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NEC Electronics Inc.

uPD7261A/B
Hard-Disk Controllers

Description

The uPD7261A and uPD7261B hard-disk controllers are
intelligent microprocessor peripherals designed to con-
trol a number of different types of disk drives. They are
capable of supporting either hard-sector or soft-sector
disks and provide all control signals that interface the
controller with either SMD disk interfaces or 5T506-type
drives. The sophisticated instruction set minimizes the
software overhead for the host microprocessor. By us-
ing the DMA controller, the microprocessor needs only
to load a few command bytes into the uPD7261A/72618
and all the data transfers associated with read, write, or
format operations are done by the uPD7261A/72618 and
the DMA controller. Extensive error reporting, verify
commands, ECC, and CRC data srror checking assure
reliable controller operatlon. The uFD72681A/7261B pro-
vides internal address mark detection, 1D verification,
and CRC or ECC checking and verification. An eight-
byte FIFO is used for loading command parameters and
obtaining command results. This makes the structuring
of software drivers a simple task. The FIFQ is also used
for butfering data during DMA read/write operations.

Faatures

Flexible interface to various types of hard disk
drives

Programmable track format

Controls up to 8 drives in SMD mode; up to 4 drives
in 8T506-type mode

Parallel seek operation capability

Muiti-sector and multi-track transfer capability
Data scan and data verify capability

High-tevel commands, including:

Read Data, Read ID, Write Data, Format, Scan Data,
Verity Data, Verify 1D, Checl, Seek (normal or buf-
fered), Recalibrate (normal or butfered), Read
Diagnostic (SMD only), Specify, Sense Interrupt
Status, Sense Unit Status, and Detect Error

0O NRZ or MFM data format

0 Maximum R/W CLK frequency:

—12MHz (7261A)

—18 MHz (7261B-18)

—23MHz (7261B-23)

Error detection and correction capability

Simple 110 structure: compatible with most
microprocessors

Allinputs and outputs except clock pins are TTL-
compatible {clock pins require pullup}

Data transfers under DMA control

NMOS

Single +5-volit power supply

40-pin ceramic DIP
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Pin Configuration

syuct] 1 NS W00 Vee
Aw beTA ] 2 wOBeM {RGATE}
rRwok ] 3 36 ] BT0 (WGATE)
HESET(] 4 arJCLK
INT[ 5 36 [ INCEY
pREGC] & 35 [18CT {PCLY
O *  NuETs (PCE}
TEl = EXInid {DSD)
RBC] 9 %‘ 32[190M ISHTH
wROw 1 QT (TR
Mo 1 O nk 7] {READY)
oo 12 %[ TE TWFLT)
mO]a 28 ) BTZ il
o2 4 27 8T {051y
pa[] s 6 [ arg {HS0)
o116 % MeTs {H51)
os] 17 24[)oTs [H5Z}
o6 ] 8 peTr (AWC)
ord 18 22[0aTa (ST
aND O] 20 1 ety IDIR)
Mals: Signale shown in pamanthases ank used in Ty ST506 mode.
49 000E4A.
Ordering Information
Max Freg.
Davica Number Puckage Type of Operation
uPO7261AD 40-pin ceramic DIP 12 MHz
uPD7 2616018 40-pin ceramic DIP 18 MHz
uPD72618D-23 40-pin ceramic 0P Z3IMHz
Pin ldentification
No. Symbol Fumction
Host Interfaca
4 RESET FReset input J
5 INT Inferrupt request oufpul > )
6 DREQ DMA request ofput
7 T Terming| cotiat input
8 0s Chip|selestinput
9 RO Rh/é@}gﬁba input
10 WR _(irfte sirobe input
11 Ag ) Register select input
12-19 Dg-D; (=N  Datal/Dbus
20 GND o & Ground
ar cLogk, & External clock mput
40 f\\{c{ +5V power supply
SMD interface J
1 e\ @ SYNC PLL synchronization
A\ ouiput
AN\ R/W DATA Read / write data | /0
AN R/WGLK Read / write clock inpul
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Pin Identification {cont)

No. Symbel Function
SMD Wterface {cont)
21-28, 38, 39 BTS-BTO Bit 9-0 outputs / Status
inputs
29-3 TG1-TG3 Tag 1-3 output
2 BDIR Bil direction output
13 5576 SR setec! tag oulput
M iS5 Unit slect tag output
35 SCT Seclor input
36 IMDEX Seclor zero input
ST506-Type Interface
1 SYNC PLL lock / Read clock
enable outpul
2 R/ W DATA Read / write data1/0Q
3 R/WCLK Read / write clock input
21 MR Direction [n output
22 STEP Step pulse oulput
23 RWC Reduced write current
oulpul
24-26 HS2-H50 Head select outputs 2-0
27,28 D81, DSO Drive selact pulputs 1, 0
29 WFLT Wrile Rault input
30 REALY Ready input
H TRKG Track zero input
2 SKE Seek complete inpul
33 Dsp Dvive selected input
| PCE Precomp early oulpul
35 PCL Pracomp late output
36 INDEX Index, input
38 WGATE Write gate output
39 RGATE Read gate pulput

Pin Functions — Host Interface

RESET (Reset)

When the RESET input is pulled high, it forces the de-
vice into an idle state. The device remains idle until a
command is issued to the system.

INT (Interrupt Request}

The uPD7261A/7261B pulls the INT cutput high to re-
quest an interrupt.

DREQ (DMA Request)

The uPD7261A/7261B pulls the DREC output high to re-
quest a DMA transfer between the disk controller and
the memory.

TC (Terminal Count)
The TC input goes low to signal the final DMA transfer.

CS (Chip Select)

When the 5 input is low, it enables reading from or writ-
ing to the register selected by Ap.

RD (Read Strobe)

When the RD strobe is low, data is read from the se-
lected register.

WR (Write Strobe)

When the WR input is low, data is written to the selected
register.

Ag (Reglster Select)

The Aginput is connected to a non-multiplexed address
busline. When Ag is high, it selects the command or sta-
tus register. When it is low, it selects the data buffer.

Dg-D7 (Data Bus)

Do-D7 are connected to the system data bus.

CLOCK (Clock)

The CLOCK input is the timing clock for the on-chip
processor.

Pin Functions —SMD Interface

SYNC (PLL Synchronization)

This output goes high after the read gate signal (BTY
when TG3=0} is high and a given number of bytes
{GPL2-2) has elapsed.

R/W DATA (Read/Write Data)

The R/W DATA pin outputs the write data to the drive,
and inputs the read data from the drive.

RIW CLK {Read/Write Clock)

R/W CLK is the input for the read and write clocks.,

BT9-BTO (Bit 9-0)

BT9-BTO output the bit signals, bit 9-0. The bit 9-0 out-
puts send cylinder and unit addresses to the drives.
BT9-BT2 also act as inputs for status signals from the
drives as shown in table 1.
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Table 1. Bit and Conirol Information

Mo, Bit Conirol

21 BT9 Unit Selecied
22 BT Seek End

23 BT? Wrile Protected
24 BT

25 BT Unit Ready

26 BTa On Gylinder

27 BT3 Seek Error

28 B2 Fauit

BT7-BT2 alsc read the device status 2 (SR7-SR2) and
device type (DT7-DT2). The index and SCT pins read
SRo, SR1and DTO, DT

BDIR (Bit Direction}

The BDIR output determines whether pins 28-21 will
output BT2-BT% or inpul drive status signals.
TG3-TG1(Tag 3-1)

The TG outputs define the use of the BT pins. When TG1
is low, BT9-BT0 output the cylinder address. When TG2
is low, BT7-BTO select a head address. When TG3 is
low, BT9-BTO0 output control signals for the disk drive.
S5TG (SR Select Tag)

When the SSTG output is low, BT7-BT2, INDEX and SCT
will be inputting SR7-SR0 or DT7-DT0.

USTG (Unit Selact Tag)

When the USTG output is low, BT4-BT2 will be output-
ting a unit address.

INDEX (Index)

The INDEX input goes high when the drive detects an
index mark. INDEX also acts as the SR0 and DTO input

pin.
SCT (Secton)

The SCT input goes high when the drive detects a sector
mark. SCT also acts as the SR1and DT1input pin.

Pin Functions — ST506-Type Interface

SYNC (Read Clock Enable)

SYNC indicates that a sync pattern has been detected
and that synchronization has been achieved.

R/W DATA (Read/Wiite Data)

The RIW DATA pin outputs the write data to the drive,
and inputs the read data from the drive.

R/W CLK (Read/Write Clock)
R/W CLK is the input for the read and write clocks.

DIR (Direction In)

The DIR output determines the direction the read/write
head will move in when it receives a step pulse. DIR high
will cause the head to move inward, DIR low will move
the head outward.

STEP (Step Pulse}
STEP outputs the head step pulses.

RWC (Reduced Write Current}

The RWC output signals that the read/write head of the
disk drive has selected a cylinder address larger than
that specified in the SPECIFY command. This signal is
used to reduce the write current.

H$2-HS0 (Head Select 2-0)

The HS2-HS0 outputs select the head. Up to § read/!
write heads can be selected per drive.

DS, DSO {Drive Select 1,0)
The DS1and DS0 outputs select one of up to 4 drives,

WFLT (Write Faulf)
The WFLT input detects write faults.

READY {Ready)
The READY input detects the drive’s ready state.

TRKO (Track 0)
The TRKO input signals that the head is at track 0.

SKC (Seek Complete)
The SKC input signals that a seek is complete.

DSD (Drive Selected)
The DSD input signals that the drive is selected.

PCE (Precomp Early)

When the PCE output is high, early write precompensa-
tion is required.

