" REHDoesien

IDE-Interface

Manual

© 1992 T. Reh




Manual REHDEsiGn |IDE-Interface, State 921217

1. Introduction

The REHoesian IDE-Interface is a peripheral device in euro-
card format, for usc in ECB-bus based microcomputer systems.
It contains an IDE hardisk interface (for which it is named), plus
an active bus terminator for all ECB-bus signals, a parallel (Cen-
tronics) printer port, and circuitry for Reset and NMI pushbut-
tons. It has been dcsigncd as a supplement for single-board com-
puters such as the REHpesioy CPU280, but it can be used in all
ECB-bus systems.

2. Circuit

The implementation of bus termination, centronics-interface,
and Reset/NMI is simple, not to say primitive. However, the
IDE-harddisk interface requires some hardware effort, unless
one wants to deal with extra difficulties in the software. Hard-
disks with an IDE-interface transmit data in words of 16 bits,
while accesses from the ECB-bus master can only transfer bytes
(8 bits). Therefore each 16-bit data access has to be split into
two 8-bit transactions. The simplest solution would be to sepa-
rate the data on two I/O addresses, which allows the interface to
identify the two halfwords by their address. This technique
would not allow DMA transfers though, since DMA controllers
can not alternate between two ports to access the data. This
board uses another method: The splitting is done by the order of
the byte accesses; that means that reading or writing to the just
one I/O address alternates between odd and even half-words.
This is done by toggling a flip-flop for each data access. Since
all the control registers are only 8 bits wide, they don't use the
toggling logic, only the data register does. Resetting the flip-flop
during each access to a control register ensures that it is in the
correct state when beginning a data transfer.

Nearly all of the address decoding and word-splitting is imple-
mented using a single GAL. The remaining functions are done
in simple TTL-chips. That keeps the circuit simple and the cost
low. .

There is a critical detail in the timing of the ECB-bus: When
writing data to peripherals, the data lines become invalid
approximately at the same time as when the the strobe signals
change state. The (rather large) data hold time required by the
IDE interface creates a real problem in this situation. To fix this
problem, the IDE interface generates a synchronous write pulse
using IC10 and IC11. It occurs about in the middle of the bus
transaction, and ensures that the data lines stay valid long
enough after the write pulse. This write pulse is used both to
control the IDE harddisk and the Centronics interface. A similar
pulse makes sure the upper half-word is correctly latched when
reading data.

Another weak point of IDE-harddisks is their rather unstable
interface bebaviour. They are very sensitive to short pulses
(spikes) on the address lines, even if these spikes are sufficiently
far away from valid accesses. In the ECB-system used to deve-
lop this board such spikes were generated on the address lines
A0 and A2 when /TORQ goes active and enables the data bus
(which is physically located right next to A0 and A2). This
completely confused the IDE harddisk. It seems that the only
really safe solution is to add time constants, implemented here
with R16, R17, C5 and C6. The spikes are attenuated by these
RC-lowpass filters, and don't make it past the next input buffer.
The delay caused by the lowpass filters doesn't cause any harm.
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3. Parts list
IC1 . GAL 20 V 8, 25 ns or faster
I1C2,IC7,IC9,IC13 74 HCT 244
IC3 74 ACT 245 (or ALS)
IC4,IC11 74 HCT 32
ICS 74 HCT 139
IC6 74 HCT 373
IC8,IC12 74 HCT 374
IC10 74 HCT 74
IC14 74 HCT 123
IC1S 74 HCT 00
IC16 TLC 271
T1 BD 433
T2 BD 434
T3,T4 BC 547 or similar
D1,D2,D3,D4,D5 LED 3mm red or similar
C1,C2 2n2cer. LSS
C3,C4 1uTa.LS 2.5
C5,C6 47pcer. LSS
CK1-16,CK19-20 -18x100ncer. LS5
CK17,CK18 10pTa. LS 2.5
R1,R11,R12 330R
R2,R3 47k
R4,RS 1M .
R6,R7,R8,R9 for termination of special signa
R10,R13 1k :
R14,R15 4k7
R16,R17 470 R
P1 50 k (trimpot 0.400" flat)
RN1 RSIL 8x 10k
RN2 RSIL 4x 10k
RN3-6 4x RSIL 8x..., for term. (220-330 R)
CN1 ECB DIN-41612-C conn., 64 pins, rows ac
CN2 IDE Header 40-pin
CN3 CENTR. DB 25 S rightangle
CN3a CENTR. Header 26-pin (Option, CN3 or CN3a)
J1 RESET Header 1x3
J2 PDIAG Header 1x2
J3 INIT Header 1x2
4. Adjustment

The connector for the Centronics interface can either be a right-
angle D-sub connector (for use in crates with front panels) or a
header (to extend the port to any desired location).

Before using the board, the termination voltage has to be adjust-
ed, and a few jumpers have to be selected.

