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SINGLE/DOUBLE DENSITY
FLOPPY DISK CONTROLLER

u IBM Compatible in Both Single and s Data Transfers In DMA or Non-DMA

Double Denslity Recording Formats Mode
s Programmable Data Record Lengths: s Parallel Seek Operations on Up to
128, 256, 512, or 1024 Bytes/Sector Four Drives
s Multi-Sector and Multi-Track Transfer s Compatible with all Intel and Most
Capabliity Other Microprocessors .
s Drives Up to 4 Floppy or Mini-Floppy = Single-Phase 8 MHz Clock
Disks - ﬁ . s Single +5 Vot Power Supply (+ 10%)

The 8272A is an LSI Floppy Disk Controller (FDC) Chip, which contains the circuitry and control functions for inter-
facing a processor to 4 Floppy Disk Drives. It Is capable of supporting either IBM 3740 single density format (FM), or
IBM System 34 Double Density format (MFM) including double sided recording. Tne 8272A provides control signals
which simplify the design of an external phase locked loop and write precompensation circuitry. The FDC simplifies
and handles most of the burdens associated with implementing a Fioppy Disk Drive Interface. The 8272A is a pin-
compatible upgrade to the 8272. . )
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- Figure 1. 8272A Internal Block Diagram . Figure 2. Pin Configuration
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Table 1. Pin Description
Pin Connec- Pin Connec-
Symbol No. | Type | tion To | Name and Function Symbol No. | Type| tion To | Name and Function
RESET Reset: Places FDC in
b ’ kP idle state. Resets out- Vee 40 0.C. Power: +5V
RUCinestpEDG (0 RWSEEK | 30 | O | FOD |Read Write/SEEK:
(low). Does not clear the When 1" (high) Seek
— last specify command. mode selected and
RD 2 Ay uP Read: Control signal when 0" (low) Read/
for transfer of data from Write mode selected.
FDC to Data Bus, when
“0" (low). LCT/DIR 38 (o] FDD | Low Current/Direction:
Lowers Write current
WR 3| M uP | Write: Control signal on inner tracks in
for transfer of data to Read/Write mode, de-
FODC via Data Bus, when 2 termines direction head
0" (low). will step in Seek mode.
cs 4 1 uP | Chip Select:ICselected FR/ISTP 7 | o FDD |Fault ResetStep: Re-
when 0" (low). allow- sets fault FF in FDD In
ing RD and WR to be Read/Write mode, pro-
enabled. vides step pulses to
move head to another
Ao 5 | uP  |Data/Status Reglster cylinder in Seek mode.
Select: Selects Data -
Reg (Ag = 1) or Status HDL 36 (o] FDD | Head Load: Command
Reg (Ap = 0) contents which causes read/write
to be sent to Data Bus. head in FDD to contact
diskette.
DBg-DB; 6-13 | yo'Y uP oat’ Bus: Bidirectional ADY = : FOD Ready: Indicates FDD
8-Bit Data Bus. is ready to send or re-
DRQ 14 (o] DMA |[Data DMA Request: ff"’" dats Mus:'b? fled
DMA Request is being igh (gated by the Index
made by FDC when pul-se) for mini floppies
DRQ 1.1 ) which do not normalty
. have a Ready line.
DACK 15 ! DMA |DMA Acknowledge: WP/TS 34 I FDD |Write Protect/ Two-
DMA cycle is active Side: Senses Write Pro-
when 0" (low) and tect status in Read/
Controller is perform- Write mode, and Two
ing DMA transfer. Side Media in Seek
mode.
TC 16 | DMA |Terminal Count: Indi-
cates the termination of FLT/TRKO 33 1 FDD | FsultTrack 0: Senses
a DMA transfer when N . FDD fault condition in
1" (high)‘?L Read/Write mode and
Track 0 condition in
DX 17 i FDD |index: Indicates the Seek mode.
beginning of a disk
track. PS,;.PS, 3132| O FDD | Precompensation (pre-
s shift): Write precom-
INT 18 o uP Interrupt: Interrupt Re- | | pensation status during
quest Generated by MFM mode. Determines
FDC. early, late, and normal
Clock: Single Phase 8 times. R
CLK 19 ! MHz (4 MHz for mini oy
floppies) Squarewave WR DATA 30 (o] FDD | Write Dnu? Serial clock
Clock. and data bits to FDD.
GND 20 Ground: D.C. Power DS, DS, | 2829| © FDD |Drive Select: Selects
: Return. FDD unit.
Note 1: Dissbled when CS=1. HDSEL 27 0 FDD |Head Select: Head !
Note 2: TC must be activated to terminate the Execution Phase of any command. selected when s
Note 3. m?l:;s:'::’mn!:.rg:nm test modes. It should have a 5kn pull-up (high) Head 0 ”lec’ed
when 0" (low).
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Table 1. Pin Description (Continued)

when "'1," FM mode

Pin Connec- Pin Connec-
Symbol No. | Type| tion To| Name and Function Symbol No. | Type| tion To | Name and Function
MFM 26 o PLL | MFM Mode: MFM mode Dw 2 ] PLL |[Dats Window: Gener-

ated by PLL, and used

=)

Y SYSTEM BUS D}
H DATA
. winoow [0
RD DATA
WR DATA
=237 DACK 82724

DRIVE
DWA INTERFACE
CONTROLLER INPUT CONTROL

OUTPUT CONTROL 1

Tc
TERMINAL
COUNT

Figure 3. 8272A System Block Dlagram

DESCRIPTION -

Hand-shaking signals are provided In the 8272A which
make DMA operation easy to incorporate with the aid of
an externa! DMA Controller chip, such as the 8237A. The
FDC will operate In either DMA or Non-DMA mode. In
the Non-DMA mode, the FDC generates interrupts to the
processor for every transfer of a data byte between the
CPU and the 8272A. In the DMA mode, the processor
need only ioad a command into the FDC and all data
transfers occur under control of the 8272A and DMA
controller.

