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CHAPTER 1 DISK DRIVE TECHNOLOGY—OVERVIEW

1.0 INTRODUCTION—WINCHESTER
DRIVES

From the start, digital computers have required some form
of data storage as an adjunct to their relatively sparse main-
storage facilities. Some of the early forms of storage were
punched cards, paper tape and the magnetic tape storage.
This was the principal storage medium, until faster-transfer,
higher-capacity media became available and a direct link
was established between the computer’s main memory and
the mass storage device. This link was the rotating memo-
ries, commonly referred to as disks.

Disk technology started a quarter-century ago, with the in-
troduction of a large cumbersome fixed disk unit with 50
rotating surfaces 24" in diameter, a single read/write head
assembly, 600 ms seek time and a modest capacity of 5
megabytes. Half a decade later, capacities had increased
by tenfold. Multiple head assemblies, one for each surface,
introduced the concept of a “cylinder”, providing simulta-
neous access to multiple tracks, one above the other, with a
single head movement. Packing densities increased, result-
ing in increased storage capacity up to 100 megabytes.
Head designs became more sophisticated; bits per inch in-
creased by an order of 10; tracks per inch doubled.

Contamination-free Winchester technology was introduced
by IBM in 1973. In addition to a controlled environment that
eliminated dust collection on the disk surface, Winchester
innovations included lightly loaded heads, an oriented iron-
oxide coating to support higher flux reversal densities, and a
silicone or wax coating that permitted heads to slide directly
on the surface during “takeoff” and “landing”—eliminating
the need for complex head loading mechanisms. The Win-
chester technology offers a number of advantages; device
reliability, data integrity, faster transfer rates and a broader
range of capacities. By the early 80’s, fixed disk 14" Win-
chester capacities were approaching 600 megabytes.
Drives with capacities of 3 to 6 gigabytes are now on the
immediate horizon. Winchester innovations also served as
the springboard for miniaturized rigid disk systems. First
came compact single or double-platter, non-removeable
14" units with capacities down to 10 megabytes. Then
around 1975 the 8” Winchesters appeared, closely followed
by the 5," units, suitable for smaller desktop computers.
Today the market boasts of a continuous spectrum of small
to medium: Winchester sizes: 3V, 5V, 8, 101, and 14
inches. Capacities begin at 5 Mbytes to 900 Mbytes.

The disk drive consists of one or more platters and heads,
and the control mechanism with its associated electronics.
The disk is essentially a platter made of aluminum or other
base material, coated with iron-oxide or other magnetizable
material. Each side of the disk consists of a number of thin
annular regions called fracks. Each track is divided into
blocks referred to as sectors. Data and other identification
information is stored in the sectors. There are two types of

sectoring: hard sectored discs and soft sectored discs. The
hard sectored discs have sectors demarcated by the manu-
facturer and are identified by a sector pulse at the start of
each sector while the soft sectored discs have only an index
pulse signifying the start of a track.

The more recent hard disk drives have a number of platters
on the same spindle, with one head per surface. In such
cases similar track position on each platter constitutes a
cylinder, e.g. cylinder 0 is the cylinder corresponding to
track 0 on both sides of all the platters. The reading or writ-
ing of data is accomplished by the read/write head. This
head is positioned on the required track by the drives posi-
tioning control system. This process is commonly referred
to as seeking and is usually less than 17 ms. The quantity of
data that can be stored on a disk depends on how much of
its surface area is magnetized for the storage of a bit. On a
typical low cost Winchester disk track densities are around
400 tracks per inch, while flux densities range around 9000
flux transitions per inch (implying recording densities of
9000 bits per inch). The rate at which data is written on the
disk or read from it is termed as transfer rate and ranges
from 5 Mbits/sec to 24 Mbits/sec and greater. The speed at
which a particular sector is found for the writing or reading
of data is gauged by the access time. First the head must be
positioned over the proper track referred to as seek time.
Then the proper sector of the track must come under the
head which is referred to as the latency time. These are
some of the common terms associated with the disk drive
system.

The disk selection process is a function of several factors
like storage capacity, upward mobility, transfer rate, etc.
Data capacity is, perhaps, the most difficult decision to
make in the selection process. All questions, present and
future, must be considered in the context of the application.
A fail, safe option, of course, would be to select a drive
design with enough potential capacity to meet any future
storage requirements. Disk technology has been striving to
increase capacity, with future increases taking the form of
increased data densities. There is considerable room for
growth. Better head and disk material techniques are being
used to raise track densities. Higher track densities have
resulted in replacing the head positioning stepper motors by
solenoid type “voice coil” actuators with theoretically infi-
nite track following resolution. Dévelopments in disk tech-
nology can also influence the transfer rate. The transfer rate
directly affects system throughput. It is the average transfer
rate that counts, and again this is a function of the applica-
tion.

If write/read accesses are scattered because of varied rea-
sons, track-seeking and sector-searching delays will reduce
the effective transfer rate to a fraction of the theoretical
value determined from data density and rotational speed. A
series of application-dependent cost-performance tradeoffs
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~.must be individually evaluated. Higher rotational speeds re-

duce the latency time as the system waits for a desired
sector to pass under the write/read heads. Multiple heads
reduce both the number of head repositions and the dis-
tance that must be travelled. Lower cost stepper motor ac-
tuators are normally open loop—moving the heads from
track to track at a constant, relatively slow rate. Voice coil
actuators are more expensive but inherently faster, acceler-
ating and decelerating in response to feedback signals from
a closed loop servo system.

1.1 DISK STORAGE BASICS

Magnetic writing—the recording of data in a magnetic medi-
um, is based on the principle that if a current flows in a coil
of wire, it produces a magnetic field. The field is largely
confined in a ring-shaped core of magnetic material, around
which the wire is wound. A narrow slot is cut in the magnetic
material and the field in the vicinity of the slot magnetizes
the magnetic medium on the disk surface. Thus it creates
alternating north-south magnets in the coated surface of the
rotating disk. Thereby data is written, refer to Figure 1.1(a).

The head that writes the data can also be used to read it.
This is done based on the principle of induction wherein a
voltage is induced in an open circuit (like a loop of wire) by
the presence of a changing magnetic field. In the case of a
head positioned above a spinning magnetic disk on which
data has been written, the magnetic fields emanate from the
magnetized regions on the disk. During the time the head is
over a single magnetized region, the field is more or less
uniform. Hence no voltage develops across the coil that is
part of the head. When a region passes under the head in
which the magnetization of the medium reverses from one
state to the other, i.e. a flux reversal, there is a rapid change
in the field, developing a voltage pulse, refer to Figure
1.1(b). In this way the digital data are read as an analog
signal, which can be readily converted back to digital form.
The shape of this pulse and its ability to be recovered de-
pends on various spacings. Figure 1.1(c) shows the spread
of the coupling effect as a function of the width of the read-
head gap and, equally important, the distance from the gap.
The latter is, in turn, a function of both the head-surface
separation and the depth of the flux reversal within the mag-
netic coating.

The quality of writing and reading of data depends of course
on the magnetic properties of both the medium in which the
data are stored and the head that writes and reads them.
The common method of disk manufacture is to coat an alu-
minum disk with a slurry containing the gamma form of iron
oxide. The iron atoms in the needle-like particles have their
own minute magnetic fields and act like bar magnets with a
dipole. The overall magnetization in any given region of the
disk is the sum of the fields of these particles within it.

The core of most read/write heads is a ceramic consisting
of spherical ferrite particles. The design of the head must
conform to the design of the disk. In the case of the floppy
disk(or flexible disket), which is a thin sheet of mylar plastic
on which the gamma form of iron oxide is coated, the head
makes contact with the surface, resulting in higher error
rates and greater wear of the medium. In high performance
disk drives, the magnetic medium is the coating on a rigid
aluminum disk, and the head is kept from touching the medi-
um by the so-called air-cushion effect. Consider a head that
is nearly in contact with the surface of a hard disk spinning
at 3600 revolutions per minute. If the length of the head
along the direction of relative motion is two orders of magni-
tude longer than the separation between the head and the
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FIGURE 1.1 Flux Reversals as They Relate to “Writing
To” and “Reading From” the Platter

medium, the flow of air between the head and the medium
provides support for a head weighing up to several grams.
Therefore because of the high cost of producing a hard disc
along with its large storage capacity, it is used even if it has
a bad track or sector while a floppy could be discarded. The
bad sector is detected by using error checking and correc-
tion codes.
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Optical Disk Technology offered by optical disk technology are increased storage ca-
Disk drive improvements have resulted in faster data rates pacity, long data life, low cost per bit, noncontact read/write
caused by increasing the density of the magnetic particles and easy physical mass replication. The optical disks initially
for greater storage. In the case of rotating magnetic memo- developed could be written to only once. Read/write optical
i ries, the strength of the signal depends on the strength of technology is being developed. Applications for optical
I the medium’s remnant magnetization. Recent advances in disks are many and varied. On the interface level it is no
1‘ laser technology have resulited in digital optical disks be- different from Winchester drives and SCSI seems to be one
B coming the last word in data storage and retrieval. Here, the of the most suitable of several possible choices. Another
laser beam itself provides the energy, hence the head is not magnetic disk technology, “vertical” recording, is done with

in contact with the medium and it is protected, resulting in north-south magnetic poles perpendicular to the disk sur-
reduced errors and minimum medium wear. The advantages face instead of end-to-end along the track.

FM & MFM Codes

5

i

H

¥

%

§ t=100ns
E TIME OR DISTANCE

¥

NRZ MESSAGE DATA,
10 M=blts/s

% NRZI CODE,

10 M=bits/s

CLOCK,
10 M=bits/s

FM CODE, 20 M=bits/s,
NRZI

|
1 MFM CODE, 1ou-u%;i 1 L gL -
L] Tum - -—!Tw :l—I—TuAlx——l vl :
| Lo Pl :
170/ 1 0]0!t[or1[o'ofart|oto] ti0]oit]ot0
Vol ! : I
1

1.213 4lslel7.8l9l0l11!1211314]15 16117 118 [19)20

TL/F/8663-4
| 4 -
| 7 (0:2) GCR Code
‘ TIME OR DISTANCE t=100ns

123 a]s|e|7]8]o]t0]n|2]13]1a]15]16]17]18|19]20
L J L J | I—
MIMCODE |C 0,C 0 1 1 0 1 0(c 0 1 0
10 M=bits/s | |
- | Tw o TN = —Tuax ~——=
MESSAGEDATA | 0 0 1 1| o 1 o lo |
i 10.8 M=bits/s 1
@ | | |
%: é(o,z)&cgﬁogtm'1IOI0I1|1‘|'1|1| Fol 1t 1] 1o
‘ : /'_J‘i|llll|l '
: T
! ! Tuax ! | -ITumL-
1]1]2
‘ 2|2|3
12l sl al sl el 718l elolulzlis
8%
MORE DATA IN SAME
SPACE AS MFM
TL/F/8663-5
FIGURE 1.2 (a). FM, MFM and GCR Encoding

€PNV

9-5



AN-413

2(1,7) RLL Code

TIME OR DISTANCE t=100ns

12 [13 |14 [15 [ 16 [17]18 19 | 20

MFM CODE
10 M=bits/s

—

MESSAGE DATA
13.1 M=bits/s

ot -----

(,Rrwecooe ‘1o 1M% i1 oM o
CODE FREQ = 20 M=bits/s
TRANSITION FREQ = 10 M=bits/s |J \ | | l | l
Lo
- Tw [« | Tun ]

2 {3 4|5|6 |7 ([8]9|10 11121314 |15 1617|1819 |20

33z
MORE DATA IN SAME
SPACE AS MFM
TL/F/8663-6
1
E (2,7) RLL Code
TIME OR DISTANCE £=100ns
123 a]|s|e|7]8]9|r0]1n]12|13]1a]15]16]17]18]19]20
MFM CODE Cy0C 0 1 -1 0 1 0,C 0 1 0
10 M=bits/s | \ ‘
= Ty |- = T ]

/

4
\
1
£ £
MESSAGE DATA oo
15 M=bits/s | Pl ,
e
r -1
) 1
| 1
R
3(2,7) RLL coDE Aolo 0|10 o0\
CODE =30 M=bits/s :
TRANSTTION = 10 Mebits/s jremmmmmm]
- Tw T
tl2l3lalslsl7l8 9’1011‘12 14| lisl hisl l20| l22| 24l l2sl l28] l30

50%
MORE DATA IN SAME
SPACE AS MFM
TL/F/8663~7
FIGURE 1.2 (b). RLL Encoding Schemes

9-6




1.2 DATA ENCODING/DECODING

Disk Data Encoding is the specific technique by which data
is written to the disk, whereas decoding of data is necessary
while reading from the disk. Data encoding removes the
need of having clock information added to the track. Encod-
ing also assists the controller in resynchronizing the data to
the correct byte alignment, by allowing code violations for
special data and address marks on the track. Considering
the demand for ever-increasing data densities, it is under-
standable that the selection of a particular code is based
largely on the efficiency with which flux reversals are con-
verted into binary information, ZEROs and ONEs. In the
ideal case, there should be the fewest flux reversals relative
to the number of data bits they represent. Ideally, too, the
code itself should provide its own ‘““clock” for identifying the
bit-cell intervals. Lacking this feature, a separate clock track
may be required—or an extremely accurate oscillator must
be provided to maintain the bit-cell divisions during intervals
without flux reversals. The two requirements tend to be con-
tradictory. An efficient code in'terms of flux reversals will not
be self-clocking. A self-clocking code will be wasteful of flux
reversals. Nearly all of the widely used codes represent a
compromise between these two extremes. Figure 1.2(a)
shows details of FM, MFM and GCR encoding schemes,
while Figure 1.2(b) shows details of some RLL encoding
schemes. The commonly used encoding methods are dis-
cussed below in brief.

NRZ (NON-RETURN TO ZERO)

This is a telecommunication code and by far the most effi-
cient. “Zero” refers to the transmission signal level. Instead
of discrete pulses for each data bit, the signal rises or falls
only when a ZERO bit is followed by a ONE bit or a ONE by
a ZERO. NRZ coding reduces signal bandwidth by at least
half. It also requires precise synchronization between
source and destination in order to maintain bit cell divisions
during the transmission of long strings of ZEROs or ONEs.
NRZ could be used to transmit serial data to or from a mag-
netic recording device, disk or tape. But the extended inter-
vals which can occur between flux reversals limit its useful-
ness as a recording technique.

