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Preface

The IMS M212 is the first device in a range of intelligent peripherals in the transputer family. The device
contains hardware and interface logic to control disk drives as well as a 16-bit processor with on-chip memory
and communication capability, and is consistent with the INMOS transputer architecture described in the
transputer architecture manual.

This manual details the product specific aspects of the IMS M212 and contains data relevant to the engineering
and programming of the device.

Other information relevant to transputer products is contained in the occam programing manual (supplied with
INMOS software products and available as a separate publication), and the transputer development system
manual (supplied with the development system).

The examples given in this manual are outline design studies and are included to illustrate various ways in
which transputers can be used. The examples are not intended to provide accurate application designs.

The following sections assume a familiarity with the arrangement and operation of disk drives and disk drive
control and an appendix ( A ) has been provided for the reader requiring a brief overview of these topics.

This edition of the manual is dated September 4, 1987.



IMS M212 block diagram
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1 The IMS M212 Disk processor

IMS M212

The IMS M212 disk processor is a transputer optimised for connection to soft-sectored winchester and floppy
disk drives. The block diagram on the previous page outlines the major functional units of the device.

A high performance 16 bit processor provides overall control and satisfies demand for increasing intelligence
in disk controllers. The processor also maintains a high level of flexibility allowing the system designer the
possibility of modifying the controller function without hardware modifications.

The disk control function has been designed to provide easy connection, with minimal external hardware, to
a standard winchester and/or floppy interface. Two byte-wide programmable bidirectional ports are provided
to control and monitor disk functions such as head position, drive selection and disk status. A dedicated port
is provided for serial data interfaces and critical timing signals. The disk control logic is controlled by the
processor via on-chip hard channels using simple command sequences and appears to the processor as a
standard INMOS link.

The host interface of the M212 is via two INMOS standard links which provides simple connection to any
transputer based system or, via a link adaptor, to a conventional microprocessor system.

The 2 Kbyte on-chip RAM can be used for program or data storage, as a sector buffer or to store parameter
and format information. The memory can be extended off chip up to the full 64 Kbyte address range using
the external memory interface.

In order to facilitate initial system development and to provide a low part count system an on-chip ROM
is provided which contains software, written in occam, which enables the IMS M212 to interface directly to
winchester and/or floppy disk drives with no additional software development and the minimum of external
hardware. This mode of operation is called 'mode 1’ and the details of the controlling process are given in
section 2 of this document. When used in this mode a set of commands are available to allow basic disk
operations such as Format and Read Sector. This mode also allows up to four disks to be controlled with
each disk having different attributes which are automatically retrieved when a disk is selected. When used
in this mode no external memory is required as the program is contained in the on-chip ROM and all the
necessary workspace and data storage is contained in the on-chip RAM. See section 9 for circuit details of
the basic system. Also included in this mode is an automatic boot from disk facility which is in addition to the
normal boot from link and boot from ROM operations.

Additional software may be provided by the system designer to enhance the functionality of the IMS M212.
This mode of operation is called 'mode 2’ and functional details of the on-chip disk hardware and the command
sequences used to communicate with it are provided in section 3. This mode would typically be used to
enhance the basic procedures of ‘'mode 1’ at the cost of an external RAM or ROM. Typical examples would
be the inclusion of disk access sorting procedures to improve the random access time of the disk by minimising
the number of head movements or comparing disk data against specified data (disk searching) which will
avoid transferring large quantities of data to the host.

When used in 'mode 2’ the programmable ports are under the control of the processor enabling the IMS M212
to be used for a wide range of peripheral functions as well as providing a disk interface.



1 The IMS M212 Disk processor

Disk interface

The disk interface has been designed to provide simple interconnection to ST506/ST412 and SA400 com-
patible disk drives.

The IMS M212 has been arranged so that as many disk operations as possible are controlled by the processor
and so that the interface to the disk control logic is via a pair of occam channels. A block diagram of the disk
logic is shown below and a full description of the functional units can be found in section 3.
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Information from the processor is input to the disk hardware via the bytewide 'Channel To Disk’. This infor-
mation consists of control and data information in specified sequences. The Bus Interface logic interprets
this information and outputs the results onto the byte-wide 'Codebus’ and 'Databus’. These signals connect
to all the other major modules in the disk hardware. Each of these modules contain registers which con-
trol the overall function of the hardware. The registers can be programmed and interrogated through the
‘ChannelToDisk’ and ‘ChannelFromDisk’ and are summarised in Appendix B.

When writing data to the disk the hardware serialises the data and then encodes it into a Frequency Modulated
(FM) or Modified Frequency Modulated (MFM) data stream and any necessary precompensation is performed
before outputting the data together with the necessary control signals. Any necessary modification of the data,
for instance writing the Address Marks (AM) or inserting the Cyclic Redundancy Check / Error Correction Code
(CRC/ECC) bytes, is automatically performed by the hardware.
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1 The IMS M212 Disk processor

When reading data from the disk the raw read data is input and the function known as data separation is
performed internally. The hardware examines the data stream for an address mark to achieve byte syn-
chronisation and then searches for the desired sector information. When the required data is located it is
decoded and a serial to parallel conversion is performed. The data is then transferred to the processor via
the bytewide 'Channel From Disk’.

Processor
The 16 bit processor used in the IMS M212 is the same as that used in the IMS T212. This processor achieves
compact programs, efficient high level language implementation and provides direct support for the occam

model of concurrency. Procedure calls and process switching are sub-microsecond and high performance
arithmetic is supported.

Links

The IMS M212 uses a DMA block transfer mechanism to transfer messages between its memory and other
devices via two INMOS links. The link interfaces and the processor all operate concurrently, allowing pro-
cessing to continue while data is being transferred over the links.

Memory

2 Kbytes of single cycle static RAM are available on-chip providing a maximum data rate of 40 Mbytes/s
accessible by both the processor and links. 4 Kbytes of on-chip three cycle ROM is also provided which
contains software to enable the IMS M212 to be used as a stand alone disk processor.

External Memory interface

The IMS M212 can directly access a linear address space up to 64 Kbytes, with a maximum data rate of
8 Mbytes/s across the external memory interface. 16 bits of address and 8 bits of data are multiplexed to
provide a simple interface to byte organized fast static RAM. A wait pin is provided to allow access to slower
memory.

Peripheral interface

Links may be interfaced to byte wide peripherals via an INMOS link adaptor. Peripherals can request attention
via an event input. The external disk control ports can also be programmed to interface to peripherals as
these pins can be controlled by the processor. Alternatively peripherals can be memory mapped into the
external memory address space.

Time

The processor provides timers for an unlimited number of high and low priority processes.

Error handling

High-level language execution is made secure with array bounds checking, arithmetic overflow detection etc.

A flag is set when an error is detected. The error can be handled internally by software or externally by
sensing the Error pin. System state is preserved for subsequent analysis.
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2 Mode 1 operation

2.1 Overview

Mode 1 operation uses the code in on-chip ROM to control the disk controller hardware, allowing winchester
and floppy disks to be used with little knowledge of the hardware being required. The programming interface
to all drive types is identical and there is sufficient flexibility to allow a wide variety of formats and drive types
to be used.

Both ST506/412 compatible winchester and SA400/450 compatible floppy drives are supported with standard
double density formats. This includes common 5.25 and 3.5 inch drives. Up to 4096 cylinders are allowed
and floppy drives can have up to 8 heads while winchesters, which do not require the MotorOn signal, can
have up to 16 heads. There can be between 1 and 256 sectors per track with sector sizes of 128 to 16384
bytes (in powers of 2). Drives with or without seek complete and ready lines are supported, as are step rates
between 64us to 16ms. A range of non-standard formats can aiso be set up for user-specific requirements.

In mode 1 there is a separate data area in on-chip RAM for each of the four possible drives which contains
all of the required control information about that drive. The individual bytes of control information are called
parameters and all the parameters for a given drive are kept in a block called a parameter file. The individual
parameters may be read from or written to and contain such information as the capacity of the disk, the
current position of the heads, the desired sector for reading or writing and drive type and timing details. See
section 2.3 for further information on parameters.

Command BYTEs and data BYTES are accepted down either of the M212’s links and any results are returned
down the same link. Examples of commands available are FormatTrack, ReadSector, ReadBuffer and
WriteParameter. In order to prevent commands from different links from interfering with each other when a
command has been accepted from a link then the other link is ignored until an EndOfSequence command
is received. This stops, for example, one link from trying to use the same area of sector buffer as the other
while there is still valid data in it.

Commands which access the disk will implicitly select the drive, perform a seek and select the head. If an
ECC or CRC error is found during a ReadSector command then a programmable number of automatic retries
are performed and a subsequent correction attempted if possible.

The on-chip RAM is used as general workspace for the mode 1 process and to provide 1280 bytes of sector
buffer. The process will automatically use any contiguous external RAM which it finds immediately past the
internal RAM (i.e. from address #8800 upwards) to extend the size of the sector buffer.

As well as the traditional way of addressing sectors using cylinder, head and sector, it is possible to access
the sectors using a logical address from 0 to N-1, where N is the total number of sectors on the disk. It is also
possible to auto-increment this logical address each time a command which accesses the disk is performed,
and to auto-increment the desired sector buffer each time the sector buffer is accessed.

In addition to the normal boot options provided by the BootFromROM pin (see section 5.3), the monitor
process also provides two power-on boot options. With one of these options the M212 will boot itself with
code which has been read off a disk and this code then replaces the mode 1 process. The other option sends
a standard boot message read off a disk out of link 0 and the mode 1 process then continues as normal. It
is also possible to send a command at any time to boot the mode 1 M212 from code in the sector buffer.

Throughout the section describing mode 1 operation, the phrase "user process” is used to denote the pro-
cess(es) which are communicating along the M212’s links with the mode 1 process. To distinguish between
the whole sector buffer and a particular area of it which is being referred to by a command, the latter is
called a desired sector buffer. All words in bold are the names of commands, parameters (or fields within
parameters), error codes or M212 pins.
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2 Mode 1 operation

2.2 Mode 1 programming interface

This section gives a description of the mode 1. programming interface and ways of using it. The information
given in this section is expanded upon in further sections if more detail is required, but there should be most
of the information required to be able to control a standard winchester or floppy.

In mode 1 the M212 accepts a command BYTE down one of its links which may be followed by one or
more data BYTEs. In the case of a ReadParameter or ReadBuffer commands a number of BYTES will be
returned along the same link. Once a command has been accepted down one of the links, then the other is
ignored until an EndOfSequence command is received on the active link. This allows two processes to use
the same M212 without interfering with each other.

When the mode 1 process has initialised itself all the soft parameters are set to 0 (except for NumBuffer-
BytesBy256 and M212Version) and all the hard parameters are set to the winchester initialise defaults (see
section 2.11). This means that all drives have DriveExists unset and the hardware will be running at a high
speed. Before the controller can be used the parameter files for each physical drive have to be initialised to
appropriate values. All the parameters could be individually set using WriteParameter commands, but the
Initialise command is provided for initialising all the parameters in a file to either floppy or winchester type
values.

All the data to or from the disk has to go through the sector buffer. This is an area of RAM exiending from the
top 1280 bytes of internal RAM and into external RAM. The size is determined by NumBufferBytesBy256
and is initialised to the amount of RAM available as described in section 2.12. A particular area of the
sector buffer is specified in terms of being the n'th block of size 2~SectorSizelL g2 where n is the contents
of DesiredSectorBuffer. The various drives’ parameter files can point to overlapping areas if required. This
can be useful when transferring data between different drives since no data has to be transferred to the user
process.

