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5.9 EXTENDED READ
5.9.1 Extended Read Subfunction Code

QODE  DESCRIPTION

40 READ CONTINUOUS: allows the 772 to read records of
unlimited size. IOPBs must be chained or queued for this .
feature to work. All data addresses must be on a word
boundary, and the byte count must be even. When the 772
completes the byte count of the first IOPB in a chain, it
decodes the next IOPB, and begins the transfer where the
first transfer left off. If software fails to supply the
next IOPB in time for the 772 to decode it, the FIFO
overflows with data from the tape record, and a Continue
Reload error occurs. Terminate Read Continuous with a
standard Read command or a Continue Reload error will
occur. Using a circular buffer scheme helps compensate
for the large memory this feature requires.

READ CONTINUOUS

7 a 3 2 | v ] o
o1 NIl COMPLETION CODE LL NIl lﬂll I
0z NILHER I[=Ls RLL Frk il Peto] "lsoi N wer
os HLGc/R Jlll[kiso ]| rew |(lllLoesv J{llIFasv Ji[lil orroV ]l ONLIN/H
7.

Y SUBENETION Lo :J;o 0000000
0s 0 3 Lg—tg—-] 0

{LINK'LIST LENGTH INTERRUPT LEVEL)//]

o7 INTERRUPT VECTORY /7]

w7777 fessesatieny, 77
o |l u.”. LAST RECOVERED/IGNORED ERRORS

08 u COUNT OF RECOVERED/IGNORED ERRORS

:, l “H [ACTUAL COUNT LOW] ﬂ
o ] ATA OR LINK ADDRESS M0DI

o [EEE]] o NEXT 1075 ADDRE S TODIF ¥

DATA OR LINK ADDRESS HIGH

DATA OR LINK ADDRESS A‘
DATA OR LINK ADDRESS LO
NEXT 1GPB ADDRESS HIGH
NEXT 10PB ADDRESS
NEXT 10PB ADDRESS
NEXT |OPB ADDRESS LOW
2. 410PB CHECKSUM HIGH
OPB CHECKSUM LOW

Optionally ummumum Returned
Required Value

m FR::‘::::uhon
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5.10 DIAGNOSTICS
The 772 provides both on-board self test diagnostics as well as
drive-specific tests and functions. ,
5.10.1 Diagnostic Subfunction Codes
CODE DESCRIPTION
00 SELF TEST: the 772 executes the on-board Self Test code;
it reports errors from this test in the Fatal Error
Register (See Section 6). You can only use Self Test with
a single priority IOPB (i.e., no chaining, and no IOPBs in
the 772 queue).
SELF TEST
7 6 5 a4 s | 2 | 1] o
o0 eres ||[Moone it [cren] | (ssm) |77 /[ command caoe -5 17777~
or | [COMPLET ION CODE |
: w!u M 444y - v
oz |ILHER CER RLS RLL FMK PEID EQT] WwPT
o [ c/nr HISD BOT “Rew ||[I|{ oesy |l Fesy J{{l{{orrOv | [{{l oncin
{ RS | SecsAl ) || A=A I
04 L SN QO - 00 [
o 0 [ 3
06 [UINK LIST LENGTH [/ JINTERRUPT LEVELY )
07 INTERRUPT VECTOR}/
08 [REQUESTED COUNT HIGH |
09 [REQUESTED COUNT LOW |
oA [LAST RECOVERED/IGNORED ERRORS |
08 {COUNT OF RECOVERED/IGNORED ERRORS |
o [ACTUAL COUNT HIGH |
o . [ACTUAL COUNT LOW]
o 0 [DATA OR UINK ADDRESS MODIFIER]
or HAPRID 0 [NEXT 10PB ADDRESS MODIFIER |
10 [DATA OR LINK ADDRESS HIGH |
" [DATA DR LINK ADDRESS]
12 [DATA OR LINK ADDRESS]
'3 [DATA OR LINK ADDRESS LOW |
14 [NEXT 10PB ADDRESS HIGH |
15 NEXT I0PB ADDRESS
" NEXT 10PB ADDRESS
17 NEXT 10PB ADDRESS LOW
18
19
7 Required Optionally MHHM Returned
//////A For Execution Required Value
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5.10.1 Diagnostic Subfunction Codes (continued)
CODE  DESCRIPTION
40 LOOPBACK TEST: issued to the tape drive formatter as a
Write command, but the tape is not written. The data
received is routed through the write logic of the drive
formatter, back through the read logic of the tape drive
interface, and then back to the read logic of the 772. The
772 checks the parity of the read data, but does not store
it, Use this tape drive diagnostic to check the
formatter's read and write functions., Only certain tape
drive manufacturer's support this command.
LOOPBACK TEST
7 6 a 3 | 2| ] o
oo lLEres Jiffiloone son] V7 Jcommano ook =91
o1 | COMPLET ION CODE
oz [LLEHER CER RLS RLL FMK PEID EOT wPT
os lsc/nrYlIHiso [l sot il =ew Jilll[ossY [[{l]LFasy JIi{(orROY Jjjj[onL N
04 oz {SUBFUNCTION CO0E - 20777 Z
-
" o [ )57
06 [LINK LIST LENGTH | [/ /[INTERRUPT LEVEL 2,
o (INTERRUPT VECTOR/
08 REQUESTED COUNT HIGH 7
09 [REQUESTED COUNT LOW |
oA [LAST RECOVERED/IGNORED ERRORS |
08 [COUNT OF RECOVERED/IGNORED ERRORS |
o [ACTUAL COUNT HIGH |
o . [ACTUAL COUNT LOW]
o 0 DATA OR LINK ADDRESS MODIFIER
oF 0 NEXT I0PB ADDRESS MODIFIER
10 DATA OR LINK ADDRESS HIGH
" DATA OR LINK ADDRESS
'z DATA OR LINK ADDRESS 7
'3 DATA OR LINK ADDRESS LOW
14 INEXT 10PB ADORESS HIGH
5 NEXT 10PB ADDRESS
16 NEXT |0PB ADDRESS
. NEXT 10PB ADDRESS LOW
8 0PB CHECKSUM HIGH
19 OFB CHECKSUM LOW
7 Required Optionslly Mﬂm Returned
//////A For Execution Required Value
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5.10.1 Diagnostic Subfunction Codes (continued)
CODE DESCRIPTION
41 SECURITY ERASE: the drive erases the entire length of tape
to EOT; then software must issue a Rewind command, This is

commonly used to erase a tape that has old data or to
retension the tape on the tape reel.

SECURITY ERASE

7 a 3 | 2 ] o
00 IERRS. /] COMMAND CODF;.}; g
o NI Fconmsﬁnolr::_s‘cl:gsl _
G2 HER I ) RLS ?.E.L.. | I FMK | PEID I :E::C::T:
03 |[fLGC/NR BOT 1|} {|EREWHiI}[{ DBSY I/} { FBSY JI[fi{ ORROY JIj | ONLIN
04 T2 4SRN e a7
05 0 BHT o Pz w7
06 [LINK LIST LENGTH [/ /JINTERRUPT LEVEL) /]
. INTERRUPT VECTOR
0 [REQUESTED COUNT LOW |
oA m
o8 [COUNT OF RECOVERED/IGNORED ERRORS |
« [ACruL counT ion]
o . [ACTUAL COUNT Low]
OF 0 DATA OR LINK ADDRESS MODIFIER
oF | o |
"
N [GATA OR LNk ADORESS]
2 [DATA OR LINK ADDRESS)
' [DATA OR LINK ADDRESS LOW |

14 [NEXT 10PB ADDRESS HIGH]
s Bl el e e

16

17 B s e NEXT 10PB ADDRESS LD
18

19

2222 For trscution

Optionally mm[mm]m] Returned
Required Velue
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5.11

Dacr

n

ABORT

The 772 aborts IOPBs by unit number and interrupt level. The IOPB
must specify which unit number and interrupt level to abort. The
772 returns all IOPBs chained or queued with an Abort By Command
error; it does not abort the IOPB currently in process. Use this
command when error recovery procedures fail to clear a hard error
condition.

ABORT
7 6 4 s ] 2| 1] o
0o [ILERRS DONE | son] |7/ [Conmano Cove= AL
o1 it COMPLETION CODE
o2 WLHER BT cer 11T mLS RLL I GEE
os lLGC/nR llll[HisD BOT REW [FBSY

04 000000000 ﬂsuawwcnuncoos N
05 ° BHT ////////W//

[LINK LIST LENGTH | / leTERRUPT LEVEL

[REQUESTED COUNT HIGH |

Z: [(REQUESTED COUNT LOW

o [LAST RECOVERED/IGNORED ERRORS |
o8 [COUNT OF RECOVERED/IGNORED ERRORS
oc [ACTUAL COUNT HIGH |

ob [ACTUAL COUNT LOW]

O
"
3 [DATA O Link AbDRESS]

12 [DATA OR LINK ADDRESS]

. [DATA OR LINK ADDRESS LOW ]

14 NEXT 10PB ADDRESS HIG

s NEXT 10PB ADDRESS

6 NEXT 10PB ADDRESS

'y NEXT |0PB ADDRESS LOW

s Bai 0PB CHECKSUM HIGH

o i OPB CHECKSUM LOW

(72 ¢ txesation

Optionally MMHHH Returned
Required Value

Tialer 22 1QQK AR
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5.12 SET DRIVE PARAMETERS

This command allows you to change a single drive parameter, via
Subfunction Codes, without having to set up all parameters as in
the Write Parameters command, The Subfunction Codes use the
parameter information already present in the IRAM that were
initially written with the Write Drive Parameters Command.

SET DRIVE PARAMETERS

7 a | 3 | 2 1 0
00 WLERRS: seM| b7/ /JcormaNo cooe =817 )
or L|LcorPLeT 10N cape | *
03 BOT Hill REW DBSY FBSY | DRRDY
04 SUBFUNCT ION
05 0 BHT ) UNIT %
06 [LINK LIST LENGTH | - P interrupT LeveL]
07 INTERRUPT VECTOR
08 {REQUESTED COUNT HIGH |
09 [REQUESTED COUNT LOW ]
oA [LAST RECOVERED/IGNORED ERRORS ]
08 [COUNT OF RECOVERED/IGNORED ERRORS |
oc [ACTUAL COUNT HIGH |
o0 . [ACTUAL COUNT LOW]
o [DATA OR LINK ADDRESS MODIFIER]
OF L
‘o [DATA OR LINK ADDRESS HIGH |
y [DATA OR LINK ADDRESS]
12 [DATA OR LINK ADDRESS]
s

NEXT 10PB ADDDRESS HIGH

A A AN A AN AN AN ANAANANANA AN AN

NEXT 10PB ADDRESS f

A A AN AN AR AR AN AR

0PB CHECKSUM LOW

1970000000 0I0OIDIIPDHD OOV

Optionally mmmnmmﬂ Returned
Required Value

N &
\

Required
/% For Execution
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5.12.1

Raxr

A

Set Drive Parameters Subfunction Codes
CODE  DESCRIPTION

40

42

43

DRIVE NOP: supplies Tape Drive Status Bytes 2 and 3 with
information that is not normally returned in a controller
NOP command. This command is useful for determining drive
status during Rewind or Off-line/Unload commands.

SET LON DENSITY: selects low density for drives that use
the tape interface signal P1-36 for selecting density. The
DSB bit in Byte 8 of the Write Drive Parameters IOPB must
be set for this feature to work. The definition of low
density is manufacturer—-dependent.

SET HIGH DENSITY: selects high density for drives that use
the tape interface signal P1-36 to select density. The DSB
bit in Byte 8 of the Write Drive Parameters IOPB must be
set for this feature to work., The definition of high
density is manufacturer—dependent.

The following Subfunction Codes select combinations of tape speed
and interrecord gap length. Typical tape speeds are combinations
of 12,5 1IPS, 25 IPS, 50 IPS, 75 IPS, 100 IPS, 125 IPS and 200 IPS;
the manufacturer normally supports a selection of two tape speeds.
Normal interrecord gap length (IRG) is a function of the density
selected., For example, 1600 BPI has a normal IRG of .6 inches;
6250 BPI is .3 inches, Long IRG is typically double the normal
size; consult your drive manual.

CODE  DESCRIPTION

48
49
AA
4B

SET LOW SPEED AND NORMAL GAP.
SET HIGH SPEED AND NORMAL GAP.
SET LOW SPEED AND LONG GAP.
SET HIGH SPEED AND LONG GAP.

The Set BPI commands use the values written into the IRAM from the
last Write Drive Parameters command.

CODE

44
45
46
47

DESCRIPTION

SET 800 BPI.

