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Integrated WOZ Machise (IWNM)

Device Specificatios

Yeaturss

¥ Backvards-coapatible with 18 sector Disk ][ coatroller
#® Use of 7M (or 8 nHz) to miniaize sampling ervor rats
® Fast moda usiag 2 u$ bit cells

® Asyachronous mode vith polladle handshake registers

WARNING

The INM will not work reliably in :Inchtanou wede with the 6302 using
Appla 1I disk softwars. It will work with the CMOS version done by

Western Design Ceatar (NCR supplies this pert as ICR63C02).

During the load sccumalator lastructiou, 1f tde 37 eutput of the IWM
changss to 1 just before the end of the micropreceseor rasd vindow, the
NRCATIVE flag may Be set but A{7] resais 0. This results in recogaition

of a “valid” byte. The sccumulator will comtsis the bdyte except A[7)

will be incorrsct The difference betveen the $502 sad tha §5C02 is thst
the lattsr uses regsserative feedback to force the latched Lnput dats to
valid logic lavels aftar the read window ends. TAis guarantaes the
NEGATIVE f{lag and A[7] will be equal after the load accumulator instructiou.

Tie 6302 may be used if A{7] is uot used In the de-niddlizing process. A
oimple fix to the curresaut routines is to force A[7] to a 1 by ORA 7380
after reading the nibble. .

Gensral Descriptios

The IWM {s an integration of the Disk IT floypy dise interface. Whes the
T is reset, it Dscomes a controller compatidle with the current Disk IX
faterface io {ts operation with currently supported Apple II and ///
softvara. Io additiom, the IWM has exteusiocns iscluding a status vsgister,
sode ragister, and mlriple modes of oparatiom. The IWM provides
asynchronous mods, & fast mode with a dats rate twice that of Disk II, and
an optionsl 1 second one-shot timer to hold the esabls cutputs low.

The IWM 1is a peripheral davice that coumects to a hoet dataz bus. The
davics gensrates sod receives serisl GCR emcoded dats. A programmeble digital

ouve shot is used for serial data tecovery. The IVM genarates buffezed drive
enables and phase lise coatrol outputs.

343-0041~A
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Technical Descripciom

LA L3 ¥ TP Way B W Sy

The primary purpose of the IV 13 to allow 3 wicroprocessor ro resd and
vrite serfal GCR (grocp code) encoded dats. The 1IWM nmay be controlled by
setting state bicg and reading or writing Tegisters, Setting a stace be and
3ccessing a register Is dong simultanecusly. 1ne registers are the mode
register, the statug register, the write-handshake register, the read dag
register, and the urite data register. The modes selected by the mode
register include Syachronous or asynchronous mode and slow or fast mode..

The data formar ig an 8 bit nibble wich the HMSB get. The ¥SB of the 8 bip
data nidble is shifred in or written out firse, A bit is transferred every
bit cell tine. The bt cell cine defaules to 4§ g (set to 2 uS 1o fast wode)
Therefore the data Tate iz one niddle every 32 uS (16 uS in fast mode)., When

writing data out, a one 1g vritzen as & transfition on the VRDATA cutput at 5
it cell boundary time and 5 Ze10 1z wrictem as no transition,

sense state to the write load state. Ia the syachronous 30de, the time of
that transition and every 8 Q3 periods (4 us) thereafter, until 17 iz cleared,
sarks the beginniog of a vrite window. The duration of the write window {3 4
periods of the Q3 inpuc signal (2 us),, The data written at the last wrire .
dccess occurring within this vrite window will 1oad the shift register with
the data to be shifted out. 1If the next write access has not occured 32 us
(64 Q3 periods) after a load, the write wvill be extended in mleiples of § u$
(8 Q3 perfods) unril another write access, aod zeros will bde shifted out,

In synchronoys mode, Q3 clock input s used internally teo generate the 3
and 40 us timings, which would then be 64 and 3P of the Q3 clock input perfods

in duration, respectively, and the bie cell tinings, 3 Q3 periods per Mt celf
rine in slow mcde.

