HD63265

Floppy Disk Controller (FDC)

HD632665 is a floppy disk controller (FDC) VLSI cir-
cuit which is capable of controlling up to 3.5", 5. 25",
or 8" floppy disk drives receiving commands froma
microprocessor in a 68 or 80-series microcomputer
system. Sincethe FDC has 20 types of high-perform-
ance function commands, a floppy disk drive can
early be integrated into a system by simple software.
In addition, by incorporating a high accuracy VFO
circuit and a precompensation circuit, it greatly
simplify hardware design. Moreover, since it fea-
tures a CMOS circuit structure with sleep mode and
low powerdissipation, it can beused ina wide range
of systems from laptop computers to larger systems.

Features

On-chip high accuracy data separator (adjust-
ment free analog VFO system)
« No adjustment required

On-chip write precompensation circuit

- Delay time programmable in the range from 0 to
750nsec by 62.5nsec increments

« Delay time independently selectable for inner
and outer tracks.

« Outer to inner switch over programmable in the
range of 1 to 255

e Command code compatible with standard FDCs

» Compatible with both 68 and 80-series micro-
processors

e Low power dissipation
+ CMOS circuit plus SLEEP command

Selectable recording
« FM and MFM

Serial data transfer rate
+« FM mode : 125, 150, 250 kbps
« MFM mode :250, 300, 500 kbps

¢ Selectable DMA and Non-DMA host data
transfers

¢ Formatting
« Both IBM and ECMA (ISO) track formats
supported

e Error checking
« 16-bit CRC generator and checker incorporated
X%+ X2+ X5+ 1)

e Multi-sector and multi-track Read /Write capa-
bility

» Data Scan Capability-scans a single sector or an
entire cylinder compare byte-for-byte host
memory and disk data.

e Multi-drive parallel seek capability
¢ Stepping rate, head load time, and head unload
time programmable
- Stepping rate programmable by 1 msec incre-

ments when using 5" mode

¢ Drive control range (Max. value)

« Number of drives 14
« Number of heads : 2 heads/drive
« Number of cylinders : 255 cylinders/drive

« Number of sectors : 255 sectors/track

o Sector length programmable
. 128,256,512, 1024, 2048, 4096, 8192 bytes/sector

Ordering Information

Type No. Clock Frequency Package
HD63265P 16 MHz, 19.2 MHz 48-pin plastic DIP (DP-48)
HD63265FP 64-pin plastic QFP (FP-64)
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HD63265

Pin Arrangement

: E YT - O 9( P R
Ve 41 O 48LCT I§$§§§§§§§§'§§E
NUM1 ]2 47 3 FRES
NUM2C13 46 [ HLOAD ‘
SFORM []4 45 [ HSEL ne oy 1 ne
IFSC]5 44 ] HDIR Ne O 2 1 NC
8"/5" 16 431 STEP ESET ] [] READY
BESETC17 42 [ READY ERD[]4 ] WPRT
E.RD S8 41 3 WPRT RW,WR s ] DSIDE
R/W WRL]9 40 [ DSIDE _csde 3 FAULT
csg10 39 [ FAULT N S H = TRKO
DACKC 11 38 3 TRKO NG 9 ] NC
Rs[]12 37 [J INDEX NC 1 NC
V113 36 3 Uso Vst 1 NC
p 114 35 [ USt1 Vgs3 [] uso
p 15 34 ] EARLY Dy ] us1
b 116 33 7 LATE D, % EARLY
p 17 32 [ WDATA gz = wg:m
DSD 18 31 [ WGATE Ds ] WGATE
R = H %
BE 21 20 NG NC & g 858 H N
DREG 122 27 NC
RaC]23 26y _2 588§|§|%§§?§22‘§§
(DP-48) (FP-64)
(Top View)
Vecl-Mec4 45V LCT Low Current
Vss1-Ves 3  Ground FRES Fault Reset
NUM?1 Not User Mode 1 HLOAD Head Load
NUM2 Not User Mode 2 HSEL Head Select
SFORM Select Format HDIR Head Direction
IFS__ Interface select STEP Step
8"/5" 8"/5" Mode Select READY Ready
RESET Reset WPRT Write Protected
E,RD Enable, Read DSIDE Double Sided
BRW, WR Read/Write, Write FAULT Fault
CS Chip Select TRKO Track 00
DACK DMA Acknowledge INDEX Index
RS Register Select Uso Unit Select 0
Dg US1 Unit Select 1
D4 EARLY Early
Do LATE Late
Da Data Bus 0-7 WDATA Write Data
Dy WGATE Write Gate
Dg RDATA Read Data
Dg NC No Connection
Dy CLK Clock
DREQ DMA Request
IRQ Interrupt Request
DEND DMA End
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Pin Function

Table 1. Pin Functions

Pin No.
Type DP-48 FP-64 Symbol Pin Name Input/Output
Power 1 58 Vel Vel -
Supply, 13 11 Vgl Vg 1 -
Clock 29 31 V2 V2 -
26 28 V2 Vg2 -
25 27 CLK Clock Input
59 V.3 V3 -
26 Vo4 V, 4 -
12 Vi3 V3 -
MPU 7 3 RESET Reset Input
Interface 8 4 E,RD Enable, Read Input
9 5 RW, WR Read/Write, Write  Input
10 6 CS Chip select Input
12 8 RS Register select Input
14-21 13-22 Do-D7 Data bus, bits 0-7  Input/Output
23 24 RQ Interrupt request  Output
DMA 11 7 DACK DMA acknowledge Input
Control 22 23 DREQ DMA request Output
24 25 DEND DMA end Input
FDD 30 32 RDATA Read data Input
Interface 31 35 WGATE Write gate Output
32 36 WDATA Write data Output
33 37 LATE Late Output
34 38 EARLY Early Output
35 39 US1 Unit select 1 Output
36 40 uso Unit select 0 Output
37 44 INDEX Index Input
38 45 TRKO Track O Input
39 46 FAULT Fault Input
40 47 DSIDE Double sided Input
41 48 WPRT Write protect Input
42 49 READY Ready Input
43 52 STEP Step Output
44 53 HDIR Head direction Output
45 54 HSEL Head select Output
46 55 HLOAD Head load Output
47 56 FRES Fault reset Output
48 57 LCT Low current Output
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SIGNAL DESCRIPTION

Power Supply, Clock

Vec1-Vo 4, Vi 1-V 3 (Power Supply): V_1, V_3,
Va4, V1 and V _3are the power and ground for the
logic area (+5V 5 %). V1 and V3 are connected
toground. V.2 and V_2 are the power and ground
for the internal VFO (+5 V +5 %). V2 is connected
to ground.

CLK (Clock): CLK is the 16 MHz clock input (19.2
MHz for 150 and 300 kbps).

MPU Interface

RESET (Reset): RESET sets the DREQ and IRQ sig-
nals high and sets all the other output signals low. It
forces DO-D7 into the input state.

E, RD (Enable, Read), R‘'W, WR (Read/Write,
Write): The functions of E, RD and R/W, WR de-
pend on the IFS input (table 2).

CS (Chip Select): CSselects the chip and enables the
read /write of the internal registers.

Table 1. Pin Functions (cont)

Pin No.
Type DP-48 FP-64 Symbol Pin Name Input/Output
FDC 4 62 SFORM Select format Input
Function 5 63 IFS Interface select Input
Switching 6 64 8"/5" 8"/5" mode select  Input
Others 2 60 NUM1 Not-user mode 1 Input
3 61 NUM2 Not-user mode 2 Input
27 1,2 NC No Connection
28 9,10
18, 19
29, 30
33,34
41-43
50, 51

Table 2. E, RD and R/VV, WR Function

Signal IFS Function
E, RD 0 RD Accepts the 80-series Read signal

1 E Accepts the 68-series Enable signal
R/W, WR 0 WR Accepts the 80-series Write signall

1 RW Accepts the 68-series Read/Write signal
762 @ HITACHI
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RS (Register Select): RS selects the internal register
on which an MPU read /write is performed (table 3).

D0-D7 (Data Bus): D0-D7 form the bidirectional 8-
bit data bus, enabled by read /write.

IRQ (Interrupt Request): IRQrequests data transfer
with the MPU in Non-DMA mode. It informs the
MPU that a READ, WRITE, or SEEK command has
been completed. When IFSis high, IRQ becomes an
open drain output.

DMA Control

DACK (DMA Acknowledge): DACK receives the
DMA acknowledge signal from the DMAC duringa
DMA transfer.

DREQ (DMA Request): DREQ requests the DMAC
to perform a DMA transfer.

DEND (DMA End): DEND receives the DMA end

signal from the DMAC and terminates the DMA
transfer .

FDD Interface

RDATA (Read Data): RDATA inputs the read data
signal from the FDD.