SET 1600 BPI.
SET 3200 BPI.
SET 6250 BPI.
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5.13 COMMAND PASS THROUGH TO DRIVE

This command allows the 772 to support any manufacturer's method of
selecting a feature. The 772 allows you to directly interface the

tape drive command lines.

COMMAND PASS THROUGH TO DRIVE

a | s | 2] 1+ ] o

son] V) o co st

'COMPLETION CODE I
RLL TTMEFFiK peip J[[llllI(€oT

..........

...........

REW oesy |[lfi[ Fesy J|lfj orRrOY

gz 0000000 SUBFUNCT ION CODE = 40 000007
os 0
06 0 INTERRUPT LEVEL /]
or Y2227/ 4 NTERRUT VECTOR W
08 0 BYTE COUNTA

NEXT 10PB ADDRES

NEXT 10PB ADDRESS

NEXT 10PB ADDRESS LO

0200000 R e

PB CHECKSUM HIGH]:

000020 o

PB CHECKSUM LO

Optionally [mmml]mnn Returned
Required Value

W ?:g:i):::uuon
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6.0

6.1

6.1.1

Rav.

A.

SECTION 6: ERROR PROCESSING

GENERAL

This section describes how the 772 handles error conditions and
suggests error recovery procedures for the device driver.

ERROR REPORTING

The 772 posts assorted controller and tape drive status information
in each completed IOPB. After successfully completing a command,
the 772 only updates Bytes 0 through 3 if Auto-update (AUD) is
clear, Byte 0 indicates whether the controller completed the
command and/or whether an error occurred. Byte 1 contains a
Completion Code. Bytes 2 and 3 contain tape status information.
If an error occurs, the 772 updates the entire IOPB, regardless of
AlD's status, When the 772 reports an error in the Completion
Code, do not assume that the reported error is the only failure
that occurred. Bytes 2 and 3 contain additional error and status
information that is useful in recovering from the error. Depending
on the type of command, the 772 updates other parameters upon
completion, i.e., actual count, data address, etc.

The 772 issues an interrupt (if enabled) after completing a
command. Check the Fatal Error (FERR) bit in the CSR. If FERR is
set, the controller probably did not DMA the command properly due
to a hardware failure or address alignment error (read the Fatal
Error Register to determine the cause of the error). If FERR is
clear, you can examine the completed command. Determine if the 772
executed the IOPB (DONE), and if an error occurred (ERR). If ERR
is set, read the Completion Code and two Tape Status bytes, and
execute the appropriate recovery procedure. If ERR is clear, you
still might want to examine these bytes to know the non—error tape
status (i.e., BOT, PEID, etc.).

IOPB Byte 1 (Status Byte 1)

Completion Codes follow a convention that indicates the action
required by the software driver (some Completion Codes indicate the
need for manual intervention). The upper nibble of the Completion
Code byte is the recovery code and the lower nibble is the actual
error code (See Table 6-1). Table 6-2 lists the Completion Codes
(all codes not listed in this table are reserved).
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6.1.1 IOPB Bvte 1 (Status Byte 1) (continued)

RECOVERY PROCEDURE

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

Hard Error — Reset and Retry
Hardware Error

Miscellaneous Error

Requires Manual Intervention
You're Lost

Reserved

tiduskooo\lc\.?ul-lao E
N

|

TABLE 6-1. RECOVERY CODES

ACTION QODE (HEX) DESCRIPTION

No Action / Status Only 00 Successful Completion

Non-retryable Programming 10 Density Change; Not At BOT

Errors 11 Illegal Parameters Combination
12 Cont. Gnd, Odd Addr. or Byte Count Error
13 Count Zero

14 Illegal Command

1C Illegal Scatter/Gather Length

1E Next IOPB Address Alignment Error
21 Illegal Black Hole Transfer Address

Successfully Recovered 30 Corrected Data
Soft Errors
Hard Errors — Retry 40 Hard Tape Error

41 End Of Tape Detected
42 File Mark Write Fault
43 Operation Timeout

44 DMAC Timeout ,
45 Tape Parity Error

46 FIFO Buffer Parity Error
47 Record Length Long

48 Record Length Short
49 Data Late Detected
4A Fatal DMAC Error

4B VMEbus Error

4C Continue Reload Error

TABLE 6-2. SUMMARY OF COMPLETION CODES
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6.1.1

ACTION

Hard Errors -
Reset and Retry

IOPB Byte 1 (Status Byte 1) (continued)

CQODE (HEX) DESCRIPTION

60 Drive Fault (Pertec FS Series Only)
61 Drive Not Ready

Hardware Error — No Retry 71 Firmware Failure

Miscellaneous Errors 81 IRAM Checksum Error

Requires Manual
Intervention

You're Lost

82 IOPB Aborted By Command
83 IOPB Aborted by Error

90 Tape Reel Write-protected
91 Drive Off-line

A0 Reverse Into BOT
Al File Mark Detected On Read

TABLE 6-2. SUMMARY OF OOMPLETION CODES (continued)

6.1.1.1 Completion Code Descriptions

Rev. A,

CODE(H)  DESCRIPTION

00

10

11

12

13

14

SUCCESSFUL COMPLETION -— Not an error; indicates the
command is complete and the IOPB may be removed from the

queue,

DENSITY CHANGE NOT AT BOT — Software attempted to change
the drive density and the drive was not at BOT. Rewind
to BOT and retry density change command,

ILLEGAL PARAMETERS COMBINATION —-- Software attempted to
set conflicting controller or drive parameters.

CONTINUE COMMAND ODD ADDRESS OR BYTE COUNT ERROR —— An
odd DMA address or byte count was used with the Read
and/or Write And Continue command.

COUNT ZERO — Software issued the 772 an IOPB that
required a nonzero count, but the count was zero.
Position commands require a valid count.,

ILLBEGAL COMMAND — The Command or Subfunction Code is not
valid.
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6.1.1.1 Completion Code Descriptions (continued)

REVO A'

CODE (H)
1C

1E

21

30

40

41

42

43

44

45

46

DESCRIPTION

ILLBEGAL SCATTER/GATHER LENGTH — The total byte count of
each element in the link list does not match the total

number of requested bytes (IOPB byte count).

NEXT IOPB ADDRESS ALIGNMENT ERROR — The Next IOPB
Address did not start on a 16-bit boundary; the 772 does
not execute the next IOPB.

ILLEGAL BLACK HOLE TRANSFER ADDRESS — During a Black
Hole Transfer, the data address did not start on a word
boundary when the 772 was in Word mode (or it did not
start on a longword boundary when the 772 was in Longword
mode) .

CORRECTED DATA -- The tape drive error correction
hardware corrected a single track error during a Read
command., The 772 sets ERR, but does not stop IOPB
chaining.

HARD TAPE ERROR — A data error occurred on a Read or
Write command. Retry the operation; the tape media may
be damaged.

END OF TAPE DETECTED — An EOT marker was passed in the
forward direction. It is possible to write or read data
beyond EOT. This status remains valid for all subsequent
commands in the forward direction. The EOT bit in Status
Byte 2 remains set for any operation beyond EOT,

FILE MARK WRITE FAULT — A file mark was not detected
following a Write File Mark command.

OPERATION TIMEQUT — The 772 did not complete the
requested operation within the DBSY timeout window.

DMAC TIMEQUT — The 772 DMAC controller chip did not
complete its operation within its timeout. Host memory
(DTACK) may not have responded in time. This error only
occurs if EDT is set with a Write Controller Parameters
command.

TAPE PARITY ERROR — The 772 detected a tape parity error
during a Read or Write operation.

FIFO BUFFER PARITY ERROR — The transfer failed; the 772
detected a buffer parity error,
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6.1.1.1 Completion Code Descriptions (continued)

Rev. A.

CODE(H)  DESCRIPTION

47

48

49

4A

4B

4C

60

61

71

81

RECORD LENGTH LONG — The record read was longer than the
requested record byte count; the 772 only transfers the
requested count. Readjust the byte count and retry.

RECORD LENGTH SHORT' — The record read was shorter than
the requested record byte count; the 772 only uses part
of the read buffer.

DATA LATE DETECTED — The 772 FIFO buffer overflowed
during a Read or underflowed during a Write command.

FATAL. DMAC ERROR — The DMAC stopped for no apparent
reason. The count did not overflow, the address did not
overflow, and there was no bus error.

VMEbus ERROR — The VME BERR* signal was asserted while
the 772 was bus master. BERR* is asserted by the VMEbus
timer if either DS1* or DSO* remains active on the bus
and DTACK* does not go active for longer than the
allotted time.

CONTINUE RELOAD ERROR —— During a Read/Write Continuous
operation, the next IOPB did not reach the 772 in time to
reload the tape byte counter. The 772 completes the
former transfer as a normal Read or Write operation (IRG
written). '

DRIVE FAULTED — Certain tape manufacturers report Drive
Fault errors; this error is the same as Hard Tape error.

DRIVE NOT READY — The 772 did not receive the Drive
Ready signal from the selected tape drive, The drive
cables may be improperly connected.

FIRMWARE FAILURE — Flag settings or counter values are
inconsistent with the firmware routines being executed.

IRAM CHECKSUM FAILURE — The calculated checksum from the
IRAM and its stored value did not match during the Self
Test or read parameters command, The parameters that are
in error are not necessarily in the parameters read by
this IOPB; they may be elsewhere in the IRAM. Recheck
all the programmable parameters, Any write parameters
command resets the checksum, and any subsequent read
parameters will be error free, A soft bit in the IRAM,
static, or probing the board with the power on can cause
this error. See Section 6.7.
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6.1.1.1

6.2

6.2.1

6.2.2

Rev. A.

Completion Code Descriptions (continued)

CODE(H)  DESCRIPTION

82 IOPB ABORTED BY COMMAND — An Abort command terminated
the IOPB. ’
83 IOPB ABORTED BY ERROR — The 772 aborted the IOPB(s)

because the previous IOPB errored. This code returns all
IOPBs and IOPB addresses for the unit number and
interrupt level currently in the command buffer. All
further AIO requests are blocked until the 772 returns
all aborted IOPBs.

90 TAPE REEL WRITE-PROTECTED — A Write operation was
attempted on a write-protected tape. Install the write
enable ring and try again,

91 DRIVE OFF-LINE — The selected tape drive is off-line.
Check the drive's on-line indicator and the tape reel.

A0 REVERSE INTO BOT — A BOT marker was detected while
moving in the reverse direction; tape motion ceases.

Al FILE MARK DETECTED ON READ — A file mark was detected
during a Read operation.

RECOVERY PROCEDURES

This section describes the Completion Codes and recovery procedures
in detail., See Section 5 for code numbers.,

Non—retryable Programming Errors
These errors are caused by illegal use of command parameters and

are reported back to assist you in debugging the device driver.
These errors are not retryable; you must change your program,

Successfully Recovered Soft Errors

The 772 sets ERR for this class of error, but does not stop IOPB
chaining., These are status codes only and typically do not require
any action. These errors are related to the tape media; you may
want to log them as they may indicate a developing media flaw. If
retries are enabled, Byte B contains the actual number of retries
necessary to correct the defect.
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6.2.3
6.2.3.1

Rev. A.

Hard Errors Requiring Retry
Hard Tape Error

Each drive manufacturer individually defines the cause of this
error. For many drives this error is a media defect that can
potentially be corrected with a retry. With retries enabled during
a Read, the 772 rereads the record with the error up to four times
before reporting the error. Xylogics suggests always enabling
retries unless your application requires otherwise. ‘

If retries are enabled during a Write, the 772 executes the
following sequence: after encountering a hard error, it reverses
the tape to the beginning of the record in question and issues an
Erase command (which erases three inches of tape), and retries the
Write., The controller repeats this sequence four times, erasing up
to 12-inches of tape. It is still possible that the hard error is
beyond the retry; at this point you must issue individual Erase
commands until the error is erased (See Figure 6-1). (Use this
procedure if retries are not enabled.) The 772 "sees" an erased
section of tape as an interrecord gap; it is programmer-
transparent,

SOFTWARE ISSUES ERASE COMMANDS
—_—

Q
REC % E|E |E |E [5-E < RECORD
» 4
772 RETRIES 4 TIMES. EACH "E” SOFTWARE ERASES OVER
REPRESENTS 3 INCHES OF TAPE. BAD AREA AND WRITES

RECORD SUCCESSFULLY

FIGURE 6-1. WRITE ERROR BEYOND RETRY
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6.2.3.2

6.2.3.3

6.2.3.4

6.2.3.5

Rev, A.