There are two sector addressing modes and two auto-increment options that can be used in mode 1 and
these are specified in the Addressing parameter. The required sector can be specified in terms of either
DesiredCylinder1-0, DesiredHead and DesiredSector or as LogicalAddress2-0 which maps all the sec-
tors in a disk into a linear address space of sectors. In logical addressing mode the logical address can
be auto-incremented each time the drive is accessed. Also available in either mode is auto-increment of
DesiredSectorBuffer which is useful for multiple sector transfers. All these modes are more fully explained
in section 2.6. The default mode after an Initialise command is auto-increment of logical address.

Most of the commands get the information they require from the parameter files. Therefore the relevant
parameters must be set up before the command is issued. Note that all parameters are BYTEs. There
are separate parameter files for each of the 4 possible drives (numbered 1 to 4), the appropriate one being
automatically restored into the accessible parameter file and the old one being saved. Before updating or
reading any parameters the appropriate parameter file must have been swapped in. This is either done
automatically by a command which accesses a drive or it can be done explicitly by using a SelectDrive
command after setting up DesiredDrive. If DesiredDrive isinvalid then the drive 0 parameter file is selected.
The current parameter file may be ascertained by reading the CurrentDrive parameter.

The parameter file for each drive is logically one block, but in fact some of the parameters (soft parameters)
are held in on-chip RAM while others (hard parameters) are held in the disk control hardware itself. The
programming interface to both types of parameter is the same i.e. the ReadParameter and WriteParameter
commands. In the case of drive 0, which means that no drives are selected, the soft parameters are not
saved and restored but the hard parameters are. This ensures that the PIA’s and other disk control hardware
is in a known and consistent state.

For most uses the hard parameters should not need to be explicitly changed from the mode 1 defaults, except
possibly during initialisation. Whenever hard parameters need updating during normal operation of the M212
this is automatically done by the mode 1 process.

A list of all the soft parameters and their use is given in section 2.3. Most of these only require modifying
once for the initialisation of disk type, size and similar parameters which differ from the defaults provided. The
parameters that will be most used are those concerned with drive access (either DesiredSector, DesiredHead
and DesiredCylinder1-0 or LogicalSector2-0; DesiredSectorBuffer and DesiredDrive) and also the error
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2 Mode 1 operation

parameters (Error, Reason and ErrorDrive).

Other parameters are concerned with drive characteristics (DriveType, RWCCylinderBy4, PCCylinderBy4,
HeadStepRateln64us, HeadSettleTimeln64us, HeadLoadTimeln0.5ms and MotorStartTimeln4ms); drive
size (NumberOfHeads and NumberOfCylinders1-0) and drive format (SectorSizeLg2, NumberOfSectors,
Interleave, Skew, NumGap3Bytes, NumGap4BytesBy256 and NumEccCorrectableBits). Of the remain-
ing parameters Addressing is used to select the disk addressing modes, SectorRetries and SeekRetries
are used to control how many attempts are made to read or write a sector before giving up and NumBuffer-
BytesBy256 gives the size of the available sector buffer. NumBufferBytesBy256 is set up after a reset
as described in section 2.12 and should not be altered except to reserve space at the top of the sector
buffer. The remaining 3 parameters (CurrentCylinder1-0 and CurrentDrive) must not be altered by the user
process.

In the following table the command name is followed by the command value and the data BYTEs expected
or returned. The table is followed by a list of the commands giving a brief description. The words in bold
type (apart from the command names) are the names of parameters. A more detailed explanation of each
command is provided in section 2.4.

Command Command Data Bytes Sent Data Bytes
Name Value First Second {Returned
EndOfSequence #00 — — —
Initialise #01 Drive Type — —
ReadParameter #02 Parameter Address e Value
WriteParameter #03 Parameter Address New Value —_
ReadBuffer #04 — — Buffer Bytes
WriteBuffer #05 Buffer Bytes - —_
ReadSector #06 — — —_
WriteSector #07 — — —
Restore #08 — — —_
Seek #09 — - —_
SelectHead #0A — — —
SelectDrive #0B — — —
PollDrive #0C —_— — —
FormatTrack #0D - — —
Boot #OF —_— — —

EndOfSequence ends an indivisible sequence of commands on the link and allows both links to be examined.
Initialise will initialise the drive specified in DesiredDrive to be a winchester or a floppy.

ReadParameter reads the value of the specified parameter from the current parameter file.
WriteParameter writes the new value into the specified parameter in the current parameter file.
ReadBuffer returns 2~ SectorSizeLg2 BYTEs from the DesiredSectorBuffer.

WriteBuffer accepts 2~SectorSizeLg2 BYTES into the DesiredSectorBuffer.

ReadSector reads the specified sector from DesiredDrive into the DesiredSectorBuffer.

WriteSector writes the specified sector on DesiredDrive from the DesiredSectorBuffer.

Restore moves the heads of DesiredDrive towards the outermost track until the notTrackO signal is TRUE.
Seek moves the heads of DesiredDrive to DesiredCylinder1-0.

SelectHead selects the DesiredHead on DesiredDrive.

SelectDrive selects DesiredDrive as the current drive.

PollDrives looks for the first drive to become ready and sets DesiredDrive to this drive.

FormatTrack initialises the specified track on DesiredDrive to a required format for the controller.

Boot allows code in the sector buffer to take control of the M212.

Section 2.14 shows a typical set of declarations and command sequences that can be used in mode 1.
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2 Mode 1 operation

Mode 1 Programming Model

current information saved information

Parameter File
l(with parameter file address)

#BF
Current Drivel |Drive] [Drive] |Drive Drive
Hard Parameters 0 9 2 3 4
(in Disk
Hardware)
#80
Pseudo Stored Hard Parameter Files
Parameter —
Non-swapped #23
Soft Parameter File #1E Stored Soft Parameter Files
#1D
Swapped Soft Drive Drive]| [Drive] [Drive
Parameter File 1 2 3 4
#00
Sector Buffer Total Sector Buffer
Size depends on N
available memory

Current area B I i
of Sector \
Buffer is Sector Size
defined by 1 t determined by
'Desired 'SectorSizelLg2'
Sector Buffer' | 0

I,
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2 Mode 1 operation

2.3 Parameters

Each of the possible drives (numbered 1 to 4) has an associated parameter file which contains information
about the characteristics of the drive and the current status of the drive. Each drive’s parameter file is
automatically swapped when the drive is selected. This can be done by setting DesiredDrive to the required
drive and then either issuing a command which accesses a drive or by explicitly issuing a SelectDrive
command. The latter case will be necessary if it is required to update any of the parameters prior to performing
a disk accessing operation.

If no drive is selected (CurrentDrive = 0) then the values of soft parameters which will be read are those of
the previously selected drive. They should not be written to since the actual parameter values will already
have been saved. The new values would be overwritten when the next drive is selected, even if it is the
same drive that was previously selected.

The following parameters are maintained for each drive and are listed with the corresponding parameter
address: ,

#00 DesiredSector
specifies the number of the sector to be accessed by a ReadSector or WriteSector command.
The valid range of this parameter is either 1 to NumberOfSectors if SectorsFrom1 is set or 0 to
NumberOfSectors - 1 if SectorsFrom1 is not set. A value for DesiredSector of 256 is indicated
by 0.

#01 DesiredHead
specifies the head to be used by a ReadSector, WriteSector or FormatTrack command. The valid
range of values is between 0 and NumberOfHeads - 1 inclusive.

#02 DesiredCylinder0, #03 DesiredCylinder1
form a double length parameter (DesiredCylinder0 = LS byte, DesiredCylinder1t = MS byte)
specifying the cylinder to seek to for a ReadSector, WriteSector, Seek or FormatTrack command.
The allowed range is between 0 and NumberOfCylinders1-0 - 1 inclusive.

#04 LogicalSector0, #05 LogicalSector1, #06 LogicalSector2
form a triple length parameter (with LogicalSector0 = LS byte and LogicalSector2 = MS byte).
If LogicalAddressing is set then these parameters are used instead of the above to specify the
sector to be accessed by a ReadSector or WriteSector command or the track to be accessed by a
FormatTrack command. The valid range is between 0 and N-1 inclusive where N is the total number
of sectors on the disk i.e. NumberOfSectors * NumberOfHeads * NumberOfCylinders1-0.

#07 Addressing
the bits in this parameter enable the following modes when set:

bit 0 - LogicalAddressing
if this bitis set, then instead of addressing a sector in terms of DesiredSector, DesiredHead
and DesiredCylinder1-0, a logical sector number is set up in LogicalSector2-0. This
specifies a sector which is between 0 and N-1 where N is the total number of sectors on
the disk i.e. NumberOfSectors * NumberOfHeads * NumberOfCylinders1-0.
See section-2.6 for further information.

bit 1 - IncrementlLogical mode.

If this bit as well as LogicalAddressing is set, then each time a ReadSector or WriteSector
command is issued LogicalSector2-0 is incremented by one. Thus a sequence of
ReadSector or WriteSector commands may be sent without having to update the required
parameters. In addition, using this mode with FormatTrack commands will increment by
NumberOfSectors so that each successive command will format the next logical track,
again without having to update the required parameters. See section 2.6 for further
information.
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2 Mode 1 operation

bit 2 -

IncrementBuffer mode.

If this bit is set, then each time the sector buffer is accessed, DesiredSectorBuffer
is incremented by one unless an error has occurred. If the DesiredSectorBuffer is
incremented beyond the end of the total available buffer then an error will be indicated when
it is used. The commands which access the sector buffer are ReadBuffer, WriteBuffer,
ReadSector and WriteSector.

bits 3-7 are reserved by INMOS and should not be used.

#08 DriveType

the bits in this parameter have the following meanings when set:

bit 0 -
bit 1 -

bit 2 -

bit 3 -

bit 4 -

bit 5 -

bit 6 -

bit 7 -

Winchester format. If this bit is not set then floppy format is used.

WriteProtect. If set then no WriteSector or FormatTrack commands are allowed. This is
in addition to any hardware write protect which may or may not be set.

SectorsFrom1. If this bit is set then sectors are numbered from 1, otherwise they are
numbered from 0.

LengthBy128Lg2 indicates whether the sector length bits in the ID fields are a direct
indication of the sector size, or are offset as required by some formats. The sector size bits
used for the two modes are as follows:

sector size LengthBy128Lg2 set LengthBy128Lg2 unset

128 000 011
256 001 000
512 010 001
1024 011 010
2048 100 111
4096 101 100
8192 110 101
16384 111 110

HasReady should be set if the drive has a ready line. If this bit is not set then the drive is
always assumed to be ready and so MotorStartTimeln4ms must be set to an appropriate
value.

HasSeekComplete should be set if the drive has a seek complete line. If this bit is not set
then HeadSettleTimeln64us must be set to an appropriate value.

PollThisDrive if set indicates that when performing a multiple PollDrives command (i.e.
DesiredDrive is zero) then this drive should be examined for ready status. If not set then
the drive will be ignored during a multiple PollDrives command even if it is ready.

DriveExists must be set to indicate that the current drive is accessible. If it is not set then
a DriveDoesNotExist error will be generated if an attempt to access the drive is made. It
could be reset to indicate that a drive is off-line or dismounted. /

#09 SectorSizel g2 . '
specifies the sector size as the log base 2 i.e. sector size = 25ectorSizelg2  Vg|id sector sizes are:

SectorSizeLg2 sector size

#07 128
#08 256
#09 512
#0A 1024
#0B 2048
#0C 4096
#0D 8192
#OE 16384
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2 Mode 1 operation

#0A NumberOfSectors
is the number of sectors per track, which may be between 1 and 256 inclusive. 256 is indicated by
the value 0.

#0B NumberOfHeads
is the number of heads on the drive and may be between 1 and 8 inclusive for a floppy and between
1 and 16 inclusive for a winchester.

