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1. INTRODUCTION

Most microcomputer systems in use today require low-
cost, high-density removable magnetic media for informa-
tion storage. In the area of removable media, a designer’s

choice is limited to magnetic tapes and floppy disks{

(flexible diskettes), both of which offer non-volatile
data storage. The choice between these two technologies
is relatively straight-forward for a given application.
- Since disk drives are designed to permit random access to
stored information, they are significantly faster than
tape units. For example, locating information on a disk
requires less than a second, while tape movement (even at
the fastest rewind or fast-forward speed) often re-
-quires several minutes. This random access ability per-

mits the use of floppy disks in on-line storage applica- .

tions (where information must be located, read, and
modified/updated in real-time under program or
operator control). Tapes, on the other hand, are ideally

"suited to archival or back-up storage due to their large -

storage cap_acities (more than 10 million bytes of data
can be archived on a cartridge tape).

A sophisticated controller is required to capitalize on
the abilities of the disk storage unit. In the past, disk
controller designs have required upwards of 150 ICs.
Today, the single-chip 8272 Floppy Disk Controller
(FDC) plus approximately 30 support devices can handle
up to four million bytes of on-line data storage on four
floppy disk drives.

The Floppy Disk

A floppy disk is a circular piece of thin plastic material
covered with a magnetic coating and enclosed in a pro-
tective jacket (Figure 1). The circular piece of plastic
revolves at a fixed speed (approximately 360 rpm) within
its jacket in much the same manner that a record revolves
at a fixed speed on a stereo turntable. Disks are
manufactured in a variety of configurations for various
storage capacities. Two standard physical disk sizes are

-
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commonly used. The 8-inch disk (8 inches square) is the -

larger of the two sizes; the smaller size (5-1/4 inches
square) is often referred to as a mini-floppy. Single-
‘sided disks can record information on only one side of the
disk, while double-sided disks increase the storage
capacity by recording on both sides. In addition, disks are
classified as single-density or double-densxty Double-
density disks use a modified recording method to store
twice as much information in the same disk-area as can be
stored on a single-density disk. Table 1 lists storage
capacities for standard floppy disk media.

A magnetic head -assembly (in contact with the disk)
writes information onto the disk surface and subse-

quently reads the data back. This head assembly can
move from the outside edge of the disk toward the -

- center in fixed increments. Once the head assembly is

Figure 1. A Floppy Diskette

positioned at one of these fixed positions, the head can
read or write information in a cireular path as the disk
revolves beneath the head assembly. This method
divides the surface into a fixed number of cylinders (as
shown in Figure 2). There are normally 77 cylinders on a
standard disk. Once the head assembly is positioned at a
given cylinder, data may be read or written on either
side of the disk. The appropriate side of the disk is
selected by the read/write head address (zero or one).
Of course, a single-sided disk can only use head zero.
The combination of cylinder address and head address
uniquely specifies a single circular track on the disk. The
physical beginning of a track is located by means of a
small hole (physical index mark) punched through the
plastic near the center of the disk. This hole is optically
sensed by the drive on every revolution of the disk. -

Table 1. Formatted Disk Capaci_ties
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Single-Density

Format
Byte/Sector 128 256 512 1024
Sectors/Track 26 15 -8 4
Tracks/Disk 77 77 77 -
Bytes/Disk 256,256 295,680 315,392 315,392
Double:-Density

Format
Bytes/Sector 128 256 512 1024
Sectors/Track 52 30 16 8
Tracks/Disk 77 77 77 77
Bytes/Disk 512,512 591,360 630,784 630,784

207875-002



APPLICATIONS

Each track is subdivided into a number of sectors (see
detailed discussion in section 3). Sectors are generally
128, 256, 512, or 1024 data bytes in length. This track
sectoring may be accomplished by one of two tech-
niques: hard sectoring or soft sectoring. Hard sectored
disks divide each track into a maximum of 32 sectors.
The beginning of each sector is indicated by a sector
hole punched in the disk plastic. Soft sectoring, the IBM
standard method, allows software selection of sector
sizes. With this technique, each data sector is preceded
by a unique sector identifier that is read/written by the
disk controller.

A floppy disk may also contain a write protect notch
punched at the edge of the outer jacket of the disk. This
notch is detected by the drive and passed to the con-
troller as a write protect signal.

The Flioppy Disk Drive

The floppy disk drive is an electromechanical device
that records data on, or reads data from, the surface of
a floppy disk. The disk drive contains head control elec-
tronics that move the head assembly one increment
(step) forward (toward the center of the disk) or
backward (toward the edge of the disk). Since the
recording head must be in contact with the disk material
in order to read or write information, the disk drive also
contains head-load electronics. Normally the read/write
head is unloaded until it is necessary to read or write in-
formation on the floppy disk. Once the head assembly
has been positioned over the correct track on the disk,
the head is loaded (brought into contact with the disk).
This sequence prevents excessive disk wear. A small
time penalty is paid when the head is loaded. Approx-

imately thirty to fifty milliseconds are needed before

data may be reliably read from, or written to, the disk.
This time is known as the head load time. If desired, the
head may be moved from cylinder to cylinder while
loaded. In this manner, only a small time interval (head
settling time) is required before data may be read from
the new cylinder. The head settling time is often shorter
than the head load time. Typically, disk drives also con-
tain drive select logic that allows more than one physical
drive to be connected to the same interface cable (from
the controller). By mearis of a jumper on the drive, the
drive number may be selected by the OEM or end user.
The drive is enabled only when selected; when not
selected, all control signals on the cable are ignored.

5-466

Finally, the drive provides additional signals to the
system controller regarding the status of the drive and
disk. These signals include:

Drive Ready — Signals the system that the drive door
is closed and that a floppy disk is inserted into the
drive.

Track Zero — Indicates that the head assembly is
located over the outermost track of the disk.
This signal may be used for calibration of the disk
drive at system initialization and.after an error con-
dition.

Write Protect — Indicates that the floppy disk loaded
into the drive is write protected.

Dual Sided — Indicates that the floppy disk in the
drive is dual-sided.

Write Fault — Indicates that an error occurred during
a recording operation. .

Index — Informs the system that the physical index
mark of the floppy disk (signifying the start of a data
track) has-been sensed.

HEAD ASSEMBLY

READ/WRITE HEAD

CURRENT TRACK

Figure 2. Concentric Cylinders on a-Floppy Diskette
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2. SUBSYSTEM OVERVIEW

A disk subsystem consists of the following functxona],

electronic units:

1.
2.

Disk Controller Electronics
Disk Drive Electronics

3. Controller/Disk Interface (cables, drivers, termina-

4.

The operation of these functional units is discussed in '

tors)
Controller/Microprocessor System Interface

the following paragraphs.

Controller Electronics

The disk controller is responsible for converting high-
level disk commands (normally issued by software ex-
ecuting on the system processor) into disk drive com-
mands. This function includes:

I.

Disk Drive Selection — Disk controllers typically
manage the operations of multiple floppy disk
drives. This controller function permits the system

. processor to specify which drive is to be used in a

particular operation.

. Track Selection — The controller issues a timed se-

quence of step pulses to move the head from its cur-

- rent location to the proper disk cylinder from which

data is to be read or to which data is to be written.
The controller stores the current cylinder number
and computes the stepping distance from the current
cylinder to the specified cylinder. The controller also
manages the head select signal to select the correct
side of the floppy disk.

. Sector Selection — The controller monitors the

data on a track until the requested sector is sensed.

. Head Loading — The disk controller determines
‘the times at which the head assembily is fo be brought

in contact with the disk surface in order to read or
write data. The controller is also responsible for
waiting until the head has settled before reading or

writing information. Often the controller maintains

the head loaded condition for up to 16 disk revolu-
tions (approx1mately 2 seconds) after aread or write
operatlon has been completed. This feature elimi-
nates the head load time during periods of heavy disk
1/0 activity.

. Data Separation — The actual signal recorded on a

floppy disk is a combination of timing information
(clock) and data. The serial READ DATA .input
(from the disk drive) must be converted into two sig-
nal streams: clock and data. (The READ DATA in-
put operates at 250K bits/second for single-density
disks and 500K bits/second for double-dqnsity

disks.) The serial data must also be assembled into
8-bit bytes for transfer to system memory. A byte
must be assembled and transferred every 32
microseconds for single-density disks and every 16
microseconds for double-density.

6. Error Checking — Information recorded on a flop-
py disk is subject to both hard and soft errors. Hard
(permanent) errors are caused by media defects. Soft

_errors, on the other hand, are temporary errors
caused by electromagnetic noise or mechanical inter-
ference. Disk controllers use a standard error check-
ing technique known as a Cyclic Redundancy Check
(CRC). As data is written to a disk, a 16-bit CRC
character is computed and also stored on the disk.
When the data is subsequently read, the CRC charac-
ter allows the controller to detect data errors. Typi-
cally, when CRC errors are detected, the controlling
software retries the failed operation (attempting to
recover from a soft error). If data cannot reliably be
read or written after a number of retries, the system
software normally reports the error to the operator.
Multiple CRC errors normally indicate unrecover-
able media error on the current disk track. Subse-
quent recovery attempts must be defined by the sys-

- tem designers and tailored to meet system mterfacmg
requirements.

Today, single-chip digital LSI floppy disk controllers
such as the 8272 perform all the above functions with
the exception of data separation. A data separation cir-
cuit (a combination of digital and analog electronics)
synchronizes itself to the actual data rate of the disk
drive. This data rate varies from drive to drive (due to
mechanical factors such as motor tolerances) and varies
from disk to disk (due to temperature effects). In order
to operate reliably with both single- and double-density
storage, the data separation circuit must be based on
phase-locked loop (PLL) technology. The phase-locked
loop data separation logic is described in section 5. The
separation logic, after synchronizing with the data
stream, supplies a data window to the LSI disk con-
troller. This window differentiates data information
from clock information within the serial stream. The
controller uses this window to reconstruct the data
previously recorded on the floppy disk.

Drive Electronics -

Each floppy disk drive contains digital electronic cir-
cuits that translate TTL-compatible command signals
into electromechanical operations (such as drive selec-
tion and head movement/loading) and that sense and
report disk or drive status to the controller (e.g., drive
ready, write fault, and write protect). In addition, the
drive electronics contain analog components to sense,
amplify, and shape data pulses read from, or written to,
the floppy disk surface by the read/write head.

i
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Controlier/Drive Interface

The controller/drive interface consists of high-current
line drivers, Schmitt triggered input gates, and flat or
twisted pair cable(s) to connect the disk drive electronics
to the controller electronics. Each interface signal line is
resistively terminated at the end of the cable farthest
from the line drivers. Eight-inch drives may be directly
interfaced by means of 50-conductor flat cable.
Generally, cable lengths should be less than ten feet in
order to maintain noise immunity.

Normally, provisions are made for up to four disk
drives to share the same interface cable. The controller
may operate as many cable assemblies as practical. LSI
floppy disk controllers typlcally operate one to four
drives on a single cable.

Processor/Memory Interface

Thg disk controller must interface to the system proc-
essor and memory for two distinct purposes. First, the
processor must specify disk control and command
parameters to the controller. These parameters include
the selection of the recording density and specification
of disk formatting iriformation (discussed in section 3).
In addition to disk parameter specification, the proc-
essor must also send commands (e.g., read, write, seek,
and scan) to the controller. These commands require the
specification of the command code, drive number,
cylinder address, sector address, and head address.
Most LSI controllers receive commands and parameters
by means of processor 1/0 instructions.

In addition to this I/0 interface, the controller must
also be designed for high-speed data transfer bétween
memory and the disk drive. Two implementation
methods may be used to coordinate this data transfer.
The lowest-cost method requires direct processor in-
tervention in the transfer. With this method, the con-
troller issues an interrupt to the processor for each data
transfer. (An equivalent method allows the processor to
poll an interrupt flag in the controller status word.) In
the case of a disk write operation, the processor writes a
data byte (to be encoded into the serial output stream)
to the disk controller following the receipt of each con-
troller interrupt. During a disk read operation, the proc-
essor reads a data byte (previously assembled from the
-input data stream) from the controller after each inter-
rupt. The processor must transfer a data byte from the
controller to memory or transfer a data byte from
memory to the disk controller within 16 or 32
microseconds after each interrupt (double-density and
single-density response times, respectively). ‘

If the system processor must service a variety of other -

interrupt sources, this interrupt method may not be
practical, especially in double-density systems. In this
case, the disk controller may be interfaced to a Direct
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Memory Access (DMA) controller. When the disk con-
troller requires the transfer of a data byte, it simply ac-
tivates the DMA request line. The DMA controller in-
terfaces to the processor and, in response to the disk
controller’s request, gains control of the memory inter-
face for a short period of time—long enough to transfer

. the requested data byte go/from memory. See section 6

for a detailed DMA interface description.

