. This
will occur not later than four mlcroseconds after the EBL
pulse tralllng edge (at the controller), and not before the
EBL pulse leadjpg edge (at the controller).
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The RH10 depends on having at least flve microseconds between
EBL pulse tralllng edge and the next sector decision polint
(see sect. G4.7.2) The RH10 may also assert EXC during a read
operation, at any time., It Is most llkely to occur durlng the
gap time but not after the flrst SCLK pulse.

£0.3.3 The followlng condlitlons are known to cause a controller
timeout (due to no OCC assertion). In the RH11l, this timeout
causes the MXF error.

1. A parity error occurs, detected by the drive, while
writing a data transfer command Into the drive Control
Reglster.

2. An lllegal data transfer command ls written Into the drive
Control reglster.

3., A data transfer command Is written Into the drive Control
reglster while ERR Is asserted In the drive,

4, When a data transfer command 1Is Issued, the drive Is
elther offllne, busy, or connected to another controller.

Lo.u PROGRAMMING NOTES ON MASSBUS COMMANDS

f0.4.1 The TU16 Error reglster (02) Is now a read only reglster,
. Since all error blts can be set by a sultable sequence of
commands, the abllity to write the error reglster |Is
unnecessary for malntenance purposes. INIT and Drive Clear
commands will stll11 clear the Error Reglster.

Bo.4.2 In Massbus devices, DRY 1Is negated whenever the drive Is
offilne, In Standby, or |Is otherwlse unable to accept a
command., Thus, Issulng a command while offllne Is treated the
same as lssulng a command whlle busy; the RMR error Is set,
but no other actlion Is taken untll DRY Is asserted. If, when
DRY Is asserted, an error Is present (ERR=1), ATA wlll be set.
This treatment seems to be conslstent and adequate.

bo.4.3 If offsetting Is used to recover data from cylinder 0 the
RPO4, It Is possible that a subsequent "bootstrap load"
sequence will read with the Hheads stll1l1 offset from
centerline. This can occur If a recovery routine 1left the
heads In an offset position, and then the sequence of: INIT
pulse, Readln Preset command, and Read Data command Is [ssued.
Since the heads are returned to track centerline only by the
Return to Centerlline command and by a seek to a different
cyllinder, the offset could remain. It 1s therefore
recommended that error recovery routlines which use offsetting
always execute a Return to Centerline command at the end of
the recovery sequence,
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10.4.4 The Readin Preset command causes the Tape Control reglster of
the TUl16 to set for: slave 0, 556 bpl, odd parlty; a rewlind
operation Is Inltlated. This 1Is for use by the RH10
controller. Whenever DMD (Dlagnostic Mode) Is set, the MOL
blt Is also set. '

10.4.5 While Drive clear Is belng executed, DRY Is negated, with all
that that Implles.

10,.4,6 Loading a "1" Into the Ignore Frame Count (IFC) bit of the
TU16 wlll cause an entlre record to be read from tape
regardless of the contents of the frame counter and will
suppress settlng of FCE on read operatlons. ignore Frame
Count Is meant to be used for readin mode only, slnce setting
It does not Inhlblt the check for FCL=1 before a Read Fwd. :

10.4.7 Note that the Write Lock (WRL) status blt 1Is asserted In
current magtapes durlng rewinds. Also, the RS03 wlll assert
WRL whenever a track Is selected (Deslired Block Address) which
has Its Wrlite Inhlblt switch turned on.

10.4.8 The . I1legal Address Error (IAE) will occur only If the GO blt
' Is set and the functlon Is one which makes use of the Deslred
Block Address. It does not occur, for example, on elther a

Return to Centerline or a Seek functlon.

10.4.9 Software should not regard a disk transfer as complete untll
all error checking and correctlion has been done. Power fall
should cause an unfinlshed read to be repeated.

10.4.10 For moving head disks, note that there Is no way to stop a
Seek which Is In progress without risking losing track of the
arm position. Therefore, If ever a Seek Is aborted (by INIT,
Drive Clear, or an error), the Recallbrate command should be
Issued. This wlll Insure that the drive reestabllishes proper
arm IndexlIng. When the Return to Centerline command Is
performed, the drive also resets the Deslred Cyllnder Address
reglster.,

10.4,.11 It should be noted that the RMR error will hot occur on wrltes
to reglisters which are 1located solely In the Massbus
controller, : ‘

