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I think putting it on your web page would be a good idea. Ever
since | posted the announci ng nessage |’ ve been bonbed with
requests. | never expected this nmuch response.

Vel | here conmes the docunent:

How to connect an IDE disk to a mcrocontroller using an 8255

I ntroducti on

Sonme tinme ago | have dropped that | had connected an | DE harddi sk
to one of nmy microcontrollers. This has provoced a response that

I had not forseen. Since that day | have received sone one to two
e-mails a day requesting nore details about what | had done. At
first | have mailed a nore or less cryptic decription of ny
interface to sone of the requesters. That only resulted in nore
e-mai |l asking for nore details. As it seens sone people out there
are really interested in how ny contraption is nade. In this
description | will attenpt to satify the information-hunger of

all you out there who's appetite | seemto have awakened.

This interface first cane to ny mind when | re-read sone old, old
conput er nagazines. In one of them the Gernan nmgazi ne call ed
Ct there was a short description of how and IDE interface is put
together. This is in the Novenber issue of 1990. The article
describes an IDE interface for both the PC-XT(!) and the PC AT.
The circuit diagrams of the article indcate that the hardware of
an IDE interface is in fact very sinple. It is essentially a data
bus extension fromthe PC-AT bus to an | DE device. For a PCthe
har dware cones down to sone bus buffers and sone decodi ng. Wen a
disk is connected as an | DE device the PC-AT still ’'sees’ the

ol d-type control registers of the ancient MFM di sk controller. In
the article the entire interface is inplenented using sinple TTL
chips. The main problemin a PC seens to be how to keep the
harddi sk interface and the floppy interface fromcolliding on
sonme register addresses. If the IDE interface is inplenented
based on sone controller systemthis is of course no problem

Froma controller point of view an IDE interface could be
described as a set of I/O ports. The IDE interface has a 8/16
bits 1/O bus, two /CS lines, a /WR and /RD line, three address
bits and one interrupt. In this description | assune the nost
traditional IDE interface. In later IDE interfaces a series of
nice so-called Pl O nodes where added. These Pl O nodes add thi ngs
like a ready line, DVA facilities and higher speed data
transfers. As you read on you will understand that | only use the
so-called PIO node 0. This is the slowest conmmunication nodus on
an IDE bus. It is also the easiest one to inplenent. The data bus



on an IDE interface is used nostly for 8-bits transfers. Only the
real disk data reads and wites use the 16-bits bus in ful

wi dt h. You COULD even inplenent an IDE interface with an 8-bits
only data bus. That woul d nean that you use only half the disk
capacity (the |lower bytes of the 16-bits-w de bus) but that
shoul d worKk.

When scanning the net | did find an inplenentation of an | DE
interface for 8-bit controllers. This interface was for a (hope
have this correct..) COCO bus. It was inplenented in TTL, just
like the magazine's interface. The main idea was that whenever a
(16-bits) word was read fromthe |IDE bus the upper 8 bits where
stored in a latch. The controller could retrieve themfromthe
latch later. Witing to the IDE bus was inplenented in the sane
manner. The I DE bus read/wite cycles where in fact sinple bus
read and wite cycles. At first | was about to copy this design
When thinking about it | thought that this TTL design was too
conplex for what | wanted to do. You need quite sonme TTL to

i npl ement a 16-bits read/wite I/O port in TTL on an 8-bits
controller.

Har dwar e descri ption

When inplenenting a 16-bits I/O port all you need is a
bidirectional 1/0 port and sone control bits to generate the /RD
/MR etc... That is when the 8255 cane in view An 8255 has 3
8-bits I/O ports. It can be switched fromoutput to i nput and
back under software control. | used 2 of the 8-bits I/O ports for
the data path and use port to generate the I DE control signals.
The 74HC04 cane into the design later. Once | had the controller
and the 8255 strapped together with the | DE connector and a disk
I found out that the 8255 has a nasty trait. Wenever you switch
the 1/O nodus of the chip it resets ALL its nenory bits. That

i ncludes ALL output signals too. For the data bus that is not so
much of a problem The control signals get a real shake when this
happens. In particular: The /RESET line of the interface is
activated. That nmakes all control of a disk on this interface

i npossible (the disk gets a reset at all kinds of odd
nonents...). | have solved this by sinply inverting all the
control signals fromthe 8255 to the | DE bus. Wen the nodus of
the 8255 is switched all outputs of the chip go to '0'. That
means that all the (lowactive) control signals are nade inactive
by the inversion. That is -in fact- the state where | have them
al ready when |’ m about to change the 8255 s nodus.

At this point | would Iike to present a nice circuit diagramto
show what the contraption | have nade | ooks like. Unfortunately I
know of no easy way to do that. This beautiful net is a marve
when it cones down to transporting text, graphics is another

matter. A G F picture would do the work; | do not have any neans
to produce one. Sonme schematics draw ng package coul d give a good
picture; | have no schenmatics package and | am not sure what

package woul d be universal enough to be usable by everyone. So
amrestricted to a nore or less cryptic ASCI| description of the
hardware. Please, the cryptology is out of need, not out of ny
liking. Well here it cones:

1) The I DE bus pin connections thensel ves:

The I DE connector itself is a 40-pins two-row connector



39 odd- nunber ed pins

40 even- nunber ed pins

In an IDE bus this connector is used as foll ows:

2,19, 22
24,26, 30
40

3,5,7,9,11
13, 15, 17

4,6,8, 10
12, 14, 16, 18

20

21 and
27

23
25

28

31

32

34

35
33
36

37

D7.. DO

D8. . D15

/ | OREADY

/ VR

/ RD

ALE

/ PDI AG

A0

/ CSO

functi on:

Al low signal level on this pin will reset
al |l connected devices

ground, interconnect themall and tie to
controller’s ground signa

| ow data bus, 3=D7 .. 17=D0. This part of
the bus is used for the command and
paraneter transfer. It is also used for
the low byte in 16-bits data transfers.

hi gh data bus, 4=D8 .. 18=D15. This part
of the bus is used only for the 16-bits
data transfer.

This pinis usually missing. It is used to
prevent m s-connecting the | DE cable.

| do not use or connect to this pin. It is
there to slow down a controller when it is
going too fast for the bus. I do not have
that problem..

Wite strobe of the bus.
Read strobe of the bus.

Sone relic fromthe XT tine. | do not use
it, and I’mnot the only one..

Interrupt output fromthe | DE devices. At
this monent | do not use it. This pin
coul d be connected to a controller to
generate interrupts when a command is
finished. | have an inverter ready for
this signal (I need a /IRQ for ny
controller, an IRQis of no use to ne..)

Used in an AT interface to enable the
upper data bus drivers. | do not use this
signal. It is redundant anyway, the ATA-3
definition has scrapped it.

Master/ sl ave interface on the | DE bus
itself. Leave it alone or suffer
mast er/ sl ave conmuni cati ons probl ens. Not
used (or connected to ANYTHING by ne.

Addresses of the IDE bus. Wth these
you can sel ect which register of the |IDE
devi ces you want to communi cate.

The two /CS signals of the I DE bus. Used



38 / CS1 in conbination with the AO .. A2 to sel ect
the register on the I DE device to
conmuni cate with

39 [ ACT A low level on this pin indicates that the
| DE device is busy. | have connected a LED
on this pin. The real busy signal for the
controller | get fromthe |IDE status
register.

| nput/ Qut put status of these signals:

The signal s:
A0, Al, A2, /CSO, /Csl, /WR, /RD and /RESET are al ways outputs
fromthe controller to the |IDE bus

The signal s:

| RQ and / ACT are al ways outputs fromthe IDE bus to the
controller (IRQ can be tri-stated by the |IDE device when two
devices are connected to the IDE bus.) /ACT can drive a LED (with
resi stor of course).

The signal s:

Do, D1, D2, D3, D4, D5, D6, D7, D8, D9, D10, D11, D12, D13, Di4,
D15 are bi-directional. They are output fromthe controller to
the I DE bus when witing, output fromthe |IDE device to the
control |l er when reading information.

2) The 8255 <-> controller

The 8255 is connected to the controller by neans of its 8-bit
data bus, the A0 and Al lines and the /CS, /WR and /RD lines. |
can not give that nuch info about this. If in doubt: consult the
8255 data sheet. This part depends as nuch on the controller you
use as anything else. | have the 8255 connected to ny controller
(HD63BO3R1CP, a Hitachi 6803-derivate..) as an |/O port. Perhaps
sone of you have seen ny previous e-mails asking for the pinout
of the HD63BO3RLCP (52-pins PLCC) chip, well | did find it (Some
departnent of ny work had an old Hitachi databook, voila the

pi nout was there). My address decodi ng puts the 8255 on address
0500H to 0503H in the controller’s nenory map. That may help if
you decide to try to nmake sense of ny software listing. On this
poi nt you are on your own as to the how to connect a 8255 to your
controller.

3) 8255 <-> | DE connector

| have used the 8255's port A to generate the |IDE bus contro
signals. Sonme of these control signals pass through an inverter
before |I connected themto the IDE connector itself. Al of these
signals are always used as output fromthe 8255 to the | DE bus.
When a control signal is inverted the 8255 pin is connected to
one of the inputs of the 74HC04 and the (correspondi ng) output of
the 74HC04 is connected to the | DE bus connector

The ports B and C are used as the 16-bits data bus. There are no
special things in this, it’'s just a sinple interconnection of the
8255 | /O pins to the DO..D15 pins of the |IDE connector.

I have connected this as foll ows:



PA.7 -->inverter --> | DE bus /RESET
PA.6 -->inverter --> IDE bus /RD
PA'5 -->inverter --> IDE bus /W
PA.4 -->inverter --> IDE bus /Csl
PA.3 -->inverter --> IDE bus /CSO
PA.2 --> | DE bus A2
PA.1 --> | DE bus Al
PA.O --> | DE bus AO
PB.7 <--> | DE bus D7

PB.6 <--> | DE bus D6

PB.5 <--> | DE bus D5

PB.4 <--> | DE bus D4

PB.3 <--> | DE bus D3

PB.2 <--> | DE bus D2

PB.1 <--> | DE bus D1

PB.0 <--> | DE bus DO

PC.7 <--> | DE bus D15

PC.6 <--> | DE bus D14

PC.5 <--> | DE bus D13

PC.4 <--> | DE bus D12

PC.3 <--> I DE bus D11

PC.2 <--> | DE bus D10

PC.1 <--> | DE bus D9

PC.0 <--> | DE bus D8

| have put a 10 KOhm pul | -down resistor fromthe IDE bus IRQto
ground. The IDE IRQ signal is also connected to the input of the
(one-remai ning) inverter. The output of the inverter is connected
to the controller’s /IRQ input. As you can see, | do have the
hardware for interrupts here, | do not use it. | tried to use it,
but got unexpl ained errors (I probably did sonething wong, |
have not yet found what)..