3. DISK FORMAT

New floppy disks must be written with a fixed format by
the controller before these disks may be used to store
data. Formatting is a method of taking raw media and
adding the necessary information to permit the con- -
troller to read and write data without error. All format-
ting is performed by the disk controller on a track-by-
track basis under the direction of the system processor.
Generally, a track may be formatted at any time.
However, since formatting “‘initializes’’ a complete disk
track, all previously written data is lost (after a format
operation). A format operation is normaily used only
when initializing new floppy disks. Since soft-sectoring
in such a predominant formatting technique (due to
IBM’s influence), the following discussion w1ll limit
1tself to soft-sectored formats.

Data Recording Techmques

Two standard data recording techniques are used to
combine clock and data information for storage on a
floppy disk. The single-density technique is referred to
as FM encoding. In FM encoding (see Figure 3), a dou-
ble frequency encoding technique is used that inserts a
data bit between two adjacent clock bits. (The presence
of a data bit represents a binary ‘‘one’’ while the
absence of a data bit represents a binary ‘‘zero.”’) The
two adjacent clock bits are referred to as a bit cell, and
except for unique field identifiers, all clock bits written
on the disk are binary “ones.”” In FM encoding, each
data bit is written at the center of the bit cell and the
clock bits are written at the leading edge of the bit cell.

The encoding used for double-density recording is,
termed MFM encoding (for ‘“Modified FM’’). In MFM
encoding (Figure 3) the data bits are again written at the
center of the bit cell. However, a clock bit’is written at
the leading edge of the bit cell only if no data bit was
written in the previous bit cell and no data bit will be
written in the present bit cell.

Sectors

Soft-sectored floppy disks divide. each track into a
number of data sectors. Typlcally, sector sizes of 128,
256, 512, or 1024 data bytes are permitted. The sector
size is specified when the track is ihitially formatted by
the controller. Table 1 lists the single- and double-
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density data storage capacities for each of the four sec-
tor sizes. Each sector within a track is composed of the
following four fields (illustrated in Figure 4):

1. Sector ID Field — This field, consisting of seven
bytes, is written only when the track is formatted.

The ID field provides the sector identification that is 4.

used by the controller when-a sector must be read or
written. The first byte of the field is the ID address
mark, a unique coding that specifies the beginning of
the ID field. The second, third, and fourth bytes are
the cylinder, head, and sector addresses, respective-
ly, and the fifth byte is the sector length code. The
last two bytes are the 16-bit.CRC character for the
ID field. During formatting, the controller supplies
the address mark. The cylinder, head, and sector ad-
dresses and the sector length code are supplied to the
controller by the processor software. The CRC
character is derived by the controller from the data in -
- the first five bytes.

2. Post ID Field Gap — The post ID field gap (gap 2)
is written initially when the track is formatted. Dur-
ing subsequent write operations, the drive’s write cir-
cuitry is enabled within the gap and the trailing bytes

- of the gap are rewritten each time the sector is up-
dated (written). During subsequent read operations,
the trailing bytes of the gap are used to synchronize
the data separator logic with the upcoming data
field. .

3. Data Field — The length (number of data bytes) of
the data field is determined by software when the
track is formatted. The first byte of the data field is
the data address mark, a unique coding that specifies

the beginning of the data field. When a sector is to be
deleted, (e.g., a hard error on the disk), a deleted
data address mark is written in place of the data ad-
dress mark. The last two bytes of the data field com-
prise the CRC character.

Post Data Field Gap — The post data field gap
(gap 3) is written when the track is formatted and

_ separates .the preceding data field from the next

physical ID field on the track. Note that a post data
field gap is not written following the last physical
sector on a track. The gap itself contains a program-
selectable number of bytes. Following a sector up-

-date (write) operation, the drive’s write logic is

disabled during the gap. The actual size of gap 3 is
determined by the maximum number of data bits
that can be recorded on a track, the number of sec-
tors per track and the total sector size (data plus
overhead information). The gap size must be ad-
justed so that it is large enough to contain the discon-
tinuity generated on the floppy disk when the write
current is turned on or off (at the start or completion
of a disk write operation) and to contain a syn-
chronization field for the upcoming ID field (of the
next sector). On the other hand, the gaps must be
small enough so that the total number of data bits re-
quired on the track (sectors plus gaps) is less than the
maximum number of data bits that can be recorded
on the track. The gap size must be specified for all
read, write, and format operations. The gap size
used during disk reads and writes must be smaller
than the size used to format the disk to avoid the
splice points between contiguous physical sectors.
Suggested gap sizes are listed in Table 9.

ENE
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—-—1 ko— BIT CELL (4 us)

_J ‘tl‘ L— DATA
CLOCK
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NOTE THAT THE FM BiT CELL IS TWICE THE SIZE OF THE MFM BIT CELL. THUS, THE
FM TIME SCALE IN THIS FIGURE IS 4 us/BIT WHILE THE MFM TIME SCALE IS 2 us/BIT

' Figure 3. FM and MFMEncoding
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Tracks

The overall format for a track is illustrated in Figure 4.

" Each track consists of the following fields:

chronize the data separator logic with the data to be
read from the ID field (of the fir_st sector). The post
index gap is written only when the disk is formatted.

- Sectors — The sector information (discussed above)

1. Pre-Index Gap — The pre-index gap (gap 5) is writ- is repeated once for each sector on the. track.
ten only when Fhe track is formatted. : Final Gap — The final gap (gap 4) is written when
2..Index Address Mark — The index address’ mark the track is formatted and extends from the last
consists of a unique code that indicates the beginning physical data field on the track to the physical index
of a data track. One index mark is written on each mark. The length of this gap is dependent on the
track when the track is formatted. number of bytes per sector specified, the lengths of
3. Post Index Gap — The post index gap (gap 1) is the program-selectable gaps specified, and the drive
used during disk read and write operations to syn- speed.
PHYSICAL '
INDEX ’
MARK
ST PRE- ' POST ' POST ID
el IR IR A i -Gl I ) —
GAP GAP : AP -
FIELD {GAP 4 (GAP 5) MARK (GAP 1) ID FIELD (GAP 2)
's
l !
SYNC SYNC
HEXFF | HEX 00) HEXFF | HEX 00)
|
DATA
CRC CRC -
Alml;EKSS ‘125 x 2" USER DATA BYTES BYTE 1 BYTE 2
/L
POST POST !
POST ID POST ID LAST
. para SECTOR FIELD | SECTOR2 AELD SECTOR FIELD SaCTOR
DATA FIELD GAP DATA
(GGA‘:’PS) 1D FIELD (GAP 2) (GAP 3) D FIELD (GAP 2) FIELD
I (4 I
SYNC SYNC
HEXFF | (1EX 00) HEXFF | Hex 00)
]
aponess | TRACK HEAD SECTOR | SECTOR cre | cre
MARK ADDRESS ADDRESS ADDRESS | LENGTH BYTE 1 BYTE 2
BYTE 1 BYTE 2 BYTE3 BYTE 4 BYTES BYTES BYTE?7

Figure 4. Standard Floppy Diskette Track Format (From SBC 204 Manual)y
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sector Interleaving

The initial formatting of a floppy disk determines where
sectors are located within a track. It is not necessary to
allocate sectors sequentially around the track (i.e.,
1,2,3,...,26). In fact, is is often advantageous to place
the sectors on the track in a non-sequential order. Se-
quential sector ordering optimizes sector access times
during multi-sector transfers (e.g., when a program is
loaded) by permitting the number of sectors specified
(up to an entire track) to be transferred within a single

revolution of the disk. A technique known as sector in-.

terleaving optimizes access times when, althéugh sectors
are accessed sequentially, a small amount of processing
must be performed between sector reads/writes. For ex-
ample, an editing program performing a text search
reads sectors sequentially, and after each sector is read,
performs a software search. If a match is not found, the
software issues a read request for the next sector. Since
the floppy disk continues to rotate during the time that
the software executes, the next physical sector is already
passing under the read/write head when the read request
is issued, and the processor must wait for another com-
plete revolution of the disk (approximately 166
milliseconds) ‘before the data may actually be input.
With interleaving, the sectors are not stored sequentially
on a track; rather, each sector is physically removed
from the previous sector by some number (known as the
interleave factor) of physical sectors as shown in Figure
5. This method of sector allocation provides the proc-
essor additional execution time between sectors on the
disk. -For example, with a 26 sector/track format, an in-
" terleave factor of 2 provides 6.4 milliseconds of proces-
sing time between sequential 128 byte sector accesses.

INTERLEAVE FACTOR =5

Figure 5. Interleaved Sector Allocation Within a Track

To calculate the correct interleave factor, the maximum
processor time between sector operations must be divid-
ed by the time required for a complete sector to pass
under the disk read/write head. After determining the
interleave factor, the correct sector numbers are passed
to the disk controller (in the exact order that they are to
physically appear on the track) during the execution of a
format operation.

4. THE 8272 FLEXIBLE DISKETTE
CONTROLLER

The 8272 is a single-chip LSI Floppy Disk Controller
(FDC) that contains the circuitry necessary to imple-
ment both single-and double-density floppy disk storage
subsystems (with up to four dual-sided disk drives per

- FDC). The 8272 supports the IBM 3740 single-density

recording format (FM) and the IBM System 34 double-
density recording format (MFM). With the 8272, less
than 30 ICs are needed to implement a complete disk
subsystem. The 8272 accepts and executes high-level
disk commands such as format track, seek, read sector,
write sector, and read track. All data synchronization
and error checking is automatically performed by the
FDC to ensure reliable data storage and subsequent
retrieval. External logic is required only for the genera-
tion of the FDC master clock and write clock (see Sec-
tion 6) and for data separation (Section 5). The FDC

- provides signals that control the startup and base fre-
_quency selection of the data separator. These signals

greatly ease the design of a phase-locked loop data
separator.

In addition to the data separator interface signals, the
8272 also provides the necessary signals to interface to
microprocessor systems with or without Direct Memory
Access (DMA) capabilities. In order to interface to a
large number of commercially available floppy disk
drives, the FDC permits software specification of the
track stepping rate, the head load time, and the head
unload time.

The pin configuration and internal block diagram of the
8272 is shown in Figure 6. Table 2 contains a description
for each FDC interface pin.

Floppy Disk Commands

The 8272 executes fifteen high-level disk interface
commands:

Specify Write Data

Sense Drive Status Write Deleted Data
Sense Interrupt Status Read Track

Seek : ’ Read ID
Recalibrate Scan Equal

Format Track Scan High or Equal
Read Data Scan Low or Equal

Read Deleted Data

5-471 : . 207875-002
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Each command is initiated by a multi-byte transfer from
the processor to the FDC (the transferred bytes contain
command and parameter information). After complete
command specification, the FDC automatically ex-
ecutes the command. The command result data (after
execution of the command) may require a multi-byte
transfer of status information back to the processor. It
*is convenient to consider each FDC command a$ con-
sisting of the following three phases:

COMMAND PHASE:

The executing program
transfers to the FDC all the
information required to per-
form a particular disk opera-
tion. The 8272 automatically
enters the command phase
after RESET and following
the completion of the result
phase (if any) of a previous
command.

EXECUTION PHASE:

RESULT PHASE:

The FDC Dperforms the
operation as instructed. The
execution phase is entered
immediately after the last
command parameter is writ-
ten to the FDC in the
preceding command phase.
The execution phase normal-
ly ends when the last data
byte is transferred to/from
the disk (signalled by the TC

" input to the FDC) or when an

€rror occurs.

After completion of the disk
operation, status and other
housekeeping information
are made available to the
processor. After the proc-
essor reads this information,
the FDC reenters the com-

mand phase and is ready to
accept another command.

g
. — .
RESET[]1 40 b Vee DBo7 D;J:F’E:S REGISTERS
Ro(] 2 39 [ RWISEEK - .
WR[]3 38 ] LCTIDIR
cs[]4 37 [ FRISTP
a5 36 [ HDL WR CLOCK
s Py =3
-
DB} 7 34 werTs SERIAL  1—» PRE-SHIFT 0
DB2[] 8 33 [ J FLTITRKO 4 INTERFACE 3 PRE-SHIFT 1
&3 CONTROLLER
DB3[] 9 32[rsy 2 |«—— READ DATA
oBsCJ10 8272 a1 [ps, TERMINAL H [«—— pATA wiNDOW
pBs (] 11 30 {] WR DATA COUNT | = > Veo SYNC
DBg [ 12 29 [ psp o
DRQ i I <«—— READY
08y [ 13 28[Josy —=o ReaD " INPUT | «—— WRITE PROTECT/TWO SIDE
ORa[]14 27 [ HDSEL INT <—— WwRITE PORT  |«—— INDEX
— RD —~0f DMA \ ©+ Je—FauLTRACK 0,
DACK[] 15 26 [TMFM WR —=d] contRoL
Tc] 18 25 we Ag —»] LOGIC . )
RESET —»] DRIVE —— DRIVE SELECT 0
10x 17 28 vee INTERFACE | > DRIVE SELECT 1
INT[(] 18 23[7RD DATA ? CONTROLLER ——» MFM MODE
ck[J1s - 22[0ow s OraRTT | > AWISEEK
GNo[] 20 21 I WRCLK = HEAD LOAD
’ CLK —» ——> HEAD SELECT
Voo —» — LOW CURRENT/DIRECTION
GND —» _J | FAULT RESETISTEP

Figure 6. 8272 Pin Configuration and Internal Block Diagram
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Table 2. 8272 FDC Pin Description

Pin e
Number Symbol 1o TolFrom : Description
1 RST I uP Reset. Active-high signal that places the FDC in the “‘idle’ state and all
_disk drive output signals are forced inactive (low). This input must be
. held active during power on reset while the RD and WR inputs are active.

