NEC

NEC Electronics Inc.

PRELIMINARY

pPD72068
Floppy-Disk Controller

Description

The uPD72068 FDC is one of NEC’s integrated solutions
for today’s floppy-disk controller designs. An outgrowth
of the uPD765A—long established as the industry stan-
dard for floppy-disk contol—the pPD72068 maintains
complete microcode compatibility and contains the lat-
est enhancements required for multitasking applica-
tions. Additionally, the uPD72068 integrates the stan-
dard host-interface registers used in IBM PC, PC/XT,
PC/AT, and PS/2® designs.

The pPD72068 incorporates a high-performance digital
PLL that is impervious to harmonic lock-on, a character-
istic of analog counterparts. Being digital, the PLL re-
quires no adjustments and supports all standard data
rates as well as 600 kb/s.

The xPD72068 has on-chip clock generation, selectable
write precompensation, and all the circuitry necessary
for interfacing directly to four floppy-disk drives.

IBM PC, PC/XT, PC/AT, and PS/2 are registered trademarks of Inter-
national Business Machines Corp.
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Features

0 Software compatible with uPD765A/7658, uPD7265,
1PD72065/65B, uPD72066, and uPD72067
o Compatible with V-Series data/control bus and other
standard 8/16-bit CPUs
IBM and ECMA/ISO formats
Data transfer rate: 600, 500, 300, 250, 150 kb/s
High-performance, on-chip digital PLL
Two system clock generators
Programmable stepping speed
Write-compensate circuit (programmable preshift)
FDD interface
— High-current drivers (24-mA sink)
— Schmitt receivers
2 Direct control of four FDDs
— Spindle motor control
— Unit select control
2 Three selectable modes support:
— PC, PC/XT, PC/AT, PS/2 registers
— Internal operating mode selection
— External operating mode selection
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Ordering Information
Part Number
pPD72068GF-3B9
#PD72068L

Package

80-pin plastic miniflat

84-pin PLCC (plastic leaded chip carrier)
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Pin Configurations

80-Pin Plastic Miniflat

SEkEg N%@N gNzy
WwoSsFwog [a) as=s
CEFriGFy5985YeEe
Oa0noo0ooooO0oonoon
SRRROURRERNRRBBESEY
*2S8IDE 1O 64[] GND2
NC [z 63[0 *EM3
*FLT [3 62[1 DSo
*SIDE []4 617 GND2
GND2 []5 60[7 *DSt
*FLTR []6 50[7 *Ds2
*HDLD 7 58] GND2
GND2 [s8 57|3 *DS3
NC 9 5611 *DEN1
*LcT 10 551 GND2
Vpp [} 11 5417 * DENO
vpp 012 53[] GND1
*ENPCS []13 52[] XB2
ACTL []14 511 XB1
ENRW []15 50[1 GND1
RSEL []16 29[ XA2
MSEL 17 487 XA1
RESET []18 47|71 GND1
RD 19 467 PCS1
WR 20 453 PCSO
6‘5521 4417 *INDEX
A0 []22 430 NC
NC 23 a2[7 NC
GND1 []24 41[] DRf
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* Active level is variable.

Connect GND1 and GND2 to ground with the shortest possible wiring.
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uPD72068

84-Pin PLCC
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GND1 015 713 RD
xA1 16 70 [ RESET
xaz2 17 69 [J MSEL
GND1 [ 18 68 [] RSEL
Ne O1s 671 ENRW
xB1 20 66 [ ACTL
xBz2 21 651 *ENPCS
GND1 [ 22 641 vpp
*DENo 023 830 NC
GND2 []24 621 vbp
*DENT []25 611 *LCT
psa o2 601 GND2
GND2 27 59171 *HDOLD
*ps2 []2s 581 *FLTR
=~ps1 Ooe 573 NC
GaND2 30 561 GND2
* Dso a1 5511 * SIDE
. .
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* Active level is variable.
Connect GND1 and GND2 to ground with the shortest possible wiring.
83v0-59198
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Pin Identification