[\
IDE IRQ 0----- +--o-t >0-------- o0 CPUs /IRQ
| |/
+4++
||
| | 10 KChm
+4++

|
|
-+- G\D
111

The I DE /ACT signal is connected to a 330 Chmresistor, the other
end of the resistor is connected to a LED, the other end of the
LED is connected to the +5 Volts. This gives a nice LED

i ndi cation of when |'’musing the disk. This is -as far as | know
the sane hardware a PC uses to produce the di sk busy LED you nmay
find on the front of a PC box.

330 Chm
SRR + LED
| DE / ACT oO----- + Fo----- [ <----- o +5 Volts
F - +
So nmuch about the hardware of the IDE interface. | hope that is

all clear now If | have been | ess than clear, please ask. If |

have nade nistakes, please conplain (I said conplain, NOT FLAME!'!!).



IDE read/wite and regi ster description

The |1 DE device appears to the IDE bus as a set of regsiters. The
regi ster selection is done with the /CS0, CS1 and A0, Al, A2
lines. Reading/witing is done with the /RD and /WR signals.
have used the 8255 port A signals to nake read/wite cycles on
the IDE bus. What | do is the foll ow ng:

read cycl e:

1) put the port B and C of the 8255 in input nodus.

2) set an address and /CSO and /CS1 signal on the port A of the
8255.

3) activate the /RD of the IDE bus by setting the equival ent bit
in the port A of the 8255.

4) read the data fromport B (and C) of the 8255.

5) deactivate the /RD signal on the IDE bus by resetting the
equi val ent bit of port A of the 8255.

1) put the port B and C of the 8255 in output nbpdus.

2) set an address and /CSO and /CS1 signal on the port A of the
8255.

3) set a data word (or byte) on port B (and C) of the 8255.

4) activate the /WR of the IDE bus by setting the equivalent bit
in the port A of the 8255.

5) deactivate the /WR signal on the IDE bus by resetting the
equi val ent bit of port A of the 8255.

The only difference between 8 bits and 16 bits transfers is the
fol | owi ng:

- In an 8-bit transfer | use only the port B of the 8255 for data
transfer. Wien witing | put data only on the | ower byte of the
| DE bus; the upper byte is ignored anyway by the | DE device.
When reading | read only port B of the 8255; | never even
bot her to | ook at the upper byte.

- In an 16-bit transfer | read/wite to both the upper and the
| ower byte of the IDE bus; thus using both port B and port C.

The | DE device appears as the follow ng registers:

/ CS0=0, /CSl1l=1, A2=A1=A0=0: data |I/Oregister (16-bits)

This is the data I/Oregister. This is in fact the only 16-bits

wi de register of the entire IDE interface. It is used for all data
bl ock transfers fromand to the |DE device.

/ CS0=0, /CS1=1, A2..A0=001B: This is the error information
regi ster when read; the wite preconpensation register when



written. | have never bothered with the wite preconpensation at
all, I only read this register when an error is indicated in the
| DE status register (see below for the | DE status register).

/ CS0=0, /CSl1l=1, A2..A0=010B: Sector counter register. This

regi ster could be used to nmake nulti-sector transfers. You d have
to wite the nunber of sectors to transfer in this register.

use one-sector only transfers; So I'll only wite OlH into this
register. | do use this register to pass the paraneter the
tinmeout for idle nodus conmand via this register.

/ CS0=0, /CSl1l=1, A2..A0=011B: Start sector register. This register
hol ds the start sector of the current track to start reading/
writing to. For each transfer | wite the start sector in this
regi ster. For sonme fancy reason the sector count starts at 1 and
runs up to 256, so witing OOH results in sector number 256. Wy
that is done is a nystery to ne, all other counting in the IDE
interface starts at 0.....

/ CS0=0, /CSl1l=1, A2..A0=100B: Low byte of the cylinder nunber.
This register holds | ow byte of the cylinder nunber for a disk
transfer.

/ CS0=0, /CSl1l=1, A2..A0=101B: High two bits of the cylinder
nunber. The traditional IDE interface allows only cylinder
nunbers in the range 0..1023. This register gets the two upper
bits of this nunber. | wite the cylinder nunber’s upper two bits
into this register before each transfer.

/ CS0=0, /CSl1=1, A2..A0=110B: Head and device select register. The
bits 3..0 of this register hold the head nunber (0..15) for a
transfer. The bit 4 is to be witten 0 for access to the |IDE
master device, 1 for access to the |IDE slave device. The bits
7..5 are fixed at 101B in the traditional interface.

/ CS0=0, /CSl1l=1, A2..A0=111B: conmmand/status register. Wen
written the | DE device regards the data you wite to this

regi ster as a conmand. \Wen read you get the status of the |IDE
device. Reading his register also clears any interrupts fromthe
| DE device to the controller

/ CS0=1, /CS1=0, A2..A0=110B: 2nd status register/interrupt and
reset register. Wien read this register gives you the sane status
byte as the primary (/CS0=0, /CS1=1, A2..A0=111B) status
register. The only difference is that reading this register does
not clear the interrupt fromthe | DE device when read. Wen
written you can enabl e/ disable the interrupts the |IDE device
generates; Al so you can give a software reset to the | DE device

/ CS0=1, /CS1=0, A2..A0=111B: active status of the |IDE device. In
this register (read-only) you can find out if the |IDE nmaster or
slave is currently active and find the currently sel ected head
nunber. In a PC environnent you can also find out if the floppy

is currently in the drive. | have not used this register yet.
Sonme of these registers have bitwi se neanings. |I'Il elaborate on
t hat here:

head and device register:

A wite register that sets the master/slave sel ection and the
head nunber.

bits 3..0: head nunber [0..15]



bit 4 . master/slave select: O=naster, 1=sl ave

bits 7..5: fixed at 101B. This is in fact the bytes/sector
coding. In old (MFM controllers you could specify if
you wanted 128, 256,512 or 1024 bytes/sector. In the
IDE world only 512 bytes/sector is supported. This bit
pattern is arelic fromthe MM control |l ers age. The
bit 6 of this pattern could in fact be used to access
a disk in LBA nodus

Status register:
Both the primary and secondary status register use the sanme bit
coding. The register is a read register.

bit 0 : error bit. If this bit is set then an error has
occurred while executing the | atest conmand. The error
status itself is to be found in the error register

bit 1 : index pulse. Each revolution of the disk this bit is
pul sed to '1" once. | have never |ooked at this bit, |
do not even know if that really happens.

bit 2 : ECC bit. if this bit is set then an ECC correction on
the data was executed. | ignore this bit.

bit 3 : DRQbit. If this bit is set then the disk either wants
data (disk wite) or has data for you (disk read).

bit 4 : SKC bit. Indicates that a seek has been executed with
success. | ignore this bit.

bit 5 : WFT bit. indicates a wite error has happened. | do

not know what to do with this bit here and now. |’'ve
never seen it go active.

bit 6 : RDY bit. indicates that the disk has finished its
power-up. Wait for this bit to be active before doing
anything (execpt reset) with the disk. | once ignored
this bit and was rewarded with a conpl etely unusabl e
di sk.

bit 7 : BSY bit. This bit is set when the disk is doing

sonmet hing for you. You have to wait for this bit to
cl ear before you can start giving orders to the disk

interrupt and reset register
This register has only two bits that do sonething (that | know
of). It is a wite register

bit 1 . IRQ enable. If this bit is "0 the disk will give and
| RQ when it has finished executing a command. Wen it
is 1 the disk will not generate interrupts.

bit 2 : RESET bit. If you pulse this bit to'1 the disk wll
execute a software reset. The bit is normally '0'.
do not use it because | have full software control of
t he hardware /RESET |i ne.

Active status register

This is a read register. | have -up till now ignored this

register. | have only one |IDE device (a disk) on ny contraption

bit 0 . master active. If this bit is set then the master |DE
device is active

bit 1 . slave active. If this bit is set then the slave |IDE

device is active
bits 5..2: conplenent of the currently active disk head.
bit 6 . wite bit. This bit is set when the device is witing.
bit 7 :in a PCenvironnment this bit indicates if a floppy is
present in the floppy drive. Here it has no neaning.



error register:

The error register indicates what went wong when a conmand
execution results in an error. The fact that an error has
occurred is indicated in the status register, the explanation is
given in the error register. This is a read register

bit 0 . AMNF bit. Indicates that an address mark was not
found. What this neans | not sure of. | have never
seen this happen.

bit 1 : TKONF bit. Wien this bit is set the drive was not able
to find track O of the device. | think you will have
to throw away the disk if this happens.

bit 2 : ABRT bit. This bit is set when you have given an

i ndecent command to the disk. Mdstly wong paraneters
(wong head nunber etc..) cause the disk to respond
with error flag in the status bit set and the ABRT bit
set. | have gotten this error a lot when | tried to
run the disk with interrupts. Sonething MJST have been
wrong with ny interface program | have not (yet)

found what .

bit 3 : MCR bit. indicated that a nedia change was requested
What that neans | do not know. |’ve ignored this bit
till now

bit 4 : IDNF bit. Means that a sector ID was not found. | have
never seen this happen, | guess it neans that you’ ve
requested a sector that is not there.

bit 5 . MC bit. Indicates that the nedia has been changed.
ignore this bit.

bit 6 : UNC bit. Indicates that an uncorrectable data error
happened. Sone read or wite errors could provoce
this. | have never seen it happen

bit 7 . reserved

Note: | have these registers descriptions fromtwo sources:

1) The Ct nmmgazine | nentioned before. It's in German, not very
conplete (the error register description is nmissing) and very
old. It does have a hardware description of and IDE interface
however. . ..

2) The docunent X3T10/2008D: | nfornation Technol ogy-
AT Attachnment-3 Interface (ATA-3), Working draft.
This latter docunent gives an exhaustive overview of the | DE
interface. It states nore details of the IDE interface than
can ever hope to include in this short description. It does
however have one disadvantage: it’'s BIG | found the docunent
on the net (on the Western Digital honepage) in the formof an
.exe file. When you run this file on a PC you are rewarded
with a bigger-than-1 Moytes .DOC file. That is a Wrd
docunent. Wen you print (Wndows-95 has a Wrd viewer/printer
application) it you get a nearly-200-pages paper. |f you want
to get into the IDE interface seriously |I reconmend you print
this thing.

| hope the description | have given here will allow those that do
not have a laser printer and a fast internet link available to
get to grips with the I DE bus.