WGATE (Write Gate): WGATE outputs the write
control signal to the FDD.

WDATA (Write Data): WDATA outputs the write
data signal to the FDD.

LATE, EARLY (Late, Early): The LATE and EARLY
output the write precompensation control signals
used to advance or delay the write data before send-
ing it to the FDD.

US1, USO (Unit Select 1, 0): The US1 and USO unit
select outputs select the FDD.

A maximum of 4 FDDs can be selected by decoding
US1 and USO (table 4).

Table 3. RS Function

RS Register Selected Conditions
0 Status Register Read

Abort Register Write
1 Data Register Read/Write
Table 4. FDD Selection
USt uso FDD
0 0 FDD 0
0 1 FDD 1
1 0 FDD 2
1 1 FDD 3
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INDEX (Index): INDEX inputs the index signal
from the FDD.

TRKO (Track 0): TRKO inputs the track 00 signal
from the FDD.

FAULT (Fault): FAULT inputs the fault signal from
the FDD.

DSIDE (Double Sides): DSIDE inputs the double
sided signal from the FDD.

WPRT (Write Protect): WPRT inputs the write
protected signal from the FDD.

READY (Ready): READY inputs the ready signal
from the FDD.

STEP (Step): The STEP output moves the FDD
head.

HDIR (Head Direction): The HDIR output controls
the direction of FDD head movement. HDIR = 0
indicates outward direction (towards track 0), while
HDIR = 1 indicates inward direction.

HSEL (Head Select): The HSEL output selects the
FDD head.

HSEL =0 selects head 0, while HSEL =1 selects head
1.

HLOAD (Head Load): The HLOAD output directs
the FDD to load the heads onto the disk.

FRES (Fault Reset): The FRES output resets the
FDD fault status FF.

LCT (Low Current): The LCT output reduces the
FDD write current for inner tracks. After the SPEC-

IFY 1 command is issued, the most outer position of
the low current tracks is specified as track 43. For
tracks 2 this track, LCT = 1. A different most outer
track position can be specified by the SPECIFY 2
command.

FDC Function Switching

SFORM (Select Format): The SFORM input selects
the track format for formatting.

SFORM high selects IBM format, SFORM low selects
ECMA (ISO) format. SFORM is needed for format-
ting only. The FDC can read or write in either format
regardless of the SFORM input level.

IFS (Interface Select): The IFS input specifies the
host interface. IFS S defines the functions of pins8and
9 (E,RD and R/W, WR) as shown in table 2.

IFS = 0 for 80-series interface. IFS =1 for 68-series
interface.

8"/5" (8"/5" Mode Select):The 8" /5" input selects the
FDD type. It specifies the drive data rate depending
on the modulation method selected (table 5).

NUM1, NUM2 (Not-User Mode 1, 2): NUM1 and
NUM2 are not for user applications. They must be
tied to low.

NC (No Connection): NC pins require no connec-
tion.

Table 5. Drive Data Rate

8"/5" FM MFM

0 125 kbits/s 250 kbits/s
150 kbits/s (Now) 300 kbits/s (No®

1 250 kbits/s 500 kbits/s

Note: When CLK = 19.2 MHz
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FDC Block Diagram
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System Block Diagram
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Host Interface

This FDC can easily be interfaced to the 68- as well RSsignal (pin 12) is ignored, and DTR (data register)
as the 80-series 8-bit devices. IFS (pin 5) is used for is always accessed.
selecting between 68- and 80-series interfaces.

80 Series Interface (IFS = 0)
68 Series Interface IFS = 1)

QFP DIP
QFP DIP Pin4 Pin 8: RD
Pin4 Pin& E __ Pin5  Pin9: WR
Pin5 Pin9 R/W Pin24  Pin23 IRQ: CMOS output the same as
Pin24 Pin 23 (IRQ): Open-drain output the other output pins

Table 7 shows the data transfer signals.
For the 68-series interface only, the data flow direc-

tion controlled by R/W input (pin 9) is reversed
between DMA and Non-DMA transfers (table 6).

Here, DMA FDC access is by DACK signal (pin 11),
and Non-DMA FDC access is by CS signal (pin 10).
When the FDC is accessed by the DACK signal, the

Table 6. Data Transfer 68-Series

Mode DACK CS R/W E Data Transfer Direction
DMA 0 1 0 1 FDC — Main memory
0 1 1 1 Main memory ---------s-----— — FDC
Non- 1 0 0 1 Host — FDC
DMA 1 0 1 1 FDC — Host
Table 7. Data Transfer 80-Series
Mode DACK CS RD WR Data Transfer Direction
DMA 0 1 1 0 Main memory ---=------------- — FDC
0 1 0 1 FDC — Main memory
Non- 1 0 1 0 Host — FDC
DMA 1 0 0 1 FDC > Host
@ HITACHI 767
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Internal Registers

The host can access three registers: Data register
(DTR), status register (STR), and abort register
(ATR). These registers are selected by the RS signal
and read /write operations (table 8).

Status Register

The status register (figure 1) is a read-only register
which indicates the FDC status and also whether
each FDD selected by signals US0O and USI is cur-
rently performing a seek or recalibrate operation.

Bit 7 TXR (Transfer Ready): Bit 7 is set to 1 when
DTR is in the read/write enabled state and it is
cleared to 0 when data starts to be read or written by
the host.

Bit 6 DIR (Data Direction): Bit 6 indicates the data
transfer direction between the host and the FDC.
DIR = 0: The host writes data to the FDC.
DIR = 1: The host reads data from the FDC.
Bit 5 NDM (Non-DMA Mode): Bit 5 set to 1 indi-
cates that the FDC transfers data in Non-DMA
mode. But even when Non-DMA mode is selected
by commands SPECIFY 1 and SPECIFY 2, this bit is
cleared to 0, except during the execution of read/
write related commands.
Bit4 BSY (Controller Busy): Bit 4 is set to 1 when the
FDC cannot accept the next command because it is
decoding or executing a command. A new com-
mand, except for the ABORT command, must be
issued only when BSY = 0.

Table 8. Register Selection

RS Read/Write Selected Register
0 Read Status Register (STR)
Write Abort Register (ATR)
1 Read/Write Data Register (DTR)
STR
Bit 7 6 5 3 2 1 0

Symbols | TXR | DIR | NDM | BSY

D3S | D2S | D1S | DOS

Figure 1. Status Register
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Bit 0-3 D0S-D3S (Drivers 0-3 Seek): Bits 0-3 are set
to 1 when the FDD selected by signals US0 and US1
is executing a SEEK or RECALIBRATE command.
Bit 0 corresponds to FDDO and bit 3 to FDD3. Bits
DOS to D3S are 1's when the seek or recalibrate
command isissued. Evenifall of the step pulses are
output, these bits stay as 1's until the SEEK and RE-
CALIBRATE end status information is accepted by
the CHECK INTERRUPT STATUS command.

Abort Register

Abort register is a write-only register used exclu-
sively forthe ABORT command. ABORT command

is issued by writing HEX FF into this register. This
command is valid when the RESET signal is inactive
regardless of the state of the FDC. Values other than
HEX FF written into this register are ignored by the
FDC.

Data Register

Data register is a read/write register (actually a
stack of registers with only one connected to the data
bus at a time) which is used to receive commands
and command parameters, transfer data, and read
out result parameters.
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COMMAND DESCRIPTION
Command Description List READ LONG and WRITE LONG commands be-
come valid only after command SPECIFY 2 has been

This FDC supports 20 commands listed in Table 9. issued.

Table 9. FDC Commands

Commands Functions

READ DATA Reads data from any specified sector (s) except the deleted sector (s)

READ DELETED DATA Reads data from any specified sector (s) containing a data address
mark of F8

READ ERRONEOUS DATA Reads data from the first sector immediately after the index to the end
of track regardless whether there are errors or not

READ ID Reads the first errorfree ID encountered on a track

WRITE DATA Writes data to any specified sector (s) using a data address mark of FB

WRITE DELETED DATA Writes data to any specified sector (s) using a data address mark of F8

WRITE FORMAT Formats the track where the head is currently positioned

SEEK Moves the selectad FDD's head to a specified track

RECALIBRATE Moves the selected FDD's head to track 0

COMPARE EQUAL Compares the data read from the selected FDD with the data sent from

COMPARE LOW OR EQUAL the host according to the chosen command
COMPARE HIGH OR EQUAL

CHECK DEVICE STATUS Reads the selected FDD's status

CHECK INTERRUPT STATUS Reads the interrupt causes

SPECIFY 1 Specifies the FDC operating mode and sets up the various timers in
SPECIFY 2* the FDC

SLEEP* Sets the FDC to the low power dissipation mode

ABORT * Software reset command

READ LONG * Reads the CRC bytes as well as the data from a sector to the host
WRITE LONG* Wirites the CRC bytes as well as the data to a sector from the host

Note:  Commands marked with * are newly added commands which are unique to this FDC. Rest of the
commands are identical to other standard FDC commands.
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Command Code List

Table 10 lists the FDC commands and the corre-
sponding command codes.

