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The  l { ene lac  d l sk  sy t t rm  l s  des lgned  to
pro.y lde ar t  econornl  cp l  arrswer to bulk  Ftorage
on mlcroeomputar  sygtems.  The r l lsh cont , ro l  ier
card,  melgur |ng 1I  x  l1  cm$ r{eo cor i l r r lss loned
by  l l en ry t s  Rad lo  and  I s  who l l y  UK  des tgned .
FurEher.  I  t  was des iened to be tota l  I  y  bug
lndqpendent . A, I thoug.h des i gned w I th the fi lascon
ronge of  .mlcrocomFuters In mlnd,  the l {enel  Bc
d l sk  con t r c l  l e r  ca rd  end  I  t s  a t t enc idn t
so f t f l l r €  (w i t h  m lno r  mod l f l ca t l ons l  can  be
uaed  w l th  any  o the r  8080 .  8089  o r  280  based
€omputer  syotem provided that  .6n uncof i rn i t ted
pe r l phe ra l .  l npq t /ou tpu t  dev i co ,  such  as  t he
I E O  P I 0  l s  a v a l l a b l e .  T h e  d i s k  c q n t r o l l e r  c e r d
l r  coa rpa t l b l e  w i t h  no r i lE l  TTL  l eve l s ,  and  as
sfch could be ussd wl .Eh proccsrors other  tsan
t h e  2 8 0  E 0 8 0  s e r l a 6 ,  a l t h o u 6 h  t h e , c o n t r o l l l n g
io f t ns r$  wou ld  have  to  be . rewr l t t en .  The re  a r ;
n o  p l a n s  t o  o f f e r  t h l r  f a c l l  l t y  6 t  p r e s e n t .

The fornat  used In the Henalec d lsk
sys t cm l s  l 8M cd rpa t l b l e  rdoub lo  s l dcd . / s l ng le
d c n s l t y r  u s l n g  P e r t e k  2 5 0  s e r l e s  5 , ! 5 r .  d r l v € s
uclnE two s ldes esch bf  tE t racks '  E€ch t rack
cons l s t l ng  o f '  lO .  (1ZE  by ta )  sec to rs .  The
hardtarc lg  I  n tcrnal  I  y  decoded for  use wl  th
the  doub le  

' s l ded  
d r i ves ,  t he  rwo  s ides  be i t g

re lected !n segucnc€,  such that  ths dr lve
behaves  6E  a  s l ng le  s l ded  d r l ve  o f  70  r reckc .
The hardwore and software oay be upc.raded for
ute vl th ltt drlves. Al ttpagh tha Hene.lec
tyste{n u$cs Pertak dr lves,  nost  other  s tandard
dr lvct  of  .  o ther  manufacture can bc used.  The
i lngle densl ty  d lsk format  rvas ehoref t  es by
fsr  th .e ecost  cormerala l  sof  tua/€ is  av6 I  table
ln  t h l s  f o rma t .  S Ing le  dens lEy  has  beco f i o  anr l ndus t r y r  so f t l r a re , i t anda rd t ,  un fo r tuna ta l y  nc '
tuch staoderd ex is ts  for  double densl ty  forrnat
sy3t€ol3.  Al thoush at  f l  rEt  thou&ht  to be
t t t r ac t l ve .  doub le  dane l t y  f o rnu t  yes  f t na l l y
d laregarded,  on t .hree grounds,  Coste lack of
$of  t r l re  s tandards,  and despl  te  th8 rapld l  y
lmprpvlng teEhnofogy,  undlspel led doubt i  about
the  oyGra l l  dn te  l t l t €g r l t y  o f  doub le  dens l t y
syst ; f i is .  Thg Henclec sy$tem ls  deslgned to be
€t t r |c t lye to the homs uFer becgu*e of  i ts
conparr t lve ly  lo} t  cest ,  ind to the tndur t r la l
rnd buglnoss uger brcausg of lts adhcrence to
al rcsdy occapted sof tware standardl .  I  t  ls
Iniortant to hotd that both the hErdwar6 and
roftuare garamotcrs for the Hcnelec $yctent
r r re  de l l be ra t c l y  cha$en  to  bq  cod tp f i t t b l e  w l t hrsD systerns t cP/H formats. sB systErns tfou ld
apptgr to have dost con$erclal CPlll cof tv*ar{t
a v a l  l a b l a .