PCL (Precomp Late)

when the PCL output is high, late write precompensa-
tion is required.
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INDEX {Index)

The INDEX input goes high when the drive detects the
index mark.

DC Characteristios

“kPDT261B specitications are praliminary
Ta=0to +70°C, Voo = +5.0V £10% unless otherwise specified

Limits

- Tost
. Paramater Symbel Min Ty Ma  Unit Conditiens
WGATE (Write Gate) Inptvaltage  Viy 05 +08 v AlexcepiCLK,
WGATE output goes high when the xPD7261A/7261B is loww R/WCLK
writing data. Input voltage V2 =05 +06 ¥ CLK R/WCOLK
low
RGATE (Read Gate) Inputvohage Vi +2.0 Veg+05 VAl exoepl CLK,
The RGATE output goes high when the uPD7261A;  _high R/WOLK
72618 is reading from the disk, L'?P:t woltags Vg +3.2 Yoo+05 ¥V CLK R/WCLK
igl
Block Dlagl'am IODI\J':I}I." voltage Vg +045 ¥V g =+2.0mA
Oulpul voltage Moy +2.4 Vo lgy=—100puA,
BRIV GLK ——te] high all except ping
BT (RGATE) ~— 19 al e pin
RIWDATA a—e] L Proceasing unit  [=— TLK
BTOWEIE 3| Conlroker [ RESET Oulputvoliage Vpwp  +2.4 V  loy=—50pA,
PCL}ECT ——ae] high ping 21-34
INDEX ——a=
T Input leakage Wy =10 A Vig=Veolo
#-byte FIFO y current 045V,
1 all except pins
be-n7 Siume feg. [ 2
e Input leakage 2 =500 Viy=Vpp Io
= Ciak current (72617} 045V,
T™© b Multitunction
A -] 1 s | sk pins 21-34
G| _Resd imiernal | ¢ | Goniml =700 pA
W WrlteIINT Ram Uonas (7267B)
—-
INT Output leakage Iy =10 pA Vgur=Vecto
OREQ = current 0.45¥
(mmngn . Supply current g 250 320 mA
Capacitance
T,\=25°C,Vcc =0V
Absolute Maximum Ratings Limis Test
Operating temperature, Topy 0°C to +70°C Paramuter Symhol Min  Typ Max Unit  Conditiens
Siorage lemperature, Tsrp -65°C o +150°0 Input Cin 5 pF {Nate 1)
Vaftage 0n any pin with respect to ground. Veg —05t0 +7.0V* capacilance
Input voltage, V Z050 +7.0V Output Cour BoopF o (Need)
pu i : : capatitance
Output vollage, Vo -0.5t0 +7.0¥ Inpat/Output Ciro 20 pF {Nole 1)
Communt: Exposing the device to stresses above thosa listed in capacilance
the Absolte Maximum Ratings could cause permanent dam- Nete:

age. The devica should not be operated under conditions outside
the limits described in the operational sections of this
specification. Exposure to absolule maximum rating conditions
for extended periods may affect device reliability.

T, = 25°C
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AC Characteristics
Ta =010 +70°C; Vo = +5Y £10%; G = MO pF (50 pF for 72618-23)

Linwits
T281A 72618-18 7261829 Tost
Parameter Symbol Min Max Win Max Min Max Unit Conditions
Procassor Inferface
Clock cycle tey 83 55 13 ng
Clock time, low 1 30 20 15 ns
Clock time, high teu k1] 20 7 ns
Clock rise lime ten 0 10 10 ns
Clock tall time toF 0 0 0 ns
Aq. CS setup to R " 0 0 0 s
Ag. CS hotd from RD taa i) i 0 ns
D pulse widrh ([ 200 100 100 ns
Dala delay from RD tan 150 85 85 s
Output float delay troF 0 00 0 75 0 75 ng
Dala delay from Ay, GS lap 150 85 85 ns
Ag. CS selup lo WR [ 0 0 0 ns
2. TS hold from WR ™ 0 0 0 ns
WR pulse width ww 200 100 00 ng
Data setup to WR tow 100 565 55 ng
Data hotd from WR wo 5 5 5 ng
Recovery time from RD, WR  1py 200 70 70 ns
Resel pulse width lRes 100 100 100 toy
TC pulse width e 100 100 80 ns
INT delay fram WH ™ 200 200 200 ns
DREQ delay from WR t wRG 250 125 125 ns
DREQ delay trom RO t tRag1 250 160 160 ns  During disk read
operation
DREQ detay trom RD ¢ trraz 150 130 100 ns  After disk read
operalion

ST506-Type Interface
R/W CLK cyche period lrwey 83 83 8 ns
R/W CLK lima, low laweL 30 30 K1) ns
R/W CLK tirme. igh TRWCH 30 30 30 ng
R/W CLK rise time taweR 10 10 10 ns
R/AW CLK fall time \BWeF 10 LY 10 ns
R/W DATA setup to R/AW CLK  trppc 10 5 35 ns
R/W DATA nold from R/AW tRoRD 5 5 5 ns
CLK
R/W DATA delay trom /W tyewn 35 9 0 80 10 60 ns
CLi
RGATE delay from R/W CLK  teerg 300 G0 300 ns
WGATE delay lrom R/W OLK  twewe 150 150 150 ns
ECE /PCL gelay from A/W  lpyoee 35 10 10 80 10 80 ns

LK
SYNG defay from R/WCLK  Inwesy 150 150 1650 ns
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AC Characteristics {cont)

Limits
7261A 7201018 72618-23 Tast
Parameber B Symbol Min Max Min Max Min Max Unit Conditions
STS0B-Type Interface (cont)
DSO. DSTsetup 0 STEP  toggr 250 250 250 toy  Normal seek mode
DIR setup 1o STEP toisr 200 200 200 oy
STEP pulse widh tsTER 69 85 69 85 69 85 oy
DS0. DS1hold from STEP  1g7ng 750 750 750 iy Normal seek mode;
polling mode
DIA hotd from STEP tsol 750 750 750 toy
D50, DS1 hold from SKC 1SKDS 100 100 100 tey  Mormal seek mode;
nonpalling
DI hold from SKC 1Kl 100 100 100 tey
DSD, DS$1 setup to STEP thsste 250 250 250 tcy Bufferad seek mode
DIR setup to STEP InisTe 200 200 200 tey
STEP pulse wiith teteps 59 85 69 85 69 85 tey
"ZTEP cycle period tstcy 500 660 500 660 500 660 toy
0S0.DSthotd from STER  tgypeg 200 200 200 igy Buffered seek mods;
polling mode
DIR hold from STEP tsToB 200 200 200 toy
DS0, DS1 hold from SKC tspse 100 100 100 toy  Buffered seek mode;
noapolling
IR hold fram SKG tsump 100 00 100 tey
Ingex pulse widlh tior 4 8 8 tRwey
SMD Interface
R/W CLK cycle periad trwey 83 55 43 ns
R/W CLK time, low tRWEL 0 20 15 ng
R/W CLE timg, high IqweH k) 20 7 ns
R/W CLK rise time lawce 10 0 0 ns
R/W CLK fall time IowoF 10 10 10 ns
R/W DATA setup to R/W CLK  tappe 40 35 35 ns
R/W DATA hold from R/W tRoAD 5 5 5 ns
CLK
R/W DATA delay from R/W  iywewn 35 90 0 80 0 50 ns
GLK
BT1delay Irom R/WCLK  teeg 300 300 300 ns
BTO delay from R/AWCLK  twewe 150 150 150 ns
SYNC delay from R/WCLK  tmwisy 150 150 150 ns
BOIR selup lo USTG igpyT 60 60 60 tey  Unil selecl operation
BDIR hold from USTG T8 5 15 15 tey
Unit ADR setup 1o USTG tAuT 38 52 38 52 38 52 toy
Unil ADR hold rom USTE ~ tyrya 15 15 15 tey
BDIR setup to TG1 Igom 27 48 27 48 277 8 tey  Cylinder selecl
operation
BOIR hold from TG1 trigp 60 60 60 oy
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AC Characteristics {cont)
Limits
T261A 1281818 72618-23 Tast
Parmimter Symbol Min Max 1] Max ] Max Unk Conditione
SMD Imtarfata {cont)
CYL. ADR setup to TG1 teamt 27 43 27 48 7 44 iy Cylinder select
operation
CYL. ADR hald from T&1 triga 24 24 2 toy
TG1 pulse width trg1 2 36 24 36 24 K Iy
BDIR setup to TG2 tapTz 15 15 15 loy  Head select operation
BOIR hold lrom T62 tragp 70 70 70 toy
HEAD ADR sstup TG2 thaT2 15 70 5 70 15 70 oy
HEAD ADRhOId from TGZ  troma 24 24 24 lov
TG2, pulse width trez 24 3 24 % 2 36 Iy
BOIR setup to TG3 tgpts 24 A 24 tgy  RT2. FAULT CLR,
SERVO, DATA STB
controd timing
BDIR hold from TG3 15380 24 36 il 3 24 6 Igy
TG3, pulse width 1753 56 100 56 100 5 100 toy
BT2.3,4,6,7, 8setuple  1gr73 56 56 56 loy
63
BT4, 6 hold from TG3 3em 24 24 24 Ly
B72.3.7. 8 hold fromTG3  I1ap72 75 75 75 Iy
BDIR delay from 5STE 1s1R0 24 24 24 ey Sense unil slatus
timing
BDIPR high time RpIR 4 66 54 66 54 66 fey
BT9 setup te BDIR taygp 38 52 38 52 38 52 toy
BT held from BDIR IBogT 24 33 24 33 2 33 Ioy
357G pulse width tesT 370 370 370 tey
index puise width tpxH 8 8 8
SCT pulse widih Iser 8 8 8