Table 10. Command Codes

Command Codes

Commands D, D, D, D, D, D, D, D,
READ DATA MT MM SD O 0 1 1 0
READ DELETED DATA MT MM SD O 1 1 0 0
READ ERRONEOUS DATA 0 MM 0 0 0 0 1 0
READ ID 0 MM 0 0 1 0 1 0
WRITE DATA MT MM O 0 0 1 0 1
WRITE DELETED DATA MT MM O 0 1 0 0 1
WRITE FORMAT 0 MM 0 0 1 1 0 1
SEEK 0 0 0 0 1 1 1 1
RECALIBRATE 0 0 0 0 0 1 1 1
COMPARE EQUAL MT MM SD 1 0 0 0 1
COMPARE LOW OR EQUAL MT MM SD 1 1 0 0 1
COMPARE HIGH OR EQUAL MT MM SD 1 1 1 0 1
CHECK DEVICE STATUS 0 0 0 0 0 1 0 0
CHECK INTERRUPT STATUS 0 0 0 0 1 0 0 0
SPECIFY 1 0 0 0 0 0 0 1 1
SPECIFY 2 0 A H 0 1 0 1 1
SLEEP 0 0 0 0 1 1 1 0
ABORT 1 1 1 1 1 1 1 1
READ LONG MT MM SD 1 0 0 1 0
WRITE LONG MT MM O 1 0 1 1 0

MT: Multi Track
MT = 1 specifies read/write of multi tracks.
MM: MFM Mode
MM = 0 selects FM mode
MM = 1 selects MFM mode
SD: Skip DDAM
Sector with DDAM (deleted data address mark) is read or skipped depending on whether SD = 0 or
1. When SD = 1, sector with DDAM is skipped.

A: Auto precompensation

When A = 1, auto write precompensation is performed.
H: High speed seek

H = 1 selects high speed seek mode.
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Command Functions

READ DATA parameters specify the location of the data on the

disk. Multisector read is automatically performed.
The READ DATA command (figure 2) transfers Multitrack read can also be performed if specified.
data to the host from the disk. The command

Bit

Command Code
Command
Parameters

o
lo

fr
ép
oo
[« ‘U
i=
o

o

o

cC
wlo
o

X X x %4 HSL | US1
CA
HA
SA
RL

ESN
GSL
MNL
SSBoO
SSB1
SSB2
CA
HA
SA
RL

Resuilt
Parameters

slolalalalalalalalalalalale/x|<o
vvvvv‘vvvavv‘

Figure 2. READ DATA Command
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READ DELETED DATA HEX FB and HEX F8 are regarded as the deleted
data address mark and the data address mark, re-

The READ DELETED DATA command (figure 3) is spectively.

identical to the READ DATA command except that

Bit D, D, D, D, D, D, D, D,
Command Code MT| MM | SD 0 1 1 0 0
Command X X X X X HSL | US1 | USO
Parameters € CA >
4 HA —>
< SA >
4 RL »
- ESN .
4 GSL =
L MNL >
Result o SSBO -
Parameters < SSB1 -
< SSB2 .
4 CA 2
a4 HA .
< SA —
-4 RL >
Figure 3. READ DELETED DATA Command
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READ ERRONEOUS DATA

The READ ERRONEOUS DATA command (figure
4) reads the data starting from the first sector de-
tected after the index to the end of the track regard-
less whether there are errors present or not. Sectors
are read in the order, they occur after index pulse

detection, independent of CA, HA, SA and RL. The
SA byte of the command parameters is ignored and
HEX 01 is specified in the FDC at the start of the
command execution. Multisector read is performed

by incrementing SA by 1. Multitrack read cannotbe
specified.

Bit

w)

O
3

O
il
O
O
O

o

Command Code

O

O
O
o
-
o

Command

X X HSL |US1 |US

o

Parameters

CA

SA

RL

ESN

GSL

MNL

Result

SSBO

Parameters

SSB1

SSB2

CA

HA

SA

Y Y Y Y Y Y TS

viv[viveiv|YY VYV VY)Y

Figure 4. READ ERRONEOUS DATA Command
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READ ID has started to the host as result parameters CA, HA,

SA, and RL.

TheREADID command (figure5) transmits the first
error-free ID detected after the command execution

Bit D, D, D, D, D, D, D, D,
Command Code 0 MM 0 0 1 0 1 0
Command Parameters X X X X X HSL | US1 |USO
Result k. SSBo >
Parameters < SSB1 5
<4 SSB2 >
- CA >
4 HA —
= . SA >
< RL >

Figure 5. READ ID Command
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WRITE DATA current head position. Multisector write is auto-

matically performed. Multitrack write can also be
The WRITE DATA command (figure 6) requests the performed if specified.
data transfer from the hostand writesittoasectoron

a track specified by the command parameters at the

Bit

Command Code
Command
Parameters

lo

O
i
O
Kn
O
pe
o
jo
O
n
o| DO
~|O

X X X X HSL [US1 |U
CA
HA
SA
RL

ESN
GSLC
MNL
SSBO
SSB1
SSB2

)]
o

Result
Parameters

HA
SA
RL

A N T Y TNTREE

VvV VY[VR VYV VY VY

Figure 6. WRITE DATA Command
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WRITE DELETED DATA

The WRITE DELETED DATA command (figure7) is
identical to the WRITE DATA command except that
the following 1-byte and 4-byte deleted data ad-
dress marks are written in the FM and MFM mode,
respectively.

In FM mode
Data: HEX F8
Clock: HEX C7

In MFM mode
Data: HEX A1, HEX A1, HEX A1, HEX F8
Clock: HEX 0A, HEX 0A, HEX OA, HEX 03

Bit

O

o

Command Code

o

o
o
o
o
-lo

Command

x X HSL [US1

C
(7
o

Parameters

Result

Parameters

uumuauﬁax 2o

Lv‘vvvv‘#vv¢¢#

Figure 7. WRITE DELETED DATA Command
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WRITE FORMAT When an index pulse is detected, the write gate

signalisactivated to begin the formatting operation.
The WRITE FORMAT command (figure 8) formats

asingle track where the head is currently positioned
depending on the SFORM input (pin 4).

SFORM =1 : IBM format
SFORM = 0 : ECMA (ISO) format

Bit D, D, D, D, D, D, D, A

Command Code 0 MM 0 0 1 1 0 1

Command x X X X X HSL | USt1 | USo

Parameters < RL >
~ SCNT- >
- GP3L -
. DUD >
- SS >
- SS%\%2 L 2
4 SSB2 >

Result - CA 5

Parameters <@ HA >
< SA =
- RL -

Figure 8. WRITE FORMAT Command
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SEEK

In the SEEK operation (figure 9), a drive's head is
moved onto the track specified by the command
parameter's NCN (New Cylinder Number) byte.

RECALIBRATE

The RECALIBRATE command (figure 10) moves a
drive's head to track 0. Head movement speed is the
stepping rate (step pulse interval) specified by the

The stepping rate (step pulse interval) is specified SPECIFY command.

by the SPECIFY command.
Bit D, D, D, D, D, D, D, D,
Command Code 0 0 0 0 1 1 1 1
Command X X X X X X Us1 {USo
Parameters - NCN -
Result Parameters

Figure 9. SEEK Command

Bit D, D, D, D, D, D, D, D,
Command Code 0 0 0 0 0 1 1 1
Command Parameters X x X x X x UsSt1 |USO
Result Parameters —

Figure 10. RECALIBRATE Command
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COMPARE EQUAL searches for a sector on disk such that data from the

drive is equal to data from the host.
The COMPARE EQUAL command (figure 11)

Bit

Command Code
Command
Parameters

|0
i=
o
o
o
o
o

N
K>
N
N

o

=
<
2}
w)
-
o
o
o

X X X x HSL | US1
CA
HA
SA
RL

ESN
GSL
STEP
SSBO
SSB1
SSB2
CA
HA
SA
RL

[
o

S

Result
Parameters

000 84la[al01alnla[asla}x|<lo

LA AL AAAMMMA

Figure 11. COMPARE EQUAL Command
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COMPARE LOW OR EQUAL

from the drive is less than or equal to data from the

host.
The COMPARE LOW OR EQUAL command (fig-
ure 12) searches for a sector on disk such that data

