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MicroNator Single-Board Computer System

for the 68HC11 by: Michel-André Robillard MCNE, PSS

In the following overview | will
try to explain the underlying idea &
reasoning for the MicroNator Single-
Board Computer Concept and debate
the choices | made in choosing this
implementation instead of those many
aternatives available on the market
today.

CONVENTION

Acronyms are omnipresent and
thefirst time you encounter a new one
it distracts your reading concentra-
tion. Refer to end of this overview for
definitions.

Because a system may contain
many power sources | always show
the power rail by: VCC for 5 Valts,
V3 for 3.3 Volts, and VBAT for the
backup battery supply on every part to
indicate by which rail it is powered.
Decoupling capacitors are also aways
indicated if the chip requires one.

The* after the name of asignal is
to show that this signal is asserted or
activewhenitisLOW, 0 Volt, or log-
ic level 0. HIGH refers to 5 Volts or
logic level 1.

PC refers to the computer con-
nected to the system serial port J2.

MCU or CPU both refer to the
HC11 chip.

THE “BEST” ON THE MARKET
The most outstanding of al the
properties of the IBM-PC is not its
CPU, memory, disks, nor its I/Os but
its many standards. That is what made
it so popular and accepted worldwide.
Today the most interesting stan-
dard emerging in the world of control
is the PC/104™, mainly its connector
concept which eliminates the mother-
board itself. The only drawback of
this standard, for a small volume de-
signer, isthe form factor that is 3.6” x
3.8" and amost requires SMT or a
multi-layer board for dense through-

Page7/18

hole components.

The easiest of all the 8 bits mi-
crocontrollers to use today is the
68HC11 family and its many deriva
tive members.

For the ordinary designer that
doesn’t have a universal eprom-pro-
grammer and an eprom-eraser the best
memory isthe EEPROM.

So why don’t we put al the best
together?

PCB FORM FACTOR

A good form factor for the PCB,
which is large enough to hold quite a
few through-hole components and
sill leave some area for Wire-
Wrapped, easy and inexpensive to
find acasing to fit into, and a standard
in the instrumentation world, is 4.75"
x 5.725". The four holes with the

5.725"

COMPONENT SIDE

o PIN 1=-0.350", 1.300

FRONT 00

Fig: 1 Standard MicroNator

0.150" diameter are for stacking pur-
poses only and are explained below.
They are centered and separated by
4.38" horizontaly and by 4.00" verti-
caly.

CASING
The ideal casing first must be
good-looking, professional, and it

should be:

* easily available in amost every
electronic store,

* inexpensive,

» simple to assemble,

* available in more than one color,

* be offered in more than one height
so as to be able to put one or more
boardsinit,

* easy to work with, i.e. not difficult
to cut holesinto it.

The idea casings are the PAC-
TEC CM series. They have avery at-
tractive appearance, are stocked by
distributors worldwide, cost from
$10.00 to $20.00 US, have only two
screws to hold them together, include
all parts and hardware necessary for
assembly, come in black and bone
colors, and have openings that are
easily cut into. The CM6-225 can
hold from 1 to 4 boards and the CM 6-
3001to>5.

PCB INTERCONNECTON

The most interesting connector in
the industry nowadays is the one used
by the PC/104™ consortium to dis-
tribute their two buses. One has 64

AR

Fig: 2 Standard 64-pins bus connector

pins and the other 40. They look like
wire-wrapped female headers and
each pair plugsinto the next one.

The pins are 0.025" square and
the current rating for the gold-plated
is 1 Amp from -65°C to +125°C.
There are two kinds of pins. one looks
wire-wrapped (0.480") and the other
is of standard length (0.090") for PCB
soldering. You can use the 0.090”
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Fig: 3 Connector with 0.090” pins

connector for your bottom board as it
will shorten the overall thickness of
your system.

