
;`abce3eF,Dx6TFo. 17 S E P 2002 *I66I66* 1 3 4 5 6 MAGNETIC RECORDING
ENCODER SYSTEM FOR A (1,7) CHANNEL HAVING A ?!3 CODING RATE BACKGROUND OF
THE INVENTION 1. Field of the Invention This invention relates generally to
a magnetic recording encoder system for a 7 (1,7) channel having a ?J3
coding rate for encoding data in preparation for writing said a data on a
disk during a write gate signal being active and, more particularly, it
relates 9 to a magnetic encoder system for a (1,'7) channel having a 2I3
coding rate for encoding t o data in preparation for writing said data on a
disk during a write gate signal being 11 active with a mechanism for
ensuring that data during the training and write pad 12 portions of the
written data field qualify as valid data for those fields irrespective of
I3 the data being presented to the encoder.. 14 15 Z. Description of the
Prior Art 16 When data is written on a disk, there must be a way to read
the data back from t 7 the disk in order to synchronize the data to a clock
thereby clocking the data back in t s the shift register. Basically, the
data must be encoded as the data is written to the disk 19 in such a
fashion to guarantee that the data information will be readable from the
disk 20 over time. The length of time is limited so that every time a new
piece of data 21 information is read, the clock can be synchronized. 22
Various ways have been proposed in the past for increasing the recorded
data 23 density on mediums such as magnetic discs or tapes and in other
similar media. One 24 approach utilized is known as run-length-limited
('RLL) coding which requires that 25 each 1 in a coded bit sequence must be
separated from the nearest adjacent 1 by a 2s specified number of 0's. This
number must be at least equal to a minimum quantity d   , 2 17 SEP 2Q02 l
because of inter-symbol interference but must not exceed a maximum of k
which is 2 required for self-clocking purposes. Codes following this RLL
format are generally 3 referred to as (d, k) run-length-limited codes. The
present invention relates to a a particular code suited for magnetic
recording channels wherein d=1 and k=7. To S convert unconstrained data
into a (d, k)-constrained format generally requires that m 6 unconstrained
bits be mapped into n constrained bits, where m<n. The ratio mln is 7
usually referred to as the coding rate or efficiency. It is obviously
desirable to 8 maximized this coding rate. The tradeoffs usually considered
in maximizing the rate 9 are the decoding look-ahead and the hardware
complexity. 



to Raising the coding efficiency or rate at the expense of decoding
look-ahead 1 t generally results in increasing the error propagation on
data read back. That is, a 12 single bit error introduced in the code
stream will cause a certain number of 13 subsequent bits to also be
erroneous before the coding algorithm becomes self to correcting. It is
always desirable to minimize error propagation. To this end, it has 15 been
found that a coding rate of 2I3 is optimal for the (1,'n code. t6 In the
Adler et al) U.S. Patent No. 4,413,251, an algorithm and hardware for 17
producing a RLL code for magnetic recording channels is described. The
system of t s the Adler et al patent produces sequences which have minimum
of one 0 and a t9 maximum of seven 0's between adjacent 1's. The code is
generated by a sequential 2o scheme that maps two bits of unconstrained
data into three bits of constrained data. 21 The encoder is a finite state
machine whose internal state description requires three 22 bits. The
decoder requires a look-ahead of two future symbols (six bits) and its 23
operation is channel state independent.   . i 3 17 S E P 2002 1 While the
hardware implementation of the system of the Adler et al patent is 2 simple
and can operate at very high data speeds, the Adler et al patent's system
(and 3 others like it) are generic and require knowledge within the
controlling entity a (controller) of the encoders encoding mechanism.
Further, buffer space must be 5 provided in the controller for the
information written in the training and write pad fields. For instance)
when writing the training field, data must be presented to the 7 encoder
which generates a known encoded symbol for proper symbol boundary 8
alignment during read-back. Further, when writing the write pad field, data
must be 9 presented to the encoder which will guarantee all encoder
exception processing is Io completed before the end of the write pad field.
Both situations require knowledge of 1 t the encoders encoding mechanism if
proper data is to be presented by the controller. 12 In the latter
situation, if all exception processing has not been completed at the end of
l3 the write gate signal being active then there exists a possible failure
mode during read 14 back. The decoder would require additional exception
processing necessitating the 15 reading of data beyond the end of the write
pad field. The data previously encoded on 16 the disk may not be
appropriate for proper exception processing or could result in data 17
sequences on the disk having less than one 0 or more than seven 0's between
adjacent is 1's. Such data sequences can produce erroneous decoded data
during read back. 19 Accordingly, there exists a need for a system for
encoding a data field on a 2o disk in which the controller does not require
knowledge of the encoding mechanism to 21 properly write data fields on a
disk in a manner appropriate for reading without 22 introducing errors. 23
24 SUMMARY OF THE INVENTION    



