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Figure 12-21. Read/Write System, Functional Block Diagram
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HP-IB Controller

A-1. INTRODUCTION

The HP 7936H, HP 7937H, HP 7936XP, and HP
7937XP Disc Drives are configured for use on an
HP-IB channel. ' These drives are equipped with an
HP-IB Controller PCA-A6 which provides the
electrical and mechanical interface between the
HP-IB channel and the drive. The host system
communicates with the controller using the CS/80
Instruction Set, a command set created for mass
storage devices. The controller transiates the
CS/80 protocol into the necessary format for
communication with the drive over an
HP-developed standard interface (ESI).

This appendix begins with an overview of the con-
troller interfaces, followed by a functional descrip-
tion of the controller PCA. The controller descrip-
tion includes information on both the hardware
and firmware architecture.  Functionally, the
H-model controller and the XP-model controler
are similar. The main difference between the two
is the addition of 2 megabytes of cache RAM on
the XP’s controller PCA. All functional informa-
tion, except that concerning caching, applies to
both controller PCAs.

A-2. CONTROLLER INTERFACES

Host/controller i communication takes place over
the HP-IB channel; controller/drive communica-
tion is conducted over the ESL. A third interface,
the human interface, transfers signals between the
controller and various drive switches and the front

panel LED:s.

A-3. HP-IB

The Hewlett-Packard Interface Bus (HP-IB)
provides a standardized method of connecting
separate devices. The interface functions for each
system component are performed within the com-
ponent so only passive cabling is needed to con-
nect the system. The cable connects all controllers
and other devices of the system in parallel.

The Hewlett-Packard Interface Bus (HP-IB) has
certain rules which must be followed for success-
ful installation of the disc drive. Cabling is limited
to | metre per HP-IB load. Typically the Central
Processing Unit (CPU) is 7 equivalent loads and
the disc drive is 1 equivalent load.

The CPU adheres to an HP standard which allows
7 metres of HP-IB cable between the CPU and the
nearest device connected to it and 1 metre of
cable between each additional device. The maxi-
mum configuration is eight devices (not including
CPU) per HP-IB channel or a maximum of 15
metres or 15 equivalent loads.

The HP-IB permits transfer of commands and data
between the components of a system on 16 signal
lines (see figure A-1). The eight Data I/O lines are
reserved for the transfer of commands, data, and
other messages in a byte-serial, bit-parallel manner.
Data and message transfers are asynchronous,
coordinated by three handshake lines: Data Valid
(DAV-L), Not Ready For Data (NRFD-L), and Not
Data Accepted (NDAC-L). The other five lines are
for bus management.
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Figure A-1. HP-IB Signal Lines

Information is transmitted on the data lines under
sequential control of the three handshake lines
(DAV-L, NRFD-L and NDAC-L). No step in the
sequence can be initiated until the previous step
has been completed. Information transfer can
proceed as fast as devices can respond, but no fast-
er than allowed by the slowest device presently
addressed. This permits several devices to receive
the same message byte concurrently.

Devices connected to the bus may be talkers, lis-
teners, or controllers (refer to table A-1). The
Controller-In-Charge (CIC) dictates the role of
each of the other devices by setting the Attention
(ATN-L) line low and sending talk or listen ad-
dresses on the data lines. Addresses are set for each
device at the time of system configuration. While
the ATN-L line is low, all devices must listen to
the data lines. When the ATN-L line is high,

devices that have been addressed will send or
receive data; all others ignore the data lines.
Several listeners can be active simultaneously but
only one talker can be active at a time. Whenever
a talk address is put on the data lines (while
ATN-L is low), all other talkers will be
automatically unaddressed.

The Interface Clear (IFC-L) line places the inter-
face system in a known quiescent state. The
Remote Enable (REN-L) line is used to select be-
tween two alternate sources of device program-
ming data such as the front panel or the HP-IB.
The End Or Identify (EOI-L) line is used to indi-
cate the end of a multiple-byte transfer sequence.
In addition, when a CIC sets both the ATN-L and
EOI-L lines low, each device capable of a parallel
poll responds on the DIO line assigned to it.
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Table A-1. HP-IB Definitions

HP-IB TERM DEFINITION

CONSIDERATIONS

TALKER -
tion over the ‘HP-IB.

Any device which sends informa-|

There can be only one TALKER send-
. ing information over the HP-IB at
a time.

signal.

LISTENER | Any device which receives in- ] In a parallel poll system, there
formation over the HP-IB. Some | can be up to 8 LISTENERS receiving
devices can function as . information over the HP-IB at the
ILISTENERS or TALKERS. | same time.

CONTROLLER} Any device that has been pro- The CONTROLLER manages data flow
igrammed to manage data flow by addressing one device as a
between the TALKER and the TALKER and one or more devices as
LISTENER(s) in addition to LISTENERS. There can be only one
‘being a TALKER and a LISTENER. active CONTROLLER on the HP-IB at
‘ . at any time. The active CONTROLLER

is called the CONTROLLER-IN-CHARGE
(c1c).

SYSTEM ‘Any device that functions as a I There can be only one SYSTEM

CONTROLLER] CONTROLLER and is able to gain | CONTROLLER connected to the HP-IB.

‘labsolute control of the HP-IB
with the Interface Clear (IFC)

A-4., HP-IB COMMUNICATIONS. This section
describes the formats and sequences for the HP-1B
commands, messages, and transactions that occur
between the CIC and the disc drive. The folowing
list explains the terms used in this section.

COMMAND -- A parcel of information transmit-
ted over the channel (HP-IB) relating to a specific
operation. Channel commands (usually a single
byte) are used t0 manage operations on the inter-
face channel. Device commands (usually more than
one byte) are to control the operation and are
contained within the text of a command message.

UNIVERSAL COMMAND - A channel command
that causes all devices on the bus to perform a
predetermined interface function. Refer to table
A-2, !

PRIMARY COMMAND - The primary |1
command is a channel command that begins the
message sequence (refer to table A-3). It contains
the command to listen or talk and the address of a
particular device. The primary II command ter-
minates the message with an unlisten or untalk
command.

Table A-2. Universal Command Formats

UNIVERSAL UNIVERSAL
COMMAND DEVICE CLEAR

ATN ATN
[PoO1CCCC] [PO010100]

P=Parity Bit
CCCC=Command Code

P=Parity Bit
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SECONDARY COMMAND -- The secondary
command sets up the action required of the disc
drive in the text of the message.

TEXT -- The text of the message can be 1 to n
bytes depending on the required action. The
required action can be to receive further qualify-
ing information or instructions (such as a device
command), to receive write data, to send read or
status data, or to perform a specific operation such
as a CLEAR.