End of Tape Detected

This is one of the lowest priority Completion Codes; there is also
a bit that indicates EOT. EOT is the physical end of tape marker;
it indicates that all further Read or Write operations should be
terminated or limited to a small number. Since there is approx-—
imately 25-feet of tape remaining after EOT on which you can
record, only a small number (and size) of records can be handled.
Be careful, the 772 cannot keep you from running off the end of the
tape reel. Although the 772 reports an error when it encounters
EOT, it completes the entire transfer (which means your record is
straddling the EOT marker). Once past EOT, the 772 completes any
command successfully (unless another error condition occurs) with
an EOT error status. Since EOT does not necessarily indicate the
end of recorded data, Xylogics suggests writing at least two
consecutive file marks to indicate the logical end of tape.

File Mark Write Fault

The 772 returns this code if a hard error condition occurs during a
Write File Mark operation. Like writes, this operation can be
retried up to four times by erasing. Retry failures are unlikely,
unless the media is in very poor condition.

Operation Timeout

An Operation Timeout indicates that the signal Data Busy (DBSY)
from the tape drive did not go active within the controller's set
time period. Retry the operation. If the same error occurs, it is
possible that the tape drive is malfunctioning. Most non—cached
tape drives time out DBSY within .25 seconds; if an Operation
Timeout occurs with this type of drive it is likely the drive has a
problem., Tape drives with cache memories can also cause this
error. These drives delay Data Busy when flushing the cache or
utilizing retry algorithms, causing the 772 to time out. Setting
the 772 Data Busy Timer to a higher value avoids this condition.

DMAC Timeout

The 772 DMA controller timed out during the tranfer. The same
rules that apply to the VMEbus error apply to the DMAC Timeout (the
difference is the 772 is doing the detection, not the bus monitor.
See Section 6.2.3.12).
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6.2.3.6

6.2.3.7

6'2.3.8

6.2.3.9

Rev. A.

Tape Parity Error

The tape drive reported that one of the bytes of data transferred
was bad. The 772 completed the entire transfer but the data
integrity is suspect. Parity errors can be caused by marginal tape
media or foreign matter on the media or heads. Xylogics recommends
first rereading/rewriting (or just retrying) the record. If the
error persists, try cleaning the tape drive heads.

Many tape manufacturers enable read data and parity during Write
commands. This is not a problem, except certain manufacturers
define these lines as invalid during Write operations. 1In this
case, enable the IPOW bit with a Drive Parameters command; this
turns off parity checking during Writes.

FIFO Parity Error

The 772 detected a parity error during a data transfer to or from
the FIFO buffer; it completes the entire transfer, but the data
integrity is suspect. Retry the transfer. If the error persists,
it is likely there is a FIFO hardware malfunction.

Record Length Long

This error only occurs during Read operations. The record being
read is larger than the byte count issued in the command. The 772
can report this error in both the Completion Code and Tape Status
Byte 1 (RLL). Since the 772 only transfers the requested number of
bytes, you must reread the entire record. First, position the tape
to the beginning of the record with a Skip Record Reverse command.
Next, readjust the byte count to the maximum allowable byte count
because you may not be sure of the record's size. Issue the
command, and expect to get a Record Length Short error (make sure
no other error occurs). The actual count byte field indicates the
size of the record transferred. This helps you determine where the
next buffer begins. Use this procedure when reading tapes
containing records of unknown size; it won't work if the record is
larger than 64KB (then you must use the Read Continuous command).

Record Length Short

This error only occurs during Read operations. The record being
read is smaller than the byte count issued in the command. The 772
can report this error in both the Completion Code and Tape Status
Byte 1 (RLS). Since the entire record was read, it is not
necessary to retry the Read operation. You may want to adjust the
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6.2.3.9

6.2.3.10

6.2.3.11
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Record Length Short (continued)

data address of the next Read to keep your buffers contiguous, or,
if all the records are of similar size, readjust the byte count
field to match the actual count, If you know the byte count is
correct, and the 772 reports a Record Length Short error, the tape
heads may need cleaning.

NOTE

If the record read contains an odd number of bytes, the
last byte transferred is duplicated and written to memory.
This is done intentionally due to certain hardware
requirements., Writing this extra byte should not affect
you (you initially allocated a larger buffer and the 772
does not report this byte in the actual count).

Data Late Detected

During a Read operation, this error indicates that the 772 FIFO
buffer overflowed. This means the DMA was unable to keep up with
the tape drive's data rate, The entire record must be reread if
this error occurs: position the tape to the beginning of the
record with a Skip Record Reverse command, then reissue the Read.

During a Write operation, this error indicates that the 772 FIFO
buffer underflowed. This means the 772 received a Write command,
but the data from memory did not arrive in the FIFO, and the tape
started; in this case, set the Write Wait DMA (WWD) bit with a
Write Controller Parameters command. Setting WWD delays starting
the tape until data reaches the FIFO. Another condition could be
that some, but not all, of the data for the record did arrive in
time (before the FIFO emptied). Either way, the 772 writes same
data to tape, requiring a Skip Reverse before retrying the Write,

If this condition persists, there is a bottleneck occurring on the
DMA. This happens if the 772 DMA throttle value is too small, or
if other DMA devices tie up the bus,

Fatal DMAC Error

The DMAC reported a 16-bit address overflow when not expected or
did not overflow when expected. This is a 772 malfunction. Retry
the operation. If the error persists, issue a Controller Reset and
retry the operation. If a Controller Reset does not clear the
condition, then there may be a hardware malfunction.
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VMEbus Error

A VMEbus error occurred while the 772 was bus master., The bus
transfer did not complete because the Address, or Address Modifier
was wrong (no memory at the address specified), or a longword
transfer was attempted to word memory. Retry the operation. If
the condition persists, issue a Controller Reset and retry. If a
Controller Reset does not clear the condition, then a system reset
is necessary or same other piece of system hardware is failing.

Continue Reload Error

Software's inability to keep commands coming in before they are
necessary causes this error. The 772 treats the last successful
Continuous command as a standard read or write. This error should
not occur if Continuous commands are properly chained or queued.

Hard Errors Requiring Reset and Retry
Drive Fault

Certain drive manufacturers report this error; the tape drive is
reporting a malfunction. Issue a Drive Reset command and retry the
operation. If the error persists, consult the drive manual for
possible causes and diagnostics to run.

Drive Not Ready

The selected tape drive is not ready. Issue a Drive Reset command
and retry the operation. If the condition persists, verify the
drive is loaded, on-line, and that the cables are good, and

connected properly.

Firmware Failure

Retry the operation. If the error persists, it is possible that
the EPROM firmware is corrupt.

Miscellaneous Errors
IRAM Checksum Error
If this error occurs during a Read Controller or Read Drive
Parameters command, then the IRAM has not been initialized or the
battery is failing., First try initializing the IRAM with the

parameters you require, If the error persists, the IRAM may
require replacement.
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6.2.5.2

6.2.5.3

6.2.6

6.2.6.1

6.2.6.2

6.3

IOPB Aborted by Command

The 772 aborted the IOPB by command. For example, software may
determine that a particular Unit Number is continuously failing and
temminate any further commands to that unit.

IOPB Aborted by Error

The 772 aborts this IOPB because the previous IOPB errored. The
772 returns all IOPBs and IOPB addresses for that Unit Number and
interrupt level with this code. Initiate a recovery procedure for
the initial IOPB hard error, reinitialize the IOPBs aborted by
error, and restart the chain.

You're Lost

You are not where think you are on the tape or you do not know the
record format on the tape.

Reverse Into BOT

The BOT marker was encountered during a Reverse command other than
Rewind, Tape motion stops and the tape remains at BOT until the
next Forward or Unload command is issued. Most likely, you have
fewer records or file marks than you thought. Since no data
transfers take place in reverse it is not necessary to retry.

File Mark Detected On Read

An unexpected File Mark was detected during a Read or Space Records
command. Most likely, you did not know how many records were in a
particular file. No retry is necessary.

IGNORING ERRORS

Certain applications require ignoring errors when Reading or
Writing data. Typically, this is done in real-time data collection
applications where the controller and software do not have the time
to handle tape errors,

If the Ignore Errors feature is enabled, the 772 does not report
Corrected Tape, Tape Parity, or Uncorrectable Tape errors on Read
or Write commands. The 772 reports the number of errors
encountered in a record in special byte fields if AUD is enabled.
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FATAL ERROR CODE DESCRIPTIONS

QODE DESCRIPTION

EO IRAM (HECKSUM FAILURE — The IRAM checksum did not
match the expected checksum following bus
initialization.,

El1-EF POWER-UP SELF TEST — The 772 failed the Power-up Self

Test. See Section x.X.

FO IOPB CHECKSUM MISCOMPARE — The generated checksum did
not match the appended checksum. See Section 8.8.

Fl1 IOPB DMA FATAL — The 772 did not complete the DMA
within the prescribed timeout period.

F2 IOPB ADDRESS ALIGNMENT — The IOPB address did not
start on a 16-bit boundary.

F3 FIRMWARE ERROR — Flag settings or counter values are
inconsistent with the firmware routines being executed;
the IOPB cannot DMA the appropriate error status.

F4 CABLE TEST FAILURE — The loopback cable test failed.

F5 ILLEGAL MAINTENANCE MODE TEST NUMBER — The command is
invalid, or the Maintenance mode jumper is not in.

F6 ACFAIL, ASSERTED — The VMEbus signal ACFAIL is
asserted, causing the 772 to stop. Correct the problem
asserting ACFAIL and then reset the 772.

ERRORS DURING CHAINED OR QUEUED OPERATIONS

The 772 handles chaining and queueing errors in the same manner.
If an error occurs, all further IOPBs are marked with Abort On
Error. Any further action depends on your retry algorithms.

ABORTING

Rbort commands and Abort errors inhibit AIO processing; no further
IOPBs can be added to the queue. The 772 processes the AIO queue
normally, but aborts IOPBs that are on the same drive at the abort
interrupt level; it marks these IOPBs as aborted by command or
aborted by error. The 772 re—-enables AIO processing after
completing the AIO queue and the main IOPB chain.
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6.7 IRAM CHECKSUM

i a
time the 772 executes a read parameters command, it compares
g:glelrated checksum with the stored checksum. This checksum

compas i t just the
ses the area that contains all the parameters, no s
gges being read. When this error occurs, the checksums did not

match; rewrite or check all the parameters. Any write parameters
command generates and stores a new checksum.

6.8 ERROR REPORTING HIERARCHY
Figure 6-2 illustrates the 772 firmware error checking path(s).

C START )

0DD IOPB ADDR. ALIGN.
YMEBUS ERROR

FATAL DMAC TIMEOUT
10PB CHECKSUM ERROR
10PB DMA FATAL

FATAL ERROR

10PB ABORTED BY CMD.
10PB ABORTED BY ERROR
ILLEGAL COMMAND
ILLEGAL PARAMETER

COUNT ZERD

CONTINUE CMD. ON 0DD
ADDRESS

10PB DECODE

DENSITY CHG. NOT AT BOT
DRIVE OFF-LINE
UNCORRECTABLE TAPE ERR.
DRIYE NOT READY

WRITE- PROTECTED

DRIVE STATUS

DMA OF LINK LIST

YMEBUS ERROR
FATAL DMAC ERROR

ILLEGAL SCAT/GATH LENGTH
0DD ADDRESS?22272 ,

OPERATION

DATA DMA TIMEOUT

ERROR

TAPE ERROR

CONTINUE RELOAD ERROR
YMEBUS ERROR FILE MARK DETECTED ON READ
FATAL DMAC ERR.| Myrrmis ERR | v SEND OUT FILE MARK WRITE FAULT
FIFO PARITY ERR.| | FaTal DMAC 10PB €OT DETECTED
RECORD LENGTH SHORT /LONG
CORRECTED ERROR
UNCORRECTABLE TAPE ERROR
N DRIYE FAULT
» : FIRMWARE FAULT
(su:czsrun mnpmmu) DATA LATE DETECTED
PE PARITY/FI R,

FIGURE 6-2. ERROR REPOR[‘I!I; HIERARCHY
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SECTION 7: A TUTORIAL IN PROGRAMMING THE 772

7.0 GENERAL

This section describes programming the 772 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.

7.1 NO OPERATION (NOP)

The NOP command allows you to become familiar with the 772

programming interface.

Rev. A.

