































































































































































































Word One
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 oO

CA8 CA7 CA6 CA5 CA4 CA3 CA2 CAl CAO0 HS SA5 SA4 SA3 SA2 SAl SAOQ

Word Two
15 14 13 12 11 10 09 08 07 06 O5 04 03 02 01 o0

ZEROS

Word Three

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 OO0

CRC

inder A : - Bj :

Address, in octal, of cylinder being accessed. Range is from
cylinder 000 through 777..

Head Select (HS) - Bit 06

Indicates selected disk surface. Logic one is lower surface, and
logic zero is upper surface.

A A5: - Bi :

Address, in octal, of one of up to 40 sectors on the addressed
cylinder (see SA description in paragraph 4.4.3.2.).

4 4.4.3 MPR During Read/Write Data Commands
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

1l 1 1 Word Count

Before reading or writing data, the program should load the word
count into the Word Count bit locations of the MPR in two's
complement format. The word counter is incremented as each word is
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transferred. The Read or Write operation is usually terminated
when the word counter reaches zero (overflows). The word counter
can count any number of data words, from one to a full count of
5120 (decimal) data words. Bits <15:13> must be always logic ones.

o L3 - B' .

Contains two's complement of total number of words to be
transferred. Bit 00 is least significant bit (LSB).

NOTE
When programming the MPR, the user
should be aware that RL0O1 and RLO02
drives do not perform spiral Read/Write
operations. If data are to be
transferred past the end of the last
sector (data block) on a track, the
opeartion must be done by using the
following event sequence:

a. Program Read or Write operation
to terminate at end of last
sector on track.

b, Program Seek operation to next
track; can be head switch to
other surface, but same
cylinder, or head move to next
cylinder without head switch.

c. Program Read or Write operation

to start at first word of first
sector at next track.

4.4.4.4 MPR During Multipurpose Command (Extended)
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

0 0 0 HSL 0 0 0 0 0 0 0 0 WL3 WL2 WL1 WLO

Before the program issues a Multipurpose command, the bits in the
MPR should be set as shown in the above configuration.

Header Search Limit (HSL) - Bit 12

When set (logic 1), this bit limits header search attempts to one
disk revolution instead of three.

Write Locked (KWL03:WL00>) = Bits <03:00>

When any one of bits <03:00> is set, the correlating drive (drive 3
is bit 03, drive 1 is bit 01, etc.) is Write Locked. Each bit may
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be set independently of the others. Write Locked drives reject
Write commands.

4.4.4.5 MPR During Write Header Command (Extended)
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

Pack ID

Before the program issues a Write Header command, the MPR should be
loaded with the Pack ID that is used for the Bad Sector File.

Pack ID - Bits <15:00>

These bits represent the identification used for the Bad Sector
File,

4.4.5 Bus Address Extension (BAE) Register

The BAE is a 16-bit register whose address is 744410. 1Its contents
can convey either of two meanings, depending on the function being.
performed: Read Data or Write Data commands, or Write Header
command (extended).

4.4.5.1 BAE During Read Data or Write Data Commands
15 14 13 12 11 10 09 08 07 06 O5 04 03 02 01 OO0

0 Cylinder Address <15:09> 0 0 Bus Address <21:16>

ind d : - Bits

These bits function as an extension of the nine cylinder address
bits <CAl14:CA00> in the DAR when expanded logical drive units are
configured in the subsystem. They are needed to specify the larger
cylinder addresses of the expanded logical drive units.

A A21:BA - Bi :

These six bits serve as an extension of the BAR to allow 22-bit bus
addresses to be specified for DMA transfers. Bits 00 and 01 (BAlé6
and BAl7) are the same as bits 04 and 05 of the CSR. Bits <05:02>
function as bus address bits <18:21> only if the RLV12 mode is
enabled; i.e., DIP switch SW2.7 ON.
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4.4.5.2 BAE During Write Header Commands (Extended)
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 o0

Second Header Word

Second Header Word - Bits <15:00>

Before requesting a Write header command, the second word of the
header that is to be written is loaded in the BAE Reglster. Normal
format for the second header word is described in paragraph
2.4.3.1. and Figure 2-6.

4.4.6 Registers 5, 6, and 7

Each of these three registers contains 16 bits. Their addresses
are 774412, 774414, and 774416, respectively. 1In normal functions
they are extra "scratch pad" registers for reading and writing.
Their contents may be read or written any time the controller is
not otherwise busy. Data written to or read from these registers
have no significance. In extended command functions, these
registers are used as described in subsection 5.3.

1514 13 12 11 10 09 08 07 06 05 04 03 02 01 00

Extra Register
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Section 5
FUONCTION CODES

5.1 INTRODUCTION

This section describes the function codes used by the controller
for performance of standard functions and extended commands. The
function code number for a standard function may be the same as
that for an extended command, but because of different context does
not necessarily cause the same event sequence to occur.

