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1.0

1.1

l.1.1

SECTION 1: SPECIFICATIONS

GENERAL

The Xylogics Model 752 disk controller accommodates up to two SMD-E
interface disk drives to VMEbusl systems using VME 9U backplanes
(accepting a 15.75- by 14.44-inch board size).

USING THIS MANUAL

This manual provides two software reference cards for fast
reference of the IOPB structure and codes (see insert). Section 2
describes how to install and test the 752; Section 3 describes the
752 registers; Section 4 describes the IOPBs; and Section 5
describes the 752 commands. Section 6 describes error processing;
Section 7 is a programming tutorial; Section 8 explains the 752's
special functions; Section 9 describes the 752 theory of operation;
and Section 10 includes drive interface information.

bt At
This manual uses the following mnemonics:

AIO Add IOPB

AIOP AIO Pending

AM Address Modifier

ASR Automatic Seek Retry
AUD Auto—-update

C450 450-Compatible Format
CHEN Chain Enable

CRIO Clear Remove IOPB
CRBS Clear Register Busy
CTYP Controller Type

DFLT Drive Fault

DMA Direct Memory Access
DPB Dual Port Busy

DRA Disable Read Ahead
DRDY Drive Ready

EC32 32-Bit ECC

ECC Error Correction Code
ECQM Error Correction Mode
EDT Enable DMA Timeout
ERRS Error Summary

ESD Embedded Servo Drive

1. VMEbus is a trademark of the VMEbus International Trade Association.
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1.1.1 Abbreviations (continued)

FERR Fatal Error

FIFO First In/First Out Buffer
FIXD Fixed/Removable Media

H Notation for Hexadecimal Values
HDP Hold Dual Port

ICs IOPB Checksum

IOPB Input/Output Parameter Block
MMA Maintenance Mode Active

MM Maintenance Mode

NPRM Non-privileged Register Mode
ONCL On—cylinder

ovs Overlap Seek Enable

PNUM Prom Number

PSEL Priority Select

RAIO Read Ahead IOFB

RBC Retry Before Correction

RBS Register Busy Semaphore

RIO Remove IOPB

RMM Register Maintenance Mode
ROR Release On Request

SGM Scatter/Gather Mode

SKER Seek Error

DT Throttle Dead Time

THRO Throttle

TMOD Transfer Mode

WRPT Write-protect

1.2 DESIGN RELIABILITY

Xylogics implements the following features to minimize
likelihood of product failure:

o Design for worst case voltage and temperature.

o0 Extensive evaluation testing.

o Low parts count through extensive use of custam LSI.
o Buffer parity for continuous error checking.

o] Low-stress design on all components.

o All comporients burned-in.

o0 One card; resides in backplane or expansion chassis.

o Controller is power-cycled under thermal stress during
test.

Rev. A, June 15, 1987 2
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1.3

1.4

1.5

1.6

Rev. A,

PHYSICAL

PACKAGING -- The 752 completely resides on one printed circuit
board (PCB).

DIMENSIONS —— The 752 is a 3 by 3 Eurocard, measuring 14.44-inches
high by 15.75-inches deep (366.7 mm by 400 mm). It is identical in
form—factor to the VME triple high-triple wide PCB.

SHIPPING WEIGHT — 5 pounds (2.3 kg).

FRONT PANEL —— Xylogics offers the 752 with an optional front
panel.

CONNECTORS — The 752 uses a 60-pin connector for the "A" cable,
and two 30-pin connectors for the "B" cables. The SMD connectors
are on the edge of the board facing out; they protrude through the
optional face plate. The optional straight connectors do not
protrude the face plate.

ENVIRCNMENTAL

The 752 envirommental requirements are 0 - 550C, with a maximum
relative humidity of 90% (without condensation). Air flow across
the board must maintain a maximum temperature differential of 70C
to prevent hot spots.

ELECTRICAL
POWER —— The 752 uses 4.1 amperes at +5 volts DC (VDC), and 0.6
amperes at -12 VDC, The -5 volts for the differential transceivers

is derived on-board.

TOLERANCE — Voltages must be within plus or minus five percent
(4.75 to 5.25; -11.4 to -12.6).

GROUNDING -- Common earth ground must be established between the
disk drives and the CPU chassis, backplane, and expansion cabinets.
SYSTEM RELATED SPECIFICATIONS

DATA BUFFERING -- The 752 has a FIFO buffer that is 8K-bytes long
and incorporates parity error detection. Data can be put into one

end of the FIFO and simultaneously removed at the other end; there
are no delays associated with filling and emptying the FIFO.

June 15, 1987 3



XYLOGICS 752 Disk Controller User's Manual

1.6

SYSTEM RELATED SPECIFICATIONS (continued)

READ AHEAD — Causes the 752 to complete an initial read and then
continue reading ahead, thereby satisfying future reads with data
from the FIFO. '

FORMAT — The 752 Format command formats a specified number of
tracks. Use the Read/Write Track Headers commands to incorporate
custam interleaving schemes, Standard interleaving is 1l:1; 2:1 to
15:1 interleaving is software programmable.

MEDIA DEFECTS — The 752 has several methods for remapping bad
blocks. One method leaves spare sectors on each track that can
slip bad sectors with Read/MWrite Track Headers commands. An
alternate method has the spare sectors on the last part of the
maximum head. The 752 also remaps entire tracks. This reduces the
total number of spare sectors required with minimal affect on
system performance.

READ DEFECT MAP FEATURE — The 752 can read the manufacturer's
defect information directly from the unformatted disk.

STATUS LEDs — The 752 implements two status LEDs. L1 (BSY)
indicates the controller is active; L2 (ERR) indicates the on-board
diagnostics did not complete successfully, or an error occurred.

SCATTER/GATHER — The 752 supports Scatter/Gather on Read and Write
comands. The controller can gather data from various memory
locations and transfer it to the buffer for use in a Write command;
it can scatter the data out from the disk drive to the appropriate
memory locations with a Read conmand. To execute a scatter/gather,

-software issues a normal Read or Write command along with a DMA

list that contains a memory address and the number of words to
transfer to/from that location. The smallest granularity of
scatter/gather is a 16-bit word.

ON-BOARD DIAGNOSTICS — The 752 runs an extensive on-board
diagnostic routine upon power-up or a bus reset, If an error
occurs during this test, the 752 posts the failure in a special
error register.

Rev. A. June 15, 1987 4
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l.6

l.7

SYSTEM RELATED SPECIFICATIONS (continued)

ERROR DETECTION AND CORRECTION — The 752 supports a 48-bit data
ECC with a redundant header check; it optionally supports a 32-bit
ECC on the header and data (for supporting earlier controller
formats, i.e., 451). Software oontrols autamatic detection and
correction.

The 48-bit ECC detects an error burst up to 28-bits long, and
corrects error bursts up to 1l4-bits long. The 32-bit ECC detects
an error burst up to 22-bits long, and corrects error bursts up to
11-bits long, assuring data integrity.

IMPLIED SEEK CAPABILITY — Data transfer instructions contain an
implied seek. Data transfers cross sector, head, and cylinder
boundaries as required (spiral read/write).

OVERLAP SEEKS — The 752 supports overlap seeks. When overlap
seeks are enabled, the 752 may have both drives simultaneously
seeking to the appropriate cylinders.

DIAGNOSTIC SUPPORT — Comprehensive set of stand-alone diagnostics
written in 'C' are available.

DISK DRIVE RELATED SPECIFICATIONS

PHYSICAL DRIVE INTERFACE — The 752 supports the Extended SMD
Interface ([SMD-E]; See the Control Data Corporation (CDC)
64712402, Revision A, and Fujitsu B03P-4760-0101A).

INTERFACE DATA RATE — The 752 supports a maximum disk data rate of
2.4 megabytes per second (MBS). The 752 supports this data rate at
a 1:1 interleave factor. This allows continuous data transfers,
crossing sector and head boundaries with no 1loss of disk
revolutions (assuming the controller has enough bus time to
transfer the data).

MIXED DATA RATES — The 752 mixes drives with different data rates
(ice., 1.2 MBS, mixed with 1.8 MBS, or mixed with 2.4 MBS drives).

EMBEDDED SERVO DRIVES — The 752 supports embedded servo drives.
NUMBER OF DISK DRIVES — The 752 supports up to two SMD-E drives.

DISK SECTOR FORMAT — The 752 sector format includes a header field
separated from a data field by a splice area.

Rev. A. June 15, 1987 5
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1.7

l.8

DISK DRIVE RELATED SPECIFICATIONS (continued)

HEADER FORMAT — Header contains sector, head, cylinder address,
and header ECC or a redundant header.

CABLING — The 752 uses standard SMD flat cabling or equivalent.

DUAL PORT — The 752 supports dual port drives.

VMEbus RELATED SPECIFICATIONS
VME COMPLIANCE NUMBER — IEEE P1014/Dl1.0.
TRANSFER MODE — Direct Memory Access (DMA).

DMA THROTTLE OONTRCL -- Each time the 752 becomes bus master, it
executes DMA transfers to or from system memory up to the max
throttle limit or the number of words/longwords available in the
FIFO buffer.

DYNA-THROTTLE — During a Read command, each time firmware executes
the DMA scheduler, the 752 calculates the amount of data currently
in the FIFO and DMAs from one to seven sectors to system memory.
Dyna-throttle does not override the normal throttle and throttle
dead time features that tune system bus activity.

DMA DATA TRANSFER RATE — The 752 has a maximum transfer rate of 18
MBS based on 30 nanoseconds (ns) memory response time (assuming
longword mode transfers). Typically, the 752 transfers data at a
rate of up to 10 MBS based on 200 ns memory response time (assuming
longword mode transfers).

DMA DEAD TIME — The 752 supports a programmable throttle dead time
between throttle bursts. This prevents the 752 from taking over
the bus and allows time for other DMA devices to access the bus.

DATA TRANSFER LIMIT — Data transfer length, from 1 to 65,535
sectors with a single IOPB.

BUS COMPATIBILITY — The 752 is compatible with the standard
VMEbus.

ADDRESSING CAPABILITY — The 752 supports master A32, and slave
Al6, as per the VMEbus Specification. As a slave, the 752 responds
to address modifiers 29H and 2DH (software programmable).

Rev. A, June 15, 1987 6
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1.8

1.9

1.9.1

VMEbus RELATED SPECIFICATIONS (continued)

DATA WIDTH — The 752 supports D16 and D32 as per the VMEbus
Specification.

RELEASE ON REQUEST — Software programmable; the 752 releases the
bus at the request of other peripheral devices.

RELEASE WHEN DONE — The 752 releases the bus after each bus
access.

BUS REQUEST LEVELS — The 752 supports four bus request levels
(jumper selectable).

EARLY RELEASE OF BUS BUSY/ — The 752 does not support early
release of Bus Busy/.

INTERRUPT PRIORITY — Software programmable interrupt level and
vector.

QONTROLLER I/0 PARAMETER BLOCK (IOPB) LENGTH — 30 bytes.

CONTRCLLER REGISTERS — Seven 8-bit I/O Registers; byte or word
addressable. Only eight bits respond during word access.

SOFTWARE RELATED SPECIFICATIONS

SOFIWARE INTERFACE — The 752 supports a high 1level software
interface that allows host software to use the same method to add
IOPBs to a chain while the controller is busy or while it is free.

Software Interface

The software interface includes seven byte-wide registers. Four of
these bytes comprise the VME Address Register, the fifth byte is
the Address Modifier Register, the sixth byte is the Control and
Status Register (CSR), and the last byte is the Fatal Error
Register (the 752 returns the fatal error codes in this register).
The CSR includes two bits that are very important to IOPB
processing: Add IOPB (AIO) and Remove IOPB (RIO).

Rev. A, June 15, 1987 7
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l.v.l

1.10

Software Interface (continued)

The IOPB is a block of command and status information; it includes
the disk address, the bus address, and the type of operation to be
performed, Tne software driver sets up the IOPB in memory, sends
the IOPB aadress to the VME Address Registers, and sets AIO. After
the 752 receives the IOPB address it resets AIO. The 752 then
performs the IOPB function and, upon completion or error, updates
the IOPB status and sets RIO. The VME Address Registers point to
the completed IOPB; the software driver reads the address and then
resets RIO.

Software may add IOPBs to the queue, providing AIO is clear, by
writing the IOPB address to the address registers and setting AIO
(regardless ot the 752's busy status).

PROGRAMMABLE FEATURES

o Software Controlled Interrupt or Polled Operations.

o Software Programmable DMA Parameters.

o Software Programmable Drive Size Parameters.

(o} Software Controlled Transfer Retry/Correction.

Rev. A. June 15, 1987 8
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2.0

2.1
2.1.1

2.1.2

2.1.3

2.1.4

Rev. A.

SECTION 2: INSTALLING AND TESTING THE 752

GENERAL

Section 2 describes how to unpack, configure, install, and test
your 752 controller.

UNPACKING AND INSPECTION

Inspect the Shipping Carton

Inspect the carton for possible shipping damage. If you determine
there is damage, do not unpack the unit. Notify Xylogics and the
freight carrier immediately.

If no damage is visible, carefully unpack the 752. Save the carton
and other packing material for possible later use.

Contents

The 752 is a single printed circuit board. Optional items include
a manual and/or software on a floppy disk, or 1/4-inch magnetic
tape cartridge.

If any items are missing or damaged, please contact Xylogics at one
of the following telephone numbers.

United States: (617) 272-8140
United Kingdom (Milton Keynes): 44-908-569444

Handling Precautions

Observing proper handling precautions minimizes the risk of
damaging the 752 with electrostatic discharge. When transporting
the 752, use an antistatic bag, antistatic bin, or the original
shipping carton and packing material. Personnel handling the 752
should observe proper grounding methods including, but not limited
to, wrist bands, heel straps, and antistatic mats.

Inspect the 752

Inspect the 752 for socketed parts that may have loosened during
shipment. Make sure all parts are firmly seated in their sockets.
If any parts need reinsertion, observe proper orientation.

June 15, 1987 9
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CONFIGURING THE 752

2.2

ar or g9r m...

81d
/ Jid \(E 204884va4® ATY 008-0L1-008 NI

The

M»m . . < u.oo 33#: m G
o m * . 08 14 _.uu [ " E Y] (1] 3 u
3 »GE e wasvas w s_ vseanves g _ vLEavYL svsevss n_.u_ svseves & 1
m.. ) K ‘LR!.RI*W —
" &J 0€8Y/ A ~ vaeves An_lloolﬂ €ca8Ives ‘ . qlﬁm_ ccamves nuh $998Y8L n.w@_ 988VIL Am
mw.. N SY98YL i 12338733 a0l seaovrs (R ﬂum«:w_
m . WUA Auﬁ 2r90VYL An_ _Ea_ lW@_ LT Mu m L & N
ﬂ m ) A !!:Am_ — NWS_. sedoaverens mj evasee wl:w.:. Au— vest & _ ETTTY] Wa_ 20928 1V0L w_:
o L )
m ..m. ._@A.llﬂ!jn— svseves nnbnMTnE: M " &_ 1187veL N.u_ $ZEWNZ) o ,
O ¥
mm @w xﬁliEM@_ 23-0914 ma_ IR1RTYAZ wumﬂ-#: " [ avswee {8 o...:«@ M ln..
“....mW._ ...m x_ s3-esi A_.._w T.S_E Am_ _aE.w_HH...: _ 2003804 &_ .EL aseveys w—z
&nm — $3-89132 W@ Tolil ﬁ~ e 18vee A ﬁ e wn ﬁ SEIBYIZ JnH CI0TY ﬁ_ aBveL Wﬁ’ﬁ: ﬁm_.lﬂu:: g g A_o
-
~ an ]..: Wu_ 208V9Z W..r 8Y9L Wn_ 8YYL u 2 87V, Yaves
(U] _.% onxe ﬂ -
s I H G PV { B .|
S Jraew |
03 WES
,m..,..&. Ve 8 [ el
5 mw g . _~ m» 0s1-03143 R D ﬁ wsiles u_._n.w _ m T
rm ..m = w w @_339. WLIE Au_ - g e hs
m m.. 3 — wnm: e Bl s F Lo ..&w ~ _?Du .mm_. = esveom Jy
g ; FH%'ﬂHIE._Juﬁ.IdﬂH r.!.ﬂ!n!u-..m:i ‘nﬁ rlt% I P A L I I M
.W. 257 831907 % B ‘M @u’m&
33 _Il ,lﬂ.lﬂ#:d\ﬁ. _
83 T urd IT
1

10

752 - Component Location

Figure 2-1.

June 15, 1987

Rev. A.



XYLOGICS 752 Disk Controller User's Manual

2.2.1

Base Address Selection

Jumper block JA controls the base address. Table 2-1 shows how to
set the jumpers for commonly used base addresses. Inserting a
jumper makes the 752 respond to a 0 on that address line; removing
a jumper makes the 752 respond to a 1. Connect the jumper between
similar pin numbers on each block. (The 752 uses bits 1 through 3
to determine which register is being accessed.) The 752 is an Al6
Slave, and responds to address modifier 02DH, and optionally 029H.

A0l [RO
® 6 6 ¢ ¢ ¢ ¢ ¢ 0 © o o
JA F E D C B A 9 8 7 6 5 4
® © 6 ¢ 0 ¢ 6 ¢ ¢ o o o

* These two pins are test points, not address jumpers

Figure 2-2, Base Address Jumper Block

Screen Label —> F E D C B A 9 8 7 6 5 4
Address:
0100 I I I I I I I O I I I I
0800 I I I 1I O I I 1I I I I I
EE40* O 00T1I O 001 I 0I I
EE80 O 0 01 O 00 I 0O I I I
O=0ut; I = In;
* Standard Factory Configuration
Table 2-1., Base Address Selection

Rev., A, June 15, 1987 11
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2.2.2

2.2.3

Bus Request and Bus Grant Lines

The 752 uses the Bus Request and Bus Grant lines to become bus
master. In VMEbus arbitration, there are four Bus Request/Grant
levels: 0 through 3. The 752 drives one Bus Request line
according to the jumper scheme you choose. The arbiter drives the
four Bus Grant In lines: BGOIN* through BG3IN*. If the 752
receives a Bus Grant, and is not requesting the bus, it passes the
grant by driving the appropriate Bus Grant Out line:  BGOCQUT*
through BG30UT*,

Select a request level by jumpering one Bus Request (BRO* through
BR3*), one Bus Grant In, and one Bus Grant Out line to match the
selected request level. Jumper the remaining Bus Grant In/Out
lines so that the incoming signal passes through the board (i.e.,
jumper BGxIN* to BGxOUT*, where x represents the remaining grant
levels).

For example, Figure 2-3 shows the jumpering scheme for level 3
(Figure 2-3A shows the jumper blocks as they actually appear on the
board; 2-3B is labeled for this example): jumper JB4 to JB8; then
jumper JC4 to JC8, and JD4 to JD8. Jumper the remaining Grant
levels from JC5 to JD1, JC6 to JD2, and JC7 to JD3. Factory
configuration: Bus Request Level 3.

NOTE

Certain processors (i.e., Sun Microsystems) only
support Bus Request Level 3.

e,0(0,0/0 0 aadico LAY}
.?. .?. .?. 1‘5.1. 5.—?5. 0
|le,0|0,0|0 0 B OIS &B O 1
.3. .3. .3. 3.7‘3.7.—?7. 2
& 0|0 0|0 0 3
BR OUT IN
L— BG I JB JC JD

Figure 2-3A. Actual Board Layout Figure 2-3B. Sample Jumpering Scheme

Figure 2-3. Jumpering Bus Request and Bus Grant Levels

Parallel Arbitration

If you are using the 752 in parallel arbitration, and the Bus Grant
Out lines must be isolated from the next slot's Bus Grant In lines,
remove all jumpers between JC 5-8 and JD 1-4.

Rev. A, June 15, 1987 : 12
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2.3 MAINTENANCE MODE LOCKOUT JUMPER

Installing jumper JE 1-2 gives you unrestricted use ot the
maintenance mode.

When jumper JE 1-2 is removed, you may only execute the diagnostic
portion of the maintenance mode. (The non-diagnostic portion of
the maintenance mode is proprietary to Xylogics and subject to
change without notice.)

2.4 SELF TEST DISABLE

When jumper JE 3-4 is installed, the 752 does not execute the self
test on power-up.

2.5 PROMS AND PALS
Location Part Number Type
D8 180-002-173 EPRQM
L3 181-001-015 PAL
M3 181-001-016 PAL
D2 181-001-017 PAL
E2 181-001-041 PAL

Table 2-2. PROM / PAL Part Number and Location

2.6 LIGHT EMITTING DIODES

The 752 has two light emitting diodes (LEDs). Ll (BSY) is the Busy
LED; when lit, the 752 is active. L2 (ERR) is the Error LED.
During power-up, L2 lights for a moment (indicating the self test
is running), and goes off; if L2 stays on, a fatal error occurred.

2.7 BOARD LABELS / REVISION CONTRCL

All Xylogics controllers use various revision control labels., This
information is important when discussing configuration issues with
us. Please familiarize yourself with your board revision levels
before contacting us.

752-101-01
Product ___| | |
Configuration ____| |____ Revision Level

Figure 2-4, Sample Part Number

Rev. A. June 15, 1987 13



XYLOGICS 752 Disk Controller User's Manual

2.8 PREPARING THE COMPUTER SYSTEM FOR INSTALLATION

The backplane of your system must provide a VMEbus slot for the
752. The slot must be capable of handling a bus master, and the
power source must handle the power consumption of the entire
system, including the 752.

2.8.1 Backplane Jumpers

Remove any jumpers that short, or cause the Interrupt Acknowledge
(IACK IN/OUT) and DMA Grants (BG 0-3 IN/OUT) to bypass the slot in
which you are installing the 752,

2.8.2  Card Cage Slot

The card cage must have a slot at the proper DMA priority available
for the 752. The 752 uses DMA to transfer data and IOPBs.
Placement of the 752 in the DMA priority chain may be critical.
The amount of bus bandwidth it uses will be high at times; this may
affect other boards in the system, Likewise, other boards may not
allow enough time for the 752 to DMA enough data to keep up with
the disk; consider this when choosing a slot. If the 752 does not
get a high enough priority, then its DMA falls behind what the disk
requires, and it has to wait until the next revolution before
continuing the transfer., If the 752 priority is high, it gets
enough DMA time, but other boards having insufficient buffers may
starve from lack of DMA time. The priorities must be balanced for
your system to work properly.

2.8.3 Power Considerations

The 752 affects the power consumption of the entire computer
system, The 752 uses +5 volts for logic and -12 volts to provide
-5 volts to power the differential drivers/receivers for the SMD
interface. Be sure the power supplies can handle the entire power
load. Readjust the voltages after plugging in the 752. A power
supply that is just adequate may cause intermittent and unusual
problems due to noise generated by occasionally going into
overcurrent protection.

Limits: +5 volts (4.75 to 5.25 volts) at 4.1 amps;
-12 volts (-11.4 to -12,6 volts) at 0.6 amps.

Rev., A, June 15, 1987 14



XYLOGICS 752 Disk Controller User's Manual

2.9

2.9.1

2.9.2

2.9.3

2.9.4

Rev. A,

PREPARING THE DISK DRIVE FOR INSTALLATION

Follow the manufacturer's instructions for unpacking and inspecting
the disk drive.

Configure the drive for use with the 752. This entails setting up
such parameters as the unit select, number of sectors per track,
and ensuring the sector and index pulses are provided on the "A"
cable. Consult the drive manual for the exact method of
configuring your drive.

Drive Unit Select
A plug on the front of the drive, or switches on one of the drive's
internal circuit cards, usually selects the drive unit number. The

752 accesses drives with unit numbers ranging from 0 through 7.
Set the first drive to Unit 0.

Number of Sectors Per Track

Switches on one of the drive's internal circuit cards usually
select the number of sectors per track. The 752 standard format
uses 88 bytes of overhead per sector. This is a nominal number
derived from the defaults set at the factory. See Section 8.2 for
a more detailed description.

If you are using the sector slip feature, the number of sectors
available to the program is the total number of physical sectors on
the drive less the spares (see Section 8.3 for more information on
media defect mapping).

Many disk drives have a runt sector (a very small sector at the end
of the disk). The 752 requires that all sectors except the runt
are formatted. The minimum runt size is six bytes.

Sector and Index Pulses

Both the "A" (Control) cable and the "B" (Radial) cable can provide
the sector and index pulses. Disk vendors usually provide drives
with sector and index on the "A" cable. The 752 requires the "A"
cable to carry sector and index.

