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Change History:
Rev1. Initial release.
Rev1.2 Second silicon changes.
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Intr

icn

SWIM3 is the logical extension to SWIM2. By adding several new features to

the existing design the intent is to relieve the system processor of mqst of the
babysitting tasks required to talk to the floppy disk. Most importantly it will allow
interrupts to remain enabled during disk accesses. Only the minimum amount of extra
hardware consistent with this goal is added with the intent that the total design be five
to six thousand gates (Verilog based, vendor independent).

It is assumed that the SWIM3 is connected to the host system through a DMA

channel. This interface is patterned after the industry stapdard 765 so that any
machines currently designed to use the New Age floppy interface could easily be
adapted to SWIM3.
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P S,

! o /, ......... /m\\

The two new tasks reqmred of SWIM3 are to managathe head motion to get to

the correct track and to transfer, réad orjwrite data jﬁf}bugh the DMA channel once the

cgrrect place cn the d;si; js Lgcater f, f/
Head positioning - 4
To simplify stepping the head to the d’esxred sitignya regfstéi’ is provided (the
Step Register) that is loaded withithe number of s:red to be moved. As

with SWIM2 the drive isfénabled, E‘rectlen of stepping set, ahd the step
command address is placed*mthe*phas@hnes*bymg"system softwgre When
the go_step bit is set SWIM3 will monitor the /step status from the dn"xve and
pulse phase3 to cause a step, waiting 80us between steps as required, _at the
same time decrementing the Step Register. This process is repeated unt_ll the
Step Register is zero. This generates an interrupt (step_dcne). Depeqdmg on
the number of tracks moved and motor speed zones crossed a timeout is
required before accessing the drive after stepping. This is left to the software.
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Bead Control

After the head is properly positioned and the motor is up to speed we
must first locate the position within the track. When the action bit is set the
SWIM2 circuits begin searching for mark bytes following the bytes of zeros. If
found, a new circuit determines if we are reading an ID field. If so, the current
head, track, and sector positions are stored in two registers and the
last_ID_valid bit is set true if CRC checks good on address mark. (only in mfm
mcde, in gcr mode the checksum is checked on an address mark) This bit is
false on startup or after the next address mark is started to be read. (Software
might need to request sector+2 to be sure a complete reveiution is not taken)
The two pesition registers are constantly updated while in read mode as long as
gois true. An interrupt (if enabled) (ID_read) is generated by each ID read . If
we didn't find an ID field the search is restarted. This process will continue
forever as long as the go bitis.sat. T — ‘

Once valid positiqn’ data i§ obtained; softwarg sholld determine the
nearest sector to read gr write. The number of this sactor is placed in the
first_sector register bdt only aftet the cufrent position is known (for best
performance). On reset'this register is sétto-$FF which megns don't match any
sector. When SWlh{p’ reagds a sector ID that ma‘tc/hés the eontents of the
first_sector register, 4t-will-then lobk«fey the cata,#eld mark bytes and when found
start a DMA read transfer consisting gf the puthbe bytes défined by the mode
. In MFM mode the read transferigtarts aftér thefnark bytes for 512 bytes. In
GCR mcde read transfdf starts at ?ﬁ‘g seégtor byte for 704 bytgs. After all the data
bytes are transfered a | erof-DMA requests witrbeTequested equal to the
value of the Gap register. The purpese of this is to move the DMA pointer in
order to leave a track image in memory which later can be re-written to the
drive. The gaps will be filled with format bytes that are required to be re-written.

A second register called the sectors_to_xfer register is written by
software at the same time the first_sector register is written. At the end of a
sector transaction if the sectors_to_xfer register is non-zero it is decremented.
This continues until all desired sectors are read . The sectors_done interrupt
signals the end of the last complete sector transaction.

Writing

A sactor write proceeds just like a read except the DMA transfer starts in
the gap between the ID field and the data field. A special protocoi for data
transmission over the DMA channel uses an escape code $39. When SWIM3
sees a $S9 in the data flow the next byte is a command. The following is a
table of these commands.

Code mman
SWIiM3 ERS 4
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$99 Transfer data $99 (no command)
$A1 Write a $A1 mark byte

$C2 Write a $C2 mark byte

$04 Write both CRC bytes

$OF Turn off escaping for 512 bytes
$o8 End data (terminate dma transfer)

After writting starts data will be written until a $99 $08 is encountered.

