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AN LS1-11/f#lTCROIA MICROCWUTER I) EVELWMENT SYSTEW

by

Stevrn C. Bourret
Los Alams N~tl Ondl Laboratory

Group Q-1, MS 540
LOS Alamos, NM 87545

A mlcroccmlIuter dPvelopmnt system was built us:ng
an RT-11 operating system ml a cross MSeMbl@r In de-
veloping a motorcld ~6801-Ll mlcrocoWuter-ba:ed
stepping-motnr controller to wrk with an LS1-11 host
cmnputer. The advantage of this teC~lW iS that we
can USP the fam~llar LSI-11 hardware and !M Pofirful
RT-11 operating system software for otlwr microcomputer
~velopwnt. This paper dcscr:bes how the t~chnltfue
gorks and its use In developing thP Stepplrg-mtur

controller.

Introduction—

The Dla.tal Lctulpmmt L’owordt~nn (OLL! LSI-11 ‘S
used for 90. af thp c~uter needs :n tfw 5afegudrds
hSSdV Group al L% LOS Almos hdtlrmdl Ldbnratory.

ho-ver, fnr Certdln in5truwuwitdt~on devrlapmr-t. W
dls@ npe~ to use the Clpdbll~t\QS of d m’croc~utpr

on a rh!p, such d% th? Motorald MC6BOI-L1. In devPlop-
lnq ttw ha-rlnare and softwdre for 4 SpPC~dl %tepplng
mo~or crm:rnller. ~ uses m L51-11 with lts RT-11 OP-

erdtllq %y%teil., @n ~6&01..Ll m:crucmput~r. dnd d CrOSS

d$CF+Kb!Pr. AppraprldtF SOflmWP dnd prarPdurPt WrP
wrlttpn tn mahc th!s r~” !lqurat*on Into d usdhlr mlcro-

ccvnputrr dvwe~omnt stiste~.
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bytes ). The K6E01-L1 also has d 16-bit progrdnsnable
tinwr and a LILBUG monitor program re>loent in the Z-K
bytes of PRI’M. Ail these features are contained In one
40-pin chip thdt requ!res only a Single ●5 V puwer
supply.

specldl fedtures wre adflpd to the MLbhbl-Ll .9
●xpand its tunctlons:

(1)

:2)

(3)

(4)

Flqure Z

Buffers to drive the Serldl llne far the
RL237 standard vdltaqe. [Thk serial Ilnc aut
of th~ W@C)l-Ll use% TTL Vnltdgt’ Ieuels. )

one cr.vstal tu run the fKhSU1 .11 at JIIfI arl:l
9LW baud.

[lrcultry ta caus~ d restart frcm. the scrldl

Ilne (far senslnq formdt error~).

Chips to expand tlm amount of RAE (for con

trolllng the read and wrltl’ Ioq’ci.

shows a dlaqrdr of thv foundation mlulv w:th
th~ ddded chips; Fig. j showi thi’ IOCJ!C Clrcultry.

A. ‘ltlonal Sparr 1s dWdlldbll” an thr baard to ?Jrl SP~-
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rig, 3.
LoqIc circuitry.

on the LSI-11 ronsole ternvnal, thr character is sent
to the ML6HCII..LI NM thrn whned hack and pr!nted on
thr console ttl%pliiy. Also, UhFM th~ fK68t11-Ll wnds a
IWSSdfJP to thp LSI-11, the Mes$dyll IS relay~d to the

COI’Snlt dlW!dy. lhc L51-11 lnok~ trar?spdrent to thr
us?r--ds If on~ *r@ tfilklnq dlreltly to the W6801-LI.
Addltlond! fpaturr$ of ~11 dr~ d control [. whlrh WIII
Wnd thp u%~r back to RI Ii mumltor, dnd d Lnntrol B,

tilch WIIII %twul thr LIIWCI bd~h to rf%tart.

