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Description
The Fujitsu MB89311 is a floppy disk contraller/formatter (FDC}
designed as an enhanced version of the conventional MB8B77A.
The MB89311 is designed based on the MB8877A architecture.
Some inconveniences of the MB8877A are eliminated on the
MB89311, and several new commands are added. It can support
micro- (3" or 3.5” double-density), mini- {(5.25” double-density), — L
and standard (8" single- or double-density), floppy disk drives.
When combined with the MB4107 variable frequency oscillator
(VFO), an economical floppy disk drive interface can be created v
with a minimum of parts. t
The MB89311 is fabricated by the silicon-gate CMOS process,
and packaged in a 28-pin plastic DIP. It has TTL compatible
inputs/outputs. Operation is with a single +5V power supply with PlasticDIP _ | |
low power censumption. (DIP-28P-M02)
Features . )
® Single +5V power supply ® Multiple-sector read/write
u TTL compatible VO operation
® IBM & 1SO compatible disk m Track read/write/initialize
formats operation
® Track seeking with automatic ™ Program/DMA data f
verification & Single density/double
density
Enhancements
® Silicon-gate CMOS process 8 No restrictions on the RCLK
m 28-pin plastic DIP (Suffix -P) frequency in gap between
@ Built-in programmable write 1D and data fields.
precompensation ® Step rate: 1ms to 30ms,
(125ns/250ns for all tracks at Settling time: 15ms to 60ms
CLK = BMHz, 250ns/500ns ® Record length: 128, 256, 512,
at CLK = 4MHz) 1024, 2048, 4096, and 8192
| For lost data error, abnormal bytes/sector
termination after sector read
or write completion
m Extended mode commands:
Read-after-seek, write-after-
seek, delay, and format
commands are added.
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MB89311

Logic Symbol
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This device contains circuitry to protect the inputs
against damage due to high static voitages or electiic
fields. However, it is advised that narmal precautions
be taken to avoid application of any voltage higher
than maximum rated vaitages to this high impedance
circuit.
FUJITSU
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MB89311

Pin Descriptions

The MB89311 FDC has two
interfaces: Gneisthe
processor interface; MR, RE, WE,
and A1 & AO inputs, D7-D0

inputs/outputs, and DRQ &

Symbol

Number

IRQ outputs which are used WG, and WD outputs, and

for the processcr to control RCLK, RAW READ, WPRT,
the FDC. The other is the READY, TROO, IP inputs,
floppy disk drive (FDD) which are used for the FDC to
interface; STEP, DIREC/RG, control the FDD.

Name & Function

Power Supply & Clock V¢

28

Type

+5Vdc power supply pin.

Vss

14

Power supply ground pin.

CLK

15

Clock input: Basic timing clock for internal circuits. 8MHz and
4MHz frequencies are required for 500K bits/s data transter
rate in MFM (250K bits/s in FM) and 250K bits/s in MFM (125K
bits/s in FM). The CLK signal is required also during a reset.

Processor Interface VIR

13

Master Reset: A low level on this pin stops FDC operaticn, and
initializes its internal state. The CLK signal is required also during
areset.

RE

Read Enable: Strobe signal for reading data from the internal
register addressed by A1 and A0.

WE

Write Enable: Strobe signal for writing data into the internal
register addressed by A1 and AQ.

A1, AO

Register Select Line: Signal for addressing an internal register
(CR, STR, TR, SCR, or DR).

D7-DO

12-5

170

Data Access Line: 8-bit bidirectionai three-state data bus.
These lines go to a high impedance state when RE and WE are
high.

DRQ

26

Data Request: Notifies the processor when new data must be
read from or written into the data register. This pin is an
open-drain output and must be pulled up by an external 10kQ
resistor.

IRQ

27

Interupt Request: Set when a command completes, terminates,
or a force interrupt command is specified. This pin is an
open-drain output and must be pulied up by an external 10kQ
resistor. Undefined at power-on.

Floppy Disk Drive Interface STEP

17

Step: Signal for moving disk head. One pulse is generated to
move the head by one track.

DIRC/RG

16

Direction/Read Gate: During disk head operations, when this
signal is low, the head moves to the outside, and when high, to
the inside. During read operations, when this signal is high, it
indicates that read data has been synchronized.

RCLK

18

Read Clock: A data window signal for the raw read data from
disk. This signal is generated by an external VFO circuit.

RAW READ 19

Raw Read Data: Serial raw data read from disk, containing clock
and data bits.

WG

20

Write Gate: This signal is high when valid data is being written
to disk.

wD

21

Write Data: Serial write data puises to be written to disk.

WPRT

25

Write Protect: Signal for inhibiting write operation to disk.
When this signal is low, write operation is disabled.