There are 15 separate commands which the 8272A will
execute. Each of these commands require multiple 8bit
bytes to fully specify the operation which the processor
wishes the FDC to perform. The following commands
are available.

Read Data Write Data

Read ID Format a Track
Read Deleted Data Write Deleted Data
Read a Track Seek

Scan Equal Recatibrate (Restore to

when “0." to sample data from
FDD.
WE 25 o FDD |Write Enable: Enables
write data into FDD. WR CLK 21 | Write Clock: Write data
rate to FDD FM = 500
VCO 24 (o} PLL [VCOSync:Inhibits VCO kHz, MFM = 1 MHz, with
in PLL when “0™ (low), a pulse width of 250 ns
enables VCO when “1.” for both FM and MFM.
RD DATA 23 | FDD |[Read Data: Read data Must be enabled for all
from FDD, containing operations, both Read
clock and data bits. and Write.
Scan High or Equal Track 0)

Scan Low or Equal Sense Interrupt Status
Specify Sense Drive Status

For more information see the Intel Application Notes
AP-116 and AP-121.

FEATURES

Address mark detection circuitry is internal to the FDC
which simplifies the phase locked loop and read elec-
tronics. The track stepping rate, head load time, and
head unload time may be programmed by the user. The
8272A offers many additional features such as multiple
sector transfers in both read and write modes with a
single command, and full IBM compatibility in both
single (FM) and double density (MFM) modes.

8272A ENHANCEMENTS

On the 8272A, after detecting the Index Pulse, the
'Y/CO Sync output stays low for a shorter period of
time. See Figure 4A. :
On the 8272 there can be a problem reading data

-when Gap 4A is 00 and there is no IAM. This occurs

on some clder floppy formats. The 8272A cures this
problem by adjusting the VCO Sync timing so that it
is not low during the data field. See Figure 4B.

Track Gup‘lAJ IA'M\I Gep 1
Index Puise —— 1

8272 VCO Sync
8272AVCO Sync T

°560 us In FM mode; 527 us in MFM mode
A.Margin on the Index Pulse

| 0] cap2 [ ata.

~—

Track Gapsao) | D | Gap2 | Data
Index Pulse I
8272 - —
VCO Sync
8272A
VCO Sync e

B. Ability to Read Data When Gap 4A Contains 00

Figure 4. 8272A Enhancements over the 8272

164



MANUAL DE CI's 1

intel

8272A

8272A REGISTERS — CPU INTERFACE

The 8272A contains two registers which may be ac-
cessed by the main system processor; a Status Register
and a Data Register. The 8-bit Main Status Register con-
tains the status information of the FDC, and may be
accessed at any time. The 8-bit Data Register (actually
consists of several registers In a stack with only one
register presented to the data bus at a time), stores
‘'data, commands, parameters, and FDD status informa-
tion. Data bytes are read out of, or written into, the Data
Register in order to program or obtain the results after
execution of a command. The Status Register may only
be read and is used to facilitate the transfer of data
between the processor and 8272A.

The relationship between the Status/Data registers and
the signals RD, WR, and A, Is shown in Table 2.

Table 2. Ao, BRD, WR decoding for the selection
of Status/Data reglister functions.

A, RD | WR FUNCTION

Read Main Status Register
{liegal (see note)

lllegal (see note)

Illegal (see note)

Read from Data Register

- lwlalOo|lO|lO
- OO |O|=|O
O |= 10 |0 |O|~=

Write into Data Register

Note: Design must guarantee that the 8272A
Is not subjected to illegal Inputs.

The Main Status Register bits are defined In Table 3.
Table 3. Main Status Register bit description.

BIT NUMBER NAME SYMBOL DESCRIPTION
Dg FDD 0 Busy DgB FDD number 0 is in the Seek
. mode.
D4 FDD 1 Busy DyB |FDD number 1 is In the Seek
Dy FDD 2 Busy D28 | FDD number 2 Is In the Seek
mode. N
D3 FDO 3 Busy D38 | FDD number 3 is In the Seek
: mode.
Dy FDC Busy cs A read or write command Is ing
process.
Ps Non-DMA mode NDM [ The FDC is in the non-DMA

mode. This bit is set only dur-
- - ing the execution phase in
non-DMA mode. Transition to
0" state indicates execution
phase has ended.

Dg Data Input/Output DiO Indicates direction of data
transter between FDC and Dta
Regster. If DIO="1" then
transtfer is from Data Register
to the Processor. If DIO = “0",
then transfer Is from the Proo
essor to Data Register.

Dy |Request for Master ROM |indicates Data Register is

N ready 10 send or receive data
10 or from the Processor. Botly
bits DIO and RQM shouid be
used to perform the hand-
shaking functions of “ready”
and “'direction” 10 the proc-
essor.

The DIO and RQM bits in the Status Register indicate
when Data is ready and in which direction data will be
transferred on the Data Bus.

