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Important Notices
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revised several times during the development cycle. It is intended solely as a guide for companies interested in developing products which
can be compatible with other products developed using this document. QIC makes no representation or warranty regarding this
document, and any company using this document shall do so at its sole risk, including specifically the risks that a product developed will
not be compatible with any other product or that any particular performance will not be achieved. QIC shall not be liable for any
exemplary, incidental, proximate or consequential damages or expenses arising from the use of this document. This development
standard defines only one approach to the product. Other approaches may be available in the industry.

This development standard is an authorized and approved publication of QIC. The underlying information and materials contained
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1. SCOPE AND | NTRODUCT! ON
1.1 SCOPE

This Standard provides a format and recordi ng standard for
a stream ng magnetic tape in a mni-cartridge to be used
for information interchange between information processing
systens, conmmuni cation systens, and associ ated equi pnent
utilizing a standard code for information interchange, as
agreed upon by the interchange parties. The Standard
provides the follow ng capacities of formatted data on a
single mni-cartridge wwth error correction codes:

a. Wth 295ft 0.250 in (6.3 mm tape, 60 tracks
1.18 GBYTES

b. Wth 400 ft 0.250 in (6.3 mMm) tape, 60 tracks
1.6 GBYTES

C. Wth 400 ft 0.315in (8.0 mm) tape, 77 tracks 2.0
GBYTES

This standard refers solely to recording on a magnetic tape
mni-cartridge neeting the requirenents of QC 152
Preformatted Mni Cartridge Standard.

Q C 3080-MC REV C



1.2 | NTRODUCTI ON

1.2.1 This standard defines the requirenments of supporting
test nethods necessary to ensure interchange at
accept abl e performance levels. It is distinct froma
specification in that it delineates a m ni mum of
restrictions consistent with conpatibility in
i nt erchange transactions. The standard uses a Reed
Sol onon error correction code to achieve a corrected
bit error rate of at |east 10'° when data is recorded
in conpliance with the requirenents of Section 5,
gi ven an equi val ent defect density of up to 30 DPSI.
The 30 equivalent DPSI is divided into 15 nedia
defects per square inch and an equivalent 15 errors
due to noise per square inch

1.2.2 The performance | evels contained in this standard
represent the m ni num acceptable | evels of perfornmance
for interchange purpose. They therefore represent the
performance | evels which the interchanged itens should
meet or surpass during their useful life and thus
define end-of-life criteria for interchange purposes.
The performance levels in this standard are not
intended to be enpl oyed or substituted for purchase
speci fication.

1.2.3 Wherever feasible, quantitative performance |evels are
speci fied which nust be nmet or exceeded in order to
conply with this standard. In all cases, including
those in which quantitative limts for requirenents
falling within the scope of this standard are not
stated but are left to agreenent between interchange
parties, standard test nethods and neasurenent
procedures shall be wused to determ ne such
gquantities.

1.2.4 U.S. engineering units are the original dinensions in
this standard. Conversions of tol eranced di nensions
fromcustomary U S. engineering units (simlar to
British Inperial Units) to SI units have been done in
this standard according to ANSI/I EEE STD 268- 1982 and
| SO 370- 1975 Method A. Method A shoul d be used for
econony unless a requirenent for absol ute assurance of
a fit justifies use of Method B. In the national
standards of |1SO nenber nations, additional rounding
may be done to produce "preferred" val ues. These
val ues should lie within or close to the original
t ol erance ranges.

1.2.5 Except as indicated in 1.2.3 above, interchange
parties conplying with the applicable standards shoul d
be able to achieve conpatibility w thout need for
addi ti onal exchange of technical information.

This standard nakes several references to QG 121.
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However, this does not inply that a drive neeting this
standard nust be conpatible with Q G 121. This standard
sets no requirenents as to the interface of the drive.

DEFI NI TI ONS

For the purpose of this standard, the follow ng definitions
appl y:

Bad Bl ock. A bl ock determ ned to be bad during a read
oper ati on.

Bit. A single digit in the binary system

Bit Cell. The physical Iength of a recorded encoded bit
along the track. In this standard, the bit cell |ength nust
be neasured indirectly, by neasuring the length of a

m ni mum Transition Cell.

Bl ock. A group of 512 consecutive data bytes plus
addi tional control bytes recorded as a unit.

Bl ock Marker. A group of encoded bits follow ng the
preanbl e and marking the start of each bl ock.

BOT (Begi nning of Tape) Marker. The BOT Marker is a set of
two hol es punched side by side in the tape. There are four
sets of holes provided, the innernost of which is used for
identifying the storage position for the cartridge. The
additional sets of holes are used to ensure reliability of
det ecti on.

Note: In the storage position, all of the permssible
recording area of the tape is wound on the supply hub and
is protected by at |east one | ayer of tape not used for
recording data. Cartridges to be interchanged shall be
rewound to the storage position prior to interchange.

Byte. A group of 8 data bits operated on as a unit.

Cancel Mark. The Cancel Mark acts as a "negative" File Mark
or Set Mark. When a Cancel Mark follows as the first block

in the next frane after a File Mark or Set Mark, the drive

when reading the tape will logically ignore the Cancel Mark
and the File Mark or Set Mark it cancels.

Control Block. A block designated as a Control block. This
St andard does not define the use of control blocks nor the
contents of the data area of the control bl ock

Control Field. A group of 8 bytes recorded before the data
area in each block, containing information about bl ock
address, track address and bl ock type.
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CRC (Cyclic Redundancy Check). The CRCis a group of 4
bytes recorded at the end of each block of data for the
pur pose of error detection.

Data Bl ock. A block containing user valid data in its
data field.

Data Density. The nom nal distribution of recorded data
information per unit length of track, usually expressed in
bits per inch (bpi) or bits per mllinmeter (bpmm). In this
standard, the data density is higher than the transition
density.

DPSI (Defect Per Square Inch). The DPSI nunber specifies
t he nunber of defects (using a defined read nethod) per
square inch of tape.

ECC (Error Correction Code). Special drive generated
i nformati on which nmay be used to correct bad bl ocks.

ECC Bl ock. A block containing drive generated ECC data in
its data field and part of control field.

Encodi ng. A nethod where by a group of data bits is
translated into a group of recording bits. In this
standard, 2, 4 or 8 data bits are translated into 3, 6 or
12 recording bits.

ECD (End of Data) Marker. The EOD marker is used to mark
the end of the data area. The marker consists of a m ninmm
of 64K recordings of a 2-byte postanble pattern.

EOCT (End of Tape) Marker. The EOT Marker is a single hole
punched in the tape to indicate that the usable recording
area of the tape has been exceeded, and that the physical
end of the tape is approaching. There are three EOT hol es
to ensure reliable detection.

EW (Early Warning) Marker. The EW Marker is a single hole
punched in the tape to indicate the approaching end of the
usabl e recording area in the forward direction.

File Mark Bl ock. A block designated as a File Mrk.

Filler Block. A block containing no valid information in
its data field. The purpose of this block is to conplete a
frame in the case that the host cannot fill the whole frane
with valid data information

Flux Transition. A point on the magnetic tape which
exhi bits maxi num free space flux density normal to the tape
surface.

Flux Transition Spacing. A distance on the magnetic tape
between flux transitions.
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Franme. A group of 64 blocks formng a conplete | ogical
unit.

GBytes (@GB). This standard defines 1 GB to be equal to 10°
Byt es.

| dentifier Block. A unique block identifying the type of
format being recorded.

KBytes (KB). This standard defines 1 KB to be equal to 1024
byt es.

LP (Load Point) Marker. The LP Marker is a single hole
punched in the tape to indicate the approaching start of
the usable recording area in the forward direction.

Magnetic Tape Cartridge. A cartridge containing magnetic
t ape wound on two coplanar hubs with an internal drive belt
to transport the tape between the hubs.

MBytes (MB). This standard defines 1 M3 to be equal to 10°
byt es.

Physi cal Recording Density. See transition density.

Post anbl e. A special sequence of bits recorded at the end
of each bl ock.

Preanbl e. A special sequence of bits recorded at the
begi nni ng of each bl ock.

Recorded Azinuth. The angul ar deviation, in mnutes of arc,
of the recorded nean flux transition line fromthe |ine
normal to the cartridge reference plane.

Ref erence Tape Cartridge. A tape cartridge selected for a
gi ven property for calibrating purposes.

Reserved. Reserved fields are to be witten with zeros and
ignored by firmvare to facilitate future use by Q C.

RLL (Run Length Limted). A data encoding nethod where data
bits are encoded so that certain constraints are net with
regard to the maxi num and m ni num di st ances between fl ux
transitions.

Secondary Reference Tape Cartridge. A tape cartridge

i ntended for routine calibration purposes, the performance
of which is known and stated in relation to that of the
Ref erence Tape Cartri dge.

Set Mark Bl ock. A block designated as a Set Mark.

Si gnal Anplitude Reference Tape Cartridge. A reference
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cartridge selected as a standard for signal anplitude and
reference field.

St andard Reference Anplitude. The average peak-to-peak
signal anplitude output of the Signal Anplitude Reference
Cartridge when it is recorded on an TBD neasuri ng system at
the maxi mum flux density specified in this standard.

Stream ng. A nethod of recording on magnetic tape that
mai nt ai ns conti nuous tape notion without the requirenent to
start and stop within an interbl ock gap.

Track. A longitudinal area on the tape al ong which nmagnetic
signals may be serially recorded.

Transition Cell. The physical distance between two adjacent
flux transition at the maxi mumrecordi ng density.

Transition Density or Physical Recording Density. The
nunber of recorded flux transitions per unit |ength of
track, usually expressed in flux transitions per inch
(ftpi) or flux transitions per mllineter (ftpmm. See al so
Data Density.