READY

22

Ready: When this signal is high, the disk drive is ready for
operation. Commands except for Type | commands can be
executed if this signal is high

TROO

23

Track 00: When this signal is low, it indicates that the disk head
is positioned at track 00.

24

{ndex Pulse: Pulsed fow each time the index hole of the floppy
disk is detected.

FUJITSU
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MB89311

Functional Description

Register Set

The MB89311 FDC contains
the following five registers to
execute commands and
indicate status:

Command register (CR)
Status register (STR)
Track register {TR}
Sector register (SR)
Data register (DR)

These registers are addressed
by register select lines A1 and
A0 under RE and WE control.

Command Words

Register Selection
A1 A0

Read Mode (RE = 0)

Write Mode (WE = 0)

Status register

Command register

Track register

Track register

Sector register

Sector register

0
0
1
1

—lOo|=j0

Data register

Data register

are divided into four groups:
Types |, I, H1l, and IV. Each
group contains one to five
command(s). Each command
has flags that define detailed
operation of the command.

emulates the MB8877
command set) and the
extended mode (in which
additional commands can be
used). Either of these two
modes can be selected by the
assign command.

The FDC has two command
modes, the 8877 mode (which

The FDC's operations are
defined by commands, that

Command Summary (1): 8877 Mode Command Set

Code
Type Name MSB LSB Function
"Restore 0 000XV Moves head to track 0.
Seek 0001 XV rtr Moves head to a desired track.
| Step 001 uXVrr Moves head one track.
Step-in 010 uXVrlr Moves head one track to inside.
Step-out 011 uXVirr Moves head one track to outside.
" Read data 100 mSECL Reads data (data field) from disk.
Write data 1 01 mS E C a0 Writes data (data field) to disk.
Read address 11000EO0TUC Reads ID field from disk.
11 Read track 11100EO0Q Reads all data from one track.
Write track 11110EO0Q Writes all data to one track.
Assign parameter 1 1 1 1 1 1 0 1 Selects operation timing.
v Assign mode 11111110 Selects operation mode.
Force interrupt 1101 13121110 Generates interrupt (IRQ).
FUJITSU
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MB89311

Functional Description
(Continued)

Command Summary (2): Extended Mode Command Set

Code
Type Name MSB LSB Function
Restore 0000O0VOO Moves head to track O.
Seek 00010CVO0O Moves head tc a desired track.
| Step 001 u0VOO Moves head one track.
Step-in 01uo0OVvVO1 Moves head one track to inside.
Step-out 001 u0VvV1ToO Moves head one track to outside.
Read-after-seek 0 1 0 0 S 1 C L Reads one sector data after seek.
" Write-after-seek 0 1 1 0 S 1 C a0 Writes one sector data after seek.
Read data 100 mMSECL Reads data (data fietd) from disk.
Write data 101 mS E C a0 Writes data (data field) to disk.
Read address 11000EDOQ Reads ID field from disk.
Read track 11 100EDOTGC Reads all data from one track.
m Write track 111 10EOO0 Writes all data to one track.
Format 11110 EO01 Formats disk.
Delay 11111100 Generates interrupt after a set time.
Assign parameter 1 1 1 1 1 1 0 1 Selects operation timing.
v Assign mode 11111110 Selects operation mode.
Reset 11111111 Resets FDC.
Force interrupt 1101 13121110 Generates interrupt {IRQ).
Flag Summary
Type Symbol Function
u Update of track register
! \ Verify at destination track
r1, r0 Step rate of STEP pulse
m Multiple sectors
n S Side number
a0 Data address mark
m C Side compare
L Long read (CRC read)
v 13-10 Interrupt
FUJITSU
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MB89311
F e 1D s et
Status Words
Status words, which are and FDD conditions, reading the start of the command
automatically heid in the status status register. execution. Each status bit is
register, show the status of the internally updated (set or
executing command, executed reset) during the command
command, and conditions of the When the FDC receives a execution, and the status word
FDD. The system processor command, the status register is established at the
can monitor the FDC operations is automatically preset at the completion of the command.
Status Word Summary
Status Bit
Command STR7 STR6 STRS5 STR4 STR3 STR2 STR1 STRO
Not Write Seek CRC Track
Type |l All commands Ready Protect Error Error 00 Index  Busy
Read data & Not D/M Rec. Rec. CRC Lost Data Bus
T M Read-after-seek Ready N/F Type N/F  Error Data Reqguest Y
e
P Write data & Not 0 0 Rec. CRC Lost Data Bus
Write-after-seek Ready N/F Error Data Request Y
Not Rec. CRC Lost Data
Read address Ready 0 0 N/F Error Data Request Busy
Not Write Lost Data
Type Il Read track Ready Protect 0 Y Data Request Busy
. Not Write Lost Data
Write track Ready Protect 0 0 Data Request BUSY
Not Write Ilegal Lost Data Busy
t
Forma Ready Protect 0 Length Data Request
In accordance with the executing commands. 0
Force Not  Write Track
Interrupt
P Ready Protect 0 0 00 Index 0
Type IV Reset mand &
eset comman .
Master reset tn accordance with Type | commands.
Delay, Assign Not
Parameter & Mode Ready 0 0 0 0 ° o Busy
Notes: Rec. = Record, N/f = Not Found
D/M N/F = Data Mark Not Found. This status bit is valid in extended mode only. In 8877 mode, this
bit is “0".
)
FUJITSU
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MB89311
Functional Description Status Bit Function Summary
(Continued) Status
Command Status Bit Function
Not Ready STR7 1 = FDD is not ready: Not Ready = READY + MR.
Write Protect STRé& 1 = Write operation is inhibited: Write Protect = WPRT.
Seek Error STR4 1 = Verify operation was unsuccessful.
Type | CRC Error STR3 1= CRC check error occurred.
Track 00 STR2 1= Disk head is positioned at track 0: Track 00 = TR00.
Index STR1 1= Index hole was detected. Index = INP
Busy STRO 1=FDC is executing a command.
Not Ready STR7 1 = FDD is not ready. Not Ready = READY + MR.
Write Protect STR6 1 = Write operation is inhibited. Write Protect = WPRT,
Data Mark 1 = Data mark was not found within required byte
Not Found* interval after ID mark detection.
Record Type STRS 1 = Data address mark was deleted data mark.
Type Il Record _ .
& Not Found STR4 1 = Desired track and sector were not found.
Type Il CRC Error STR3 1 = CRC check error occurred.
1 = Data was not read from or written to data register
Lost Data STR2 within required time interval.
Data Request STR1 1= DRAQ is currently active. Data Request = DRQ.
Busy STRO 1= FDC is executing a command.
“For read data and read-after-seek commands in extended mode only.
Absolute
Maximum Ratings (Note) Rating
Parameter Symbol Min Max Unit Note
V Vss-0.3 Vgs+7.0 v
Supply Voltage ce SS S§
Vss 0 "
Should not exceed
Input Voltage Vin Vgg-0.3 Vgs+7.0 v Vect05V
Should not exceed
Output Voltage Vout Vgs—0.3 Vgs+7.0 \ Vcc+0-5r\1/
Operating Temperature Ta -40 +85 °C
Storage Temperature Tsre -55 +150 °C
Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.
Recommended
Operating
Conditions Value
Parameter Symbol Min Typ Max Unit Note
Voo 4.5 50 55 A
Supply Voltage
Pply g Vas 0 v
Operating Temperature Ta -40 +85 °C
FUJITSU
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MB89311