Iags 4 and 5

Same disk drives use the spare lines (see Section 10) for
maintenance functions (Tag 4). Other disk drives use the spare
lines for Extended Cylinder bits (Bit 10). The 752 supports both
options; configure the drive for its intended use.

June 15, 1987 15
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2.9.5 Extended Cylinder Addressing

There are two methods for addressing cylinders beyond 1023.
Xylogics supports the method that uses the spare lines on the "A"
cable as cylinder address bit 10. (The 752 does not support the
alternate method of using the upper bits of the common interface
bus and Tag 2 [Head Tag].)

2.10 INITIAL TESTS

This section relies upon your familiarity with your computer
system's monitor and diagnostics.

2.10.1 Power—up and Self Test

The 752 initiates a self test upon power-up. The Error LED (L2)
lights for a moment, and then goes off. If L2 remains on, the
board is not functioning properly (the Fatal Error Register may
indicate the nature of the problem). When L2 is on, SYSFAIL is
asserted on the VMEbus. Contact Xylogics for further assistance.
(Check the power supply voltages to ensure they are within limits
[4.75 to 5.25 volts, and -11.4 to -12.6 volts]).

2.10.2 Drive Ready
Spin the drive up and wait for it to become ready. Issue a Read
Drive Parameters command. The Drive Status byte indicates the
drive status at execution time. If DRDY is clear, recheck the
drive cable connections and try again. If you are still unable to
get the proper status, check the -12V supply on the bus. If the
problem persists, check the disk drive with an off-line tester.
2.11 DIAGNOSTICS
When you run your diagnostics:
o Format the disk with either a diagnostic or format program.

0 Run a full pass of your diagnostic (or determine that the system
is working properly).

o Cable and test any additional drives.

Rev. A, June 15, 1987 16
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SECTION 3: THE 752 RBEGISTERS

3.0 GENERAL

The 752 programming interface is based on the use of seven,
one-byte long, I/O registers. The bus address jumpers define the
base address of the register set. Table 3-1 lists the registers
along with the address offset from the base address. The 752
responds to either bytes or 16-bit words; when it responds to
words, only 8 bits are valid.

The registers have one function when read, and another when
written. The following subsections detail their definitions.

Register Offset
IOPB Address Byte 0 (Least Significant Byte) 1
IOPB Address Byte 1 3
IOPB Address Byte 2 5
IOPB Address Byte 3 (Most Significant Byte) 7
IOPB Address Modifier 9
Control and Status Register B
Fatal Error Register D

Table 3-1. Register Offsets

3.1 IOPB ADDRESS REGISTERS

The first four registers define the 32-bit address of an IOPB or
IOPB chain. When these registers are written, the 752 interprets
it as the address of the IOPB or IOPB chain to be executed. When
read, and the Remove IOPB (RIO) bit is set, the registers point to
the IOPB or IOPB chain just completed by the 752.

The protocol for reading and writing this address register is
defined by the use of the Add IOPB (AIO) and Remove IOPB (RIO) bits
in the Control and Status Register (see Section 3.3).

3.2 IOPB ADDRESS MODIFIER

This register defines the IOPB address modifier. Address modifiers
are used for many purposes, such as memory mapping, privilege
levels, and addressing range. Please consult the VMEbus
Specification for more information regarding address modifiers.

Rev. A, June 15, 1987 17
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3.2 IOPB ADDRESS MODIFIER (continued)
Section 3.3 defines the protocol for reading and writing this
register.
IOPB ADDRESS MODIFIER
71615141312 ]1]0]
RESERVED I

ADDRESS MODIFIER I I | I | |

Bit M . L ot
7-6 RESERVED.

5-0 AM ADDRESS MODIFIER - Most systems use the standard
AM code of 3D. (See the VMEbus Specification.)

3.3 CONTRCL: AND STATUS REGISTER

When written, this register provides the host with control of the
752 operation; when read, it provides the host with 752 status
information. Section 3.3.1 defines the bits in this register when
written; Section 3.3.2 defines the bits when read.

3.3.1  Control Register (Write)
OONTROL REGISTER (Write)
7161514131210

| N
RESERVED |
ENABLE MAINTENANCE MODE ||
RESERVED |
CONTRCLLER RESET
ADD IOPB
CLEAR RIO
CLEAR RBS

REGISTER MAINTENANCE MODE

Rev. A. June 15, 1987 18
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3.3.1 control Register (Write) (continued)

7 RMM
6

5 MM
4

3 CRST
2 AIO

Rev, A, June 15, 1987

REGISTER MAINTENANCE MODE - When RMM and MM are
set, the values previously written in all the
registers (except the CSR) are echoed back.

RESERVED.

ENABLE MAINTENANCE MODE - Setting MM and AIO
places the 752 in Maintenance mode. This mode
supports a different Register protocol and is used
as a diagnostic tool. Section 8 outlines the
Maintenance mode.

RESERVED.

OONTROLLER RESET - CRST signals the 752
microprocessor to perform a "soft" reset; it
deselects all the drives (and releases dual port),
stops the DMA and disk sequencers (potentially
during sector transfers), and cancels any IOPBs in
the queue. When the Controller Reset completes,
the 752 resets the CSR to zero. CRST does not
initiate a power-up self test.

NOTE

A Controller Reset takes up to
one second to complete.

ADD IOPB - When set, the 752 executes the IOPB
(chain) at the address pointed to by the IOPB
Address and Address Modifier Registers. As soon
as the host sets AIO, the 752 sets AIO Pending
(AIOP) in the Status Register (indicating the 752
has received AIO, but has not yet processed the
new chain's address). AIOP is negated in the
Status Register after the 752 internally stores
the new (chain) address. The 752 can store up to
41 IOPB addresses in this manner. Clearing AIO if
AIOP is set violates the register protocol.

19
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3.3.1 Control Register (Write) (continued)

Bit M . L ipti

1 CRIO

CLEAR RIO - The host sets CRIO to clear RIO in the
Status Register. Typically, the host sets CRIO
after it reads the address of a completed IOPB
chain from the IOPB Address and Modifier
Registers. Clearing RIO enables the 752 to update
the IOPB Address and Modifier Registers with the
address and address modifier of a newly completed
IOPB (chain). Clearing RIO if it is not set in
the Status Register violates the register
protocol.

CLEAR RBS - The host sets Clear Register Busy
(CRBS) to clear RBS in the Status Register.
Clearing RBS releases the registers for use by
another host (see Section 8.7.2). (CRBS is only
relevant in a multiprocessor environment.)

3.3.2 Status Register (Read)

BUSY

STATUS REGISTER (Read)
716151413 12111]0]
Fr

FATAL ERROR

MAINTENANCE MODE ACTIVE |

RESERVED

CONTROLLER RESET ACTIVE

AIO PENDING

REMOVE IOPB

REGISTER BUSY SEMAPHORE

Bit M . L ipti

7 BUSY

Rev. A, June 15, 1987

BUSY - The 752 is executing an IOPB. The 752 sets
BUSY when it clears AIOP to acknowledge the first
IOPB address; it clears BUSY after completing all
the IOPBs with no new ones pending (within 500
microseconds of the host clearing RIO on the last
IOPB). The 752 redefines this bit in Maintenance
mode (see Section 8.6).

20
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3.3.2 Status Register (Read) (continued)

6 FERR
5 MMA
4

3 RSTA
2 AIOP
1 RIO
0 RBS

Rev. A, June 15, 1987

FATAL, ERROR - The 752 detected a fatal hardware
error (a fatal error asserts SYSFAIL). A
Controller Reset clears this bit. The Fatal Error
Register contains more specific information. The
752 asserts FERR under the following conditions:

(1) Maintenance Mode Test Failure;

(2) Power—up Self Test Failure;

(3) IOPB Checksum Miscompare;

(4) IOPB DMA Fatal;

(5) IOPB Address Alignment Error;

(6) Firmware Error;

(7) Illegal Maintenance Mode Test Number; and
(8) ACFAIL Asserted.

MAINTENANCE MODE ACTIVE - When set, the 752 is in
Maintenance mode (see Section 8.6).

RESERVED.

QONTRCOLLER RESET ACTIVE - The host set CRST in the
Control Register and the 752 is resetting itself.

AIO PENDING - When set, AIO has been set in the
Control Register, but the 752 has not acknowledged
its receipt. When clear, AIO may be set again.

REMOVE IOPB — The 752 sets RIO after completing an
IOPB (chain) and placing the address in the IOFB
Address and Address Modifier Registers.

After the host reads the address and modifier, it
must clear RIO by writing Clear RIO (CRIO) in the
Control Register.

REGISTER BUSY SEMAPHORE - RBS allows multiple
hosts to share access to the 752 registers without
simultaneous access (see Section 8.7.2). (RBS is
only relevant in a multiprocessor environment.)
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3.4 FATAL ERROR REGISTER

If a fatal error occurs, the 752 returns the appropriate Campletion
Code in this register. Table 3-2 lists the fatal error codes;
Section 6.4 describes them.

Code  Description

Reserved

IRAM Self Test Failure

Reserved

Maintenance Test 3 Failure (DSKCEL RAM)
Maintenance Test 4 Failure (Header Shift Register)
Maintenance Test 5 Failure (VMEDMA Registers)

E6 Maintenance Test 6 Failure (REGCEL Chip)

GRERBES

E7 Maintenance Test 7 Failure (Buffer Parity)
E8 Maintenance Test 8 Failure (Disk FIFO)
E9-EF Reserved

FO IOPB Checksum Miscompare

Fl IOPB DMA Fatal

F2 IOPB Address Alignment Error

F3 Firmware Error

F5 Illegal Maintenance Mode Test Number

Fé ACFAIL Asserted

Table 3-2, Fatal Error Codes

Rev. A, June 15, 1987 22
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4.0

4.1

SECTION 4: IOPB DESCRIPTION

GENERAL

The Input/Output Parameter Block (IOPB) passes messages between the
752 and host software: software passes the type of transfer, disk
address, data address, and count to the 752; the 752 returns the
transfer status and, if AUD is set or an error occurs, the ending
addresses upon command completion. This section begins with the
standard IOPB for most data transfer commands and follows with
variations of the IOPB.

STANDARD IOPB

The 752 uses the standard IOPB for data transfer commands and some
general purpose commands.

STANDARD IOPB

7 6 5 4 s | 2 | 1+ ] o
oo | [ERRS] | [DONE] | [CHEN] | [SGM] [ coMMAND ]
o1 [ COMPLETION CODE |
T, | PRl | [ 8 | ween) [ [orcd) [ ker] [ [@ney | [oroy]
03 [INTERNAL STATUS]
04 [SUBFUNCTION CODE |
os [ror] | (Poe] | o
06 [LINK LIST LENGTH| [ INTERRUPT LEVEL |
o7 [INTERRUPT VECTOR |
08
09 {COUNT. LOW |
o
0B [CYLINDER LOW]
o
0
o 0 [DATA OR LINK ADDRESS MODIFIER |
oF 0 [NEXT 10PB ADDRESS MODIFIER |
10 [DATA OR LINK ADDRESS HIGH |
" [DATA OR LINK ADDRESS |
. [DATA 0% LINK ADORESS |
- [DATA OR LINK ADDRESS LOW]
14 [NEXT 10PB ADDRESS HIGH |
s [NEXT 10PB ADDRESS |
el [NEXT 10PB ADDRESS |
- [NEXT 10PB ADDRESS LOw]
8 [10PB CHECKSUM HIGH|
19 [1oPb CRECKsUM Low]

Rev. A, June 15, 1987 23
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4.1.1  IOPB Byte 0 (Command)

ERROR SUMMARY

DONE

CHAIN ENABLE

SCATTER/GATHER

COMMAND

Bit M . L ipti

7 ERRS
6 DONE
5 CHEN
4 SGM
3-0 CoMM

Rev. A, June 15, 1987

ERROR SUMMARY - ERRS is only valid if DONE is
set. When set, a hard or soft error occurred
during IOPB processing. When clear, the 752
successfully completed the IOPB.

NOTE

Clear DONE and ERRS before
executing an IOPB.

DONE - When set, the IOPB is complete; if
chained, software may remove the IOPB from the
chain and reuse it.

CHAIN ENABLE - When set, the Next IOPB Address
Modifier and Next IOPB Address point to the
next chained IOPB. When clear, this IOFB is
not chained to another IOPB. The 752 always
returns one IOPB at a time,

SCATTER/GATHER MODE - When set, the IOPB is
either a scatter (read) or a gather (write)
transfer; a linked list describes the number
of 16-bit words and to what address the 752
transfers each section of the data. The link
address modifier and the link address specify
the link list location. When clear, this IOPB
specifies the data transfer address; the data
is transferred to/from contiguous memory. SGM
is only valid for standard reads and writes.

COMMAND - See Table 4-2.

24
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4.1.2  IOPB Byte 1 (Status Byte 1)

After the 752 executes the IOPB, it sets DONE and posts a
Completion Code in this byte. Completion Codes are only valid if
DONE is set. A code of 0x indicates a successful completion; any
other value indicates an error occurred (see Section 6).

4.1.3  IOPB Byte 2 (Status Byte 2)
IOPB Byte 2 is the Disk Status byte; it is only valid if DONE is

set. Byte 2 (excluding bits 5 and 6) is read from the drive
selected by this IOPB.

71615141312 111]0]

DUAL PORT BUSY | | |
SLIPPED REVOLUTION I |
I
I

COUNT SECTORS EXECUTED I
WRITE-PROTECT

DISK FAULT
SEEK ERROR
ON-CYLINDER
DRIVE READY

Bit M . L ipti

7 DPB DUAL PORT BUSY - Sets if the selected port in
a dual ported drive is busy.

6 SR SLIPPED REVOLUTION - Sets if the 752 is
unable to DMA enough data to keep up with the
disk; it waits until the sector comes around
on the next revolution.

5 CSE OOUNT SECTORS EXECUTED - Sets if the current
sector count is invalid and the 752 has to
recount the sectors.

4 WRPT WRITE-PROTECT - Sets if the selected drive is
write-protected.
3 DFLT DISK FAULT - Sets if a fault condition exists

in the selected drive.,

Rev. A. June 15, 1987 25
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4.1.3 IOPB Byte 2 (Status Byte 2) (continued)

Bit M . L ipti
2 SKER SEEK ERROR - Sets if the 752 selects a
cylinder higher than the drive maximum, or a

seek does not complete within 500
milliseconds,.

1 ONCL ON-CYLINDER - The 752 sets ONCL when the
' selected drive is om-cylinder.

0 DRDY DRIVE READY - The 752 sets DRDY when the last
drive selected is ready.

4.1.4 JIOPB Byte 3 (Status Byte 3)

IOPB Byte 3 is reserved. It reflects the 752's internal status.

4.1.5 IOPB Byte 4 (Subfunction)

IOPB Byte 4 is the Subfunction byte. Subfunction Codes follow a
convention that indicates whether the code is generic to all VME
controllers, generic to a group of controllers (i.e., 772, 712,
751, 752, 7053, etc.), or specific to a particular controller. See
Table 4-1.

The 752 combines standard Command Codes with Subfunction Codes to
define the required operation. Table 4-2 lists the 752 Command and
Subfunction Codes.

Subfunction Codes (Hex) Class
00-1F Generic to All
20-3F Generic Tape
40-5F 772-Specific
60-7F Reserved
80-9F Generic Disk
AQ-AF 751-, 752-, and 7053-Specific
BO-BF 712-specific

CO-FF Reserved

Table 4-1. Subfunction Code Classes

Rev. A, June 15, 1987 26
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4.1.5 IOPB Byte 4 (Subfunction) (continued)

0 NOP 00 No Operation
1 WRITE 00 Normal Write
2 READ 00 Normal Read
3 SEEK 00 Report Current Address
01 Seek and Report Current
Address
02 Start Seek and Report
Campletion Immediately
4 DRIVE RESET 00 Drive Reset
5 WRITE PARAMETERS 00 Write Controller Prmtrs.
80 Write Drive Parameters
8l Write Format Parameters
6 READ PARAMETERS 00 Read Controller Prmtrs.
80 Read Drive Parameters
81 Read Format Parameters
AD Read Drive Status Xtnd,
7 EXTENDED WRITE 80 Write Track Headers
8l Write Format
82 Write Header, Header
Verify, Data, and Data ECC
A0 Write Defect Map
Al Write Defect Map Xtnd.
8 EXTENDED READ 80 Read Track Headers
81 Verify Data
82 Read Header, Header
Verify, Data, and Data ECC
AQ Read Defect Map
Al Read Defect Map Extended
9 DIAGNOSTICS 00 Self Test

A-F RESERVED

Table 4-2, Command/Subfunction Codes

Rev, A, June 15, 1987 27
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4.1.6  IOPB Byte 5 (Unit)

716 1514131211101

FIXED/REMOVABLE MEDIA Y I I
RELEASE DUAL PORT I
|
|

PRIORITY SELECT |
RESERVED
UNIT NUMBER

Bit M . L ipti

7 FIXD FIXED/REMOVABLE MEDIA - When set, the 752 is
accessing the fixed media portion of a disk
drive., When clear, the 752 is accessing the
removable media portion of a drive. This bit
allows you to treat a fixed/removable drive as
two separate disk drives. See Section 8.12.

6 RDP RELEASE DUAL PORT - This bit is specifically
used with dual ported disk drives. When set,
the 752 releases the disk drive's port when it
completes a command. When clear, the 752 does
not release the disk drive's port when it
completes a command., See Section 8.14.

5 PSEL PRIORITY SELECT - When set, it forces the
~ selection of a dual port drive. See Section
8.14.
4-3 RESERVED.,
2-0 UNIT UNIT NUMBER - This value specifies the Unit

Number of the attached drive to which the
transfer is directed (in the range of 0 to 7).

NOTE

Depending on the command, Bytes 6 through 13 have
different definitions (see Sections 4.2 through 4.4).

Rev. A. June 15, 1987 - 28
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4.1.7 IOPB Byte 6 (Interrupt Level)

716151413 12]11]0 |

LINK LIST LENGTH I N Y IR I R
INTERRUPT LEVEL R

Bit II . E . In ’

7-3 LLL LINK LIST LENGTH - Bits 3-7 specify the length,
in elements, of a linked list for Scatter/
Gather commands. Each element refers to an
8-byte block in the linked list. See Table 8-2.

2-0 INTL INTERRUPT LEVEL - The 752 uses these bits as the
VMEbus hardware interrupt 1level when it
completes the IOPB. The 752 will not interrupt
if bits 0 through 2 are clear.

4.1.8 IOPB Byte 7 (Interrupt Vector)

IOPB Byte 7 determines the interrupt vector that the 752 uses upon
command completion. This byte is not valid if the interrupt level

is zero,
4.1.9 JOPB Bytes 8 and 9 (Count)

Byte 8 is Count High; Byte 9 is Count Low. These bytes specify the
number of sectors to be transferred in a data transfer IOPB., The
format command uses this count to determine the number of tracks to
format.

4,1.10 IOPB Bytes A and B (Cylinder)

Byte A is Cylinder High; Byte B is Cylinder Low. These bytes
specify the starting cylinder address for a transfer.
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4.1.11 IOPB Byte C (Head)

IOPB Byte C specifies the starting head number for a transfer.

4.1.12 IOPB Byte D (Sector)

IOPB Byte D specifies the starting sector number for a transfer.

4.1.13 IOPB Byte E (Data or Link Address Modifier)

l71615141312111]10]

RESERVED Y R R IR R R
DATA OR LINK ADDRESS MODIFIER I T I IR

7-6 RESERVED,

5-0 DATA OR LINK ADDRESS MODIFIER - If SGM is set, this field
specifies the Link List Address Modifier; if SGM is clear,
this field specifies the Data Address Modifier. The 752
uses these modifiers to complete the address.

4.,1.14 ]IOPB Bvte F (Next IOPB Address Modifier)

l7161514131211]0]

RESERVED RN Y (R N (N I R
NEXT IOPB ADDRESS MODIFIER [ Y I I |

Bit M . D ipti
7-6 RESERVED.

5-0 NEXT IOPB ADDRESS MODIFIER - If CHEN is set, the
Next IOPB Address Modifier, along with the Next
IOPB Address, point to the next IOPB in the
chain, If CHEN is set, the 752 ignores this
byte.
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4.1.15

4.1.16

4.1.17

4.1.18

4.1.19

JOPB Bytes 10 through 13 (DMA Data Address)

IOPB Byte 10 is DMA Data Address High; Byte 13 is DMA Data Address
Low. These bytes comprise the data or link list address pointers.
The 752 uses these bytes with the data or 1link list address
modifier to point to the data or linked list address. If SGM is
set, this address points to the linked list; if SGM is clear, this
address points to the data address. (The link list address must be
on a 16-bit word boundary.)

JOPB Bytes 14 through 17 (Next IOPB Address)

IOPB Byte 14 is Next IOPB Address High; Byte 17 is Next IOPB
Address Low. These bytes comprise the Next IOPB Address pointers.
The 752 uses these bytes with the Next IOPB Address modifier to
point to the next IOPB in the chain (if CHEN is set in Byte 0).
(The Next IOPB address must be on a 16-bit word boundary.)

JOPB Bytes 18 and 19 (IOPB Checksum)

Byte 18 is IOPB Checksum High; Byte 19 is IOPB Checksum Low. The
752 calculates the checksum by adding the IOPB bytes and comparing
the value against the value software calculated and put in these
bytes., See Section 8.15.

IOPB Bytes 1A and 1B (ECC Pattern Word)

Byte 1A is ECC Pattern Word High; Byte 1B is ECC Pattern Word Low.
These bytes are required for ECC Mode 0 and may be required for
Mode 2 (see Section 6.4).

IOPB Bytes 1C and 1D (ECC Offset Word)
Byte 1C is ECC Offset Word High; Byte 1D is ECC Offset Word Low.

These bytes are required for ECC Mode 0 and may be required for
Mode 2 (see Section 6.4).

Rev. A, June 15, 1987 31



XYLOGICS 752 Disk Controller User's Manual

4,2 CONTROLLER PARAMETERS IOPB

This IOPB sets and reads various controller parameters. The 752
uses the standard IOPB, but redefines bits in Bytes 8 through E,
and 10 through 13. '

CONTROLLER PARAMETERS

7 6 5 4 s | 2| ] o
oo | [ERRS] | [DONE] | [CHEN] [s6M] [ commanD ]
o COMPLET ION CODE |
o | [ [ese] [owrer) | [oFiT] | (sker] | [oncg | [or0V]
o INTERNAL STATUS
04 SUBFUNCT ION CODE
o 0 UNIT
06 0 [INTERRUPT LEVEL
07 [INTERRUPT VECTOR
os | _[A00] | [roo] | [oace] | [ics) | [werr) | 0
05 [ror] 0 0 |
o 5] | 0 ASR | o | @ | [EccH )
o8 [THROTTLE |
oc [EPROM RELEASE LEVEL|
[+]] 0
o CONTROLLER TYPE |
oF 0 | NEXT 10PB ADDRESS MODIFIER |
’
" [EPROM PART NUMBER LOW
12 [ EPROM REVISION LEVEL |

0

[NEXT 10PB ADDRESS HIGH ]
[NEXT 10PB ADDRESS |
[NEXT 10PB ADDRESS ]

[NEXT 10PB ADDRESS LOW |
[10PB CHECKSUM HIGH]

19 {10PB CHECKSUM LOW |

4,2.1 IOPB Byte 8 (Controller Parameters A)

l716151413121110]

AUTO-UPDATE [
TRANSFER MODE I
DISABLE ACFAIL I
IOPB CHECKSUM
ENABLE DMA TIMECUT
NON-PRIVILEGED REGISTER MODE
RESERVED
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4,2.1 IOPB Byte 8 (Controller Parameters A) (continued)

Bit M . l ioti

7 AUD
6 T™OD
5 DACF
4 ICs
3 EDT

Rev. A, June 15, 1987

AUTO-UPDATE - When set, the 752 updates the IOPB
to the transfer's ending parameters; it updates
the disk address, the sector count, and the data
address after completing the transfer or
detecting an error. When clear, the 752 only
updates the IOPB if an error occurs. The values
are then set up so that host software can tell
the 752 to continue (the values should point to
the sector in error, the correct remaining
sector count, and proper data address).