A voltage of about 2.7V for the active termination has been
found to be a good choice. It provides sufficient load (and there-
fore damping) both for high and for low signal levels. The re-
commended value for the resistors is in the range of 220 to 330
Ohm (should be about the same as the impedance of the bus
backplane). If the CPU280 is used as the bus master, the indivi-
dual resistors R6 through R9 usually don't have to be used at all.

Jumper J1 (Reset) is normally in the “upper” position, so that the
signal "Reset-Out” from the bus is routed to the harddisk. Jum-
per J2 is usually left open (used for testing). Jumper J3 is usually
left open too (who would want to reset the printer whenever the
CPU isreset?).

S. GAL programming

All the central control functions of the IDE-interface are imple-
mented in a GAL (IC1), which is a GAL 20V8.
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; All accesses to the harddisk occur with LH = High. This means this signal
; has the opposite meaning when reading, as opposed to writing.

3 For the Mist read access to really address the disk, one has to read the

;: data reglster once (set LH) before the actual data transfer.

CHIP IDE PALCE20VS

CK A7 A4 A5 IORQ AGWRP AO Al A2 A3 GND
OE M1 CLK LH CSO RD16 SEL WRLO WR16 RDHI RD VCC

; Change the base address (BASE) only here! The lower nibble of the addresses
; s partlally determined by hardware, and not changeable.
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7. Software

The IDE interface occupies in total 11 addresses in the 1/O
address space of the ECB bus. The base address may be chosen
freely in steps of 16 by appropriate GAL programming, while
the lower 4 bits of the addresses must not be changed. Always
the addresses xSh to xFh are used, with the standard GAL con-
tents this means the addresses 85h to 8Fh. The particular ports
have the following addresses (assuming base address 80h):

85h  Centronics-Port

Wntmg data to this port sends the written byte to the
printer port (8 bits), while reading this port returns the

STRING BASE (A7 * /A6 * /A5 * /A4)

STRING PARSEL *(BASE * /A3 * A2 * /Al * AD)*
STRING CS1ADR *(BASE * /A3 * A2 °* Al)

STRING DATADR *(BASE ° A3 * /A2 * /Al * /AQ)

STRING TFRADR *(BASE * A3 * (A2 + Al + AO))'

STRING IDEADR *(CS1ADR + DATADR + TFRADRY

: Base address 80h

; Centronks Adr. x5

; CS1 Adr. x6.x7
; CSO/Data  Adr. x8

; CSO/Task  Adr. x9.xF
; all IDE addresses

STRING 10 "(/IORQ * M1)’ ; I/O-Request
EQUATIONS
/CSO = TFRADR ; Task Plle access

+ DATADR * LH ; Data Write MSB / Read LSB
/SEL = (PARSEL + IDEADR) * M1 ; Board access (address only)
/CLK = (DATADR + TFRADR) * IO ; LH-Clock: Data & Task Flle

LH := /LH * /TFRADR

WRLO = DATADR * 10 * /WRP * /LH

+ (TFRADR + CS1ADR) * IO * /WRP

/WR16 = IDEADR* IO * RD

/RD16 = DATADR* 1O * /RD * LH

+ (TFRADR + CS1ADR) * IO * /RD

; FlipFlop: LSB/MSB Toggie
; Reset when task flle access

; Data LSB write to latch
; Transparent for all others

; MSB and latched LSB to IDE

; Data LSB read, MSB latch
; all others transparent

actual interface state. The individual bits are defined as

follows:
Bit 0 Printer: Acknowledge
Bit1 Printer: Paper Empty
Bit2 Printer: Error
Bit3 Printer: Select
Bit 4 IDE Harddisk: Interrupt Request
Bit5 Printer: Busy
Bit 6 Interface: Strobe Delay
Bit 7 Interface: Composed Busy

When Polling the interface state before sending char-
acters to the printer, bit 7 (composed busy) is to be used
(0 = interface ready).

/RDHI = DATADR * IO * /RD * /LH ; Data MSB read from Latch

6. Pinout ECB-bus
a Nr [
5V 1 T5V
D5 2 DO
D6 3 D7
D3 4 D2
D4 5 A0
A2 6 A3
Ad T Al
AS 8 A8
A6 9 A7
JWAIT 10
/BUSREQ 11 1IEI
12
+12Vv) 13 :
14 D1
SV 15 -12V
2xCLK 16 IEO
17 All
Al4 18 AlO
+12V 19
/Ml 20 /NMI
21  /INT
22 |/WR
23
24
25 (/HALT)
26 /RESOUT
/IORQ 27 Al2
JRFSH 28  AlS
Al3 29 CLK
A9 30 /MRQ
(/BUSAK) 31 /RESIN
GND 32 GND

86h IDE-Harddisk Digital Output Register

87h  IDE-Harddisk Alternate Status Register
These two registers are not surely existing or defined
identical in different drives of different manufacturers.
Before using them, the manual of the harddisk must be
read! (In PC/AT's, these registers normally occupy the
addresses 3F6h and 3F7h.)