2 RD I uP Read. Active-low control signal that enables data transfer from the FDC
to the data bus. i .

3 " WR . I* uP Write. Active-low control signal that enables data transfer from the data

' bus into the FDC.
4 [ 1 uP Chip Select. Active-low control signal that selects the FDC. No reading or
) writing will occur unless the FDC is selected.
5 Ay I* uP Address. Selects the Data Register or Main Status Register for input/out-
- : put in conjunction with the RD and WR inputs. (See Table 3.)
6-13 DByDB; | I/0* uP Data Bus. Bidirectional three-state 8-bit data bus.

14 . DRQ (o] DMA DMA Request. Active-high output that indicates an FDC request for
DMA services. .

15 m I " DMA . | DMA Acknowledge. Active-low control signal indicating that the re-
quested DMA transfer is in progress.

16 TC 1 DMA Terminal Count. Active-high signal that causes the termination of a com-
mand. Normally, the terminal count input is directly connected to the
TC/EOP output from the DMA controller, signalling that the DMA
transfer has been completed. In a non-DMA environment, the processor

] must count data transfers and supply a TC signal to the FDC.

17 IDX I Drive Index. Indicates detection of the physical 1ndex mark (the beginning of a
track) on the selected disk drive. .

18 INT O uP Interrupt Request. Actlve-hlgh signal indicating an 8272’interrupt service
request.

19 CLK 1 Clock. Signal phase 8 MHz clock (50% duty cycle).

20 ' GND Ground. DC power return. _

21 WR CLK 1 Write Clock. 500 kHz (FM) or 1 MHz (MFM) write clock with a constant
pulse width of 250 ns (for both FM and MFM recording). The write clock
must be present at all times.

22 - DW I - PLL Data Window. Data sample signal from the phase-locked loop indicating

. ' that the FDC should sample input data from the disk drive.

23 RD DATA I Drive Read Data. FDC input data from the selected disk drive.

24 vCO 10 PLL VCO Sync. Active-high output that enables the phase-locked loop to
synchronize with the input data from the disk drive.

25 WE o Drive Write Enable. Active-high output that enables the' disk drive write gate.

26 MFM [¢] PLL MFM Mode. Active-high output used by external logic to enable the

’ MFM double-density recording mode. When the MFM output is low,
. single-density FM recording is indicated.

27 HDSEL O Drive Head Select. Selects head 0 or head 1 on a dual-sided disk.

28,29 DS;,DSy o Drive Drive Select. Selects one of four disk drives.
30 WR DATA (¢} Drive Write Data. Serial data stream (combmatlon of clock and data bits) to be
- written on the disk.
31,32 PS,PSy 0o Drive Precompensation (pre-shift) Control. Write precompensation output con-
: trol during MFM mqde. Specifies early, late, and normal t1mmg sigiials.
. See the discussion in Section 5.
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Table 2. 8272 FDC Pin Description (continued)

Number Pin 110 | TolFrom Description
Symbol
33 FLT/TRKO I Drive Fault/Track 0. Senses the disk drive fault condition in the Read/Write
‘ . ' mode and the Track 0 condition in the Seek mode.

34 WP/TS I Drive Write Protect/Two-Sided. Senses the disk write protect status in the
Read/Write mode and the dual-sided media status in the Seek mode.

35 RDY 1 " Drive Ready. Senses the disk drive ready status.

36 HDL [0} Drive Head Load. Loads the disk drive read/write head. (The head is placed in

' " | contact with the disk.) :

37 FR/STP (8] Drive Fault Reset/Step. Resets the fault flip-flop in the disk drive when
operating in the Read/Write mode. Provides head step pulses (to move
the head from one cylinder to another cylinder) in the Seek mode.

38 LCT/DIR (o) Drive Low Current/Direction. Signals that the recording head has been position-
ed over the inner cylinders (44-77) of the floppy disk in the Read/Write

- mode. (The write current must be lowered when recording on the phys-
ically shorter inner cylinders of the disk. Most drives do not track the ac-
tual head position and require that the FDC supply this signal.) Deter-
mines the head step direction in the Seek mode. In the Seek mode, a high
level on this pin steps the read/write head toward the spindle (step-in); a
low level steps the head away from the spindie (step-out)

39 RW/SEEK O Drive Read, Write/Seek Mode Selector. A high level selects the Seek mode; a

_ low level selects the Read/Write mode.

40 Vee + 5V DC Power.

*Disabled when CS is high.

Interface Registers

To support information transfer between the FDC and
the system processor, the 8272 contains two 8-bit

registers: the Main Status Register and the Data

Register. The Main Status Register (read only) contains
FDC status information and may be accessed at any
time. The Main Status Register (Table 4) provides the
system processor with the status of each disk drive, the
status of the FDC, and the status of the processor inter-
face. The Data Register (read/write) stores data; com-
mands, parameters, and disk drive status-information.
The Data Register is used to program the FDC during
the command phase and to obtain result information
after completion of FDC operations. Data is read from,
or written to, the FDC registers by the combination of
the A0, RD, WR, and CS 51gnals, as described in
Table 3.

In addition to the Main Status Register, the FDC con-
tains four additional status registers (STO, ST1, ST2,

~ and ST3). These registers are only available during the

result phase of a command.

Table 3. FDC Read/Write Interface

|]CS | Ap | RD | WR Function
0 0 0 1 Read Main Status Register
0 0 1 0 Illegal
0 0 0 0 llegal
0 1 0 0 Tllegal
0 1 0 1 Read from Data Register
0 1 1 0 Write into Data Register
1 X X X Data Bus is three-stated
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Table 4. Main Staiué Register Bit Definitions

Bit
Number
0 DoB

Symbol Description

Disk Drive 0 Busy. Disk Drive 0 is
in the Seek mode.

Disk Drive 1 Busy. Disk Drive 1 is
in the Seek mode.

Disk Drive 2 Busy. Disk Drive 2 is
in the Seek mode.

Disk Drive 3 Busy. Disk Drive 3 is
in the Seek mode.

1 DB
2 D,B
3 | DB

FDC Busy. A read or write com-
mand is in process. -

Non-DMA Mode. The FDC is in
the non-DMA mode when this bit is
high. This bit is set only during the
execution phase of commands in
the non-DMA mode. Transition to
a low level indicates that the exe-
cution phase has ended.

‘6 DIO Data Input/Output. Indicates the
direction of a data transfer between
the FDC and the Data Register.
When DIO is high, data is read
from the Data Register by the proc-
~ essor; when DIO is low, data is
written from the processor to the
Data Register.

7 -] RQM [ Request for Master. Indicates that '
the Data Register is ready to send
data to, or receive data from, the

processor.

.'CommandiResult Phases

Table 5 lists the 8272 command set. For each of the fif-
teen commands, command and result phase data
transfers are listed. A list of abbreviations used in the
table is given in Table 6, and the contents of the result
status registers (ST0-ST3) are illustrated in Table 7."

The bytes of data which are sent to the 8272 during the
command phase, and are read out of the 8272 in the

result phase, must occur in the order shown in Table 5.

That is, the command code must be sent first and the
other bytes sent in the prescribed sequence. All bytes of
the command and result phases must be read/written as

described. After the last byte of data in the command’

phase is sent to the 8272 the execution phase
automatically starts. In a similar fashion, when the last
byte of data-is read from the 8272 in the result phase,

the command is automatically ended and the 8272 is
ready for a new command. A command may be aborted
by simply raising the terminal count signal (pin 16). This
is a convenient means of ensuring that the processor:
may always gain control of the 8272 (even if the disk
system hangs up in an abnormal manner).

It is important to note that during the result phase-all
bytes shown in.Table 5 must be read. The Read Data
command,- for example, has seven bytes of data in the
result phase. All seven bytes must be read in order to

. successfully complete the Read Data command. The

8272 will not accept a new command until all seven
bytes have been read. The number of command and
result bytes varies from command-to-command.

In order to read data from, or write data to, the Data
Register during the command and result phases, the

‘system processor must examine the Main Status Register

to determine if the Data Register- is available. The DIO
(bit 6) and RQM (bit 7) flags in the Main Status Register
must be low and high, respectively, before each byte of
the command word may be written into the 8272. Many
of the commands require multiple bytes, and as a result,
the Main Status Register must be read prior to eacH byte
transfer to the 8272, To read status bytes during the
result phase, DI0 and RQM in the Main Status Register
must both be high. Note, checking the Main Status
Register in this manner before each byte transfer .
to/from the 8272 is required only in the command and
result phases, and is NOT required during the execution

_phase.

Execution Phase

All data transfers to (or from) the floppy drive occur
during the execution phase. The 8272 has two. primary
modes of operation ‘for data transfers (selected by

" the specify command):

1. DMA mode
2. non-DMA mode

In the DMA mode, DRQ (DMA Request) is activated
for each transfer request. The DMA controller responds
to DRQ with DACK (DMA Acknowledge) and RD (for
read commands) or WR (for write commands). DRQ is
reset by the FDC during the transfer. INT is activated
after the last data transfer, indicating the completion of
the execution phase, and the beginning of the result
phase. In the DMA mode, the terminal count
(TC/EOP) output of the DMA controller should be
connected to the 8272 TC input to properly terminate
disk data transfer commands.
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Table 5. 8272 Command Set

5-476

[ DATA BUS | DATA BUS
PHASE | RW [ D; Dg Ds Dy D3 D Dy D —] REMARKS PHASE [RW | D; Dy Ds Dy D3 D Dy Dy |[REMARKS
READ DATA READ A TRACK
.Command | W MITMFMSK 0 0 1 1 0 [C Codes C w 0O MFMSK 0 0 0 1 0 Command Codes
w 0 0 0 0 0 HDS DSt DSO w 0 0 0 0 0 HDSDSt1 DSO
w C Sector ID i W c Sector 1D inf
w H prior to C w H prior to C
w R i - W R : i
w N w N
w EOT w EOT
w GPL w GPL
w DTL w DTL
Executiol 1 . Data transfer
o and the main-system.
and the main-system FDG reads the
Resuit R STO Status inf complete track
R ST1 after Ci contents from the
R ST2 i physical index
R [ mark lo EOT
R H Sector 1D infy
R R after Result R sTO Staltus ir
R N R ST1 after C
R §T2 i
READ DELETED DATA fa c
Command | W MT MFM SK 0 1 t 0 0 |Command Codes 2 : Sﬁclo{(lD'
W [0 o o 0 0 HDSDSIDSO R N 2 eeeution
w ¢} Sector 1D infs
w H prior to © READ ID
w z execution Command | W G MFM 0 0 1 0 1 0 |CommandCodes
w EC1t w ¢ 0 0 0 0 HDSDS1DSO
w GPL
w bTL Execution The first correct ID
. information on the
Execution Data transfer track is stored in
between the FOD Data Register
and the main-system
Result R’ STO Status i Result R STO Status information
R ST1 after Ci R ST1 1 after C
R 8T2 i R sT2 ion
R c . R c
R H Sector 1D i ion R H Sector 1D in
R R after C R R during
A . N i A N Phase ,
WRITE DATA FORMAT A TRACK
Command (W [MTMFM 0 0 0 1 0 1 lc Codes c W 0MFM 0 "0 1t 1 0 -1 |CommandCodes
w 0 0 0 0 0 HDSDS1 DSO w 0 0 0 0 .0 HDSDS1DSO
w [o} Sector 1D i w . N Y
w H prior to C: w SC Sectors{Track
w R i w GPL Gap 3
' N w 0 Filter Byte
w EOT ,
w GPL Execution FDC tormats an
w DTL entire track
Execution ) Data transfer Result R STO Status information
between the main- R ST after C .
system and the FDD R ST2 i
Result R 8TO Status inf i R ¢ .
R ST1 after Ci R H in this case, the ID
R ST2 i R R i ion has no
R c i R N
R H Sector 1D i
R R alter C SCAN EQUAL .
R N i Command | W MT MFM SK 1 o 0 o 1 Command Codes
WRITE DELETED DATA w ¢ 0 0 0 0 HDSDS1DSO
w Cc Sector tD int
Command | W MT MFM 0 [} 1 [+ [} 1 Command Codes w - H prior to Ci
\ 0 0 0 0" 0 HDSDS1DSO W R i
w c Sector 1D i w N
w H prior to C w EOT
w R i w GPL
w N w STP
w EOT )
w GPL Execution Data compared
w DTL . between the FDD
Execution Data transfer and the main-system
between the FDD Resuit A STO Status information
. and the main-system R ST1 after G .
Result ‘R STO0 Status i R ST2 '
‘A ST1 atter C R C- )
R ST2 i R H Sector ID
R c R R after C d
R H Sector ID i R N '
R A/ after Ci
R N i 1
Note: 1. Ag=1 for all operations. ~
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Table 5. Command Set (Continued)

