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PREFACE

This manual provides information applicable to programming the Removable Cartridge Disc System.’
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INTRODUCTION

Perkin-Elmer Disc Systems provide a random access, rotating memory, storage facility for the family of Perkin-Elmer
computers. Table 1 lists Product Numbers associated with each Controller. The system contains a single Controller which

can handle up to four Disc Drives. There are two types of PC boards employed in this application, i.e. 381 mm (15”) and
254 mm (10") PC boards. Appendix 1 specifies the differences between the 254 mm (10”’) and 381 mm (15°") Controllers.

Data is recorded in a fixed-sector format, where each sector contains 256 data bytes. Data transfers are under control of a
Sclector Channel and can be from 1 to 12,288 bytes since the Controller permits data transfers across sector and head
boundaries. Simultaneous seek and overlapping seek/data transfers are permitted in systems with multiple disc drives.

Table 2 summarizes specifications pertinent to programming the systems, and shows the differences in 2.5 and 10

Megabyte Disc Drives.

2.5 AND 10 MEGABYTE
REMOVABLE CARTRIDGE DISC
PROGRAMMING MANUAL

TABLE 1. DISC SYSTEMS

M46-420 (2.5 Megabyte) M46-410 (2.5 Megabyte Removable Cartridge Drive)
M46-414 (2.5 Megabyte Removable Cartridge Drive 50Hz)
M46-411 (2.5 Megabyte Expansion Drive)
M46-422 (2.5 Megabyte Moving Head Fixed Disc)
M46-423 (2.5 Megabyte Moving Head Fixed Disc 50Hz)
M46-421 (10 Megabyte) M46-416 (10 Megabyte Removable Drive)
M46-417 (10 Megabyte Removable Drive 50 Hz)
M46-418 (10 Megabyte Expansion Drive)
M46-419 (10 Megabyte Expansion Drive 50 Hz)

CONFIGURATION

The Disc System must operate through a Selector Channel. The Selector Channel must be assigned a high priority on the
memory bus to insure that the 180K byte or 310K byte transfer rate can be maintained for 2.5MB or 10MB Disc

respectively.
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DATA STORAGE CHARACTERISTICS

TABLE 2. DISC SYSTEM SPECIFICATIONS

10 MBYTE USES IBM 5440-TYPE CARTRIDGES, DOUBLE FREQUENCY RECORDING AT 2200 BITS PER INCH AND

200 TRACKS PER INCH.

2.5 MBYTE USES IBM 2315-TYPE CARTRIDGES, DOUBLE FREQUENCY RECORDING AT 2200 BITS PER INCH AND

100 TRACKS PER INCH.

**10 MEGABYTE

2.5 MEGABYTE

TRANSFER RATE:

310K BYTES/SEC.

180K BYTE/SEC.

START-UP TIME:

1 MINUTE

1 MINUTE

*ACCESS TIME:

AVERAGE LATENCY:
MAXIMUM LATENCY:
AVERAGE HEAD POSITIONING:
MAXIMUM HEAD POSITICNING:
MAXIMUM BETWEEN ADJACENT

12.5 MILLISECONDS
25 MILLISECONDS
38 MILLISECONDS
70 MILLISECONDS

20 MILLISECONDS
40 MILLISECONDS
70 MILLISECONDS
150 MILLISECONDS

CYLINDERS 8 MILLISECONDS 15 MILLISECONDS

CAPACITY:

SECTOR 256 DATA BYTES 256 DATA BYTES

TRACK 6,144 DATABYTES 6,144 DATABYTES

CYLINDER 12,288 DATA BYTES 12,288 DATA BYTES
FORMAT:

SECTORS PER TRACK 24 24

TRACKS PER CYLINDER 2 2

CYLINDER PER PACK 408 203

TRACKS PER PACK 816 406

PARITY:

HALFWORD EVEN LONGI-
TUDINAL PARITY

HALFWORD EVEN LONGI-
TUDINAL PARITY

WRITE PROTECT:

PROTECTS FULL CARTRIDGE

PROTECTS FULL CARTRIDGE

*INCLUDES HEAD-SETTLING TIME

**THE 10MB DISC DRIVE 1S COMPRISED OF A 5MB REMOVABLE PLATTER, AND A 5MB
FIXED PLATTER. EACH PLATTER OF THE 10 MEGABYTE DRIVE IS IDENTIFIED BY

A UNIQUE ADDRESS. PREFERRED DEVICE ADDRESSES ARE LISTED UNDER

DEVICE NUMBER.

5]
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OPERATING PROCEDURES

The 2.5 and 10 Megabyte Discs provide the following switches and indicators.

LOAD/RUN Switch This two position switch is located at the left of the front panel. In the LOAD position, the drive
is not operating, the door may be opened, and cartridges may be loaded or unloaded.

When the switch is moved to the RUN position. the drive begins its start-up cycle which lasts for
approximately one minute. Checks are made to insure that the door is closed and locked, a
cartridge is in place, and that the correct spindle speed has been reached. After one minute has
clapsed and the checks are completed successfully, the drive is ready for operation.

LOAD This lamp lights to indicate that the drive is ready to load or unload cartridges; that the spindle
has stopped turning, the heads are positioned away from the Disc surface, and the door is
unlocked. The LOAD lamp goes off when the LOAD/RUN switch is moved to the RUN position.

READY This lamp lights when the drive is ready to receive commands. This lamp goes on at the same time
the File Ready line goes “TRUE”. The lamp goes out when the LOAD/RUN switch is moved to
LOAD position.

CHECK This lamp indicates the same status as the WRITE CHK status, except for the temporary voltage
fluctuation condition. The WRITE CHECK is reset by moving the LOAD/RUN switch to LOAD,
then back to RUN,

POWER This lamp indicates that power is available to the drive. When power is not available, the door is
locked and a flag is imposed between the door and the cartridge receiver. This prevents inad-
vertent loading or unloading of cartridges in an unpowered condition.

NOTE

For 2.5 Megabyte Drives only, when the Write Protect Option is
installed, the POWER lamp is replaced by the PROTECT Indicating
switch. In this case, the operator may observe whether power is
available by viewing the other three lamps. One of these is always lit,
except during cycle-up and cycle-down operations.

WRITE PROTECT The Write Protect Option enables the operator to protect a cartridge against inadvertent Write
operations. He does this through the operation of the LOAD/RUN switch and the PROTECT
switch. The PROTECT switch is also an indicating lamp..