Symbol 1/O Signal Function Symbol 110 Signal Function
AO In  Address 0. Selects uPD72068 registers. HDLD (*) Out Head Load. Causes the drive head to contact the
A0  Registers diskette.
0 Status, auxiliary command, digital out INDEX (*} In Indicates drive head is positioned at physical start
1 Data, control \ .
point of track on the medium.
ACTL in gcg‘rl:;el Level. Sets active level of drive interface INT Out Interrupt Request. Requests main system to process
ACTL  Active Level transferred data and execution results.
0 High LCT () Out Low Current. Indicates drive head has selected a
1 Low cylinder after the 43rd.
c8 In Chip Select. Validates RD and WR signals when  MSEL In  Moda Select. Validates IBM-PC register and on-chip
MSEL = 0. In Register mode (MSEL = 1), TS may peripheral circuits.
i i i P .
be used as address line 1 in a typical PC system PCSOQ, In Precompensation. Selects the preshift amount in
Dg-D7 /O Data Bus. Bidirectional, three-state data bus. PC81 external or register mode.
DENO, Out Density. Specifies preset data transfer rate; can be \ . o
DENT (%) used for FDD data transfer rate control. See table 1. :—'eosrilsr::rsnal mode, pull these pirs low with high-value
* irecti ifi irecti —
DIR (%) Out Direction. Spe.cme.s the seek direction. RD In Read. This control signal causes the main system to
DIR  Seek Diraction read data from the xPD72068 to the data bus
0 Centrifugal a © cata bus.
1 Centripstal RDATA (¥} In Read data {consists of clock and data bits) from FDD.
DMAAK In DMA Acknowledge. Enables DMA cycle. READY (*) In Indicates FDD is ready.
DMARQ  Out DMARequest. Requests data transfer in DMA mode.  RESET In Sets uPD72068 to idle state. FDD intertace outputs
DRO, DR1 In Data Rate. Sets data transfer rate in external mode. :’gﬁf t for W%‘JtA L(:;ndefmed) are:
For internal mode, pull these pins low with high-value L AI—E—I Tow
resistors. 1 All high
DS0-DS3 Out Drive Select. Selects up to four FDDs.
™ For the main systemn, INT and DMARQ are set to low
EMO-EM3 Out Enable Motor. Controls spindle motor on/off; aiso can and Do:D7 are set for input.
i -
) be used as a general-purposs output port. When MSEL = 0, uPD72068 enters external mode
ENPCS In Enable Precompensation, directly after a reset.
" :
) 3____G’I'L ENPCS (F)’r::huft Value RSEL In  Register Select. When MSEL = 1, used with C5 and
0 1 Assigned by modse AQ to select registers for IBM-PC (digital out register
1 0 Assigned by mods and control register). Invalid when MSEL = 0
1 1 ons SIDE (*) Out Side Select. Selects double-sided drive head.
ACTL SIDE Drive Head
if the preshift amount is to be varied according to the 0 (Active high) i) Head 0
number of cylinders, the appropriate control signal is 0 1 Head 1
input on ENPCS. When applying preshifting to 1 (Active low} 0 Head 1
cylinders 43 and above, variable control can be 1 1 Head 0
performed automaticaily by connecting the ENPCS "
and LCT pins. STEP (*) Qut Generates seek pulses.
ENRW In  Enable Read Write. Validate RD and WR signals when TC In_ Terminal Count. Terminates data transfer.
MSEL = 1. When MSEL = 0, this signal is TRKO (¥ In indicates drive head is positioned at cylinder 0.
meaningless. WDATA (¥ Out Write data (clock and data bits) to FDD.
" N ;
FLT (* In  Fault. Indicates FDD is faulty. WE (% Out Requests FOD to write data.
FLTR (*)  Out Fault Reset. Releases FDD from fault state. WPRT () InIndicates medium is write-protected.
MY In ’;;{Pm' S:::f;ts format in external mode. WR In Write. Control signal that allows the main system to
o BM write data bus data into uPD72068.
1 ECMA

For internal mode, pull this pin low with a high-value
resistor.
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uPD72068
Pin Identification (cont) Table 1. Data Transfer Rate Settings
Symbol /O Signal Function Input Pins '\f'rFM Df:ta Output Pins
ranster —————
XA1, XA2 In  Crystal A For internal oscillator frequency control, a  Mode DR1 DRRO D1 DO Rate (kb/s) DENt1 DENO
crystai resonator is connected to XA1 and XA2. For
external clock input at XA1, XA2 is open. Internal/ 0 0 R 250 ! 0
external
s} 1 — — 5§00 1 1
= {Note 1)
Frequency = 32 MHz 3 0 - _ 150 (300) 1 o
To support only 500/250 kb/s data rates, crystal B is 1 1 - = 300 (600) Q Q
not necessary; connect XA2 to XB1. Register 0 X 0 0 500 1 1
XB1,XB2 In Crystal B, For internal oscillator frequency control, a  (Note 2} 0 " 0 250 1 0
crystal resonator is connected to XB1 and XB2. For
external clock input at XB1, XB2 Is open. 0 x 1 0 250 1 0
Frequency Data Rate 0 * ! 150 (300) ! 0
38.4 MHz 600 kb/s 1 X 0 [¢] §00 1 1
19.2 MHz All other rates 1 o o 1 300 (600) 0 0
To support onty 500/250 kb/s data rates, crystal B is 1 X 1 0 250 1 0
not necessary; connect XA2 to XB1. 1 < 1 ] 150 (300) 1 0
2SIDE ()  In Indicates a medium with two usable sides has been
loaded into the FDD. Notes:
NG — No Connection. (1) In internal mode, DR1 and DRO are bits of the CONTROL
- INTERANAL MODE command. In external mode, DR1 and DRO are
GND1 — Digital system ground. input pins.
GND2 ~  Buffer system ground. (2) In register mode, DRO input pin status is “Don't Care" (x).
Voo In  +5-volt power supply (3) Data transfer rates in parentheses are with a 38.4-MHz crystal
() Active high when ACTL = 0; active low when ACTL = 1. resonator conngcted to pins XBt and XB2 or a 38.4-MHz clock
connected to pin XB1.
{(4) Data transter rates are for MFM mode. In FM mode, these rates
Pin Reset Status are haived.
Pin Reset Status (5) DEN1 and DNO values are when ACTL = 1 (active jow). When
Dg-Dy Input ACTL = 0 (active high}, values are inverted.
DMARQ, INT Low .
WDATA Undefined Operation Modes
DIR, DS0-DS3, Low when ACTL =0; high when ACTL= 1. Since pPD72068 has been developed from uPD72067,
EMO-EM3, FLTR, the external and internal modes available for uPD72067
g%léo,s{’.g; WE are also available for uPD72068 (exept the external VFO
: ! mode). In addition, the register mode is available for
DENO, DEN1 Output depends on the preset data transfer  PD72068. The register mode is used to operate the
oo Xg!;’: hao "::Z“vl':‘:gl;rs‘a Olsinverted  |BM.PC registers and special-purpose circuits of
o : - wPD72068. Procedures for setting the data transfer rate,
er pins

precompensation amount, etc., vary depending on the
modes. The differences in the procedures are shown in
table 2.
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Table 2. Operation Modes