TRANSFER MODE - When set, the 752 executes data
transfers in Longword mode. When clear, it
executes transfers in Word mode. (I0PB
transfers are always in Word mode.) If a
transfer starts on an improper address boundary,
the 752 first transfers a byte and/or a word, as
necessary to align boundaries, and continues the
transfer in the selected mode. The 752 may end
the transfer with a byte and/or word.

DISABLE ACFAIL, — When set, the 752 ignores the
ACFAIL line on the VMEbus.,

IOPB CHECKSUM - When set, the 752 reads the
IOPB, compares the checksum it generated during
the read with the checksum the software driver
appended to the IOPB. The 752 also updates the
Checksum bytes in any IOPB if AUD is set.
Clearing ICS disables this feature. See Section
8.15.

NOTE
Since this feature adds at least 100

microseconds to each transfer, it effects
the 752's performance.

ENABLE DMA TIMEQUT - When set, the 752 enables a
DMA bus error timer. When clear, the 752 relies
on an external VMEbus transfer timer.
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4,2.1 IOPB Byte 8 (Controller Parameters A) (continued)

Bit  Mnemonic
2 NPRM

1-0

L -

NON-PRIVILEGED REGISTER MODE - When set, the 752
responds to address modifiers 2DH and 29H. When
clear, the 752 only responds to 2DH. (See the
VMEbus Specification for more information on
address modifiers.)

RESERVED.

4,2,2 IOPB Byte 9 (Controller Parameters B)

THROTTLE DEAD TIME
RESERVED

7161514 1312]11]0 ]|
—

RELEASE ON REQUEST
RESERVED

DISABLE READ AHEAD

Bit  Mnemonic

7-6 TDT
5

4 ROR
3-1

0 DRA

Rev. A, June 15, 1987

L -

THROTTLE DEAD TIME - TDT selects one of four
minimum time periods that determines the time
the 752 remains off the bus between throttle
bursts (see Section 8.10).

RESERVED,

RELEASE ON REQUEST - When set, the 752 releases
the bus at the request of other bus masters;
otherwise, it continues with the next throttle
burst. The 752 monitors the bus request lines
and releases bus busy only if another bus
request is pending. It completes its specified
throttle burst before releasing the bus due to a
pending request. When clear, the 752 releases
the bus at the end of each throttle burst and
rearbitrates if more data transfers are pending.
See Section 8.16.

RESERVED,
DISABLE READ AHEAD - When set, the 752 disables
its read ahead feature. When clear, the 752

satisfies all subsequent reads with data from
the read ahead buffer (if possible).
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4.2.3 IOPB Byte A (Controller Parameters C)

ENABLE OVERLAP SEEKS [ I R |
RESERVED |
AUTOMATIC SEEK RETRY |
RESERVED I
RETRY BEFORE CORRECTION
ERROR CORRECTION MODE

Bit
7

6-5

1-0
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71615141312 ]11]0]

l
I
I
I
I

M . L N

Vs

ASR

RBC

ENABLE OVERLAP SEEKS - When set, the 752
initiates overlap seeks if more than one drive
is present. When clear, the controller does not
initiate Overlap Seek operations.

RESERVED.

AUTOMATIC SEEK RETRY - When set, the 752 resets
the drive, seeks to the commanded cylinder and
retries the transfer up to two times on any of
the following errors: Seek, Header Error/
Cylinder, Header Error/Head, Drive Not
On-cylinder, and Drive Faulted.

RESERVED.,

RETRY BEFORE CORRECTION - When set, the 752
retries the operation once on an ECC error
without calculating the error syndrame. If an
error occurs, on the second try, the 752 reverts
to the specified error correction mode.

ERROR CORRECTION MODE - There are three Error
Correction modes. Mode 0 stops a transfer and
provides the driver with the error's offset and
pattern. The driver performs the actual
correction. Mode 1 flags an error and continues
the transfer. Mode 2 performs the correction in
host memory, flags a soft error, and continues
the transfer.
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4.2.4

4.2.5

4.2.6

4.2.7

Rev. A.

IOPB Bvte B (Controller Parameters D)

Bits 0 through 7 are the Throttle (THRO) bits. The throttle is the
maximum number of transfers allowed each time the 752 becomes bus
master. The throttle value determines the maximum DMA burst length
for both data and IOPB DMA transfers. This byte allows a throttle
setting from 1 to 256.

Value Height
0 256
1 1
2 2
3 3
255 255

Table 4-3, Throttle Values

IOPB Byte C (EPROM Release Level)

The 752 returns the EPROM release level on a Read Controller
Parameters command.

JOPB Byte E (Controller Type)

IOPB Byte E is the Controller Type byte. Xylogics assigns each VME
controller a unique controller type code.

Controller Code (H)
712 12 (ESDI Disk Controller)
772 72 (Pertec Tape Controller)
752 52 (SMD Controller)

Table 4-4. Controller Type Codes

JOPB Bytes 10 and 11 (EPROM Part Number)

The 752 returns a portion of the EPROM part number on a Read
Controller Parameters command. The 4 nibbles in these 2 bytes
refer to the part number's last 4 digits. For example, if the part
number is 180-002-173, Byte 10 holds 21H and Byte 11 holds 73H.
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4.2.8 IOPB Byte 12 (EPROM Revision Level)
This byte contains the revision level of the EPROM plugged into the
board. _

4.3 DRIVE PARAMETERS IOPB

DRIVE PARAMETERS

7 6 5 P 3| 2_]_‘ 1| o
o1 [ COMPLETION CODE |
oo | [0PB] | R | [csE) [[WPET_]_JDFLH | [5ker] | [oncy) | [oroy]
03 [INTERNAL STATUS_IL
04 [SUBFUNCTION CODE |
os | [FIXD] | [rop] | [PsEL] 0
06 0 [ca50] | [EC32 | o [INTERRUPT LEVEL]
07 [INTERRUPT VECTOR |
08 [ MAX SECTOR LH|
05
o [MAX CYLINDER tilﬂ-l_]
08 [MAX CYLINDER LOW]
o
o
o [SECTORS PER TRACK (RD. DR. PRM.) = 200 H |
oF 0 | [NEXT 10PB ADDRESS MODIFIER |
10 °
11 0
12 °
13 0
‘4 [NEXT 10PB ADDRESS HIGH]
s [NEXT 10PB ADDfEss]
i [NEXT 10PB ADDRESS |
17 [NEXT I0PB ADDRESS LOW|]
19 {10PB CHECKSUM LOW |
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4.3.1 IOPB Byte 6 (Drive Parameters)

RESERVED

l71615141312]11]0]
I

450-COMPATIBLE MODE

32-BIT ERROR CORRECTION CODE I

RESERVED

INTERRUPT LEVEL

[
[
[ .
[ B
1

Bit M . h s

7-6
5 C450
4 EC32
3

2-0  INTL

Rev. A. June 15, 1987

RESERVED.

450-COMPATIBLE MODE - When set, the 752 reads
and writes 450-compatible format disks. The
format is compatible with disks having less than
64-sectors per track. The 752 ignores the Drive
Type field in the 450 header; it does not format
in 450-Compatible mode. C450 does not override
the format parameters set in the 752, EC32 must
be set.

NOTE

Using C450, and EC32 in different modes
on the two connecting disks reduces the
disk subsystem's performance. The 752
must modify the disk sequencer code
each time it switches drives.

C450 only allows word boundary
transfers since it swaps data bytes as
DMAed to memory.

32-BIT ECC — When set, the 752 uses a 32-bit ECC
on the header and data. When clear, it uses a
redundant header check, and a 48-bit data ECC.
EC32 must be set when using the 450-compatible
mode. (See the note below bit 5.)

RESERVED.
INTERRUPT LEVEL - See Section 4.l1.7.
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4.3.2

4.3.3

4.3.4

4.3.5

4.3.6

4.3.7

JOPB Byte 8 (Max Sector/Last Head)

IOPB Byte 8 specifies the max sector value on the last head for use
in cylinder sparing (this value is zero-based). Bytes ODH and 08H
must be equal if cylinder sparing is not used. See Section 8.3.2.

IOPB Byte 9 (Head Offset)

IOPB Byte 9 specifies the drive's head offset value. Use zero for
non-fixed/removable drives. Section 8.12 explains using the head
offset to access fixed/removable drives.

IOPB Bytes A and B (Max Cylinder)

IOPB Byte A is Max Cylinder High; Byte B is Max Cylinder Low.
These bytes specify the drive's max cylinder value. This value is
zero-based, i.e., the max cylinder on an 823 cylinder drive is 822,

IOPB Byte C (Max Head)

IOPB Byte C specifies the drive's max head value. This value is
zero-based.

IOPB Byte D (Max Sector)

IOPB Byte D specifies the drive's max sector value. This value is
zero-based. See Section 8.3.

IOPB Byvte E (Sectors Per Track)

IOPB Byte E returns the number of sectors per track (the 752
determines this value by counting the sector pulses from the drive)
on a Read Drive Parameters command. This is the actual number of
sectors; it has not been modified to be zero-based. This value
does not include a runt sector (only one per track).

The Format command uses this count to determine the number of
sectors to format. Normal Read and Write commands use this count
to limit the number of header ocompares before a Header Not Found
error occurs.
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4.4 FORMAT PARAMETERS IOPB

FORMAT PARAMETERS

7 6 5 4 3 | 2 1| o
00 [ERRS] | [DONE] | [CHEN] | [SG6M] [ COMMAND |
o1 [ COMPLET ION CODE |
o> | [0PB] | Gr] | (s8] ]W}‘l l’DEE'ﬂ | [5kEr] | [oNcL] | [oRroY]
04 [SUBFUNCTION CODE]
os | o
o6 | o [INTERRUPT LEVEL |
07 [INTERRUPT VECTOR |
o
o
o5
oc [ BYTES PER SECTOR HIGH |
o0 [BYTES PER SECTOR LOW |
CE 0
oF 0 | [NEXT 10PB ADDRESS MODIFIER |
0
"
12 0
13 0
” [NEXT 10PB ADDRESS HIGH |
s [NEXT 10PB ADDRESS ]
6 [NEXT 10PB ADDRESS |
17 [NEXT 10PB ADDRESS LOW |
'8 I0PB CHECKSUM HIGH]
i9 [10PB CHECKSUM LOW |

4.4.1 IOPB Byte 6 (Interleave)

l716151413121110|

INTERLEAVE FACTOR N R N R E I B
RESERVED | I I
INTERRUPT LEVEL | |
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4.4.1 IOPB Byte 6 (Interleave) (continued)

Bit M . L ioti

7-4 INTF INTERLEAVE FACTOR - The 752 uses INTF during
format operations. For 1l:1 interleaving, the
interleave factor is zero. The interleave
factor for other ratios is (n+l):1, where n is
the interleave factor.

Interleave Factor Ratio
Bits 7-4

DO
(=) wnN -
0 00 00 00 o0
= [aFprarran

] oo
=

Table 4-5, Interleave Factors

3 RESERVED.

2-0 INTL INTERRUPT LEVEL - See Section 4.1.7.

4,4.2 IOPB Byte 8 (Field 1)
Field 1 is the number of bytes from one byte after the index or
sector pulse to when the 752 enables the Read Gate for headers;
this value must be greater than or equal to one (Xylogics
recommends using one). See the note below Section 4.4.3.

4.4.3 IOPB Byte 9 (Field 2)
Field 2 is the number of bytes from when the 752 enables the Read
Gate to when it starts looking for the Header Sync byte. Field 2
must equal a non—-zero value (Xylogics recommends OAH).

NOTE

The combined value of Fields 1 and 2 must not exceed 255,

Rev. A, June 15, 1987 41



XYLOGICS 752 Disk Controller User's Manual

4.,4.4 IOPB Byte A (Field 3)
Field 3 is the number of bytes from the sector pulse to the Header

Sync byte; this value must be greater than or equal to the sum of
Field 1 plus Field 2 (Xylogics recommends 1BH).

4.,4.5  IOPB Byte B (Field 4)

Field 4 is the number of bytes between the Header ECC and the Data
Sync byte; this value must be larger than 11 (Xylogics recommends

14H).
NOTE
Field 4 is actually four bits longer than this byte

specifies. The 752 uses the extra four bits to test for a
successful header compare and header verify.

4.4.6  IOPB Bytes C and D (Bytes Per Sector High/Low)
Byte C specifies Bytes Per Sector High; Byte D specifies Bytes Per

Sector Low. The sector size (in bytes) must be larger than 254,
even, and smaller than 3073.

4.4.7 IOPB Byte 10 (Field 6)

Field 6 is the number of bytes from enabling Read Gate to when the
752 starts looking for data sync; this value must be larger than
nine (Xylogics recommends OAH).

4.4.8  IOPB Byte 1l (Field 7)

Field 7 is the number of bytes the Write Gate remains on after the

Data ECC; this value must be greater than or equal to one (Xylogics
recommends three).
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5.0

5.0'1

5.0.2

SECTION 5: OOMMANDS

GENERAL

Each disk command begins a new page. An IOPB diagram follows each
command description. The diagrams are highlighted to indicate
which fields the 752 absolutely requires for command execution,
which fields are optional for the command, and which fields it
returns after execution.

Each 752 IOPB is 30-bytes long. Reserving all 30 bytes for each
IOPB maintains IOPB integrity. Generally, all commands use Bytes 0
through 19H (Bytes 1AH through 1DH are reserved).

Setting Up the Command

Each IOPB diagram indicates the bytes or fields that must be set
for each operation. Certain parameters are essential; others are
optional. All commands require the Command, Unit, and Interrupt
Level fields to contain valid information. The Interrupt Vector
field must be valid if the Interrupt Level is not zero.

Coampleting the Command

After the 752 completes the command, it updates IOPB Bytes 0
through 3 with ERRS, DONE, a Completion Code, and an internal
status. The 752 only updates the entire IOPB if Auto-update (AUD)
is enabled, an error occurs, or if Read Parameters or Read Extended
Status commands are executed. If AUD is set, and no errors occur,
the 752 sets DONE, posts a Campletion Code of zero in Byte 1, and
disk drive status information in Byte 2; for any command that DMAs
data to/from memory, the 752 updates the data and disk addresses to
point to the last address plus one of the transfer.

Status Action
AD Clear/No Error 752 updates Bytes 0-3 with ERRS, DONE,
Occurs Campletion Code, and internal status

AD Set/No Error Occurs 752 updates the entire IOPB
AUD Clear/Error Occurs 752 updates the entire IOPB
AUD Clear/A Read 752 updates the entire IOPB
Parameters or Read

Extended Status
Command is Executed

Table 5-1. Command Completion
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5.1 NO OPERATION

The No Operation (NOP) command is a diagnostic tool. The 752 reads
the IOPB and marks it complete.

NOP
7/ —=1 F,
o1 COMPLETION CODE._ [
02 [lILDES [SR] CSE wrPT |||l oFLT]{{[/ITsker 1{{H{{[oncL|| | oroY
03 INTERNAL STATUS

0s | [SUBFUNCTION CODE = 00 V7777 /)
o5 RDP PSEL | 0 WM %

[LINK LIST LENGTH | INTERRUPT LEVEL

07 [INTERRUPT VECTOR]

o8

o [ConT Low]

o

o

oc

o -
o 0 [DATA OR LINK ADDRESS MODIFIER |
OF O B INEXT 10PB ADDRESS MODIFI

. [DATA O LINK ADDRESS HIGH

N [DATA OR LINK ADDRESS |

2 [DATA OR LINK ADDRESS ]

Optionally l l
Required

O s o

ﬂ Returned
Value

—
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5.2

WRITE DATA

The 752, after reading and decoding the IOPB, positions the disk
drive heads at the target cylinder; then it reads in the data from
host memory (as per the IOPB) and writes the data contiguously to
the specified disk address and subsequent sequential sectors.

Write Data has two IOPB formats: Normal and Scatter/Gather. A
Normal IOPB specifies one contiguous block of host memory to write
to the disk. A Gather Write. IOPB specifies up to 32 different
blocks of host memory to be placed in contiguous sectors on the
disk (see Section 8.9).

The 752 stores IOPBs in a command queue that holds up to ten full
IOPBs. 'This queue allows the 752 to optimize the commands for
overlap seeks.

WRITE DATA
7 6 5 4 3 2 | 1 ] o
oo ERRSTIIToONE A SRy ot 177 Acaormano cove = 11777
3 M T
o2 LLICOPE 5] cselllllliw=erillliiorcT ]l tsker Tl ioncalll[[oroy ]
o3 INTERNAL STATUS [Tl

0a 02777777 ASUBFUNCT 10N CODE = 001777 Z 7
o ’leo ROP P4/ PSEL 0 //////{,E'LQZZ

[LINKLISTLENGTH] 0 P77 INTERRUPT LEVELD
. [INTERRUPT VECTOR }. oo o

7 Jqntisiy, 7777 /)
0s L 4N w7777
o ARG, 7
os L AR a7 )
o A
w K222 05 R 77zZzZzZZzZZ 77

0 DATA OR LINK ADDRESS MODIFIER //
0
w0 2222272/ ADATA R L INK ADDRESS HIGH.
w 20 ApATa R Lk avoress V7777777777777

L 07 DATA OR LINKADDRESS L7777/

DATA OR LINK ADDRESS LOW

w o v o

[NEXT IOPB ADDRESS HIGH |
NEXT 10PB ADDRESS

/INEXT 10PB ADDRESS

NEXT 10PB ADDRESS LOW |

[ for eracation

Value
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5.3

READ DATA

The 752, after reading and decoding the IOPB, positions the disk
drive heads at the target cylinder, then reads the disk data
indicated by the IOPB, and writes the data in host memory.

Read Data has two IOPB formats: Normal and Scatter/Gather. A
Normal IOPB specifies one contiguous block of host memory that is
used to place the data from the disk. A Scatter Read IOPB
specifies up to 32 different blocks of host memory where the disk
data will be placed (see Section 8.9).

The 752 stores IOPBs in a command queue that holds up to ten full
IOPBs. This queue allows the 752 to optimize the commands for
overlap seeks.

READ DATA

7 6 5 ) 3 | 2] | o
o0 NIERRS DONE || [PACREN A [scM X/ ] COMMAND CODE = 2 %
COMPLETION CODE. I

| DPE 'SR cselllllllitwreTYlli[oFLT ” SKER onc]lllll{{oroy

o R s s I
04 [SUBFUNCT ION coos:ofo ///////
os AFIXD ROP P F] PSEL] 0 /S

ENGTH

NTERRUPT VECTOR

INTERRUPT LEVEL

08 //ICOUNT HIGHL
)
w0 fevineR vk, 7,

T
oo AR L\l
w0 Y A G
w 2z 7 /2 Z
0

" 7000000 DATA OR LINK ADDRESS [/
2 AR RN BORESS [ 777

DATA QR LINIS ’ADDRESS LOW 7
[NEXT 10PB ADDRESS HIGH |
R 1075 aboRes:]
[NEXT 10PB ADDRESS LOW |
l!OPB CHECKSUN HIGH]

10PB CHECKSUM LOW

1A ECC PATTERN WORD HIGH
8 L
ic e
0 S T wORD LW,

///// Required 3 Optionally m]]mmmm Returned
ZA For Execution 1 Required Value

\
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5.4 REPORT CURRENT ADDRESS

The 752 selects the disk drive, reads the first good header field,
and returns the address to the host via the IOPB; it updates the
IOPB regardless of AUD's status.,

REPORT CURRENT ADDRESS

7 6 5 4 3 2 1 0
oo |IIERRSITOONE TP ErEN [sen=0] 777777 coriviann covt = 31777,
o COMPLET ION CODE Jlu
o2 |ILOPB SR] CSE wRPT 111t DFLT J{|I|I[SKER 1|l [[ONCL]|i1|/{ DRDY
o3 INTERNAL STATUS
o SN 07777
os AFIXD RDP PSEL 0 ///////AIPIN)ILK,Z/A
06 [LINK LIST LENGTH] /] INTERRUPT LEVEL [/
07
08
.
o CYLINDER HIGH
o8 CYLINDER LOW

oc

Z: 0 [DATA OR LINK ADDRESS MODIF IER |
o o

‘o [DATA OR LINK ADDRESS HIGH |

. m

2 _ [DATA OR LINK ADDRESS |

'3 [DATA OR LINK ADDRESS LOW |

EXT I0PB ADDRESS HIGH |
NEXT I0PB ADDRESS

Optionally !” I l Returned
Required Value

7//////A ?:glg:::ution
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5.5 SEEK AND REPORT CURRENT ADDRESS

The 752 issues a seek to the selected disk drive for the target
cylinder. After the drive completes the seek, the 752 reads the
first good header field it encounters and reports it to the host
via the completed IOPB. The 752 updates the IOPB regardless of
AUD's status.

SEEK AND REPORT CURRENT ADDRESS

7 6 5 4 3 2 1 0
,

oo LI[ERRS T [fI[OONE [IIPA CHeR ssn:o/////u  COMMAND CODE = 3 7

o1 COMPLETION CODE (

o2 Ll[DPB SR cse||[[{HI0wRPT I IHCoFLT I [sKeR 1]l HfoncL [ |{orDY

o INTERNAL STATUS

s ¥ SUBFUNCTION CODE = 011/ /00 )
os AFIND RDP PSEL 0 L ANt

06 [LINK L1oT LENGTH | /] INTERRUPT LEVEL
07 [INTERRUPT VECTOR |

o

09

oa % CYLINDER HIGH

o8 CYLINDER LOW

N

7 AR Y
L rsecro yMRAMNNNANAANAANTIT

[ DATA OR LINK ADDRESS MODIFIER
NEXT |0PB ADDRESS MODIFIER |
[DATA OR LINK ADDRESS HIGH ]

. [DATA OR LINK ADDRESS |

[DATA OR LINK ADDRESS |

'3 [DATA OR LINK ADDRESS LOW |

—

7//////A gsf?‘g:::ution

l l l‘l Returned
Value
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5.6

START SEEK AND REPORT COMPLETION IMMEDIATELY

The 752 issues a seek to the selected disk driye for tt;e_target
cylinder, and reports a completion to the host without waiting for

the seek to complete.

START SEEK AND REPORT
COMPLETION IMMEDIATELY

7 6 5 4 3 2 1 0
MerrsTNIOONE J[[PA Crien [/ COMMAND CODE = 3
Tr [ COMPLET ION CODE |
DPB SrHesellNICw=eT llioecT i sker [ Toncc]|lil[I[oroy
INTERNAL STATUS

V,

s A,

FIXDIr RDP PSELI 0 ://///'///jtjmglly////’/A
LINK LIST LENGTH INTERRUPT LEVEL

444444 TERRUPT VECTOR |

00000000000 ANeR ikl )
00000000 A0NNRR Lol )

/////////////////// %

I DATA OR LINK ADDRESS MODIFIER I
NEXT |0PB ADDRESS MODIFIER

[DATA OR LINK ADDRESS HIGH |
(DATA OR LINK ADDRESS |
[DATA OR LINK ADDRESS |

[DATA OR LINK ADDRESS LOW ]

(7722 o scution

" ionall Ret d
cocurea® LUILTIIANAD o
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5.7 DRIVE RESET

The 752 resets the disk drive. First it issues a fault clear, and
then a recalibrate (return to zero). The IOPB is complete when the
recalibrate completes or times out on drives that are ready. The
752 does not wait for the recalibrate to complete on drives that

are not ready.

DRIVE RESET

7 6 5 4 2

|

v o o 227 o

||||||||||||| Y

[ COMPLETION CODE |

3| 0
00 --Eﬂ%l-- |[[oONE I[P CHENT) [SGri=0 ///4/?6MMAND CoDE = 41/

esesee
DPB SR} CSE

SKER ONCL

DRDY

os D227/ As0broncrion cooe =

7
AN

[LINK LIST LENGTH |

A7
os | [F00] PROP D] PSEL 0 7//

INTERRUPT LEVEL

07

o COUNT HIGH

0 COUNT LOW

o CYLINDER HIGH

o8 CYLINDER LOW

o _ HEAD

ob SECTOR )
o 0 [DATA OR LINK ADDRESS MODIFIER |
OF 0  p...... NEXT 10PB ADDRESS MODIFIEF
‘o [DATA OR LINK ADDRESS HIGH |

. [DATA OR LINK ADDRESS |

2 [DATA OR LINK ADDRESS |

'3 [DATA OR LINK ADDRESS LOW]

Optionally
Required

7//////A s:g?:::ution

Returned
Value
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5.8 WRITE CONTRCLLER PARAMETERS

This command initializes the 752 with its operational parameters.

No default parameters are assumed.