DC Characteristics

(Recr_)mmended operating Value
ﬁ?,?é’;‘,“’”s unless otherwise Parameter Symbol Min Max Unit Test Condition
v :'+5v + 10%, GND = 0V, Input Low Voltage v -0.3 0.8 ]
(Vee , , L
T =-40°C to +85°C) Input High Vottage Viy 22 Vee \
Output Low Voltage VoL 0.45 v lgL = 2.5mA
4 = —400pA
Output High Voltage Vou 2 v lon Ou
Veo-0.4 v lon = -100pA
Input Leakage Current T -10 +10 HA oV =V\y<Vcc
Output Leakage Current  lop -10 +10 pA OV < Voutr = Vec
Standby Current lcc 10 mA
Input Capacitance Cin 10 pF Vec = GND = 0V
- Taz=25°C
Output Ca_pacnance Cout 20 pF All pins except
1/0 Capacitance Cyo 20 pF measured pin are OV
AC Characteristics
(Recommended operating CPU Read Timing {from FDC)
conditions unless otherwise
noted). Value
(Voo = #5V + 10%, GND = OV,  parameter Symbol Min Max Unit  Test Condition
Ta = -40°C to +85°C) e
Address Setup Time (to REl) tset 50 ns
Address Hold Time (from(RE1)  tuip 15 ns
RE Pulse Width tre 150 ns
Data Delay Time (from RE!) tpacc 120 ns C, = 150pF
Data Hold Time (from RET) tooH 10 75 ns C, = 150pF
DRQ Service Time -
(from DRQ to REY) tseva 135 us tc =S
DRQ Release Time
(from RE! to DQRI) tore 150 ns
IRQ Release Time
(from RE! to IRQI) tiRR 500 ns
CPU Write Timing (to FDC) m
Value
Parameter Symbol Min Max Unit Yest Condition
Address Setup Time (to WE!)  tger 50 ns
Address Hold Time (from WE!)  tyip 10 ns
WE Pulse Width twe 100 ns -
Data Setup Time (to WE1) tps 100 ns
Data Hold Time (from WE1) ton 0 ns
DRAQ Service Time
(from DRQ to WE!) tsevw 9.5° us
DRQ Release Time
{from WE! to DQRI) torR 150 ns
IRQ Release Time tirr 500 ns

(from WE! to IRQY)

* This value is doubled when CLK = 4MHz.