In ssynchronous mode the writs shife Tegister {s buffered and, when the
buffer is mpty, the IWM sets the MSB of the vrite~handshake Tegister to s ong"
to indicate that the next dats nidble can be vzitten to the duffer, The
buffer register zay bde written st any tise during the write state. OGuly the
dats last written inee the buffer register, befare the contents of the buffer
register i3 transfared to the write shife register, is uged,

In asyochronous mode CLX is used to generate the dit cell tinings. 1In
fast mode the CLK clock is equivalent to the clock tnput on FCLX. 1In slow
mode CIX 1s equivalent to the clock input om FCLK divided by rwo. Therefore,
fa 7 and slov node the bit cell time will be 28 FCLX tlock inpus pexiods in
duration, 1n 8M and slow mode the cell tise will be 32 periods, and In 8y and
fast mode the cell time will be 1§ periocds. 1In asynchronous mode the write
shift register is loaded every 8 dip cell times starting seven CIK pertods
after the vrite stage begins,

\\ -
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An underrun occurs when data has not been written to the buffer register
betueen tha time the urite-handshake bit indicates an enpty buffer snd the
time the buffer is transferred to the write shift-register. If an underrun
occurs in asynchronous mode /WRKEQ will be disabled (set to a TTL high state)
and the /underrun flag will b set to zera. This occurrance can be detected
by resding the write-handshake register before clearing state bit L7.
Clearing stata bit L7 will reset the /underrun flag.

When 16 and L7 are both zero the IWM 1s in the read state. When reading
serial data, a falling transition within & bir cell window is considered to de
a one, and no falling transition within & bit cell window s consfdered to be
& zero. The receive datrs input on RDDATA is synchronized internally vith the
CLX clock. The synchronized falling transition is then discriainated to the
nearast bit cell window using the 7/8 alz FCLK clock signal in fast mode and
the FCIX signal divided by two in slow wode. A digital ona-shot data recovery
scheae is used., Every falling transition estadlishes the bit cell windows,
used by the data seperator in the IWM to recover tha following bits, until
another fslling transition s received.

In the read state the data s shifted into the LSB of the shift register,
and the shift registar shifta data from LSB to M58, A full data nibddle {s
considered to be shifted fa vhen a one is shifted 1nto the MSB. Vhen a fpll
data niddle 13 shifted into the Internal shifc register, the data will be
latched by the read data register and the shift register will be cleared .to
all zeros so that it will then be ready to shift {n the next data word.

In the synchronous mode the shift register is readable in any intermadiste
state with this exeception : when a one is shifted {nto the MSB, the shife
register will appear, to the data bus, to de stalled for a period of two bit
times plus four CLX pericds. This is to allow the host processor time to
Poll tha MSB to deteraine when dats {s valid. 1In asynchrorous mods the data
register will latch the shift register vhen a one is shifred into the MS3 and
will be cleared 14 FCLX periods (abour 2 us) after_a valid data read takes
Place (s valfd data read being dafined as boch /DEV being low and D7 (the asb)
outputting a one from the data register for at lesst cne FCLK period).

.‘; -
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Read data biz cell windous

mods Nclks perfod data notes

slow ™ 7-24 FCLX/2 1 2.9-5.71+ uS
21-34 21 6.0-9.721+ us
35"'48 ﬂﬂl 1”.0-!3.71*- l.ls

window 15 28 c¢lks

slow M 8-23 POLK/2 1
24-33 f1
4P-55 98!

fzot 7% 7-28% FCLX 1 vindow 4s 14 clks
21-34 g1
35-48 o8

fast 8" ‘-23 FCLR l l . 0-2 . 875" ul
2%-38 g1 3.8-4.75+ us
4p-38 g8l 5.0-6.87% us -

window-iq 16 clks

The tadle above shovs how the data separator in the IWM discriainates
betveen ones and zeros vhen reading, WNclks is the nuaber of clock periods
betveen falling transitions of =he {nternally syachronous version of RDDATA.
The clock perfod 1s either thar of tlis FCLE input or that of the FCLX inpur
divided by two in slov mode. Each falling transition resets the read data
windowa for subsequenc data to be relative to that transition. The data
patterns noted above ars the bit patterns that are shifted in as a result of
the transitions and the absence of transitions in their respective windows,

In port operation, which is asynchronous wode true and lateh mode false
vith /DEV held low indefinitaly, read data will appear and change as if the
IWH vers being continually read. In port operation the MSB can be used to
continously clock data f{nto external registerse The MSB will be cleared at
least six FCLX periods befors being set. Except in port operation, in

asynchronous wode the latch mode bit should de sat (for reliabilicy 1a Clearing
the data register after a read). .