#0C NumberOfCylinders0, #0D NumberOfCylinders1
are the number of cylinders specified as a double parameter (NumberOfCylinders0 = LS byte,
NumberOfCylinders1 = MS byte). The number of cylinders may be between 1 and 4096 inclusive.

#0E CurrentCylinder0, #0F CurrentCylinder1
specifies the current position of the heads and must not be altered by the user process. If the value is
changed by the user process then the heads may be stepped beyond the allowable range of cylinders
for the drive. A Restore command will re-synchronise these parameters with the drive, but if the
heads have already moved beyond the number of cylinders specified in NumberOfCylinders1-0
then two Restore commands will be required with Error being reset between them.

#10 RWCCylinderBy4
is the first cylinder for which reduced write current should be set, divided by 4. The value may be
between 0 and 255 specifying cylinders of 0 to 1020.

#11 PCCylinderBy4
is the first cylinder for which pre-compensation should be used, divided by 4. The value may be
between 0 and 255 specifying cylinders of 0 to 1020.

#12 SectorRetries
is the number of times the software will attempt to retry a ReadSector or WriteSector command
before giving up and may be between 0 and 255 inclusive. If a re-seek is performed then the number
of sector retries performed so far is reset to zero. See section 2.7 for further information.

#13 SeekRetries
is the number of times the software will attempt to re-seek the heads during ReadSector or
WriteSector command before giving up and may be between 0 and 255 inclusive. If a re-seek
is performed then the number of sector retries performed so far is reset to zero. See section 2.7 for
further information.

#14 HeadStepRateln64us

is the head step rate used during a Restore or Seek, in multiples of 64us. The value can be 0 to
255 inclusive specifying step rates of 64us to just over 16ms. A value of 0 will give the shortest
possible step rate but it will not actually be Ous due to program and logic delays which are affected
by both the speed of the part and the speed at which the disk controller logic is running. For an
M212-15 the quickest step rate is 50us for the default winchester and 64us for the default floppy
settings. The step pulse width similarly varies and is 12us for the default winchester and 33us for
the default floppy settings.

#15 HeadSettleTimeln64us
is the head settle time used after a Restore or Seek, in multiples of 64us. The value can be 0 to
255 inclusive specifying settle times of Oms to just over 16ms. If HasSeekComplete is set then this
value must be zero, otherwise an unnecessary delay will be incorporated.

#16 HeadlLoadTimeln0.5ms
is the head load time used after a SelectHead, in multiples of approximately 0.5ms (actually
0.512ms). The value can be 0 to 255 inclusive specifying load times of Oms to just over 130ms.

#17 MotorStartTimelndms
is the motor start time or time for the drive to become ready in multiples of approximately 4ms
(actually 4.096ms) and is used after a SelectDrive. The value can be between 0 and 255 specifying
start times of Oms to just over 1s. If HasReady is set then this value must be zero, otherwise an
unnecessary delay will be incorporated.
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#18 Interleave
is used during a FormatTrack command and indicates the staggering of sectors around the
track. The value of Interleave may be between 1 and NumberOfSectors inclusive but a value
of NumberOfSectors will give an interleave of 1. See section 2.9 for further information.

#19 Skew
is similar to interleave in that it is used during a FormatTrack command, but Skew is used to
optimise performance across tracks. The value of Skew may be between 0 and NumberOfSectors
- 1 inclusive. See section 2.9 for further information.

#1A NumGap3Bytes
is used during a FormatTrack command and specifies the gap in terms of bytes between successive
physical sectors. The value may be between 0 and 255 inclusive. In general it will not be necessary
to change the value of this parameter. Possible uses are to increase the value slightly instead of
Interleave if a sector is just being missed, or to decrease it slightly to squeeze in an extra sector on
a track. See section 2.9 for further information.

#1B NumGap4BytesBy256
is the last of the parameters used specifically for FormatTrack commands. This parameter gives
the number of bytes to put at the end of the sector information to fill the track completely. The value
may be between 0 and 255 inclusive specifying a gap 4 of 0 to 65280 bytes. See section 2.9 for
further information.

#1C NumEccCorrectableBits
If the Data field uses an ECC polynomial then NumEccCorrectableBits must be set to the correction
span of that polynomial. This is then used while performing an automatic correction if two consecutive
ECC syndromes are the same during a ReadSector command. The allowable values are 0 to 24
inclusive, with 0 implying that no correction is possible. See section 2.10 for further information.

#1D DesiredSectorBuffer
indicates the area of the sector buffer from which data is to be read or to which data should be
written. This is expressed as an offset from the beginning of the sector buffer in terms of the sector
size specified by 2~SectorSizeLg2. In terms of occam 2, the area selected is the BYTE slice
[SectorBuffer FROM DesiredSectorBuffer*SectorSize FOR SectorSize].
The allowed values are those between 0 and 255 which specify a desired sector buffer that is
completely contained in the available sector buffer. This means that DesiredSectorBuffer must be
less than the integer part of (256 * NumBufferBytesBy256) / (2~ SectorSizeLg2). Note that there
is no valid desired sector buffer if the sector size is greater than the amount of sector buffer available
and also, if 128 byte sectors are being used, that if NumBufferBytesBy256 is greater than #80 then
the top of the sector buffer will be unavailable.

In addition to the above parameters for each of the four drives, there are 6 parameters that are not swapped
with the drives:

#1E DesiredDrive
is the drive upon which any disk access commands should be performed. Valid drives are 1 to 4
inclusive. A value of 0 is also allowed in which case all drives will be de-selected and any command
that attempts to access a disk will give a fault (except for PollDrives).

#1F CurrentDrive
is the currently selected drive must not be altered by the user.

#20 Error
is the main status register and if non-zero indicates that an error has occurred. Once an error has
been set, then subsequent errors do not change Error, Reason or ErrorDrive and commands which
access a disk are ignored. See section 2.5 for further information.

#21 Reason .
provides extra information about the error code in Error. See section 2.5 for further information.
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#22 NumBufferBytesBy256
indicates the amount of RAM available for the sector buffer. The value in this parameter is set up
automatically to include all contiguous external RAM. See section 2.12 for further information on
how this is done. It may be reduced by the user to reserve space at the top of the sector buffer if
required, but must not be increased beyond the end of RAM otherwise data may be lost. The default
value, if no external RAM is used, is #05 i.e. 5 * 256 = 1280 bytes and valid values are in the range
#01 to #ED inclusive.

#23 ErrorDrive (M212Version)
is initially set on reset to the version of the M212. This initial value may be changed in order to
indicate either hardware or software revisions. At other times this parameter is used to indicate the
CurrentDrive at the time an error occurred, or if no error has occurred then the drive for which the
last Reason bit was set.

On reset all the above parameters, except for NumBufferBytesBy256 and M212Version (ErrorDrive) are
initialised to zero.

There is also one special pseudo-parameter:

#7F ControllerAccess
can be used to read or write data directly to or from the disk controller hardware so that, for example,
control codes and commands may be sent. Great care should be taken when using this parameter.
This parameter allows the mode 1 user the ability to transfer commands and data to the disk hardware
in a manner that is similar to the operation in mode 2.
See section 2.4.3, 2.4.4 and 2.13 for further information on this parameter’s use in mode1 and
section 3 for a description of the disk hardware.

As well as the above parameters which are held in RAM, there are a number of parameters which are
held in the disk controller hardware. These are referred to in this section as "hard parameters” and further
information can be found in section 3. These hard parameters are automatically maintained in mode 1 and it
is only necessary to change them if non-standard formats are used. See section 2.9 for futher information on
non-standard formats. The hard parameters may be accessed by using ReadParameter and WriteParameter
in the same way as for soft parameters, but using special addresses (the mode 2 addresses with bit 7 set).
See section 2.4.3 and 2.4.4 for further information. The hard parameter values are set up by Initialise and
the values for each drive are remembered in the same way as for ordinary parameters, except that the values
for when no drive is selected (DesiredDrive = 0) are actually saved and restored. On reset the values in
these parameters are those specified for the Initialise of a winchester disk.
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2 Mode 1 operation

2.4 Commands

This section contains a list of all the commands implemented in mode 1. It outlines the commands purpose,
an example of its use and indicates the errors that may be indicated in the Error parameter. In the examples
shown in the "Use” section of each command, statements which are shown as comments are intended to
show possible code sequences that may be used before or aftef a command is issued. They are not required
so long as the appropriate parameters etc. have already been set up. No automatic output of the errors will
be indicated, the user process must interrogate the Error parameter using a ReadParameter command. A
description of the errors can be found in section 2.5.

Note that all commands and data in mode 1 are transmitted as BYTES.

The following commands are implemented:

2.4.1 #00 EndOfSequence

Purpose
Once a command has been accepted on one of the links, the other link is ignored until an end of
sequence command is received. At this point both links are again examined and the first link to send
a command gains control. This allows an indivisible sequence of commands to be performed if, for
example, two user processes are sharing a single M212. The only other action performed by this
command is to reset the Status and Error parameters to zero.

Use
ToM212 ! EndOfSequence

Errors
None are set. Error and Reason are reset to zero.

2.42 #01 Initialise

Purpose
Initialise may be issued for each drive being controlled as a convenient way of setting up default
parameter values. Note that if initialise is not used, then the hardware parameters will also have to
be initialised. Following this command any of the parameters may be changed and the new values
will be retained for DesiredDrive. See section 2.11 for the default values set up.

Use
DesiredDrive should be set to the required drive and then the command should be issued followed
by a single data BYTE .which specifies whether the DesiredDrive is to be initialised as a floppy
(data byte = #00) or as a winchester (data byte = #01).

-—- ToM212 ! WriteParameter; DesiredDrive; 3 (BYTE)
ToM212 ! Initialise; 0 (BYTE) -- sets drive to floppy
-—- ToM212 ! Restore

or

-- ToM212 ! WriteParameter; DesiredDrive; 1 (BYTE)
ToM212 ! Initialise; 1 (BYTE) -- sets drive to winchester
-- ToM212 ! Restore

Errors
BadParameterValue
DriveDoesNotEXxist
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2.43  #02 ReadParameter
ReadParameter
Purpose
to read a value from a parameter of the currently selected parameter file. The currently selected
parameter file is indicated by the value of CurrentDrive.
It also has two special uses. It allows data to be read from a hardware parameter by OR'’ing the
hard parameter address with #80 and it also allows data to be directly read from the disk controller
hardware by using ControllerAccess as the parameter. See section 2.3 for a list of soft parameters
and section 2.11 for a full list of soft parameters, hard parameters and their mode 1 addresses.
Use
Read parameter must be followed by a single data BYTE specifying the parameter to be read and
returns the value in that parameter.
ToM212 ! ReadParameter; SoftParameter
FromM212 ? DataByte
or
ToM212 ! ReadParameter; BYTE (#80 \/ HardParameter)
FromM212 ? DataByte
or
ToM212 ! ReadParameter; ControllerAccess
FromM212 ? DataByte
Errors
BadParameterForRead
Comments
Care must be taken when using this command to read from ControllerAccess since if no data is or
will become available then the process will hang. See section 2.13 for possible uses of this version
of the command.
2.4.4  #03 WriteParameter
Purpose

to write a value into a parameter of the currently selected parameter file. The currently selected
parameter file is indicated by the value of CurrentDrive.