DATA BUS ] DATA BUS
PHASE |[RW | D; Dg D5 'Dy Dy Dy Dy Dy |REMARKS PHASE |RW |D; Dg D5 Dy D3 Dy Dy Dg |REMARKS
SCAN LOW OR EQUAL RECALIBRATE
Command | W | MTMFM SK 1 1 0 0 1 Command Codes Command | W 0 0 0 0 0 1 1 1 [CommandCodes
w0 0 0 0 0 HDSDSYDSO w |0 0o o o o o DpstDso
w c Sector 1D information |{ Execution Head relracted to
w H prior Command Track 0
w R execution
w N SENSE INTERRUPT STATUS
“ ggI Command | W 0 0 0 o0 1 0 0 o Command Codes
w STP Resull R STO Status information at
R [o] the end of each seek
Execution * | Data compared | operation about the
between |h_e FDD
and the main-system SPECIFY
Result : gl ? S:‘a‘:’i information Command | W 0 0 0 0 0 0 1 1 [CommandCodes
afte
: SEZ ion w ”‘SPJLT e HUT D | Timer Settings
A H Sector ID it SENSE DRIVE STATUS
R R after C d -
R N - i Command | W 0 0 1] [ 1] 1 0 0 Command Codes
SCAN HIGH OR EQUAL . w o 0o 0o 0 o0 HDSDS1DSO
- Result R ST3 . Stalus information *
Command | W MT MFM SK 1 1 1 1] 1 Command Codes about the FDD
w |0 0 0 0 o0 HDSDS1DSD SEEK
w [o] Sector ID i
W H prior Ci Command | W 4] 0 0 0 1 1 1 1 Command Codes
w R i w 0 0 0.0 0 HDSDStDSO
w N w c
w EOT
a g?:; Execution Head is positioned
1 . over proper Cylinder
Execution Data compared . on Diskette
between the FDD INVALID
and the yst:
- C w Invalid Codes Invalid G
Result R sTO Status information . Codes {(NoOp— FDC
R ST1 after C goes into Standby
R sT2 i Slate}
R c ‘ i Result R sTo ST0=80
R H Sector ID information {16}
R R after Ci
R N i
Table 6. Command/Result Parameter Abbreviations
Symbol. Description Symbol Description
C Cylinder Address. The currently selected EOT End of Track. The final sector number of the
cylinder address (0 to 76) on the disk. current track.
D Data Pattern. The pattei’n-‘tovbe written in GPL Gap Length. The gap 3 size. (Gap 3 is the
each sector data field during formatting. : space between sectors excluding the VCO syn-
DS0.DS1 | Disk Drive Select chronization field as defined in section 3.)
s .
DS1 DSO H Head Address. Selected head: 0 or 1 (disk side
0 0 Drive 0 0 or 1, respectively) as encoded in the sector
0 1 Drive 1 ID field. -
1 0 Drive 2 HLT | Head Load Time. Defines the time interval
1 1 Drive 3 that the FDC waits after loading the head
DTL Special Sector Size. During the execution of before initiating a read or write operation.
disk read/write commands, this parameter is Programmable from 2 to 254 milliseconds (in
used to temporarily alter the effective disk sec- increments of 2 ms).
tor size. By setting N to zero, DTL may be HUT | Head Unload Time. Defines the time interval
used to specify a sector size from 1 to 256 from the end of the execution phase (of a read
bytes in length. If the actual sector (on the or write command) until the head is unloaded.
diskette) is larger than DTL specifies, the re- Programmable from 16 to 240 milliseconds (in
mam_der of the. actual sector is not pass.gd to - increments of 16 ms).
the system during read commands; during write
commands, the remainder of the actual sector MFM | MFM/FM Mode Selector. Selects MFM
is written with all-zeroes bytes. DTL should double-density recording mode when high, FM
be set to FF hexadecimal when N is not zero. single-density mode. when low.
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Table 6. Command/Result Parameter Abbreviations (continued)

Symbol Description Symbol Description
MT Multi-Track Selector. When set, this flag SK Skip Flag. When this flag is set, sectors con-
selects the multi-track operating mode. In this taining deleted data address marks will auto-
mode (used only with dual-sided disks), the matically be skipped during the execution of
FDC treats a complete cylinder (under both * multi-sector Read Data or Scan commands. In
read/write head 0 and read/write head 1) as a the same manner, a sector containing a data
single track. The FDC operates as if this address mark will automatically be skipped
expanded track started at the first sector under during the execution of a multi-sector Read
head 0 and ended at the last sector under head . Deleted Data command.
L w’.l h th1§ flag set (k.ugh), a mlllln-sector read SRT Step Rate Interval. Defines the time interval
opeation will automatically continue to the . N
. between step pulses issued by the FDC (track-
first sector under head 1 when the FDC .
A N to-track access time). Programmable from 1 to
finishes operating on the last sector under head e .
0 | 16 milliseconds (in increments of 1 ms).
’ . . STO - Status Register 0-3. Registers within the FDC
N Secttor Slsze. ,: hgl m;mber of data bytes within a ST1 that store status information after a command
. sector. (See Table 9.) ST2 has been executed. This status information is
ND Non-DMA Mode Flag. When set (high), this ST3 available to the processor during the Resuit
flag indicates that the FDC is to operate in the Phase after command execution. These
non-DMA mode. In this mode, the processor registers may only be read after a command
is interrupted for each data transfer. When has been executed (in the exact order shown in
low, the FDC interfaces to a DMA controller Table S for each comma_nd). These registers
by means of the DRQ and DACK signals. should not be confused with the Main Status
R Sector Address. Specifies the sector number to Register. )
be read or written. In multi-sector transfers, STP Scan Sector Increment.. During Scan opera-
this parameter specifies the sector number of tions, this parameter is added to the current
the first sector to be read or written. sector number in order to determine the next
sC Number of Sectors per Track. Specifies the sector to be scanned.
number of sectors per track to be initialized by
the Format Track command.
Table 7. Status Register Definitions
Bit "
Symbol Description
Number ymbo P
Status Register 0
7,6 IC Interrupt Code.
00 — Normal termination of command. The specified command was properly executed and
completed without error.
01 — Abnormal termination of command. Command execution was started but could not be
successfully completed.
10 — Invalid command. The requested command could not be executed.
- 11 — Abnormal termination. During command execution, the disk drive ready signal
changed state.
5 SE Seek End. This flag is set (high) when the FDC has completed the Seek command and the
. read/write head is positioned over the correct cylinder.
4 EC Equipment Check Error. This flag is set (high) if a fault signal is received from the disk drive
or if the track O signal fails to become active after 77 step pulses (Recalibrate command).
3 NR Not Ready Error. This flag is set if a read or write command is issued and either. the drive is
not ready or the command specifies side-1 (head 1) of a single-sided disk.
2 H 'Head Address. The head address at the time of the interrupt.
1,0 DS1,DS0 Drive Select. The number of the drive selected at the time of the interrupt.
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Table 7. Status Register Definitions (continued)
Bit Symbol - Description
Number
Status Register 1 -
7 : EN End of Track Error. This flag is set if the FDC attempts to access a sector beyond the final
'| sector of the track.

6 Not used. This bit is always low.

s DE Data Error. Set when the FDC detects a CRC error in either the ID field or the data field of a
sector. v ’

4 OR Overrun Error. Set (during data transfers) if the FDC does not receive DMA or processor serv-
ice within the specified time interval.
Not used. This bit is always low.

2 ND ‘Sector Not Found Error. This flag is set by any of the following conditions.
a) The FDC cannot locate the sector specified in the Read Data, Read Deleted Data, or Scan

command.

b) The FDC cannot locate the starting sector specified in the Read Track command.
¢) The FDC cannot read the ID field without error during a Read ID command.

1 Nw Write Protect Error. This flag is set if the FDC detects a write protect signal from the disk
drive during the execution of a Write Data, Write Deleted Data, or Format Track command.

0 ’ MA Missing Address Mark Error. This flag is set by either of the following conditions:

a) The FDC cannot detect the ID address mark on the specified track (after two occurrences
of the physical index mark).

b) The FDC cannot detect the data address mark or deleted data address mark on the
specified track. (See also the MD bit of Status Register 2.)

Status Register 2

7 Not used. This bit is always low.

6 CM Control Mark. This flag is set when the FDC encounters one of the following condmons
a) A deleted data address mark during the execution of a Read Data or Scan command.
/ b) A data address mark during the execution of a Read Deleted Data command.

5 DD 1 Data Error. Set (high) when the FDC detects a CRC error in a sector data field. This flag is
not set when a CRC error is detected in the ID field.

4 wC Cylmder /Address Error. Set when the cylinder address from the disk sector 1D field is dlfferent
from the current cylinder address maintained within the FDC.

3 SH Scan Hit. Set during the execution of the Scan command if the scan condition is satisfied.

2. SN Scan Not Satisfied. Set during execution of the Scan command if the FDC cannot locate a sec-

) tor on the specified cylinder that satisfies the scan condition. -
1 BC " Bad Track Error. Set when the cylinder address from the disk 'sector ID field is FF hexadecimal

and this cylinder. address is different from the current cylinder address maintained within the
FDC. This all ““ones” cylinder number indicates a bad track (one contammg hard errors) ac-
cording to the IBM soft-sectored format specifications.

0 MD Missing Data Address Mark Error. Set if the FDC cannot detect a data address mark or
' deleted data address mark on the spec1ﬁed track
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‘Table 7. Status Register Definitions (continued)

Nu?rg:er Symbol Description
Status Register 3 )
7 FT Fault. This flag indicates the status of the fault signal from the selected disk drive.
6 - WP Write Protected. This flag indicates the status of the write protect signal from the selected disk
drive. )
5 RDY ' Ready. This flag indicates the status of the ready signal from the selected disk drive.
4 TO TFrack 0. This flag indicates the status of the track O signal from the selected disk drive.
3 TS Two-Sided. This flag indicates the status of the two-sided signal from the ée!ected disk drive.
2 H Head Address. This flag indicates the status of the side select signal for the currently selected
disk drive.
1,0 DS1,DS0 ’ Drive Select. Indicates the currently selected disk drive number.

In the non-DMA mode, transfer requests are indicated
by activation of both the INT output signal and -the
RQM flag (bit 7) in the Main Status Register. INT can
be used for interrupt-driven systems and RQM can be
used for polled systems. The system processor must re-
spond to the transfer request by reading data from (ac-
tivating RD), or writing data to (activating WR), the
FDC. This response removes the transfer request (INT
and RQM are set inactive). After completing the last
transfer, the 8272 activates the INT output to indicate
the beginning of the result phase. In the non-DMA
mode, the processor must activate the TC signal to the
FDC (normally by means of an I/O port) after the
transfer request for the last data byte has been received
"(by the processor) and before the appropriate data byte
has been read from (or written to) the FDC.

In either mode of operation (DMA or non-DMA), the
‘execution phase ends when a terminal count signal is
sensed or when the last sector on a track (the EOT
parameter—Table 5) has been read or written. In addi-

tion, if the disk drive is in a “‘not ready’’, state at the .
beginning of the execution phase, the “‘not ready’’ flag.

(bit 3 in Status Register 0) is set (high) and the command
is terminated.

If a fault signal is received from the disk dri\}e at theend

of a write operation (Write Data, Write Deleted Data,
or Format), the FDC sets the ‘‘equipment check’’ flag
(bit 4 in Status Register 0), and terminates the command
after setting the interrupt code (bits 7 and 6 of Status
Register 0) to “‘01”* (bit 7 low, bit 6 high).

