8271/8271-6
PROGRAMMABLE FLOPPY DISK CONTROLLER

= IBM 3740 Soft Sectored Format Compatible = Intemal CRC Generation and Checking

= Programmable Record Lengths = Programmable Step Rate, Settle-Time, Head

Load Time, Head Unload Index Count
a Multi-Sector Capability

.a0™™ aETM
a Maintain Dual Drives with Minimum Software u Fully MCS-80™ and MCS-85 Compatible

rh Expandable to 4 Drives
Overhead Expan 0 4 Driv = Single +5V Supply

= Automatic Read/Write Head Positioning and
Veritication = 40-Pin Package

The Intel® 8271 Programmable Floppy Disk Controller (FDC) is an LSt component designed to interface one to 4 floppy
disk drives to an 8-bit microcomputer system. Its powerful control functions minimize both hardware and software
overhead normally associated with floppy disk controllers.
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Table 1. Pin Description

Pin Pin
Symbol No. Type Name and Function Symbol No. | Type Name and Function
Vee 40 +5V Supply. Fault Reset/ 1 (o] Fault Reset: The optional
OPO fault reset output line is used

GND 20 Ground. to reset an error condition

which is latched by the drive:

Clock 3 | Clock: A square wave clock. If this line is not used for a

fault reset it can be used as

Reset 4 | Reset: A high signal on the an optional output line. This
reset input forces the 8271 to line is set with the write spe-
an idle state. The 8271 re- cial register command.
mains idle untila command is
issued by the CPU. The out- Write Enable 35 0 Write Enable: This signal
put signals of the drive inter- enables the drive write logic.
face are forced inactive
(LOW). Reset must be active Seek/Step 36 o} Seek/Step: This multi-
for 10 or more ¢lock cycles. function line is used during

drive seeks.

cs 24 ! Chip Select: The I/O Read
and 1/O Write inputs are Direction 37 (0] Direction: The direction line
enabled by the chip select specifies the seek direction.
signal. A high level on this pin steps

the R/W head toward the

DB,-DB, 19-12 o] Data Bus: The Data Bus lines spindle (step-in), a low level
are bidirectional, three-state steps the head away from the
lines (8080 data bus com- spindle (step-out).
patible).

Load Head 38 (6] Load Head: The load head

WR 10 | Write: The Write signal is line causes the drive to load
used to signal the control the Read/Write head against
logic that a transfer of data the diskette.
from the data bus to the 8271
is required. Low Current | 39 0 Low Current: This line

notifies the drive that track 43

RD 9 1 Read: The Read signal is or greater is selected.
used to signal the control
logic that a transfer of data Ready 1, 5 ! Ready 1: These two lines in-
from the 8271 to the data bus Ready 0 32 dicate that the specified drive
is required. is ready.

INT 11 o) interrupt: The interrupt sig- Fault 28 I Fault: Thislineis used by the
nal indicates that the 8271 drive to specify a file unsafe
requires service. condition.

As-Ag 22-21 | Address Line: These two —_— .
lines are CPU Interface Reg- Count/OPI 30 ' Count/OPI: If the optional
ister select lines. seek/direction/count seek

mode is selected, the count

DRQ 8 0 Data Request: The DMA pin receives pulses to step
request signal is used to re- the R/W head to the desired
quest a transfer of data be- track. Otherwise, this line can
tween the 8271 and memory. be used as an optional input.

DACK 7 t Data Acknowledge: The —

DMA acknowledge signal Write Protect| 33 i Write Protect: This signal

notifies the 8271 that a DMA specifies that the diskette in-

cycle has been granted. For serted is write protected.

non-OMA transfers, this sig-

nal should be driven in the TRKO 31 o Track Zero: This signal indi-

manner of a “Chip Select.” cates when the R/W head is
positioned over track zero.