MESSAGE - A unique sequence of command and
text Dbytes transmitted over the channel during
which the communication link between the devices
(for example, CIC and the disc drive) remains
unbroken.

COMMAND MESSAGE -- A single message con-
taining all the information required to address a
device and initiate an operation, set up a
programmable parameter, or set up an operation to
be executed by an execution message.

EXECUTION MESSAGE - A single message con-
taining all the information required to carry out
an operation previously set up by a command
message.

TRANSACTION - A complete process or opera-
tion carried out over the channel. Some transac-
tions are completed with only a command/report-
ing message, and some require a command, execu-
tion, and a reporting message.

A-5. CHANNEL MANAGEMENT. The follow-
ing techniques are used by the CIC to manage the
HP-IB: Parallel Poll and Universal Device Clear.

A-6. Parallel Poll. The CIC conducts a parallel
poll on the HP-IB by asserting ATN-L and EOI-L
simultaneously. Each device requiring service can
then respond by asserting the DIO line correspond-
ing to its address. The CIC then addresses only the
device requiring service. If more than one device
requires service, the CIC addresses the device with
the highest priority (lowest address) first. Parallel
Poll Enable (PPE) and Parallel Poll Disable (PPD)
are internal states of the disc drive controller. PPE
occurs when the disc drive requires service from
the CIC. PPD is the opposite state and occurs

A-4

whenever the disc drive is active (for example,
busy executing a command) or idle. A Parallel Poll
Response (PPR) from the disc drive will occur if
the CIC asserts both ATN-L and EQI-L and if the
disc drive is in the PPE state.

A-7. Universal Device Clear. A universal com-
mand is a channel command that causes all devices
on the HP-IB to perform a pre-determined inter-
face function. Universal Device Clear erases in-
formation stored in the disc drive controller and
places the disc drive in a known reset state. The
universal device clear format is shown in table A-2.

A-8. MESSAGE STRUCTURE. Each message
contains the following components (refer to table
A-3).

e Primary I Command (unidirectional from CIC
to device)

¢ Secondary Command (unidirectional from CIC
to device)

e Text (bidirectional)

¢ Primary I Command (unidirectional from CIC
to device)

The CIC asserts ATN-L during primary and secon-
dary commands to distinguish them from text in-
formation. The disc drive decodes the information
contained in both the primary I and secondary
commands to prepare for action specified in the
text.

A-9. CS/80 INSTRUCTION SET. The host uses
the CS/80 Instruction Set to communicate with the
drive. This instruction set increases the efficiency
and speed of channel operations between disc
memories and their associated host computers.
Table A-4 provides a list of the CS/80 instructions
supported by the drive. For details on CS/80, refer
to the CS/80 Instruction Set Programming
Manual, part no. 5955-3442.

The CS/80 Instruction Set allows the host to in-
itiate special utilities resident within the disc drive.
These utilities routines, which are stored in
controller firmware, are used for diagnosing and



servicing the drive. The utilities supported by the
drive are enumerated in Chapter 8.

A-10. ESI

The ESI provides the communication link between
the controller and the disc drive. This communica-
tion includes disc data, control signals, and status
information. The ESI also includes the operating
voltages for the controller PCA.

The ESI comprises three eight-bit parallel data
busses with associated control signal for each bus,
The three data busses are for disc data, data path
control, and servo control. The ESI also includes
several additional miscellaneous signals,

Physically, the ESI consists of a 60-pin comnector
for the signal lines and a 30-pin connector for con-
troller power. Tbe controller layout and coanector
pin assignments lare shown in figure A-4. A com-

HP-IB Controller
7936 AND 7937

plete description of each ESI signal is provided in
Chapter 5.

A-11, DISC DATA BUS. The disc data bus in-
cludes the following data and control lines:
« DD0-DD?7 - Bi-directional 8-bit disc data bus

¢ DDS-H - Disc Data Strobe

SEF-L - Start ECC Field

SOS-L - Start Of Sector

¢ WHO-L - Write Hold Off

All data written to or read from the disc media is
transferred over the disc data bus. Disc data is
clocked over the 8-bit parallel data bus by DDS-H
from the R/W PCA.

Table A-3. HP-IB Message Structure

TEXT

HEADER TRAILER
PRIMARY;I SECONDARY DEVICE COMMAND OR DATA PRIMARY II
(ATN) (ATN) (ATN)
<One Byte> <One Byte> <One To n Bytes> <One Byte>
Unidirectional Unidirectional Bidirectional Unidirectional

-CIC To Device

Begins Meséage

-CIC To Device

Set Up Device

-Addresses For Further
Device To Talk Action
Or Listen

-Universal

Qualifying Instructions

-CIC To Device

To Device Terminates
Message
Write Data To Device
Unaddresses
Read Data To CIC Device
-Unlisten
Status Data To CIC -Untalk
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Table A-4. Supported CS/80 Commands

COMMAND TYPE COMMAND TYPE
LOCATE AND READ RT DESCRIBE GP
LOCATE AND WRITE RT INITIALIZE MEDIA GP
SET UNIT c SPARE BLOCK GP
SET VOLUME c LOCATE AND VERIFY GP
SET ADDRESS c RELEASE GP
SET BLOCK DISPLACEMENT C RELEASE DENIED GP
SET LENGTH c INITIATE UTILITY GP
SET BURST c INITIATE DIAGNOSTIC GP
SET RPS C REQUEST STATUS GP
SET RETRY TIME C UNIVERSAL DEVICE CLEAR T
SET STATUS MASK C SELECTED DEVICE CLEAR T
SET RELEASE C CHANNEL INDEPENDENT CLEAR T
SET RETURN CANCEL T

ADDRESSING MODE C LOOPBACK T
NO OP C HP-IB PARITY CHECKING T
IDENTIFY T
RT = REAL TIME; C = COMPLEMENTARY; GP = GENERAL PURPOSE;
T = TRANSPARENT

SOS-L is a timing signal from the servo PCA-Al
which defines the beginning and end of the sector
data field The SEF-L signal, generated by the
drive R/W system, indicates when a sector’s ECC
field is about to begin. WHO-L is used by the con-
troller to abort an impending data transfer.

A-12. DATA PATH CONTROL BUS. The data
path control bus includes the following signals:
¢ DPO0-DP7 - Bi-directional 8-bit control data bus
¢ DPRHW-L - Data Path Read/Write

DPAO - Data Path Address Zero

DPCS-L - Data Path Control Select

DPIRQ-L - Data Path Interrupt Request

A-6

The data path control bus is used to transfer con-
trol and status information between the controller
and the R/W PCA. The controller sends command
data to the R/W PCA over the 8-bit control data
bus. Each sector of disc data to be transferred
must be preceded by a command establishing the
appropriate operation (read or write) for that
sector.