MSEL Data Transfer Precompensation Format Motor On/Oft
Mode Pin Command Rate Setting Drive Select Amount Setting Change Control
Register 1 None DO and D1 bits and Digital out PGS0, PCS1, and FMT pin Digital out register
mode DR1 pin of control register DR1 pins
register
Internat [4} Note 1 CONTROL INTERNAL US1and US0 CONTROL SELECT ENABLE MOTORS
mode MODE bits in the INTERNAL MODE ~ FORMAT command
command command command command
External 0 Note 2 DR1 and DRO pins PCS1, PCSO, and FMT pin
mode DR1 pins

Notes:
(1) CONTROL INTERNAL MODE command
(2) ENABLE EXTERNAL MODE command
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pPD72068 Block Diagram

XA1 XA2
‘ { Block upgraded or added to
DRO DR1 original LPD765/72065
2 Xtal Osc A ‘ ‘ ( ) Internal signal
: —‘_. R (31)
Clock ..
“-Generator;
: T 2 - (D2)
“oxtal Osc B g
: : I——-—(WCLK)
XB1 XB2
RESET — ] Reset
Control
] Command
t <:_I'> Registers
and
Timers
—]
Caritrof
_:>-- . Register
ShE R [+— READY
[+— WPRT
4 <:: Input - J*— 2SIDE
Poit  le— INDEX
I la— FLT
i je— TRKO

S e Drive
:> : Digital Out [ > Interface ACTL
- f{_eglster- Control

I [ DS0

<:_—_> — HDLD
=N = LCT
Status <: - A Gutput | FLTR
Port ‘|- SIDE
= STEP
¢ :,\;/ Data Bus " — DR
Do -D7 Buffer <:> Multiplexer <:|'> Data <:> DENO
T ’ — From Digital
I Out Register
Ay ———— :> - Auiliary Q EMO
— B
s Motor —EM1
RD ——— Controt: ———— EM2
WR ——— 5 EM3
TC ——————— System
DMARQ —¢————— Interface
TMAAR Control A4
ENRW ——— |
MSEL —— = FMT
RSEL ————— WE
INT ————— ' > (SYNC)
Data le— WCLK)
Separation
and
(SYNC) | Se;ial
nterface
Circuitry l WDATA
o (RDATA) |«—ENPCS
RODATA Phase-Locked (WINDOW) —| Fecomp  f<—pcso
Loop [-—PCS1
83557838
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Absolute Maximum Ratings
Ta = +25°C

Capacitance

Ta= +25°C;Vpp = 0V;f = 1 MHz

Supply voltage, Vpp -05t0 +7.0V Parameter Symbol Min Max Unit Conditions
Voltage on any pin {except Vpp) -05t0 +7V Clock capacitance Co 20 pF  Unmeasured
Operating temperature, Topr -10to +70°C Input capacitance Cin 20 pF {Linos \Tturnsd
Storage temperature, Tg1g ~65 to 150°C Output capacitance  Coyr 20 pF
Oscillator Specifications
Ta = -10to +70°C; Vpp = +5V £10%; see figures 1, 2, and 3.
Parameter Symbol Min Typ Max Unit  Conditions
Crysisal Resonstor Source
Oscillator stabilization time (Note 1) tks 10 ms
External Clock, Direct Input
Lowlevel input voltage ViL -05 0.2 Vpp v Pins XA1, XB1
High-level input voltage Vin 0.8 Vpp Vpp + 05 v
Clock cycle tcva 31.25 ns Pin XA1
tcye 52.08 ns 18.2-MHz clock input to pin XB1
26.04 ns 38.4-MHz clock input to pin XB1
Permissible clock cycle error from typical value *05 % Pins XA1, XB1
(Note 2)
Clock high-level width tKKH 70 ns Pin XA1
15.0 ns Pin XB1; tcyg = 52.08 ns
6.0 ns Pin XBt; tcyg = 26.04 ns
Clock low-level width tkL 7.0 ns Pin XA1
15.0 ns Pin XB1; {cyg = 52.08 ns
6.0 ns Pin XB1; toyg = 26.04 ns
Clock rise time kR 5.0 ns
Clock fall time e 5.0 ns
External Clock, Capacitor-Coupled Input
Clock input amplitude Vkpp 20 Voo \" Pins XA1, XB1
Clock cycle tcya 31.25 ns Pin XA1
tcys 52.08 ns 19.2-MHz clock input to pin XB1
26.04 ns 38.4-MHz clock input to pin XB1
Permissible clock cycle error from typical value +0.5 % Pins XA1, XB1
(Note 2)
Duty cycle, high-level 40 . 60 %

Notes:

(1) Oscillator stabilization time should also be taken as the wait time

between the issuance of START CLOCK and RESET STANDBY

commands.