NOP

7 6 | E a s | 2] v ] o
oo HIEERRS JiHI/IToONE | fcren] | (sor) /77 conmano cooe -0 177
o e s
oz LEHER cer [lIlI1{rus I RL Frk [ PEiD Ml o |11 1] _
os HLSC/nRHll[HisD B80T rew JIll{f oBsy JL Fasy JIlll'orrOY JIIf ONLIN
0a L7222 8808 ot = o0 777777
05 0 | o
06 [LINK LIST LENGTH [ INTERRUPT LEVEL /]
08 [REQUESTED COUNT HIGH |
09 [[REQUESTED COUNT LOW |
oa [LAST RECOVERED/IGNORED ERRORS |
06 [COUNT OF RECOVERED/IGNORED ERRORS |
o TACTUAL COUNT HioH |
o . [ACTUAL COUNT LOW]
o o
o EFROI] o EXT 10PB ADDRESS MODIF IER
N [OATA OR LINK ADDRESS)
12 [DATA OR LINK ADDRESS)
' [DATA OR LINK ADDRESS LOW ]

m Required

For Execution

July 23, 1986

XT 10PB ADDRESS LO

Optionelly ﬂmmmmmn Returned
Required Velue

FIGURE 7-1., SAMPLE NOP IOPB
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02
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7.1.1

7.1.2

7.1.3

7.1.4

7.1'5
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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 currently
executing program. Next, set up the IOPB to execute a simple NOP
command (See Figure 7-1).

Point the 772 to the IOPB

The IOPB is now in host memory. Point the 772 to the IOPB by
loading the IOPB address and address modifier into the appropriate
772 registers, Make sure the address compensates for any memory
mapping that may be done between virtual and physical addressing in
your system. The 772 looks for the IOPB at the physical address to
which the registers point.

NOTE

Always access the registers in Byte or Word mode. Register
bytes are ordered low to high (unlike IOPB bytes which are
ordered high to low).

Starting the QOperation
The 772 now points to the IOPB in host memory. Setting the AIO bit
in the CSR directs the 772 to process the IOPB.

172 Qperation
At this point, the 772 performs the following functions:

1. 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,

Command Completion

Software has been polling RIO (since interrupts are not enabled
[Interrupt Level = 0]). Software knows that the 772 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.
(Do not poll the DONE bit in the IOPB. The 772 sets DONE while the
rest of the IOPB is still updating.)
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7.1.6

7.2

7.2.1

Davxr

A

Returned Values

DONE is set in the returned IOPB. Status Bytes 2 and 3 reflect the
status of Disk Drive 0.

READ CONTROLLER PARAMETERS

Next, implement the Read Parameters command with a Controller
Parameters subfunction (See Section 5.7.1). This command returns
several controller parameters in the updated IOPB (See Figure 7-2).

Execute the IOPB

Set up the IOPB in host memory; point the 772 to the IOPB. Setting
AIO directs the 772 to begin executing this IOPB.

READ CONTROLLER PARAMETERS

00 [rm:s q_q:r : CHES_N 1 Lss:J / 3 /lc'o'r{ééuolcooﬁl 6%//; 7 b
O i | [ « |
o s e edplhins) |
N 7/// w | o
Zz ) U INTERRUPT LEvELL ] 02 02
07 W /////A'"’T’EB’R'UPﬁﬁﬁfnl{///n/ﬁM lﬂ s6 | 66
, i s — R
o [ s N « | -

15 NEXT 0PB ADDRESS 00
1 X 0P8 ADORESS 0o
17 NEXT 10PB ADDRESS LOW 00 00
18 OPB CHECKSUM HIGH 00 00
19 0P8 CHECKSUM LOW _ 00 00

(222 for tnecoton

] Optionelly HHIHHHIH]HD Returned
J Required Value

FIGURE 7-2., SAMPLE READ CONTROLLER PARAMETERS IOPB
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7.2.2

7.2.3

7.3

7.3.1

172 Operation

The controller operation changes slightly from the example in
Section 7.1.5:

The 772 performs the Read Controller Parameters operation. The
controller gets the parameters from its internal store, and puts
them in the proper IOPB locations, The 772 fully updates the IOPB,
including the returned values.

While reading the controller parameters, the 772 calculates a new
Internal RAM (IRAM) checksum and compares it to the previous value.
The 772 returns the appropriate Completion Code if the values do
not match.

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 (See Section 5.7). After making any necessary
changes, write the parameters back to the 772.

Specific bytes have known values, The Controller Type byte
contains a 72H; the PROM Part Number bytes contain 21H and 38H.
See Section 4.3 for more information.

WRITE CONTROLLER PARAMETERS

Next, write the controller parameters. Xylogics recommends reading
the current parameters, modifying the ones in question, and then
writing them back to the 772. This method allows you to change
only those parameters that affect your system (See Figure 7-3).

172 Qperation
The 772 executes the IOPB slightly different than in Sections 7.1.5
and 7.2.2:

The 772 performs the function by taking the values of all
programmable parameters out of the IOPB and setting the appropriate
flags and variables in its internal RAM.

The 772 also calculates a new checksum in the IRAM and stores it
for use in the next reading of any parameters (See Section 5.6).
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7.3.1 7712 Operation (continued)

WRITE CONTROLLER PARAMETERS

7 6 5 P 3[2[1
SENT | RETURN

| o
exks | INToone It [chen 1] [sor) |77 commano Cove =51/ “os s

o T e ame e on cooe T ,

[T o0 | o
oz | LHER CER Ris] | [red] | CFrx] | [PED (w1 | oo 00

o5 | [SC/%]] [Hiso] | [poT) [FBsv] | [oRroY) [[oNCiN] | o0 | oo
va L2220 AS Wi Cave = o0 L8 o | oo

05 o 00 00
06 0 [/ INTERRUPT LEVELL /] 02 02
o7 ////////////ﬂ INTERRUPTVECTOR], /)70 /) 6 66
08 A o | {ics) | [eot]) | [werr] | Taior ] 82 82
s 0 ;;;‘;if’ i 0 50 50
oA A LEE S 0 00 00
. 7 |

0 00 0o
ZZ o 00’ 00
of CONTROLLER TYPE 00
or | . MODIFIE 00
"o [EPROM PART NUMBER] 00
" [EPROM PART NUMBER | 00 00
13 00 00
14 NEXT 10P6 ADDRESS HIGH 00 oo
15 NEXT 10PB ADDRESS 00 0o
16 NEXT 10PB ADDRESS 00 oo
17 NEXT 10PB ADORESS LOW 00 00
18 0PB CHECKSUM HIGH 00 00
19 OPB CHECKSUM LOW 00 00

% Required Optionally ll]]mmmmm Returned
///////A For Execution Required Velue

FIGURE 7-3., SAMPLE WRITE CONTROLLER PARAMETERS IOPB

7.4 READ/WRITE DRIVE PARAMETERS

The Drive Parameters commands allow you to configure the 772 to
your drive's parameters. Sections 5.6.1 and 5.7.1 describe the
configuration variables that may be modified with these commands.
The operation is similar to the Controller Parameters command (See
Figure 7-4).
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7.4.1 112 Operation

First, issue a Read Drive Parameters command; this indicates the
current drive parameters for the selected unit. It is not
necessary to issue the Write Drive Parameters command if the
returned parameters match the drive you are using.

7.4.2 Write Drive Parameters

On a Write Drive Parameters command, the 772 performs an operation
similar to that of the Write Controller Parameters command. Use
the Write Drive Parameters command to globally change drive
parameters on a per unit basis.

WRITE DRIVE PARAMETERS

a | 3] 2] 1] o

s6M] V7777 JConnaN CovE=5 177/ “os 45
COMPLETION CODE | I ullh( I lif oo 00
RLL Fr ) ICPe o JIHCESTY NI weT Jll] oo 04
ITRew 1|l oesy [T Fesy | DRROY]||[ONLIN|[| 00 A3

sua?h&i:non’fdos’:;gﬁ 00 o | e
v/ R

INTERRUPT LEVELL 7] 02 02

]// ose [/} [swwol] [Swev]| 30 | 30

N B 00 00
o8 . 1 I:
o SET DENSITY T0 3200 BPI | 00 00
00 10 1D
i A 0o oo
or (O] O oo ANEXT 1OFD ADI oo oo
00 00

eo 8o

00 00

00 00

00 00

00 00

[RexT tore aooccs cow ] w | o

[10PB CHECKSUM LOW | oo | oo

e

. P R d Opt n Ret d
m F:S:'::cutlon qu,l:?:dg Imﬂnﬂmﬂﬂﬂ Veal:';ne

FIGURE 7-4. SAMPLE WRITE DRIVE PARAMETERS IOPB
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7.5 WRITE DATA

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.

Up to this point, the tape drive has not been accessed. The tape
should be at BOT. Issue a Write command of 65,535 bytes (See
Figure 7-5).

WRITE DATA
” 6 s a 3 2 | 1 | o
00 l:F ERRS I D.EI!INF‘ {cuen | | [S6M) | 7 A cormano Cooe = 1 Sfa“ﬂ gEl;J‘J&rl&Q
o comecerion cooe [T o0 | o
o> LLHER cer [|1]f RS RLL F MK " PEID £07 " wPT o0 va
404 M
os HLsc/ne]llIniso TsoT T CRew 111K oBSY liFesv) {’oenov onvain ]l o "

os 77 A NN e 007w | w
0 (B o V77380777 o | o

INTERRUPT LEVEL

0z 02

" s w0008 v | w
0 W02, AREQGESTED CONT Low 17 N

o LAST RECOVERED/IGNORED ERRORS - 00
o8 il COUNT OF RECOVERED/ IGNORED ERRORS 0 00
o LI *'“HH ACTUAL COUNT HIGH w |
o ACTUAL COUNT LOW 0 fF
of 0 1/ JOATA OR LINK ADDRESS MODIFIE o ob
o [FROJ] o | NEXT 10PB ADDRESS MODIFIER ] 00 00

v DATA OR LINK ADDRESS HIGR [/ o0 | w0

n p DATA OR LINK ADDRESSL 7777/ 0 | o

2 Y AR AR NGRS 77777 w0 | o
2222

00 00
00 00

15 00 00
16 00 00
17 B A e e e 00 00
18 00 00
19 pe P LD ' 00 00

222 ¢ e SO 1111 R

FIGURE 7-5. SAMPLE WRITE DATA IOPB

Rev. A. July 23, 1986 90



XYLOGICS 772 Tape Controller User's Manual

7.5.1

7.5.2

7.6

7.6.1
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112 Operation

The 772 operation is similar to the previous examples; the
differences are in DMAing data into the FIFO, and writing data to
the tape.

The 772 starts the DMA from host memory to the FIFO after issuing
the Go command to the tape drive. The tape starts first due to
mechanical delays.

NOTE

Mechanical delays may not be present and Data Late errors
may occur when using a cache tape drive. In this case, do
not start the tape until the DMA reaches the FIFO. This is
enabled by WWD in the Controller Parameters IOPB.

The 772 transfers data from the FIFO when the tape is ready to
receive it., The 772 supplies the tape interface with a data byte
for each tape drive-supplied write strobe. When the last byte is
transferred, the 772 sends Last Word to the tape, terminating the
transfer of that record. At this point, the tape drive writes an
interrecord gap.

Caommand Completion

The command is complete as soon as the tape drive drops Data Busy
(DBSY). The 772 checks for error conditions, puts the ending
values into the internal IOPB, and performs an appropriate update.

READ DATA

This subsection describes reading back the data and verifying it.
You must allocate a data buffer for the 772 to write the data in
memory. After allocation, use the Write Data command to fill the
buffer with a known pattern that differs from the expected data.
Read the record you wrote in Section 7.5. First, issue a Rewind or
Space Records Reverse command with a count of 1 to put yourself in
front of the record. Now issue a Read command with a count of
65,535 (See Figure 7-6). :

112 Operation

The 772 treats this command like the previous operations, except in
the way it writes the data into the FIFO and to host memory.
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7.6.1
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172 Operation (continued)

The tape drive supplies the tape interface with a data byte for
each tape drive-supplied read strobe. The 772 then transfers the
data into the FIFO. As soon as data is available, the DMA
controller DMAs the data from the FIFO to host memory. The
transfer is done when the DMA controller completes the DMA.