By using this kind of connector
one eliminates the use of mother
board which is quite a saving in mon-
ey, and it resolves the question of
space reservation and the number of
bus connectors to install on the moth-
er board. With those connectors, if
you need another board, you just plug
the new PCB into the ones already in
place. You can insert the new board
on the top, in the middle, or on the
bottom of the origina stack. The
space between the two PCB excluding
their thickness is exactly 0.625" so as

PCB#2 PCB#1

L\ \
LA

Room for 1 wire-wrapped

Fig: 4 System with two boards

to be able to use standard spacers to
separate and hold them together.

There is sdtill enough room
0.190", refer to Fig: 4, between the
pins of the top board and the next bot-
tom connector to have one standard
wire-wrapped connection from each
pin of the busto the added chipsin the
user wire-wrapped area on the CPU
circuit board. The same holds true for
the wire-wrapped expansion board or
any other member in the stack.

All the signals of the CPU, plus
some extraonessuch asVCC, Gnd ...,
are on the bus connector. With your
boards you can form a toast (one
board), a “sandwich” (two boards), a
“club sandwich” (three boards), or a
“custom sandwich” of any number of
layersyou like...

PCB #2

[\ ]
N ]

IC] B

PCB #3 PCB #1

Fig: 5 System with three boards

POWER SUPPLY
The genera purpose wall-mount-
ed power supplies are cheap, rugged,
and available from any electronic or
surplus store. They are adapted for
110VAC/60cycles or 220VAC/50 cy-
cles.

POWER CONNECTOR
Connector P1 is the input for the
power supply. Itismale, hastwo pins,

P1 Sw2 D1 C9 Ci10

Byt

TOREG

IN4001TR 47uF 0.1uF

Fig: 6 Input Power “VIN”

is 5 mm, has only one way mating,
and is from WECO. Male so as not to
have uncovered pins coming from the
wall-mounted power supply, two
pins because there is only one way to
mate it, 5 mm so it is quite small, and
from WECO meaning availability.
The rating is 380 Volts and 6 Amps.
The female will accept 22-14 AWG
wires.

VIN is also on the bus connector
to pin 63. The main advantage of this
isto use an expansion board and pack
it with batteries to power a hand held
instrument.

Diode D1 isused in case of plug-
ging the power supply backward (un-
likely). Capacitors C9 and C10 filter
the input power to the regulator for
more security.

NOTES ABOUT VOLTAGE REG-
ULATOR

As you can notice, on the figure

of the regulator, the circuit is quite

simple and uses a standard 7805 regu-

lator chip. The only limitation of this

family of regulators is its relatively
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high voltage drop. This drop can be as
high as 2 volts @ 1 Amp. To compen-
sate for the voltage drop | recommend
a wall-mounted power supply of 7.5
Volts instead of 6.5 which might not
supply enough voltage around its
peek current. You can also use a 9-
Volt battery for the input power. The
regulator will have to work just a bit
harder and will generate a little more
heat. Another way around, for a few
extra cents, is to use a 7805 “ clone”
which has less voltage drop.

Usually the 7805 can take up to
35 volts, but thisis really an extreme.
Try to avoid this situation.

VOLTAGE REGULATOR

Diode D2 isto protect the regula-
tor and the circuit itself by bleeding
the current surge if the Vcc from the
bus connector becomes too high.

D2 1N400TR

TOREG

C11 C12
O VCC

o | L L \
GND VBAT
U6 | 7805 $ ;|; L4

IN270TR

47uF  0.1uF

Fig: 7 VCC Regulator & VBAT

Capacitors C11 and C12 filter the
output of the regulator. Diode D4 is a
low drop germanium diode for sup-
plying power to the battery circuit.

This Vcc is the main power rail
for al the logic in the circuit, includ-
ing the expansion boards if there are
some in the system. Vcc is aso con-
nected to the bus connector pin 31 and
Gnd to pin 59 if a user wants to power
those pinsinstead of connector P1 and
the regulator.

RESET & POWER INDICATOR

The reset signal is made of the
switch SW1 (momentarily closed),
capacitor C8 and one of the units of
the resistor network RN2. The net-
work isa SIP which incorporates 7 re-
sistors and they al have pin #1 in
common so the package has 8 pins.

