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Abstract — Non-linear distortion in the form of partial erasure is symbol span and is usually a function of only & Bedjacent
a primary impediment at high magnetic recording densities. This  transitions. The partial erasure channel model proposed in [1]
paper simplifies a decision-feedback &e-seach recever for com- is a simple and &fctive model for non-linear ISI. It is based
bating partial erasure. Utilizing an internal flag and a pre-com- on the concept of fctive transition width reduction, and it
puted threshold lookup table, the poposed ecever requires N0 asmes that the partial erasufefis identical for both right
multiplications for its metric computation. and left transitions. As illustrated in Fify. the transitiorb,, is
partially erased by attorr, before being passed through the
. INTRODUCTION channel. The data-dependent amplituddepends on the pre-

The partial erasure channeasvproposed in [1] to model vious and upcoming transitions and igegi by:

non-linear intersymbol interference (ISl), a primary impedi- w(by_1) +w(bysq)
- : - - ; rE=Y : (1)
ment at high magnetic recording densities that is caused by

nonlinear interactions between neighboring transitions. AIStherey 00, 1) is the erasure parametanduw( D) denotes the

proposed in [1] were recairs for mitigating nonlinear ISI, Hamming weight. Thusy, is either1, y, ory2, depending on
such as the non-linear partial-response maximueliikod  \yhether or nob, _, andb, , ; are non-zero.

(NPRML) recever and the decision-feedback tree-search ) ) ) .
(DFTS) receier In Fig.1, the linear filterH(D) models the linear ISI

channel, and," is additie white Gaussian noise witnance

recever, the DFTS receer is substantially more compl¢éhan
a corwventional decision-feedback equalizer (DFE). In this wy, = zhi’"k—ibk—i"'nk’- 2
paper we simplify the DFTS receér by transforming the '

metric computation of the tree search into a simple tabl§ne receier uses a linear equalizBD) to shapeH(D) into a
lookup. While retaining the same performance as the DFT%rget channel responseorFexample, F(D) may be chosen so
recever, the resulting compiety is comparable to that of the that the taget responsec(D) = H(D)F(D) is either a PR4
DFE. channel or a minimum-phase channelg®dless of(D), par-

In Section Il we reiew the partial erasure channel model tial erasure causes theearall system to be non-causal. The

of [1]. In Section Il we reiew the DFTS recekr of [1]. In  €qualizer outpug, is given by:

Section IV we propose a simplified DFTS reeeiand in Sec- zp=rpbyp +c1rp_1bp 1 + Vg + 1y, (3)
tion V we conclude by comparing the performance and com- .

plexity of the proposed reaesr to that of a table-lookup-based Wherev, = Y zc;ir,_ by, _; represents the residual ISI due to

DFE, the NPRML, and the original DFTS regsi symbols of delay greater than omg,is the filtered addive
noise, andc;} are the linear ISI coifients of the equalized

channel.
Il.  CHANNEL MODEL

Fig. 1 illustrates the partial erasure channel model of [1]. 1ll. THE DECISIONFEEDBACK TREE-SEARCH RECEIVER
The NRZI modulation encodes binary dagall{0, 1} into a
binary sequence,, [{-1, 1}. The inductve readback process
corverts the sequence, into a ternary output transition
sequencé, U{-2, 0, 2}, whereby, = a;, — a;_;.

The DFTS receker of [1] is illustrated in Fig2. It has the
same form as the well-kmm fixed-delay tree-search with
decision feedback (FDTS-DF) recer [3]. At time k, the

At high densities, the &dfctive readback amplitude éf,
can be partially erased by neighboring transitions. l@nlik Ty ng’

linear ISI, non-linear ISl wolves a significantly shorter
a by, dy, wy, 2k
—|1-D HD) FD)—>
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recever uses past decisiond {4, b5, ...} to form an esti- Thus, _choosmg;,? FO _m|n|m|ze~| pp=S 1% is equvalent to
choosingb;, to minimize | y;, — S 12. Becausey (0, 1), and

mate ¢, of the residual ISI, and then subtracts this eStimat%ecause the ISI cdigfiente, is generally equalized to be posi-
fromz, using decision feedback, yieldipg = z;,— 0. If past ;0 ¢ high densities (e.@, = 1 for PR4 and:; = 1.65 when
decisions within the ISI span are correct, thgreducesop,  an gll-pass filter is used to equalize a Lorentzian channel at

=S(bp 2, bg — 1, bp> by + 1) + ny, Where from (3): pwso/T = 2 into a minimum-phase channel), the last term
S (by, _9, by, _ 1, 2, £2) is alvays closer to zero than Es(bk_g ,
S =rpby + c1rp _1bp 1 by, +2,0). Hence, the DFTS can egalently classifyb;, as
w(by) either zero or non-zero by comparing to a threshold of

w(bk+) =0 £
=Ay " """by+By T=18(by_p bp_1,%2,2).