Underrun. A condition devel oped when the host transmts or
receives data at a rate less than required by the device
for stream ng operation.

Vendor Specific. Vendor Specific fields nay be used to
i npl enent uni que features beyond the scope of this
docunent .

Q C 3080-MC REV C
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REFERENCE EDGE

The Reference Edge shall be that edge of the tape which is
nearest to the baseplate of the cartridge.

TRACK GEOMVETRY
TRACK PCSI TI ONS

Each track is witten referenced to servo patterns witten
bet ween the BOT hol es and Load Point on the BOT end of the
tape, and between EOT and EWon the EOT end of the Tape.
The servo pattern is witten across the entire width of the
tape. Track zero is the | owest position, approximtely

0. 005 inches fromthe reference edge of the tape. Each
subsequent track is witten on the next position above the
previ ous track.

TRACK W DTH

The width of the recorded track shall be 0.00390 +0. 00008
in. (0.099 +£0.002 nm. The read track width is 0.002 +
0.000040 in. (0.051 + 0.001 M).

QUI CK FI LE ACCESS

This standard supports Quick File Access (QFA).

All tapes are recorded with 2 partitions. The data (or
default) partition is designated 0. It shall be recorded on

all tracks except track 0. Partition 1 shall be the
directory partition and shall be recorded on track 0 only.

Q C 3080-MC REV C
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5.

2

RECORDI NG
METHOD OF RECCORDI NG

The recordi ng nethod shall be the Non Return to Zero Mark
(NRZI') nmethod where a ONE is represented by a change in
direction of |ongitudinal magnetizati on.

The recording current shall be 1.15 x Isat £ 3% where | sat
is the current providing 95% of the maxi num out put at
45,000 ftpi on nedia at 25°C. The Isat is neasured on the
non-saturated side of the saturation current curve.

WRI TE EQUALI ZATI ON

To m nimze problens due to the large transition spacing
ratio (4:1), wite pulse equalization nust be used. This
section describes the wite pul se equalization nethod
required to conformto this standard:

For every "zero" other than the first "zero" follow n
a "one", one or nore additional wite equalization
pul ses shall be inserted into the waveform as shown i
figures 5.1 and 5.2. The location of the inserted
pul se (pulses) with reference to the bit cell shall b
exactly as specified in the figures.

The width of the equalization pul se (pulses) shall be
1/4 of the nomnal transition period t. (£ .01% as
shown in figure 5. 2.

Q C 3080-MC REV C
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Figure 5.1 Wite Waveforns and Equalization
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Figure 5.2 Timng Information, Wite Equalization
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5.3 TRANSI TI ON DENSI TI ES

The nom nal maxi mum physical recording density or
transition density shall be 45,000 ftpi (1772 ftpmm). The
nom nal transition cell length shall be 22.22 mcro-inches

(0.564 ).

Wth the recording nethod used in this Standard, seven
transition densities may occur on the tape:

45,000 ftpi ( 1772 ftpmm
30,000 ftpi ( 1181 ftpmm
22,500 ftpi ( 886 ftpmm
18,000 ftpi ( 709 ftpmm
15,000 ftpi ( 591 ftpmm
12,857 ftpi ( 506 ftpmm
11,250 ftpi ( 443 ftpmm

5.4 AVERAGE TRANSI TI ON CELL LENGTH VARI ATI ONS
5.4.1 Average Transition Cell Length

The average transition cell length is the sumof the

di stances between the flux transitions in n transition
cells divided by (n-1). The tests referred to bel ow may be
made in any continuously recorded pattern, provided the
first and the last transition cell in the pattern each
contain a flux transition.

5.4.2 Long Term Average Transition Cell Length

The long term average transition cell length is the average
bit cell length taken over a m ni mum of 2,000, 000
transition cells. The long term average transition cel
length shall be within +/- 3% of the nominal bit cel

l ength of 22.22 mnch (0.564 m).
5.4.3 Medium Term Average Transition Cell Length

The nmediumterm average transition cell length is the
average transition cell length taken over a m ni mum of
30,000 transition cells and a maxi num of 34,000 transition
cells. The nmediumterm average transition cell |ength shal
be within +/- 6%of the long termaverage transition cel

| engt h.

5.4.4 Short Term Average Transition Cell Length

The short term average transition cell length is the
average transition cell length taken over a m ni mum of 38
transition cells and a maxi mumof 50 transition cells. The
short term average transition cell length shall be within +
2% of the nediumterm average transition cell length

Q C 3080-MC REV C
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5.4.5 I nstantaneous Flux Transition Spacing

The i nstant aneous spaci ng between flux transitions is influenced
by the reading and witing process, the pattern recorded

(pul se-crowdi ng effect) and other factors. |nstantaneous

spaci ngs between flux transitions shall satisfy the foll ow ng
condi ti ons:

In a sequence of flux transitions defined by the encoded pattern
.. 010101000000010101.., the center flux transition of each group
of 010101's is called a reference flux transition. The maxi mum

di spl acenent of flux transitions on either side of the reference
flux transitions shall not exceed +/- 12.5%of the transition
cell length dl1 averaged over the six transition cells between the
reference flux transitions indicated in the bit pattern in figure
5.4.

Q C 3080-MC REV C
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+--mn- + e e e e e aaaaaaas + S U +
X | | X
---+ +-omns + S e + +-
| <-d->| <-d->| | <-d->| <-d->|
Cemmmmmmmmaaaaas T e e e a o >
dl = T/6

d1(1-0.125) < d < d1(1+0.125)
X denotes a reference flux transition.

Figure 5.4 Test Pattern for Instantaneous Flux Transition
Spaci ng Test.

5.5 SIGNAL AWVPLI TUDE OF A RECORDED CARTRI DGE FOR DATA
| NTERCHANGE

Wen perform ng the tests described bel ow, the output or
resultant signal shall be neasured on the same pass for
both the Standard Anplitude Reference Cartridge and the
tape under test. The neasurenents specified in 5.5.1
through 5.5.3 shall be perfornmed during the first read pass
after the wite pass. The sane equi pnment shall be used for
all nmeasurenents. The signal anplitude shall be neasured at
a point in the read channel where the signal is
proportional to the head output.

After witing, the cartridge shall neet the foll ow ng
requi renents:

5.5.1 Average Signal Anplitude at Nom nal Maxi mrum Density

At the nom nal maxi mnum physical recording density of 45,000
ftpi (1772 ftpmm, the Average Peak-to-Peak Signa

Ampl i tude of any track on the interchange tape shal

deviate no nore than + 25%or - 25%fromthe Standard

Ref erence Anplitude recorded at 45,000 ftpi (1772 ftpnm
neasured at a tenperature of 20° C + 4° C. This averaging
shall be made over the central 60 flux transitions of any
64 or nore flux transitions recorded at nom nal maxi mum
recording density in a block and over at |east 600 bl ocks.

5.5.2 Maxi mum Si gnal Anplitude

When i nterchanged, a tape shall not contain, in the valid
information area, any flux transitions where the
peak-to-peak signal anplitude is nore than tw ce the
Standard Reference Anplitude at 45,000 ftpi (1772 ftpmm
neasured at a tenperature of 20° C + 4° C

Q C 3080-MC REV C
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5.5.3 M ninmum Si gnal Anmplitude

5.

6

T

When i nterchanged, a tape shall not contain, inits valid
information area, any flux transitions where the
peak-to-peak signal anplitude is | ess than 50% of the
Standard Reference Anplitude at 45,000 ftpi (1772 ftpmm
neasured at a tenperature of 20° C + 4° C, exclusive of
medi a defects.

RECORDED AZI MUTH

On any track the angle that a flux transition across the
track makes with a |ine perpendicular to the cartridge
reference plane shall not exceed 9.5 mnutes of arc (2.76
nr ad) .

ERASURE

Erasure shall be by neans of overwite only.

Q C 3080-MC REV C
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5.8 OVERWRI TE

Overwritten tracks shall not contain any conponents of
previ ously recorded information whose anplitudes exceeds
-26 dB relative to the anplitude of the newy recorded
dat a.

6. USE OF TRACKS
6.1 DATA TRACKS

Each track shall be a data track and shall be witten
serially, one track at a tine.

6.2 TRACK NUMBERI NG

The tracks are nunber fromO to Tpx Where Tmax IS 59 for
0.250 in wde tape and 76 for 0.315 in wde tape. The track
nearest the reference edge is track 0. The rest of the
tracks are nunbered sequentially counting up fromtrack O.

Al'l odd nunmbered tracks, and track 0, shall be recorded in
the forward direction (the direction fromthe BOT marker to
the EOT marker). All even nunbered tracks, except track O,
shall be recorded in the reverse direction (the direction
fromthe EOT marker to the BOT marker).

6.5 M N MUM MAXI MUM DI STANCES, FORWARD TRACKS

On all odd nunbered tracks (1, 3, ... etc.) and track O,

t he begi nning of the preanble of the first data franme shal
commence a m ni num di stance of 1 inches (25 mm) and a

maxi mum di stance of 2 inches (51 mm past the LP marker

The valid data area shall term nate at npst a di stance of 2
inches (51 mm and at |east a distance of 1 inches (25 mm
before the EWnmarker, neasured fromthe center of the EW
hol e.

6.6 M N MUM MAXI MUM DI STANCES, REVERSE TRACKS

On all even nunbered tracks except track 0 (2, 4, ... etc.)
t he begi nning of the preanble of the first data franme shal
commence a m ni num di stance of 3 inches (76 mm) and a

maxi mum di stance of 4 inches (101 mm past the EW narker.

No data shall be recorded beyond 2 inches (50 nm past the
LP mar ker.

Q C 3080-MC REV C
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6.