Internezzo: Disk size limtations on the | DE bus and LBA npbdus

In the PC world there has been (and still is) a lot of discussion



about 'limts’ in the disk interface.

At first (MSDOS versions till 3.3) the disk interface was not
able to access nore than 32MB on one vol unme. That was a
limtation of the MSDCS file systemrather than of the disk
interface. The sane DCS version that was unable to access bhigger
partitions than 32MB *WAS* able to access 650MB CDROMs. The linit
came fromthe fact that each disk sector (512 bytes) was
registered in the FAT in a 16-bits word. The total partition size
was limted by the fact that only 65536 sectors could be
addressed. The partition size was thus limted to 65536 x 512
bytes = 32 MBytes.

Later -as the disks becane larger- the disk interface itself ran
intoits limts. The interface | describe here has roomfor 16
heads, 256 sectors per track and only 1024 cylinders. Wth the
standard sector size of 512 bytes that |eaves you a nmaxi num di sk
size of 16 x 256 x 1024 x 512 = 2048 MBytes. That is a rea
limtation of the IDE interface as | decribe it here. It can not
access nore than sone 2 GBytes of disk space

This was overcone by introducing the so-called LBA nodus. In LBA
nodus the sectors are sinply nunbered fromO to -big-. The | owest
byte of the LBA sector nunber is witten into the sector nunber
register, the mddle 16 bits of the LBA sector nunber are witten
in the cylinder nunber registers (low and high, all 16 bits are
used). The highest 4 bits of the LBA sector nunber are witten in
the head and device register. That gives you 28 bits of LBA
sector nunber. The sector size was again fixed at 512bytes, so in
LBA nodus you have access to: 2728 x 512 = 1.37 E 11 (sone 137.4
gi gabytes) of disk space. This LBA nodus has been made nandatory
for all new disks (in the ATA-3 spec.) That should keep the disk
makers busy for sone while to cone... If you want to connect a
disk larger than 2 GBytes to this IDE interface you too will have
to use the LBA nodus. How to do that: the bit 6 of the head and
device register is set to indicate that LBA nodus is used (the
fixed pattern of 101B in the bits 7..5 of the head and device
register is to be changed into 111B). Al other nanipul ation of
the IDE interface is the sane for Sector/Head/ Cylinder nodus and
LBA nodus.

Al other limts in te MSDOS/ W ndows-what ever di sk interface nust
be due to the BICS inplenentation or the file systemused. | can

find no reason in the IDE definition for 512 MBlinmits or 8 (B
limts at all.

| DE regi sters usage

Ok, now you know what registers the | DE system uses. Next
question: How to use then? | do not pretend | have tried every
possibility with these registers. As | stated before | have
restricted nyself to reading/witing data bl ocks to/fromthe
di sk. What to do for that is in fact fairly sinple:

1) Before doing anything with a device you have to wait till it
indicates that it is ready (RDY bit in the status register)

2) Next you load the paraneters of a conmmand into the appropriate
registers. For read/wite conmands that conmes down to witing
the cylinder/head/sector nunbers into the registers.



3) You issue a read or wite conmand.

4) You wait till the device signals that it is ready for data
transfer (DRQin the status register).

5) Feed the device data (for wite) or get the data fromthe
device (for read). In case of a wite you could wait for the
operation to conplete and read the status register to find out
what has becone of your data.

6) Finish!! That's all folks! The IDE interface is a surprisingly
sinmple thing to get to work. If only | had an IDE disk and this

kind of information when | was still programm ng ny
MBX- conputer |'d have had a harddi sk connected to it in no
tinme.

| DE conmands

What has been nissing in this description till nowis the comand
set. | do not think I can describe the conplete command set here.
The ATA-3 docunent is a better source for that than | can give
here (All 1 would be doing is re-entering the ATA-3 docunent;
have neither the tine nor any liking for that). The nobst usable
commands | do intend to describe. Mnd: Wen giving a command you
first have to wait for device ready, next put the comand
paraneters in the registers and only then can you give a comand
(by witing a conmand byte to the conmand register). The disk
will start executing the conmand right after you ve witten the
conmmand into the command register

| DE conmand: Description

1XH recalibrate the disk. NB: 1XH neans that the | ower
ni bbl e of the command byte is a don't care. Al
commands 10H. .1FH will result in a recalibrate
di sk conmand bei ng executed. This conmand has no
paraneters. You sinply wite the comand code to
the conmand register and wait for ready status to
becone active again.

20H Read sector with retry. NB: 21H = read sector
wi thout retry. For this command you have to | oad
the conplete circus of cylinder/head/sector
first. Wien the command conpl etes (DRQ goes
active) you can read 256 words (16-bits) fromthe
di sk’ s data register

30H Wite sector (with retry; 31H = without retry).
Here too you have to | oad cylinder/head/ sector
Then wait for DRQ to becone active. Feed the disk
256 words of data in the data register. Next the
di sk starts writing. Wien BSY goes not active you
can read the status fromthe status register

7XH Seek. This normally does nothing on nodern | DE
drives. Modern drives do not position the head if
you do not command a read or wite.

ECH Identify drive. This comuand prepares a buffer
(256 words) with information about the drive. If
you want the details either |ook closely at the



interface program| will add at the end of this
description or get the ATA-3 docunent. To use it:
sinmply give the conmmand, wait for DRQ and read
the 256 words fromthe drive. | have found that
the nodern drives | used give nice infornation
about nunber of heads, sectors,cylinders etc..

One of the disks | tried (a Mniscribe 8051A)
gave wong answers in this buffer. The disk is
actually a 4 heads/ 28 sectors disk. It should be
used in a translated nodus with 5 heads/ 17
sectors. In the ident drive response it reported
as 4 heads/ 28 sectors and it will NOT work in
that nmodus. Two ot her disks (a Quantum 127 MB
disk and a Western Digital 212 MB disk) report
nicely. If not for the Mniscribe | would use the
paraneters reported to auto-config the interface
to match the disk configuration

EOH Spins down the drive at once. No paraneters. My
M ni scri be 8051A does not respond to this
command, the other disks do execute this comrand.

E1H Spins up the drive again. Sanme renmarks as EOH
command.
E2H and E3H Aut o- power -down the disk. Wite in the sector

count register the tine (5 seconds units) of
non-activity after which the disk will spin-down.
Wite the conmmand to the conmand register and the
disk is set in an auto-power-save nodus. The disk
will autonatically spin-up again when you issue
read/ wite commands. E2H will spin-down, E3H will
keep the disk spinning after the command has been
given. Exanple: wite 10H in the sector count

regi ster, give command E2H and the disk will

spi n-down after 80 seconds of non-activity. BTW
You can use this command easily on a PC disk too.
The harddi sk of the conputer I am working on now
gets this exact command at boot. That saves a | ot
of noise when I’'mtypeing long stories like this

one.

F2H and F3H The sane as E2H and E3H, only the unit in the
sector count register is interpreted as 0.1 sec
units. | have not tried this command. Ithink it

will work (the EOH E1H E2H E3H commands wor k, why
shoul d this one not work?)

Two- devi ces consi derati ons

The IDE bus is intended for two devices. A naster and a sl ave
device. | have not tried anything nyself, but the descriptions
indicate that it is in fact very sinple to connect two devices to
the IDE bus. Al you have to do is:

1) Configure the nmaster/slave junpers of the devices

2) Select a device before you start giving comands to the
devi ces.

The head and device register has the bit you need to switch from
one device to another. You have to wite the bit to either 0 for



master or 1 for slave and start controlling the other device.

M nd: BOTH devices will get their registers WRITTEN. Any data or
register READ will conme fromthe selected device. ONLY the

sel ected device will execute conmands.

Concl usi ons and ravi ngs

ravi ngs:

This description should be about what you need to connect an |DE
disk to any controller. The only thing | have left out are ny
unsuccessfull experinents with the interrupt. What happened there
is that | enabled the interrupt, made an interrupt handl er that
sinmply read the status register (to get the interrupt to

di sappear) and re-scheduled the disk interface task. | was
rewarded with occasional errors. Sone of the read requests got an
ABRT error. | do not yet know what | did wong. | can not have
been far off the mark, because nost of the commands where
executed wi thout coment fromthe disk. | do intend to try the
interrupt nodus again later. | theory the interrupt nodus should
give ne a slightly bigger data rate. | have found data rates in

the order of 32 KBytes per seccond when | was using interrupts.

About interrupts: When you want to use the interrupt nmechani sm
all you have to do is enable the interrupt nodus of the interface
by clearing the interrupt disable bit in the reset and interrupt
register. The disk will generate an interrupts as soon as it

has conpl eted a conmmand. That neans that it will generate an
interrupt when it has read a sector fromdi sk (as soon as DRQ
gets active) or when it has finished witing a sector to disk.

am not sure about the other conmands, but the description says
that the disk will generate an interrupt upon the conpletion of
each comand

About the data rate. This IDE interface will never win any award
for its speed. It is in one word slow. | get data transfer rates
in the order of 25 KBytes per seccond. | spend nost of the tine
reading/ witing data words fromto the disk on a word-by-word
basi s under software control. On the other hand, ny controller
has a total (RAM nenory of 24 KBytes. Wth the current interface
I can dunp the conplete nmenory to disk in I ess than one seccond.
That in itself nakes ne think that for this application the | ow
speed is not so nmuch of an issue.

About the future. | think | will give interrupt nodus another
try. Not because it gives ne a fantastic data rate, | just can't
stand it that it does not want to work good.

I am thinking about a proper file systemto put on the disk. That
will enable nme to access the disk in a nore nornmal way that the
current 'sea of sectors’ approach | use now. A FAT fil esystem

| ooks |i ke an absol ute horror when conbined with a controller, so
I"l1l have to either find sonmething that | ooks good to ne or strap
sonet hi ng toget her nysel f.

I think I will give the ATAPI conmmand set a try. | have just
found and printed the ' SFF commttee specification of ATA Packet
Interface for CDROW' (SFF-8020i) docunent. That document gives a
description of howto control an ATAPI CDROM via the |IDE bus. On
the other hand: | would really not know what to begin with a
CDROM connected to a microcontroller. But what the heck, | have
no really good idea what to do with a microcontroller with a 40MB



har ddi sk connected..... | have seen occasional questions in this
mailing |ist about howto control a COROMvia its backside
connector: | think this IDE interface with an ATAPI piggy-back
software could just do the work

Till now |I’ve been concentrating on only one side of the
interface. The IDE interface is in fact no nore than a
ready-decoded, buffered interface of a (nostly-PC) hardware
system | could in fact connect god-knows-what at the other end.

