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Floppy-Disk Controller
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Descriptian

The pPD72068 FDG is one of NEC's integrated solutions
for today's floppy-disk controller designs. An outgrowth
of the uPD765A—lang established as the industry stan-
dard for floppy-disk contol—the xPD72068 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 uPD72068 incorporates a high-performance digital
PLL that is impervious to harmonic lock-on, a character-
istic of analog caunterparts. Being digital, the PLL re-
quires no adjustments and supports all standard data
rates as well as 600 kb/s.

The pPD72068 has on-chip clock generation, selectable
write precompensation, and all the circuitry necessary
for interfacing directly to four floppy-disk drives.

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

o Software compatible with pPD765A/765B, pPD7265,
pPD72065/65B, uPD72066, and pPD72067
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 digita! PLL
Two system clock generators
Programmable stepping speed
Write-compensate clrcuit {programmable preshift)
FDD interface
— High-current drivers (24-mA sink)
— Schmitt receivers
O Direct contro! of four FDDs

— Spindle motor control

— Unit select control
0 Three selectable modes support:

— PC, PC/XT, PC/AT, PS/2 registers

— Internal operating made selection

— External operating mode selection

a
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Ordering Information

Part Number Package
pPD72068GF-3B9 80-pin plastic miniflat
#PD72068L 84-pin PLCG (plastic leaded chip carrier)
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Pin Configurations
80-Pin Plastic Miniflat
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*28IDE C]10 64§71 GND2
NC []2 63[7 “EM3
*FLT O3 62| DSO
*SIDE [}4 611 GND2
GND2 [}s 603 *DS1
*¥FLTR {6 597 *DSs2
*HDLD O}7 58[0 GND2
GND2 8 s71 *Ds3
NG O9 5611 *DEN1
*LCT Cj10 s5{3 GND2
Vpp Ot 54 * DENO
Vpp 012 53 GND1
¥ENPCS []13 52[] XB2
ACTL [} 14 61{1 XB1
ENRW []15 507 GND1
RSEL C]16 497 XA2
MSEL [} 17 4817 XAt
RESET []18 4713 GND1{
RD 19 461 PCS1
WR 20 4511 pPcso
CS g2 4417 *INDEX
A0 [J22 430 NC
NC 23 4211 N¢’
GND1 )24 41 g DRt
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¥* Activa level ig variable,
Connagt GND1 and GND2 to ground with the shortest possible wiring.
B83vQ-59148
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84-Pin PLCC
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= INDEX 12 o = 7400 Ao
rCso O] 13 73[3 cs
pcst 314 7200 wa
GND1 |15 710 fAD
XAt O s 701 RESET
XA2 317 69{1 MSEL
GND1 [} 18 68[1 RSEL
NC Q19 671 ENRW
xB1 20 86{] ACTL
x82 21 65[1 *ENPCS
GNot1 Oj22 64[J Vop
=peENO Ef23 631 NC
- aND2 (24 621 VoD
*DENt [j25 . 613 *LeT
ps3 Oas 601 GND2
aNp2z 27 5911 *HDLD
*ps2 [C]28 681 *FLTR
*ps1 Clze 571 NG
anp2 Cao s6 [0 GND2
*pso Cat 5511 *SIDE
.EMG E azm 4 N ONO QOO T NOTWLOMNDNO — N 054 :] .FLT
QMO OMN 0NT T T T T YT T TNNNW
oo Do ooooooyg
§999sge9syeEsguegEEsY
2 w wZuw N (Zﬂ ;3 g g . )u_: o é 5 b
(0] * * O ¢ = & ‘3 e N
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* Active level is variable,
Cannect GND1 and GND2 to graund with the shortest possible wirng.
834Q-591%
5-81