(2) Clock cycle error affects DPLL performance.
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pPD72068

Figure 1.

Recommended External Clock Circuits

Figure 2. External Clock Waveform

A. Crystal Resonator Source

/—Notes 1,2
XAl
=l
XA2
nPD72068
XB1
It
XB2
Frequency *Part No. c1, C2
32 MHz 32 MHz EFD Type 15 pF +20%
(pins XA1, XA2) TQC-254A-6R 10 pF +20%
TQC-254A-8R
18.2 MHz TQC-253A-6R 16 pF $20%
{pins XB1, XB2) TQC-253A-8R

* Toyo Communication Equipment Co., Ltd.

B. External Clock, Direct Input

XA1 Clock
XA2

pPD72068
XB1 Clock
XB2

C. External Clock, Capacitor-Coupled
C1
XA1 4—-“-7 Clack

XA2

(Note 3)
uPD72068 2
x8t le—]}— Clock
XB2

Notes:

(1) Oscillator circuit should be as close as possible to
pins XA1, XA2, XB1, and XB2.

(2) No other signal lines should pass through shaded box.

(3) C1andC2= 11010 10,000 pf.

8ISL-5757A

Direct Input

[———— ICYA, ICYB

Capacitor Input

[e— ICYA, ICYB ——*™

- —08VDD

- —-02VDD

43SL-5763A

Figure 3. Vltage Thresholds for Timing
Measurements

Schmitt trigger input

XA1, XA2, XB1, XB2

Other pins

Output load = 1 TTL + 100 pF

0.8VDD

045V

0.9VDD

0.1VbD

24V

045V

BISL-5758A)
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DC Characteristics

Ta = -1010 +70°C; Vpp = +5V £10%

Parameter Symbol Pin Groups Min Max Unit Conditions
Lowlevel input voltage ViL 2 -0.5 08 v
ViL1 1 -0.5 0.2 Vpp \
High-level input voltage ViH 2 2.2 Vpp + 05 v
ViH1 1 0.8 Vpp Vpp + 0.5 v
Lowlevel output voltage Voo 4,5 0.45 A loL = 20 mA
Vors 3 0.45 v loL = 240 mA
High-level output voltage Vou 4,5 0.7 Vpp Vop \Y loq = —200 A
Low-level input leakage current I 1,2 -10 BA V=0V
High-level input leakage current ILiH 1,2 +10 kA ViN = Vop
Lowlevel output leakage current ILot 4,5 -10 BA Vout = +045V
LoL1 3 -100 pA
High-level output leakage current ILOH 4,5 +10 pA Vout = Vpp
ILoH1 3 +100 pA
Vpp supply current Ipp 60 mA Note 1
Standby current Ippi 100 BA Note 2

Notes:

(1) When a 32-MHz crystal is connected to XA1-XA2 and a 19.2-MHz
crystal is connected to XB1-XB2.

(2) When an external clock is supplied, the clock should be fixed low

during standby.
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Pin Groups:

m
@
®

@

Schmitt-trigger inputs: ENPCS, FLT, INDEX, RDATA, READY,
TRKO, WPRT, 2SIDE.

Non-Schmitt-trigger inputs and Dg-D7; excludes XA1, XA2, XB1,
XB2.

Drive-side outputs when ACTL =1 (active-low mode): DENO-
DEN1, DIR, DS0-DS3, EM0-EM3, FLTR, HDLD, LCT, SIDE, STEP,
WDATA, WE.

Drive-side outputs when ACTL = 0 (active-high mode): Same
pins as group 3.

Other than drive-side outputs; also Dy-D7.
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AC Characteristics 1; 500 kb/s
Ta = -10to +70°C; Vpp = +5V %10%;
MFM data transfer rate = 500 kb/s; toya = 31.25 ns (32 MHz at XA1 pin)

Parameter Figure Symbol Min Typ Max Unit Conditions
Main System Side
A0, TS, DMAAK, ENFW setup time to RD 4 tan 0 ns  For ENRW when MSEL = 1
Ao, TS, DMAAK, ENFW hold time from RD 4 tRa 0 ns
AD puise width 4 tan 200 ns
Data access time from RD | 4 thp 140 ns
Data float delay time from RD * 4 tor 10 85 ns
INT delay time from FD 1 4 th 400 ns  Note1
A0, TS, DMAAK, ENRW, RSEL setup time to WR 5 taw 0 ns  For ENRW and RSEL when MSEL = 1
A0, TS, DMAAK, ENRW, RSEL hold time from 5 twa 0 ns
WR
WR pulse width 5 tww 200 ns
Data setup time to WR 5 tow 100 ns
Data hold time from WR 5 two ] ns
INT delay time from WR 1 5 tw 400 ns  Note1
DMARQ cycle time 6 tmey 13 #s  toya = 31.25ns
DMAAK ! response time from DMARQ T 6 tmA 200 ns
DMARQ delay time from DMAAK | 5 tam 140 ns
DMAAK pulse width 6 tan 85 tova
RD { response time from DMARQ T 6 tMR 125 ns  tcya = 31.25ns
WR { response time from DMARQ * 6 tmw 250 ns
WR/RD response time from DMARQ 1 6 tMRW 12 us
TC pulse width 6 trc 60 ns
RESET pulse width for 7 trsT 60 tcya During normal operation
crystal resonator connection P ms  On power-on
10 ms  After standby release
RESET pulse width for 7 tRsT 60 tcya During normal operation
external clock input 2 ms  On power-on
60 toya  After standby release
Clock hold time on standby 8 twg 128 tcya When external clock is input to XA1 pin
Clock setup time after standby release 8 tow 64 tcya
START GLOCK command write setup time to 8 tws 64 tova
RESET STANDBY command write
INT responss time from DMARQ | 9 tmr 240 308 tova
DMAAK signal invalid from INT * 9 tia 4  tova
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AC Characteristics 1; 500 kb/s (cont)