The Write Protect function is automatically set during each cycle-up (each time the LOAD/RUN
switch is moved into the RUN position). To allow writing on a disc after a cycle-up, the operator
must momentarily depress the PROTECT switch. This turns the lamp off and resets the Write
Protect Status line. The operator may set the Write Protect by moving the LOAD/RUN switch to
LOAD, then immediately back to RUN.

DATA FORMAT

Disc Format

The Disc is segmented into 24 sectors per track. Each sector contains a two byte header field and a 256 byte data field
followed by a two byte longitudinal parity field. See Figure 1. The number of bytes in a data transfer is not limited to
sector or track boundaries. Therefore, as few as one byte and as many as 12,288 bytes may be transferred at one time.
However, the Disc continues the Write or Read operation until a complete sector is encountered, even if a complete sector
is not specified. In a Write operation, the sector is “filled” with the last data byte specified. In the Read Mode, the bytes
that were specified are read into the SELCH and it interrupts when this is complete, but the Controller continues reading
until the sector boundary is reached. At this time, the user may interrogate the Controller status to verify that the data
transfer was error free.

The header field in Figure 1 is not normally written or read. It is used when formatting the Disc. A Disc format program is
run on each Disc to insure the integrity of the Disc. This is normally performed by commanding the Controller into the
Write Format Mode and then writing a worst case pattern (or patterns) into the complete sector including header and data
fields. The program then commands the Controller into the Read Format Mode and reads the sector. If the data compares,
the user may then Write the correct address into the header field with the DEF TRK Bit = 0 and continue to the next
sector. If the data does not compare, the user may choose to do a more complete surface analysis and, based on the results,
program the DEF TRK Bit to a 1 or 0. The user can access the header field by programming the FORMAT Mode and also
by operating the FORMAT switch in the Controller. The hardware uses the header field for two purposes: to inhibit data
transfers on tracks which are flagged as defective and to guard against attempted transfers where the heads are not properly
positioned.
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NOT |DEFT | HEAD| 16 | 8 4 2 1 | 128{64 | 32| 16| 8 4 2 1
USED | TRK | o1
- s -\, N d
SECTOR ADDRESS CYLINDER ADDRESS*
N ~ J
/_//
HEADER LONGITUDINAL
SYNC FIELD PARITY FIELD
FIELD |\ BYTE | BYTE)| GaP 256 8 BIT BYTE DATA FIELD BYTE BYTE | Gap
0 1 0 1
.|= 1SECTOR \
TRACK 000
TRACK 202

* IN THE CASE OF A 10 MEGABYTE DRIVE WITH A CYLINDER

ADDRESS > 25640, THE CYLINDER ADDRESS PORTION OF THE
HEADER = ACTUAL CYLINDER ADDRESS —2561¢.

Figure 1. Removable Cartridge Disc Format
Disc Test/Format

Each cartridge supplied by Perkin-Elmer is tested to insure the integrity of the Disc surface. The Common Disc Test
Program 06-173F01 and the Common Disc Formatter 06-173F02 perform this qualification.

Figure 2 shows the data format for a sector.

LONGITUDINAL | LONGITUDINAL
HDR GAP | SYNC DATA ERROR CHECK | ERROR CHECK
{NORMAL MODE)
| 2 I 8 2 ,|= 258 - 2
.|= 270 BYTES =|.

Figure 2. Sector Format (For Format Mode Only)
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In the Format Mode, the Formatter program will Write/Read the 270 bytes in the sequence shown. Note that the data tield
in this case is 258 bytes. This permits testing the field which contains the Longitudinal Parity bytes in the normal data
mode. For this reason, the sequence Normal Write/Read Format or Write Format/Normal Read gencrally produces
Longitudinal Parity errors and/or bad data. '

The Format Program Writes a prescribed pattern, reads it back a specified number of times and verifies that the data is
correct and that there are no Longitudinal Parity errors. If there are no errors on any of the read operations, the program
writes the header with the correct address with the DEF TRK bit=0.

If a data or Longitudinal Parity error is detected on any of the read operations, the program will set DEF TRK=1. Using

this method, ecach 2.5MB disc cartridge supplied by Perkin-Elmer is specified to have at least 400 of its 406 tracks
error-free.

PROGRAMMING INSTRUCTIONS
Processor Instructions
Data transfers to and from the Disc are accomplished via the Selector Channel (SELCH); but the Processor I/O instructions

are used to communicate with the Disc, Controller, and SELCH. The following is a brief description of cach of thesc
instructions. :

SENSE STATUS (SS OR SSR) Used to ihterrogate the Disc and Controller to insure that data transfers arc
complete and correct. It may also be used to determine if the Selector Channel
is busy.

OUTPUT COMMAND (OC OR OCR) Used to control Disc operations and to set up the desired mode of opcration

and to initialize and set up the SELCH.

WRITE DATA (WD OR WDR) Loads the Cylinder Address, Sector Address, and Head Number in the Con-
) troller and loads the SELCH Address Registers.

READ DATA (RD OR RDR) Used to determine the current rotational position of an addressed Disc and to
interrogate the Address Register in the SELCH to determine if a data transfer
terminated correctly.

ACKNOWLEDGE INTERRUPT Used to service the Controller and SELCH interrupts. It also returns the inter-
(AI OR AIR) rupting device number and status.

The Controller and each Disc have a separate address. This is a strap option
which can be altered with a minor wiring modification (refer to Removable
Cartridge Disc System Instruction Manual, Publication Number 29-289. The
Controller is always the lowest address. The Disc addresses follow in sequence
by adding one to the most significant hexadecimal digit. The standard addresses
are:

2.5 Mega-Byte Disc

X'B6' CONTROLLER
X' C6' DISC 0
X' D6’ DISC 1
X'E6 DISC 2
X'Fe6' DISC 3

10 Mega-Byte Disc)

X'B6' CONTROLLER

X'ce' DISC 0, REMOVABLE DISC
X D6’ DISC 1, REMOVABLE DISC
X E6' DISC 2, REMOVABLE DISC
X' Fé' DISC 3, REMOVABLE DISC
X'B6' CONTROLLER

xcr DISC 0, FIXED DISC

X'D7 DISC 1, FIXED DISC

X'E7' DISC 2, FIXED DISC

X F7' DISC 3, FIXED DISC
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Controller Command, Status, and Data Bytes (Table 3)