The controller uses the data path control system to
communicate with three registers on the R/W
PCA. The appropriate register is selected by the
controller using DPAO. When DPAO is high, the
R/W address register is selected. This register is
loaded with head address and cylinder address in-
formation. The controller can also read this
register (DPRHW-L high) to verif'y its operation.

When the controller performs a write operation
(DPRHW-L low) with DPAO low, a byte of com-
mand data is latched into the R/W PCA command
register. The contents of this register define



whether a read or write operation will be
performed. When the controller performs & read
operation with DPAO low, the R/W PCA returns
the contents of its status register, which contains
information about error conditions which may
have occurred during data transfer operations.
Bits set in the status register cause the DPIRQ-L
signal to go true at the end of the sector in which
the fault occurred. DPIRQ-L is an interrupt input
to the controller microprocessor.

The controller ¢nables the output of the R/W
PCA registers by lasserting DPCS-L.

A-13. SERVO CONTROL BUS. The servo con-
trol bus includes the following signals:

\
e SDO0-SD7 -Bidirectional 8-bit servo data bus

e SRD-L - Servo Read

SWR-L - Servo Write

SDAV-L - Servo Data Available
e SBF-L - Servo Buffer Full

¢ SPR-L - Servb Processor Reset

The servo control bus is used to transfer command
and status information between the controller and
the Servo PCA. Servo commands and status are
transferred over| the 8-bit servo data bus. The
Servo PCA controls the transfer of data over this
bus through the use of the associated control
signals. |

The controller indicates that it has a command for
the servo system by asserting SDAV-L. The servo
PCA responds by toggling SRD-L to read the two
command bytes from the controller’s servo inter-
face buffer. When the servo operation is com-
plete, the servo PCA loads two bytes of status in-
formation into the controller interface buffer by
toggling SRW-L. If the servo interface buffer is
full, the controller asserts SBF-L, indicating to the
Servo PCA that no additional status bytes ¢an be
accepted. .

The SPR-L signal resets the servo system
microprocessor,
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A-14, MISCELLANEOUS SIGNALS. Included
in the ESI architecture are three miscellaneous
signals:

¢ INDX-L - Index
¢ POR-L - Power On Reset
e PF-L - Power Fail

INDX-L is a timing signal generated by the servo
PCA-Al that defines the beginning of the track
(physical sector 0). This signal is used by the con-
troller when formatting the disc media.

The remaining two signals indicate the status of
the drive power supply: POR-L is used to reset
hardware circuits at power-on. In addition, POR-L
will also go low if any power supply voltage drops
out of regulation. The PF-L signal indicates that
the input power has been removed and that the
power supply will soon lose regulation.

A-15, HUMAN INTERFACE

The human interface includes inputs to the con-
troller from four drive switches, and outputs to
the drive front panel LEDs, The switches include
three used to set the HP-IB address and one used
to force a selftest at power-on. The outputs to the
LEDs provide the operator with a visual indication
of the current status of the drive. The significance
of the LED patterns is described in Chapter 8.

A-16. FUNCTIONAL OPERATION

The following paragraphs describe how the con-
troller performs its primary functions. These func-
tions include power-on, head positioning, writing
and reading data, and error correction. The
descriptions include the involvement of both the
hardware and firmware (refer to figures A-2 and
A-3).

A-7
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NOTE

The controller recognizes "optimized"
Read and Write command sequences
from the host. Optimized commands are
decoded by the channel module; all
other commands are decoded by the the
command preprocessor (refer to para-
graph A-44), The following functional
descriptions assume the optimized com-
mand case,

A-17. POWER-UP

At power-on, the drive power supply asserts
Power-On Reset (POR-L). This signal causes the
starting address of the drive initialization routine
to be loaded into the controller microprocessor’s
program counter. The processor begins executing
the initialization routine, which performs the fol-
lowing sequence of operations:

1) Initialize all drive hardware, including the con-
troller PCA hardware.

2) Test the controller PCA. This includes the
processor hardware (eg., clocks, timers, ROM,
RAM) and all interface hardware. If a controller
hardware test fails, the front panel LEDs indicate
the fault (all illuminated) and the controller
firmware enters an infinite loop.

3) Configure the multi-tasking executive operat-
ing system. This includes setting up the executive
data structures and initializing variables.

The initialization firmware routine now transfers
control to the multi-tasking executive. The first
task scheduled by the executive is the initialize
" task, which continues the drive initialization:

4) Perform functional tests of drive systems. This
includes the servo system, the read/write system,
and the data transfer path from the disc to the
HP-IB Interface, including the DMA hardware,

5) Recover the spare table, Even if the functional
tests failed, the controller will still try to recover
the spare table.

Following completion of drive initialization, the
controller checks the selftest switch. If the switch

is in the RUN TIME MODE, the controller brings
the drive on line. If all hardware functional tests
were successful, the drive is ready to process
commands from the host. If a functional test
failed, the controller reports the failure to the host.
The appropriate failure code is also passed to the
front panel LEDs.

If the selftest switch is in the DIAGNOSTIC
MODE, the controller does not bring the drive on
line following the hardware functional tests.
Instead, the drive performs a full-volume
Read-Only Error Rate Test (RO ERT) followed by
a continuous loop of random RO ERTs as
described in Chapter 8.

A-18. HEAD POSITIONING

An integral part of any data transfer operation in-
volves locating the desired data on the disc. The
address of the target data may be included in the
command message from the host. This "logical"
address is converted to a "physical" address by the
channel module (optimized case). Using the physi-
cal target address, the channel module calculates
the direction and distance of the seek. This infor-
mation is included in a two-byte seek command
which the channel module loads into the servo
control interface. The servo system reads the
command and begins the seek.

When the seek operation is complete, the servo sys-
tem returns two bytes of status to the servo con-
trol interface. The CS/80 module reads and inter-
prets this status. If the seek was successful, the data
transfer operation begins. If the status indicates a
fault, the CS/80 module requests two additional
bytes of status. This status gives a more detailed
indication of the exact cause of the failure. Based
upon the detailed status, the controller will take
action to correct or report the fault.

A-19. WRITE

Under control of the channel module, the incom-
ing optimized Write command is transferred from
the HP-IB interface to the DMA buffer RAM.,
The command is passed to the channel module’s
flash decoder for decoding. Using the address in-
cluded with the command, the channel module
initiates a seek to the target area. The channel



module then passes the decoded command to the
CS/80 module, which continues execution of the
command.