Tha Henelac systori can be consl'dered
In  t h r cc  pa r tF :  t h€  d r l ves ,  t he  con t ro l  l e r
cerd and l tB ass.occlat rd io f tware,  and the
dl r lc  contro l  sof tward,  A ?6 way i tbbon cable
ls reQfulred betwecn the cofl ip{ter PtO and th€
FDC,  ca rd ;  +5  and  +14  vo l t  supF l l es  a ra  a i so
roqUlrGd by the FOC card.  The t6 ur€y r ibbon
ctb le b€tween " thq.FDC-csrd snd the dr" tv€s $ay
hs up to i  mctres In langth,  a l  l6r . l ln8 '  the
drlyes to b€ .run rsttrtcly fro$ the contguter.
In  l ts  s lmplest  forn.  ths FDC cerd Fray be
moun ted  In  i  conven ien t  l ocs t l on  r l t h l n  t he
cofltpuler casc or frarrc and drav lts go$Br from
the co{ tputer  power suppl l tsJ A} ternat lve ly  che
csrd ri l ly bc morrnted In thc drlre case lf the
dl i tance between tho computsr  6nd dr ive casc.
I r  kopt  to  s  mln lnt rm (cab|e not  to  axceed I
Eetrd) ,  The HeneJ:c sybt$t  lc  .a : rs i " lab le ln  two
d l s t l tEE  vc rg lons .  i

T h e  r F l o p p y  T a p e  R e c o r d e r l
q  ! r E t a t a q ! t q a I c t t E t E E $ s E s E

The  rF !oppy . taps  reco rde r r  6o f tua rB  l s
deslaned to be useC ul th Nascom mlcrocompurers
and  uses  the  d r l vcs ,  t he  con t ro i l ' e r  ca rd  ( t l t - h
I  ts  sof  tware )  and a s I  mpl  e rD I  s lc  0perat  Ing
$ysteml calLs.d-  0-0OS whtch runs under } |AS-SYS.
I t s  pu rpose  l s  t o  rep lace  the  e r l s t l ng  Beed
l l r l  te  c€sset te tape corh$r .1nds aval  lab le f  rom
the monl tor ,  and Read end t rJr t te  data tg the
d lEk  Ins tead .  Th l s  g l ves  an  app ro r lma te  100
t lmes I ncrease tn spe.ed (conqpared wl th a
l {ascom ? .  runn lng  a t  I ?00  BAUD} .  D -DO6 doos ,ao t
contg l .n any i j tsk management rout lncs,  and the
u re r  l s  I n tended  to  o rgen l$e  the  d t sks  l n  much
th€ $ame way he would prev lously  hrve done
u s i n g  c o $ s e t t e ' t [ p e .  0 - D O S  l s  p r l s r * r i l y  s l m g d
€t  tho rmchtne code progranmor,  und provl .de s
the base for  a Fkrrc e laborate D0$ whfch ' the
use,r  may wlsh to wr l t€ .  A fu l ly  cofr f i tc . f i ted
) l s t l n g  l s  s u p p l l e d  w h l c h  d s s c r l b e s  h o w  t h e
dlsk rout tnes Ere accgased and how- errer
ctndl  t ian:  are handled.