Bit D, D, D, D, D D, D, D,

Command Code MT| MM | SD 1 1 0 0 1

Command X X X X X HSL | USt1 | USO

Parameters - CA >
<4 HA >
< SA >
<4 RL >
- ESN >
) GSL |
- STEP >

Result — SSBo —

Parameters 4— SSB1 5
4 SSB2 >
- CA >
— HA et
44— SA .
2 RL >

Figure 12. COMPARE LOW OR EQUAL Command
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COMPARE HIGH OR EQUAL from the drive is greater than or equal to data from

the host.
The COMPARE HIGH OR EQUAL command (fig-
ure 13) searchs for a sector on disk such that data

Bit D, D, D, D, D, D, D, D,

Command Code MT| MM | SD 1 1 1 0 1

Command X X X X X HSL | US1 | USo

Parameters — CA -
<4 HA 5
4 SA >
- RL >
- ESN >
- GSL |
- STEP —

Result 4 SSBO >

Parameters @ SSB1 -
s SSB2 —>
-— CA >
- HA >
4 SA —
4 RL —

Figure 13. COMPARE HIGH OR EQUAL Command
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CHECK DEVICE STATUS

The CHECK DEVICE STATUS command (fig-
ure 14) reads the status of a drive and sets it up
in SSB3 transfer to the host. HSL, US1and USO
bits of SSB3 are updated to contain exactly the
same values as the respective command pa-
rameter values. This command can also be
issued for a drive which is performing a seek or
recalibrate operation. If thecommand is issued
for a different drive than the one currently se-
lected, then its heads must be immediately
unloaded (HLOAD = 0).

CHECK INTERRUPT STATUS

The CHECK INTERRUPT STATUS command (fig-
ure 15) transfers to the host the causes of the inter-
rupt request made by the FDC, when the status
register value is HEX 8X (command waiting state).
There are two types of interrupt causes:

e SEEK or RECALIBRATE command has ended

normally or abnormally
e Ready signal has changed state since last polling

When the FDC does not have the Seek End (SED)
or Ready Inversion (CDS) status, issuance of the
CHECK INTERRUPT STATUS command is

treated as an INVALID command.

Bit D, D, D, D, D, D, D, D
Command Code o] 0 0 0 0 1 0 0
Command Parameters X x x x X HSL | US1 |USO
Resuit Parameters| <@ SSB3 —

Figure 14. CHECK DEVICE STATUS Command

Bit D7 D, D D, D, D, D, D,

Command Code 0] 0 0 0 1 0 0 0

Command Parameters

Result Parameters| <@ SSBO >
| - PCN >

Figure 15. CHECK INTERRUPT STATUS Command
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SPECIFY 1

The SPECIFY 1 command (figure 16) specifies the
stepping rate, head unload time, head load time,

and Non-DMA mode (or DMA mode).

If a SPECIFY 1 command is issued after a SPECIFY
2 command, the auto-precompensation and high-
speed seek modes specified under SPECIFY 2 com-
mand are reset, and the track position activating the
LCT signal is specified as track 43.

Bit D, D, D, D, D, D, D,
Command Code 0 0 0 0 0 1 1
Command STR HDUT
Parameters HDLT [NDM
Result Parameters

784

Figure 16. SPECIFY 1 Command
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SPECIFY 2

The SPECIFY 2 command (figure 17) specifies the
stepping rate, head unload time, head load time,
Non-DMA mode, low write current starting track
position, auto-precompensation mode, high-speed
seek mode, precompensation delays for auto pre-
compensation, and precompensation delay change
track number. Command parameter 1 is required
whenever this command is issued. Command pa-
rameter 2 is needed only when command code bit A
=1. When A =0, the FDC cannot accept this parame-
ter.

Auto-Precompensation Mode: When A =1, the

auto-precompensation mode is selected. In this
mode, the write data which has beenadjusted for the
PC1 or PCO specified precompensation delays is
output {(only in MFM mode), with the EARLY (pin
34) and LATE (pin 33) outputs fixed at low level.
When A = 0, auto-precompensation is not per-
formed, but the EARLY and LATE precompensa-
tion control signals are output (only in MFM mode).

High-Speed Seek Mode: When H = 1, the high-
speed seek mode is selected. This mode allows the
stepping rate to be set to a value ranging from1t0 16

ms in 1 ms increments in the 5" mode (8"/5" =low).
In the 8" mode (8"/5" = high), H has no meaning.

Bit D, D, D, D, D, D, D, D
Command Code 0 A H 0 1 0 1 1
Command STR HDUT
Parameter 1 HDLT |NDM
LCTK
Command PC1 | PCO
Parameter 2 PCDCT
Result Parameter
Figure 17. SPECIFY 2
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SLEEP

The SLEEP command (figure 18) allows the FDC to
dissipate lower power.
When the FDC receives this command,

1. HLOAD (Head Load) is set low,
2. USO and USI are set high,

and the SLEEP mode is entered. In this mode, no
drive polling is performed.

In the SLEEP mode, the FDC's status register is set to
HEX 80 indicating that the FDC is in the command
waiting state. When the FDC receivesa command in
the SLEEP mode, it automatically releases the
SLEEP mode and executes the command.

Power dissipation can be reduced by halting the
FDC clock after saving the status conditions gath-
ered immediately before the SLEEP mode is en-
tered.

ABORT

The ABORT command (figure 19) resets the FDC by

software.

Note: This command is issued by writing it into the
abort register (ATR), and holding RS = 0.

The abort register can be accessed at any time, irre-
spective of the FDC state, except when the RESET
input signal is active.

When the FDC receives the ABORT command:

1. FRES,HLOAD, STEP, EARLY, LATE, WDATA,
and WGATE signals are set to low level.

2. DREQ and IRQ signals are set to high level

3. Status register (STR) is set to HEX 80 and the
drive polling starts.

This command cannot reset FDC's cylinder num-
bers or the values specified by the SPECIFY com-
mand. However, when the ABORT command is
issued during the execution of a SEEK or RECALI-
BRATE command, the cylinder number is the value
set by the SEEK or RECALIBRATE command, al-
though the remaining step pulses are no longer
generated. Thus, in such a case, a RECALIBRATE
command must be issued before the next command
is issued.

Bit D, D, D, D, D, D, D, D,
Command Code 0 0 0 1 1 1 0
Command Parameters
Result Parameters e —

Figure 18. SLEEP Command
Bit D, D, D, D, D, D, D,
Command Code 1 1 1 1 1 1 1

Command Parameters

Resuit Parameters

Figure 19. ABORT Command
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READ LONG the 2-byte CRC information as well as the data read

from a sector to the host.
The READ LONG command (figure 20) transfers

Bit
Command Code

Command
Parameters

o
o
o
o
o
o
o

[
ko
N

o

=
=
[}
)
-
o
o
o

x x x X HSL | US1 | US
CA
HA
SA
RL

ESN
GSL
MNL

SSBO

SSB1

SSB2
CA

o

Resuit
Parameters

SA
RL

T RES

vvvhv$vvvvvvvv

Figure 20. READ LONG Command

@ HITACHI 787

Power ed by |1 Cminer.com El ectronic-Library Service CopyRi ght 2003



HD63265

WRITE LONG disk the 2-byte CRC information as well as the data

sent from the host.
The WRITE LONG command (figure 21) writes to a

Bit

Command Code
Command
Parameters

o
I
o
o
o
o
O

N
=]

<
<
(o]
-
o
—

-
o

X X X % HSL | US1
CA
HA
SA
RL

ESN
GSL
MNL
SSBo
SSB1
SSB2
CA
HA
SA
RL

C
0
o

Result
Parameters

Y Y Y Y Y YR
ULAA A

Figure 21. WRITE LONG Command
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INVALID

The FDC processes the following cases as an INVA-

LID command (Figure 22):

¢ Undefined command codes are written into the
data register (DTR).

e HEX FF is written into DTR as a command.

e Issuing the CHECK INTERRUPT STATUS com-
mand when FDC has no Seek-end or Ready Inver-
sion status informations.

SSBO of the result parameter is HEX 80.

The following codes are not considered as INVA-

LID commands after the SPECIFY 2 command has

been issued:

HEX 10, 13, 14, 15, 17, 18, 1A, 1B, 1C, 1F, 57, 58
Consequently, if any of these codes is written into
the FDC as a command, the FDC will malfunction.
The ABORT command can be used to bring the FDC
to the command waiting state, but the internal RAM
contents may be destroyed.

To prevent this a SPECIFFY command followed by
the RECALIBRATE command must be issued be-
fore any other command is issued. Do not write
these codes into FDC as a command at SPECIFY 2
mode.

Bt p,[ b, [b [b [0 o [D [D

Command Code

4——— INVALID Codée — ——P>

Command Parameters

Result Parameters| <@

SSBo

Figure 22. INVALID Command
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COMMAND PARAMETERS

HSL-US: Head Select-Unit Select address.
CA range: 0 to 255
US0 and USI bits (figure 23) specify the FDD that
performs the command. HA: Head Address
HSL specifies theread / write head to beused. When
SEEK and RECALIBRATE commands are issued, HA (figure 25) specifies a sector's or track's head
HSL has no meaning. address as O or 1.