Select 1- 6 0 Selected Drive: These lines

Select 0 2 are used to specify the Index 34 I Index: The index signal gives

selected drive. These lines
are set by the command byte.

an indication of the relative
position of the diskette.
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Table 1. Pin Description (Continued)

Pin

Symbol No. | Type Name and Function

PLO/SS 25 I Phase-Locked Oscillator/
Single Shot: This pin is used
to specify the type of data
separator used.

Write Data 29 0 Write Data: Composite write

data.

Unseparated | 27 | Unseparated Data: This
Data input is the unseparated data
and clocks.

Data Window| 26 | Data Window: This is a data
window established by a
single-shot or phase-locked

oscillator data separator.

INSYNC 23 (0] Input Synchronization: This

line is high when 8271 has at-
tained input-data synchroni-
zation, by detecting 2 bytes ot
zeros followed by an ex-
pected Address Mark. It will
stay high until the end of the
1D or data field.

FUNCTIONAL DESCRIPTION

General

The 8271 Floppy Disk Controlier (FDC) interfaces either
two single or one dual floppy drive to an eight bit
microprocessor and is fully compatible with Intel's
new high performance MCS-85 microcomputer system.
With minimum external circuitry, thisinnovative controtler
supports most standard, commonly-available flexible disk
drives including the mini-floppy.

The 8271 FDC supports a comprehensive soft sectored
format which is IBM 3740 compatible and includes
provision for the designating and handling of bad tracks. It
is a high level controller that relieves the CPU (and user) of
many of the control tasks associated with implementing a
floppy disk intertace. The FDC supports a variety of high
tevel instructions which allow the user to store and retrieve
data on a floppy disk without dealing with the low level
details of disk operation.

In addition to the standard read/write commands, a scan
command is supported. The scan command allows the
user program to specify a data pattern and instructs the
FDC to search for that pattern on a track. Any application
that is required to search the disk for information (such as
point of sale price lookup, disk directory search, etc.), may
use the scan command to reduce the CPU overhead. Once
the scan operation is initiated, no CPU intervention is
required.

CPU Interface Description

This interface minimizes CPU involvement by supporting
a set of high level commands and both DMA and non-DMA
type data transfers and by providing hierarchical status
information regarding the result of command execution.

The CPU utilizes the control intertace (see the Block
diagram) to specity the FDC commands and to determine
the result of an executed command. This interface is
supported by five Registers which are addressed by the
CPU via the A1, Ao, RD and WR signals. If an 8080 based
system is us-eizhe RD and WR signals can be driven by
the 8228's 1/OR and T/OW signals. The registers are
defined as follows:

Command Register

The CPU loads an appropriate command into the
Command Register which has the following format:

Ay Ag Dy D¢ Ds D4 D3 D2 Dy Do

T T TTTTI 1]

L_/t
COMMAND OPCODE

SURFACE/DRIVE
{SELECT 0, 1)

Parameter Register

Accepts parameters of commands that require turther
description; up to five parameters may be required,
example:

Ar Ao D7 Dg D5 Dy D3 D2 Dy Do

Cor T 1T TT T 111
/

]

EXPECTED PARAMETER

Result Register

The Result Register is used to supply the outcome of FDC
command execution {such as a good/bad completion) to
the CPU. The standard Resulit byte format is:

Ay Ag Dy D¢ Ds D¢ D3 D2 Dy Do

ColeTeT T T T 1 Jo]

: NOT USED = 0

COMPLETION CODE

COMPLETION TYPE

DELETED DATA FOUND

NOT USED = 00

AFN-002238
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Figure 3. 8271 Block Diagram Showing CPU
interface Functions

Status Register
Reflects the state of the FDC.

Ay A9 D7 Dg Ds D4 D3 Dy Dy Dg

Lefel T T } ] ] Jofo

| L__‘
1 = NON-DMA DATA REQUEST

1= INTERAUPT REQUEST

1= RESULT REGISTER FULL

t - PARAMETER REGISTER FULL

1= COMMAND REGISTER FULL

1 = COMMAND BUSY

Reset Register

Allows the 8271 to be reset by the program. Reset must
be active for 11 or more chip clocks.