NRZI (NRZ CHANGE ON ONEs)

This is the next most efficient code. It is widely used for tape
recording and, to an increasing degree, disk recording. All
ONEs are clocked, but special steps must be taken to com-
pensate for the absence of flux reversals during strings of
ZEROs. In the case of parallel-bit recording (tape), parity-bit
ONESs serve as clock when all other bits in the byte are
ZERQO. In the case of serial-bit recording, data can be con-
verted to RLL code (discussed below) which restricts the
number of successive, unclocked ZEROs.

PE (PHASE ENCODED).

This is the least efficient of the coding methods but is com-
pletely self-clocking. The direction of a flux reversal at the
middle of each cell indicates whether the bit is a ZERO or a
ONE. Either one or two flux reversals occur, therefore, dur-
ing each bit cell interval. The effect is to shift the “phase” of
the signal by 180 degrees each time there is an NRZ type
transition between ZEROs and ONEs.

FM (FREQUENCY MODULATION)

The FM method of encoding is equivalent to the PE tech-
nique and was the first choice for early disk-recording sys-
tems. It is generally only used for older floppy drives. Every
bit cell interval is clocked by a flux reversal at the start of the
cell. ONEs are marked by an additional flux reversal at the
middle of the cell, doubling (modulating) the frequency

of flux reversals for a series of ONEs compared to a series
of ZEROs. A constant bit cell reference, provided by the
clock bit, simplifies encoding and decoding with this
scheme.

MFM (MODIFIED FREQUENCY MODULATION
ENCODING)

With available head and media technology, MFM encoding
is the most easily implemented encoding scheme and by far
the most popular for floppy drives. It is used in the IBM
System/34 and in available double-density LSI controller
chips. MFM encoding doubles the data capacity over FM by
eliminating the clock transitions (used in FM encoding) with
data bits, refer to Figure 1.2(b). Clock bits are still used, but
are written only when data bits are not present in both the
preceding and the current bit cell. As a result there is a
maximum of one flux change per bit cell. Clock bits are writ-
ten at the beginning of the bit cell, while data bits are written
in the middle of the bit cell.

To decode data bits in MFM encoding, a data separator
must generate a data window and a data window comple-
ment for a clock window. Because not every bit cell has a
clock pulse, the data/clock windows cannot be timed from
the clock pulse. Instead, the data separator must continu-
ously analyze the bit position inside the windows so that the
data/clock windows remain synchronous with the data/
clock bits. Ideally, the clock transitions should appear at the
center of the window. However, clock edges data bits can
shift due to bit-shift effects. Present LSI controller chips can
handle the drive interface, double density encoding func-
tion, and bit-shift pattern detection and compensation. Na-
tional’'s DP8466 takes care of all these functions and needs
only the data separator DP8465. Despite these constraints,
disc controller design for MFM is simpler than that for either
of the following encoding schemes.

M2FM RECORDING SCHEME (MODIFIED-MODIFIED
FREQUENCY MODULATION ENCODING SCHEME)

Until recently, M2FM has been used as a double density
encoding scheme, because the resolution of the medium
and the read/write head was not adequate for the sizes of
data window used in MFM. In M2FM, a clock is written only
if no data or clock bit is present in the preceding bit cell, and
no data bit occurs in the current cell. Because clock pulses
are relatively isolated on the medium, the effect of bit shift
on clock pulses is minimal. Therefore, a narrower clock win-
dow can be used to decode the clock pulse. The width of
the data window can thus be increased by 20%, which al-
lows more margin for shifted data bits. Today’s ceramic-
based read/write heads have much better resolution than
those used in the past. This head design reduces the ef-
fects of bit shift, and makes the window margin provided by
M2FM unnecessary. Additionally, M2FM is subject to a
droop problem, which occurs in the read amplifier circuit
when a low frequency pattern is read.

GCR (GROUP CODED RECORDING)
ENCODING SCHEME

GCR encoding evolved from methods used in magnetic
tape recorders. This method translates four data bits into a
5-bit code during a write. During a read, the 5-bit code is
retranslated to four data bits; no clock bits are generated.
Using data rates specified by drive manufacturers, this
scheme is less dense than MFM. This method requires
more circuits to code and decode, requiring necessary look-
up tables, and costs more than either of the other two en-
coding schemes. For example; 1101 is encoded into a serial
bit stream 01101 according to GCR encoding rules. To de-
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code, a data window is generated around the expected po-
sition .of each bit. The result is serial read data of 01101,
which must-be decoded to 1101 by lookup tables.

RLL (RUN LENGTH LIMITED) ENCODING SCHEMES

These recently popular encoding schemes are used in big
14" drives from IBM, CDC and DEC, and are starting to
make an appearance in the small 51," drive market. The
RLL encoding schemes have an excellent encoding effi-
ciency, up to 50% higher than MFM. It is, however, consid-
erably more complex to generate, requires a much better
data separation unit to recover recorded data and is more
suceptible to wider error bursts. The encoding rules for RLL
depend on the RLL scheme chosen. The most common one
is the 2,7 RLL code which refers to the maximum number of
consecutive 0s, refer to Figure 1.2(b). A standard encoding
tree is defined .and the data is encoded on the basis of
those rules, as shown in Figure 1.3. The data bit stream is
taken and the encoding tree is traversed, starting at the
root, where the nodes traversed are the data bit stream in
the sequence they arrive. On reaching the leaf of the tree,
the code there is then the 2,7 RLL code for that data
stream, e.g. if there is a data stream 100011010, then on
traversing the tree, a data bit stream of 10 has a code of
0100, while the next bits 0011 are encoded as 00001000.

(1) (1000)
(1) (001000)

(00001000)
(1) (0) (100100)
(0) (1) (0) (00100100)
(0) (000100)

TL/F/8663-8
FIGURE 1.3. Encoding Tree—2,7 RLL Code
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1.3 MEDIA FORMATTING

Media formatting provides the user with a reliable means of
data retrieval using the magnetic recording surface of the
track. There are many different formats but most of them
are variations of the same basic structure. The formatting
process is different for hard sectored and soft sectored
disks. In hard sectored disks the sectors are defined by the
manufacturers because the start of each sector is identified
by the sector pulse generated by the drive. In soft sectored
disks the drive issues only an Index pulse at the beginning
of the track and the user can define all details of how infor-
mation will be stored on the track, allowing more flexibility.
Figure 1.4 shows the basic format used. It consists of two
segments—the ID segment and the data segment. The ID
segment contains unique header information for the sector
and the data segment contains the actual data. When the
system requests a particular sector on a disk, the head must
be positioned over the selected track, and the desired sec-
tor on that track must be found. This requires electronics to
lock on to the data stream and then decode it. The begin-
ning of a track is indicated by the Index pulse while the
beginning of the sector is indicated by the sector pulse. This
is followed by gap before the start of the sector on the track,
which is referred to as the Post Index/Sector Gap: The
explanation of the various fields are given below:

1.3.1 ID Segment
PREAMBLE OR PLL SYNCH FIELD

This is a field of repetitive clocked data bits usually 10 to 13
bytes long. The preamble normally will be all zeroes of NRZ
data (encoded as 1010. . . in MFM). During the ID preamble,

the signal Read Gate will go active, indicating that the in-
coming data pattern has to be locked on to.

FORMATTING ___,

SECTOR s DATA
SECTOR s DATA

CYUNDER el

DATA SEGMENT

- 10 SEGMENT \
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FIGURE 1.4. Typical Sector Format Showing the Various Fields Within the ID and Data Segments
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ADDRESS MARK FIELD

Address Mark (AM) is required on soft sectored drives to
indicate the beginning of a sector, because this type of drive
does not have a sector pulse at the start of each sector.
This address mark byte contains a missing clock code viola-
tion, typically in MFM. The violation is detected by circuitry
to indicate the start of a sector. The first decoded byte that
does not contain all Os after the preamble wili be the ad-
dress mark. The first 1 to be received is then used to byte
align after the all zeroes preamble. Some formats have one
ID address mark byte, while others have several.

ID SYNCH FIELD

For a hard sectored disk, byte alignment begins with the
synch field that follows the preamble. The Synch bytes con-
stitute a bit pattern that enables control circuitry to deter-
mine the byte boundaries of the incoming data, bit synchro-
nization. Synch field usually follows the address mark on
soft sectored drives and the AM is used for byte alignment
also. Some formats use two synch fields: synch #1 and
synch #2.

HEADER FIELD

The Header Field format varies between drive types, but
typically has two cyclinder number bytes, a sector number
byte, and a head number byte. It is generally 3 to 6 bytes
long and one of the bytes may contain bits for bad sector or
bad track recognition. )

HEADER CRC/ECC FIELD

CRC (Cyclic Redundancy Checking) code or ECC (Error
Checking and Correcting) code is appended to the header
field. If CRC is used it consists of two bytes of the standard
CRC-CCITT polynomial. The code detects errors in the
header field. If ECC code is used, it is normally the same
ECC polynomial that is used for the data field. This append-
age is basically a protection field to make sure that the ID
field contains valid information.

POSTAMBLE

This field may be used to give the disk controller time to
interpret the data found in the ID field and to act upon it. It
provides slack for write splicing that occurs between the ID
and Data segment. A Write splice occurs when the read/
write head starts writing the data field. A splice is created
each time a sector’s data segment is written to. The slight
variations in the rotational speeds cause the first flux
change to occur in different positions for each write opera-
tion. It also allows time in a write disk operation for the read/
write circuitry to be switched from read to write mode. Final-
ly it allows time for the PLL circuit to re-lock on to a fixed
reference clock before it returns to synchronize to the pre-
amble of the data field.

1.3.2 Data Segment
PREAMBLE FIELD

The Data Preamble field is necessary when reading a sec-
tor’s data. It ensures that the PLL circuit locks on to the
Data segment data rate. Initially, the ID segment and the
data segment of every sector will be written when formatting
the disk, but the Data segment will be written over later. Due
to drive motor speed variations within the tolerance speci-
fied, the ID and Data segments will have slightly different
data rates because they are written at different times. This
implies that the PLL must adjust its frequency and phase in
order to lock on to the data rate of the Data segment before
the incoming preamble field has finished. Hence the need
for a second preamble field in the sector.

DATA ADDRESS MARK FIELD AND DATA SYNCH FIELD

Following the Data Preamble will be the Data Address Mark
for soft sectored drives, and Data synch, both similar to the
ID segment equivalents.

DATA FIELD

The Data field is transferred to or from external memory. It is
usually from 128 bytes to 64 kbytes per sector.

DATA CRC/ECC

A CRC/ECC appendage usually follows the Data field.
CRC/ECC generating (when writing to the disk) and check-
ing (when reading from the disk) are performed on the Data
field. Errors may therefore be detected, and, depending on
the type of error and if an ECC polynomial is used, they may
also be corrected.

DATA POSTAMBLE FIELD
This has the same function as the ID Postamble field.
GAP FIELD

This is sometimes referred to as Gap 3, and is the final field
of the sector. It allows slack between neighboring sectors.
Without this gap, whenever a data segment is written to a
sector, any reduction in drive motor speed at the instance of
writing to the disk would cause an overlap of the data seg-
ment and the succeeding ID segment of the next sector.
This field is only written when formatting the disk.

A final gap field is added from the end of the last sector until
the INDEX pulse occurs and this gap is often termed Gap 4.
It takes up the slack from the end of the last sector to the
Index pulse.

1.4 THE DISK SYSTEM—DRIVE AND
CONTROLLER

The Disk system essentially consists of two main paths:
1)the Disk Data Path, 2) the Disk Control Path, refer to Fig-
ure 1.5. The disk control path is responsible for controlling
the disk drive with respect to positioning the head at the
desired track and control the associated control signals
(these are a function of the disk interface). The various disk
interfaces are discussed later. The other component of the
Disk System is the Disk Data Path which is responsible for
data transfer from and to the disk.

1.4.1 Reading Data from the Disk

Reading data from the disk to the system memory is a com-
plex process and involves a number of operations enroute,
as shown in Figure 1.6(a). To initiate a read operation—a
command is sent to the disk drive indicating the track and
sector from which data is to be read. The seek operation
moves the head to the desired track on the disk. Eventually
the desired sector is identified by the header ID segment
and the various fields are checked depending on the format-
ting rules used. The flux reversals are recorded by the head
and are of the order of 500 microvolts. These pulses are
then amplified by the read/write amplifier to about 10 mV.
The signal from the read/write amplifier when reading a disk
is therefore a series of pulses with alternating polarity.
These pulses are passed through a Pulse Detector, like the
DP8464. Electrically, these peaks correspond to flux rever-
sals on the magnetic medium. The Disk Pulse Detector ac-
curately replicates the time position of these peaks. The
Disk Pulse Detector utilizes analog and digital circuitry to
detect amplitude peaks of the signal received from the
read/write amplifier associated with the heads of disk
drives. A TTL compatible output is produced which on the
positive leading edge indicates a signal peak.
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The raw data coming from the pulse detector consists of
composite clock and data bits depending on the encoding
scheme used. This encoded data has to be synchronized
and decoded. These functions are performed by the Data
Separator, like the DP8465. Due to bit shifting and distortion
of the read pulses, the Pulse Detector issues non-synchro-
nous pulses. For reliable decoding this jittery bit stream
must be synchronized. The data separator has a Phase
Locked Loop which attempts to lock on to the bit stream
and synchronize it.

In hard sectored drives, the sector pulse indicates the be-
ginning of the sector. Normally the preamble pattern does
not begin immediately, because gap bytes from the preced-
ing sector usually extend just beyond the sector pulse. Al-
lowing two bytes to pass after the sector pulse helps ensure
that the PLL will begin locking on to the preamble and will
not be chasing non-symmetrical gap bits. For soft sectored
drives, the controller normally will not wait for the Index
pulse before it attempts lock-on. Chances are the head will
not be over a preamble field and therefore there is no need
to wait two bytes before attempting lock-on.

Disk Data Controller in a Disk System

l DRIVE CONTROLS '

LOCAL
BUS
MEMORY
DISK DATA PATH
ELECTRONICS SYSTEM
o =
MICROCONTROLLER
OR 1/0 AND
MICROPROCESSOR

SERVO/STEPPER
ELECTRONICS .