5.2 STANDARD FUNCTIONS

The controller uses seven function codes to perform seven standard
functions.

5.2.1 HWrite Check Operatjon - Function Code 1

The Write Check command is issued after writing a block of data on
the media. It is used to compare the written data with the
contents of the source data buffer in the main memory, and thus
ascertain whether the data was or was not written correctly.
Because this comparison is performed in the controller, the source
data must be taken from the main memory in the CPU and transferred.
to the silo in the controller.

Before issuing the Write Check command, the BAR must be loaded with
the address of the first location of the data block in the main
memory. The Word Count portion of the MPR must be loaded with the
length of that data block. The BAR is then loaded with the
starting media address location. When these registers have thus
been 1loaded with the appropriate address and word-count
information, the Write Check command can be loaded into the CSR.

If a Compare Error or Data CRC Error occurs during the Write Check
operation, CSR bit 11 is set (see paragraph 4.4.1.1.).

5.2.2 Get Status Operation - Function Code 2

The Get Status command causes the status word from a drive to be
transferred to the controller where the software can access that
status word through the MPR. The software sjpi;d then perform the
following event sequence:
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a. Verify controller is ready to perform an
operation (no drive has to be ready).

b. Load DAR bits 01 and 00 with logic ones, a
reset in bit 03, and a logic zero in each
of the other DAR bit locations.

c. Load CSR with applicable drive select
bits, a negative GO bit, IE bit (if
desired), and a code of 2 in the function
bits.

The controller then commands the selected drive to transfer its
status word to the MPR in the controller. If the "Reset" bit 03 in
the DAR was set, the drive would reset its status register first
before transferring the contents of that register to the
controller's MPR.

5.2.3 Seek Operation - Function Code 3

The Seek command causes the positioner motor on the selected disk
drive to move the heads in the forward or reverse direction a
specific number of cylinders. The software should first verify the
drive is ready to accept a command, then load the DAR with the
difference word; i.e., difference between current cylinder address
(head position) and new cylinder address. This word contains an
octal number that represents the number of cylinders which the head
must move across (bits <15:07>), the head select bit (bit 04), and
the direction (DIR) bit (bit 02). When the head select bit is set
(logic one) the bottom disk surface is selected, when it is reset
(logic zero), the upper disk surface is selected. When the
direction bit is set (logic one) head motion is forward toward the
spindle, and when it is reset (logic zero), head motion is reversed
toward the outer edge of the disk. Also in the DAR, bits 06, 05,
and 01 must be reset (logic zero), and bit 00 must be set (logic
one).

After the DAR is loaded, the software should load the command word
in the CSR. The command word should contain the drive select code
(bits 09 and 08), the negative GO bit (bit 07), the IE bit (bit 06,
if desired), and the three bits of the function code (bits
(<03:01>). The controller then sends the Seek command to the
selected drive,; which should cause that drive to start the Seek
operation. At this time, the controller attains Ready status (CRDY
bit 07 in CSR set) and interrupts the CPU if IE (CSR bit 06) is
set. The controller is then ready to receive another command that
can perform another operation on another drive while the Seek
command on the first drive is being executed.
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If the difference word is so large that the heads attempt to move
past the physical location of the inner or outer cylinder, the
heads of the drive automatically stop at the guard band and then
retreat to the first-encounted even-numbered cylinder (data
tracks).

5.2.4 Read Header Operation - Function Code 4

When a Read Header function code is detected and decoded, the
controller reads the first logical header address encountered in
the selected drive and places the three words of that header in the
silo. Those header words pass through the silo and stop with the
first word of the MPR. Software can then access the first word to
determine the current data block (sector) address, head selected,
and cylinder address. When the software extracts the
first-encountered logical header address word from the MPR, the
third word of the first-encountered logical header address is
automatically loaded into the MPR. This third word is the CRC
word. When the CRC word is loaded into the MPR, the software can
access and examine that word for checking purposes.

NOTE

Execution of the Read Header command
is software simulated; i.e., no
actual Read Header operation occurs.
Each time the Read Header function
is so simulated, the next sequential
logical header data are used.

