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I i/TRODUCTION 

The DOU BLER is a high performance floppy d is k controller 
de signe d for th e 5 - 100 bus. It s prope r installation i n an 
5 - 100 system will provide relia b le ope rat ion at the hiahest 
speed and capacity cu r rentl y poss ib le wit ~' floppy disk 
technology . The controll e r is designed to interface 
di r ectly with CP/M, an ope r ating system whi ch has file 
manag e ment facilities and software utilities comparable t o 
the most advanced computer systems. To ensure fu ll 
uilization , the user of a DOUBLER system s ho ul d be 
acquainted with the options available and its g eneral metho~ 
of operation. 

HARDWA RE INTERFACE 

The DOUBLER wil l p rovic e a ll the functions required for 
single or do uble d ensity floppy diskette operation for 5 - 1 00 
bus co~puters. The controller uses the IBM 37dO format fo r 
single d e nsity re cor d ing . In double d ensity, the standar~ 

DOUBLER uses a version of the IBM 20 forMat mod ifien for 12B 
by te sectors to maintain compatability with CP/M . A versio n 
of the cont roller utilizing 256 bytes p er sector IB~ 2n 
formati ng is also avai l a ble . The boa r d uses the systeM 
processor to c ontrol drive functions. Th e trans fer of disk 
data is don e unde r program cont rol in order to assu r e 
reliable ope ration . The board r equires two KBytes of systeM 
add ress sp ace : one KByte is use d by the 2 70 8 EPRO~, the 
r ema inder is u se d for a n on - boa r d RAM sc r a~chDa~ an~ , 
memory - ma pped I /O locations . All I/O operations are handlen 
through Memo r y locati o n s in the boa r d 's address space, s o no 
I /O ports are requi r e d . 

BU5 INTERFACE 

Detail ed inte r face information is availab le by referrina to 
the schemat i c~ included in the appendix . Address decoding 
for the boa r d is accomplishe d by a 256 x 4 bipola'r P RO~ . 

When the p rope r a dd ress appears on the bus , the appropriate 
strobes are ge ne r ate d . Further d e codi n g of the strobes 
for Input and Ou tput functions provides strobes for 
ind ivid ual operations. A power - o n - jump is accomplished by 
disabling the memory at location 0 afte r a reset with the 
phantom line. Th e on - board EPROM is the n enabled and a jump 
instruction to the boot s t r ap rou tin e is sent to the 
ro ce s so r. The board syncronizes the - disk d riv e wi th the 
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processor by holding the system rearly line low until the 
disk interface is rearly for another byte of data . Circuitry 
on the board p r events the ready line from remainin cr low for 
a period of time lon ge r than that require d to transfer einht 
bytes of data from the disk. 

DISK INTERFACE 

Software r outines in the EPROM direct the generat ion of the 
signals necess~ry to control the disk dr ives. ~he output 
signals are latche d in a latch /d river. The in put sicrnals 
are read by the system through an input port . Circu i tr y is 
included to cause the drive head to un loa d i f there has been 
no disk access during ei g ht revol utio ns of the d isket te. 

Nhen reading data from the - disk d rive, the controller 
derives its data clock from the dat a on the niskette by 
generating a si g na l called PLO . This siqnal represents a 
phase lock oscillator and maintains sy nchronization with the 
disk dat a without being sensitive to the shi ft of 
individual bits. Du ring write operations, the PLO is de rive~ 
from the crystal clock and controls the data pulses written 
to the rlisk. During write operations in double density, the 
PLO signal is s hifted unde r special con d itions to cause the 
data written to the diskette to be "pre - compensated. " 
Special circuitry prevents inadve rtant writin g to the 
diskette by unintentional memory accesses . 
Error checking of all disk operations i~ done by 
computation of the sector's CRC . This eRC checkinry is done 
in hardware, so the system is capable of rea ding or writin" 
consecutive sectors . 

SPECIAL INTERFACE REQUIREMEHTS 

FOUR-DRIVE SYSTEMS - ALL Micromation 
systems are capable of supporting 
modification . 

hard ware ann 
four drives 

so ft ware 
without 

DOUBLE - HEADED CP/M operating systeMS are availab e fron 
Micromation to suppor t double heade d d rives such as the 
Shugart BSO or Per-Sci 299 . No hardware chanaes are 
necessary to support these r.rives. 