7

TRACK | D FRAME

Following the Servo Pattern Bursts, a Track ID Frame is
pre-recorded on each track on both ends of the tape as part
of the servo witing process. On the BOT end, the franes
are recorded in the forward direction, and end at least 2.5
i nches before the LP hole. On the EOT end, the franes are
recorded in the reverse direction and end at |east 0.125

i nches before the EW hol e.

There is a Track ID Frane on both ends of every track.

This allows the drive to verify which track it is on each
tinme it conpletes the servo acquisition process. Care nust
be taken in normal recording operations to | eave the Track
| D Franes intact when endi ng each track. Follow ng the
Track I D Franmes, |ow frequency preanble pattern is recorded
at least 6 inches past the LP or EWhol e during the tape
format process. Part of this preanble pattern will be
over-written the first tine data is witten on the track.

The first block in each Track ID Franme is given the

Physi cal Bl ock Address of 0. The Physical Block Address
increnments for each block of the frame. Control Byte 0 for
each of the data blocks is set to 1E Hex, indicating an

I dentifier block. The Track Nunber is recorded in Control
Byte 4. ECC encoding is perforned on the frame prior to
recording it on the tape. See section 9 for nore
informati on on frame construction.

Q C 3080-MC REV C

20



6.9 SUMVARY OF REQUI REMENTS

Table 6.1 and figure 6.1 summarize the requirenents in
sections 6.1 to 6. 8.

o s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e m e e e mm ==
| | M n | Max . Description

O Fomee e e T U
E DL | 2.5 in. | - . End of track IDto LP on

| | 63.5 mMm | - . all tracks.

1 1 1 1

E D2 E 1 in. E 2 in. E LP to start of valid data

| 25 mMm | 51 nm | area on all forward tracks.
1 1 1 1

E D3 E 1in. E 2 in. E End of data to EWon al

| 25 mMm | 51 nm | forward tracks.

1 1 1 1

E D4 E - E 2 in. E LP to end of data on al

| | - | 51 mm | reverse tracks.

1 1 1 1

E[B E 3in.i 41in E EWto start of valid data

| . 76 fmm | 102 mm | area on all reverse tracks.
1 1 1 1

E D6 E.3OO in. E - E End of track IDto EWon

i | 7.6 mMm ; - . all tracks.

o s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e e e e mm ==

Table 6.1 Summary of Requirenents for Use of Tracks.
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~>| D4 l-— — D5 l<~DG~>|
S S
E E
R R
\' \'
0 O
A A
OO:EL = O
E E
A A
Id-Dl-b{ D2 l‘— ‘*‘ D3 }._
BOT LP EwW EOT
Datﬁ: [— ]
Track ID blocks: o= Forward direction of tape motion
{Oxide side of tape shown)

Figure 6.1 Requirenents for Use of Tracks.

6. 10 TRACK REFERENCE SERVO PATTERN

To allow increased track density, a track servo reference
pattern is pre-recorded on the tape. The pattern is
recorded in the region between the BOT hole and the LP
hole. The sane pattern is recorded between the EOT hol e
and the EWhole. For nore information regarding these
reference servo patterns, see docunent QC 152 "Preformatted
Mni Cartridge Standard".
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8.1

BYTE AND CODE REQUI REMENTS
BYTE LENGIH

The data shall be in eight-bit bytes. The 8 bits in each byte
are nunbered b0 to b7, b7 being the nost significant bit.

DATA RANDOM ZI NG AND ENCODI NG

Prior to the recording of the data on the tape, the coded
characters (see section 7) shall be nodified by a special data
random zer circuit (see section 8.1). The random zed
information shall then be encoded according to section 8.2
bef ore being recorded on the tape.

Except when otherwi se indicated in the description of the tape
format, all bytes to be recorded shall be random zed and
encoded as described in 8.1 and 8. 2.

DATA RANDOM ZER

In order to reduce problens due to long strings of repetitive
data with bad peak shift or anplitude characteristics, a
special data random zer algorithm shall be used on all bytes
in the data and control area of each block. This data
random zing process shall take place before the data is
encoded according to section 8. 2.

Assumng that the data content is converted into a serial
stream prior to being encoded, the data stream shall be
"random zed" using the follow ng generator polynom al:

g(x) =x2+x%+x*+x+1

Figure 8.1 shows one nethod to achieve this random zer
algorithm It consists of 12 flip-flops (marked x0 to x11)
organized into a twelve bit shift register. Excl usi ve- or
gates are inserted in the data stream between register 0 and
1, between 3 and 4 and between 5 and 6. The other inputs to
the exclusive-or gates are taken from the output of shift
register 11. The serial data stream to be random zed (or
"de-random zed" in the case of a read operation) is
exclusive-or'ed wth the output of register O.

The random zer starts with the nost significant bit of byte 7

in the Control area and ends up with the |east significant bit
of byte 511 in the data area.
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8. 2 DATA ENCODI NG

Prior to the recording of the data on the tape, the
random zed data and control information (plus the
non-random zed CRC-bytes) shall be transforned into an
encoded bit pattern according to table 8.1 (RLL 1,7
encodi ng) .

For each byte, the nost significant two (four) bits shall be
encoded first, then the next two (four) and so on. The nost
significant data bit is always to the left in table 8.1. The
nmost significant encoded bit is also to the left in the
tabl e. When recording, the nost significant encoded bit in
each byte is recorded first. X denotes an encoded bit which
is ONE if the preceding encoded bit was a ZERO, but ZERO if
t he precedi ng encoded bit was a ONE. This encodi ng net hod
will give a mninmmof one "0" and a maxi mrum of seven "0" 's
bet ween two ONE' s.

Note: Table 8.1 lists two exceptions to the general
encoding rules. Data bit patterns 11101110 ( EEHex) and
10111011 (BBHex) shall be encoded follow ng the rules
for special patterns. Note that this is not byte

rel ated, but should be treated as a sliding encoding
in steps of two or four bits.

Al so note that these special patterns are only used for
11101110 (EEHex) and 10111011 (BBHex) respectively.

O her patterns, |ike 11101111 (EFHex) or 10111010
(BAHex) patterns are encoded in the normal way, using
t he standard tabl e.

Exanpl es:

1110 1011 1110 0001 --> X01010 010101 001010 100001

1110 1110 1011 1011 --> 010000 001001 010000 001010
| E E| | B B

1001 1011 1011 1010 --> 010100 010000 001010 010010
| B B

| E E|
0111 1011 1001 0000 --> X01010 000001 001000 010000

| BB |
1011 0110 1110 1101 --> 010101 000010 000001 010100

Q C 3080-MC REV C
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Dat a Encoded
bits bits
01 ----> X00
10 ----> 010
11 ----> X01
0001 ----> X00 001
0010 ----> X00 000
0011 ----> 010 001
0000 ----> 010 000

Speci al patterns:

EEhex:
1110 1110 ————> 010 000 001 001
BBhex:
1011 1011 B 010 000 001 010

Normal Preanble, 1 byte repeating:
---->...010 101 010 101..

Nor mal Postanble, 1 byte repeating:
---->...010 101 010 101..

Low Frequency Preanble, 2 Bytes Repeating:
---->...010 000 000 100 OO0 001 00O 00O..

Low Frequency Postanble, 2 Bytes Repeati ng:
---->...010 000 000 100 00O 001 000 000..

Tabl e 8.1 ENCODI NG TABLE, RLL 1,7 CCDE

Not e:

If the two last bits of the last CRC byte ends with 00,
additional bits 01 shall be added to the 00 bits before
encodi ng. The encoded pattern is then foll owed by the Norma
Post anbl e as usual .

Exanpl e:
Last CRC Byte Encoded CRC Post anbl e
I I I I
1001 1100 ---> 010100 101000 001 0101010101
I

Extra bits ----- +

Q C 3080-MC REV C



Exanpl es:

Data pattern

Byte 1 Byt
0011 0111 0010
1000 0000 0001
1011 1011 1011
1001 1011 1011
1110 1011 1110
1111 1011 1011

Q C 3080-MC REV C

e 0

0001
1111
1111
1001
1011
1101

Encoded pattern
Byte 1

010001
010010
010000
010100
X01010
X01010

000101
000010
001010
010000
010101
000001

Byte O

000000 100001
000100 101001
010101 001001
001010 010100
001010 010101
001001 001000
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9. TRACK FORVAT
9.1 CGENERAL | NFORVATI ON

Each track is recorded sequentially, starting with track 1
then track 2, and so on. Before recording, data is grouped into
bl ocks and bl ocks are then grouped into franes with 64 blocks in
every frane.

This Standard operates on both a frame and a bl ock basis.
Section 9.2 gives a detailed description of frames, while
section 9.3 gives a detailed description of blocks.

Two nunbering methods are used to nunmber bl ocks: Physical
nunberi ng and Logi cal nunberi ng.

The Physical nunbering relates directly to the recorded
bl ock on the tape. Each new bl ock, regardless of its contents,
IS given a unique physical nunber. As inplied by its nane, the
physi cal nunbering systemtherefore relates directly to each
recorded bl ock on a track.

Logi cal nunbering does not relate to the bl ocks physically
recorded on the tape, but to the bl ock nunbering system used by
the host. Very often, a host systemoperates with | ogical Dbl ocks
of a different size fromthe fixed 512 byte bl ocks physically
recorded on the tape. These host bl ocks may be either smaller or
| arger than the physically recorded bl ocks.

Host bl ocks nay al so be either fixed or variable. Fixed
host bl ocks contain the sanme nunber of data bytes in every host
bl ock, while variable host blocks may contain a different nunber
of data bytes for every host bl ock.