Note: There is a 12,:S or 24,S RQM flag delay when
using an 8 or 4 MHz clock respectively.

OUT OF FDC AND ATO PROCESSOR
SaTA MOUT
(=]
OUT O PROCESIOR ANG INTO FBC
READY
REOUEST
#OR MASTER no?
‘o AEADY 3 -
v
» U
[a s [ a s| a c ° c [ofsf a
woTES. (£} — DATA AEQISTER READY TO BE WRITTEN INTO BY PAOCESSOR
m ~ DATA REGISTER NOT READY TO 8§ WRITTEN INTO BY PROCESSOA
) — DATA ATOISTER READY FOR NEXT DATA BYTE TO BE READ Y THE
(@) — DATA REGISTER NOT READY PCR WEXT DATA BYTE TO BE READ BY
PROCESSOR

Figure 5. Status Reglister Timing

The 8272A is capable of executing 15 different com-
mands. Each command is initiated by a multi-byte

transfer from the processor, and the result after execu-

tion of the command may also be a multi-byte transfer
back to the processor. Because of this multi-byte inter--
change of information between the 8272A and the proc-
essor, it is convenient to consider each command as
consisting of three phases:

Command Phase: The FDC receives all information
required to perform a particular
operation from the processor.

Execution Phase: The FDC performs the operation it

) was instructed to do.

After completion of the operation,

status and other housekeeping in

formation are made available to
the processor.

During Command or Result Phases the Main Status
Register (described in Table 3) must be read by the proc-
essor before each byte of information is written into or
read from the Data Register. Bits D6 and D7 in the Main
Status Register must be in a 0 and 1 state, respectively,
before each byte of the command word may be written
into the 8272A. 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 8272A. On the
other hand, during the Result Phase, D6 and D7 in the
Main Status Register must both be 1's (D6 = 1 and
D7 = 1) before reading each byte from the Data
Register. Note, this reading of the Main Status Registef
before each byte transfer to the 8272A is required In
only the Command and Result Phases, and NOT during
the Execution Phase. :

During the Execution Phase, the Main Status Registe
need not be read. If the 8272A is in the non-DMA Mode,
then the receipt of each data byte (if 8272A is reading:
data from FDD) is indicated by an Interrupt signal on pin
18 (INT = 1). The generation of a Read signal (RD = O
wiil reset the Interrupt as well as output the Data onto

Result Phase: ‘
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the Data Bus. For example, If the processor cannot
nandle Interrupts fast enough (every 13 us for MFM
mode) then it may poll the Main Status Register and
then bit D7 (RQM) functions just like the Interrupt
signal. If @ Write Command is in process, then the WR
signal performs the reset to the Interrupt signal.

The 8272A always operates in a multi-sector transfer
mode. It continues to transfer data until the TC input is
active. In Non-DMA Mode, the system must supply the
TC input.

If the 8272A Is in the DMA Mode, no Interrupts are gener-
ated during the Execution Phase. The 8272A generates
DRQ's (DMA Requests) when each byte of data is
available. The DMA Controller responds to this request
with both a DACK = 0 (DMA Acknowledge) and a RD=0
(Read signal). When the DMA Acknowledge signal goes
tow (DACK = 0) then the DMA Request is reset (DRQ =0).
It a Write Command has been programmed then a WR
signal will appear instead of RD. After the Execution
Phase has been completed (Terminal Count has
occurred) then an Interrupt will occur (INT=1). This
signifies the beginning of the Result Phase. When the
first byte of data is read during the Result Phase, the In-
terrupt is automatically reset (INT=0).

It is important to note that during the Result Phase all
bytes shown in the Command Table 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 Com-
mand. The 8272A will not accept a new command until
all seven bytes have been read. Other commands may
require fewer bytes to be read during the Result Phase.

The 8272A contains five Status Registers. The Main
Status Register mentioned above may be read by the
processor at any time. The other four Status Registers
(STO, ST1, ST2, and ST3) are only available during the
Result Phase, and may be read only after successfully
completing a command. The particular command which
has been executed determines how many of the Status
Registers will be read.

The bytes of data which are sent to the 8272A to form
the Command Phase, and are read out of the 8272A in
the Result Phase, must occur in the order shown in the
Table 4. That is, the Command Code must be sent first
and the other bytes sent in the prescribed sequence. No
foreshortening of the Command or Result Phases are
allowed. After the last byte of data in the Command
Phase Is sent to the 8272A, the Execution Phase

Table 4. 8272A Command Set

DATA BUS DATA BUS
PHASE |RW |D; Dg Dg Dy Dy D; Dy Do REMARKS PHASE |RW | D; Dg Dg Dy Dy D, Dy Dy | REMARKS
READ DATA WRITE DATA
Command | W MTMFM SK 0 0 1 1 ] Command Codes Command | W MT MFM 0 © [ 1 0 1 Command Codes
w 0 0 0 0 0 HDSDStDSO w 0 0 0 0 0 HDSDS! DSO
w c Sector iD inf w c Sector 1D information
w H prior to C w H prior to Command
w R i w R i
w N w N
w EOT w EOT
w GPL w GPL
w oTL w oTL
Execution Data transfer Execution Data transfer
between the FDD between the main-
and main-system systemn and FDD
Result R sTO0 Status inf Result R STO _ Status int
R ST1 atter C. R ST1 atter C
R sT2 i R sT2 i
R Cc R c
R H Sector ID R H Sector ID information
R R after R R after C
R N R N 1on
READ DELETED DATA WRITE DELETED DATA
Command | w MT MFM SK 0 1 1 0 0 Command Codes Command | W MIMFM 0 0 1 0 0 1 Command Codes
w 0o o 0 o 0 HDS DS1 DSO w 0 0 0 o0 0 HDSDS1DSO
w [ Sector ID infy w [ Sector 1D information
w H prior to C. w H prior to C:
w R i w R d
w N w N
w 34 w, €oT
w GPL w GPL
H w DTL L oL
: Execution Deta transter Execution Data transfer
between the FDD between the FOD
and main-system and main-system
Result R sT0 Status information Result R 870 Status
R ST1 after C R ST1 after C
R sT2 i R §T2
R c R c
R H Sector ID Information R H Sector ID information
R R after C R R after C.
R N i R N i
SR