TABLE 3. CONTROLLER COMMAND, STATUS, AND DATA BYTES

INST BIT 0 1 2 3 4 5 6 7
X X X X 0 0 0 1 READ
X X X X 0 0 1 0 WRITE
X X X X 0 0 1 1 READ CHECK
CMD S
X X X X 0 1 0 1 READ FORMAT
X X X X 0 1 1 0 WRITE FORMAT
X X X X 1 X X X RESET
HEAD SECT | SECT SECT SECT SECT
WD 0 0 0/1 16 8 4 2 1
CYL CyL CyL CYL CyL CcYyL CYL CyL
WD 128 64 32 16 8 4 2 1
RD SECT SECT SECT SECT SECT
(CONTROLLER 0 0 0 16 8 4 2 1
IDLE)
ADDR DATA
SS OVER- comp DEF CYL CONT TRANSFER
RUN FAIL TRK ov BSY EX IDLE ERROR

X =DON'T CARE

Controller Command Definitions

The Controller contains interrupt circuits which are always enabled, therefore, the standard Enable/Disable Command bits

are not used.

READ

WRITE

READ CHECK

Enables the Controller to perform a normal data read. The Selector Channel must be set up
prior to the Command, the heads must be positioned and the Sector Address loaded in the
Controller. The data transfer from the Controller will delay for at least 90 microseconds
after a sector match. The Selector Channel must be started before this time. If the last
sector read is not a complete sector, the Selector Channel will terminate after the last byte is
read into core, but the Controller will continue reading until the Longitudinal Parity Error
Check Word is verified, and then set CONT IDLE.

Enables the Controller to perform a normal Data Write. The Selector Channel must be set
up prior to the Command, the heads must be positioned and the Sector Address must be
loaded into the Controller. Data transfer to the Controller will delay for at least 90 micro-
seconds after a sector match. The Selector Channel must be started before this time. If the
last sector written is not a complete sector, the Selector Channel terminates after the last
data byte is written, but the Controller continues and fills the remainder of the sector with
the last data byte, writes the Longitudinal Parity Error Check Word, and then sets CONT
IDLE.

Causes the Controller to perform an off-line Read of a single sector. The Selector Channel is
not used but the heads must be positioned and the Sector Address must be loaded before
this Command is issued. While in the READ CHECK Mode, no data is passed to the Selector
Channel, but the Disc Interface cannot be used until this mode is terminated (Controller
Idle=1). The OVERRUN, ADDR COMP FAIL, DEF TRK, CONT IDLE, and LONGITU-
DINAL PARITY ERROR status bits have the same meaning as in the normal Read. An
interrupt will be generated when the READ CHECK is completed (CONT IDLE - 1). The
Selector Channel can be used following the issue of the READ CHECK command.
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WRITE FORMAT

READ FORMAT

RESET

This command, together with the FORMAT switch in the Controller ON position, permits
writing into the header field of the sector. This is normally used only when performing a
surface analysis of a new cartridge. Normally, 27010 bytes are written in the FORMAT
Mode. This includes the synch field, header ficld, gap, data field, and longitudinal parity
error check word field in that order. See Figure 2 and refer to Disc Test Format for a
complete discussion of the FORMAT Mode.

This command, together with the FORMAT switch in the Controller ON position, permits
reading from the header field of the sector. This is normally used only when performing a
surface analysis of a new cartridge. Figure 2 and Disc Test/Format show the details for the
FORMAT Mode.

This command disarms all the files, resets the Attention flip-flop, Mode flip-flop. Head
Sclect flip-flop, Data Input Register, OVERRUN, ADDR COMP FAIL, DEF TRK, CYL oV,
LONGITUDINAL PARITY ERROR and WPV and sets CONT IDLE, and Controller BUSY.
In addition, it terminates any data transfers in progress and inhibits writing. This command
does not affect a SEEK in progress. This command is normally required to reset status bits.

NOTE
If a non-valid command is issued to the controller, or a format com-
mand is issued when the controller format switch is in the non-
format mode, the controller status will become busy until a reset
command or a system clear is received.

Controller Read Data Definition (2.5 and 10 Megabyte Systems)

This Read Data must be issued when CONT IDLE=1 and causes the Scector Byte of the previously selected Disc to be
returned to the Processor. This sector byte may be changing at the time of the RD. For this reason, it is necessary to issue
consecutive RDs and verify that the bytes are the same; if not, it will be necessary to issue another RD.

Controller Write Data Definition (2.5 and 10 Megabyte Systems)

This byte represents the starting sector and head address for a data transfer and must be loaded before every data transfer.
Sector Addresses between zero and 2310 only, are valid. Any out-of-range sector address will result in an OVERRUN

status.

Controller Status Definitions (Table 3 Summarizes the Controller Status Byte)

OVERRUN

ADDRESS COMPARE
FAILURE

DEF TRK

CYL OV

BSY

EX

CONTROLLER IDLE

29-454 ROl 2/80

This status bit is active if the sector address (set up by the WD), does not compare with any
sector address from the selected disc. This bit is active after two revolutions of the Disc
when a sector match is not found and sets EX to generate a SELCH interrupt. When
OVERRUN =1, CONT IDLE will be set to one. OVERRUN is reset by INITIALIZE or a
command to the Controller. OVERRUN occurs as a result of the program selecting a sector
address > 2310’ or for certain hardware malfunctions.

This status bit is set only in the normal READ, normal WRITE, or READ CHECK Modes if
the CYLINDER ADDRESS, head and sector bytes from the Processor do not agree with the
cylinder address, head and sector read from the header. (See Figure 1.) The cylinder address
and sector are only tested on the first sector of a record. The Head bit, however, is tested on
cach sector of a record. ADDRESS COMPARE FAILURE will cause the READ/WRITE
J/READ CHECK to abort (no further data transfers will occur). EX is set and an interrupt is
generated when this bit gets set. This bit is reset by INITIALIZE or a command to the
Controller.

This status bit is set only in the normal READ, normal WRITE, or READ CHECK Modes
when a data transfer is attempted on a sector which is flagged as defective (DEF TRK bit in
the header field is set). The data transfer is aborted and DEF TRK sets EX and generates a
SELCH interrupt. This bit is reset by INITIALIZE or by a Command to the Controller. This
bit is tested on each sector of a record.