The time constant is roughly half
amillisecond (4.7E3 x 0.1E-6) which
gives enough time to the CPU to reset
and initialize itself.

The first time the power is ap-
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vCC
VvCC

RN2A
4K7

RESET* 470
swi

1 cs
1@2 1; 0.1uF
Fig: 8 RESET & Power Indicator

plied to the circuit the reset signal will
be at zero volts since there is no ener-
gy stored in the capacitor C8. The
current will flow from VCC through
RN2A and C8 will start to charge,
bringing up the RESET* signal near 5
Volts.

LED D3 is a super bright red
LED and takes less current than the
standard one. The 10 mA current
through D3 islimited by R1. You can
change it to have a more or less
brighter LED.

SYSTEM CLOCK
The system clock is taken from a
crystal whose frequency is 4.9152
MHz. | choose that frequency because
it is quite easy to work with sinceitis
amultiple of 60 and when calculating
time the software is straight forward.

EXTAL

R7
10M XTAL

|

C1 X1 Cc2
33pF ;|; 4.9152MHz ;|; 33pF

Fig: 9 CPU Crysta

Itispopular and every electronic store
carriesit. Another reason isthat it will
require slower speed memory and
again the cost is kept lower.

CPU

In the family of HC11 which is
the best device to choose? As far as
versatility, 1/0, analog input, pin-out,
package, and availability the best
choice is the AQ, A1, EO, or E1 in a
PLCC. The‘F1’ istoo expensive. The
E9, K, and L with ROM... well let's
say ‘in-circuit programmable’ is
beautiful. The ‘D’ has no analog. The
‘A’ looks nice and the Al is better
than the AO simply because of its
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availability and their cost are almost
identical compared with the lowest
priced, the ‘D’. For the chip packag-
ing the best again is the PLCC, the
reason being the number of A/D. The
PLCC has 8 of them and the DIP only
4, so | use the PLCC with a socket.

Most of the HC11s have some in-
ternal EEPROM. The A1, A8, E1 and
E9 have 512 bytes of it but MicroNa-
tor system disables the internal
EEPROM since it has external 32
KBytes and we don't want address
conflict.

Because we use a socket the
overall price difference compared
with the ‘D’ is only about 50 cents,
and you have 8 A/D. So again the best
choiceis: AO, A1, EO or EL.

Toshiba manufactures the HC11
for Motorola and they have the right
to second-source. In 1994 they publi-
cized the HC11 family in every elec-
tronic magazines. The chips are
exactly the same except for the num-
ber. Motorola starts with MC and uses
‘F for PLCC, Toshibawith TMP and
‘T" for PLCC. You can use
MC68HC11A8FN, MC68HCL11-
A1FN, MC68HC11A0FN, MC68-
HC11E1FN, MC68HC11EOFN by
Motorola or:  TMP68HC11AS8T,
TMP68HC11A1T, TMP68HC-
11A0T, TMP68HC11E1T, and the
TMP68HCL11EQOT by Toshiba. They
are all 52 pins PLCC with the same
pin-out. You can also use the 48-pin
version with four A/D instead of
eight.

PROGRAM MEMORY

As said earlier, EEPROM is the
best memory for the ordinary designer
who doesn't have eprom-eraser nor
eprom-programmer and who prefer
“in-circuit programming”. Over all
other kind of non-volatile memory,
the greatest advantage of the EE-
PROM technology isthat it is“in-cir-
cuit programmable” using only
standard 5 volts DC.

That is why the non-volatile
memory for MicroNator will be a
standard 32-KByte EEPROM. Two
years ago such a device was expen-
sive, but now they are around $12.00

to $15.00 US per unit. Many compa-

ADI0..7]
o N
A[0..15] ]
CTL[0.9] » o?ﬁég;
A0 10| pg &
Al 9|, C
ig 3 A2 EEPROM
A 6 A3 32KBytes
A5 5 A DO|-LL_ADO
AS U4 12 AD1
A6 4| rg D1
A7 3 A7 D2|-13 AD2
A8 25| xg D3|-15 AD3
A9 24 D4|_16_AD4
A9 AD5
A10 21 | a7 D5|-17
ALl 23 D6|-18 AD6
ALL 19 AD7
A2 2| Alp D7
N Al13 26 | (n13
Al4 1
\ (A14)
CEE* 20| cgs
CRIW* 27 | \wEx G
_OE* 2| o
The only difference D
with the RAM chip. 4714
The pin-outs are the same.