Parameter Figure Symbol Min Typ Max Unit Conditions
Drive Side

RDATA high-leve! width 10 tapo 40 ns

WDATA high-level width 10 twop 250 ns

DS0-DS3 setup time to DIR (Note 4) 11 tbsp 12 us  toya = 31.25 ns; Note 2
DIR setup time to STEP 1 tost 1 us

DS0-DS3 hold time from STEP (Note 4) 11 tsTu 5 us

STEP high-level width 1 tstp 6 7 8 us

DS0-DS3 hold time from DIR (Notes 3, 4) 11 tpps 15 us

DIR hold time from STEP 1 tstp 24 ps

STEP cycle time 1 tgc 33 us

FLTR high-level width 12 teR 8 10 us

INDEX high-level width 12 tiox 16 tova

Notes:

(1) For data transfer in non-DMA mode.

(2) The minimum value for drive-side parameters is 50 ns less
than the value expressed in us. For example, 12 us is actually
11.950 us.

While the unit under test is performing a seek operation, the
SENSE DEVICE STATUS command is being executed for the
other devices.

3

«

(4
(5) See figure 3 for timing measurement voltage thresholds.

=

Except in register mode.
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AC Characteristics 2; 250 kb/s
Ta = ~10t0 +70°C; Vpp = +5V +10%;

MFM data transfer rate = 250 kb/s; tgya = 31.25 ns (32 MHz at XA1 pin)

Parameter Figure Symbol Min Typ Max Unit Conditions
Main Systoem Side
A0, TS5, DMAAK, ENRW setup time to AD 4 tap 0 ns  For ENARW when MSEL = 1
AD, TS, DMAAK, ENRW hold time trom RD 4 tra 0 ns
RD pulse width 4 tRR 200 ns
Data access time from RD 4 4 trp 140 ns
Data float delay time from RD 1 4 tpr 10 85 ns
INT delay time from AD * 4 tR 400 ns  Noted
A0, TS, DMAAK, ENRW, RSEL setup time to WR 5 taw 0 ns  For ENRW and RSEL when MSEL = 1
A0, TS, DMAAK, ENRW, RSEL hold time from 5 twa 0 ns
WR
WR pulse width 5 tww 200 ns
Data setup time to WR 5 tow 100 ns
Data hold time from WR 5 twp 0 ns
INT delay time from WR 1 5 twi 400 ns  Note1
DMARQ cycle time 6 tmoy 26 s toya = 31.25ns
DMAAK | response time from DMARG t 6 A 400 ns
DMARQ delay time from DMAAK | 6 tam 140 ns
DMAAK pulse width 6 taa 16.5 tova
RD ! response time from DMARQ * 6 tMR 250 ns  tcya = 31.25ns
WH ! response time from DMARQ 1 6 tw 500 ns
WR/RD response time from DMARQ * 6 tMRW 24 ps
TC pulse width 6 trc 60 ns
RESET pulse width for 7 tasT 60 tcya During normal operation
crystal resonator connection 10 ms  On powsr-on
10 ms  After standby release
RESET pulse width for 7 tast 60 tcva  During normal operation
external clock input 2 ms _ On power-on
60 tcya After standby release
Clock hold time on standby twe 256 tcya When external clock is input to XA1 pin
Clock setup time after standby release tow 128 tova
START CLOCK command write setup time to tws 128 toya
RESET STANDBY command write
INT response time from DMARQ | twmi 480 616 toya
DMAAK signal invalid from INT 1 ha 8 toya
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AC Characteristics 2; 250 kb/s (cont)

Parameter Figure Symbol Min Typ Max Unit Conditions
Drive Side

RDATA high-level width 10 thoo 40 ns

WDATA high-level width 10 twop 500 ns

D80-DS3 setup time to DIR (Note 4) 1 tpsp 24 us  toya = 31.25ns; Note 2
DIR setup time to STEP 11 tosT 2 us

DS0-DS3 hold time from STEP (Note 4) 1 tsTu 10 ns

STEP high-level width 1 tstp 12 14 16 Bs

DS0-DS3 hold time from DIR (Notes 3, 4) 11 tops 30 ns

DIR hold time from STEP 1 tstp 48 us

STEP cycle time 1" tsc 66 us

FLTR high-level width 12 teR 16 20 us

INDEX high-level width 12 fiox 32 tova

Notes:

(1) For data transfer in non-DMA mode.