SPINDLE MOTOR
CONTROLS

ST506
FLOPPY EXTENSION SMD OR ESDI OR
INTERFACE ANSI X3.101 INTERFACE
[ |
I |
H DATA *
SEPARATOR
! |
I [
! | DISK DATA
| CONTROLLER
|
i _OATA
ENCODER |
: |
|

FIGURE 1.5. Disk Syétem—Data and Control Paths
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INTELLIGENT DRIVE
INTERFACE

LOCAL / MAIN BUS (SCSI / SAS! OR IPI)
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MICROPROCESSOR

BUFFER / MAIN
MEMORY

TL/F/8663-11
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Having locked-on to the bit stream the data synchronizer
circuit must first determine the nominal position of clock and
data bits and then generate an appropriate clock and data
window that is centered around the bit positions. However
there are many causes for bits to shift from the position
where they are written. Erroneous data could be issued if bit
jitter is beyond the tolerance computed. Therefore, special
design considerations must be given to the type and resolu-
tion of the Data Separator used in reading data bits from the
disk. The more accurately the bit position can be deter-
mined and the tighter the resolution of the data window, the
lower is the soft error rate of the disk. Essentially the Data
Separator's Phase Locked Loop locks on to the basic fre-
quency of data bits read from the disk, and determines nom-
inal bit positions 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 generat-
ed. To determine the nominal bit position around which to
center the window, the data separator must track data bit
frequency changes, yet ignore jitter. In this manner, even if
an unpredictable bit shift occurs, the data separator can
adjust the window’s position to compensate for the change.
Otherwise the shifted bit could be positioned outside the
window. To remain within the typical error rate specified by
the system, not more than 1 in 1010 bits can appear outside
the window. With the present media technology, only a data

separator based on an analog phase-lock loop technique

can provide the necessary reliability.

Once the bit stream read from the disk has been synchro-
nized and decoded to NRZ data, it is directly sent to the
Disk Data Controller block, DDC, like the DP8466. In the
DDC, the serial data is converted to parallel data (in terms
of bytes), by the deserializer block. The main task is to rec-
ognize the byte boundaries accurately. In soft sectored
drives this can be done by detecting a “missing clock” sig-
nal, which provides a fixed reference in the bit stream to set
the byte boundary. Upon receipt of this signal the divide-by-
eight circuit is set, to allow subsequent stages of the con-
troller to acquire the bytes correctly. Hard sectored drives
use a preset bit pattern in the synch field to determine byte
alignment. Once the data is in parallel form it is stored in a
temporary register in the controller. Transfer of data from
this register to the system memory is achieved by DMA (Di-
rect Memory Access) transfer. In this fashion data are read
from the disk and transferred to the system. -

1.4.2 Writing Data to the Disk

The process of writing data to the disk is similar to the read
operation in the reverse direction, with some changes. The
write operation is initiated after the appropriate Seek com-
mand has been issued to the drive and the head is posi-
tioned over the desired track/sector. Figure 1.6(b) shows

the basic write path blocks. Data is transferred from the
system to the Controller using the DMA. The parallel data is
converted to serial data by the serializer in the controller.
This operation is conceptually easier to do, as the controller
already has the right byte boundaries in the data and knows
exactly where to insert the address mark. Most disk Control-
lers, like National’'s DP8466, provide either NRZ encoded
data or MFM encoded data.

As mentioned in the previous section, predictable bit shift
effects result from normal read/write head operation. Data
are written when the read/write head generates a flux
change in the media. In reading, a current is induced into
the read/write head when a flux transition on the medium is
encountered. The current change is not instantaneous,
since it takes a finite time to build up to the peak and then to
return to zero, refer to Figure 1.7(a). If flux transitions are
close together, the signal buildup after one flux transition
declines, but it does not reach zero before a second tran-
sition begins. So when the flux changes are detected by the
read/write head the peaks are shifted. A negative flux
change, for example, may appear late because it has been
added to the remnant of a positive transition. Narrower
spacing between bits results in greater bit shift on the inner
tracks. Hence compensation is needed on the inner tracks
to minimize bit shift while no compensation is required on
the outer tracks as bit shift is negligible, Figure 1.7(b). Two
methods currently being used are precompensation and
postcompensation.

With precompensation, bits are deliberately shifted in the
direction opposite to that of the expected shift. As data are
being written, the controller detects bit patterns. From these
bit patterns, the controller calculates which bit will shift in
which direction. For example, a 4-bit pattern of 0110 on an
inner track would cause the third bit to appear a few nano-
seconds later than its nominal position. The controller chip,
after detecting this late bit shift pattern, would generate an
early signal, indicating that the third bit should be written
earlier to make it appear closer to its nominal position when
read. Conversely, if the third bit were going to appear early,
a late signal would be generated so that the bit could be
written later. How early or late the bit should be written is a
function of its position in the data pattern, track position,
and media, among other factors. Most Controllers provide
signals to indicate what type of compensation is necessary.
External circuitry is used to provide the actual delay as
shown in Figure 1.7(b).

The encoded precompensated data is then sent to the
read/write amplifier where the stream of pulses is recorded
on the disk as magnetic flux reversals. Postcompensation
can be used when reading, usually as filter components
around the pulse detector.
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FIGURE 1.7. Bit Shifting

1.4.3 DMA (Direct Memory Access)
Transfer/Data Buffering

The DMA block is responsible for the transfer of data be-
tween the host system and the disk controller. This is done
because it is inefficient to dedicate a special communication
channel to the task of transferring data between the disk
controller and the system. The DMA system takes control of
the control lines associated with a system’s address and
data buses, and exercises them in such a way as to transfer
data in an appropriate direction from one device to another.
It is also generally optimally efficient in using the available
bus bandwidth whenever it is on the bus. The DMA capabili-
ty is built-in for some disk controllers while in some an exter-
nal one is required. National’s DP8466 supports a single or
dual channel DMA with capability of using an external DMA
instead, if desired. .

Data buffering is the temporary storage of some or all of the
data to be transferred between the disk and the system
memory. Any centrally intelligent system benefits from mini-
mizing the bus occupancy. This is because the system has a
lot of other tasks to perform, and if the bus is too heavily
used, the system will miss performing some timely tasks.
Therefore to prevent this, the data from the disk is trans-
ferred to a FIFO (First In First Out buffer). In a dual-DMA
system, the local channel transfers the data from the FIFO
to a local buffer memory while the remote DMA channel
optimally transfers data from the local to the remote main
memory over the system bus. This minimizes bus bandwidth
use by the Disk 1/0 channel. The size of the FIFO is a
function of different factors like: 1 ) the rate at which the
system picks up the blocks of data, 2) the data rate from the
disk and, 3) the burst transfer rate of the DMA. The way this
is incorporated may differ in disk controllers. The buffer
memory optimizes bus bandwidth. A system utilizing a single
channel DMA would transfer data from the FIFO directly to
the Host.

1.4.4 Error Detection/Error Correction

There are a number of factors which contribute to disk er-
rors, viz. electrical noise, crosstalk, inadequately erased sig-
nals from previous recording, offtrack error in positioner, pin
holes, inclusions, media thinning, and pattern induced er-
rors. Of these, media defects are permanent errors. In gen-
eral, ECC (error checking and correcting code), ensures reli-
able data storage and recovery. Generation of the ECC
polynomial involves a detailed understanding of the mathe-
matics of coding theory, and a cookbook approach to de-
signing ECC logic. The basic idea behind ECC is the con-
cept of irreducible polynomials. Take an irreducible polyno-
mial (prime) and multiply it by the data pattern. Store the
resulting remainder on the disk after all the data has been
sent through the polynomial, Figure 7.8(a). When reading
the data back, divide the data coming off the disk into the
polynomial. The reciprocal of the result should be equal to
the check bytes on the disk, Figure 1.8(b). If not, there is an
error. The way error correction works is shown in Figure
1.8(c). If there were no errors, then the sequence follows
the straight path and the shift register contains all zeroes. If
an error occurred, then at the point of occurrence the se-
quence vectors off, and at the end the shift register contains
the pattern which caused the error. This helps in tracing
back to the point of occurrence. The correction span is the
number of contiguous bits in error which could be corrected.
The probability of miscorrection is given by:

Pme = (2C-1) x S/2A
where C = correction span in bits
S = no. of bits in the sector
A = no. of bits in ECC appendage
Some codes have a higher miscorrection probability due to
pattern sensitivities. A 48-bit ECC with an 11-bit correction
span is recommended for 1,7 or 2,7 Run Length Limited
encoded disks, while for MFM a 32-bit ECC with a 5-bit
correction span results in low miscorrection probabilities.
There are different types of codes:
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FIRE CODES

Used in older systems and some current chips on the mar-
ket. Fire codes have a high miscorrection probability related
to double-burst errors (errors at two locations separated by
more than the detection span) and are not recommended
by National. Some examples of fire codes are:

COMPUTER GENERATED CODES

These have a very good reliability and are specifically cho-
sen to guarantee not miscorrecting a specified worst case
double burst error. The reliability can be calculated by the
equation for miscorrection probability. National recom-
mends the use of these codes for disk systems.

DOUBLE BURST REED SOLOMON CODES .
Reed Solomon codes can handle longer bursts, multiple
burst error (two burst error within a sector) correction capa-
bility and would be necessary for use with some optical me-
dia because of the high error rates. Typically RS codes for
optical media are as long as a quarter of the sector. An
example of the Reed Solomon code is given below.

(x + a5)*(x + a®)x(x + a7)*(x + a8)*(x + af)

How Error Detection Works

32-bit FIRE CODE (@1 +1)x(x11+x2+1)
48-bIt FIRECODE  (x13+1)x(x35+x23+x8+x2+1)
56-bit FIRE CODE ~ (x22+1)#(x11+x7 +x8+x+1)*
x12+x1+ ... +x2+x+1)=
(x11+x9+x7 +x8+x5+x+1)
DATA NN
——p
CRG/ECC |/
WRITTEN TO DISK | ecc/crel DATA B
, TL/F/8663-16
(a) Writing to Disk
Data _ _ Quotient Remainder
(Discard) ™ (append as ECC)

I ECC/CRC| DATA DATA TO BUFFER
CRC/ECC
DECODE
= 0 (ZERO DETECT)
TL/F/8663-17
(b) Reading From Disk
Data + Remainder _ Data Remainder
Polynomial Polynomial = Polynomial
_ Remainder _
Polynomial

If CRC Read = CRC Written

SEQUENCE WITH ERROR

/\ (101 ERROR)

SEQUENCE WITH ERROR

/(1011 ERROR)

4~ — SEQUENCE W/0 ERROR

ERROR AT COUNTS SHIFTS TO FIND LOCATION
BT N IN OF ERROR PATTERN IN SHIFT REGISTER
RECORD
. TL/F/8663-18
(c) How Correction Works
FIGURE 1.8. ECC/CRC
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CYCLIC REDUNDANCY CODE

These can only detect errors and will not correct. They are
generally used for header appendage and in floppy drives.
The most widely used code is the CRC-CCITT code given
below. )

CRC-CCITT 16bit  x16 + x12 + x5 + 1
Selecting the correct CRC/ECC is a function of the parame-
ters being evaluated.

Detection Abillity: The ability of the CRC/ECC to detect
errors in the data transferred, measured as the number of

bits affected and number of distinct bursts, the important
measure being the guaranteed value.

Correction Abillity: The ability of the ECC to restore errone-
ous data to its original state. Again, like the detection ability,
this is measured as number of bits and number of bursts,
the important measure being the guaranteed value.
Operating Environment: This involves factors like encod-
ing scheme, data rate, data block size, technology on disk,
product environment, and compatibility.

‘? DATA SEPARATOR CONTROLLER SYSTEM
DISK#1 DATA DDC MAIN
: SEP. & SYS
LOCAL
uP

|

J DISK#2

i

|

|

| ||

| DISK#3

|

|

1

2

3
TL/F/8663-19

(a) CONCEPTUAL REPRESENTATION OF THE DISK SYSTEM WITH POTENTIAL INTERFACE POINTS.
1=8T506/ST412; 2=ESDI, SMD; 3=SCSlI, IPI

E€LP-NV

Interface Year Data Rate Connectors Drives Status
i SMD* 1975 <15Mb/s 60-Pin, 26-Pin HiPerf 8", 14" Upgrading Now
‘5 SA1000 1978 4.3 Mb/s 34-Pin, 20-Pin Low Cost 8” Limited Future
ﬁ . ST506 1980 5 Mb/s 34-Pin, 20-Pin Most 514", 31," Still Popular
J ST412HP 1983 10 Mb/s 34-Pin, 20-Pin Low Cost 8"
f ESDI* 1983 10-15Mb/s 34-Pin, 20-Pin Mid-Hi Perf 51/," New Standard
i Future 1985-6 24 Mb/s 34-Pin, 20-Pin Hi-Perf 51/,", 8"
*Data separator on the drive.
(b) POPULAR HARD DISK DRIVE INTERFACES
Interface Year Data Rate Data Bus CTL Bus System Status
SASI| 1981 <1-2Mb/s 8-Bit + P 9-Bit Low-End Superseded by SCSI
SCSlI 1982 <1-2 Mb/s 8-Bit + P 9-Bit Low/Mid-End ANSI Standard
Asynchronous
SCsi 1984 <4 Mb/s 8-Bit + P 9-Bit Mid-End Recent ANSI Standard
Synchronous
IPI-3 1984 <10 Mb/s 8-Bit + P 6-Bit High-End Almost ANSI Standard
16-Bit + 2P

(c) POPULAR INTELLIGENT DISK SYSTEM INTERFACES
FIGURE 1.9. Drive Interface Standards
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1.5 THE DISK DRIVE CONTROL PATH

The disk drive control path essentially consists of the vari-
ous control signals defined by the drive interface for drive
control and data path control. The control path in a disk
system has a number of potential interface points, Figure
1.9(a). The popular hard disk drive interfaces which define
the physical connections of the controller with the drive are
given in Figure 1.9(b). These are at the interface points 1
and 2. At these points data is still in the serial format. With
the advent of sophisticated controllers many Intelligent disk
system interfaces have come into being, Figure 1.9(c).
These essentially incorporate the complete controller on
the drive and interface to the outside world, through an 8- or
16-bit standard bus, interface specific. The physical inter-
face with the disk i$ ‘usually one of the standard hard disk
drive interfaces mentioned in Figure 1.9(b).

INTERFACE STANDARDS

Interface standards are the definition of the connection be-
tween parts of the disk unit, controller, and system. Interfac-
es can be defined on several levels, viz.

o Electrical specification of signal levels.

