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Integrated WOZ Machine (IWM)

Devics Spacification

Featurss

Backvwards-ccapsatible with 16 sector Disk ] coatrollar
Uss of 7H (or 8 mHe) to miniaize sanpling exror rate
Fast moda using Z oS bit cells

Aaynchronous mode with pollable handshake ragisters

WARNING

The IWM will not work rmifably in chronows sode with the 6302 using
Appla 1I disk softwars. It will work with the C%03 versioo done by

Western Design Ceater (RCR supplies this part se ZURSE3C01).

Daring the load sccumalator instruction, 1f the 37 cutput of the IWM
changes to 1 just baform the snod of the wmizcroprocassor rasd window, the
HRGATIVE flag may be set But A{7) remain O. THis resalts in recognition

of a “valid” byte. The sccumulator will coataim the dyts except A[7}

will be incorrsct The difference between the 63502 aad the §5C0Z is that
the lattar uses reganerative feedback to force the latched input data to
valild logic lavels aftar the read window ends. This guarantses the
HEGATIVE f{lag and A[7] will be equal after the load accumulator instructiou.

The 6502 32y be used 1f A{7] is vot used in the de—nibdlizing process. A
sinple fix to the current routines is to force A[7] to a1l by ORA #3530
after reading the oibble.

General Desgcriptiom

The IWM 1is an integration of the Disk 11 floppy disc interface. Whes thas
IWM is reset, it bdecomes a controller compatible with the current Disk II
faterface i its operarion with currently supported Appla II and ///
softvare. Io additiom, the IWM has extensicaos iacluding & status register,
sode ragister, and mulriple modas of operation. The IWM provides m
asynchronous moda, & fast mode with a datas rate twice that of Disk IF, and
sn optional i second one—shot tiser to hold the enabla cutputs low.

Tha IWM is a peripieral device that connacts to a hoat data bus. The
device geanerstes snd receives sarisl GCR emcoded data. A programsabls digital
ooe shot is used for serial data recovery. The IWH ganarates buffsred drive
enables and phass Ifse ceutrol cutputs.

343-0041-A
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Packaging acd Pin Assignment
The IWM 15 packagad in a stamsdacd 28 pin, 600 mil pliastis DIP.

PHASE O
PHASE 2
AD

Al

A2

Al

/DEV
WRDATA
JWRREQ
Do

Dl
D2

03
GND

+
T

W N PN

28
27
26
25
24
23
22
21]
20
19
18
17)
16}
15}

—t
3

FHASE L
PHASE 3
Yoo

Q3

PCLE
{RESET
RDDATA-
SENSE.
JENBLE
JENBLZ
o7

i)

D5

D4

343-0041-A
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Techniu:ll Descrip:ton

ey aunua---a-

SeLting stara bite ang feading or writing
accessing 2 reglispey is dong :multanecusly. The registery are the zode

The data formar is ap g big nibbla with the HSB ger, The Msx of the 8 by
dara nibble 14 shifreg in or “ritten out firse, A bir i, transfen'ed every

time, The by €ell cipa defauleg to & yg (sat to 2 us 14 fage mode),

Therefore the dapg Fate i1s gpe nibbhle Every 32 us (16 us 1, fase mode), When

Bense state go the wrgy oad stapg, 1 #¥nchrongyy =ode, the o o
thar transition and eye Q3 Periods (g us) thereaf:er, until 17 ie cleu-ed,
Barks the sinnin; of 5 write window, daration f tha write windg, 1s 4
Periods of the g3 inpue signai (2 us) s data “Titten at the lagr wpye

dccegy Ofcurring withis thig wvrite window Vi1l 1oad the shitf: Teglster with
the daca ¢4 be shifted o, + If the RNEXt urire 2CCess hag MOt occuregd 32 ug
{64 Q3 Periods) after 3 load, the “rite wiyy e extended 1 Eultinleg of § yg
{8 g3 Perlods) ynegy another yrip, dcCess, yng ZEro% will pe shifreq out,

In Syachronoyg zode, Q3 cloek inpue Iz useg Internally to Eeneraey 'thc 32
aod 4p yg timings, which would thep be 54 and 2p of the Q3 clock Inpute Periodyg
in duration. respectlvely, and the by, cell tin.tngn, i@y Periodg pey bit cely