6-9



sPD7261A/B

NEC

Timing Waveforms — Host System Interface

AC Test Points (Except RIW CLK, CLK)

DMA Read Timing

AR

N n
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ods v 0BV [¥1

“THEAIB

CLK Waveform

L
Cr

oL

CLK
—icH
tcr b— l—toF

—\_

B30I

1ap=+ p——1RR j+tpa
¥ Y
LT} N
-

During Disk Read Operation

Aftar Disk Read Operation
AD Y 7
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/_

e
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Timing Waveforms— SMD Interface {cont)

Read/Write Timing

B8it Bus Timing, Fault Cleat/Return-to-Zero

e £ N\ N\
BT N
Rand Gats) }‘
ato N
{Writs Gale) 7
o——v]lmsv
SYNC f
—

Unit Select Timing

EBCIR }
——BpuT

usTG \‘
[ tuauT =t—tuTua —°]

[
Unil Address Valid K

IRWCSY

i

BI-OOBT A

§

T

wisl

BT2-4

F3-004B84

Seek Yiming

BODIA T EI
tpOT —p———t1G1——{*—— 18D

w0\ i

p—teATI— b trica —|
BT0-9 g: Cylvder Addrags Valid :
FI-HTMETA
Head Select Timing

BDIR }‘ E]
1BDT2—+} iraz iT280
ez J /
——1HaT2 = 1T2HA =]

4
BT2.7 g Howd Addrezs Yalid K
A

A3-0034904,

-] \

1
BDTA

a3 \ 1
L T h:ls‘h——l

|‘—|B'l'u Tay
BT+, 6 f'l

Bit Bus Timing, Servo Offset/Data Strobe

o] \

BoTS 'T380—“i

TG \

b= LT T3 Taev:z

o 3
x Valid K
R ¥,

E3-003a91a

ET2, 2, 7.8

B3-DA5AREA

Bit Bus 9 Timing

[ \

"
teoIR

BINR

1gTRD

S5TO \(
£

BTS¢ )
A

]
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13576
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Index Waveform
b
INDEX ? ﬁ
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50T i !R
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Timing Waveforms — ST506-Type Interface

Data Read/Write Operation Normal Seak Operation
AW CLK Polling Mode
K
- nsonj vaio ¥
tRORC ﬂ b——1pssT — 15705 —!
RI'{IW";:}I! DIA ): Yalld K
b tDAST -tsrm-l
s \
STER
RIS i_/
f-15TEP =1
Read/Write Operstion Non-Polling Mote
D30,1 )ﬂ valld X:
L AN BN BN AN — o
oo ol o Y X
ROATE \ —ier I [ R
WEWG TWoWG »-—-1 oTEF —'—_—'\ 7 e \ ;
WGATE A 1gTEP -~
|tAwcee IRWCPC —
. sKe /
#CL, PCE xi_ i 003974
-——|lnwcsr IRWCSY 1
x Buffered Seak Oporation
S¥YNC
el Polling Mode
3 y
R/W CLK Waveform osor ) vara X
= 1D53TH -+ ——I5TDSE—
i DIR Vabid
4 Y et :)ik :K
RAW CLK l[ N tigTe  iSTEPE 157018
IRWCR -—mwl- — IRWCF sTer \‘ / \L—J/
A2-HAAMA -
index Wavetorm "°"':°m"g Mode .
D34,1 [ ¥l )(:
INDEX t ‘ tpsETE 1SKD%8
DIR )r— Valld f
oxe 3
B00ANIR 10I5TE  ISTEPR tskoi
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Timing Waveforms — $T508-Type Interface
{cont)

Read/Write Sequence (Disk Command issue}

Paramwier Disk INF STR  Pasult Fariiler Another
Wity Commpri Req. Read Sisus Wriles Disk
Il | ‘ Reacta E::l:nlml
T T, T
cB I I I
cewiceL | e I |__”_____:|_
wr "7 1 } Ly = L

Sense Interrupt Status Request When Controlier
Not Busy

Sense Interrupt Status Request When Controller Busy

WT STR  HSHQ INT  STR Resuli CLCE SENSEINT WNT
R Rla G Fio oo Tt G B0 e
| I

43 4

CEH+CEL )_l—\_4
e 5—]
W | M, L I
sra_| M Ly

SRO Mask {SROM) Iy Set

High-Level Commands

Specify

Allows user to select SMD or 5T506-type mode data
block length, ending track number, end sector number,
gap length, track at which write current is reduced, ECC
or CRC function, choice of polynomial, and polling
mode enable,

Sense Interrupt Status

When a change of disk status occurs, the HDC will inter-
rupt the host CPU. This command will reveal the cause
of interrupt, such as seek end, disk ready change, seek
error, or equipment check. The disk unit address is also
supplied.

Sense Unit Status

The host CPU specifies the drive numbers and the HDC
will return information such as write fault, ready, track
000, seek complete and drive selected, or for SMD units
fault, seek error, on cylinder, unit ready, AM found, write
protected, seek end, and unit selected.

Detect Error

Used after a read operation where ECC has been em-
ployed. The detect error command supplies the infor-
mation needed to allow the host CPU to execute an error
correction routine. {Only allowed when an actual cor-
rectable error is detecled by the HDC.)

Recalibrate

Returns the disk drive heads to the home position or
track 00O position. Has four modes of operation; SMD,
normal, buffered, or nonpolling.
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Seek

Moves the disk drive heads to the specified cylinder. As
in recatibrate, seek has four modes of operation.

Format

This command is used to initialize the medium with the
desired format which includes varicus gap lengths,
data patterns, and CRC codes. This command isused in
conjunction with the specify command.

Verify ID

Used to verify the ID bytes with data from memory. Per-
forms the operation over a specified number of sectors,

Read D
Used to verify the position of the read/write heads.

Read Diagnostic

Used in SMD mode only, the command allows the pro-
grammer to read a sector of data even if the |1D portion of
the sector is defective. Only one sector at a time can be
read.

Read Data

Reads and transfers to the system memory the number
of sectors specified. The HDC can read multiple sectors
and multiple tracks with one instruction.

Scan

Compares a specified block of memory with specitied
sectors on the disk. The 7261A/7261B continues until a
sector with matching data is found, until the sector
count reaches zero, or the end of the cylinder is
reached.

Verify Data

Makes a sector-by-sector comparison of data in the sys-
tem memaory by DMA transfer. As in read operation, mul-
tiple sectors and tracks may be verified with this
commmand.
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Write Data

Data from the system memory, transferred by DMA, is
written onto the specified disk unit. As in the read com-
mand, data may be written onto successive sectors and
tracks.

Auxiliary Command

Allows four addilional functions to be executed: soft-
ware reset, clear data buffer, mask interrupl request bit
{masks interrupts caused by change of status of drives),
and reset interrupt caused by command termination
{used when no further disk commands will be issued,
which would normally reset the interrupt).

Command Operation

There are three phases for most of the instructions that
the uPD7261A/7261B can execute: command phase, ex-
ecution phase, and result phase. During the command
phase the host CPU loads preset parameters into the
uPD7261A/72618 FIFO via the data bus and by succes-
sive write pulses to the part with Ag and CS true low.
Once the required parameter bytes are loaded the ap-
propriate command is initiated by issuing a write pulse
with Ag high and CS low and the command code on the
data bus.

The uPD7261A/7261B is now in the execution phase.
This can be verified by examining the status register bit
7 (the controller busy bit). The execution phase Is ended
when a normal termination or an abnormal termination
oceurs. An abnormal termination can occur due to a
read or write error, or a change of status in the ad-
dressed disk drive. A normal termination occurs when
the command given is correctly completed. {This is indi-
cated by bits in the status register) The result phase is
then entered. The host CPU may read various result pa-
rameters from the FIFQ. These result parameters may
be useful in determining the cause of an interrupt, orthe
location of a sector causing a read error, for example.

The chart shown in table 2 illustrates the preset
parameters and result parameters that are associated
with each command. The abbreviations are defined at
the end of table 2,
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Table 2. Preset Parameters and Result Status Byile
Disk o~ Preset Paramaters /Result Status
Command Code 15 2nd and ath Sth Bth Tth 8th
Detect error D100,

EADH EADL EPT1 EFT2 EPT3
Recaiibrate 010118}

15T
Seek 0110[B) PCNH PCNL

|ST*
Formal 01Ns) PHN (P5N} SCHT DPAT GPLI [GPL3]

EST SCNT
Verify 1D W000(S) PHN {PSN) SCNT

EST SCHT
Read 10 1001(S) PHN (PN SCNT

EST SCNT
{Read diagnostic} 10 PHNY PSH

EST
Read dala 101X PHN {FLAG) LGNH LCHL LHN LSN SCNT

EST PHN (FLAG) LCNH LCHL LHN L3N SCNT
Chack 100X PHH {FLAG) LCNH LOE LHN LSN SCNT

EST PHN {FLAG} LCHH LKL LHN LSH SCHT
Scan 101X PHN {FLAG) LClH LCHL LHN LSN SCHT

EST PHN (FLAG) LCNH LCHL LHH LSN SCNT
Verify dala 110K PHN (FLAG} LCNH LCHL LHN L3H SCHNT

EST PHN [FLAG) LCHH LECNL LHN LSN SCNT
Write data nx PHN {FLAG) LENH LCHL LHN LSN SCNT

EST PHN {FLAG) LCHH LCHL LHN LSN SCNT
Sense inlerrupt Q001 k1)
status
Specify 00105 MODE DTLH DTLL ETH ESN GPL2 {MGPL1} [RWCL]

[RWCH|

Sense unil status 0011

UST

MNote:

{ ¥ Thess are omitted tor seft-sector disks.
[I: These ars omilted for hard-sector disks.