Fig: 10 EEPROM 32-KByte

nies offer them and they guarantee
that they can be reprogrammed at
least 100,000 times but usually they
will go as high as 400,000.

The EEPROMs are better than
FLASH because the technology is
quite mature, well mastered, and re-
quires only 5 volts DC for the pro-
gramming voltage. 5 voalts-only
FLASH are now starting to be avail-
able but they are still too expensive
but maybe in the future...

The only disadvantage of EE-
PROM isthat it goes tri-stated for 5 to
10 msec right after been programmed,
but there is a way around as we will
see later. XICOR, ATMEL, CATA-
LYST, SEEQ etc... manufacture them
so they are easy to get. | recommend
XICOR but they are very expensive
and the best alternativeis ATMEL for
the price.

Asyou notice in the figure of the
EEPROM the addresses A13 and A14
are in parentheses. This is because
you can use an 8-KByte EEPROM in-
stead of the 32-KByte to lower the
price of your application. In that case
those addresses are not needed. If you
do use an 8-KByte, please remember
that, it will appeared in multiple ad-
dressesi.e $8000, $A000, $C000, and

(C) 1994 by: Michel-André Robillard T.SC.A.



at $E000 as the EEPROM chip-select
is made to respond from $8000 to
$FFFF.

To use only one 8-KByte EE-
PROM you first debug your design
using the included monitor “MONI-
TEUR” using the 32-KByte. After be-
ing sure your software is perfect, edit
your source to change the origin state-
ment, the stack pointer, and the RE-
SET vector. Recompile, download
your program and “voild”. You use
only your code without “MONI-
TEUR” and usually 8 KBytes will be
more than sufficient.

EEPROM SECURITY

The most probable time the EE-
PROM can modify itself is when the
power turns on or off.

Usually when the power is below
3 Volts, there is a hardware data pro-
tection made out of a voltage detector
inside the device, that disables the
write operation. There is also a soft-
ware protection consisting of a proper
sequence of operations, the user has
to follow, in order to write to the EE-
PROM.

The first 8-KByte EEPROM had
only the hardware data protection and
the 32-KByte had both hard and soft
one.

A few years ago | was working
on an Electronic Security System and
nobody trusted EEPROM to store the
data if it didn't have software protec-
tion. | made a 50 Hertz switch to turn
on and off the power supply of the
system. | used XICOR, and CATA-
LY ST partsand | proved that none of
the bits of the 8-KByte was modified
even after | ran 2 million cycles of
power on and power off. So software
protection is a very nice looking fea-
ture but not really necessary.

XICOR made a specia EE-
PROM with address and data multi-
plexed, the X88C64. “The feature
provides the ahility to perform non-
volatile memory updates in one array
and continue operation out of code
stored in the other array, effectively
eliminating the need for an auxiliary
memory device for code storage.”

The part is very expensive and

the only device it eliminatesis the de-
multiplexer. It was made especially
for the INTEL micros as those can not
execute from their internal RAM.

RAM MEMORY
There is enough interna RAM
inside the 68HC11A, 256 bytes, (512
bytes for the E) to fill the needs of
most control circuits. If you need
more memory, it is possible to add 8
or 32 KBytes of external RAM since

ADL0.7 .
o)
A[0..15] —
CIL[0.9] » O?ﬁgp;l;
A0 10| ap \é
Al 9|, C
2t
A3 32KBytes
A4 6| aa
11_ADO
fo—21As v Do
A6 4| ag D1
A7 3 A7 D2|-13 _AD2
A8 25| ag D3|-15 AD3
A9 24| ag D4| 16 AD4
A20 21 | a1 D5|-L7_ADS
ALl 23| ap7 De|-18 AD6
A2 2| Alp D7|-19 AD7
A13 26 | (rq3
N Al4 1| (Al
RAM* 20 | ¢
R 27 | e
OE* 2| opx N
The only difference D

with the EEPROM chip. 4714
The pin-outs are the same.