While the seek is being performed, the CS/80

module informs the channel module that the ex- .

ecution message can begin. The channel module
programs the QMA for a data transfer from the
host, and prompts the host for an execution secon-
dary. The host jbegins transferring data, which is
stored in the DMA buffer RAM, ready for trans-
fer to the disc once the seek is complete. The
CS/80 module also programs the drive hardware to
perform a read and verify operation once the tar-
get track is reached.

When the seek operation is complete and the tar-
get track has been verified, the CS/80 module
programs the read/write system to perform the
write by sending two bytes of data over the data
path control bus. The control byte contains head
address and write current information; the com-
mand byte specifies that a write operation will be
performed. The CS/80 module also programs the
DMA to begin the data transfer to the disc.

Data flows from the host to the disc under control
of the CS/80 module. The CS/80 module must send
a new Write command to the read/write system
for each sector transferred. As each sector is
transferred to the disc, the ECC circuit appends 12
bytes of ECC to the data. When the data transfer
to the disc is complete, the DMA interrupts the
CS/80 module, which then moves to the reporting
state. 1

In the reporting state, the CS/80 module generates
the status report message (QSTAT). This message is
derived from status information returned from the
drive servo and R/W systems. The CS/80 module
sends the QSTAT to the channel module, which
prompts the host for a reporting secondary. When
the host accepts the reporting message, the channel
module informs the CS/80 module, which enters
an idle state waiting for the next command.

A-20. READ

The incoming{optimized Read command:is trans-
ferred by the channel module from the HP-IB in-
terface to the DMA buffer RAM. The command

is passed to the channel module’s flash decoder for
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decoding. Using the address included with the
command, the channel module initiates a seek to
the desired data. The channel module then passes
the decoded command to the CS/80 module, which
continues execution of the command.

While the seek is being performed, the CS/80
module prepares the read/write system for the im-
pending read by sending two bytes of data over
the data path control bus. The control byte con-
tains head address information; the command byte
specifies that a read operation will be performed.

As the target data is being located, the RPS task
determines when the data will be available for
transfer to the host. This time is calculated from
the current RPS value and the position of the
heads relative to the target data. At the proper
time, the RPS task alerts the CS/80 module, which
in turn tells the channel module to notify the host
that the execution phase of the transaction may
begin. By the time the host responds with the ex-
ecution secondary, the data is in the DMA buffer,
ready for transfer.

When the seek operation is complete, the drive
immediately begins reading data. The data is trans-
ferred to the DMA buffer RAM and verified. As
the data is being read from the disc, the ECC
checks the data for errors. Once valid target data
is in the buffer RAM, the CS/80 module informs
the channel module that the channel transfer can
begin.

Data continues to flow from the disc to the host
under control of the CS/80 module. The CS/80
module must send a new Read command to the
read/write system for each sector transferred.
When the data transfer to the host is complete, the
channel module informs the CS/80 module, which
then moves to the reporting state.

In the reporting state, the CS/80 module generates
the status report message (QSTAT). This message is
derived from status information returned from the
drive servo and R/W systems. The CS/80 module
sends the QSTAT to the channel module which
prompts the host for a reporting secondary. When
the reporting message is complete, the channel
module informs the CS/80 module, which enters
an idle state waiting for the next command.
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A-21. ERROR CORRECTION

All data transferred between the controller and the
disc is monitored by the ECC. During a write the
ECC generates the 12-byte ECC field. During
reads, the ECC uses these 12 bytes to detect the
presence of data errors,

When an error is detected, the ECC signals the
DMA that an error has occurred. The DMA logs
the location of the defective sector and flags the
sector as containing bad data. As long as the sec-
tor is flagged defective, it cannot be transferred to
the hostt The ECC also generates an interrupt
which causes the executive operating system to
start the error correction task.

The ECC syndromes are passed to the error cor-
rection task which uses them to perform the data
correction. The defective sector is read from the
DMA buffer RAM, corrected (if possible), and
then returned to the buffer RAM. The error cor-
rection task then clears the sector for transfer to
the host and informs the CS/80 module that the
 data has been corrected. The error correction task
runs in parallel with the data transfer in progress;
therefore, if the data is corrected before the DMA
is ready to send it to the host, the flow of data to
the host will not be interrupted.

If the error correction task cannot correct the
data, it initiates read retrys in an attempt to
recover the data. If the retrys are unsuccessful in
recovering the data, the error correction task
declares the sector uncorrectable and clears the
defective sector for transfer to the host. The exact
data read from the disc is sent to the host. The
data transfer then continues to completion, but the
transaction terminates with status indicating that
uncorrectable data was included in the transfer.

A-22. HARDWARE ARCHITECTURE

The heart of the HP-IB controller PCA is the
68000 microprocessor, which implements the logi-
cal command set of the controller. The micro-
processor circuits include memory (ROM and
RAM), clocks, timers, and interrupt control. The
remainder of the controller hardware supports the
PCA’s external interfaces: HP-IB, ESI, and the
human interface. The functional blocks of the
hardware architecture are shown in figure A-3.
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A-23, HP-IB CIRCUITRY

The HP-IB circuits are responsible for transferring
data over the host HP-IB channel. These circuits
include the HP-IB Interface and a portion of the
DMA.

A-24., HP-IB INTERFACE. The HP-IB interface
provides the necessary electrical interface to prop-
erly transfer data over the HP-IB channel. This
includes detection of all primary commands, paral-
lel poll and identify response, and the protocol to
handshake bytes on and off the bus.

All data is transferred between the interface and
the DMA over a 10-bit data bus. Control signals
coordinate the flow of data over this bus, and al-
low access to internal interface registers. The mic-
roprocessor accesses the interface through the
DMA.

The HP-IB interface also provides an interrupt
output which alerts the processor of conditions
such as an inbound message or a Clear command.

A-25. DMA. The DMA controls the transfer of
data between the host and the disc media. The
DMA includes 32 kbytes of buffer RAM to allow
for the different operating speeds of the HP-IB
channél and the disc data bus. The buffer RAM is
supported by 8 kbytes of overhead RAM which
contains header and status information for each
sector stored in the DMA buffer.

The DMA is divided into two independent state
machines: the I/O state machine controls data
transfers between the HP-IB channel and DMA
buffer RAM; the disc state machine controls data
transfers between DMA buffer RAM and the disc
media. (The DMA disc state machine is included
in the discussion of the ESI disc data interface.)

