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Fraction of Enérgy Within Window

MINIMUM NOISE PULSE SLIMMER

Lineu C. Barbosa
IBM Research Laboratory
Monterey and Cottle Rds., San Jose, Ca.

Pulse slimming is a technique commonly used to reduce intersymbol
interference in magnetic recording, communication, radar and image
processing. This technique in general has an adverse effect on the
signal to noise ratio and therefore a limitation on the amount of pulse
slimming is dictated by the noise deterioration associated with it.
Different pulse slimming equalizers can be designed for a given amount
of slimming, each one having a different effect on the total noise
deterioration.

This paper introduces a method of designing a pulse slimming
equalizer with the property that, among all possible equalizers of a
given class of linear systems, this one maximizes the fraction of the
output energy (hereon called alpha) within a pre-established time
window. The noise deterioration introduced is constrained below a given
level. Alternatively, for a given amount alpha of pulse slimming the
present equalizer minimizes, within its class, a certain measure of
noise deterioration. Control over the amount of slimming and over the
noise deterioration is extremely important in .face of the above
considerations. This control permits tradoffs to be considered. Also
extremely important is the fact that the equalizer takes into account
the physical constraints of the hardware.

The above technique was used to
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v ‘ ‘ ‘ ' design equalizers for a magnetic

12T Window 1 recording channel using a tapped delay
10T Window 4 line with 10 equaly spaced taps
separated by 25 ns. For a maximum
transition density of 6T (were T is
. 4 half the «clock window) and 1o
9T Window intersymbol interference one should
have 100% of the energy of the single
4 transition pulse within a 12T time
1 window. The digitized pulse had about
90% of its energy within the 12T
1 window.

FIGl: Tradoffs between the
fraction of the output energy
within a given window and the
equalizer's noise penalty.
. . 0db = same noise variance be-
) ; ; ! : fore and after equalization

N
1§

4 8 12 ! when gain 1is adjusted for

Noise Penalty (DB) equal  input and output
signal's energies.
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PAGE 2

Fig. 1 shows the computed tradoffs between alpha and the minimized
noise deterioration for several time windows. Notice that even with 0db
noise penalty a substantial amount of slimming is possible.

Fig. 2 shows the effect of the 4db-noise-penalty equalizer on the
resolution of a complex signal: it brings the resolution from below the
55% level to above the 95% level (resolution=ratio of min. peak
amplitude and max. peak amplitude).

Fig. 3 shows the effect of the equalizers on peakshifts occurring
when a dibit (double transition) separated by 6T is writen: notice the
substantial reduction of the peakshift variance for low noise penalties
and the gains in the average as well as in the wvariance of the
peakshifts introduced by the 4db-noise-penalty equalizer. The
unequalized dibit is also shown in the picture.
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FIG2: Effect of equalization
on a complex signal pattern:

top: equalized signal
(4db noise penalty
equalizer designed for a
10T window). ’

bottom: unequalized signal

FIG3: Dibit peakshifts as
function of the equalizer's

noise penalty (10T window)

theoretical curve for peak
shifts due to residual
intersymbol interference
measured average over 1000
samples '
1 standart deviations
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ABSTRACT

Two approaches in implementing adaptive equalization are

presented in this talk.

The basic functional block in the first approach is a pro-
grammable transversal filter whose tap weights are adjusted
according to an error correction algorithm which is a modi-
fied version of the mean square estimation. It is explained
why the hybrid approach is proposed to implement in a LSI
form the transversal filter which performs the convolution
using a CCD tap delay line and multiplying DAC's, one for
each tap. Due to the stringent cost requirement for the
project at hand, it is found necessary to approximate the
linear correlation required by the mean square estimation.
The effects of such approximation on the convergence time
and the adaptivity (to be defined later) are investigated

using APL simulation.

A design for the equalizer discussed above is presented for

a discrete realization.
Another approach* is given as an alternative to the trans-
versal filter equalizer, which is especially suitable for a

discrete implementation. This approach is based on three

IBM CONFIDENTIAL




assumptions made on the isolated pulse. They are:
(1) The pulse is spread over not more than
four bit cells
(2) The pulse is symmetric
(3) The pulse peak amplitude is predetermined.
In other words, an AGC loop precedes this

equalizer.

It is noted that the latter can be described as a simplified
version of the former, as evidenced by comparing two respec-

tive designs.