It also has two special uses. It allows data to be written into a hardware parameter by OR'ing
the hardware parameter address with #80 and it also allows data to be directly written to the disk
controller hardware by using ControllerAccess as the parameter. See section 2.3 for a list of soft
parameters and section 2.11 for a full list of soft parameters, hard parameters and their mode 1
addresses.
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vse Write parameter is followed by two BYTESs specifying the parameter which is to be written and the
value to be written into that parameter.
ToM212 ! WriteParameter; SoftParameter; Value
or
ToM212 ! WriteParameter; BYTE (#80 \/ HardParameter); Value
or
ToM212 ! WriteParameter; ControllerAccess; Value
Errors
BadParameterForWrite
Comments

Care must be taken when using this command to write to ControllerAccess since if data cannot
be accepted then the process will hang. It can also cause data to be corrupted by, for example, a
format operation being started. See section 2.13 for possible uses of this version of the command.

2.45  #04 ReadBuffer

Purpose
to read data stored in the sector buffer as specified by DesiredSectorBuffer and 2~SectorSizelLg2:
[SectorBuffer FROM DesiredSectorBuffer*SectorSize FOR SectorSize].

Use
The command returns the specified number of BYTES.
-- ToM212 ! WriteParameter; DesiredSectorBuffer; BufferToRead
-- ToM212 ! WriteParameter; SectorSizeLg2; SizeOfReadBufferLg2
ToM212 ! ReadBuffer
FromM212 ? [MyBuffer FROM 0 FOR ReadBufferSize]

Errors
BadParameterValue

Comments

If SectorSizel.g2 is outside the permitted range of sector sizes (128 - 16384) then 128 bytes will be
returned. Also if DesiredSectorBuffer is such that the area extends past the end of the available
sector buffer then data starting from the beginning of the buffer is returned.

2.46  #05 WriteBuffer

Purpose
to write data into the sector buffer as specified by DesiredSectorBuffer and 2*SectorSizelLg2:
[SectorBuffer FROM DesiredSectorBuffer*SectorSize FOR SectorSize].

Use
The command must be followed by the required humber of BYTEs.

-—- ToM212 ! WriteParameter; DesiredSectorBuffer; BufferToWrite
-— ToM212 ! WriteParameter; SectorSizelg2; SizeOfWriteBufferLg2
ToM212 ! WriteBuffer

ToM212 ! [MyBuffer FROM 0 FOR WriteBufferSize]

22



2

Mode 1 operation

Errors

BadParameterValue

Comments

247

If SectorSizelLg2 is outside the permitted range of sector sizes (128 - 16384) then 128 bytes will be
accepted. If DesiredSectorBuffer is such that the area extends past the end of the available sector
buffer then data is placed starting from the beginning of the buffer.

#06 ReadSector

Purpose

Use

Errors

to read data into the desired sector buffer from a specified sector on DesiredDrive. The area is
specified as in ReadBuffer.

The sector may either be specified by using DesiredCylinder1-0, DesiredHead and DesiredSector
or by using logical addressing mode and specifying LogicalSector2-0. See section 2.6 for further
information.

-— ToM212 ! WriteParameter; DesiredSector; Sector
ToM212 ! ReadSector ‘

-- ToM212 ! ReadBuffer

-- FromM212 ? [MyBuffer FROM 0 FOR SectorSize]

Even if Error is zero then warnings may be given in Reason. See section 2.5 for information on
possible warnings. )

BadParameterValue
BadPolyType
UncorrectableEccError
TimedOut
DriveNotSelected
DriveHasBecomeNotReady
DriveDoesNotExist
TooManySectorRetries
TooManySeekRetries

Comments

2.4.8

An automatic SelectDrive, SelectHead and Seek are performed at the start of this command. The
number of retries as specified in SectorRetries and SeekRetries are automatically performed. See
section 2.7 for further information. Also an automatic correction is performed if using ECC and a
correctable error is found: See section 2.10 for further information.

#07 WriteSector

Purpose

to write data from the desired sector buffer onto a specified sector of DesiredDrive. The area is
specified as in WriteBuffer.

23



2 Mode 1 operation

Use
The sector may either be specified by using DesiredCylinder1-0, DesiredHead and DesiredSector
or by using logical addressing mode and specifying LogicalSector2-0. See section 2.6 for further
information.
-- ToM212 ! WriteBuffer; [MyBuffer FROM 0 FOR SectorSize]
-—- ToM212 ! WriteParameter; DesiredSector; Sector
ToM212 ! WriteSector

Errors
Even if Error is zero then warnings may be given in Reason. See section 2.5 for information on
possible warnings.
BadParameterValue
BadPolyType
TimedOut
DriveNotSelected
DriveHasBecomeNotReady
DriveDoesNotExist
DriveReadOnly
TooManySectorRetries
TooManySeekRetries

Comments
An automatic SelectDrive, SelectHead and Seek are performed at the start of this command. The
number of retries as specified in SectorRetries and SeekRetries are automatically performed. See
section 2.7 for further information.

2.49  #08 Restore

Purpose
to set the heads of DesiredDrive back to a known place (track 0). It is not possible to tell directly
where the heads of a drive are except when they are on track 0. This command is used to set the
drive to track 0 so that the controller knows where the heads are.
If the notTrack0 signal is TRUE at the start of the command then the heads are stepped inwards
until notTrack0 is FALSE. This is to ensure that the drive is not on a negative track. The heads are
then stepped outwards until notTrack0 is TRUE. CurrentCylinderi-0 is reset to zero.

Use
-- ToM212 ! WriteParameter; DesiredDrive; DriveToRestore
ToM212 ! Restore

Errors

BadParameterValue
TimedOut
DriveNotSelected
DriveHasBecomeNotReady
DriveDoesNotExist
TooManySteps
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2.4.10 #09 Seek

Purpose
to move the heads of DesiredDrive to the track specified in DesiredCylinder1-0.
Usé .
-- ToM212 ! WriteParameter; DesiredCylinder0O; 1 (BYTE)
ToM212 ! Seek
Errors
BadParameterValue
TimedOut
DriveNotSelected
DriveHasBecomeNotReady
DriveDoesNotEXxist
Comments

If the drive has a seek complete line (and HasSeekComplete is set) then a Seek command can
be used to allow overlapped seeks on several drives at once. The PollDrives command (with
DesiredDrive set to zero) can then be used to find the first drive to become ready.

2.4.11 #0A SelectHead

Purpose
to select the head specified in DesiredHead.

Use
-—- ToM212 ! WriteParameter; DesiredHead; 1 (BYTE)
ToM212 ! SelectHead

Errors

BadParameterValue

2.4.12 . #0B SelectDrive

Purpose
to select the drive specified in DesiredDrive which should be between 1 and 4. If DesiredDrive is
set to zero then all drives will be de-selected.
This command also saves the parameter file of the previously selected drive and swaps in the
parameter file for DesiredDrive. It must be used if it is desired to update some parameters before
issuing a command which accesses the disk.

Use
-- ToM212 ! WriteParameter; DesiredDrive; 1 (BYTE)
ToM212 ! SelectDrive
-- ToM212 ! WriteParameter; DesiredSector; 2 (BYTE)
-- ToM212 ! ReadSector

Errors

BadParameterValue
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2.4.13 #0C PoliDrives
Purpose
is used for two similar purposes. Firstly, if DesiredDrive is in the range 1 to 4 then the command
waits until the specific drive is ready or the command times out. Secondly, if DesiredDrive is set
to zero then all drives which have PollThisDrive in DriveType set will be polled until one becomes
ready or the command times out. In this case then DesiredDrive will be left set to the drive which
became ready or which was the last to be looked at if the command timed out.
Use
-—- ToM212 ! WriteParameter; DesiredDrive; 1 (BYTE)
ToM212 ! PollDrives -- poll drive 1
or
-- ToM212 ! WriteParameter; DesiredDrive; 0 (BYTE)
ToM212 ! PollDrives -- perform multiple drive poll
-- ToM212 ! ReadParameter; DesiredDrive
-- FromM212 ? ReadyDrive -- find out which drive is ready
-- ToM212 ! ReadParameter; Error
-- FromM212 ? ErrorCode -- and whether timeout occurred
Errors
BadParameterValue
TimedOut
DriveDoesNotExist
2.4.14 #0D FormatTrack
Purpose
to initialise a track on DesiredDrive to a required format for the controller. It may also be used to
wipe any data from the track.
Use
The track may be specified by either DesiredCylinder1-0 and DesiredHead, or by LogicalSector2-
0 if the LogicalAddressing bit in Addressing is set. See section 2.6 for further information.
The parameters associated with formats such as NumberOfSectors, SectorSizeL g2 and Interleave
must have been set up prior to issuing this command. See section 2.9 for further information.
-— ToM212 ! WriteParameter; DesiredHead; 0 (BYTE)
-- ToM212 ! WriteParameter; NumberOfSectors; 8 (BYTE)
-- ToM212 ! WriteParameter; SectorSizelg2; Lg512
ToM212 ! FormatTrack
Errors

BadParameterValue
BadPolyType

TimedOut
DriveNotSelected
DriveHasBecomeNotReady
DriveDoesNotEXxist
DriveReadOnly
FormatUnderrun
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Comments
An automatic SelectDrive, SelectHead and Seek are performed at the start of this command. The
first bytes of the sector buffer are used by this command. The command bytes are stored in the
first 128 bytes, followed by NumberOfSectors bytes of interleave buffer. Thus for tracks with 128
sectors or fewer only the first 256 bytes will be used, and a maximum of 384 bytes will be used. The
interleave table (and command table) may be read after the completion of FormatTrack by using
ReadBuffer to check, for example, on the location of sectors on the track.
2.4.15 #0F Boot
Purpose
to allow user code to control the M212. For example, it may be useful to include high level file
handling commands in the M212 to relieve the host processor of this overhead, or to provide a
cache of more commonly used sectors such as the directory. The process may have up to three
VAL INT parameters which can be set up at the time the process is started.
Use ;
The code must be stored in the sector buffer and DesiredSectorBuffer set to point to the beginning
of the code (the code may either have been directly read off the disk, or it may have been loaded
down one of the links using WriteBuffer commands. Additional information required by the command
should be stored in the following parameter pairs, LS parameter first:
RWCCylinder/PCCylinder
byte offset from DesiredSectorBuffer of the entry point for the code.
SectorRetries/SeekRetries
workspace requirement of the code in words.
HeadStepRateln64us/HeadSettleTimeln64us
optional parameter 1.
HeadloadTimeln0.5ms/MotorStartTimelndms
optional parameter 2.
Interleave/Skew
optional parameter 3.
-- ToM212 ! ReadSector
-- ToM212 ! ReadSector
-— ToM212 ! WriteParameter; DesiredSectorBuffer; BYTE CodeBegin
-- ToM212 ! WriteParameter; RWCCylinder; BYTE (Entry \ 256)
-- ToM212 ! WriteParameter; PCCylinder; BYTE (Entry / 256)
-- ToM212 ! WriteParameter; SectorRetries; BYTE (WSReqg \ 256)
~— ToM212 ! WriteParameter; SeekRetries; BYTE (WSReqg / 256)
-- ToM212 ! WriteParameter; HeadStepRateIné64us; BYTE (P1 \ 256)
-- ToM212 ! WriteParameter; HeadSettleTimeIn64us; BYTE (Pl / 256)
ToM212 ! Boot
Errors
If Error is non-zero then the mode 1 process STOPs and the Error pin is set. Possible causes of
non-zero Error are SectorSizeLg2 or NumBufferBytesBy256 being invalid, DesiredSectorBuffer
and SectorSizel.g2 specifying an invalid area of the sector buffer, not enough workspace available
as specified by SectorRetries/SeekRetries or Error being non-zero before the command is started.
Comments

The workspace is put immediately beneath the beginning of the code and in order to maximise the
amount of workspace available, the code should be placed as near the end of the sector buffer as
possible. The amount available can be calculated by

361 + ((DesiredSectorBuffer * (1 << SectorSizelg2)) / 2) words.