10,5 NOTES ON THE ATTENTION CONDITION

10.5.1 The Attentlon Active (ATA) blt In the Status reglster Is the
Indlcator of the Attentlon condlitlon for the drive. When It
Is set, the ATTN llne Is asserted by the drlve, and the ATA
bit also appears set In the appropriate position of the
Attentlon Summary pseudo-reglster.
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10.5.2
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The Attention conditlon can be caused by any one of the
followling events:

1. An error occurs. The speclific error conditlon Is
indicated In an Error reglister, and the composite error
(ERR) blt Is set,

2. A non data transfer operatlon Is completed. The
Positloning In Progress (PIP) blt Is reset and the Drive
Ready (DRY) blt Is set by by the drive as the operatlon Is
completed, Some examples of non data transfer operations
are the Search, Seek, and Rewind commands.

3, The recording medlum comes on 1ine or goes off 1lne. The
Medium On Line (MOL) bit Is set or reset by the drive at
these events.,

4, In dual controller drlves, an Attentlon condlition Is
ralsed when the drive switches to this controller If the
drive was not avallable when It was requested. Thls event
corresponds to the Drive Present (DPR) belng set by the
drive as It swlitches from the other controller to thls
one. |f the drive was In the neutral position when the
drive was requested, It would have swltched Immediately.
No Attentlon conditlon Is ralsed In that case.

The Attentlon Actlve (ATA) bit of a drive can be reset by the
controller by dolng any one of the followling:

1. Write a Drive Clear function Into the drive Control
reglster (functlon word = 000011(8))

2. Wrlite a new operatlon code (with the GO bit set) Into the
Control reglster, As the new command Is accepted, the
drive resets Its ATA bilt.

3, Write a word Into the Attentlon Summary reglster with a 1
in the bit poslition corresponding to this drive. Note
that ?hls is permitted even while ERR Is set (see sec.
9. hk.4).

Note 1: Although the ATA bit can be reset by writing a
"1% Into the Attentlion Summary pseudo-reglster,
i1t cannot be set by dolng so. .

Note 2: The PDP-11 "BIS" and simllar Instructlons should:
not be used to clear ATA blts. The Attentlion
summary reglster should be be written only wlith
entlre words.
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10.5.4
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b, Assert the Inlitlallze (INIT) 1lne. Thls also causes all
drives to reset and go to an Inltlal power up state. Thls
actlon takes precedence over any other operatlon golng on
In the drlve.

Thel normal sequence for program handling of ATA caused
Interrupts should always be the followlng:

1. In the Interrupt routine, read the Attention Summary
reglister,

2. Write the Attentlon Summary reglster, usling elther the
word read from It In (1) or a word with fewer "1" blts
(reset only the ATA blts which are golng to be serviced on
this Interrupt). ’

3. Now read the Status reglster of the drive or drives which
are to be serviced (thls may be done outslde of the
Interrupt routine).

It Is necessary to reset the ATA blt before reading the Status
reglster to Insure that no subsequent error or attentlon
condlitlons are lost. ‘

In a simple conflguratlon, It Is permissable to leave the ATA
blits set (and Interrupts disabled) untll the next transfer Is
ready to begln,

In all cases, the program should verlfy that the drive Is
ready before Issulng a data transfer command.
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11. ELECTRICAL SPECIFICATION

11.1 INTRODUCT 1 ON ’

11.1.1 The electrical speclification s Intended to deflne the
electrical parameters of the bus, and to asslgn values to
these parameters.

11.2 COMPONENTS

11.2.1 Line drivers . _

11.2.1.1 The 1llne drivers are single Input, differentlal-output
devlices. Thelr 1Input characteristics are those of TTL
Integrated clrcults. Thelr output characterlistlics are: ‘
A. Sink Side; V(OL)=0.6 volts @ 60 mA, |
B, Source Slde; V(OL)=1,5 volts @ =60 mA. !
C. Propagatlon Delay time: Tpd = 30 nanoseconds, max. E

11.2.2 Line Recelvers

11.2.2.1 The 1ine recelvers are dlfferential-input, single-output
devices, with Input sensitivity of 25 mll1llvolts and maximum
Propagation delay time of 25 nanoseconds.

They have open-collector outputs with a max I mum sink
capablllity of 16 mil1lamps at V(OL) = 0.4 Volts, and maximum
high state sink (leakage) current of 250 mlcroamps. Each
output has a 3.3 K-ohm resistor pullup to +Vcc.

Cable

11.2.3

dlijgiltall

The standard cable for use Inslde enclosures Is a flat 40
conductor cable with shleld and draln wire. Its maximum
length Is 120 feet. Its characteristics are as follows.

