Exceeding Brian Woodroffe's earlier expectations, his 6809-based Forth computer can be
used with disc drives requiring high data-transfer rates — including Sony’s microdrive
and 8in floppy-disc drives. Access times for standard drives can also be reduced using a

After using the computer for a while I
became discontented with the disc system
because the software caused & one sccon
delay each time access to the disc was re-
quired. This waiting time is needed to
allow the drive to reach its operating speed
— the software doesn’t know whether the
disc is running or stopped before access —
and much of the benefit of the virmal
memory system is lost because of this de-
lay. Forth keeps data from a number of
disc sectors in memory. When data from a
sector that is not in the main memory is
requested by the program, Forth overw-
rites one of the buffers with the required
data. But if data in the buffer has been
changed Forth first sends the data back to
the disc so there can be two 1s delays for
one disc call.

Keeping the disc constantly rotating is
the easiest way of avoiding this delay but
this was rejected because it shortens the
life of the drive even though the motorisa
brushless d.c. type. The method chosen
relies on the fact that disc access operations
are not uniform in time i.e., they are likely
to come in bursts, especially when loading
or listing screens from a disc and as a result
of the virtual-memory buffer replacement
aigorithm described above. Keeping the
drive running for a short while after a disc
access s made means that it is likely thar
the disc will be running when the next disc
access is required.

Normally, the disc-drive motor is
turned off by the disc-select signal going
false {p.i.a. A port, Dg, 0 to 1) when the
program finishes using the drive. In the
modification the drive motor enable signal
is held true for five seconds after the drive-
select signal goes false by a monostable
multivibrator triggered by the trailing edge
of the p.i.a. signal. As the software always
assumes that the drive is up to speed and
available, even though the monostable i.c.
might have completed its cycle, a means of
ensuring that the WD1793 controller
deesn’t try 1o access the drive during the
motor start period is required. During this
period the ready signal is held false by a
further monostable multivibrator fired by
the drive-motor start signal. A low-pass
filter after the NOR gate combines the two
sources of motor-on signal to allow for the
set-up time of the 5s monostable.

This small hardware modification, con-
sisting of two s.5.i. devices relicves the
software of all considerations of motor-
start latency, To prevent erroneous irig-
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minor hardware modification.

by B. Woodroffe

gering the two monostable multivibrators
should be grounded separately.

Interfacing 8in drives .

I found it galling that my 1.5MHz 6809
Forth system could not be interfaced with
faster 8in drives, especially as these are
often available second-hand at bargain
prices. I have not yet got an 8in drive but I
have been forturate encugh to try one of
the sub-3in drives from Sony which has
the same data rate as 8in drives. There is as
yet no de jure standard for microfloppy-
disc drives' but within Hewlett Packard,
the Sony drive js the de facto standard. The
first problem is to build a data-service rou-
tine that services the disc at a rate better
than 1lus/byre. Although nominal disc-
data transfer normally takes l6us/byte,
Western Digital specify 11 and 13ps worst-
case service times for write and read res-
pectively.

The previously used software loop
(Wireless World, June 1983) achieves far
worse than 1lps, even with the M6809
direct-page register modified to make the

List 1, in this design the following Forth
words are available,

controller i.c. accessible through direct
addressing. Analysing the software loop !
shows that two functions are being carried @
out - a byte is transferred between the &
WD1793 controller and ram, and bytes are -
counted to determine when the sector :
operation is completed, If the second fune- -
tion could be dispensed with the remaining
loop would be much smaller and faster. |
There would be a small penalty in that the -
ability to read from and write to consec- :
utive sectors would be lost as no byte count
is kept. The problem now is how to break
out of the disc-service software loop. For-
tunately the controller gives hardware help
here in that the IRQ line is activated on
completion of every command; the DRQ
line is actvated for each byte transfer.
DRAQ, connected to the M6809 FIRQ line,
is used in the data transfer loop to make
the processor clear its SYNC state, thus
synchronizing controller/processor trans-
fers operations.