88h IDE-Harddisk Data Register

8%h IDE-Harddisk Error Register

8Ah IDE-Harddisk Sector Count

8Bh IDE-Harddisk Sector Number

8Ch IDE-Harddisk Cylinder Low

8Dh IDE-Harddisk Cylinder High

8Eh IDE-Harddisk Drive and Head

8Fh IDE-Harddisk Command/Status Register

These eight registers are the working registers for acces-
sing the IDE harddisk. The contents of these registers are
normally identical even with different drive types of dif-
ferent manufacturers (according to the so-called industry
standard). However, there might me slight differences
about some single bits and the usable command codes.
So, reading of the individual harddisk manual is strongly
recommended, too. (In PC/AT’s, these registers occupy
the addresses 1FOh to 1F7h.)

This manual was translated by Ralph Becker.



V.. N W
SJINCHLIN3D _!18 Z<4aDmx S O=RU30a a3
TN TR NEEERE s [T INJ
— . XX XXX o —
= 7% er wimiNjoin]l s 3. JUN/
1444 - o 202
A01 ® Z 81 00) zlololzlzlalos
INY 71 €131 e 10Y
347 0g
1 243 wmm z | o
C131 € op1
= ‘ v >y MM
HEENRNEE S ey +Q
301 4 ]
NZU O|lojo|C|o{o|O o 4 ez =ls]
- =13 B 1 B3 B = |8 eg
YoEE £-031 ) <a
OBl = & 10 T 6 o
774 |D|I|4W
Hw.__l 5¢ o 8y 2 dev dey
o 73 1 6ET | = =~ 81 [ s3L L
0% 0E 52 v2 22 612 _ z G831 - e ¥ Svz| o7
v/ 4 - 0uo1-s
vIhe” 7% ZT S T Z 1 | s
3 5zZ
— ov
St _josy—Swl 58|
g o— 4] 2y
1537 o IS M~ Q¢ 218 MM cu
08 == ZJ1 213
19 4 T 36C
zu €€ G1121 81131 mﬂ/ \—/
s . / NIS3H”/
gso1” MM S —el 4o ¥a v ¥ o [
S = ~g 2 6 zt S 4 1nos3v~
S30 J1131 91101 A
T pas| ] 0 < das 8431
053/ == Sl Jor &l 8 s- 1n s|” s/ J¢& v T.llw -
3 z1 »7 |ot b ¥ 5
g0131 g0131 ng-
oh 2T 00Y _
[T 10Y 10 <
20 ] - Gl
co &—28 ofofofofofo(ofo ofofofofofofofo ofo(ofefofo(ofo ofefofs(ofofofo 7177 oy” nZ1+
mm 3 +0Y 8noz ©an” €-031 x+ 4 o7 990
sg p&— S0 Y [ PO I U0 ) P - .- - -l |- - . 5] S =) v
€ <0Y Zy _ 3951
’ L_J V4 S—— 1357 131
o0 [—o9) voz yee W vz T €€ 5 2% e 57
1 by oy
oro [0 81 LELy S 931 " 5]
11a 074N e/
01 110} IS @M G| R = =Y Rad el £ S D e ] el EN R Y N £ I d Rl PN e ~ 0z oY o
s eg
€10 Tz 74 ¢ <9
€10 R 72| W ES
$10 fm—] 91087 D e0Z
S10 21 *+10 ololo|o|ololo|o olo|2ie|2(2ig|2 olol2|2|2|2|2|2 ololo|o|o|olo|o 81 uomﬁl—
81 sio\_J9PINYSaia)S 2RI e 28855 u)5)e LN PN
Xy
vASNE ‘LI9M ‘IUN “INI <- BY 'Y €3
HIIZ XTI HS Y T UM 0Y ‘DH0L ‘Oal <- ONY XA 05
SlY° '8y <- GNY 1d
N9ISI0 HIY 4l 262061

29709 <- $NY
<0°°00 <- ENY

S~ 3De}401UI-3(]

BpUE1S 48P TM-SbunJatutwia)



00:9G:0Z Z661°£0°Z1

ddl

cE

iR

833

Elel

<
-~

24
GNY

~i

edi-

il |

487
D Ny

sk

m
—
X
Q

A4
0

]
)

=)

4

—

—
Y4

—i

Z€ 40+
ﬁﬁan 817
st
7 L1
Y€+ 09
oﬁan 71

301
ZNJ

£E+0Y
11

<+
—
Y

L1

¥/E
¢131

[To o =

o

D end

\oL.I—'I_.

O

¥iZ
€131

o =

O

—

O

SJINOJLIN3D

NI
YEND

1d

(1]

clg

11d

| T

o1d

SOt
eapt
204

SJINOYLN3]

ENJ

¥