I have an interrupt, DVMA and I/ O avail abl e, what else could you
ask for? A disk or COROMis only one of the I ess inspired devices
you can connect to an IDE interface. Gven the fact that nodern
PC- not her boards have two IDE interfaces aboard | can think of
sonme nice things 1'd like to connect to them How about sone 8
paral l el input/output ports, how about a data aquisition systenf

Lately | have been able to get a Cnps version of the 8255. MWy
controller systemis quite | owpower (10 mA for the entire
thing). |I did not feel good about the IDE extension with a 8255
that used sone 80 mA all by itself. The controller systemwth
the D71055C (a C-npbs NEC version of the 8255) has gone down to
its normal -about 10 mA- power usage. the change from N-npbs 8255
to C-nos D71055C has had no other noticable effects than a | ower
power usage.

Even when | have no disk connected to this contraption it
delivers ne three 8-bits I/O ports. | amthinking about what
other things | could connect to that.

concl usi ons:

As you can see it is far fromdifficult to connect an IDE disk to
sonme conputer. My inplenmentation with a 8255 and an inverter chip
may not be the fastest thing on earth, it works, it’'s sinple and
may be usable for nmany applications where a controller with a

| arge backup store could save the day.

I"lIl wap this up with a case-study: The software | use on ny

63B03 controller to control the IDE bus. | hope it can clarify
any points | have not covered in this description. | know this
software to work, | hope it can give soneone inspiration to do

sonmet hing sinlar on sone controller system sonewhere.

If I have been less than clear, or wong, or you have sone
questions left, remarks to nmake, inprovenents to suggest, please
drop ne a line:

paper mai l

Pet er Faasse

Hakf ort 337

1102 LA Ansterdam
Net her | ands

e-mai |

faasse@l r. nl

Appendi x:

The software | use to control a single |IDE harddi sk using a 63B03



controll er system and a 8255/ 74HC04 |1 DE interface.

The interface program has been nmade on a 63B03 controller in
assenbly code. The 63B03 code is nearly 6800 code. If in doubt,
consult sone source of 6800 or 6803 or 63B03 instructions.

The source of the interface programis of course the nost

conpl ete description of howto programthis interface, but
certainly not the nobst un-cryptic description. | try to program
wi thout any "dirty tricks’ but who knows....

This interface program nakes sporadi c use of the underlying 63B03
real -tinme scheduler. If you see a 'jsr Sys’ sonewhere that is
where | called the scheduler to do sonmething for ne. As far as
can see | only use Sys to produce a 10-ns delay. | have left the
code of the scheduler itself out. Not beacuse it is anything but
public domain, but beacuse it is another 150 KBytes of source
file. This description is long enough as it stands here. The
scheduler is not really needed, so | left it out. If you are
interested in the schedul er as such, drop ne a line (the address
isalittle up in the text).

The IDE interface software as such | hereby donate to the public
domain. Use it as pleases you. Change it when you think it is
wrong, suffer the consequences if you nake nmistakes. | do not
take responsibility if you bl ow up harddi sks, interface hardware
or if anything goes wrong when you use it. | have found it to
work on ny systemand, so sorry, that is all the guarantee | can
gi ve you about it.

S>>>>>>>>>>>>>>>>>>>>>>> 63B03 assenbly |isting <<<<<<<<<<<<<<<<<<<

0000 == T g R i e
0000 |

0000 | Dsk interface task for the 63B03 system

0000 |

0000 | Update history:

0000 | ----mmmme -

0000 02-02-1998 : Started with the thing. The hardware has been
0000 finished today. All seens to work. Now | need
0000 software to get sone life into it.

0000

0000 05-02-1998 : Hit a bloody trick of the 8255: Wen you change
0000 the nodus byte ALL outputs are set to 0. | now
0000 know why nobody wants to use this bugger. The
0000 solution for this shit is easy: | plan to put an
0000 inverter in all the control lines. The foll ow ng
0000 lines will be inverted:

0000 /CS0, /CS1, /IORD, /ION /RES, IRQ (the latter

|
|
|
|
|
|
|
|
|
|
|
0000 | for the 63B03, it has a /I RQ input)..
|
|
|
|
|
|
|
|
|
|
|

0000 This is the software change needed to nmke things
0000 wor k agai n. .

0000

0000 06- 02-1998 : Hardware change done, disk reset works

0000 Started testing the disk interface functions.
0000 The recalibrate command works too, the stop

0000 di sk/start disk functions seemto be not

0000 present in this 40 MB disk. | also made a LBA
0000 routine, | can now access the disk as a set of
0000 sequential blocks, wi thout counting heads etc.
0000 It seens the PC hardware starts counting sectors



0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

08-02-1998 :

10-02-1998 :

11-02-1998 :

15-02-1998 :

16-02-1998 :

starting at 1 (WHY???), all other nunbers start
at O0..

My di sk (about 40 MB) tells ne it has

980 cyls, 5 heads, 17 secs/track. In fact it does
tell me different nunbers, only the |abe

i ndicates that it has been translated..

At this nonent | only support disk block read
and disk block wite. | want to nmake sone file-
systemtoo. Besides, this thing works code-bound.
| want to start using interrupts too..

/1 RQ hardwar e nade ok. The di sk can now generate
interrupts. These will cone into the systemvia
the CPUs /IRQ signal. | even crashed the system
by giving /IR s with no handler in place..

Start nmaking the disk software /1 RQ driven

Changed the interrupt generation/detection
software Found one nasty bug in the interrupt
usage as | didit: | first gave a disk reset on
the I DE bus, then started giving conmends right
away. On this ONE occasion | do NOT have the
disk’s interrupt facility available, the disk is

still executing its internal reset. | have to
wait for ready there, THEN start issuing
commands. .. Also set the bus control signals to
output BEFORE | start using the bus at all... Now

the interrupt nmechanismworks |ike the beauty it
is...

C eaned up the data transfer code. The disk 1/0O
was very slow due to very systematic code
ReadWord/ WiteWwrd code substituted in the
ReadBl ock/ Wit eBl ock code. Routines ReadWrd/
WiteWwrd renoved fromthe code. There was an
error in the witeword routine, |I’ve renoved it.

| have given up about the interrupt-driven disk
control. It KEEPS on giving unexpl ai ned errors.
Does NOT want to work independently of the disk
type and is a general pain in the ass. Wat
exactly goes wong | have no idea about. | now
use the scheduler’s delay routines to get ready
status fromthe disk and that works fine. Both
the 40 MB disk and the 127 MB disk run |like the
sunshine in this nodus. The non-interrupt nodus
does in fact not nake any significant differenct
for the transfer speed. | dropped from32 KB/s to
25 KB/'s. That is very acceptable for this

m crocontroller. The controller is in this nodus
a lot slower than the disk...

I"mnow going to set the thing up for the 127 MB
di sk with proper track/head nunbers. Wrks ok
t oo.

Next test is with the 212 MB disk. | have to take
care that | stay below track 600 for this disk
tracks 630 .. 660 are bad... Sunshine again.

Made Identify working. It now dunps a nice
di spl ay of what the disk can do. My antique 42MB



0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

* START | NCLUDE *

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0001
0002
0003
0008
0009
000A
0009
000B
0o0oC
000B
000D
000E
000D
0010
0011
0012
0013
0014

7FFO
7FF4
7FF8

di sk gives only half an answer (and a w ong one
as well, it does NOT tell about the 5 heads, 17
sectors translation it does..) but the other ones
like this ident command/display a lot. Also
shifted the buffers in nenory a bit. | now want
to start witing to the disk (till now | have
only been reading...).

K, | really nessed up the data on ny 42 MB di sk

but it DOES wite as well as read. | get back
what | have witten, so far, so good. Now | have
to nake:

|

|

|

|

|

|

|

|

|

|

|

|

| 1) A proper disk I/O task. That neans that | have
| to i npl enent sone way of conmunicating with
| the disk 1/O task. signals? | REALLY woul d
| like to use sone sort of mmil box nmechani sm
| For that | will have to extend ny schedul er
|

|

|

|

|

|

|

|

|

2) sone sort of file-system | am already
contenplating a MFS (M crocontroller File
System) for sone tine now. It’'s about tine to
start working on one.

18-02-1998 : Started making task # OE into a disk nonitor

i ncl "debug. i nc" | use all debugger routines etc.

| include file for the 63B03 debugger
| file : debug.inc

DdrP1  equ $0000 DDR Port 1

DdrP2  equ $0001 DDR Port 2

Dat aP1 equ $0002 Data Port1l

Dat aP2 equ $0003 Data Port 2

Tcon equ $0008 Timer Contro

THigh equ $0009 Ti mer high byte

TLow equ $000A Timer low byte

Ti mer equ $0009 Timer for word access

TConH equ $000B Ti mer output conpare high byte

|
|
|
|
|
|
|
|
|
TComlL equ $000C | Tinmer output conpare |low byte
|
|
|
|
|
|
|
|
|

TCom equ $000B Ti mer output conpare word access
TCapH equ $000D Ti mer input capture high byte

TCapL equ $000E Timer input capture |low byte

TCap equ $000D Timer input capture word address
ModBaud equ $0010 Si o baudrate and node control register
Si oCon equ $0011 Sio control register

Si oRec equ $0012 Si o receive register

SioSnd equ $0013 Sio transmit register

RanCon equ $0014 Ram Control register

| Sone of the Interrupts | do not use here and now

Toilnt equ $7FF0 | vector themto RAM
Icilnt equ $7FF4
Irglnt equ $7FF8



0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

7FFC

0080
0040
0020
0010

000A
000D
0000

003F
4000
FFFF

FO00
FO03
FO06

FO09
FOOC
FOOF
FO012
FO15
F018
FO1B
FO1E
FO21
F024
F027
FO2A
FO2D
FO30
FO33
FO39
FO3F
F042
F045
F048
F04B
FO4E
FO51
F054
FO57

The bytes SioByte and SioStat are used as

foll ows:

SioByte is the | atest
indicates the status of the sio with the

followi ng bits:

Si oEcho
Si oRaw
Si ol nAv
Si oEsc

SW C
start
ni |

SndDat a
RecSi o
RecDat a

SndSt r
Pr onpt
NewLi ne
Wi t Ret
RecHex
RecHex1
ConvHex
SndHex
SndHex1
SndHDi g
RecAdr
RecAdr 1
cl