The DMA properly coordinates the HP-IB channel
transfers with the disc transfers, interleaving buff-
er RAM accesses between the disc and the I/0
state machines. Processor access control circuits al-
low the microprocessor access to the DMA buffer
RAM to read incoming host commands, store
status for output to the host, and perform error



correction. Processor accesses are allowed while
disc and/or I/Q operations are in progress. All
internal DMA status, interrupt, and control regist-
ers are accessible to the processor. A 32 MHz in-
put from the c_ock generator provides the clock
for the DMA.

The DMA 1/0 state machine handles all transfers
to and from the HP-IB interface, including both
host data and processor accesses. To initiate an
HP-IB channel data transfer, the processor loads
internal DMA |control registers with command
data indicating the type of operation to perform
(read or write), the length of the data transfer, and
the buffer RAM location of the data. The DMA
acknowledges receipt of the data from the proces-
sor and begins the HP-IB transfer. When the
transfer is complete, the DMA generates an inter-
rupt to inform the processor. If an error condition
occurs during a data transfer, the 1/O state
machine generates a channel interrupt to alert the
processor. :

To maximize data integrity, the DMA I/O state
machine generates a 2-byte CRC checksum for
every 256 bytes of data received from the host.
These bytes are appended to the data and recorded
on the disc. When a read is performed, the DMA
monitors the data as it is being sent to the host and
again generates CRC. This CRC is compared to
that generated when the sector was written to
determine if an error occurred. If a CRC error is
detected, the DMA interrupts the processor.

\

A-26. ESI CIRCUITRY

The ESI circuitry is divided into three functional
groups, with each group responsible for one of the
ESI busses. These groups are the disc data interface,
the data path control interfaée, and the sefvo don-
trol interface.

A-27. DISC DATA INTERFACE. The disc data
interface conﬂols all data transfers between the
controller and the drive read/write system. This
interface includes two circuits: a portion of the
DMA and the ECC.
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A-28. DMA. A major portion of the ESI disc
data interface is made up of part of the DMA.
The DMA disc state machine handles all data
transfers between the DMA buffer RAM and the
ESI disc data bus, except for ECC data. The trans-
fer of each data sector is synchronized to the
SOS-L signal from the drive servo system. The data
is clocked over the bus by the data strobe (DDS-H)
from the R/W system.

To initiate a data transfer over the disc data bus,
the microprocessor loads registers in the disc chan-
nel state machine indicating the type of operation
to perform (read or write), the buffer RAM loca-
tion of the data, and header information for the
first sector to be transferred. The DMA
acknowledges receipt of the data from the proces-
sor and begins the disc transfer.

All data is transferred over the disc data bus in full
sectors, which include a 256-byte data field, 6-byte
header address field, 2 bytes of CRC, and 12 ECC
parity bytes. When writing data, the DMA disc
state machine is responsible for generating  the
header address field. The header address register in
the DMA is loaded by the processor at the begin-
ning of a transfer, and then updated automatically
by the DMA as each sector is written on the disc.
During reads, the contents of the header address
register is used to check the header read from the
disc. If the header read from the disc sector does
not match the header information in the register,
the DMA interrupts the processor to indicate the
error condition,

Additional registers in the DMA are used to keep
track of which areas of the buffer RAM contain
valid data. These registers are used to log the loca-
tions of sectors which require error correction.
When an error occurs, the ECC alerts the DMA
which logs the location of the defective sector,
thus allowing the processor to locate and correct
the data. The overhead RAM for the defective
sector is used to flag the sector as bad. Until this
flag is cleared, the sector cannot be transferred to
the host.

If an error condition is detected just prior to
beginning a data transfer, the DMA can abort the
impending operation by asserting WHO-L. This
signal also disables the ECC circuit.
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A-29. ECC. The ECC generates the 12-byte ECC
field which is used to correct data errors that oc-
cur when a sector is read. The ECC can correct
up to six bytes (contiguous or noncontiguous) in a
sector before the processor must use read retries.

While a write operation is in progress, the ECC
monitors the data being transferred to the disc.
The ECC performs a mathematical algorithm on
this data and generates 12 ECC parity bytes, which
are appended to the data field and recorded on the
disc. When the sector is read, the ECC again
monitors the data bus and performs the algorithm
on the entire data sector, including the ECC field.
The resulting 12 bytes, referred to as syndromes,
indicate whether an error has occurred. When an
error occurs, the ECC interrupts the microproces-
sor, which reads the syndromes and uses them to
correct the data. The ECC also alerts the DMA
when an error has occurred so the location of the
defective sector can be flagged.

When the sector ECC field is about to begin, the
R/W PCA asserts SEF-L, indicating that the next
12 bytes of data will be ECC information. During
a write, SEF-L disables the output of the DMA,
giving the ECC exclusive control of the ESI disc
data bus. The ECC data is clocked over the bus by
DDS-H. The WHO-L signal from the DMA dis-
ables the ECC when a data transfer operation must
be aborted.

All internal ECC data, control, and status registers
are accessible to the processor via its data bus. The
ECC is clocked by a 4 MHz signal from the clock
generator,

A-30. DATA PATH CONTROL INTERFACE.
The data path control interface hardware consists
of a single buffer isolating the controller micro-
processor data bus from the ESI data path control
bus. This configuration allows the data path con-
trol bus to operate at the full speed of the proces-
sor data bus, a necessity since the processor must
send the R/W PCA a command for every sector
transferred.

The additional control signals associated with the
data path control system (DPAQ, DPRHW-L,
DPCS-L) are generated by the processor and out-
put to the R/W PCA through the data path
control interface.
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A-31. SERVO CONTROL INTERFACE. The
servo control interface provides the link between
the controller microprocessor and the servo PCA,
The servo system is operated by its own micro-
processor, so this interface serves as the com-
munication port between the two processors.

The servo control interface acts as a double-
buffered, bidirectional, 8-bit parallel 1/0 port.
Because all servo commands and status are two
bytes in length, the double buffering allows either
processor to load two bytes into the buffer
without having to wait for a response from the
other processor. The handshake mechanism of the
I/O port alerts the processor on the other side of
the port when two bytes of data are available.

Four handshake signals control the transfer of data
across the servo control bus. When the controller
processor loads a servo command into the buffer,
the servo interface asserts SDAV-L. The servo
microprocessor responds by asserting SRD-L and
reading the contents of the I/O port’s buffer.
When the servo PCA is ready to return status to
the controller, the servo processor checks to see if
SBF-L is deasserted, indicating that there is room
in the interface buffer for the status bytes. If
there is room, the servo processor writes the status
into the interface buffer using SWR-L. The
presence of the status bytes in the buffer causes
the servo interface to interrupt the controller
processor, which then reads the status bytes.

Five lines from the controller processor’s address
bus allow the processor to access the servo control
interface internal registers. The servo control in-
terface is driven by an 8 MHz clock input from
the clock generator.