Section 4.2 defines how to

change the parameters for individual applications.

WRITE CONTROLLER PARAMETERS

7 6 5 4 3 2 | 1+ | o
1 V e V, T —
oo |ILERRS ]I[f[|[DONE [[PA CHEN |SSM=OI/ ///4/ J COMMAND CODE = 5 7
o1 Tﬁ lUl COMPLET ION CODE |
DPB SR cse ||[IHtwreT 11l [oFLT 1[I sker il [oncL | [H|{[DrRDY
02 Wl Ui e e L e L L ey
o3 INTERNAL STATUS

SUBFUNCT ION CODE = OW ////
UNIT

7
%

INTERRUPT LEVEL

Z: AUb A Tmop Y[ DACE Y[ Ics Y EDT NPRM o
09 wr ] o VIRRY ) DRA[/]
on [l 0 [ASRY]  © RBC] e,
w7777 TRtk 2 )
oc [EPROM RELEASE LEVEL | .
oD o
OF [ CONTROLLER TYPE |
or ° [NEXT 10PB ADDRESS HODIFIER |
10 [EPROM PART NUMBER HIGH |
" [EPROM PART NUMBER LOW |
12 [EPROM REVISION LEVEL |
13 (o]
o ceccsurion |
DD, e el 111 fRoAA
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5.9 WRITE DRIVE PARAMETERS

This command specifies the disk drive's physical characteristics.
The 752 assumes no default values., See Section 4.3.

WRITE DRIVE PARAMETERS

6 5 4 3 2 1 0

o0 [|[DoNe [l[PA CHENTA [serizo] | /// mﬂ{'c‘o’r{nriﬁoi:'ob’s =5

o1 COMPLETION CODE

o2 llllLoPB s | llltcse I werr Hillitorur JiillITsKer il iLoncL JIfI[oRov ] u

o3 INTERNAL STATUS I

0s V02 ASUBENCTiNCae = 80 777777777

os VAERD Y ROP Y 0 S,

o6 % ]ec32 o INTERRUPT LEVEL

07

o AX SECTOR LH

0 HEAD OFFSET

o8 MAX CYLINDER HIGH

0B JI1AX CYLINDER LOW 2
L LA

o ////////////////////////ﬂmwﬁéﬂ/////////////////////////ﬁ

ob MAX SECTOR

oF [SECTORS PER TRACK (RD. DR. PRM.)|

77 o txscution ceaured” WM Verce™
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5.10 WRITE FORMAT PARAMETERS

This command specifies the disk drive's media format. Since the
752 uses a traditional RAM, you must execute a Write Format
Parameters command before attempting any disk access (see Section

4.,4),
WRITE FORMAT PARAMETERS
7 6 5 4 j 2 1 0
......... ., I S

oo MERRSTII[[[[DoNe JI[PA cHER sem:o/%/ COMMAND CODE = 5 [/
o "COMPLET [ON CODE.
o> |llopB B St [T0werr Torcr M EskerT T Tonc oy o=oy
o3 INTERNAL STATUS |

s 77777777/ SUBFUNCT 10N Cabk = 6
os | [0 | ///// //LUN'TV/////

06 4 INTERLEAVE ///A 0 INTERRUPT LEVEL
o 7///////////////////////4“?57%////////////////////////
w [ RS

7 Tttt
o8 7/////////////////////////LF'ELD4V/////////////////////////

[BYTES PER SECTOR HIGH |

o | BYTES PER SECTOR LOW I

0

FIELD 6

i FIELD 7 7
0

0

0PB CHECKSUM HIGH
©|10PB CHECKSUM LOW |

772 o txscution vequrea LI veree™
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5.11 READ CONTRCLLER PARAMETERS

The 752 returns its current operational parameters to the host via
the IOPB; it updates the IOPB regardless of AUD's status.
Section 4.2,

READ CONTROLLER PARAMETERS

7 6 5 4 3 2 1 0
| =t z

00 ESS DONE |||/ CHEN jf”'O////// COMMAND CODE = 6

o1 LU.-!L COMPLET ION CODE

o2 LlLoPE SR cse ||[[l{fwrpT 1{|{|[DFLT skER |{{1{{[oncL]|{l|{{DrRDY

o3 [INTERNAL STATUS ﬂ

SUBFUNCTION CODE = 00 /000

04 PZIZZZIZIIZZZZ 22!

0000000000
B

INTERRUPT LEVEL

o7 INTERRUPT VECTOR

os LUIAUD J{{Jli[Troo]ilf{[foacr ICS e0T ) [T nerr 0

0 TDT 0 ROR J|f 0 _ll[oral
o LlltOVS 0 ASR 0 RBC ECCHM

o8 THROTTLE

o EPROM RELEASE LEVEL

oD 0

NEXT 10PB ADDRESS MOD

——
......................................... et

11111

IFIER |

bbb
EPROM PART NUMBER LOW

LLLIETTEY

EPROM REVISION LEVEL |

0

(72 +or exscutic
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See



XYLOGICS 752 Disk Controller User's Manual

5.12

The 752 returns the values programmed for each drive's physical
characteristics to the host via the IOPB; it returns the specified
drive's actual number of sectors per track in Byte OEH,
updates the IOPB regardless of AUD's status.

READ DRIVE PARAMETERS

See Section 4.3.

READ DRIVE PARAMETERS

7 6 5 4 3 2 1 0
oo |JIERRS I[[[[COONE TP/ CRENT . ACoaNs ok = 617
o1 COMPLETION CODE
o> [llLoP8] SR CSE weRT ||[l|[[oFLT sker ||[l{iConcL ]|[l{|[orRoY]
o [INTERNAL ;5‘1'}&?35
04 ,//////,//,// SUBFUNCTION CODE = 80 ///////’/ Y 7
sy ey s /S,
o6 0 caso |[|I[{[ec32 o INTERRUPT LEVEL
o7 [INTERRUPT VECTO
MAX SECTOR LH

08 H e P T SS R
09 HEAD OFFSET |
oh MAX CYLINDER HIG
o8 MAX CYLINDER LOW
oc HMAX HEAD
o0 MAX SECTOR

P

SECTORS PER TRACK (RD. DR. PRM.)

Rev. A, June 15, 1987
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For Execution
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Optionally
Required

(I

Returned
Value
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5.13 READ FORMAT PARAMETERS

i i ters to the
The 752 returns the selected disk drive's format parame
host via the IOPB; it updates the IOPB regardless of AUD's status.

See Section 4.4.

READ FORMAT PARAMETERS

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

oo |ILLERRS T DONE! CHEN //1/{/4 COMMAND CODE = 6

o1 il COMPLET ION CODE

o2 |l 0P8 SR cse |[HH{werT J{{HI[oFLT )| [serR T I [oncL | prOY

o3 INTERNAL STATUS

o 2272222277 480 onctioneesk = 517 7

o6 INTERLEAVE 0 INTERRUPT LEVEL [/
07 >

08 AN

09 FIELD 2

OA TIILIIIITITTT

o5 o a)

oc BYTES PER SECTOR HIGH

o BYTES PER SECTOR LOW

OE 0 .
OF 0 NEXT 10PB ADDRESS MODIFIER
o FIELD 6

\

//// Required Optionally [I]]Imm]m]m]] Returned
Z4 For Execution Required Value
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5.14

READ DRIVE STATUS EXTENDED

The 752 reads the SMD drive interface's extended status.
returns the drive's status in IOPB Bytes 8 through A regardless of

AD's status (see Table 5-2).
same bit alignment as the standard Status byte.

Byte Tag4 Tag 5

Bit: 7

6

2 4

3

2

1

02 0 0 SECT INDX ADM WRPT DFLT SKER ONCL DRDY
08 1 0 * * * % * * * *
09 0 1 * * x % * * * *
0A 1 1 * * x * * * *
* Drive-specific
Table 5-2. Extended Drive Status
READ DRIVE STATUS EXTENDED
7 6 5 T4 R 0

oo |Il[ERRS DONE |||/ CHENTA [S6M=0] /m COMMAND CODE = 6 //

o Il COMPLET ION CODE._ qu ﬂ ]IHH[ I

02 HIhDEE [SR] cselllTweeT] | i?f!-f.j SKER J11I[JONCLII 1L DROY

oz WL il I Eorerna sTarus TN

o 22277777/ SUBFUNCT 10N CabE = A9 00000

os | [FX0] % RDP [P PSEL 0 % AT %

06 WINTERRUPT LEVEL[///

07 NTERRUPT VECTOR|:

08 EXTENDED STATUS

0 EXTENDED STATUS|

oh EXTENDED STATUS |

0B 0

oc 0

00 0

[DATA OR LINK ADDRESS MODIF ER]
NEXT 1OPB ADDRESS MODIFIER

[ NEXT 10PB ADDRESS J.

;| NEXT 10PB ADDRESS LOW

I PB CHECKSUM HIGH |

= Optionally [HHIH]]I[[[[HHB
Required

Returned
Vealue

Required ~
For Execution {ii

\

2,
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5.15 WRITE TRACK HEADERS

The host writes the sector header fields on a track (only one track
per IOPB). The 752 takes the data for the header fields from host
memory: four bytes per header; one header for each sector on the
track. (The data fields are not preserved.) It places the data on
the track starting from index. Section 8.3 defines the data format
in each header.

WRITE TRACK HEADERS

7 6 5 4 3 2 1 0
00 P ERRS | CHEN SGM=0 COMMAND CODE = 7
01 COMPLETION CODE
02 DPB SR | CSE WRPT DFLT SKER ONCL DRDY
03 INTERNAL STATUS |

04 VW/ SUBFUNCT ION CODE = 80 WW/
os A0 Y/ ROP AT PSEL 0 Nt

06 [LINK LIST LENGTH ] U JINTERRUPT LEVEL

07

08

09 [COUNT Low]

08 CYLINDER LOW. %
0w Iz AR 0

nw P AR RN ANRESS 777

12 AR UNK ADORESS 77777,
3 % ///JDATA OR LINK ADDRESS LOW '//////////////////

EXT 10PB ADDRESS
NEXT 10PB ADDRESS

NEXT |10PB ADDRESS LO
PB CHECKSUM HIGH

V72 o txacution

Optionally m]]m]mmm]] Returned
Required Value
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5.16 WRITE FORMAT

The 752 formats the dr1ve, writing the header of all sectors with
the appropriate sector ID. The data field contains zeros and a

valid ECC. The Count bytes in this command refer to the number of
tracks to be formatted. See Section 8.2.

WRITE FORMAT

7 6 5 4 2 | 0
0 7 ERRS 1% CHEN % //// ‘COMMAND CODE = SA/
" COMPLETION CODE )
DPE SR cse )l llicwreT I oFLTJ[{HITsker ([ [oncLl{{H(oroy
INTERNAL STATUS I
SUBFUNCTION CODE = 811/

700
/////////wmﬂ/////

v __--

os AERD Y Rop ] Pt 0
06 [LINK LIST LENGTH] INTERRUPT LEVEL [/
o
08 COUNT HIGH
COUNT LOW

CYLINDER HIGH
CYLINDER LOW

2
o 7720000000000 AR 00

SECTOR
OF 0 | DATA OR LINK ADDRESS MODIFIER |
or 0

. [DATA OR LINK ADDRESS HIGH

12 [DATA OR LINK ADDRESS |
13 [DATA OR LINK ADDRESS LOW ]

IOPB CHECKSUM HIGH
{I0PB CHECKSUM LOW

/// Required Opt\onallg u]]HHI[I]I[[m]]] Returned
/A For Execution Required Value
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5.17

WRITE

The 752 writes a sector header, header verify, data, and data‘ECC.
are always four bytes in the header, but- the other fields
The 752 does not cross

There

vary according to the initial 752 set-up.

HEADER, HEADER VERIFY, DATA, AND DATA ECC

head or cylinder boundaries while executing this command.

The host must calculate the ECC in all ECC fields since the

controller does not calculate any ECC fields for this command. See
Section 8.11. ,

WRITE HEADER, HEADER VERIFY,
DATA, AND DATA ECC
7 6 5 a |1 3 2 1 0

NESS .J.. [CHEN COMMAND CODE = 7 7

YT
COMPLETION CODE
DPE [SR] CSE wrpT ] [|[IoFLT )I[[||[SKER ONCL
INTERNAL STATUS
7 SUBFUNCT ION CODE = 82
FIXD RDP PSEL o UNIT
[LINK LIST LENGTH | INTERRUPT LEVEL

TERRUPT VECTOR

COUNT HIGH
COUNT LOW

CYLINDER HIGH V//////////////////////ﬁ
CWINDER Lowl 77 )
0
0007 ZASECTOR
s

7,

7772 %ot tuscution ] Reau Value
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5.18 WRITE DEFECT MAP
Write Defect Map is a useful maintenance command for debugging

software. The 752 uses data from host memory and writes a
manufacturer's defect map to the disk. See Section 8.1.

WRITE DEFECT MAP

7 6 5 4 3 2 1 0
1!- n / A - v av 4 l.- z
oo |IIERRSI[[[[[looNE ]| PACren] [sar=0] F777777] commaND CODE = 7 v
COMPLETION CODE
o] sataas sees e
oo LLEePBIITNIESRINIIICSE PWRP I OFLT ITNITSKER I/ IToNCLl[[oRDY
o3 INTERNAL STATUS

04 f//,//////////////?// LISl;lBFUNCTION CODE = A0 ///////////// 7
os YER Y/ RP VI PSELY) 0 G2
[LINK LIST LENGTH] % A

V07 L7 0 7 7 B T B AT A

o7 | INTERRUPT VECTOR}
o8 COUNT HIGH

09 COUNT LOW

w 000000000 0N nisk
w Y2 ACNR Lol

o L7207 78RR 777770000007

> o v o e o o e o o e e
(0 DATA OR LINK ADDRESS MODIFIER

DATA OR LINK ADDRESS HIGH
e
DATA OR LINK ADDRESS

DATA OR LINK ADDRESS LOW

18 0PB CHECKSUM HIGH
19 0PB CHECKSUM LOW

Y sene O i ool 11 RO
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5.19

Rev, A.

WRITE DEFECT MAP EXTENDED

Write Defect Map Extended is a useful maintenance command for
The 752 uses data from host memory and writes
a manufacturer's defect map to the alternate location on the track.

debugging software.

This offsets the defect map from index, avoiding media defects.

WRITE DEFECT MAP EXTENDED

6 5 4 3 2 ! 1 (o]

DONE ||[/{ CHENT, [//////] COMMAND CODE = 7

---------------

[ COMPLETION CODE |

DPB SR csel[[IHICwreT Il oFLT )il [Eser 1l [ ToncL)ilIf [ oroY

xxxxxxxxxx

INTERNAL STATUS

/A SUBFUNCTION CODE = Al

FixD L4/ ROP WA/ PSEL 0 UNIT %

[LINK LIST LENGTH | Y INTERRUPT LEVEL

NTERRUPT VECTOR }.
COUNT HIGH

COUNT LOW

00000 AR KeRY

AR

SECTOR

0 DATA OR LINK ADDRESS MODIFIER [/

0 NEXT 10PB ADDRESS MODIFIE
LINK ADDRESS HIGH
DATA OR LINK ADDRESS /)

R RN RORESS )

% 7///////\DATA OR LINK ADDRESS LOW ]/

y o o avav

XT I0PB ADDRESS HIG

\

Requi
//////A Fsglé]xr::ution

Optionally mmmmmmm Returned
Required Value
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5.20

READ TRACK HEADERS

The host reads the sector header fields on a track.
the data from the header fields in host memory:
header; one header for each sector on the track.

defines the data format in each header.

READ TRACK HEADERS

2 | 1| o

3|
|[[DoNE V{CHEN]/] [SaM=0]}//////|COMMAND CODE = 8

xxxxxxxxxxxxxxx

COMPLETION CODE

—
m
H O
ol
[72]

DPB SR IHTeseNHEwreT I IoFLT i TTsker 11 onc ][ {{ oroy

UBFUNCTION CODE = 8

ol 7
TFIXD //LEDP PSEL /] 0 7////// ////A

[%2]

0777 077
0Nt

[CINK LIST LENGTH | % INTERRUPT LEVEL

INTERRUPT VECTOR
COUNT HIGH

COUNT LOW

CYLINDER HIGH
CYLINDER LOW /)

77 7777777777777

DATA OR LINK ADDRESS MODIFI

I NEXT 10PB ADDRESS MODIFIER |

DATA OR LINK ADDRESS HIGH |/, %

vava

7 A R NanRess 77

7,7/ ADATA OR LINK ADDRESS

% DATA OR LINK ADDRESS LOW

NEXT 10PB ADDRESS HIGH
NEXT I10PB ADDRESS

Required
For Execution

Optionally ﬂﬂIﬂIﬂHﬂHﬂm Returned
Required Value

\
\
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5.21

VERIFY DATA

The 752 verifies the data on the disk:
and the disk simultaneously, and compares them on a bit-by-bit
basis.

host

occurred.

VERIFY DATA

7 6 5 4 3 2 1 0
; ERRS || _Eﬁ%ﬁ]_ SNV JsaH ) COMMAND CODE = & | %
COMPLETION CODE |
DPB [SR] CSE WRPT] ﬁi‘? sker |[[{{[oncL][{|l{/{oroy
|LINTERNAL STATUS |
0 A 01777
Z DP PSEL % ) rUINIT /////

INTERRUPT LEVEL

COUNT HIGH

AR

DATA OR LINK ADDRESS MOD
[ NEXT 10PB ADDRESS MODIFIER |
LINK ADDRESS HIGH

% ZIDATA OR LINK ADDRESS V///////////////////
////////////////////_---
7777777227/ O e RUNKAORESS W 7777777777777,

[ N : : R ) )
DO et ) reerers (IIOND S
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5.22 READ HEADER, HEADER VERIFY, DATA, AND DATA ECC

The 752 reads a sector header, header verify, data, and data ECC.
There are always four bytes in the header, but the other fields
vary according to the initial 752 set-up. The 752 reads the
physical sectors regardless of the interleave factor; it does not
cross head or cylinder boundaries. See Section 8.1l.

READ HEADER, HEADER VERIFY,
DATA, AND DATA ECC

7 6 5 4 3 2 l 1 0
28
TFERRS T1TITITOONE J[IPf CrEN COMMAND CODE = 8 1/
00 e Iﬁ anmn sssasssasssssns Tﬁﬁ
COMPLET ION CODE

ssenas |
DPB SR | CSE WRPT DFLT SKER ONCL DRDY
INTERNAL STATUS

04 70000,/ SUBFUNCT IoN CODE = 82 00000
os AEO I ROPUSPSELL) 0 :///M/ %

o6 [LINK LIST LENGTH] INTERRUPT LEVEL [/
07 .

o COUNT HIGH

05 COUNT LOW

o CYLINDER HIGH

ob CYLINDER LOW

Wi
S

0 DATA OR LINK ADDRESS MODIFIE

/// Required ' Optionally [[[I]]]]]]]Mﬁu Returned
Z4 For Execution Required Value

\
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5.23 READ DEFECT MAP

The 752 reads the manufacturer's defect map and returns the data to
memory in the correct bit order. See Section 8.1.

READ DEFECT MAP

5 4 3 2 1 0

CHEN COMMAND CODE = 8
"COMPLETION CODE . |

o2 LikoPs srlllleseNfi{twreT] it oFcT )T sker T foncL )1 lioroy Ji

o [INTERNAL STATUS |

vs WL/ ASBCINGe 2 sol /77777

os AFX0 VY ROP V] PSEL 0

06 [LINK LIST LENGTH] /] INTERRUPT LEVEL

07

-

o Tow

N7 CYLINDER HIGH

08 [CYLINDER LOW 7

w7777 57777777777

[SECTOR |
Z: 0 DATA OR LINK ADDRESS MODIF IER

NEXT 10PB ADDRESS MODIFIER

DATA OR LINK ADDRESS HIGH
1" DATA OR LINK ADDRESS A
/DATI'_:%R LINK ADDRESS LO ‘

™ Optionally [mm]]mmm Returned
Required Vealue

Required
For Execution

\‘
\

Rev, A, June 15, 1987 66



XYLOGICS 752 Disk Controller User's Manual

5.24 READ DEFECT MAP EXTENDED

The 752 bypasses any media defects and reads the manufacturer's

8.1.

defect map from the alternate location on the track. See Section
READ DEFECT MAP EXTENDED
3 2 1 0

7 6 5 4
o0 TMErrs JMMTooNE (P4 CHEN T [som=0

TITTTITIIITITIIT
COMPLETION CODE

COMMAND CODE = 8
ﬁ:ﬁ:.1

w,

'DRDY |

o2 LlEoPB [SR] cse ||l wreT ] |li|loFLr ]Il | [sker ]I [ [oncL
o [INTERNAL STATUS
04 7 ASBENCIN GO = AL 77

,
os AEIXD RDP jSELIﬂ

077
Wt

06 |L|NK LIST LENGTH |

NTERRUPT VECTOR

0 Wf

08 COUNT HIGH

INTERRUPT LEVEL

09 COUNT LOW

0B ez

CYLINDER HIGH
CYLINDER LOW

i

w 22222222227 4585 7777777777727/

ob SECTOR
o 0 DATA OR LINK ADDRESS MODIFIER [/

DATA OR LINK ADDRESS HIGH
DATA OR LINK ADDRESS
DATA OR LINK ADDRESS

DATA OR LINK ADDRESS LOW

N
\

Required
///A F:r?té):—eecution
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5.25 DIAGNOSTICS

The 752 executes the on-board self test diagnostics.
this IOPB to another IOPB.

Do not chain
It cannot be used in conjunction with

other IOPBs in the command queue.

DIAGNOSTICS
__ S 4 3 2 1

-0]| [s6M=0] I/ COMMAND CODE = 6
oo Il CHEN=0] | [SGM=0 COMMAND CODE = 9
o1 COMPLET ION CODE
02 cse ([l twreT Il oFcT I Esker TT{{Tonct
03 INTERNAL STATUS
o 2222227, 7/ SUBFUNCT 10N CODE = 00}/
os | [FIXD] ] [ROP] 0 ONIT
o6 [LINK LIST LENGTH] INTERRUPT LEVEL

07
08

INTERRUPT VECTOR
COUNT HIGH

09

COUNT LOW

0A

CYLINDER HIGH

0B

CYLINDER LOW

oc

oD

OE

DATA OR LINK ADDRESS MODIFIER

OF

NEXT 10PB ADDRESS MODIFIER

10

[DATA OR LINK ADDRESS HIGH |

DATA OR LINK ADDRESS

12

[DATA OR LINK ADDRESS |

13

[DATA OR LINK ADDRESS LOW]

14

[NEXT 10PB ADDRESS HIGH|

15

[ NEXT IOPB ADDRESS |

16

[[NEXT 10PB ADDRESS |

17

[NEXT 10PB ADDRESS LOW]
JOPB CHECKSUM HIGH

|0PB CHECKSUM LOW

\

7
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Value

Required
For Execution

Optionally
Required
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SECTION 6: ERROR PROCESSING

6.0 GENERAL

The 752 Error Summary (ERRS) bit, Fatal Error (FERR) bit, and
Campletion Code represent the controller's status after executing a
command. FERR indicates the transfer failed and the 752 requires a
Controller Reset before continuing. ERRS only affects the specific
IOPB and may be tested in lieu of checking the Completion Code; the
752 does not require a Controller Reset before continuing., The
Campletion Code informs software that the 752 successfully
completed a command, failed to complete a command, or encountered
and corrected a problem with one of several internal recovery
procedures.

6.1 THE COMPLETION CODE

The 752 posts a Campletion Code in IOPB Byte 1 (Status Byte 1); a
Campletion Code is only valid if DONE is set. Table 6-2 lists the
Campletion Codes (all codes not listed in this table are reserved).
The following subsections describe these codes, along with any
required corrective action.

6.1.1 Completion Code Convention

Campletion Codes follow a convention that recommends the action
required by either the software driver or manual intervention. The
byte's upper nibble is the recovery code, and the lower nibble is
the actual error code (see Table 6-1).

Recovery Procedure

No Action / Status Only
Non-retryable Programming Error
Successfully Recovered Soft Error
Hard Error / Retry

Hard Error / Reset and Retry
Fatal Hardware Error
Miscellaneous Error

Requires Manual Intervention

CoOoONAWHO E

Table 6-1. Recovery Codes
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6.1.1  Completion Code Convention (continued)

Action
No Action / Status Only

Non-retryable Programming
Errors

Successfully Recovered
Soft Errors

Hard Errors/Retry

Hard Errors ~ Reset/Retry

Fatal Hardware Errors

Miscellaneous Errors

00

Requires Manual Intervention 90

Table 6-2.