INT (Interrupt Line)

Another element of the control interface is the Interrupt
line (INT). This line is used to signal the CPU that an FDC
operation has been completed. It remains active until the
result register is read.

DMA Operation

The 8271 can transfer data in either DMA or non DMA
mode. The data transfer rate of a floppy disk drive is high
enough (one byte every 32 usec) to justity DMA transfer.
in DMA mode the elements of the DMA interface are:

DRQ: DMA Request:
The DMA request signal is used to request a transfer of
data between the 8271 and memory.

DACK: DMA Acknowledge:
The DMA acknowledge signal notifies the 8271 thata DMA
cycle has been granted.

ﬁ), WR: Read, Write

The read and write signals are used to specify the
direction of the data transfer.

DMA transfers require the use of a DMA controller such as
the Intel®8257. The function of the DMA controller is to
provide sequential addresses and timing for the transfer
at a starting address determined by the CPU. Counting of
data block lengths is performed by the FDC.

To request a DMA transfer, the FDC raises DRQ. DACK
and RD enabie DMA data onto the bus (independently of
CHIP SELECT). DACK and WR transfer DMA data to the
FDC. If a data transfer request (read or write) is not
serviced within 31 usec, the command is cancelled, a late
DMA status is set, and an interrupt is generated. In DMA
mode, an interrupt is generated at the completion of the
data block transfer.

When configured to transfer data in non-DMA mode, the
CPU must pass data to the FDC in response to the non-
DMA data requests indicated by the status word. The
data is passed to and from the chip by asserting the
DACK and the RD or WR signals. Chip select should be
inactive (HIGH).

REGISTERS

STATUS REG | COMMAND REG

AESULY REG [PARAMETER REG

RESET

WRDATA
o8, 7/ DATA 8US INSYNC
-7 BUFFER

UNSEP DATA
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. foe— READY D
2 Ppe— READY 1

3 TRACK §
COUNT 0PI
INDEX
WA PROTECT
FaulY

READ
WRITE
A, —o| mMA
CONTROL %
Ay ——=1 L0GIC <;’> .

SELECT O
SELECT t

WR ENABLE
LOAD HEAD
SEEK/STEP
OIRECTION
LOW CURRENT
FAULY
RESET/OPO

INTERNAL
OATA BUS

CPU INTERFACE —-.J

DISK INTERFACE

Figure 4. 8271 Block Diagram Showing Disk Interface
Functions
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Disk Drive Interface

The 8271 disk drive interface supports the high level
command structure described in the Command Descrip-
tion section. The 8271 maintains the location of bad tracks
and the current track location for two drives. However,
with minor software support, this interface can support
four drives by expanding the two drive select lines (select
0, select 1) with the addition of minimal support hardware.

The FDC Disk Drive Interface has the following major
functions.

READ FUNCTIONS

Utilize the user supplied data window to obtain the clock
and data patterns from the unseparated read data.

Establish byte synchronization.

Compute and verify the ID and data field CRCs.
WRITE FUNCTIONS

Encode composite write data.

Compute the ID and data field CRCs and append them to
their respective fields.

CONTROL FUNCTIONS

Generate the programmed step rate, head load time, head
settling time, head unload delay, and monitor drive
functions.

DATA
SEPARATOR

DATA WINDOW
UNSEPARATED DATA

Data Separation

The 8271 needs only a data window to separate the data
from the composite read data as well as to detect missing
clocks in the Address Marks.

The window generation logic may be implemented using
either a single-shot separator or a phase-locked oscillator.

Single-Shot Separator

The single-shot separator approach is the lowest cost
solution,

The FDC samples the value of Data Window on the leading
edge of Unseparated Data and determines whether the
delay from the previous pulse was a half or full bit-cell
(high input = full bit-cell, low input = half bit-cell).
PLO/SS should be tied to Ground.