The FDC sof tnare ls  located at  8000H
and the D-EOS Er Bt+0011, th€ tota| sofftrarr
betng 2| (  long;  This locat lon wss cho$€n as
th l s  l s  space  $e t  as lde  fo r  cohancan r t s . t o  t h i
Hascon opcratlns 3y$tcrn. lhe orlt lnel f ir#F?!l
rnaF of the Hascanr lt not altpred In any rray,
*nd a I I thc features of thc llasc.om r€nel n
unchs n&.ed.

tl-0OS supportr fogr cormnda.:
R  l l l l  a a  t t  s s  d d

R€ f ,d .  r t a r t l nE  a t  6dd r *ss  ( l l l l ) ,  daa )
see ta rs ,  g ta i t [ n€  € t  < t t ) '  

' t r ack  (es ] '
sectsr .  fFom (dd)  dr lue.

!c  f f f f  r t t t  t t  ss dd
l { r l tar  s ter t tn t  f rcm addrerr  ( f f f f }  to
addrers <t t t t ) ,  to  df r l r  s tar t lng at
<t t )  t r ick tsc)  sqctor  on dr lvo (dd) .

l l  Return i,o HA$-$YS.
F  ;  F o r m n t a d l s k ,

Th€ eorrrcnds ars ful ly v€l ldatcd end
In the svBnt  of  an error ,  .prompt the ugsf  fer
tha cof rect ehtry. Af ter a tlr l !e coturrnd,
D-DOS rcturns th€ nur&ar of sector' seyed, and
ths start eddr66i of the nefit free treck rnd
66e to r .  Th l  s  I n f  o r r t a t l on  s lmp l  I  f  I es  . t hg  t ask
of keeptng track of the dara stored on tha
d l  s t t ,

Ful l  docurnontat fon and I  l r t tngs of
0-DO$ le suppl lod,  and D-005 ls  eeppl led ln  L
?7OB EFROII

!lll.l3ll":I::fl
Belng a 280 baged systefi. tha tlarcon

lends l tse l f  to  Cpl&| .  cPlH ls  a idr  f lc to l
l ndue t r f a l  *nd  bus lness  Eys t tm .  rnon l t o r .  I n
.rrthy neys thls rnOnltcr ls hot Ea gOod aS thr
i lascof i i - . rcn l tors,  but  urhat  f  t  los*s In I  ts
qg€rat lonal  of fect lvena5s ' ls  f iore than madG up
by l ts  d lsk a lanagcmant  rout lnas,  S. tant t t lee of '
professlonal  sof tugre are aval  lsb le to run
under CP./H, and nuch roff the shelf I buelncrs
so f t ra re  i s  a l so  ava t l ab le .

Thc nemory map of the il€lsofir lr not.
sut  table for  CPIM a$ |  t  s tands,  as CF/ ! l
r agu l re r  t ha t  l oca t l ong  0H  to  1000H (m ln fmr rm)
be tva l  lab le as program $pacs.  lhc l {asccm
mof i l tor ,  v ldeo and workspace €urrcnt ly  occupy
tha bottos bK of f lrefigry. Thts problern l I
sagl ly  oy€rcorna ln a l$esqom 2 by r rs lng a neHrilOt PSOI{; Uslnt CF/|{ wlth t{ascom I rcqulres.
n lnor  hardrare f todi f  lcat lono to be nadc ( thes,e
can bc lncorporated on thc buf fsr  boardl ,
d6ts l  l f  are Ineludcd,  but  ccf iFon€nts are not



[,FFF Top of ltAM
FC00 Wqrkgpace t redundant )
f800 Vl deo RAft
8400 Foc EPROr{
F000 '  CBICS-S (s lmp le  boot ,

|  $pece Eller.Jed
I  f o r  a  p o : s l b l e
)  8 0  x  ? 5  v i d e o .