Cylinder Overflow is set when a data transfer is attempted across a cylinder boundary (Head
1, Sector 23). CYL OV will set EX and generate a SELCH interrupt. CYL OV is reset by
INITIALIZE or a Command to the Controller. In the latter case, CYL OV is reset while
CONT IDLE is being set.

This status bit is only used by the SELCH and should be ignored by Programmers.

EXAMINE will be active while any of the following bits are set: OVERRUN + ADDR
COMP FAIL + DEF TRK + CYL OV. EX, when set, causes a SELCH interrupt.

This bit will be ZERO when a command is sent to the Controller or when a Seek or Restore
command is being initiated on a DISC. It is set when the operation is complete, or by
INITIALIZE, or by COMMAND RESET or by OVERRUN. In the case of Seek or Restore,
it will be reset for approximately 40 microseconds after receipt of the command.



DATA TRANSFER
ERROR

LONGITUDINAL
PARITY ERROR

WRITE PROTECT

VIOLATION (WPV)

DEVICE UNAVAILABLE

WRITE CHECK

DATA OVERFLOW

This status bit has the following meaning: ERROR

If the Controller is in the READ, READ FORMAT. or READ CHECK Mode, this bit is set if
a Longitudinal Parity Error occurs. For multi-sector Read Operations, this bit may be set at
the end of any sector. In the case of a partial sector Read operation, the SELCH interrupts
after the last byte is read from the DISC, but the Controller continues reading until the end
of scctor and sets CONT IDLE. If this sector has a Longitudinal Parity Error, this status bit
is set betore CONT IDLE 1. This status bit is reset by INITIALIZE or a command to the
Controller.

If the Controller is in the WRITE or WRITE FORMAT Mode, this bit is set when a WRITE
PROTECTed Disc is addressed and the Controller is commanded to the WRITE or WRITE
FORMAT Mode. This bit, when set, will cause a SELCH interrupt. This status bit can only
be reset by manually removing the WRITE PROTECT condition or by issuing a command to
the Controller which does not specify WRITE or WRITE FORMAT. WRITE PROTECT is
optional on cach physical disc. If this option is not provided, the WPV status is forced to
ZERO. Any Read operation is performed normally on a Write Protected Disc. Note that
each Disc has a separate status byte which includes a bit to indicate that the Disc is or is not
Write Protected.

If set (DU=1). this condition indicates that the selected Disc drive is not supplied with
proper power, or not loaded with a Disc cartridge, or the LOAD/RUN Switch is in the
LOAD position. or the Disc start-up cycle is not completed, or the Write Check flip-flop is
set. It is reset (DU=0) when none of the above conditions are true.

If set ((Write Check -+ 1), this condition indicates that during a Write operation the Write
Check flip-flop is set or the supplied voltage to the Disc drive has dropped to less than a
nominal voltage. If this occurs, it may be desirable to re-write the affected record. It is reset
by INITIALIZE or a command to the Controller.

This is set to indicate that the Buffer Register was loaded from the Disc before the previous
data has been transferred to the SELCH or the same data is transferred twice to the Disc
before the next data has been sent out from the SELCH. It is reset by INITIALIZE or a
command to the Controller.

NOTE

When system power is just turned on, the Controller may select any
Disc. If a non-existent Disc is selected, the Deyice Unavailable status
bit will cancel out any operation. So before sensing the Controller
status bits for the first time after power failure, an output command
to the existent Disc should be issued. For example: issue an OC
DISARM.

Disc Command, Status and Data Bytes (Table 4)

TABLE 4. DISC CCMMAND, STATUS, AND DATA BYTES

BITS
INST. 0 1 2 3 4 5 6 7
CMD DIS EN X X X X SEEK RESTORE
CYLINDER
WD 256 ADDRESS*
WD 128 64 32 16 8 4 2 1 BYTE
DISC
SS WRT WRT ILL ADDR RSRW EX SEEK DisC
PROT CHK ADDR INTLK INC READY

*The greater track density of the 10 Megabyte Drive requires that 2 Write Data instructions or 1 Write Halfword
instruction be used to transfer cylinder address information to the drive. In the case of a 2.5 Megabyte Drive one Write
Data as shown in Table 4 is sufficient.
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The Command, Status, and Data Bytes in Table 4 are valid for each Disc. If a Command is directed to an unequipped Disc,
the hardware will respond as if the Disc was equipped, i.e., a False Synch will not result. If the Command specifies SEEK
or RESTORE, the Controller will lock up waiting for control signals from a non-existent Disc. In this case. it is necessary
to issue a Controller Command RESET. '

If a Write Data is directed to an unequipped Disc, the hardware responds as if the Disc was equipped.

If a Sense Status is directed to an unequipped Disc, the returned status byte is X'09'.

Disc Command Definitions

DISABLE/ENABLE These bits control the Enable/Disable/Disarm functions as follows:
BIT NUMBER O i

1 1 DISARM -- Interrupts are not queued.

i 0 DISABLE — Interrupts are queued, but not passed to
the Processor.

0 1 ENABLE — Interrupts are passed to the Processor as
they occur.

0 0 NO CHANGE

SEEK This command is used to reposition the heads to a different cylinder. The user must issue a
WD CYL ADDR prior to issuing a Command SEEK. The status bits SEEK INC, RSRW and
DISC ADDR INTLK must be inactive (0) before issuing a SEEK. The success or failure of a
SEEK will be reflected in the RSRW and SEEK INC status bits. When attempting consecu-
tive SEEKS to more than one drive, the user must Sense Status of CONT IDLE and wait for
CONT IDLE 1 (no interrupt will be generated in this case).

After issuing 2 SEEK to the first Disc, it will take approximately 40 microseconds for CONT
IDLE +1.

RESTORE This command causes the heads to move to Cylinder 000. A command RESTORE is re-
quired to clear the SEEK INC status. The RSRW bit need not be ZERO before issuing this
command, but while a RESTORE is in progress, RSRW will be active. DISC ADDR INTLK
must be ZERO before issuing a RESTORE. Worst case RESTORE time is 1.75 seconds.

Disc Write Data Definition

This Write Data is used to load the Cylinder Address prior to a SEEK or RESTORE. A Cylinder Address of 000 to 20210 is
valid. Cylinder 000 is at the outer periphery of the disc and 20210 is at the inner periphery. An out-of-range Cylinder
Address will result in ILL ADDR when a SEEK or RESTORE is attempted.