Insync Pin

This pin gives an indication of whether the 8271 is
synchronized with the serial data stream during read
operations. This pin can be used with a phase-locked
oscillator for soft and hard locking.

FOUND SYNC & iD MARK
READ 1D FIELD BUT
TRACK OR SECTOR
INCORRECT

/ /

FOUND SYNC & 1D MARK
10 FIELD CORRECT

WRITE DATA
—ro- —3
t WRITE ENABLE
b . SEEK/STEP
DIRECTION
J COUNT/OP)
LOAD HEAD
—ro -~
INDEX DUAL
8271 FLOPPY
FDC TRACK 0 DISK
ORIVE
D SELECT O
t " SELECT Y
: {OW TUARENT
WRITE PROTECT
WRITE FAULT
WRITE FAULT RESET/OPO
—o— -~
AEADY ©
I . READY 1

NOTE: INPUTS TO CHIP MAY REQUIRE RECEIVERS
{AT LEAST PULL UP/DOWN PAIRS).

Figure 5. 8271 Disk Drive Interface

/
FOUND SYNC & DATA MARK
NOT AN ID MARK

/
FOUND SYNC & DATA MARK
READ DATA SECTOR
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DATAWINDOW _
_ RETRIGGERABLE g
UNSEPARATED

Al -———-T——>q SINGLE-SHOT 8271 FDC
DATA

2.85us WINDOW *
Jreorss

*FOR MINI-FLOPPY DATA WINDOW = 5.7usec

Figure 6. Single-Shot Data Separator Block Diagram

c D c c
UNSEPARATED \_/ y t_/_
DATA \_/
tps>100ns ——{  |@—o
DATA "\
WINDOW } \_
toH=0ns -

Figure 7. Single-Shot Data Window Timing

Phase-Locked Oscillator Separator

The FDC samples the value of DataWindow on the leading Insync may be used to provide soft and hard focking
edge of Unseparated Data and determines whether the control for the phase-locked oscillator.
puise represents a Clock or Data Pulse.

PLO/SS should be tied to Vcc (+5V).

DATA WINDOW

UNSEPARATED
DATA ——d PLO

8271 FDC

IN SYNC*

*OPTIONAL

Figure 8. PLO Data Separator Block Diagram
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c D c c

UNSEPARATED \

DATA \/ Y/ \/
— fe— tpg>50ns

*DATA
WINDOW

—! a——tpH=>0ns

*DATA WINDOW MAY BE 180° OUT OF PHASE IN PLO DATA SEPARATION MODE.

Figure 8. PLO Data Window Timing

Disk Drive Control Interface Write Enable

The disk drive control interface performs the high level The Write Enable controls the read and write functions of a
and programmable fiexible disk drive operations. It flexible disk drive. When Write Enable is a logical one, it
custom tailors many varied drive performance parameters enables the drive write electronics to pass current through
such as the step rate, settling time, head load time, and the Read/Write head. When Write Enable is a logical zero,
head unioad index count. The.following is the description the drive Write circuitry is disabled and the Read/Write
of the control interface. head detects the magnetic flux transitions recorded on a

diskette. The write current turn-on is as follows.

WRITE DATA rL r'l J—l n
—{  je—twe po—twE —]

WRITE ENABLE I I

Tus< tyg < 3us

Figure 10. Write Enable Timing
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Seek Control The Direction pin is a control level indicating the direction
Seek Control is accomplished by Seek/Step, Direction, in which the R/W head is stepped. A logic high level on th.is
and Count pins and can be implemented two ways to line moves the head toward the spindle (step-in). A logic
provide maximum flexibility in the subsystem design. One low level moves the head away from the spindle (step-out).

instance is when the programmed step rate is not equal to
zero. In this case, the 8271 uses the Seek/Step and
Direction pins (the Seek/Step pin becomes a Step pin).
Programmable Step timing parameters are shown.

Another instance is when the programmable step rate is
equal to zero, in which case the 8271 holds the seek line
high until the appropriate number of user-supplied step
pulses have been counted on the count input pin.