Formatting

Formatting and track write as required by GCR with the 2.8M drive are
handled by a special case. The phase register is overridden by SWIM3 so that
the index mark is being read from the drive. A special bit called format must be
set true which will cause SWIM3.{o begin DMA-write-requests once the index
pulse is seen. Writing cogttinues just as aLWayWermiﬁ‘ated by the $39 $08
command, since escapé’ cgg;mma ding is;"active‘ in this, mode\a%s well.
Error Handling //“/ // % } NS Z;" M

V4 / <

SWIM2 ge/ﬁeréx/ed—e«ors when-the FIFO sﬁ}:&dé?‘or overflowed. Errors

H

could also occukon reads when data from the-@rive-was ifr],:éNdrjﬁe way corrupted.
Because the DMA channel has replaced thé bus-nterfacs the FIFO errors wil
only occur if the DMA roller failSo seyvice SWIM3 DMA réquests. If this
happens the pending transactionwill’ termiinateand thezppropriate FIFO error
will be set. A new error has been added for CRC errors. If a CRC error is
detected while reading a requested data field the CRC derror bit will be set.
Any error will cause a muitiple sector request to be terminated. This should be
checked when the sectors_done interrupt is received. A CRC error during an
address mark read will cause the current sector register not to be updated and
the last_id_valid_bit is set false. No transaction will start as the result of reading
an address mark that matches the first_sector register if a CRC error (or
checksum error in ger) occurs during the address mark read.

R nversion

The gcr conversicn is built into the hardware both on read or write. There
are a few special cases when writting. To write any data pattern that is not in the
standard conversion table just write what the pattern should be with the high bit
set. Example, D5, AA, 3F. Otherwise write the non-encoded value. For
example the bit slip bytes, FF,3F,CF,F3,FC,FF, should be written as
3F,BF,1E,34,3C,3F. '

SWIM3 ERS 3
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Register Description
$0 Data Read or write data to or from FIFO. Selected by DMAack

input regardless of values on address bus.

$1  Timer A 1us timer register. Values loaded into this register will
decrement at a 1us rate. The first count after the load can occur at any time but
all subsequent counts will be 1us apart. For example a load of 2 will timeout in
>1us but <2us. The count rate is independent of the setting of the clock divide
bit. An interrupt is generated when the count equals zero.

$2 Error Indicates the type of error that has occurred. Cleared on a
reset or on read. Only one error can be set at a time. Must be cleared priorto a
read or write. If any of thesa-bits.are set the erorftag-in.the Handshake register
will be set. Errors on reads only function w‘MFMnge anﬁngter the mark byte
is found. / { 3 R
Ve ‘? % 3 i %
Data 0 ,{Jndé n FIFO. F !FO~em’;/>ty whﬁe wntnpé or full and not
read dunng’ a re’adr?

Datal \ Not gggd ark byj/ om data reg:ster)

Data 2 Ov ”r'r’ujn FIFO. FOzwntten while full in wnte mode or read
while empty in reLd‘mvﬂé""

Data 3 Not used
Data 4 Not used
Data 5 Not used
Data 6 CRC error on address mark
Data7 CRC error on data field
$3 ParameterData  The parameter ram has been reduced to two nibbles

of data, early time and late time. The data is stored as {late time,early time}.
The nominal, no precomp value is $7.

$4  Phase Register Data bits 0-3 represent phase lines 0-3. Data bits 4-
SWIM3 ERS 6
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7 are not used.

§_§ Setup Register This register sets the various medes of operation. It
IS reset to all zeros except as noted.

Data bit 0 =0 don't invert wrdata (neg pulses)
=1 invert wrdata (pos pulses)

Data bit 1 =1 Copy protection mode

Causes a change in operation to support copy protection.
When set, all data from the next mark byte will be transfered, not stopping
until the go bit is set false. The transfered data will consist of two bytes
per byte of read data. The first byte is $00 unless it was a mark byte in
which case a $80 is transfered. The second byte is the data.

nrmnar—— w...,\

Data bit 2 /=0 MEM mode;/<1 GCR mode™
/i f S 1

Data bit 3 /'/ /% 0 notmal; ={ cloc\ix divided by two.
_MNotg'the clock to SWNMay be/different
/" than SWIM. f supplied a 16M glock SWIM2
g i and wsite-2,3,4 us MFM celt§ and

2,46 us GCR cell§ with t€ bit sef to zgfo7

Witrl_a)BZM clock input SWINZ-wiil-read ;

- andjWwrite 1,1.5;2 us MFM cells, and shouid
havérthis*bitseﬁo onetogenerate2;34"

us MFM cells and 2,4,6 us GCR cells.

Data bit 4  Disable GCR conversion. If setto a one disables the
conversion tables in GCR mode for copy protection.