Note: 1. Symbols used in this table are described at the end of this section.
2. Ag=1 for all operations.
3. X= Don't care, usually made to equa! binary 0.
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Table 4. 8272A Command Set (Continued)

DATA BUS DATA BUS
PHASE |[WW [ D; Dg Dg Dy D3 Dz Dy Do | REMARKS PHASE |MW [ D; Dg Dy Dg Dy Dz Dy Do |REMARKS
READ A TRACK SCAN LOW OR EQUAL
Command | W 0O MFMSK 0 0 0 1 /] Command Codes Command | W MT MFM 8K 1 1 0o 0 1 Command Codes
w 0 0 0 O O HDSDS! DSO w 0 0 0 O O HDSDS!DSO
W c Sector ID Information w c Sector 1D information
w H prior to C w H prior Command
w R w . R
w N w N
w EOT w EOT
w GPL w GPL
w oTL w sTP
Execution Data transfer Execution Data compared
& between the FDD between the FOD
and main-system. and man-system
FDC reads all of
cylinders contents Resutt R 870 Status
from index hole 10 R ST sfter C
EOT R sT2
R [
Result R sTO Status R H Sector 1D inf
R sT1 after Ci d R R atter C
o R §T2 R N
R o
R H Sector ID SCAN HIGH OR EQUAL
: : atter C: c W |MITMFMSK 1 1 1 0 1 |CommandCodes
w 0 0 0 0 O HDSDS1DSO
READ 10 w [+ Sactor 10 information
Command| W | O MFM 0 0 1 0 1 0 |[Commands by p: prior Command
w 0 0O © 0 O HDSDS!DSO w N
w EOT
Execution The first correct 1D W GPL
information on¢he w sTP
Cylinder is stored in
Data Register Execution Data compared
between the FDD
Result R 8TO Status i L and main-system
R ST1 - | atter C
R sT2 Result R sTO Status inf L
R [ R sT1 atter Command
R H Sector 1D information R sT2 i
R R during R [+
R N Phase R =l Sector 1D information
R Com
FORMAT A TRACK 4, o stieriCommand
Command : z u:u ° : 1 :;s o: 0;0 Command Codes RECALIBRATE
[ 0 H 1
= ~ Command | W o 0 0 o o0 1 1 1 |Command Codes
w sC Sectors/Cylinder w | o o 0o o 0o 0 DSIDSO
w GPL Gap 3 Execution Head retracted 10
w 4] Filler Byte . Track 0
Execution FDC formats SENSE INTERRUPT STATUS
entire cylinder Command| W | 0 0 0 0 1 0 0 0 |CommandCooes
Result R sTO Status Result R sTO Status information at
R ST1 atter C R PCN the end of each seek
R sT2 operation about the
. R [ FOC E
R H in this case, the 1D —
R R ion has no SPECIFY i
R N Command | W o 0 o 0 0 o 1 1 Command Codes
SCAN EQUAL * w — SF'l_‘TLY___..___ HUT —
R
Command| W | MTMFMSK 1 0 0 0 1 |CommandCodes _
w © 0 0 0 O HDSDSIDSO SENSE DRIVE STATUS i
w [+ Sector ID information [Command | W | 0 0 0 ©0 0 1 0 0 Command Codes j
w . priorto W 0o 0 0 ©0 0 HDSDSIDSO : :
w N Result R sT3 Status In'gmu(m :
w EOT about FDI
w GPL —— =]
w sTP i
: Command | W o0 0 0 © 1 1 1 1 |CommandCodes
Execution Data compared i
between the FOD w 0 0O O O 0 HDSDS!DSO
and main-system w NCN
Result R sT0 Status Head is positione?
R ST1 atter C over proper Cyl
R sT2 i on Diskette
R [+ ALID .
R R Sector ID i Ll o
R R after C c w Invalig Codes Invalid Command
b N v Codes (NoOp— FX
. goes into Standdy
State)
Result R 8§70 STO0=80
e
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Table 5. Command Mneumonics

[ﬁﬁ NAME DESCRIPTION
Address Line 0 Ag controls selection of Main Status
~ Register (Ag = 0) or Deta Register (Ag=1).
T Cylinder Number C stands for the current selected Cylincer

track number 0 through 78 of the medium.

Data D stande for the data pattem which I
90ing to be written into & Sector.

8-bit Data Bus where D7 Is the most
significant bit, and Dy is the least signifi
cant bit.

DS stands for a selected drive number 0
or1.

W Dats Bus

080, 01 | Drive Select

When N is defined as 00, OTL stands for
the data length which users are going to
read out or write into the Sector.