Multi-sector arid Multi-track Transfers

During disk read/write transfers (Read Data, Write
Data, Read Deleted Data, and Write Deleted Data), the
FDC will continue to transfer data from sequential sec-
tors until the TC input is sensed. In the DMA mode, the
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TC input is normally connected to the TC/EOP (ter-
minal count) output of the DMA controller. In the non-
DMA mode, the processor directly controls the FDC TC
input as previously described. Once the TC input is
received, the FDC stops requesting data transfers (from
the system processor or DMA controller). The FDC,

-however, continues to read data from, or write data to,

the floppy disk until the end of the current disk sector.
During a disk read operation, the data read from the
disk (after reception of the TC input) is discarded, but
the data CRC is checked for errors; during a disk write
operation, the remainder of the sector is filled with all-
zero bytes.

1f the TC signal is not received before the last byte of the
current sector has been transferred to/from the system,
the FDC increments the sector number by one and ini-
tiates a read or write command for this new disk sector.

The FDC is also designed to operate in a multi-track
mode for dual-sided disks. In the multi-track mode
(specified by means of the MT flag in the command
byte—Table 5) the FDC will automatically increment
the head address (from O to 1) when the last sector (on
the track under head 0) has been read or written.
Reading or writing is then continued on'the first sector

- (sector 1) of head 1.

Drive Status Polling

After the power-on reset, the 8272 automatically enters
a drive status polling mode. If a change in drive status is
detected (all drives are assumed to be ‘“‘not ready’’ at
power-on), an interrupt is generated. The 8272 con-
tinues this status polling between command executions
(and between step pulses in the Seek command). In this
manner, the 8272 automatically notifies -the system
processor when a floppy disk is inserted, removed, or
changed by the operator.
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Command Details

During the command phase, the Main Status Register
must be polled by the CPU before each byte is written
into the Data Register. The DIO (bit 6) and RQM (bit 7)
flags in the Main Status Register must be low and high,
respectively, before each byte of the command may be
written into the 8272. The beginning of the execution
phase for any of these commands will cause DIO to be
set high and RQM 'to be set low.

The following paragraphs describe the fifteen FDC
commands in detail. )

Specify

The Specify command is used prior to performing any
disk operations (including the formatting of a new disk)
to define drive/FDC operating characteristics. The
Specify command parameters set the values for three in-
ternal timers: -

1. Head Load Time (HLT) — This seven-bit value
defines the time interval that the FDC waits after
loading the head before initiating a read or write
operation. This timer is programmable from 2 to 254
milliseconds in increments of 2 ms.

2. Head Unload Time (HUT) — This four-bit value
defines the time from the end of the execution phase
(of a read or write command) until the head is
unloaded. This timer is programmable from 16 to
240 milliseconds in increments of 16 ms. If the proc-
essor issues another command before the head
unloads, .the head will remain loaded and the head
load wait will be eliminated.

. 3. Step Rate Time (SRT) — This four-bit value defines

- the time interval between step pulses issued by the
FDC (track-to-track access time). This timer is pro-
grammable from 1 to 16 milliseconds in increments
of 1 ms.

The time intervals mentioned above are a direct func-
tion of the FDC clock (CLK on pin 19). Times indicated
above are for an 8 MHz clock. .

The Specify command also indicates the choice of DMA
or non-DMA operation (by means of the ND bit). When
this bit is high the non-DMA mode is selected; when ND
is low, the DMA mode is selected.

Sevnse Drive Status

This command may be used by the processor whenever
it wishes to obtain the status of the disk drives. Status
Register 3 (returned during the result phase) contains
the drive status information as described in Table 7.
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Sense Interrupt Status

An interrupt signal is generated by the FDC when one or
more of the following events occurs:

1. The FDC enters the result phase for:
a. Read Data command
b. Read Track command

Read ID command

. Read Deleted Data command

. Write Data command

Format Track command

. Write Deleted Data command

. Scan commands

om0 Q0

2. The ready signal from one of the disk drives changes
state.

" 3. A Seck or Recalibrate command completes opera-

tion.

4.‘ The FDC requires-a data transfer during the execu-
tion phase of a command in the non-DMA mode.

Interrupts caused by reasons (1) and (4) above occur
during normal. command operations and are easily
discernible - by the processor. However, interrupts
caused by reasons (2) and (3) above are uniquely iden-
tified with the aid of the Sense Interrupt Status com- _
mand. This command, when issued, resets the interrupt
signal and by means of bits 5, 6, and 7 of Status Register
0 (returned during the result phase) identifies the cause
of the interrupt (see Table 8).

Table 8. Interrupt Codes

839!( End | Interrupt Code Cause
Bit 5 Bit6 Bit7 ‘
0 1 1 Ready Line changed
state, either polarity
1 0 0 Normal Termination
’ of Seek or Recalibrate
Command
1 1 0 Abnormal Termination
: of Seek or Recalibrate
Command

Neither the Seek nor the Recalibrate command has a
result phase. Therefore, it is mandatory to use the Sense
Interrupt Status Command after these commands to
effectively terminate them and to provide verification of
the disk head position. )
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When an interrupt is received by the processor, the FDC
busy flag (bit 4) and the non-DMA flag (bit 5) may be
used to distinguish the above interrupt causes:

bit5 bit4
0 0  Asynchronous event-(2) or (3) above
0 1 Result phase-(1) above
1 1 Data transfer required-(4) above

A single interrupt request to the processor may, in fact,
be caused by more than one of the above events. The
processor should continue to issue Sense Interrupt

Status commands (and service the resulting conditions)

until an invalid command code is received. In this man-
ner, all “hidden’’ interrupts are serviced.

Seek

The Seek command causes the drive’s read/write head
to be positioned over the specified cylinder. The FDC

determines the difference between the current cylinder

address and the desired (specified) address, and issues
the appropriate number of step pulses. If the desired
cylinder address is larger than the current address, the
direction signal (LCT/DIR, pin 38) is set high (step-in);
- the direction signal is set low (step-out) if the desired
cylinder address is less than the current address. No
head movement occurs (no step pulses are issued) if the
desired cylinder is the same as the current cylinder.

The rate at which step pulses are issued is controlled by
the step rate time (SRT) in the Specify command. After
each step pulse is issued, the desired cylinder address is
compared against the current cylinder address. When
the cylinder addresses are equal, the ‘‘seek end”’ flag
(bit 5 in Status Register 0) is set (high) and the conmimand
is terminated. If the disk drive becomes ‘‘not ready’’
during the seek operation, the ‘‘not ready’’ flag (in
Status Register 0) is set (hlgh) and the command is ter-
minated.

During the command phase of the Seek operation the
FDC is in the FDC busy state, but during the execution
phase it is in the non-busy state. While the FDC is in the
non-busy state, another Seek command may be issued.
In this manner parallel seek operations may be in opera-
tion on up to four floppy disk drives at once. The Main
Status Register contains a flag for each drive (Table 4)
that indicates whether the associated drive is currently
operating in the seek mode. When a drive has completed
a seek operation, the FDC generates an interrupt. In
response to this interrupt, the system software must
issue a Sense Interrupt Status command. During the
result phase of this command, Status Register O (con-
taining the drive number in bits 0 and 1) is read by the
processor.

Recalibrate

This command causes the read/write head of the disk
drive to retract to the track 0 position. The FDC clears
the contents of its internal cylinder counter,-and checks
the status of the track O signal from the disk drive. As
long as the track O signal is low, the direction signal re-
mains high and step pulses are issued. When the t‘rac!c 0
signal goes high, the seek end flag (in Status Register 0)
is set (high) and the command is terminated. If the track
0 signal is still low after 77 step pulses have been issued,
the seek end and equipment check flags (in Status
Register 0) are both set and the Recalibrate command is
terminated.

Recalibrate commands for multiple drives can be
overlapped in the same manner that Seek commands are
overlapped. :

Format Track

The Format Track command formats or ‘‘initializes’’ a
track on a floppy disk by writing the ID field, gaps, and
address marks for each sector. Before issuing the For-
mat command, the Seek command must be used to posi-
tion the read/write head over the correct cylinder. In ad-
dition,. a table of ID field values (cylinder, head, and
sector addresses and sector length code) must be
prepared before the command is ex'ecuted.“During com-
mand execution, the FDC accesses. the table and, using
the values supplied, writes each sector on the track. The
ID field address mark originates from the FDC and is
written automatically as the first byte of each sector’s -
ID field. The cylinder, head, and sector addresses are
taken, in order, from the table. The ID field CRC
character (derived from the data written in the first five
bytes) is written as the last two bytes of the ID field.
Gaps are written automatically by the FDC, with the
length of the variable gap determined by one of the For-
mat command parameters

The ‘data field address mark is generated by the FDC
and is written automatically as the first byte of the data
field. The data pattern specified in the command phase
is written into each data byte of each sector. A CRC
character is derived from the data address mark and the
data written in the sector’s data field. The two CRC
bytes are appended to the last data byte.

The formatting of a track begins at the physical index
mark. As previously mentioned, the order of sector -
assignment is taken directly from the formatting table.
Four entries are required for each sector: a cylinder ad-
dress, a head address, a sector address, and a sector
length code. The cylinder address in the ID field should
be equal to the cylinder address of the track currently
being formatted.
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The sector addresses must be unique (no two equal).
The order of the sector entries in the table is the se-
quence in which sector numbers appear on the track
when it is formatted. The number of entry sets
(cylinder, head, and sector address and sector length
code) must equal the number of sectors allocated to the
track (specified in the command phase).

Since the sector address is supplied, in order, for each
sector, tracks can be formatted sequentially (the first
sector following the index mark is assigned sector ad-
dress 1, the adjacent sector is assigned sector address 2,
and so on) or sector numbers can be interleaved (see sec-
tion 3) on a track.

Table 9 lists recommended gap sizes and sectors/track
for various sector sizes.

Read Data

Nine (9) bytes are required to complete the command
phase specification for the Read Data command. Dur-
ing the execution phase, the FDC loads the head (if it is
in the unloaded state), waits the specified head load time
(defined in the Specify command), and begins reading
ID address marks and ID fields. When the requested
_sector address compares with the sector address read
from the disk, the FDC outputs data (from the data
field) byte-by-byte to the system. The Read Data com-
mand automatically operates in the multi-sector mode
described earlier. In addition,” multi-track operation
may be specified by means of the MT command flag
(Table 5). The amount of data that can be transferred
with a single command to the FDC depends on the
multi-track flag, the recording density flag, and the
number of bytes per sector. -

During'the execution of read and write commands, the -
special sector size parameter (DTL) is used to tem-

porarily alter the effective disk sector size. By setting the
sector size code (N) to.zero, DTL may be used to specify
a sector size from 1 to 256 bytes in length. If the actual
sector (on the disk) is larger than DTL specifies, only
the number of bytes specified by the DTL parameter are

passed to the system; the remainder of the actual disk
sector is not transferred (although the data is checked
for CRC errors). Multi-sector read operations are per-
formed in the same manner as they are when the sector
size code is non-zero. (The N and DTL parameters are
always present in the command sequence. DTL should:
be set to FF hexadecimal when N is not zero.)

If the FDC detects the physical index mark twice
without finding the requested sector, the FDC sets the
‘‘sector not found error”’ flag (bit 2 in Status Register 1)
and terminates the Read Data command. The interrupt
code (bits 7 and 6 of Status Register 0) is set to “‘01.”
Note that the FDC searches for each sector in a multi-
sector operation. Therefore, a ‘‘sector not found”’ error
may occur after successful transfer of one or more
preceding sectors. This error could occur if a particular
sector number was not included when the track was first
formatted or if a hard error on the disk has invalidated a
sector ID field.

After reading the ID field and data field in each sector,
the FDC checks the CRC bytes. If a read error is detect-
ed (incorrect CRC in the ID field), the FDC sets the
““‘data error’’ flag in Status Register 1; if a CRC error
occurs in the data field, the FDC sets the ‘‘data error”’
flag in Status Registér 2. In either error condition, the
FDC terminates the Read Data command. The interrupt
code (bits 7 and 6 in Status Register 0) is set to ‘‘01.””

If the FDC reads a deleted data address mark from the
disk, and the skip flag (specified during the command
phase) is not set, the FDC sets the “‘control mark’’ flag
(bit 6 in Status Register 2) and terminates the Read Data
command (after reading all the data in the sector). If the
skip flag is set, the FDC skips the sector with the deleted
data address mark and reads the next sector. Thus, the
skip flag may be used to cause the FDC to ignore deleted
data sectors during a multi-sector read operation.

During disk data transfers between the FDC and the
system, the FDC must be serviced by the system (proc-
essor or DMA controller) every 27 us in the FM mode,
and every 13 us in the MFM mode. If the FDC is not

Table 9. Sector Size Relationships

: N | sc GPL! GPL?
Format Sector Size Sector Size Sectors/ Gap 3 Gap 3 Remarks
: Code Track Length Length

128 bytes/Sector 00 1A 46 0716 1By, IBM Diskette 1
FM Mode 256 o1 OF ;) 0E 1) 2A(16) IBM Diskette 2

512 .02 08 1Bg¢) 3Ag6 ]

256 - ' o1 1A¢4) 0E 1) 3616 IBM Diskette 2D
MFM Mode 512 02 OF 1) 1B¢) 54,1, N

1024 : 03 35016 446 IBM Diskette 2D

Notes: 1. Suggested values of GPL in Read or Write commands to avoid splice point between data field and ID field of contiguous sectors.”

