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Fig 8 Analog phase-lock loop data separator. Input selector selects write clock signal as in-
put to phase detector until start logic has detected synchronized area preceding address mark j
of formatted disc. At that point, input selector switches from write clock to read data as input to

phase detector. Phase detector then begins sampling difference between read data and output

of voltage controlled oscillator (VCO). A =+ N counter continually divides VCO frequency down to

same frequency as read data. Finally output of = N counter becomes data/clock window

data has three Al bytes followed by an FB byte. This
bit pattern is automatically generated by the controller
chip, as is the crRc character at the completion of the
data and 1 field.

Obviously, LsI controller chips simplify disc formatting,
but offer some limitations on format flexibility. If a
designer chooses to configure a custom format, certain
design guidelines for gap length must be observed if
data are to be recorded reliably.

Gap 1 of 22 bytes must be present if an index address
mark is used to separate the index address mark from
the first identification field. Gap 2 of 22 bytes, which sep-
arates the identification and data fields, is necessary to
protect the 1 field from erasure during a write. Gap 3 of
54 bytes is a speed tolerance gap, which again protects
the 1> field if the medium is interchanged between drives
with different rotational speeds. Gap 4 is also a speed
tolerance buffer. This gap length is determined by the
difference between the format length and the actual track
capacity, which may vary from drive to drive.
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A double-density format (shown in Fig 9) is, with
some exceptions, the same as a single-density format
with gaps and data fields that are twice as long.

Summary

Improvements in head and media resolution have made
double-density encoding a reliable method of doubling
the capacity of a floppy disc from 410k to 820k bytes. A
minifloppy drive, using double density, can increase its
capacity from 110k to 220k bytes. Research analysis
into the problems of bit shift has enabled designers to
reliably compensate for bit-shift effects so that a mini-
mum soft error rate in excess of 1 in 10" is possible with
double-density encoding. Ls1 controller chips have made
double-density system design less complex, less time con-
suming, and therefore less costly. In addition, double-
density floppy dises with doubled capacity can be im-
plemented on single-density drives. These capabilities
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Fig 9 Double-density format. Defacto industry standard MFM double-density format. Within each sector,
4-byte address mark flags beginning of every index, identification, and data field. Address marks are dis-
tinguished from data by missing middle clock pulse in each of first three bytes. Index, ID, and data

field address marks each have unique data clock pattern

should broaden the applications of floppy disc drives
and make systems with multiple floppy disc drives more
compact.
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