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Estimation of the Bit Error Rate in a PRML Channel, Taking Account of Read/Write Nonlinearity
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In MR heads, read-nonlinearity and write-nonlinearity,
which is manifested in phenomena such as nonlinear tran-
sition shift (NLTS), degrade the bit error rate (BER)
performance in a PRML read channel. We discuss a
simple method of estimating these nonlinearity effects for
a PRML read channel, and compare the calculated and ex-
perimental results. In a PRML read channel, the BER can
be easily calculated from the noise deviation after the
equalization, and the nonlinearities increase the noise devi-
ation. The calculation and experimental results show a
proportional relationship between the noise deviation due
to read nonlinearity and the absolute value of the ampli-
tude asymmetry. The deviation due to NLTS can be calcu-
lated by considering the first and second adjacent transi-
tion shifts and write precompensation. The total effects
of the nonlinearities are easily calculated by adding the
squares of all the noise deviations.

Key words: Read/Write nonlinearities, PRML channel,
NLTS, amplitude asymmetry, noise deviation after equali-
zation
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Fig. 1 Bit error rate (BER) versus the inverse of
noise deviation after equalization. Squares denote
experimental results, while the solid line denotes
the calculated result.

EWTES. LRI BNLEHIIT2)DSG)RIILTL b5
VLU, »BREOHENGIE, ok HEBL TR
THBLERD BER ~OEBL ERILLEHOREL 283
CLEIFHTHS S REUT, HEEERICL 2B (LEERD
WNEB LU ERREDZ LM AR LRIV TR~
5.

3. RBAXRBLUHES®

3.1 EBHX
BAE~NY FICEFS v 71I83um O MR~y F, 08~
FICRPZ 5 78E35um OB~ FER W, &1 H,
2% 167 kA/m(2.1 kOe), B, « t 3% 1.2 % 1072T + ym(120
Gepgm) DRy SEIAEH O R/W F + 2013 0, 28IE
I AHBAEL b > 7 PRML UBEER LS 2 VWY 5, 7%z
TT, 9 7BEEST v 5659 — OB EERBB/NE
BEIIHREL fo. CBFHE I3 100~150 kBPL, #E%L — b
3 10~16 MB/s TEB%T - 7-.
BERDHGEERLE 0, OBFRICS>VWTHETO L 5125
Nt EFMR AN FORKABAOEERL, DBELEED
B LU ISBBICBIEMFRESZ T 2 REEB ~ » FA{ERIL
fo. SO~y FEMSHL, BERH 300, QITHOBE~ -
FOREZICET 21012, UTOFIEEE0EL TRAIESE
Tot. DBSHUDHERDS v 5 a8 — v &4 112
B LTEL. @505y 7 THTHEEAZEEEL, &
PEME, FEWEEAE LBIEIE e BT 2. ) AR 5
Y& 4584 — T BER, 0, ¥HIFET 3.
HBEROHFREOKEEE2ETRELLT, UTO 4s
Amp BLU As. PW Q@RS E KT > Doe5 2 — 4
EEHL I
As. Amp(%)=
Emmzﬁoﬁ@ﬁ~ﬁmmg&®§@@>“00 )
IERARNT 3 DI bEtE + BRI O e fE
As. PW(%)=
AE R8T 3% >~ (6% — £ AN 7.3 O Mg
(ERIRST 8 D Fl6E + S BALL 8 O Yt
CRERNOEGERE 0, DBFIC-> LTI}, DREHS

X100 (7)

286

ZVREFIALHER UUITWPCRERT) 2#T{Lag s
LIZLO NLTS B2 Z LS ¥, #0& %0 BER, 0, 2HFE L
o, UBEIAAFEEE | BEORILKELNHEET 2128
DAHfr-f. NLTS BRIC>WTHERSHBEMEEEHVT
FIBEBIUB2BIEL Y Mtk 3 NLTSBEHREL -5,
KENLTSBER/E» PRRICHT 2R(LEBOBHRD
(%) TERL 1.
3.2 HEA®
AHY 12— vVRUTOFEIETF-7. MR~ KM
SOHNEIL, ROXS SRERHOTIHEL 5 ko
MVHLEE DS SO~y FADBR A @ RDLSico -
Ly v BIEL, ~y FAOWBRICH L TREFEThab eI
MTBEREL .

hm:iﬁi? (8)
CITrREEL gl h) DHMEETH B, MR~ FOFEL
HA VO RO RTEL, ANBRIZKL T cos O Z{L %
L, BEMRIL, MR~y KON 7 2456, E{LT 3 C
Eilk-THELBELT,

Vi(t)= Vi[cos¥(t) — 6y) ~ cos(@,)] (9)

an:sm*%%§¥) (10)
0

JIT Vo ldBAMA, hoid MR ZEFOMHMA TS 2.

NLTSIZD W TR Fig 2 DL 31t ZBLZHBEAT - 1,
NLTS iz, HIBEY Y Mok 2 0%6, Ty .,
MEL26D6, & L TRILEBVBH T AL LA 1,
POBAITE, Fig 2@ BLU (D) ICFET LSy RS
CIEUT, 6132036 2 HRILEEBSY 7 v 45& L1
FIAEY PEEDHALEEA ML LEFET 288113
Fig. 2(c) ISR £ 91261 & 6 il X IcfEHI 3 2 & L CHi{L
EBOBHBELHEL . UEOREE G &I, 5 v 4 a0
F=vDNy FHAOEEAE L bDIcs v ¥ o T4 A
BB E Lie, PRAVEE L CIERICER L 72 LSI &[Gk
RT59 7D ZAN=HNAL2a5 1 F—%FEEL 1.

4. BEBIUER

Ist adjacent NLTS 31
fe——

Magnetic Layer L J

Magnetic Transition
(a)
2nd adjacent NLTS S 2

)
Tribit ]

1 [
(e)
Fig. 2 Schematic drawings of nonlinear transition
shifts (NLTS). (a) First adjacent NLTS (6,) for a dibit
pattern. (b) Second adjacent NLTS (6,). (c) Assumed
NLTS for a tribit pattern.
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Fig. 3 Asymmetry of the pulse width (As. PW) versus
asymmetry of the amplitude (As. Amp). Squares
denote experimental results, while the solid line
denotes the calculated result.
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Fig. 4 Increases in the noise deviation after
equalization (Ag,) versus the asymmetry of the
amplitude (4s. Amp). The solid line denotes
the calculated resuit.
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Fig. 5 Bit error rate (BER) versus asymmetry of the

amplitude (As. Amp). Symbols denote experimental
results, while the solid lines denote the calculated
result for various noise deviations (0o). Line 1, line 2,
and line 3 show the results in the case of g,=0.0918,
0.0996, and 0.104, respectively.
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Fig. 6 Noise deviation after equalization (o,) and bit
error rate (BER) versus the first adjacent NLTS (d,).
Squares denote experimental results, while the solid
lines denote the calculated results.
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Fig. 7 Calculated results for the increase in the
noise deviation after equalization (Ag,) versus the
first adjacent NLTS (8,) for various second adjacent
NLTSs (d2).
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Fig. 8 Calculated results for the increase in the
noise deviation after equalization {Ag,) versus the
second adjacent NLTS (8,). The line with triangles
shows the results in the case of As. Amp=0% (Case
A). The line with open squares shows the results in
the case of As. Amp=109% (Case B). The dotted line
with filled squares shows the results obtained by
using Eq. (13).
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