Interrupt request IRQ is tied to one of
the other M6809 interrupt lines so that
when a read or write-sector command is
complete the processor aborts its current
data-transfer loop activity and commences
the interrupt routine. On application of
the FIRQ) signal the processor does not
abort the data transfer loop and carry out
the FIRQ routine because the program
inhibits the FIR(Q interrupt by holding the
FIRQ mask bit in the condition-code re-
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Disc interface modification speeds up
overall access time by keeping the drive
-motor running for five seconds after the
computer tells it to switch off. This
significantly reduces the effect of a one
sacond delay required for the motor to
start up since disc-access operations tend
to come in bursts.

U.h.f. moduiator connects to the video-
controffer gircuit output (see June issue) so
that the computer can be used with a

standard tv set. »

gister set. The controiler interrupt-request

line IRQ, being connected to the proces-

sor's non-maskable interrupt inpur NMI,

can never be masked 50 when this line is

tre the processor must be interrupted and

goes to the routine requested by IRQ. The
" processor IRQ interrupt-request input
could have been used but I wanted to leave
it free for expansion.

For sector read and write operations the
disc controller interrupts on transfer of the
Iast byte. In the case of a sector-write
- operation the data-transfer routine is fin-
: ished when the last byte is written into the
controller. In sector read operations the
data transfer routine is finished not when
the last byte is read from the controller,
but when it is written into the ram sector
buffer. So when a sector is written the
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controller interrupts after all data wansfers
have taken place but when sectors are read
the controller causes a jump out of the
software loop before the last memory-sto-
rage operation is carried out. Worse still,
latency before the controller interrupt is
variable se when an interruption is made,
whether or not the memory has been up-
dated remains in doubt. The solution I
chose was to code the data-transfer loop so
as to maximize the time between reading
data from the contraller and writing it into

the memory. Inclusion of a no-operation,
NOP, increases the data-transfer loop time
to just under the allowable maximum of
13ps to ensure thar the controller always
interrupts before the processor can write
the byte into memory; the first operation
of the interrupt routine is to write that byte
into memory. Unfortunately this writng
operation done outside the data-transfer
loop means that the interrupt routines for
sector reading and writing must be dif-
ferent.

o
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Thraugh
EgRfA &E 9FI00C 278 YECTORLE JMP (VECTORSL] HMT hu uses HMT For iz '
This code executes |
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Notes ~ By changing conteats of location ‘vectoré’ the write routine

exits from its loop te lecation ‘WNMI'

- Vector6 is in ram, all other locations are eprom

The processor starts its interrupt sequ-
ence by pushing appropriate registers onto
the stack and jumping to code pointed to
by a vector in high memory. In this Forth
system high memory is eprom so the in-
terrupt vectors cannot be changed to point
to different routines. T remedied this by
making the interrupt vectors point to code
which executes a jump to a location deter-
mined by a value stored in ram. By chang-
ing data in-the ram location the non-mas-
kable interrupt vector can be altered
during program execution. This practice is
unstructured and therefore unfashionable,
but it is highly effective.

Normally an interrupt routine is com-
pleted by a return-from-interrupt instruc-
tion which restores processor register
values to those prior to the interrupt, i.e.
restore context. In this case the interrupt
vector is being used as a jump instruction
to jump out of the data-transfer loop so the
first operation in the NMI routine is to
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Diagram of program flow during a sector,
read on the Forth computer. ]
delete saved registers (LEAS 12,8). As the
controller is connected to the non-maska-
ble interrupt line there is the potential for
the occurrence of an interrupt when one is
not required. To prevent this the NMI
vector points to a safe routine when not in
use which reads the controller status regis-
ter, clearing the cause of the interrupt be-
fore carrying out a more normal return
from interrupt, RTY, operation.

Extra signals to the disc drives, e.g.
track 42, should be inverted and buffered
using standard t.t.], open-collector drivers
(7438) as used for the WGATE signal.
Extra input signals from the drive such as
READY should be buffered using say two
1814 gates, and terminated as previously
shown. I should have used the drive’s
ready signal, eliminating one of the monos-
table multivibrators connected to the index
line but I did not. Alse I connected my

motor-on signal (5.25in drive, pinl6) to
the Sony drive head-load line, pin 14,
whereas I should have used hold, HLD on
pin 28 of the controller. These minor mod-
ifications were made because I still intend
to use 5.25in drives as they currently offer
better value for money than the Sony
drives at one-off prices.