N E C ELECTRONICS INC 30E D MM L427525 0027953 3 M
uPD72068 NE‘ C
J-52-33-61
¥ s
Pin Identification
Symbol /O Signal Function Symbol /O Signal Functlon
A0 In  Address 0. Selects uPD72068 registers. HDLD (*) Out Head Load. Causes the drive head to contact the
A0 Registers diskette,
‘1) g;at;usé;‘lzglllary command, digital out INDEX (*} In Indicates drive head Is positioned at physlcal start
! point of track on the medium.
ACTL n :\Icgtrivael Level. Sets active level of drive interface INT Out Interrupt Request. Requests main system to process
ACGTL  Active Leve! transferred data and exscution resuits,
0 High LCT (¥ Out Low Current. Indicates drive head has selected a
1 Low cylinder after the 43rd.
[o1] In Chip Select, Validates RD and WR signals when  MSEL In  Mode Select. Valldates IBM-PG register and on-chip
MSEL = 0. In Register mode (MSEL = 1), CS may peripheral clrcults,
Tl D ,
. be used as address ling 1 In & typical PC system. PGS0, In Precompensation. Selects the preshift amount In
Do-07 /O Data Bus. Bidirectlonal, three-state data bus, PCS1 external or register mode.
DENO, Out Density. Specifies preset data transfer rate; can be .
DENT (% used for FDD data transfer rats contral. See table 1. f:;im?r;nal mode, pulithese pins low with high-value
. P : P —
DIR (%) Out g;:chg:.e: %?f;g:ii;he sesk direction. RD In Read, This control signal causes the main system to
0 Centritugal gl Vread data from the xPD72068 to the data bus.
1 Centripetal RDATA (*) In Read data (consists of clock and data bits) from FDD,
DMAAR In DMA Acknowledge. Enables DMA cycle, READY (¥} In Indlcates FDD is ready.
DMARQ  Out DMA Request. Requests data transferin DMA mode.  RESET In Sets uPD72068 to idle state. FDD interface outputs
DRO,DR1 In Data Rate. Sets data transfer rate in external mods, :’g:ft for W%‘g:‘ S‘mdehned) are:
Forinternal meds, pulithese pins low with high-value T . AI_P—I T
resistors, 1 Al :!ngh
D80-DS3 Out Drive Select. Selects up to four FDDs.
(V] For the main system, INT and DMARQ are set to low
EMO-EM3 Out Enable Motor Controls spindle motor on/off; also can and Dg-Dy are set for input.
L) .
@ be used as a general-purpose output port. When MSEL = 0, uPD72068 enters external mode
ENPCS In  Enable Precompensation. directly after a resst.
» <
Y @ ENPCS g'::h‘“ Value RSEL In Reglster Select. When MSEL = 1, used with S and
0 to select reglsters for IBM- gital out register
o 1 Assigned by mode AD ta select reglsters for IBM-PG (digital '
1 0 Assigned by made and control register). Invalid when MSEL = 0
1 1 Ons SIDE (*) Out Slde Select. Selects double-sided drive head,
ACTL SIDE Drive Head
Itthe preshiit amount!s to be varied according to the 0 (Activehigh)y 0 Heado
number of eylinders, the appropriate control signal is 0 i Head 1
Input on ENPCS. When applying preshifting to 1 (Active low) 0 Head 1
cyiinders 43 and above, variable control can be 1 1 Hedd 0
ggafci-rgregligtomatlcany by connecting the ENPCS STEP () Out Generates seck pulses.
ENEW in Enable Read Write. Validate RD and WR signals when 1c In_Termina Gount. Terminates data transtar
MSEL = 1. When MSEL = 0, thls signal is TRKO (* In  Indicates drive head Is positloned at cylinder 0.
meaningless. WDATA (*) Out Write data (clock and data bits) to FDD,
FLT (% In  Fault, Indicates FDD Is taulty. WE Out Requests FDD to wiite data,
" d
FLTR (*}  Out Fault Reset. Releases FDD frqm faulf state. WPRT () In_Indloates medium s write-protected. ,
FMT In E&r_trnat. g::?:;? format in external mode. WR In Write, Contrel signal that allows the main system to
o BM write data bus data Into sPD72068.
1 ECMA
Forinternal mode, pull this pin low with a high-value
resistor.
5-82
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Pin Identification {cont) Table 1. Data Transfer Rate Seitings
Symbol /O Signal Function Input Pins '{‘;:2;3:‘: Output Pins
XA1, XA2 In Crystal A Forinternal oscillator frequency contiol,a  Mode DRt DRO Dt DO Rate (kb/s) DEN1 DENO
crystal resonator is connected to XA1 and XA2. For T
oxternal clock Input at XA1, XA2 is open. Internal/ 0 0 20 1 0
external
Freque = 32 MHz (Note 1) e 1 = '500 1 1
quency = 10 -~ — 150 (300) 1 0
To support only 500/250 kb/s data rates, crystal B is 1 1 — — 300 (600) 0 0
not necessary; connect XA2 to XB1, Reglster 0 " 0 o 500 1 ]
XB1,XB2 In Crystal B, Forinternal oscillator frequency control,a  (Note 2) 0 X Py 1 260 1 0
crystal resonator Is connected to XB1 and XB2. For
external clock input at XB1, X82 [s open. 0 X 1 0 250 1 0
Frequericy Data Rate 0 X 1 1 180 (300) ! 0
38.4 MHz 600 kb/s 1 X [ Q 500 1 1
19,2 MHz All other rates 1 x 0 1 300 (600) ) 0
To support only 500/250 kb/s data rates, crystal B Ia 1 X 1 0 250 1 0
not necessary; connect XA2 to XB1. 1 < 3 1 150 (300) 1 )
28IDE () In Indicates a medium with two usable sides has besn
loaded Into the FDD. Notes:

NG ~ No Gonnsction,

GND1 — Digital system ground,
GND2 — Buffer system ground.
Vob In  +5-volt power supply

(%) Active high when ACTL = 0; active low when ACTL = 1.