In order to provide the host with a flexible nunbering
system this standard records both a physical block nunber for
every bl ock recorded on the tape and a | ogical block nunber
whi ch may span nore than one physical block. These two bl ock
nunbers are recorded in the control field of every bl ock

9. 2 FRAMES
9.2.1 CGeneral Information

On every track data is recorded in 512 data byte bl ocks. 64
bl ocks (52 plus 12 ECC bl ocks) constitute a franme. Therefore,

each track consists of sequentially recorded frames as shown in
figure 9.1.

Figure 9.1 General Track Layout.

Q C 3080-MC REV C
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Each frame contains 64 bl ocks, 52 are data bl ocks or
information blocks (file marks, cancel marks, set marks,
identifier, control or filler blocks), and 12 are ECC
bl ocks.

Frames are nunbered indirectly, by using the 18 nost
significant bits of the Physical Bl ock Address.

The frame operation is controlled by the recording drive
and is normally invisible to the host. The purpose for the
use of frames is to control the error correction
oper ati ons.

Franes may be overwitten with new data frames or EOQD
mar kers. Append operations may only begin at EOD (End of
Dat a) .

Underrun is not allowed in the mddle of a frane,
regardl ess of the franme type.

A frame whi ch cannot be conpleted on one track shall be
rewitten inits entirety at the beginning of the follow ng
track, i.e. frames will NOT be split around corner turns.

The first frame on track 1 contains only the appropriate
I dentifier Blocks (plus the twelve ECC bl ocks).

9.2.2 Frane Layout.

The nunber of physically recorded bl ocks within a data
frame is always 64. 52 of these blocks are used as Data or
| nfformati on Bl ocks and the remaining 12 are ECC (Error
Correction Code) bl ocks.

Each bl ock contains 512 data or information bytes.

The general layout of a franme is shown in figure 9. 2.

_________________________________________________________ +
ta |Data |Data |  Data . ECC | | ECC |
ock | Block Block |...... . Block | Block ; ..... . Bl ock
0 1 P2 | | 51 | 0 | P11
_________________________________________________________ +

Figure 9.2 General Frane Layout.

9.2.3 Frane Types

There are 3 different types of franes:

0 Fi xed Data Frane.
(0] | D Frane.
o Track | D Frane.

Q C 3080-MC REV C
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9.3

9.3.1

9.3.2

The Fi xed Data Frane contains Data and Information blocks in
addition to the normal ECC bl ocks.

The ID (ldentifier) Frame contains only |ID blocks and ECC
bl ocks. This frame is only recorded as the first frane on
track 1. The |ID blocks contain Inquiry, Mde Sense and
D agnostic data as specified in section 9. 3. 2.

The Track ID Frane is recorded as part of the preformating
process of the cartridge. See docunent QC 93-84
"Preformated M ni-cartridge Standard".

BLOCK TYPES

There are 6 different types of bl ocks:
Dat a Bl ock
| dentifier Block --+
Cancel Mark / FileMark / SetMark Bl ock |1 nformation Bl ocks
Control Bl ock |
Filler Bl ock --+
ECC Bl ock

Information in the Frane Control Byte determnes the type of
block being recorded, except for ECC blocks which are
recogni zed by their block nunbers (Last physical block nunber
byte xx11 0100 t hrough xx11 1111). See al so table 9.6.

The Data Field of the blocks always contains 512 bytes,
al t hough the nunber of valid data bytes in the block may be
| ess than 512. See sections 9.3.7 and 9. 6.

| nformati on about the nunber of user data bytes available in
each data block is recorded in the Frane Control byte of the
bl ock.

Dat a Bl ock

The Data Bl ock contains user data. A full Data Bl ock contains
512 bytes, but data blocks may contain from 1 through 511
valid data bytes depending on the host selected |ogical block
Ssize (see section 9.5).

I dentifier Block

The first frame on track 1 is the ID (Identifier) frame. This
frame contains 52 |DENTIFIER Blocks (plus the normal 12 ECC
bl ocks). The ID blocks contain specific host, drive and
vendor information and are used to specify the recording
format and drive type in the INQURY DATA field (see Table
9.1).

The ldentifier blocks are generally invisible to the host
system but the information in the data area may be
transferred to the host by special command sequences.

Q C 3080-MC REV C
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9.3.2.1 ldentifier Block 0

Except for the first 16 bytes, this block shall contain al
zero bytes. The layout is shown in figure 9. 3.

T I I NN +
i First 8| Next 8 : |
. Bytes . Bytes L 496 Bytes i
. e T T

Format 1D} Manuf. ID | Al'l Zeroes E
I . +

Figure 9.3 Layout of Block O in ID frane.

The first 8 bytes shall contain the Format |ID. These 8 bytes
shall contain the ASCI|I code for the characters TBD as shown
in figure 9. 4.

The next 8 bytes shall identify the WRTING DR VE
MANUFACTURER in accordance with table J-1 of the QGC 121
VENDCR | DENTI FI CATI ON | st.

T +
| BYTES |
Fo e e e et eicctcc st c st ettt st e e |
00 1 2, 3, 4, 5, 6, 7,
S TR e e R el SRR S S
I S N S S e Y
\ Cchar. | .y cy - 3, 0, 8, O
. . e e e SR S ST
 Hex.o | | | | | | | |
, Value | 51| 49| 43| 2D, 33 | 30, 38, 30,
T NN N TSNS +

Figure 9.4 Layout of first 8 bytes of Block O in ID frane.
9.3.2.2 Identifier Block 1

The 512 bytes of the data area of ldentifier block 1 shall
contain Inquiry Data exactly as it would be reported by the
drive in response to a SCSI Inquiry comrmand. The I nquiry Data
shall at Ileast include the Standard Inquiry Data List,
| ocated frombyte O of the data area up to maxi mum byte 511

The format of the Inquiry Data recorded in ID block 1 shall
be as specified in table 9.1. Unused bytes (that is unused
bytes covered by the Additional Length field) shall be filled
with the ASCII code for the blank character

The Peripheral Device Type shall always be set to 01 hex. The
RVB bit shall be set to one. For further information, see
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QG 121.
9.3.2.3 ldentifier Block 2

The data area of ldentifier block 2 shall contain MIDE SENSE
data. It shall be set up as if an inplicit SCSI MOXDE SENSE
command has been executed where the returned data is noved
into the 512 bytes of the data area of Ildentifier block 2
(and not to the SCSI bus as wusual). This data shall be
formatted as shown in figure 9.5.

Byte 0—— Header Li st

Bl ock Descriptor List

Page Descriptor Lists
i n ascendi ng order of
Page Code

Figure 9.5 Layout of Identifier Block 2.

Q C 3080-MC REV C

32



Bits
ﬁﬁﬁ?ﬁﬁiﬁﬁﬁEiﬁEﬁﬁﬁ%iZLﬁﬁﬁ%{ﬁEﬁﬁﬁ?ﬁﬁiﬁﬁﬁ?ﬁﬁiﬁﬁﬁﬁlﬁﬁiﬁﬁﬁ?ﬁﬁ
Perlpheral Qualifier, Peri pheral Device Type
1 RMB 1 TReserved TS
'I's'o'ixé?'si'bh'{"Ebiviq'i/é?si'bh'"""{"bf\fsiiAbbEb(/éa """

L . er si on
"AENC | Trmi QP! Reserved | Response Data Format
"""" Additional Length (n-4)
~ Reserved
6,  Reserved

(NBB) L. .
) Vendor ldentification
(LSB)
(MBSB) L. .
. Product ldentification
(LSB)
( MSB) .
) Product Revi si on Level
(LSB)
( M5B)
: Vendor Specific
(LSB)
( M5B)
) Reser ved
(LSB)

Vendor - Speci fic
Par anet er Byt es

Table 9.1 Inquiry Data Format
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Header Li st

This is the standard MODE SENSE Header List from Q G121 and
shown in table 9.2. Note that the first part of the Header
List (the Mdde Sense Data Length) is set to specify the total
length of the followng sense data including all Page
Descriptor Lists. The Medium Type field shall indicate the
current cartridge type. The Wite Protect (WP) bit shall be
set to zero. The Speed field shall be set to zero. The
Bl ock Descriptor Length shall be set to 8 to indicate that a
single Block Descriptor List follows next. See QG 121 table
7-61 for further details.

TN N T T N N +
B . s
LYo Bits |
I S e !
e 7 6 . 5, 41 3, 2, 1, 0,
T i
.0 Mode Sense Data Length !
T U U O !
A Medi um Type E
T U O i
i 2] W | Buffered Mdde | Speed \
T U O !
L3 Bl ock Descriptor Length E
S T e I N +

Tabl e 9.2 Header Li st
Bl ock Descriptor List

This is the standard MODE SENSE Bl ock Descriptor List shown
in table 9.3. The Density Code shall be set to TBD to
indicate that the current tape format. See QG 121 table 9-
22 for further details.

Page Descriptor Lists
The various Page Descriptor Lists supported by the device
follows in ascending order of page code. They shall be

formatted according to table 9.4. See QG 121 table 7-64 for
further details.
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o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e mm e mm = -

1 By _

LYo Bits

B e e

ey 7 4, 6 47 5, 47 3, 2, 1, 0

T o m e e e e e e e e e e e m e e e e e aa o

.0 Density Code

T

L (MBB)

+- - - +- -

L2 Nunmber of Bl ocks

+- - - +- -

L3 (LSB)

T

L4 Reserved

T

5 (MBB)

+- - - +- -

. 6, Bl ock Length

+- - - +- -

A & (LSB)

o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e mm e mm = -
Tabl e 9.3 Bl ock Descriptor List

o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e mm e mm = -

1 By _

LYo Bits

B e e

e, 7, 6,3 5, 47 3, 2, 1, 0

B R R T

i 0, PS |Resv. | Page Code

T

A Page Length

T

| 2-n, Mode Paraneters

o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e mm e mm = -

Tabl e 9.4 Page Descriptor List.