17 S E P 2002 4 t The present invention is an improvement in a system for
encoding a data field z on a disk during the write 'ate signal being
active. The system has an encoder and a 3 data selection multiplexer for
directing data from the controller in the form of 0 sad 1 a bits to the
encoder. The encoder, in response to the user write gate signal becoming 5
active, produces a run length limited (RLL) code in the form of 0 and 1
bits dependent on the data presented by the controller and suitable for
writing to the disk. The RLL 7 code has criteria including a coding rate of
2l3 which requires a minimum of one 0 8 sad a maximum of seven 0's between
adjacent I's. The improvement comprises 9 means for ensuring that during
user write gate being inactive the encoder produces t o RLL codes that are
free from exceptions and valid for training and write pad fields. t t
Further, the minimization of trailing exceptions minimizes the necessary
length of the 12 write pad field. Still further, the ability of the encoder
to generate suitable data for the 13 training and write pad fields
eliminates any need for storage space in the data buffer 1a for the
training and write pad fields. t 5 In an embodiment of the present
invention, the means includes a two bit pair 16 generating mechanism
injecting a two bit pair into the encoder. Preferably, the t'7 generating
mechanism generates an two bit patters which results in an 0 I 0 encoded is
RLL pattern output from the encoder. 19 In another embodiment of the
present invention, the means is connected to the 2o encoder is a parallel
relationship with the data presented by the controller. The means 21
interjects information into the encoder independent of the data presented
by the 22 controller in a multiplex fashion where selection is dependent
upon the user write gate 23 signal state.    17 S E P 2002 5 t The present
invention is further an encoder for receiving a user write gate 2 signal
and two bit data pairs from the controller. The controller presents defined
data 3 in the form of 0 and 1 bits to the encoder during the user write
gate signal being active 4 and undefined or random data during the user
write gate signal being inactive. The 5 encoder, in response to the
controller data and the user write gate signal being active, produces a run
length limited (RLL) code in the form of 0 and 1 bits dependent on the 7
successive two bit data pairs from the controller. The encoder, in response
to the s controller user write gate signal being inactive, produces a run
length limited (RLL) 9 code in the form of 0 and 1 bits independent on the
data being presented by the 10 controller. The RLL data has criteria
including a coding rate of J3 which requires a t t minimum of one 0 and a
maximum of seven 0's between adjacent 1's. l2 Annotation: The following
text appears to be repeated erratically from above, 13 that is why it is
deleted entirely and not edited. to BRIEF DESCRIPTION OF THE DRAWINGS . 



15 FIG. 1 is a schematic diagram illustrating a magnetic recording encoder
system t 6 for a ( 1,7) channel having a J3 coding rate constructed in
accordance with the present 17 invention; is FIG. 2 is a table illustrating
the primary encoding table of the magnetic 19 recording encoder system for
a (1,7) channel having a Z3 coding rate constructed in 2o accordance with
the present invention; 21 FIG. 3 is a table illustrating the secondary
encoding table of the magnetic 22 recording encoder system for a ( 1,7)
channel having a 2/3 coding rate constructed in 23 accordance with the
present invention;    17 S E P 2002 6 1 FIG. 4 is representative data, for
example, being encoded by both the primary 2 encoding table and the
secondary encoding table of the magnetic recording encoder system for a
(1,7) channel having a ?r3 coding rate constructed in accordance with the a
present invention; and s FIG. S is a schematic diagram illustracting the
duration of the actual write of 6 data to the disk of the magnetic
recording encoder system for a (1,7) channel having a 2I3 coding rate
constructed in accordance with the present invention. s DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENT  9 As illustrated in FIG. 1, the
present invention is a system, indicated generally 1o at 10) for encoding a
data field 12 on a disk (not shown) during the write gate signal t 1 15
being active. The system 10 bas an encoder/decoder 16 (hereinafter referred
to as t2 the encoder) and a controller or controlling entity 18 for
directing of user data 20 and 13 selection of sub-fields of the written
data. The controller 18 directs user data 20) i.e., 14 generally a
predetermined number of bytes of data known as non return to zero data 15
(NRZ data), in the form of 0 and 1 bits to the encoder 16. The encoder 16)
in response 16 to the NRZ data 20 and the user write gate signal 15 being
active, produces a run 17 length limited (RLL) code, also in the form of 0
and 1 bits, dependent on the write t s gate data 15. As illustrated is FIG.
2, in the present invention, the RLL code 19 preferably has a coding rate
of 2I3) where two unconstrained NRZ data bits are Zo mapped into three
constrained channel bits, with a primary RLL code criteria 21 requiring a
minimum of one 0 cad a maximum of seven 0's between adjacent 1's. 22 An
example of the 1,7 constrained Z3 coding rate as described immediately 23
above) and as illustrated in FIG. 2, will now be discussed. The encoder 16
receives in 2a succession, for example) two bits of information tom the
controller 18 is the form of   17 S E P 2002 