DRIVES RE QU I !Hl1G ABOVE TRACK 43 Cm! ':'ROL - Some floppy IUsk 
drives require a signal to ind icate that the hea d is 
positioned above track 43. This signal is available f.rom 
the controller , . and is gene ra lly connected to the d isk 
interface connector on pin 8 . Some d rives require this 
signal on a d ifferent line, however, and the user shoul d 
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verify the ope r ation with the particular drive bein" used . 
PER- SC I DR IVES - Special EPROMS are availabJe to support the 
Per - Sci 277 and 299 . These EPRdMS take full advantane of 
the high speed capa bilites of the Per - Sci n riv e s. The hea~ 

load control nee ds to be jumpered as explainen in the 
options section . 

MINIFLOPPIES - Five inch floppy d rives are sQPpo rte ~ by the 
DOUBLER . Special EPROM an d CP/M syste~s are necessary , but 
the controller can be used wi thout modification . ~he 

minifloppy ' s 36 conductor cable shoul d be in~talle~ sn that 
pin 36 of the cable is in the position of pin 5n of the 50 
pin conn ector . 

CONTROLLER OPTIONS 

The DOUBLER ha s several options to make it the Il'Ost powerful 
controlle r available. Thei r functions and fa ctory settings 
are reviewed below: 

"POJ " (nea r dev ic e 7C) - Connection of th is jumpe r enables 
the power - on-jump function of the DOUBLERY. This feature 
operates by d r iving the " phantom" line on pin 67 of the 
S - 100 bus low after a reset . This should di sable the output 
buffers of the low memory. Check with the technical manual 
of the memory used in this area to ensure that it supports 
the " phantom " line . If it does not, the controller's 
power- on - ju mp cannot · be use d , and another method of 
transferring control of the - p r ocesso r to the bootstrap 
routine must be used . When enabled , the DOtlBLER ' s 
power - on - jump circuitry causes the system to jump to the 
cold bootstrap r outine located in PROM on the controller 
board. The DOUBLEP is shipped with t he power - on - j ump 
enabled; to disable it, cut the jumper between the pa"s 
marked "P OJ. " 

"PHANTOM" (near device 04) - This jumper connects the line 
·used to disable RAM while the DOlJBLF.R executes a 
powe r- on - jump. It ordinarily is connected to pin 67 of ~he 

S - 100 bus, but can be jumpered to any other pin whi ch the 
user's system supports. The reference manuals of the 
system should be checked to determine whether any other 
boards use pin 67. A few processor boards use this line to 
output the Refresh ·signa l from Z- SO processors . This should 
be d isabled or disconnected if the DOUBLER ' s power - on - jump 
circuitry is utilized . 
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"XRDY","PRDY" (near device 0 4 ) - The DOUBLER uses t he ready 
line t o synchronize the p r ocesso r with disk d ata. Different 
systems, depending on front panel or dynamic memory design , 
require that peripheral s us e XROY or PRDY on the S- 10n bus. 
The DOUBLER can use either line. It is shipped wi th jumpers 
enablin g the use of both XRDY a nd PRDY. If either advers e l y 
affec t s the system operat ion, it may be disconnected by 
cutting the trace wh ere marked. 

"WRITE" (near device 7A) - In orde r to p r event unintentional 
writi ng on a dis~ette, a write enable j umper is installen . 
This jumper must be in place in order to write on a 
diskette. If the floppy disk drives that are being used do 
not support write pro te c t (a ll Mi cromation systems do) , it 
is recommended that this jumper be removed until the system 
has been operated suc~essfu l ly , and whenever the user wants 
t o ensure that a d iskette is no t written u po n. 

"HEAD" (near device lOA) Standard Shugart type drives 
suppo rt a signal named Head Lo ad o n the d isk interface 
cable . This signal is used to l oad and unload the head of a 
selected d ri ve, so the drive select buffers ma y remain 
enabled. Other drives , such as Per - Sci, use the drive 
select li nes to unload the head . With these d r ives the 
d riv e s elect lines must be disa bled in order to unload the 
h ead. The DOUBLER unloads the head of a sel ected d ri ve if a 
read o r write operation has not o ccured durin g the past 
eight revolutions of the diskette . Ordinarily this ' is done 
by disab ling the Head Load line. If the controller is used 
with Pe r- Sci type drives the "HEAD" jumper must be s witch ed 
to its alternate position . This will disable the d r ive 
select buffers to unload the head . 