Pin Reset Status

Pin Reset Status
Do-D7 Input
DMARQ, INT Low

WDATA Undetined

DIR, DS0-DS3, Low when ACTL =0; high when ACTL= 1.
EMO-EM3, FLTR,

HDLD, LOT,

SIDE, STER, WE

DENO, DEN1 Output depends on the preset data transfer
rates. Value set when ACTL = 0 Is Inverted
when ACTL = 1, and vica versa,

Other pins

(1) In Internal mode, DR1 and DRO are bits of the CONTROL
INTERNAL MODE command. In external mode, DR1 and DRO are
Input pins.

(2) In register mode, DRO input pin status is "Don’t Care" (x).

(3) Data transfer rates In parentheses are with a 38.4-MHz crystal

resonator connscted to pins XB1 and XB2 or a 38.4-MHz clock
connected to pin XB1,

(4) Data transfer rates are for MFM mods, In FM mode, these rates
are hatved.

(6) DEN1 and DNO values are when ACTL = 1 (active low), When
ACTL = 0 (active high), values are inverted.

Operation Modes

Since uPD72068 has been developed from PD72067,
the external and internal modes avallable for uPD72067
are also avallable for xPD72068 (exept the external VFO
mode). In addition, the register mode is available for
uPD72068. The register mode is used to operate the
IBM-PC registers and special-purpose circuits of
uPD72068. Procedures for setting the data transfer rate,
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/Off
Mode Pin Command Rate Setting Drive Select Amount Setting Change Control

Reglster 1 None DO and D1 bits and Digital out PCS0, PCS1, and FMT pin Digital out register
mode DR1 pin of control register DR1 pins
reglister

Internal 0 Note 1 CONTROL INTERNAL US1and USO 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 plns :

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

uPD72068 Block Diagram

1-52-33-61

XAl XA2

RESET e

Reset
Corntrol

l—s=(21)

- (22)

Block upgraded or added to

original tPD765/72065
4 ) Internal signal

Command

Registers
o R

an
Timers

- j+— 2SIDE

: f+— INDEX

| | Drive
___:> Interface
Control

Status

7S
v N/

Data Bus
Buffer

Multiplexer <:> Data

L

T

Ay

)]
Interlace

Control

RDATA

— From Digital
QOut Register

\/
EMT
WE
Data = (SYNC)
Separation [~ (WCLK)
and
(SYNC) | Ser'ia]
nterface
Circuitry I——WDATA
T ov - (RDATA)
7 Digltald i
Phase-Latl (WINDOW)
Q00p:
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Absolute Maximum Ratings Capacitance

Ta = +26°C

Ta = +25°Ci Vpp = 0V;f = 1 MHz

Supply voltage, Voo -05t0 +7.0V Parameter Symbol Min Max Unit Conditions
Voltage on any pin (except Vpp) -05t +7V Clock capacitance  Gg 20 pF  Unmeasured
Opaerating temperature, Topt -10to +70°C Input capacitance 7 Cm 20 F z:nos \rfturned
Storage temperature, Tstg -65 to 180°C Output capacitance Court 20 pF
Oscillator Specitications
T = ~10to +70°C; Vpp = +5V =10%; see figures 1, 2, and 3.
Parameter Symbot Min Typ Max Unlt  Conditlons
Crystal Resonator Source
Qscilllator stabllization time (Note 1) ks 10 ms
External Clock, Direct Input
Lowleve! input voltage Vi -05 02Vpp \) Pins XA1, XB1
High-level Input voltage ) Vi 0.8 Vpp Vop + 05 v
Clack cycle tova 31,25 ns Pin XA1
' tavs 52.08 ns 19.2-MHz clock input to pin XB1
26.04 ns 38.4-MHz clock Input to pin XB1
Perrnisslble clock cycle ertor from typical value =05 % Pins XA1, XB1{
(Note 2)
Clock high-level width tKKH 7.0 ns Pln XAt
15.0 ns Pin XB1; toyg = 52.08 ns
) 6.0 ns Pin XB1; toyg = 26.04 ns
Clock lowlevel width tKL 7.0 ns Pin XA1
16.0 ns  PinXBi; toyp = 52.08 ns
6.0 ns Pin XB1; toyg = 26.04 ns
Clock rise time %R 5.0 ns
Clock fall time e 6.0 ns
External Clock, Capacitor-Coupled Input
Clock Input amplitude Vkp.p 20 Voo v Pins XA1, XB1
Clock cycle - toYA 81.26 ns Pin XA{
tcys 52.08 ns 19.2-MHz clock input to pin XBi
26.04 ns 38.4-MHz clock Input to pln XBi
Permlssible clock cycle error from typleal value +0.5 % Ping XA1, XB1
(Note 2)
Duty cycle, high-level 40 60 %
Notes:

(1) Osclllator stabilizatlon time should also be taken as the walt time
betwesn the Issuance of START CLOCK and RESET STANDBY

commands,
(&) Clock cycle error affects DPLL performance.
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Figure 1.