Note that following a Boot command the mode 1 process will STOP, even if a return is performed.
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2.5 Errors and reasons

Error is the main status register and it must be explicitly read each time the status is required. If non-zero
it indicates that an error has occurred. Reason contains either warning information about non-serious errors
which have occurred or, if Error is non-zero, then further information about the error. ErrorDrive contains
the DesiredDrive which was selected at the time that the last error or warning was set.

Once Error has been set, then subsequent errors do not change Error, Reason or ErrorDrive, nor are
any commands which access a disk obeyed (ReadSector, WriteSector, Restore, Seek, PollDrives and
FormatTrack).

To clear Error and Reason either they must be explicitly set to zero using the WriteParameter command, or
they can be cleared by using the EndOfSequence command, but in the latter case control of the M212 may
be lost to the other link. ErrorDrive is not cleared by an EndOfSequence command and, if desired, has to
be cleared explicitly. However, it is only valid if either Error or Reason is non-zero in which case it will have
been set again, so for most purposes it will not be necessary to clear this parameter.

#00 AlIOk
no fatal error has occurred.
Reason may contain warning information that can be used for error logging procedures:

bit 0 - BadDataCompareByte if set indicates that a ReadSector command successfully finished
but that the data compare byte was not as specified in DataCompare.

bit 1 - SectorCorrected if set indicates that when doing a ReadSector command an ECC error
was found, but that the data was successfully corrected.

bit 2 - SectorRetries if set indicates that when doing a ReadSector or WriteSector command
retries had to be performed, although the command successfully completed.

bit 3 - SeekRetries if set indicates that when performing a ReadSector or WriteSector command
re-seeks were performed, although the command successfully completed.

bits 4-7 are not used for warning information.

#01 BadCommand
a command byte was received that was not a valid command.
Reason will contain the erroneous command code.

#02 BadParameterForRead
the parameter specified for a ReadParameter command was not a valid parameter.
Reason will contain the erroneous parameter number.

#03 BadParameterForWrite
the parameter specified for a WriteParameter command was not a valid parameter.
Reason will contain the erroneous parameter number.

#04 BadParameterValue
an invalid value has been found in a parameter or double parameter.
Reason will contain the parameter number which has the erroneous value. Note that if this specifies
the LS parameter of one of the double parameters then it means that the double parameter value
as a whole is in error. Also an error in a logical sector number (when in LogicalAddressing mode)
will manifest itself as an error in DesiredCylinder0. If the error was in DesiredDrive then all drives
will be de-selected and CurrentDrive will be set to zero.

#05 BadPolyType
either the 1D or Data polynomial was not set to CRC or ECC.
Reason will contain the mask of the polynomial type that was in error i.e. #30 for the Data polynomial
and #CO0 for the ID polynomial. See section 2.10 for further information.
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#06 UncorrectableEccError
two consecutive non-zero ECC syndromes were the same and an attempt was made to correct the
error but it was found to be an uncorrectable error.
Reason will be zero.

#07 TimedOut
more than 1 second has elapsed while waiting for a drive to become ready. If this happens during a
multiple drive PollDrives command then DesiredDrive and CurrentDrive will be left at an arbitrary
drive between 1 and 4 which may be a non-pollable drive or a drive that does not exist.
Reason will be zero.

#08 DriveReadOnly
an attempt has been made to write to a disk that is either hardware or software write protected i.e.
either the notWriteProtect pin is TRUE or the WriteProtect bit in DriveType is set.
Reason will contain 1 if the drive was hardware write protected, otherwise 0.

#09 DriveNotSelected
an attempt has been made to access drive 0.
Reason will be zero.

#0A DriveHasBecomeNotReady
during a command which accessed a disk the drive ready signal became de-asserted.
Reason will be zero.

#0B DriveDoesNotExist
either an attempt was made to access a drive for which the DriveExists bit in the DriveType
parameter was not set or an invalid drive type byte was specified during an Initialise command.
Reason will be zero in the former case or will be the value of the drive type byte in the latter.

#0C TooManySectorRetries
during. a ReadSector or WriteSector command the number of retries specified in SectorRetries
was exhausted.
Reason will be zero.

#0D TooManySeekRetries
during a ReadSector or WriteSector command the number of retries specified in SeekRetries was
exhausted.
Reason will be zero.

#0E TooManySteps
during a Restore command, the track 0 indicator had not reached the required value after
NumberOfCylinders1-0 steps had been taken.
Reason will indicate the logical value of the Directionin signal at the time. Thus it will be one if doing
the initial steps towards the centre of the disk or zero if doing the restore proper towards track 0.

#0F FormatUnderrun
during a FormatTrack command if an under-run error is detected. See section 2.9 for further
information on formats and under-runs.
Reason will be zero.
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2.6 Addressing and auto-increment modes

Two modes of sector addressing are available in mode 1. Firstly by the “traditional” method of specifying
cylinder, head and sector, or secondly by specifying a single logical sector number in LogicalSector2-0.
This second method maps all of the sectors on a disk into a single linear address space of sectors. The
required cylinder, head and sector are calculated by the mode 1 process when a ReadSector, WriteSector
or FormatTrack command is performed. Note that Seek and SelectHead do NOT use the logical address,
but always DesiredCylinderi1-0 and DesiredHead respectively. The calculated values of DesiredSector,
DesiredHead and DesiredCylinder1-0 may be examined after the command has completed.

- Logical addressing mode is specified by setting the LogicalAddressing bit of the Addressing parameter. If

“unset then normal addressing is used. If LogicalAddressing is set then an additional bit, IncrementLogical,
may be set to automatically increment the logical address. It will be incremented by 1 for ReadSector and
WriteSector, or by NumberOfSectors for FormatTrack. This allows successive commands to access the
next sector or track without updating the required address.

In order to make error recovery easier, if Error is non-zero i.e. an error has occurred, then no sector
auto-increment will take place and LogicalSector2-0 will be left as it was.

Also useful in this mode is IncrementBuffer (see below) which will allow a sequence of ReadSector or
WriteSector commands to be issued which will read or write a block of consecutive sectors from consecutive
desired sector buffers without any updating being required.

In logical addressing mode the order of access is sector, then head, then cylinder. This requires the minimum
of head switching and stepping. For example, suppose we have a small disk with NumberOfSectors = 2,
NumberOfHeads = 2 and NumberOfCylinders1-0 = 2. Then the logical sectors are as follows (assuming
sectors are numbered from 1 i.e. SectorsFrom1 is set):

logical desired desired desired
sector  sector head cylinder

0 1 0 0
1 2 0 0
2 1 1 0
3 2 1 0
4 1 0 1
5 2 0 1
6 1 1 1
7 2 1 1

If a FormatTrack is issued when in logical addressing mode, then the track which is formatted is the one
which will contain the specified logical sector. If IncrementLogical is set then LogicalSector2-0 is always
incremented by NumberOfSectors (rather than to the beginning of the next track).

The other addressing mode available is IncrementBuffer which automatically increments DesiredSector-
Buffer each time the sector buffer is accessed (by a ReadSector, WriteSector, ReadBuffer or WriteBuffer
command). Thus a sequence of ReadSector or WriteSector commands which will read or write a block of
consecutive sectors, or a sequence of ReadBuffer or WriteBuffer commands which will read a large area
of the sector buffer can be issued without having to update DesiredSectorBuffer.

In order to make error recovery easier, if Error is non-zero i.e. an error has occurred, then no buffer auto-
increment will take place and DesiredSectorBuffer will be left as it was.
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Mode 1 operation

2.7

Retries

Retries are performed during ReadSector and WriteSector commands if certain errors which mean that the
operation cannot be performed correctly are detected.

Sector retries

These retries are performed if the ID field is correctly found, but an error is found in the Data field
apart from a DataCompareError. i.e. if any error other tHan Timeout or DataCompareError is set
in hard parameter StatusRegister1. In this case another attempt is made to perform the operation
straight away unless a correction is being tried. The SectorRetries parameter is used to specify the
number of sector retries that will be attempted before the command is terminated with a non-zero
Error. A value of zero in SectorRetries disables this form of retry.

If an ECC is being used and NumEccCorrectableBits is not zero, then corrections will be attempted
after two successsive syndromes are equal. Thus at least 1 sector retry must be allowed in order
for corrections to be tried. The more sector retries that are allowed, the greater the chance that two
successive syndromes will be equal, but the chance of a mis-correction may become greater.

Seek retries

These retries are performed when the correct ID field is not found within the time allowed by the
hardware timeout i.e. the Timeout bit of hard parameter StatusRegister1 is set. It is therefore
possible that the heads are over the wrong track and so a restore, followed by a re-seek, is performed
before an attempt is made to do the operation again. The SeekRetries parameter is used to specify
the number of seek retries that will be attempted before the command is terminated with a non-zero
Error. A value of zero in SeekRetries disables this form of retry. If a seek retry is performed then
the number of sector retries performed is reset to zero.

The M212 supports hardware retries, but these have been disabled in mode 1 to allow error logging bits to
be set in Reason. They may be re-enabled by setting the TimeoutindexNumberLess2 field of the hard
parameter TimingRegister0 to a value between #1 and #7. See section 3.5.1 for further information. This
will allow more hardware retries to be performed before the mode 1 retries are invoked, but the fact that
hardware retries have been attempted is not logged. It may, however, be advantageous to enable hardware
retries in order to stop seek retries from happening too often. This is because the restore can take a long
time to perform, particularly on a winchester with a large number of cylinders and a seek complete line.
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2 Mode 1 operation

2.8 Auto-booting

On reset, if PA6 (notHeadSelect[2]) is low, then an autoboot will be attempted. PA5-4 (notHeadSelect[1-0])
are examined and used as a drive number and type as follows:

PA5 PA4 drive number drive type

high  high 1 winchester
high low 2 winchester
low -high 3 floppy
low low 4 floppy

The drive is selected, initialised and restored and an attempt is then made to read sector 1 on head 0 of
cylinder 0 (logical sector 0). If this is unsuccessful then the Error pin will be set and the process will STOP.
If read correctly then the first byte of the sector is examined and one of two courses of action taken. If the
first byte is between 2 and 255, then the byte followed by that many bytes of the sector are transferred out
of link 0. Thus the first sector can be used as a boot message for a transputer at the other end of the link.
The boot message can be a primary boot that will read subsequent boot code off the disk. However, if the
first byte of the sector is 0 or 1 then the sector must contain details about code which will be read from the
disk and used to boot the M212 itself. The layout of the sector bytes in the case of a self boot is as follows:

Bytes
0 muét be 0 or 1.
1 is not used.

2-3 contain an INT (LS byte first) specifying the length of the code in bytes.

4-5 contain an INT (LS byte first) specifying the entry point of the code in terms of bytes from the
beginning of the code.

6-7 contain an INT (LS byte first) specifying the workspace requirement of the code in words.

8-9 contain an INT (LS byte first) specifying the first optional VAL INT parameter for the code.
10-11  contain an INT (LS byte first) specifying the second optional VAL INT parameter for the code.
12-13 contain an INT (LS byte first) specifying the third optional VAL INT parameter for the code.
14-255 are not used

The appropriate number of sectors will be read from logical sector 1 onwards in logical sector number order
into the top of the available sector buffer (it must be able to fit into the sector buffer otherwise an error will
occur). If no error has occurred and there is enough workspace available, then the code will be entered with
the three optional parameters set up. If an error occurs then the Error pin will be set and the process will
STOP. If the boot code returns back to the mode 1 code then it will also STOP. The amount of workspace
available is 361 + (NumberOfFree256ByteSectorBuffers * 128) words and it is placed immediately beneath
the code. Sometimes it may be required to move the code and workspace down from the top of the sector
buffer, for example to move them into fast internal RAM. The code can be moved down by making bytes
2-3 (the code length) artificially large and the workspace can be moved down by placing some dummy array
declarations at the top of the program before any other declarations.