Data bit 5 0 = Apple data mode; 1 = IBM mode.
(0=NRZ data , 1= RZ data.)

Data bit 6 =0 MFM writes; =1 GCR data writes.

Data bit 7

$7 Handshake Register Read only

Data bit 0 Mark Next byte in FIFO = Mark byte.

SWIM3 ERS 1
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Data bit 1 =0

Data bit 2 RDData Direct read of drive data

Data bit 3 Sense Direct read of rddata input

Data bit 4 =0 was motor still on

Data bit § Error. A bit in the Error register is set.

Data bit 6 Dat2bytes FIFO empty in write or full in
read when = 1.

Data bit 7 Dat1byte FIFO has at Iéast one byte in it.

Fhis-signal is gated- -wittrerreL in write
/ mode 5o that ug,a“ wn;e«eu;gr OCCINS the
Zeros @ $6, ones @ $7 /

zm”‘?

The Mode register is contr slled bh by bit wntlgn/rre‘lfﬁ'ér tl';e write zeros or
write ones location with fRe bits that are Eemg modified set tq one. To make bit
0 a zero write 00000001 T ToeatioN$6, t6HARE & 6né Write 00000001 to
location $7. Reset sets all bits to zero.

$6 &$7 istdr

Data bit 0 Enable interupts 1 = enabled

Data bit 1 Enablet 1 = enable drive 1

Data bit 2 Enable2 1 = enable drive 2

Data bit 3 Go 1= Go active (was action)
Data bit 4 Write 1 = write mode; 0 = read.

Data bit 5 Side select 1=side 1;0=side 0
Data bit 6 Format mode (new)

Data bit 7 Go_step 1 = Start stepping to desired

SWiM3 ERS : - _ 8
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track

$6  Read Mode register Read only

Reads contents of mode

register.
$8  Interrupt register Read (Cleared by read)
Bit0 Timer_done 1 = Timer count=0
Bit1 Step_done 1 = Stepping complete
Bit2 ID_read 1 = Just read address header

......... .-»f"""'"""‘““"\\
Bit3 Sectors_dq}a’é 1 = Just ﬁfﬁ'é@d@ading‘ st byte of
a sectof(rea modej) or justgot the end_data

e
By

rd /../“I commai'\nd(w te_mode) or process terminated
e by error~.. / /
4 s / 7

for generatjng an irtérruptwhen a
;  diskis jpserted~orwhen wajting for
i‘“’ ready/ to signal the drive isready,
—————gfC. - d

. S V4 4
Bit4 Sefise:change 1.=(Sense Iin://jﬂs;?znged) Useful

$9 Step regqister Load this register with the number of steps needed to be
moved after the direction is set in the drive and the step address is placed on
the phase lines. This register is automatically decremented by the hardware
after each step command is sent to the drive and an interrupt (step_done) is
generated when the last step is taken. No step commands are sent until the
go_step bit is set. An 80us timeout is made between every step. The step_done
interrupt is set under this condition as well.

$A rrent track register The 7 LSB's of this register holds the last track
ID read from the drive. Bit 8 of this register is the last head ID read from the
drive. Resets to $ff.

$8  Current sector register ~ The 7 LSB's of this register holds the last

sector ID read from the drive. This value may be stale as indicated by the
Last_ID _valid bit. Bit 8 of this register holds the Last_ID_valid bit. This bit is set
after reading a sector id when either the crc is correct or the checksum is ok

SWIM3 ERS _ 9
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(ger).  Itis cleared during the data field header or when go is turned off. The
register resets to $71.

This register should be loaded with the
number of “pad” bytes to be transfered after the data bytes in a multipie sector
read operation. When read back it contains the format byte.

$0_First_sector The first 6 bits of this register should be lcaded with
the first sector number desired to be read or written. The transfers will start when
this sector is found. If bit 6 is set to a one (x1xxxxxx) any sector will match and
be transfered. Resets to $ff.