Recommended External Clock Circuits

Figure 2. External Clock Waveform

, T-52-33-61

A. Crystal Resonator Source

/—Notes 1.2
XAt
It
XA2
pPD72068
XB1
I
XB2
Frequency *Part No. Cc1, C2
32 MHz 32 MHz EFD Type 15 pF £20%
(pins XA1, XA2)] TQC-254A-6R 10 pF £20%
TQC-254A-8R
19.2 MHz TQC-253A-6R 16 pF +20%
(plns XB1, XB2)| TQC-253A-8R

* Toyo Comymunication Equipment Co., Ltd.

B. External Clock, Dlrect Input

XA1 J= Clock
XA2

1PD72068
X8t = Clock
XB2

C. External Clock, Capacltar-Coupled

1
XAt Je—{}— Clock
xA2 {Note 3)
pPD72068 o
%81 fe—]}—] clock
XB2

Notes:

{1} Ostillator cireuit should be as close as possible to
pins XA1, XA2, XB1, and XB2,

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

{3) C1and C2=11010 10,000 pf.
833L-5757A

Direct Input

Capacitor Input

[ —————— ICYA, ICYB ——»

12N

e

Figure 3.
Measurements

22V

Schmitt tl .
chmitt trigger input 08Y

XA1, XA2, XB1, XB2

22V
08V

Other pins

Qutput load = 1 TTL + 100 pF

I

|
|
- -08VDD
d - ==02VDD
B lK
- 83SL-5763A
Voltage Thresholds for Timing -
0.8VpD -
g 045V
0.9VDD )
0.1VpD
24V -
045V
3SL-5756A;
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DC Characteristics
Ta = =1010 +70°C; Vpp = +5V £10%
Parameter Symbal Pin Groups Min Max Unit Conditlons
Lowlevel input voltage viL 2 ~05 08 \
ViLt 1 -05 0.2 Vpp v
High-level Input voltage Vi 2 22 Vpp + 05 A
Vit 1 0.8 Vpp Vpp + 05 '
Lowlevel output voltage VoL 4,5 0456 v oL = 20 mA
. VoLt 3 0.45 \ oL = 240 mA
High-level output voltage Vou 4,5 0.7 Vpp Vop v lon = ~200 pA
Lowfavel input leakage current W 1,2 -10 A Viy=0V
High-leve! input leakage current LK 1,2 +10 pA Vin = Vop
Lowlevel autput leakage current oL 4,5 -10 BA Vout = +045V
loL1 3 -100 sA
High-level output leakage current ILon 4,5 +10 A Vout = Vop
1LOH1 3 +100 BA
Voo supply current oo 60 mA Note 1
Standby current Ipp1 100 A Note 2
Notes: PIn Groups:

(1) When a 32-MHz crystal Is conneoted to XA1-XA2and a 19.2-MHz

crystal I8 connected to XB1-XB2,

(2) When an external clock Is supptied, the clock should be fixed low

during standby.

5-88

(1) Schmitt-trigger Inputs: ENPCS, FLT, INDEX, RDATA, READY,
TRKO, WPRT, 2SIDE.

(2) Non-Schmitt-trigger inputs and Dg-D7; excludes XA1, XA2, XB1,
XB2,

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

{4) Drlve-side outputs when ACTL = 0O (actlve-high mode): Same
pins as group 3,

{6) Other than drive-side outputs; also Dg-Dy,
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AC Characteristics 1; 500 kb/s

TA = ~10t0 +70°C; Vgp = +5V £10%;

MFM data transfar rate = 500 kb/s; toya = 31.26 ns (32 MHz at XA1 pin)

Parameter Flgure Symbol Min Typ Max Unit Conditlons

Main System Side

A0, TS, DMAAR, ENRW setup time to RO 4 tar 0 ns  For ENRW when MSEL = 1

A0, TS, DMAAK, ENRW hold time from RD 4 taa 0 ns

AD pulse width 4 taR 200 ns

Data access time from RD | 4 tap 140 ns

Data float delay time from RD 1 4 tor 10 . 85 ns

INT delay time from RD t 4 ty 400 ns Noted

A0, CS, DMAAR, ENFW, RSEL setup time to WH 5 taw 0 ns  For ENRW and RSEL when MSEL = 1

AW(_)ﬁ TS, DMAAR, ENRW, RSEL hold time from 5 twa ] ns

WA pulse width 5 tww 200 ns

Data sstup time to WR 5 tow 100 ns

Data hold time from WR 5 twp ] ns

INT delay time from WH 1 5 twi 400 ns  Noted

DMARQ cycle time 6 tmoy 13 us  toya = 31.25ns

DMAAK ¢ tresponse time from DMARQ t 6 tya 200 rs

DMARQ delay time from DMAAK ¢ 6 tam 140 ns

DMAAK pulse width 6 taa 85 tova

RD { response tims from DMARQ 6 twrR 125 ns  toya = 31.25ns

WH  tespanise time from DMARQ t 6 tww 250 ns

WR/RD responss tlme from DMARQ 1 6 tMAw 12 pus

TG pulse width 6 trc 60 ns )

RESET pulse width for 7 tasT 60 toya During normal operation

crystal resonator connection 10 ms  On power-on

10 ms  After standby release
RESET pulse width for 7 tRsT 60 tcya  During normal operation
oxternal clock Input 2 ms _ On power-on
60 tova  Alfter standby telease )