DIRECTION

. ‘4—(
SEEK/STEP M | 1
M— = -

tps=tpg~tsp =10us
STANDARD: Tms< tg < 255ms
MINI-FLOPPY: 2ms < tg < 510ms

Figure 11. Seek Timing

DIRECTION
— le— tps — tso
SEEK/STEP
| e tsc — L tcs
COUNT |
l“ tc "L"l_“’c LAST COUNT

tps=tsp =tcs=10us
tsc > 1[15
tpe = 20us
tc > 1ms

Figure 12. Seek/Step/Count Timing
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Head Seek Settling Time

The 8271 allows the head settling time to be programmed
from 0 to 255ms, in increments of 1ms.

The head settling time is defined as the interval of time
from completion of the last step to the time when reading
or writing on the diskette is possible (R/W Enable). The
R/W head is assumed loaded.

SEEK OR LAST STEP

. LAST STEP COMPLETE

WRITE/READ ENABLE

'tsw ———i

STANDARD: 0< *tgy <255ms

MINI-FLOPPY: 0 <*tgw< 510ms

*R/W HEAD IS ASSUMED LOADED.

Figure 13. Head Load Settling Timing

Load Head

When active, load head output pin causes the drive's
read/write head to be loaded on the diskette. When the
head is initially loaded, there is a programmed delay (0 to
60ms in 4ms increments) prior to any read or write
operation. Provision is also made to unload the head
following an operation within a programmed number of
diskette revolutions.

LOAD HEAD

EARLIEST WRITE ENABLE
OR INTERNAL READ DATA _

Yw—

STANDARD: 0< t y < 60ms

MINI-FLOPPY: 0 < t, y < 120ms

Figure 14. Head Load to Read/Write Timing
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Index

The index input is used to determine “Sector not found”
status and to initiate format track/read ID commands and
head unload Index and Count operations.

tpy ——]

tp; = 0.5us

Figure 15. Index Timing

Track 0

This input pin indicates that the diskette is at track 0.
During any seek operation, the stepping out of the
actuator ceases when the track 0 pin becomes active.

Select 1,0

Only one drive may be selected at a time. The
Input/Output pins that must be externally qualified with
Select 0 and Select 1 are:

Unseparated Data
Data Window

Write Enable
Seek/Step
Count/Optional Input
Load Head

Track 0

Low Current

Write Protect

Write Fault

Fault Reset/Optional Qutput
Index

When a new set of select bits is specified by a new com-
mand or the FDC finishes the index count before head
unioad, the following pins will be set to the 0 state:

Write Enable (35)
Seek/Step (36)
Direction (37)

Load Head (38)

Low Head Current (39)

The select pins will be set to the state specified by the
command or both are set to zero following the index
count before head unload.

Low Current

This output pin is active whenever the physical track
location of the selected drive is greater than 43. Generally

this signal is used to enable compensation for the lower
velocities encountered while recording on the inner
tracks.

Write Protect

The 8271 will not write to a disk when this input pin is
active and will interrupt the CPU if a Write attempt is made.
Operations which check Write Protect are abarted if the
Write Protect line is active.

This signal normally originates from a sensor which
detects the presence or absence of the Write Protect
hole in the diskette jacket.

Write Fault and Write Fault Reset

The Write Fault input is normally latched by the drive
and indicates any condition which could endanger data
integrity. The 8271 interrupts the CPU anytime Write
Fault is detected during an operation and immediately
resets the Write Enable, Seek/Step, Direction, and Low
Current signals. The write fault condition can be cleared
by using the write fault reset pin. if the drive being used
does not support write fault, then this pin should be
connected to V¢ through a pull-up resistor.