"WAIT" (n ear device 0 5 ) - To facilitate operations wi th Z- 80 
processors a " wait" jump e r is a vailable. This causes a wai t 
state to be added only when the board i s addressed. Th is is 
necessary to enable the on - board 2708 EPROM to be accessed 
and to allow time for the disk control circuitry to be 
properly set-up . This wait state wi ll not a ffect overall 
system speed , since du r ing disk operation s the speed of the 
system is controlled by the transfer speed of the disk data . 
The " WAI! " jumpe r must be co nnected when the DOUBLER is used 
with any 8080 system . If a 2MHz Z- 80 processor is use d , 
" WAIT " should not be connect e d . The DOUBLER is shipped with 
the "WAIT" jumper installed . It s houl d be removed only when 
operating with a 2MHz Z- 80 processor board . 

NECESSARY HARDWAR~ 

Mi c romation DOU BLER floppy disk systems are 
operate with all standard 5-100 systems with 2 
o r Z- 80 processors . Since the controller 

designed to 
to 4 MHz 80RO 
performs a 
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powe r-on- jump , it can be us e~ in systens with or wi thol l t a 
front panel . The operating system requires at least l~K 

Bytes of RA!·t contiaously adn r essed in the lowest a rlrl resses 
of memo r y. The controller occupies 2 KBytes of ~enory 

generally located at the top of the ad~ressable meMorV 
ran ge , from F~OO to FFFF. The u ser should ensure that there 
are no memory ad d ressinq conflicts with other boar n s in th e 
system . The DOUBLER may be add resse n at loc ations COOO , 
0000 . EOOO , or FOOO by obtainin g special pO.O"'s froI'! 
Micromation. 

CONSOLE DEVICE CONNECTION 

A console device is necessary to communi ca te with the 
ystem . The DOU BLER includes a f u ll fun c ti o n UA?~ to ' 
communicate with Rs - 232 type terminals . The s o ftware 
provided with the 6ystem is p r ogrammed to use the UART on 
the cont r o ller to ~ommunicate with the console nevi c e . 
Opt ional software d rivers for the P r oce ssor Technoloay ~ O L 

and No rthstar Horizon are also available frOM Micromation. 
INSTALLATIO N 
Installation of the ha r d ware is strai g ht fo rwar d . To 
initial l y bring up the system , the nininum amount o f 
hardware should be used . This is just the disk con t roller . 
processor board, anrl 16 to 32 KBytes of memory in the l owest 
ad dresses of RAM . An Rs - 2l2 ter~inal shoulrl then be 
connected to the controller boar d. The controller has a 1 0 
pin socket heade r with cable on the ri gh t sine of the 
boa r n . The pins are labeled to in d i c at e their P~-'l '. 

function . The following table may be used to connec t an 
RS - 232 terminal. A ten foot cable with ?S - 2 ''. conne cto r i~ 

avai lab le from Micromation . Mo st RS - 'l 2 te r~ inal s rea u ire 
only three signals (ground , transmitter data , an d re ceiver 
data) to be connecte d . The other sionals are for terminals . 
which require handshake operation. 

HE ADER PIN 
2 
~, 

5 _ 
-9 , 

BAUD RATE SELECTI ON 

NAME TERMI~AL RS - ')'. PI N 
GROUND 7 '/ 
TRANSr·!ITTER DATA ) ...-
READY TO SEND ~~, 
DATA SET READY ~ "- 1i '1 
RECEIVER DATA 2 ./ 
ClE''il "0 S~'-lb 1.0 

Any Baud rate frol'l 11 0 to 9600 can be selecte~ with the 
proper jumper. The Bau d rate selection jumpers are in the 
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upper r i~ht side of the controller, nea r the RS - /.1/. 
conne c tor . ~hey are labele c to indicate the appropriate 
Bauc rate. The c ont ro ll er is shippe n with a t r ace settinr 
the Bau d rate at 2400 . It is reC OMM en c e d that th is rate be 
used until the system has been -brouqht up a n ~ o pe rati o n 
verifie d . The Baud rate can b e chancred hy cuttino the 
trace connecti n g the " Raud " and " 2400 " contacts , an~ b v 
adding a jumpe r from the " Baud " contact to the - app r opr i ate 
pad . For operation at 11 0 Baud , the foll o wincr proce~ure 
should be followed. A t race connects the pan lab le~ " 110 R 
(near the lower right han d si d e of the boa r d) to t h e o r ounc1 
pla ne . This trace must be cut an d a jumper ad~ ed to connect 
the center pad to the pa d outsi d e it. A jumpe r must also be 
adde d t o connect " BA UD " to R11 0 R. 