The booting features of mode 1 assume that the disk uses the default format and disk size. If this is not the
case then either the default format must be used for the boot sectors or the format must be compatible for
the required number of sectors. The latter case can be achieved, for example, with SectorsFrom1 unset if
the number of sectors read does not exceed the default NumberOfSectors - 1. Another possibility is having
the actual number of sectors per track greater than than the default, although in this case there will be some
unused sectors at the end of each boot code track. If necessary then the first few tracks required for booting
could use a different format from that used by the rest of the disk. The write clock provided must also be the
required frequency of 20 MHz for a 5 Mbits/s winchester or 16 MHz for a 250 kbits/s floppy.
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29 Formats available in mode 1
Floppy formats
The standard floppy format (as set up by Initialise) uses double density (MFM) and is:
Index Index
+ ¢ Repeated 16 times > +
1718 L ¢
Gap |IX [Gap |ID cletele R Gap | Dat Data Gap | Gap
0 AM| 1 AM alc 2 AM 3 4
k dlaln C

Notes.

S

ZLlredNe

]
]
12)
13)
14)
15)

16)

The lines marked with a * are those updated during a WriteSector.

P
N
[64]

[a] [a] [5] [6] [] [e] [o] fra] [14] el

- N
_L[\)Q)_L(_Q[\)NN_L_A._L_L_LQ)

53

777

records of 372 bytes
bytes of #4E
bytes of #00 followed by

bytes of #C2 with clock bit 3 missing followed By

byte of #FC
bytes of #4E
bytes of #00 followed by

bytes of #A1 with clock bit 2 missing followed by

byte of #FE-#F1 depending on cylinder / 256

byte of cylinder REM 256

byte of head

byte of sector between 1 and 16
byte of Length which is #01 (256 byte sectors)

bytes of preset CRC
bytes of #4E followed by
bytes of #00

bytes of #A1 with clock bit 2 missing followed by
byte of #FB (data compare byte)

bytes of #E5

bytes of preset CRC
byte of #4E followed by
bytes of #4E

bytes of #4E to fill remainder of track
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Winchester formats
The standard winchester format (as set up by Initialise) uses double density (MFM) and is:

13)
15)
16)

* o+ o ¥ % *

Index Index
* 4——[1] Repeated 32 times g *
H|S
E
Gap |ID T ele g Gap |Dat Data c Gap | Gap
1 AM [afelcfz |AM c |3 4
d|#

2 .
WP -2 —2CWWN - - 2 s

15
292

6] [6] [l [s] fio] [ F] fla] [5] kel

records of 316 bytes

bytes of #4E

bytes of #00 followed by

byte of #A1 with clock bit 2 missing followed by
byte of #FE-#F1 depending on cylinder / 256
byte of cylinder REM 256

byte of head \/ (lengthbits << 5) lengthbits = #0
byte of sector

bytes of preset CRC

bytes of #00 followed by

bytes of #00

byte of #A1 with clock bit 2 missing followed by
byte of #F8 (data compare byte)

bytes of #00

bytes of preset ECC

byte of #00

bytes of #4E

bytes of #4E to fill remainder of track

The lines marked with a * are those updated during a WriteSector.
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Package

13

The IMS M212 is available in an 68 pin J-Lead chip carrier or 68 pin Grid Array.

J-Lead chip carrier

13.1
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PB7
1 50 PB6
1 49 PB5
1 48 PB4
] 47 PB3
1 46 PB2
1 45 PB1

PBO
1 43 VCC
1 42 PA7

PAG6
1 40 PAS5

PA4
1 38 PA3
1 37 PA2
1 36 PA1
1 35 PAO

1 51
1 44
1 41
1 39
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IMS M212
68 pin J lead

chip carrier
Top view
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13 O
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15 O
16 O
17 O
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RnotW 12

Wait

notCE 10

vCccC
AD7
AD®g
AD5
AD4
AD3
AD2
AD1
ADO
ALE
GND
A7
A6
A5
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Vin

GND
PhaseDown
PhaseUp
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ReadData
notWriteData
Early
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notWriteGate
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13 Package
13.2 Pin Grid Array
1 2 3 4 5 6 7 8 9 10
GootFrom CapPlus Y Clockin LinkOut0 Y LinkinO Linkin1 . Link EventAck
A Rom Speed
Analyse CapMmus ProcClockY LinkOut1 YEventReq Y HoldTo
B GND
AD7 PB6 )
o}
D Index
4 vce PA7
E IMS M212
68 Pin Grid Array \,
Top View PAS PA6
F
PA2
G
H [ Vin I GND
Wait A5 A3 A1 Disint Late ReadData Phase Phase PA1
J ROM Down
K A7 Write notWrite Early notWrite | notindex PAO
Clock Gate Data
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13 Package

13.3 Package Dimensions

13.3.1 J-Lead Chip Carrier

index

"

>
@
ARAAAAARAARAARAD

OO OUU O OU L UL

LL— MU UL A A e
DR :ll
A
J
+K
L I f
Detail A-A
Millimetres Inches
DIM NOM | TOL NOM | TOL NOTES

A 30.226 +0.127 1.190 +0.005
B 29.312 +0.127 1.154 +0.005
C 3.810 +0.127 0.150 +0.005
D 0.508 +0.127 0.020 +0.005
F 1.270 +0.127 0.050 +0.005
G 0.457 +0.127 0.018 +0.005
J 0.000 +0.051 0.000 +0.002
K 0.457 +0.127 0.018 +0.005
L 0.762 +0.127 0.030 +0.005
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13 Package

13.3.2 Pin Grid Array

index M E 109 876 5 4321
"4 _>| I<-F
4 Y s ™\
t +— ©PeEEEEEEE
10010,010]010]0]0.0)
01010 OO®
O® O®
o . | 9® OO
o]0 0)0)
l ®® 6/0,
1 gololo; 0]0.0)
=y {H 0000000000
v L ) =< ’—;—\@@@@@@@@@Gj
«<—— B —b »ic L e
L T e M DL

Millimetres Inches
DIM NOM | TOL NOM | TOL NOTES
A 26.924 +0.254 1.060 +0.010
B 17.019 +0.127 0.670 4+0.005
C 2.456 +0.278 0.097 +0.011
D 4572 +0.127 0.180 +0.005
E 3.302 +0.127 0.130 +0.005
F 0.457 40.025 0.018 40.001 Pin diameter
G 1.143 +0.127 0.045 +0.005 | Flange diameter
K 22.860 +0.127 0.900 +0.005
L 2.540 +0.127 0.100 +0.005
M 0.508 0.020 Chamfer
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A Disk drive overview

All disks consist of one or more circular platters which rotate about their common centre. The surfaces of
the platters are coated with a magnetic substance on which data can be recorded. Each surface to be used
for recording data has a read/write head positioned over it, so that as the disk rotates a ring of the surface,
known as a track, moves under the head. In order to know where the start of the track should be positioned,
once every revolution an index pulse is produced. The heads may be moved in or out across the surfaces
(all the heads are moved together) so that a number of concentric tracks may be accessed. This is known
as seeking. A set of tracks that may be accessed without moving the heads (i.e. one track for each head) is
known as a cylinder. Most disk drives have a control signal which indicates when the heads are positioned
on the outermost track available, this is generally called Track 0.

Typical Disk Arrangement ) )
<¢— Disk rotation

Platters .
Concentric
tracks

Read/write

heads

7

Read/write head
movement

Each track has a number of blocks of data written on it. These are known as records and are the smallest
addressable unit on a disk. On standard formats there are two fields per record - the Identification (ID) field
which is then followed by the Data field. The disk controller must be able to find the start of each field, and
S0 a special pattern of information is pre-written onto each track. This operation is known as formatting the
disk. The patterns written during formatting include special markers called address marks (AM). These do
not follow the normal rules for encoding data so that they can be distinguished from normal data by the disk
controller. Not only are address marks used to identify the position of fields, but because data is written
serially they are used to aligh the data into bytes.

Address Mark Coding (MFM format)
<@ &

seces | | L L L 1 [ | | |

Normal Data l‘l ﬂ I'I ” ﬂ L

Output
Typical
Address Markﬂ ﬂ J ﬂ ” I-L
M
Missing
Clock
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A Disk drive overview

There are two more types of information on tracks - gaps and sync bytes. Gaps are used to provide delays
between the ID and Data fields to allow time for the disk controller and drive to change from reading to writing
and also to provide protection against drive motor speed variation. Sync bytes precede the address marks
and are a regular data pattern that allows the disk controller to synchronise itself to the data rate and phase

of the data coming from the disk.

The ID field is used to uniquely identify the particular sector which follows. The ID field will start with an
address mark and possibly a byte to indicate that this is an ID field, not a Data field. Standard formats
include the sector number and will generally also include the cylinder and head. Some formats also include
details such as sector length in the ID field. A check code is also usually appended to the end of the ID field
to check that it has been read correctly. The ID field is only written during a format - sector writes only update
the Data field which follows the ID Field. This consists of an address mark and possibly a byte to indicate
a Data field, followed by the sector data itself and probably a check code. Each time a sector is written the
whole Data field including the preceding sync bytes and AM are also written to ensure that it is aligned with
the sector data correctly.

Typical Track Format

Period of one Disk Revolution
£
INDEX I__l |
Initial Record 1| Record 2 T Final
DATA Gap Record N Gap
Identification (ID) Field Data Field
Sync | Address| 4., Cylinder |Head| Sector| Check|Gap
Bytes| Mark No. [No. No. |Bytes |Byte
Sync | Address Check | Gap
Bytes| Mark dent  Data Bytes Bytes | Bytes

One additional type of field used on some floppies is the index address mark which is placed at the beginning
of each track. Although this is not used by most controllers it is usually written during a floppy format operation
as required for compatibility.

Data is written onto the magnetic surface of a disk as a sequence of flux transitions. If these transitions are
close together then when the data is read off a disk the transitions appear to move away froin each other
due the the properties of the recording media and heads. This reduces the margins for data recovery and
so to overcome this a technique known as pre-compensation is used. This shifts transitions that are close
to each other even closer together so that when read back they appear in the correct place. Different disk
manufacturers specify different amounts of pre-compensation to be used, and different tracks on which to

use it.