¢ node,

buffer is empt the 3uts the HSD of . L3 write-handshakl Tegister ¢ & ong-
0 fndicar, that the Rext darg tibble cap “Titten ¢q th fler, 1,
fer Tegister oy YTitten g4 any time L the write tate, Only the

fase mogy the clock 14 equivaleng to clock loput gn FeLx., 1a slow
mode CLx g, *quivaleny 6 the clogy input o FCLx dividag by tuo, merefou,
in 7M ang 5OV mode the 1t cel} tioe wil) be 23 F, cloek inpuy pPericds tg

a
dnu:lon, in 8M apng 5low nogde the cej3 tise wiy be 32 Periods and in gy and
fast nade the cepl Tlae i3] be 1¢ Periodg, In *3ynehrongyg wode the Write
shife Teglater 14 loadeyg every 8 bip el timeg Starting itven C1x Fertodg

3 -



An underrun occurs when data has not been written to the buffer registar
betveen the time the write-handshake bit indicates an enpty buffar and the
tioe the buffer 1s transferred to the write shift-register, Yf an underrun
occurs in asynchronous mode [WRKEQ will ba disabled (set to a TIL high state)
and the funderrun flag will be set to zera. This occurrance cati be detected
by resding the write-handshake register befors clearing state bit 1,7,
Clearing state bit L7 will reset the /underrun flag.

When L6 and L7 are both zero the IWM is in the read state. When resding
serial data, a falling transitfon within s bir cell window is considered to be
a one, and no Falling transition within & Bit ceall window {1 considered to be
& zero. Tha receive data input on RDDATA is synchronized internally uith the
CLX clock. The synchronized falling transicion is then discriminated to the
nearest bit cell window using the 7/8 wHz FCLK clock signal in fast mode and
the FCIX signal divided by twe in slow mode. A digital one-shot data recovary
scheme i3 used, Every falling transition establ{ishes tha bit caell windows,
used by the data seperator in the IWM to recovaer the following bits, until
another falling transition 1is recefived.

In the read state the data is shifted into the LSB of the shift reglinter,
and the shift register shifts data from LS3 to M5B, A full data nibble ig
considered to be shifted fo vhen & cne i shifted into the MSB. When a fyll
data nibble 13 shifted into the internal shift register, the data will de
latched by the read data register and the shift register will be cleared.rp
211 zerocs za that it will then be Teady to shift in the next data word.

In the syonchronous rode the ghife register Is readable in any fntermediate
state with this exeception : when a one 1s shifted inte the MSB, the shift
register will appear, to the data bug, to be ztalled for a period of two bit
tines plus four CLX periods. This is to allow the host processor time to
poll the M5B to determine when data fs valid, In asynchrorous wode the data
reglster will latch the shift register whenm a one is shifted into the MS® and
will be cleared 14 FCLX pariods (abour 2 uS) after_s valid data read takes
plice {a valid dacs read baing defined as boch /DEV being low and D7 (the msb)
outputting a one from the data register for at least one FCLK period),

RS

343-0041-A
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Read data bir cell windous

mode Nclks  perfod daca notes
slow ™ 7-28 FCLK/2 1 2.9-5.71+ uS
21-34 #1 6.8-9.71+ us
35-48 aa 168.8-13,71+ us
window ig 28 c¢lks
slow 8M 8~23 FOLK/2 1
24-13 g1
48-55 g8?
foot i 7-28 FCLX 1 window is 14 clks
21-34 g1
35438 1.3
fasr 8™ 8-23 FCLK 1 1.8-2.875+ ug
254-39 g1 3.8-4.75+ u8
4B-35% g8l 5.0~6.875+ us -
window 13 16 clks

The table above shows how the data ssparator in the IW discriminates
between ones and zerns whaa reading, MNeclks is the number of clock perieds
betueen falling transitions of she internally synchronous version of RDDATA.
The clock period Is elther thar of the LCLE input or that of the FCLK inpur
divided by two in slov mode. Each falling transition resets the read dara
windows for subsequent dats to be relarive to that trangition. The data
pattarns noted above are 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, vhich is asynchronous mode true and latch moda false
vith /DEY held low indefinitely, read data will appear and zhange a8 if the
IW vers being continually read., In port operation the MSB can be used to
continously clock data into external registers. Tha MSB will be cleared at
least six FCLK periods befors being set. Excapr in port operation, in
asynchronous mode the latch mode bit should be set (for reliability fa clearing
the datz register after a read).

Dats written to the IWM is sampled by the zaro to one transition of
the logical OR of Q3 znd /DEV . 1In asynchronous mode the Q3 input may be tied
low.

A -
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Signal and Bus operation Descriprion

1.

2.