9.3.2.4 ldentifier Blocks 3 and 4

The data area of block 3 and 4 are reserved for additional

nmode dat a.
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9.3.2.5 ldentifier Block 5

The data area of Identifier block 5 shall be reserved for
Vital Product Data. If Vital Product Data are recorded this
bl ock shall at |east include the Supported Vital Product Data
Page. See figure 9.6. This page shall start at byte O in the
data area of ldentifier block 5 and may be followed by other
VPD pages in ascending order of Page Code. Unused bytes
shall be filled wth blank characters. The format of the
Vital Product Data pages shall be as specified in QG121
(tables 7-76 and 7-77 and rel ated text).

Byte 0—— Sunmary of Supported
Pages
(VPD ldentifier Qoh)

Vital Product Data Pages
i n ascendi ng order
of Page Code

Figure 9.6 Layout of Identifier Block 5.
If any Vital Product Data is included the first VPD page
shal |l be the Supported Product Data Page (VPD Page Code 00h).
This page holds a list of VPD Page Codes for the VPD pages

to follow The format of this page is specified in table
7-76 in QC121.

Vital Product Data Pages
Vital Product Data Pages are appended in ascending order of
VPD code. The format of these pages shall be as specified in
Q G 121.
9.3.2.6 Ildentifier Blocks 6 - 15
The data area of blocks 6 through 15 shall be reserved for
di agnostic data at the discretion of the drive manufacturer.
9.3.2.7 Ildentifier Blocks 16 - 51

These blocks are reserved for future use. Each byte in the
data area of these blocks shall contain OOHex.

9.3.3 Filemark Bl ock.
Filemark Blocks are physical blocks witten to tape in

response to a host "Wite Filemarks" command. Filenmarks are
| ogi cal blocks with each Filemark assigned a unique | ogical
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9.3. 4

9.3.5

9.3.6

9.3.7

9.3.8

bl ock addr ess.
Set nar k Bl ock

Setmark Blocks are physical blocks witten to tape in
response to a host "Wite Setmnarks" conmmand. Setmarks are
| ogical blocks with each Setmark assigned a unique | ogical
bl ock address. Setmarks provide a segnentation schene
hi erarchically superior to Filemarks.

Cancel mar k Bl ock.

Cancel mark Bl ocks are physical blocks witten to tape under
firmvare control. Cancelmarks are used to "cancel" or negate
one or nore Filemarks and/or Setmarks when overwitten by
host command. The Cancelmark nust be the first block in
frame immediately followwng the frame containing the
Fil emarks and/or Setrmarks it cancels.

A Filemark or Setmark may be canceled only if there are no
data bl ocks between it and EOD. A Cancel Mark cancels only
the File Mark or Set Mark immedi ately preceding it.

The | ogi cal bl ock nunber of the Cancel mark shall be the sane
as the Filemark or Setmark it cancels. The next | ogical
bl ock on tape shall al so have the same | ogical address as the
canceled Filemark or Setmark and the Cancel MNark.

Filler Bl ock

A filler block contains no valid information in the data
ar ea.

Control Bl ock

The use of Control Blocks is not defined in this Standard.
However, all drives conpatible with this Standard shall be
abl e to recogni ze and at | east pass over a Control block. The
Data Area of the Control block may contain vendor unique
i nformati on.

NOTE : Filler Blocks and Control Blocks nmay not be
i nterspersed between physical blocks containing data of any
| ogi cal bl ock which spans nore than one physical block (i.e.
filler blocks and control blocks may occur only between
| ogi cal bl ocks). Wthin a frame, filler blocks may never
precede a data, filemark, setmark, or cancel mark bl ock

ECC Bl ock

The ECC Block contains error correction parity bytes which
may be used during a subsequent read operation where one or
nore data bl ocks cannot be read correctly. The ECC bl ocks
are recognized by the 6 least significant bits of the
physi cal bl ock nunber (Range 11 0100 through 11 1111).
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9.3.9 Fixed and Vari abl e Logi cal Bl ocks
(See also section 9.6.)

From a host point of view, |ogical blocks may be witten as
fixed or variable. The sequence of commands required to wite
fixed blocks is different from the command sequence required
to wite variable bl ocks. This standard allows the host to
mar k each | ogical (host) block as fixed or variable.

The physical recorded blocks on the tape are always fixed in
length, containing 512 bytes of data. However, a | ogical
bl ock may contain a nunber of valid bytes different from 512
(either nore or less). This format standard nmakes it possible
to distinguish between fixed and variable l|ogical (host)
bl ocks and between [ogical blocks containing 512 bytes of
data and logical blocks containing either less than 512 or
nmore than 512 bytes of data.

The bl ocks are nunbered in two ways: A physical nunbering
system nunbering every block sequentially, regardless of
bl ock type and track nunber, and a |ogical nunbering system
which only nunbers wvalid |ogical (host) data bl ocks

filemarks, and setnmarks (sequentially). The physi cal
nunbering system starts with O for the first block on track
0, and then increnents this nunber by one for each new bl ock,
regardless of track nunmber and block type. The I ogical
nunbering system starts with O for the first valid host data
bl ock, filemark, or setmark recorded on track 1, and is then
i ncrenented by one for each new host data block, filemark, or
setmark recorded, regardless of track nunber. Franes are
nunbered indirectly, by using the 18 nost significant bits of
t he Physical Bl ock Address.

9.4 BLOCK FORVAT

9.4.1 CGeneral Layout

Al'l bl ocks have the sane basic |ayout as shown in figure 9.7:

Figure 9.7 Layout of a bl ock

Al'l sections of a block are recorded continuously w thout any
erased gaps between the sections. Al blocks within a frame
are also always recorded continuously wthout any erased
i nterbl ock gaps. See Section 5.8 on overwite. Franes are
al so recorded continuously, except during append operations.
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During this operation, a short area with erased or damaged
recording may occur between the end of the postanble of one
frane and the preanble of the next frame due to the wite
current turn on time. This area shall always be shorter than
the length of the recording of one byte of data.

No underrun or append operations are allowed in the mddle of
a frane wite operations. Append operations and underruns are
only allowed at frane boundari es.

9.4.2 Preanbl e

The preanble consists of either the fixed Normal Preanble
pattern ..010 101 010.. or a conbination of the fixed 2-byte
Low Frequency Preanble pattern ..010 000 000 100 000 001 000
000 .. wth the fixed Normal pattern. See table 8. 1.

The decoding system nust be able to distinguish between a
preanbl e and any possi bl e conbi nati ons of data patterns.

There are two types of preanbles: NORVAL and LONG

A Normal Preanble shall contain a mninmumof 13 and a nmaxi num
of 30 bytes of the normal preanble pattern (..010 101 010
101..) as described in table 8.1. This preanble shall be
recorded at the beginning of every block. It may be preceded
by other types of preanbles, depending upon the type of bl ock
or frame being recorded. To achieve maxi mum capacity, it is
recommended to use the mninum length of 13 bytes whenever
possi bl e.

The Normal Preanble (..010 101 010..) shall be wused to
synchroni ze the phase | ocked loop or a simlar circuit to the
frequency and the phase of the data signal. It shall also be
used to neasure the average signal anplitude. The Nornal
Preanble may recorded as the only preanble at the beginning
of a block or in a conbination wth other types of preanbles.

The Long Preanble shall contain a mninmum of 4200 and a
maxi num of 6000 recordings of the 2-byte Low Frequency
Preanble pattern (.. 010 000 000 100 000 001 000 000 ..). It
is not recorded alone, but always followed by a Nornal
Preanble. This preanble shall be recorded at the beginning
of the first block on every track.
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9.4.3 Bl ock MNarker

The Bl ock Marker marks the start of a new frane or block. It
contains 24 encoded bits imediately following the Nornal
Preanbl e pattern:

010 101 010 000 000 100 000 010
The left bit is the nost significant bit, recorded first.

9.4.4 Control Field

The control field consists of 8 bytes, nunbered 0 to 7.
These bytes contain information pertaining to the block they
precede, or to the franme that block resides in. The
organi zation of the control bytes are different for the first
52 bl ocks of each frame than for the ECC bl ocks.

Control bytes 0-7 are encoded according to the rules in
section 8. Byte 7 is recorded first, followd by byte 6 and

sSo on. The nost significant encoded bit in each byte is
recorded first.
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9.4.4.1 Control Field, Data and I nformati on bl ocks

Figure 9.8 shows the general |ayout of the control field for
data and information bl ocks. Control byte O (Block Control
Byte) specifies the type of block being recorded. Contr ol
bytes 1-3 specify the |logical block address. Control byte 4
contains the track nunber and the Early Warning indicator
Control bytes 5-7 specify the physical block address.

o m e o e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e oo -+

i Control i Control i Control i Control |

| Bytes 5-7 | Byte 4 i Bytes 1-3 | Byte O |

I o e e e e e e e - I o o e e e e e e e oo I o e e e e e e e e oo I

E Physi cal E Track E Logi cal E Bl ock E

i Block i Nunber i Block i Control |

i Nunber | | Address | Byte |

o m e o o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e oo +

Figure 9.8 Layout of Control Field, first 52 bl ocks.

e I +
: Control Byte O :
| 7 6 5 4 3 2 1 0 :
I o o o o o o o o o e I
| Reserved ! Fixed ! BOLB ! EOLB ! Bl ock Type E
T R +

Figure 9.9 Layout of Control Byte O.
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Bit 7 in Control Byte O are reserved for future use.

Bit 6 in Control Byte O specifies whether the |ogical host
block is fixed or variable. Bit 5 is set to O for fixed
bl ocks, to 1 for vari abl e bl ocks.

Bits 5 and 4 in Control Byte O deal with Host |ogical blocks
that are larger than the physical blocks size of 512 bytes.
This is shown in table 9.5.