A-32. MICROPROCESSOR CIRCUITS

The microprocessor and its related support circuits
coordinate all activities on the controller PCA.
These activities include transferring and correcting
disc data, controlling the drive R/W and servo sys-
tems, and monitoring drive status.



A-33. MICROPhOCESSOR. The microproces-
sor used on the icontroller PCA is a 68000 operat-
ing at 12,5 MHz. This is a 16-bit processor with an
addressable memory space of 16 Megabytes. The
processor communicates with the other devices on
the PCA via its 16-bit data bus. The 24-line ad-
dress bus accesses the processor memory and
registers in the interface hardware circuits.

The processor initiates the various drive activities
by addressing the appropriate interface circuit and
transferring command information over the data
bus to that device. All devices must respond to
processor access within a predefined amount of
time. Failure to respond in time causes the bus er-
ror timer to generate a Bus Error (BERR) to the
Processor.

The processor uses interrupts to determine when
certain events take place. This relieves the proces-
sor of the responsibility of polling for hardware
status to determine if an event has occurred. The
processor supports seven levels of interrupt
priority. When a hardware circuit generates an in-
terrupt, the inputs from the interrupt controller
indicate the priority of the interrupt.

The Index (INDX-L) signal from the servo
PCA-Al is a timing signal indicating the beginning
of each track (physical sector 0). This signal is
used by the processor when formatting the disc
media. The Power-On Reset (POR-L) signal from
the power supply serves as the reset input to the
processor. When asserted, this signal invokes the
drive initialization routine.

A-34. MICROPROCESSOR MEMORY. The
processor memory includes ROM and RAM or-
ganized into 16-bit words. The memory conasists of
64 kilowords of ROM and 8 kilowords of RAM.
The ROM contéins the firmware for implementing
the CS/80 command set and for running internal
diagnostics. The RAM provides temporary data
and stack space for the processor.

A-35. CLOCK GENERATORS. The clock
generators provide the necessary timing signals for
the controller PCA, A 25 MHz oscillator develops
the 125 MHz clock for the microprocessor. A
separate 32 MﬁHz oscillator provides the clock
signals for the remainder of the PCA, including 32
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MHz for the DMA, 8 MHz for the servo control
interface, 4 MHz for the ECC, and 500 KHz for
the bus error timer.

A-36. INTERRUPT CONTROLLER. The inter-
rupt controller prioritizes the interrupts generated
by the controller hardware. The processor supports
seven levels of interrupt priority, with level seven
being the highest,

The interrupt controller monitors the interrupt
lines from the various hardware circuits, each of
which has been assigned an interrupt priority.
These circuits include the DMA, ECC, HP-IB inter-
face, and servo control interface. There are also in-
terrupt inputs from the power supply (PF-L) and
the R/W PCA (DPIRQ-L).

When an interrupt occurs, the interrupt controller
outputs to the processor a three-bit value
representing the encoded priority level of the
device requesting the interrupt. The processor al-
ways services the interrupt from the device with
the highest unmasked priority. Lower priority in-
terrupts must wait until higher priority interrupts
are serviced.

A-37. BUS ERROR TIMER. The bus error
timer detects non-responding controller hardware
circuits. This timer is required to avoid a situation
where the processor might wait indefinitely for
malfunctioning hardware to respond to a data
transfer.

The processor initiates a data transfer with other
controller hardware circuits by placing the device’s
address on the address bus and asserting Address
Strobe (AS-L), which resets the bus error timer. A
counter in the timer begins counting, clocked by
the 500 kHz clock input. The processor then waits
for a response from the addressed device. If the
device does not respond before the counter
reaches its timeout value, the bus error timer out-
puts Bus Error (BERR) to the processor. If the
peripheral responds in time, the processor deasserts
AS-L, disabling the bus error timer until the next
bus cycle begins.
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A-38. HUMAN INTERFACE CIRCUITRY
The human interface circuits provide the interface
between the controller processor data bus and
various drive switches and the front panel LEDs.

A-39. HP-IB ADDRESS/SELFTEST SWITCH.
This four-segment switch mounted on the rear of
the controller PCA is used to set the drive’s HP-IB
address (3 segments) and enable the drive selftest (1
segment). The outputs of the switch are buffered
onto the processor data bus.

During the drive’s initialization procedure, the
processor reads the values of the three HP-IB
switch segments and loads this binary data into the
address register in the HP-IB interface. The value
of the fourth switch segment is also read: if this
segment is set, the drive will automatically enter a
selftest mode at power-on.

A-40. LED DRIVERS. This circuit serves as the
driver for the drive’s three front-panel LEDs.
Binary data from the processor data bus is latched
into the drivers. This data is output to the LED:s,
which provide a visual indication of the current
operational status of the drive. The significance of
the LED patterns is described in Chapter 8.

A-41. FIRMWARE ARCHITECTURE

The controller firmware is structured as a multi-
tasking executive-based operating system. The
firmware is organized into modules called "tasks",
with each task responsible for a particular func-
tion (see figure A-2). The multi-tasking architec-
ture allows the execution of several tasks simul-
taneously. The responsibility for coordinating the
execution of the various tasks lies with the execu-
tive firmware, which controls the interaction be-
tween concurrent tasks and the hardware resources
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they need. The executive operating system is con-
figured at power-on by the drive initialization
firmware.

A-42, DRIVE INITIALIZATION

FIRMWARE

The initialization firmware is responsible for
taking the drive from its power-down state to a
state ready to process commands from the host.
This includes functionally testing all drive
hardware to ensure that the drive is operating
properly before allowing the host access to the
drive. The drive initialization firmware is divided
into two segments: a non-task initialization routine
invoked at power-on, and an initialization task
scheduled by the executive to complete the drive
initialization.

At power-on, the non-task portion of the initializa-
tion firmware begins execution. This program per-
forms the following sequence of operations:

1) Initialize all drive hardware
2) Test controller PCA hardware

3) Configure the executive operating system

Following the successful completion of these
operations, the initialization program passes control
to the multi-tasking executive. The first task
scheduled by the executive is the initialize task,
which performs a complete functional test of the
drive hardware. When the functional tests are
complete, the initialize task schedules the other
firmware tasks, returns control to the executive,
and then suspends itself. The initialization
firmware remains idle until the next power-on
condition occurs.
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A-43. MULTI-TASKING EXECUTIVE

The executive module of the firmware is the key
to the controller’s multi-tasking operating system.
The executive schedules the execution of the tasks,
manages the hardware resources shared by the
tasks, and passes information between tasks. In
addition, the executive forms the connecting link
between the drive’s interrupt system and the
firmware tasks, allowing interrupts to communi-
cate with and influence the execution of the tasks.