t 0's and 1's. Each of these pairs are taken in their successive order and
translated z through a primary look-up table (FIG ?) 22 from a two bit pair
to a three bit word. As 3 discussed above, the constraint of each of the
newly formed three bit words is that 4 there can never be two 1's next to
each other. These three bit words are then 5 concatenated successively
(Figure 4) to form a binary write data stream. By using 6 three bit words)
the possibilities of having two 1's together is greatly lessened (See 7
FIG.4). 8 If by chance, by using the two bit pair to three bit word look-up
table 22, 9 concatenation causes two 1's together, the encoder 16 produces
a secondary coding 1o which violates the (d) k) constraint of the primary
RLL code criteria. The encoder I6 1 t detects this and then uses a slightly
larger secondary look-up table (FIG. 3) to deal 12 with these exceptions)
i.e., four bits to six bits. If the encoder 16 can not meet the 13 primary
criteria by translating the two bit pair into a three bit word, then the
previous la NRZ data bit pair is concatenated with the current NRZ data bit
pair producing a four 15 bit word and translated into a six bit word
through an secondary look-up table 24. is Each of the six bit words
generated by the secondary Look-up table 24 ends with three 17 0 bits thus
guaranteeing that aay subsequent translation and concatenation by the 1 s
primary look-up table 22 can not generate a violation of the RLL code
criteria. Upon 19 the entry of the next two bit NRZ data pair from the
controller 18) the encoder 16 20 begins again with the primary look-up
table 22. FIG. 4 illustrates a typical data stream 21 being encoded by both
the primary table 22 and the secondary table 24. 22 For data 12 written on
a disk to be accurately read back from the disk the 23 following things)
from the point of view of the encoder/decoder 16, must occur,   1 7 S E P
2002 8 1 1) the PLL must adjust to the frequency of the written data 12 and
also 2 obtain phase lock with the written data 1?; 3 2) the three bit word
boundaries defined during writing the data 12 must be identified and the
decoder must synchronize itself with the three bit 5 word boundaries; 6 3)
the start of actual data 12 must be determined; 7 4) the data 12 must be
read in and decoded; 8 5) ending the read sequence must not generate as
error in recovered data. 9 Knowledge of the foregoing requirements allows
one to define the requirements of 1 o writing data 12 to the disk. In the
present embodiment four distinct fields of 11 information are contained
within each section of written data. As illustrated in FIG. 5, 12 these are
a training field 30, a sync mark field 32, a user data field 34, and a
write pad 13 field 36. 14 The training field 30 is a repeating pattern of 0
1 0 three bit words. The 15 training field 30 must be long enough for the
PLL to obtain phase and frequency lock 16 and then continue in length long
enough for the encoder/decoder 16 to identify and 1~ synchronize to the 0 1
0 three bit word boundaries as opposed to synchronizing to a 0 18 01 or 1 0
0 pattern. By doing this, the reading requirements of 1 ) and 2) above are
19 satisfied. It should be noted that with the magnetic recording encoder
system 10 of 2o the present invention, the training field 30 is constant
for all written data. 2t The sync mark field 32 is also a known pattern
other than the repeated 0 1 0 22 pattern of the training field 30 and can
be generated by nay non-repeating two bit 23 pairs. The pattern of the sync
mark field 32 is searched for and upon recognition   17 S E P 2002 



9 1 signifies that user data follows immediately. The sync mark field 32 as
described 2 above satisfies the reading requirement 3) above. 3 The user
data field 34 is a known number of three bit patterns which represent a
actual user data. The user data field 34 as described satisfies the reading
requirement 5 4) above and the utility of this invention. s The write pad
field 36 is extra data written to the disk, in the form of 7 repeating 0 I
0 three bit words, which guarantees that the encoder 16 has completed 8 all
exception processing and to overwrite extraneous data present on the disk
from the 9 last write operation at this location. The write pad field 36 as
described satisfies the Io reading requirement of 5) above. 11 The training
field 30, the sync mark field 32, and the write pad field 36 are 12
recognized as overhead required for proper reading and writing of data. It
is 13 preferable to minimize the size of these fields 30, 32, and 36
thereby yielding greater Ia storage efficiency. The training field 30 and
the write pad field 36 are two fields in I5 which the encoder/decoder 16
can have an impact. Further, in having the encoder I6 Is generate the data
for the training field 30 and the write pad field 36, the size of the t 7
data buffer can be reduced realizing more efficient use and less required
buffer ram I 8 for the system. 19 The system of the present application has
a mechanism for ensuring that the 20 last predetermined number of data bits
in the data field are free from an exception. 21 Basically) the mechanism
forces a non-exception word or two-bit pair which never ?2 causes an
exception even for any extraneous bits at the end of the write data on the
23 disk thereby guaranteeing to never run into a problem.   17 S E P 2002
to t In operation, the mechanism is attached in parallel with the
controller to the 2 encoder. In other words, the mechanism is independent
of the controller. When the 3 user write gate data goes inactive, the
mechanism disconnects the controller from the 4 encoder. When the user
write gate goes inactive, then the encoder recognizes that it 5 needs to
change the multiplexer so that it is always receiving a non-violating bit 6
stream pair 7 Once the controller has been disconnected by the encoder, the
mechanism 8 directs a non-violating two bit pair, i.e., 0 1, to the
encoder. For instance, in the 9 current embodiment of 0 1, the 0 1 two bit
pair is preferred since from the primary t o RLL coding table, the 0 1 two
bit pair translates into 0 1 0 which can precede or t t follow any other
encoded constrained three bit symbol without forcing as exception. 12 The
mechanism forces the 0 1 two bit pair until a new user write gate is
directed to the I3 encoder by the controller. The mechanism forces the end
of the data field to be 14 exceptionless) i.e., the last three digits can
never be an exception. 15 In practice, the 0 1 two bit pair is derived
logically from a signal supplied by l6 the controller to the mechanism
within the encoder. The 0 I two bit pair is merely 