A. Common Mode Characteristic Impedance (Wire to Shield) 75
+/=- 8 ohms,

B, DIfferentlal Mode Characterlistic Impedance (Wire to Wire
130 +/- 10 ohms. -

C. Losses- The rise time degradatlion Is approximately glven
by

dv(L)/dT = dV(0)/dT « EXP (L * =5,77 x 10E-3)
Where dV(L) = rate of voltage change at a polnt L feet
from the driver end. ' '
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L = distance along cable.

11.2,3,2 The standard cabie for outside enclosures Is a 60 twisted
palr, round bundle. Its characteristic Impedance Is 130 ohms.

11.2.3.3 Ground contlnulty must be malntalned throughout the cable
system, The flat cable and twisted palr cable draln wlres
must be connected to each other and to loglc ground.

11.2.3.4 The assumed maxImum propagatlion delay for a Massbus signal Is
' 375 nanoseconds (In one directlon). Thls Is calculated from

160 feet maxImum length times 2 nanoseconds per foot plus 55
nanoseconds for driver and recelver delays. The assumed
worst-case skew between slgnals on the Massbus 1Is 150
nanoseconds. Thls Is calculated from a 375 nanoseconds delay

glmes a 33% varlatlon In delay plus a 25 nanosecond safety

actor, !

11.3 STANDARD TRANSCE!VER MODULES

I
|
11.3.1 Purpose E
11.3.1.1 Standard modules exlst to buffer the Massbus cabling from,
local loglc clrcultry. The M5904 1Is the Controller:
Transcelver, M5903 Is the Drlve Transcelver, and H870 s the
Termlnator. Use of these modules assures that the cable

system wlll be virtually free of stubs.

11.3.2  Use

11.3.2.1 Each Massbus Interface 1s accomplished with three of the
approprliate modules. Connectlons to the modules are made wlth
flat, 40 conductor cable. Cabling runs elther directly to
angther set of modules or to a junctlon with twisted palr
cable.

11.3.2.2 The rellable operation of the Massbus Transcelver Modules can
only be assured If the transmisslion system Is well designed.
Impedance must be unlform throughout the system. No stubs
longer than six Inches can be used, and no multiple stubs are
acceptable,

11.3.2.3 Proper operation of the Massbus' system requires a low
resistance connectlon between all loglec clrcultry grounds.
Remote perlpherals must be connected to the controller,
preferably with a heavy metal brald. Frame connectlons may
not be adequate, so dlrect connectlon to power supply or loglc
backpanel ground should be made, The standard flat cable
Includes a draln wlre on conductor VV to provide a
well-defined common-mode Impedance. The standard twlsted-palr
cable Includes shlelds and draln wires to provide well-deflined
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common mode Impedance. These draln wires can be used for the
electrical connectlon by themselves |f these Is no danger of
: additlonal currents belng present between the cable terminal
; polnts. Each system must provide proper grounding between
’ loglc suppllies Independent of the Massbus cable.

] 11.3.2.4 The M5904 Controller Transcelver Module requlres the followlng
: voltages and worst case currents:

+5 V(DC) @ 3.3 Amps
=15 V(DC) @ 0.165 Amps

The M5903 Drive Transcelver requlres:

+5 V(DC) @ 1.7 Amps
-15 V(DC) @ 0.165 Amps

The currents glven are per module, so a three module bank of
M5904's draws 9.9 Amps @ +5V and 0.5 Amps @ -15V. The three
M5903's draw 5 Amps @ +5V and 0.5 Amps @ -15V,

11.3.2.4 A maxImum of 0.6 volts of common mode nolse can be tolerated
by Massbus Transcelver modules.

11.4 APPROVED MASSBUS HARDWARE

11.4.1 The following Is a listing of hardware considered to form the
core of the Massbus Interface system. Any ltems not on thls
1lst may not be used wlithout complete justlflication to a
project Design Review Commlttee.

ITEM DEC Purchase Spec. No. Name

Line Driver 19-11341 DEC 75113
Line Recelver 19-10268 DEC 75107B
19-10275 DEC 751088
Flat Cable 17-00034
Twisted Palr
Cable 17-00033
11.4.2 It Is Impossible to create a bus extender, bus repeater, or

bus switch for the Massbus as It Is .currently specified. Thls
Is primarlly due to electrical limltatlons, propagatlon delay,
skew, etc.