In the controller’s multi-tasking firmware architec-
ture several tasks may execute simultaneously;
however, these tasks must all share the controller
microprocessor. It is the responsibility of the ex-
ecutive to control which task has possession of the
processor at any one time. The executive ac-
complishes this by assigning priority and readiness
levels to each task, then using these levels to ensure
that the highest priority task requiring the proces-
sor is serviced. If, while one task is executing, a
higher priority task requires service, the executive
suspends the executing task and allows the higher
priority task to run. When the task completes, the
suspended task resumes its execution. Although a
task may be suspended many times before it com-
pletes, it produces the same result as if it had run
uninterrupted.

In addition to allocating the microprocessor, the
executive also manages the other drive hardware
resources. These include the HP-IB channel inter-
face, the DMA, the servo system, and the
read/write system. The executive must ensure that
two tasks do not have simultaneous possession of
the same hardware resource. For example, if one
task is granted use of the servo system, that task
must be allowed to finish before the executive can
give the servo system to another task.

The executive controls the flow of information
between tasks. This information includes messages
passed from one task to another to control the
operation of the tasks. The executive also controls
the flow of disc data through the drive, ensuring
that data integrity is maintained.

The executive also serves as the interface to the

drive interrupt system. The interrupt system is the
primary means for synchronizing firmware
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operations with hardware events. These hardware
events communicate to the firmware the status of
the separate functional hardware blocks. When an
interrupt occurs, the executive suspends the task
currently executing and services the interrupt.

A-44. CHANNEL MODULE

All information transferred between the host and
the drive flows through the channel module. The
channel module ensures that the protocol require-
ments of the HP-IB channel are maintained for all
information transfers, thus making the HP-IB
protocol requirements invisible to the rest of the
controller. The channel module decodes channel
addressing and recovers from channel errors. The
channel module also contains a flash decoder used
to decode optimized read and write commands.

The information transferred between the channel
module and the host includes commands, status,
and disc data. Incoming commands fall into one
of three categories: optimized reads and writes,
transparent, and all other commands. Optimized
read and write commands are decoded by the
channel module’s flash decoder.  Transparent
commands are decoded and executed by the chan-
nel module. All other commands from the host
are passed to the preprocessor task for decoding.

The channel module flash decoder is designed to
quickly process optimized read and write sequen-
ces. An optimized sequence consists of valid com-
binations of Set Unit, Set Volume, Set Address, Set
Length, and Read or Write commands. By giving
the flash decoder the first opportunity to decode
the command message, read and write commands
are processed as quickly as possible. If the com-
mand message is not an optimized sequence, or if it
contains an error, the command is passed to the
preprocessor task for decoding.

The channel module initiates any seek operation
associated with an optimized Read or Write com-
mand. This includes performing the logical-to-
physical address conversion and passing the resul-
tant two-byte command to the servo system. Once
the seek operation has begun, the channel module
passes the decoded command information to the
CS/80 machine, which continues the command
execution.



The channel module communicates with the CS/80
module to coordinate the transfer of execution
and reporting messages between the drive and the
host. When the CS/80 module indicates that a
message transfer may begin, the channel module
enables Parallel Poll Response (PPR). When the
host responds with the appropriate message secon-
dary, the transfer begins. During the execution
phase, disc data iis transferred directly between the
channel module and the drive hardware. In the
reporting phase, status information is passed from
the CS/80 module to the channel module for out-
put to the host.

A-45" COMMAND PREPROCESSOR

Host commands are passed from the channel
module to the command preprocessor for decod-
ing. In addition to decoding, the command
preprocessor executes all complementary com-
mands included in the command sequence, and sets
the drive state ivariables according to these com-
mands. Once the command has beea fully
decoded, the preprocessor passes the results to the
CS/80 module, which executes the command. ' If
the command message consists solely of com-
plementary commands, no hardware resources are
required and the entire command message will be
executed by the command preprocessor.

The command preprocessor decodes all CS/80
command sequences not decoded by the channel
module’s flash decoder. This includes command
sequences not recognized by the flash decoder, and
erroneous or illegal parameter and opcode com-
binations. The general nature of this module
results in slower execution speed than the flash
decoder. If the general decoder detects an illegal
command sequence, it initiates the proper error
handling procedure.

A-46. CS/80 MODULE

The CS/80 module executes all commands requir-
ing hardware resources. It synchronizes the move-
ment of disc data between the HP-IB interface and
the drive hardware, and generates the status report-
ing message (QSTAT).
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The CS/80 module is idle until passed a decoded
command by the preprocessor or, in the case of an
optimized Read or Write command, the channel
module. When a command is received, the CS/80
module obtains the hardware resources necessary
to execute the command. The hardware remains
under the control of the CS/80 module until
command execution is complete. When a com-
mand requiring a seek is passed from the
preprocessor (nonoptimized), the CS/80 module
performs the logical-to-physical address conversion
and initiates the seek operation.

The transfer of execution and reporting messages
over the HP-IB channel is controlled by the CS/80
module. When the CS/80 module is ready to
transfer an execution or reporting message, it in-
forms the channel module. The channel module
alerts the host, which responds with the ap-
propriate message secondary, initiating the transfer.
When the transfer is complete, the channel module
informs the CS/80 module.

The CS/80 module uses inputs from the RPS and
error correction tasks to coordinate command ex-
ecution. When executing read commands, the
CS/80 module uses input from the RPS task to
determine the proper time to initiate the execution
phase of the transaction. When an error is detec-
ted in data being read from the disc, the error cor-
rection task alerts the CS/80 module if the data
cannot be corrected. In this case, the CS/80 module
must initiate read retrys in an attempt to recover
the data.

A-47. RPS TASK

To maximize channel efficiency, the RPS task in-
itiates the execution phase of a Read command
before the target data is physically located by the
drive. This task executes only during read com-
mands when RPS is enabled by the host.

Using the RPS value defined by the host, and the
current location of the data head relative to the
target data, the RPS task determines when the tar-
get data is within range. When this time arrives,
the RPS task tells the CS/80 module to initiate the
execution message. By the time the host responds
with an execution secondary, the data is in the
DMA buffer RAM, ready for transfer to the host.
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A-48. ERROR CORRECTION TASK

The error correction task detects and, if possible,
corrects errors in the data read from the disc. This
task is idle until the ECC detects a data error in
the data being read from the disc. When an error
is detected, the task enters its error correction
routine which includes the following sequence of
operations:

1) Alert the DMA that an error has been detec-
ted. The DMA logs the buffer RAM location of
the defective sector. The DMA also flags the sec-
tor as bad, thus preventing that sector from being
transferred to the host.