17 being sent to the encoder and are not forced onto the disk. The
mechanism interjects is independent of the state of the controller data
lines in a multiplex fashion the 0 1 19 signals at the end of the write
gate. 2o The disk drive of the present invention preferably includes a
carriage assembly 2t which is described in U.S. Patent Application No.
(Attorney Docket 22 No. CAL-P003) filed concurrently herewith and
incorporated herein by reference. 23 Furthermore) preferably, the disk 14
of the present invention includes servo sector 24 architecture for a high
density) removable media-type disk which is described is U.S.   1 7 S E P
2002 11 1 Patent Application No. (Attorney Docket No. C~.L-P001 ) filed Z
concurrently herewith and incorporated herein by reference. 3 In the
magnetic recording encoder system 10 of the present invention) FIG. 1
illustrates the appropriate block diagram of the encoder implementation for
generating 5 the above described requirements. Further, this is implemented
in an Hardware 6 Description Language (HDL) known as AIL and is illustrated
in Appendix A. The 7 corresponding decoder implementation also written in
AHDL, is illustrated is 8 Appendix B. 9 The foregoing exemplary
descriptions and the illustrative preferred to embodiments of the present
invention have been explained in the drawings and t t described in detail,
with varying modifications and alternative embodiments being 12 taught.
While the invention has been so shown, described and il it should be 13
understood by those skilled in the art that equivalent changes in form arid
detail may la be made therein without departing from the true spirit and
scope of the invention, and 15 that the scope of the present invention is
to be limited only to the claims except as t 6 precluded by the prior art.
Moreover) the invention as disclosed herein, may be t7 suitably practiced
in the absence of the specific elements which are disclosed herein.   17
SEP 2002 12 - e'ile: encoder.~df version: 9 - vg JN 10/06I97, 10:52am - v8
~'N L0/06/97. 10.'2lam - v. JN 09/30/97, 02:L9p~m -- v6 JN 08/28/97,
11:55am - v5 JN 08/Z7/97. 12:55pm -_ v4 JN 08/20/97, 05:21pm -- v3 Jti
08/20/97) 04:44pm -- v_L LiiL 08/I3/97, 02:36pm rI'TL~ "1, ~ Encoder" i
Last modified: L0/06/97, 10:52am by Jtl J~a =finally figured out now to
update a vC5 pro;ect:?! Added debug pins :or endse t=oubleshoatinq vcs
maintenance C:seck-in to new location. Total Rewrite. Implementat=on
through lookup table Initial Checksn - FIhENRt~: encoder.tdf - Lr1lIGOACaG:
ahdl -- ADtiiOR: Jis Noxon -- LOGTION 



-- DESCRIPTION: -- This coda generates a 1,7 implementation of a channel
encoder. -- Standard mapping of 2 bits to 3 bits is used. Thn following --
table indicates the general mapping of the input datai -- NRZ Oata In I
Fsscoded Oata Out -- -~--_--__+---------~------ 0 0 1 0 0 1 -- 0 1 I 0 I 0
-- L 0 I L 0 0 -- 1 1 I 1 0 1 -- For those states where a violation would
occur the output -- data stream is modified according to the following
siolation -- table: -- NRZ Oata In I Encoded Data out -. -_~-~~- ~---- 0 0
1 0 I 0 0 1 0 0 0 -- 0 0 1 1 I 0 1 0 0 0 0  -- Z 1 1 0 I 1 0 1 0 0 0 -- 1 1
Z 1 I 1 0 0 0 0 0 --  denotes those violations in which the preceeding
symbol is -- translated ditierently. -- Implementation of this encoder
assumes chat the !first two -- bits of nrz data are presented at the time
write gate (wg) - goes high and than every third read reference clock (rr
elk) -- thereafter. -- Tc miaimlza the timing problems due to delay from
the encoder, -- a delayed write gate (dly wql aiqnal is generated that is
-- synchronized with the data at the write data (wdI output. -- General
implementation is to use a 2 bit counter (dbtc(]) held -- in an idle state
(dbtc(] ~ a"11"I during times when write gate -- 1a held low. iihen write
gate goes high, Che counter roll: aver -- and works in a divide by ehrea
mode counting from 0 to 1 to 2 and -- back to 0 again. Thin provides
iasowledqe of where we are tn -- terms of aerializinq the output symbol.
Write gate is expected -- to go low otter ehe last nrz pair is clocked in.
This eausea the -- counter to count down and underflow into the idle state
during -- output of the last symbol. This methodology allows for aimplit3ed
-- mapping of the delayed write gate signal to the state of the -- counter.
-- Symbol geMration is done through a lookup table. The lookup table --
handles all code vialaeions far the current symbol. 1'or those two --
symbols that require the modification or the previous symbol. a --
violation flag ~(vflaq) is set which then modiliea the load procedure -- of
the ahitt register (ar out(]) ouch that the previous symbol is   17 S E P
2002 13 -- corrected before being sh_=ted out. -- EtEVISION HISTORY: Oate
Person Descr;ption -- 11l05/96 5T Init_al creation. -- 03/02/97 do
C.~ange-to di!larent .,7 endec. -- 08/18/97 JN Complete revision for new
i,7 encoder -- Thts aadia contains an author=zed copy or copies of material
ownaa by -- Caleb Technology. This ovnerstup notice and any other notices
included -- sn machine readable copies must be reproduced on a11,
authorized copies. -- This is confidential and unpublished property of
Caleb Technology. -- Q11.1 r:qhts reserved. INCLUDE 'GENERICS.INC"; --
support !or mocha o! compilation SOBDESIGN encoder 