2, Suggested values of GPL in Forma‘t command.
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serviced within this interval, the ‘‘overrun error’’ flag
(bit 4 in Status Register 1) is set and the Read Data com-
mand is terminated.

If the processor terminates g read (or write) operation in
the FDC, the ID information in the result phase is
dependent upon the state of the multi-track flag and end
of track byte. Table 11 shows the values for C, H, R,
and N, when the processor terminates the command.

Write Data

Nine (9) bytes are required to complete the corhmand .

phase specification for the Write Data command. Dur-
ing the execution phase the FDC loads the head (if it is
in the unloaded state), waits the specified head load time
(defined by the ‘Specify command), and begins reading
sector ID fields. When the requested sector address
compares with the sector address read from the disk, the
FDC reads data from the processor one byte at a time
via the data bus and outputs the data to the data field of
that sector. The CRC is computed on this data and two
CRC bytes are written at the end of the data field.

The FDC reads the ID field of each sector and checks

the CRC bytes. If the FDC detects a read error (incor- .

rect CRC) in one of the ID fields, it sets the ‘‘data
error’ flag (bit 5 in Status Register 1) and terminates the
Write Data command. The interrupt code (bits 7 and 6
in Status Register 0) is set to ‘‘01.”’ )

The Write Data command operates in much the same
manner as the Read Data command. The following
items are the same; refer to the Read Data command for
details: :

® ‘Multi-sector and Multi-track operation-
® Data transfer capacity

* “End of track error’’ flag

““Sector not found error”’ flag

e “Data error’’ flag

Head unload time interval

® ID information when the processor terminates the
command (see Table 11)
Definition of DTL when N=0 and when N#0

During the Write Data execution phase, data transfers -

between the processor and FDC must occur every 31 us
in the FM mode, and every 15 us in the MFM mode. If
the time interval between data transfers is longer than
this, the FDC sets the ‘‘overrun error’’ flag (bit 4 in Sta-
tus Register 1) and terminates the Write Data command.

Read Deleted Data

This command operates in almost the same ‘manner as
the Read Data command operates. The only difference
involves the treatment of the data address mark and the

. 5-484

skip flag. When the FDC detects a data address mark at
the beginning of a data field (and the skip flag is not

" set), the FDC reads all the data in the sector, sets the

‘“‘control mark’’ flag (bit 6 in Status Register 2), and ter-
minates the command. If the skip flag is set, the FDC
skips the sector with the data address mark and con- -
tinues reading at the next sector. Thus, the skip flag may
be used to cause the FDC to read only deleted data sec-
tors during a multi-sector read operation.

Write Deleted Data

This command operates in the same manner as the
Write Data command operates except that a deleted
data address mark is written at the beginning of the data
field instead of the normal data address mark. This
command is used to mark a bad sector (containing a
hard error) on the floppy disk. -

Read Track

The Read Track command is similar to the Read Data
command except that the entire data field is. read con-
tinuously from each of the sectors of a track. Im-
mediately after encountering the physical index mark,
the FDC starts reading all data fields on the track as
continuous blocks of data. If the FDC finds an error in
the ID field or data field CRC check bytes, it continues
to read data from the track. The FDC compares the ID
information read from each sector with the values
specified during the command phase. If the specified ID
field information is not found on the track, the ‘‘sector
not found error’’ flag (in Status Register 1) is set. Multi-
track and skip operations are not allowed with this
command.

_This command terminates when the last sector on the

track has been read. (The number of sectors on the track
is specified by the end of track parameter byte during
the command phase.) If the FDC does not find an ID

. address mark on the disk after it encounters the physical

index mark for the second time, it sets the ‘‘missing ad-
dress mark error’’ flag (bit 0'in Status Register 1) and
terminates the command. The interrupt code (bits 7 and
6 of Status Register 0) is set to ‘01.”’

Read ID

The Read ID command transfers (reads) the first correct
ID field from the current disk track (following the
physical index mark ) to the processor. If no correct ID
address mark is found on the track, the ““missing ad-
dress mark error’’ flag is set (bit O in Status Register 1).
If no data mark is found on the track, the ‘‘sector not
found error” flag is also set (bit 2 in Status Register 1).
Either error condition causes the command to be
terminated.
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Scan Commands

The Scan commands allow the data being read from the
disk to be compared against data supplied by the system
(by the processor in non-DMA mode, and by the DMA
controller in DMA mode). The FDC compares the data
on a byte-by-byte basis, and searches for a sector of
data that meets the conditions of ‘‘disk data equal to
system data’’, “‘disk data less than or equal to system
data’, or ‘‘disk data greater than or equal to system
data”. Simple binary (ones complement) arithmetic is
used for comparison (FF = largest number, 00 = smallest
number). If, after a complete sector of data is com-
pared, the conditions are not met, the sector number is
incremented by the scan sector increment (specified in
the command phase), and the scan operation is con-
tinued. The scan operation continues until one of the
following conditions occurs; the conditions for scan are
met (equal, low, or high), the last sector on the track is
reached, or the terminal count signal is received.

If the conditions for scan are met, the FDC sets the:
‘‘scan hit”’ flag (bit 3 in Status Register 2) and ter-
minates the Scan command. If the conditions for scan

Table 11. ID Information When Processor Terminates Command

are not met between the starting sector and the last sec-
tor on the track (specified in the command phase), the
FDC sets the ‘‘scan not satisfied’’ flag (bit 2 in Status
Register 2) and terminates the Scan command. The re-
ceipt of a terminal count signal from the processor or
DMA controller during the scan operation will cause the
FDC to complete the comparison of the particular byte
which is in process, and to terminate the command.
Table 10 shows the status of the *‘scan hit’’ and “‘scan

Table 10. Scan Status Codes

Command Status Register 2 Comments
Bit 2=SN |Bit 3=SH
0 1 Dppp=D

Equal FDD Processor
Scan Bqu 1 0 Drpp# Dprocessor
Scan Low 0 1 Drpp =Dprocessor
or Equal 0 0 | Depp< Dprocessor
] 1 0. Depp# Dprocessor
Scan High 0 1 Dgpp = Dprocessor
or Equal 0 0 Drpp> Dprocessor
1 0 DFDD? Dprocessor

. Final Sector Transferred ’ . )
MT EOT to ID Information at Result Phase
Processor c H R N
1A Sector 1 to-25 at Side 0
OF Sector 1 to 14 at Side 0 NC NC . R+1 NC
08 Sector 1 to 7 at Side 0 ' ’
1A Sector 26 at Side 0 i
OF Sector 15 at Side 0 C+1 NC R =01 NC
0 08 Sector 8 at Side 0
1A Sector 1 to 25 at ‘Side 1 :
OF Sector 1 to 14 at Side 1 NC - NC R+1 NC
" 08 Sector 1 to 7 at Side 1
1A ~ Sector 26 at Side 1
OF | . Sector 15 at Side 1 C+1 - NC R=01 . NC
08 - Sector 8 at Side 1 : ' '
1A Sector 1 to 25 at Side 0 , :
OF - Sector 1 to 14 at Side 0 "NC ’ NC R+1 NC
08 Sector 1 to 7 at Side 0
1A Sector 26 at Side 0 .
OF Sector 15 at Side 0 NC LSB R=01 NC
1 08 Sector 8 at Side 0 ’
1A Sector 1 to 25 at Side 1
OF Sector 1 to 14 at Side 1 NC NC R+1 NC
08 Sector 1 to 7 at Side 1
1A Sector 26 at Side 1
OF Sector 15 at Sid‘f. 1 C+1 LSB " R=01 NC
08 Sector 8 at Side'l :

Notes: 1. NC (No Change): The same value as the one at the beginning of command execution.
2. LSB (Least Significant Bit): The least significant bit of H is complemented.
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not satisfied’’ flags under various scan termlnatlon
conditions.

If the FDC encounters a deleted daté address mark in
one of the sectors and the skip flag is low, it regards the

sector as the last sector on the cylinder, sets the ‘““control -

mark”’ flag (bit 6 in Status Register 2) and terminates
the command. If the skip flag is high, the FDC skips the
sector with the deleted address mark, and reads the next
sector. In this case, the FDC also sets the ‘‘control
mark’’ flag (bit 6 in Status Register 2) in order to show
that a deleted sector had been encountered.

NOTE: During scan command execution, the last sector
on the track must be read for the command to
terminate properly. For example, if the scan
sector increment is set to 2, the end of track
parameter is set to 26, and the scan begins at
sector 21, sectors 21, 23, and 25 will be
scanned. The next sector, 27 will not be found
on the track and an abnormal command ter-
mination will occur. The command would be
completed in a normal manner if either a) the
scan had started at sector 20 or b) the end of
track parameter had been set to 25.

‘During the Scan command, data is supplied by the proc-
essor or DMA controller for comparison against the
data read from the disk. In order to avoid having the
““overrun error’’ flag set (bit 4 in Status Register 1), it is
necessary to have the data available in less than 27 ps
(FM Mode) or 13 ps (MFM Mode). If an overrun error
occurs, the FDC terminates the command.

Invalid Commands

If an invalid (undefined) command is sent to the FDC,
the FDC will terminate the command. No interrupt is
generated by the 8272 during this condition. Bit 6 and
bit 7 (DIO and RQM) in the Main Status Register are
both set indicating to the processor that the 8272 is in
the result phase and the contents of Status Register 0
must be read.- When the processor reads Status Register
0 it will find an 80H code indicating that an invalid com-
mand was received.

A Sense Interrupt Status command must be sent after a
Seek or Recalibrate interrupt; otherwise the FDC will
consider the next command to be an invalid command.
Also, when the last ““hidden’’ interrupt has been ser-
viced, further Sense Interrupt Status commands will
result in invalid command codes.

In some applications the user may wish to use this com-

mand as a No-Op command to place the FDC in a
stand-by or no operation state.

5. THE DATA SEPARATOR

As briefly discussed in section 2, LSI disk controllers
such as the 8272 require external circuitry to generate a
data window signal. This signal is used within the FDC
to isolate the data bits contained within the READ
DATA input signal from the disk drive. (The disk
READ DATA signal is a composite signal constructed
from both clock and data information.) After isolating
the data bits from this input signal, the FDC assembles
the data bits into 8-bit bytes for transfer to the system
Processor or memory.

Single Density

In single-density (FM) recording (Figure 3 ), the bit cell
is 4 microseconds wide. Each bit cell contains a clock bit
at the leading edge of the cell. The data bit (if present) is
always located at the center of the cell. The job of data
separation is relatively straightforward for single-
density; simply generate a data window 2 s wide start-
ing 1 us after each clock bit. Since every cell has a clock
bit, a fixed window reference is available for every data
bit and because the window is 2 us wide, a slightly
shifted data bit will still remain within the data window.

A single-density data separator with these specifications
may be easily generated using a digital or analog one-
shot triggered by the clock bit.

Double-Density

Double-density (MFM) bit cells are reduced to 2 us (in
order to double the disk data storage capacity). Clock
bits are inserted into the data stream only if data bits are
not present in both the current and preceding bit cells
(Figure 3). The data bit (if present) still occurs at the
center of the bit cell and the clock bit (if present) still oc-
curs at the leading edge of the bit cell.

MFM ' data -separation has two problems. First, only
some bit cells contain a clock bit. In this manner, MFM
encoding loses the fixed bit cell reference pulse present
in FM encoding. Second, the bit cell for MFM is one-
half the size of the bit céll for FM. This shorter bit cell
means that MFM cannot tolerate as large a playback
data-shift (as FM can tolerate) without errors.

Since most playback data-shift is predictable, thé FDC
can precompensate the write data stream so that
data/clock pulses will be correctly positioned for subse-
quent playback. This function is completely controlled -
by the FDC and is only required for MFM recording.
During write operations, the FDC specifies an early,

. normal, or late bit positioning. This timing information

5-486

is specified with respect to the FDC write clock. Early
and late timing is typically 125 ns to 250 ns before or
after the write clock transition (dependmg on disk drive
requirements). :
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The data separator circuitry for double-density record-
ing must continuously analyze the total READ DATA
' stream, synchronizing its operation (window genera-
tion) with the actual clock/data bits of the data stream.
The data separation circuit must track the disk input
data frequency very closely—unpredictable bit shifts
leave less than 50 ns margin to the window edges.