EOT stands for the final Sector number of

Data Length

goT End of Track

a Cylinder.
GPL Gap Length GPL stands for the length of Gap 3
. g b Sectors g VCO
Sync Fleld).

H stands for head number 0 or 1, as
specified in 1D field.

HDS stands for a selected head number 0
of 1 (H=HDS In all command words).

] Heed Address

HDS Head Select

LT Head Loed Time HLT stands for the head load time In the
FDD (2to 254ms in 2ms increments).

HUT Head Unloed Time HUT stands for the head unicad time after
& read or write operation has occurred (18
to 240ms in 16ms Increments).

MFM FM or MFM Mode 1 MF Is low, FM mode is selected and If
it is high, MFM mode Is seiected.

T Multi-Track H MT I8 high, a multi-track operation Is to
be performed (a cylinder under both HDO
and HD1 will be read or writien).

N Number N stands for the number of date bytes

written in a Sector.

sutomatically starts. In a similar fashion, when the last
byte of data is read out in the Result Phase, the com-
mand Is automatically ended and the 8272A is ready for
& new command. A command may be aborted by simply
sending a Terminal Count signal to pin 16
(TC = 1). This is a convenient means of ensuring that the
processor may always get the 8272A's attention even if
the disk system hangs up in an abnormal manner.

POLLING FEATURE OF THE 8272A

After power-up RESET, the Drive Select Lines DSO and
DS1 will automatically go into a polling mode. In be-
tween commands (and between step pulses in the SEEK
command) the 8272A polis all four FDDs looking for a
change in the Ready line from any of the drives. If the
Ready line changes state (usually due to a door opening
or closing) then the 8272A will generate an interrupt.
When Status Register 0 (STO) is read (after Sense Inter-
rupt Status is issued), Not Ready (NR) will be indicated.
The polling of the Ready line by the 8272A occurs con-
tinuously between instructions, thus notifying the
processor which drives are on or off line. Approximate
scan timing is shown in Table 6.

Table 6. Scan Timing

os1 0S0 APPROXIMATE SCAN TIMING

o ] 220,8 :
o 1 220uS
1 [) 220,
{5 1 440,

COMMAND DESCRIPTIONS

During the Command Phase, the Main Status Reglster
must be polled by the CPU before each byte is written

SYMBOL RAME DESCRIPTION

NCN New Cylinder Number [ NCN stande for 8 new Cylinder number,
which Is going tc bs reached as & result
of the Seek operation. Desired posttion of
Head.

ND Non-DMA Mode ND stands tor operation in the Non-DMA
Mode.

PCN stands for the Cylinder number at
the completion of SENSE INTERRUPT
STATUS Command. Position of Head at
present time.

R stands for the Sector number, which
will be read or written.

R/W stands for either Read (R) or Write
(W) signal.

SC Indicates the number of Sectors per
Cylinder.

Skip SK stands for Skip Deleted Data Address
Mark.

PCN Present Cylinder
Number

Record

Read/Write

R

W

sC Sector
8K

SAT

Step Rate Time SRT stands for the Stepping Rate for,the
FDO (1to 16 ms in 1 ms increments). The
same Stepping Rate applies to all drives

(F=1ms, E=2ms, etc.).

ST 0-3 stand for one of four regiaters
which store the status information atter

& command has been sxecuted. This
information is avariable dunng the resuft
phase atter command execution, These
registers should not be confused with the
main status register (selected by Ag=0).
ST 0-3 may be read only atter a command
has been &nd contain inf
relevant to that particular command.

STP During & Scan operation, if STP = 1, the
date in contiguous sectors is compared
Dyte by byte with data sent from the
Pprocessor (or DMA), and if STP =2, then
afemnate sectors are read and compared.

870 Status 0
ST Status 1
sT2 Status 2
§T3 Status 3

into the Data Register. The DIO (DB6) and RQM (DB7)

- bits In the Main Status Register must be in the “0” and

1" states respectively, before each byte of the com-
mand may be written into the 8272A. The peginning of
the execution phase for any of these commands will
cause DIO and RQM to switch to “1" and “0” states
respectively.

READ DATA . .

A set of nine (9) byte words are required to place the
FDC Into the Read Data Mode. After the Read Data com-
mand has been issued the FDC loads the head (ifitisin
the unloaded state), waits the specified head settling
time (defined in the Specify Command), and begins
reading ID Address Marks and ID fields. When the cur-
rent sector number (“R") stored in the ID Register (IDR)
compares with the sector number read off the diskette,
then the FDC outputs data (from the data field) byte-by-
byte to the main system via the data bus.

After completion of the read operation from the current
sector, the Sector Number is incremented by one, and
the data from the next sector is read and output on the
data bus. This continuous read function is called a
“Multi-Sector Read. Operation.” The Read Data Com-
mand must be terminated by the receipt of a Terminal
Count signal. Upon receipt of this signal, the FDC stops
outputting data to the processor, but will continue to
read data from the current sector, check CRC (Cyclic
Redundancy Count) bytes, and then at the end of the
sector terminate the Read Data Command.