CA: Cylinder Address
CA (figure 24) specifies a sector’s or track’s cylinder

D7 DG DS 4 DS DZ Dl DO
X X X X X HSL US1 uso
x:  Don‘tcare
HSL: Head Select
US1:  Unit Select 1
USO:  Unit Select 0
Figure 23. Head Select-Unit Select
D7 l DG | DS I D4 I DG ] DZ ’ D1 [ DO
- Cylinder Address =
Figure 24. Cylinder Address
D, D, D, D, D, D, D, D,
0 0 0 0 0 0 0 HA
Figure 25. Head Address
790 @ HITACH!
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SA: Sector Address

RL: Record Length

SA (Figure 26) specifies a sector's address (sector RL (figure27) specifies the sector length using a 3-bit

number). binary code.
SA range: 1 to 255 Using values 0 to 6, different sector lengths are
specified as in table 11.
D, . | o | o, | o, | o, | b | D
-- Sector Address - g
Figure 26. Sector Address
D7 6 DS D4 Da D2 l D1 | DO
0 0 0 0 0 <«@—— Record Length——»
Figure 27. Record Length
Table 11. Record Length
RL Sector Length
0 128 Bytes/sector
1 256 Bytes/sector
2 512 Bytes/sector
3 1024 Bytes/sector
4 2048 Bytes/sector
5 4096 Bytes/sector
6 8192 Bytes/sector
@ HITACHI 791
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ESN: End Sector Number

ESN (figure 28) specifies the sector number of the
last sector on the track.

This number need not be the same as the actual
(physical) last sector number.

Read /Write access starts from the sector specified
by SA, continues to and ends with the sector speci-
fied by ESN on the same track. However, if DEND
signal is received during this time, the access termi-
nates immediately.

ESN range: 1 to 255. However, for COMPARE
commands, the range is 1 to 253.

GSL: Gap Skip Length

GSL (figure 29) specifies the number of bytes
skipped in between sectors as GAP3.

MNL: Meaning Length

To access part of a sector, MNL (figure 30) specifies
the byte count of data to be accessed. This function
is valid only for sectors with RL = 0 (128 bytes/
sector).

Values from 0 to 255 can be set for MNL. If a value
exceeding 128 (HEX 80) is specified, it is treated as
128, and the entire sector is accessed. When sectors
with RL # 0 are accessed, MNL has no effect.

D7 I DS ] DS I D4 I D3 | DZ I D| l DO
@ End Sector Number .
Figure 28. End Sector Number
l)7 I DG l DS I D4 l D3 I D2 ' D1 1’ DO
- Gap Skip Length .
Figure 29. Gap Skip Length
D7 I DG ! DS l 04 l 03 | DZ —l D1 I DO
- Meaning Length o5

Figure 30. Meaning Length
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SCNT: Sector Count

SCNT (figure 31) specifies the sector count for for-
matting a track.

SCNT range: 1 to 255

GP3L: Gap 3 Length

GP3L (figure 32) specifies in bytes the GAP3 length

used in formatting a track.
GP3L range: 1 to 255

DUD: Dummy Data
DUD (figure 33) specifies thedummy data patternto

be written into a sector's data area when formatting.
DUD range: 0 to 255

o, | o, | o, | o, | b, | b, [ D | D
- Sector Count L
Figure 31. Sector Count
o, | oo | o, | o, | o, | b, | b | oD
- Gap 3 Length -
Figure 32. Gap 3 Length
ob | o, | oo | o, [ b, | b, | D | D
-- Dummy Data -

Figure 33. Dummy Data
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STEP: Step

STEP (figure 34) specifies the sector increment for
incrementing the sectors whose data is to be com-
pared byte-by-byte with the data sent from the host
using a COMPARE command.

STEP = 1: Data from contiguous sectors is used

for comparison.

STEP = 2: Data from alternate sectors is used for

NCN: New Cylinder Number

NCN (figure 35) specifies the cylinder number to
which the head is to be moved.

NCN range: 0 to 255.

STR-HDUT: Stepping Rate-Head Unload Time

STR-HDUT (figure 36) is a one-byte code in which

comparison. the upper 4 bits represent STR (stepping rate) and
the lower 4 bits represent HDUT (head unload
time).
D7 DS D5 D4 3 DZ D| DO
0 0 ] 0 0 0 STEP
Figure 34. Step
o, | o | oo [ b [ Db | Db | b | b
= New Cylinder Number -
Figure 35. New Cylinder Number
p, | o, | o, | b, o, | o, | b, | D
-@————— Stepping Rate < Head Unload time —————8»

Figure 36. Stepping Rate-Head Unload Time
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STR: STR specifies the step pulse interval (stepping values 1 to 15, different stepping rates are specified
rate) for the seek and recalibrate operations. Using as in table 12.

Table 12. Stepping Rates

Values Stepping Rate (ms)
(Decimal) 8"/5" = 1 or high-speed seek 8"/5" = 0 and high-speed seek
mode Is selected mode is not selected
(o] 16 32
1 15 30
2 14 28
3 13 26
4 12 24
5 11 22
6 10 20
7 9 18
8 8 16
9 7 14
10 6 12
11 S5 10
12 4 8
13 3 6
14 2 4
15 1 2
CLK = 16 MHz
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HDUT: HDUT specifies the time to wait from the HDLT-NDM: Head Load Time-Non-DMA Mode

completion of the head-load associated command

execution before deactivating the head load signal. The upper 7 bits of HDLT-NDM (figure 37) denote
Using values 0to 15, different head unload timesare HDLT (head load time) while the lowest bit denotes

specified as in table 13. NDM (Non-DMA mode).

Table 13. Head Unload Times

Set Values Head Unload Time (ms)
(Decimal) 8"/5" =1 8"/5" =0
0 0 0
1 16 32
2 32 64
3 48 96
4 64 128
5 80 160
6 96 192
7 112 224
8 128 256
9 144 288
10 160 320
11 176 352
12 192 384
13 208 416
14 224 448
15 240 480
CLK = 16 MHz
o, [ o, [ o, [ b, [ b, [ b, | D D,
< Head Load Time & NDM

Figure 37. Head Load Time-Non-DMA Mode
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HDLT: HDLT specifies the time to wait from setting
the head load signal active to start the command
execution. When specifying HDLT, an allowance
for head settle waiting time should be made also.
Using values 0 to 127, different head load times are
specified as in table 18.

NDM: NDM specifies if DMA or Non-DMA mode
is used for transferring data between the FDC and
the host.

NDM = 0: DMA mode
NDM = 1: Non-DMA mode

LCTK: Low Current Track

LCTK (figure 38) specifies the cross-over track
number beyond which the LCT signal (pin 48) be-
comes active in SPECIFY2 mode. With LCTK set to
a value ranging from 1 to 255, the LCT signal be-
comes active for tracks exceeding the LCTK value.
With LCTK set to 0, the LCT signal is inactive at
every track.

Table 14. Head Load Times

Set Values Head Load Time (ms)
(Decimal) 8"/5" =1 8"/5"=0
0 0 0
1 2 4
2 4 8
3 6 12
4 8 16
5 10 20
6 12 24
7 14 28
8 16 32
I I I
I | I
i J d
124 248 496
125 250 500
126 252 504
127 254 508
CLK = 16 MHz
p, | o, | b, [ b, o, | o, | b | D,
- Low Current Track . -

Figure 38. Low Current Track

@ HITACHI

Power ed by |1 Cminer.com El ectronic-Library Service CopyRi ght 2003

797



HD63265

PC1, PCO: Precompensation Delay 1, 0

PC1 and PCO (figure 39) specify the amount of
precompensation delays for the auto precompensa-
tion mode (table 15). PCO specifies the delay for the
outer tracks (smaller track numbers) and PC1 speci-
fies the delay for the inner tracks (larger track num-
bers). The FDC switches between PC0 and PC1

automatically depending on the head position. The
switch-over track position is specified by PCDCT.
Maximum programmable values for PC1 and PC 0
are

¢ HEXCin5"mode

e HEX6in 8" mode

Values exceeding the above limits may cause mal-
function.

D,IDEJDS]D4

-————— PCl ——— |

Figure 39. Precompensation Delay 1, 0

Table 15. Precompensation Delay

Delay (ns)

PC1, PCO CLK=16 MHz CLK=19.2 MHz
HEX 0 0 0

HEX 1 62.5 52.1

HEX 2 125 104.2

| ! I

! I [

I I |

| I |

I I I

I I I
HEX 6 375 3125

I | I

| ! I

! ! |

| I I

I I !