Get Nane
Go

Edi t
HexFil e
MbdReg
Ver
Hel p
NoCnd
Adr

Br eak
Cont
JnpSub

|
|
|
| SioStat
|
|

equ
equ
equ

equ
equ
equ

equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ

equ
equ
equ
equ

$0A
$0D
$00

$3F
$4000
$FFFF

$F000
$F003
$F006

$F009
$F00C
$FOOF
$F012
$F015
$F018
$F01B
$FO1E
$F021
$F024
$F027
$FO02A
$F02D
$F030
$F033
$F039
$FO3F
$F042
$F045
$F048
$F04B
$FO4E
$F051
$F054
$F057

received byte fromthe Sio

940000000
291000000
290100000
290010000

| <LF>
| <CR>

i nput

| end of message

| opcode for sw

| default start adres voor single-step
poi nt er

| nil

echo nodus ON
RAW i nput nodus

recei ved

Run nodus interrupt enab

| send a data byte to the sio

| receive a (raw) data byte fromthe sio
| receive a (coocked) data byte fromthe s

No Conmmand

-> JnpSub

f ound

set start Adres
set breakpoi nt address
Continue til

addr ess

send (X) ASCIZ string to the sio
gi ve a pronpt
print new |line
wait for a return
receive hex byte fromthe sio
recei ve non-space byte fromthe sio
convert byte from ASCl
send byte as two hex ASC
no- space send byte asc ASCI
send one hex digit
receive starta and enda fromsio
receive enda fromthe sio
Conmmand | nterpreter
get nane string pointer for address
edit nenory

go start at sone address
downl oad hexfile
nodi fy single-step registers
print version info
gi ve hel p nessage

-> hex
chars
chars



0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

** END

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

FO5A
FO5D
FO60
FO63
FO66
F069
FO6C
FO6F
FO72
FO75
FO78
FO7B

0000
0001
0002
0003
0004
0005
0006
0007
0008
0009
000A
000B
0o0oC

I NCLUDE **

0500
0500
0501
0502
0503

0080
008B

0000
0080
0040
0020
0010
0008
0007

0007
0007
0006
0005

Step
GoBr ks
Trap
St op
Runl nt
SndRegs
NunByt
UnAsm
Di sAsm
Tnon
SYS
Syslrq

equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ

sysSusp
sysSl eep
sysPer
sysSched
sysPar
sysSusSi g
sysSndSi g
sysCet Res
sysG vRes
sysSi oSnd
sysSi oRec
sysl nt Wi t
sysl nt Arm

end

| The 1/0O ports

| oBase equ
loCtl equ
| oDat L equ
| oDat H equ
| ovbd equ
|

| The 1/O nodi | use
|

Dvbut equ
DM n equ

| The bits of the contro

|
DCNCP

DCRes
DCl or
DCl ow
DCCs1
DCCsO0
DCADR

$FO5A
$FO5D
$F060
$F063
$F066
$F069
$F06C
$FO6F
$F072
$F075
$F078
$FO07B

equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ

equ
equ
equ
equ
equ
equ
equ

| I DE adresses

|
| DECmd

| DESt s
| DEHd
| DECy! H

equ
equ
equ
equ

-> single-step
-> GoBreaks

-> Trap
-> Stop

-> Runl nt
-> SndRegs

NunByt

-> UnAsm
-> Di sAsm

-> Thon

|

|

|

|

|

|

| ->
|

|

|

| -> SYS
|

-> Syslrq

nunbers

$00
$01
$02
$03
$04
$05
$06
$07
$08
$09
$0A
$0B
$0C

$0500 |
$0500 |
$0501 |
$0502 |
$0503 |

$80 |
$8B |

byt e

290000000
940000000
291000000
990100000
990010000
290001000
%90000111

$07
$07
$06
$05

suspend task

sl eep for

B cl ock ticks

peri odi ¢ schedul e
schedul e a task
get schedul i ng par
suspend for signa
send a signa

get/ suspend on resources

rel ease resources
send data to sio

receive/wait for sio byte

wait for an interrupt
clear interrupt status

of the IDE controller

I/ O base address for the disk

Control byte for |IDE
Low byte data |IDE

H gh byte data | DE

I/ O nodus | DE

al | output

ctl = output, data input

addr es
addr es
addr es
addr es

Not hi ng on | DE ctl
/reset bit
/1ORD bit
/1OAR bit
/ CS1
/ CSO
ADR mask bits

bi t
bi t

for comrand
status register
head nunber
cyl i nder nunber high

bus



0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0004
0003
0002
0000
000E
0001

000F
00AO

0100
0010

0080
0040
0020
0010
0008
0004
0002
0001

0010
0020
0030
OOEO
00OE1
00EC

0000

0002
0003
0004
0005

| DECyl L equ $04 addres cylinder nunber | ow

|
| DEsec equ $03 | addres sector nunber
| DEnum equ $02 | addres nunmber of sectors
| DEDat a equ $00 | addres for data bus
| DERI RQ equ $0E | addres Reset/|RQ register
| DEEr r equ $01 | addres Error register

The head nunber (0..F) also has the mask for naster/slave
| fix this at Master, | do not think I will use two drives
on ny IDE interface.

HAA equ %90001111 | head number and mask
HdO equ 940100000 | head nunmber or mask

The Reset/IRQ register has two interesting bits

SRes equ $00000100 | Soft Reset bit
NI RQ equ $00000010 | 0 =1RQ active

The bits from | DESts

St sBsy equ %4.0000000 | busy flag

St sRdy equ %9©1000000 | ready flag
StsWt equ %90100000 | Wite error
St sSKC equ 990010000 | seek conplete
St sDRQ equ 290001000 | Data Request
St sCorr equ %90000100 | ECC executed
St sl dx equ 290000010 | I'ndex found
StsErr equ %9©0000001 | error flag

| Command opcodes

CrdRecal equ $10 | recalibrate disk
CndRead equ $20 | wite a bl ock
CmiWite equ $30 | read bl ock

Cnd St op equ $EO | Stop disk

CndSt rt equ $E1 | Start disk

Cndl dent equ $EC | ldentify disk

The default state (I will always leave it in this state) is
I DE bus on input, control word == | DENOP ( $FF)

| use a nenory conmmand packet to tell the disk what to do
Thi s packet has the foll ow ng nmakeup:

SDA equ 0 | offset source/destination
| address in nenmory for the
| operation

LBA3 equ 2 | offset LBA

LBA2 equ 3 | 32-bits nunber for a disk

LBAL equ 4 | of max 2. 1E12 bytes..

LBAO equ 5 | shoul d be enough

| use Lineair Block Access (LBA) ALL THE TIME. For this disk
(that does not support it by itself) | have a routine called
Set LBA to convert the LBA to a CHS configuration.

| use two paranmeters to decribe the disk geonetry:

- The nunber of blocks per cylinder:
in CHS terms this is HxS

- The nunber of bl ocks per track
in CHS terms this is S



0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
4000
4004
4006
4008
4010
4010
4010
4010
4010
4010
4012
4014
4016
4016
4016
4018
401A
401C
401C
4040
4040
4040
4042
4045
4045
4045
4047
404A
404A
404A
404C
404F
404F

0055
0011

= 0001

54534BOE
4040
4FFF
4469736B5461

= 4FFF

4800
0000
0000

4A00
0000
0000

868B
B70503

8600
B70500

8680
B70500

C601

Fromthese two | can convert LBA to CHS conpletely. They are
stored in the following two words

|
|
|
|
| 42 MB disk:
SPC equ 85 | Sectors per Cylinder
SPT equ 17 | Sectors per track
|
| 127 MB di sk:
| SPC equ 272 | Sectors per Cylinder
| SPT equ 17 | Sectors per track
|
| 212 MB di sk:
| SPC equ 420 | Sectors per Cylinder
| SPT equ 35 | Sectors per track
|
| I now use the CPUs /IRQ input to handle the disk’s | RQ
| signals. The bel ow paraneters are for handling these | RQs
|
i rqdi sk equ 290000001 | TRQ bit O used for the disk
|
S e B i i
=] o1 s R e e
|
| debug defines for this code
|
S e B i i
| make the thing as a task
org $4000 | some address
db "TSK", $0E | low prio task, a disk is SLOOOW
dw Di skTask | code address
dw Di skSt k | stack
db "Di skTask" | nodul e nane
Di skStk equ $AFFF | leave sonme room (a LOT, in
| fact)
| command bl ock O
CNDBLKO: dw $4800 | SDA = $4800
dw $0000 | LBA = $00000000
dw $0000 |
| command bl ock 1
CNMDBLK1: dw $4A00 | SDA = $4A00
dw $0000 | LBA = $00000000
dw $0000 |
org $4040
| start of the real code
D skTask:
| daa #DM n | control bits output, the rest
staa | oMod | input
| preset control word
| daa #DCNOP | control word on not active

staa loCt| |

| daa #DCRes make a Reset control word

| make reset pulse on | DE bus
|
staa loCt| | set on output

| dab #1 | spec says 25 us mini num



4051
4053
4056
4056
4056
4058
405B
405B
405E
4061
4063
4065
4067
4069
4069
4069
406C
406F
4072
4072
4072
4073
4075
4076
4078
4079
407B
407C
407E
407F
4081
4082
4084
4085
4087
4088
408A
408A
408D
4090
4091
4091
4091
40A6
40A8
40BB
40D1
40ES8
40FB
4111
4125
4126
4126
4129
412C
412F
4130
4130
4133
4136
4137
4137
413A
413D

8601
BDFO78

8600
B70500

BDFOOC
BDFO06
8120
27F9
810D
27D7

CE4072
BDF02D
7EA05B

3F
408A
49
4126
52
4130
57
4137
53
413E
57
4142
4E
4146
00
F04B

CE4091
BDFO09
39

0D0A4469736B
ODOA
0D0A49203D20
0DO0A52203D20
0DOA57203D20
0DOA53203D20
0DOA55203D20
ODOA4E203D20
00

CE4010
BD43Al
BD43C5
39

CE4010
BD432C
39

CE4010
BD4361
39

di skl :
di skt 1:

di skt t ab:

DHel p:

DHel pTxt :

DI dent :

DRead:

DWite:

to not

suspend for 10 ns

active again

gi ve pronpt

ski p spaces

again

hel p
identify
Read sector
Wite sector
Stop di sk
Start disk
Reset di sk

what renmains

cr,lf,"Disk task commands: "