The amount of data which can be handled with a single
command to the FDC depends upon MT (multi-track),
MFM (MFM/FM), and N (Number of Bytes/Sector). Table
7 on the next page shows the Transfer Capacity.
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Table 7. Transter Capacity

MultiTrack | MFM/FM | Bywss/Sector Meximum Transter Capecity Finsl Sector Read

Y MFM N (Bytes/Secion (Number of Sectors) from

0 0 00 (128) (28)= 3.328 28 st Side 0
0 1 01 256) (26)= 6,856 or 28 at Side 1
1 0 00 (128) (52)= 6,658

1 1 01 (258) (52)= 13,312 sl 8icey
[} 0 (1} (256) (15)= 3,840 15 ot Side 0
(] 1 02 (512 (15)= 7,880 or 15 at Side 1
1 0 (3} (256) (30)= 7,680

1 1 02 (812) (30) = 15,380 Jmede s
[} 0 02 (312)(8) = 4,008 8atSiced
[} 1 03 (1024)(8) = 8,182 or 8 at Side 1
1 0 02 (512)(16)= 8,192

1 1 03 (1024) (16} = 16,384 Satices

The “multi-track” function (MT) allows the FDC to read
data from both sides of the diskette. For a particular
cylinder, data will be transferred starting at Sector 1,
Side 0 and completing at Sector L, Side 1 (SectorL = last
sector on the side). Note, this function pertains to only
one cylinder (the same track) on each side of the
diskette.

When N = 0, then DTL defines the data length which the
FDC must treat as a sector. If DTL is smaller than the ac-
tual data length in a Sector, the data beyond DTL in the
Sector is not sent to the Data Bus. The FDC reads (inter-
nally) the complete Sector performing the CRC check,
and depending upon the manner of command termina-
tion, may perform a Multi-Sector Read Operation. When
N is non-zero, then DTL has no meaning and should be
set to OFFH. .

At the completion of the Read Data Command, the head
is not unloaded until after Head Unload Time Interval
(specified in the Specify Command) has elapsed. If the
processor issues another command before the head
unloads then the head settling time may be saved be-
tween subsequent reads. This time out is particularly
valuable when a diskette is copied from one drive to
another. . .

If the FDC detects the Index Hole twice without finding
the right sector, (indicated in “R"), then the FDC sets
the ND (No Data) flag in Status Register 1 to a 1 (high),
and terminates the Read Data Command. (Status
Register 0 also has bits 7 and 6 set to 0 and 1 respective-
ty.) .

After reading the 1D and Data Fields in each sector, the
EDC checks the CRC bytes. If a read error is detected
(incorrect CRC in 1D field), the FDC sets the DE (Data Er-
ror) flag in Status Register 1to a 1 (high), and ifaCRC er-
ror occurs in the Data Field the FDC also sets the DD
(Data Error in Data Field) flag in Status Register2toa 1
(high), and terminates the Read Data Command. (Status
Register 0 also has bits 7 and 6 set to 0 and 1 respec-
tively.)

If the FDC reads a Deleted Data Address Mark off the
diskette, and the SK bit (bit D5 in the first Command
Word) is not set (SK = 0), then the FDC sets the CM (Con-
trol Mark) flag in Status Register2toa 1 (high), and ter-
minates the Read Data Command, after reading all the
data in the Sector. If SK=1, the FDC skips the sector
with the Deleted Data Address Mark and reads the next
sector.

During disk data transfers between the FDC and the
processor, via the data bus, the FDC must be serviced
by the processor every 27 us in the FM Mods, and every
13 us In the MFM Mode, or the FDC sets the OR (Over
Run) flag in Status Register 1 to a 1 (high), and ter-
minates the Read Data Command.

If the processor terminates a read (or write) operation in
the FDC, then the ID Information in the Result Phase is
dependent upon the state of the MT bit and EOT byte.
Table 5 shows the values for C, H, R, and N, when the
processor terminates the Command.

Table 8. ID Information When Processor
Terminates Command

Finsl Sector T dto 1D Information at Result Phese

Mg RECY Processor c H R [

1A Sector 1tc 25 at Side 0
OF Sector 110 14 at Sice 0 NC NC R+t NC
08 Sector 110 7 at Side 0

1A Sector 26 at Side 0
OF Sector 15 at Side 0 C+1 NC R=01 NC
08 Sector 8 ot Side 0

1A Sector 110 25 at Side 1
OF Sector 110 14 at Side 1 NC NC R+1 NC
08 Sector 1107 at Side 1

1A Seclor 26 at Side 1
OF Sector 15 at Side 1 Ce+1 NC R=01 NC
08 Sector 8 at Side 1

1A Sector 110 25 at Side 0
OF Sector 110 14 at Side 0 NC NC R+1 NC
08 Sector 110 7 at Side 0

1A Sector 26 at Side 0
OF Sector 15 at Side 0 NC ts8 | R=01 | NC
08 Sector 8 at Side 0

1A Sector 110 25 at Side 1
OF Sector 110 14 at Side 1 NC NC R+1 NC
08 Sector 110 7 at Side 1

1A Sector 26 at Side 1
OF Sector 15 at Side 1 Cs+1 Ls8 R=01 NC
o8 Sector 8 at Side 1

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. 3

WRITE DATA

A set of nine (9) bytes are required to set the FDC into
the Write Data mode. After the Write Data command has
been issued the FDC loads the head (if it is in the
unloaded state), waits the specified head settling time
(defined in the Specify Command), and begins reading
ID Fields. When the current sector number (*‘R”), stored
in the ID Register (IDR) compares with the sector
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number read off the diskette, then the FDC takes data

trom the processor byte-by-byte via the data bus, and

outputs it to the FDD.