Rev. A. June 15, 1987
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Code (Hex) = Description

Successful Completion

Illegal Cylinder Address
Illegal Head Address

Illegal Sector Address

Count Zero

Unimplemented Command

Illegal Field Lengths 1-7
Illegal Scatter/Gather Length
Not Enough Sectors/Track
Next IOPB Alignment Error
Scatter/Gather Addr. Alignment
Scatter/Gather With Auto ECC

Soft ECC Corrected

ECC Ignored

Auto Seek Retry Recovered
Soft Retry Recovered

Hard Data ECC
Header Not Found
Drive Not Ready
Operation Timeout
VMEDMA Timeout

Disk Sequencer Error
FIFO Parity Error
Dual Port Busy Timeout
Header ECC Error
Read Verify

Fatal VMEDMA Error
VMEbus Error

Drive Faulted

Header Error/Cylinder
Header Error/Head
Drive Not On—cylinder
Seek Error

Illegal Sector Size
Firmware Failure

Soft ECC

Write-protect Error

Summary of Completion Codes
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6.1.2
6.1.2.1

6.1.2.2

Rev, A,

No Action / Status Only

Typically, the following Completion Code requires no action; the
752 returns the code for status only.

Code(H) Description

00 SUCCESSFUL COMPLETION — Not an error; indicates the IOPB
is complete,

Non-retryable Programming Errors

This group of errors is usually encountered while debugging
drivers; they should not occur in a normal operating system
envirormment.

Code(H) Description

10 ILLEGAL CYLINDER ADDRESS — Host software specified a
cylinder address greater than the maximum cylinder number
specified in the last Set Drive Parameters command for
this drive.

11 ILLEGAL HEAD ADDRESS — Host software specified a head
address greater than the maximum head address specified
in the last Set Drive Parameters command for this drive.

12 ILLEGAL. SECTOR ADDRESS - Host software specified a
sector address greater than the maximum sector number
specified in the last Set Drive Parameters command for
this drive.

13 COUNT ZERO — Host software issued the 752 an IOPB that
required a count, but the ocount was zero. Read, Write,
and Format commands require a valid count,

14 UNIMPLEMENTED COMMAND — This error occurs on all
reserved commands.,

15 ILLEGAL FIELD LENGTH 1 — See Section 8.2.2.1.

16 ILLEGAL FIELD LENGTH 2 — See Section 8.2.2.2.

17 ILLEGAL FIELD LENGTH 3 — See Section 8.2.2.3.
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6.1.2.2 Non-retryable Programming Errors (continued)

code(H) I ot

18
1A
1B

1C

1D

1E

1F

20

ILLEGAL FIELD LENGTH 4 — See Section 8.2.2.4.
ILLEGAL FIELD LENGTH 6 — See Section 8.2.2.5.
ILLEGAL FIELD LENGTH 7 — See Section 8.2.2.6.

ILLEGAL SCATTER/GATHER LENGTH — The 1linked 1list
specified a number of words to transfer that does not
agree with the amount of data contained in the requested
number of sectors for transfer.

NOT ENOUGH SECTORS PER TRACK — The format routine was
unable to format since too few sectors were actually
available on the track.

NEXT IOPB ALIGNMENT ERROR — The Next IOPB Address did
not start on a 16-bit boundary; the 752 does not execute
the NIOPB.

SCATTER/GATHER ADDRESS AL IGNMENT ERROR _— A
Scatter/Gather address did not start on a 1l6-bit
boundary.

SCATTER/GATHER WITH AUTO ECC ERROR — A Scatter/Gather
operation ended with a soft ECC error; due to Scatter/
Gather boundaries, the 752 did not autamatically correct
the error, but reverted to ECC Mode 0.

6.1.2.3 Successfully Recovered Soft Errors

This group of errors is for status only. If some errors recur

often,

the operating system should try to map out the sectors

involved. Allowing these errors to recur degrades performance.

Code(H) Description

30

31

SOFT ECC CORRECTED — The 752 detected and corrected one
or more ECC errors, during a disk read, in ECC Mode 2.

ECC ERROR IGNORED — The 752 detected, but ignored, an
ECC error (during a Read command, in ECC Mode 1) and
continued the transfer.
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6.1.2.3 Successfully Recovered Soft Errors (continued)

Code(H) Description

32

33

AUTO SEEK RETRY REQOVERED — The 752 completed the
transfer successfully but, during the transfer, it
recovered from an error by resetting the drive.

SOFT RETRY RECOVERED — A retry was successful: either
by setting RBC or issuing a zero latency read.

6.1.2.4 Hard Errors/Retry

These errors indicate the transfer failed; retry the operation. If
several retries fail, manual intervention is required or the
operating system may crash.

Code(H) Description

40

42

43

44

45

HARD DATA ECC ERROR — The 752 detected a hard data ECC
error in the data field during a Read command., Retry the
previous Read operation.

HEADER NOT FOUND — The 752 cannot find the requested
sector. The controller searches for one disk revolution
plus one sector to locate the header. See Section 9.3.2.

DRIVE NOT READY — The selected drive is not ready, but
not faulted; issue a Drive Reset. Causes include:

Drive not up-to-speed.

Drive hardware error.

Bad or improperly connected cable(s).

No drive of the specified unit number is connected
to the 752.

0000

OPERATION TIMEQUT — The 752 did not complete the IOPB
within a two second timeout period.

VMEDMA TIMEQUT — The DMA controller did not ocomplete
within its allotted time limit. One reason could be that
memory did not respond in time.

DISK SEQUENCER ERROR —— The disk sequencer did not
complete its task within the allotted time limit.
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6.1.2.4 Hard Errors/Retry (continued)

Code(H) Description

45 DISK SEQUENCER ERROR (continued) — The 752 cannot send
or receive the appropriate signals from the selected
drive. Causes include:

o Improper or defective cabling.
o Unformatted drive.

46 FIFO PARITY ERROR — The transfer failed; the 752
detected a FIFO buffer parity error.

47 DUAL PORT BUSY — The 752 timed out while waiting for the
port on a dual ported drive. The timeout is two seconds.

48 HEADER ECC ERROR — The 752 found a header match, but the
Header ECC did not compare.

49 READ VERIFY ERROR — The data read from the disk did not
match the data read from memory.

4A FATAL VMEDMA ERROR — The VMEDMA stopped for no apparent
reason. The ocount nor the address overflowed, and there
was no bus error.

4B VMEBUS ERROR —— The VME BERR* signal was asserted while
the 752 was bus master (see the VMEbus Specification).

6.1.2.5 Hard Errors - Reset/Retry
This group of errors indicate the transfer failed. Software should

issue a Drive Reset command to the drive in use before retrying the
operation.

Code(H) Description

60 DRIVE FAULTED — The selected drive is faulted. 1Issue a
Drive Reset. If the fault persists, you must intervene.

61 HEADER ERROR/CYLINDER —— The cylinder address did not
match during a sector search. Check the cylinder address
and retry the operation.

62 HEADER ERROR/HEAD — The head address did not match
during a sector search.
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6.1.2.5 Hard Errors - Reset/Retry (continued)

Code(H) Description

63 DRIVE NOT ON-CYLINDER — At some point during the
transfer, the 752 expected the drive to be on-cylinder,
and it was not.

64 SEEK ERROR — The disk drive reported a seek error.

6.1.2.6 Fatal Hardware Errors

These errors indicate the hardware failed. Manual intervention or
a Controller Reset may be the only recovery approach.

Code(H) Description

70 ILLEGAL SECTOR SIZE — The disk drive's sector size is
not large enough to hold the header, data, and specified
field lengths. Verify your drive's sector switch set-
tings against the 752's minimum sector size requirements.

71 FIRMWARE FAILURE —— Flag settings or counter values are

inconsistent with the firmware routines being executed.
Document the conditions and call Xylogics.

6.1.2.7 Miscellaneous Errors

Code(H) Description
80 SOFT ECC ERROR — The 752 detected a correctable error in
the data field of the current sector, during a Read
operation, in ECC Mode 0. Software must perform the
final correction. See Section 6.3.
6.1.2.8 Requires Manual Intervention

The write-protect error requires you to manually remove the

write-protection.
Code(H) Description
90 WRITE-PROTECT ERROR — A command that writes to the disk

(e.g., Write, Format, Write Track Headers) is issued, but
the drive is write—protected.
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6.2

6.3

6.3.1

SOFT ERROR COMPLETION CODES

The 752 updates the IOPB with the last error it encounters; it may
overwrite previous soft errors with a new soft error status or a
hard error status. :

ERROR CORRECTION CODE

Most ECC algorithms require retrying the operation at least once
before attempting the correction. When RBC is set, the 752
autamatically retries the operation once before applying the
correction algorithm.

Error Correction Code - Mode 0

When using Mode 0, the following procedure corrects a soft ECC
error. The 752 provides a pattern and offset for the correction
process.

1. Reserve 32 bits of storage for the shifted ECC pattern, and
initialize them to zero. Take the ECC Pattern word from the
IOPB and put it in the lowest 16 bits of the reserved space.

2. Get the offset from the IOPB and decrement by one. This makes
the count zero-based instead of one-based.

3. Use the three low order bits of the offset as a count to shift
the pattern the number of count bits left.

4, Divide the bit address by eight (by performing three logical
shifts to the right). The result is the word offset into the
bad sector. Adding this offset to the starting memory address
of the sector in error creates a pointer to the first word to
be corrected.

5. Exclusive—-CR the three Memory bytes at the pointer and the two
Pattern words generated in step 1.
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6.3.2

6.3.3

6.4

Rev. A.

Error Correction Code - Mode 1

The 752 does not correct any detected errors in Mode 1. After
completing the operation, it posts a Completion Code indicating
that at least one ECC error occurred during the transfer.

Error Correction Code — Mode 2

The 752 autamatically corrects a soft ECC error in this mode. The
752 determines the pattern and offset, completes the DMA, and goes
to host memory to fetch the data in error; it corrects the data,
and returns it to memory.

FATAL: ERROR OODES

If a fatal error occurs, the 752 sets FERR in the Status Register
and posts the error code in the Fatal Error Register. (The
following error codes appear only in the Fatal Error Register.)
The only way to clear a fatal error is by issuing a Controller
Reset (CRST).

Code(H)  Description
EO RESERVED.,

El IRAM SELF TEST FAILURE — The 752 tests the IRAM with an
incrementing data pattern then tests it with a
decrementing pattern. An error indicates a bad IRAM.

E2 RESERVED,

E3 MAINTENANCE TEST 3 FAILURE — The 752 tests the Writable
Control Store in the DSKCEL with an incrementing data
pattern then tests it with a decrementing pattern. An
error indicates a bad DSKCEL.

E4 MAINTENANCE TEST 4 FAILURE — The 752 shifts a pattern
of 0's and 1's through the Header Shift Register (HSR).
An error indicates a bad HSR.

E5 MAINTENANCE TEST 5 FAILURE — The 752 writes, and then
reads, the VMEDMA Registers. An error indicates a bad
VMEDMA.

E6 MAINTENANCE TEST 6 FAILURE -- There is a problem with

the REGCEL chip.
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6.4 FATAL ERROR CODES (continued)

code (] l ot

E7

E8

F0

F1

F2

F3

F5

Fé6

MAINTENANCE TEST 7 FAILURE —- The FIFO parity circuit
failed its diagnostic.

MAINTENANCE TEST 8 FAILURE —— The 752 fills the Disk
FIFO with sequential data and then reads it. An error
indicates a problem with the DSKCEL or FIFO.

IOPB CHECKSUM MISCOMPARE — The generated checksum did
not match the appended checksum. This error can only
occur while IOPB checksum feature is active. ICS is
controlled via controller parameters. See Section 8.11.

IOPB DMA FATAL —— The 752 did not complete the DMA
within the prescribed timeout period. The memory could
be defective or not present; the 752 may not have been
able to become bus master.

IOPB ADDRESS ALIGNMENT ERROR — The IOPB address did not
start on a 16-bit boundary. Change the address of the
IOPB and retry.

FIRMWARE ERROR — Flag settings or counter values are
inconsistent with the firmware routines being executed;
the IOPB cannot DMA the appropriate error status. The
752's state 1is indeterminate; you must issue a
Controller Reset.

ILLEGAL MAINTENANCE MODE TEST NUMBER — The command is
invalid, or the Maintenance mode jumper is not in.

ACFAIL ASSERTED — The VMEbus signal ACFAIL is asserted,
causing the 752 to stop. Correct the problem asserting
ACFAIL and then reset the 752.
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7.0

7.1
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SECTION 7:

GENERAL

This section describes programming the 752 for basic use. This
tutorial programming procedure begins with a single NOP IOPB and
progresses to normal Read and Write commands. Each section builds
on the previous section's information.
portion of each sample IOPB, the x represents an indeterminate

A TUTORIAL IN PROGRAMMING THE 752

value that depends on the external conditions.)

NO OPERATION (NOP)

The NOP command allows you to become familiar with the 752

programming interface.

NOP - -

7 6 5 a s | 2] 1] o
oo |I[ERRS * ooNe [[[F{CRENT [SGH=0] /777771 CorHaND CODE - 0
o coreerion cooe TN
o2 [JIEoEB I [[sr1lHles wreT J ([l oFLT i1 Tske oncLl{{H1[orov ) |i
o QI TiTERNaL sTaros TN
w777
os | [F00] PIRoP P PstL 0 7////éumr V/ %
06 [LINK LIST LENGTH] UPT LEVEL

[INTERRUPT VECTOR |
COUNT HIGH

[CounT cow]

CYLINDER HIGH

{CYLINDER LOW]

IDATA OR LINK ADDRESS MODIFIER '

EXT 10PB ADDRESS MODIFIER |

[DATA OR LINK ADDRESS HIGH ]

[DATA OR LINK ADDRESS |

[DATA OR LINK ADDRESS |

19 §

VY,

June 15, 1987

[DATA OR LINK ADDRESS LOW]
NEXT ADDRESS LOV
s crecksun tow )

Returned
Value

Optionally
Required

Required
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(I

Figure_?-l. Sample NOP IOPB

79

(In the Sent/Returned

RETURNED
40

00
0X
XX
00
00
00
00
00
00
00
00
00
0o
0o
00
oo
oo
00
00
00
(]
00
00
00
00



XYLOGICS 752 Disk Controller User's Manual

7.1.1 Allocating Memory for an IOPB

First, allocate space in host memory to store the IOPB. ‘This
allocation is a function of the operating system or the program
that is currently executing. Next, set up the IOPB to execute a
simple NOP command.

7.1.2  Point the 752 to the IOPB

The IOPB is now in host memory. Point the 752 to the IOPB by
loading the IOPB address and address modifier into the appropriate
752 registers. The 752 looks for the IOPB at the physical address
to which the registers point.

NOTE

Make sure the address compensates for any memory mapping
that may be done between virtual and physical addressing in
your system,

7.1.3 Starting the Operation

The 752 now points to the IOPB in host memory. Setting AIO in the
CSR directs the 752 to process the IOPB.

7.1.4 152 Operation
At this point, the 752 performs the following functions:

l. Clears AIOP and sets BUSY.

2. Reads the IOPB from host memory.

3. Decodes the command.

4, Performs the operation (NOP).

5. Sets the DONE bit.

6. Updates the IOPB.

7. Puts the completed IOPB's address into the registers.
8. Sets RIO.

9. Clears BUSY.
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7.1.5  Command Completion
Sottware has been polling RIO (since interrupts are not enabled
[Interrupt Level = 0]). The 752 sets RIO when it is done.
Software should get the completed IOPB's address from the
registers, and then clear RIO. This completes the NOP command.
NOTE
Do not poll the DONE bit in the IOPB. The 752 sets DONE
while the rest of the IOPB is still updating.
7.1.6  Returned Valueg
DONE is set in the returned IOPB. Status Byte 2 reflects the

status of Disk Drive 0. Status Byte 3 reflects the 752's internal
status.

NOTE
Status Byte 3 is proprietary to Xylogics and may
change definition without notice.
7.2 READ CONTROLLER PARAMETERS
Next, implement a Read Parameters command with a Controller
Parameters subfunction (see Section 4.2). This command returns
several controller parameters in the IOPB. See Figure 7-2.
7.2.1 Execute the IOPB
Set up the IOPB in host memory; point the 752 to the IOPB. Set AIO
and the 752 executes the IOPB in Figure 7-2.
7.2.2 152 Qperation

The controller operation changes slightly from the example in
Section 7.1.4:

The 752 performs the Read Controller Parameters operation instead
of the NOP, The controller gets the parameters from its internal
store, and puts them in the proper IOPB locations. The 752 fully
updates the IOPB, including the returned values.
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7.2.3 The Returned IOPB

The values in the returned IOPB describe the last setting of the
software-programmable parameters. Determine if each value works
for your application. After making any necessary changes, write
the parameters back to the 752.

Specific bytes have known values. The Controller Type

byte
contains a 53H; the EPROM Part Number bytes contain 21H and 73H.
See Section 4.2 for more information.

READ CONTROLLER PARAMETERS

7 6 S 4 3 2 1 0

O | i e Z I 7///////fc6r’1r’1kh%coo’e = 'é 77 S| e
N T Ezareeer ion coce JUITIT oo | o0
02 DPB SR CSE WRPT ﬁ SKER ONCL DRDY 00 XX
o3 INTERNAL STATU I o | x
w77/ A SUBFUNCT 10N CODE = 9 V204 o | o
o 0 /////////Ii,utm V. ] oo 00
o6 0 % INTERRUPT LEVEL 00 00
07 INT%PT VECTOR l 00 00
08 | | 1CS | EDT 00 XX
0 TDT 0 E@fﬁ 00 <X
s LILGYS 0 |ASR o 04 XX
o8 | THROTTLE ” [ 00 %X
o EPROM RELEASE LEVEL 00 00
oo 0 00 00
oF CONTROLLER TYPE 00 52
oF 0 NEXT |10PB ADDRESS NODIFIER 00 Oq
10 EPROF PART NUMBER HiGH T o | =
" R R NUMBER LOW 00 73
12 EPROMREVISION LEVEL | 00 XX
13 0 00 XX
[ EXT IOPBADDRESSHIGHl 00 00
00 00
00 00

7 Required 0 n Ret d
(22 for Exseution equre” (MM Veree™

Figure 7-2. Sample Read Controller Parameters IOFB
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7.3

7.3.1
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WRITE CONTRCLLER PARAMETERS

Next, write the controller parameters. Xylogics recommends reading
the current parameters, modifying the ones in question, and then
writing them back to the 752. This method allows you to change
only those parameters that affect your system.

152 Operation

The 752 executes the IOPB slightly different than in Sections 7.1.4
and 7.2.2: it performs this function by taking the values of all
programmable parameters out of the IOPB and setting the appropriate
flags and variables in its internal code.

WRITE CONTROLLER PARAMETERS

U o il 4 | I l,ll ° | sent | ReTurnen
oo TERRSTIIIIOONET[PACRENS % /| COMMAND CODE = 5/ 05 pr
o Il L
o2 Wore SR CSE sker J|llll[once J[lf{[[oroV]l] oo X
os. (W A
o8 222222288 Neion ek = oo 7777 o | oo
06 0 INTERRUPT LEVEL 00 00
07 [INTERRUPT VECTOR] 00 00
08 IS VA AEDT A NPRY ° cs ce
05 [ 7/ 4 o YRR 0 lmDRA 1 1o 10
o ovsP| 0 ASR o VIRSCV Y fEcchy ] 12 12

7 7 /////////// THROTILE I///// 77 o oF

oc [[EPROM RELEASE LEVEL | 0o 00
ob 0 00 00
oF |CONTROLLER TYPE I 00 00

oF [ NEXT 10PB ADDRESS MODIFIER | 00 00
o [EPROM PART NUMBER HIGH | 00 0o
" [EPROM PART NUMBER LOW | 00 00
12 { EPROM REVISION LEVEL | 00 00
13 (0] 00 00

[NEXT (0PB ADDRESS HIGH] | oo 00

Returned
Value

m ?:gl::::ution :

Figure 7-3. Sample Write Controller Parameters IOPB
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7.4 READ/WRITE FORMAT PARAMETERS

The format parameters are handled similarly to the controller
parameters. Use extra caution when modifying the format parameters
as improper selection may cause data corruption and/or unreliable
operation. The data field size is the only parameter Xylogics

recommends changing.

7.4.1 Execute the IOPB with Interrupts

Building on 752 functionality, enable interrupts for this example
by specifying an interrupt level and vector.

READ FORMAT PARAMETERS

|

7 6 5 4 3 2 0
ErRS ||| [ DONE [||F4 CHEN [/ [Ser=0]F///////] cormano covk = 6 1/, s?sﬂ
[ COMPLETION CODE_ W oo
OPB SR CSE werT [[[{TorLT]|[lilNisker]{H{{[onctilif{oRov]{fl oo
A irernau starus JITTITITITITTTANMAOINAN oo
e 220 A SusRCN ok =81 ) e
o] | o L AN e
iNTerceave I~ o INTERRUPT LEVEL o1

R HIGH

W///A ’::r??;::ulion 4

NEXT I10PB ADDRESS

Optionally
Required

(I

Returned
Value

Figure 7-4. Sample Read Format Parameters IOPB
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7.4.2

7.4.3

7.4.4

7.5

7.5.1
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152 Operation

The 752 performs the operation almost identically to the examples
in Sections 7.2.2 and 7.3.1, but with two additional steps. It
makes sure the new format parameters are within the valid ranges.
After the 752 sets RIO, it performs an interrupt sequence.

Command Completion

Enabling interrupts modifies the command completion. Software does
not poll RIO when it is set, but may be off doing something else
(probably waiting for an interrupt). When the interrupt occurs,
hardware and software execute an Interrupt Service Routine (ISR)
and process the interrupt. Hardware resets the actual hardware
interrupt when the ISR is called.

The ISR reads the address of the completed IOPB from the registers,
and clears RIO. This completes the Read/Write Format Parameters
operation.

Returned Values

Figure 7-4 illustrates the read portion of this subsection. The
752 returns the data for which it was last programmed. The sector
size is set to 512 (200H). The other fields are all set to the
recommended values.

READ/WRITE DRIVE PARAMETERS

The Drive Parameters commands allow you to configure the 752 to
your drive's size and parameters. Section 4.3 describes the size
and configuration variables that may be modified with these
commands. The operation is similar to both format and controller
Parameters.

152 QOperation

On a Write Drive Parameters command, the 752 performs an operation
similar to that of both controller and format parameters. The Read
Drive Parameters function differs in that the 752 returns the
number of physical sectors on the drive.