Phase:-Locked Loop

Only an analog phase-locked loop (PLL) can provide
the reliability required for a double-density data separa-
tion circuit. (A phase-locked loop is an electronic circuit
that constantly analyzes the frequency of an input signal
and locks another oscillator to that frequency.) Using
analog PLL techniques, a data separator can be de-
signed with + 1 ns resolution (this would require a 100

MHz clock in a digital phase-locked loop). The analog -

PLL determines the clock and data bit positions by
sampling each bit in the serial data stream. The phase
relationship between a data bit and the PLL generated
data window is constantly fed back to adjust the posi-
tion of the data window, enabling the PLL to track in-
put data frequency changes, and thereby reliably read
prevnously recorded data from a floppy disk.

PLL Design

A block diagram of the phase-locked loop described in
this application note is shown in Figure 7, Basically, the
phase-locked loop operates by comparing the frequency
of the input data (from the disk. drive) against the fre-

quency of a local oscillator. The difference of these fre- -
quencies is used to increase or decrease the frequency of )

the local oscillator in order to bring its frequency closer
to that of the input. The PLL synchronizes the local
oscillator to the frequency of the input during the all
““zeroes’’ synchronjzation field on the floppy disk (im-
mediately preceding both the ID field and the data
field).

The PLL consists of nine ICs and is located on page.3 of

the schematics in the Appendix. The 8272 VCO output
essentially turns the PLL circuitry on and off. When the
PLL is off, it ““idles’’ at its center frequency. The VCO
output turns the PLL on only when valid data is being
received from the disk drive. The VCO turns the PLL
on after the read/write head has been loaded and the
head load time has elapsed. The PLL is turned off in the
gap between the ID field and the data field and in the
gap after the data field (before the next sector ID field).
The GPL parameter in the FDC read and write com-
mands specifies the elapsed time (number of data bytes)
that the PLL is turned off in order to blank out discon-
tinuities that appear in the gaps when the write current is

_turned on and off. The PLL operates with either MFM

or FM input data. The MFM output from the FDC con-
trols the PLL operation frequency.

The PLL consists of six functional blocks as follows:

1. Pulse Shaping — A 96LS02 senses a READ DATA
pulse and provides a clean output signal to the FDC
and to the PLL Phase Comparator and Frequency
Discriminator circuitry.

2, Phase Comparator — The phase difference be-
tween the PLL oscillator and the READ DATA input
is compared. Pump up (PU) and pump down (PD)
error signals are derived from this phase difference
and output to the filter. If there is no phase dif-
ference between the PLL oscillator and the READ
DATA input, the PU and PD pulse widths are equal.
If the READ DATA pulse occurs early, the PU dura-

" tion is shorter than the PD duration. If the data pulse
occurs late, the PU duration is longer than the PD
duration. .

3. Filter — This analog circuit filters the PU and PD
pulses into an error voltage. This error voltage is buf-
fered by an LM358 operational amplifier. -

Vco (FROM FDC) - i

READ DATA
. (TO FDC)
, PU DATA WINDOW
PULSE PHASE L .
(FROM D,SKS%DD%?JEA) SHAPING rﬂ COMPARATOR |-PD. FILTER [—m] OSCILLATOR (TO FDC)
1F (FM)
FREQUENCY
DISCRIMINATOR }
2F (MFm)] START IDLE CLAMP

LoGic

MFM (FROM FDC) —_—

Figure 7. Phase-Locked Loop Data Separator
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4. PLL Oscillator — This oscillator is composed of a
741.8393, 74LS74, and 961.S02. The oscillator fre-
quency is controlled by the error voltage output by
the filter. This oscillator also generates the data win-
dow signal to the FDC.

5. Frequency Discriminator — This logic tracks the
READ DATA input from the disk drive and
discriminates between the synchronization gap for
FM recording (250 KHz) and the gap for MFM
recording (500 KHz). Synchronization gaps im-
mediately precede address marks. ’

6. Start Logic-— -The function of this logic is to clamp
the PLL oscillator to its center frequency (2 MHz)
until the FDC VCO signal is enabled and a valid data
pattern is sensed by the frequency discriminator. The
start logic (consisting of a 741.8393 and 74LS74) en-
sures that the PLL oscillator is started with zero
phase'er(ror.

PLL Adjustments

The PLL must be initially adjusted to operate at its
center frequency with the VCO output off and the ad-
justment jumper removed. The 5K trimpot should be.
adjusted until the frequency at the test point (Q output
of the 96L.S02) is 2 MHz. Th_e jumper should then be
replaced for normal operation.

PLL Design Details

The fbllowing paragraphs describe the operational and
design details of the phase-locked loop data separator il-

lustrated in the appendix. Note that the analog section is
operated from a separately filtered +5V supply.

Initialization iy

As long as the 8272 maintains a low VCO signal, the
data separator logic is ‘‘turned off”’. In this state, the
PLL oscillator (96LS02) is not oscillating and therefore
the 2XBR signal is constantly low. In addition, the
pump up (PU) and pump down (PD) signals are inactive
(PU low and PD high), the CNT8 signal is inactive
(low), and the filter input voltage is held at 2.5 volts by
two 1Mohm resistors between ground and +35 volts.

Floppy Disk Data

The data separator frequency discriminator, the input
pulse shaping circuitry, and the start logic are always
enabled and respond to rising edges of the READ DATA
signal. The rising edge of every data bit from the disk
drive triggers two pulse shaping one-shots. The first
pulse shaper generates a stable and well-defined 200 ns
read data pulse for input to the 8272 and other portions
of the data separator logic. The second one-shot
generates a 2.5 us data pulse that is used for input data
frequency discrimination. ,‘

The frequency discriminator operates as illustrated in
Figure 8. The 2F output signal is active (high) during
reception of valid MFM (double-density) sync fields on
the disk while the 1F signal is active (high) during recep-
tion of valid FM (single-density) sync fields. "A
multiplexer (controlled by the 8272 MFM signal) selécts
the appropriate 1F or 2F signal depending on the pro-
grammed mode. ' '

]

(a) FM OPERATION: ONE-SHOT TIMES OUT BETWEEN CLOCK PULSES

—w 25us

le—

FREQ DISC

L]

MFM READ DATA

2F LOW, 1F HIGH DURING SYNC DATA INPUT (FM)

L]

M1

FREQ DISC

4 2F HIGH, 1F LOW DURING SYNC DATA INPUT (MFM)
2 * * * % —% * 3¢ *

X=FREQUENCY DISCRIMINATOR SAMPLE POINTS TO GENERATE 1F AND 2F SIGNALS

Figure 8. Input Data Frequency Discrimination
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Startup

The data separator is designed to require reception of

"eight valid sync bits (one sync byte) before enabling the .

PLL oscillator and attempting to synchronize with the
input'data stream (see Figure 9). This delay ensures that
the PLL will not erroneously synchronize outside a valid
sync field in the data stream if the VCO signal is enabled
slightly early. The sync bit counter is asynchronously
reset by the CNTEN signal when valid sync data is not
being received by the drive.

Once the VCO signal is active and eight sync bits have
been counted, the CNT8 signal is enabled. This signal
turns on the PLL oscillator. Note that this oscillator
starts. synchronously with the rising edge of the disk in-
put data (because CNTS8 is synchronous with the data
rising edge) and the oscillator also starts at its center fre-
quency of 2 MHz (because the LM348 filter input is held
at its center voltage of approximately 2.5 volts). This
frequency is divided by two and four to generate the
2XBR signal (1 MHz for MFM and 500 KHz for FM).

FREQ DISC —I B Ll )
2F _--J L—J |

110 T

"

CNTEN __l N I_I I

vco

CNT8

“PLCLK

2XBR

PDCLR

gigigigiy

PUCLR

U
1

PU

PD

bw

uoou
Lo

Figure 9.. Typical Data Separator Startup Timing Diagram

5489 ’ 207875-002




APPLICATIONS

PLL Synchronization-

At this point, the PLL is enabled and begins to syn- -

chronize with the input data stream. This synchroniza-
tion is accomplished very simply in the following man-
ner. The pump up (PU) signal is enabled on the rising
edge of the READ DATA from the disk drive. (When
the PLL is synchronized with the data stream, this point
will occur at the same time as the falling edge of the
2XBR signal as shown in Figure 9). The PU signal is
turned off and the PD signal is activated on the next ris-
ing edge of the 2XBR clock. With this scheme, the dif-
ference between PU active time and the PD active time
is equal to the difference between the input bit rate and
the PLL clock rate. Thus, if PU is turned on longer than
PD is on, the input bit rate is faster than the PLL clock.

As long as PU and PD are both inactive, no charge is
transferred to or from the LM358 input holding
capacitor, and the PLL output frequency is maintained
(the LM358 operational amplifier has a very high input
impedance). Whenever PU is turned on, current flows
from the +5 volt supply through a 20K resistor into the
holding capacitor. When the PD signal is turned on,
current flows from the holding capacitor to ground
through a 20K resistor. In this manner, both the pump
up and pump down charging rates are balanced.

The change in capacitor charge (and therefore voltage)
after a complete PU/PD cycle is proportional to the dif-
ference between the PU and PD pulse widths and is also
proportional to the frequency difference between the in-
coming data stream and the PLL oscillator: As the
capacitor voltage is raised (PU active longer than PD),
the PLL oscillator time constant (RC of the 96LS02) is
modified .by the filter output (LM358) to raise the
- oscillator frequency. As the capacitor voltage is lowered

(PD active longer than PD), the oscillator frequency is

lowered. If both frequencies are equal, the voltage on

the holding capacitor does not change, and the PLL
" oscillator frequency remains constant.

6. AN INTELLIGENT DISKETTE
DATA BASE SYSTEM

The system described in this application note is designed
to function as an intélligent data base controlier. The
schematics for this data base unit dre presented in Ap-
pendix A; a block diagram of the unit is illustrated in
Figure 10. As designed, the unit can access over four

million bytes of mass storage on four floppy disk drives -

- (using a single 8272 FDC); the system can easily be ex-

- panded to four FDC devices (and 16 megabytes of on-
line disk storage). Three serial data links are also includ-
ed. These data links may be used by CRT terminals or
other microprocessor systems to access the data base.

' 5-490

Processor and Memory-

A high-performance 8088 -eight-bit microprocessor
(operating at 5 MHz with no wait states) controls system
operation: The 8088 was selected because of its memory
addressing capabilities and its sophisticated string
handling instructions. These features improve the speed

oof data base search operations. In addition, these

capabilities allow the system to be easily upgraded with
additional memory, disk drives, anq if required, a bub-
ble memory or winchester disk unit.

The schematics for the basic design provide 8K bytes of
2732A high-speed EPROM program storage and 8K
bytes of disk directory and file buffer RAM. This
memory can easily be expanded to 1 megabyte for

- performance upgrades.

An 8259A Programmable I_nterrupf Controller (PIC) is

-also included in the design to field interrupts from both

the serial port and the FDC. This interrupt controller
provides a large degree of programming flexibility for
the implementation of data base functions in an asyn-
chronous, demand driven environment. The PIC allows
the system to accumulate asynchronous data base re-
quests from all' serial I/O ports while previously
specified data base operations are currently in progress.
This feature is made possible by the ability of the 8251A
RXRDY signal to cause a processor interrupt. After

Teceiving this interrupt, the processor can temporarily

halt work on existing requests and enter the incoming
information into a data base request buffer. Once the
information has been entered into the buffer, the system
can resume its previous processing.

In addition, the PIC permits some portions of data base
requests to be procgssed in paraliel. For example, once a
disk record has been loaded into a memory buffer, a

‘memory search can proceed in parallel with the loading

of the next record. After the FDC completes the record
transfer, the memory search will be interrupted and the
processor can begin another disk transfer before resum-
ing the memory search. '

The bus structure of the system is split into three func-
tional buffered units. A 20-bit address from the proc-
essor is latched by three-state transparent 7418373
devices. When the processor is in control of the address
and data busses, these devices are output enabled to the
system buffered address bus. All I/0 devices are placed
directly on the local data bus. Finally, the memory data
bus is isolated from the local data bus by an 8286 octal
transceiver. The direction of this transceiver is deter-
mined by the Memory Read signal, while its output
enable is activated by a Memory Read or Memory Write
command. . ) :
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Serial 1/0

The three RS-232-C compatible serial I/0 ports operate
at software-programmable baud rates to 19.2K. Each
'1/0 port is controlled by an 8251A USART (Universal
Synchronous/Asynchronous Receiver/Transmitter).
Each USART is individually programmable for opera-
tion in many synchronous and asynchronous serial data
transmission formats (including. IBM Bi-sync). In
operation, USART error detection circuits ¢an check
for parity, data overrun, and framing errors. An 8253
Programmable Interval Timer is employed to generate
the baud rates for the serial 1/0 ports.

The Transmitter Ready and Receiver Ready output
signals of the 8251As are routed to the interrupt inputs
of the 8259A interrupt controller. These signals inter-
rupt processor execution when a data byte is received by
a USART and also when the USART is ready to accept
another data byte for transmission.