After writing data into the current sector, the Sector

Number stored in “R” is incremented by one, and the

next data fleld Is written into. The FDC continues this

“Multi-Sector Write Operation’ until the issuance of a

Terminal Count signal. If a Terminal Count signal is sent

to the FDC it continues writing into the current sector to

complete the data field. If the Terminal Count signal is

received while a data field is being written then the re-

mainder of the data field is filled with 00 (zeros).

The FDC reads the ID field of each sector and checks

the CRC bytes. If the FDC detects a read error (incorrect

CRC) in one of the ID Fields, it sets the DE (Data Error)

flag of Status Register 1 to a 1 (high), and terminates the

Write Data Command. (Status Register 0 also has bits 7

and 6 set to 0 and 1 respectively.)

The Write Command operates in much the same manner

as the Read Command. The following items are the

same; refer to the Read Data Command for details:

¢ Transfer Capacity

e EN (End of Cylinder) Flag

e ND (No Data) Flag

¢ Head Unload Time Interval

¢ [D Information when the processor terminates com-
mand (see Table 2)

¢ Definition of DTL when N=0 and when N # 0

in the Write Data mode, data transfers between the proc-
essor 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 then the FDC
sets the OR (Over Run) flag in Status Register 1 to a 1
(high), and terminates the Write Data Command.

For mini-floppies, multiple track writes are usually not
permitted. This is because of the turn-off time of the
erase head coils—the head switches tracks before the

erase head turns off. Therefore the system should

typically wait 1.3 mS before attempting to step or
change sides.

WRITE DELETED DATA

This command is the same as the Write Data Command
except a Deleted Data Address Mark is written at the
beginning of the Data Field instead of the normal Data
Address Mark.

READ DELETED DATA

This command is the same as the Read Data Command
except that when the FDC detects a Data Address Mark
at the beginning of a Data Field (and SK = 0 (low)), it will
read all the data in the sector and set the CM flag in
Status Register 2 to a 1 (high), and then terminate the
command. If SK= 1, then the FDC skips the sector with
the Data Address Mark and reads the next sector.

READ A TRACK

This command is similar to READ DATA Command
except that the entire data field Is read continuously
from each of the sectors of a track. Immediately after
encountering the INDEX HOLE, the FDC starts reading

all data fields on the track as continuous blocks of data.
If the FDC finds an error in the ID or DATA CRC check
bytes, it continues to read data from the track. The FDC
compares the ID information read from each sector with,
the value stored in the IDR, and sets the ND flag of
Status Register 1 to a 1 (high) if there is no comparison.
Multi-track or skip operations are not allowed with_ this
command. :
This command terminates when EOT number of sectors
have been read. If the FDC does not find an |0 Address
Mark on the diskette after it encounters the INDEX
HOLE for the second time, then it sets the MA (missing
address mark) flag in Status Register 1 to a 1 (high), and
terminates the command. (Status Register O has bits 7
and 6 set to 0 and 1 respectively.)

READ ID

The READ ID Command is used to give the present posi-
tion of the recording head. The FDC stores the values
from the first ID Field it is able to read. If no proper ID
Address Mark is found on the diskette, before the IN-
DEX HOLE is encountered for the second time then the
MA (Missing Address Mark) flag in Status Register 1 is
set to a 1 (high), and if no data Is found then the ND (No
Data) flag is also set in Status Register 1 to a 1 (high)
and the command is terminated. .

FORMAT A TRACK

The Format Command allows an entire track to be for-
matted. After the INDEX HOLE is detected, Data is writ-
ten on the Diskette: Gaps, Address Marks, ID Fields and
Data Fields, all per the IBM System 34 (Double Density)
or System 3740 (Single Density) Format are recorded.
The particular format which will be written is controlled
by the values programmed into N (number of bytes/sec-
tor), SC (sectors/cylinder), GPL (Gap Length), and D
(Data Pattern) which are supplied by the processor dur-
ing the Command Phase. The Data Field is filled with
the Byte of data stored in D. The ID Field for each sector
is supplied by the processor; that is, four data requests
per sector are made by the FDC for C (Cylinder Number),
H (Head Number), R (Sector Number) and N (Number of
Bytes/Sector). This allows the diskette to be formatted
with nonsequential sector numbers, if desired.

After formatting each sector, the processor must send

new values for C, H, R, and N to the 8272A for each sec- -

tor on the track. The contents of the R Register is in-
cremented by one after each sector is formatted, thus,
the R register contains a value of R+ 1 when it is read
during the Result Phase. This incrementing and format-
ting continues for the whole track until the FDC en-
counters the INDEX HOLE for the second time, where-
upon it terminates the command.

If a FAULT signal is received from the FDD at the end of
a write operation, then the FDC sets the EC flag of
Status Register 0 to a 1 (high), and terminates the com-
mand after setting bits 7 and 6 of Status Register0to 0
and 1 respectively. Also the loss of a READY signal at
the beginning of a command execution phase causes
command termination.