* Timing relationships between signal lines.

o Physical specification of cabling, connectors etc.

o Functional specifications of tasks the standard performs.
o Command descriptor specification of the standard.
Some interface standards require only a subset of the
above definition categories. For example, there is no neces-
sity for a command descriptor segment to the ST506 de-
facto standard. as no provisions are made for command
communication other than the simple control lines de-
scribed in the functional specifications. ’
Standards are important as they allow numerous manufac-
turers to cater to the same market segment, thus creating
healthy competition. For example, the ST506 interface is an
industry standard simply because it is being used by a lot of
drive manufacturers. The factors which affect the choice of

HOST

CONTROL

the standard are: data rate, flexibility, popularity, perform-:
ance, and cost.

1.5.1 Popular Hard Disk Drive Interfaces

There are a number of disk interface standards. It is impor-
tant to realize the implications of the various contenders for
the interface point. For example, if the data separator is
placed on the drive, the cost of the drive increases, the cost
of the controller board decreases, the speed of the interface
can increasé if desired, but the system has to cope with this
increase. Some of the most commonly used standards (disk
interfaces) are discussed briefly in the following sections.

FLOPPY DISK INTERFACE

This is a relatively “dumb”, single connector, serial data and
control interface. There are two lines which carry the read/
write data, and several control signals. This interface is posi-
tioned at point 1 in Figure 1.9(a). The data rate for such
interfaces is comparatively slow, around 100 to 500 kBits
per second and the data capacity of floppy disks is not very
large. The head is positioned by issuing step pulses to the
drive. Read and write operations are initiated by asserting
signals called Read Gate or Write Gate.

INTERFACE SIGNALS

Head load, Index, Sector (hard sectored drives only),
Ready, Drive Select (usually 4), Step, Direction, Write Gate,
Track 0, Write protect.

ST506/ST412 DISK INTERFACE STANDARD

This is also sometimes referred to as the floppy extension
interface and is one of the most commonly used interface
standards. The data rate is defined to be 5 Mbits per sec-
ond, and the code is MFM. The interface is divided into two
cables—a 34-pin control cable and a 20-pin data cable. The
control cable allows for a daisy chain connection of up to
four drives with only the last drive being terminated, Figure
1.10. The data cable must be attached in a radial configura-
tion. This interface is at point 1 and, hence, the data separa-
tor is a part of the controller.

CONTROLLER

3

J2 DRIVE 1

J3  GROUND TAB
—

-1 J1

J2 DRIVE 2

J3 GROUND TAB
14—

- i

J2 DRIVE 3

J3  GROUND TAB

DATA
SEPARATOR

) h—
L

DC VOLTAGES =
FRAME GND

J2 DRIVE 4

J3  GROUND TAB

TL/F/8663-20

(a) Typical Connection, 4 Drive System
FIGURE 1.10. ST506/412 Configurations
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FIGURE 1.10. ST506/412 Configurations (Continued)
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Functional Operations

DRIVE SELECTION

Drive selection occurs when one of the DRIVE SELECT

lines is activated. Only the selected drive will respond to the

input signals, and only that drive’s output signals are then

gated to the controller interface.

TRACK ACCESSING

Read/Write head positioning is accomplished by:

a) Deactivating WRITE GATE line.

b) Activating the appropriate DRIVE SELECT line.

c) Being in the READY condition with SEEK COMPLETE
true.

d) Selecting the appropriate direction.

e) Pulsing the STEP line. )

Each step pulse will cause the head to move either one

track in or one track out depending on the level of the direc-

tion line. A low level on the DIRECTION line will cause a

seek inward toward the spindle, a high, outward toward

track 0. Some drives have buffered seeks where the drive

stores the pulses until the last one is received, then exe-

cutes the seek as one continuous movement.

HEAD SELECTION

Any of the heads can be selected by placing the head’s

binary address on the Head Select lines.

READ OPERATION

Reading data from the disk is accomplished by: -

a) Deactivating the WRITE GATE line.

) Activating the appropriaie DRIVE SEL

¢) Assuring the drive is READY.

d) Selecting the appropriate head.

WRITE OPERATION

Writing data onto the disk is accomplished by:

a) Activating the appropriate DRIVE SELECT line.

b) Assuring the drive is READY.

c) Selecting the proper head.

d) Insuring no WRITE FAULT conditions exist.

o) Activating WRITE GATE and placing data on WRITE
DATA line.

Electrical Interface

The interface to the ST506/ST412 family can.be separated

into three categories, each of which is physically separated.

1. Control Signals.

2. Data Signals.

3. DC Power.

All control lines are single ended and digital in nature (open

collector TTL) and either provide signals to the drive (input)

or signals to the controller (output) via interface connection

J1/P1. The data transfer signals are differential in nature

and provide data either to (write) or from (read) the drive via

J2/P2. Figure 1.10 shows the connector pin assignments

for this interface.

Since the data separator is on the controller, the ST506/

ST412 drive must have a transfer rate of 5 M bit/sec. The

bit density cannot be increased as the data rate and disc

rotational speed are fixed. The only way to increase drive
capacity is to increase the number of tracks, which does not
allow large increases of capacity. Despite this limitation, it
has a strong future as it moves into lower cost systems and
smaller 314" drives.

ST412 HP INTERFACE

This standard was designed to provide an upgrade path
from the ST506 and is very similar. This interface is also at
point 1. The main differences from the ST506 family are:

® One additional control line in the daisy chain ... Recov-
ery mode.

® Reduced write current is not part of the interface.
e The data rate is 10 Mbits/sec.

® The encoding scheme is not tightly specified, but sug-
gested to be MFM.

® The maximum repetition rate of step pulses has been
increased.

The major benefit of this-interface is the higher data rate
compared to ST506 drives, however, a much more careful
design is needed to keep the bit error rate the same and for
this reason may not be popular. Since the data separator is
located on the controller, the data transfer rate must be
exactly the 10 Mbits/sec rate and still be MFM encoded.

Recovery Mode

Recovery mode has been added in response to higher track
density. It is asserted by the controller in response to bad
data. In this mode the controller issues up to eight step
pulses, and the drive steps through its own micropositioning
algorithm. After each pulse, the controller tries to reread
data and, if it fails again, after the eighth try it abandons the
procedure. This drive interface emerged as higher data rate
embellishment to the ST412,

ESDI (ENHANCED SMALL DEVICE INTERFACE)

This interface is at point 2 on Figure 1.9. This standard was
a proposal by Maxtor Corporation, subsequently modified by
an experienced working committee, and is finding growing
acceptance largely because it is a sensible proposal. It has
control and data cables like the ST506/412 interface but
adds a driver and receiver on the data cable for the clock
information, as shown in Figure 1.71. The implication is that
the data separator resides on the drive, which means fewer
design problems for drive users, and that certain status and
command information is transmitted in serial, which means
moré control circuitry on both sides of the interface. The
data rate is allowed to be several frequencies, dependent
upon options, with the maximum rate probably reaching 24
Mbifs/sec.

Features

o Low cost, high performance interface suitable for small-
er, high performance drives.

¢ Two protocols supported: serial and step mode.

Supports up to 7 drives in the serial mode and 3 drives in
the step mode.

Maximum data rate of 24 Mbits/sec.
e Supports cable lengths of up to 3 meters.

Serial mode of operation utilizes NRZ data transfer along
with serial commands and serial configuration and status
reporting across the command cable.
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e Step mode implementation utilizes the same NRZ data
transfer; however, the step and direction lines are used
to cause actuator motion. Hence, with this mode configu-
ration and status reporting are unavailable over the inter-
face.

The ESDI interface puts the data separator on the drive and

its output is NRZ data with a synchronous clock. This results

in the data rate, and therefore the bit density, not being
rigidly defined. The controller speed is governed by the syn-
chronous clock coming from the drive, not from a data sepa-
rator as in the ST412/ST506 interfaces. The drive is code
independent as the data across the interface is always NRZ

(or decoded) format. This enables the use of codes like RLL

which put more data on the disk for the same bit density

(flux reversals per inch). Moreover the use of NRZ encoding

results in decreased errors due to electrical transients on

the interface cable. This lowers practical bit error rates and
allows the use of higher speeds.

Step Mode

The ESDI step mode is essentially similar to the step mode
in the ST506/412 family of drives, except for the NRZ data
transfer. Only two of the seventeen signals change function
in the control cable between ESDI step and ST412HP.
READ GATE being added is the important change which
enables the data separator on the drive to the controller.
The data cable is considerably different. Differential drivers
and receivers are used for signals like Write Clock and Read
Clock and a few single ended lines are added like Cartridge
Changed (for tapes) and other lines like Seek Complete,
Index etc. The step mode pulse timings are comparable to
that of the ST412HP. This enables switching between the
two interfaces under software control, in the controller de-
sign.

HOST
" CONTROL
\J ——L 3
DATA {122 orRve
| #
(13 u
T
CONTROLLER DATA =
Q2 o»vep
{15 u
{1 reruinator
] (st oRvE onLy)
2
U DRIVE #N
1 )—
(s « A&
n
21y
N B DATA
DC VOLTAGES =i
(RADIAL)

FRAME GROUND

A\ NOTE: IN STEP MODE, MAXIMUM NUMBER OF DRIVES = 3
IN SERIAL MODE, MAXIMUM NUMBER OF DRIVES = 7

(a) Typical Connection, Multiple Drive System

TL/F/8663-24

FIGURE 1.11. ESDI (Enhanced Small Device Interface)
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FLAT CABLE OR TWISTED PAIR

HOST SYSTEM 20 FEET MAXIMUM ST 4XX

| =DRIVE SELECTED 1
| - SECTOR/-BIYTE CLOCK/ADDRESS MARK FouND | 2
| = COMMAND COMPLETE 3
- ADDRESS MARK ENABLE R
=~ RESERVED FOR STEP wooe A 5

- 6+
+WRITE CLOCK RE
=~ WRITE CLOCK 2 RE
- RESERVED FoR sTep Mooe AN 9
| +READ/REFERENCE CLOCK 10
= READ/REFERENCE CLOCK 11

— 124
+NRZ WRITE DATA |13
~ NRZ WRITE DATA R

164
_ +NRZ READ DATA 17
__=NRZ READ DATA 18

| =INDEX 0

J_— A\ MUST BE AT A LOGIC ZERO LEVEL. —

(b) Data Cable (J2/P2) Signals (Disk Implementation—Serial Mode)

FLAT CABLE OR TWISTED PAIR
20 FEET MAXIMUM

CONTROLLER DRIVE
1=
- HEAD SELECT 2 2
34
- HEAD SELECT 2 4
- 54
= WRITE GATE 6
74
= CONFIG/~STATUS DATA 8
- 94
= TRANSFER ACK 10
- 114
= ATTENTION 12
- 134
- HEAD SELECT 2 14
154
_ =SECTOR =BYTE CLOCK ~ADDRESS MARK FOUND 16
- 174
= HEAD SELECT 2 18
T - INDEX 0 /P
- 214
 -READY 22
- TRANSFER REQ 24
- 254
- DRIVE SELECT 1 RES
274
- DRIVE SELECT 2 ° J28
294
- DRIVE SELECT 3 0 -
314
=~ READ GATE 32
- COMMAND DATA 34 L

TL/F/8663-25

(c) Control Cable (J1/P1) Signals (Disk implementation—Serial Mode)
FIGURE 1.11. ESDI (Enhanced Small Device Interface) (Continued)
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Serlal Mode

Serial mode ESDI is a definite improvement over the inter-
faces discussed. As the name implies, communication from
the controller to the drive takes place on the, COMMAND
DATA line of J1/P1 in conjunction with the handshake sig-
nals TRANSFER REQUEST and TRANSFER ACKNOWL-
EDGE. Communication from the drive to the controller takes
place on the CONFIG-STATUS line of J1/P1 in conjunction
with the handshake signals. Each bit of the 16-bit command
or status word is handshaked across the interface. The
hardware changes between EDSI serial and step modes,
have several control lines redefined. The disk drive’s micro-
processor interprets commands like SEEK (seek to a cylin-
der), RECALIBRATE (seek to track 0), REQUEST STATUS
and REQUEST CONFIGURATION, which provide the con-

| P —

troller with standard status and configuration information of
the drive like the number of heads, number of tracks, sec-
tors per track, bytes per track, command data parity fault,
write fault etc. Hence the controller can configure itself to
the drive connected to it and can send the data to the host if
desired. Thus ESDI serial mode offers big benefits and is
rapidly gaining popularity in higher performance hard disk
drives.

STORAGE MODULE (SMD) INTERFACE

(ANS X3.91M 1982)

The Storage Module Interface was originated by Control
Data Corporation around 1972. It has been extremely popu-
lar with 8” -14" drives. However, as it is expensive and
hardware intensive and because of competition due to ESDI
and SCS, itis not very popular with 51" drives. Figure 1.12
gives the data and control cable assignment.

DISK CONTROLLER ) 30M MAX |
o L C
4 J
F TYP.
g WINCHESTER
DISK
1/0 M
Bus —>) ?
E ((0ATA SEPARATOR) ( )
R 4 Ar
N RADIAL READ / WRITE CABLES
fo— 15M MAX |
. TL/F/8663-26
(a) Typical Connection
Low HIGH
| IF WRITE CLOCK 2 14
| READ CLOCK 5 17
| READ CLOCK 3 16
WRITE CLOCK 6 19 R
WRITE DATA 8 20 R
CONTROLLER | UNIT sELECTED 22 9 i DRIVE
| SEEK END 10 23
| INDEX 12 24
SECTOR 13 26 R
| (GND) 1,4,7,11,15,18,21,25

B = Cable

TL/F/8663-28

(b) Data Cable

FIGURE 1.12. Storage Module (SMD) Interface (ANS X3.91M 1982)
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A = Cable

 CONTROLLER

Low HIGH
UNIT SELECT TAG 52 2
UNIT SELECT 1 53 3
UNIT SELECT 2 54 u
UNIT SELECT 4 56 %
TG 1 31 o
TAG 2 32 2
TAG 3 33 3
TAG 4 60 o
UNIT SELECT 8/TAG 5 57 7
BUS 0 34 ‘.
BUS 1 35 5
BUS 2 36 5
BUS 3 57 7
BUS 4 38 N
BUS 5 39 N
BUS 6 40 0
BUS 7 # "o
BUS 8 42 2
BUS 9 3 3

_ STATUS 0 4 oo

| stamus 1 47 17

| stamus 2 46 16

| starus 3 45 15

- STATUS 4 58 28

| status 5 50 20

- sTATus 6 46 18

| starus 7 55 25

| OPEN CABLE DETECT 4 14 |

_ BUSY 51 2

| POWER SEQUENCE PICK 29 ' R
POWER SEQUENCE HOLD 59 -

Storage Module (SMD) Interface (ANS X3.91M 1982) (Continued)

(c) Control Cable

v

DRIVE

TL/F/8663-27
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Features
® Bit serial digital data transfer (Data Separator in drive)

Relatively high transfer rate (9.67 Mbits/s is common in
older 14" drives and newer 8” drives, new 10.5" and
14" drives are typically about 15 Mbits/s)

® Dominant de-facto standard for 14" OEM disk drives;
virtual basis of OEM disk controller industry. Widely used
by minicomputer system manufacturers.