COt-1 PATIBLE: DR IVES 

The standard versi o n of the DOUBLER can be used with one to 
four d rives. Double heade d d rives may be - u se d by obtaining 
a special version of CP/M from Micromation. ~he controller 
is easily adapted t o ope rat e with mos t - s ta n~ a rd drives , 
including minifloppies and Per - Sci t ype d ri ve s. ~he 

co nt r olle r will operate ~u ccessf ul 1y i n double den sity with 
d rives manufactu red to do uble d ensity specif i ca ti o ns. Ch eck 
with the manuf acturer of the drives if ther e is any doubt 
concerning the capabi l ity o f a pa r ticu lar d rive fo r double 
de nsi ty ope r ation. 

BRINGl rTG OP THE SYST EM 

The p r ocess of bringinq up a system is called bootstrapoinn 
and is started by exec11 t in g a pro q r am in the nOU RLF R' s PP O~ 

called the boot strap. This program d irec ts the system to 
r e a d the MMBO OT program from the f irst sector of track ze ro 
of the diskette in the A d rive into Memory a t l ocation 0 , 
and then to jump to location O. MMB OOT rea d s the Disk 
Operating System ( DOS) then from the first two tracks of t~e 
disk ette int o the top area of memory , an d when cOMplete~, 

transfers control to the DOS . 
The following procedure · should be used to bootstrap the 
system: 

A. Install the controller in 
leas t 16 KBytes of RAM . 

an 5 - 100 computer with at 

B. Connect the fifty conduc tor ribbo n cable which connects 
the controller and the drives. Pin o ne, in d i caten by a 
colored stripe on the e dge of the cable mus t be connected to 
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the h eaner pin one on the lef t si de of the contro ll e r hoa r ~ . 

C. Connect an RS - 232 te r minal to the control l er. 

D. Ensure that there i s power to the d isk d ri ves . 

E. Turn on the computer and hit reset. 
• 

FJ Ensure that the 16K system d is k e t te is write protected 
(silver strip remo v ed for 8 " di skettes) or that the " wP IT~ " 

jumper is removed from the contr oller. 

G . Insert this d iskette i n drive A. (The lower 
Megabox, with the label facing up.) 

d ri ve o f a 

H. If the compute r has a run /stop switch hit r un . If th e 
DOUBLER's po we r- on - jump is not being utili ze c , use a front 
panel o r mon itor to ca use t he system t o execute the p ro ~ r a m 

at location F80e (or at the base a d dress of the controller 
if it is locate d at a d i ffe rent l o cati o n.) 

I. Drive A shoul d home , step twice, an d within a bout one 
second d isplay an "An Thi s is the CP /M p r onpt and 
indicates that the system has loa d e d successfully. 

J. Type " DI R". Th is is the CP /M c omman d to display the 
d irecto r y of the names c£ the files o n the "I isk ett e . '!'he 
s y stem should respon d with t he names of the files. 

!<. Typ e "MMCOPY ". 
lead th rough a copy 

The s ystem 
operation. 

is not write 
d isk.ette. 

pr o tec ted , and 

will respond with p ro~pts to 
Place a dis k ett e in B whi c h 

copy the oriainal s ystem 

L. After 
minute) , 
drive A 
boot" if 
ena b led. 

cot'lpletion o f 
reboot off the new 

the copy 
diskett e 

ann r eset in g the computer . 
the power - on - jump feature 

operation (about one 
by insert inn it in 

This will calIse a " cold 
of t he - controlle r is 

M. Repeat this bootstrap operation wi t h 
disk.ette in a computer with 32 KByt es of 

the 32 
memory . 

K system -

This compl etes 
If you have 
gui d e. 

the process of 
any problems , 

TIPS ON USE OF THE SYSTEM 

bootstrappin g 
refer to the 

you r s ystem 
tro ubI e shoo t i ng 
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A. Use only hiqh 
availab le , but 
pe r fo r mance. 

quality 
will 

disket tes . 
seriously 

Ba r gain 
il'lpair 

diskettes are 
t h e systeT'l's 

B. Always keep the diskettes whi c h wer e ,shipped 
system write protected. (NO tab o n the notch 
d iskette s) .. 

with 
for 

the 
R" 