Another problem can occur on the inner tracks of the disk where the same amount of data has to be written
onto a shorter length of track. As well as possibly needing pre-compensation, some disks require the write
current in the heads to be reduced on the inner tracks. They have an input signal, usually called Reduced
Write Current, which must be set for the inner tracks.
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B Disk controller registers
Address  Register Address Register

#00 PlAPortAData #28 SyndromeByte0

#01 PIAPortADirection #29 SyndromeByte1

#02 PIAPortAChange #2A SyndromeByte2

#03 PIAPortAPin #2B SyndromeByte3

#04 PlAPortBData #2C Control

#05 PIAPortBDirection bit 0: DataPresetNotReset

#06 PIAPortBChange bit 1: IDPresetNotReset

#07 PIAPortBPin bit 2: MFMNotFM

#08 DataFieldAMData bit 3: EnablePrecompensation

#09 DataFieldAMClock bits 5-4: DataFieldCrcEccMode

#0A IDFieldAMData bits 7-6: IDFieldCrcEccMode

#0B IDFieldAMClock #30 Precompensation0

#0C  DataAMMissingClock bits 3-0: OntimeDelay

#0D  IDAMMissingClock bit 4: DivideBy2Not4

#0E IndexAMMissingClock bit 5: TestMode

#10 IDCompare0 ' bit 6: WinchesterNotFloppy

#11 IDComparei bit 7: ExternalPrecompensation

#12 IDCompare2 #31 Precompensationi

#13 IDCompare3 bits 3-0: EarlyDelay

#14 IDCompare4d bits 7-4: LateDelay

#15 IDCompare5 #32 DataSeparation

#16 IDCompare6 bits 2-0: VCOFrequencyDivision

#17 IDCompare7 bits 5-3: WriteClockReferenceDivision

#18 DataCompare bit 6: PositiveReadData

#1A StatusRegister0 bit 7: ExternalDataSeparation
bits 7-0: IDCompareError #34 TimingRegister0

#1B StatusRegister1 bits 1-0: ValidAddressMarkNumberLess1
bit 0: DataCompareError bits 4-2: CheckablelDBytesLess1
bit 1: IDCrcEccError bits 7-5: TimeoutindexNumberLess2
bit 2: DataCrcEccError #35 TimingRegister1
bit 3: Overrun bits 2-0: SectorSize
bit 4. Underrun bit 3: DataCompareEnable
bit 5: InvalidAMGroup bits 7-4: SoftwareCrcEccSize
bit 6: NoValidAMGroup #36 DelayAfteriDLess3
bit 7: Timeout #37 RESERVED: must be set to #00

#20 CRCPolynomial0 #38 UncheckablelDBytes

#21 CRCPolynomiali #39 Operation

#24 ECCPolynomialQ #3A ReadSpecial0

#25 ECCPolynomialit #3B ReadSpeciali

#26 ECCPolynomial2 #3C  ValidAMCount

#27 ECCPolynomial3
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C Correction algorithms for ECC’s

This appendix describes the various different correction algorithms that can be used when a non-zero ECC
syndrome has been found. Three methods are described, each of which has its own set of advantages and
disadvantages.

Throughout this appendix, reference is made to 'the standard polynomial’. This is
(2:21 + xO)(xll + $2 + :1:0) = zsz + :523 + :l:21 _|_$11 + x2 + .’L‘O
and it can correct a sector with a length of up to 21(21! — 1) = 42987 bits.

The derivation of the algorithms is beyond the scope of this appendix. In particular, the chinese correction
algorithm is specific to the standard polynomial used, although the general form will be the same for others.
Also, although any polynomial may be programmed into the M212, many will not have the desired properties
for an ECC. For further information on the mathematics of ECC’s and suitable polynomials see any book on
codes such as Error Correcting Codes by W.Peterson and E.Weldon (MIT Press).

Note that correction is normally only performed after performing several retries, typically 16, all of which have
failed, or after two successive retries yield the same value of syndrome.

All the following examples have an undefined process called ’InvertBit’ which takes as its parameter a bit

index into the data buffer. The numbering of the bits includes all the bits that were ECC’ed and also the ECC
itself. As an example, consider a standard 256 byte winchester sector which will have its bits numbered as
follows:

Address Data 256 data ECC

mark mark bytes bytes

Al F8 DO ... D255 ECC3 ECC2 ECC1 ECCO
2095-2088 2087-2080 2079-2072 ... 39-32 31-24 23-16 15-8 7-0

It would be more efficient to align the error pattern to a byte or word boundary and then exclusive-or the error
pattern with the data directly, rather than a bit at a time. ’InveriBit’ is just intended to make it clear which bits
should be corrected. The other simplification that has been made to keep the algorithms clear is to assume
a 32 bit wordlength for the integers.

Note that there is a small but finite probability of an error being mis-corrected. The probability will depend on
the polynomial being used and also on the size and distribution of the errors on the disk.

There is also the possibility that an error will be generated which is defined as correctable but when the bit

index is calculated it does not point to a valid sector location (in the above example outside the range of 0 -
2095). This type of error should be considered to be uncorrectable.
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C Correction algorithms for ECC’s

CA Normal correction
This is the standard correction algorithm which will work with any appropriate ECC polynomial.
PROC ForwardCorrect ( VAL INT Syndrome, BOOL Corrected )

VAL BurstLength IS 11
VAL RegLength IS 32 :
VAL Codelength IS 42987
VAL Polynomial IS #00A00805
-- x732 + %723 + x*21 + x~11 + x*2 + x*0

VAL RegBits IS #FFFFFFFF
VAL ZeroesMask IS RegBits >> BurstlLength
VAL TopBit IS #80000000
INT Shifts
INT ErrorPattern
SEQ
-- get error pattern and number of shifts
Shifts := 0
ErrorPattern := Syndrome

WHILE ((ErrorPattern /\ ZeroesMask) <> 0) AND
(Shifts < Codelength)

SEQ
IF
(ExrrorPattern /\ TopBit) = 0
ErrorPattern := ErrorPattern << 1
TRUE
ErrorPattern := (ErrorPattern << 1) >< Polynomial
Shifts := Shifts + 1
-- try to correct
IF
(ErrorPattern /\ ZeroesMask) = 0
SEQ
SEQ ErrorPatternBit = 0 FOR BurstLength
SEQ
Shifts := Shifts + 1
IF
(ExrrorPattern /\ TopBit) <> 0
InvertBit ( CodeLength - Shifts )
TRUE
SKIP
ErrorPattern := ErrorPattern << 1
Corrected := TRUE
TRUE

Corrected := FALSE

Unfortunately, this algorithm implies that the sector is a full 42987 bits long (using the standard polynomial).
Suppose we use the standard winchester sector which has 2096 bits, then there are an extra 42987-2096
implicit zero bits at the front of the sector. The algorithm finds the errors starting at the most significant bits
which are the implicit zeroes, and so at least 40891 shifts will have to be performed before the error can
be found. This makes the method extremely inefficient, particularly for small sector sizes, although with a
4 Kbyte sector the overhead will not be too great.
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Correction algorithms for ECC’s

C.2

Reverse correction

To get around the problem of the implicit zero bits, the reverse polynomial can be used. This method finds
the bits in error starting from the least significant bit, and so for a standard winchester sector a maximum of
2096 shifts will be required. However, the reverse polynomial must exist to use this method, the restriction
being that the polynomial must be of the form z32 + ... + z°.

PROC ReverseCorrect ( VAL INT Syndrome, BOOL Corrected )

VAL
VAL
VAL
VAL

VAL
VAL
VAL

INT
INT
INT

SEQ

BurstLength IS 11
RegLength IS 32 :
CodeLength IS 42987 :
Polynomial IS #00A00805
-- x*32 + x*23 + x*21 + x*11 + x*2 + x*0

RegBits IS #FFFFFFFF

ZeroesMask IS RegBits << BurstLength
TopBit IS #80000000

Shifts

ErrorPattern :

RevPolynomial

-- get reverse polynomial
RevPolynomial := (Polynomial >> 1) \/ TopBit

-- get error pattern and number of shifts
Shifts := 0

ErrorPattern := Syndrome

WHILE ((ErrorPattern /\ ZeroesMask) <> 0) AND

(Shifts < Codelength)

IF

SEQ
IF
(ExrrorPattern /\ 1) =0
ErrorPattern := ErrorPattern >> 1
TRUE
ErrorPattern := (ErrorPattern >> 1) >< RevPolynomial
Shifts := Shifts + 1
-— try to correct
(ExrrorPattern /\ ZeroesMask) = 0
SEQ
SEQ ErrorPatternBit = 0 FOR BurstLength
SEQ
Shifts := Shifts - 1
IF
(ErrorPattern /\ TopBit) <> 0
InvertBit ( Shifts )
TRUE ’
SKIP
ErrorPattern := ErrorPattern << 1
Corrected := TRUE
TRUE

Corrected := FALSE

An uncorrectable error has been found when the number of shifts performed exceeds the sector size, so it is
not actually necessary to complete all 42987 shifts. For large sector sizes, however, the maximum number
of shifts can still be large (32816 for a 4 Kbyte sector).
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C Correction algorithms for ECC’s

C3 Chinese correction

This is the quickest algorithm for large sector sizes. The algorithm is more complex, however, and the choice
of polynomial is still further restricted - the polynomial used must be capable of being factorised into specific
types of polynomials and also the syndrome has to be reset, not preset. In the case of the M212 hardware,
the polynomial must be of the form (22! + ... + 2%)(z1! + ... + z0).

The maximum number of shifts ever required by the chinese correction algorithm using the standard polyno-
mial is 21+ (2! — 1) = 2068. Thus for sectors of 512 bytes or more it will probably be quicker to use the
chinese method, but at the expense of more code.

Note that when using chinese correction on the M212, the ECCPolynomial registers must be set up for the
multiplied-out polynomial and Control for ECC during write, but for the factorised polynomial and chinese
during read. The term (22! + ... + z°) occupies the most significant 21 bits of the ECCPolynomial registers
and the term (z!! + ... + z°) occupies the lower 11 bits. The terms (z?! + z°) and z!'! are implicit in the
ECCPolynomial registers in chinese mode and these bits must not be set. For example, using the standard
polynomial, the following values would be used:

write  read
ECCPolynomial3 #00  #00
ECCPolynomial2 #A0  #00
ECCPolynomiali #08  #00
ECCPolynomial0 #05  #05

DataFieldCrcEccMode #1 #0
DataPresetNotReset #0 #0

Therefore the write operation is the same whether ECC or chinese mode is being used, only the read is
different. Thus it is possible to choose the correction algorithm at the time of the read, so long as the
syndrome was reset for the write.

PROC ChineseCorrect ( VAL INT Syndrome, BOOL Corrected )

VAL BurstLength IS 11 :
VAL CodeLength IS 42987

VAL ARegLength IS 21
VAL ACodeLength IS 21

VAL APolynomial IS #00000001 : -- x~21 + x~0
VAL ARegBits IS #001FFFFF

VAL AZeroesMask IS RegBits >> BurstLength
VAL ATopBit IS #00100000 :

VAL AFactor IS 38893 :

VAL BRegLength IS 11 :
VAL BCodelength IS 2047

VAL BPolynomial IS #00000005 : -- x"~11 + x*2 + x~0
VAL BRegBits IS #000007FF

VAL BZeroesMask IS RegBits >> BurstLength

VAL BTopBit IS #00000400

VAL BFactor IS 4095

INT Shifts, AShifts, BShifts
INT ErrorPattern, AErrorPattern, BErrorPattern
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Correction algorithms for ECC’s

SEQ
—- get number of A shifts
AShifts := 0
AErrorPattern := (Syndrome >> BRegLength) /\ ARegBits

WHILE ((AErrorPattern /\ AZeroesMask) <> 0) AND
(AShifts < ACodeLength)

SEQ
IF
(AErrorPattern /\ ATopBit) = 0
AErrorPattern := AErrorPattern << 1
TRUE
AErrorPattern := (AErrorPattern << 1) >< APolynomial

AErrorPattern := AErrorPattern /\ ARegBits
AShifts := AShifts + 1

IF
(AErrorPattern /\ AZeroesMask) = 0
SEQ
-- get error pattern
ErrorPattern :=
AErrorPattern >> (ARegLength - BReglength)
-- get number of B shifts
BShifts := 0
BErrorPattern := Syndrome /\ BRegBits
WHILE (BErrorPattern <> ErrorPattern) AND
(BShifts < BCodeLength)
SEQ
IF
(BErrorPattern /\ BTopBit) = 0
BErrorPattern := BErrorPattern << 1
TRUE
BErrorPattern :=
(BErrorPattern << 1) >< BPolynomial
BErrorPattern := BErrorPattern /\ BRegBits
BShifts := BShifts + 1
-- reconstruct number of shifts }
Shifts := ((AShifts*AFactor)+ (BShifts*BFactor)) REM CodelLength
-- try to correct -
IF
BErrorPattern = ErrorPattern
SEQ
SEQ ErrorPatternBit = 0 FOR BurstLength
SEQ
- Shifts := Shifts + 1
IF
(ExrrorPattern /\ BTopBit) <> 0
InvertBit ( CodelLength - Shifts )
TRUE
SKIP
ErrorPattern := ErrorPattern << 1
Corrected := TRUE
TRUE
Corrected := FALSE
TRUE

Corrected := FALSE
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D Data separation phase locked loop

D.1 Basic Equations

Block Diagram

PhaseUp
1< 2 | Standoy - fF:eference
equency
Rch1 phase detector {g—
PhaseD Read mode [@—— Readdata
[ le asebn g phase detector |g
Rch2
R2 Vin ~
—l { VCO ——+» Divider
C1——
—_— C3
R1 —_—C2

The block diagram above shows the components of the phase locked loop which are used for data separation
on the M212. The output of the voltage controlled oscillator, after passing through a programmable divider,
provides a read clock frequency. This is used as an input into two phase detectors, one used in standby
mode, and the other used when reading from disk. The divided write clock frequency provides the other input
to the standby phase detector, and the read data stream from the disk provides the other input to the read
mode phase detector. The detected phase errors from the selected phase detector is then output from the
M212 on the pins PhaseUp and PhaseDn. These signals are then connected through the charging resistors
Rch1 and Rch2 to the filter which consists of the components R1, R2, C1, C2, C3. The resulting voltage
output from the filter then provides the control voltage to the VCO on the input pin Vin.