Differential signals

23 required plus 8 optional control bus signals, 7 required
plus 2 optional read/write cables

Parallel control bus, but radial read/write cables, one per
drive

® Incorporates error recovery facilities
® Includes power sequencing for multiple units
® Approved ANS X3.91 1982

1.5.2 Intelligent Disk System Interfaces

These are high level interfaces which result in the complete
disk controller being situated on the drive and the interface
to the host is through a special bus. Their chief advantage is
nearly complete device transparency to system hardware
and software, also lower system overhead for disk control
and higher speeds. A well defined protocol is used for com-
munication with the host system. Some of the popular Intel-
ligent disk system interfaces are discussed below in brief.

SHUGART ASSOCIATES SYSTEM INTERFACE (SASI)

SASI was introduced by Shugart around 1980. The overall
objective was to make it easier for computer systems

to talk to disk drives. SASI defines the logical level and all
lower interface levels, down to the 50-pin connectors and
ribbon cable. Eighteen lines are used for signals, nine for
data and nine for control. The data lines consist of a single
octet with an odd parity bit. The control lines include a two-
wire handshake and various lines to put the bus in different
transfer modes or phases. The interface is always in one of
the five phases:

Bus Free, Arbitration, Selection, Reselection, Data
Eight devices are allowed but only one host or “initiator” is
allowed. So a maximum SASI system will consist of an Ini-
tiator and seven target devices. All signals in the interface
are open collector driven. The ANSI standard version of this
interface is the SCSI (Small Computer System Interface).

SMALL COMPUTER SYSTEM INTERFACE (SCSI)

The Small Computer System Interface (SCSI) was formed
from the SASI framework and ANSI has standardized it un-
der X3T9.2. The interface consists of a single cable that is
daisy-chained to other SCSI units. It will accommodate not
only disk drives but also tapes, printers and other devices
and is potentially a universal peripheral port for small sys-
tems. The SCSI system could potentially be a single initiator
- single target system or a single initiator - multiple target
system or a multiple initiator - multiple target system as
shown in Figure 1.13(a). The SCSI bus signals are shown in
Figure 1.13(b). The cable consists of transfer handshaking
and status signals in addition to an 8-bit data bus. Informa-
tion is exchanged on the bus via a set of higher level com-
mands sent by the host.

€Ly-NVY

COMPLEX SYSTEM
% ] scsl BUs WINCHESTER ~ WINCHESTER
{ -] CONTROL DisK DISK
‘ COMPUTER |8 &
\ E- UNIT
| <
1
g " WINCHESTER  FLOPPY
I DISK DISK
CONTROL
} COMPUTER E % UNIT
<
‘ eoee
g
| oot TARGET INITIATOR
DISK TAPE
CONTROL
UNIT RESET
¥ cene BUSY
;3 SELECT
- —eee
/ MAG MAG CONTROL/DATA
—_—
@ CONTROL TAPE TAPE INPUT/OUTPUT
‘ UNT MESSAGE
REQUEST
—
. OPTICAL OPTICAL .—ACKNEWLE[;GE
5 CONTROL DISK DISK ATTENTIO!
COMPUTER | S g UNIT DATA
—
coce PARITY
-
TL/F/8663-29 TL/F/8663-30
Up to 8 SCSI DEVICES can be supported by the SCSI bus. They can be any combination of host CPUs and intelligent controllers.
(a) Multiple Target-Multiple Initiator (b) SCSI Cable

FIGURE 1.13. Small-Computer System Interface
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Features

o Connects up to 8 computers and peripheral controllers

e Maximum rate up to 1.2 Mbyte/sec asynchronous,
4 Mbytes/sec synchronous: suitable for floppy disks, all
5.25" and 8" Winchester disks, medium performance 8"
and 14" disks, and tape drives

o Relatively high level peripheral command set

Single ended version: 50-conductor flat ribbon cable, up

to 6 meters, 48 mA drivers

Differential version: 50-conductor flat or twisted pair ca-

ble, up to 25 meters, EIA RS-485

Distributed bus arbitration

Includes command sets for common peripherals

Products now widely available include: disk drives with

integral controllers, SCSI to ST506, SMD, Floppy, SCSlI

to S-100, Multibus®, IBM PC™, VMETM, Unibus™,

TRS-80T™, and Q-BUS™ Adapters, and VLSI bus proto-

col and disk controller chips $

SCSI makes no hardware changes compared to the SASI
but adds several features which are discussed below.

Arbitration

This allows multiple Initiators to talk to multiple targets in
any order, to a maximum of eight nodes only.

Reselection

This allows a target to disconnect from the Bus while it is
getting data and reconnect to the proper Initiator when it
has found it. This results in efficient utilization of the bus
because other nodes can use it during the relatively long
seek time of the disk drive or search time of a tape drive.
Synchronous Mode Transfer

This speeds data transfer to a maximum of 4 Mbytes/sec
(from an asynchronous maximum of approximately 1.2
Mbytes/sec).

Differential Transceivers

These boost the maximum length of the interface from 6m
to 25m.

Extended Command Set

This set includes expanded large block addressing (from
221 to 232 blocks) and “Inquiry” type commands for self
configuring controllers. It also handles tape drives, printers,
processors, optical disks and read-only optical disks. There
is also room for a “vendor unique” command set, i.e. com-
mands unique to the device.

R
M ' M
A 4—4 A A
HosT sl » v LI STORAGE S L. ®.- c
couPuanE V E DIRECTOR E v
R s R 5
W
) 1 A2 4 LA 4
T : SLAVE SLAVE
- C
l‘ H ': CONTROLLER CONTROLLER
'S
HOST S . STORAGE S
coupurer T | R DRECTOR T MASTER MASTER SLAVE MASTER
N : \é R SELECT OUT
—
teeceea MASTER OUT
Phitiduihad i
® SLAVE IN
s —
L
CONTROLLER A J<—4 = SYNC IN
v —_—
MASTER E = SYNC OUT
= ATTENTION IN
—
® s ': < ! +—r5 = DATA A
L =
b>| A CONTROLLER 3 @ = _PARmA
ORI
L
“- R PARITY B

(a) IPI Configuration

TL/F/8663-31

FIGURE 1.14. Intelligent Peripheral Interface

TL/F/8663-32

(b) IPI Cable Signals
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INTELLIGENT PERIPHERAL INTERFACE(IPI)

This is the ANSI standard X3T9.3 and is an additional pe-
ripheral bus, having higher performance than SCSI. Figure
1.14(a) shows the orientation of the IPI system and the IPI
port signals are shown in Figure 1.14(b).

Features

* Connects master to a maximum of 8 slaves

® Can be used at various levels in the system as shown

® Two 8-bit buses (in and out) for commands and status
speed protocol and status presentation for fast path
switching

® 8- or 16-bit parallel transfers

® 24 signals

® Several electrical options; fastest allows 10 Mbytes/sec
through a 75 meter cable

® Offers both “intelligent” and “device level” command
definitions, command and data handshaking
® 50-pin cable ground increases noise immunity
The IPI interface comprises four levels. Level 0 consists of
cables, connectors and drivers/receivers. Level 1 consists
of state machine and bus protocol. Features of Level 2 are
device specific commands, timing critical, physical address-
ing, physical volumes, command parameters and bus con-
trol commands. Features of Level 3 are device generic com-
mands, timing independent, buffered, command stacking,
queing, limited specific commands, logical addressing and
physical volumes. Messages are transmitted in packets.
IPI derives its higher performance from a faster handshake
and a wider data bus. Two octets, each with a parity line,
make up the data interface. Six control lines fill out the inter-
face of 24 signals. There is one master allowed and up to
eight slaves on a daisy-chained cable. This master to slave
interface is a parallel one and hence IPI 3 could be used,
(point 1) in Figure 1.14(a). Each Slave can address up to 16
Facilities, like disk drives. The Slave-to-Facility interface
may be IPl 2, (point 2) in Figure 1.13(a), or a lower level
interface such as ESDI. Data can be moved at 5 Mbytes/
sec in asynchronous mode, 10 Mbytes/sec in synchronous
mode. The interface supports various driver options with
maximum cable lengths ranging from 5 meters to 125 me-
ters. :

1.5.3 Other Disk Interfaces

There are many- other ANSI standardized interfaces which

were the outcome of the interface standards discussed

above. Some of these are disk level while some are intelli-

gent interfaces. A brief discussion follows, also refer to Fig-

ure 1.15. Detailed descriptions can be found in the appropri-

ate ANSI document.

FLEXIBLE DISK INTERFACE (ANS X3.80)

Features :

® American National Standard Interface between flexible
disk cartridge drives and their host controllers

® 50-wire flat ribbon cable (8" disk) or 34-wire (51" disk)

 Bit serial encoded FM or MFM data transfer from/to
Read/Write electronics (data separator in controller)

® Modest data transfer rate (100 kbyte/s)

Very widely used by the industry; based on a de facto
standard. Supported by most 8” and 5" drives; also
used by some, but not all micros (less than 4") floppy
drives.

Seeks track by track, one step per pulse
Single ended signals

Change has been submitted to identify high density 51/,"
drives

® Approved ANS X3.80 - 1981
RIGID DISK INTERFACE (ANS X3.101—1983)

With the emergence of the 8” rigid-disk drive, there was a
strong industry push for a new interface standard with
broader applicability than the SMD, which would allow for
self-applicability than the SMD, which would allow for self-
reconfiguring controllers, as different devices were at-
tached. As a result the ANSI Rigid Disk Interface came into
existence.

Features

® Optimized for relatively high performance small winches-
ter disks

Bit serial digital data transfer (data separator in drive)

Relatively high transfer rate possible (up to 10 Mbits/s
with low cost option, up to 16 Mbits/s with high perform-
ance option)

50 conductor ribbon cable

Class A: 24 and 40 mA single-ended control bus signals,
20 mA differential serial data and clock lines

Class B: 100 mA single-ended control bus signals, 40 mA
differential serial data and clock lines

22 single-ended plus 4 differential signals

Byte parallel command bus

Relatively high level command set

® Approved ANS X3.101—1983

Peripheral Bus Interface

® Connects computer to peripheral different controllers
® Block transfer rather than word transfer orientation

* No provision for memory address on bus

® Longer distances than backplane

® Interface hides many device characteristics from soft-
ware

® Peer to peer multi-master protocol may be called a “sys-
tem bus”

Device Interface

® Specific to particular device type

* Between controller and device

® Often serial data transfer

® User device interchangeability not always certain
® Very widely used by industry

This interface has not gained acceptance and has been su-
perseded by ESDI

9-25
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Flexible Disk Interface (ANS X3.80—1981)

DISK CONTROLLER I 3M MAX — i
) DEVICE LEVEL INTERFACE
Flo s[®
3
51/4"
|/° M A A OR 8"
—
BUS A R FLOPPY
T T DISK
£ 0
R Rl . ,
UP TO 4 DRIVES
TL/F/8663-33
Rigid Disk Interface (ANS X3.101—1983)
CONTROL UNIT i - 3M MAX i
’ - DEVICE LEVEL INTERFACE _
3 M | 1 °7 |
R | (Coata separator) )
M
— A i
T
T
E TYP.
R WINCHESTER
DISK
UP TO 8 DRIVES
TL/F/8663-34
DEVICE INTERFACE PERIPHERAL BUS
BACKPLANE M DEVICE INTERFACE PERIPHERAL BUS
OR D + C o+ F ¢DS _1
peRpHERAL | ¥ 1 Q) O (A DATA
BUS v N R TR IS conRoL
VTN PERIPHERAL
——| iKY e
» 0 + T ¢ A ’
Ly T oy T ADAPTOR
VooV B o ome [ “own ]
] L] R ] R
— | DAA BACKPLANE \/L
D+ C 1 F | > b s DEVICE
IR PRGN Ly CONTROLLER
Yot CONTROL o | & &
'__'___l> VROLA <; ::} R
s 0 o+ T A
LT T
] ] E g SEMI
[ INTELLIGENT
DEVICE -
D+ C DATA FiDs CONTROLLER
M : 0 0 :A E , :
Ay covmoL | R 1 F
—) K/ ki
v 0 T ¢« A
vl TooT
: £ ' © | wreuicent
TL/F/8663-35

FIGURE 1.15. Other Drive Interfaces—Typical Connections
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1.5.4 Universal Plug

Although the concept of a standard interface is appealing,
the desire to gain industry recognition and lock in custom-
ers, coupled with valid technical improvements, will continue
to spawn new interfaces at regular intervals. In systems
where a maximum of one or two drives are required or
where configuration flexibility justifies the higher cost of
standard attachments, high-level interfaces will attach to a
“universal” system plug. Here controllers will be integrated
into the devices themselves, while in cost effective multiple
drive systems, the connection of device level interfaces to
system specific controllers is expected to continue.

1.6 ELEMENTS OF DISK CONTROLLING
ELECTRONICS

Disk controller chips in the market today are complex VLSI
chips and perform a multitude of functions. In fact they take

care of most of the tasks besides the task of data separa-
tion. National's Disk Data Controller DP8466 is one such
chip. It takes care of serialization, deserialization, data en-
coding, DMA transfer, error detection and correction, and
pattern recognition to determine type of compensation re-
quired. The Disk Data Controller DP8466 is discussed in
detail in the following sections. National’s Data Separator
chip DP8465, together with the Disk Pulse Detector
DP8464, comprise the chip set for the disk controlling elec-
tronics. If RLL encoding is used, then National’s DP8463 2,7
ENDEC could be integrated into the system. Figure 1.16
shows the place of these chips in the disk data and control
path. It also shows the separation lines of the components
on the drive and controller for the various interface stan-
dards.