DMA

The 8272 FDC interfaces to system memory by means of
an 8237-2 high-speed DMA controller. Transfers be-
tween the disk controller and memory also operate with
no wait states when 2114-3 (150 ns) or faster static RAM
is used. In operation, the 8272 presents a DMA request
to the 8237 for every byte of data to be transferred. This
request chuses the 8273 to present a HOLD request to
the 8088. As soon as the 8088 is able to relinquish
data/address bus control, the processor signals a HOLD
acknowledge to the 8237. The 8237 then assumes con-
trol over the data and address busses. After latching the
_ address for the DMA transfer, the 8237 generates
simultaneous I/0 Read and Memory Write commands
(for a disk read) or simultaneous I/0 Write and
Memory Read commands (for a disk write). At the same
time, the 8272 is selected as the 1/0 device by means of
the DMA acknowledge signal from the 8237. After this
single byte has been transferred between the FDC and

memory, the DMA controller releases the data/address .

busses to the 8088 by deactivating the HOLD request. In
a short period of time (13 us for double-density and 27
ps for single-density) the FDC requests a subsequent
data transfer. This transfer occurs in exactly the same
manner as the previous transfer. After all data transfers
have been completed (specified by the word count pro-
grammed into the 8237 before the FDC operation was
initiated), the 8237 signals a terminal count (EOP pin).
This terminal count signal informs the 8272 that the
data transfer is complete. Upon reception of this ter-
minal count signal, the 8272 halts DMA requests and
initiates an ‘‘operation complete’’ interrupt.

Since the system is designed for 20-bit addressing, a
four-bit DMA-address latch is included as a processor

addressable 170 port. The processor writes the upper
four DMA address bits before a data transfer. When the
DMA controller assumes bus control, the contents of
this latch are output enabled on the upper four bits of
the address bus. The only restriction in the use of this
address latch is that a single disk read or write transfer
cannot cross a 64K memory boundary.

Disk Drive Interface

N

The 8272 FDC may be interfaced to a maximum of four
eight-inch floppy disk drives. Both single- and double-
density drives are accommodated using the data separa-
tion circuit described in section 5. In addition, single- or
dual-sided disk drives may be used. The 8272 is driven

" by an 8 MHz crystal controller clock produced by an

8224 clock generator. .

Drive select signals are decoded by means of a 74LS139
from the DSO0, DS1 outputs of the FDC. The fault reset,
step, low current, and direction outputs to the disk
drives are generated from the FR/STEP, LCT/DIR,
and RW/SEEK FDC output signals by means of a
74L.S240. The other half of the 74L.S240 functions as an
input. multiplexer for the disk write protect, two-sided,
fault, and track zero status signals. These signals are
multiplexed into the WP/TS and FLT/TRKO inputs to
the 8272.

The 8272 write clock (WR CLK) is generated by a ring
counter/multiplexer combination. The write clock fre-
quency is 1 MHz for MFM recording and 500 KHz for
FM recording (selected by the MFM output of the
8272). The pulse width is a constant 250 ns. The write
clock is constantly generated and input to the FDC (dur-
ing both read and write operations). The FDC write
enable output (WE) is transmitted directly to the write
gate disk drive input.

Write data to the disk drive is preshifted (according to
the PSO, PS1 FDC outputs) by the combination of a
74LS175 four-bit latch and a 74LS153 multiplexer. The
amount of preshift is completely controlled within the
8272 FDC. Three cases are possible: the data may be
written one clock cycle early, one clock cycle late, or
with no preshift. The data preshift circuit is activated by
the FDC only in the double-density mode. The preshift
is required to cancel predictable playback data shifts
when recorded data is later read from the floppy disk.

A single 50-conductor flat cable connects the board to
the floppy disk drives. FDC outputs are driven by 7438
open collector high-current line-drivers. These -drivers
are resistively terminated ‘on the last disk drive by means
of a 150 ohm resistor to +5V. The line receivers are 7414
Schmitt triggered inverters with 150 ohm pull-up
resistors on board.
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7. SPECIAL CONSIDERATIONS

This section contains a quick review of key features and
issues, most of which have been mentioned in other sec-
tions of this application note. Before designing with the
8272 FDC, it is advisable that the information in this
section be completely understood.

1. Multi-Sector Transfers

The 8272 always operates in a multi-sector transfer
mode. The 8272 continues to transfer data until the TC
input is activated. In a DMA configuration, the TC in-
put of the 8272 must always be connected to the
EOP/TC output of the DMA controller. When multiple
DMA channels are used on a single DMA controller,
EOP must be gated with the select signal for the proper
FDC. If the TC signal is not gated, a terminal count on
another channel will abort FDC operation.

In a processor driven configuration with no DMA con-

troller, the system must count the transfers and supply a
TC signal to the FDC. In a DMA environment, ORing a
programmable TC with the TC from the DMA con-
troller is a convenient means of ensuring that the proc-
essor may always gain control of the FDC (even if the
diskette system hangs up in an abnormal manner).

2. Processor Command/Result Phase Interface
In the command phase, the processor must write the ex-
act mimber of parameters in the exact order shown in
Table 5. During the result phase, the processor must
read the complete result status. For example, the For-
mat Track command requires six command bytes and
presents seven result bytes. The 8272 will not accept a
new command until all result bytes are read. Note that
the number of command and result bytes varies from
command-to-command. Command and result phases
cannot be shortened.

During both the command and result phases, the Main
Status Register must be read by the processor before
each byte of information is read from, or written to, the
FDC Data Register. Before each command byte is writ-
ten, DIO (bit 6) must be low (indicating a data transfer
from the processor) and RQM (bit 7) must be high (in-
dicating that the FDC is ready for data). During the
result phase, DIO ‘must be high (indicating a data
transfer to the processor) and RQM must also be high
(indicating that data is ready for the processor).

NOTE: After the 8272 receives a command byte, the.

RQM flag may remain set for 12 microseconds
(with an 8 MHz clock). Software should not at-
tempt to read the Main Status Register before
this time interval has elapsed; otherwise, the
software will erroneously assume that the FDC
is ready to accept the next byte.
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3. Sector Sizes _
The 8272 does not support 128 byte sectors in the MFM
(double-density) mode.

4. Write Clock
The FDC Write Clock input (WR CLK) must be present
at all times.

5. Reset
The FDC Reset input (RST) must be held active during
power-on reset while the RD and WR inputs are active.
If the reset input becomes inactive while RD and WR
are still active, the 8272 enters the test mode. Once ac-
tivated, the test mode can only be deactivated by a
power-down condition. -

6. Drive Status

The 8272 constantly polls (starting after the power-on .
reset) all drives for changes in the drive ready status. At
power-on, the FDC assumes that all drives are not
ready. If a drive application requires that the ready line
be strapped active, the FDC will generate an interrupt
immediately after power is applied.

7. Gap Length -
Only the gap 3 size is software programmable. All other
gap sizes are fixed. In addition, different gap 3 sizes
must be specified in format, read, write, and scan com-
mands. Refer to Section 3 and Table 9 for gap size
recommendations.

'

8. Seek Command

The drive busy flag in the Main Status Register remains
set after a Seek command is issued until the Sense Inter-
rupt Status command is issued (following reception of
the seek complete interrupt).

The FDC does not perform implied seeks. Before issu-
ing data read or write commands, the read/write head
must be positioned over the correct cylinder. If the head
is not positioned correctly, a cylinder address error is
generated. ) N

After issuing a step pulse, the 8272 resumes drive status
polling. For correct stepper operation in this mode, the
stepper motor must be constantly enabled. (Most drives
provide a jumper to permit the stepper motor to be con-
stantly -enabled.)

9. Step Rate
The 8272 can emit a step pulse that is one millisecond

_faster than the rate programmed by the SRT parameter

in the Specify command. This action may cause subse-
quent sector not found errors. The step rate time should
be programmed to be 1 ms longer than the step rate time
required by the drive.

10. Cable Length
A cable length of less than 10 feet is recommended for
drive interfacing.
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11. Scan Commands

The current 8272 has several problems when using the
scan commands. These commands should not be used at
this time.

12. Interrupts
When the processor receives an interrupt from the FDC,
the FDC may be reporting one of two distinct events:

a) The beginning of the result phase of a previously re-
quested read, write, or scan command.

b) An asynchronous event such ‘as a seek/recalibrate
completion, an attention, an abnormal command
termination, or an invalid command.

These two cases are distinguished by the FDC busy flag

(bit 4) in the Main Status Register. If the FDC busy flag .

is high, the interrupt is of type (a). If the FDC busy flag
is low, the interrupt was caused by an asynchronous
event (b). i

A single interrupt from the FDC may signal more than
one of the above events. After receiving an interrupt,
the processor must continue to issue Sense Interrupt
Status commands (and service the resulting conditions)
until an invalid command code is received. In this man-
ner, all ‘hidden” interrupts are ferreted out and
serviced.

13. Skip Flag (SK) .

The skip flag is used during the execution of Read Data,
" Read Deleted Data, Read Track, and various Scan com-

mands. This flag permits the FDC to skip unwanted sec-

tors on a disk track.

When performing a Read Data, Read Track, or Scan
command, a high SK flag indicates that the FDC is to
skip over (not transfer) any sector containing a deleted
data address mark. A low SK flag indicates that the
-FDC is to terminate the command (after reading all the
data in the sector) when a deleted data address mark is
encountered.

When performing a Read Deleted Data command, a
high SK flag indicates that sectors containing normal
data address marks are to be skipped. Note that this is
just the opposite situation from that described in the last
paragraph. When a data address mark is encountered
during a Read Deleted Data command (and the SK flag

is low), the FDC terminates the command after reading
all the data in the sector.

14. Bad Track Maintenance

The 8272 does not internally maintain bad track infor-
mation. The maintenance of this information must be
performed by system software. As an example of typical
bad track operation, assume that a media test deter-
mines that track 31 and track 66 of a given floppy disk
are bad. When the disk is formatted for use, the system
software formats physical track 0 as logical cylinder 0
(C=0 in the command phase parameters), physical
track 1 as logical track 1 (C=1), and so on, until
physical track 30 is formatted as logical cylinder 30
(C=30). Physical track 31 is bad and should be format-
ted as logical cylinder FF (indicating a bad track). Next,
physical track 32 is formatted as logical cylinder 31, and
so on, until physical track 67 is formatted as logical
cylinder 64. Next, bad physical track 66 is formatted as
logical cylinder FF (another bad track marker), and
physical track 67 is formatted as logical cylinder 65.
This formatting continues until the last physical track
(77) is formatted as logical cylinder 75. Normally, after
this formatting is complete, the bad track information is
stored in a prespecified area on the floppy disk (typical-
ly in a sector on track 0) so that the system will be able
to recreate the bad track information when the disk is
removed from the drive and reinserted at some later
time.

To illustrate how the system software performs a
transfer operation disk with bad tracks, assume that the
disk drive head is positioned at track 0 and the disk
described above is loaded into the drive. If a command
to read track 36 is issued by an application program, the
system software translates this read command into a
seek to physical track 37 (since there is one bad track
between O and 36, namely 31) followed by a read of
logical cylinder 36. Thus, the cylinder parameter C is set
to 37 for the Seek comimand and 36 for the Read Sector
command. ’

15. Head Load versus Head Settle Times

The 8272 does not permit separate specification of the
head load time and the head settle time. When the
Specify command is issued for a given disk ‘drive, the
proper value for the HLT parameter is the maximum of
the head load time and the head settle time.
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Power Distribution

N

Part Ref Deslg +5 GND +12 -12
8088 A2 40 1,20
8224 16 9,16 8
.8237-2 A6 31 20
8251A A9,B9,C9 26 4
8253-5 Al0 24 12
8259A: B10 28 14
8272 D10 40 20
8284 Al 18 9
8286 B6,F4 20 10
2114 F1,F2,G1,G2,H1,H2,11,12 18 9
2732A D1,D2 4 12 -
74LS00 El ~14 7
74LS04 "B2,E6,E8,F8 14 7
74LS27 E2,E5 14 7
74LS32 Bl 14 7
74LS74 A4,G5,H6 14 7
74LS138 F3 16 8
741.S139 E10 16 8
74LS153 13 16 8
74LS157 Fé6 16 8
74LS164 F5 14 17
74LS173 G3 16 8
74LS175 G4 16 8
7415240 G10 20 10
- 7418257 D3 16 8
74LS367 C3,E9 16 8
74LS373 B4,C4,D4,C6 20 10
7418393 I5,F7 14 )
74508 E4 14 7
745138 D6,E3 16 .8
7414 H7 14 7
7438 H8,H9,H10 14 7
" 1488 H3 7 14 1
1489 H4 - 14 7
96L.S02 ‘G7 16 8 .
96LS02 G6 16 8
LM358 HS5 8 4
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