@

Mnemonic Definitions
EADH  Error address, high byte

 IST available as a result byte only when In nonpoliing mode.
. Indicalas buffered mods when set,

i Indicates Skewed mode (SMD only) when set.

: Indicates don’t care.

EADL  Error address, low byte

EPT1 Ersor pattern, byte one

EPT2  Error pattern, byte two

EPT3  Error pattern, byte three

PCHNH  Physical cylinder number, high byte

Mnemonic Definitions {cont}

PCNL
PHN
PSN
SCNT
DPAT
GPL1
GPL3
EST
FLAG
LCNH

Physical cylinder number, low byte
Physical head number

Physical sector number

Sector count

Data pattem

Gap length one

Gap length three
Error status byte

Flag byte
Logical cylinder numbey, high byte

6-15
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Mnemonic Definitions {cont)

LCNL  Logical cylinder number, low byte
LMN Logical head number

LSN Logical sector number

IST Interrupt status byte

MODE Mode

DTLH Datalength, high byte

DTLL  Datalength, low byte

ETN Ending track number

ESN Ending sector number

GPL2  Gap length two

RWCL  Write current cylinder, low byte
RWCH  Write current cylinder, high byte
usTt Unit status byte

MGPL1 Modified gap length 1

Status Register

This register is a read only register and may be read by
asserting RD and CS with Ag high. The status register
may be read at any time. It is used to determing control-
ler status and pariial result status. See table 3.

Table 3. Status Register Bits

Pin

Function

07

CB
{Contraller busy)

Set by a disk command issue, Cleared
when the command is compleled.
(This hit is also sel by an external re-
et signal or an RST command, bul
will be clgared al the completion of 1he
resel funglion. ) When this bit is set, a
new disk command will not be ac-
cepted.

05, D5

CEH. CEL
(Command enc}

CEH=0and CEL =0

& disk command IS in process. of no
disk command i5 1550ad aler he last
resel signal or the kasl CLCE auxiliary
command. Bolh the CEH and CEL bils
are cleared by a disk command, a
CLCE auxiliary command, or a reset
signal.

CEH=10 ang CEL=1

Apnormal termination of a disk com-
mand. Execution of 3 disk command
was starled, but was not successlully
completed.

CEH=1and CEL=0

Normal lermination of a disk com-
mand. The execulion ol a disk
command was compieted ang prop-
erly execuled.

CEH=1and CEL =1
Iralid command issue.
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Table 3. Status Register Bits (cont)

No.

Name

Funclien

Dq

SRO
(Sensa inferrupt
status raquestt

When a seek end, an equipment
check condition, or & ready signal
slate change is delecied, this bitis sel
requesting a sense interrupt status
cammand te issued to take the de-
tailed informatian. This bét is Cleared
by an fssue of that command or by &
resel signal.

03

RRQ
{Reset request)

Set when coniroller has lost contral of
the format controlier {missing address
mark, for example). An auxiliary RST
command or RESET signal will clear
this bit.

0z

{ER
(10 error}

Sel when a CRC erroe Is detected in
the 1D field. An awdliary AST or an-
ather disk command will resel this bit.

NCI
{Not coincident)

Sat it the contraller cannot find a sec-
tor on the cylinder which meets the
comgarison condition during the exg-
cition of a scan command. This bil is
also set il data from the disk does not
coincioe with the data from the sys-
tem during a verity ID or a verify data
command. This bil is cleared by a disk
command or a resed signal.

Oy

oRa
{Data request)

During execution of write 1D, verify D,
scan, verify dala, or a write data com-
mand, this bit is sel to request that
data be written inte ihe data buffer.
During execulion of read (D, read di-
agnostic, of read data command, this
bit is set to reques! that data be read
from the data butfer.
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Error Status Byte

This byte is available to the host at the termination of a
read, write, or data verification command and provides
additional error information to the host CPU. If the sta-
tus register indicates a normal command termination, it
can be assumed that the command was executed with-
out efror and It is not necessary to read this byte. When
it is necessary to determine the cause of an evor this

interrupt Status Byte

This byte is made avallable to the host CPU by exe-
cuting the Sense Interrupt Status command. This com-
mand should be issued only when the uPD7261A/7261B
requests it, as indicated by bit D4 of the status register.
This byte reveals changes in disk drive status that have
occurred, See table 5,

byte may be read by issuing an RD pulse with CS and Ag Table 5. Intorrupt Status Bils
low. The remaining result bytes associated with a partic- ™
ular command may be read by issuing additional RD "o Name Function
puises. Data transier from or to the FIFQ is asynchron- > 5 A se0k on0 O seeh comiole s
ous and may occur at rates up to 2.5 Mbytes per second. d {Seek end) has been returned after & spaek o f,e_
See table 4. caiibrate command was issued.
) bg RC The stale of the ready signal from Ihe
Table 4. Error Status Bits {Ready change) drives has changed. The state itsell is
Pin indicated by the NR blt.
e, Hame Punction 05 SSER ) Seek error has been detected on seek
0y ENC Set when tha conlroller tries to access Dok error) eng - -
{End of cylinder} a sector beyond the final sector of a Dy EQC Identical lo bit 4 of the error status
cylinder, {Equipment check) byte.
Cleared by a disk command or a0 aux- Dy NR identical to bit 3 of the error stalus
iliary RST commang. {Mot ready} byte.
g  OVR When set, indicates that the FIFQ be- Dy-Dg  Uhy-Uag The unit address of the drive which
{Overrun) came tull qunng a read opgmtlon, or (Unit address) caused an interrupl request an any of
emply during a wrie operation the above conditions
0;  ODER ACRC or an ECC error was defected in
Dat Ih ield,
{Data error) & data field . Drive Interface
Dy EQC A lault signal from Ihe drive has been

{Equipment check)

detected or & track O signal has not
been raturned within a certain tima in-
terval after Ihe racaiibrate command
Wwas issued.

B3 NR The drive is not in ready state.
{Mot ready}
0, ND The sector specilied by 10 parameters
(No data) was not found on the track.
By NWR Set if write protect signal Is delected
{Not writable) when the controller tries 1o write on
the disk. It is cleared by a disk com-
mand or by an auxiliary RST com-
mand,
Dy MAM This bit is set if during execution ot
{Missing address mark) Tead data, check, scan, or verily data

commands, no address mark was
faundin the dala lield or if during exe-
cution of a read 10 or verify 10 com-
mand, ng address mark was detected
in the ID field,

The uPD7261A/7261B has been designed to implement
two of the more popular types of interfaces: the SMD
(Storage Module Drive) and the Hoppy-like Winchester
drive which has come to be known as the ST506 inter-
face. The desired interface mode is selected by the
Specify command.

S§T506-Type Intetface

In the ST506 mode the uPD7261A/7261B performs MFM
encoding and decoding at data rates 1o 6 MHz and pro-
vides all necessary drive interface signals. Included in-
ternally is circuitry for address mark detection, syn¢
area recognition, serial-to-parallel-to-serial conversion,
an 8-byte FIFO for data buffering, and circultry for logi-
cal addressing of the drives. External circuitry required
consists of control signal buffering, a delay network for
precompensation, a phase-lock loop, a write clock os-
cillator and a differential transcelver for drive data. The
floppy-like interface can be implemented with as few as
7 ICs using NEC's hard-disk interface chip, the
uPDA306A, or with 12 to 14 $S1|Cs. See figure 1.

6-17




NEC

4PD7261A/B
Figure1. uPD7261A/7261B ST506-Type intorface Figure 2. uPD7261A/T2618 SMD Interface
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In the SMD mode the uPD7261A /72618 will support data | i
rates to 10 MHz/15MHz in the NRZ format. All controt |y seLECTED
functions necessary for an SMD interface are imple- Whzw%
mented on-chip with de-multiplexing of 8 data lines per- . —UNITSELO
formed externally by a single 8-bit latch, A small amount _::: ::;
of logic is required to multiplex the data and ¢lock lines, —

and differentiat drivers and receivers are required to im-
plement the actual interface. Depending on individual
logic design and the number of drives used, the SMD in-
terface may be implemented with as few as 12 1Cs. See
figure 2.

Note:
CLEK {pin 37) frequency muset be a minimum of 1.1 ¥ NRZ dala rate.

internal Architecture

The uPD7261A/7261B can be divided into three major in-
ternal logic blocks: command processor; format con-
troller; microprocessor Interface.

Command Processor

The command processor is an &bit microprocessor
with its own instruction set, program ROM, scratchpad
RAM, ALY, and [/O intertace. its major functions are:
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To decode the commands from the host microcom-
puter that are received through the 8-bit data bus
To execute seek and recalibrate commands

To interface to the drives and read the drive status
lines

To load the format controller with the appropriate
microcode, enabling it to execute the various read/
write data commands.

The command processor microprocessot is idie until it
receives the command from the host micrccomputer. It
then reads the parameter bytes from the FIFO, and
loads them into its RAM. The command byte is decoded
and, depending on its opcode, the appropriate subrou-
tine from the 2.6K internal ROM is selected and exe-
cuted. Some of these commands are executed by the
command processor without involvement of the format

O oo 0O
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controller. When data iransfers to and from the disk are
made, the command processor loads the appropriate
microcode into the format controller, then relinguishes
control. When the datla transfer is complete, the com-
mand processor again takes control. One other impor-
tant function that the command processor performs is
managing the interface to the disk drives. The com-
mand processor contains an /O port structure similar
to many single-chip microcomputers in that the ports
may be configured as input or output pins. Depending
on the mode of operation selected by the Specity com-
mand, the command processor will use the bidirec-
tional O lines for different functions.