Disc Status Definitions (Valid Only When CONT IDLE=1)

WRT PROT If the Write Protect option is equipped and activated (as indicated by the PROTECT lamp
on the Disc being ON), this status bit is active. This status bit should be tested before
attempting a WRITE or WRITE FORMAT operation. See WRITE PROTECT manual
controls.

WRT CHK This status bit is active if the Disc hardware detects a fault which would affect reliable
WRITE operations. This fault can be improper hardware head selection or DC voltages out
of specification. A permanent fault will latch WRT CHK and also activate DISC NOT
READY to generate an interrupt. A voltage fluctuation can cause this bit to become
momentarily active. If this bit is permanently active, the Disc must be shut down to
determine the fault. No software recovery is possible.

ILL ADDR This status bit is active when a SEEK or RESTORE is attempted to an out-of-range cylinder
address. If a SEEK is attempted to an out-of-range address, the SEEK will not occur. Ifa
RESTORE is attempted to an out-of-range address, the operation will continue normally.
ILL ADDR is only reset by a legal (in-range) SEEK or a RESTORE.

DISC ADDR INTLK This bit is active when CONT IDLE is inactive or when the Disc is in the WRITE/WRITE
FORMAT Mode and is in the process of Writing or tunnel erase. This bit is active for
approximately 160 micro-seconds after CONT IDLE+1 at the termination of a WRITE/
WRITE FORMAT. At the termination of the above operation, the user must verify that
DISC ADDR INTLK~0 before addressing any other Disc. It also sets EX. The user can
sense CONT IDLE status through this bit.
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RSRW Not Ready to SEEK, READ, or WRITE — This bit is active while the heads are being
repositioned as a result of a SEEK or RESTORE. This bit must be inactive before a SEEK,
READ, or WRITE. When this status bit goes inactive a Read or Write may be performed.
Note that if a SEEK is attempted to the present cylinder address, RSRW will not become
active but an interrupt will be generated.

EX=WRT CHK + ILL ADDR + DISC ADDR INTLK

SEEK INC This bit becomes active if the disc is unable to complete a SEEK operation. This is probably
a_hardware fault and can only be cleared by a RESTORE. When SEEK INC goes active,
RSRW will also be active and will also be cleared by RESTORE.

DISC READY Active if Disc is not operational, i.e., power not applicd. cartridge not loaded, etc. A
non-equipped Disc will respond with DISC READY and RSRW (X'09') to a Sense Status.

TABLE 5. CONTROLLER STATUS
(2.5 and 10 MEGABYTE DRIVES)

0 1 2 3 4 5 6 7
ADDR DATA
OVER-  COMP DEF cYL CONT  TRANS
RUN FAIL TRK ov BSY EX IDLE ERROR
SETS EXAMINE AND GENERATES A
SELCH INTERRUPT IF SELCH IS
v v v v TRANSFERRING DATA.
SETS CONT IDLE (GENERATES
v v v v v CONTROLLER INTERRUPT.)

CONTROLLER IDLE SET WHEN
OPERATION IS COMPLETE OR
v BY INITIALIZE, COMMAND
RESET, OR OVERRUN.

v v v v X v v RESET BY OC RESET
SET AT END OF TRANSFER
v AND GENERATES CONTROLLER
INTERRUPT.
0 0 0 0 X 0 1 0 STATE AFTER OC RESET.

X =DON'T CARE
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PROGRAMMING SEQUENCES

Disc Operations

Appendices 2 and 3 illustrate programming examples for Disc operations. To initiate Disc operations, certain mandatory
instruction sequences must be followed if Controller and/or file status is unknown. The following sections provide a guide
to performing stand-alone Disc 1/O. When used in conjunction with the flowcharts in Appendix 2, all possible variations of
functional Disc operation are presented.

Sense-Status Seek Operation

(Refer to Appendix 2 or 3: Sense Status Seek Operation)

The mandatory sequence to initiate a SEEK operation is shown in the flowchart of Appendix 2. In addition, the following
points must be especially noted:

1. If ADS INTERLOCK = 0: (file status Bit-3), file status may be sensed, and a file operation performed. If
ADS INTERLOCK = 1; no command may be given to the file. and the remaining status bits are
undefined. Ignore the device until ADS INTERLOCK resets.

&)

DISC READY=I (file status Bit-7=1), the file is unavailable for any operation.

3. If SEEK INCOMPLETE=1 (file status Bit-6=1), then RSRW (file status Bit 4) will never go to ZERO,
and the file must be restored by issuing a RESTORE command.

4. If RSRW=1 (file status Bit-4) and SEEK INCOMPLETE=0 (file status Bit 6 =0) then a SEEK or
RESTORE is in progress if previously commanded.

Sense Status Read/Write Operation

(Refer to Appendix 2 or 3 Sense Status Read/Write Operation)

The mandatory sequence to initiate a Sense-Status Read/Write operation is shown in the flowchart of Appendix 2. The
following items must be especially noted:

1. If OVERRUN status is set (Controller Bit-0 = 1), the Controller becomes idle.

2. If the DATA TRANSFER status is set (Controller status Bit-7 = 1), the data transfer was in error, or the
Disc file status is in error.

3. As a result of sensing file status in (2); if DISC READY is set (file status Bit-7 = 1), or if on a Write
operation, WRITE CHECK status is set (file status Bit-1 = 1) or WRITE PROTECT (file status Bit-0 = 1)
status is set, for a Write operation the program should not attempt recovery.

4. A RESET command to the Controller resets all error status bits and reinitializes the device for subse-
quent operations.

5. In sensing Controller status for the Controller Idle 1 condition, the programmer is cautioned that an
undesired Controller interrupt will queue. This occurs because Controller interrupts cannot be disabled
or disarmed in either the 2.5 or 10 Megabyte Disc Controllers.

Interrupt Read/Write Operation
(Refer to Appendix 2 or 3 Interrupt Read/Write Operation)

The mandatory sequence to initiate an interrupt Read/Write Operation is shown in the flowchart of Appendix 2. The
following items must be especially noted:

1. If OVERRUN is set (Controller status Bit-0 = 1), then CONTROLLER IDLE sets (Controller status
Bit-6 = 1) but a Controller interrupt is not generated.

2. If OVERRUN is not set, the program should enable interrupts and acknowledge the impending Con-

troller interrupt. If a sense status loop is employed in waiting for CONTROLLER IDLE *1, an unde-
sired Controller interrupt will queue.
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Multi-Disc Operation

Refer to Appendices 2 and 3:(Multi Disc Operation)

Simultaneous seck and overlapping seek/data transfer operations are permitted in multi-disc systems. Sequences as pre-
viously identified are applicable to individual file operations and are illustrated in the Multi-Disc Driver in Appendices 2

and 3.

