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AN LSI-11/MOTOROLA MICROCOMPUTER DEVELOPMENT SYSTEM*

by

Steven C. Bourret
Los Alamos National Laboratory
Group Q-1, MS 540
Los Alamos, NM B7545

A microcomputer development system was built us:ng
an RT-11 operating system and a cross assembler in de-
veloping a Motorcla MC6801-L1 microcomputer-bared
stepping-mator controller to work with an LSI-11 host
computer. The advantage of this technique is that we
can use the familiar LSI-11 hardware and the powerful
R1-11 operating system software for other microcomputer
deielopment. Thas paper describes how the technique
works and its use 1in developing the steppirg-motur
controller, -

Introduction

The Dia-tal iqu'pment Corporation (DL(: LSI-11 is
used for 90. of the computer needs :n the Safeguards
hssay Group at he L0oS Alamos National Laboratory.
Mowever, for certain instrumentat-on devclopme~t, we
a'so need to use the cipabilities of a microcomputer
on a chip, Such as the Motorola MI6B01-L1. In develop-
Ing the hardware ard software for a spec'a' stepping
mator controller, we used an iS1-11 with 1ts RT-11 op-
erating Systea., ar MCGBO1-L] m:crocomputer, and a cross
ascenhler. Appropriate softiware and procedures were
written to make this cor fiquraton nto a usable micro-
computer development system,

Hardware

The hardware (1:g i' consists of the LSI 1. sys
tem and the MIaLU-L] w.rocomputer, whiuch s mounted
on a standard DI foundation mudule. The LSI 11 syster
15 made up of a Teleray termwnal; & DL dual-crave
tloppy dish for the sve'em device, and a chass s that
kouses the nterfaces, memory, and (P,
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141 11 system hardware.

Ihe W.6HCY 11 microtomputer has an enhanced MooBO0
instry- tion set that alloms all of the MOGHOD software
to be upward compatible. It has a serial comunica.
tiany interfaie, 4 programmable 1/0 ports, 704H bytes
of ROM, and 174 bytes of RAM (rspandable to 4.

*thiy work war perfourmed under the auspices of the UL
liepartment of Lnerqy.

bytes). The MC68O1-L] also has a 16-bit programmabie
timer and a LILBUG monitor program resigent in the Z-K
bytes of PRDM. A1l these features are contained n one
40-pin chip that requires only a single *5 V power
supply.

Special features were added to the MLobOl-L]1 0
expand its tunctions:

(1) Buffers to drive the serial line for the
R5-237 standard voltage. (The serhral line out

of the MCB80]1-L1 uses TTL voltage levels.)

(?) One crystal to run the MLbBOL-L1 at 300 any
9400 baud.

(3) Crircurtry to cause a restart from the serig!
line (for sensing format errurs).

{4) Chips to expard the amount of RAM (for con
trolling the read and write logic .

Fiqure 2 shows a diagrar of the foundation module with
tne added chips; Fig. 3 shows the log'c Circuitry.
A. "1tional space s avallable on the board to ada spe-
c1al interfac ng circuitry,
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Software

Ine special software used with the R1 1) operating
system cunsists of the cross assembler; the MUDT pro
gram, which establishes a link between the LS1 11 and
the M(HHOY L1 1; the KB handler; ent' the LILLEY monitor,

The cross assembler, s relocating assembier wrat.
ter for the ML6HO!, was purchased trom Hoston Systems

for the LS! 11/Motorola microcomputer develupment sys
‘em,

MOIT iy 8 utilty program that establishes a soft-
ware 111k Lotween the LSI- 1) and 1ts console terminad
and the MbBOT {1 1HHBUG, Thiy link Vs made over 8
serial line and runs at JOO baud, When a key Is struck



Fig. 1.
Logic circuitry.

on the LSI-11 consnle term'nal, the character is sent
to the M 6HO).L1 and then echoed back and printed on
the console display. Also, when the WM6801-1L1 sends a
message to the LSI-11, the message 's relayed to the
corsnle display. The LS1-11 looks trarsparent to the
user--asy 1f one were talking directly to the MC6BOI-LI.
Additional features of MODT are & Control C, which will
send the user back to RT 11 monitor, and & (ontro! B,
which w11l send the LILBUG back to restart,