The 752 selects the disk drive specified in the Unit bits. It
times the interval between index pulses and, using this time value,
counts the number of sector pulses. The 752 puts this count into
Byte E of the IOPB. This count is the number of sectors per track.
See Figqure 7-5.
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7.5.1

7.6
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152 Operation (continued)

WRITE DRIVE PARAMETERS

;! o - > 4 s 12 ) - K SENT | RETURNED

oo ILLERRS If{|{DONEI|PA CHEN ] [SGr=0] /| CORMAND CODE = 517 05 pr
o I coreerion cooe YT W o0 | oo
.2 lope SR cselwerr JIToFcT T TskerT TIEoncy Tl orov I} oo XX
os LI (I rernat sTaTus| | il HH//\H I 0o | =

L ASUBEUNETION Tk = 7 Z I
Z: %0 LY/ Rop LY PSELL 0 /////HJNW}V/ 00 00
o6 0 "Ucasof Y fec32 0 INTERRUPT LEVEL o1 o1
o [INTERRUPT VECTOR | 66 66
o8 MAX SECTOR LH " .

os W48 ST 7 oo | oo
w L7770 AraX SN Hisk L 1 36
o5 V/ 00 MAX[EVrLINDERLEOWV Y 03 03
oo /A8 077 0 oe | os
w V72 0555 7777777777777 v |

o [sECTORS PER TRACK (RD. DR. PRM. )] 00 00
00

00

00

00

00

[NEXT 10PB ADDRESS HIGH 00
EXT_10PB ADDRESS | 00
+-[NEXT 10PB ADSEESS]. 00
NEXT 10PB ADDRESS LOW | 00
{JOPB CHECKSUM HIGH| = : 00
[loPs Crecksun Low J 0

% i Ret d
V772 o acution requres’ WM varee™

Figure 7-5. Sample Write Drive Parameters IOPB

FORMAT A TRACK

Up to this point we have been 1n1t1allzmg the 752, 1Initialization
informs the 752 of the drive size, and parameters it requires
before it can properly function. Now, let's format one track of
the drive. The 752 can only execute Read and Write commands on a

formatted track. (Typically, formatting is done only once in the
lifetime of the media.)
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7.6 FORMAT A TRACK (continued)

WRITE FORMAT

;! o ,,,3, 4 > > L 2 ,| l l/ © | sent | rerurneo
oo IILERRS J|If[[[OONE ]{IPA CHEN ssm-ou/u/u//ém COMMAND CODE = 7 ) o a7
o il corpLeT o cooe [T T 00 00
DPB SR CSE wrpT | [Il[foFLT Il [sker {1 [once)lf[| [ oroY 00 XX
02 assnes: bussasansuss sesusvenas T
o3 il ernaL status IO -~ o0 | xx
s 2227 ASBEneion ok =81 L) s | e
os [AEXD T/ ROoP P PSeL 0 7AW 00 | oo

06 LINK LIST LENGTH l INTERRUPT LEVEL 01 01

or INTERRUPT VECTOR | 66 66
NT HIGH
08 COUNT HIGH 00 00

00 YN L, 7 or | o

o VAN ) e | oo
Y 7 AR LowY ] oo 00

o W

o0 P75 7777770777777 o0 | oo
o o0 | oo
o 0 [ [DATA OR LINK ADDRESS MODIFIER | 00 00
oF 0 i Bt 00 00
10 : [DATA OR LINK ADDRESS HIGH | 00 00
. [DATA OR LINK ADDRESS | 00 00
12 DATA OR LINK ADDRESS 00 00
'3 [DATA OR LINK ADDRESS LOW] 00 00

l EXT 10PB ADDRESS HIGH | 00 00

NEXT |0PB ADDRESS 00 00

NEXT I0PB ADDRESS | - o o 00
{NEXT 10PB ADDRESS LOW | Ll o 00

{10PB CHECKSUM HIGH] ' 00 00
OPB CHECKSUM LOW 00 00

D i i n Returned
(7772 for txscution | mocured” MMM veree

Figure 7-6. Sample Write Format IOPB

7.6.1 7152 Qperation

The Format command is the first command in this tutorial that
transfers data from the controller to the disk. The 752 operation
for data transfer commands differs greatly from initialization
commands.
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7.6.1

7.7

Rev, A.

152 Operation (continued)
To format a track:

1. The 752 still clears AIOP, sets BUSY, and reads the IOPB
from memory. The next step occurs after the IOPB is in the
752.

2. The 752 decodes the function, and determines if a seek is
required. All Write, Read, Write Extended, and Read Extended
functions require the drive to seek to the commanded cylinder.
Format is a Write Extended function; it requires the drive to
seek. The 752 issues a seek to the drive by sending it the
commanded cylinder number.

3. The 752 waits for the drive to complete the seek; the drive
indicates it's done by returning on-cylinder.

4, When the drive is on—cylinder, the 752 determines if the
current physical sector count for that drive is valid. If the
count is not valid, it repeats the sequence in Section 7.5.1 to
determine the actual physical sector count. The 752 proceeds
to Step 5 when the count is valid.

5. The 752 loads the data for the new sector header into the
FIFO, waits for index, and writes the new header on Sector 0;
it writes the data field with zeros, and writes the data field
error correction code (ECC).

6. The 752 repeats Step 5 for each sector on the track, except it
uses the sector pulse instead of index to start the operation.

7. The 752 updates the IOPB with the ending values, and
completes the command.

READ TRACK HEADERS

Now that the track is formatted, read the headers back and verify
they are correct. This command requires a data buffer; allocate
space in host memory just as you did for the IOPB. The buffer
length must be four bytes (per sector) times the number of sectors
per track. (The Read Drive Parameters command gives you the number
of sectors per track.) Make sure software passes the 752 the
physical buffer address, not the virtual address. See Figure 7-7.
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7.7 READ TRACK HEADERS (continued)
READ TRACK HEADERS
7 6 5 4 | 2 [ 1 | o
oo IIERRS T OONE T PA crER ssm:o//// COMMAND CODE = 8V, % RE::]RNED
o LI coreLeT 10N cope A
o> LLLoPE [SR] cselllllfCwreT)H CorcT ) [l {{sker Tl ToncC{H{{orov I oo XX
o3 i INTERNAL STATUS | llll Il llll! S
04 ,//, 7/ SUBFUNCTION CODE = 801///// /) 80 80
os VAFIXD ROP ] PSELY] 0 ///////ﬁﬁg////// 00 00
06 [LINK LIST LENGTH] INTERRUPT LEVEL o1 o1
. [INTERRUPT VECTOR 66 66
08 00 00
0s | [COUNT LOW | 00 . 00
7 0000000 L ACNSER HIGRY 0 oo 00
o8 L0 ACYINDER Low, 07 Z IR
w 0857777777777 o | o
o 0 DATA OR LINK ADDRESS MODIF 00 00
‘o ///////// DATA OR LINK ADDRESS HIGH |7/, B 00
y ///////////DATA OR LINK ADDRESS | ] oo 00
L 0077777 JoATA oR LRk  AODRESS [/ 70,4 oo 00
DATA OR LINK ADDRESS LOW [/ 00 00
[NEXT 10PB ADDRESS HIGH | 00 00
oo | oo
[NEXT 10PB ADDRESS] 00 00
NEXT 10PB ADDRESS LOW | 00 00
{10PB CHECKSUM HIGH | 00 00
OPB CHECKSUM LOW 00 00 .
77 For txecuion L requres’ (WM Savce™
Figure 7-7. Sample Read Track Headers IOPB
7.7.1 152 Operation
The Read Track Headers is the first command in this tutorial that
transfers data to or from host memory. Data transfers to or from
memory modify the 752 operation as follows:
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7.7.1 152 Operation (continued)

1. The 752 reads the IOPB, issues a seek, and decodes the
command identically to the previous examples.

2. The 752 waits for index from the drive. It tests the
physical sector count to determine if it is valid., If the
count is not valid, the 752 determines the actual count
(see Section 7.5.1).

3. After index arrives, the 752 synchronizes itself with the
data in the header, and reads the data into its on-board
FIFO,

4, The 752 repeats Step 3 for each sector on the track,
except it waits for the sector pulse instead of index.
The actual physical sector count determines the number of
sectors the 752 transfers into its FIFO.

5. After the 752 transfers all sector headers into the FIFO,
it begins the DMA. The controller transfers the data from
the FIFO to host memory.

6. When the 752 completes the DMA transfer, it places the
updated information into the IOPB, and completes the
command.

7.7.2  Yerifying the Data

After the 752 completes the transfer, verify the data against what
is expected. The data should be divided into groups having four
bytes each. Each group describes a sector header. The first
sector header should have four bytes of 00. The second header
should have three bytes of 00 and one byte of 0l1. The last byte of
the third header should equal 02, etc. (see Section 8.3 for more
information on headers).

Header 1 Header 2 Header 3

|00 |00 00|00 ]| |00 |OO| OO ] OLI |00]O00]O0]O02|

Figure 7-8. Sample Sector Headers
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7.8 WRITE DATA

The format is valid after verifying the headers. This subsection
describes a Write operation, and the following subsection describes
reading back the data. Allocate space in host memory for the
buffer, and set up a data pattern in this buffer; an incrementing
count in the buffer will suffice. See Figure 7-9.

WRITE DATA
7 6 | S 4 3 2| ‘ULL O 1sent | ReTurNED
oo IERRS I][[l[[OONE {CHEN YA seM LY/ COMMAND CODE - | 7] o 41
o I corpLeT 10N cooE | } il 00 00
o> LILDPE [srllH1licse] (orcT 1 sker ][l {Tonct]llffl{iorov Jl| oo XX

o3 | [ ] INTERNAL STATUS | | ] [ | [ | 00 %X

od ////////////////// 7/ SUBFUNCTION CODE = 00}/ //// 20 00
os AFIXD ROP PSEL 0 7 AN / 00 00
. INTERRUPT LEVEL o1 o1
ﬁﬂﬁm 66 66

7/ /ACOUNT HIGH 7] oo 00
Tz A |

w7777 sk sl Z 7777~~~} oo 00
08 ///// / /| CYLINDER LOWV 00 00

w 775557, 0 0 | e

op /////////// JSECTR //////// 00 00

DATA OR LINK ADDRESS MODIFIER | 00 oc
0 7///////// JDATA OR LINK ADDRESS HIGH. W / 00 00
y /////////////////[DATA OR LINK ADDRESS I’/// 7] oo 00
INK ADDR
N @ @ o | u
13 ol - ol ~ 2000
[NEXT 10PB ADDRESS HIGH | 1 o0 00

00 00

6 NEXT 10PB ADDRESS 00 00
- NEXT I0PB ADDRESS LOW 00 00
" {10PB CHECKSUM HIGH | 00 00
19 [10PB CHECKSUM LOW = 00

W///A s:f?xree:ution

Optionally I]Im]:[ﬂﬂmmm Returned
Required Vealue

Figure 7-9. Sample Write Data IOPB
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7.8.1

7.8.2

7.9

7.9.1

7.9.2
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152 Qperation |
The 752 operation is similar to the previous examples; the

differences are in DMAing data into the FIFO, and writing data to
the disk. '

The 752 starts the DMA from host memory to the FIFO after
determining the drive is on—cylinder; it enables the disk sequencer
when the FIFO contains one full sector of data.

The 752 compares and verifies the header: the disk sequencer tests
all the headers as they pass under the head, until it finds the
sector designated for transfer. At the proper point in the sector,
the 752 writes a new Sync byte, and then the data it read from
memory. ‘The 752, using the data to be written, generates and
appends an ECC on the end of the sector.

Camnand Completion

The command is complete as soon as the disk sequencer completes its
operation. The 752 puts the ending values into the internal IOPB,
and performs an appropriate update.

READ DATA

In Section 7.8 the 752 wrote the data to the drive on Sector 0,
Head 0, and Track 0. This subsection describes reading back the
data and verifying it. You must allocate a data buffer for the 752
to write the data in memory. After allocation, it is a good idea
to fill the buffer with a known pattern that differs from the
expected data, See Figure 7-10.

152 Qperation

The 752 treats this command like the previous operations, except in
the way it DMAs the data into the FIFO and writes the data to the
disk.

The 752 enables the disk sequencer as soon as the drive is
on-cylinder. After the controller finds the correct header, it
transfers the data from the disk to the FIFO, As soon as the first
sector of data is available from the buffer, the DMA controller
DMAs the data from the FIFO to host memory. The transfer is done
when the DMA controller completes the DMA.

Comand Completion

The 752 completes the command when the DMA to memory is complete.
The next subsection describes how to verify the data.
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7.9.2  Command Completion (continued)

READ DATA
7 6 5 a | 2| + ] o <ent
oo ITERRSTTI[IoONE TP/ Cren “ms“r?mw//%mmmwo IR R e
. T s e I w | o
||| Sl e ofLTJl[lllI[sker [l foncelf[[iorov Jl| oo o
os. LMY [inrernar status TIITTIAANATANTOAOTOANIONIALY o0 | x¢
oa b // SUBFUNCTION CODE = 00 7 7 00 00
os LTFIXD RDP PSEL | | AT / 00 00
o6 e . INTERRUPT LEVEL o1 o1
o7 . [INTERRUPT VECTOR] 66 66

{COUNT HIGRY ‘ 00 00

7
vs W50 LOW % ////// o | o
o /////////// AR HGRY A o0 | oo

//JCYLINDER LOW] % 00 00

D
o V777458577, % o | oo
o W//W w7777 7w |

DATA OR LINK ADDRESS MODIFIER
Sl Y7 00 00
EXT 10PB ADDRESS MODIFIER

00
DATA OR LINK ADDRESS HIGH V éézzzzzzzz 00 00

% %Y \

U A0ATA OR LINK ADDRESS V7 Z 00
L 7 AR R UK ROORESS 177777777 0 00

% w1

///{DATA OR LINK ADDRESS LOW 00 00

. [NEXT IOPB ADDRESS HIGH |- -~
“ INEXT 10PB ADDRESS LOW

“+-{10PB CHECKSUM HIGH | i
:[10PB CHECKSUM LOW |+

] oo 00

00 []o]

00 00
00 00

00 00

19 : -1 oo 00
1A ECC PATTERN WORD HIGH 00 00
8 ECC PATTERN WORD LOW. o | oo
c ECC OFFSET WORD HIGH o0 | oo
" [ECC OFFSET WORD LOW. o0 | o0

Optionally E[[HMH]]]]]] Returned
Required Value

D i [T

Figure 7-10. Sample Read Data IOPB

7.9.3  Yerify Data

First, make sure the buffer was modified. If it was not modified,
either an error occurred, or software specified the wrong buffer
address. Next, compare the data written with the data read; they

should match.
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7.10

7.11
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MULTIPLE SECTOR TRANSFERS

You can repeat the steps in Sections 7.8 and 7.9 using a larger
sector count. The 752 crosses head and cylinder boundaries, as
required, to complete the required number of sectors. Be sure to
allocate enough buffer space for the increased sector count,

SUMMARY

This section was an exercise in testing the 752's functionality in
your system., The steps are basically the same when the software

driver controls the 752. (Operating systems always allocate the
buffers.)
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SECTION 8: SPECIAL FUNCTIONS

8.0 GENERAL

This section describes how to implement the various 752 special
functions. Each subsection descibes how minor functions implement
a given major function.

8.1 READ DEFECT MAP

The 752 reads the data recorded on the media by the manufacturer
that describes the location and length of factory-detected media
defects. The defect map's format must conform to the following
specifications: M2331/M2333 Disk Drive Engineering Specification;
Fujitsu LTD. Doc. No. BO3P-4760-0101A; and CDC Product
Specification No. 64400400,

8.1.1 Ihe Defect Map
The header format is divided into two parts. The first part of the
format is a fixed sector format; the second part is a variable
sector format. The fixed sector format is normally included in the
first 56 bytes following the index mark. The 752 does not support
the variable sector format.
The following rules apply to defect recording:

1. The position ot a defect is listed in bytes (hex) after the
index mark, plus or minus one byte.

2. The length of a defect is in bits (hex), plus or minus one bit.
3. The unused defect locations are all zeros.

4, Every track is recorded with this defect format whether defects
exist or not.

5. A track that has more than one defect may be flagged as
defective. Log the first four media defects on the track.

6. Figure 8-1 shows the format when there are no defects in the
first 105 bytes after the index mark.
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8.1.1 The Defect Map (continued)

Index

TO 14

29 30 31 32 33 34 35 36

39 40

43 44

47 48

S1  S2

SS

SYNC | CYL
1919

All O's Hex

30 2 2

HD | AN
O's

1st Defect

2nd Defect

3rd Defect

4th Defect

Fo
Hex

Pos.
2

Length

2

2

Pos. | Length

2

Pos. | Length
2 2

2 2

Pos. | Length

Al
0's

t High Order Bit
Defective Track = 1

Figure 8-1.

Defect Map Format

7. Figure 8-2 shows the format when the beginning of a defect is
located between Bytes 10 and 55; 60 bytes of zeros are added to
Gap 1. In the extended defect map format, the defect map is
always relocated to a defect-free area.

index

T .

89 90

92

94 95 96

99 100

103 104

107 108

o112

s

% 90(30+60)

SYNC
1919
Hex

2

cvL

HD

All
0's

1

1st Defect

2nd Defect

3rd Defect

4th Defect

Fo
Hex

Pos.

2

Length | Pos.
2 2

Length § Pos
2 2

Length | Pos

2 2

Length
2

1

Al
0's

3

L Defect

Figure 8-2.

8.1.2  Read the Defect Map

Set up a 24-byte buffer in memory.
subfunction of Read Defect Map.
checksum, verify the data.

8.1.3  Yerify the Data

Extended Defect Map Format

Issue an Extended Read with a
Since the defect maps do not use a

The first byte in the buffer should be a 19H.

of two Sync bytes. The head and cylinder addresses should agree.
The last byte should be an FOH.
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8.1.4 Determining the Location of a Defect

The position of a defect is provided in bytes from the index mark.
You must convert this value to a sector number before using it for
defect mapping. The drive switch settings determine the actual
number of bytes per sector. Divide this value into the defect
position. This number, truncated, points to the physical sector
containing the defect. Adjusting this physical sector number by
any interleaving or skewing scheme determines the logical sector
number for remapping.

8.2 FORMATTING

This subsection describes formatting, including how to set the
number of spares for use in media defect handling and setting the
sector size.

8.2.1 Allocating Spare Sectors

You must allocate spare sectors at format time. The Write Drive
Parameters command allows setting the maximum size parameters for
the drive. Any sectors in excess of the drive size parameters are
marked as spares. For example, a drive with 46 physical sectors is
specified as having only 45 in the Write Drive Parameters command.
The 752 formats 45 normal sectors and 1 spare sector.

A separate variable (max sector/last head) specifies the number of
sectors on max head. This allows extra spares on max head for use
with cylinder sparing. Given the above example, max sector/last
head is set to 40. The 752 formats the last head of the same drive
with 40 normal sectors, and 6 spare sectors.

8.2.2 Specify Sector Gap Size

First a note of caution, don't do this. Modifying the gap sizes
may reduce your disk subsystem's performance. The drive interface
has many specifications and parameters to which you must adhere.
Slight miscalculations may not show up in the engineering lab, but
may cause unreliability in the field. The failure modes may be
undetectable because field lengths are only marginally long enough.
A word to the wise: if you decide to use this feature, please be
very careful.

Xylogics' values work with all standard SMD drives (see Sections

4,4,6 through 4.4.8). Modified values may work with same drives,
and cause unreliable results with others. See Figure 8-3.
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8.2.2

Specify Sector Gap Size (continued)

The following subsections outline the parameters that affect each

of the gap sizes.
are specifications for the drive in use.

Many of the parameters that affect the gap sizes
Drives from different

manufacturers, and even drives in one manufacturer's line, may have
very different specifications.

Sector Pulse __T1 n
Data ! 1 I U I m | I 1 C
write splice ’;" 'i‘ "
Fields I = | [ 41 Sor 5 Alt 11 | 11
Format [ cap 1 Jlvorfoar2][ oaTA [Toarz Toar 1 I
Format. ®sync ®svync %ecc sync -
write Gate '_'l | | | | L_l_} |
B e
write: «— C —
Read Gate | ———1 | N lx---—'-
write Gate i____l‘ i l ll._‘.__l_|_
searcnsate L1 1 T
Sl | T
0| e | L
Read Gate '_1 ‘ I1_1 | 1__I._I—_|'
Search Gate 1 i L
PREVIOUS ]|  CURRENT SECTOR I nexT

M. A.

Figure 8-3.
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8.2.2,1 Field 1 - Read Gate Delay - Gap 1

Field 1 specifies the time in bytes from one byte past the leading
edge of sector or index to when Read Gate is asserted. The
applicable drive specifications include head settling time,
allowing enough time to lock the Phase Lock Oscillator, and the
minimum Write Gate to Read Gate timing. Field 1 also provides for
skipping over the write splice area.

The head settling time is the time required for the heads to settle
after the drive completes a seek. We do not know how long before
the sector or index pulse the seek completed, therefore this field
must be large enough to encompass the head settling time.

When subtracted from Field 3, this field indicates the amount of
time left for the Phase Lock Oscillator in the drive to lock onto
the data. Drive requirements vary from 3 to 16 bytes.

When Write Gate is deasserted, a minimum time must be allowed for
the read heads and amplifiers to stabilize. In a multisector
transfer, Write Gate is deasserted after the last sector, and Read
Gate is asserted for reading the next header. Figure 8-3 indicates
this time as "C". Field 1 and the remaining bytes in the sector
after Field 7 comprise this critical time. Drive requirements are
usually in the 10 to 12 microsecond range.

Write Splice: as Write Gate is asserted (or deasserted), the
changing write current causes a magnetic field to build (or
collapse) which "writes" garbage onto the disk. This is called the
write splice, and it occurs whenever Write Gate is asserted or
deasserted.,

8.2.2.2 Field 2 - Sync Search Delay
Field 2 is the delay from asserting Read Gate to when data is

compared for the Sync byte. Field 2 masks any read data from being
detected as a sync until the data is stable.

Field 3 is equivalent to Gap 1. Fields 3 and 1 together define the

amount of time allowed for the Phase Lock Oscillator (PLO) in the
drive to lock up. See Section 8.2.2.1.
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8.2.2.4

8.2.2.5

8'2.2 .6

8.2.2.7

8.2.3

Rev. A.

Field 4 - Gap 2

Field 4 is equivalent to Gap 2. It is the time (in bytes) between
the end ot the Header ECC and the Data Sync byte. This field
includes the time required to allow the PLO in the drive to sync to
the data and to skip the write splice. On a Write command, Write
Gate is asserted four bit cells after Read Gate is deasserted.
This field is actually four bits longer than specified. These four
bits are used to test the header.

Field 6 - Read Gate Delay

Field 6 asserts Read Gate after the write splice during Gap 2. The
time left over, Field 4 minus Field 6, is the time allowed for the
PLO in the drive to lock up.

Field 7 - Write Continuation

The write continuation field is necessary so that when Write Gate
is deasserted, the collapsing magnetic field does not splash over
the ECC that was just written. The end of Field 7 is the beginning
of the minimum Write Gate to Read Gate period described in Section
8.2.2.1.

Head Switch Time

The 752 requires 6 bytes of time after Field 7 to switch heads., If
the sector size is too short to allow this 6-byte field, the 752
will miss revolutions on every head switch. This should not be a
problem; typically, the minimum Write Gate to Read Gate time allows
for this field.

Format Interleave

The 752 can optionally format with an interleave pattern from 2:1
to 16:1. Specify the interleave factor when writing the format
parameters; it is invisible to the operating system.

Interleaving can increase the throughput of a disk subsystem on a
fully loaded system by effectively cutting the disk speed in half.
On a contiguously formatted pack (l:1 interleave), the sectors
increase by one each time. As the disk spins, the sectors arrive
under the head in the following order for a 32-sector disk:

012345678910111213 14151617 1819 20 21 ...31

June 15, 1987 100



XYLOGICS 752 Disk Controller User's Manual

8.2.3

8.3

8.3.1

Format Interleave (continued)

If you interleaved the same disk with a 2:1 interleave factor, it
would look like this:

016117 2183 194205216227 2382492510...31

The 2:1 interleave allows the 752 two sector times to transfer a
sector to memory. For example, if you are transferring sectors 0
and 1 to memory, the following occurs in each case.

In 1:1 interleaving, when the first sector finishes reading from
the disk, the next sector is almost under the head and ready for
reading., At this time there must be enough rooam in the buffer or
the 752 misses a revolution.

In 2:1 interleaving, when the first sector finishes reading from
the disk, the next sector is still a full sector time away, thereby
giving the 752 twice the time to empty the buffer to memory. The
scheme above shows the extra sector time as sector 16.

Interleaving schemes from 2:1 to 15:1 are software programmable.
Since the 752 determines the drive's sector location by comparing
headers, you can use the Write Track Headers command to custamize
the interleaving scheme to your application. For example, if your
system transfers data in 2K-blocks, then the most effective
interleaving scheme may be:

0123 16171819 4567 20212223 891011 ...

MEDIA DEFECT HANDLING

There are three methods for handling media defects: 1) slipping a
sector; 2) remapping a sector to a new sector on the last head of
that cylinder; and 3) remapping the entire track to a different
track on the disk.

Slipping a Sector
Slipping a sector requires using the Read and Write Track Headers
commands to mark the bad sector and slip the rest of the sectors

into the next position on the disk. Figure 8-4 shows an 8-sector
track before and after slipping Sector 3.
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8.3.1 Slipping a Sector (continued)

o 11 12 1 3 1 4151 6 | 7 | spare |

| o |l 1 | 2 |[Bad| 3 | 4 | 5 | 6 | 7 |

Figure 8-4. Sector Slip

8.3.1.1 Sector Slip Procedure
1. Determine which sector is bad by writing and reading the track
with several patterns, and/or by using the manufacturer's
defect map information.
2. Read the track headers into a buffer in host memory.
3. Compare each header with the bad sector's header.

4, Atter locating the bad sector, mark it by writing EEH into each
of the four header bytes (see Figure 8-6).