I I !
HEX B 687.5 572.9
HEX C 750 625
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PCDCT: Precompensation Delay Change Track

PCDCT (figure 40) specifies the track where the
precompensation delay amount is changed in the
auto precompensation mode. For tracks with a
number equal to or larger than PCDCT, the delay
amount is specified by PC1, and for tracks with a
smaller number, the delay is specified by PCO.
PCDCT range: 1 to 255

RESULT PARAMETERS

CA, HA, SA, and RL: Cylinder Address, Head
Address, Sector Address, Record Length

CA,HA, SA, and RL are provided as command exe-
cution results and their values depend on the com-
mand type and how the command execution ended,
with or without errors.

Figure 40. Precompensation Delay Change Track
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SSBO: Sense Status Byte 0

INC (Interrupt Code) : INC (figure 41) indicates the
cause of an interrupt request (table 16).

SED (Seek End): SED is set to 1 at the completion of
SEEK and RECALIBRATE commands.

DER (Drive Error): DER is set to 1 when the fault
signal is active during or at the completion of write
related command execution, and when the track 0
signal cannot be detected from a drive to which 255
step pulses were applied during a RECALIBRATE
command execution. .

DNR (Drive Not Ready): DNRis set to 1 when a low
level ready signal is detected from a drive at the start
ofor during the execution of drive access commands
other than the CHECK DEVICE STATUS command.
HSL (Head Select): HSL indicates the head selected

at the completion of command execution. In re-
sponse to the CHECK INTERRUPT STATUS com-
mand, a zero is returned.

US1, USO (Unit Select 1, 0): US1 and USO indicate the
drive number selected at the completion of a com-
mand execution or the one that caused an interrupt
request.

SSB1: Sense Status Byte 1

NDE (No DMA End): NDE (figure 42) is setto 1 if the
DEND signal is not received active even after thelast
sector data has been transferred with a read /write
related command. The last sector is determined
depending on the MT (multi track) bit value as
follows:

Table 16. Interrupt Code

Code
D7 D6 Symbol Code Name Meaning
0 0 NOR Normal End Command normally ended
0 1 ABE Abnormal End Command abnormally ended
1 0 IVC Invalid Command Issued command is invalid
1 1 CcDs Change in Ready signal level from a drive is
Drive Status inverted compared to the last time
it was polled
D, D, D, D, D, D, D, D,
INC SED DER DNR HSL us1 uUSo
Figure 41. Sense Status Byte 0
D, D, D, D, D, D, D, D,
NDE 0 CER DOR 0 INF WPM ANF
Figure 42. Sense Status Byte 1
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e MT =0: Thelast sector is specified by the ESN (end
sector number) byte on the track of the side speci-
fied as part of the command parameters.

e MT =1: Thelast sectoris specified by the ESN byte
but always corresponds to the track on side 1.
CER (CRC Error): CER is set to 1 when a CRC error
is detected in the ID or data field. READ ID com-
mand does not have any effect on this bit. For CRC
errors in the ID field, only the CER bit is set to 1. For
CRC errors in the data field, the CDF bit of SSB2 as

well as the CER bit are set to 1.

DOR (Data Overrun); DOR is set to 1 if the host

cannot complete data transfer requested by the FDC

within a specified time to satisfy the FDC data
throughput requirements. For details, see section

6.5, "Command Functions".

INF (ID Not Found): The meaning of INF depends

on its context.

1. In READ DATA, READ DELETED DATA,
READ LONG, WRITE DATA, WRITE DE-
LETED DATA, WRITE LONG, and COMPARE
commands: INF is set to 1 if the sector number
(CA, HA, SA, RL) specified by a command pa-
rameter or updated during a multisector read /

write operation cannot be found by the time
three index pulses are detected.

2. In READ ID command: INF is set to 1 when an

address mark in the ID field was detected but a
CRC error-free ID was not found by the time
three index pulses were detected.

3. In READ ERRONEOUS DATA command: INF

is setto 1ifID data in the FDC does not match the
ID found.

WPM (Write Protected Medium): WPM is set to 1
when an active write protected signal is detected at
the start of write related command execution.
ANF (AM not Found): ANF is set to 1 if no ID
address mark is detected by the time three index
pulses are detected. ANF as well as the NAM bit of
SSB2 are set to 1 when no address mark (data
address mark or deleted data address mark) is de-
tected in the data field within 1 ms after the desired
ID was found, or when the first data other than HEX
00 found after the desired ID and at least 4 bytes
(FM mode) or 5 bytes (MFM mode) of HEX 00 were
detected is not AM.
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SSB2: Sense Status Byte 2

DDA (Deleted Data Address Mark): DDA (figure
43) is set to 1 when a deleted data address mark is
detected. In executing the READ DELETED DATA
command, however, itis setto 1 whena normal data
address mark is detected.

CDF (CRC Error in Data Field): CDF is set to 1 if a
CRC error is detected in the data field.

CAU (Cylinder Address Unmatch): CAU is setto 1
when the disk ID's CA byte does not match the
command parameter's CA byte, except when the
disk ID's CA byte is HEX FF. However, CAU is not
set by the READ ERRONEOUS DATA command.
CCS (Compare Condition Satisfied): CCSis set to 1
when the equal condition is satisfied while execut-
ing a COMPARE command.

CNS (Compare Condition Not Satisfied): CNS is set
to 1 when the specified compare condition is not
satisfied while executing a COMPARE command.
BDC (Bad Cylinder): BDC is set to 1 when the CA

byte read from the disk does not match the com-
mand parameter's CA byte and also when the read
CA byte is HEX FF. However, BDC is not set by the
READ ERRONEOUS DATA command.

NAM (No Data Address Mark): NAM is setto 1if no
address mark (data address mark or deleted data
address mark) is detected in the data field within 1
ms after the desired ID was found, or when the first
data other than HEX 00 found after the desired ID
and at least 4 bytes (FM mode) or 5 bytes (MFM
mode) of HEX 00 were detected is not AM.

SSB3: Sense Status Byte 3

1) FLT,WPT, RDY, TRZ, and DSD: Sense bits FLT,
WPT, RDY, TRZ, and DSD indicate the status of
the drive specified in the CHECK DEVICE
STATUS command.

2) HSL, US1, and USO: Sense bits HSL, US1, and
USO have the same values as HSL, US1, and USQ
of the command parameters.

0 DDA CDF CAU

CCs CNS BDC NAM

Figure 43. Sense Status Byte 2

D D D D

7 6 5 4

D D D D

3 2 1 [

FLT WPT RDY TRZ

DSD HSL US1 uso

FLT: Fault DSD: Double Sided
WPT: Write Protected HSL: Head Select
RDY: Ready US1: Unit Select 1
TRZ: Track 0 USO0: Unit Select 0
Figure 44. Sense Status Byte 3
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PCN: Physical Cylinder Number

PCN (figure 45) represents the physical address of
the drive head position stored in the FDC (physical
number of the track where a head is currently
placed). If a SEEK or RECALIBRATE command
ends abnormally, the PCN value may not match the
head's current physical address. When the FDC is
reset, the PCN values for all four drives are set to
HEX 00. Accordingly, drives with an auto-recali-
brate function (a function which automatically
moves the heads onto track 0 at power on) do not
require the RECALIBRATE command to be issued
after the power on reset. The lower two bits of SSB0
read last indicate which drive the PCN value be-
longs to.

ISSUING COMMANDS

Writing Command Codes

Command can be issued by writing the desired
command codes into the FDC. The status register

must be read before issuing a command.

The FDC is ready to accept commands when the
status register bits are as shown in figure 46.

When any of the DOS to D3S bits are set to 1:

1. CHECK DEVICE STATUS command and
CHECKINTERRUPT STATUS command can be
issued for all four drives. However, CHECK
INTERRUPT STATUS command is treated asan
invalid command when the FDC has no SEEK
end and no READY inversion status.

2. SEEK and RECALIBRATE commands can be is-
sued only for drives whose corresponding D0S
to D3S bits are zeros.

Commands other than CHECK related and SEEK

related commands can be issued when the status

register value equals HEX 80.

An ABORT command can be issued independent of

the status register value.

When a command codeis written, the status register

is set as shown in figure 47 and the FDC begins to

decode the command.

If the Data Register is read in the command waiting

state, the FDC will malfunction since the FDC con-

siders it as a command issue. So, during command
waiting state, do not attempt to read the Data Reg-
ister.

o, | o, | b, | b,

o, | o, | b | D,

<} Physical Cylinder Number L

Figure 45. Physical Cylinder Number

TXR DIR NDM BSY

D3S D2S D1S Dos

Figure 46. Status Register Before Issuing a Command

TXR DIR NDM BSY

D3s D2S D1S Dos

Figure 47. Status Register After Issuring a Command
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Writing Command Parameters

At the completion of command code decoding, for
commands requiring command parameters, the
FDC sets the status registeras shownin figure48and
wait for command parameters.

