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Fig 7 Data separator timing diagrams. 
Unpredictable bit shift is handled different
ly by digital and analog data separators. 
Typical digital data separator, using 20-
MHz clock, provides 50-ns resolution. 
Assuming two worst case bit shifts in 
opposite directions, data bit would appear 
outside data window. Analog data sep
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As result , it can handle unpredictable bit 
shift more reliably than digital data sep
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the opposite direction, that bit will appear 50 ns outside 
the window, resulting in a misread. 

An analog phase-lock loop separator, on the other hand, 
has tighter resolution ( ± 1 ns) and handles bit frequency 
changes more reliably (Fig 7). With this method, a 
phase-lock loop locks onto the basic frequency of data 
bits read off the disc, and determines nominal bit posi
tions for data and clock bits by sampling every bit (clock 
and data). It uses the phase relationship between a bit 
and its window to vary the position of the window. By 
sampling each bit, the phase-lock loop determines the 
phase error between a bit and the frequency being gen
erated. 

Changes in the data window position depend both on 
an integration factor and on the amount of bit position 
error. For an integration factor of 100:1, the data win
dow would move 1 ns per bit cell for each 100-ns change 
in bit position, until the entire error had been compen
sated. 

Using the same example as described for the digital 
data separator, the phase-lock loop would detect the data 
bit shifted late by 100 ns. Then, the data window would 
be adjusted so that it appeared 1-ns late. If the next bit 
is shifted early, the analog separator would also detect 
that sh ift and position the next data window, not late, 
but early. In this manner, the phase-lock loop reliably 
tracks frequency changes. A block diagram of a typical 
phase-lock loop circuit is shown in Fig 8. 

Double-Density Formats 
In double density, data are encoded differently from 
single density, but are formatted more or less identically 
on the disc. Each of the 77 data tracks on a standard 
8" (20-cm) floppy disc is organized in data records, 
which are also referred to as sectors. Two methods of 

sectoring currently exist: hard and soft. In the more 
prevalent soft sectoring, the number of sectors and their 
length can vary. Optimum sector size for systems with 
small main memories and smaller data bases may be as 
low as 128 bytes. For those systems with larger main 
memories and large data bases, 256 or 512 bytes per 
sector may be optional. 

Soft sectoring is supported by IBM in both double- and 
single-density controllers. The double-density format 
shown in Fig 9 is used in the IBM System/ 34 and will 
likely become the industry standard. It is also the format 
supported by available LSI disc controller chips. Similar 
in most respects to the standard single-density format, the 
double-density format has the same number of sectors 
(26), each with twice as many bytes (256). 

Double-density format differs from single-density for
mat in the way an address mark is detected. An address 
mark flags the beginning of every index, identification 
(ID), and data field. In both single- and double-density 
recording, the address mark is unique in terms of its 
clock pattern; the single-byte single-density address mark 
contains two or three missing clock pulses. 

This method is modified for double density because 
dropping two or three clock bits in a row could cause 
the data separation circuit to lose synchronization. In 
double density, each of the first three bytes of a 4-byte 
address mark has one active data bit followed by four 
zero data bits. According to double-density encoding 
protocol, the three zero data bits should have an asso
ciated clock pulse. However, to make the address mark 
unique, the middle clock pulse is dropped. The respective 
address marks for index, identification, and data fields 
are made unique by their associated data pattern. For 
example, an index address mark has three C2 bytes 
(hexadecimal), followed by an FC byte; an ID address 
mark has three Al bytes followed by an FE byte; and 
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Fig 8 Analog phase-lock loop data separator. Input selector selects write clock sional as in
put to phase detector until start logic has detected synchronized area preceding address mark 
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 A 1 bytes follow ed by an FB byle. This 
bit pallern is automatically generated by th e controller 
chip, as is th e CRC character at th e comple ti on o f th e 
data and ID fi eld . 

Obviously, LSI controller chips simplify disc form atting, 
but offer some limitations on formal fl ex ibility. l f a 
designer chooses to co nfi gure a custom form at, ce rtain 
design guidelines for gap length must be obserrnd 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 ind ex address mark from 
the first identifi ca tion field. Gap 2 of 22 bytes, which sep
arates th e identifi cation and data fields, is necessa ry to 
protect th e ID field from erasure during a write. Gap 3 of 
54, bytes is a speed tole rance gap, which again protects 
the ID field if the medium is inte rchanged betwee n drives 
with different rotational speeds. Gap 4 is a lso a speed 
tolerance buffe r. This gap length is de te rmined by the 
difference between the formal length and the actual track 
capacity, which may va ry from drive to drive. 
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A double-density format I shown in Fig !) ) is, wi th 
some excepti ons, the same as a s ingle-dens ity format 
with gaps and da ta fi elds that are twi ce as long. 

Summary 

Improvements in head and med ia resolution have made 
double-density encoding a reliable meth od of doubling 
th e capaci ty of a fl oppy di sc from 41 Ok to H20k bytes. A 
minifloppy drive, using doubl e density, can increase its 
capacity from llOk to 220k bytes. Resea rch analysis 
into the problems of bit shift has enabled designers to 
reliably compensa te for bit-shift e ffects so that a mini
mum so ft error rate in excess of 1 in ] ()!l is possible with 
double-density encod ing. LSI controll e r chips have m ade 
double-density system design less complex, less time con
sumin g, and therefore less costl y. In addition , douhle
densily fl oppy di scs with doubled capacity can be im
plemented on single-dens ity drives. These capab iliti es 
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shou ld broaden the applications of Aoppy disc drives 
and make systems with multiple Aoppy di sc drives more 
compact. 
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