READ DATA
7 i s > 4 + > lmz [,, 11 l o NT | RETURN

00 1 exks Jlllfoone ]I {cuen] | [Sorr] Z,' . Canand Cove L2 ) o | BERR
o1 [l Ccomece ion cooe TNTTITNINININININILIITN o0 | oo
oz (lILHER Tl cer 1T ReS RLL el |IGEE eoTJI[If/[{ wer 00 04
os LLGC/NR]]i][HisD oo IITREw 1T oesy ITCERSY lIoRro JMloNe NIl oo | s

el SO L RS
0a P02 AS NN S0 00 7777744 w | o
0s 0 G| o /////M—fl////// 01 01

UNKLISTUENGTH] . LZZJINTERRUPT LEVELL ] 02

m‘:’ff 700000000 meRRuPTVECTOR////////////////////A 66 86

ws 07 ARuEsTe connT WiohY 0000 ) 00
0 00 AREQUESTRD CONT Law Y77 FF 00
o [ll[LasT RECOVERED/IGNORED ERRORS | w | o
08 COUNT OF RECOVERED/IGNORED ERRORS 00 00
« U ACTUAL COUNT HIGH w |
o mm ACTUAL COUNT LOW 0o FF
of 0 L/ /{0ATA OR LINK ADDRESS MOD] 00 b
o [ROJ] o | e I
0 DATA DR LINK ADDRESS HIGH | W 00
" DATA OR LINK ADDRESS A €0 3
s {DATA OR LINK ADDRESS LOW ] 00 00
14 JOPD ADDRESS HIGH | oo oo
15 NEXT 10P8 ADDRESS 00 00
16 NEXT 10PB ADDRESS 00 oo
" NEXT 10PB ADDRESS LOW] 00 00
'8 0P8 t’Hs"ckéUH 'H'iisu 0o 00
1o 0PB CHECKSUM LOW 00 00

/ R
OO oo ooy [N e

FIGURE 7-6. SAMPLE READ DATA IOPB
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7.6.2

7.6.3

7.7

7.8
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Command Completion

The 772 completes the command when the DMA to memory is complete.

Verify 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.

LARGE RECORD TRANSFERS

You can repeat the steps in Sections 7.5 and 7.6 using various
record sizes. The 772 can transfer records sizes from 1 to 65,536
bytes. Be sure to allocate enough buffer space for the increased
record size,

SUMMARY

This section was an excercise in testing the 772's functionality in
your system, The steps are basically the same when the software
driver controls the 772. (Operating systems always allocate the
buffers.)
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SECTION 8: 772 SPECIAL FUNCTIONS

GENERAL

This section describes how to implement the various 772 special
functions.

MAINTENANCE MODE

Firmware supports a non—IOPB driven Maintenance mode. It allows
you to perform basic testing within the 772 by setting Control bits
in the CSR and entering the desired test number and data through
the address registers. This mode also provides a window through
which internal registers may be examined or modified.

Register Use in Maintenance Mode
The function code in the Test Number Register determines whether or

not the 772 uses the Input Data Byte and Output Data Byte
Registers. You should be familiar with the Control and Status
Register before reading this section (See Section 3.3).

REGISTER DESCRIPTION

1 Test Number or Function Code
3 Input Address Low

5 Input Address High

7 Input Data Byte (If Required)
9 Output Data Byte (If Required)
B Control and Status Register

D Fatal Error Register

TABLE 8-1. REGISTER USE IN MAINTENANCE MODE

Maintenance Mode Protocol

Executing a Maintenance Command or Entering the Maintenance Mode
First, set the Maintenance Mode (MM) and Add IOPB (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).
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8.1.2.2

8.1.2.3

8.1.2.4
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Executing a Maintenance Command or Entering the Maintenance Mode
(continued)

BUSY and AIO are configured for polling. Setting the Register
Maintenance Mode (RMM) bit selects the register image test;
clearing BUSY returns control to the maintenance kernel.

ATO 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 772 updates
the Output Address Registers with test-pertinent data and sets RIO.
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, 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 772 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 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 Address Registers.

Register Tests
You must request entry into the Maintenance mode to invoke the

Register test., After firmware acknowledges the request, you should
set RMM. BUSY remains set during this test.
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8.1.2.5

8.2

8.2.1

8.2.2
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Register Tests (continued)

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).

Setting the Input Address Registers, followed by AIO, signals
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 Busy exits this test and returns the 772 to Maintenance

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.)

MULTIPROCESSOR SUPPORT

The 772 has several options that make multiprocessor environments
easier to support: the programmable interrupt vector, interrupt
level, register address modifiers, and busy semaphore.

Interrupts

Each IOPB specifies the interrupt 1level and vector for that
command. In a multiprocessor enviromment, each processor can have
its own assigned interrupt level and vector,

Register Busy Semaphore
RBS allows multiple processors to share the registers without

colliding, Hardware supports the Register Busy Semaphore (RBS)
bit. The register access protocol involves reading the CSR.
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8.2.2

8.2.3

8.3

803.1

8.3.2

8.3.3

Register Busy Semaphore (continued)

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 772 sets RBS immediately after a host reads the CSR. If a host
attempts a read, and RBS is clear, then the 772 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 CONTRCL

The 772 has many parameters that can be modified by software
control. The parameters can be set in bulk by having an IOPB with
all the correct information, and executing a Write Parameters
command.

Modifying a Single Parameter
The best method of modifying a parameter 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
controller,

Modifying a Group of Parameters

Use the same method as in Section 8.3.1, but modify your multiple
parameters, An alternate method does not require prereading the
parameters, but does require setting all the parameters in the
specific IOPB. The 772 sets all parameters to the new values
contained in the IOPB.

Parameter Reference Point

After the 772 is working as intended, read the parameters and save
the information (in an appropriate parameters table) for future
use,
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8.3.4

8.3'5

8.4

8.4.1
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Setting Parameters at Boot Time

It is not necessary to reload the parameters at each boot since the
parameters are stored in a battery backed-up RAM., It is a good
idea to reload them each time if you are not sure how the board was
last used.

Yalidate Current Parameters

The parameters are all protected by a checksum, and any Read
Parameters command performs a checksum test. The Read Parameters
terminates with an error if the generated parameter checksum is
different than the stored checksum. See Section 6 for more detail
on the IRAM Checksum error,

SCATTER/GATHER

The 772 is able to execute Scatter Reads and Gather Writes. 1In a
Scatter Read, the 772 transfers the data from tape to up to 32
blocks of memory. Gather Write gathers data from up to 32 blocks
of memory and writes it to the tape as one record. The size of
each memory block must be an even byte count and the total count
must be less than or equal to 64K-bytes long. The blocks may be
scattered throughout memory.

Scatter/Gather Link List

You can determine the length of the linked list by multiplying the
number of elements in the list by eight (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 bits 3 through 7 of IOPB
Byte 6.

LINK NUMBER  BYIE = DESCRIPTION

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 (Multiples of 2)

0a Reserved

0B Data Address Modifier

02-0D Data Address (Word Boundaries Only)

N XX=XX Data Address Modifier

TABLE 8-2. SCATTER/GATHER LINK LIST
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8.4.1

8.4.2

Scatter/Gather Link List (continued)

I {x] ee WD’\D" NN O
—
o

e

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 element descriptors 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 IOPB and linked list in Figure 8-1 illustrate a Read transfer
to 6 blocks of memory. The record size in this case is 528 bytes;
we are transferring 3 records of information, The 772 transfers
the first 16 bytes of data from each record to a separate data
buffer, It scatters the bulk of the data, 512-bytes per record,
into memory as 3 blocks having 512 bytes each.

Set SGM and execute the IOPB in Figure 8-1.
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8.4.2  Setting Up a Scatter/Gather Transfer (continued)
SCATTER / GATHER READ COMMAND »00020H LINK LIST

7 6 5 4 3] 21 1] o 00-01 | BC= 0010H
00 | ERRS| DONE| CHEN | SGM COMMAND = 12H 02-03 | DAM=0004H
01 COMPLETION CODE = OH 04-0S | DAH=0000H
02| HER | CER | RLS | RLL | FMK|PEID | EOT | WPT ]| - OH 06-07 | DAL= 1000H
03 |cc/NR] HISD | BOT | REV |pBSY |FBSY | DRDY JONLN | - on 00-01 | BC=0200H
04 SUBFUNCTION = OH 02-03 | DAM= 0002H
05 0 | BT | © UNIT = O2H 04-05 | DAH = 0000H
06 LINKED LIST LENGTH INT LEVEL - 30H 06-07 | DAL=2000H
07 | INT VECTOR - OH 00-01 | BC=0010H
08 | COUNT HIGH = 06H 02-03 | _DAM=0004H
09 | COUNT LOW = 30H 04-05 | DAH=0000H
0A | LAST RECOVERED/IGNORED ERRORS = OH 06-07 | DAL=1010H
0B | COUNT OF RECOVERED/IGNORED ERRORS - 02H 00-01 | BC=0200H
oc | ACTUAL COUNT HIGH - O1lH 02-03 | _DAM=0002H
0D | ACTUAL COUNT LOV = 04H 04-05 | DAH=0000H
OE 0 DATA OR LINK ADDRESS MODIFIER = O2H 06-07 | _DAL=2200H
OF|PRIOD| o NEXT IOPB ADDRESS MODIFIER - OH 00-01 | BC=0010H
10 | DATA / LINK ADDR HIGH - OH 02-03 | _DAM=0004H
11 | DATA / LINK ADDRESS - OH 04-05 | _DAH=0000H
12| DATA / LINK ADDRESS - OH 06-07 | _DAL=1020H
13 | DATA / LINK ADDR LOW - 19H 00-01 | BC=0200H
14 | NEXT IOPB ADDRESS HIGH = OH 02-03 | _DAM=0002H
15 | NEXT IOPB ADDRESS = OH 04-05 | _DAH=0000H
16 | NEXT IOPB ADDRESS - OH 06-07 | DAL=2400H
17 | NEXT IOPB ACCRESS LOW - OH
18 | 10PB CHECKSUM HIGH - OH
19 | I0PB CHECKSUM LOW - OH

FIGURE 8-1. SCATTER/GATHER TRANSFERS
8.4.3 1712 Qperation

The 772 proceeds as if doing a normal read until it starts the data

transfer into memory. The contents of the linked list now controls

the DMA processor; it gives the DMA processor the byte count and

address for each element on the list. The DMA processor takes the

data out of the FIFO and transfers it to memory as decribed in each

element on the list.
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DMA THROTTLE / THROTILE DEAD TIME

The 772 always transfers IOPBs in 16-bit 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
772 waits before attempting to regain control of the bus between
throttle bursts., There are four valid TDT values.

IDT VALUE = TIIME

0 microseconds

"
.

3.2
6.4 "
12.8

W H-HO

TABLE 8-4. THROTILE DEAD TIME VALUES

BLACK HOLE TRANSFERS

In certain applications, the data to be transferred has to go to a
single memory location. This single location is usually a graphics
controller with a single port on the bus, The Normal DMA mode
increments the bus address on each transfer so that the data is put
into contiguous memory space. When Black Hole Transfers are
implemented, the 772 does not increment the bus address between
each data transfer.

Any transfer that includes a DMA to a single location should have
BHT set in Byte 5 of the IOPB. This causes only the data transfer
portion of the command to not have its bus address incremented.
The IOPB DMA still occurs in Normal mode (i.e., the 772 increments
the address).

The data address must be properly aligned: word aligned for word
transfers, and longword aligned for longword transfers. The 772
cannot do dynamic mode switching with this option.

PRIORITY IOPBs

The 772 processes Priority IOPBs in advance of any other IOPBs in
its queue. This feature works on both a single IOPB and an IOPB
chain,
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8.7.1

8.7.2

8.7.3

8.8

8.9
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Executing a Priority IOPB

To execute a priority IOPB, set PRIO in both the IOPB Address
Modifier Register and the Next IOPB Address Modifier byte in the
IOPB. Set the rest of the IOPB Address Registers to point to the

IOPB (do not reset PRIO in the Address Modifier Register when
loading it). Set AIO as you normally would.

Executing a Priority Chain
To execute a Priority chain, follow the directions in 8.7.1. All

IOPBs in the chain must have PRIO set in the Next IOPB Address
Modifier byte.

172 Response to 3 Priority IOPB (Chain)

The 772 finishes executing the IOPB that is currently active (if
any). The next IOPB to execute is the priority IOPB (or the first
in the priority chain). If the 772 starts a chain of priority
IOPBs, it completes one at a time until it completes the chain, and
then goes back to processing the IOPBs in its queue. All IOPBs in
a priority chain must have PRIO set.

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 772 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 772 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.

AUTOMATIC STREAMING: RING BUFFERS

A ring buffer is a multiple-cell data buffer; it comprises two,
four, or eight cells depending on throughput requirements. Using
ring buffers helps match disk systems with low transfer rates
(400-20 kilobytes per second [KBS]) to the tape drive rate so that
the tape drive always operates in streaming mode. Ring buffers
reduce the total data transfer time even at rates lower than 20
KBS; the same time savings occur when transferring data from the
tape drive back to the disk system (See Figure 8-2).
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8.9 AUTOMATIC STREAMING: RING BUFFERS (continued)
When using ring buffers:

1. Only empty a buffer when it is full.

2. Only fill a buffer when it is empty.

3. During repositioning or stopping, all buffers must be full
before the next tape operation.

During a data transfer to tape, if the input rate to the buffers is
lower than the output rate, the tape drive outruns the buffers.
Therefore, £fill all the buffers before the tape drive starts
emptying them., Refill all the buffers while the tape drive is
repositioning.