(2) The minimum value for drive-side parameters is 50 ns less

than the value expressed in us. For example, 24 us is actually
23.950 ps.

(3) While the unit under test is performing a seek operation, the
SENSE DEVICE STATUS command is being executed for the
other devices.

(4) Except in register mode.
(5) See figure 3 for timing measursment voltage thresholds.
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AC Characteristics 3; 300 kb/s
Ta = -1010 +70°C; Vpp = +5V =10%;
MFM data transfer rate = 300 kb/s; tgys = 31.25 ns (32 MHz at XA1 pin); tcys = 52.08 ns (19.2 MHz at XB1 pin)

Parameter Figure Symbol Min Typ Max Unit Conditions
Main System Side
A0, TS, DMAAK, ENAW setup time to RD 4 tar 0 ns  For ENRW when MSEL = 1
A0, TS, DMAAK, ENRW hold time from AD 4 tha 0 ns
RD pulse width 4 tar 200 ns
Data access time from RD | 4 tRp 140 ns
Data float delay time from RD * 4 tor 10 8 ns
INT delay time from RD 1 4 tal 400 ns Notet
A0, TS, DMAAR, ENRW, RSEL setup time to WH 5 taw 0 ns  For ENRW and RSEL when MSEL = 1
A0, T3, DMAAK, ENRW, RSEL hold time from 5 twa 0 ns
WH
WR pulse width 5 tww 200 ns
Data setup time to WR 5 tow 100 ns
Data hold time from WR 5 twp 0 ns
INT delay time from WR 1 5 twi 400 ns Note1
DMARQ cycle time 6 tucy 217 us  toyg = 5208 ns
DMAAK | response time from DMARQ * 6 tya 3333 ns
DMARQ delay time from DMAAK | 6 tam 140 ns
DMAAK pulse width 6 taa 8.3 toys
RD | response time from DMARQ * 6 tMR 208.3 ns tocyg = 5208 ns
WR ! response time from DMARQ * 6 tyw 4167 ns
WR/RD response time from DMARQ t 6 tMRW 20 ps
TC pulse width 6 trc 60 ns
RESET pulse width for 7 tasT 60 tcya During normal operation
crystal resonator connection 10 me  On power-on
10 ms  After standby release
RESET pulse width for 7 tpsT 60 tcya During normal operation
external clock input 2 ms  On power-on
60 tcya  After standby release
Clock hold time on standby 8 twe 128 tcys When external clock is input to XB1 pin
Clock setup time after standby release 8 tow 64 tcys
START CLOCK command write setup time to 8 tws 64 toys
RESET STANDBY command write
INT response time from DMARQ | 9 tw 240 308 toys
BMAAK signal invalid from INT 1 9 tiA 4  toyp
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AC Characteristics 3; 300 kb/s (cont)

Parameter Figure Symbol Min Typ Max Unit Conditions
Drive Side

RDATA high-level width 10 thonp 40 ns

WDATA high-level width 10 twop 4167 ns

DS0-DS3 setup time to DIR (Note 4) 11 tosp 20 B8  toyg = 52,08 ns; Note 2
DIR setup time to STEP 1 tpsT 17 1S

DS80-DS3 hold time from STEP (Note 4) 11 tsTU 8.3 us

STEP high-level width 1 tgTp 0 117 183 ps

DS0-DS3 hold time from DIR (Notes 3, 4) 1 tbos 25 us

DIR held time from STEP 11 tsto 40 ps

STEP cycle time 1 tsc 55 ps

FLTR high-level width 12 ten 133 67 ps

INDEX high-level width 12 tiox 16 tcve

Notes:

(1) For data transfer In non-DMA mode.

(2) The minimum value for drive-side parameters Is 50 ns less
than the value expressed in us. For example, 20 ps is actually
19.950 us.

(3) While the unit under test is performing a seek operation, the
SENSE DEVICE STATUS command is being executed for the
other devices.

(4) Except in register mode.
(58) See figure 3 for timing measurement voltage thresholds.
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AC Characteristics 4; 150 kb/s
Ta = ~10to +70°C; Vpp = +5V £10%;
MFM data transfer rate = 150 kb/s; tgya = 31.25 ns (32 MHz at XA1 pin); tcyg = 52.08 ns (19.2 MHz at XB1 pin)

Parameter Figure Symbol Min Typ Max Unit Conditions
Main System Side
A0, TS, DMAAK, ENRW setup time to RD 4 AR 0 ns  For ENRW when MSEL = 1
A0, CS, DMAAK, ENRW hold time from RD 4 tRA 0 ns
RO pulse width 4 tRR 200 ns
Data access time from RD { 4 trD 140 ns
Data float delay time from RD 1 4 toF 10 85 ns
INT delay time from RD 1 4 tr) 400 ns Note1
A0, TS, DMAAK, ENRW, RSEL setup time to WR 5 taw 0 ns  For ENRW and RSEL when MSEL = 1
A0, TS, DMAAK, ENRW, RSEL hold time from 5 twa ] ns
WR
WR pulse width 5 tww 200 ns
Data setup time to WR 5 tow 100 us
Data hold time from WR 5 twp 0 ns
INT delay time from WR 1 5 twi 400 ns  Note 1
DMARQ cycle time 6 tucy 434 us  tcyg = 5208 ns
DMAAK { response time from DMARQ 7 6 tma 6666 ns
DMARQ delay time from DMAAK | 6 tam 140 ns
DMAAK pulse width 6 taa 16.3 tove
RD { response time from DMARQ * 6 tMR 416.7 ns tgyg = 52.08 ns
WR | response time from DMARQ T 6 tyw 8334 ns
WR/RD response time from DMARQ 1 6 tMRW 40 us
TC pulse width 6 t1c 60 ns
RESET pulse width for 7 tasT 60 tcya During normal operation
crystal resonator connection 10 ms  On power-on