TXR bit is cleared to zero every time a command
parameter byte is received.

When the FDCis ready to receive the next command
parameter bytethe TXR bitisagain settooneand the
next byte is transferred. After all the command
parameter bytes have been received, no more trans-
fer requests are made.

Transferring Data

Data transfer is performed during command execu-
tion in response to an FDC request. Data transfer
requests are made by setting the IRQ signal activein
Non-DMA mode or the DREQ signal activein DMA
mode. Status register contents for both types of data
transfer requests are shown in figure 49. Once data
transfer begins, theIRQ and DREQ signals are made
inactive and the TXR bit is cleared to zero.

TXR DIR NDM BSY

D3S D2S D1S DoS

Figure 48. Status Register Waiting for Command Parameters

Read request in Non-DMA mode

TXR DIR NDM BSY

D3S D2S D1S DoS

1 1 1 1

Write request in Non-DMA mode

TXR DIR NDM BSY D3S D2S D1S Dos
1 0 1 1 0 0 0 0
Read request in DMA mode
TXR DIR NDM BSY D3s D2S D1S DoS
1 1 0 1 0 0 0 0

Write request in DMA mode

TXR DIR NDM BSY

D3s D2S D1S DoS

1 0 0 1

Figure 49. Status Register Contents for Various Data Transfer Requests
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Transferring Result Status

For commands having a resutlt status, the FDC re-
quests the host to accept the result parameter bytes
at the completion of the command execution.
Commands which have no result status are SEEK,
RECALIBRATE, SPECIFY1, SPECIFY2, SLEEP, and
ABORT. Commands which cause the statusregister
to be set up as shown in figure 50 and request the
host to accept the result parameters are: CHECK
DEVICE STATUS, CHECK INTERRUPT STATUS,
and INVALID.

The above commands do not activate the IRQ signal
in order to transfer the result parameters.

After one byte of the result parameters has been
transferred, TXR and DIR are cleared to zero. When
the next byte of the result parameters is ready to be
transferred, it is loaded into the data register. Then
both the DIR and TXR bits of the status register are
set to 1 requesting the host to accept the new pa-
rameter byte. After the last byte of the result para-
meters has been transferred, some dummy data is
loaded into the data register, TXR is set to 1and BSY
is cleared to O to enter the command waiting state
(DIR remains zero).

For all the other commands, the result status trans-

fer is performed by setting the IRQ signal activeand
the status register as shown in figure 51. The IRQ
signal is active only when the first byte of the result
parameters is transferred, and becomes inactive
after that.

The first byte of the result parameters is transferred

according to the following sequence of operations.

¢ IRQ signal is set active

e DIR bitisset to 1

® Result parameter byte is loaded into the data
register

e TXRbitissetto1

e FDC waits for the result parameter byte to be
transferred

¢ Host reads the result parameter byte and TXR bit
is reset to 0.

¢ DIR bit is reset to 0.

* IRQ signal is set inactive.

Theremainingbytes aretransferred in the same way

except that the IRQ signal is not activated again.

After the last byte of the result parameters is trans-

ferred, some dummy data is loaded into the data

register, TXR is set to 1 and BSY is cleared to 0 to

enter the command waiting state (DIR remains

zero).

TXR DIR NDM BSY

D3s D2S D1S DoS

Figure 50. Status Register Requesting Result Parameter Transfer (No IRQ)

TXR DIR NDM BSY

D3S D2S Di1S DoS

Figure 51. Status Register Requesting Result Parameter Transfer (with IRQ)
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DRIVE POLLING

This FDC performs drive polling every 1 ms (actu-
ally 1.024 ms) in 8" mode and every 2 ms (2.048 ms)
in 5" mode during command waiting. During sleep
and head loading, no polling is performed. Polling
and seek operation (step pulse output) are per-
formed concurrently.

USOand US1 signals are changed (figure 52) and the
Ready signals of all four drives are polled (figure
53). During this time, a step pulse is issued to the
drive requiring it (figure 53). When high speed seek
mode is specified using SPECIFY 2 command, 1 ms
polling is performed even in 5" mode.

@————— 1024 psec, 2048 psec ———P>
(8" mode), (5" mode)

uso

ust

128 psec, 256 usec
(8" mode), (5" mode)

CLK = 16 MHz

Figure 52. Drive Selection Timing during Polling

uso, 1

STEP

\ B

g

<

Ready signal is
Polled

16 psec, 32 pusec
(8" mode), (5" mode) '

16 psec, 32 usec
(8" mode), (5" mode)

CLK =16 MHz

Figure 53. Ready Signal Polling and Step Pulse Output Timing
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During polling , if the ready signal level is inverted

compared to the last time it was polled:

¢ INC (interrupt code) bits of SSB0 are set to CDS
(Change in Drive Status) code,

» US1 and USO bits of SSB0 are updated to the drive
number whose ready signal is inverted, and

¢ IRQ signal is set active to request the host to issue
CHECK INTERRUPT STATUS command.

Also, when a drive completes a seek operation, IRQ

is set active to make a request for CHECK INTER-

RUPT STATUS command.

When a CHECK INTERRUPT STATUS command

request source is accepted from the FDC by the

CHECK INTERRUPT STATUS command, if thereis

no Seek-End status information in the FDC, the next

command request is not generated even if the Ready
Signal Inversion status information is present.

However, when the CHECK INTERRUPT STATUS
command is issued, the command is not treated as
the INVALID command; the Ready Signal Inver-
sion status information can be accepted. When
Ready Signal Inversion is detected while the IRQ
signalisinactive, the CHECK INTERRUPT STATUS
command is requested by activating the IRQ signal.

If the FDC has statuses for more than one CIS com-
mand request, it returns FDD statuses to the host
each time a CIS command is issued, starting at the
lowest-numbered FDD's status.

Fpc  |FDDO{READY inversion [ -

internal FDD1]| SEEK end -

status |FDD2/READY inversion T -

FDD3 — | READY inversion [ -
TRQ does not become active IRQ set by FDD3's READY
; inversion
IRQ

FDDO FDD1 FDD2 FDD3
status status status status
return return return return

CIS: CHECK INTERRUPT STATUS command

Figure 54. FDD status returning order and IRQ output
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Internal Circuit Specification

VFO Circuit FM mode: 125, 150, 250 kbps
MFM mode: 250, 300, 500 kbps
¢ Analog PLL type VFO circuit

¢ Adjustment free and high accuracy with opti- To synchronize to the data transferred at 150 kbpsin
mized PLL loop gain and stabler circuits FM mode or 300 kbps in MFM mode, a 19.2 MHz
* No adjustment required clock must be input to CLK pin with 8"/5" pin tied
e Selectable data synchronization rate low.
~nv
RDATA
<< > 30 RDATA
L
»| PFC | CHP |d—
L 29 Vee2
<4——e— DIV [€¢———- VCO (<49
Stabilizer
27 NC
PFC: Phase Frequency Comparator
CHP: Charge Pump
VCO: Voltage Controlled Oscillator A
DIV: Divider
Figure 55. Internal Block Diagram
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WRITE PRECOMPENSATION CIRCUIT

e Digital precompensation circuit

¢ Delay time programmable by software

¢ Delaytimeindependently selectable forinner and
outer tracks

¢ Outer to inner switchover track specifiable

e When auto-precompensation mode is not se-
lected by command SPECIFY 2, the precompensa-
tion control signals (EARLY, LATE) are output.
When auto-precompensation mode is selected,
the control signals are not output; EARLY and
LATE are fixed at low level.

¢ Delay time programmable by 62.5 ns increments
(Note)

e Auto-precompensation and precompensation
control signals are output in MFM mode only
¢ Range of delay time programmable (in MFM
mode)
250 kbps: 0—-750 ns
300 kbps: 0-625 ns (Note)
500 kbps: 0-375 ns
When a value beyond this range is specified, FDC
may malfunction.