When transferring data from tape to disk:

1. Only empty a buffer when it is full.

2. Only fill a buffer when it is empty.

3. During repositioning or stopping, all buffers must be empty
before the next tape operation.

HOST

TN

\ STREAMING

DISK > RING BUFFERS
TAPE DRIVE

FIGURE 8-2. DISK TO TAPE TRANSFER USING RING BUFFERS
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8.11

8.12
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COMMAND PASS THROUGH

TBD

INTERRUPT AT END OF CHAIN

IEC prevents the 772 from interrupting after completing each IOPB
in a chain., The 772 executes the entire chain and then interrupts
(using the interrupt level and vector from the first IOPB in the
chain). If a nonrretryable error occurs in the middle of a chain,
the 772 returns the remaining IOPBs at the same interrupt vector
and level as Aborted by Error. The controller completes all the
IOPBs and interrupts once. It may complete IOPBs at different
interrupt levels and vectors normally. When IEC is clear, the 772
interrupts after completing each IOPB (providing the interrupt
level is not zero).

RELEASE ON REQUEST

When ROR is enabled, the 772 tests the VMEbus between each throttle
for other pending bus requests., If another request is pending, the
772 releases the bus. If there are no bus requests, the 772
remains bus master. The throttle value determines how often the
772 tests the bus, Using lower throttle values causes the DMA to
slow down; using higher throttle values causes the 772 to test the
bus less frequently.
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SECTION 10: 772 DRIVE INTERFACE

GENERAL

This section describes the 772 tape drive interface.

PERTEC INTERFACE SIGNALS

The 772 supports the industry standard Pertec-formatted Interface.
Signal mnemonics may differ from one manufacturer to the next, but
typically the function of the signal remains the same. This sub-
section defines a matrix of signals. Consult the manufacturer's
interface specification for further explanation.

NAME CABLE SIGNAL GROUND DESCRIPTION USED BY 772
PIN PIN
FBY Pl 2 1 Formatter Busy Y
LWD Pl 4 3 Last Word Y
WD4 Pl 6 5 Write Data 4 Y
GO Pl 8 7 Initiate Command Y
WDO Pl 10 9 Write Data 0 (MSB) Y
WD1 Pl 12 11 Write Data 1 Y
SPARE Pl 14 13 Reserved Y
LOL Pl 16 15 Load On—-line Y
REV Pl 18 17 Reverse/Forward Y
REW Pl 20 19 Rewind Y
WDP Pl 22 21 Write Data Parity Y
WD7 Pl 24 23 Write Data 7 Y
WD3 Pl 26 25 Write Data 3 Y
WD6 Pl 28 27 Write Data 6 Y
WD2 Pl 30 29 Write Data 2 Y
WD5 Pl 32 31 Write Data 5 Y
WRT Pl 34 33 Write/Read Y
LGAP Pl 36 35 Long Gap Y
EDIT Pl 38 37 Edit Y
ERASE Pl 40 39 Erase Y
WEM Pl 42 41 Write File Mark Y
THR Pl 44 43 High Clip Y
TADO Pl 46 45 Transport Address Y
RD2 Pl 48 47 Read Data 2 Y
RD3 Pl 50 49 Read Data 3 Y
RDP P2 1 5 Read Data P Y
RDO P2 2 5 Read Data 0 (MSB) Y
RDL P2 3 5 Read Data 1 Y
LDP P2 4 5 Load Point Y
RD4 P2 6 5 Read Data 4 Y
RD7 P2 8 7 Read Data 7 Y
RD6 P2 10 9 Read Data 6 Y
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10.1 PERTEC INTERFACE SIGNALS (continued)

NAME CABLE SIGNAL GROUND DESCRIPTION USED BY 772
PIN PIN
HER P2 12 11 Hard Error Y
FMK P2 14 13 File Mark Y
ID P2 16 15 PE ID Burst Y
FEN P2 18 17 Formatter Enable Y
RD5 P2 20 19 Read Data 5 Y
EOT P2 22 21 End of Tape Y
OFL P2 24 23 Off-line/Unload Y
GCR P2 26 25 Density Status Y
RDY P2 28 27 Ready Y
RWD P2 30 29 Rewinding Y
FPT P2 32 31 File—-protect Y
RSTR P2 34 33 Read Strobe Y
WSTR P2 36 35 Write Strobe Y
DBY P2 38 37 Data Busy Y
HSPD P2 40 39 Speed Y
CER P2 42 41 Corrected Error Y
ONL P2 44 43 On-line Y
TAD1 P2 46 45 Transport Address 1 Y
FAD P2 48 47 Formatter Address Y
HISP P2 50 49 High Speed Select Y

10.2 SPECIAL SIGNAL DEFINITIONS
Certain manufacturers define tape interface signals differently;

this subsection lists these special definitions. (Refer directly
to your drive manual for more information,)

CONNECTOR PIN —> Pl: 14 16 36 44  R2: 16 26

cpC 92181 - IOL LGAP — PEID —
92185 - IOL LGAP THR1 PEID GCR
Cipher F880 - — — — PEID —
M890 —— — — — PEID —
M990 - - - — PEID —
Fujitsu 2242 —_— — IGAP — PEID GCR
Kennedy 9400 — IOL LGAP THR1 ID/COG NRZ
9600 - oL -— LGAP ID/COG NRZ
Megatape MI'500 - - - - ID -
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10.3
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SPECIAL SIGNAL DEFINITIONS (continued)

CONNECTOR PIN ——> Pl: 14 16 36 44  P2: 16 26

Pertec FS1000 SGL LOL THR1 THR2 PEID NRZ
FS2000 FAULT LOL HIDEN LGAP PEID GCR/DIAG
STC 2920 — oL, - —_ PEID GCR
Telex Shamrock — -— DEN — PEID GCR
Thorn 9600 DGM LOL HIDEN DBLGAP ID/COG NRZ
9900 DGM IOL HIDEN DBLGAP PEID NRZ

VMEbus INTERFACE SIGNALS

USED BY

:
E
:
5

A0l P1A 30 Y
A02 P1A 29 Y
A03 P1A 28 Y
A4 P1A 27 Y
AD5 P1A 26 Y
AD6 P1A 25 Y
A07 P1A 24 Y
AD8 P1C 30 Y
AD9 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
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
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10.3 VMEbus INTERFACE SIGNALS (continued)

USED BY
MNEMONIC CONN, PIN 172 DESCRIPTION
AMO P1B 16 Y

AML P1B 17 Y

AM2 P1B 18 Y Address Modifier
a3 P1B 19 Y '

AM4 P1A 23 Y

AMS P1C 14 Y

D00 P1A 1 Y

D01 P1A 2 Y

D02 P1A 3 Y

D03 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

AS* P1A 18 Y Address Strobe
DSO* PlIA - 13 Y Data Strobe Zero
Ds1* P1A 12 Y Data Strobe One
DTACK* P1A 16 Y Data Transfer Acknowledge
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10.3 VMEbus INTERFACE SIGNALS (continued)

USED BY
MNEMONIC CONN.  PIN 112 DESCRIPTION
CLOCKS
SERCLK P1B 21 N Serial Clock
SYSCLK P1A 10 N System Clock
DMA
BBSY* P1B 1 Y Bus Busy
BCLR* P1B 2 N Bus Clear
BERR* P1C 11 Y Bus Error
BGOIN* P1B 4 Y
BGLIN* P1B 6 Y Bus Grant In
BG2IN* P1B 8 Y
BG3IN* P1B 10 Y
BGOOUT* P1B 5 Y
BGLOUT* P1B 7 Y Bus Grant Out
BG20UT* P1B 9 Y
BG3QUT* P1B 11 Y
BRO* P1B 12 Y
BRL* P1B 13 Y Bus Request
BR2* P1B 14 Y
BR3* P1B 15 Y
INTERRUPTS
IRQL* P1B 30 Y
IRQ2* P1B 29 Y
IRQ3* P1B 28 Y Interrupt Request Levels
IRQ4A* P1B 27 Y
IRQ5* P1B 26 Y
IRQ6™* P1B 25 Y
IRQ7* P1B 24 Y
IACK* P1A 20 Y Interrupt Acknowledge
IACKIN* P1A 21 Y Interrupt Acknowledge In
IACKROUT* P1A 22 Y Interrupt Acknowledge Out
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10.3

VMEbus INTERFACE SIGNALS (continued)

MNEMONIC ~ CONN.

ACFAIL*
LWORD*
RESERVED
SERDAT*
SYSRESET*
WRITE*

POWNER

+5V
+5V
+5V STDBY
+12V
=12v
GND
GND
GND
GND

P1B
P1C
P2B
P1B
P1C
P1A

P1A,P1B,P1C
P2B
P1B
P1C
P1A
P1A
P1B
P2B
P1C
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32

1,13,32

31

31

31
9,11,15,17,19
20,23
2,12,22,31

9

111

USED BY

KKZZKK

KKK Z Z 2 <K

AC Failure
Longword
Reserved
Serial Data
System Reset
Write

+5 VDC
+5 VDC
+5 VDC Standby
+12 VDC
-12 VDC
Signal Ground
Signal Ground
Signal Ground
Signal Ground
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AIOP ® 0 0 00 00000 00 0 OO0 OO S OO OO OO ETORNOOONPOOOOCEOEONOINOIOPEOINOEOSNPOCEPOETPOTTS 19’20'85
AJO Pending cecececcccscscrsscscscsscascsssssssosccsssssssssssscsccscee 20
AIOR 0 00000000000 OO0PC0OP OO R OOOROOOCRPRRCORRPRORNOEOEOREOPEOEORPOPEOPNOPINOEOCEOECOTEOPEBOTTOETORTESE 34
ATO ResponSe TiME eecececccscocscccsccnsssosssssssssssscssssscscsscee 34
m 0 00 00O 0000 OO O OO OO OO0 PPN OCOON OO OO OOOR NSO OOPOPSENOEONOOEOCEOSEOREOEOTIOIOREOEOIPOIEPORPTOTE 17
MS G0 0 0000 VOO OO OO OO0 OO O OO0 O OO NSNS ROINOPOIOPOEONOSEOIOIRIEOTOREOEOETOETDN 41
A[]D 9 0 00 0O OO OO OO OO OO OO O OO 00 OO OSEOIOECTOIONOEPOIOEPTOIOEOSTEOEIPINPOIETOIEPOPTPOTE 33,46'51'70
Auto—streaming S€1eCt .ceeeecceccescrsocccscscssssssscscssssescascsse 41
Auto-_uwate ® G 00 00 00000 OO OO 0RO OO0 O OO RO OO OO0 OPNSONOOOOCOOCEOCEQEOOOOCOOSINONONPOT OO POTPOENTS 33'46
%ginr]ing Of Tam G @O 0 0 08 0O 000 OO OO GO OO OO OO0 PSP OIOOPORPOEEOEOINPONONOPEOSOEONOECOEOCEOINEOSETS 25
mT ® 0 0000000000900 O OO OC OO OOO OO NOEPeSOPOS PO PNONRSNOSEOSIOINPOCEOSEOSEPCETSTONPOEENE 28
Black HOle TranSfer .cceecesecsccssscsscsccsssscscscsssssccsscsccccssee 28,101
wl‘ ® 0 000000000 OO OO OO O PO OO OOOR OO PPN PONSESORPOCOIOCEOIOEOCIIOINOCOESTOEOEOTEOEOSTTOTONTORPTS 25
BUS Grant .cecececececsccecssooscsccscasscsevsssccsasssocssscccssssces 9,10
BUS REQUESE ceceeccsccoccsccccsccccsccsscssssssnsssscceasvanssesses 3,10
B[JSY 9 00 00 Q OO0 00O OO0 0P OO OO ORPOP OO PPPOOIRNONOEOTECEOIOEOOPOOPTOEPOEOEOEOTIPIPSITCTTE 19 85 95
Byte Count ® O 0 0 0 0O 0 0 0G0 OO PO OO T O COOOOOOCOOOOSOOEIICONOEOIOPOEOEIONONOONOOREOEONONOETSPTE 45
Card Cage ® 00O 000 000 000000 OO OO OO OO0 OO0 OSSO O O EO 00O OSSIOESNOECEECEOEOOEONOPEOEOROEOSNOTTPOOS 11
mR.....0.....'000.ll'...."........'.......000.00'.0'0....00....!.0 24
Chain ENAble eceeecscccsccscrcccccsccesscssscscsssssccccscsscssssscsscscne 23
a]eCksm O C 0 0 0 00 00000 P OO0 OO OO0 OO EESRNOEOECEOSOEOSEOIECEONTOOEOSINOEPOTOETOTONONPOES 87'98
mm O 9 O 0000000 0P PO O OO OO OO OO OO EOOOOOOONOPSPPRCEONPONRNOEOSEOCESTIOINONOSIOSEONENOTOSE OO TPOETYS 23'31
C]-earRBS ® 0 0 0 0O 000000 OO PO OO OO OONOOOTPNOEEOCOOES RO OEOESPONOEOSONISIOSTOESIPOCEOEPOEPOSETPCTOTS 19
C]-ear RIO @ 0 00 0 00 Q000 0O O OO OO0 E OO OO0 OO P RO OOEE OISO OEOPNOIEOONSTEOCTOEOIORETPODS 20
m ® 0 00000000 OO0 PO OO0 OO N OO EOOOP RN PO ETC OO OEEOSOEPIOEOEOSIEOIECOTEOECQRTEPOEEO TGO 23
Caru]and Cwe ® 0 0 0 000000 OOV C O PO OO OO O PO OO OO OO0 ETOEOOOCOTRNOOVINOECEOSESNOEOSETSES 26
C(xnpletion COde 9200000000000 00000000000CCOIOESIOIOCCEOOCROTE 21'29,46'70,72-75'87
Commands