The matter of write-precompensation
has not yet been resolved. I found by trial
and error that for the Sony drive at least
write-precompensation is not mandatory.
It might be necessary for older 8in drives,
and in commercial products to minimize
the pumber of attempts to read the disc.
Derails of precompensation circuits are
given in the "Western Digital handbook
and reference two.

For drives that keep the disc rotating,
such as Sony’s and most 8in drives, the
disc speed-up hardware previously des-
cribed should not be fitted but the drive
should be connected with the motor-on
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VERIT, VKEY,V?TER

HREAD ,BURITE

LICE L

List 2. Forth words specifie to this system.

Note the movenent of data ¢ntu aad off the stack
ARG,
Forih voerd ‘ARC’ takee TWwo values of f the stack {uP=top uf strack) and produces
three results (F3=new top of wtack).

rl

DPMAK = 4 wser variablle containing the maximum address fer the
dictionary,
. .DPNAX. .adds
SHAX = 4 yser vartable cuntaining the maxinua depth of data
stack alluowed for this vser
. «SHAX. .addr
Pl PR = a WORD ta wtore & byte 1o, read a byte from one of the
user ports
data addr..Pl,, adde . PR, . data
DENSTTY = a toenstani =0 for single density; -1 for double density
. .DENSITY. .boglean
DR-SEL < & WORD o select the drive value top of wtack
value, ,DR-SEL. .,
DE-SEL < @& WORD tn deslect the dise érives
. DE-GEL. .
YERIFY = a wvapraable which if trae cavses a read afler write
yerify of disc writes
LVERIFY., edds
SIDE/DISC < a constant reloraing the numher of wsides per disc
W SIDESDISC. . ealue
SEC/TRK, TRK/SIDE < constants returning the number of sectery peec track and
fracky per disc respactively.
VW BEEATRK, ,vatue - TRK/ZSIDE. . value
SIDE = a4 WORD to select the sude of the daise depeading on the
valee at tog of stack
value , SIDE..
TURITE = 1T dasl 1% weltle-protecied 1swue ereor Assvage 10 and
aport execution te return te ierminal sode
GWRITE. .
OMND = 4 WORD to execuie """ copmand at lop of wiack
valoe . ,CHND..
RATE = a CONSTANT uhich equals the dise drive slepping rate as
coded for thie WDI793
«RATE.. value
SEEK - steps the floppy drive 10 seek the track that s 41 top
of srack
valve . .SEEK..
STEP = a WORD to wtep*the floppy disc,;, IN 1Ff TOS=1
nuT 1f 7FOS=-1
same direction i¥ TOS=0
value ..SFEK,. X
R -abR = reads the address mark ofF the disce, e1iher returns

BEC-R-W = winalar do FORTH R/W except ne Timat checking iy doae.
Retorng to tep of wtark & fFlay, Druaccewsful nperation
Trepre erroe
2-owek eeroer
F-natr pready
aifdr set tor Flay . SEC-RAW,. . wtatue
TRE- WR A WORD to wrate 5 whnle tractk to disc, used in Furmatltiug
a Wisc. Teken.from the stack the addesss of the trach
tumage. Retern WHI792 wtatus, B-wutceunsful
addy . TRE-WR,, wtalue
TRK~BLD -~ & WORD 10 build an Aemory a bytle 1Mage of & 1rack proiee
th he wraottain gur Dy TRE~WP, Jakes dw anpnt the side and
Leack aumber whoost thage 1w 1o be Teracd asd predud s
thie address of where the (maige 1.,
wide frack L LTRE-ELD,, adids
IS - & WORD 1w Tused ous what sept of di-e L. wn fie 47 Lve,
sely UONSTANT - BABRUM ,DINSTIY , SFC/TRE to suit,
. PRIBC. .
M3 - A WORD to driay exerutzen by (he nudber of mollosenshsds

is shows rus

r3 3

4 user variable contazning the execution vecter For
EHMIT,KEY, ?TERMINAL ruecpotively