Note that a host block may contain a nunber of data bytes
different fromthe fixed 512 bytes in the physical bl ocks.

Bits 5 and 4 are used to mark the beginning and the end of
| ogical host blocks. Bit 5 (BOB) is set to 1 in the first
physi cal block of the host block. In the sane way, bit 4
(EQLB) is set to 1 in the |last physical block containing data
fromthe sane |ogical host block. Bits 5 and 4 shall be set
to O for all other physical blocks wthin the same |ogica
bl ock.

Exanple: Logical block is 4200 bytes long (Variable Mde
Wite).

The first physical block will contain the first 512 bytes of
this logical block and have bits 6 and 5 both set to 1, bit 4
set to 0. The next 7 physical blocks will have bit 6 set to 1
and bits 5 and 4 set to 0. The next physical block wll have
bits 6 and 4 set to 1 and bit 5 to 0. This block will contain
the last 104 bytes of the logical block, plus 408 padding
(filler) bytes.

The four least significant bits of Control Byte O are used to
indicate the type of block being recorded. The coding of
these four bits is showm in table 9.6. There are two
different codes to indicate a Full Data Bl ock, 0000 and 1111

The code 1111 is be used to indicate the entire franme is
full of data, with no padding or partially filled bl ocks, and
that every logical block in the frame is of equal size.

Control Byte O is the only control byte covered by ECC
protecti on.
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Control Byte O

Description

Thi s physical block marks the begi nning of
a fixed or a variable | ogical host block.
This block and the next physical block are
part of the sane |ogical host bl ock.

I

I

I

+

I

I

I

I

I

I

I

i This physical block is neither the first
i nor the last physical block within the

. fixed or variable |ogical host block. This
. block and the next physical block is part
. of the sane | ogical block.

i
i
i
i
i
i
i
i
i
i
i
I

Thi s physical block is the |ast physical
bl ock within the fixed or variable |ogical
host block. It may contain a maxi num of
512 valid data bytes.

Thi s physical block marks both begi nning
and the end of a fixed or variable |ogical
host bl ock. The host bl ock therefore
contains a maxi nrum of 512 valid data bytes.

Tabl e 9.5 Fi xed/ Vari abl e Logi cal Host Bl ock | ndicator.
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| Control Byte O |
y  Bits | |
1 3210 Bl ock Type | Coment s |
I - o e e e e e e e e e e e e oo o o e e e e e e e e e e e e e e e e e e e == I
! 0000 ! Full Data Block ! This block contains 512 bytes !
| and | , of valid data. This bl ock may "
1111 . be part of a logical host block

| | . either fixed or variable. |
I I I I
E 0001 E Data Bl ock with E This block contains from1l to

: i 1 - 255 valid . 255 bytes of valid data. A host |
| , data bytes. End | logical block ends with this i
: . of a | ogical . block. The remaining nunber of |
| . host bl ock. , data bytes in the host block is |
| | . between 1 and 255 (see section

I I I 9.6). I
I I I I
| | | |
. 0010 | Data Block with | This block contains from 256 to |
| | 256-511 valid i 511 bytes of valid data. A host |
| , data bytes. End | logical block ends with this i
: . of a | ogical . block. The remaining nunber of |
| . host bl ock. , data bytes in the host block is |
| | . between 256 and 511 (see "
| | | section 9.6). |
I I I I
E 0011 E Reser ved. E E
I I I I
E 0100 E Fi | emar k Bl ock. E No valid information in data E
| | | area. |
| | | |
1 01 01 | Setmark Block. | No valid information in data |
| | | area. |
| | | |
1 0110 | Cancel Mark i No valid information in data

| . Bl ock. | area. |
I I I I
E 0111 E Reser ved. E E
I I I I
E 1000 E Filler Block. E No valid information in data

| | | area. "
I I I I
| | | |
1 1001 | Control Block . This optional block may be used |
| | . for vendor specific operations.

I I I I
E 1010 E | dentifier E Cont ai ns speci al drive and E
: . Bl ock . host data. See text. :
I I I I
e ... '+

Tabl e 9.6 Encodi ng of
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Control bytes 1-3 are used to specify the Logical Block
Address as shown in figure 9.10. Byte 3 is the |east
significant byte of the logical address, byte 1 is the nost
significant byte of the |logical address. This address
specifies the nunber of logical (host) data blocks that are
recorded on the tape. The address starts with 000000Hex and
is increnented by one for each new |ogical data block,
filemark, or setmark recorded until a maxi num of FFFFFEHex. A
| ogi cal bl ock nmay consist of one or nore physical blocks. See
section 9.6.

Logical block nunbering is only wused for data blocks,
filemarks, setmarks, and cancelmarks. Filler blocks and
Control Blocks are recorded with the | ast known | ogical bl ock
nunber. ldentifier blocks are not given a unique |ogical
bl ock nunber, but are recorded with Control bytes 1, 2 and 3
al ways set to FFFFFFHex.

Logi cal Bl ock Address
Cont r ol Cont r ol Cont r ol
Byte 3 Byte 2 Byte 1
LSB VSB

Figure 9.10 Logical Bl ock Address

Figure 9.11 shows the layout of Control Byte 4 in the Contro
Fi el d.

7 6 5 4 3 2 1 0

EW TRACK NUMBER

Figure 9.11 Layout of Control Byte 4.

Bit 7 in Control Byte 4 shall be set to 1 for all blocks
recorded past Pseudo (Logical) Early Warning as defined by
the drive. A zero in this field indicates a bl ock recorded
prior to the Early Warning for the partition in which the
bl ock is recorded.

Bits 0-6 of control byte 4 contain the track address. This

track address is the physical track nunber as specified in
section 4.
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9.4.4.

Control Bytes 5-7 are used to specify the physical block
nunber . This is shown in figure 9.12. The bl ock nunbering
starts with 000000 Hex and is increnented by one for each new
bl ock recorded, regardless of block type, frame type or track
nunber . The bl ock nunbering is not reset at the start of a
new track.

Physi cal Bl ock Address
Cont r ol Cont r ol Cont r ol
Byte 3 Byte 2 Byte 1
LSB VSB

Figure 9.12 Physical Block Address
2 Control Field, ECC bl ocks

Figure 9.13 shows the general |ayout of the control field for
ECC bl ocks. Control byte O holds the codes to correct errors
in the control byte O of the first 52 blocks in the frane.
Control bytes 1-3 specify the nunber of tinmes the tape has
been recorded fromthe Beginning of the tape. Control byte 4
contains the track nunber and the Early Warning indicator.
Control bytes 5-7 specify the physical bl ock address.

Cont r ol Cont r ol Cont r ol Cont r ol
Bytes 5-7 Bytes 4 Bytes 1-3 Byte O
Physi cal Track nunber Nunber of ECC tor

Bl ock wites fromBOP| Control

Nunber Byte O

Figure 9.13 Layout of Control Field, ECC bl ocks.

Control Byte O of each of the first 52 blocks in each frane
is protected by ECC The correction codes for these bytes
are recorded in Control Byte O of the ECC bl ocks.

Control Bytes 1-3 contain a count of how many tinmes the tape
has been recorded from Load Point. Each tinme a wite
operation is started from the Beginning of Partition zero
this count is incremented and the new value is recorded in
each frane. This distinguishes left-over franes from a
previous wite pass from the valid frames of a new wite
pass. Wien reading a tape, any frane with a different val ue
in this field fromthe first frane in partition O is not a
valid frane. Byte 3 holds the |east significant byte of the
count, byte 1 holds the nost significant byte.

Control Byte 4 in the ECC blocks is identical to Control Byte
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4 in each of the first 52 blocks in the frane.

Control Bytes 5-7 contain the Physical Block Address. These
bytes are used the sane as in the first 52 blocks in the
frane.

9.4.5 Data Field

The Data Field contains 512 bytes of data, encoded according
to the rules in section 8 1 and 8. 2. The contents of the
data field depends upon the type of bl ock being recorded:

* Data Al 512 bytes are available for user data.

* | dentifier: Contains drive and/or host valid information
inits data field.

Filler, Contains no valid data in its data field.
* Control: May contain vendor unique information.

Fi |l emark, Contains no valid data in its data field.
* Setmark, May contain vendor unique information.
* Cancel mark:

* ECC Bl ock: Contains error correction characters
generated by the drive.

9.4.6 CRC FIELD

The CRC (Cyclic Redundancy Check) field consists of 4 bytes
cal cul ated over the whole data block area and control field
area, starting with the nost significant bit of byte 7 in the
Control Field ending with the least significant bit of byte
511 in the Data Field.

Al calculations are done prior to the data random zing and
encoding. Al 32 bits in the CRC character shall be set to
ONE prior to the start of the CRC cal culation. The
generating pol ynom al shall be:

X32+X28+X26+X19+Xl7+X10+X6+X2+1

The four bytes shall be encoded according to the rules in
section 8.2 prior to the recording. No random zing shall take
pl ace on the CRC characters. The nost significant bits of the
nmost significant byte shall be recorded first. It is a
possibility that the two last bits of the Iast CRC byte both
are 0's. In this case 01 shall be appended to the two 0's to
enabl e correct encoding. After decoding, these two extra bits
have no significance. See sections 8.2 and 9.4.7.
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9.4.7 Postanbl e

The postanble consists of either the fixed Normal Postanble
pattern ..010 101 010 101.. or a conbination of this pattern
with the Low Frequency Postanble pattern ..010 000 000 100
000 001 000 000 ...See table 8.1.

The decoding system nmust be able to distinguish between a
post anbl e and any possi bl e conbi nati ons of data patterns.

The Postanble is recorded at the end of each block
imedi ately follow ng the CRC bytes.

There are two different types of postanbles, NORVAL and
ELONGATED.