PULSE MICRO-
DETECTOR DATA PROCESSOR
DP8464 SEPARATOR
A DP8460/5 DISK
<< - CONTROLLER MEMORY
N
N——’ DP8466
ST 506
1/0 PORT HoST
ESDI, ANSI, SMD / <:>
SCSI (SASI), IP1, I

TL/F/8663-36

FIGURE 1.16. Typical Disk Controller System Configuration Showing the Interface Points
with Respect to the Various Standards
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CHAPTER 2 DP8464B HARD DISK PULSE DETECTOR

2.0 INTRODUCTION

The standard Winchester disk drive available today uses a
magnetic film platter, a ferrite head and MFM coding. This
combination produces relatively wide pulses off the disk
which can be detected using a simple time-domain filter
technique. However, as disk manufacturers strive for higher
density and data rates, they must turn to new technologies
such as plated media, thin film heads and run length limited
codes (such as the 2,7 code). Unfortunately, these technol-
ogies produce more complex pulses off the disk which re-
quire more sophisticated pulse detection techniques. The
DP8464B utilizes a separate time and gate channel which
can detect the peaks in these complex waveforms.

2.1 BACKGROUND OF PULSE WAVEFORM
DETECTION )

Data on the disk is stored as a series of magnetic domains
recorded on concentric circular tracks. To read the data, the
head arm assembly brings the head directly above the track
on the rotating disk. As previously recorded flux reversals
pass under the head, a small signal will be induced. The
signal from the disk is therefore a series of pulses, each of
which are caused by flux reversals on the magnetic medium.
The pulse detector must accurately replicate the time posi-
tion of the peaks of these pulses. This task is complicated
by variable pulse amplitudes depending on the media type,
head position, head type and the gain of the Read/Write
ampll Pulse amplitudes may vary on any one track if the
distance between the head and the media varies as the disk
rotates. Additionally, as the bit density on the disk increas-
es, significant bit interaction occurs resulting in decreased
amplitude, pulse distortion and peak shift.

Traditionally MFM code has been used to encode digital
information on the disk surface. MFM code uses the limited
frequency range of F to 2F as illustrated in Figure 2.1. Such
a system can use a special self gating circuit for the pulse
detector as shown in Figure 2.2. Pulses from the inner track
(the bottom waveform in Figure 2.1) are almost sinusoidal
so the peak detector can simply differentiate the waveform
to determine the peak positions. On the outer track howev-
er, the pulses have a small amount of shouldering as shown
in the top waveform in Figure 2.1. The problem is that any
noise occurring during these very narrow shoulders can be
incorrectly interpreted as signal peaks.

OUTER
TRACK

/\ /\ 7\ 7\ 4

INNER
TRACK

TL/F/8663-37
Typical MFM waveforms on oxide media with ferrite heads. Since there is
only slight shouldering on the outer track, the traditional self gating
(de-snaker) pulse detector can be used.

FIGURE 2.1

DIFFERENTIATOR —

PULSEli » FILTER

v

\ 4

ONE SHOT

BI=DIRECTIONAL

' N

L

DELAY c

BI=DIRECTIONAL N ENCODED
ONE SHOT DATA

TL/F/8663-38

Self gating circuit (de-snaker) traditionally used for pulse detection of
MFM code on oxide media with ferrite heads. The amount of delay in the
clock line must exceed the maximum amount of shouldering.

FIGURE 2.2
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The self gating circuit places a fixed delay and bi-directional
one shot between the output of the differentiator and the
clock input. The amount of this delay is selected to be long-
er than the worst case shouldering. When shoulder-induced
noise occurs, the D input to the flip-flop will change states.
However, by the time the clock occurs, the noise will no

longer be present and the D input will have returned to its

previous state. The flip-flop will therefore “clock’ in the pre-
vious data. The output Q will not change states due to these
narrow shoulder-induced noise pulses. This fixed delay in
the clock line is called a time domain filter. This circuit is
also known as a “de-snaker”, named after the snake ap-
pearance of the waveform which exhibits slight shouldering.
This “de-snaker” circuit works very well with waveforms
which exhibit only slight shouldering. Unfortunately, the new
methods used to increase the disk capacity do not produce
such simple pulse patterns.

There are several methods of increasing the disk capacity.
This includes plated media, thin film heads, and run length
limited codes. All of these techniques result in narrow puls-
es with increased shouldering. An example of these slimmer
pulses is shown in Figure 2.3. Instead of the slight shoulder-
ing present in the MFM example, the signal returns to the
baseline between pulses. Since the shouldering is so exten-
sive, the “de-snaker” technique simply will not work here. If
a long delay were used to correct the shouldering present in
the top waveform, it would not capture the pulses at the
highest frequency.

OUTER
TRACK

INNER
TRACK

TL/F/8663-39
Pulse waveforms for high resolution technologies. The large shouldering on
the outer tracks precludes the use of the de-snaker pulse detector.

FIGURE 2.3

Detecting pulse peaks of waveforms of such variable char-
acteristics requires a means of separating both noise and
shouldering-induced errors from the true peaks. The old self
gating circuits (such as the “de-snaker”) will not work with
the new techniques to increase the disk capacity. Hence the
need for a circuit that includes a peak sensing circuit with an
amplitude sensitive gating channel in parallel. Such a circuit
is a key feature of the DP8464B Pulse Detector.

2.2 DP8464B FEATURES

Certainly a key feature of the DP8464B is the combination
of a peak sensing circuit with an amplitude sensitive gating
channel in parallel which allows the DP8464B to accurately
detect the peak of waveforms that preclude the use of the
traditional “de-snaker” circuit. The DP8464B, however, has
many other features that make it ideal for the disk drive read
channel.

Another key feature of the DP8464B is a wide bandwidth
automatic gain controlled (AGC) amplifier. The automatic
gain control removes the signal level variations of the read
signal. The amplifier's wide bandwidth (20 MHz) insures that
timing errors will not be introduced by the amplifier's pole.

The DP8464B offers considerable flexibility to the user, al-
lowing him to tailor various operating characteristics to his

- specific needs. In particular, the user can set the frequency

response of the differentiator, the width of the pulses on the
encoded data output, the amount of hysteresis in the gating
channel, the signal amplitude at the output of the gain con-
trolled amplifier and the overall frequency response of the
system and AGC. This kind of flexibility is provided by strate-
gically placing pinouts at key points throughout the circuit.
Differential signal paths were utilized whenever possible to
minimize effects of power supply noise and external noise
pickup. The IC can be effectively disabled when the disk
drive is in a write mode, thus preventing saturation of the
input amplifier and preventing disturbance of the AGC level.

The IC is powered from a single + 12V supply (which is
standard in most drives) and has an internal regulator and
separate analog and digital grounds in order to properly iso-
late the sensitive analog circuitry. It is presently offered in a
24-pin DIP but will soon be made available in a 28-pin PCC
surface mount package.

The DP8464B is fabricated on an advanced low power
Schottky process which allows the part to handle data rates
up to 15 Megabits/sec., 2, 7 Code.

2.3 THE DP8464B HARD DISK PULSE
DETECTOR OPERATION

The main circuit blocks of the DP8464B are shown in Figure
2.4. The circuit consists of three main sections: the Amplifi-
er, the Time Channel and the Gate Channel. The Amplifier
section consists of a wide bandwidth amplifier, a full wave
rectifier and the Automatic Gain Control (AGC). The Time
Channel is the differentiator and its associated bi-directional
one shot, while the Gate Channel is made from the Differen-
tial Comparator with Hysteresis, the D flip-flop and its follow-
ing bi-directional one shot. Also, there is special circuitry for
the Write mode. To better understand the circuit operation,
let’s discuss each section separately.

2.3.1 Gain Controlled Amplifier

The purpose of the Amplifier is to increase the differential
input signal to a fixed amplitude while maintaining the exact
shape of the input waveform. The Amplifier is designed to
accept input signals from 20 mVp, to 660 mVp, differential
and amplify the signal to 4 Vp, differential. The gain is there-
fore from 6 to 200 and is controlled by the Automatic Gain
Control (AGC) loop.

2.3.2 Time Channel

The peak detection is performed by feeding the output of
the Amplifier through an external filter to the Differentiator.
The Differentiator output changes state when the input
pulse changes direction, generally this will be at the peaks.
The Differentiator can also respond to noise near the base-
line, in which case the Gating Channel will inhibit the output
pulse (as discussed in the Gate Channel section). The pur-
pose of the external filter is to bandwidth limit the incoming
signal for noise considerations. Care must be used in the

. design of this filter to ensure the filter delay is not a function

of frequency. The output of the Differentiator drives a bi-
directional one shot which creates the Time Pulse Out.
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Main circuit blocks of DP8464B. The three main sections are the Amplifier (amplifier and AGC), the Gating Channel (comparator with hysteresis and D flip-flop), and
the Time Channel (differentiator and bi-directional one shot).

FIGURE 2.4
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These signal forms il the operation of the DP8464B. The noise in the Time Pulse Out (which occurs during the shouldering) simply clocks in old data
present at the output of the Differential Comp or with Hy is. A bi-directional one shot at the Encoded Data output provides a rising edge representing the

relative time position of the peaks at the Time Channel Input.
FIGURE 2.5
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2.3.3 Gate Channel

While the actual peak detection is done in the Time Channel
with the Differentiator, there is the problem of preventing the
output data from being contaminated when the Differentia-
tor responds to noise at the baseline. To prevent this, the
signal is also passed through a Gate Channel which pre-
vents any output puise before the input signal has crossed
an established level. This Gate Channel comprises a Differ-
ential Comparator with Hysteresis and a D flip-flop. The hys-
teresis for this comparator is set externally via the Set Hys-
teresis pin.

The operation of this Gate Channel is shown in Figure 2.5.
At the top is a typical waveform which exhibits shouldering
at the lowest frequency, and is almost sinusoidal at the
highest frequency. This waveform is fed to both the Time
and the Gate Channel. The hysteresis level (of abut 30%)
has been drawn on this waveform. The second waveform is
Time Pulse Out. While there is a positive edge pulse at each
peak, there is also noise at the shoulders. Since Time Pulse
Out is externally connected to the Time Pulse In, this output
is therefore the clock for the D flip-flop.

The third waveform is the output of the Comparator with
Hysteresis which goes to. the D input of the flip-flop. The

true peaks are the first positive edges of the Time Pulse Out
which occur after the output of the comparator has changed
states. The D flip-flop will “clock” in these valid peaks to the
output bi-directional one shot. Therefore, the noise pulses
due to the Differentiator responding to noise at the baseline
just “clock” in the old data through the flip-flop so there is
no noise pulse on Encoded Data.

The Q output of the flip-flop drives the bi-directional one
shot which generates the pulses on Encoded Data. The
positive edges on Encoded Data correspond to the signal
peaks. The width of the data pulses can be controlled by an
external capacitor from the Set Pulse Width pin to ground.
This pulse width can be adjusted from 20 ns to 1/2 the
period of the highest frequency.

Design Example

A typical system implementation of the DP8464B is shown
in Figure 2.6. The DP8464B is driven from the Read/Write
amplifier which is generally located very close to the actual
Read/Write head. This amplifier is fixed gain and pre-ampli-
fies the weak readback signal picked up by the head from
the surface of the disk.

50pF 4300 6800
l AAA AAA
LB v VVv
l:-| 100pF
1 Corre Corr- 24 |~ ..__.."._
2 TIME IN+ TEIN= 25 |1 g0,
H SuH
0.30v —— 3 SET HYST. GATE IN 22 | E ow é #
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—5 ne. ANA. GROUND 20 001WF 24008 < 2400
O1pF . = < S
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—{—{7 ave - AMP OUT+ 18 *
43K 43K
O1uF
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12,0V =t 9 Vcc CAGC 16 -
50pF
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/\ (DP8465) (DP8466) | coMPUTER
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TL/F/8663-42

Shown here is a typical 10 Mbit/sec MFM disk drive application. Signals are picked off the disk by the Read/Write head and amplified by the pre-amplifier. The
DP8464B further amplifies the read signal and accurately represents the time position of the peaks by the rising edge of the signal at the Encoded Data output pin.
The Data Separator locks up to the signal at the Encoded Data output and provides decoded MFM data to the Disk Data Controller. The Disk Data Controller

handles the interface between the disk drive and the computer.

FIGURE 2.6
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The output of the DP8464B drives a data separator-(such as
the DP8465) which extracts the digital data from the encod-
ed data supplied by the DP8464B. The data separator uti-
lizes a phase-locked loop that locks onto the leading edge
of the encoded data signal from the DP8464B.

In addition to extracting the digital data from the encoded
data, the data separator synchronizes the digital data there-
by removing any timing jitter present in the encoded data
signal. The data separator implements this last function by
opening up timing windows that bracket the encoded data
signal. The encoded data signal need only appear within the
window to be detected. For 10 Mbit MFM, the window is
only 50 ns wide.

In order to guarantee that the drives have error rates on the
order of 1 per 10 to the 10th power, bits read (industry stan-
dard), the leading edge of the encoded data must fall well
within the 50 ns window. Because of this stringent criteria,
there is little room for error with regard to the accuracy that
the DP8464B can extract the relative time position of the
peaks of the read back signal. -

One form of timing error is jitter of time position of the lead-
ing edge of the encoded data signal. This jitter can be a
result of noise output from the differentiator or noise pickup
in other portions of the read channel. These timing errors
will significantly affect the Encoded Data signal causing an
increase in the error rate.

The filter that drives the differentiator is important in reduc-
ing the noise input to the differentiator. For this reason, a
high order Bessel filter with its constant group delay charac-
teristic can be used in this application. The constant group

i ran tHhat tha fibar Aana nat intradii~an
araclenstic insures tnat ine iiiter Goes NoUINWoauce

any timing errors by distorting the signal and moving the
position of the peaks. Often, this filter must be specifically
designed to correct phase errors introduced by the non-
ideal characteristics of the input read head. The typical
—3 dB point for this filter is around 1.5 times the highest
recorded frequency. Reducing the noise input to the differ-
entiator will ultimately reduce the amount of noise jitter on
the encoded data output.

Another way to reduce noise jitter is to limit the bandwidth of
the differentiator with a series combination of resistor, ca-
pacitor and inductor in the external differentiator network
and to use as large a differentiator capacitor as possible,
thereby maximizing the differentiator gain. In order to pre-
vent saturation of the differentiator, Schottky diode clamps
were added to the differentiator output thus allowing the use
of a larger differentiator capacitor.