Command Register

This register is a write only register. It is selected when
the Ag input is high and the CS input is low. There are
two kinds of commands: disk commands and auxiliary
commands. Each command format is shown in figure 3.

An auxiliary command is accepted at any time and is
immediately executed, while a disk command is ig-
nored if the on-chip processor is busy processing an-
other disk command. A valid disk command causes the
processor to begin execution using the parameters pre-
viously loaded into the data buffer. Disk commands and
the parameters needed are described in the Micro-
processor interface section.

Command Codes

#PD7261A/B
Figure 3. Disk Command Byts
|_cca|cca]ccz|cc|lm‘unz|umlum|
|
anlndm Unit Adidrears (LA}
Format Controller

The format controller is built with logic that enables it to
execute instructions at very high speed: one instruction
per single clock cycle. The major functions it performs
are:

U Serial-to-parallel and parallel-to-serial data
conversion

CRC and ECC generation and checking
MFM data decoding and sncoding

Write precompensation

Address mark detection and generation

ID field search in soft-sector format

DMA data transfer control durlng read/write
operations.

The major blocks in the format controller are the se-
quencer and the serial/parallel data handler. The se-
quencer consists of a writable control store (32 words
by 16 bits), a program counter, branch logi¢, and the pa-
rameter register. The serial/parallel logic consists of a
parallel-to-serial converter for disk write operations, a
serial-to-parallel converter for disk read operations, pre-

oooooa

fea-cco compensation logic for writing MFM data, comparator
6 0 0 u X (Auxliary Command) logic that tocates sync fields, address marks, and D
g o 0 ! A Senseinl. stalus (Note 1) figids. There is also comparator logic that Is used during
0 ] 1 0 X Specily {Mote 1) Verify Data commands. See figure 4,
i] ] 1 1 X Sense unit status
0 1 0 o X Detect error (Nole 1) Figure 4, Biock Diagram of the Format Controller
o 1 0 1 18] Recalibrale Wite Data
0 1 1 0 (Bl Seek Frasome. eany E’ wnoaucmw-_]::_[ Chaok Code
0 1 1 1 [S] Formal AW Chock
' 0 0 0 (5] veriylD Read Dota
1 0 o 1 [S] Read I
1 0 1 ¢ X Read diagnosiic o
1 0 1 1 X Readdala
1 1 0 0 X Check ﬁ_f l
1 1 0 1 X Scan External DE
1 1 1 0 X Verlty dala
1 1 1 1 X Wnte data
Note:

{1y The LA field is 000,
|B] Indicales buflared mode when set,
[8] Indicales skewed mode when set.
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Microprocessor Interface

Read/Write Control, The interal registers are selected
as shown in truth table 6.

Tabie 8. Register Selection Table
[ Ag b

Selection
Data bulfer register | Nole 1)
[Data buffer register {Note 1)

Status register

Don't care
Don't care

0
1
0
1
1
X
0

L I - i B e

0 1
0 0
0 1
0 0 Command register
0 1
1 X
0 0

Inhibited

Note:

(T Preset parsmelers and resull stalus information are wrillen and
read from 1he result status regisier in the HDG hrough this data
bulfer register,

interrupt. The interrupt request line is activated or inac-
tivated according to the following equation:

INT=CEH + CEL + SRGQ « SRQM

This means that if either of the command end bits is set
or if the sense interrupt status request bit is set (and the
SRGM mask is nol set), then an interrupt will be gener
ated. The command end bits, CEM and CEL, are set by
command termination.

The SRQ bit is set when an equipment check condition
or a state change of the ready signal from the disk drives
is detected. It is also set when a seek operation is com-
pleted. Under these conditions the INT line is activated
uniess the SRQM mask is set.

Both of the CEH and CEL bits are cleared by a disk com-
mand, but both bits may be cleared before the next disk
command by issuing a CLCE auxiliary command.

The interrupt caused by the SRQ bit indicates that a
sensse inferrupt status command should be issued by
the host microprocessor so that it can determine the ex-
act cause of the interrupt. However, the uPD7261A/
7261B may be processing a disk command when the
interrupt occurs. Since it is not possible to issue a disk
command while the uPD72614/72618 is busy, an HSRQ
auxiliary command can be issued to set the SRQM
(sense interrupt request mask) and mask the interrupt.
The SRQM is reset upon completion of the disk com-
mand in progress.

DMA Control. When true, the DREQ pin and the DRQ
{data request) bit of the status register indicate a re-
quest for data transfer between the disk controller and
external memory. These are activated during execution
of the following disk commands:
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HDC = memory: Format, Verify ID, Scan,
Verify Data, Write Data

HDC— memory: Read ID, Read Diagnostic,
Read Data

Data being read from a disk or external memaory is tem-
porarily stored in the data buffer (8 bytes maximumj,
and is transferred to external memory or a disk, respec-
tively.

Data transfers are terminated externally by a reset sig-
nal or by a read or a write data operation coinciding with
an active terminal count (TC) signal. They are also termi-
nated internally when an abnormal condition is de-
tected or all the data specified by the sector count
parameter (SCNT)} has been transferred.

Data transfers are accomplished by RD or WR signals to
the uPD7261A/7261B when DREQ is active. During read
operations, DREQ goes active when the FIFO contains
three ormore bytes. If the FIFO contains three bytes and
an RD pulse is issued, DREQ goes low within trro1-
DREQ will stay active on the final sector until the final
byte is extracted. In this case, DREQ goes low within
trraqp. During write operations DREQ is asserted as
So0n as a Write Data command is accepted. DREQ re-
mains high until the FIFO contains six bytes, at which
time it goes low within tya). DREQ corresponds to FIFO
almost-full and FIFQ almost-empty as implemented in
the uPD7261A/72618. This has been done so that a fast
DMA controller may actually everrun the FIFO by one or
two bytes without harm.

Commands
Recalibrate

The read/write heads of the specified drive areretracted
to the cylinder 0 position, IST is available as a result byte
only if polling mode is disabled. See Specify.

Hard-Sector. An RTZ {Return to Zer) signal Is asserted
on the bit6 line with the TAG-3 bit being set. Then the
CEH bit of the status register is set indicating a normal
termination of the command.

After this command s given, the HDC checks the seek
end, unit ready, and fault lines of the drive continually
until an active signal is detected on these lines. Then
the SRQ bit of the status register is set indicating that a
sense interrupt status command should be performed.
Each bit of the 15T {interrupt status) byte is set accord-
ing to the result, in anticipation of the sense interrupt
status command.
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Soft-Sector. There are four different ways to implement
the Recalibrate command when the ST506 interface
mode has been specified. Both polling and nonpolling
modes of operation are provided, with both normal or
buffered Recalibrate commands available in either
mode.

Normal Mode with Polling. The CEH bit of EST is set to1
immediately after the Recalibrate command is issued (a
Recalibrate command may now be issued to another
drive). The HDC now begins generating step pulses at
the specified rate. The PCN for the drive is cleared and
the TRKQ signal is checked while stepping pulses are
sent to ong or more drives. When TRK( is asserted, the
SEN {seek end) bit of the IST (interrupt status) byte is set
and the SRQ bit of the status register is set. This causes
an interrupt and requests that a sense interrupt status
command be issued. If 1023 pulses have been sent and
TRKO is not asserted, then the SRQ bit is again set, but
with the SER (seek erron) and EQC {equipment check)
bits of the IST byte set. The ready signal of each drive is
checked before each step pulse is sent, and the Recali-
brate command is terminated if the drive enters a not-
ready state, whereby the NR bit of the IST byte is set to 1.

Normal Mode with Polling Disabled. Operation is simi-
lar to that in “Normal Mode with Polling”, but the CEH
and CEL bits of the status register are not set until
either the SEN (seek end) or the SER {seek error} condi-
tlon occurs. The SRQ bit is not set when polling is dis-
abled, and the IST byte is now available as a result byte
when the Recalibrate cornmand is terminated {see *Pre-
set Parameters and Result Status Bytes”). It is not possi-
ble to overlap Recalibrate operations in this mode.

Buffered Mode with Polling. This mode operates in a
manner similar to that described as “Normal Mode with
Polling”, but with the following differences:

{1} 1023 step pulses are sent at a high rate of speed (ap-
proximately 50 us between pulses)

(2} After the required number of pulses are sent, the
CEH bit is set, and then additional Recalibrate or Seek
commands will be accepted for other drives

{3 The SRQ bit is set when the drive assernts SKC,
which causes the SEN bit of the IST byte to be set

{4) If SEN is not set within the time it takes to send 1023
“normal” puises (i.e., when in normal stepping mode),
then SER and EQC of the IST byte are set.

Buffered Mode with Polling Disabled. 1023 stepping
pulses are immediately sent after the Recalibrate com-
mand is issued. CEH and/or CEL is set when SEN or
SER occurs. SEN is set when TRKO from the addressed
drive is asserted. SER is set if TRKO is not asserted
within the time required to send 1023 “normal” pulses.
The Recalibrate command will be terminated abnor-
mally if a not-ready condition occurs prior to SEN being

set. The SRQ bit of the status register is not set. The IST
byte (interrupt status) is avaitable as a result byte when
gither CEH or CEL is set.