* Richard Schneider in Tucson is the originator of

this approach.
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Abstract: "Equalization and S/N Ratio"
January 14, 1981 D. P. Turner

Our earsly work in equaization has been based on the frequency
domain equalizer programs developed by Jud McDowell in Tuscon.
We have attempted to design an equalizer to operate the 3380
head-disk combination at 1.25 times the 3380 data rate. The
equalizer design involved measuring the unequalized channel
frequency response and deriving an equalizer which would match
the desired "sine channel". The equalizer so designed resulted
in reduced on track bit shift compared to the unequalized
channel. However, when tested on a precision test stand the
eqﬁalized channel, although it was a better performer than the
unequalized channel, did not perform adequately for a product.

a

We are very concerned that future programs are going to be faced

o
)

with serious signal to noise ratio problems. We have made S
TR

experiments which show error rates dropping very rapidly with 3z
ty—

increased noise levels. Scaling exercises predict Frontier e
N~

[,

signal-noise ratios of 13 to 26 dB. These signal-noise ratios

may make equalizer design extremely difficult.

We have recently discovered three papers on equalization by
Kameyama, MacIntosh, and Taub which treat equalization in the
time domain and which all come up with similar results predicting
limits to which equalization may be gainfully employed. The
pulse width reduction obtainable by reasonable equalizers indicates
that doubling the data rate would be possible, but further
detailed analysis of 'dibit bitshift and tribit amplitude loss
indicates that the potential gains are considerably less, say

a 20 - 30 % improvement in linear density. Kameyama even shows

a case where if the initial signal-noise ratio is high enough

the linear density obtainable with equalization is less than

that obtainable without. We are presently working to verify

some of these results using 3380 components.
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EOUALIZER FOR 1.25 TIMES CCROMADO DATA RATE
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. M, D. MACKINTOSH
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PROCEEDINGS OF THE CONFERENCE ON VIDEO AND DATA RECORDING,
UNIVERSITY OF SoUTHHAMPTON, HAMPS, ENGLAND, JuLy 24-27, 1979
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SUMMARY

The objective of this talk is to demonstrate how one can
achieve write equalization by shaping the write current

transition in the saturate type recording.

Before presenting a novel technique for the write equaliza-
tion, we will first characterize an 18-track double-gap head
manufactured by Nortronics. Then, we will proceed to de-
monstrate the effectiveness of the proposed technique in
terms of the pulse slimming and the peak shift improvement
using a test set-up with this head. It is mentioned that
this Nortronics head has been highly publicized as a major

innovation in the recording field.

For a given test set-up, the maximum flux density one can
achieve with this head is obtained by taking into account
the followihg:
(1) The signal-to-noise ratio is 25dB at minimum.
(2) The peak shift with a worst case pattern is
50% at maximum.
1 to fl with

the same pattern in (2) is 4:1 at maximum.

(3) The amplitude variation from 3f

The results show the maximum flux density is 17.2kfci with

the test set-up previously discussed.

IBM CONFIDENTIAL
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The effectiveness of write equalization depéndslon dominance
of linearity over nonlinearity associated with the write
process. For a given recording channel where the above is
true, the write equalization provides SNR enhancement and

economical hardware implementation.

A general form of the write equalizer functions to be pre-
sented can be respresented by a transversal filter structure.
The first-order function has been reported in the literature
to be very effective as a read equalizer and also as a write
equalizer in AC bias recording. If the first-drder functibn
is realized as a write equalizer in saturate type recording
by shaping the write current transition, the major transition
is modified such that two minor transitions are added before

and after the transition, respectively.

In order to provide some perception on how to select an
optimum minor transition, the plot is obtained from APL
simulation, where the effects of the minor transition on the

Lorentzian pulse are shown.

The transfer function for the second-order case is
plotted and a hardware realization of this function in a
transversal filter configuration is given. This realization

can be seen as an extension of the first-order realization.

IBM CONFIDENTIAL




The write equalizers discussed so far are compared in terms
of the isolated pulse response and the pattern response. It
is shown in this comparison that the pulse was slimmed by
the factor of two with the second-order equalizer. The
performance of the second-order equalizer is also shown to
be most satisfactory in terms of peak shift and maintaining
the symmetry property the input pattern possesses. The peak
shifts associated with the three bits in the pattern are

improved from 53, 53 and 20% to 21, 14 and=-21%, respectively.
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Characterization of

A 18-Track pouble-Gap
Permalloy Head C Nortronics)

Test Set-Up

vB-H Drive

. Tape lension 9.502

- Tape Speed | m/sec

v ¥-Fe; 03 (low Energy Tape)
, SaturateType Recording

Flux Density

v ;SNR > 25 dg |
v Peak sShift >~ S50%
» Dynamic Range = 4.0
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Peak Shift [%]
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