An automatic gain control (AGC) circuit is used to maintain a
constant input level to the gating channel (which is typically
tied directly to the input of the differentiator). By maintaining
a constant signal level at this point, we insure not only a
large input level to the differentiator but also a constant lev-
el of hysteresis of the signal to the gating channel. Gain
control is also necessary because the amplitude of the input
signal will vary with track location, variations in the magnetic
film, and differences in the actual recording amplitude. The
peak-to-peak differential amplitude on the Gate Channel In-
put is four times the voltage set by the user on the Vg pin.
The actual dynamics of the AGC loop are very important to
the system operation. The AGC must be fast enough to re-
spond to the expected variations in the input amplitude, but

delay characteristic i

Geiay C

not so fast as to distort the actual data. A simplified circuit of
the AGC block is shown in Figure 2.7. When the full wave
rectified signal from the Amplifier is greater than Vies, the
voltage on the collector of transistor T1 will increase and
charge up the external capacitor Cagc through T2. The max-
imum available charging current is 3 mA. Conversely, if this
input is less than V4, transistor T2 will be off, so the capaci-
tor, Cage, Will be discharged by the base current going into
the Darlington T3 and. T4. This discharge current is approxi-
mately 1 nA. The voltage on the emitter of T4 controls the
gain of the Amplifier.

If the AGC circuit has not received an input signal for a long
time, the base current of the Darlington will discharge the
external Cagc. The Amplifier will now be at its highest gain. If
a large signal comes in, the external Caqc Will be charged by
the 3 mA from T2, thereby reducing the gain of the Amplifi-
er. The formula, | = C*(dV/dt) can be used to calculate the
time required for the Amplifier to go from a gain of 200 to a
gain of 6. For instance, if Cagc = 0.05 pF, the charging
current | is 3 mA, and the dV required for the Ampilifier to go
through its gain range is 1V, then

dt = (0.05 uF* 1V)/(3 mA) or 17 ps.
By using the same argument, the time required to increase
the Amplifier gain after the input has been suddenly reduced
can be calculated. This time, the discharging current is only
1 pA, so

dt = (0.05 uF* 1V)/(1 nA) or 50 ms.
This time can be decreased by placing an external resistor
across Cage.

2.4 READ/WRITE

In the normal read mode, the signal from the read/write
head amplifier is in the range of 20 mVp, to 660 mVp,.
However, when data is being written to the disk, the signal
coming into the analog input of the pulse detector will be on
the order of 600 mV. Such a large signal will disturb the
AGC level and would probably saturate the ampilifier. In ad-
dition, if a different read/write amplifier is selected, there will
be a transient introduced because the offset of the pream-
plifiers are not matched.

A TTL-compatible READ/WRITE input pin has been provid-
ed to minimize these effects to the pulse detector. When the
READ/WRITE pin is taken high, three things happen. First,
the 1k resistors across the AMP IN pins are shunted by
3009 resistors. Next, the amplifier is squelched so there is
no signal on the Amp Output. Finally, the previous AGC lev-
el is held. This AGC hold function is accomplished by not
allowing any current to charge up the external Cagc. The
voltage across this capacitor will slowly decrease due to the
bias current into the Darlington (see Figure 2.7) or through
any resistor placed in parallel with Cagc. Therefore, the gain
of the amplifier will slowly increase. All of these three events
happen simultaneously.

When the READ/WRITE input is returned low, the pulse
detector will go back to the read mode in a specific se-
quence. First, the input impedance at the Amp In is returned
to 1k. Then, after approximately 1.2 us, the Amplifier is tak-
en out of the squelch mode, and finally approximately
1.2 ps after that, the AGC circuit is turned back on. This
return to the read mode is designed to minimize analog tran-
sients in order to provide stable operation after 2.4 us.

9-32




e gy = e e

-

2.5 CONCLUSION

The push to higher disk capacities in increasingly smaller
drives has forced drive manufactures to utilize different me-
dia, heads and encoding. Each of these changes render the
traditional de-snaker pulse detector unusable. The
DP8464B pulse detector utilizes a new detection technique
that overcomes the limitations of the de-snaker. Further-
more, the DP8464B provides both gain controlled amplifica-
tion of the pre-amplified readback signal and the ability to
disable the circuit during write operations. The DP8464B is

easily adapted to a wide variety of applications through se-
lection of external components.
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The AGC Circuit senses the level of the signal at the Gate Channel Input and compares it to an externally set reference voltage. The signal that results from this
comparison (at the collector of T1) charges Cagc- The voltage across Cagc, when buffered by T3 and T4, provides the gain control voltage to the input amplifier.
FIGURE 2.7
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CHAPTER 3 DISK DATA SEPARATOR OVERVIEW

(DP8460/61/62/65 AND DP8451/55)

3.0 INTRODUCTION—THE DATA
SEPARATOR

As was discussed in the chapter on Disk Drive Technology
(overview), the disk information which is recovered during a
read operation ordinarily would have no defined phase rela-
tionship with respect to the timing within the host system. In
order to establish a method of reconstructing a clock wave-
form with which the disk data may be entered into a shift
register for deserialization and decoding, clock information
is imbedded into the recorded bit pattern in any of a number
of different ways by the various encoding schemes dis-
cussed in Chapter 1. The schemes vary in their efficiency of
use of disk surface (bit density) and ease of recovery (chal-
lenge to the data separator), but they all are employed to
achieve a mixture of clock and data within the same serial
bit stream. It is then the function of the data separator to
accurately extract this clock information from the bit stream
and reconstruct a stabilized replica of the data, while at the
same time remaining essentially immune to the random dis-
placement of individual bits due to noise, media defects,
pulse crowding and anomalies in the data channel.

From a “black box” standpoint, the data separator is fed a
logic-level digital signal from a pulse detector (DP8464)
within the disk head electronics (with positive transitions
representing flux reversals on the media) and a read gate
signal from the controller, and produces a reconstructed
clock waveform along with a re-synchronized data output
derived from the incoming disk pulse stream (see Figure
3.7). The regenerated clock and data signals have fixed tim-
ing relationships with respect to one another for use by sub-
sequent shift register circuitry.

3.0.1 Separators and Synchronizers

The term “data separator” actually applies to a device
which both regenerates a clock waveform from the bit
stream as well as decodes (separates) the original NRZ
data from the encoded disk data. This would include Nation-
al’'s DP8461 and DP8465, both of which perform data syn-
chronization with MFM-to-NRZ data separation, while in-
cluding slight functional variations between devices. (The
DP8460 initially released device is being replaced by the
fully pin-for-pin compatible DP8465. The DP8461 pinout

matches the DP8465, but is intended for use with hard and
pseudo-hard sectoring only. Further details will be dis-
cussed later.) A device which performs clock regeneration
and data synchronization without the separation function is
simply called a data synchronizer. This would include the
DP8451, DP8455, and the DP8462; again, there are func-
tional differences between the devices, which will be dis-
cussed later. Additionally, the DP8461 and DP8465 also
have outputs available which allow them to serve as data
synchronizers, if desired (See Table 3.1).

The complete data separator circuit eliminates the need for
external decoding circuitry but is dedicated to only a single
code type. The data synchronizer requires an external de-
coding network but has the capacity to be used with any
coding scheme. Since the MFM environment is being ad-
dressed in this design guide, the discussion in the remainder
of this ‘chapter will deal primarily with the integrated, MFM-
type data separator. The PLL fundamentals being presented
apply to all of the circuits.

3.0.2 Window

The data separator must establish what is called a “win-
dow” around the expected position of bits within the disk
data stream. Windows are laid end-to-end in time by the
data separator at a repetition rate (equal to the separator’s
VCO frequency) known as the disk code rate. Each window
is an allotment of time within which a disk bit, if detected,
will be captured and interpreted as if it had occurred exactly
at the window center. This allows for a random displace-
ment (jitter) of individual bits within the boundaries of the
window with no apparent effect on the accuracy of the data
recovery (error rate). Bits are displaced from a nominal posi-
tion in a fashion which could be represented by a bell-
shaped probability curve (see Figure 3.2), and it could be
easily seen that for optimum performance, the window must
be accurately centered about the mean of this curve. This is
traditionally a difficult goal to achieve, and is essentially the
primary responsibility of the data separator. Although vari-
ous techniques have been employed to attain this goal, the
phase-locked loop (incorporated within all National data
separator/synchronizers) has proven to date to yield the
most reliable and satisfactory results among all the synchro-
nization methods, and its use is the standard approach tak-
en within the disk industry.

ALLOWABLE BIT DISPLACEMENT
PULSED DATA INPUT — [ «——]

l_rl 1 51 11 i1

| I | I i I I
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SYNCHRONIZED DATA OUTPUT OUTPUT PULSE REMAINS FIXED

L 1

—  |— T(su)=50%
VCO OUTPUT —| | T(h)=50%

TL/F/8663-45
FIGURE 3.1. DP8460-Serles Data Synchronizer Timing Relationships
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3.1 PHASE-LOCKED LOOP OVERVIEW loop filter (Iow-pa?s) t.ct)h‘su::’press any ur}wan:jeg t!::gh-;re(;
. " ncy components within the error signal, and is then fe

A phase-locked loop is a closed-loop control system which que ¢

forces the phase from the output of a controlled oscillator to to the V CO control voltage input. I.f the phase of the refer-
track the phase of an external reference signal. It consists ence signal Ieaqg that of the VCO signal, the phase.detector
of three essential elemental blocks; a phase detector, a develops a positive error voltage across the loop filter, apd
loop filter, and a voltage controlled oscillator (VCO) (see the VCO rgspond§ by increasing its frequency (a(.jvgncmg
Figure 3. 3) The phase detector compares the phase of the phase). This continues until the phasg error is eliminated
reference input with that of the VCO output and generates and the control .voltage returns to a quiescent valug. When
an “error” signal at its output which is proportional to the the refe!' ence signal l.ags t.hat 0 f the YCO’ ftrje_ad]ustment
sensed phase difference. This error signal is filtered by the oceurs in the opposite direction until equilibrium (phase

lock) is again obtained.
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A phase-locked loop is a system which forces the phase of the output from a voltage controlled oscillator (VCO) to track the phase of a reference signal.

FIGURE 3.3
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3.1.1 PLL Dynamics

Much of the performance of the PLL, given adequate design
in the major functional blocks, is determined by the loop
filter. This includes (1) the ability of the PLL to rapidly (or
slowly) track phase or frequency changes in the reference
signal, (2) the ability of the loop to re-aquire lock after en-
countering a large frequency step at the reference input,
and (3) the ability of the loop to exhibit stable behavior dur-
ing operation.

TRACKING

In many PLL applications, such as FM demodulation and
frequency shift keying demodulation, rapid PLL tracking
(high bandwidth) is a necessity. However, in the disk drive
application, where (1) frequency changes (disk rotational
speed variations) are gradual with respect to the data rate
and (2) it is desirable to suppress response to instanta-
neous bit shift (jitter), a very slow tracking rate (low band-
width) is necessary.

CAPTURE RANGE

The classical PLL is well able to maintain relative phase
lock to a reference signal, but is unable to pass true differ-
ence-frequency information through its phase detector (this
is true for the standard analog four-quadrant multiplier tech-
nique as well as for the gated-VCO technique employed in
disk drive data separation applications). With this being the
case, the PLL has a limited ability to re-establish lock when
an instantaneous input frequency change occurs. The new
frequency must lie inside a relatively narrow band on either
side of the current VCO frequency, or re-lock will not occur
(see Figure 3.4). This band is known as the capture range,
and is a direct function of the passband of the loop filter, or
more accurately, of the bandwidth of the PLL as a whole. A
digital frequency discrimination technique, however, is em-
ployed in National Semiconductor’s disk drive PLL’s which
provides an extended capture range and guarantees suc-
cessful lock to the reference clock input and, as a chip de-
pendent option, to the data as well. Consequences of hav-
ing a limited capture range are discussed in National Semi-
conductor Application Notes AN414, AN415, AN416 (Also
see “Frequency Lock” in section 3.2 of this chapter).
STABILITY

Mathematical analysis of the functional blocks of the PLL
show a 1/s factor in the VCO; i.e., it behaves as a integrator,
adding a pole to the transfer function. The loop filter adds at
Jeast one additional pole, resulting in a system which is, at
minimum, second order in nature. Since the PLL is then a
closed loop, minimum second order system, it has the po-

tential for instability if improperly implemented. All of the
dynamic characteristics of the PLL, however, can be con-
trolled by loop filter selection, including bandwidth and cap-
ture range along with stability; thus great care must be taken
in the selection of the loop filter in order to achieve the
desired performance within the specific application.

. CAPTURE
1 RANGE 1
1 [ '
NORMALIZED ,
CONTROL '
VOLTAGE

-1

e LOCK RANGE ——————

REFERENCE INPUT FREQUENCY
TL/F/8663-49
Capture range in a PLL is determined by the loop filter bandwidth.
FIGURE 3.4. Capture and Lock Range

3.2 THE PLL WITHIN A DISK DRIVE
SYSTEM

Many methods have been employed in implementing each
of the individual blocks within the phase locked loop (PLL),
with techniques being customer-tailored to specific applica-
tions. Design methods include analog and digital configura-
tions or a combination of both. For the application of a PLL
within a disk drive data separator (and specifically regarding
National's family of data separator/synchronizers), a combi-
nation of digital and analog block design has been found to
provide the most efficient and reliable solution (sse Figure
3.5). Here, since the waveforms to be compared are digital
signals and the phase relationships are indicated by logical
transitions (positive edges), the phase detector is com-
prised of a simple set of cross-coupled latches which pro-
duce “pump-up” (reference leads VCO) and “pump-down”
(reference lags VCO) digital outputs. Since the filtering,
however, is most easily and flexibly performed with passive
analog components, the pump-up and pump-down signals
are converted into gated sourcing and sinking currents, re-
spectively, via an analog *“charge pump” circuit, which is
used to develop an error voltage across a capacitive loop
filter (see Figure 3.6). This error voltage is used as a control
potential for a variable rate relaxation oscillator (emitter cou-

- pled multivibrator VCO), whose oscillation is converted to

digital signal levels again for use both at the phase detector
input and as the regenerated clock waveform.