5.2.5 Write Data Operation - Function Code 5

When a Write Data function code is detected and decoded, while bit
07 (CRDY) in the CSR is cleared, the controller starts reading
successive logical header address words and compares them with the
contents of the DAR. When a match is found, the header CRC is
checked, and if that CRC is correct, that data block (or sector) is
written with the words from memory that are specified in the BAR.
The word count portion (two's complement format) of the MPR and the
address in the BAR are incremented, as applicable, for each word
transferred during the Write Data operation. If a data block or
sector is to be only partly filled by the Write Data operation, the
remaining words in that data block or sector consist of all zeros.
At the end of the data block or sector, the sector address portion
(bits <05:00>) of the DAR is incremented. The next sector is then
written, if all the words have not been written in the preceding
sector. At the end of the Write Data operation, bit 07 (CRDY) in
the CSR is set, and the CPU is interrupted if IE (CSR bit 06) is
set. The controller is then ready to receive and execute another
command.
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5.2.6 Read Data Operation - Function Code 6

When a Read Data function code is detected and decoded, while bit
07 (CRDY) in the CSR is cleared, the controller starts reading
successive logical header address words and compares them with the
contents of the -DAR. When a match is found, the header CRC is
checked, and if that CRC is correct that data block or sector is
read and the words are placed in the memory location specified by
the contents of the BAR.

The word count portion (two's complement format) of the MPR and the
address in the BAR are suitably incremented for each word
transferred during the Read Data operation. The Read Data
operation continues until the contents of the word-count portion of
the MPR are all zeros. At the end of each data block or sector,
the sector address portion (bits <05:00>) of the DAR is
incremented. If the MPR word has not overflowed, the next data
block or sector is read. At the end of the Read Data operation,
with MPR word count zero, bit 07 (CRDY) in the CSR is set, and the
CPU is interrupted if IE (CSR bit 06) is set. The controller is
then ready to receive and execute another command.

5.2.7 Read Data Operation Without Header Check - Function Code 7

When the Read Data Without Header Check function code is detected
and decoded, the data portion of the sector that follows the next
Sector pulse is read and the requested data words are placed in the
memory location specified by the contents of the BAR. The word
count portion (two's complement format) of the MPR and the address
in the BAR are suitably incremented for each word transferred
during the operation. The header is not compared or checked for
CRC errors; however, data CRC is checked at the end of a sector.
If the MPR word count has not overflowed (is not zero), the data
portion of the sector is read. At the end of this operation, with
MPR word count zero, bit 07 (CRDY) in the CSR is set, and the CPU
is interrupted, if IE (CSR bit 06) is set. The controller is then
ready to receive and execute another command.

5.3 EXTENDED COMMANDS

The UC0l/L controller can execute an extended set of commands not
found in the repertoire of DEC RLV11l and RLV12 controllers. To
enable the extended command function set, the BAR must be written
with 100001g. The command is written into the CSR with bits 13,
12, and 11 set to logic one, and with the appropriate extended
command function code set in CSR bits <03:00>. The extended
commands are needed to perform the six special tasks enabled by the
extended command function codes (see paragraph 4.4.1.2).

Before attempting to execute an extended command, the drive must be
selected and on line, and the Volume Check bit for each drive must
be cleared. The Volume Check bit is cleared by setting RST (bit
03) in the DAR and issuing a Get Status command.
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Whenever an extended command is completed, bit 07 (CRDY) in the CSR
is set, and the CPU is interrupted if IE (CSR bit 06) is set. The
controller is then ready to receive and execute another command.

5.3.1 Write Switch Register Command - Function Code 0

This command is used to Write settings in a firmware switch
register so that any or all drives are Write Protected. Before
issuing the command, load the MPR with desired data for the
firmware register switches. When the MPR is used for the Write
Protect or Write Lock feature, its bits have the functions shown in
Figure 5-1.

not used
not yet assigned a function

MPR bits 15 and 08
MPR bits <14:09 and <07:04>

we Neo “weo

MPR bit 03 when set, causes drive no. 3
to be Write Locked

MPR bit 02 ;s when set, causes drive no. 2
to be Write Locked

MPR bit 01 ; when set, causes drive no. 1
to be Write Locked

MPR bit 00 ; when set, causes drive no. 0

to be Write Locked.

Figure 5-1. MPR Bit Functions, Write Locked Feature

Write Lock bits that are cleared (i.e., reset) enable writing to
the respective drive.

5.3.2' Read Firmware Register Command - Function Code 2

This command causes the contents of the Firmware Register that are
selected by the MPR to be placed in the MPR. Before executing the
command, the desired Firmware Register address from the BAR (see
paragraph 4.4.2) must be entered in the MPR. Consecutive Firmware
Register contents may be read without re-entering data in the MPR
after initial address entry if commands are issued consecutively.

5.3.3 Firmware Format Command - Function Code 4

This command causes the physical drive to format the media. Before
the command is issued, the selected sector-interlace ratio must be
written into the MPR; a logic zero causes a 1l:1 ratio to be used
(the 1:1 ratio performs best in most systems).