C. Remove d iskettes before turnin g off the syste~ ' s pnwer . 

D. Always keep diskettes covered, and never touch the me d ia 
in the jacket 's slot. 

DOUBLE DE NSITY OPERATION 

All " soft - sectored " di skettes-have the - a dd resses of each 
secto r p r ereco rde d on the d is ket te. The p r ocess of 
r ecord i ng this i~formati o n on a b l ank ~ isk ette is called 
formatting. The type of format on the disk e tte dete rMines 
whether the DOUB LER operates in single or double density . 
To fo r Mat a d iskette for double density operation , follo w 
the d irecti o ns in thF SOFTWARE UT I LI T IES s ect i on . After the 
format operation I you may use the ~wly forl'latte rl diskette 
just as an y othe r d isk ette . A s y s tem ma y be tra nsferred to 
the d iskette u sing the SYSrtOD program . You may u se the PIP 
program to transfer files from sinale to double densi ty 
d iskettes o r vice versa. The system r e q u ire s no spec ial 
treatment of doub le density d iskette s, but they shoul ~ be 
marked to indicate their fo rmat. In case there is a nv 
confusion , a utility called " DENS I TY " will test a di s kette 
and report its d ens ity . 
Successful doubl e d ensity operation requ ires t he hiahest 
quality diske ttes . Special diskettes which have bp-en test~ r. 

to double d ensity standard s are availab l e f r om mai o r 
manufacturers. There use is ' rp.coM~en d e rl . 

4 MEGAHERTZ OPERAT I ON 

The DOUBLER may be operated i n s y stems ope ratin a a t d MHz by 
adding a j umper in the position marked "WAI T ." The user 
should be aware that the on boar d UART d erives its clock 
fro m the 5 - 100 "CLOCK" signal which is d efine d as 2 ~Rz . 

Some p ro cesso r boards, however, output a '4 MHz si ena l on 
this line. This will cause the baud ra te gene rator on the 
COUBLER to operate at double the ind i cat e d speed . Since the 
maximum recommended clock speed of the 8 251 DART is also 



• 
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exceeded . it coul d also resu l t in imprope r UAPT operation . 

• 
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SOFTWARE 

AN INTROOtlC'!'I ON TO CP/M 

CP/M is a disk operating system desiqner for aOQo 
microprocessor systems. It is a very powerful s oftware 
package an d provi ~ es the user with a broad sup ply of 
software tools . Time spent becoming fam iliar with the 
system will be rewardi ng . A gene ral introduction is 
included in the appendix for orientation purposes. 

CP/M INTERFACE 

The source programs of the CP/M input/output driver. 
programs , called MMCBIOS an d ihe system bootstrap, calle~ 
MHBOOT, are included on the CP/M diskette and a listing is 
included in the appendix . ~he contr o ller was desioned 
especially for CP /M and most of the calls to the controller 
are di rectly compatible with CP/M . The base of the 
controller is a jump vector to the primitive routines. 
CP/~ must be mod ified to all o w ope rati on in double 

density. This modification is perfo rme d during the 5YS~OD 
process . SYSMOD is a revise d version of SYS~F ll which 
modifies the operating system to wo rk in dO lt ble density . It 
shoul d always be used in place of the SYS~E!T program. Any 
CP/M system which is used for a war~ boot must have been 
modified by t he SYS~OD program . This is easily accoMplished 
by calling SYSMOD ~n d specifyinn both the sour.ce an d 
d estination d ri ve as the sane diskette . RemeMber !TF"E~ 

HARM BOOT FROM A NOn ~fICROMA'!'I ON VF.RSION OF CP/'-1 WI'T'por"l' 
PF.RF ORMING A SYSM OD . This modificati o n wi l l not affect t he 
ope ration of any CP/M system when used in other cOMputer-so 
CP/M groups sectors in blocks in or~ er to facilitate 
efficient file management . In single density the CP / ~ 

operating system accesses blocks of e sectors , an~ there are 
2~ secto r s per track. In double de nsity operation , thp. 
bl~ck si~e is change d to 16 sectors, and there are 5? 
sectors per track . With double - headed drives, the s y s te~ 

considers the t r acks to have 104 sectors and operates with a 
block size of 32 . In all systems the directory size is 
limited to 64 entries. 

CBI OS FEATURES 

The use r should be aware of several ~eatures of 
~icromation ' s version of CP/M . 
Whenever a cOM~a nrl is given to a drive which is no t rea d y, 
th e system will wait in a loop unti l the d ri ve h ecoM es 
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ready . 
If a wr iie o peration is attempte ~ on a wri~e protec t ~~ 

diskette , the system will report a. "p" to t.he console 
device, and will loop until the d iskett e iR no l ono e r wr ite 
protected. 
Due to a 
file which 

" feature" of CP/M, the sour c e d isk et te of a l aroe 
is bein g transferred by PIP must not be wri t e 

If it isn't the system will report a ~ P" an d 
the source d iskette is write protected . 

p rote cted . 
wait un til 
A sample 
printer. 
it may 
CS I OS. 

routine is included in the CBlns to support a 
This rou t ine is locate d at the top of the COIns so 

be "hot patched" us in ~ DDT without reassemblinq the 

ADAPTI nG THE DOUBLER TO 1\ CP/M SYSTEM 

~he DOUBLE R will operate with any CP / M version 1 . 4 s y s ~em . 