Fig: 11 RAM 32-KByte

the decoder will respond to the RAM
“chip select” from $1040 to $7FFF.

For the addresses A13 and A14,
the same reason should be applied to
the RAM asfor the EEPROM chip.

You just have to make sure the
pin-out is the standard JEDEC, the
speed is fast enough for the clock cy-
cle of the CPU, and when read after
have been written it doesn’t toggle pin
# 1 as some older non-standard devic-
esdo.

MEMORY MAP

$0000- $00FF Reserved for the user

$0100- $01FF Ot her HC11, i.e. “E’,
internal RAM

$0200- $020F Reserved

$0210- $021F LCD & KBY

$0220- $022F Ul O (Rel ays & Opto cou-
plers)

$0230- $023F GAL Progr ammer

$0240- $027F SPARE chip sel ect for WV

$0280- $02BF *** |f Read, enable RTC
chip select for SPI
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*** |f Witten, disable
RTC chip select for SPI

$02Q0- $0FFF Reserved for future ex-
pansion and 1/O, in 16
bytes increnent

$1000- $103F MCU Regi sters

$1040- $7EFF User RAM

MONI TEUR

$7F00- $7F40 User Stack for “MONI -
TEUR’

$7F41- $7F53 Reserved

$7F54 B7..B4, 10 of seconds
B3..B0, unit of seconds

$7F55 B7..B4, 10 of ninutes
B3..B0, unit of mnutes

$7F56 B7..B4, 10 of hours
B3..B0, unit of hours

*** To set the RTC time,
the order are SSMVHH for
$7F54 to $7F56 and
HHWBS to read the RTC
time ($7F54-$7F56 will
be nodified in near fu-
ture)

$7F57 Seconds for RTC

$7F58 M nutes for RTC

$7F59 Hours for RTC

$7F5A Day of the week for RTC
$7F5B Day of the nonth for RTC
$7F5C Month for RTC

$7F5D Year for RTC

$7F5E- $7F95 “MONI TEUR' St ack
$7F95- $7FFO0 “MONI TEUR' St or age RAM

$7FF1 JMP SCI
$7FF4 JMP SPI
$7FF7 JMP TOC5
$7FFA JMP XI RW
$7FFD JMP SW

$8000- $DEFF User programin EEPROM
$DF00- $E857 I n-1ine Assenbl er
$E858- $EB11 Di sassenbl er

$EB12- $FF64 “ MONI TEUR

$FF65- $FFCE JUMP Tabl e
Al JMPs are Buffalo
3. XX Conpati bl e except
for VECTINIT

$FFDO- $FFD5 Speci al Reserved

$FFD6- $FFFF CPU Vector Tabl e

MEMORY DECODING

The decoder’ s output chip selects
respond from $0240 to $02BF for the
user WW area on the CPU board,
from $0280 to $03BF for the Resal
Time Clock, from $1040 to $7FFF for
the RAM, and from $8000 to $FFFF
for the EEPROM. The decoder circuit
isachieved by a#PALCE22V10.

The best choices, for the hard-
ware, are the PALCE because they
are electrically erasable and cost
around $3.00 US per unit. | am al-
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ready gathering datato design a board
for the MicroNator system to pro-
gram GAL and PALCE.

A[00..15] vCce
o
CTL[00..09 )
L I ™ 1 DCs0
24 0.1uF
Al5 3 v ;l;
Al4_ 9 c
A13_ 8 c 19 RESET*
A12_10 17 MODA*
All_ 5 18 _MODB*
A0 4
A9 6 uso |21 EE*
A8 7 20 OE*
A7 11 22 _RAM*
A6 13 16 RTC
E 1
n
__Riw* 2| 15 Sp1r
PCANL  u| G T
PCIN2 23 N
D
PALCE22V10 J712
Fig: 12 Decoder

This decoder circuit is straight-
forward. Notice that SP1* is not re-
quired for the proper operation of the
system. Its purpose is to have SP1*
(spare #1) responding from $0240 to
$027F. Those addresses are reserved
for the user if he wants to add some
circuits in the CPU board wire-
wrapped area. This pin is connected
to the wire wrapped hole below the
capacitor at the left of the CPU crys-
tal, see the figure on page 10.