r. clk. iNPOT: --read reference clockreaecb. iNPOT: --active low reset
signalnrz(1..0]. INPQT: --2 btC nrz dataaq. INPOT: --write gatenwd: OOTPOT:
--negative aerial Write data outputlast bit: ODTPDT: --represents state of
last bit outputdly;aq I: OQTPOT: -delayed write gate synchronized with
aerial write dataVARIABLEsr out(5..0]: OFF:-- holds data to be
outputdbtc(L..O]. DFF:-- holds a divide-by-three-counterload shift: SCET:--
generates the active high load, active low ahitt signalvtlag: SOFT:--
generates the violation state requiring change of currentoutput symboltb
outll..0](2..0] : SOET:- generates symbols for output tram a translation
tablewqtt: DFF:- generates the delayed write gate symbollast. DfF:-- holds
state of last data bit transtered outlnrx(1..0]: SOFT:- local nrz data
input HBGIN -- clack assigeaaenta ar out(].elk - rr elk: dbtc ( ] . clk ~
rrelk: wqtt.elk  rr clk: lase.elk  rr-elk: -- reset asaiqnmenta sr
out(].elrn ~ reaetb: dbte(].pre  reseCb: wqfE.clr:t  resetb: Laat.elrn
reaetb: -- Local nrx data implementation IF wq ~ VCC 'THEN -- it writing
lnrz(]  nrx(]: -- get sea data ELSE -- it not rrritinq Intx(]  l: -- load
non violating symbol Fs7D IF: -- divide by three counter implementation I6'
wg ~ VCC THEN -- it writing IF dbtc(] ~ 2 THEN -- it ready to rollover
counter dbee(] ~ 0: -- rollover counter   1 7 S E P 2002 14 r..SE
aauntiag~bca(1- dbcc(1  1:-- Lacrement counterQ10 IF:not wrLCingIr ~t ;( )!
] '['N~,1- L~ nOC i.^.^. Ldle Statedbec(1- dbce(1 - L;-- decrement
councsr~g-- -~ .n Ldla state1 ;- hold r.dle statea10 I.era I:; -- Laad
ahitt implsmentation IF dbcc~l] ~ VCC TNFtt - L- an Last count or Ldla lcaa
aloft  VCC:  should ba loading ~g - -- i- not an Last count and ne
laad_ahi-t  CND: -- should be shitting ~D I: -- delayed writs
gatetmplementst~onI: wg ".. VCC '"NEN -- it wr_tLngIF wgt= ~ GNa TN~1-- it
Lnimacmg a writeIF dbecfl ~ Z 'BEN  i_ ready L'ar first symbolwg!_  VCC:--
delayed writs gate become:w.'aE-- i_ noC ready Eor tirat sy~wg==  GNO:-
delayed wri:e gate aril!END I3:ELSE~ it in the uiddle o! a wriwgtt  uGC:~
delayed wriu gals :Lays~1D I F:EI3E~ it oat writingIF watt ~ GND THEN-- i-
in between writeswgtt  GtiO:~ delayed write gals staysELSE~ it at end of a
writeIF dbtc(1 ~ 3 THLN ~ it in idle state ~wgtt  CHD:~ delayed write gate
become.ELSE-- it finishing last symbolweft!  VCC:-- delayed write gate
stillENO IF:LIiD IF:Q10 IF:- the eaeode translation tableTgw-~-:~r=(1. ar
aut(4..21> tb autlll(I. tb_aut(01I1) vtlaqs8"00". H"700C"~> 8"70CX"~
H"001"~GND: ~ 00 can follow anything9"Ol". 8"700C"~> d"700C". 8"010".GiiO:
~ O1 can follow anythingH"10". 8"000"> 8'%70i". 8"I00".GtlO: ~ dart
Following vf.olationsalways vaLd8'I0", 8"001"> 8"700C") 8'000",GaID: ~
following syabol onlyviolation9"10") 8"010"> 8'700C"~ 8"100")GLiDi -- 10
can !0110w O18"10", 8"011"> 8"700C". 8"700C")GHD: - invtlid encode,.ahould
notoccura"lO") B"10C"-> a"700C"~ 8"100"~GND: -- 10 can !0110w 10B"10",
8"10L"> 8"700C', 8"000",GND: -- toll.owinq symbol onlyviolation8'I0".
8"Z10"> 8"70C". 8"7GGt'~GZtai -- invalid encods~ ahonld notOCCLtr8"1G".
8"IlI"> 8"700C", 8"70f%")GND: -- invalid eneod~) should sotoccurS"11",
d"000"-a s"7pOt", a"101",GatO: -- data following violationsalways
valid9"11". 8"001"> 8'010"~ A"0G0"~VCCi -- L'011wrinq and evtsent
symd0lviolationd"11". a"010'-> B'lOCC"~ a"10I",Gtta: -- 11 eaa 10!!0w O1
17 S E P 2002 Is A"O11" > A"XXX", 3"70aC", GitO; -- :nva_id encode. should
zot B"=1". oaestr 1", A"-00" > 9"X7OC'~ 9"101", GND: -- :1 Can !ol_ow 10
A"~", 9'.01" -> H"100") 3"000") 'ACC: -- =ollowznq and e,ir-__ent sympo:
vi.ala3won "I 8"=LO" ~> g"~" g"~" ~D~ -- -nval:d encode, should not aeeesr
3"IL". a"=11" " a"X700". 9"700t". GND: -- _nval_d encode. should not occur
Q10 -_.18L.:: 