11.5 MASSBUS SIGNALS

11.5.1 The FAIL signal Is deflned as asserted (high) when power falls
in the controller. It Is negated (low) when power In the
controller Is ok. The drlve should use this slignal to Inhiblt
the DEM and INIT signals whenever FAIL s asserted,
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——

The controller must provide a clrcult which sinks up to 20 ma
with a voltage rlse of less than 0.5 V when power Is ok, and
makes a single transition to high Impedance at 1least 1.5
microseconds before the controller 1lne drivers fall.

The drive will pull up the FAIL 1ine to +5 V through a dlode
to prevent a falled drive from pullling the 1lne down.

If possible, the controller should Insure that any FAIL pulse
will be at least 1 microsecond In duration.

On power-up, the controller should keep the FAIL clrcult at
high Impedance untll at least 1.5 mlcroseconds after the 1lne
drivers are powered up and stable,

11.5.2 The other Massbus slignals are defined In sectlions 3 and 4 of
iglg :peclflcatlon. For a slignal table, see flg. 11.5.3 and
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FIGURE 11.5.3
M5903 SIGNAL TABLE
DRIVER RCVR DRIVER RCVR HEADER
SIGNAL NAMES INPUT OUTPUT | ENABLE | ENABLE PIN
A B c PIN PIN PIN . PIN - -+
D00 D06 D12 AE1 AD1 AB1 A1 A B
DO1 Do07 D13 ACY AA1 D c
D02 D08 D14 AM2 AK1 E F
D03 D09 D15 AL2 AF1 J H
D04 D10 D16 AP2 AM1 K L
D05 D11 D17 AN2 AL1 N M
- C00 C06 DPA AU1 AS1 AU2 AR1 P R
co1 C06 c12 AT2 AN1 BS2 AP1 T S
c02 cos . C13 BB1 BA1 U Y
co3 co9 cl4 AV2 AV1 X w
' coa c10 ci15 BJ2 BE1 Y Z
C05 ci1 CPA BD1 BC1 BF2 BB AA
SCLK EXC occ BP2 BL1 BM1 BK1 [ DD
_RS3 RSO DSO BF1 BH1 FF EE
RS4 RS1 DS1 BU1 ‘ KK LL
CTOD RS2 DS2 BV2 MM NN
WCLK INIT DEM BR1 BS1 RR PP
RUN SPARE SPARE BP1 BN1 T SS
ATTN EBL TRA BL2 BJ1 " JJ HH
— — FAIL BT2 uu
+3V +3V +3V BR2
+5V +5V +5V AA2 BA2 AV1
AE2*
- -15V -15V -15V AB2
GROUND | GROUND | GROUND | AcC2/ \2%;
AT1/
BC2/
BT1/

*FOR -15V OPERATION’ THESE PINS MUST BE CONNECTED ON THE BACKPANEL.

FOR -20V OPERATION, AE2 ISNOT TO BE USED.

dlijgliltill
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FIGURE 11.5.4
M5904 SIGNAL TABLE
DRIVER RCVR DRIVER RCVR HEADER
SIGNAL NAMES INPUT OuUTPUT ENABLE | ENABLE PIN
A B C PIN PIN PIN PIN - +
D00 D06 D12 AE1 AD1 AB1 AlL1 A B
DO1 D07 D13 AC1 AA1 D c
D02 D08 D14 AK1 AJ1 E F
D03 D09 D15 AF1 AH1 J H
D04 D10 D16 AN1 AM1 K L
D05 D11 D17 AL2 -AM2 N M
C00 C06 DPA BD2 AU2 AU1 AS1 P R
Cco1 Co07 c12 AP1 AR1 AT2 BB1 T S
C02 Cco8 Cc13 BD1 BC1 U v
Co3 C09 C14 AV2 BA1 X w
co4 ci10 C15 BJ1 BH1 Y z
C05 C11 CPA BE1 BF1 BB AA
SCLK EXC 0CC BR2 BP2 BN1 BN2 CcC DD
RS3 RSO DSO BM1 BM2 FF EE
RS4 RS1 DS1 BU2 ‘ KK LL
CTOD RS2 DS2 BP1 MM NN
WCLK INIT _DEM BV1 BU1 RR PP
RUN SPARE SPARE BS1 BR1 TT SS
ATTN EBL TRA BK1 BL1 JJ HH
— — FAIL BV2 Uy
+3V +3V +3V BK2
+5V +5V +5V AA2/ - + -
BA2/
AV1
-15V -15V -15V AB2 These are rela-
GROUND GROUND GROUND AC2/ tive polarity for
AT1/ a logic 1 at mod-
BC2/ ule input pin.
BT1/
AN2
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