Clock hold time on standby 8 twe 128 tcya  When external clock is input to XA1 pin

Clock setup time after standby release 8 tow 64 tova

START CLOCK command write setup tims to 8 tws 64 teva

RESET STANDBY command write

INT respanse time from DMARQ { 9 i 240 308 tova

DMAAK signal invalld from INT t 9 A 4  toya
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AC Characteristics 1; 500 kb/s (cont)
Parameter Figure Symbol Min Typ Max Unit Conditlons
Drive Side
RDATA high-level width 10 trop 40 ns
WDATA high-level width 10 twop 250 ns
DS0-D$3 sstup time to DIR (Note 4) 11 tosp 12 18 toya = 31.26 ns; Note 2
DIR setup time to STEP 11 tost 1 Jit]
DS0-DS3 hold time from STEP (Note 4) 11 tstu [ ) ps
STEP high-level width ) 11 tsrp 6 7 8 ps
DS0-DS3 hold time from DIR (Notes 3, 4) 1 tons 16 us
DIR held time from STEP 1 tsTD 24 us
STEP cycle time 11 tsc 33 ns
FLTR high-level width 12 trR 8 10 ps
INDEX high-level width 12 tiox 16 tova
Notes:

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

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

(8) While the unit under test s performing a seek operation, the
SENSE DEVICE STATUS command 18 belng executed for the
other devices.

(4) Exceptin ragister mode,
(6) See figure 3 for timing measurement voltage thresholds.

5-90




-

o A B o

N E C ELECTRONICS INC J0E D - B BY427525 0027362 4 M

N E C uPD72068
T752-33-61
AC Characteristics 2; 250 kb/s .
Ta = =10t0 +70°Ci Vpp = +5V £10%;
MFM data transfer rate = 250 kb/s; tgya = 31.26 ns (32 MHz at XA pin)
Parameter ) Flgure Symbol Min Typ Max Unit Conditlons
Main System Side
A0, 5, DMAAR, ENRW sotup time to FD 4 taR 0 ns  For ENRW when MSEL = 1
A0, TS, DMAAR, ENRW hold time from RD 4 taa 0 ns
RD pulse width 4 tar 200 ns
Data access ime from BD ¢ 4 tap 140 ns
Data fioat delay time from RD 4 toF 10 85 ns
INT delay time from FD 1 4 tar 400 ns  Notet
A0, TS, DMAZR, ENRW, RSEL setup time to WA 5 taw [} ns  For ENRW and RSEL when MSEL = 1
%% TS, DMAAK, ENAW, RSEL hold time from ] twa (] ns
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 5 tw 400 ns Notet
DMARQ cycle time 6 tyoy 26 us  toya = 31.25ns
DMAAK | response time from DMARQ 1 6 tya 400 ns
DMARQ delay time from DMAAK ¢ 6 tam 140 ns
DMAAR pulse width 6 taa 165 tova
D ! response time fror DMARQ t 6 tvpn 250 ns  tcya = 31.25ns
WH { response time from DMARQ ] tyw 500 ns
WR/RD response tima fram DMARQ 6 tMRW 24 ps
TC pulse width 6 tvo 60 ns )
RESET pulse width for 7 tasT 60 toya During normal operation
crystal resonator connaction 10 ms  On power-on
10 ms  After standby release
RESET pulse width for 7 'tns-r €0 tcya Durlng normal operation
external clock Input 2 ms  On pawsr-on
60 tova  After standby release

Clock hold time on standby 8 twe 256 tcya  When external clock Is input to XA1 pin
Clock sstup time after standby release 8 tow 128 toya
START CLOCK command write setup time to tws 128 tova
RESET STANDBY command wilte
INT response time from DMARQ { 9 tm 480 616 tgoya
DMAAK signal Invalld from INT t 9 tA 8 tova

§-91



N E ¢ ELECTRONICS INC

uPD72068

30E D WM L427525 0027963 - WA

NEC

AC Characteristics 2; 250 kb/s (cont)

1;—5 2-33-61

Typ Max Unit Conditions

Parameter Flgure Symbol Min

Drive Side

RDATA high-level width 10 thon 40 ns
WDATA high-evel width 10 twob 500 ns
DS0-DS3 setup time to DIR (Note 4) 11 tosp 24 pe  toya = 31.25ns; Note 2
DIR setup time to STEP 11 tost 2 it}
DS0-DS3 hold time from STEP (Note 4) 1 tstu i0 us
STEP high-level width 11 tstp 12 14 16 ue
DS0-DS3 hold time from DIR (Notos 3, 4) 11 toos 30 ne
DIR hold time from STEP 11 ts1D 48 s
STEP cycle time 1 teg 66 ps
FLTR high-level width 12 trR 16 20 it
INDEX high-level width 12 tox 82 tova
Notas:

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

(2 The minlmum value for drive-side parameters 1s 50 ns less
than the value expressed In ps. 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 belng exescuted for the
other devices.