If you already have a CP / M system it nust be mo rl i f i er t o 
include MMCBI OS and MMBOOT. This is rl one by the stan d ard 
system g eneration procedure with the except i on that the 
SYSMOn program is substituted for the SYSr.EN p r ogram . This 
is basically the same procedure use d to change the si z e of 
the system. For an example of the procedure, refer t o the 
appen dix . 

GENERATING A NEW CP/M SYSTEM 

The g e neral p r ocess of · buildina a new CP / M system involves 
assembling the MMCBI OS and the MMB OOT proarams with th e 
MSIZE parameter set to the proper value for the menory size 
of the system . The Hex files for these prograns are t h en 
l oaded into memory to create a memory i~age of the - ~stem 

with a base of 10 0 Hex . This memory imaae is th e n 
transferr ed onto the first two tracks of the diskette usinq 
the SYSMOO program. A gene ra l knowled ge o f the - ~P / ~ e d i to r 
a nd assembler is necessary and the CP/" docu menta t i o n 
should be reviewed. The CP/M ~Systern Alteration Gui rl e~ 

explains the process in detail . Whe n the ~stem si z e is 
change d , the user may also chanae the software routines in 
the .IMCBIOS to support the system's printer . ~he stan d ar d 
version of the MMCBIOS includes a routine to s u pp o rt a 
printer which may be modified for a particular sys t eM . 
When changes are made to the MMCBIOS , always check to ensure 
that the top of the CAIOS does not exceed the ava ilable RA~. 

The appendix includes a sample session in which a ne~ CP / M 
system was c r eated. The underline d text was print·e d by t h e 
compute r , non underlined text was printed by the ope rat o r . 
The type~ritten comments have been a d ded for explana t i o n of 
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the session. 

When loading the MMC~I O S with DDT d urinq the svste~ 

generation process, it mnst be given an offset to Ida~ at 
the proper a d dress. A table of com~on o f fsets is inclu d e d 
below: 

SIZE IN KBytes 
16 
24 
32 
40 
4R 
56 

DITRODUCTION TO BASIC - E 

OF'FSF.'!' 
EORO 
CO~O 

AO BO 
B0 8 0 
6080 
40 RO 

BASIC - E is a Basic compiler that was d eveloped by r.ord o n 
Eubanks at the Naval Postgraduate school in Monterey , 
California . It has become a widesprean lanauage for RORO 
and Z- 8 0 microcomputers. This compiler requires at least 20 
KBytes of memory to operate . Less memory will cause a loa d 
error , indicated by a LI diagnostic . The latest version of 
BASIC - E is included with the software whi c h is shippen with 
all MicroMation systems. A complete documentation manual 
entitled "A Users Gui d e to Basic - E" is available from local 
dealers or from Micromation . An upgraned version of BASt C- F, 
called C- BAStC . is also available . 

SOFTWARE UTlLITIES 

FORMATTING DISKETTF.S 

Two utility prograns are available to format diskettes . 
SDF OR:.1 formats single density diskettes, DDF OP:'1 f o rnat s 
double density diskettes. Diskettes May be forMatte~ on any 
drive by following the format command with a space an n t h e 
drive to be use d (A , B,C , D). Example : " DOF ORM A" 

COPY ItlG 

The utility MMCOPY copies 
op t ions are a v ailable. 
diskette. "MMCOPY SYSTEM" 
" MHCOPY DATA" copies all 

MF; r-t ORY TESTS 

one diskette to another . Sev e ral 
" HMCOPY ALL" copi e s · the entire 
copies the first two tracks only. 

but the first two tracks. 
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Two versions of an exhaustive me~ory te st are available . 
LlIT EST tests the 16 KByte !::llock of RAi·l fro t:\ oono to 1F;:"F' . 
It mus t be use d when op e ratinn wit h a 3~ K system to avoi d 
wri t i ng over the system du r ing the test . HM~ES - tes t s 
memory fro~ 4000 to 7FF F . It must be user with a 1~K 

system . Th e test conti nue s indefinitely bllt reports are 
ma d e every fifteen ~o t wenty minutes . Typi na a carriAa~ 

r eturn a bo rts the test an d repo r ts the res ults . 