Seek

PCNH  POHL

15T

PERL = Phyelcat ytmder umow, Low Bote

The read/write heads of the specified drive are moved to
the cylinder specified by PCNH and PCML. IST is availa-
ble as a result byte only if polling mode is disabled. See
Specify.

Hard-Sector. The contents of PCNH and PCNL are as-
serted on the BITO through BITS output lines of the SMD
interface with the TAG1 control line being set. (The most
significant six bits of PCNH are not used.) The CEH bit
of the status register is then set, and the command is
terminated normally.

The HDC then checks the seek end, unit ready and faull
lines of the drive continually until an active signal is de-
tected on these lines. The SRQ bit of the status register
is then set requesting that a Sense Interrupt Status
command be performed. Each bit of the IST (interrupt
status) byte is set appropriately in anticipation of the
Sense Interrupt Status command.

Soft-Sactor (Normal Stepping, Polling Enabled). In this
mode, the CEH bit of the status register is set to 1 as
so0on as the Seek command is issued. This allows a
Seek or Recalibrate command to be issuad to another
drive. The HDC now sends stepping pulses at the speci-
fied rate and monitors the ready signal, Should the drive
enter a not-ready state, the SER bit of the IST byte is set
and the SRQ bit of the status register is set, causing an
interrupt and requesting a Sense Interrupt Status com-
mand. When the drive asserts the seek complete (SKC)
signal, the SEN bit of the IST byte is set and the SRQ bit
of the status register is set, again requesting service,

Soft-Sector (Normal Stepping, Polling Disabled). Step-
ping pulses to the drive begin as soon as the Seek com-

"mand is accepted. The ready signal is checked prior to

each step pulse. If the drive enters a not-ready state the
seek command is terminated abnormally (CEL = 1}, and
SER of the IST byte is set. If the seek operation is suc-
cessful, the seek command will be terminated normal ly
(CEH = 1) when the drive asserts SKC {seek complete).
The SEN (seek end) bit of the IST byte is set and the IST
(interrupt status) byte is available as a result byte. The
Sense Interrupt Status command is not allowed (SRQ is
not set), nor can seek operations be overlapped in this
mode.
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Soit-Sector (Buffered Stepping, Poliing Enabled). As
soon as the Seek command is accepted by the HDC,
high-speed stepping pulses are generated. As soon as
the required number of pulses are sent, CEH is set 1o 1,
indicating a normal termination. Another Seek com-
mand in the same mode may now be issued. The drive is
now controlling its own head positioner and asserts
SKC when the target cyclinder is reached.) If the drive
has not asserted SKC (seek complete} within the time it
takes to send the required number of pulsas in normal
stepping mode, ot If the drive enters a not-ready state,
then the SER bit of the IST byte and the SRQ bit of the
status register are set. Otherwise, the SEN bit of the IST
byte is set, along with SRQ of the status register.

Soft-Sector (Buffered Stepping, Polling Disabled). In
this mods, the appropriate number of high-speed step-
ping pulses are sent as soon as the Seek command is
issued. If the drive enters a not-ready state, or if SKC
{seek complete} is not asserted within the time it takes
to send the required number of pulses in normal step-
ping mode, then the Seek command is terminated nor-
mally (generating an interrupt). The IST byte is available
as a result byte and the appropriate bit is set; i.e., SER
and EQC or NR (not ready). If the seek operation is suc-
cessful, the Seek command is terminated normally
(CEH = 1) and the SEN bit of the IST byte is set. The IST
byte is available as a result byle. The Sense Interrupt
Status command is not aliowed (SRQ is not set), norcan
seek operations be overlapped in this mode.

Format

PHN (PSN)  SCNT DPAT  GPLt  (GFL3)

mns

EST SCHT
PHN = Physical Head Humber
PSN = Physical Seclor Number
SCNT = Saclas Counl
DPAT = Data Patlern

GPL1 = GapLenglh1
GPLY = Gap Lnnqilh 3
EST = EmorSlatus

This command is used to write the desired iD and data
format on the disk.

(1) When using hard-sector drives, this command will
begin format-writing at the sector specified by PHN and
PSN, which are joaded during command phase.

When soft-sector drives are specified, this command
will begin format-writing at the sector immedtately fol-
lowing the index pulse on the track specified by PHN.

In either case, data transmitted from the local memory
by DMA operation is written into the ID field, and the
data field is filled with the data constant specified by
DPAT until DTL (daia length}is zero. DTL is established
during the specify command with DTLH and DTTL. The
sector count, SCNT, is decremenied by one ai the end of
the Format operation on each sector. The following
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bytes are required by the HDC for each sector: (FLAG),
LCNH, LCNL, LHN, and LSN. FLAG is omitted on soft-
sector drives. These bytes are transferred by DMA.

The format operation produces the varicus gaps with
length as specified by GPL1, GPL2 (See Specify). and
GPL3 (For soft-sector only.)
MNote:
GPLI may not exceed decimal value of 44,

{2) The above operation is repeated until SCNT is equal
to zero. The execution of the command is ferminated
normally, when the content of SCNT is equai lo zero and
the second index pulse has occurred.

{3y When using a hard-sector drive, it is possible 1o wiite
the ID field displaced from the normal position by 64
bytes by seiting the skew bit of the command byte
(S} =1). This is useful when defective media prevent
writing in the normal area of the sector.

{4) tems 4, 5, and 8 of ihe Read Data and item 4 of the
Write Data command are identical for this command.
Refer to these items (which appear later in this section)
for remaining format operation defails.

Verify ID

PHN  (PEM)  SCNT

EST  BONT

PHN = Physical Head Numbar
PSN = Physical Sector Number
SCNT = Sedtor

EST = EmorStaius

ID bytes of specified sectors are read and compared
with the data that are accessed from local memory via
DMA control. The first sector that is verified is specified
by PHN and PSN when a hard-sector disk is used. For
soft-sector disks, only PHN is given and the Verify 1D
cemmand begins comparisons with the first physical
sector on the track.

Byte comparisons continue as long as successful or
until the sector count is zero or a CRC error is found.

When using a hard-sector drive, it is possible to have the
HDC verify a skewed ID field by setting the skew bit of
the command byte. Refer to the Format section, given
earlier, for details.

Read D
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tD bytes of specified sectors are read and transferred to
local memory by DMA.

Hard-sector disks: Beginning with the sector specified
by PHN and PSN, the ID bytes of sach sector (FLAG,
LCNH, LCNL, LHN, LSN) are read until an error is
found or the SCNT has reached zero,

It is also possible to perform the above oparation with
skewed |D fields by setting the skew bit of the command
byte. This will allow reading ID fields that have been
shifted by 64 bytes by the Skewsd Format command.

Soft-sector disks: This command will begin checking ID
fields immediately following the index pulse and will
continue until one valid ID field is read, or until the sec-
ond index pulse is detected or SCNT =0, whichever
occurs first. Four bytes per soft sector are read: LGNH,
LCNL, LHN, and LSN.

Read Diagnostic

PHN  PSN

e5y

FHN = Physical Head Kumber

BT i N

This command is implemented only for hard-sector
disks. The desired physical sector is specified, and the
data field will be read even if the 1D bytes of that sector
contain a CRC error. Only one sector at a time may be
read by this command.

Read Data

FHN {FLAG) LCHMH LCHL LHN LiN SCNT

W0

EST PHH (FLAG) LCNH LCHL LKMN LSN SCNT
PHN = | Hend Mumber LHN = Logical Hend Number
FLAG = 'F‘m.l“ Hard-Sector [ Fleld Only LSN = Loglcal Sector Mumber
LCHH = Cylnder Numbet, High SCNT = Sscior Humbar
LCNL = Logical Cylinder mmu’;ﬁ' EST = Error Sistus

This command is used to read and transfer data via
DMA irom the disk to the local memory.

{1) The HDC reads data frorn the specified sector which
is determined by the following preset parameters; FLAG
(for hard-sector only), LCNH, LCNL, LHN, and LSN. The
drive is selected by UA (unit address) in the command
byte, The HDC then transfers the read data to the local
memory via DMA operation.

(2) After reading each sector, the HDC updates the
SCNT and LSN to point to the next sector, and repeats
the above described operation until SCNT is equal to
zero. During the above read operations, if LSN is equal
to ESN, the HDC updates LSN, and continues the read
operations after relocating the head (track) specified by
LHN,

{3) The HDC abnormally terminates the exacution of this
command if SCNT is not equal to zero when the HDC
reads out the data from the last sector (LSN = ESN and
LHM = ETN). The ENC {end of cylinder} bit of EST {error
status) is set to one inthis situation.

(4) The HDC will terminate this command if a fault signal
is detected while reading data. The HDC will set the
EQC (equipment check) of the EST (error status) byte
when this occurs.

(3 The HDC will terminate this command abnormaily if
the ready signal from the drive is not active or becomes
not active white a Read Data command is being per-
formed. The NR {not ready) bit of the EST (error status)
register will be set to one in this case.

{6) The HDC will end this command abnormally if it can-
not find an AM {address mark) (soft-sector mode) or a
SYNC byte thard-sector mode) of the ID field before four
index pulses occur. Under these conditions, the RRQ
(reset request) bit of the STR (status register) will be set.
In ordert to perform further disk commands the HDG wil)
have to be reset because the format controller is hung
up tooking for an AM or SYNC byte.

(7Y ECC mode: If the HDG detects an ECC efror during a
read operation, it will execute the following operations:
First, the HDC decides whether or not the error is cor-
rectable by checking the syndrome of the error pattern.
I the etror is correctable, the HDC terminates the com-
mand in the normal mode after setling the DER (data
error) bit of EST register to one, The host system can in-
put the error address and the error pattern information
by issuing the Detect Error command. If it is not a cor-
rectable error, the HDC will terminate the command in
the abnormal mode after setting the DER bit of the EST
register to one.