(4) Exceptin reglster mode.
(5) See flgure 3 for timing measutement voltage thresholds.
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AC Characteristics 3; 300 kb/s
Ta = -10to +70°C; Vpp = +5V £10%;

T-52-33-61

MFM data transfer rate = 300 kb/s; tgya = 31.25 ns (32 MHz at XA1 pin); tgyg = 52.08 ns (18.2 MHz at XB1 pin)

Parameter Figure Symbol MiIn Typ Max Unit Conditions
Main System Side
A0, TS, DMAAR, ENRW setup time to AD 4 tan 0 ns  For ENRW when MSEL = 1
A0, T3, GMAAR, ENRW hold time from BD 4 tRA 0 ns
RD pulse width 4 tgp 200 ns
Data access time from RD ¢ 4 tho 140 ns
Data float delay time from D 1 4 tor 10 85 ns
INT delay time from RD t 4 ta 400 ns Notet
A0, TS, DMAAR, ENFW, RSEL setup time to WH 5 taw o ne  For ENRW and RSEL when MSEL = 1
éw% T8, DMAAK, ENRW, RSEL hold time from 5 twa ] ns
WH pulse width 5 tww 200 ns
Data setup time to WR 5 tow 100 ns
Data held time from WR 5 two 0 ns
INT delay time from WH 1 5 twi 400 ns Noted
DMARQ cycle time . 6 tmoy 217 #e  toys = 5208 ns
DMAAR ! response time from DMARQ t 6 tya 3333 ns
DMARQ delay time from DMAAK { 6 tam 140 ns
BMARK pulse width 6 taa 83 toys ]
RD { response tima from DMARQ t 6 tMp 2083 ns tgyg = 5208 ns
WH { response time from DMARQ 6 tuw 4167 ns
WEURD response time from DMARQ 1 6 tMRW 20 pus
TG pulse wkith 6 trc 60 ns
AESET pulse width for 7 tasT 60 toya During normal operation
crystal resonator connectlon 1 ms _ On power-on
10 ms  After standby release
RESET pulse width for 7 trsT 60 tocva Durlng normal operation
external clock Input 2 ms - On power-on
60 tova 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 toys
START CLOCK command wrlte setup time to 8 tws 64 tove
RESET STANDBY command write
INT reshonse time from DMARQ L ta 240 308 toys
DMAAK signal invalld from INT t ta 4  toys
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AC Characteristics 3; 300 kb/s (cont)
Parameter Flgure Symbel Min Typ Max Unit Conditions
Drive Side
RDATA high-level wldth 10 trop 40 ns
WDATA high-leve! width 10 twop 416.7 ns )
DS0-DS3 setup time to DIR (Note 4) 11 tosp 20 B8 toys = 52.08 ns; Note 2 |
DIR setup time to STEP 1 tosT 17 ps |
DS0-DS3 hold time from STEP (Nots 4) 1 tsTu 8.3 Bs
STEP high-level wldth 1 tstp 10 117 133 ps
DS0-DS3 hold time from DIR (Notes 3, 4) 11 toos 25 ns
DIR held time from STEP 11 tsTD 40 it
STEP cycle time 11 tso 65 us
FLTR high-leve! width ) 12 teR 133 167 ps
INDEX high-level width 12 tiox 16 tovs
Notes:

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

(2) The minlmum value for drlve-side parameters Is 50 ns less
than the value expressad 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) Exceptin register mode.
(6) See figure 3 for timing measurement voltage thresholds.
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AC Characteristics 4; 150 kb/s
Ta = =100 +70°C; Vpp = +5V £10%;

T52-33-61

MFM data transfer rate = 150 kb/s; toya = 31.25 ns (32 MHz at XA1 pin); tgyg = 62.08 ns (19.2 MHz at XB1 pin)

Paramoter Figure Symbol Min Typ Max Unit Conditions
Maln System Side .
A0, TS, DMAAR, ENRW setup time to BD 4 tan (] ns  For ENRW when MSEL = 1
A0, TS, DMARR, ENRW hold time from RD 4 tga 0 ns
RD pulse width 4 taR 200 ns
Data access time from RD { 4 tap 140 ns
Data float delay time from FD 1 4 tpg 10 85 ns
INT delay time from FD * 7 4 tay ) 400 ns Noted
A0, TS, DMAAR, ENRW, RSEL sotup time to W& 5 taw ) ns  For ENRW and RSEL when MSEL = 1
el%i T8, DMAAR, ENRW, RSEL hold time from 5 twa ns
WA pulse width [ tww 200 ns
Data setup time to WR 5 tow 100 ns
Data hold time from WR 5 twp 0 7 ns
INT delay time from WH ¢ [ twi 400 ns Noted
DMARQ cycle time 6 tuoy 434 ) us  toyg = 52.08ns
BMAAK { response time from DMARQ 1 6 tMa 6866 ns
DMARQ delay time from DMAAR ¢ 6 tam 140 ns
DMAAK pulse width 6 taa 16.3 toys
RD & response time from DMARQ 6. tMR 46,7 ns toyg = 52.08 ns
WR { tesponse time from DMARQ 1 6 tyw 8334 ns
WR/AD response time from DMARQ t 6  twaw 40 ps
TC pulse width 6 tro €0 ns
RESET pulse width for 7 tasT 60 toya During normal operation
crystal resonator connection 10 ms _ On power-on
10 ms  After standby release
RESET pulse width for 7 trsT 60 tcya  During normal operation
external ¢lock Input 2 ms  On power-on
60 tova  After standby release
Clock hold time on standby 8 twe 256 tocys When external clock Is input to XB1 pin
Clock setup time after standby relsase 8 tow 128 toys
START CLOCK command write setup time to 8 tws 128 téyg
RESET STANDBY command write
INT response time from DMARQ ¢ 9 tmi 480 616 toys
DMAAK signal invalid from INT 1 9 tia 8 teys
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AC Characteristics 4; 150 kb/s (cont) 1
Parameter Flgure Symbol Min Typ Max Unit Conditions '
Drive Side ) )