10 ms  After standby release
RESET pulse width for 7 tpsT 60 tgya During normal operation
external clock input 2 ms  On power-on

toya  After standby release

Clock hold time on standby 8 twe 256 tcys When external clock is input to XB1 pin
Clack setup time after standby release 8 tow 128 toys
START CLOCK command write setup time to 8 tws 128 toys
RESET STANDBY command write
INT response time from DMARQ | 9 tmi 480 616 tcys
DMAAK signal invalid from INT T 9 tia 8 icvys
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AC Characteristics 4; 150 kb/s (cont)

Parameter Figure Symbol Min Typ Max Unit Conditions
Drive Side

RDATA high-level width 10 trpD 40 ns

WDATA high-level width 10 twop 8334 ns

DS0-DS3 setup time to DIR (Note 4) 1 tbsp 40 us  teypg = 52.08 ns; Note 2
DIR setup time to STEP 1" tosT 34 us

DS0-DS3 hold time from STEP (Note 4) 11 tsTU 16.6 ns

STEP high-level width 1 tsTp 20 234 266 g8

DS0-DS3 hold time from DIR (Notes 3, 4) 11 thps 50 %]

DIR hold time from STEP 1" tsTD 80 us

STEP cycle time 11 tsc 110 ns

FLTR high-level width 12 tER 266 33.4 us

INDEX high-level width 12 tipx 32 tcve

Notes:

(1) For data transter in non-DMA mode,

() The minimum value for drive-side parameters is 50 ns less
than the value expressed in us. For example, 40 ps is actually
39.950 ps.

(38) While the unit under test is performing a seek operation, the
SENSE DEVICE STATUS command is being executed for the
other devices.

(4) Except in register mode.
(5) See figure 3 for timing measurement voltage thresholds.
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AC Characteristics 5; 600 kb/s
TA = -10 to +70°C; VDD = +5V £10%;

MFM data transfer rate = 600 kb/s; tcya = 31.25 ns (32 MHz at XA1 pin); tcyg = 26.04 ns (38.4 MHz at XB1 pin)

Parameter Figure Symbol Min Typ Max Unit Conditions
Main System Side
A0, C3, DMAAK, ENRW setup time to FD 4 AR 0 ns  For ENRW when MSEL = 1
A0, TS, DMAAK, ENAW hold time from RD 4 tRA 0 ns
RD puise width 4 tAR 200 ns
Data access time from RD | 4 tap 140 ns
Data float delay time from RD * 4 tor 10 85 ns
INT delay time from RO 1 4 R 400 ns  Notet
AD, T8, DMAAK, ENRW, RSEL setup time to WR 5 taw 0 ns  For ENAW and RSEL when MSEL = 1
A, TS, BMAAK, ENRW, RSEL hold time from 5 twa 0 ns
WR
WH pulse width 5 tww 200 ns
Data setup time to WR 5 tow 100 ns
Data hold time from WR 5 twp 0 ns
INT delay time from WR 1 5 twi 400 ns Notef
DMARQ cycle time 6 tmey 108 #8  toyg = 26.04ns
DMAAK | response time from DMARQ * 6 tma 166.7 ns
DMARQ delay time from DMAAK | 6 tam 140 ns
DMAAK pulse width 6 taa 86 toys
RD | response time from DMARQ T ] tMR 104.2 ns  tcyg = 26.04 ns
WR { response time from DMARQ 1 6 tyw 2083 ns
WHR/AD response time from DMARQ T 6 tMRW 12 s
TC pulse width 6 trg 60 ns
RESET puise width for 7 tpsT 60 tcya During normal operation
crystal resonator connection 10 ms _ On power-on
10 ms  After standby release
RESET pulse width for 7 tpsT 60 toya During normal operation
external clock input 2 ms  On power-on
€0 tcya After standby release
Clock hold time on standby 8 twe 128 tcys When external clock is input to XB1 pin
Clock setup time after standby release 8 tow 64 tcy
START CLOCK command write setup time to 8 tws 64 tcys
RESET STANDBY command write
INT response time from DMARQ tmi 240 308 tcys
DMAAK signal invalid from INT 1 ta 4  tove
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AC Characteristics 5; 600 kb/s (cont)

Parameter Figure Symbol Min Typ Max Unit Conditions
Drive Side

RDATA high-leve! width 10 tapn 40 ns

WDATA high-level width 10 twpb 208.3 ns

DS0-DS3 setup time to DIR (Note 4) 1 tosp 10 s toyp = 26.04ns; Note 2
DIR setup time to STEP 1 tosT 0.8 us

DS0-DS3 hold time from STEP (Note 4) 1 tsTu 4.2 us

STEP high-level width 11 tsTp 50 &8 67 s

DS0-DS3 hold time from DIR (Notes 3, 4) " tops 125 us

DIR hold time from STEP 11 tsTD 20 [ ]

STEP cycle time 11 tsc 275 ps

FLTR high-ievel width 12 teR 6.7 83 ps

INDEX high-level width 12 tiox 16 tcys

Notes:

(1) For data transfer in non-DMA mode.