Vee
GHD

Device Coﬁtrol Signals

Al-A3

AB

pg-p7

/DEY

FCLE

Q3

/RESET

Inputs (2)

RDDATA

SENSE

+5 volt supply
Ground reference and negative supply

These three fnpurg select one of the 8 bics
in the stats register to be updated.

The data fnput to the State bit selectad
by Al-A3, Tha state ro which the addressed
State bir {3 get by an operatton vill
select the registar to be accessed by

that operation.

Alse the /READ fnput, A low on thiz Input
enables the IWM to send the regiscer
selected by 18 state onto the dJdata bus,

The bidirectional data bus ,

Active low davice evable, The falling edge

of /DEV latches information on Af~A3, The rising
edge of the logical function { Q3 OR /pEV )
qualifies writs regicster data,

Clock input for the serial data logtc;
either 7 or 8 M2,

2.8 Mhz clock input used to qualify the
tising of the serfal data being uritten out
in the synchronous mode,

Active low system reset {nput,

When asserted, this signal places all 1M
Sutputs in thelr fnactive state, and

sets the srate and tha rmodes to theip defaulcs,

The serfial dats input, The falling
transition of each pulse ig synchronized by
the IWM,

An fnput to the TWM that can be polled vis
the status register,

343-0041-A°
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Cuzputs (8)

WRDATA

/ENBLY , JENBL2

/WRREQ

PHASE@-3

AT}

The serfal data output, A transition occurs
on this output for each one bit,

Programmable buffered output 1ines,

No more than one enable may be low at any
tize. 1f an enable fs low than Motor-On

is true,

If the I1-second on board timer s epabled
then the selected one will stay low for about
1 second after ft iz programmed high.

This signal 1s a programmable byuffered
cutput line,

These are programmable cutput lines.

A true TTL logic "1™ (2.4 volts) can be-
malotained evan while driving twe darlington
inputs in parallel,

343-0041-4
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Register Description

-n--.g-u----.-lﬂ----lﬂ

State Register

This ia an 8-bire urlte—only P3eudo-regiater, The birs 1y this regiscar
are 1ndiv1dua11y addreased by A3,A2,41 . The data on AP ia latched {neo the
a3ddressed staty bt by /pEv low, an1 eight stace bita ara resac to g by

Not only do the state bles control certain chip functions angd OCutputs, the
setting of two of the stare bigy L6 and 1.7, ang Hotor-pn, lnternally selear
which regiscar is to be selected ang whether the Operation {1 to be 4 read or
& write, If ap Speration occyrg that changag the state of one of these bipg
to 8 new Stata, that new State vill pelec: the register to be accessad during
that operation and whathar that cperation is to be & tead or g writa,

Addraye Kace Function

[} Al in this big vill drive PHASER o & high atatq,
1 PHASEL

2 FHASE2

3 PHASE3 :
4 LMoror-on 4 ) on LMotor-On sery the enable selected below low
5 Drive-Sal 4 j o1 this bit selects /ENBL2; 4 ¢ selects /Enap)
) L6 (sen description below)

7 L7 (zea descripeion below)

. The state bits L7 ang L&, and Hotnr—On, select which Tegister g available
Lo be read or wTitten, Other Tegisters are read during iny operation {5 which

Af 1s a 2eroy A ragister ig wTittean whep both 16 and 17 ATa 32t or arg being
B8t to ] and AS 15 4 one,

The conbination of L7 and Motor-on and Junderryn engbles /WRREQ low,

L7 15 Motor-0n tegister Speration selected State Nanme
s g # read all gneg
. I 1 Tead  data ragf{grar Read
B 1 x read sraeyg regiscer Write-Protect Sense
1 8 x read Write-handshake register Write
1 1 ] vrite mode register Mode Set
I I | 1 write data regiscer Write Load

LY - .

"343-0041-2
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" Hode registar { a write only registar )

All efght ooda bits are raset to ¢ by /RESET ldw.

bit function
1S53 @ 1l = latch mode (should ba set in asynchronous mode)
1 # = synchronous handshake protocol; 1 = agynchronous
2 # = l-second on board timer enable; 1 = tiper digable
3 § = slow moda; 1 = fast mode { 2 uS bir cell timing )
& $ = 7iHz; 1 » BMHz (7 or 8 miz clock deseripror)
5 1 = test wode; B = norzal operation
] 1 = Ml-regat
H3SR 7 resarved for futura expanston

In lztch mode the msb of the resd data is latched internally during /DEV
low {this internally latched msbd is than ussd for the dateraination of a valid
data read), -

If the l-secocd timer bit is a zero then the enable (/ENBLI or JENBL2)
selected by Drive~Sal will be held low for 2723 +18p FCLY periods (abour )
second) aftar the LMotor-On state bit is reset to zero. If the latch soda big
is zet the timer is not guarantsed to count up to 1723, Motor-On is
synonomous with either /ENBL] or /ENBL2 belng low.