Ready 1,0

These two pins indicate the functional status of the disk
drives. Whenever an operation is attempted on a drive
which is not ready, an interrupt is generated. The inter-
tace continually monitors this input during an operation
and if a Not Ready condition occurs, immediately ter-
minates the operation. Note that the 8271 latches the
Not Ready condition and it can only be reset by the exe-
cution of a Read Drive Status command. For drives that
do not support a ready signal, either one can be derived
with a one shot and the index pulse, or the ready inputs
can be grounded and Ready determined through some
software means.
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PRINCIPLES OF OPERATION

As an 8080 peripheral device, the 8271 accepts commands
from the CPU, executes them and provides a RESULT
back to the 8080 CPU at the end of command execution.
The communication with the CPU is established by the
activation of CS and RD or WR. The A1, Ap inputs select
the appropriate registers on the chip:

3

DACK

r
>
o

Operation

Read Status
Write Command
Read Result
Write Parameter
Write Reset Reg.
Write Data

Read Data

Not Allowed

OO QO b vk b = =

0
Ooaa0000CO0 c,,l
XXX 20000
(X XO+-200
X =2 000 = 0O~

The FDC operation is composed of the following
sequence of events.

8080 WRITES THE COMMAND AND PARAMETERS INTO
THE 8271 COMMAND AND PARAMETER REGISTERS.

COMMAND PHASE
EXECUTION PHASE
RESULT PHASE

THE 8271 1SON ITS OWN TO CARRY OUT THE COMMANDS.

THE 8271 SIGNALS THE CPU THAT THE EXECUTION HAS
FINISHED. THE CPU MUST PERFORM A READ OPERATION
OF ONE OR MORE OF THE REGISTERS TO DETERMINE
THE QUTCOME OF THE OPERATION.

= 1

READ FDC
STATUS
REGISTER

COMMAND
BUSY BIT SET

INITIALIZE
DMA CHANNEL
(SEE FIGURE 19)

WRITE FDC
COMMAND
REGISTER

{(MORE)
NO PARAMETERS
REQUIRED
?

YES

READ FOC

’ STATUS

REGISTER

PARAMETER
FULL BIT SET

ENTER WRITE FDC
EXECUTION PARAMETER -’
PHASE REGISTER

Figure 16. Passing the Command and Parameters
" to the 8271

The Command Phase

The software writes a command to the command register.
As a function of the command issued, from zero to five
parameters are written to the parameter register. Refer to
diagram showing a flow chart of the command phase.
Note that the flow chart shows that acommand may not be
issued if the FDC status register indicates that the device
is busy. Issuing a command while another command is in
progress is illegal. The flow chart also shows a parameter
buffer full check. The FDC status indicates the state of the
parameter buffer. If a parameter is issued while the
parameter buffer is full, the previous parameter is over
written and lost.

START

STANDARD
RESULY
RETURNED
?

IMMEDIATE

RESULT

RETURNED
?

NO

( READ FDC
l STATUS

REGISTER

COMMAND
BUSY BIY SET
?

ENTER ! R
RESULT
PHASE ( END ’

NOTE:

STANDARD RESULT RETURNED CAN BE
DETERMINED BY MASKING QUT THE
DRIVE SELECT BITS OF THE COMMAND -
BYTE (BITS 7 AND 6) AND CHECKING
FOR A VALVE OF LESS THAN 2C1g (IF
LESS THAN 2C16, STANDARD RESULY
IS RETURNED).

MMEDIATE RESULT RETURNED CAN
BE DETERMINED BY ADDITIONALLY
MASKING OUT BITS 5 AND 4 OF THE
COMMAND BYTE AND CHECKING FOR
A VALUE OF Cyg OR GREATER (IF C1g
OR GREATER, IMMEDIATE RESULT
RETURNED)

Figure 17. Checking for Result Type Foliowing 8271
Command and Parameters

The Execution Phase

During the execution phase the operation specified
during the command phase is performed. During this
phase, there is no CPU involvement if the system utilizes
DMA for the data transtfers. The execution phase of each
command is discussed within the detailed command
descriptions. The following table summarizes many of the
basic execution phase characteristics.




























