Consider the filter shown below:

R2
L ] vin
C1
C3
R1 — C2
The transfer characteristic for this filter is:
Vin = I(1+ s7s)
om0 (24 (4 2+ 2+ 2) + (2 + 7))

117



D Data separation phase locked loop

where
= R1C2
Ty = R2C3
T3 = R2C2
T4 = R2C1

T5 = RI(C]. =+ 02)
Now consider the on-chip components :

The VCO has a transfer characteristic:-

3.0 —

2.5 —

2.0 o

Vin
volts

1.0 —

0.5

0.0 I | I I T |
0 20 40 60 80 100 120

Frequency
MHz

The gain of the VCO, K,, is defined as the gradient at the operating point, V,,, in units of radians/volt-sec.
Also, the divider is defined to divide by N, and the phase detector to have an attenuation of M.

Therefore the overall gain of the chip components is NLA'Z radians/ volt-sec.

An error voltage is produced on the PhaseUp and PhaseDn pins depending on the VIn voltage. This voltage
is converted into an input current for the filter by Rch resistors.

Rch1
PhaseUp —] '[
Vop
PhaseDn ', ', —
Rch2 Idc

Assuming that Rch1 and Rch2 are greater than the on resistance of the M212 output transistors:
Vee =Vop _ Vop

Rchl Rch?2
Hence the actual current which is input to the filter as a result of a phase error is :

Idc =

Vop

= 2nRch2

Amps/radian
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D Data separation phase locked loop

Open Loop Gain G () = (#7) (wétz) () (%) (3)
Hence

KoVop
(21rNMRch2) (1+ s75)

G(s) = 2 2 1,1, 1, 1 1 1
82rpC1l (82 +s ;T+-1;+;3—+1‘4 + +1’11‘2

T1T4
-1
1 1
ar = | —+ —
T1T4 T1T2

Simplify this equation by letting:

Hence

G (s) = K, Vop (1+ 755)
2rNMRch2(C1+ C3) s2 (ars? + brs + 1)
The value of zmmﬁ%‘f”c:wcs) is a constant for a given circuit arrangement, and is denoted L.. Modifying

the gain equation to define the poles and zeroes gives:

L (& +1
G(S)= > - (Z1+3)
s2(gx+1) (& +1)
with the following vaiues: .
71=—
Ts
— 2 _
P1— br br 4ar
2ar
py _ bt VBT = dar
Zar

From this equation the gain and phase margin equations can be derived:

Gain|G (w)| =

w? \2 w 2
“’2\/((1_ piFz) + ( (;;3};2)) )

PhaseMarging = arctan (—%) — 180 — arctan (—;—%) — arctan (%)

where w = 2« f. fis the frequency in Hertz.
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D Data separation phase locked loop

D.2 Typical Winchester Example

Consider a typical winchester disk with a data rate of 5 Mbits/sec. A read clock frequency of twice the data
rate is required to separate the data correctly.

Let
C1=150nF
C2 = 3.3nF
C3 =6.8nF
R1 =301}
R2 = 150

The VCO has a working frequency range of 32 MHz to 80 MHz so choosing f,,=40MHz gives N=4 for a 10
MHz read clock frequency. The standby phase detector has an attenuation of 1 and the read mode phase
detector has a worst case attenuation of 2 in MFM mode. From the VCO curve V,, = 1.1 volts.
If we let Rch2 = 3100 and Rchl = 920Q
Then

n=99-10"8

T =1.02-1077
T3 = 4.95 - 1078
T4 =2.25-107°
75 = 4.6 - 107°
ar = 9.66-10715
br =3.92-1077

Hence
Z1=217-10°

P1=2.74-10°

P2 =3.78-107

L. = 1.62- 10"
The gain and phase versus frequency graphs can now be plotted:

120 — — -90
Gain
S0 — — -120
60 — — -150
Gain Phase Phase
00 - — -210
-30 L -240
-60 I I I I I -270
100 1K 10K 100K iM 10M 100M

Log Frequency
radians
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D Data separation phase locked loop

D.3 Typical Floppy Example

Consider a typical floppy disk with a data rate of 250 Kbits/sec. A read clock frequency of twice the data rate
is required to separate the data correctly.

Let
Cl = 1.0uF
C2 =22nF
C3 =6.8nF
R1 = 820Q
R2 = 15Q

The VCO has a working frequency range of 32 MHz to 80 MHz so choosing f,,=64MHz gives N=128 for
a 500 KHz read clock frequency. The standby phase detector has an attenuation of 1 and the read mode
phase detector has a worst case attenuation of 2 in MFM mode. From the VCO curve V,, = 1.6 volts.

If we let Rch2 = 31002 and Rchl = 9201}

Then .
m =18-10"°
7, =1.02-1077
73 = 3.3-1077
4 =15-107°
75 = 8.38 -107°
ar =1.83-10713
br = 2.46-107°
Hence
Z1=1.19-10*
P1=4.2-10°
P2=13-107
L. =1.05 -10°

The gain and phase versus frequency graphs can now be plotted:

120 — — -90

90 — Gain — -120

60 — - — -150
Gain Phase Phase
g8 30 — — -180 deg

00 — — -210

-30 — L -240

-60 T T T T I -270

100 1K 10K 100K iM 10M 100M

Log Frequency
radians
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E Precompensation phase locked loop

E.1 Basic Equations

Block Diagram

Early frequency and
H_ phase detector
R1
T Late Delay chain
1 vVCOo

The block diagram shows the components of the phase locked loop used for controlling the precompensation
on the M212. The VCO of this phase locked loop consists of an eight stage delay chain, whose output is
inverted and then fed back into the delay chain input. The delay element used in the oscillator is the same
as an element used in the precompensation delay circuit. The output of the VCO is then input to a phase
and frequency detector and compared with a reference frequency. Any resulting error voltages are applied
to the Early pin. An external filter converts the error voltages into a control voltage which is applied to the
Late pin and is used to control the VCO and the precompensation delay chain. The components R1, R2, C1

are the external filter components.

Consider the filter shown below:

Ein

The transfer characteristic of this filter is:

where

Now consider the on-chip components:

R1

CH1

gnd

Eout (3}2 +1)
Ein (st +1)

T = R2C1
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E Precompensation phase locked loop

The VCO has a transfer characteristic:-

5.0 —

4.5 —

4.0 —

Late

volts 3.5

3.0

2.5 —

2.0

| | | | 1 1
0 5 10 15 20 25 30

Frequency
MHz

The gain of the VCO, K,, is defined as the gradient at the operating point,V,,, in units of radians/volt-sec.
The phase detector has unity gain.
Hence the chip gain L, can be expressed as:-

KVop 1

L, = sec
¢ 27

Therefore Open Loop Gain G (s) = Zelttras)

The Gain and Phase margin equations can be derived:

(L. 1+ w22
G ()= (w) <1+w27'12>
¢ = arctan (wr) — arctan (wry)

where w = 27 f. fis the frequency in Hertz.

E.2 Typical Example

If we consider a typical winchester with the value of Precompensation of 12 ns. A typical delay stage of 6 ns
results in a total delay of sixteen stages of 96 ns. The precompensation oscillator needs to be phase locked
to a reference frequency of 10 MHz. This is easily achieved by deriving the reference frequency from the 20
MHz WriteClock.

Let
C1l=10nF
R1 =22K0
R2 = 33002
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E Precompensation phase locked loop

Hence

r=223-10"%
7, =3.3-107°

L. =43.2-10°

The gain and phase versus frequency graphs can how be plotted:

120 —

90
-
60 —

Gain
dB 30

Phase

Gain

100

1K

10K

|
100K

Log Frequency
radians
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F Mode 1 quick reference

Commands
value command value command value command
#00 EndOfSequence #05 WriteBuffer #0A SelectHead
#01 Initialise #06 ReadSector #0B SelectDrive
#02 ReadParameter #07 WriteSector #0C PollDrives
#03 WriteParameter #08 Restore #0D  FormatTrack
#04  ReadBuffer #09  Seek #0F  Boot
Parameters
address parameter address parameter
#00 DesiredSector #10 RWCCylinderBy4
#01 DesiredHead #11 PCCylinderBy4
#02 DesiredCylinder0 #12 SectorRetries
#03 DesiredCylinder1 #13 SeekRetries
#04 LogicalSector0 #14 HeadStepRateln64us
#05 LogicalSector1 #15 HeadSettleTimeln64us
#06 LogicalSector2 #16 HeadLoadTimeln0.5ms
#07 Addressing #17 MotorStartTimelndms
bit 0 - LogicalAddressing #18 Interleave
bit 1 - IncrementLogical #19 Skew
bit 2 - IncrementBuffer #1A NumGap3Bytes
#08 DriveType #1B NumGap4BytesBy256
bit 0 - Winchester #1C NumEccCorrectableBits
bit 1 - WriteProtect #1D DesiredSectorBuffer
bit 2 - SectorsFrom1
bit 3 - LengthBy128Lg2 non-swapped parameters
bit 4 - HasReady
bit 5 - HasSeekComplete #1E DesiredDrive
bit 6 - PoliThisDrive #1F CurrentDrive
bit 7 - DriveExists #20 Error
#09 SectorSizelLg2 #21 Reason
#0A NumberOfSectors #22 NumBufferBytesBy256
#0B NumberOfHeads #23 ErrorDrive (M212Version)
#0C NumberOfCylinders0
#0D NumberOfCylinders1 pseudo parameter
#0E CurrentCylinder0
#OF CurrentCylinder1 #7F ControllerAccess
Errors and reasons
value Error Reason
#00 AllIOk bit 0 - BadDataCompareByte bit 2 - SectorRetries
bit 1 - SectorCorrected bit 3 - SeekRetries
#01 BadCommand erroneous command code
#02 BadParameterForRead erroneous parameter number
#03 BadParameterForWrite erroneous parameter number
#04 ‘BadParameterValue erroneous parameter number
#05 BadPolyType mask of the polynomial type
#06 UncorrectableEccError zero
#07 TimedOut zero
#08 DriveReadOnly drive was software (0) or hardware (1) write protected
#09 DriveNotSelected zero
#0A DriveHasBecomeNotReady zero
#0B DriveDoesNotEXxist access of non-existent drive (0) or invalid drive type
#0C  TooManySectorRetries zero
#0D TooManySeekRetries zero
#0E TooManySteps 0 - during step out, 1 - during step in
#OF FormatUnderrun zero
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