Abort ® 00 0 0 00000 00O OO PP OO OO OO OO OO0 OO0 OO E OSSO0 SESSONESEEPCSTPCNES 66
Command Pass Through TO DIiVe sececeecscccecccscccccscccceceses 44,45,69
Erase GO 0 O 0 0000 OO PO PSP OOV OO OO SO0 000000 NEOISNIEOOINOESNOIOESNPOSIEOCEPRTCSTE 60
DiagnoStiCS seeceescssccsccsescsscascssosscsscssasescssesscsssssses 0365
Drive Reset ® 0 O 000 0T 0 000000 000000000 N OOCO OO OO OO EOOeNOOOESEEOPNOIEOSEPTSETCETETTYS 52’53
Extended Read seeeeececscccccsseccsscoseassoscsscrsesnsascscsssascnssscse 02
Extended WELIte ceeeesececcecesccccscoscccscocoscscossescossssssceee 29=61
File Mark Search FOIWard ececececccescsesscoscscsccsesscscscscsssoses DL
File Mark SearCh REVEISE cececesccscccosccssccscvsosscssocsssssssccsss DOl
meaCk Test ® 0 00 0000000000 T OO ROONSIONOIOCEOPIOENPOCEOSEOSOEOSTEOEOSONOSTPONYE 64
Multiple File Mark Search FOrWArd eeeeceecccccccccccscssecssscesccsseece Ol
NO Omration ® 0 00 00O OO OO 00O G OO C OO O OO0 OO NCECROEOSIOERNOSOEONCCTEOINOSEOSCOCEOOPONTSNDY 47
Off-line/Unload 00000 000000000000 0000000000000000C00C00O0COCKC0CCRCOCRGCEOCIOIOIGOITOTTE 53
POSLitiON eeeescccccoscocssccccoscescssccesssssssscascsssscscnssose 50,51
Read CONtiNUOUS ceeececoccscccccscscsossccssssscassssssssnssssssassss 02
Read Controller ParameterS seceececccccccccsccscscnccsscsscnsss 56,57,86
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Commands (continued)

Read DAta@ .ecececocscesssccocssescsscccessscssccsssnssscosscsccsssscccce 49
Read Drive ParameterS ececeecccesccccccssscsssscssscssssscssccssccscce D/
Read Extended Sense BYLES ceeceeseccssccessccccsscsscscccssssscseces D8
Read ParameterS ecececccccsoscssccccsscssessscecsccsscsssscsscssssses D0—D8
Read SeNnse BYLES ceecessccccsccccscssssssccssoscoccscsccassossscccse .. 58
RQWind 9 00 000 000 0 00 Q9 00O OO PO OO OO OO0 0000 OO OO OOCOOPOSNREONOEOIENPOEOEOIEPOEOSTEOEOCEOEOSPTTTPOEPTYS 53
SECUrity Era8S€ cecesesccceccccccscsccccccecsvsscosccsesososscscsccccces 0D
SELf TESE ceeeccccccocccesccssscccsscsscccsscsocssosssssssssesscsccssnsse O3
Set Drive ParameterS ceceeeccoccccccccscccsesccccocsssssscssssscsscessss O/
Set High DEeNnSity eeeeecccccsccscccccccsscscseccssescosccsscsscscssccsces 08
Set LOW DENSItY ececescccccscoccsscscesssscsosscccscccscsssccsscccsces 08
Space RecOrd FOIWArd seceecseccscscccsccsccscsccsscsccssvsccsssscsvssce Ol
Space ReCOrd REVEISE eeescecocsccsscccssscscsccoscccscssscssssscscssss DL
Write CONtiNUOUS ccsecececoccsccceccccscooscssscscscscsscsscssscsssssssscssss OL
Write Controller ParameterS ceccecceccccecsessocccccscscscssccccsscsse 04,87
Write Data@ ceeececcceccccccccccccsocssosssssosscccccsssssssssssscceces 48
Write File Mark eeecececceccccccccccccccsoceccccscscsccscscscscsscsscssssacse D9
Write ParameterS cecececececccccccscsscsscsccssccscssccssscsssesse 54,55
Control and Status REGISter ceececesccccescscsccccccscccccscsscscssces 17
Control REgiSTtEr seecscceccsscscvsssessscsssssssccsescccssccese 17,19,20
Controller ParametersS IOPB eceeeccccccccsccosscsccccccsascscscssscsssossse 32
Controller RESEL ceeeecececcscoccscssscssssscescscccascccsscescssss 18,20
CoNtroller TYPE cececcccescsscocsscssssscscssssssssnsscssscssessssssssese 30
Corrected EXTOr ecececccccccccscccccccccscccsscssscsoscscncsasonscsssssasscs 24
CRBS 0 09 00 000000 T OO0 O OO OO OO OO0 OO RO OO OO NOOONPOO OO SNPONPEPONS 19
CRIO ® 0 00 000 00000 0O 00O OO0 OOOTOOOOP OO PPN RPNONOSNONEPOINOEOSNPOCOPOINPOSNTPENYDPS 18'20
(:RSI' @9 000000 000 0 PO 00O OO OO OO PRSP OOEOPNONOTPRPNONOEOSTNRPOIOEOEOPNOPEOPIPOEPONPONTPONPNYS 18
CSR crecescscccesscccsscsccsscsscssscscssscssscssvsnssscccccsssce 18,85,94
Data Address MOQifier ceecececcccscccccccccccccccecsccccocscccccccscce 30
Data BUEFfEring eeeececcccecccccccccscesscsscccccscocssscsssssccsscssccce 3
DAta BUSY ceecccccccsccccscscccsscssescasssoscossncscssccscccccsces 42,77
Data or Link Address MOJifi€r ceeececceccsccccccccocccccssscesscnsaes 30,31
DBSY ecececeacccsevcccccocccocasccsscsscescsssccsscnncsces 29,42,73,77,91
Density SEleCt ceceecescescsccoscscscescssessscessccscssccscsscscss 40,41
DiagnoStiC seeecececcscveesccccccoccscrsccrssccsssescssnsscscssssssecss 13,14
DONE ceccocencecocccccccccsccccsososocscscescscosscsscsoscssconses 23—25,46'47'85
Drive GIOUNAS seeececcccecccsscsccssccsccssccsccsssssacssscscssccscscsssce 13
Drive Ready 00 0 000000 000 9O O OO OO0 RPN PINININOPOTOPEPOPTEPOCIEOEOTPOETOCETTDYS 26
DRRDY 90 000000000 OP PP OO OO PPN OO OO OO PPN RSIOINPOPOPNOEOINNINOSNTTIPONTPETTDYS 26
]BB 00 000000000000 000000000000000000CCCCICIOIOIOIOIOIOIGOGROIEOROIEPOCPEOIECOPPOIEOIEOIEOIEOIOITPOCTEDOTS 40,41'68
M OO 00 000 0 00 Q0000000 O OO OB ORGP ROROPOPOPOEROCEONONOPNOINONONPORNPOYNPETY 34’73
Enable DMA TiMEOUL eeeeeccescccccsccccscscessscccssscsscssssssccssscssccee 34
Enable Maintenance MOAE ceceeeeecccccccscesccssscscccsoscsccsscccssssccssss 18
End Of Tam O 0 0 0 0 0 000000000 O O OO OO OO0 00PN RPN OEREPOEOSONPRNPNNDS 25
EOT cececececccescsccsscscssorsacsosscccsassscscscsssscscscnsssconssccase 2D
EPRad O 0 0 000 00000 00PN TP OO PO OO CPOEOPON NN BNYOINOSEPRNOE TSNS 37
Error RegiSter ..ceecececcceccccccccccsccsssccsssccssscsssccssccsccscse /0
EXror SUMMALY cecececcccescscscscccccrssscsscesccscsnsccscsscssssscscssccssse 23
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m 00 00 00000000 OO RO P P OR 0000000 RO ONPR0P00PPRPOPRPRNRRNREONOREOSIEOEOINPRPEONRNONOSITCETDS 23
Fatal Error '..00....0..0.000".....0D.'.......Q.....0..'.13'20'21'70'82
MY 9 0 00 00 00000 CRCOROOP OO0 0 000000 00RO 0000000 OOOORROEONOEOSEPOEONINOEOINOSOIPOIEORNOIEPIPLOIES 25
E‘ERR PO 00 0000 OO0 O R OO OO OROOROPPRN0N P00 PRP PPN OPNCERIOPNONINOINRIOINOINRPOINOCEORNOINOEPONPONDYS 20'70
File Mark mteCted G 0 0 0 000 0 0O 0000 OO OO OO0 PO NO OSSOSO ROREESNPOSNPYTPSNEPCEYN 24
m OO0 00 000000 00O 000 00O O OO OO0 OO PO OEONPN OO OEOSIEOENOEOSEONEOENOPI OO POCNPRETPOENTDS 24
Fomatter A&res%s O 0 000000 OO0 OO0 0O OO OO0 OO0 NSNS ONONOENOSEONOEPOTPOSNPOETPOSNDNS 12'15
FOrmatter BUSY eceececcecccorcccecesesacccessscsessssccoscsssssscoccscse 2D
&tl]er Write MO@ G 0 0 0O 000 00PN OO OOOOPS OO RNSNONOEOCIEOLIEPOEPOLEONPRCEPOTE 48
GCWNRZ PO 0 OO0 PN OV OOV RPN PO PO N0 R SN ONPONONONOEPOENTPONPENDE 25
GM'Y 0 00 P 00O V0O P OO RO OO PP OO OO OO0 OO0 R00 PO RNOIERNOERIEPRNREONPOCIEPOENTPCNDPNTY 39
I-ER....Q....I.......'QO..O.....0.0..O..0'..O'...0.00........000..'.. 24
High Smed Mm GO0 0000 0000000 COOO OO0 0NN PSP ONONCSONOERPNSIRNPESNONINONPONYNTPSNENDY 25
HISD O 0 G0 00000000000 OOOPOOOORRO PPN NRN PO RINSINRESNOPIPRNEONONPONPODNE 25
I& 90 0 GO OO OO POBOOOPOOOOOO PO PO OOPPNN PPN RO OPNRNRPNRIEOPNOEONRNEOSINOPINPRPIOIREONONINTONTPONTE 33
IEC 00 00 000 Q00O OO0 PO PO 00 OO0 OPOPOPRORRNOOEOQREOORNOEOOINOIEOLEOEOINOIEORPNOEOCEOPEOEQEOPNONEPOPIPOIEEOETONTDR 35’36