Note: CLK = 19.2 MHz delay time program-
mable by 52.1 ns increments at 300 kbps.
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Track Format

SFORM =1 IBM Format

INDEX [ Jﬂf r
: l@—— ONESECTOR

GAP4| GAPo| sync| ixm|car1] syncliam CAIHAISARL MMPZISW4DAN4 DATAlcné|GAP3 GAP
¢/
CODE 1 ex [ 00 | re| er|oored Wl w | W] w)lw] & [ oo| FBl W) | (a
F | HEX) VWY (WA FF Fal WA | F | cecrors | FF
LENGTH
M (BYTE) 40| 6 1126|611 111|216} 1]U)| 2 }|(U repeated
CODE B
M| x| 4| 00 | 2| re|ag| oo |at1] FE[ W | ||| @] 4 | oo [ar| BB wi|mfae| | e
F [TENGTH
M| @yt [80| 12| 3 [ 1]so[12faf1]| 1] 1]|1}1]|2]22f12] 3] 1]uf 2|V

SFORM=0  ISO Format

INDEX [ ] [ 1
) /4 )
r : nd ONE SECTOR > : .
I IGAP4 GAP1| SYNC]!AM |CA|HAl SA| RL{CRCIGAP2] SYNC]DAM DATA|CRC|GAP3 ” GAP4 ’
4 77 7
CODE EB*
FF | 00 | FE*| (U)] (U] (U)| (V)] (A)| FFjOO | (U A)| FF FF
e | mExy O] O] || @ rar | | A SECTORS
M Lg;‘,?g et f1]1]1]1] 2]|11]se]1 || 2] ]| repeated
g%g 46| oo | At FElU) | (W W] W) }A)] 4E| 00| A1 g’ ) [(A)]4E 4E
F 'LENGTH
@yTE) |32 |12 3 [t r]2]22|12f3] 1|W|2]|V
(U) : User programmable CA : Cylinder Address IXM : Index Mark
(A) : Automatically calculated HA : Head Address IAM : ID Address Mark

SA : Sector Address DAM: DATA (Deleted Data) Address Mark
RL : Record Length

GAP4 Length extends from the end of GAP3 in the last sector to the next index pulse.
Codes marked asterisk (*) indicate that a code contains missing ciock.
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Absolute Maximum Ratings

Item Symbol Rating Unit
Supply Voltage Ve (Note 1) —-03t0+7.0 \
Input Voltage Vin (Note 1) —-03to Vcc +03 V
Allowable Qutput Current |15 (Note 2) 5 mA
Total Allowable Output Current |Zl 5] (Note 3) 80 mA
Operating Temperature TDpr Oto+ 70 °C
Storage Temperature Tstg —55to+ 150 °C

Notes: 1. This value is in referencs to Vss =0V

2. The allowable output current is the maximum current that may be drawn from, or flow out to, output

terminal or one input/output common terminal.

3. The total allowable output current is the total sum of currents that may be drawn from, or flow out
to, output terminals or input/output common terminals.

4. Using an LS| beyond its maximum ratings may result in its permanent destruction. LSI's should
usually be used under recommended operating conditions. Exceeding any of these conditions may

adversely affect its reliability.

Recommended Operating Conditions

ltem Symbol Min Typ Max Unit
Supply Voltage Vcc (Note) 475 5.0 5.25 \Y
Input Low Level Voltage vV, (Note) 0 - 0.8 \Y
Input High Level Voltage VIH (Note) 22 - Vee Vv
Operating Temperature Top . o] 25 70 °C
Note: This value is in reference to Vg =0V
|
|
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Electrical Characteristics

DC Characteristics

(Ve =5.0V£5%, Vgg=0V, T, =0 to + 70 °C unless otherwise noted)

Measuring Limits
Item Symbol Conditions Min Max Unit
Supply Veel-Vect Vee 4.75 5.25 Vv
Voltage
Input High Level All Inputs VIH 2.2 Vcc \Y
Voltage
Input Low Level All Inputs VIL -0.3 0.8 \Y
Voltage
Input Leak All Inputs lin Vi,=0to V. -25 25 pA
Current except
Do-D7
Three State (Off Do-D7 ITSI Vin =04to Vcc -10 10 HA
State) Input
Current
Output High All Outputs Vou Iy =—400 pA 24 - \
Level Voltage except IRQ
when
IFS =1
Output Low All Outputs Vau oL = 1.6 mA - 0.5 \
Level Voltage
Output Leak IRQ when on Vou = Vee - 10 A
Current IFS = 1
(Off State)
Input All inputs Cin V,,=0V, - 15 pF
Capacitance and T,=25°C
outputs f=1.0 MHz
Current Veel-Vec? lee FDC unselected - 40 mA
Consumption and Disk
operation with
data transfer
in progress
FDC in sleep - 10 mA
mode
812 @ HITACHI
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AC Timing Specification

No. Item Symbol Min Typ Max Unit
1 Clock cycle time t,.C 50 62.5 80 » ns
2 Clock high level width PW,_. 15 ns
3 Clock low level width PW, . 15 ns
4 Clock falling time te 20 ns
5 Clock rising time te 20 ns
6 Read data high level width PW__.. 40 ns
7 Read data low level width PW_ .. 40 ns
8 Write data high level width PW ., wor 4 t.,.C°
9 Index signal high level width PW . 6! th
10 Fault reset signal high level width PW_ .. 136! 140 t,.C
11 DEND signal low level width PW, .o 40 ns
12 RESET signal low level width PW,, 28 t..C
13 Enable signal cycle time tch 410 ns
14 Enable signal low level width PW_ 200 ns
15 Enable signal high level width PW._, 200 ns
16 Enable signal rising time te, 20 ns
17 Enable signal falling time t., 20 ns
18 Address setup time te 0 ns
19  Address hold time t 0 ns
20 Data delay time toon 140 ns
21 Data hold time tona 20 ns
22 1RQ release time teo 200 ns
23 Data setup time toew 60 ns
24 Data hold time tow 5 ns
25  DREQ signal release time toro 200 ns
26 RD signal low level width PW_,, 200 1200' ns
27  WRsignal low level width PW,, 200 1200 ns
28  DACK signal low level width ta 200 ns
29  DACK signal response time toa 0 ns
30 RD signal response time 1 ton 0 ns
31 WR signal response time 1 tow 0 ns
32 Unit selection time tus 128! us
33 STEP signal timing te 32 us
34 STEP signal high level width PW e 7 us
35 USO signal switching time tuso 128 us
36 US1 signal low level width tes 256" us
37 Polling cycle time t,.US 1024' us
38 Head selection signal switching time L 2! ms
39 FDD selection time tero 3! us
40 EARLY, LATE signal high level width PW_,, 1! us
Notes: 1. These numbers are doubled for 5.25 inch mode.
2. t Creferstoa clock period of the input clock (CLK).
@ HITACHI 813
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CLK / \T

<4
@ PWHC @ PWic
ot @

<

ter @

Figure 56. Clock Timing

@ PWRES

Figure 57. Reset Timing
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() PWhRDT
RDATA
(@ PW.RDT
WDATA
PWHWDT
Figure 58. FDD Data Timing
INDEX

(o) PWix

Figure 59. Index Timing
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RS, CS

Read
cycle <

Do-D7
(output)

Write
cycle

Do-D7
(input)

IRQ

Processor Interface

DMA Interface

DACK

tRR(30) and tRW(31
— \ | ¢&———>
DREQ
N
'DRQ
\HtAS
\N
<t£!’I-<t
'RA ‘AA

tAH

816

Figure 60. Data Transfer Timings for 80XX Interface
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D0-D7 (output, read cycle)

-
D0-D7 (input, write cycle) --------4--------- < ----------

Processor Interface tiRQ @
RQ ;ll

DMA Interface

DREQ 4—6@L——>t — JI‘ -

MOR ‘
DACK 5( tAS YAH

Figure 61. Data Transfer Timings for 68XX Interface
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ol

@fus

USO, US1, HDIR >§L
N

@

STEP tup
PWhsTp
Figure 62. Seek, Recalibrate Timing
(39 t
< ‘ SFD >
-
US0, US1 >§
.
Signals -
from FDD .
(pins 30, 37-48) 5 Valid

818

Figure 63. Drive Select Timing
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-

uso

Us1 \

&

tuso

€9

tus1 /
N/
i

POIACR
tuso] tuso

[

@ teycUS

Figure 64. Automatic Polling Timing

tHSL

WGATE

HSEL

)

/
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Figure 65. Multitrack Write Timing
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WDATA / \
—_— T

EARLY 174 \L
LATE 174 \(
- >

PWELH

Figure 66. Precompensation Timing

/A
FRES / \
«—»
PWERs

Figure 67. Fault Reset Timing

DEND

4+—>

() PwpenD

Figure 68. DMA End Timing
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Test Point

(device output pin)

5.0V
24 ka2 Signal Load
H Do-D7 C=130 pF
=10
152074 (H) R-10ke
. All other output
All diodes .
pins except C=40pF

are 152074() | {75 when R=10kQ
or equivalent. IFS =1

Figure 69. Output Load Circuit for AC Testing

50V

TEST point 1.3kQ

(TFﬁ pin)

Figure 70. IRQ Load Circuit for AC Testing whenIFS =1

2.4V Measurement 24V 22V Measurement 2.2V
0.8V point 08V 0.8V point 0.8V
Qutput signal Input signal
from FDC Vee = 5V 5% to FDC
Vgs =0V
Ta =0to+70°C

Figure 71. AC Testing Measurement Conditions

Refer to user's manual (No. ADE-602-001) for detail of this product.
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