Data wxittea to the iHH is ssupled by the zaro to one transition of
the logical OR of Q3 znd /DEV . In asynchronous mode the Q3 inpur may be tied
low.

343-0041-A
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Signal and 3us operation Description

1. Vee +3 volt supply
Gl Ground reference and negative supply

2, Device Coﬁtrol Signals

Al-A3 These three inputs select one of the 8 birg
in the state register to be updated,

A The data fnput to the State bit selected
by Al-A3. The state to which the addressed
State bir is get by an operation vill
select the tegister to be accessed by
that operation.

Also the /READ ioputs. A low on this input
enables the IWM to send the regiscer _
selected by ¢ state onto the data bus,

Df-p7 The bidirectional data bus .,

/DEV Active low device enable. The falling edge
of /DEV latches {nformation on Ag-a3. The rising
edge of the logical function ( Q3 or /DEV )
qualifies writce register data,

FCLX Clock input for the serial data logic;
either 7 or 8 Mz,

Q3 2.8 Mhz clock input used to qualify the
tining of the serfal data being vritten out
in the synchronous mode.

/RESET Active low systen reset input,
When asserced, this signa) places all 1wy
outputs {n thefr tnactive state, and
sats the gtate and the nodes to cheir defaules,

3. Inputs (2)

RDDATA The serfal dats input. The falling
transitinn of each pulse is synchronized by
the I‘H'H.

SENSE An fnput to the Iwy that can be polled via

the status register.
5 -

343.0041-A°
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4, Outputs (8)

WRDATA

JENBLY

/WRREQ

PHASES-3

| Y

The sertal data outputs A transition occurs
on this cutput for each one bit,

JENBL2 Programnabdle buffered output 1ines.,

No more than one enable may be
time. If an enadle is lov than
is ctrue,

If the l-second on board tiper

then the selected one will stay low for about
! second after (¢ {s programcned high.

This signal ll.l progrannsble buffered

cutput line,

These are programmadle Qutput lines.
A true TTL logte "1" (2.4 volts) can be-

naiotafned even uhile driving
inpurs {n parallel.

lov at any
Horor-On

fs enadbled

two darlington

343-0041-A
Shect? of 14
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Register Description

State Register

This 13 an 8-d{t write-only pseudo-register. The bits {n this register
are individually addressed by A3,A2,A1 . The data on AP is latched into the

addressad state bit by /DEV low, All eight state dLts ara reset to ¢ by
/RESET low,

Not only do the state bics control certain chip functions and ocutputs, the
setting of two of the state Bits 1§ and L7, and Motor-On, internally select
which registar is to be selected and whether the operation is to be & read or
& vrite. 1If an oparation occurs that changes the state of one of these bits
to & nev stste, that new state will select the registar to be accessad during
that oparation and whether that operation is to be a read or a write,

Address Naae Function

[ Al in this bit will drive PHASES to a high stats,
1 PHASEL

2 PHASE2

3 PHASE) *
] LMotor-On A I on LMotor-On sets the enable selacted below low
s Drive-Sal A 1 on this bir selacts JENBL2; a § selects /ENBI)
6 16 (sae description below)

7 L7 (3ee description below)

. Th& state bits L7 and L6, and Motor-On, select which register {s availabdle
to be read or written, Other registers are read during any operation fa which

A s a zero, A register is written vhen both L6 and L7 ave set or are being
set to 1l and AP is a onae.