DENSITY 

This ut ilit y reports the de nsity of the d is ke tt e in the 
specified d rive . " DENS ITY B" will cause the system to test 
The d iskette in d riv e B and repo rt wh ethe r it is single o r 
double d ensity. 

STAT 

The STAT c o mmand is used to de termine t he a mount of sto ra ce 
space availab le on a d iskette . 
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HOlol OOU BLF. On!SITY WORKS 

Information is recorded on all floppy d iskettes i n Rerial 
format . If a binary one is to be record e~, a sinna l called 
a flux r eve r sal , is recor d ed on the di skette. A bi n a ry zero 
is indicated by the absence of any signal . Du ri na playback 
the controller decodes the d ata by dete rm ini~ a whether or 
not a signal was present d u ring a certain period of time . 
This pe riod of time is called a Rwindow~. In or ~ er to 
establish the beginnin g of one window and the en~ o f 
another, timing signals ca lled ~ clocksR a re ad rl e~ to the 
dat a when it is recorde d on the diskette. Th ese si anals do 
not carry any binary informa t ion b u t are essential to enahle 
the cont r oller to keep in ~ synchronizati on R with the data , 
which means to be able to accuratel y determine the prnper 
windows for the data . 
Diffe rent method~ can be used to insert t h e clock patter n 
in to the data stream . Th e most common, an n by far th e 
e asiest to implement, is th e met ho d use d for single de ns ity 
recording called Frequency ~odulati o n (F~) . In this meth od 
a clock hit is inser ted between each data wi ndow . Decodin g 
is straightfo rward. If a bit is detecte d between the c l ocks 
a one is d ecoded, no bit between the clocks re p rese nts a 
zero . Th is me thod is easy to implement but inefficient. It 
is ine f fi c ient beca u se half of the capacit y of the dis k ette 
is - used to record clocks , whi ch do not carry information . 
The data bits themselves can be used to " synchronize " the 
controller, but if severa l zeroes are transmitte d no data 
flux r eve rsals wi l l be p resent at all, so the con t r olle r 
cannot use them for s ynchronization . In case two z e r o bits 
are to be record ed a clock may be ad d e d to "aintain 
synch roni zatio n. This enc od in g method i s callen Mon i f ie n 
Fre que n cy ~odulation (MFM) an d is the basis for ~oubl e 

d ensity recording . This ~ethod doubl es the rliske~te 

re co r d ing capacit y hy increasi ng the efficiency of the 
info rmation reco r ded. Th e d ensit y of the flux reversals on 
the diskette is not increase d . The si 7.e of th e win~ows 

whic h demarcat e the da ta and clock pulses is, however . 
re du ced by half. Because of this . the controller for rlouble 
dens ity recording must be Mu ch ~ore sophisicate~ th a n a 
sin g le d en s ity controller. 
In order to achieve reliable do u ble density operation 
several addit ional functions must he inclu rl e ~ in a double 
d ensity control ler. The first . o f cou rse , is t he capability 
to recor d and decode MF~ signals. Du e to variations in the 
characteristics of the rea d and write elec t r onics . the bits 
when read from a diskettes a r e d isplacerl from t h e ir 
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nominal position. With d ouble ne nsity r e cor d ing' s re ~uced 

window size this displacement can cause serious error 
problems if circuitr y i s not included -to circumvent it. The 
first corrective ste p to be taken is c alled "write 
precompensatio~" . Th e most serious c ause of the 
d isplacement of the bits from their nominal po sitio n , callen 
"bit shift" is the d istorti o n of the - rea rl amplifi er du e to 
the frequency changes in the incomi ng bit s t ream . This 
error tend e ncy called "peak shift" is predictable . In order 
to alleviate the problems cause d b y peak shift, the data to 
be writte n on the diskette is shifted in the opposite 
d irection as the anticipated d istor t ion . ~herefore when - the 
p l ayback distortion takes plAce , the peak sh i f t ca u ses the 
bits to be shifted b ack to their nominal pos ition . 
The s~cond impo r tant step to be taken to eliminate errors in 
the d ouble d ensity controlle r is to incoroorate a 
ph ase - lock - oscillator. The p r oc ess of aeneratino t~e 

wind ows t h at d emarcate the d ata an d clock pulses is - :allen 
data separation . OrdinarilY this is done by ti ~ i no a 
ce r tain amount of time from the most -recent pul se . Since the 
bits tend to mo v e from their nominal position the win ~ows 

also mo v e . A phase - lock - oscil l ator averages the posi t ion of 
the bits so stable windo ws may be generated . I nd ivi d ually 
shifted bits d o not seriously affect the position of thp. 
window . 
By combining 
p recompensation 
implemented in 
single de nsity. 

a phase - lack - oscillato r with wri te 
circuit r y , double densi ty r eco r d ing has been 

the DOUB LER with reliabili ty comparable to 
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TROUBLESHOOTI NG GU IDE 

SYSTEf.! HILL NOT BOOT 
F.xamine F BOO (or the base of the controller) . to 

ensu re that the jump vectors are readable by the syste~ . 