In addition, special attention should be given to the following:

1.

IS

INTERRUPTS

Prior to initiating simultaneous seek operations, insure that CONTROLLER IDLE=1 and ADDR
INTERLOCK=0 for the desired file.

OVERRUN status from the Controller should be sensed by the SELCH interrupt handler as the Con-
troller interrupt will never be generated if OVERRUN=1.

In operating Multi-Disc systems on a Perkin-Elmer standard 32-bit Processor, the status of an inter-
rupting device is returned to the interrupt handler by a micro-coded sequence. The normal sequence of
interrupts being processed from the Disc in a single Disc system would be, 1.) File interrupt, 2.) Selch
interrupt and, 3.) Controller interrupt. In a Multi-Disc operating environment, these interrupts can also
oceur in the following sequence, 1.) SELCH Interrupt, 2.) File interrupt, and 3.) Controller Interrupt
since simultancous Seek operations and overlapped Seek/data transfer operations are allowed. In pro-
cessing the file interrupt in this sequence, the file status that is returned to the user by the microcode
may be incorrect. Care should be taken to insure that the subsequent Controller interrupt is processed
prior to sensing the desired file status and performing the required error checking. The Multi-Disc
programming examples demonstrate a sequence to avoid processing erroneous file status.

If CYL OVERFLOW = | when the Controller Data Transfer interrupts occur, the indication is that the
Data Transfer is not yet complete and the program should begin Reading/Writing the next cylinder. This
may be done as follows:

Read the address of the last Data Transfer from the Selector Channel. Due to the indeterminate
timing of the CYL OVERFLOW error with respect to the Selector Channel/Memory cycle, this
address may not be correct. Therefore:

Subtract the starting address and add two to the result.

Clear the low-order byte of the result and add the start address. This is the new starting address
for the following data transfer.

Set up the SELCH with the new starting address and previously issued ending address.

If the SELCH is busy (SELCH status Bit 12=1) Controller ‘and/or file status is unavailable to the
Processor. Any attempt to sense the status returns the false sync status (X'04").

The Controller RESET command resets all status bits and pending (queued) interrupts. Therefore, it
must not be issued while multi-file Data Transfers are in progress.

Simultaneous seek and overlapped Seek/I/O operations are not possible between the platters of a single
10 megabyte file.

The Controller will cause a SELCH interrupt to be generated if a SELCH transfer is in progress and any of the lower three
bits of the Controller status byte are set. The Controller and each Disc also generate interrupts. The Controller interrupts
are always enabled and the individual Disc interrupts may be programmed ENABLE/DISABLE/DISARM. To select the
fixed Disc of the 10 Megabyte Drive, use addresses X'C7', X'D7, X'E7', X'F7' for files 0, 1, 2, 3, respectively. The
Controller will always return the interrupting address with X'C6' X'D6', X'E6' and X'F6' for files 0, 1, 2, 3, respectively,
even if the fixed Disc is selected. The interrupt priority is:

SELCH
Controller
Disc O
Disc 1
Disc 2
Disc 3

12
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The interrupt conditions are:

CONT IDLE #1 (unless OVERRUN = 1)
ILL ADDR »1

RSRW +0

SEEK INC +1

DISC READY »1

INITIALIZATION

Initialization causes the following: Disarms all Disc interrupts; terminates a data transfer in progress; resets the Controller
Command Register to zeros (no operation); resets OVERRUN, ADDR COMP FAIL, CYL OV; and sets CONT IDLE.

DEVICE NUMBER

Preferred Device addresses are listed below:

2.5 Mcga-Byte Disc

X'B6" CONTROLLER

X'C6' DISCO

X'D6' DISC1

X' E6' DISC 2

X'F6' DISC 3

10 Mega-Byte Disc

X'B6' CONTROLLER

X'C6' DISC 0, REMOVABLE DISC X'C7', DISC 0, FIXED DISC
X'D6' DISC 1, REMOVABLE DISC X'D7', DISC 1, FIXED DISC

X'E6' DISC 2, REMOVABLE DISC X'E7', DISC 2, FIXED DISC
X'F6' DISC 3, REMOVABLE DISC X'F7', DISC 3, FIXED DISC

SAMPLE PROGRAMS

Sample Programs are provided in Appendices 2 and 3.
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APPENDIX 1}

DIFFERENCES BETWEEN 254 mm (10”’) and 381 mm (15”) CONTROLLERS

The following table lists the differences between 254 mm (10”) and 381 mm (15”) Disc Controllers:

)

’

254 mm (10’) CONTROLLER

. The Controller Status Bit-7 consists of:

Parity Check Error
Write Protect Violation

The COMMAND RESET is 11001000.

Only performs single SELCH operation.

If OVERRUN gets set, CONT IDLE will not set,
the system will hang up.

DISC ADDRESS INTERLOCK = WRITE GATE.
WRITE PROTECT status cannot be sensed after
the completion of operation.

Works only on 2.5 Megabyte disc.

29-454 ROO 7/75

381 mm (15”) CONTROLLER
(described in this document)

The Controller status Bit-7 consists of:
Parity Check Error
Write Protect Violation
Device Unavailable

Write Check
Data Transfer Error

The COMMAND RESET is XX001000.
Where X = Don’t Care.

Performs single or MUX SELCH operation.

If OVERRUN gets set, CONT IDLE will set.

DISC ADDRESS INTERLOCK = WRITE GATE + NOT
CONTROLLER IDLE.

WRITE PROTECT status can be sensed after the com-
pletion of operation.