The conbination of L7 and Motor-On and /underrun enables /WRREQ low,

L7 L6 Motor-0n register operation selected State Name
oy [ read all ones
| I | 1 vead data register Read
p 1 x read status register Write~Protect Sense
19 x read write-handshake register Write
11 ’ write mode register Mode Set
1 1 1 write data register Write Load
AL -
"343-0041-A
} Sheet ¥ of 14
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" Hode registar ( a vrite only register )

NS rrwy  —— e o ——— -

All eight mode bits are reset to § by /RESET 1dw.

bie function
LS ¢ 1 = latch mode (should be set in asynchronous mode)
| # = synchronous handshake protocol; 1 = agynchronous

2 § = l-second on board t{mser enable; 1 = timer disadle
3 § = slov mode; 1 = fast wode ( 2 u3 bit cell timing )
4 $ = 7MHz; 1 @ 8MHz (7 or 8 nH:z tlock descripcor)
5 1 = test wode; P = normal operation
] 1 = MZ-reget
HsB 7 reserved for future expansion

In latch mode the msb of the read data 1s latched internally during /DEV

low (this internally latched nsd is then usad for the deteraination of a valid
data read),

. 1f tha 1-sacood timer bit is & zero than the enadle (/ENBLI or JENBL2)
selacted by Drive~Sel will be held lov for 223 18P FCLX periods (about 1
second) aftar the LMotor-On state bit is resat to zero. 1If the latch sode Bt
is set the timer is not guaranteed to count up to 2*2%, Motor-On 1s
synonosous with either /ENBL] or /ENBLZ being low,

Fast node selects a bit cell tiae of 2 uS instead of 4 uS, The 7/8 mHz
descriptor indicates whether the faput clock (FCLX) 1s to be divided by 7 or 8
to provide 1 uS internal timings. '

When tha test mode bit is a 1, device operstion is unspecified, excep:

that status register bit $ can alvays be read and that the sode register can
alvays be set.

e

343-0041-A
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( a read-only register )

b}
mode register
er /ENBL] or /ENBL2 is

currently active (low)

( reset to 9 by /RESET and MZ-reset )

'E Input high: § = SENSE input low

‘ed for coupatibiliecy with fucyr

{ & read only register )

for future uge (currently read as
® state ( cleared to ¢ 1f a write y
e data buffer register ready for da

data register depends
‘Mous mode bit. With L6 and
‘ad data register. With L7 set the
\te a8 & urite data buffer,

ones) -

nderrun occurs )
ta

on the getting of state bieg
L7 clear, the dats

data register

4300410 .
Shast iy 14

e products and should

L6
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Maximums Ratings

supply voltage B3 to+7.8 v

{nput voltage 2.3 to+7.8 v

storage temperatyre =35 to +125 degrees ¢

operating temperature # to +7P degrees ¢ (ambient)

DC characteristics

sym Paragetar ain fmax units notes
Vee supply voltage 4,75 5.25 Volts
Ice supply current -— 60 nA 5
vil Input low -_— 9.3 v 3
Vih Input high 2.9 — v &
n input leakage — 199 uA 1
Vol TTL output low -— oh v -
Voh TIL output high 2.4 —_ v
Ioh source current at Voh .32 — A 2
Iol siok current at Vol 3.2 —_— mA 2
Notes

1. Inputs.

The inputs have static protection,. All IWM inputs and bidirectional
lines in the input wmode are high Impedance except as noted below:

WPROT and /RDDATA @ pullup to VCC of 10K ohns noainal
(source current of 88 to 608 uA at P Volts with VCC = 5.25V

2. Outpufs Ioh and Iol apply to DS thru D7 and WRDATA. The folloving
output lines have special drive capabilities, noted below,

/ENBL1, JENBL2: Sink current of at least S.f mA at Vol
Source current of at least 48 uA at Voh

/WRREQ: Sink curreat of at least 16.p mA at Vol
Source current of at least 4P uA at VYoh

PHASE 0, PHASE 2 Source current of at least 1.8 mA ar Voh
PHASE 3 . Source curreot of §.5 aA vhen pulled dowm to 3.p vV,
Sick curreat of at least 2.4 mA at Vol