Eee SY$.C0lr{}

supp l  led  as  por t  o f  the  lbne l  ec  sy t i t c rm .  ln
e l t h e r  c a s e  a i " t e r  c o n v e r s l o n ,  t t  l s  a  s l m p l e
m€t te f  to  s t { l t ch  the  l , iasconr  bACl (  tO thormal  r .
The mCmOry map chosen fo r  t lasconr  us lng  CPi4  tS
a s  f o l  l q w s l

tEble-  Ihe CP/ l ' l  I  s  suppl  ied cornplete wl  rh the
D ig l ra t  Resea rch  doc r - rmen ta t i on .  The  Cp lM d i sk
a l so  con ta lns  SYS.COl , t  and  a  d lEk  fo rna t l ng
rc{r t lne/  FoRl ' lATl .COt6.  FORMATI.COS{ reploces the
f -o rma t  rou t i nes  t upp l l ed  w l t h  t he  cp / f4  q$  rh iE
fo rma t  rou t l ne  i #  

'mo re  
apF I  l cab t€  t o  ou r  f o rm

of  FDC contro l

T h e  0 r t v e s
i n l q t * a t { u

Th6  d r l ves  a re  supp l  t ed  l i i  
' e  

. d r i b i
d r l ve  s tand -a lone  s tee l  c i s€ .  f ' l n l ghed  .  l n
blaek and mushroom I hernnrer f t nl sh I Fa Int.
l l h e r e  o n e  d r l v e  l s  s u p p l  l e d ,  t h e  p o s l t l o n  f o r
thc second dr  !  ve I  s  b lanked of f  wl  th  a
na tch ing  eove r  p la te .  The  case  con ta lns  ' l  t s
ourn rogulated +!2 '  and +5 vol t  mElns power
supp l y  adequa te  f o r  two  d r l ves .  Connec t l ons  to
the dr lves Is  made uslng a st€ndrrd l t r  waJ
r l bbon  sab le  and  p lug  wh ich  rn te rs  t h rough ,a
$ lo t  s t  t ho  back  o f  t he  casd ,  d l  l o r r i ne  s l ,m l r l e
and  t l dy  t da l sy  cha ln in .g r  q f  t he  d r l ves .

_ :  :  ! . . - ,  . . : . :

I Trans f enc RAt4

0000
Thls s l lows a 00K CPl ld to he imaleruented_

Thosc fami  t  tar  wl  th  Cpl$+ u+i  I  I  knaw
t h a t  n o r m a l l y  o n i y  0 , 5 K  { 6 ,  a } f o w e d  w l t t r l n  C p / M
t, f r  f .or  the CEIOS, but .Naseom r{ l th  l ts  f le .Fory
mapped vfdco and sof tware eontrs j l€d keyboerd
r€qolres considerably r i lora meorory Epaee than
t h l s .  l f  t h e . f u l t  v e r s a t l l t r y  o f  t h e  f { a g c o m  t s
to be reta lned.  Therefore,  uni lke normat CplM
systcms, the tleftel ec tFllt l  based tysten us€s
two G8l0Ses.  There ts  a s lnrp le tboot  l .oaderr
I n  EpF0 l t  a t  l oca t l on  F000H wh lch  l oad r  l n  t he
Cp / l l  s ys te rn  and  E Ivss  s lmp16  CSIOS con t ro t .
I ter f ls  suEh as the I  is t  dsulce.  punch and
rcader,  l l0  byte,  etc ,  are not  $upported.  The
CP l t t  nny  op t l ona l  l y  t oad  a  spec la l  t . 5K  d i sk
based  sa . l f  l oca t l ng  CB IO$  ca l l ed  $y$ .COl l  wh l ch
glves fcr t  I  CBIOS suFpor ' t .