The KB handler, a program w 1tten for the RT-11
operating system to handle a second terminal keyboard
and printer, 15 used to down- l'ne load prugrams that
are outputs from the (ross assembler. The handler s
invoked by the RT. 11 ut'lity program PIP, it is used
in the samp manner as any other handlier or proaraem used
by PIP. For example:

.R PIP
*KR: =11 57.08)
[ ]

The LIIBUG program (- contained '\n the 2-K bytes
of PROM. Tais program s entered upon & restart pulse
irom PIN 6 on the chip. The [ ILBUG monitor setsy itself
up for 300 baud, sends oul a message over its serial
Vine, and ther waits f‘or one of Its many commands.
1ILBUG can load and verify a program, dump a progrem,
and examine and charce data 'n memny and registers,
It has break points, it can pwich @ program, and it can
free run or trace through a prograe.

Procedure
{1) Run RI-1Y, then run THCO or another editor.
(?) Lnter the proaram,

(3) Run the cross assemhler.

]
DELAY
"
1n nn
[ ]
104 un .
a
DATA
0 8-117
ADDRISE
aAS-A?
THIA e
RAM
ot p—obVv
-
132 LA
()
*RUN CR680!

TEST.0BJ, TEST.LST = TEST,SKC

(4) When the cross assembler has finished and
there are no error, in the program, go back
to RT-11 monitor and run MODT; it will restart
LILBUG and print the start-ui. message,

{4) Set up the MC6BOI-L]1 to use 1ts external mem
ory by setting Port 1 data direction register
to be output. (The reqister is located at
Address 5.)

(6} Invoke the | command for loading.

LRUN MODT
1. 1LolG

» M S5/FFFF
L

(/) Return to RT-1]1 monitor by typing Control (.

Now you are ready to use PIP and the KB handler
to down. line load.

.R PIP
*KB: =TEST.0BY
L]

When 1t 1s all done, return to RT.- 1l monitor and run
MUDT. This time the program can be examined with
LILBUG to debug. [f the program does not work, return
to RT 11 and re .eait the program. [ligure 4 shows 8
flow chart of this procedure.

Controtler

In developin
used the L5111

the stepping motor controller, we
o provide the pulse train to the
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REDIT OR TECO
ENTER PROGRAM

1

RUN CROSS ASSEMBLER
(GET 08J AND .LST)

- j|

AUN MODT AND LILBUG
SE . UP 880Y TO LOAD

1

R PIP DOWNLINE LOAD
PROG OBT TO KB HANNLER

]

AUN MODT AND LILBUG
RUN PROGRAM

Fig. 4,
Software development procedure.

driver. The cont' !ler used the pulses returning from
the inzremental en.oder nn the motor to provide self-
ramping. To make the controller with the M 6b01-L1
requires & translated program and a method to commun)-
cate with the host LSi-1] computer.

Because space was avarlable on the foundation
module for addrtional circurtry, we added an interface
between the motor driver, the motor encoder, and the
MC6801-L2. This required two IC chips; the logic is
shown n Fi1q. 5.
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Fig. b.

Stepping-motor controller schematic.

The sequence of events for this controller fol.
lows.

(1) A step given by the MC6B01-L] program is sent
to the stepping-motor driver, causing the
motor to step.

(2) when the motor has completed its step, the
moior encoder sends a3 pulse back to the inter-
face on the foundation module, setting the
flip-flop.

(3) The program has been waiting for this flip-
flop to set, and when it does, the program
clears the flip-flop.

(4) A delay is dcne corresponding to the pro-
grammed speed.

(5) The nevt step is given,

The sequence allows maximum possible ramping speed
without any loss of synchronization. For tne same pro-
grammed speed but a larger load, the motor either will
take longer to arrive at the speed or will never quite
reach the top speed. The flow chart for the program
is shown in Fig. 6.

Lonclusions

Compared to a $20 000 commercial deveiopment sys-
tem, this system has a faster assemuly Speed, a more
powerful editor, higher speed peripherals, the famihiar
R7-1] operating system, and a 11nk between the PDP-11
and .he MC680l-L]1. Because this system serves two com:
puters, it is more cost effective for our application.
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Fig. 6.
Stepping-motor program t low chart.