5. Test the last sector to determine if it is a spare, If it is a
spare, continue; if not, you must f£ind another sparing method.

6. Move each sector header into the next location, "slipping" the
sectors down the track (see Figure 8-4).

7. Write the track headers back to the disk.

The following figures depict 752 headers:

| sync | Cylinder Low | Cylinder High | Head | Sector |

Figure 8-5. Normal Header

| sync | EE I EE | EE | EE |

Figure 8-6. Header Marked Bad
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8.3.1.1 Sector Slip Procedure (continued)

| sync | DD | DD | DD | DD |

Figure 8-7. Header Marked Spare

| 00 | 00 | 00 l 00 | 00 |

Figure 8-8. Runt Header *

* This header is invisible in normal 752 operation.
It appears here for informational purposes only.

| Sync | New Gyl Low | CC | New Cyl High | Head |

Figure 8-9. Track Remap Header

8.3.1.2 Advantages of Sector Slipping
A full track of information is still transferred in one revolution
ot the disk. Other methods of sector slipping require two or more
revolutions to transfer one track of information.

8.3.1.3 Disadvantages of Sector Slipping
Having one or more spares on each track uses disk space

inefficiently.

8.3.2  Qylinder Sparing

Cylinder sparing is similar to sector slipping, except the spares
are on the maximum head of the cylinder.
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8.3.2.1

8.3.2.2

8.3.2.3

8.3.3

Rev. A,

Cylinder Sparing Procedure
1. Determine the defective sector.

2. Read the track headers and mark the defective sector bad (see
Figure 8-6).

3. Write the track headers back to the disk.
4, Read the track headers on the maximum track of that cylinder.

5. Find a spare sector; it contains four bytes of ODDH.
(see Figure 8-7.)

6. Put the bad sector's header into this sector. The header
contains the head and sector values for the sector being
remapped on the original track.

7. Write the track headers back to the drive,

Advantages of Cylinder Sparing

Cylinder sparing uses less disk space for remapping bad sectors.
You may decide to allow only 10 spares for a drive with 20 heads.
Sector slipping is less efficient as it requires a minimum of 20
sectors per cylinder for this drive (one per head).

Disadvantages of Cylinder Sparing

Cylinder sparing is slower than sector slipping. The 752 looks for
the requested sector for one revolution plus one sector on the
original track; then it switches to max head and looks for another
revolution plus one sector. This method takes up to three
revolutions to transfer one track of information (assuming only one
bad sector).

Irack Remapping
The 752 remaps an entire track to another location on the same disk

drive by writing the defective track's headers with a code and new
disk address.
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8.3.3.1 Track Remapping Procedure
1. Read and save the defective track's headers.

2. Allocate space for a write track headers buffer. Each header
has O0CCH in the second byte. The first, third, and fourth
bytes ocontain the new Head, Cylinder High, and Cylinder Low.
Write this information to the defective track with a Write
Track Headers command. See Figure 8-9.

3. Write the track headers that were read in Step 1 to the
destination track with a Write Track Headers command.

8.3.3.2 Advantages of Track Remapping

Track remapping is useful in sparing tracks with very large or
multiple defects.

8.3.3.3 Disadvantages of Track Remapping

Track remapping is relatively slow as the 752 must seek to the
first track and then determine if it has been remapped. Then the
752 seeks to the spare track area (usually at the end of the disk).
This sequence can add up to four revolutions to the 752 overhead.

8.3.4  Recommended Remapping Procedure

Xylogics recommends using all three methods of defect mapping.
Allowing one spare sector per track takes care of 95% of the media
defects. An additional 0.2% of the sectors on the cylinder to be
spared on the last head provide up to 99% remapping. Allowing
three or four tracks for remapping should provide a defect-free
media. Allocating this amount of disk space for defect handling
totals 2% of the media. Having two spares per track on the same
drive (a Fujitsu Eagle with 512-byte sectors) uses 4% of the media.

8.4 CHAINING AND MULTIPLE I/O REQUESTS

The 752 has two ways of speeding up multiple IOPB execution. One
method allows the driver to chain IOPBs together, and then give the
752 a command-chain. The second method allows the driver to add
IOPBs to the 752's queue by the same procedure as starting the
first IOPB.

Rev. A, June 15, 1987 105



XYLOGICS 752 Disk Controller User's Manual

8.4.1  Chaining
Each IOPB has a Chain Enable (CHEN) bit and a Next IOPB pointer,
IOPBs can be chained together by setting CHEN and having the Next
IOPB pointer point to the next IOPB to be executed. Each IOPB in
the chain points to the next, and, in order to stop the chain, CGHEN
is not set in the last IOPB.
NOTE

The Next IOPB Address is the physical address, not the
virtual address.

8.4.2  Multiple I/0 Requests
The following procedure allows you to add IOPBs to the 752 queue:

1. AIOP must be clear. If it is not clear, wait; it normally
clears within 100 microseconds (see Sections 3.3.2 and 4.2.1).

2. Write the five IOPB address registers to point to the beginning
of the IOPB (chain).

3. Write AIO.

8.4.3 152 Operation

The 752 treats IOPBs the same, regardless of how they were added to
the queue. Overlap seeks function only when they are enabled and
the 752 is working with a queue or chain of IOPBs.

8.5 ERROR RECOVERY

The 752 may autamatically retry operations that have errored. Two
options are available. One option involves retrying drive fault-
and seek-type errors. The other option involves the retry
algorithms for ECC recoveries, The Read and Write Controller
Parameters commands enable or disable these options.

8.5.1  Automatic Operation Retry
The 752 autamatically retries an operation if the reason for the

initial failure is a seek error or drive fault. Setting ASR with a
Write Controller Parameters command enables this option.
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8.5.2 ECC Error Recovery

ECC algorithms have a much better chance of recovery if the 752
retries the operation before using the ECC correction. The 752
retries the Read operation once before applying the ECC correction
if RBC is set. Set RBC with a Write Controller Parameters command.

There are three options for applying ECC correction. Using Mode 0,
the 752 provides the correcting pattern and offset for the driver
to go and correct the actual error in memory. Mode 1 flags the
fact that an error occurred, but does not stop the transfer to
calculate any correction information. Mode 2 calculates the
correction information and applies it to the data in host memory.

8.5.3 Using the Error Recovery Options

(hanging the appropriate controller parameter enables or disables
the error recovery options. Once set, the 752 takes care of
applying the retries as requested. The 752 provides a completion
status to indicate a recovery operation took place. The driver
applies the ECC correction if ECC Mode 0 is used., If a retry
fails, the Campletion Code reflects the fatal error.

8.6 MAINTENANCE MODE

Firmware supports a non-IOPB driven Maintenance mode. It allows
you to perform basic testing within the 752 by setting Control bits
in the CSR and entering the desired test number and data through
the address registers. This firmware also provides a window
through which internal registers may be examined or modified.

8.6.1 Register Use in Maintenance Mode

The Function Code in the Test Number Register determines whether or
not the 752 uses the Input Data Byte and Output Data Byte Registers
(see Table 8-1). Familiarize yourself with the Control and Status
Register before reading this section (see Section 3.3).

E

L it

Test Number or Function Code
Input Address Low

Input Address High

Input Data Byte (If Required)
Output Data Byte (If Required)
Control and Status Register
Fatal Error Register

Dwo~NUOTwH

Table 8-1. Register Use in Maintenance Mode
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8.6.2
8.6.2.1

8.6.2.2

8.6.2.3
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Maintenance Mode Protocol
Executing a Maintenance Command or Entering the Maintenance Mode

First, set the Maintenance Mode (MM) and AIO bits. This forces
entry into the maintenance kernel. The kernel initializes the CSR
and Poll mask and sets the Remove IOPB (RIO) bit; then clear RIO.

The kernel expects the Input Address Low Register to contain a
maintenance test number or function code for execution. Data may
be expected or may be returned (see register layout).

BUSY and AIO are configured for polling, Setting BUSY and AIO
selects the register image test; clearing BUSY returns control to
the maintenance kernel.

AIO causes the maintenance firmware to read and decode the command
string from the Input Address Registers. After successfully
decoding the command string, the firmware echoes it (command,
address, and data) to the Output Address Registers and clears AIO.,
This acknowledges receipt of and attempts to execute the requested
command., After completing the requested command, the 752 updates
the Output Address Registers with test-pertinent data and sets the
RIO bit. The AIO/RIO protocol is identical to Normal mode. (RIO
indicates the end of firmware involvement and valid contents in the
Output Address Registers.)

Since each test and its expected results are different in nature,
the Output Address Registers hold the test result information
(address, data, etc.). In any case, the firmware sets RIO upon
command completion; it sets the Fatal Error bit if a failure occurs
or if host software issues an illegal command.

Exiting the Maintenance Mode

To exit the Maintenance mode, clear MM and RIO, and set AIO. This
returns control to the Normal mode kernel. The 752 acknowledges by
setting RIO.

Diagnostic Considerations

The Input/Output Address Register Verify is the first test the
diagnostic should execute.

Firmware flags the power—up self test failures by setting the Fatal
Error bit while leaving the Maintenance mode bit set., Firmware
saves the self test error numbers internally until it verifies the
Input and Output Registers. .
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8.6.2.4 Register Tests

You must request entry into the Maintenance mode to invoke the
Register test., After the firmware acknowledges the request, you
should set BUSY. BUSY remains set during this test.

NOTE

You must enter the Maintenance mode as a separate step
because the Normal mode firmware does not allow setting
BUSY (defined as RMM when Maintenance mode is enabled).

Writing the Input Address Registers, followed by AIO, signals the
firmware to copy the data to the Output Address Registers.
Firmware sets RIO when it completes the copy. Host software should
then clear RIO.

Clearing the BUSY bit exits this test and returns the 752 to
Maintenance mode.

8.6.2.5 Test Variables

Same of the internal tests require the address and data to perform
their particular function. On—board memory has space allocated for
this data. These locations are loaded with default values for
initial use. However, you may alter these variables through the
Manual mode. (As the internal tests are defined, the protocol and
results expected will be made available.)

8.7 MULTTPROCESSOR SUPPORT
The 752 has several options that make multiprocessor environments

easier to support: the programmable interrupt vector, interrupt
level, register address modifiers, and busy semaphore.

8.7.1 Interrupts
Each IOPB specifies the interrupt level and vector for that

command. In a multiprocessor environment, each processor can have
its own assigned interrupt level and vector.
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8.7.2

8.7.3

8.8

8.8.1

8.8.2

Register Busy Semaphore

RBS allows multiple processors to share the registers without
colliding. Hardware supports the RBS bit. The register access
protocol involves reading the CSR. If RBS is clear, the host has
control of the register, and retains control until it clears RBS in
the Control Register. If the first read to the Status Register
indicates that RBS is set, then another host has control of the
register and this host must wait until RBS clears.

The 752 sets RBS immediately after a host reads the CSR. If a host
attempts a read, and RBS is clear, the 752 sets RBS; any successive
reads by other hosts will "see" that RBS is set. When the host
using the registers is done, it must clear RBS. Clearing RBS and
setting AIO can occur in the same register write., Clearing RBS
without having control of the registers violates the register
protocol.

Address Modifiers

The address modifiers can be used to assign separate address space
for each of the processors.

SOFTWARE CONTRQL

The 752 has many parameters that can be modified by software
control. The parameters can be set in bulk with three write
parameters commands: Write Format Parameters, Write Drive
Parameters, and Write Controller Parameters.

Modifying a Single Parameter

The best method for modifying a single parameter (assuming the 752
was previously set up) is to first execute a read parameters
command for the associated parameter block, modify the single
parameter, and then write the parameter block back to the 752.

Modifying a Group of Parameters

Use the same method as in Section 8.8.1, or set all the parameters
in the specific IOPB and execute the appropriate write parameters
command, For example, Fields 1 through 7 and the interleave factor
must be set to the appropriate values before issuing the Write
Format Parameters command. The 752 sets all parameters to the new
values contained in the IOPB.
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8.8.3 Parameter Reference Point

After the 752 is working as intended, read the parameters and save
the information for future use.

8.9 SCATTER/GATHER

The Scatter/Gather feature is used in conjunction with standard
Read and Write commands. 1In a Scatter Read, the 752 transfers the
data to up to 32 blocks of memory. Gather Writes gathers data from
up to 32 blocks of memory and writes it to the disk. The size of
each memory block must be an even byte count and less than
64K-bytes long. The blocks may be scattered throughout memory.

8.9.1  Scatter/Gather Link List

You can determine the length of the linked list by multiplying the
number of elements in the list by 8 (each element is 8-bytes long).
All data addresses must be on word boundaries and the byte count
must be even. For Read and Write operations, enter the number of
elements in the linked list into Byte 6, bits 3 through 7. A zero
in this field indicates the linked list has 32 elements.

1 00-01 Byte Count (Multiples of 2)

02 Reserved

03 Data Address Modifier

04-07 Data Address (Word Boundaries Only)
2 08-09 Byte Count
n XX

Table 8-2. Scatter/Gather Link List
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8.9.1

8.9.2

Scatter/Gather Link List (continued)

0 32
1 1
2 2
9 9
A 10
B 11
1E 30
1F 31

Table 8-3. Link List Field Values

Setting Up a Scatter/Gather Transfer

The Data Address and Modifier bytes in the IOPB should now point
to the start of the linked list., The linked list length field
should give the total number of elements on the list,

Elements of memory descriptors comprise the linked list. Each
element describes the starting address and the length in bytes
of the memory block. The sum of the byte count of all the
elements in the linked list must equal the sector count times
the sector size in bytes.

The IOPB and Linked List in Figure 8-10 illustrate a Read
transfer to 6 blocks of memory. The sector size in this case is
512-bytes per sector; we are transferring 3 sectors of
information. The 752 transfers the first 16 bytes of data from
each sector to a separate data buffer. It scatters the bulk of
the data, 512-bytes per sector, into memory as 3 blocks having
512 bytes each.

Set SGM and execute the IOPB in Figure 8-10.
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8.9.2

8.9.3
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Setting Up a Scatter/Gather Transfer (continued)

7 6 5 4 31 2] 1] o

00 | ERRS| DONE] CHEN | scM COMMAND -
01 COMPLETION CODE =
02| pPB | sr | CSE | wrpT| DELT | skER| oncL [prDY | -
03 INTERNAL STATUS -
04 SUBEUNCTION -
o5 | rxxp | RDP | PSEL | 0 UNIT =
06 LINKED LIST LENGTH INT LEVEL -
07 | INT VECTOR -
08 | COUNT HIGH -
09 | COUNT Low -
0A | CYLINDER HIGH =
0B | CYLINDER LOW -
oc | HEAD .. -
oD | SECTOR -
OE 0 DATA / LINK ADDRESS MODIFIER -
OF 0 NEXT I0PB ADDRESS MODIFIER -
10 | DATA / LINK ADDR HIGH -
11 | DATA / LINK ADDRESS -
12| DATA / LINK ADDRESS =
13 | DATA /LINK ADDR LOW -
14 | NEXT IOPB ADDRESS HIGH =
15 | NEXT IOPB ADDRESS -
16 | NEXT IOPB ADDRESS -
17 | NEXT IOPB ADDRESS LOW -
18 | I10PB CHECKSUM HIGH =
19 | IOPB CHECKSUM LOW =
1A | ECC PATTERN WORD HIGH =
1B| ECC PATTERN WORD LOW =
1c | ECC OFFSET WORD HIGH =
1D | ECC OFFSET WORD LOW =
Figure 8-10. Scatter/Gather Transfers

152 Operation

SCATTER / GATHER READ COMMAND

12H
OH
OH
OH
OH
O2H
30H
OH
OH
O3H
OH
O2H
O1H
04H

19H
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH

» 00020H
00-01
02-03
04-05
06-07
00-01
02-03
04-05
06-07
00-01
02-03
04-05
06-07
00-01
02-03
04-05
06-07
00-01
02-03
04-05

06-07
00-01
02-03
04-05
06-07

LINK LIST

BC= 0010H

DAM=0004H

DAH=0000H

DAL= 1000H

BC= 0200H

DAM= 0002H

DAH = 0000H

DAL=2000H

BC= 0010H

DAM=0004H

DAH=0000H

DAL= 1010H

BC=0200H

DAM=0002H

DAH=0000H

DAL=2200H

BC=0010H

DAM=000 4H

DAH=0000H

DAL= 1020H

BC=0200H

DAM=0002H

DAH=0000H

DAL=2400H

The 752 proceeds as if doing a normal read until it starts the data

transfer into memory.
the DMA processor;
address for each element on the list.

The contents of the linked list now controls
it gives the processor the byte count and
The processor takes the data

out of the FIFO and transfers it to memory as described in each
element on the list.
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8.10

8.11

8.12

DMA THROTTLE / THROTTLE DEAD TIME

The 752 always transfers IOPBs in Word mode; it uses the last
specified values for the throttle and throttle dead time.

Host software can set the Throttle Dead Time (TDT) field in the
Controller Parameters IOPB. 'This value defines the time that the
752 waits before attempting to regain control of the bus between
throttle bursts. There are four valid TDT values.

IDT Value Time

0 microseconds
3.2 "
6.4 "

12.8 "

wphpHEHO

Table 8-4. Throttle Dead Time Values

IOPB CHECKSUM

While debugging the driver, you may choose to append the checksum
to the IOPB. The checksum is the sum of Bytes 0 through 17 in the
IOPB, and is expressed as a 16-bit quantity. The 752 generates a
checksum with the data from the IOPB and compares it to the
appended checksum; a miscompare causes a fatal error. If AUD and
ICS are set, the 752 appends a new checksum as it updates the IOPB.
If you want to disable the checksum, the Write Controller
Parameters IOPB must have a valid checksum.

FIXED/REMOVABLE MEDIA
Any physical drive with fixed and removable media, like the CDC

QD, or LMD, is accessed as one logical unit (FIXD is clear for the
removable media of Unit 0, and set for the fixed media of Unit 0).
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8.12,1 Head Offset

The head offset refers to the bit(s) that must be set during a
drive head select sequence to select between the fixed and
removable portions of the drive. Host software must specify a
headoffset value for fixed/removable drives: one for the removable
portion ot the drive, and one for the fixed portion. The offset
value is a hexadecimal number that the 752 adds to the head number
in order to select either the fixed or removable portion of the
disk. Two such fixed/removable drives are the CDC Lark and CMD.
The head offset value for the removable portion of a MD is zero;
the head offset value for the fixed portion is 10H. Reference the
appropriate vendor manual to determine the head offset values for
the fixed and removable portions of the disk.

8.13 EMBEDDED SERVO DRIVES

The 752 inherently supports embedded servo drives., Configure the
drives to seek on every head select. The 752 always waits for an
on—cylinder condition before starting a new sector.

8.14 DUAL: PORTED DRIVES

Same SMD drives have an optional second port that oconnects to a
second disk controller. ‘This allows two computers to access a
single disk drive.

Dual ported drives are requested by executing a normal Unit Select
(which is a normal controller function, invisible to the software).
Once selected, the drive port remains selected and reserved until a
Release command is issued. Deselecting the drive without a release
leaves the drive deselected but reserved, and unavailable to the
other port. If the Release Dual Port (RDP) bit is set, the 752
executes a Release command after completing the IOPB. RDP should
be set for normal transfers to a dual ported drive, unless you are
trying to lockout the other controller.

Priority Select or Trespass is available if the other controller
refuses to give up the port. This is an override command, and as
such forces connection to a port, regardless of the other port's
activity (including writing to the disk). Priority Select provides
emergency access to the disk, but you must understand that it can
clobber the disk if the other controller is updating the directory.
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8.14

8.14.1

8.15

DUAL PORTED DRIVES (continued)

Leaving the disk drive in a released state when it is not being
accessed provides equal access for both controllers.

NOTE

When using dual ported drives with read ahead, you must
configure the drive to release the port via a timeout
mechanism. If software sets RDP, the 752 prematurely
releases the port while read ahead is active. If
software must set RDP to function properly with a
particular dual ported drive, then you must disable read
ahead by setting DRA.

Software Write Access Control

Host software must control access to the drive so that the two
computers do not simultaneously write onto the same sectors or
directory. This can corrupt the file system, Software can
implement several methods for providing this control.

One control method allows one computer read/write access, and the
other only read access. A second method employs disk partitioning,
allowing each controller read/write access to its own partition,
and read only access to the other controller's partition. The most
commonly used method allows both controllers read/write access to
the files, but only one controller has read/write access to the
directory and allocation maps.

Another method for controlling drive access is to lock out the
other controller while doing a write. Clearing RDP in the IOPB
locks the other port by not releasing the first port. You have to
lock out the other controller from the time you read the allocation
map and directory, to when both are updated after the transfer.
The IOPBs from the first read to the next to the last write have
RDP clear; the last write has RDP set.

READ/WRITE HEADER, HEADER VERIFY, DATA, AND DATA ECC

This maintenance command tests the ocontroller and software driver.
It enables simulating ECC errors to verify the ECC is working. The
operation includes reading a sector with its header into memory,
modifying the data and then writing the sector back to the disk;
the 752 does not recalculate the ECC.
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8.15

8.15 .l
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READ/WRITE HEADER, HEADER VERIFY, DATA, AND DATA ECC (continued)

The data read back is either 12 or 14 bytes larger than the data
sector size (depending on EC32's status). For example, given a
512-byte sector size, the 752 returns 524 bytes if EC32 is set, and
526 bytes if EC32 is clear. Table 8-5 shows the relationship
between EC32's status and the returned data.

Byte EC32 Clear Byte EC32 Set
0-3 Header* 0-3 Header*
4-7 Redundant Header* 4-7 Header ECC
8- (n+8) Data 8- (n+8) Data

(n+8) - (n+14) 48-bit ECC (n+8)-(n+12) 32-bit ECC

* Figures 8-5 through 8-9 describe the header information
Table 8-5. EC32 vs. Returned Data

Simulating an ECC Error

To simulate an ECC error, read a sector by issuing a Read Header,
Header Verify, Data, and Data ECC command. Then change a data byte
or bit, and write the sector back by issuing a Write Header, Header
Verify, Data, and Data ECC command. Reading this sector with a
normal Read command should return an ECC error.

There are two common problems associated with simulating an ECC
error. First, the corrected data byte may be next to the one in
error. Second, the data may not be serially written to the disk as
you see it on your terminal screen. Thus, a "2-bit error" crossing
a byte boundary may be uncorrectable.

The 752 usually accesses memory in Word or Longword mode, but
corrects data in ECC Mode 2 via byte transfers. Since some bus
adapters reverse the byte addressing scheme within a word, the 752
corrects the wrong data. The only solution for this situation is
to either correct the adapter or use ECC Mode 0.

The serial data is placed on the disk with bit 0 of each byte
first, Table 8-6 shows a simulated 2-bit error crossing byte
boundaries. Since the two bits in error are really fifteen bits
apart, they may be uncorrectable. This situation can only occur
when testing because a 2-bit adjacent error refers to two adjacent
bits on the media.
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8.15.1 Simulating an ECC Error (continued)

Before Simulated Error

Memory Data: 45 67

Serial Disk Data: 5 4 7 6
1010 0010 1110 0110

Simulated Error

Memory Data: 44 E7

Serial Disk Data: 4 4 7 E
0010 0010 1110 0111

Table 8-6. Simulated 2-Bit Error Crossing Byte Boundaries

8.16 RELEASE ON REQUEST

When ROR is enabled, the 752 tests the VMEbus between each throttle
for other pending bus requests. If another request is pending, the
752 releases the bus, It there are no bus requests, the 752
remains bus master. The throttle value determines how often the
752 tests the bus: higher throttle values cause the 752 to test
the bus less frequently; lower throttle values slow down the DMA,
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SECTION 9: THEORY OF OPERATION

9.0 GENERAL

This section is an overview of how the controller works. It deals
with the functional blocks of the hardware and microcode, and how
the code affects 752 operation.

9.1 The Hardware

The 752 accommodates up to two SMD-E disk drives to VMEbus systems
using these logic blocks:

VMEbus Interface

Register Read/Mrite and Interrupt (RBEGCEL)
Microcontroller

Direct Memory Access Controller (VMEDMA)
Disk Data Buffer (FIFO)

Disk Front End (DSKCEL)

SMD-E Interface

9.1.1 YMEbus Interface

This block contains interface logic for the signals on the VMEbus.
The 752 is a VME slave for programming purposes, i.e., the register
file. The 752 is also a slave when it responds to an interrupt
acknowledge with the interrupt vector. The REGCEL performs both of
these functions. The address modifier transceiver is used by the
REGCEL (receive mode) and VMEDMA (driving mode). The 752 is a VME
master for DMA purposes; it uses DMA to read and update IOPBs and
also to read and write disk data from host memory. The VMEDMA chip
performs this function. The VME data bus is 8-, 16—, or 32-bits
wide; the VME address bus is 32-bits wide.