B if by=0 Recall that the induaté readback process constrains each
non-zero transitiok, to be opposite in sign from the pieus
= Aby+yYB  if by =%2,b,,1=0 ,(4)  non-zero transition. Let 0{1, 1} be an internal flag denoting
) the expected sign of the metransition. (r example, ifb 5,4
AYbp+ ¥B i by =£2, bj, 41 = 22 is nonzero thew = -1 5,4 .) In this case, the threshold can be
rewritten as t=Aoy-(1-y)B/2. Thus, we see that the
threshold depends only on the yioais two decisionsb ;4
whereA =y andB =cyy by _qare introducedo  andj ,, (throughA andB) and on thexpected sigro of the
simplify notation. Obsee thatA andB depend on past deci- next transition. These data dependent thresholdidecan be
sions only pre-computed and stored in a table. Aswahin Tablel, the
lookup table has only three entries, and the sign of the
threshold is controlled by the sign flag

w(by_y) w(by,_,)

Givenb,_;andb, _,, the tree search of [1] chooses the
b, of the pair(by, by,;) that minimizes| p, —S 12. In other

words, it chooses;, to minimize the minimum of the v A simple logic circuit may be implemented for selecting
values| p,—S(b 9, bsa, by, 012 and | pp—S(b 9,b )1, the appropriate threshold from the table. The nedftismall-
by, £2) |2, sized threshold table can be adapted easily for a tangng
channel. The resulting simplified DFTS reesiis illustrated
IV. A SIMPLIFIED DFTSRECEIVER in Fig. 3.

Because the proposed raegiand the original DFTS are
functionally eqwalent, thg will encounter the same error
propagtion problem, if ap However, because of the NRZ|

Lety, = pp~B_= S(by_p by _1, by, bysy) + 1y, Where
from (4) we see that =S - B is given by:

0 it 5,20 input modulation used, a transition detection error does not
k induce serious error propatipn, as erified by the computer
S ={Ab,-(1-Y)B ifb,=#2,by,;=0 . (5)  simulation results presented bslo

Aybk_(l—y)B if bkziz, bk+1=12
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Fig. 2. The DFTS receér of [1]. Fig. 3. The simplified DFTS reair.



V. DISCUSSION 101

We nav compare the comptéy of the NPRML receier,
the DFTS rece®er, and a DFE receér. We assume the DFE
combats causal partial erasure only by assumirgl, r, _4
- yw(bk—z), andry,_j=vy wbe-j+1) +wb r-j-1) for j>1. To
reduce compbdty, the feedback filters of the DFTS and DFE
recevers can be replaced by RAM lookup tables, thus elimi-
nating computation in the feedback path. The coriiylef
the NPRML receier depends radically on thedat response.

102 ¢

10° |

Bit error rate

104 |
Consider first a PR4 tget response. In this case, the

equalizer output in (3) g, = ryby, + 1y, _1bp _ 1 + ny, and a full-
state \iterbi recever (NPRML) with modified branch metrics 10°
requires eleen states in order to accommodate the memory .16 18 20 22 24 26 28
due to both linear and non-linear 1Sarkhe same channel, the SNR (dB)
original DFTS recefer requires tw multiplications, one addi-  Fig. 4. performance comparison of NPRML, DFE, and DFTS, yet0.7
tion, one table lookup, and one comparison per bit decision,

whereas the simplified DFTS regei requires no multiplica- minimum-MSE approximation to the IIR equaliZem) was

tions, one addition, t/table lookups, and one comparison perused, and 10,000,000 data points were simulated for the detec-

p|t decision. The DFE requires no mu!tlpllcatlon§, one _add'fors at each signal-to-noise raiN.
tion, one table lookup, and one comparison per bit decision.

The results of Figd shav that the minimum-phase tar-
geted receiers significantly outperform the PR4gdated
recevers. This is because the all-pass equalizer incurs no noise

Consider ngt a minimum-phase tget response shaped
by an all-pass equalizefhe taget impulse response can be
quite long, making a full-state ML reeer infeasible. On the

. enhancement, and also because theggnef the minimum-
othe_r haqd, the complgy of the MP-DFTS and MP-DFE _phase impulse response is maximally concentrated in the first
recevers is comparable to that for the PR4 case, the only dif:

: ) S wo taps. Thus, the slight increase in comipjeof the DFTS
ference being an increase in size of the feedback lookup tabl%sﬁd DFE receiers using a minimum-phasedat as compared
Fig. 4 shavs the results of Monte-Carlo simulations com-to a PR4 taget is well-justified by a lge performanceain.

paring the performance of the NPRML remsi the DFTS (Results for the MP-ML recegr are not shen in Fig.4
recever, and the DFE receér discussed abe. An eleen-tap  because of its prohibitt compleity.)
Lorentzian channel as used to modeH(D), assuming a
channel density opwso/T =2, so that the discrete-time VI. CONCLUSION
channel codicients are gien by:
We have proposed a reduced-comytg implementation
hy, = -—1—2 for 121 <5. (6)  of the DFTS recekr that requires no multiplicationsoFboth
1+k minimum-phase and PR4 ¢mt responses, the simplified
. DFTS receter achiges a significant performance impes
At pws/T = 2, y= 0.7 accurately models the partial erasure jant wer the DFE, with only a small increase in cormjile
phenomenon [2]. In addition, the simplified MP-DFTS approaches the perfor-
The solid cures of Fig4 correspond to a PR4 ¢mt mance of the PR4-ML reaar ut with a much laver com-
response, whereas the dashed esinf Fig4 correspond to a  plexity.

minimum-phase tget response. In both cases, avatetap
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