FUJITSU
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MB89311

AC Characteristics

(Continued)

FDC Read Timing (from FDD)

(Recommended coperating

conditions unless otherwise Value
noted. N
Voo :)+5V + 10%, GND = OV, Parameter Symbol Min Typ Max Unit  Test Condition
Ta =-40°C to +85°C) RAW READ Pulse Width tow 100 ns
_— *2,*3,*4 MFM
RAW READ Cycle Time t i
i i 2,4 ke FM
RCLK Setup Time
(from RCLK Change to tp 40 ns
to RAW READ!)
RCLK Hold Time
(from RAW READ | teo 40 ns
to RCLK Change)
0.8 1* 8 MFM
RCLK High Time t s
9 A 0.8 2 8 “ M
RCLK Low Time tg 98 ! 8 us MFM
0.8 2* 8 FM
2* MFM
RCLK Cycle Time t S
yele ¢ 4" # FM
* These values are doubled when the CLK = 4MHz.
FDC Write Timing (to FDD)
Value
Parameter Symbol Min Typ Max Unit Test Condition
4 LK=8M
WD Pulse Width two S0 500 es0 CLK=8MHz, FM_
200 250 300 CLK=8MHz, MFM
WG Setup Time . 2 s CLK=8MHz, FM
(from WG! to WD1) WG 1 CLK=8MHz, MFM
WG Hold Time N 2 s CLK=8MHz, FM
(from WD! to WGI) WF 7 2 H CLK=8MHz, MFM
WD Output Delay tewp 20 100 ns
FUJITSU
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MB8R311
AC Characteristics
{Continued) ther Timi
(Recommended operating Other Timing
conditions unless otherwise Value
noted. —_—
(Vee =)+5V + 10%, GND = 0V, Parameter Symbol Min Typ Max Unit  Test Condition
Ta =-40°C to +85°C) CLK Cycle Time teve 125 500 ns
CLK Low Time tcoi 55 250 ns
CLK High Time tepe 55 250 ns
6" MFM
STEP Pulse Width t
STP 12* us ™
DIRC Setup Time toiRs 12* us
DIRC Hold Time toirH 6" HS
MR Pulse Width twr 50* us
TP Pulse Width tp 10* us

* These values are doubled when CLK = 4MHz.

Timing Diagrams
CPU Read Timing Diagram

. X K

‘4— tsgy —»| |e—— the ———>§ <——tum——->|
—= 22v
RE 5 7 sy
’4— tpace t«—— IDOH
24V
DALD~DAL7
0.8v

CPU Write Timing Diagram

a2v
A
ot X Koo
|<——1§1 —— f————tgg ——— ] |—— o —»l

22v

l— tpg —| [+— ton —

A

2.2V
E o.av

DALO~DALT?
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MB89311

Timing Diagrams

(Continued) DRQ, IRQ Service and Release Timing Diagram
|«—— toRr
DRQ [ % 0.45v /
AR
IRQ _/ 0.45V
tseVR
RE ! asv ? 22v
tsEvw
we 0.8V 22V
FDC Read Timing Diagram
tac
la— tPw
—————| ‘
—— 22v
RAW READ I o S osv \—/_
tco
2 s 22v /
= 0.8V
RCLK [ ts
te
FDC Write Timing Diagram
71
(&
WG
0.45V
twg twr
2.4y
WD
0.45v
!
= 2 clocks (MFM) |
4 clocks (FM)
cLK
0.8v
*cwb*‘ tewo
JL
2.4 S
wD z
0.45v
FUJITSU
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MB89311

Timing Diagrams

{Continued)

Other Timing Diagram

tp
3 o o8V
[ —
\ 0.8V
tcve
-— tco1
22v

|-— tcp2 —|

DIRC

i 24v
- 0.45V

STEP

‘oIRs
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MB89311

Package Dimensions
Dimensions in Inches

{millimeters) 28-Lead Plastic

Dual In-Line Package
{Case No.: DIP-28P-M02)

nOonnOOaOnnonnnOn 187 MAX

(EJECTOR MARK)

.633(13.55) .590(14.99)
553({14.05) .610(15.49)

U nOoOonIOog
l 1.389(35.28)
1.415(35.93)

.008(0.20}
.014{0.36)

.039(0.99)

—‘1 l—— 062(1.58)MAX ] |——
.059(1.49)
il \
-195(4.96)MAX

-118(3.00)MIN
.100(2.54) .060(1.52) .015{0.38)
TYP .080(2.02) .021{0.58) .020{0.51}MIN

Dimensions in
inches (millimeters)

© 1986 FUJITSU LIMITED D28006S-1C
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