CRC mede: If the HDC detects a CRC error on a sector
during the read operation, the HDC will terminate the
command in the abnormal mede after setting the DER
bit of the EST register to one.

{8) If the HDC detects an overrun condition during a
Read Data operation, the OVR (overrun) bit of the EST
register is set. (An overrun condition occurs when the in-
ternal data FIFOQ is full, another data byte has been re-
ceived from the disk drive, and a DMA service does not
oceur) The command is then terminated in the abnor-
mal mode,

{9 i the HDC cannot find the desired sector within the
occurrence of three index pulses, the ND (no data) bit of
the EST register is set to one and the command is termi-
nated in the abnormal mode,

(10) If TC {terminal count} occurs during a Read Data
command the DMA transfers to the local memory will
stop. However, the HDC does continue the read opera-
tion until the end of the sector, if SCNT =1,
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it SCNT is 2 or more, DMA transfers restart when SCNT
is updated to the next sector, and will continue until
SCNT is zero.

(1)} If the Read Data command has been successiully
completed, the result status will be set indicating such,
and the result status bytes will be updated according to
the number of sectors that have been read. The logical
disk parameters—LSN, LHN, and LCN—are incre-
mented as follows:

LSHN is incremented at the end of each sector until the
value of ESN is reached, LSN is then set to 0 and LHN is
incremented. If LHN reaches the value of ETN, then
LHHN is cleared and LCN is incremented.

In other words, if a Read or Write operation is termi-
nated normally, the various parameters will point to the
next logical sector.

(fthe command ts terminated in the abnormal mode, the
result status bytes will indicate on which sector, cylin-
der, and head the error occurred.

{(12) If the HDC cannot detect the address mark (soft-
sector) or SYNC bytes {hard-sector) immediately follow-
ing the VFO sync in the data field, the HDC will set the
MAM (missing address mark) bit of the EST register to
one, and will terminate the command in the abnormal
mode.

Check

PHN {FLAG) LONH LCHL LHN LN SCHT

TIOOX

EST FPHN {FLAGE LCNHM LCHL LHN LEN SCNT
PHN Phopsleal Head Humber
8, T st Aoy

= | y

LML = Logical Cytinder Numbas, Low Byte
LHN = Logital Head Humber
1SN = Logleal Secior Humber
SCNT = Secior Number
EST = Exroe Gtakm

This command is used to confirm that the data previ-
ously written to the medium by the Write Data com-
mand contains the correct CRC or ECC.

(1} The HDC reads the data in the sector specified by
FLAG (hard-sector only), LCNH, LCNL, LHN, and LSN.,
The Check command differs from the Read Data com-
mand in that no DMA transfers occur.

With the exception of the ECC mods, the Check com-
mand is the same as the Read Data command. Plgase
refer to items 2, 3, 4, 5, 6, 7, 8, 11, and 12 of Read Data
command for details.

(2H1f in the ECC mode, the HDC detects only ECC errors
and does not execute any error correction operation
even if the ECC errors are correctable. No data transfers
have been made, and there is no data to correct.
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Scan
PHN IFLAG) LCHNH LCNL  LHN L5N &CNT
X
EST PHN {FLAG} LCNH 1LCHL LHN LGN SCNT
PHN = Physioal Head Number
FLAG = Fl , Hard-Sector ID Fleld Only
LCHH = umqmummm
LCHL = Logical Cylinder Hummiber, Low Byte
LHN = mllﬁdw
LGN = | Seckor Numbar
SONT = Sathor Number
EST = Emor Stubes

{1) In executing the Scan command, the HDC reads the
data from the sector specified by the preset parameters
of the command phase. The HDC then compares this
data with the data transmitted from the local memory.
(The purpose of this command is to locate a sector that
contains the same data as the local memory.)

This command will terminate successfully if the data
from the disk and the data from the local memory are
the same. If they are not, the HDC updates SCNT and
LSN, and executes the abovementioned operafion
again.

If the HDC cannot locate a sector that satisfies the scan
conditions, the NCI bit of the STR will be set. The HDC
tries to compare data until the end of the cylinder has
been reached, or until SCNT is zero.

(2) If the value of the LSN (logical sector number) is
equal to that of ESN {ending sector number) after updat-
ing LSN, the HDC updates the contents of LHN (increas-
ing by 1 and that of LSN (LSN =0), and repeats the
operation described in item 1 after selecting the next
head.

(3) After comparing the data transferred from the host
CPU with the data in the specified sectors, the result
bytes (FLAG, which is anly for hard-sector disks, LGNH,
LCNL, LHN, and LSN) will be set equal to the sector lo-
cation that satisfies the Scan command.

(4 The descriptionsin 4, 5,6, 8, and 9 of Read Data com-
mand, and items 3 and 4 of Verify Data command are
identical for this command. Refer to these descriptions
tor additional details.

Verify Data

PHN {FLAG) LCHH LCHL LHN LSH BCNT

hiyiH

EST PHN {FLAG} LCHH LCHL LHN LSN SCHT
PHN = Physical Head Number
T Tl Gy :’" ot g Syt

= e

LCHL = MMCMMW,LM&‘:
LHN = Logical Hesd
LSH = Logleal Sector Numbar
SCNT = Sechor Number
EST = Emw

This command is used to verify data on the disk.
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(1) The HDGC reads the data from the specified sector,
and compares the data transmitted from the local mem:-
ory via DMA with the data from the disk.

The sector is specified by FLAG (hard-sector only),
LCNH, LCNL, LHN, and LSN, and the drive is seiected
by UA. If the data transmitted from the local memory is
the same as that read from the sector, the HDC updates
the contents of LSN and SCNT, and continues the
abovernentioned operation. After updating SCNT, if the
value of SCNT Is equal to zero, the HDG ends the execu-
tion of the command in the normal mode. If the value of
LSN is equal to that of ESN after updating LSN, the HDC
updates the contents of LHN and LSN, and the HDC
continues the verify data operation after selecting the
head (track) specified by LHN.

if the data transmitted from tha local memory is not the
same as that read from the sector, the HDC ends the ex-
ecution of the command in the abnormal mode after
setting the NCi (not coincident) bit of STR to one.

(2) If, after verifying the data on the last sector, the con-
tents of SCNT are not equal to zero, the HDC terminates
execution of the command abnormally after setting the
ENC (end of cylinder) bit of the EST register to one.

(3) After verifying the data read from a sector, the HDC
checks the CRC bytes (CRC modse) or the ECC bytes
{ECC mode).

If the HDC detects a CRC or an ECC esror on a sector,
the HDC terminates execution of the command abnor-
mally after setting the DER bit of the EST register to a
one.

(4} After detecting an active TC signal (TC = 0), the HDC
executes the above operation by comparing the read
data from the disk drive with the data 00 instead of the
data from the main system until the end of the sector.

Inthe case of SONT greater than one, when SCNT is up-
dated, DMA transfers restart and disk data is compared
against host data until SCNT is zero.

(5) After verification of the data on all the sectors, FLAG
{hard-sector only}, LCNH, LCNL, LHN, and LSN are set
1o the values of FLAG, LCNH, LCNL, LHN, and LSN of
the last verified sector.

(6} The descriptions in items 4, 5, 8, 8, 9, and 12 of the
Read Data command are valid in this command, Please
refer to these items for additional detail.

Write Data

PHN  (FLAG) LCNH LCNL LHN LSN SCNT

EST PHN  (FLAG) LCMH LCHNL LHN LEN SCNT

"'%g"'
i

{1) This command is used to write data into the data field
of the sectors specifed by FLAG (hard disks only),
LONH, LCNL, LHN, and LSN, and to write CRC bytes or
ECC bytes according to each internally specified mode
{CRC or ECC). The data is written to the disk via DMA
transfer from the local memory.

(2) After writing data on a sector, the HDC updates the
contents of SCNT and LSN, and repeats the above de-
scribed Write Data operation until SCNT is equal to
zero,

During the above Write Data operations, if LSN is equal
to ESN, the HDC updates LHN and LSN, and continues
the Write Data operations after selecting the new head
{track} specified by LHN.

As described above, the HDC has the capability of
multi-sector and multi-track write operations.

{3) The HDC abnormaily terminates the execution of this
command if the SCNT is not equal to zero when the
HOC writes the data to the last sector (LSN = ESN and
LHN = ETN). The ENC (end of cylinden bit of EST (error
status) register s set to one in this situation.

(4} If the write protected signal is active (high) at the be-
ginning of the execution of this command, the HDC
ends the execution of this command in the abnormai
maode after setting the NWR {not writable) bit of the EST
register to one,

(5) After detecting an active TG signal (TC = ), the HDC
writes the data 00 to the sector, instead of the data from
the host system.

In the case of SONT of two or more, when SCNT is up-
dated, the DMA transfers will restart and writing of host
data will continue until SCNT = 0.

{6) In the ST506-type mode, the HDC will set the reduced
write current output bit to a one when the cylinder num-
ber becomes greater than that specified by RWCH and
RWCL. These parameters are loaded during execution
of the Specify command.

The descriptions in items 4, 5, 6, 8,9, and 11 of the Read
Data command are applicable here also. Refer to these
items for further detail.
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Sense Interrupt Status

15T

15T = Inberrupd Siatus

(1} The HDC transfers the new digk status to the hosl
CPU at the end of a Seek or Recalibrate operation or the
new disk status resulting from a change of state of the
ready signal, which may occur at any time.