2) Read the data from the DMA buffer RAM
and, if possible, correct it.

3) Rewrite the corrected data into the buffer
RAM and clear the defect flag for that sector.
This informs the DMA that the data may now be
transferred to the host.

4) Inform the CS/80 module that the correction is
complete.

If the error correction task is unable to correct the
data error, it informs the CS/80 module, which in-
itiates read retrys in an effort to recover the data.
If the data still cannot be corrected, the error cor-
rection task clears the sector for transfer to the
host and informs the CS/80 module that the trans-
fer included bad data. When the data transfer is
complete, the CS/80 module generates a status
report indicating the uncorrectable data condition.

A-49. DIAGNOSTICS

Both controllers implement the power-on diagnos-
tic described in paragraph A-17. In addition, the
controllers implement the CS/80 External Exerciser
commands listed in table 8-1. The XP-model con-
troller supports several additional cache-related ex-
erciser commands, which are identified in table 8-1.
For detailed instructions on using the exerciser,
refer to the CS/80 External Exerciser Reference
Manual, part number 5955-3462.
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A-50. DISC CACHING

The HP-IB Controller PCA-A6 included in
XP-model disc drives supports disc caching. The
cache improves system performance by decreasing
disc response time during reads and writes. The
response time is decreased during reads by reduc-
ing the number of physical seeks needed to locate
data. During writes, disc response is improved
through the use of an "immediate write" feature.

The disc cache is implemented using 2 megabytes
of dynamic RAM. The cache RAM is logically
organized as 440 blocks (or domains) of 4 kbytes
(16 sectors) each. The controller stores the last 440
accessed areas of the disc in the cache RAM.
Subsequent reads to any of these areas will not
require a physical seek.

A-S1. CACHE FUNCTIONAL OPERATION
Disc caching is enabled by the drive during its
power-on sequence. The entire cache RAM is test-
ed during the power-on diagnostic. If any area of
the cache RAM fails, the caching is disabled. The
disc cache is also enabled following a Device Clear
command from the host.

The cache is disabled if a power-on diagnostic
failure or a DMA diagnostic failure occurs. The
host can also disable (or enable) cache using the
CACHEON/CACHEOFF external exerciser com-
mands (see table 8-1).

When disc caching is enabled, it is used during all -
host reads and writes.

A-52, READ WITH DISC CACHING. When
the host issues a Read command with a transfer
length of 4 kbytes or less, the CS/80 module sear-
ches cache RAM to determine if the entire data
request can be satisfied from one domain, If it can,
the data is transferred from the cache RAM to the
host. If the request cannot be satisfied from a
single domain, a physical seek to the target sector
is performed, and a full 4-kbyte block of data is
read from the disc and stored in cache.
Simultaneously, the requested data is transferred to
the host. If cache RAM is full, the least recently
used block will be used to store the new data. In



this way, infrequently accessed data is removed
from the cache to make way for new data.

If a Read command specifies a transfer length
greater than 4 kbytes, a cache search is not per-
formed. The controller executes the Read com-
mand as if cache were not present.

A-53. WRITE WITH DISC CACHING. When
the host issues a Write command with a transfer
length of 4 kbytes or less, the CS/80 module sear-
ches cache for all domains which include any of
the sectors to be updated. If the entire range of
target sectors is contained in one of these "over-
lapping" domains, that domain is updated with the
new data and retained. All other domains that
overlap the target sectors are flushed from the
cache RAM. If the range of target sectors is not
contained in any single domain, the write data is
not retained in cache.

If the Write command transfer length exceeds 4
kbytes, all domains that overlap the target sectors
are flushed and the data is not retained in cache
RAM.

Disc caching allows the drive to perform "im-
mediate writes” for any Write command with a
transfer length of 4 kbytes or less. When a Write
command is received, the drive enters the execu-
tion phase and prompts the host for the data.
Once the data traﬁxsf er has completed successfully,
the drive proceed# immediately to the report phase
and reports successful completion (QSTAT=0)
Although the data has not yet been written to the
disc, the host is free to perform another disc ac-
cess. The drive then proceeds to write the data to
the disc. ‘ :

While the drive is updating the disc, the host may
perform another disc access. If the access is a read
that can be satijf ied from cache, the drive will
perform the read concurrently with the disc up-
date in progress. A read that requires a physical
seek, or another write, must wait until the drive
completes the write operation in progress. Both
these operations require drive resources that will
not be available until the write is complete.
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A-54. CACHE FLUSHING. There are certain
conditions and events which will cause the con-
troller to "flush" the entire contents of the cache
RAM. These conditions include the following:

* Power-On

e Device Clear command from the host

Initialize Media command from the host

Self-test (DMA diagnostic)

An Error Rate Test (ERT)

e A spare operation

A cache disable command from the host

A-55, CACHE HARDWARE

The cache hardware contains the memory neces-
sary to implement disc caching. Also included in
this hardware are the control, addressing, and error
correction circuits required to support the cache.
The functional relationship of the cache to rest of
the controller hardware is shown in figure A-3.

The heart of the cache is two megabytes of
dynamic RAM. This RAM expands the size of the
DMA buffer from its normal 32 kbytes to 64 pages
of 32 kbytes each. Each 32 kbyte page is supported
by 2 kbytes of overhead RAM. Cache addressing
is accomplished by a combination of lines from
the DMA and the microprocessor. Fifteen address
lines from the DMA provide access to an entire 32
kbyte page of RAM. Page registers in the cache
hardware select one of the 64 pages. The page
registers are loaded by the processor from its data
bus. The entire cache RAM is accessible to both
DMA state machines and the processor. All cache
data transfers pass through the DMA,

The cache also includes 8 kbytes of non-volatile
RAM (NV RAM), which performs an "eavesdrop"
function during write operations. When host data
is loaded into cache RAM for writing to the disc, a
copy of the data is also stored in the NVRAM. If a
power failure occurs before the disc is updated,
the cache still retains a copy of the data. When
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power is restored, the data is still available for
writing to the disc.

Additional control circuits in the cache hardware
provide support for the proper operation of the
cache RAM. This includes memory addressing,
timing, refresh, and error correction.
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A-56. CACHE DIAGNOSTICS

In addition to the cache test performed as part of
the power-on diagnostic, the XP-model controller
implements several CS/80 External Exerciser com-
mands used to support disc caching. These com-
mands are listed in table 8-1. A detailed description
of these commands and how to initiate them is in-
cluded in the CS /80 External Exerciser Reference
Manual, part number 5955-3462,
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