Works on both 2.5 and 10 Megabyte disc.
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APPENDIX 2

2.5 AND 10 MEGABYTE DISC PROGRAMMING EXAMPLES
FUNCTIONAL FLOW CHART OF SENSE-STATUS SEEK OPERATION

FRSSR

FILE READY
TO SEEK,
READ OR WRITE

WDFT1

WRITE
CYLINDER #
TO THE FILE

QUTPUT
SEEK
COMMAND

FRSSR

FILE READY
TO SEEK,
READ, WRITE

SEEK
COMPLETE



FILE READY TO

SEEK READ

OR WRITE

SENSE

STATUS ON
THE DISC

CONTROLLER

SENSE
STATUS
ON THE

DISC FILE

“ADDRESS
INTERLOCK"
STATUS=0

APPENDIX 2 (Continued)
FUNCTIONAL FLOW CHART OF FILE READY TO SEEK READ OR WRITE OPERATION

“ILLEGAL
ADDRESS"”

| SEEK OPERATION

SEE SENSE-STATUS |

o 4

SEE SENSE-STATUS
SEEK OPERATION

|

SEE SENSE-STATUS
| SEEK OPERATION
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APPENDIX 2 (Continued)

FUNCTIONAL FLOW CHART OF WRITE CYLINDER NUMBER TO FILE OPERATION

TRKDEN
o7

NO

WRITEQ
HIGH
ORDER
BYTE

WRITE 1

HIGH
ORDER
BYTE

WRITE LOW
ORDER
BYTE

‘ EXIT >
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APPENDIX 2 (Continued)
FUNCTIONAL FLOW CHART OF READ/WRITE (SENSE STATUS) OPERATION

‘ READ/WRITE ’

YES

QUTPUT
COMMAND
TO STOP
SELCH

FRSSR
FILE READY
TO SEEK
READ, WRITE
WRITE 20 81T ADDRESS FOR SERIES 32
STARTING __ | PROCESSORS
ADDRESS - 16 BIT ADDRESS FOR SERIES 16
TO SELCH ] PROCESSORS

WRITE
FINAL
ADDRESS
TO SELCH

WDFT1
WRITE
CYLINDER
NUMBER TO
THE FILE

WRITE DISC

CONTROLLER
HEADER

TO CONTROLLER

OUTPUT
READ/WRITE
COMMAND TO
DiSC
CONTROLLER
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APPENDIX 2 (Continued)

FOR THE EXTENDED SELECTOR CHANNEL COMMANDS SEE
THE EXTENDED SELCH PROGRAMMING SPEC. 02-328

FOR 16 BIT PROCESSORS SEE THE SELCH PROGRAMMING
MANUAL 29-036

PUT

READ/GO _—
COMMAND

TO SELCH

SELCH BUSY

OuUTPUT

"
|
|
|
|
I
]
{
|
|

COMMAND _ l

*TO STOP

THE SELCH |

|
I
I
|
I
I
|
|
I
I
|
|
i
|
!
|
|
|
|
|
1

SENSE
STATUS
FROM DISC
CONTROLLER

NORMAL
TERMINATION
?

SEE SENSE STATUS
READ/WRITE
OPERATION

ERROR

READ FINAL
ADDRESS
FROM SELCH

OUTPUT

SELCH QUTPUT

TRANSFER COMMAND THE COMMAND
ERROR NORMAL TO STOP TO RESET
END? THE SELCH THE CONTR.

‘ EXIT )
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APPENDIX 2 (Continued)
FUNCTIONAL FLOW CHART OF READ/WRITE (INTERRUPT) OPERATION

‘ READ/WRITE ’

DISABLE
PROCESSOR
INTERRUPTS

SETUP LOW
MEMORY FOR
PROCESSING
INTERRUPTS

OUTPUT
COMMAND
TO STOP
THE SELCH

WRITE
STARTING
BUFFER
ADDRESS
TO SELCH

WRITE
FINAL

BUFFER
ADDRESS
TO SELCH

WDFT 1
WRITE
CYLINDER
NUMBER TO
FILE

C

USE APPROPRIATE LOW MEMORY
INTERRUPT SERVICE TABLE FOR
SERIES 32 PROCESSORS

FOR SERIES 16 PROCESSORS

[~ — T -JUSE IMMEDIATE INTERRUPT
TRAP IN LOW MEMORY

USE EXTENDED SELECTOR
CHANNEL COMMANDS FOR SERIES
32 PROCESSORS EMPLOYING 20
BIT ADDRESSING

USE STANDARD SELECTOR
CHANNEL COMMANDS FOR SERIES
16 PROCESSORS
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APPENDIX 2 (Continued)

OUTPUT GO
COMMAND
TO DISC
CONTROLLER

OUTPUT GO
COMMAND
TO THE
SELECTOR
CHANNEL

ENABLE
PROCESSOR
INTERRUPTS

EXIT

:

SELCH
INTERRUPT

C

DISABLE
PROCESSOR
INTERRUPTS

OUTPUT
COMMAND
TO STOP
THE SELCH

SENSE
STATUS
FROM DISC
CONTROLLER

OVERRUN
STATUS
=1?

NO

SEE
PROGRAMMING
SEQUENCES

ENABLE
PROCESSOR EXIT
INTERRUPTS
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APPENDIX 2 (Continued)

CONTROLLER
INTERRUPTS

DISABLE
PROCESSOR
INTERRUPTS

SENSE
STATUS
FROM DiSC
CONTROLLER

WRITE
PROTECT
STATUS=1?

CYLINDER
OVERFLOW
=1?

20 BIT ADR FOR 32-BIT

READ FINAL PROCESSORS
SELCHADDR. | . __ _ 1 16 BIT ADR FOR 16 BIT
FROM PROCESSORS

SELECTOR CH.

ENABLE
PROCESSOR
INTERRUPTS

‘ EXIT ’
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APPENDIX 2 (Continued)

The Multi-Disc flowcharts outline the functional requirements of an Operating System driver designed to support
simultancous Seek/Data transfer operations for a system configured with 4 Disc drives on 1 Disc Controller. The driver is
called once for a Seek/Read or Seek/Write operation. The address of a parameter block which contains all the information
necessary to complete the desired operation is transferred to the driver in the calling sequence (see the listing in
APPENDIX 2 MULTI-DISC OPERATIONS).

PARAMETER BLOCK FORMAT
LOCATION BYTE O ‘BYTE 1 BYTE 2 BYTE 3
0 7 15 23 31
x'o’ START ADDRESS OF BUFFER
X'4' END ADDRESS OF BUFFER
x's’ CYLINDER NUMBER HEAD NO. SECTOR NO.
x'c' SEEK READ/WRITE READ/WRITE 1/0 COMPLETE
QUEUE QUEUE FLAG IDENTIFIER FLAG
FLAG
x"10' LOGICAL ERROR STATUS
FILE SAVE AREA
IDENT.