Additionally, a wite operation is termnated by witing a
speci al ECQD Marker.

A Normal Postanble shall contain a mninmumof 1 and a nmaxi num
of 2 bytes of the Normal Postanble pattern (..010 101 010
101..) as described in table 8.1. This postanble shall

always be recorded at the end of each block. It nmay be
followed by either an El ongated Postanble, or it may be
foll owed by a new preanbl e.

To achieve maxi num capacity, it is recommended to use the
m ni rum | ength of 1 byte whenever possible.

After witing this postanble, the following preanble or
postanbl e shall be recorded so that there is no phase shift
error or transition glitches between the end of the postanble
and t he begi nning of the next preanbl e/ postanble.

If the last two bits of the last CRC byte are 0, the encoding

(and decoding) shall add 01 to the CRC bits before encoding.
In this case the coding of the last two bits of the CRC

character and the postanble will give the follow ng pattern:

CRC Post anbl e
..00 Postanble --> X00 001 010 101 010 101
1

Inserted 01 bits encoded --;

An El ongated Postanble consists of between 6600 and 7200
recordings of the 2-byte Low Frequency Preanble pattern (..
010 000 000 100 OO0 001 000 000 ..). This E ongated Postanble
will always follow a Normal Postanbl e.
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The EOD Marker shall be recorded at the end of every wite
operation as described in section 9.4.8. The EOD Marker

shall consist of a mninmm of 64K (65536) recordings of
2-byte Low Frequency Postanble pattern:

( ..010 000 OO0 100 OO0 001 000 00O ..)

t he

See figure 9.14 The ECD Marker shall be recorded follow ng

t he normal postanbl e.

Table 9.7 shows a summary of the use of preanbles
postanbl es for different types of recording situations.

T T T T T T +
| Recordi ng Type | Preambl e | Post anbl e |
S TS T TS !
i Normal data block | Normal i Nor nal E
i in a fixed franme | | |
I o o e e e e e e e e e e e e e e - I o o e e e e e e e e e oo I o o e e e e e e e o I
E Underrun or E Nor mal E Nor mal + E
| wite termnation | i EOD Marker |
I o o e e e e e e e e e e e e e e e I o o e e e e e e e e - oo I o o e e e e e e e e e e o I
E Append operation + E Nor mal E Nor mal E
i first block in EOD | | |
I o o e e e e e e e e e e e e e e e I o o e e e e e e e e e o I o o e e e e e e e e o I
E First block on a E Long + Nor nal E Nor mal E
. track | : :
R R R R R :
i Last block on a i Nor nal i Nor nal |
. track : | |
T T T L L +

Tabl e 9.7 Summary of Preanbl es/ Post anbl es Recor di ngs

9.4.8 Underrun

Underrun is only allowed to occur at franme boundari es.
an underrun situation occurs, after the final data bl oc
has been witten, data shall be termnated with a norma
Post anbl e and an EOD Marker to designate the End of
Recorded Area.

Last Bl ock at | Nornal | ECQD Mar ker :
End of Valid | Postanble | 65536 :
Dat a : | recordi ngs of |
" " Low Frequency |
" " Post anbl e |

Figure 9.14 End of Data Marker at End of Valid Data Area
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If the end of track (LP or EWhole) is detected while
witing the EOD marker, the recording drive shall ensure
that the current track is termnated such that the | ast
data bl ock on the track has been followed by at |east the
Nor mal Postanbl e and one El ongated Postanble. A conplete
ECD mar ker preceded by a Long Preanble shall then be
witten on the next track (provided that the current track
is not the |ast one).

If End-OF-Partition is encountered the El ongated Postanbl e
whi ch normally occurs at the end of a track shall be
sufficient to mark the End O Recorded Dat a.

9.4.9 Erase and Append Operations at EOD

When a data frane is appended after an underrun, the
recording shall begin at a point between the first 12 to
12150 2-byte recordings of the EOD Marker. The append
operation shall start wth a Normal Preanble. See figure

9. 15.

Sesosiiieeosossooeos L] mm e
Last | Nornal i Residue of ||[]||]|] Normal |
Block | Postanble; Od EOD |]||]|| Preanble |

: i Marker |11 :
111

| <---Te--->]
-->| <---To
Te = Mninmum 12 tinmes 2-byte Low Frequency El ongated
Post anbl e Resi due (EOD Marker) not overwitten by the
Nor mal Preanbl e.

To = Maxi num 12150 tines 2-byte Low Frequency El ongated
Post anbl e Resi due (EOD Marker) not overwitten by the
Nor mal Preanbl e.

Figure 9. 15 Postanbl e/ preanbl e overl ap after append operation.

9.4.10 Erase and Wite operation at BOP

Each tinme a wite operation is started fromthe Begi nni ng
of Partition zero, the Use Count fromthe previous wite
is incremented. To effectively erase all of the data on a
tape, a new ID frame is witten at BOT of partition O with
a higher Use Count than the previously witten data. To
erase the directory partition, EOD Marker is recorded at
BOP. See section 9.4.4.2 for further details.
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9.6 FI XED AND VARI ABLE BLOCKS

This standard allows for the recording of both fixed and
vari abl e host bl ocks. The physical bl ocks recorded on the
tape contain always 512 data bytes, however, sonme of these
data bytes may not be valid in every block, as provided in
Section 9.4. 4.

9.6.1 Fi xed/ Vari abl e Host Bl ock | ndi cator

| f the host specifies that one or nore fixed bl ocks shal

be recorded (regardl ess of block size), bit 6 in Control
byte 0 of every physical block used to record the data from
t hese fixed host blocks shall be set to 0. |If the host
specifies that variable bl ocks shall be recorded
(regardl ess of block size), bit 6 in Control byte 0O of
every physical block used to record the data fromthese
vari abl e host bl ocks shall be set to 1

9.6.2 Fixed/ Variable Host Bl ocks, 512 Data Bytes

In this case, the host block size is the same as the size
of the physical recorded block. Bit 6 in Control Byte O is
set to O (fixed) or 1 (variable) and bits 0-3 in the sane
byte is also set to OOHex. Al data bytes in the recorded
bl ock are valid. Bits 4 and 5 in Control byte O will be set
to 1 for every physical block recorded, to indicate the
both the start and the end of a new host (Il ogical) bl ock.

9.6.3 Fixed/ Variabl e Host Bl ocks, <256 Data Bytes

In this case, the host block size is |less than the size of
t he physical recorded block. Bit 6 in Control Byte O is set
to O (fixed) or 1 (variable) and bits 0-3 in the sane byte
is set to 1Hex. The nunmber of valid data bytes in the bl ock
is specified by the Valid Byte Counter, byte 511 of the
data area. This byte contains a nunber from1l to FFHex
(255Dec) dependi ng upon the nunber of valid data bytes. The
valid data bytes are always recorded first in the data
field, then come filler bytes (no value specified in this
standard) and finally, as the last byte, the Valid Byte
Counter. See figure 9.16.

Bits 4 and 5 in Control byte O will be set to 1 for every
physi cal block recorded, to indicate the start and end of a
new host (I ogical) bl ock.

o m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aa o +
| Data Field 512 Bytes :
o o o o o e e e e e e e e e e e e e e e e e e e == I
' Valid Data ' Filler Bytes ' valid Byte |
| Byt es i Unspecified . Counter |
: : | (Byte 511) |
o m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e maao +

Figure 9.16 Layout of Data Field, Physical Variable Data Bl ocks.
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9.6.4 Fixed/ Variabl e Host Bl ocks, 256 - 511 Data Bytes

In this case, the host block size is still less than the
size of the physical recorded block. Bit 6 in Control Byte
Ois set to O (fixed) or 1 (variable) and bits 0-3 in the
sane byte are set to 2Hex. The nunber of valid data bytes
in the block is specified as 256 plus the nunber specified
by the Valid Byte Counter, byte 511 of the data area. This
byte contains a nunber fromO to FFHex (255Dec) dependi ng
upon the nunber of valid data bytes. The valid data bytes
are always recorded first in the data field, then cone
filler bytes (no value specified in this standard) and
finally, as the last byte, the Valid Byte Counter. See
Figure 9.16

A host bl ock containing 392 bytes of valid data wll
therefore be recorded with bits 0-3 in Control Byte 0O set
to O2Hex and byte 511 of the data field set to 88Hex
(136Dec). This gives us 256 + 136 = 392 valid data bytes in
the bl ock (which neans data bytes from 000 to 391 in the
data area).

Bits 4 and 5 in Control byte O will be set to 1 for every
physi cal block recorded, to indicate the start and end of a
new host (I ogical) bl ock.

9.6.5 Fixed/ Variabl e Host Bl ocks, >512 Data Bytes in
Mul tiples of 512.

In this case, the host block size is greater than the
physi cal bl ock size, but the host bl ocks are specified as
Nx512 where Nis 2, 3, etc. Therefore all the physical

bl ocks recorded to cover one host block contain only valid
dat a byt es.

As an exanple, we will assune a fixed host block of 2048
bytes. This will therefore require 4 physical blocks. Bit 6
in Control Byte O is set to O in all 4 physical blocks. Bit
5in the sane byte is set to 1 for the first physical bl ock
and 0 in the next three blocks. Bit 4 is set to O for the
first 3 blocks and to 1 for the last one. Bits 0-3 in
Control byte O are set to OHex in all four physical blocks.
See Figure 9.17.
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I
I
I
i Physi cal i Physi cal i Physi cal i Physi cal E
. Block No. N | Block No. N+1) Block No. N+2| Bl ock No. N+3]
D e eceec e e e Iy ey Iy ey Fomm e e aa !
| Full Data | Full Data | Full Data | Full Data |
. Bl ock . Bl ock . Bl ock . Bl ock :
I I I I I
E Parti al E Parti al E Parti al E End Logi cal
. Logi cal . Logi cal . Logi cal . Host Bl ock
. Host Block | Host Block | Host Block | :
I I I I I
E Bits 0-3 in E Bits 0-3 in E Bits 0-3 in E Bits 0-3 in
. Control Byte; Control Byte; Control Byte; Control Byte
i 0 is OHex i 0 is OHex i 0 is OHex i 0is OHex
I I I I I
| Bt 6=0 ! Bite6=0 | Bt6=0 | Bite66=0 o@|
. Bit 5 =1 . Bit 5 =0 . Bit 5=0 . Bit 5 =0
, Bit 4 =0 , Bit 4 =0 . Bit 4 =0 , Bit 4 =1 |
N NN TSN +

Figure 9.17 Fi xed Host Bl ock, 2048 Bytes.