m..'..........'Q..........Q.'.'..Q".'......0......’...0"...'.... 28

Imibit Paritymwrite ® 0 00 000 000 00O 0RO 00O ORONNORRNNOOIROEOINOEPOEOSIONOPNPOIEPOEOEPOTPOSIPONPOES 41
Interrupt At End Of Chain ceceeecccccscscscecscsscessscsccssesss 35,36104
Interrum Level GO 0O O OO0 OO PGP OO NN RPREONONPONOSIESIONNOIONOPPOEPRNTOETTDNS 28,66,75
IOPB Address RegiSterS cececcccccsccscessssscscsccssscccsccscssees 16,17
Iom dleCKSm @ O 0O O N OO0 00O OO OO0 PPN O RO RONOOIOINOSIONCEONOCERPOSNOEPNPOETPONDS 31’33
m G0 0 0 G0 OO OO P OO OO NOO OO 00NN OO RPOPNRPSNOEONRN OO ONORPNOEREOPNOEPOEPOCEOSETPOEDPRNTDNYNYS 41'78
mER.Q......Q"O..."'.".'......O...0'....."..'....l‘.....'.....l. 39
IWERO'0'...........'..'.........‘....0'..0.'..00...0.‘.O............ 39
IGAP QO 0O O P OO OO OO PO O OO PO OO0 RNONRNIOEONIPONRSNTNPRNDS 41
Link List Address MOQifier .ceceeccecccececscscscsscsscrscccsccsccsses 30
m‘ G 0 0 Q0 Q0P OO OO RO OO OO OO0 PPN RPN OO RO OO RNOIONPOIRNEOERNOSNSPRENTPCNTYS 28
minter\arlce Kernel © 0 00 0000000 O OO0 000000 RO NRRPNOOOOEOPNPCTOSNONPOCEPRNPORIEONISITPONDNNTS 94
mintenmce Mm CRCIC N I B B B B B BN BB B B R B BB R B B B R B I I I B Y 94,95
Maintenance Mode ACtiVE ceeeeeccccccsccccscscscssssssccscccvsescccasece 20
m'0.......'.'....0.Q.'Q....Q..'.....l.0...0'...'0.......00000000018'94
m..l'lO...000...'.....'.0'..........000....00.0.......0....I....'Q 20
Next IOPB AGQArESS cecesccsocsccccoscsssssccoscssscsocscsccsccsscses 23,30,31
NIom G O O 0 GO 0 OO0 O 0P OO OO0 OO OO OO VPR 0PSO SNOEONOPOERNNONOEOEEOEEOEPENOSNDSNLDS 30
Non-privileged Register MOGE eeececeeccccesccscsscsncsscccccsscscnsose 34
NOImal m 0000 00 0000000000000 0 0000000000000 0000CCCIOCOIOIOIOIOIOIOIGOIEOTEOITITE 48’49
Q’l"line 00 00 0000000000000 0000000C0C0OCO0CCCCECIOCOCECCIOIOCIOCICEEOCEOSRO0O0C0C0COCO0CQOCQO0CBEOCEOCEREOEOCEOT 26
werlap RWind ® 00 QO P QOO0 OO0 OO OO0 OO OO0 OO ORGPPSO TSN POENDS 35
wR'.C.0'..'.00.......0.0.l..0...'0..0.0.000....0.0Q.O..0.00...OQOO. 35
PALS PG 0 0 0000 QOO QOO RPN OO PR OO0 PN PO OPO PO NP0 OSRNNONRNPRNPON PN ll
PEID PO 0 QGO0 OO OO OO OPOO ORI RP OO OO P POV NN PPN SI OSSN TPNS 24
Pertec—-formatted INterface ceececececccccessccccsssecssvsccnsscoceeesl2, 106
ma% EnCOdedIDBurSt P 0 00 000 00O OOV OO O OO0 PPN RPN IPOODRONPSNDOND 24
Pmer_up Self Test PO 0 0 00 0O PO OPOO OO0 OO OO COOROOONOOPNOONONOCEOPONOERNOREOEPOTEOSEPONPONPONTONEPRNYS 18
PRIO 0 0 00000000000 OPOOOO PPN PPN RNNOPNONOSIEOSEOPIOINCEORIEOEOSNPONPORONORNTPNYDS 17'30,101,102
Priority Iom P 0 00000 QOO 0 OO PO OOOC OO COOSIOERPOEOEOEORONINRNOIONPOSEONOSOEPOTPOPEPONOTONDS 17'30’101’102
PRQB 00 G0 000000 00O RO OO OO OO ONEP NN PONORPRNOIPOETICEON OO PSS ll

m.'........'....'..........‘........0...’....’.‘......'.C'..... 20,96
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ReadRetry ® 00 0000 OO P OO0 0RO 00000000000 RNORPNONGINRNERNOEOPINOINOPEOPPPTIONTOCNTDS 39
Read/write Retry 0 00 000 000000 OO OO0 OO PPN RSO REONSINOPNOSIONSNSINOSIPNINPOEPRNTYS 29
Recovery ProCedUIeS ccecesccccccsssccscsssccsossssccsscssscsccscscscces /D
RegisterBusY Smphore G 00 00 0000000 OO P OO RPOONOPRNOOOPOORNOCEOINSOCEONONOEISINPONNTPONDS 20,96
Register Maintenarlce MOde ® O 00 000000 0P OO OO RNOROROOONRNOPOIONOIOPOINORNOOIERNONOIPOETOCTTE 18
REJ.easeorlR.equeSt @0 0 00O 0000000000000 OO0 T PPN OOPOINOEOINOSEOEOIEOPNOINOEOOITOSTDS 35'104
Rerlove IOPB ® 0 0 0 00 0 000 Q0 0000 00O OO OO0 NOOOPONONONOONONOPEONOERPEOSEONOEOEONOSEPOPNOINOSEPOPNTPOENDY 20'94
Rm @ O 0 00 0 000000 ROTOOOP OO0 PPN NONRPOEONRNOINOERNOPOINOIOIEORNECTECRTEOPNOEOSIETPOCPEPOEPINTPOPNTOENTDYE 25
ij.nd 0 00000 0000 OO0 OO PO OO0 PPN NN ONRPINONONONOCNOCEQRTONOCNONPOEONOIOSIPONOEPOINTCTTE 25

Ri-ng Buffer 0 00 00 OO0 OO0 OO0 OO0 0000 PORNOSSOPINCSEONOENONONOSEPOSNOIEOSINCEPREOINPONTOSYNTS 102,103
RIO © 0 00 00 0000000000000 0CRCCCE0CCICOIOCOEONOEOIOIEOIOIREOEEOIOEEOPOIGOGOEOIEOETTDTE 19'20'35,36,85,94—96

R[lL 0 00 00 00 0 0000 O OO P OO0 00000 NNONOPRNEOPNRNINOSIOPNOCERNOPOEPINRNONRNOINTOYDS 24
R[S 0 0 00 00000000 PN0PCCPPOPOPO PPN NN RONOPRNOEONOROIEOINOINOPOIEORNOPIOINOEOROTEONOPTODN 24
Rm ® 0 00 0000000000 OCORORO PPN OPPPPOPP RPN RRPNRNNIONOCIEORNOIEOEOIEOPOEOEIEOCEPOEOINOIEOPEQOPEORTITORNTSTE 18'95
mR ® 0 0 00000 0000 OO0 OP OO OO PO RO RN PNPRRNGNNRNOGPNORNCNOIEPNOINOCEOIESIEOPEOINOINPOPNPOEPOETE 35
Rm 0 00 0 00000 0RO ONOROCOROOROO RO RORNOINONREOPEOIEONINOPEOINORPEOPEOEOIOCPEOIEOCIEPOPOITOTTY 39
RSI‘A 0 0 0000000 R OO OO RO OOOP PPN OGPPSR OININOINOINOIEOINOEOSIOTEOIOTOTESE 20
Scatter/GatI]er ® 000 000000 OO0 OOOPOPRO ORI PNOPNOESINONOINOSINOPOINOSIEOININPONTCTDN 23'28,98_100
SCatter Read MOde G000 000 S 0000000 0RP TR ROPEE O RNPRONNOONCNRNOSINONOINOSEOSINOEONPQRONPOPNONINTOTDS 49
Select INterrecord GAP seececescecssccccccscscssccscssccscssccscnscase 41
m GO 000000000 OOO OO OB OO0 N N0 R 0O PSRPRPRNOPPOIOENOINRNINNINOEPCEIR TN 23
Software INterface scecececssevrscccccocscccrssscscsscscscsccsscscsscscee O
Sm 0 00 0000 0000 0Q 0000000000 00O PCPRPPRONRNOPRNSNONPNRIPNRINOSIOPOPEOINOSINOERSINRNOSINOINONTEYTTDS 41
Smed SeleCt 00 0000000 O V0000 OO RPORNTOOPP PPN RERPOPOIOPOENINOSINOPEOEIEOIEORNEOIEONIOPIPOPIOITOEITYS 41
Status RegiSter .ieceecceesceccccccssecocosssssccscsssscssscescscse 19,20
SUbfunCtion COdeS G0 0 000000000000 OO OO R RSOOSR ONINOONOPNRIOSINOINOIEOSEPCTEOSIEPORCEPONTPOCNTDS 26'67
Supervisory ACCESS MOUE eeesescecssssssscccesssssssssessssssscsssacee 34
SV]ap Byte 0 000000 00000 OO T OO OO0 PP POPOPNNRNNOEOEONOPNONRPEOSEOPOINOPEOINOPNOPONOIONOINOCEOEOTNOPEORTEOINTPONTYS 40
Swapword 00 00 00000 QC QOO0 PO OO0 00PN OPNOINRPOEOERNOEOTNOEONOPNOPNOINOEOSENOSNPONTCYDS 40
mBY ® 0 0 00 00 Q00O T OO0 ONPOOOOOPPPOOPPOOI PO OO RPONOPNREOPNSINGONOINOINOERPNOIEOCIETCTTPONTDY 40
MWD 90 00 00 000000 PP E OO0V PPOOPR NPT OO0 N RPN PRI OPNOEOEOLNOINOINOPEONCTEOTIETONPOETYE 40
Tam Error S 0 00 000 00O OOV OO0 OR RSO ONCTRNRPNOPNCTEOINOEOIENINOPONOINOPEOIEONTINCEOTEOPIOINTONPODS 24
Tam Smed @000 00 B 000000000000 N OO0 PCOOONONREONOPONSIOSEOCEOPOPEOINOINPNOERNOPNOINRTIIETONCORPTDN 68
'mr O 0 00 0000 00O 0 0 000000V T T OOOPOOSOPOOOPeSSOOESINSIOSIOEIESIEONOIEOSECEONOEOINONPOITCOCDS 34'101
ln-mo @0 0000 0000000000 OO0 PO OO NOOROPOOOPPOOPRNPR PPN ONOPNOIEOINOCTEOIEOENYNOCEOEONOSIEOSIETONTODYE 36
mrott]-e 00 00 00 0000000000000 00RO PPN ORPRPCEOCIEOINOINOIEOINOEOIOPOEOIEORNTOINTOTTDS 36
Throttle Dead TiME seeceeescccoscsscccssascsscsssssscsscscscscsces 34,101
MD ® 000000 00O OO0 VPO OO OROOROTERP PPN RPNOEOCERINONOINOPINPORIEIOIOEOIEOINORPEOEOSOIEORPNTOCENPOETTE 33
Transfer MOde 9 000 00 000000 000 0000000000 OPOONONOPNOINOINONOICGEOINOOSEONCOCOEOINOTEPOTEPOPIEOTIPOSEOIONEOEPRPTPOINTOTITTYS 33
Tl.ltoria]- G 0 0 0 000000900 PR OO 0000 00000 ROPOOIOPOIEERONOEOEOINOOROINOTEOPEOIEOIOPNOPEOIOEOPEOPPOEOPEOINCOCTITOCTDN 84
Unit Nmr © 0000000000000 0000000000000COOICOIOIOOIOIOTITOREEDS 12,15'28,55'66,75'81
Unit Select ® 0 0 0 0 0 000000000000 000000 R ORS00SR OOPEPIOERNOGEOPNOINOSIEOIONOPINONTOES 15
WPI. 0 00 000000000 Q00O P OO0 0 00RO P OO0 RN RROCOPOPINRERPRPOIORIEOEONTRNINTOTONYE 25
Write Retry 0 00 00 90000000000 0PN 000 QCSIRPOIOINONOPOEOIOROIOROIOPEOOINOPNPOPEPOPOIEOEPOPOPEOEOPOREOEOCITCTTDE 39
Write Wait for mA 9 000 Q000000000 RO ORP 0000000 OPOPOPOENINOIEONRPNOGEOIEOINOPEOQEOEOPOPOPEOROORRORTOITOCE 35
Write-proteCt 000 00 0000000000 O0OOORPRPPPOCNOORNOOROIORNNOINOOPOINOTIOIEOIEECGEOEOEONOIEPOPEONOPTDOREOIOPTES 25
WRI’Y ® 0 00 00 00000000 OP PPN RPN OO0 POOORRPO PR RRPOORPRONOOOIEOPOPNOPIOEOPOINOETOTOTES 39

WD..".'..O."Q..Q'...Ol.OI....Q......O....I............'..l‘... 35'79
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