RDATA high-level width 7 10 thop 40 ns _ |
WDATA high-level width 10 twoo 833.4 ns
DS0-DS3 setup time to DIR (Note 4) 11 tpep 40 B8 toys = 52.08 ns; Note 2
DIR setup time to STEP 1 tbsT 3.4 us
DS0-DS3 hold time from STEP (Note 4) N tstu 166 s
STEP high-level width 1 tgtp 20 234 266 g8
DS0-D$3 hold time from DIR (Notes 8, 4) 11 tops 50 i}
us

DIR hold time from STEP 1 tgtp 80

STEP cycle time BT tgg 110 )
FLTA high-level width 12 tFR 26.6 334 ps
INDEX high-level width ) 12 [ 32 tevs
Notes:

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

(2) The minimum value for drive-side parameters Is 60 ns less
than the value expressed In ps. For example, 40 us Is actually
39.950 ps.

{3) Wnlle the unit under test Is performing a ssek operation, the
SENSE DEVICE STATUS command {s belng executed for the
other devices,

(4) Excopt iIn reglster mode.
(6) See tigure 3 for timing measurement voltage thrasholds,
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AC Characteristics 5; 600 kb/s
Ta = ~1010 +70°C; Vpp = +5V *10%;
MFM data transfer rate = 600 Kb/s; tgya = 31.25 ns (32 MHz at XA1 pin)i toye = 26.04 ns (38.4 MHz at XB1 pln)
Parameter Figure Symbol Min Typ Max Unlt Conditions
Main System Side : '
A0, TS, DMAAR, ENRW setup time to RO 4 tan 0 ns  For ENRW when MSEL = 1
A0, TS, DMAAR, ENFW hold time from RD 4 tRA 0 ns
D puise width 4 tar 200 ns
Data access time from RD ¢ 4 tho 140 ns
Data float delay time from RD 4 tog 10 85 ns
INT delay time from RD © ) 4 tal 400 ns Notet
A0, TS, DMAAR, ENFW, RSEL setup time to WR 5 taw 0 ns  For ENRW and RSEL when MSEL = 1
A%Qﬁ TS, DMAAR, ENRW, RSEL hold time from 5 twa 0 ns
WA pulse wldth 5 tww 200 ns
Data setup time to WR 5 tow 100 ns
Data hold time from WR ] twp 0 ns
INT delay time from WR 1 5 tw 400 ns  Notet
DMARQ cycle time 6 tMcy 10.8 #s  toyg = 26.04ns
DMAAR { response time from DMARQ 6 tma 1667 ns
DMARQ delay time from DMAAK 4 6 tam 140 ns
DMAAK pulse width 6 tan 86 toys
RO | response time from DMARQ 1 6 tup 1042 ns toym = 2604 hs
WR ¢ response time from DMARQ 1 6 tyw 2083 ns
WH/RD respenss time from DMARQ 1 - & thrw 12 s
TC pulse width 5} t1c 60 ns
RESET pulse width for 7 tRsT 60 tcya During normal operation
orystal resonator connection 0 ms _ On poweron
) 10 ms  After standby release
RESET pulse width for 7 trsT 60 tovya During normal operation
oxternal clock Input 2 me  On poweron
60 toya  After standby relsase
Clock hold time on standby ' 8 twe 128 toys When external clock Is input to XB1 pin
Clock setup time after standby release 8 tew 64 toys
START GLOCK command wrlte sstup time to 8 tws 64 tcys
RESET STANDBY command wrlte
INT response time from DMARQ ¢ 9 tat 240 308 toys
DMAAR signal Invald from INT * 9 tia 4 toys
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AC Characteristics 5; 600 kb/s (cont)
Parameter ) Figure Symbo! Min Typ Max Unit Conditions N
Drive Side
RDATA high-leve! width ) 10 thoD 40 ns
WDATA high-level width 10 twop 208.3 ns
DS0-DS3 setup time to DIR (Note 4) 11 tpsp 10 s toyp = 26.04 ng; Note 2
DIR setup time to STEP 11 tpsT 08 us
DS0-DS3 hold time from STEP (Note 4) 1 tsju 42 pe
STEP high-level width 11 tsTP 50 68 67 us
DS0-DS3 hold time from DIR (Notes 3, 4) 11 tops 1256 us
DIR held time from STEP 1 tstp 20 po
STEP cycle time - 11 tsc 27.5 it
FLTR high-level width 12 ter 6.7 83 ps
INDEX high-level width ) 12 tox 16 tove
Notes:

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

(2) The minimum value for drlve-side parameters s 50 ns less
than the value expressed In us. For example, 10 us Is actually
9.960 ps.