sYs. cotr
4 l r : t d ! 6

l f  or ly  ! iAS-SY$ rrsre r -swr l t ten tg run
under CPl l l .  and thon exls t lng programs fur ther
t 'dapt lC ro run under rhe-modl i iea ges-sy i .
t f u c  C P I M  c o m p a t l b i l i t y  w o u l d  b e  t o s t . , a s  t h ;
!{AS-SYS' rlcinl tor I s f DecuIlar I to' the t{ascoml
and programs wrl tten to run under the rcp/ti l
SAS-SYSt  wou ld  on l y  be  co inpa t l h l e  l r l t h  o the r
flascorns runn l ng t CP,/l,l ttAS-SyS r . fo th l s end
SY$ .COl l  has  been  spec la l  l y  w r l t t sn  f o r  t he
Henelec aystem by Rlchard Bee! ,  the €sthor  of
I 'BUC. NASBUG Ig and th€ tlAS-SyS 01oni tors,
SY$.COf{  Is  a . fu l  Iy  f  ledeed CBt0$}  sutr r lgr r in6
p d r l p h e r B l '  d e v l c e s  s u c h  a $  s s r i a l  p r i n t e r s
w l th  handshake .  Cen t ron l cs  pa rE l  I eT  p r l f t t e r
ln tEr faces,  tape t runch and reader,  etc ,  Ful )
!|AS-SY$ ! tyse Fepeat keyboard sepport ls
!ncorporsted,  ond a lso the HA$-$yS scresn
odl t lng fee tures (a l  thausl r  dt  pre3er l r  noi  ntanygP l i l  F ro * rams  suFpor r  t h l s ) .  SyS .C0 f . t  i s  f u t t y
t ranl tp; r rent  to  the user  and to the Cp/H,  so
tha r  f i l I l  co rnpa t l b t l l r y  w i rh  o the f  Cp l i l  based
sof tgare l 's  cnsured.  2.5K haE been a l lowed for
$YS. COt{, of wh i ch epp rcx I nra te i y L , ifi, hsg been
us€d.  Thl  s  a l  lo i ls  the user  to $t l  I  l re  the
remolntng permanent  spaca for  guch l terns asgpeela l  purpose pr lnt  handlers for  the l "ST
dcv fce ,  e t c .  A  commen ted  sou rcc  I l s t l ng  l s
Euppl  led wl  th  the 'Cp/ t { .  and a d l  sk ot  rhe
source sultable f oe rhe trlJtCR0-80 assenb ler
w t l ' l  be  a rade  eva l?ab le  t o  t hose  w lsh ln&  t c
t o l l o r  t h e  S Y S . C O M  t o  e  s p e c i f l c  a p p t l c a t t q n ,
i lgcauge SYS.COFI ls  a l lor red an sddi r io i ia l  IK
( p l u s  t h e  s x i s t l r r g  0 , 5 K  w l t h l n  C P / t { ) ,  r h €
tnoxl r f ium s iee CP/M whlc l r  csn be lmrr temented
when  9Y$ . ,COH i s  l r r  us€ ,  i s  58K . '

A s  a n  s l d  t o  s c r e o n  e d l t l n g  a  d l s k
based vers lon of  the i lascom torE edl  tor ,
I fASPE!| ,  x l l l  be avol lable sooi l .  Thls  r l€r , r
cnhanced vers lon of  HASPEi l  wl  th  fu l  I  d tsk
gupFort .  can be used In p lace of  ED.C0&i  {whlch
ls  nor?ra l  ly  suppl  ied Es psrr  of  ths CF/ t ' l
t l i c kaga )  and  l s  f u l l y  cmtps t i b l e  w l t h  ED.CoM
f l l s s .

The CPltl 1, I i p*ckege i s suppt l ed I n
I t r  s tandard form f rom Olg l ta l  Researeh and
Inc ludes  the  co ld  s ta r t  l ood r f  end  CBTOS Junp

Dr l ve  spec l f t c .a t l ons
! t F E A 4 E t € * t - a l E t t a f t

6{al ns I npur

D I s k  d r l v e
0 l s k  s l z e
Dcta rgte
Unforrea tted 6,apac I ty
Formatted capeel  tv
Format

D r l v e  s t a r t  u p  t f m e
I  n ta r  e rsc f (  ee t t  I  I  nS
l {ead '  load  t lne
l ' l e t e r l a l  &  f l n t r s h