Fast mode selects a bit cell tize of 2 us instead of 4 uS. The 7/8 nH:x
descriptor Indicates whether the foput elock (FCLX) is to be divided by 7 or 8
to provide 1 uS internal eimings.

When the test mode bit is a 1, davice oparstion is unspecified, excep:z
that statuas register bit S can alvays be resd and that the mode register can
alvays be sel.

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

bit function

B4 same a8 mode tegister

5 1 = either /ENBL] or JENBLZ is currently active (low)
6 1 =~ M2 ( reset o ¢ by /RESET and MZ-raser )

7 1 = SENSE Input high; § = SENSE input low

The MZ bit s reserved for compatibility with future products and shauld
alvays be read as a zero.

Randshake Register { & read only reglster )
bir function
25 reserved for future uge (currently read as ones) -
& I = write state { cleared to § 1f a write underrun occurs )
7 1 = write data byffer register ready for data

The operatfon of the dara register depends on the setting of state birg Lg
and L7 and on the synchronous wode bit. With L6 and L7 clear, the data
Teglster operates as a read data register. With L7 set the data register
operates in the write state as & write dara buffer,

A -
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Maximum Ratings

supply voltage “B.3 o +7.8 v

input voltage -$.3 to +7.8 ¥

storage temperatyre =35 to +125 degrees C

operating temperature 4 to +7p degress C (ambient)

DC characteristics

L EL EEL DR L e

sya parageter ain nax units notes
Vee supply voltage 4.75 5.25 Volts
Ice supply current — 60 mA 5
vil1 Input low — $.3 v 3
Vih Input high 2.8 —_ v Y
I input leaksge — 1p8 uA 1
Vol TTL output low -— -4 v -
Yoh TITL output high 2.4 —_ v
1ok source current at Voh .32 —_— mA 2
Iol siok current at Vol 3.2 —_ mA 2
Notes

1. Inputs.

The inputs have stacic protection.. All IWM inputs and bidirectional
lives in the fnput wode are bigh impedance except as noted below:

WPROT and /RDDATA : pullup to VCC of 18K ohms nominal
(source current of 88 to 68 uh at @ Volts with VCC = 5.25V

2. Ou:pu:; Ioh and Iol apply to DO thru D7 and WRDATA. Tha folloving
output lines havae special drive capabilicties, noted bhelow,

/ERBLY, /ENBL2: Sink current of at least 5.8 mA ar Vol
Source current of at least 48 uA ar Voh

/WRREQ: Siok current of at least 18.p zA at Vol
Source current of at least 48 uA at Voh

PHASE 0, PHASE 2 Source current of at least 1.8 mA ar Voh
PHASE 3 - Source current of B.5 mA when pulled down to 1.p V.
Sink current of at least 2.4 mA at Vol

PHASE I: Source current of at least 1.0 mA atvoh

Source current of $.5 @A when pulled down to 3.0V
S5ink currwent of at least 12.4 mA at Vol

3., TTL VidMs also referred to as & zero,
4. TTL Vih 19 also referred to as a one.

5. At 5,25 V over full operating temperature range. 43.0041-A
I heet 120f 15



AC characteristics

N aRYE AR EEEE =

sym parameter min max units noteas

tas AB-A3 to /DEVY, fe 48 -— nS setup
tah IDEV, te to AB-A3 invaliad -1 ns addr hold
tds dsta to (Q3 OR /DEV), re S5f -— ns setup
tdh (Q3 OR /DEV), ra to data 1p — ns data hold
tda /DEV, fa to data out — 180 ns accesg, 1,
tdal /DEV low 208 — ns 6.

tdsh /DEY high 458 — ns

tde /DEV to /ENBLx or /WRREQ — Sgg n§ 2.

tdph /DEV¥ to PHASEX — 5pp ns 2,

trdh RDDATA high time 3o8 - LH 5.

tekh  FCLX high tioa 58 208 :H]

tckl FCLX low tima 1) 299 n%

tckp  FOIX perfod | uieh timer 129 143 g

tekpt  FCLX period, no timar 128 508 ng 1i.
tqdsl Q3, re to /DEV, fa 1 260 a8 7.