Test RAM at location zero. 
Ensure that the " WAIT " jumper is proper~ y set for 

the systems speed . 
Attempt to boot without usino the controller's 

po we r- on - jump . 

IF HEAD DOES tJOT LOAD 
Ensure that the drive cable is installed properly . 
Ensu r e that DC and AC power is properly supplie~ to 

the d ri ves . 
Check to make su r e that the diskette is prope rly 

installed . 
Stop the p r ocessor afte r attempting a cold boot. If 

the program counter is locate d in the PROM ro utines , the 
controller is probably not r ecei v ing a ready siqnal from the 
drive. Attempt to boot from drive B , by referrin g to the 
instructions below . If the processor is outsi d e of the 
controlle r' s address space , the syste~ has "crashed ". 
Recheck add r essing and the ability of the systeM to rea d the 
d ata in the EPROMS . 

IF HEAD DOES LOAD BUT DRIVE DOES NOT STEP 
Before atte~pting to boot, fill location 0 to B ~ Hex 

in memory with zeros . Stop the processor , o r ret u rn to t he 
monito r immediat l y after ~he hea d load s when atteMp tin g to 
boot . F.xamine location 0 to dete rmine whether the bootstrap 
(a listing is in the-appendix) has been r ead into meMory. 

If the bootst r ap has not been rea d into me~ory 

p r ope rl y , the system is unable to read the diskette . ~ry to 
boot off of another diskette , or try to boot fro~ drive R. 

If the bootstrap has been r ead into MeMory prooerly , 
the system is u nable to rea d the DOS fro~ the first two 
tracks. ~ry to exchan ge o r test the meMory in location O. 
Also t r y to boot from another diskette or from d rive R . 

IF HEAD LOADS AND DRIVE STEPS , aUT n o pOOMPT APPFA PS 
Recheck the i nterconnection to the RS - '" ter~in al 

and ensu r e the Baud r ate is properly set. 
Test or change the "eMory where the system is beine 

loaded . 

SYSTE1-l. OPERATES ERRl\TICALLY 
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Exchange the system memory . or run t he most 
extensive tes t available . Ope rating a n isk system is the 
most extensive memory exercise undertaken by most syste~s . 

Nearly all problems of this nat u re will be trace~ to 
de fective memory. 

SYS'!'EII BOOTS BUT REP ORTS PERHANB ~TT ERRORS 
Ensure that high quality d iskettes are 5 einD ' Ise d . 
Format the d iskette. If the problem nnes not reC llr 

with that d iskett e, but does with other diskettes , the nrive 
is out of alignment . Refer to manutact·urer ' s literature to 
align , or return to the factory . 

BOOTI~JG FROM DRIVF. B 
Remove device 1 0 h from its socket, benri out pins 5 an n 

6 , and replace the device in its socket, so that these pins 
do not make contact . 

Connect pin 2 8 of the SO pin hea de r to aroun d . This 
forces a select to d rive B. 

At tempt to boot by placing the sys ten diskette in 
drive B. 
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COM PATABILITY GC I DE 
SOL 

Operat.ion of a Do nBLER syst.em on a ~OL may cause 
random characters to be deposite d in the vid eo memory. Thi~ 

can be prevented by removing d evice U- 7 6 , locaten un d erneath 
the keyboard of the SOL . Bend out pin 4 of this device. an n 
replace. 

( 
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MIC RO MATI ON LI M I T~D WARRANT Y 
For a period of si~ (6 ) mo nt h s from d a te o f p ur c h a s e , 
MicroMation warrants that all d is k system prod u cts wi l l b e 
free from d efects in material a nd wo rkmans hip , an ~ wi l l meet 
specifi c ati o ns in effec t at th e tiMe o f man u fac tu re. 
Micromation will , either repair or replace , at its 
dis c retion, d efective equipment which is re t \lrne~, postaae 
prepaid , to the factory durin9 the warranty peri od . 
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