




M2FM. It is a real or apparent ten
dency for a flux reversal to be read 
slightly before or after its nominal 
time. Because the number of flux 
changes per inch is the same with 
these high density codes as with FM, 
the amount of bit shift in absolute 
terms is the same; but because the 
bit cell is half the size, the system 
can tolerate only half as much bit 
shift without error. Therefore, to 
reduce the amount of bit shift, a write 
precompensation circuit is added to 
the controller logic for a floppy 
disc drive to compensate for known 
bit shift patterns. 

Since most bit shift is predictable, 
on the basis of pulse superposition 
theory, the data pattern can be 
analyzed in a shift register (Fig. 4) 
during the write process, and data 
and clock bits can be written either 
early, on time, or late. If the pattern 
would cause a late bit shift, the bits 
are written early; if the bit shift 
was early, the bits are written late. 
Then, during the read process, the 
bits appear more nearly on time with
in the PLO window. 

Thus the principal disadvantages 
of both high density codes are mini
mized, leaving only the problem of 
deciding which one to use in a par
ticular system. In our opinion, the 
right code is M2FM. In both codes, 
minimum data bit separation is T / 2; 
but minimum clock bit separation in 
MFM is also T / 2, whereas in M2FM 
it is (%) T. Although both data and 
clock bit streams are in the same 
channel, they can be considered sep
arately. Both streams are subject to 
bit shift, which is inversely propor
tional to bit separation, whereas the 
effectiveness of write precompensa
tion is directly proportional to bit 
separation. Since MFM encoding has 
both a T / 2 clock bit and T / 2 data 
bit separation, bit shifts in both 
fields have nearly the same magni
tude. Consequently, the system de
signer must theoretically use a sym
metric PLO window. 

In M2FM encoding, however, the 
minimum separation of clock bits is 
greater than that of data bits, so 
that the clock field has less bit 
shift than the data field. The sys
tem designer can take advantage of 
this difference by designing his PLO 
data separator with an asymmetric 
window that has a 60/ 40 ratio. This 
asymmetry gives greater system 
margin and reliability. 

One factor that affects the ratio 
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Fig. 4 Write precompensation. Data pass through shift register 
before 'being written; if data pattern implies that excessive bit shift 
would occur when it is read, it is written slightly early or late to 
compensate for timing error 
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Fig. 5 Margin measurements. Data window for innermost 
track (crosshatched) is wider for M•FM than for MFiM, and 
is more nearly equal to width of outermost track window, 
indicating substantially better reliability 

of the two windows is the number of 
bit patterns that have to be checked 
to determine precompensation. MFM 
has four such patterns, while M2FM 
has only three; and one of the three 
requires much less precompensation 
(see Comparison of Write Precom
pensation). Measuring the effect of 
the window ratios in both encoding 
methods shows how much more tol
erance is found in M2FM (Fig. 5). 

These diagrams show the extent 

to which the data window, as a per
centage of the total bit period, 
could be varied without encounter
ing errors. The extreme left and right 
edges of the tinted portion represent 
measurements of error rates at the 
disc's outermost track (Track 00). 
The innermost edges of the tinted 
portion show error rate measure
ments at the disc's innermost track 
(Track 76). The cross-hatched area 
represents error-free operation on 
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COmparleon of Write Prtcompenaatlon 

MFM 

M'FM 

BU 
Pattern 

Amount of 
Correction 

-+ ~ Bit to be written 
X O 1 1 225-250 ns late 
X 1 1 O 225-250 ns early 
1 o.o.o 225-250 ns late 
o.o!oj 1 225-250 ns early 
-+ +j Bit to be written 
O 1 1 X 225-250 ns late 
1 1 O X 225-250 ns early 
o.o O 1 150-175 ins early 

all tracks. In any given system the 
same read/ write head serves both 
tracks as well as all intermediate ones, 
so the innermost track, which has the 
highest density, rules the system's 
performance. 

For MFM the error·free windows 
are from 54 to 58% of the bit 
period; centered on 56% , the mar
gin is only ±2% . As pointed out pre
viously, theory predicts the center of 
this window at 50% . The difference 
is due to a small maladjustment in 
the test setup, which doesn't affect 
the narrowness of the window or the 
spread between inner and outer 
tracks. On the other hand, for M2FM 
the window extends from 54 to 64% , 
so that the margin is ±5% . The fact 
that the shaded portion of the M2FM 
diagram is only slightly wider than 
the crosshatched portion also shows 
that the error rate is more nearly the 
same for all tracks than it is in MFM. 

Similar tests with the read/ write 
head purposely misaligned relative 
to the track it was reading showed 
a much smaller error rate for a 
given misalignment, or a much larg
er tolerable misalignment for a 
given error rate, for M2FM than 
for MFM. 

Summary 

There are many approaches to in
creasing capacity of flexible disc 
drives. By far the simplest and most 
straightforward approach is to use 
more efficient encoding. Although a 
number of encoding schemes are 
available to the system designer, one 
that offers the greatest system mar
gin and hence data handling reli
ability is most advantageous to him. 
We believe the M2FM encoding sys
tem satisfies this requirement, and 
our experience with flexible disc 
drive systems in the field supports 
our judgment. 0 

Disc has made it easy for 
the OEM using optical encoders in 
small quantities to realize costs 
in the same low range as the big 
users-like under $100.00. 

We've maintained the same 
high order of resolution, accura-
cy, and reliability found in our more 
expensive units for this new EC 
series. ''EC;' obviously, is our econ
omy model, but it could also 
stand for exceptional capabilities. 
Here's what you get for your 
$99 (much less in quantity): 

• LEDsource 
• 20 to 1024 pulses / 

revolution 
• Differential electronics 
• Square wave output 
• ± 2.5 minutes accuracy 
• Solar cell light sensors 
• Instrument bearings 
• 1/4' ' shaft for interfacing 

Translated into benefits, 
these features mean the Disc EC 
ROTASWITCH® Encoder gives 
you superior performance, a long 
service life, and a unit cost you 
just can't touch. 

That's the model EC 81. It 
has a single channel output. If you 
need dual channel, we also offer 
the EC 82 at $125.00 in single quan
tities. It too plummets to well 
under $100.00 in quantity. 

A new spec sheet is just off 
the press- write or call for your 
copy. Immediate questions can be 
answered by calling 714 / 979-5300. 

Disc Instruments, Inc., 102 
East Baker Street, Costa Mesa, 
CA92626. 
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