220-250 V AC
45 f|f (runnlne,I
15 I ' l  (standby)
Pe r tek  . ?50  se r l es
5 . 2 t "
lz.lK. b I ts/sec
218K  by r€s
X61 ,28K  by teg
S l n g l e  d e n s l t y
double s ided
I8il4 farnra t
?  r i des .  each  o f
15 tracks_ oeeh. of- *.
18 sectors
128 bytas/sector
0 .5  second
Ltl mS
58 ;S ' '
Twc p lece steel
constr"uct lsn,  b lack
and nil.lshroom haflmer
f l n l e h  p a l n t

Flcpt ty  Dl  sk Contro l  ler  Card
q r E t E E r E r E t E = t i E t c E t = o r ! - E E

Tha FOC card lg  b ised on the Uestern
0lg l  ta !  | * � [ ! l17L f  toppy d i  sk contro l  ler  chf  p,
Ths  X7? f  l s  con t ro l  I ed  by  s i sna l s  f r om ' t ha
t r c r l pha ra l  l n tu t / ou tpuc  dev i ce  f l t t ed  t o ' t he
cw ' t l u re r  bus .  16  b l -d l  r ec t i ona l  I  I nes  a re  used ,
l n  t e ta l ,  6  f o r  da ta  t r ens fe r  and  g  f o r
c o n t r o l  $ l g n  l s .  F l o e p y  d l s k  t f m t n g i  l s  d e f l v e d
f  rom an on board 8 l r lHz crysta l  contro l  led
o s c l l l B t o r  w h l e h  l s  d l v l d e d  t o  t h e  a i r i r o p r l a t a
f requenc les .  i npu t  and  os tpu t  t o  t hc  d r l ves  l t
f u l l y  bu f fe red .  Oecod lnE  l s  p rov lded  fo r  up  to
three dr !v€s, '  and a fur thei  decoda ls  provtded
for  s lde 3elect"  These decodes can be gated
t { r8e the r  l f  r equ l r cd  t o  p rov lde  s ln& le  s tdad
decodlng for  up to 's lx  dr lveg.  A hardwaref  t f i i€-  out '  o f  approxlnnte iy  5 fEcond8 ls- '
p rov lded  t6  ob t r l n  op t lmrm d r l vc  and  ned ta
i l f a .  P rbv l s l on  l s  made  on  thE  p r l n ted  c l r cu l t
hoa rd  f u r  t h *  I nc lus lon  o f  a . '  sepa ra t c  l ds t6 ,
r i he r  sap r r i t a r  f o r  uss  w l t h  8 r t  d l sk  sys tems :
Connect lons ro the FDC Input  ls  madc through a
siandard tE l ray 0,X" p l  tch connebtor ,  end
au tpu t  t o  t he  d r l ues  l s  t h rough  e  s l r n l l a r  ] 4
way conneotor .  Power suppl les of  +5 and +12
vot  ts  are requl  red;  af ld  are t€r f t l r ia ted on p l  ns
on the pr lnted c l  rcu l  t  card.  t lo  -9 vol  !  po l l r r r
6 u n p l y  l E  r e q u l r a d ,  a s  t h l s  l s  g c n c r t f * d
I n t e r n a l l y ,  T h l s  f e a t u r e  h a s  b s e n  p r o v t d e d  a s
- 5  v o l t s  i s  n o t  n o r m a l l y  a v a l l s b t e  f r o m  t h e
d l s k  d r f v e  s u p p l l e s ,  a n d  t h l s  p r o v l s l o n  a l l o r r s



the  card  co  be  npunted  t  n  th r - -  d r  i ve  case I  f
r e q u l  r c d .

T h e  r J o u b l e  s l C e d ,  p l a t r d  t h r c u g h  h o l e
p r l n t e d  c l ; ' ; u l t  c a r d  l s  l l  . r  i L  c n r s  s q u d r €
w l t h  f o u r  r n o r r n t i n g  t r o l e $ .  r n a l < l n g  i t  i d e a l  F o r
r i rqunt lng  w l  t t r  the  co tnp l r te i -  c&so or  f  rame.
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