PHASE | Souzce current of ac leaat 1.0 mA atvVoh
s Source current uf 3.5 mA when pulled dowm to 3.0V
Sink currunt of at least 12.4 mA at Vol
3.. TIL VidMs also referred to as & gero.
4. TTL Vih {e also referred to as a one.
5. At 5.25 V over full operating temperaturs range. 3‘3'20“'5
heet 120f 14
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AC chacacteriscics

sym parameter nin mx units  notes

tas AB-A3 to /DEV, fe 49 — ns setup
tah /DEV, re to Ag-A3 invalid -1 nS addr hold
tds data to (Q3 oORr /DEY), re 58 - ns setup
tdh (Q3 OR /DEV), re to daca 19 - ns data hold
tda {DEV, fa to dara out — 180 ns access, 1,
tdsl /DEV low 200 — ns .

tdsh  /DEV high 458 — n§

tde /DEV ro /ENBLx or /VRREQ — sép ns 2.

tdph  /DEV to PHASEX - 5p8 nS 2.

trdh RDDATA high time 308 —_ ns S.

tekh  PCLX high tiae LY ] 298 n8

tekl FCIX low tine LT ] 209 n$

tckp  FOIX perfod, 4o timer 128 143 n$§

tckpt  FCLX pPeriod, no timap 12¢ 508 ns 11.

tqdsl Q3, re to /DEV, fq 1 200 ns 7.

tqdsh Q3, re to /DEV, re  { 200 ns 7. -
tqlh Q3 high 268 s n$ 7.

tqil Q3 low 198 — o8 7e

tdasbh DP~6 valid to D7 re 58 — ns 8. .
tres /RESET low time 508 -— ns 18.
trwch  /RESET to /WRREQ high _— s ns

ts) saapling j{ccer - 10 ns &,

tckur  write clock, re to WRDATA - 509 ns 9.

turj vrite data jitter — 15 ns 9.

cp input pin capacitanca — 15 pr

notes

1. Load = 138 pp and 3 LS TTL loads
-2« Load = 168 pf and rated maximua current -
3. fe « falltng edge ( TTL high to low )
Te = riaing edga
4. tsj 1s the uncertainty window {n saopling the asynchronous input RDDATA and
synchronizing it intecnally with CLX at 40y constant Vee and temperatursy,
S trdh and trd] Tust be at least tufce tha period of CLX to be

/DEV nay be held low indefinicly, .

7e These a3pply to the synchonous mode only. In other modes Q3 nay bde held
low indefinicly,

8. 1If, vhea /DEV 14 low, data on Dg-7 1 changing to a word with p? high,
the data on DA6 must become valid before the rising adge of D7 o

9. tckvr {3 the tine from FCLX, re, in asynchroonous mode, or Q3, ve, 1n

synchronous made, to changes in the output WRDATA, driving a load of

tur] is ‘the change in tckvr from edge to edge of WRDATA At any constaant
Vee and temperacure. .

19. for test PuUrposes tres must be at least 24 ciges eckp .
11. 3ckpt 1s max FOLK period with 1-secofld timer disabled,

343-n04) -2
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This specification is confidential to Apple and contalns proprietary
information.

changes from earlier specs

AB-3 pinout corrected

{ENBL1 and /ENBL2 pinout corrected

tdusbh specified

latch mode added {change to breidboard also)

changas from ravlil spec (4/16/82)

Df~7 plnout changed to facilitata IC layout
vrite jJitter specified

changes from ravfl2 spec (5/5/82)

Address setup time changed to 49 nS

changes from ravf#lé spec (6/4/82)

LYiotor-On different from Motor-Onm
Phase lines sink 2.4 aA
Lres test condition added

underrun and other nomenclatured clesred up

chaoges from revil7 spec (3/17/82)
read data stall time changad to 4 ClKs
relaxed AC and DC characteristics

rha §2/05/82 -
bes P1/11/82
wa 18/20/81
voz 1478,7¢

Ay -
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CIRCUIT SCHEMATIC : DISK Il ANALOG BOARD
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