- our~ut shift :eqister s.m~plemerttac:an IF load absEt ~ VCC :HEN -- i_
Loading data ar ouc(2..0] ~ :.b out(0](j; -- Load next aymool to output
IF~v==aq .~ VCCl THEN -- ~~ in a violat_an atats sr aut(5..3j ~
ets_out(11(]: -- Load :aadi~iad symbol i.n upper register ELSE -- 'E not in
a vsolatian elate sr out(5..3] - ar out(4..21: -- ahitt a bit END ..a:
r."LSE -- i= not Loading data ar out(5..11 - ar out(4..0]: - ahi.a a bst
evo L--: -- Last data bit atata implementation IF w4'-- ~ VCC 2:i1  1!
writing last ~ sr ouc(5]: -- assign last output bit E>rSE -- it not wrieinq
last ~ last: - hold last output bit '-.'YO L:: ~ output assignments nod -
:sr out(SJ: -- aerial writs daa outpus dly ~ ~ Wgl~: -- daLayad ~rrite gets
actput last bit ~ last: -- last bit.autput FsID:   1 7 S E P 2002 16 --
:ila: ~ecodar'.tdt Var -- v4 ..~~1 .0/06/47, -- v3 ..'N 08/29/97, -- v2
,.'N 08/29/47, -- v1 ~t 081Z7/97. TITLI ":,'. 7ecoder": sloe: J .O:SZam
02:08pm --:OLam OL:OOpm Last mad~.__ed: L0/06/97, :0:52am by .Jtl ~?m
'__nally =_gured out how to update a VCS pro7ect~?~ Added psueda sync
detect s_gnal to pin 7 of pro7eet. . New Decoder ynic_al Check .n =nl~:a1
checkin -- EILc~IAME: decoder. tdf -- :,iiJGUAGe.: ahdl -- iUTHOR: uim
NQXOn -- i.OC~1?ICN: -- DESCc~IPT=ON: -- Tha t:.la.~.mplemnnts a 1,7
decoder with internal synchronization -- to the tribit boundaries. A signal
"locked" is provided to indicate -- chat t.'~e decoder is locked co the
tribit boundaries. The input vrord -- lock Len allows for a variable length
of valid tribi~ boundaries to -- be val-dated before the lacked ssgnal is
asserted. -- ImplemencaC:on a through the use of a Look up table which
defines -- the decode sap used in the encoder. As read data bias era
shifted in -- they are added to the previous data bite read to generate a
look up -- address for the Look up table. When a violation coda is road in
that -- requires modi_ication of the previous symbol Lor proper decoding, a
-- vtlaq signal is asserted to modify the normal operation of the input --
data shift :egistar pipeline allowing the symbol to be corrected. --
Syncrironization is accomplished through the use o! a divide by three --
counter and a flip Elop indicating lock. The lock flip flop is cleared --
any time that read gate (rg) is low. Read gate going high enables the --
lock up logic to take control. While lock is low, the divide by three --
counter (dbtc[]) is synchronized to each incomming L bit. It the --
synchronization has caused an adjustment in the value of the divide by --
three counter, the lock counter (lock cntr[]). is reset to 0. It the --
aynehranizatian is valid, the lack counter is incremented. Once the -- lock
counter incrsmenta to Che value on the lock lee input word 



-- aync.'sronization is asaumad lacked and the lock flip flop is aaaertsd.
-- The lock flip flop remains in the locked scats until read gate is --
brought low. - A signal named aym err is generated through the use of the
look up -- table. This signal indieatea that an invalid symbol combination
has -- accured even though this error may not violets the I,7 code
constraint. -- Ons possible example of this is . .001 000 000 100... --
Clearly there is na 1.7 coda violation hers but this sequence can not --
legally occur ainee the ayiebal stream 000 000 has no car:osponding --
decode stream. -- REVISION HISTORY: -- Daee Peraen Oeseripeion .- 08/25/97
---,T11 ,- Initial attempt at a Decddar -___--..--__-._.--- Thia media
contains an authorized copy or copisa of material owned by -- Caleb
Technology. This ownership notice and any other notices included -- in
machine readable copies must be reproduced on a11 authorized copies. --
This is confidential and unpublished property o! Caleb Technology. -- A11
rights reserved. INCLUDE "GE.YERICS.INC": -- support for modes of
compilation S~J90ESiGN decoder   17 S E P 20D2 17 r: r_l;c . INPUT; -- read
reference clock . INPUT: -- read data is resetb . ;NPUT; -- ~syetem reset '
rq . INPUT: -- :tad gate :ock__en(5..0~ : INPUT; -- number of va-:d tr_Sit
ramss to 7ustWy loci on sync :;eid pattern nr- ( 1. . 0 ) . OUTPU': : --
n~~ data out s~ 9rr : OUTUT: -- symbol .n violation of encode scheme =d clk
: OUTPUT: -- read data clock synchronized with read data locked : OUTPUT:
-- indicates decoder is locked to sync Eisld pattern psync-det : OUTPUT; --
psuedo sync detect 1 VARIeIBLc'.. dhtc(:..0) . DFF; -- divZde by three
counter au._sym(4..OI . DF:: -- holds input data and output ~rz data cu.
nrz(1..0) . DF': -- holds currently translated zrz data prey arx(1..0] :
DFF; -- holds output nrz data e.. . DFF: -- holds syiabol in error data
lock . DFF: -- idsntitads i= state counter locked to sync field pattern
Iock cztr(5..0) : DFF: -- counts valid tribit frames during sync field
pattern prey cb1(I..O1 . NOOE: -- generates the corrected previous nrz data
bit pair cur_tbl(1..0] . NODE: -- generates the current nrz data bit' pair
tbl input[5..0] : NOOE: -- generates the numeric input for the look up
table vtlaq . NODE: -- generates the violation _"lag tbl err . NOOE: --
generates the symbol error status -lag Is ~E3UG CIRCUITRY !~ 0 GENERATE
psync det ft . DES: -- holds psuado sync detect status END GENERATE: BEGIN
-- clack assignments dhtc(].clk ~ rr clk: eur_syne( J . elk  rr clk:
cur_nrz(I.clk  rr clk: prevnri ( ] . elk -~ rr elk: err. clk ~ r, clk:
lock.clk ~ rr clk: lock cntr(].clk ~ rr_clk: -- reset assignments
dbtc(].clrn ~rssetb:cur aym(].clrn -reaetb:cur nrz(].clrn -resetb:prey
nrz(].clrn -reaetb:er=.clrn ~reaeth:lock.clra -resetb:lacfc_cntr ( ) . clrn
~rssstb: -- lock Co sync pattern implementation IF rq -- CND THEN -- Lt not
reading lack ~ GND: ELSE -- it reading 