CNENIT. ,addre VL VKEY. L addy G METER . L addr

a/ Flay=iroe 1f wnsvecessfol (-utates of WD1Y23)

b/ sector_type, wecior, side, 1rack , falwse Flagy
LLR=ADR. . type aector saude Lrack O or
.+R=-ADR.. truve

similar %o FORTH BLOCK_READ, BLACK _WRITE except
addilyional parameters are inclobed, sector within a
rack,

retorns WDIPR3 wiatlve D-sutcestuld

addresy wide  seoloer L LHRFAD.. stetus

that i+ 1op pf mtack

yaluae | HS..

SUEPPEITIY g ne dpedr e tishe Wwerd, thal ¢anbs patched te
2llew oteriedvinyg ol e e ey When formgttreg a dasc,
1stemied vunage 19 2hae ot w1l sd i Fy 1he e 100 nunlass

turrently &1 top of tack.
sl ter nas L LSKEM,, 280 [uz nu J

~ signal permanently true, i.e. grounded.

graph of power-supply spikes, vertical sen-

Software issued (first revision) assumes
the presence of disc speed-up hardware
and includes the faster data-transfer Ioop. I
will supply a drive pin connection list and
format program for the Sony drive that can
be modified for 8in drives to readers
sending an s.a.e. to me at 632 Queensferry
Road, Edinburgh. The Forth word BL.D-
TRK in eprom is only suitable for mini-
floppy disc drives.

Thanks to Hewlett Packard for the use
of their test equipment and Sony for the
loan of a microdrive, Software used, based
on the FIG model, was prepared on an
HP64000 microprocessor development
system.

Integrated circuits 87 and 88 were miss-
‘ing from last month’s components list.
They are 2114 static rams. In the photo-
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sitivity for all but the clock signal is
0.5V/div.,

References

1. J. Bovin, Floppy incompatibility, Systems
International, May 1983, p.6l.

2. J. Hoeppner and L. Wall, Encoding/decod-
ing techniques double floppy disc capacity,
Computer Design, Feb. 1980, pp. 127-135.30v7

Brian Woodroffe plans to describe the Forth
language in a subsequent series.

Wireless World Forth computer
Introduction, c.p.u. and memory circuits,
May 1983, pp. 53-8.

Circuit description, video-controller circuit
and peripherals, June 1983, pp. 55-8.
Software, disc controller and power supply
circuits, July 1983, pp, 58-61.

Construction tips, August 1983, pp.44,45.

Current mirrors with transistors of the
same type of conductance are well known!
and widely used in integrated circuits?. It
is possible to create the configuration with
similar properties using complementary
transistors also, Fig. a. Accepting the
usual assumptions? that

Icr=Isiexp|Vigil/Vr
I2=Is26xpVpE)/VT
I =Ie1Br
and Ipy=I5:/Brz, the output current is

Io= Io
2
1 Iy 1
1+—) A
( Bri
with |Vpgf=Vpr;. If the technology

Is2 B2
allows two complementary transistors with
{gy=Igs, then

1 1
Ie= Lo Io(l —)
ety b Pr1 Pr
B Pr2

as in the ordinary current mirror. Usually
n-p-n and p-n-p transistors in an inte-
grated technology are produced by dif-
ferent methods and parameters I5; and Isy

+Vee

tal (b

Complementary transistor current mirror
with matched transistor (a) and matched
emitter ragistances (b).

are not matched, But the discrete current
mirror with matched resistors in emitter
circuits works reasonably well, Fig. b. In
this circuit
IgiR+ Ve |=Vee+IpR

and
{VeE1|—VEE2 .

R .

If transistors are designed for complemen-
tary operation, say 2N4401 and 2N4403,
and emitter resistors are matched to within
1% the error is 2 to 3% without pre-
liminary transistor matching. The gain (g;
of a discrete p-n-p transistor is usually high
and the collector currents happen to be
matched also. — I. M. Filanovsky, Uni-
versity of Alberta.
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