NOTE

The 752 uses only 16 address bits for decoding its
register addresses (it only compares 12 bits). It drives
all 32 address bits as a master. The VMEDMA updates the
lower 16 address bits while the microcontroller updates
the upper 16 address bits.

9.1.2  Register Read/MWrite and Interrupt
The REGCEL provides the program interface for the 752. The 752

uses registers to point to an IOPB to be executed, to point to a
completed IOPB, and to perform various control functions.
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9.1.2

9.1.3

Register Read/Mrite and Interrupt (continued)

The VMEbus accesses the registers via a bus that is shared between
the REGCEL and VMEDMA. There is no contention because the VMEDMA
cannot acquire the bus while a slave (register) access is in
progress. The REGCEL answers a register access by the VMEbus with
the signal DTACK. ‘The upper address bits are decoded and the
proper address modifier is required to do a register access.

The microcontroller (micro) accesses the registers via the internal
data bus. It programs the REGCEL to interrupt it if certain bits
are set in the CSR or if a timer overflows. Other conditions are
programmed to assert another interrupt to the micro.

The REGCEL also supports the VMEbus interrupt protocol. It is
programmed by the micro to assert the request line to start an
interrupt sequence. When the system responds with IACK and DSO the
REGCEL drives the interrupt vector onto the bus and asserts DTACK.
This process causes the system to execute an interrupt routine.
The interrupt service routine should clear RIO in the CSR. In this
way, the 752 passes the completed IOPB back to the system.

The REGCEL has a register for storing the address modifier that the
VMEIDMA enables onto the bus. Like the VME address, the address
modifier is pipelined. A new modifier can be loaded into the
REGCEL while a different modifier is being driven onto the VMEbus.

The REGCEL also has two timers. Timer 0 is a watchdog timer: it
expires and interrupts the microcontroller if it is not
periodically reset by the firmware. Timer 1 is a counter for
header errors. A clock comes from the DSKCEL and is asserted when
a disk header does not match the expected header. If Timer 1
overflows before the desired header is found, a Header Not Found
error results.

The Microcontroller

The 752 wuses a 16-MHz 8031 microcontroller. It fetches
instructions by asserting an address on Port 0, latching the
address with ALE-L, and reading the data from the EPROM; it reads
data into Port 0. Many of the instructions cause the micro to
access an external byte using strobe decoders and a transceiver.
Many of these external bytes are in the Xylogics LSI chips:
REGCEL, VMEDMA, and DSKCEL. External bytes are accessed through
Port 0. Port 1 is used for DSKCEL related outputs. Port 2 is used
for the upper byte of the EPROM address.

Port 3 is used for miscellaneous ocontrol signals. Inputs can all
be considered micro interrupts, although most are actually polled.
Two inputs are from the REGCEL, one from the VMEDMA, and two from
the DSKCEL.

Rev. A, June 15, 1987 120



XYLOGICS 752 Disk Controller User's Manual

9.1.3 The Microcontroller (continued)

This block also includes the internal RAM (IRAM) logic. The micro
really uses the IRAM as a scratch pad RAM; it stores the
controller, drive, and format parameters there as well as IOPBs.

The IRAM is single ported, but is used by both the VMEDMA and the
micro. Since the microcontroller starts the VMEDMA, it knows when
the IRAM is off limits for micro access. IOPBs are always DMAed in
full words for better performance.

9.1.4 Direct Memory Access Controller

The VMEDMA controls the transfer of data between the disk buffer or
IRAM, and the VMEbus. The micro programs the VMEDMA to transfer a
certain amount of data to/from a specified area in system memory.
To properly handle odd starting addresses, the amount of data is
always a sector's worth or less. In this way, the DSKCEL can be
instructed to do an even or odd address transfer on a per sector
basis. Before the VMEDMA can transfer data, it must acquire the
bus by sending out BUSREQ (which must be jumpered to one of the Bus
Request lines). The system arbiter sends back BGIN via another
jumper. The VMEDMA then asserts BUSY on the VMEbus and enables the
752 to control the VME address, data, and control lines.

A transfer involves asserting a valid address, asserting DSO and/or
DS1 and valid write data or read data, waiting for DTACK, and
proper buffer control. The order of the buffer request and data
strobe is reversed, depending on the direction of the transfer.

The DMA circuitry pipelines data to increase performance. The
pipeline allows one word of data to be transferred on the bus while
another is transferred to the buffer. In this way, the access
times of the buffer and the bus can be overlapped (except for the
first and last transfers of a burst). A prefetch primes the
pipeline, and at the end of the burst the pipeline is emptied.

The disk buffer is word wide and uses a longword wide pipeline. The
interface logic turns a VMEDMA longword request into two buffer
(word) requests., The IRAM is byte wide and uses a word wide
pipeline. The interface logic turns the VMEDMA word request into
two IRAM requests.
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9.1.5

9.1.6

9.1.7

Disk Data Buffer

The 8K-byte buffer is organized word wide. Disk data has byte
parity and the parity bits are stored in a RAM, The DSKCEL will
not start a write unless a sector's worth of data is in the buffer.
The DSKCEL will not start a read unless the buffer has roam for a
sector's worth of data. The micro tracks buffer use and starts/
stops the VMEDMA and DSKCEL as necessary.

Disk Front End

The DSKCEL is a downloadable disk sequencer. The micro loads the
disk read, write, and format programs into the DSKCEL on power up,
and modifies the programs when new format parameters are loaded or
an alternate command (such as Read Header, Data, ECC) is received.
The DSKCEL issues same SMD control signals, such as Read Gate and
Write Gate, while the micro issues others, such as Cylinder Tag and
Unit Tag. Generally, if timing is critical, the DSKCEL issues the
signal since it runs off the disk bit clock. The DSKCEL has serial
registers for FIFO data, the Header, and ECC. It performs sync bit
search, header check, and ECC check and provides status bits to the
micro. The DSKCEL interrupts the micro when done. DSKCEL Done may
mean Header Found, End of Sector, or Bad Spot Found. Generally,
the DSKCEL runs on a sector-by-sector basis, with the micro
controlling how many sectors are transferred. The micro allows the
DSKCEL to run. The program starts running when a sector or index
pulse comes in from the disk. The micro informs the DSKCEL when
the next sector involves an odd address DMA and when the current
sector is the last. The DSKCEL also performs other functions, such
as ECC correction, runt sector detection, and mid-transfer head
tags.

SMD-E Interface

This block contains interface logic for SMD Connectors. The micro
controls the tags for Unit Select, Cylinder, Head, Control
(read/write) and the Unit Select lines. Various disk status lines,
and the sector and index pulses are received and used by either the
micro or the disk sequencer. The micro controls whether the pulses
to the DSKCEL include sector pulses or just the index pulse.
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9.1.7 SMD-E Interface (continued)

The SMD interface chips require -5 volts from an on-board regulator
in order to operate properly. A drive configured as any Unit
Number, fram 0 thru 7, can be used with any port.

NOTE

When no disk unit is selected, servo clock is a free-
running 10-MHz clock. This is typically used during ECC
correction. The clock synchronizer ensures that no clock
slivers get into the DSKCEL when the Read Gate is
switched. The disk sequencer clock is servo clock
(interface clock) when writing the disk and read clock
when reading the disk. The write clock is simply delayed
servo clock.

9.1.8  Power-up

During power-up, the Open Cable Detect signal is asserted on the
drive interface. This signal disables any erroneous writes. The
bus signal SYSRESET sets the error LED (L2) and asserts SYSFAIL on
the bus. Thne micro runs its diagnostics and then clears L2 and
SYSFAIL.

9.1.9 Power-down

During power—down, the 752 responds to ACFAIL by turning off the
DSKCEL (it allows any writes to finish the current sector) and then
asserting Open Cable Detect to the drive. This sequence generates
a fatal error which cannot be reset until ACFAIL is deasserted.

9.1.10 System Reset

When the 752 detects SYSRESET, it resets its internal micro and the
three custam integrated circuits. This sequence immediately
terminates any writes to the disk (possibly leaving it with an
unreadable sector). The 752 then executes the power-up
diagnostics.

9.2  THE MICROCODE

9.2.1  The Kernel
Figure 9-1 illustrates the kernel. It is entered after the
Power-up test and initialization. It has four major functions, of

which three will be discussed. The fourth function is scheduling
DMA, and would needlessly complicate this discussion.
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9.2,2

Is AIO Set?

Each time around the kernel, the 752 tests to see if the host set
ATIO. If AIO is set, the 752 must process the AIO. This processing
entails reading the IOPB and placing it in its internal command
queue. If the queue is full, the 752 saves the address of the IOFB
so that it can later read it into the queue. The queue can
accommodate 14 IOPBs, plus a priority IOPB; the 752 saves the next
32 IOPB (chain) addresses. This function is really tested several
times in the kernel, but for simplicity Figure 9-1 shows it as a
single function.

[Power—up test ]

AlO Set?

Put I0PB (chain)
Into Start Queue

L

Start Seek If
Required

| —

Is
any I0PB
ready for
compl.

Complete Function
Update IOPB
Interrupt

|

Figure 9-1. The Microcode Kernel
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9.2.3

9.2.4

9.2.5

9.3

9.3.1

Is Start Queue Empty?

The IOPBs in the internal queue are divided into three groups:
seek not started queue, seek started, and seek complete or not
required. When first entering the queue, the IOPBs belong to the
first group, seek not started queue. This step examines the IOPBs
to determine if a seek is required. If a seek is required, and the
drive is not busy, the 752 issues the Seek command to the drive and
assigns the IOPB to the second queue, seek started. If a seek is
not required, the 752 marks the IOPB as having its seek complete
and assigns it to the third qroup, seek done or not required.

mmmmmw

The 752 checks for an IOPB in the third group, seek complete or not
required. It does this by first checking if an IOPB has a seek
done set; if not, it selects each drive in the second group, seek
started, to determine if a seek is complete. The 752 executes the
first seek done IOPB. When the 752 completes the function, it
updates the IOPB and issues an interrupt.

Queuing IOPBs for Execution
The 752 command queue accommodates 14 IOPBs. The first AIOs have
their respective IOPBs (IOPB chains) read directly into the queue

until it is full. If COP is set, the 752 reorders the IOPBs inside
the queue, so that it executes them in proper order.

As the 752 completes an IOPB, it frees up a slot in the internal
queue, and reads in a new IOPB. If COP is set, the 752 inserts the
new IOPB at the proper point in the reordered IOPBs.

PERFORMING A FUNCTION
The 752 performs each function differently. If a function requires
a seek, the 752 issues the seek and waits for it to complete before

performing the function. The following subsections group similar
functions together and explains their differences.

NOP

The NOP command verifies the 752 is operational: it reads the IOPB
from host memory, sets DONE, and posts a completion code.
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9.3.2 Normal Reads and Writes

Normal reads and writes are very similar commands regarding 752
processing. The main difference between reads and writes is which
way, and when, the data moves. On writes, the 752 DMAs the data
and begins the disk transfer when the FIFO holds one sector's worth
of data. On reads, the 752 begins the disk transfer immediately
and begins the DMA as soon as the first word is available from the
FIFO,

When enabled, the disk sequencer compares every header that arrives
under the heads with the target sector. When a header compare is
successful, the 752 also tests the header verify. If both tests
are successful, the transfer occurs on that sector. To continue
the transfer, the 752 loads the next target header so it can do a
comparison on the next sector that arrives under the heads. The
752 does not wait for index before comparing headers.

If more than one sector is specified, the 752 increments the disk
address on successive sectors. First, the oontroller increments
the sector number until it reaches the maximum sector address.
When the 752 reaches the maximum sector address, it clears the
sector aadress and increments the head address. When the 752
reaches the maximum head and sector addresses, it clears them and
increments the cylinder address. When the 752 reaches the maximum
sector, head, and cylinder addresses, the next sector causes an
Il1legal Cylinder Address error.

The 752 continues, and completes the IOPB as soon as it completes
the DMA and disk transfers, or an uncorrectable error occurs.,

9.3.3 Seeks

Depending on the subfunction, the 752 may select the drive and read
the first header that arrives under the heads. If it is a spare or
bad header, the 752 reads the next header until it gets a good one.
The 752 returns the data read in the header in the IOFB.

9.3.4  Drive Reset

This command issues a Fault Clear and then a Recalibrate (Return To
Zero) command to the drive. The 752 waits for the Recalibrate to
complete before completing the IOPB. The wait for recalibrate done
is a background task, and the contoller continues processing other
IOPBs (not on the drive being recalibrated).
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9.3.5

9.3.6

9.3.6.1

9.3.6.2

9.3.6.3

9.3.6.4

9.3.7

Rev. A,

Write and Read Parameters

Section 7 describes these functions in detail.

Extended Read and Write Commands

This section is similar to Section 9.3.2; the following subsections
detail their differences.

Track Headers Commands

The disk sequencer waits for index before determining where to
start the transfer. Track headers commands always start at index.
The number of sector headers returned equals the physical sector
count (read with a Read Drive Parameters command).

Header, Header Verify, Data, and Data ECC

The disk sequencer waits for index before determining where to
start the transfer. Header, Header Verify, Data, and Data ECC
commands use the sector address as an offset count from index when
determining where to start. The 752 increments the sector address
during a multisector transfer, but does not clear it if it reaches
max sector. The controller inhibits the Illegal Sector Address
error and does not increment the head and cylinder addresses.

Defect Map Extended

The disk sequencer waits for index, syncs up to the manufacturer's
Defect Map and reads it into memory. The 752 only executes one
track per IOPB.

Read Verify

The disk sequencer executes a Read command, and the DMA sequencer
performs as if it is doing a disk write. The 752 compares the
serial data from the FIFO/SERDES with the data from the disk. A
miscompare causes a verify failure. The 752 returns the failing
disk address in the IOPB.

Di £

The 752 executes the power—up self test.
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9.3.8

9.3.9

9.4

Read Ahead Theory of Operation

The 752, using an 8K-byte FIFO, reads data into the buffer before
the UNIX device driver actually requests it. After completing any
normal Read command, the 752 continues reading disk data into its
buffer until the buffer fills (fifteen 512-byte sectors) or
software requires a cylinder seek. If the next request to the 752
is a read for the next logically contiguous sector of data, it
transfers the data from its buffer to system memory and completes
the I/O request. The 752 temminates read ahead when it reaches a
buffer full condition, or when software requires a cylinder seek.
The controller satisfies subsequent reads from its buffer until it
exhausts all read ahead data. It completes the next Read command
with a standard disk read, and refills the read ahead buffer.

The 752 refills any buffer space freed by a Read command while the
read ahead is in process before terminating read ahead. Thus, the
752 can transfer an entire cylinder's worth of data at disk speed
even though the UNIX I/O requests may not be sent at disk speed.
Any request other than a logically contiguous read causes the 752
to flush the buffer and execute the specific command.

Dyna—throttle Theory of Operation

During a Read command, each time firmware executes the DMA
scheduler, the 752 calculates the amount of data currently in the
buffer and DMAs from one to seven sectors to system memory. This
method proves extremely efficient when transferring data previously
brought in from the disk via read ahead; it also enables the 752 to
catch up from heavy bus load periods when the DMA falls behind.
Dyna-throttle does not override the normal throttle and throttle
dead time features that tune system bus activity.

COMPLETING A FUNCTION

The 752 completes the transfer when both the DMA and disk transfers
are complete. The 752 updates the IOPB in host memory, interrupts,
and clears BUSY if all IOPBs in its queue are complete.

If an error occurs, the 752 completes the errored IOPB and
continues processing the other IOPBs.

If a fatal error occurs, the 752 finishes the IOPB(s) in process,
posts the fatal error code, and sets FERR. The host must execute a
Controller Reset before sending any IOPBs to the 752,
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SECTION 10: DRIVE INTERFACE
10.0 GENERAL
This section provides useful information for installing and

maintaining your Xylogics Model 752 disk controller.

10.1 VMEbus INTERFACE SIGNALS

Used By
Mnemonic Conn.  PRin 152  Description
A0l P1A 30 Y
A02 P1A 29 Y
AO3 P1A 28 Y
A04 P1A 27 Y
A0S P1A 26 Y
AO6 P1A 25 Y
AQ7 P1A 24 Y
A08 P1C 30 Y
A09 P1C 29 Y
Al0 P1C 28 Y
All P1C 27 Y
Al2 P1C 26 Y
Al3 P1C 25 Y
Al4 P1C 24 Y
Al5 P1C 23 Y Address Bus
Al6 P1C 22 Y
Al7 P1C 21 Y
Al8 P1C 20 Y
Al9 P1C 19 Y
A20 P1C 18 Y
A2l P1C 17 Y
A22 P1C 16 Y
A23 P1C 15 Y
A24 P2B 4 Y
A25 P2B 5 Y
A26 P2B 6 Y
A27 P2B 7 Y
A28 P2B 8 Y
A29 P2B 9 Y
A30 P2B 10 Y
A3l P2B 11 Y
AMO P1B 16 Y
AM1 P1B 17 Y
AM2 P1B 18 Y Address Modifier
AM3 P1B 19 Y
AM4 P1A 23 Y
AM5 P1C 14 Y
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10.1 VMEbus INTERFACE SIGNALS (continued)

Used By
D00 P1A 1 Y
D01 P1A 2 Y
D02 P1A 3 Y
DO3 P1A 4 Y
D04 P1A 5 Y
D05 P1A 6 Y
D06 P1A 7 Y
D07 P1A 8 Y
D08 - P1C 1 Y
D09 P1C 2 Y
D10 P1C 3 Y
D11 P1C 4 Y
D12 P1C 5 Y
D13 P1C 6 Y
D14 P1C 7 Y
D15 P1C 8 Y Data Bus
D16 P2B 14 Y
D17 P2B 15 Y
D18 P2B 16 Y
D19 P2B 17 Y
D20 P2B 18 Y
D21 P2B 19 Y
D22 P2B 20 Y
D23 P2B 21 Y
D24 P2B 23 Y
D25 P2B 24 Y
D26 P2B 25 Y
D27 P2B 26 Y
D28 P2B 27 Y
D29 P2B 28 Y
D30 P2B 29 Y
D31 P2B 30 Y
Strobes
aAs* P1A 18 Y Address Strobe
DS0* PlA 13 Y Data Strobe Zero
Ds1* P1A 12 Y Data Strobe One
DTACK* P1A 16 Y Data Transfer Acknowledge
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10.1 VMEbus INTERFACE SIGNALS (continued)

Mnemonic  Conn.  Pin

Clocks

SERCLK
SYSCLK
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P1B

P1B
P1B
P1C

P1B
P1B
P1B
P1B

P1B
P1B
P1B
P1B

P1B
P1B
P1B
P1B

P1B
P1B
P1B
P1B
P1B
P1B
P1B

P1A
PlA
Pl1A

21
10

[N

odum Smmb |l NSl

Used By
152

131

zZ2

KKK KKK KKK KZK

KKK KKK KK KK

L -

Serial Clock
System Clock

Bus Busy
Bus Clear
Bus Error

Bus Grant In

Bus Grant Out

Bus Request

Interrupt Request Levels

Interrupt Acknowledge
Interrupt Acknowledge In
Interrupt Acknowledge Out
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10.1

10.2

VMEbus INTERFACE SIGNALS (continued)

Used By
Miscellaneous
ACFAIL* P1B 3 Y AC Failure
LIWORD* P1C 13 Y Longword
RESERVED P2B 3 N Reserved
SERDAT* PIB 22 N Serial Data
SYSRESET*  PIC 12 Y System Reset
WRITE* P1A 14 Y Write
Power
+5V P1A,B,C 32 Y +5 VDC
+5V P2B 1,13,32 Y +5 VDC
45V STDBY PIB 31 N +5 VDC Standby
+12V P1C 31 N +12 VDC
-12v P1A 31 N -12 VDC
GND P1A 9,11,15,17,19 Y Signal Ground
GND P1B 20,23 Y Signal Ground
GND P2B 2,12,22,31 Y Signal Ground
GND P1C 9 Y Signal Ground

EXTENDED STORAGE MODULE DRIVE INTERFACE
Several different pin-numbering systems define the SMD-E interface.
This section lists both CDC's method, and the industry standard
(STND) . (Physically, the cables are ribbon cables with crimp
connectors on each end.)

NOTE

Xylogics follows the industry standard for pin-numbering.
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10.2 EXTENDED STORAGE MODULE DRIVE INTERFACE (continued)

Name Cable Pint/- Pint/-
60,6 SIND
Unit Select
Unit Select Tag A 52/22 44/43
Unit Sel. Bit 0 A 53/23 46/45
Unit Sel. Bit1 A 54/24  48/41
Unit Sel. Bit 2 A 56/26 52/51
Unit Sel. Bit 3 A 571/21 54/53
Open Cable Det. A 44/14 28/21
Unit Selected B 09/22 17/18
Unit Ready A 49/19  38/37
Control
Tag 1 A 31/01 02/01
Tag 2 A 32/02 04/03
Tag 3 A 33/03 06/05
Pwr. Seq. Hold A 59 58
Sequence Pick In A 29 57
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Initiates a unit select
sequence along with the Unit
Select bits.

These binary weighted
signals determine which
drive (out of sixteen) the
752 selects.

The 752 uses this signal to
deselect the drive in the
event of power failure.

A "B" cable signal; the
drive has been selected.

The selected drive is up to
speed; the heads are loaded,
and not faulted.

Cylinder Select Tag; the
drive seeks to the cylinder
selected by Bus bits 0-10.

Head Select Tag; the drive
selects the head specified

Control Tag; the drive
executes the function
defined by Bus bits 0-9.

Used for power—sequencing
with Remote/Local; always
enabled on the 752.

Used for power—-sequencing
with Remote/Local; always
enabled on the 752,



XYLOGICS 752 Disk Controller User's Manual

10.2 EXTENDED STORAGE MODULE DRIVE INTERFACE (continued)

Name

Bus Bit O

Bus Bit 1

Bus Bit 2

Bus Bit 3

Bus Bit 4

Bus Bit 5

Bus Bit 6

Bus Bit 7

Bus Bit 8

Bus Bit 9

Bus Bit 10

Clocks and Data
Index

Read Clock

Read Data
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Cable

A

Pint/-
e
34/04
35/05
36/06
37/07
38/08
39/09
40/10
41/11
42/12

43/13

60/30

48/18
17/05
16/03

134

Pint/-
SIND

08/07

10/09

12/11

14/13

16/15

18/17

20/19

22/21

24/23

26/25

60/59

36/35
08/09
06/05

] .
Write Gate Enable or bit 0
of head or cylinder.

Read Gate Enable or bit 1 of
head or cylinder.

Servo Offset (+) or bit 2 of
head or cylinder.

Servo Offset (=) or bit 3 of
head or cylinder.

Fault Clear or bit 4 of head
or cylinder.

Address Mark Enable or bit 5
of head or cylinder.

Recalibrate or bit 6 of head
or cylinder.

Data Strobe Early or bit 7
of head or cylinder.

Data Strobe Late or bit 8 of
head or cylinder.

Release or bit 9 of head or
cylinder.

Bit 10 of cylinder address.

Pulses for every index mark.
Synchronizes read data.

Reads data from drive.
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10.2

EXTENDED STORAGE MODULE DRIVE INTERFACE (continued)

Name

Cable

Clocks and Data (continued)

Sector

Servo Clock

Write Clock

Write Data

Status
Address Mark

Busy

Fault

On—cylinder
Seek End

Seek Error

Write-protect
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A

Pint+/- Pint/-
[00.¢ SIND
55/25 50/49
14/02 02/03
19/06 12/11
20/08 14/15
50/20 39/40
51/21 42/41
45/15 30/29
47/17 34/33
23/10 20/19
46/16 32/31
58/28 56/55
135

L ipti

Pulses for every sector
(except during index).

Synchronizes write data.

Clock sent to drive with
synchronized write data.

Write data sent to drive.

The drive
sector mark.

encountered a

One port is busy in a dual
port drive.

The drive is faulted.

~ The drive is on—cylinder.

The drive completed a seek,
or loaded the heads.

The drive has a seek error.

The drive is
write-protected.
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