I:' lock -- GND THEN -- it not yet locked up IF Loek entr(] -- Lock len(~
THE:1 -- it reached lock count lock  VCC: -- indicite that we are lacked
ELSE lock ~ GND: -- indicate that we are not locked END IF: ELSE -- it
already lacked up lock ~ VCC: -- hold lock state ENO I F: EHD IF: -- lock
counter implementation IF rq -~ GNO THEN -- ft not teadtng   17 S E P 2002
1g lock ~cr(1 ~ 0: '-:.SE I F _^d -~ VC~ 'C!iEN Ie dbc=(] ~ 1 THEN Lock
atr(] ~ Lock cntr(] + ~:.5~ LOCk C.ltr ( ) ~ 0; r,10 :F ELJL __'- dbtc(1 !~
1 THEN Lock cntr[] - locfc_cntr(]: ELSE lock_cnt;(] " 0; END I. e.-P1D I:':
END I?7 -- hold ccunter is :eady state -- -t reading -- L: a one bit is the
read data -- i: Lt is syncnronaus with state counter 1; -- increment the
counter -- Lt not synchrouous iwth state counter -- reset the counter not a
ana bit in the read data -- i= a is synchronous with state counter -- hold
current count value -- it it is not synchronous with state counter -- reset
the counter -- dis~de by three counter implementation i: lock ~ VCC THEN --
it locked up to sync MeldIF dbtc(] = Z THEN -- iE counter at max~rnumdbt=(]
~ 0: -- roll aver the counterELSE -- i: counter not at ~nax:~umdbtc(] ~
dbtc[] + l: -- increment the counterEND Ie;ELSE -- it not lacked up to sync
fieldIF r:, -- VC~ THEN -- it readingIF rd ~- VCC THEN -- it a one bit in
the read datadbtc(] - 2: -- synchronize state coasterELSE -- it not a one
bitIF dbtc(] ~ 2 THEN -- it counter at maximumdbce(] - 0: -- roll over
counterELSE -- it couneer not at maximumdbtc[] - dbtc(] + 1: -- increment
the counterEND IF:END IF:ELSE -- it not readingIF dbte(] w 2 THEN -- it
eouatar at maximumdbte(J ~ 0: -- roll over the eountasELSE -- it counter
not at maximumdbtc(J ~ dbtc(] + 1: -- ineremant Che countet END IF; 121D
IF; END IF: 



-- pauedo sync datact implementationIF OEBUG CIRCZ?ITRY :~ 0 GENERATEpsyac
det ft.clk - r =clk:-- clack aaaigssmantIF lock ~ VCC THEN-- it acquired
lockIF psync dot tt - GND THEN-- it psuado sync not detected yetIF dbtc[)
=- I THEN-- it on a tribit boundarysym(Z..O] 1- H"001" THEN -- it not in
training field IF eur_ psync dec~!! ~ VCC:-- assert psuedo sync
detectELSE-- if in training fieldpsync det tt ~ GND:-- maintain sync not
found status_ ENO IF:END IF:ELSE-- it pauedo sync detectedpaync dot !t -
VCC:-- maintain sync found statusENO IF:ELSE-- it not loeknd and ready to
search for psuedosyncpsyne det t! - GND:-- prepare for whoa ready to
searchE.`1D IF:paync dst  paync dat_!L; --- assign outputEISE GENERATEpaync
det  GND:-- set default pin state   17 S E P 2002 19 END ~c.NERA: ~. -- _
:pc: sh_-t register iraplementac.:on cur svm(4..1J - cir,sym(~..OJ; --
shl:t up pit cur_sym(0] ~ =d: -- shut in data blt -- LnpuL data pipeline
implementation I. :.btc ( J ~ 2 THEN -- if cn a -~ vrlaq ~ VCC THEN -- if
tars prey nrz(] ~ prev_tb1(]; -- cor=ect .J C. rev nrz(] EaD I: r csr_nrz[]
ELS E prev zrz[] cur nrz[] END ~?: -- l~ thlS cur_nrz(]; -- shift up trlbit
boundary is a violation prsv=pus nrz data is :lOt 3 V101aClOn current nrz
data cur t51(]; -- get current nrz data -- if not on a trlbit boundary prev
nrz[]; -- hold previous nrz data cur nrz[]; -- hold current nrz data --
symbol error detection implementation Ia' dbtc(] ~~ 2 THEN -- i= on trlbit
boundary er: ~ tbl_err; -- get symbol error status ELSE -- i~ not on a
tribit boundary e.. ~ err; -- maintain current error status END _?; --
translation table for inputpipelinetbl ~nput(5..1] -cur sym(];tbl
input[0]~rd;TABLtbl input(]~> prev tbl(], cur tbl(],vElaq,tbl
err:H"000001"~>8"XX",B"00",GND,GND:8"000010"'>H"XX")B"01",GNO,GND;
8"000100^~>B"XX",a"10",GNO)GND:B^00010L^s>8"XX",H"11^,GND,GNO;
8^001000"~>H"XX",B"10",GNO,GNO;H"00100I"~>B"XX^,B"00^,GND,GND;
H"0d1010"~>H"XX",H"O1",GNO,GND;H"010000"s>8"00",8"11",VCC,GND;
B"0l0001"->H"XX",8"00")GND.GND;B"0100I0"~>H"XX",8"O1",GND,GND;
3"010I00"->B"XX^,B"IO",GND,GND;3^010101^~>8"XX",H"I1",GND,GND;
3"100000"~>B"11",H"11".VCC,GND;3"100001"~>8"XX",B"00",GND,GND;
$"100010"~>B"XX",B"01",GND,GNO;8"100100">H"XX",a"10",GND,GND;
$"100101^~>H"XX",B^11")GNO)GNO;$"IOI000"~>8"XX",8"10",GND,GNO;
$"1010O1"->8"XX",8"00",GND)GNO;8"101010"~>B"XX",B"O1")GND,GND;--
invalidsymbol
combinations8"0000O0"~>B"XX",B"XX",GND,VCC:8"XXXX1I"~>B"XX",8"XX")GND,VCC;
9"XXX11X"->B~XX")B"XX", GNO, 