SE_Sectors to xfer This register is lcaded with the number of sectors
desired to be accessed continuously. After each sector the hardware will

decrement this value until it-reaches zero. The-numberf untransfered sectors
will be retained here aftetf an errgr has ocs g,wagsets\fs\isoo

Mmm_mgmg{agﬁ\dask mterrupts in }egxster $8 bit for bit. Setting a

one enables each p’t a2 {o disables a Bit—"  /

/ 7 ’
N 4 S
Data [7:0] " Bi-dirdfional, e ]
Addr [3:0] Input 1} ]
AS/ meur“"“‘ ‘
Dev Input
c3am Input CPU Side
RO/ Input
WR/ Input
DMAreq/ Output
DMAack/ ‘Input
Reset/ Input
IntReq/ Output
Rddata Input
Wrdata Output
Enable1 Output
Enable2 Output Drive Side
Wreq Output
Phase[3:0] Output
Hedsel Output

SWIM3 ERS 19
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Technical Specification

Write cell times***

1uS 0.989** uS
1.5uS 1.499** usS
2uS 1.979* 2.010** uS
3uS 2.999 usS
4uS ‘ . 3.989*" 4.021* uS
6uS ' 5.999 uS

*  Written with 15.667 MHz clock
** Written with 31.334 MHz clock )
"**Write times can be added to or,subtracted from gy,seﬁiﬁg»thg write pre-comp

register in one clock resolution, ’ V.
e s & A
e H X { 3
Write pulse width V4 ;‘% too ; i
. /j ya RN 7 ;
The write pulse in MFMMmogé sh%:ll be five clock periods J6ng.
YA ——_— _
Read cell times \ ¢ i
, (e
1uS I— F34=1-245uS—
1.5uS 1.277-1.723 us
2uS , 1.755-2.266 us
2uS 1.468-2.489 uS
3uS 2.553-3.447 uS
4uS 3.510-4.532 uS
2uS 0.957-2.999 uS
4uS 3.064-4.979 uS
BuS 5.042-7.021 uS

Note: Gaps between adjacent read cell boundries represent areas of uncertainty
which may decode as either possible cell.

DC Specification @ Vdd = 4.75 to 5.25V Temp =0 to 70C

SWIM3 ERS LR
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Parameter Min Max Unit
Supply current 50 mA
Input low level 0.8 \
Input high level 2.0 v
Output high level 2.4 \"

@ I=3.2 mA
Output low level 0.4 \"

@ I=3.2 mA

except the following:

Wrreq/ I=10 mA

Phase1 I=10 mA

Enable1/or 2/ 1=5 mA
Input leakage -10 10 uA
Output leakage /J,om P V-
Pullup R /5 g,e" /‘"‘\ K.Q\

Rddata, Sense il

/ i ‘ ;
z/ / Ve

AC Specification Vs // 4
Parameter \ st {m( / Uni } K
Clockin o ™ MHz

Duty Cycle - 40 ‘”““SU o

Rise and fall 0 10 nS

Clock rise to output

(Wrdata,Wrreq/,Dat1 byte)

0 25 nS

Dev/ rise to output 0 tbd nS
(Phase,Hedsel,Enabi1/ 2/,
Motoen/,3.5Sel/)

Async in to Dev/ fall setup 0 tbd nS

SWIM3 ERS
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I 1 2 .
5 ! '
Dev or \ / \_____/_“
DMAack ! : : :
} ‘ i ] ! 31 4 i :
' | g
! — +
Data : X X X
) ] : i
! 16 X 16
I o] 5 oy >
1 ' I .
adar X r X X t X
! X ! i
l | L !
' ! ! ,
' ! . '
RD/ |
1
!
1
1
1
WR/ '
i o
1 Lo
1 1 8 :
! A,
i
DMAreq/ \ /' "
Read cycle Write cycle
Timing:

1. Dev or RD/ low to data valid read. 95ns

2. Dev high min. 18ns

3. Data valid after assertion

of write 15ns
4. Data valid time 288ns
S. fiddress setup to Dev low 15ns

6. Addr hold

8. Dmaack low to req/ invalid

SWiM3 ERS
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Pin Description

D0-D7

The bi-directional CPU data bus

AQ-A3 Address inputs for register select

RD/
WR/
Dev/

Qs

Bus read control input
Bus write control input
Device select input

OR’ed with Dev/ (input)

Reset/ Hardware reset input

Wrdata
Wrreq/
Motoen/
Enabl1/
Enabli2/
Sense
Rddata
Clockin
Phase0-3
Hedsel
DMAreq

DMAack

SWIM3 ERS

— /.- gy
Write data outpuE 16 disk P, \
~ {0 3 R
Ve H hN 3
Write enable ofitpufito disk L j }
5 NN i 7
L S /s g
Motor on(mdnc}aﬁxon utpuf / r
Drive enable output fo disk / s 4«’; 7
Drive enable out?ﬁ todisk } 1 f

Readable input used to read disk status
Data input from drive

Input clock to SWIM2

Control signals to disk

Head select output to disk

DMA request from SWIM3

DMA trsnsfer acknowledge to SWIM3

3/24/93
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