(2 If the Seek or Recallbrate command in progress is
completed when this command is issued or if there has
been no change of state of the ready signal from the
drive, this command willl be terminated abnormally.

Speclfy

MODE OTWLH  DTLL  ETN ESN  GPL2 mqmu

000X
MODE = Mods Byls; Salscls n Mods
DTLH = Daia Langth, High
DTLL = Data Luvpth, Low
ETH = Endfing Wock Humbar
ESH = Encing Sector Number
GPL: = Qg Lengih2
MaPL1 = Gwp 1“h5ﬂbmm%ﬂuﬂdomﬁahﬂm
RWCH = Rad Caurent mm& igh
AWCL = Paduosd Writs Cinment Ho.), Low

The Specify command is used to set the operational
mode of the HOC by presetting various parameters.
Parameters such as MODE (figure 5, table 7), DTLH (fig-
ure 6), DTLL, ETN, ESN, GPL2, MGPL1/RWCH, and
RWCL may be programmed into the HDC. This allows
for a high degree of versatility. Data record length is
programmable from 128 to 4095 bytes in soft-sector
mode and 256 to 4095 bytes in hard-sector mode.

Figure 5. Mode Byte

DSL! | DSEl | SO | SOP/
l° Ieoclcncslssuc £TP3 smlsmlswol

Figure 6. DTLH Byts

rl|CHDIPAD|POLIML1||WL‘I|D‘I’LO|DTL8I
CRG- = Intiiel Value of Potymomial Counter, Elber AN 2aras or All Ord.
PAD = Selects IDiDate pedod 0OM I 0
= Selects ID/Dute pad of 4EH I
POL = Polling Modw If 0
= Nonpoling Mode i 1
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Table 7. Mode Byte Bils
BitName Spatiiled Mode
1 ECG is appended in data fistd: {x21+1) {x" +x2 41}

€cc D CHC is appended in data held
CRCS 1 Genarator polynomial: (x16 41}

0 Generator polynomial: (x'8 +x12+x5 +1}
SSEC 1 Soft-sector disk {tloppy-like interface), MFM dala

0 Hard-sector disk {SMU interface}, NRZ data

SSEC=0 S$SEC=t

osL Dala sirphe late STP3 {Note 1)
DSE Data strohe early STR2 {Note 1)
SOM  Servo offsel minus 5T [Wote 1)
SoP Serv olfset plus STRO {Note 1}
Nota:

[ Stepping rate for STS06 mode = (16-STP) x 2110 « lgy
Assuming a 10 MHz processor clack: Fy = 211ms.. Oy = 33.76ms

Sense Unit Status
Soft-Sector Maode
00X
usY
SMD Mode
. L 2 L s
[Lhd o !
ST . [ . oT

Y T, —

The Sense Unit Status (SUS) command is used to trans-
fer the Unit Status (UST} to the host. In the case of SMD
mode the SUS command may also be used to transter
the Detail Status (DS) and Device Type (DT) by using the
appropsiate preset parameter value as shown above. No
preset parameters are used in the soft-sector mode, al-
though one is required in the SMD mode. Values other
than 1, 2, or 5 do not produce valid results.

After result bytes are placed in FIFO, HDC generates a
FAULT CLEAR when in SMD mode.

The DS and DT bytes are defined by the type of drives
used. The UST is shown in table 8.

Table 8. Unii Status Byte

Intarface Typs
Bil No. SMD ST506
Dy UnH selected 0
Dg Seak end 0
O Write protected 0
Dy 0 Drive selected
D3 Unil ready Seek complele
0y On cylinder Track (00
Oy Seek errar Ready
Do Fault Write fault
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Detect Error

i

KK}
i
2

This command is used to transfer the error pattem and
the error address to the host CPU, when correctable er-
rors have occunred during the execution of a Read Data
command with the ECC mode enabled.

The error address (EADH and EADL) is calculated from
the last data byte of the sactor that contained a correct-
able error which was indicated by the status bit of the
previous Read Data command with the ECC mode en-
abled. The error pattern is used for comrecting the error
data at the location where the error occurred. After re-
celving the error address and the error pattern, the host
CPU can correct the error data by performing an
exclusive-OR of the error pattern and the error data. See
figure 7.

The result bytes are available to the host CPU within
100us.

Figurs 7. Error Comrection

The Sector
included
Corractably
|I DTL
)———EADH. EADL — ———————————
n n-1 L} 3 .

1 ]

|EDI|ED2IED@|‘--| | |ECC|

(@nclugive OR)

eru i (7 [ e | v
The Comucted
Data Bytes

Nole: ECn aquals error byle.

Auxiliary Command

There are no preset parameters or result bytes assocl-
ated with this command. The definitions of the 4 LSBs
(AAAA) are given in figure 8 and table 9. The auxiliary
command is accepted at any time and is immediately
executed. The auxiliary command may be used to re-
cover from certain types of error conditions, or to mask
and clear interrupts.

Figure 8. Auxiliary Command

KK

In[o Ict.cslnsnalcmlﬁs‘rl

Clatr Command Endg Bil

Chip Repet
Clar Data

Hah Senae interrupt Status Reques! Bule

Table 8. Auxiliary Command Bits

Bit Name Operation

CLCE Clears the CE bits of the stalus register, inactivating the
inlerrupl request oulpul caused by Command End condi-
tion. This is used when no disk commands are gging (¢ be
issued and it is desired 1o chear the inlerrupt.

HSRQ Deactivates the inlerrupl request output caused by Sanse
Interrupt Status Request condilion untl & Command End
ACClUrs. However this command has no effect on Ihe SRO
bit of the stalus register.

CLe Clears Ihe data buffer,

RST This has the same effect as a resel signaf on the Reset in-
pul. This funckion is used whenever Ihe RRO bit m the sta-
tus register is set (indicating the farmat controlier is hung
up), or when a software reset is needed.

System Example

Figure 9 shows an example of a local bus system.

Figure 9, Local Bus System

Locl Mamory
ROWROB AR
wEwR
T 1
g AD
WR
0E |— HDC Sepect =
- .
ABL 1 JE
am:{ HOC
Rw ) a0
DB~ v o0 — 7
= L | ] ADSTE D DAD) B
e T .E 518§ aeme g
Locw I EeRet— (8 H DRG
Bus HRG EoH
=] Privrity DMAC
lw':r} Logic | fuioa [
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Track Format System Example Timing Diagrams
Figure 10 shows track format for hard- and soft-sectored  Figures 11 through 22 show the interface timing (soft-
disks. sector and hard-sector required o interface the hard
disk drive.
Figure 10. Track Format
frep Hurd Sector Hofl Sactor
Secn ioe
SeATrea QAPY
00H {GPL1) Thase GPL2 bytes of zoros e required by ottt
PLOSTHG thva drive to allow the drive’s read dwta PLO to PLO SYNC
M {GPLE Do phase- and trequency-synchronized — G
™ ) with the data blits recorded on the media. AT m
ELAG [} LCHH [11]
LCH ) 10 feld LGN i
LHM i L ]
L3N Al — 1SN n
Ll @ Thase bytes are written by the diar and CAC (L)
10 #AD e requited by the drive to ensure 0 PAD
OH 12} recording and mecovery of the last bits of the SEH 0 £
O STRG data field check codes. — L0 SYRG
M 1GPL2) Tnumindmwuueonwmm 0 {GPL2
AN 19 {1} I g of the 1D fisld or the dais fisld ard A M T
o itmlb‘llihu byte syrichronizaiion. AN FoM [0
" -
L & [ om L
[DTLY (DL
ECGARC — —_ ECC/CRC
w These bytes ore written by The controler and W
DATA PAQ e required by the drive 10 ansure proper [DATA PR
o0H 12) recording and recovery of th last bits of the AEN/00H )
ENDOF 10 fiekd cheuk Lodes. INTER
inaex | AECORD: —— — MECORD GAP
Sactor o0H AEH 1GPLT)
[GAP4
vkl -
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Figure 1. “Unit Selection” and “State Sense” Timing (Hard Sector)
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Figure 12. Return to Zero Timing (Hard Sector)
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Figure 13. “Seek” Timing (Hard Sector)
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Figure 14, “Head Select” Timing (Hard Seclot)
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Figure 15. *Unit Status Sense’ Timing (Hard Sector)
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Figure 16. “Data Read” Timing (Hard Sector}
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Figure 17. “Data Write” Timing {Hard Secior)
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Figure 18. “Drive Select” and “Unit Status Sense” Timing (Soft Sector)
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Figure 19, “Normal Seok” Timing (Soft Sectorn)
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Figure 20. “Bulfered Seek” Timing {Soft Sector}
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Figure 21. “Daia Read” Timing (Soft Sector)
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Figure 22. “Data Write” Timing {Soft Sector)

4PD7261A/B

I}
s F
EGC
PLO x|Q PLD
Fonat ] iz 1]
oo |3[8|B|B|5 M| o |E[2 Dere cRe |Pad
1r—
(Gap2} {0 @0 (1) 2} N (Gap?) (1)) {0TL) [l
Rend Gate _/_! f \ N
1}
Syne / Y p
_— 1}
—}
Wirle Gate 2 i N,
- FR Y
Reoy _ X3 N
PCE 4 — e
p [ PRECOWP 2k A vake i X
1 J )
Drive Select N Stabke el
ar iy
! ]
I 1
Read Gute lina i Wrile Gate lina Is activated during the
aciiveted after Ready period batween I bytes 3Her 10 (inids CRC
and Wrile Fauh gignaly bytes and 3 bytes afier data Nekd's ECLY
ara checked, CRC bytes.
BI035 108

6-37