VCC:8"XX11XX^->B"XX",B"XX",GND,VCC:H"XiIXXX"'>8"XX",8"XX",GND,VCC;
8"IIXXXX"~>B"XX",B^XX",GND,VCC;END TABLE:-- output assignmentsnrz(] ~
prevnrz(1:symyerr i err;locked - look:rd clk - dbtc(I];   17 S E P 2002
END: 20   17 S E P 2002 21 We claim: An encoder for receiving a write gate
code from a data receiving controller, the data receiving controller
directing write gate data in the form of 0 and 1 bits to the encoder) the
encoder in response to the write gate data producing a run length limited
(RLL) code in the form of 0 and 1 bits dependent on the write gate data and
directing the RLL code to the disk, the RLL having criteria including a
coding rate of Z3 which requires a minimum of one 0 and a maximum of seven
0's between adjacent 1's, the encoder producing a secondary coding rate as
as exception when the write gate data does not result is the RLL code
criteria) the encoder comprising: means for rnsuring that the last
predetermined number of data bits in the data field are free fivm as
exception. 2. The encoder of claim 1 wherein the means includes a two bit
pair generating mechanism injecting a two bit pair into the encoder. 3. The
encoder of claim 2 wherein the generating mechanism is an 0 1 generator for
generating an 0 1 two bit pair.   1 7 S E P 2002 22 4. The encoder of claim
1 wherein the means is connected in a parallel relationship with the
controller, the means interjecting information into the encoder independent
of the controller in a multiplex fashion. 



In a system for encoding a data field on a disk with write gate data, the
system having an encoder and a data receiving controller for directing
write gate data in the form of 0 and 1 bits to the encoder, the encoder in
response to the write gate data producing a tun length limited (R.LL) code
in the form of 0 and 1 bits dependent on the write gate data and directing
the RLL code to the discs, the RLL code having criteria including a coding
rate of 2I3 which requires a minimum of one 0 and a maximum of seven 0's
between adjacent 1's, the encoder producing a secondary coding rate as an
exception whey the write gate data does not result in the RLL code
criteria, the improvement comprising: means for ensuring that the last
predetermined number of bits in the data field are free fiom the exception
6. The improvement of claim 5 wherein the means includes a two bit pair
generating mechanism injecting a two bit pair into the encoder. 7. The
improvement of claim 6 wherein the generating mechanism is an 0 1 generator
for generating as 0 1 two bit pair.   17 S E P 2002 23 8. The improvement
of claim ~ wherein the means'is connected to the encoder in a parallel
relationship with the controller, the means interjecting information into
the encoder independent of the controller in a multiplex fashion. 9. A
method for eacoding a data &eld oa a disk with write gate data, the method
comprising the steps of-. providing as encoder, providing a data receiving
controller producing a write gate; directing the write gate data is the
form of 0 aad 1 bits to the encoder) producing a rim length limited (RLL)
code in the form of 0 and 1 bits from the encoder in response to the write
gate data, the RLI, code having criteria including a coding rate of Z3
which requires a minimum of one 0 and a maximum of seven 0's between
adjacent 1's; producing a secondary coding rate from the encoder as an
exception when the 



write gate data does not result in the RL.L code criteria; easuring that
the last predetermined atuaber of bits is the data field are fire from the
exception; and writing the RLL code or the secondary coding rate on the
data field to the dish 10. The method of claim 9 aad ftuther comprising
disconaecting the encoder from the controller in response to and at the end
of the write gate.   17 S E P 2002 24 11. The method of claim 9 and further
comprising connecting the encoder to a means for easuriag that the last
predetermined number of bits in the data field are not an exception. 12.
The method of claim 11 wherein the means includes a two bit pair generating
mechanism injecting the two bit pair into the encoder. 13. The method of
claim 12 wherein the generating mechanism is an 0 1 generator far
generating as 0 I two bit pair. 14. The method of claim 11 and fiuther
comprising connecting the means in a parallel relationship with the
controller, the means interjecting information into tine encoder
independent of the controller in a multiplex fashion. 15. In a system for
encoding a data field on a disk with write gate data, the system having as
encoder and a data receiving controller for directing write gate data in
the form of 0 and 1 bits to the encoder, the encoder in response to the
write gate data producing a primary code in the form of 0 and 1 bits and
directing the primary code to the disk, the primary code having certain
predetermined criteria, the encoder producing a secondary coding rate as as
exception when the write gate data does not result in the predetermined
criteria) the improvement comprising: means for ensuring that the last
predetermined number of bits in the data field are free from the exception.
1 7 S E P 2002 25 16. The improvement of claim 15 wherein the means
iacludes a two bit pair geaerating mechanism injecting a two bit pair into
the encoder. 17. The improvement of claim 16 wherein the generating
mechanism is as 0 1 generator for generating an 0 1 two bit pair. 



18. The improvemeat of claim 15 wherein the mesas is connected to the
eacoder in a parallel relationship with the controller, the means
interjecting information into the encoder independent of the controller in
a multiplex fashion. .A,_.A_.Aal.A9L.AL.A.Alu.A359.Al&.A3.A;y?.A` .AN9,.A
u.Asl.A .AL.A al .A9.Ay;.As .A;9 .A.A`Nyr.Asay& "q=@FcoT
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