Table 9 shows the relationship between N, SC, and GPL
for various sector sizes:
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Table 8. Sector Size Relationshlips.
8° STANDARD FLOPPY

6% MIN! FLOPPY’

FORMAT | SECTOR 8IZE N sc | orL' | arL?| memarks SECTOR SIZE N | sc|ort|om?
FM Mode 128 bytes/Sector 00 1A o7 1B 1BM Diskette 1 128 bytes/Sector 00 12 07 -]
256 o1t | oF | o | 2a | 1BM Diskette2 128 o0 | 0| w0 |
812 02 | o8 | 18| 3a 258 o1 | o8| 1 | %
1024 03 | oa | a7 | & 512 02 | o4 | e | &
2048 04 02 cs FF 1024 03 02 ] FF
| aoee o5 | oo | ca | fF 2048 os | o1 | ca | FF
MPM Mode | 258 01 | 1A | OE | 36 | 1BM Diskette 20 2% o1 | 12| oa | oc
512 02 | oF | 18 | sa 258 Jor | w0 | 20 | 32
1024 03 | o8 | 38 | 74 | 1M Diskette 20 812 02 | os | 2a | %0
2048 | os | os | e | FF 102¢ 03 | o4 | 8 | Fo
4096 o5 | o2 | o8 | FF 2048 o | 02 | c8 | FF
8192 o6 | oo | c8 | FF 4096 os | o1 | ca | FF

Note: 1. Suggested values of GPL in Read or Write Commands 10 avoid splice point bstween date fisid and 1D field of contiguous sections.

2. Suggested values of GPL In format command.

SCAN COMMANDS

The SCAN Commands allow data which is being read
trom the diskette to be compared against data which is
being supplied from the main system (Processor in
NON-DMA mode, and DMA Controller in DMA mode).
The FDC compares the data on a byte-by-byte basis, and
looks for a sector of data which meets the conditions of
DFpo = Dprocessors DFDD < Dprocesson OF Drpp 2 Dprocessor:
Ones complement arithmetic is used for comparison
(FF = largest number, 00=smallest number). After a
whole sector of data is compared, If the conditions are
not met, the sector number is incremented (R+ STP —
R), and the scan operation Is continued. The scan opera-
tion continues until one of the following conditions oc-
cur; the conditions for scan are met (equal, low, or high),
the last sector on the track is reached (EOT), or the ter-
minal count signal is received.

If the conditions for scan are met then the FDC sets the
SH (Scan Hit) flag of Status Register 2 to a 1 (high), and
terminates the Scan Command. If the conditions for
scan are not met between the starting sector (as
specified by R) and the last sector on the cylinder (EOT),
then the FDC sets the SN (Scan Not Satisfied) flag of
Status Register 2 to a 1 (high), and terminates the Scan
Command. The receipt of a TERMINAL COUNT signal
from the Processor or DMA Controller during the scan
operation will cause the FDC to complete the com-
parison of the particular byte which is in process, and
then to terminate the command. Table 10 shows the
status of bits'SH and SN under various conditions of
SCAN.

Table 10. Scan Status Codes

STATUS REGISTER 2
ne BT2=SN | BIT3=SH el
0 1 OFDD = DProcesser
Scan Equa!
Q 1 0 Drpp # Dprocessor
0 1 DrpD = Dprocessor
Scan Low or Equal 1 o 0 Drpp < Dprocessor
1 0 Depp ¢ Pprocessor
: ° 1 OrDD = DProcessor
Scan High or Equal [] 0 DrpD > Dprocessor
1 0 OFpp # Dprocessor

If the FDC encounters a Deleted Data Address Mark on
one of the sectors (and SK =0), then it regards the sec-
tor as the last sector on the cylinder, set_s CM (Control

Mark) flag of Status Register 2 to a 1 (high) and ter-
minates the command. If SK= 1, the FDC skips the sec-
tor with the Deleted Address Mark, and reads the next
sector. In the second case (SK = 1), the FDC sets the CM
(Control Mark) flag of Status Register 2 to a 1 (high) in
order to show that a Deleted Sector had been en-
countered.

When either the STP (contiguous sectors STP =01, or
alternate sectors STP =02 sectors are read) or the MT
(Multi-Track) are programmed, It is necessary to
remember that the last sector on the track must be read.
For example, if STP=02, MT=0, the sectors are
numbered sequentially 1 through 26, and we start the
Scan Command at sector 21; the following will happen.
Sectors 21, 23, and 25 will be read, then the next sector
(26) will be skipped and the Index Hole will be en-
countered before the EOT value of 26 can be read. This
will result in an abnormal termination of the command.
If the EOT had been set at 25 or the scanning started at
sector 20, then the Scan Command would be completed

- In a normal manner.

During the Scan Command data is supplied by either the
processor or DMA Controller for comparison against the
data read from the diskette. In order to avoid having the
OR (Over Run) flag set in Status Register 1, it is nec-
essary to have the data available in less than 27 us (FM
Mode) or 13 us (MFM Mode). If an Overrun occurs the
FDC terminates the command. ;
SEEK

The read/write head within the FDD is moved from
cylinder to cylinder under control of the Seek Command.
The FDC compares the PCN (Present Cylinder Numben
which is the current head position with the NCN (New
Cylinder Number), and performs the following operation
if there is a difference:

PCN < NCN: Direction signal to FDD set to a 1 (high)
and Step Pulses are issued. (Step In.)

PCN > NCN: Direction signal to FDD set to a 0 (low)
and Step Pulses are issued. (Step Out.)

The rate at which Step Pulses are issued Is controlled by
SRT (Stepping Rate Time) in the SPECIFY Command.
After each Step Pulse is issued NCN Is compared
against PCN, and when NCN = PCN, then the SE (Seek
End) flag is set in Status Register 0 to a 1 (high), and the
command Is terminated.
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