Thr Kll handlpr, a program w lttm for th~ R1-11
operdtlnq %yStPM tn handlr d %ecnnd trrm:ndl k~yboard
and printer, 1s uid to doti- lln~ load procjrm% thtt
are outvut~ frcmI fhr fr~%> dswrnhler. Ihr handlrr is
lnwokw by th~ R1.11 utIIIIy Program PIP; It i% used
in th~ samr mdnnrr dt dny nth~r hdndlrr or prowdm uwd
bj PIP. for QEamplr:

J plp

QKtl:=ll ST.@J
●

The LllttUfI prngrdm 1°. rnntalnd in l.hp 2-K byt~t
of PROM. This ttrortrm I\ cmtered UPWI a rrstert pul%r
frfm PIN 6 WI thp chtp. Ihr lllBWmnn!tor spt> ltt~lf
Up fnr 30U haut, wndf out a Iws%d P over it$ Seridl

IIIw, and then wait% for nnp of ?ts many cmnmtds.

lILBUG cdn load and wrlfy n progrm, dump a progr~,

snd ●aamlne ml rhdlC@ IYatd in mmmy Md r~q~sters.

frw run

(1)

(?)

(3)

(4)

($)

(~)

Ornn

●RuN CR6801

●lla
RAM

T[ST.06J. T[ST.LST ■ T[ST.SNC

uh~n thm cross dssembler has fln!sheu and
thpre are no ●rror, in the ~ruqrdm, gf, back
to R1-11 nmnitor and run ~Cll; ItWIII restart
LIL8UG and print thr Stdrt-ub message,

Srt up thp MC6W)I-L1 tu uw lts ●xtrrnal mw
ory by Setting port 1 data dlrcctlon rrg!~tt,r

to br output. (The reglsler i> 10fdttUl d!
Address 5.)

Invokr the I command for Ioadlng,

.RW ml
1.I LoW
: M5/FFFf
:L

(/) Mrturn tnRT-11 nwnltorby typinqtcmtrol t.

Now you arr ready to us? PII1 and th~ KB hdndlf,r

tri doun. ltne load.

.R PIP
●KB:=TEST.LMJ
●

Men It ts all donp, rWurII to Itl. II mvmltor and run
ml. Ihts t!~ th~ prngr#n ran hv ?namlnmt with
LILBUti to drbug. If thr twoqrdm doe% not work. rrlurl!
to R1 II cnd ;e. eatt thr- cw&tm. I iuur~ 4 ‘shlnw d

f lw
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Fig. 4.
software development procedure,

driver. lh~ COnt I Iler used the pulses rpturnlng from
the incremental erli.oder on the motor to provide self-
ramplngm 10 make the controller w!th the kU6b01-Ll
requires a translated proqram and d method to Comnunl.
c~te with the host LSI-11 computer,

Because spdcII waf. avalldhle on the foundation
modulr for ddaltlondl clrcultry, we added an interfdcr
bctwwn the rrmtor driver, the nm?.or encoder, dnd thr
M:6901 -L?. This required two IC ch}ps; the Ioqlc 1>
shown in Flq. 5.
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(1)

(2)

(3)

(4)

(5)

A step given by the MC6801-L1 program is sent
to the stepping-motor driver, causing the
nmtor to step.

Uhen the ITuJtOr hds completed its step, the

motor encoder sencls a pulse back to the inter-
face on the foundation module, setting the
fltp-flop.

The pragram has been Waiting for this fliP-
flop to set, and when it does, the program

clears the fllp-flop.

A del~y is dcne corresponding to the pro-
gramed speed.

Ve next step is given.

The sequence allows maximum possible ramping speed
without any loss of synchronlz~tion. For tne same pro-
gramed speed but a larger lodd, the motor either will
take longer to arrive at the speed or wII1 never quite
reach the tap speed. The flow chart for the program
is shown in Fig. 6.

Conclusions

Compared to a S20 000 cowmerclal deveiapmnt sys-
tem, this systm has a fast~r assemiily speed. d more
p~erful editor, higher speed peripherals, the familldr
RT-11 operating system, dnd a Illlk betw~en th? PW-11
and .he MC6tlU1-Ll. Because this system serves two Cm
puters, it 1s more cost effective for our appllcdtlan.
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[lg. 5.
Stepplnq-matnr contrnllpr \chm!atl(..

The srqurnrp of rvmt~ far thts controller
IOws ,
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Ftq. 6,
nq.motnr program t ow chart.