I dentify disk"
Read di sk sector™
Wite disk sector”
Stop the disk"
Wake up the disk"
Reset the disk"

| daa #sysSl eep
jsr Sys

| set control word
| daa #DCNOP
staa loCt|

jsr Pr onpt

jsr RecDat a
cnpa #

beq di skt 1
cnpa #CR

beq di skt ask

| let C do the real work
| dx #di skttab
jsr Cl

jmp di skl

db s

dw DHel p

db T

dw Dl dent

db 'R

dw DRead

db "W

dw DWite

db 'S

dw DSt op

db "W

dw DSt ar t

db "N

dw DReset

db $00

dw NoCnd

| dx #DHel pTxt
jsr SndsSt r

rts

db

db cr,lf

db cr,lf,"l =
db cr,If,"R =
db cr,lf,"W=
db cr,lf,"S =
db cr,lf,"U =
db cr,lf,"N =
db eom

| dx #CNVDBLKO
jsr | dent Di sk
jsr | dent Report
rts

| dx #CNVDBLKO
jsr ReadSec
rts

| dx #CNVDBLKO
jsr WiteSec

rts



413E
413E
4141

4142

4142

4145

4146

4146

4149

414A
414A
414A
414A
414A
414A
414A
414A
414A
414A
414C
414F
414F
414F
4151

4154

4154

4154

4156

4159

4159

415B
415D
4160
4160
4160
4162

4165
4165
4165
4165
4168
416A
416D
416F
4171
4174
4177

4177

4177

417A
417A
417A
417A
417C
417F
417F
417F
4182
4182
4182
4183
4183
4183
4183

BD4193
39

BD419C
39

BD414A
39

868B
B70503

8600
B70500

8680
B70500

C601
8601
BDFO78

8600
B70500

BD418B
8606
BD41DA
8600
8AAD
BD41C4
BD4183

BD4212

8610
BD41F1

BD4212

39

DStop: jsr St opDi sk
rts

DStart: jsr Start Di sk
rts

DReset: jsr InitlDE

rts

Routine InitlDE

|
| purp: Init the |IDE bus
| in : nothing
| out : nothing
| uses: nothing
| set 1/0O port nodus to activate the control signals
InitlDE: | daa #DM n | control bits output, the rest
staa | oMod | input
| preset control word
| daa #DCNOP | control word on not active
staa loCt| |

| make reset pul se on | DE

| daa #DCRes

staa loCt|

| dab #1

| daa #sysSl eep

jsr Sys

| set control word to not
| daa #DCNOP

staa loCt|

| select the master device,
The head byte al so holds the naster/slave sel ect

| that,

jsr Set Qut |

| daa #| DEHd |
jsr Set Adr |

| daa #$00 |
oraa #| DEHdO |
jsr WiteByte |
jsr Setln |

| wait till reset executed
jsr Wi t NBSY |

bus
make a Reset control
set on out put

wor d

spec says 25 us m ni num
suspend for 10 ns

active again

use a set head nunber for

bus on out put
set address

sel ect head no O
or byte
wite to the bus

wait till disk is ready..
THEN start giving orders.

| give the disk a recalibrate conmmand

| daa #CNMDReca
jsr WiteCnd
| wait till

jsr Wai t NBSY
| done

rts

| Routine Setln
| purp: set all

conmand execut ed

ports of the 8255 for input fromthe | DE bus



4183 | in : nothing

4183 | out : nothing

4183 | uses: nothing

4183 | NB : This also resets ALL control lines and adr sel ection
4183

4183 36 Setln: psha | save accu

4184 868B | daa #DM n | get control word

4186 B70503 staa | oMbd

4189 32 pul a

418A 39 rts

418B

418B I e e T T T
418B | Routine SetQut

418B | purp: set all ports of the 8255 for output to the |IDE bus
418B | in : nothing

418B | out : nothing

418B | uses: nothing

418B | NB : This also resets ALL control lines and adr sel ection
418B

418B 36 SetQut: psha | save accu

418C 8680 | daa #DMout | get control word

418E B70503 staa | oMbd

4191 32 pul a

4192 39 rts

4193

4193 I e e T T T
4193 Rout i ne St opDi sk

4193 purp: spin down the disk

|
|
4193 | in : nothing
|
|

4193 out : nothing

4193 uses: not hing

4193

4193 St opDi sk

4193 BD4212 jsr Wai t NBSY | wait till disk is ready
4196 86EO | daa #CNVDSt op | give the comrand

4198 BD41F1 jsr WiteCVD

419B 39 rts

419C

419C R e R
419C Routine StartDi sk

419C purp: spin up the disk

|
|
419C | in : nothing
|
|

419C out : nothing

419C uses: not hing

419C

419C StartDi sk

419C BD4212 jsr Wai t NBSY | wait till disk is ready
419F 86E1 | daa #CNVDSt r t | give the comrand

41A1 BD41F1 jsr WiteCVD

41A4 39 rts

41A5

41A5 R e R
41A5 Routi ne Recal Di sk

41A5 purp: ReCalibrate the disk

|
|
41A5 | in : nothing
|
|

41A5 out : nothing

41A5 uses: not hing

41A5

41A5 Recal Di sk

41A5 BD4212 jsr Wai t NBSY | wait till disk is ready
41A8 8610 | daa #CNVDRecal | give the comrand

41AA BD41F1 jsr WiteCVD

41AD 39 rts |

41AE



41AE | == e e e e e

41AE | Routine ReadByte

41AE | purp: Read one byte fromthe |DE bus

41AE | in : nothing

41AE | out : byte in A

41AE | uses: nothing

41AE | nb : assunes address and bus have been set
41AE

41AE ReadByt e:

41AE 37 pshb | save b
41AF F60500 | dab loCt| | get current
41B2 CA40 orab #DCl or | set lo read
41B4 F70500 stab loCt| | set

41B7 B60501 | daa | oDat L | get data
41BA F60500 | dab loCtI |

41BD CABF andb # ow(not DClor) | reset |oRead again
41BF F70500 stab loCtI |

41C2 33 pul b |

41C3 39 rts |

41C4

41C4 I e e T T T
41C4 Routine WiteByte

41C4 purp: Read one byte fromthe |IDE bus

|
|
41C4 | in : bytein A
|
|

41C4 out : nothing

41C4 uses: not hing

41C4

41C4 WiteByte:

41C4 37 pshb | save b

41C5 F60500 | dab loCt| | get current

41C8 CA20 orab #DCl ow | assert lo Wite
41CA F70500 st ab loCtI |

41CD B70501 staa | oDat L | get data

41D0 F60500 | dab loCt| | negate 1o Wite
41D3 CADF andb #l ow( not DCl ow) |

41D5 F70500 st ab loCtI |

41D8 33 pul b |

41D9 39 rts |

41DA

41DA I e e T T T
41DA | Routine SetAdr

41DA | purp: Set an address on the | DE bus

41DA | in : address in A[O0 .. F]

41DA | out : nothing

41DA | uses: nothing

41DA

41DA 37 Set Adr: pshb | save B

41DB 36 psha | Atoo for the nonent
41DC

41DC | set which CS to assert

41DC 8408 anda #9%90001000 | see if adres > 8
41DE 2704 beq wradl |

41E0 8610 | daa #DCCs 1 | high address

41E2 2002 bra wrad2 |

41E4 8608 wadl: |daa #DCCs0 | 1 ow address

41E6 wr ad2:

41E6 | put low bits in place

41E6 33 pul b | addres -> B

41E7 37 pshb | back on stack

41E8 C407 andb #DCAdr | low addres in B
41EA 1B aba | get low addres in A
41EB B70500 staa loCt| | set on control output
41EE

41EE | get registers back



41EE 32 pul a |

41EF 33 pul b

41F0 39 rts

41F1

41F1 R e R
41F1 Routine WiteCnd

41F1 purp: Wite one command to the | DE device

|
|
41F1 | in : command in A
|
|

41F1 out : nothing

41F1 uses: not hing

41F1

41F1 WiteCmd:

41F1 36 psha | save a

41F2 BD418B jsr Set Qut | set bus to output
41F5 8607 | daa #| DECd | set address

41F7 BD41DA jsr Set Adr

41FA 32 pul a | get command byte back
41FB BDM41C4 jsr WiteByte | wite the byte

41FE 39 rts | done

41FF

41FF R e R
41FF Routi ne ReadSts

41FF purp: get status if the | DE device

|
|
41FF | in : nothing
|
|

41FF out : status byte in A

41FF uses: not hing

41FF

41FF ReadSt s

41FF BD4183 jsr Setln | set bus to input
4202 8607 | daa #1 DESt s | set address
4204 BD41DA jsr Set Adr |

4207 BD41AE jsr ReadByt e | read the byte
420A 39 rts | done

420B

420B R e R
420B Rout i ne ReadReg

420B purp: get byte fromthe | DE device

|
|
420B | in : address in A
|
|

420B out : data byte in A

420B uses: not hing

420B

420B ReadReg:

420B BD41DA jsr Set Adr |

420E BD41AE jsr ReadByt e |

4211 39 rts

4212

4212 R e R
4212 | Routine WaitNBSY

4212 | purp: wait till the drive indicates ready status
4212 | in : nothing

4212 | out : nothing

4212 | uses: nothing

4212

4212 36 Wai t NBSY: psha | save registers
4213 37 pshb

4214

4214 | test if device ready

4214 BD41FF wtrdyl: jsr ReadSt s | get status byte
4217 8480 anda #St sBsy | get status bits
4219 2709 beq wtrdy?2

421B

421B | not ready, wait 10 ns

421B 8601 | daa #sysSl eep | sleep

421D C601 | dab #1 | one clock cycle



421F
4222
4222
4222
4224
4224
4224
4225
4226
4227
4227
4227
4227
4227
4227
4227
4227
4227
4227
4228
4229
4229
4229
422C
422E
4230
4230
4230
4232
4234
4237
4237
4237
4239
4239
4239
423A
423B
423C
423C
423C
423C
423C
423C
423C
423C
423C
423D
423E
423E
423E
4241
4243
4245
4245
4245
4247
4249
424C
424C
424C
424E
424E
424E

BDFO78

20F0

33
32
39

36
37

BDA1FF
8440
2609

8601
C601
BDFO78

20F0

33
32
39

36
37

BDA1FF
8408
2609

8601
C601
BDFO78

20F0

33

jsr Sys |

| try again
bra wtrdyl |

| device is ready
wtrdy2: pulb
pul a
rts | done

| Routine Wit DRDY

| purp: wait till the drive indicates ready status
| in : nothing

| out : nothing

| uses: nothing

Wi t DRDY:
psha | save registers
pshb
| test if device ready
wtdrdyl:jsr ReadSt s | get status byte
anda #St sRdy | get status bits
bne wt dr dy2 |
| not ready, wait 10 ns
| daa #sysSl eep | sleep
| dab #1 | one clock cycle
jsr Sys |
| try again
bra wt dr dy1 |
| device is ready
wt drdy2: pul b
pul a
rts | done

| Routine WaitDrq

| purp: wait till the drive indicates ready for data status
| in : nothing

| out : nothing

| uses: nothing

Wi t Dr q: psha | save registers
pshb
| test if device ready for data

wtdrqgl: jsr ReadSt s | get status byte
anda #StsDrq | get status bits
bne wt dr g2 |
| not ready, wait 10 ns
| daa #sysSl eep | sleep
| dab #1 | one clock cycle
jsr Sys |
| try again
bra wt drql |

| device is ready for data
wtdrqg2: pulb



424F
4250
4251
4251
4251
4251
4251
4251
4251
4251
4251
4251
4251
4252
4253
4254
4254
4254
4257
4259
425C
425C
425C
425E
425E
4261
4263
4266
4266
4269
426B
426C
426C
426F
4271
4272
4272
4275
4277
427A
427A
427B
427D
427D
427D
427E
427F
4280
4281
4281
4281
4281
4281
4281
4281
4281
4281
4281
4281
4282
4283
4284
4284
4284