The flowcharts are presented in such a manner that functions relating directly to the programming of the Disc Controller
and file are easily identifiable by the outlined blocks. Those functions outside the blocks identify queueing, parameter
block maintenance and error handling* techniques in support of file operations:

Flowchart Label Function

STATCHK Relates to initial status checking of Disc Controller, File and Selch

INTSK1 Describes the programming sequence necessary to initiate simultaneous seek operations in
a Multi-Disc environment

WRITINT Ilustrates the sequence necessary to initiate an I/O data transfer to an available file

SELCHINT Describes the processing of SELCH interrupts

CONTRLIT IMustrates Controller Interrupt handling

FILINT Ilustrates file interrupt handling and file status error checking (see Programming Specifi-

cation Section 6.5)

*Error handling techniques are not represented as optimal routines to demonstrate RESTORE and error retry procedures.
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STATCHK

APPENDIX 2 (Continued)

FUNCTIONAL FLOW CHART OF MULTI-DISC OPERATION

‘ MULTI-DISC >

DISABLE
PROCESSOR
INTERRUPTS

QUEUE REQ

QUEUE THE
PARAMETER
BLOCK ADDRESS

——a PROCESSOR

ENABLE

INTERRUPTS

FILE
READY TO
SEEK READ
OR WRITE

STRSK

START
SEEK OPERATIONS

( START I/O ’

RETURN
. TOUSER
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APPENDIX 2 (Continued)
FUNCTIONAL FLOW CHART OF MULTI-DISC OPERATION

START I/0
(STRTIO)

GET THE
GET THE TOP READ/WRITE
FILE Q ENTRY OPERATION
PARAMETER IDENTIFIER
BLOCK ADDRESS

WRITINT
_______________ -
]
GET THE NEXT ' GET THE VES !
SEQUENTIAL SEEK Q :
FILEQ FLAG FROM

ADDRESS THE PARAMETER I
BLOCK |
|
GET THE GET THE DISC |
DISC WRITE READ COMMAND |

COMMAND & SELCH READ/GO
& SELCH WRITE COMMAND |
COMMAND |

|

GET THE OUTPUT |
READ/WRITE COMMAND

QFLAG FROM TO STOP |
THE PARAMETER THE SELCH

BLOCK I

WRITE ouTPUT |
1S STARTING THE COMMAND

THE READ/ BUFFER TO START |

WRITE Q FLAG ADDRESS TO THE CONTROLLER i

-0 THE SELCH |

?

WRITE OUTPUT THE
ENDING COMMAND TO |
BUFFER START THE |
ADDRESS SELCH
TO THE SELCH !
|

WRITE
CYLINDER
NUMBER
TO THE
FILE

SET THE SET THE FORMAT THE i

qu:g ccl)r;l\nTTi«%l\:_?_‘ER CONTROLLER HEADER |
FROM PARAMETER

PROCESSOR BUSY FLAG BLOCK ENTRIES !

STATUS ‘

l

STORE THE

( ) PARAMETER
HALT BLOCK ADDRESS
AS I/0 REQUEST

IN PROGRESS

WRITE '
DATA TO THE |
CONTROLLER
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APPENDIX 2 (Continued)
FUNCTIONAL FLOW CHART OF MULTI-DISC OPERATION

SELCH CONTROLLER FILE
INTERRUPTS INTERRUPTS INTERRUPTS

SCLHINT \
~— == == =] == — = =
| |
\ DISABLE |
PROCESSOR DISABLE
| INTERRUPTS i PROCESSOR DISABLE
INTERRUPTS PROCESSOR
| | INTERRUPTS
| |
| |
QUTPUT A
| COMMAND I
TO STOP RESET THE
I THE SELCH | INTERNAL R%?EEET(X‘E
CONTROLLER PoA
| I BUSY FLAG =0 oy
PARAMETER BLOCK
' I CONTRLIT 8
| READ | e _ FILINT
| ESELCH | r 1 r T
NDING | s |
1 ADDRESS i SELCH I ves 1S
l NO FINAL ADR | I THE
I i - SEE INTERNAL
| BUFFER I MULTI-DISC CONTROLLER
| | | END | OPERATION BUSY FLAG =1
?
| OUTPUT A |
COMMAND I |
| TO STOP | |
THE SELCH |

SENSE
DISC
CONTROLLER
STATUS

SENSE
DISC
CONTROLLER
STATUS
AND STORE

ERROR
UNRECOVERABLE
?

OVERRUN
=1

|
|
|
I
|
|
| YES3
!
l
|

L - Y_ __
I _______
| | I~ SEE SET I/O
[ A J MULTI-DISC C'QZA:GU'S;‘FE
OPERATION THE PARAMETER
BLOCK
SET 1/0 1
COMPLETE FLAG RESET READ/
AND RESET WRITE Q
READ/WRITE Q FLAG =0 IN
FLAG =0 IN THE THE PARAMETER
PARAMETER BLOCK BLOCK
SET THE
REMOVE
ERROR STATUS PARAMETER
IN THE BLOCK ADDRESS
PARAMETER BLOCK FROM Q AND
I BUMP THE QUEUE
STRTSK
START SEEK
OPERATIONS

‘ START I/O
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APPENDIX 2 (Continued)
FUNCTIONAL FLOW CHART OF MULTI-DISC OPERATION

‘ STRTSK )

GET THE GET THE TOP
NEXT SEQUENTIAL FILE QENTRY
FILEQ (PARAMETER
ADDRESS BLOCK ADDRESS)
GET THE
SEEK Q FLAG
FROM THE
PARAMETER BLOCK

ARE
ALL FILE
QUEUES

CHECKED?

INTSK1
I_ - - .

START {/O
(STRTIO)

DISC.
ADDRESS
INTLK
=0

SENSE

STATUS SEE

— MULTI-DISC
OPERATION

TO THE FILE

OUTPUT
INTERRUPT

SEEK COMMAND
TO THE FILE
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APPENDIX 2 (Continued)

FUNCTIONAL FLOW-CHART OF MULTI-DISC OPERATION

‘ QUEUEREQ ’

GET THE
PARAMETER
BLOCK
ADDRESS

GET THE
LOGICAL
FILE UNIT
FROM THE

' PARAMETERBLOCK |

GET THE
FILE QUEUE
ADDRESS

GET THE
TOP FILEQ
ENTRY

STORE THE
PARAMETER

. BLOCK: ADDRESS

IN THE QUEUE

RETURNM: ,

GET. THE
NEXT
SEQUENTIAL
FILEQ
ENTRY
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APPENDIX 2 (Continued)
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