tqdsh @3, re to /DEV, re 1 200 s 7. -
tqlh Q3 high 264 gg a8 7.

tg3l Q3 low 198 —_ o§ 7.
tdmsbh DB~ valid to D7 re 5p — ns 8.

tres JRESET low tiga 5p8 — ns 1B,
trwch  /RESET to /WRREQ high —_ ps ns

ts} tampling iicrar -— 10 ns 4.

tckwr  write clock, re to WRDATA — 586 - ng 9.

twrj write data jitter — 15 nS 9.

cp input pin capacitance —_— 15 oF

notes

1. Lload = 136 pF and 8 LS TIL loads

2. load = 18§ Pf and rated maximua current

3. fe~ falling edge { TTL high to low )
te = rising edga

4, t3) 1s the uncertainty window in saopling the asynchronous input RDDATA and
synchronizing it internally with CLX at 40y constant Vee and tezperatyra,

Properly synchronized,

6. the time betwsen 2 succesive /DEV selects will be greater than 2 CLX
pericds, and {n synchronous mode will be no less than § 3 period,
/DEV may be held low indefinicly. .

7. These apply to the synchonous mode only. In other modes Q3 may be held
low indefinirly,

B. 1If, vhea /DEV 1s low, data on DP-7 1g changing to a word with p7 high,
the datz on DP-§ must become valid before che rising edge of D7 ,

9. tckwr 1z the time from FCLX, re, in asynchrocous mode, or Q3, re, in
synchronoug mode, to changes in the cutpyt WRDATA, driving a load of
188 pF,
tvr] 1s ‘the change in tchwr from edge to edge of WRDATA =at any constant
Vee and temperatyra, .

1. for test Purposes tres wust be at least 24 times tckp .

I1. jekpt 1s max FCLK perfod with 1-secofld timer disabled.

343-n047 .4
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This specification is confidantial to Apple and contalns
inforpacion.

changes from earlier apecs
Af-3 pinout corrected
/ENBL1 and /ENBL2 pinout corrected
tdosbh specified
latch mode added {change to bresdboard slsc)

changas from revf1! spec (4/16/32)
DB-7 plnout changed to facilitate IC layout
write jitter specifiad

changas from revfl2 apac (5/5/82)

Address setup time changed to 4P n$

changes from rev#lé spec (6/4/82)

LYotor-On different from Motor-Om

Phase lines 3ink 2.4 oA

tres test conditlon added

underrun and other nomenclatured clearad up

thanges from revfl17 spee (8/17/82)

resd data stall time changed to & CiXks
relaxed AC and DC characteristics

rhn §2/85/82 -
bes P1/11/82
we 18/28/81
wor 14%73,79

\ -

proprletary

343-0041-A
Shest 14 0f14



LACTEN [T 'Y pac)
‘_*_,_%_.
A mz
r m 127 ULWZOD) DA .]: -:ff‘
5 t
o) [ p—

LT ULNRDOY D4

12
| > - (8 )»

o0
;.
1040
7 LLWZODS b4 [ = LE] @Il.f}
e b L . % (TR

SLUVIWIHOS 1INDYID

(AT o
T ULH200) D -
[ ] :: }_*M“'*"“'—‘— )u
£l
-n
+2 G2
5 a: EH3N0e
12,15, 30 NPSUB i

17,39

I
9
:u

¢
3

i
¥

12 T £
s ns * I°'°"" Lieaw

16K 12
2 ’ o3 : olf

174 ULHI00Y Da 177 ULk2003 pa

72 CA3IAE A3

o
~

uC.HPO 81

A7
3K

+2

26 FIN FLAY Capl{
MALE CONNFCTOR:

i' F)

. 13
300051

R4
+5 i

QdVOE 90TVYNY I Misia

174 74L325 8

A2s R2E
&% fioox

' 18| WA Tata i oow
N +12

Azr
+5 -5 ==, Az Az
Ris [ 2o 172 Caise a3 i
1K 14 15125 Ba § ) o i

1 -
™ Li S o] ik
=]
Ea— | . =) t
0.4 14T ULNZOOY Ba
iz +3

e,
A3z APPLE COMPUTER INC 1970

57601 I ne

-1z
PEAmin gL

(1]
G 050-000

N
{
;‘ 51’0,1 1.'5?,.'

o

(<)
Y

Bmomomom oo owmom i m o

m 7 m m
I.'-I-I-|-I-I-‘_._l_l“l—l_-._-__