32
39

36
37
3C

BD4183
8600
BD41DA

8600

F60500
CA40
F70500

F60501
E700
08

F60502
E700
08

F60500
CABF
F70500

4A
26E1

38
33
32
39

36
37
3C

BD418B

pul a
rts | done

Rout i ne ReadBl ock

purp: read one bl ock fromthe | DE device
in : X->result address (512 bytes)
out : nothing

uses: not hing

ReadBl ock:
| save registers
psha |
pshb
pshx
| setup for data read
jsr Setln | set to input
| daa #| DEDat a | set address
jsr Set Adr |
| init loop counter
| daa #$00 | 256 word reads
rdbl k1: |dab loCt| | get current
orab #DCl or | assert 1o Read
stab loCt| | set
| dab | oDat L | get |ow byte
stab 0, X | store
i nx
| dab | oDat H | get high data
stab 0, X | store
i nx
| dab loCt| |
andb #l ow(not DClor) | negate lo Read
stab loCt| |
deca |
bne rdbl k1 | 1oop
| done, get things back
pul x
pul b
pul a
rts |

Routine WiteBl ock

purp: wite one block of data to the |DE device
in : X -> data address (512 bytes)

out : nothing

uses: not hing

Wit eBl ock:

| save registers

psha |
pshb

pshx

| setup for data wite
jsr Set Qut | bus to output



4287 8600 | daa #| DEDat a | set address

4289 BD41DA jsr Set Adr |

428C

428C | init loop counter

428C 8600 | daa #$00 | 256 word wite
428E

428E E600 wr bl k1: | dab 0, X | wite data byte
4290 F70501 stab | oDat L | to 1/O ports
4293 08 i nx

4294 E600 | dab 0, X

4296 F70502 stab | oDat H

4299 08 i nx

429A

429A F60500 | dab loCt| | strobe wite
429D CA20 orab #DCl oW | assert lo Wite
429F F70500 stab loCtI

42A2 CADF andb #l ow(not DCloW | negate lo Wite
42A4 F70500 stab loCtI

42A7

42A7 4A deca | 1oop

42A8 26E4 bne wr bl k1

42AA

42AA | done, get things back

42AA 38 pul x

42AB 33 pul b

42AC 32 pul a

42AD 39 rts

42AE

42AE I e e T T T
42 AE | Routine SetLBA

42 AE | purp: sets the LBA for the next transfer

42 AE | in : X -> comand packet

42 AE | X+0 = ..\ not used or changed here

42AE | X+1 = ../

42AE | X+2 = LBA3 (high)

42AE | X+2 = LBA2

42AE | X+3 = LBA1l

42AE | X+4 = LBAO (I ow)

42 AE | out : registers of the IDE controller |oaded
42 AE | uses: nothing

42AE |

42 AE | NB: | select ONE sector to be processed

42AE |

42 AE | I make a stack frane to convert, these are the offsets in
42 AE | the stack frame (after tsx, relative to X
42AE = 0000 LBS3 equ 0 | stack frame LBAS
42AE = 0001 LBS2 equ 1

42AE = 0002 LBS1 equ 2

42AE = 0003 LBSO equ 3 | cylinder high
42AE

42AE Set LBA:

42 AE | prepare for disk output

42AE BD418B jsr Set Qut

42B1

42B1 | load input data to stack

42B1 3C pshx | save X

42B2 A605 | daa LBAO, X

42B4 36 psha | 3

42B5 A604 | daa LBA1, X

42B7 36 psha | 2

42B8 A603 | daa LBA2, X

42BA 36 psha | 1

42BB A602 | daa LBA3, X

42BD 36 psha | O



42BE
42BF
42BF
42BF
42BF
42BF
42C1
42C1
42C2
42C2
42C2
42CA
42C6
42C8
42CA
42CA
42CA
42CC
42CF
42D1
42D1
42D1
4203
42D5
42D5
42D5
42D6
42D7
42D9
42D9
42D9
42DB
42DE
42E0
42E3
42E5
42E8
42EA
42ED
42ED
42ED
42EF
42F1
42F1
42F1
42F3
42F3
42F3
42F6
42F8
42FA
42FC
42FC
42FC
42FF
4302
4304
4304
4304
4306
4309
430B
430D
430F

30

C610

37

6803
6902
6901
6900

ECO0
830055
2504

EDOO
6C03

33
5A
26E8

8604
BD41DA
A603
BD41C4
8605
BD41DA
A602
BD41C4

8600
A703

ECO0

830011
2504
6C03
20F7

C30011
C30001
EDOO

8606
BD41DA
A603
840F
8AAD
BD41C4

| bac1l:

| bac2:

| bac3:

| bac4:

t sx | make X stack franme pointer

init for divide by SPC (=sectors/cylinder)

|

| to get the cylinder nunber. | know the result

| will fit in 16 bits, so 16 bits result is enough
| dab #16 | 16 divide | oops

pshb | save counter on stack
|shift 1 place to left, fill with O bit

asl LBSO, X | shift divident,

r ol LBS1, X | fill upwithO

rol LBS2, X |

rol LBS3, X |

| test if substract fits

| dd LBS3, X | get high word
subd #SPC |
bcs | bac2 | does not fit, next |oop again

| fits, set lower cylinder bit, store result
std LBS3, X |
i nc LBSO, X |

| handl e | oop things
pul b

decb |
bne | bacl |

| wite result to disk registers
| daa #1 DECyI L

|
jsr Set Adr |
| daa LBSO, X |
jsr WiteByte |
| daa #| DECyl H |
jsr Set Adr |
| daa LBS1, X |
jsr WiteByte |
| see about head nunber
| daa #0 | sinple substract will do the
staa LBSO, X | work, max H tines...

| get remaining blocks count
| dd LBS3, X |

| test if one head nore

subd #SPT | mnus one track’s sectors
bcs | bac4 | see if reult is mnus

i nc LBSO, X | no, one nore head

bra | bac3 |

| gone one too far already

addd #SPT | and sector count

addd #3$0001 | sector count starts at 1!
std LBS3, X | save for a nonent

| wite to disk registers

| daa #1 DEHd Head is specia

jsr Set Adr
| daa LBSO, X

or aa #| DEHdO to get it working good

|
|
|
anda #| DEHJA | have to set sone bits
|
jsr WiteByte |



4312

4312 8603 | daa #1 DESec | sectors is easy again
4314 BD41DA jsr Set Adr |

4317 A601 | daa LBS2, X | low byte only as sector #
4319 BDM41C4 jsr WiteByte

431C

431C | set up for ONE sector transfer

431C 8602 | daa #1 DEnum

431E BD41DA jsr Set Adr |

4321 8601 | daa #1

4323 BM41C4 jsr WiteByte

4326

4326 | clean up the stack

4326 31 ins | four bytes LBA
4327 31 i ns

4328 31 i ns

4329 31 i ns

432A

432A | get X back too

432A 38 pul x

432B

432B | done

432B 39 rts

432C

432C I e e T T T
432C | Routine ReadSec

432C | purp: reads one sector fromthe disk

432C | in : X -> comand packet

432C | X+0 = dest addres high

432C | X+1 = dest addres | ow

432C | X+2 = LBA3

432C | X+3 = LBA2

432C | X+4 = LBA1l

432C | X+5 = LBAO

432C | out : data read into the destination address
432C | uses: nothing

432C

432C | wait for bsy bit cleared

432C BD4212 ReadSec: j sr Wai t NBSY | wait till disk is ready
432F

432F | select the device O

432F 8606 | daa #| DEHd | set address
4331 BD41DA jsr Set Adr |

4334 8600 | daa #$00 | set head no = 0
4336 840F anda #| DEHdA

4338 8AAD oraa #| DEHdO

433A BM41C4 jsr WiteByte

433D

433D | load paraneters

433D BD42AE rdsecO: jsr Set LBA | set address
4340

4340 8620 | daa #CnmdRead | give read comrand
4342 BD41F1 jsr WiteCnd

4345

4345 | wait for busy gone

4345 BD4212 jsr Wi t NBSY

4348

4348 | test on errors

4348 BD41FF jsr ReadSt s | get status byte
434B 16 tab

434C 8401 anda #St sErr | check error bit
434E 2703 beq rdsecl | no error -> cont
4350

4350 | error, notify



4350 BD44D6 jsr Di skErr report the error

|
4353 17 rdsecl: tbha | test if DRQ
4354 8408 anda #St sDRQ
4356 2601 bne rdsec?
4358
4358 | no data requested, quit
4358 39 rts
4359
4359 | transport the data block to destination
4359 3C rdsec2: pshx
435A EEOO | dx SDA, X | get dest address
435C BD4251 jsr ReadBl ock | get the data
435F 38 pul x
4360
4360 39 rts | done
4361
4361 I e e T T T
4361 | Routine WiteSec
4361 | purp: Wite one sector to the disk
4361 | in : X -> comuand packet
4361 | X+0 = source addres high
4361 | X+1 = source addres | ow
4361 | X+2 = LBA High
4361 | X+3 = LBA M ddl e
4361 | X+4 = LBA | ow
4361 | out : data written to the disk
4361 | uses: nothing
4361
4361 WiteSec:
4361 BD4212 jsr Wai t NBSY | wait till disk is ready
4364
4364 | select the device O
4364 8606 | daa #| DEHd | set address
4366 BD41DA jsr Set Adr |
4369 8600 | daa #$00 | set head no = 0
436B 840F anda #| DEHdA
436D 8AAD oraa #| DEHdO
436F BDM41C4 jsr WiteByte |
4372
4372 BD42AE jsr Set LBA | set address
4375
4375 8630 | daa #CmdWite | give wite command
4377 BD41F1 jsr WiteCnd
437A
437A | wait till command ready
437A BD4212 jsr Wai t NBSY
437D
437D | test on errors
437D BD41FF jsr ReadSt s | get status byte
4380 16 tab
4381 8401 anda #St sErr | check error bit
4383 2703 beq wsecl | no error -> cont
4385
4385 | error, notify
4385 BD44D6 jsr Di skErr | report the error
4388 17 wsecl: tba | test if DRQ
4389 8408 anda #St sDRQ
438B 2601 bne w sec?2 |
438D
438D | no data requested, quit
438D 39 rts
438E
438E | transport the data block to destination