NOTE

If media have already been formatted at
the factory before shipment, no reformat
of media is required.
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After depositing 10000lg in the BAR, select drive with Drive Select
code (CSR bits 09 and 08), then deposit 34004g in the CSR. As each
drive is formatted, change Drive Select code to select another
drive; repeat for all drives that are to be formatted.

5.3.4 Write Bad Sector File Command - Function Code 6

DEC systems and diagnostics are designed to examine the Bad Sector
Files on every media, even when no bad sectors exist. To satisfy
system software requirements, this command is used to write an
empty file format on all system media. A number to be used for the
Pack Identification number (part of the empty Bad Sector File) must
be deposited in the MPR before issuing the command.

After depositing 10000l1g in the BAR, select drive with Drive Select
code (CSR bits 09 and 08), then deposit 34006g in the CSR. As
writing of empty Bad Sector Files for each drive is completed,
change Drive Select code to select another drive; continue until
all drives are done.

5.3.5 Transfer SCSI Command Packet Without Data - Function
Code 10

This command is used to transfer a user-defined command packet, via

the UC0l/L controller, between the memory and the SCSI drive. It
should be used for commands which do not require data to be
transferred from the controller during command execution. The
command packet is taken from memory and sent to the logical drive
unit which has been selected by the drive select code placed in CSR
bits 09 and 08. Any data received by the controller during command
execution are automatically transferred to the memory 1location
specified for that data block.

Before loading the CSR and BAR to execute the command, use the
following procedure:

a. Set aside a data block (number of bytes used must
be exactly equal to data expectation) to hold any
data generated by command.

b. If no data are to be generated by the command,
set the word count (two's complement) for the
data block to zero; i.e., load Register 6 with
all zeros.

c. Load the command (maximum 12370 bytes) into
memory.
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d. Registers in controller should be loaded with the
following contents:

BAR 100001g just before CSR is loaded.

DAR Bus address of start of command block for
SCSI command packet to be transferred.
MPR  Number of words (not bytes) in command

block, in two's complement form.

BAE 22-bit address extension bits for data
block address, if 22-bit address mode is
to be used; otherwise all zeros.

Register 5 Bus address of data block.

Register 6 Number of words in data block in two's
complement form (step b).

Register 7 22-bit address extension bits for command
block address, if 22-bit address mode is
to be used; otherwise all zeros.

CSR 3401g plus Drive Select bits 09 and 08
(load CSR last).

To properly execute the command, word counts (not byte counts) must
be correctly entered for data blocks and command blocks.

After successful completion of the command, the ERR bit (CSR bit
15) should not be set, the DAR should contain the SCSI
command-termination status byte(s) with LSB first, and the BAR
should contain the address of the next data block location to be
accessed.

5.3.6 Transfer SCSI Command Packet With Data - Function Code 12

This command is used to transfer a user-defined command packet plus
associated data between the memory and SCSI drive via the UCOl/L
controller. It is executed in the same way as Function Code 10 is
executed (see paragraph 5.3.5), except the data block protion of
the command is transferred from the addressed data block in the
memory to the SCSI drive, rather than being filled with data from
the SCSI drive.

5.3.7 Reserved Commands - Function Codes 8, 14, _and 16

These Function Codes are reserved for extended commands that have
not yet been specified. Any attempt to execute commands with these
Function Codes set results in no operation performed, except CSR
bit 07 (CRDY) is set and CPU is interrupted if IE (CSR bit 06) is
set. The controller is then ready to receive and execute another
command.
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Appendix A

UCOl1/L CONFIGURATION SELECTION

A.l1 INTRODUCTION

To allow the user of the UCOl/L controller the most flexibility in
selection of SCSI drives, the UCOl/L controller supports a variety

of drive types and offers some user-selectable options. This
appendix is intended as a quick reference to requirements for

configurations in different installations, and to switch settings

for user-selectable options.

A.2 CONTROLLER CONFIGURATION

The UCO1l/L controller can control SCSI-compatible drives of various

types and capacities. The drives, which the controller can
support, are defined by the parameters incorporated in the

Configuration PROM (IC socket U64). Table A-1 lists and describes

the types, sizes, and capacities of drives that are supported by
the UC0l1/L controller. The user may choose available options by
setting switches in applicable DIP switch packs to appropriate

.positions. Switch settings for selectable configuration are listed

and described in Table A-2.

Table A-1. Drives Supported

MFR '~ MODEL CONFIGURATION NO.

IOMEGA  ALPHA-10.5 00

Table A-2. Drive Configurations

CONF SW4- SW2- RLV1l SCSI DRIVE Logical Units
NO. 7654321 8 # ADDRESS ADDRESS = Dr Type Rev
00 ccccccc ¢c 0 0000001 0-3 0-3 = RLO2 A
1 0000010 0-3 0-3 = RLO2 A