PUMP UP
REFERENCE INPUT | oicmaL >
PHASE CHARGE
H PUMP DOWN _ | pump
COMPARATOR -»
v
LOOP
FILTER
VCO OUTPUT
< . veo |«
Goals: TL/F/8663-50
1. Edge which elimi dependence on waveform shape.

2. Unlimited capture range to ensure phase and frequency lock.
3. Zero phase difference when in lock to improve lock range.

FIGURE 3.5. Basic Disk System PLL
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separator/synchronizer circuits is actually a true phase/fre-
quency discriminator block capable of allowing a theoreti-
cally infinite capture range for the PLL (see Figures 3.7-
3.10). Essentially, the capture range is limited only by the
design constraints placed on the VCO’s frequency excur-
sion. In all of National’s current disk PLL circuits (excluding
the DP8460/50), this extended lock capability is employed
while the circuit is in the non-read mode and the PLL is
locked to a constant reference signal, guaranteeing proper
lock recovery from any given mislock which may occur dur-
ing a read operation. )

PULSE GATE

The data returning from the disk is not a periodic waveform,
but instead has the possibility of bits either appearing or not
appearing within assigned positions (windows) in the data
stream (see Figure 3.1). The PLL is required to achieve and
maintain lock to this pseudo-random pattern, despite the
missing bits. This is analogous to the placement of teeth in
a gear (data separator) which are ready to mesh with anoth-
er gear (data stream), regardless of whether or not some
teeth on the second gear (data) are occasionally missing
(random data patterns).

In order to allow for the missing bits, the PLL employs a
Pulse Gate circuit, which functions as follows: a data bit
arriving at the PLL is sent to its corresponding input on the

The digital phase detector employed within National’s data‘

TL/F/8663-51

FIGURE 3.6. Digital Phase Detector

phase detector, and at the same time trips a gate which
allows the next occurring VCO edge into the phase detec-
tor; the gate then closes following transmission of the VCO
edge. If no data bit arrives, no comparison occurs and the
VCO holds its frequency. Essentially, the PLL is attempting
to align each data bit with the nearest occurring VCO edge,
thus maintaining phase lock while frequency discrimination
is suppressed (see Figures 3.11 and 3.12).

+1.0
00.5‘
Ratio of Average °
CPO Current to Total S
Current Available
=05
=10
0 1 2 3

Fveo / Fref
TL/F/8663-52
Ensures unlimited capture range. The digital phase detector ensures fre-
quency acquisition by forcing the charge pump to always pump in the direc-
tion needed to make Fyco equal to FRer.
FIGURE 3.7. Digital Phase Detector
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When the digital phase-lock loop is out of lock, the output of the phase comparator has a duty cycle which varies between 0 and 100%. The charge pump is active
more than 50% of the average time but it only pumps current in the direction necessary to lock the VCO phase.

FIGURE 3.8. Digital Phase Detector
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Once the VCO is locked to the reference signal, the only phase difference which occurs will be that required to pump enough charge to compensate for any
leakage current in the charge pump, loop filter or bias current in the VCO control input.

FIGURE 3.9. Digital Phase Detector
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Effect of phase difference on digital phase detector when the VCO and reference frequencies are equal. The net charge pumped during each period is equal to the
product of the charge pump current and the time difference between the phase comparator inputs.

FIGURE 3.10. Digital Phase Detector
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Phase detector gain when in lock
When the loop is in lock the net charge (Q) pumped during each period is
equal to the product of the charge pump current and the time difference

b the phase p inputs.

Q = lepo (Tup — Tdown)
FIGURE 3.11. Digital Phase Detector Galn
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Each vertical transition represents a window boundary.
FIGURE 3.12. Digital Phase Detector Gain
with Pulse Gate
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FIGURE 3.13. Disk Data PLL

DELAY LINE

In the generation of the symmetrical bit-detection window
mentioned previously, a delay line is employed as shown in
Figure 3.13. The incoming data is allowed to trip the VCO
pulse gate immediately upon arrival, but is allowed into the
phase detector only after it traverses the delay line. To un-
derstand the purpose for the delay line, first consider the
case where the delay line is not present; given proper PLL
lock, the VCO would align its edge to occur exactly at the
same time as the arrival of each data bit. Any bits shifted
early would cause a small VCO phase-advancing correction
within the loop, which would be desirable. However, any bits
shifted even a very slight amount late would arrive after the
current VCO edge had passed and been suppressed by the
pulse gate. The bit would then have to be compared to the
subsequent VCO edge instead of to the current edge, pro-
ducing an erroneous phase correction. With-the delay line in
place and set to delay the data bit by one-half of the VCO
period, the data bit would first trip the VCO gate and then
spend one-half of the VCO period traversing the delay line

before it reached the phase detector. Given the loop is in
lock, both the delayed bit and the VCO edge arrive at the
phase detector at exactly the same time. If the bit were early
up to one-half VCO cycle, it would still gate the appropriate
VCO edge through, and produce an appropriate phase cor-
rection at the phase detector. Also, if the bit were late up to
one-half of the VCO cycle, it would again still gate the ap-
propriate VCO edge through to the phase detector, as well
as produce the appropriate phase correction. Thus, the net
effect of the delay line is to allow the incoming data bit to
shift either one-half cycle early or one-half cycle late while
yet maintaining a proper comparison to the appropriate VCO
edge. .

WINDOW ACCURACY

As mentioned previously, the integrity of the window align-
ment is crucial in maintaining an acceptable system error
rate. It can be easily seen that accuracy in the delay line is
critical -in achieving this alignment. This has traditionally
made the implementation of a delay line a costly design
challenge. Within National’s data separator/synchronizer
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circuits, a proprietary technique has been employed which
extracts precise timing information from the 2F CLOCK in-
put waveform, and uses this information to regulate the tim-
ing within an on-chip silicon delay line. This in itself has
unique advantages since the 2F source is either (1) a highly
accurate crystal oscillator source, or (2) derived from the
disk servo clock which tracks the data rate and consequent-
ly allows the delay line to adjust its delay accordingly. Com-
pletely dependent on this 2F signal for timing information,
the delay remains independent of variations in its associat-
ed external components, power supply, temperature, and
silicon processing. It requires no adjustment (although fine
tuning is optional on the DP8462), and its accuracy is guar-
anteed within the window tolerance specification for the de-
vice.

FREQUENCY LOCK

The frequency discriminating capability of the phase detec-
tor within National’s data PLL circuits can be employed to
great advantage if used appropriately. It is brought into play
simply by the internal bypassing of the pulse gate circuit.
The advantages achieved are (1) the avoidance of mis-lock
to the reference clock input, (2) rapid and guaranteed lock
recovery from an aborted read operation, and (3) avoidance
of mis-lock within the disk PLL synchronization field (pream-
ble).

ltems #1 and #2 above are easily attained by pulse gate
bypassing when the PLL is locked to the reference signal in
the non-read mode. Pulse gate bypassing allows the digital
phase detector to perform unrestricted frequency compari-
son and thus guarantees lock. Both items are employed
within all of National’'s currently released data separator/
synchronizer circuits (see Table 3.1).

Incorporation of item #3 (employed within the DP8461 and
DP8451, and optional within the DP8462) is highly depen-
dent on preamble type and places specific requirements on
the controller’s sector search algorithm. First, there are sev-
eral common preamble types currently in use on disk drives;
(1) the MFM and 1,N type, (2) the 2,7 high frequency pream-
ble, the (3) the 2,7 low frequency preamble:

Code Type VCO Cycles (Code Positions or
Windows) Per Recorded Preamble Bit
GCR* 1
MFM 2
1,7 2
1,8 2
2,7 3
2,7 4

*Note: GCR (Group Code Recording) is used almost exclusively in tape
drive systems; it is mentioned here for comparative purposes only.

Since each preamble is recorded at a different frequency
with respect to the VCO operating frequency, the VCO must
be internally divided down to equal the preamble frequency
for the particular code in use before being fed into the
phase detector along with the data pattern. (This function is
performed internally within specific National disk PLLs listed
in Table 3.1.) It is then the responsibility of the PLL to detect
the occurrence of frequency lock and revert back to the
pulse gate mode prior to leaving the preamble and encoun-
tering random data patterns. Second, while in the frequency

acquisition mode, the controller must allow a read operation
to begin (initial PLL lock to the data) only during the pres-
ence of the appropriate field, i.e., the system must employ a
hard-sectored or pseudo hard-sectored PLL control algo-
rithm which will guarantee the PLL read gate will only be
asserted at the start of the preamble on the disk, otherwise
serious PLL mislock problems will result.

DP846X EXPOSITION

Because of the varied requirements and applications which
exist for the data separator/synchronizer, National provides
an assortment of disk PLL circuits, including versions which
provide frequency lock for specific preamble types, as men-
tioned above.

TABLE 3.1. Data Separator/Synchronizer

Reference List
Device Synchronized|Separated|Frequency| Delay
Codes Codes Lock Trim
DP8461*| MFM;1,N MFM Reference | None
& Data
DP8462* 2,7 None Reference |Optional
1,N (Optional
MFM for Data)
DP8465* Al MFM Reference | None
DP8451 MFM; 1,N None Reference | None
& Data
DP8455 Al None Reference | None

Note 1: “All” code synchronization does not include GCR.

Note 2: DP846X devices are in the 24-pin, 300 mil. package; DP845X devic-
es are in the 20-pin, 300 mil. package.

Note 3: *Also available in 28-lead plastic chip carrier.

Note 4: DP8461 and DP8451 pinouts match the DP8465 and DP8455, re-
spectively; for use with hard and pseudo-hard sectoring only.

Note 5: DP8451 and DP8455 are also available in 20-pin plastic chip carrier.

3.3 SYSTEM DYNAMICS—LOOP FILTER
DESIGN

The key element contained within the PLL system for gov-
erning the loop dynamics and overall performance is the
loop filter. It is at this point that the user has the greatest
flexibility and control regarding the behavior of the PLL. As
previously mentioned, there are several requirements
placed on the dynamics of the loop, some of which tend to
conflict with others. Table 3.2 lists some of the issues at
hand, and where they lie with respect to one another.

TABLE 3.2
High Low High Low
Band- Band- | Damping | Damping
width width Factor Factor
Lock Time | Good Poor Good Poor
Jitter - Poor Good Poor Good
Rejection
Capturé Good Poor Good Poor
Range
Noise Poor Good Poor Good
Immunity
Stability (No Relationship) Good Poor
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Although the designations of “good” and “poor” are very
general in nature, they apply fairly well here for comparative
purposes. An ideal PLL would be able to lock to any fre-
quency and/or phase step in a very short time with no pos-
sibility of missed or false lock, settle quickly to a highly sta-
ble state, and track any frequency variations encountered in
the data stream while at the same time rejecting all bit jitter
and extraneous noise. While all this is not possible with any
single loop filter, acceptable performance can be achieved
via careful compromise, with the design biased to accom-
modate the more critical parameters.

3.4 OVERVIEW OF FILTER DESIGN
OBJECTIVES

The first design objective to be discussed is the minimiza-
tion of acquisition time. This includes both acquisition of
phase lock to the data stream as well as acquisition of
phase lock to the crystal frequency (or servo track). Both of
these acquisition times impact the length of the preamble
field which precedes the address mark. Since longer pream-
bles result in more overhead per data sector, a decrease in
formatted disk capacity may result from excessively long
acquisition times. Acquisition times are directly controlled by
the phase locked loop filter.

The second design objective is the maximization of data
margin. Data margin measures the ability of the data sepa-
rator to allow the data bit to move from its expected time
position without a resulting data error. This movement of the
data bit away from its expected time position is caused by
noise, read channel asymmetry, magnetic domain interfer-
ence, and other factors in the head, media, and channel
portion of the drive system. The data separator generates a
window around the expected data position; however, the
window accuracy is affected by some factors in the data
separator. These factors include delay inaccuracy, VCO jit-
ter, phase detector inaccuracy, and phase locked loop re-
sponse to bit movement which occurred in preceding win-
dows. The last of these factors, loop response, is controlled
by the phase locked loop filter.

The final objective to be checked is the tracking of disk
data. The rate of change of phase between the VCO and
the read data is modulated by various mechanical phenom-
ena in the drive. Instantaneous variations in disk speed as
well as head vibration contribute to this modulation. The
maximum frequency of these mechanical resonances tends
to be in the 10 kHz or 64 Krads/sec range. Phase-locked
loop bandwidth must be wide enough to allow this modula-
tion to be tracked. This objective tends to be encompassed
by the acquisition time objective. However, it is conceivable
that a system which allows relatively long acquisition times
may come up against this barrier.

The loop filter design process may start with any one of
these objectives. If the disk format has been established, or
a certain disk capacity is desired, the acquisition perform-
ance may dictate the loop filter design. If data reliability and
error rates are of primary importance, the design may start
with margin loss considerations. In any case, all aspects of
the loop performance must be checked and the final design
is usually a tradeoff between the desired performance and
the achievable performance.

3.5 ACQUISITION PERFORMANCE

The read acquisition time is the time between the assertion
of READ GATE and the reading of the address mark. Also
of concern is the time required for the loop to acquire lock to
the crystal frequency. Many application-specific system pa-
rameters impact this portion of the loop design. Some of
these parameters which will be discussed include sector
search algorithms in soft sectored systems and frequency
differences between the crystal and the data in removable
media systems.

Before the READ GATE is asserted, the VCO is locked to
the crystal. When READ GATE is asserted, the phase differ-
ence between the VCO and the read data is random. The
first portion of the acquisition is where the loop captures
phase alignment. In the worst case, the initial phase align-
ment is such that the data bit is positioned at the edge of
the window which gives the proper polarity of error signal,
however, the loop cannot keep the bit in the window since it
started so close to the edge. One of the results is that the
incoming data will appear to be different than what is actual-
ly being read. Any system which desires to immediately
monitor the read data must wait for this initial cycle slip to
occur before reading. The second result is that a series of
error signals of the wrong polarity occurs after this initial
cycle slip while the phase aligns to the window center. The
duration of this slip and phase acquisition is approximately
1/wn for damping factors between 0.7 and 1.0. See Section
3.7 for acquisition plots. Note that wn is the loop bandwidth
or the natural frequency of the loop and that the phase error
is zero at wnt =1.

The next period of the acquisition is where the loop begins
to capture frequency. There is also some overshoot from
the phase acquisition during this period. This analysis as-
sumes that the frequency acquisition begins where wnt = 1
and is superimposed upon the phase acquisition for t >
1/wn.

In a fixed med