9.6.6 Fixed/Variable Host Blocks, >512 Data Bytes, not a multiple
of 512.

In this case, the host block size is greater than the
physi cal block size, but the host blocks are specified as
different from Nx512 where N is 2, 3, etc. Therefore the
| ast of the physical blocks recorded to cover one host bl ock
contain | ess than 512 bytes of valid data bytes.

As an exanple, we wll assume a fixed host block of 1027
bytes. This wll therefore require 3 physical blocks. Bit 6
in Control Byte O is set to O (fixed) or 1 (variable) in all
3 physical blocks. Bit 5in the sanme byte is set to 1 for the
first physical block and O in the next two.

Bit 4 is set to O for the first 2 blocks and 1 in the |ast
one. Bits 0-3 in Control byte O are set to OHex in the first
two physical blocks and 1Hex for the l|ast one. See Figure
9. 18.

Figure 9.19 shows another exanple, wth a fixed block
specified as 1417 bytes | ong.
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i Physi cal i Physi cal :

. Block No. N |Block No. N+1; hysical Block No. N+2

I o= e e e e e e e e oo oo o o e e e e e e e e e e e e e e e e ==

| Full Data ! Full Data ! Variable Data Bl ock

. Bl ock . Bl ock i 1 - 255 Data Bytes

I I I

E Parti al E Parti al E End Logi cal Host Bl ock

. Logi cal . Logi cal :

. Host Block | Host Bl ock

I I I

E Bits 0-3 in E Bits 0-3 in E Bits 0-3 in Control

i Control Byte, Control Byte; Byte O is 1Hex

i 0 is OHex i 0 is OHex

| | , Last byte in data field

| | i 1s 03Hex

: : i (1027 - 512 - 512 = 3)

I I I

| Bt 6=0 ! Bite=0 | Bit6=0

. Bit 5 =1 . Bit 5 =0 . Bit 5 =0

, Bit 4 =0 , Bit 4 =0 , Bit 4 =1

o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e mm ==
Figure 9.18 Fixed Host Bl ock, 1027 Bytes.

o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e m e e e m ===

| Fi xed Host Bl ock, 1417 Data Bytes

o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e m e e e m ===

i Physi cal i Physi cal |

. Block No. N | Bl ock No. N+1'PhyS|caI Bl ock No. N+2

I - - e e e e e e e e oo oo - o e e e e e e e e e e e e e e e e =

| Full Data ! Full Data ! Variable Data Bl ock

. Bl ock . Bl ock . 256 -511 Data Bytes

I I I

E Parti al E Parti al E End Logi cal Host Bl ock

. Logi cal . Logi cal :

i Host Block | Host Bl ock

I I I

E Bits 0-3 in E Bits 0-3 in E Bits 0-3 in Control

i Control Byte], Control Byte; Byte 0 is 2Hex

i 0 is OHex i 0 is OHex

| : , Last byte in data field

| : i 1S 89Hex (=137Deci nal)

: : i (1417-512-512-256 = 137)

I I I

| Bt 6=0 ! Bite=0 | Bit6=0

. Bit 5 =1 i Bit 5=0 . Bit 5 =0

, Bit 4 =0 , Bit 4 =0 . Bit 4 =1

o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e mm e e m ===
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10. ERRCR CCORRECTI ON

The ECC bl ocks at the end of each frame may be used during
the data read operation to reconstruct blocks in error. The
error correction system is based wupon an interleave
organi zation effectively separating each frame into two
groups, one containing all the even nunbered blocks, the
other one containing all the odd nunbered bl ocks. Each group
has independent error correction. The group with the even
bl ocks shall be referred to as the even interleave, while the
group containing the odd blocks shall be referred to as the
odd interleave. For each of these groups, the error
correction system nakes it possible to correct any
conbination of s blocks wth CRC errors (or pointers) and t
bl ocks with CRC failures, as long as:

S +2t <7

10.1 ERROR CORRECTI ON MATRI X FCRVAT

A frame contains 64 blocks, 52 data blocks and 12 ECC parity
bl ocks. Each bl ock contains 512 data bytes and 1 Control Byte
(Control Byte 0) which are covered by ECC control

The bytes in the ECC franes are considered to be arranged in
32 bl ocks (rows) by 513 bytes as shown in figure 10. 1.

The even parity rows (i.e. blocks 52, 54, 56, 58, 60 and 62)
shall be chosen so that each colum of the even rows (bl ocks
0, 2, 4, ..., 48 and 50) of the matrix fornms an independent
Reed- Sol onon  codeword  of redundancy  si X, with 8-bit
characters, as shown in Figures 10.1. Simlarly, the odd
parity rows (i.e. 53, 55, 57, 59, 61 and 63) shall be chosen
so that each colum of the odd rows (blocks 1, 3, 5, ...., 49
and 51) of the matrix fornms an independent Reed-Sol onon
codeword of redundancy six. See figure 10.2. Data shall be
witten on the tape row by row, starting with row 0, and
within each row (i.e. Dblock) the bytes shall be witten
starting with colum O. This inplenentation gives a very
effective interleaving of the data regarding ECC, although
the data itself is recorded in the nornmal order received from
the host. This inplenmentation ensures that the influence of
any error spreading over two neighbor blocks is reduced.
Figure 10.4 shows the conplete ECC frane format with al
bl ocks.
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A< _F> O30

O+

CRC |
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|
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1

|
S

CRC

512

511
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g

|Byte 0 |<----------Data Bytes-------------3]

| Control

CRC

e

CRC

S

CRC

+-------+-----+-----+-----------+-----+-----+-----

CRC
CRC
CRC
CRC
CRC

Even Bl ocks

|
I
|
. |
S
1
|
I
I
I
I
I
I
I
I
I
I

ECC2

ECCA

ECC6

ECC8

ECC10
e

|
+-------+-----+-----+-----------+-----+-----+-----
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Figure 10.1 ECC Frane For nat,
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A< _F> O30

CRC
CRC
CRC
CRC
CRC

Odd Bl ocks

ECC3
ECC5
ECC7
ECCO
ECCl1
S e O o S e o A e e ...

|
|
S

S

S

S

Fi gure 10.2 ECC Frane For nat,
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10. 2 FI ELD REPRESENTATI ON

G-(256) is the field consisting of 256 elenents. Each field

elenent "a" has the form

a = ax’ + agx® + asx® + axx* + ax® + ax? + a;xx + a

where each a; is either O or 1. A field elenent "a" shal

represented by a byte as shown in figure 10. 3.

Figure 10.3 Bit Nunbering Convention

Field math operations (addition, multiplication,

be

di vi si on)

are defined to be polynomal math nodulo a, irreducible

binary polynomal of degree eight, f(x), where

bi nary

addition is the |ogical exclusive-or operation and binary
multiplication is the AND operation. The irreducible

pol ynom al used to generate the field G-(256) shal

f(x) =x2+x" +x2+x +1.
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Q<< xO3w A< _> xO=32wn
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1 1 1 1 1 1 1 1 1 1 1
N T, U . S R . N . P
N 1 1 1 1 1 1 1 1 1 1 1
1 N 1 1 1 1 1 1 1 1 1 1
T B 1 1 1 1 1 1 1 1 1 1
1 LO 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
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T e ] 1 1 1 1 1 Il 1 1 1 1 1
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10. 3 CODE GENERATOR POLYNOM AL

Let r be a root of f(x); in hex notation, r=2hex. The
generator polynomal for the Reed-Solonon code shall be of
the form

g(x) = (x+r% (x+rh) (x+r2) (x+r3) (x+r?) (x+r°)
= x5 + 3Fx® + 28x* + AB6x° + 12x% + 56x + F4

where r = 2. This Reed-Solonon code contains the QG525
pol ynom al as a sub-code.

Encodi ng shall be acconplished as follows. In a full frane,
each columm contains data bytes dO to d63, nunbered as in
figure 10.4. The parity bytes d52 to d63 in each col um shall
be chosen so that the two pol ynom al s:

31 |
dO(X) = S d(52.2i)X|
i =0
and
31 |
dO(X) = S d(53.2i)X|
i =
(S = SuM

are each divisible by g(x), using polynomal division over
G-(256) .
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10. 4 EXAMPLES OF CCDEWORDS

The

Dat a Bl ocks
Nunber

nunber

foll ow ng
pol ynom al s defi ned
notation for the field el enents.

col ums

in

of bytes

are

codewor ds

the preceding sections,

Byt e nunber

for

t he

usi ng hex

01 2 3 456 7 8 9 A B CDE F

ED 00 ED BD 00

00
00

..(all zeros).

00 00 00 00
00 00 00 00

Byt e nunber
6 7 8 9

00 ED ED 00
A9 00 A9 23
00 A9 A9 00
97 00 97 Bl
00 97 97 00
4C 00 4C 88
00 4C 4C 00
53 00 53 7B
00 53 53 00
CD 00 CD DD
00 CD CD 00

Tabl e 10.1 Exanpl e of Codewor ds
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