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

(4) Except in reglster mode.
{5) See tigure 3 for timing measurement voltage thresholds.

6-98



*

N E C ELECTRONICS INC 306 D WM L427525 0027970 3 W
A’E‘C #PD72068
T-52-33-61

AC Characteristics 6; 300 kb/s
Ta = -10t0 +70°C; Vpp = +5V 210%;
MFM data transfer rate = 300 kby/s; tova = 81.25 ns (32 MHz at XAt pin); toya = 26.04 ns (38.4 MHz at XB1 pin}

Parameter Flgure Symbol Min Typ Max Unlt Conditions
Main System Side )
A0, TS, DMAAR, ENRW setup time to RD 4 tap 0 ns  For ENRW when MSEL = 1
Ao, GS, DMAAR, ENRW hold time from BD 4 tpa 0 ns
RD pulse width 4 taR 200 ns
Data access time from BD ¢ 4 tho 140 ns
Data float delay time from ED + 4 tor 10 85 ns
INT delay time from D t 4 tay 400 ns  Note1
A0, TS, DMAAK, ENRW, RSEL setup time to WA [ taw 0 ns  For ENAW and RSEL when MSEL = 1
Awoﬁ' TS, DMAAR, ENRW RSEL hold time from 5 twa 0 ns
WA pulse wldth ) 5 tww 200 - ns
Data setup time to WR 5 tow 100 ns
Data hold time from WH 5 twp 0 ns
INT delay time from WH 1 5 tw 400 ns Noted
DMARQ cycle time 6 tmoy 217 p#s  toyg = 26.04ns
DMAAR { respanse time from DMARQ 1 6 tya 3333 ns
DMARQ delay time from DMAAK ¢ 6 M 140 ns
DMAAK pulse width 6 tan 166 tova
D ¢ responss time from DMARQ 8 tyn 2083 ns  toyg = 2604 ns
WA { response time from DMARQ 1 6 tuw 4167 ns
WF/AD response time from DMARQ 6 tMRW 24 ps
TC pulse wldth 6 tre 60 ns )
RESET pulse width for 7 tast 60 toya 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 power-on
€0 tova  After standby release
Clack hold time on standby 8 twe 256 tcvys  When external clock is Input to XB1 pin
Clock sstup time after standby release 8 tow 128 tovs
START GLOCK command write setup time to 8 tws 128 toys
RESET STANDBY command wilte ) )
INT response time from DMARQ | g tmi 480 616 tcys
DMAAR signal Invalid from INT 1 9 ta 8 toys
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AC Characteristics 6; 300 kb/s (cont)
Paramoter Flgure Symbol Min Typ Max Unit Conditlons
Drive Side
ADATA high-leve! width 10 tapD 40 ns
WDATA high-level width 10 twoo 416.7 ns
DS0-DS3 setup time to DIR (Note 4) 11 tosp 20 #s  tcyp = 26.04 ns; Note 2
DIR setup time to STEP 11 tosT 1.7 us
DS0-DS3 hold time from STEP (Note 4) 11 tstu 8.3 us
STEP high-level width 11 tstp 10 117 183 s
DS0-DS3 hold time from DIR (Notes 3, 4) 11 tops 25 us
DIR hold time from STEP 11 tstD 40 ns
STEP cycle time 11 tso 55 us
FLTR high-evel width 12 ten 133 167 ps
INDEX high-level width 12 Yiox 32 toys
Notes:
(1) For data transfer In non-DMA mode.
{¢) The minimum value for drive-side parameters Is 50 ns less
than the value expressed In ua. For example, 20 gs Is actually
19.980 ps.
(3) White the unit under test Is performing & sesk operation, the
SENSE DEVICE STATUS cormmand Is being executed for the
other devices.
(4) Exceptin reglster 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. 6 DMA Operation
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Flgure 7. RESET Waveform
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Figure 8. Standby Operation (With External Clock Input)
External gmm
Clock
. [— tCW—>
. twe t——— t g —>
(1) (2) ()
WR ( \J
Notes:
(1) SET STANDBY command write.
{2) START CLOCK command write.
(3 RESET STANDBY command write.
{4) Wnhen in standby mode the extermnal clack should be
fixed low. The standby current specifications cannot
bo met un'ess this is done.
83sL-57558

Figure. 9 Operation In Case of Overrun
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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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