438E 3C wrsec2: pshx



438F
4391
4394
4395
4395
4396
4396
4399
439A
439C
439F
43A0
43A1
43A1
43A1
43A1
43A1
43A1
43A1
43A1
43A1
43A1
43A1
43A1
43A4
43A4
43A4
43A6
43A9
43A9
43A9
43AC
43AC
43AC
43AF
43B0
43B2
43B4
43B4
43B4
43B7
43B8
43BA
43BC
43BC
43BC
43BD
43BD
43BD
43BE
43C0
43C3
43C4
43C4
43C5
43C5
43C5
43C5
43C5
43C5
43C5
43C5
43C5
43C5

EEOO
BD4281
38

39

BD423C

3C
EEOO
BD4281
38

39

BD4212

86EC
BD41F1

BD4212

BDA1FF
16
8401
2703

BD44D6
17
8408
2601

39

3C
EEOO
BD4251
38

39

| dx SDA, X
jsr Wit eBl ock
pul x

jsr Wai t DRQ

pshx

| dx SDA, X

jsr Wit eBl ock
pul x

rts

Routi ne |dent D sk

| get dest address
| get the data

| done

wait for data

get dest address
get data

Get the disk’s paraneters fromthe disk itself

| wait till disk ready

| send I dent comand

get status byte

check error bit

no error -> cont

report the error

if DRQ

t est

| get dest address
| get the data
|

|
| purp:
| in : X -> comuand packet
| X+0 = dest addres high
| X+1 = dest addres | ow
| out : ident packet fromthe disk in nmenory
| uses: nothing
| dent Di sk
jsr Wai t NBSY
| give comrand
| daa #Cnd| dent
jsr WiteCnd |
| wait for busy gone
jsr Wi t NBSY |
| test on errors
jsr ReadSt s |
tab |
anda #St sErr |
beq i dget 1 |
| error, notify
jsr Di skErr |
i dget1: tbha
anda #St sDRQ |
bne i dget 2 |
| no data requested, quit
rts |
| transport the data block to destination
i dget 2: pshx
I dx SDA, X
jsr ReadBl ock
pul x
rts

Rout i ne | dent Report
purp: give extensive disk identification report

out
uses:

|
|
| in
|
|

X -> di sk conmand packet
info via the sio

di sk ident
registers

| dent Report:

| data packet pointed to by the di sk command packet



43C5
43C6
43C7
43C8
43C8
43C8
43C8
43C8
43C8
43CA
43CB
43CB
43CB
43CE
43D1
43D2
43D3
43D5
43D6
4308
4308
4308
43DA
43DC
43DC
43DC
43DE
43E1
43E3
43E6
43E7
43E8
43E9
43EB
43ED
43ED
43ED
43F0
43F3
43F3
43F3
43F4
43F4
43F4
43F5
43F6
43F9
43FC
43FD
43FE
4400
4402
4404
4404
4404
4407
4409
4409
4409
440C
440C
440C
440F
440F

36
37
3C

EEOO
3C

CE445D
BDFO09
38

3C
C636
3A
C614

6D01
2711

A601
BDFO0O
A600
BDFO0O
08

08

5A
26F1
2006

CE446D
BDFO09

01

38

3C
CE447B
BDFO09
38

3C
A601
8480
2705

CE4491
2003

CE448B

BDFO09

idnm:

i dnm

i dne:

ri ata:

i srata:

psha |
pshb
pshx

save registers
save X too

| make X -> ident
| word format. |
| a PC. Perhaps

| with a PC too..

info NB: this is in LOWNH GH (Intel)
want to be SOVEWHAT conpatible with

can soneday read the file-system| nake

| dx SDA, X | x -> ident data
pshx

| go dunmp info

| dx #1 DMVbdel | nodel nane

jsr Sndstr |

pul x

pshx

| dab #54 | start in SDA bl ock
abx

| dab #20 | 20 words

| see if any nanme there
t st 1, X |
beq i dnm |

zero byte -> no nodel there

| go print the nodel nane

| daa 1, X | first byte (LOMH GH)
jsr SndDat a |

| daa 0, X |

jsr SndDat a |

i nx

i nx

decb |

bne idm

bra i dne |

| no nanme given

I dx #| DNoMbd |

jsr Sndstr |

| nane done

nop |

| see about ATA/ ATAPI nodus

pul x

pshx

I dx #l dAt a |

jsr Sndstr |

pul x

pshx

| daa 1, X | get ATA/ ATAPI status
anda #$80 | highest bit
beq riata |

| is an ATAPI device

| dx #1 dMAL api |

bra israta |

| is an ATA device

I dx #1 dMAt a |

| print device type

jsr Sndstr |

| see about renopvable/fixed



440F 38 pul x

|
4410 3C pshx
4411 A600 | daa 0, X
4413 8440 anda #$40 | seens to be bit 6
4415 2705 beq rirem |
4417
4417 | is a fixed disk
4417 CE4499 | dx #1 DFi x
441A 2003 bra rifrm |
441C
441C | is a renovabl e disk
441C CE449F rirem |dx #1 DRem
441F BDF009 rifrm jsr Sndstr
4422
4422 | get nunber of cylinders
4422 CE44A9 | dx #1 DCy|
4425 BDF009 jsr SndStr |
4428 38 pul x
4429 3C pshx
442A A603 | daa 3, X
442C BDFO1E jsr SndHex |
442F A602 | daa 2, X
4431 BDF021 jsr SndHex1 |
4434
4434 | get nunber of heads
4434 CE44B8 | dx #1 DHead
4437 BDF009 jsr SndStr |
443A 38 pul x
443B 3C pshx
443C A607 | daa 7, X
443E BDFO1E jsr SndHex |
4441 A606 | daa 6, X
4443 BDF021 jsr SndHex1 |
4446
4446 | get nunber of sectors
4446 CE44C7 | dx #| DSec
4449 BDF009 jsr SndStr |
444C 38 pul x
444D 3C pshx
444E A60D | daa 13, X
4450 BDFO1E jsr SndHex |
4453 A60C | daa 12, X |
4455 BDF021 jsr SndHex1 |
4458
4458 38 pul x | X -> data bl ock
4459 38 pul x | X -> conmmand packet
445A 33 pul b | restore registers
445B 32 pul a
445C 39 rts | done
445D
445D 0D0A44657669 | Divbdel : db cr,lf,"Device nanme: ", eom
446D 4E6F74207370 | DNoMbd: db "Not specified", eom
447B
447B 0D0A44657669 | DAta: db cr,lf,"Device type: ", eom
448B 4154412C2000 | DMAta: db "ATA, ", eom
4491 41544150492C | DVAL api : db "ATAPI, ", eom
4499 466978656400 I DFix: db "Fi xed", eom
449F 52656D6F7661 | DRem db "Renovabl e", eom
4479
44A9 0DOA43796C69 I DCyl: db cr,lf,"Cylinders :",eom
44B8 0D0A48656164 | DHead: db cr,lf,"Heads ;" eom
44C7 0DOA53656374 | DSec: db cr,lf,"Sectors ;" eom
44D6

44D6 | == e e e e e



44D6 | Routine DiskErr

44D6 | purp: give extensive error reporting for disk errors

44D6 | in : X -> disk comand packet
|
|

44D6 out : error nessages about what went wong with a disk access
44D6 uses: registers

44D6

44D6 36 Di skErr: psha | save registers
44D7 37 pshb |
44D8 3C pshx | save pointer to LBA
44D9

44D9 | general error nessage
44D9 CE4542 | dx #Er r Dsk |
44DC BDF009 jsr Sndstr |
44DF

44DF | status

44DF CE4555 | dx #ErrSts | give error string
44E2 BDF009 jsr SndStr |
44E5 8607 | daa #1 DESt s | first the IDE Staus register
44E7 BD420B jsr ReadReg |
44EA BDFO1E jsr SndHex |
44ED

44ED | the error bits

44ED CE4563 | dx #ErrBit |
44F0 BDFO09 jsr SndStr |
44F3 8601 | daa #| DEEr r |
44F5 BD420B jsr ReadReg |
44F8 BDFO1E jsr SndHex |
44FB

44FB | LBA here it happened
44FB CE4571 | dx #Er r LBA |
44FE BDF009 jsr SndStr |
4501 38 pul x |
4502 3C pshx |
4503 ECO02 | dd LBA3, X |
4505 BDFO1E jsr SndHex |
4508 17 t ba |
4509 BDF021 jsr SndHex1 |
450C EC04 | dd LBA1, X |
450E BDF021 jsr SndHex1 |
4511 17 t ba |
4512 BDF021 jsr SndHex1 |
4515

4515 | the CHS where it happened
4515 CE457F | dx #Er r CHS |
4518 BDF009 jsr SndStr |
451B 8605 | daa #| DECyl H |
451D BD420B jsr ReadReg |
4520 BDFO1E jsr SndHex |
4523 8604 | daa #1 DECYLL |
4525 BD420B jsr ReadReg |
4528 BDF021 jsr SndHex1 |
452B 8606 | daa #| DEHd |
452D BD420B jsr ReadReg |
4530 BDFO1E jsr SndHex |
4533 8603 | daa #1 DEsec |
4535 BD420B jsr ReadReg |
4538 BDFO1E jsr SndHex |
453B

453B | end with a new |line

453B BDFOOF jsr NewLi ne |
453E

453E | get registers back

453E 38 pul x |

453F 33 pul b |



4540 32 pul a |

4541

4541 | done

4541 39 rts

4542

4542 ODOA3E3E2044 ErrDsk: db cr,lf,">> Disk Error <<", eom
4555 ODOA3E3E2053 ErrSts: db cr,lf,">> Status :", eom

4563 ODOA3E3E2045 ErrBit: db cr,lf,">> Error :",eom

4571 ODOA3E3E204C ErrLBA: db cr,lf,">> LBA ;" eom

457F ODOA3E3E2043 ErrCHS: db cr, LF, ">> CHS ;" eom
458D

458D R R T T R R R
458D

458D > 0000 end

>>>>>>>>>>>>>>>>>>>> End 63B03 assenbly |isting <<<<<<<<<<<<<<<<<<<
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