(2) The minimum value for drive-side parameters is 50 ns less
than the value expressed in us. For example, 10 us is actually

9.950 ps.
&)

While the unit under test is performing a seek operation, the

SENSE DEVICE STATUS command is being executed for the

other devices.
(4) Except in register made.
(5)

<
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AC Characteristics 6; 300 kb/s
TA = =10 to +70°C; VDD = +5V =10%;

MFM data transfer rate = 300 kb/s; tgya = 31.25 ns (32 MHz at XAt pin); tgyg = 26.04 ns (38.4 MHz at XB1 pin)

Parameter Figure Symbol Min Typ Max Unit Conditions
Main System Side
AQ, TS, DMAAK, ENRW setup time to AD 4 AR 0 ns For ENRW when MSEL = 1
A0, T8, DMAAK, ENFRW hold time from RD 4 tra 0 ns
RD pulse width 4 trp 200 ns
Data access time from RD | 4 tap 140 ns
Data float delay time from AD t 4 toF 10 85 ns
INT delay time from RD 1 4 tRy 400 ns  Note1
A0, TS, DMAAK, ENRW, RSEL setup time to WR 5 taw 0 ns  For ENRW and RSEL when MSEL = 1
AQ, TS, DMAAK, ENFW, RSEL hold time from 5 twa 0 ns
WR
WH puise width 5 tww 200 ns
Data setup time to WR 5 tow 100 ns
Data hold time from WR 5 twp 0 ns
INT delay time from WR 1 5 twi 400 ns  Note i
DMARQ cycle time 6 tmoy 217 us tcyg = 26.04ns
DMAAK { response tims from DMARQ t 6 tma 3333 ns
DMARQ delay time from DMAAK | 6 tam 140 ns
DMAAK pulse width 6 tan 16.6 tove
RD ! response time trom DMARQ T 6 tmyp 2083 ns tcyg = 26.04ns
WH ! response time from DMARQ T 6 tmw 4167 ne
WR/RD response time from DMARQ T 6 tMRW 24 us
TC pulse width 6 tyo 80 ns
RESET puise width for 7 tast 60 tocya During normal operation
crystal resonator connection 0 ms _ On power-on
10 ms  After standby release
RESET pulse width for 7 tRsT 60 tcya During normal operation
external clock input 2 ms  On powsr-on
60 tcya  After standby release
Clock hold time on standby 8 twe 256 tcys When external clock is input to XB1 pin
Clock setup time after standby release 8 tow 128 tcys
START CLOCK command write setup time to 8 tws 128 tcys
RESET STANDBY command write
INT response time from DMARQ tr 480 616 tcys
DMAAK signal invalid from INT T ta 8 tcys
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AC Characteristics 6; 300 kb/s (cont)

Parameter Figure Symbol Min Typ Max Unit Conditions
Drive Side
RDATA high-leve! width 10 tapp 40 ns
WDATA high-level width 10 twpp 4167 ns
DS0-DS3 setup time to DIR (Note 4) 11 tpsp 20 85 tcys = 26.04 ns; Note 2
DIR setup time to STEP 1 tosT 17 us
DS0-DS3 hold time from STEP (Note 4) 11 tsTu 83 us
STEP high-level width 11 tstp 10 117 133 s
DS0-DS3 hold time from DIR (Notes 3, 4) 1 tbDs 25 us
DIR hold time from STEP 11 tsTD 40 ]
STEP cycle time 11 tsc 55 [
FLTR high-level width 12 teR 133 167 ps
INDEX high-level width 12 tipx 32 tcye
Notes:
(1) For data transfer in non-DMA mode.
(2) The minimum value for drive-side parameters is 50 ns less
than the value expressed in us. For example, 20 us is actually
19.950 ps.
(3) While the unit under test is performing a seek operation, the
SENSE DEVICE STATUS command is being executed for the
other devices.
(4) Except in register mode,
(5) See figure 3 for timing measurement voltage thresholds.
Figure 4. Read Operation
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Figure 5. Write Operation
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Figure 7. RESET Waveform
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Figure 8. Standby Operation (With External Clock Input)

Clack

[ IcW—™]

twc tWg ——

1 ) 3)
= [ N

Notes:

(1) SET STANDBY command write.

(2) START CLOCK command write.

(3) RESET STANDBY command write.

(4) When in standby mode the external clock should be

fixed low. The standby current specifications cannot
be met unless this is done.
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Figure. 9 Operation in Case of Overrun
LY R-Phase
DMARQ \
3
4
INT / \
L___ DMAAK Signal
A T Invalid Time *
INT generation on completion of command

835L-5764B

Figure 10.

RDATA and WDATA Waveforms
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Figure 11. Seek Operattion
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Figure 12. FLTR and INDEX Waveforms
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