If you want to build the CPU cir-
cuit and you don’'t have access to a
GAL programmer there is another a-
ternative to the decoder. You can de-

VCC
O

RAM-OE*

RAM-R/W*

Fig: 13 Memory Decoder Alternative
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sign it using only one 74HCO00 and
one 74HCO2.

That way the EEPROM will re-
spond from $8000 to $FFFF and the
RAM from $2000 to $7FFF. Y ou will
lose the first 8 KBytes of the RAM
but 24 KBytes is quite enough for
most situations. You will have to de-
code the RTC or tie the SS* pin of the
CPU to the SS pin of the RTC and
provide your own routine for the
clock. The downloader will not work
with this circuit.

REAL TIME CLOCK

R60 22M
C61
;ElSpP
vce
0o
D60
X X 1IN270TR
CTL[00..09] o | .
U N [B_IRQ
T
3 our | =
MISO 6 = - ;|;
MOSI 5 u60 16
SCK 4 112 | RéR R
9 615625 63
u
RTC 7 10
13
8 L c62
;|; 1uF
MC68HCB8T 1P

Fig: 14 Real Time Clock

From $0280 to $03BF the decod-
er will select the Real Time Clock.
The chip select of the RTC is its SS
pin#7. Itisactive HIGH and it hasto
stay HIGH for the entire communica-
tion time when using the SPI proto-
col. When not in communication it
hasto be LOW.

So the decoder is madeto latch to
the level of the R/W* signal. If you
read $0280, the RTC chips select will
latch to a HIGH level and stay that
way until awrite to $0280 occurs.

So before using the SPI to com-
municate with the Real Time Clock,
you do a read of $0280 by: LDAA
$0280 and the SS pin of the RTC will
become activei.e. HIGH and stay that
way.
You exchange information with
the RTC using the SPI.

After the communication is fin-

ished, you do a write to $0280 by:
STAA $0280 and the SS pin of the
RTC will become inactive i.e. LOW
and stay that way until the next time
you want to communicate with the
RTC.

This way of implementing the
circuit is to free the SS* pin of the
CPU in case the user wants to add an-
other slave or even another master on
the SPI bus.

SERIAL COMMUNICATION

The designer has to keep in mind
that the connector and socket industry
is one and a half bigger than the sili-
con industry worldwide, so price is a
factor not to overlook in interconnec-
tion.

To keep as much room as possi-
ble for the WW area on the CPU
board | choose a DB9 connector for

P
posond 8L,
*—1—°
RTS x—gT1°
PC-RX 37 _©
=10
pcTx o[ °
DTR* ?
=10
1
—
PC COM PORT MicroNator

J2 Connector

FEMALE FEMALE

Fig: 15 Seria Connector DB25-DB9

PC-COMXx J2
N e
5 g PC-SGND g o
8 4
00'7 X pcrrs X 8'00
2 PC-RX 3
ors Sto
“I3 > pex 2
4 PCDTR* 6
o—4 o
ottt x 116
I B
|: 3 j:{/:'i = :|
9] z
[=| =]
PC COM PORT MicroNator

J2 Connector

FEMALE FEMALE

Fig: 16 Serial Connector DB9-DB9

the serial port. It isthe small footprint
one 0.318” deep.
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I chose a male connector for the
CPU circuit board because that way it
is possible to use an old AT-Cross-
Over cable for the serial communica-
tion with the PC. Again it is standard
and the cost is lower.

It is till possible to use a RJ-11
telephone connector but the problem
isthat it standstoo high and it doesn’'t
fit well between two boards especialy
if the top one has IC pins right over
the top of the RJ11 connector of the
lower board.

The PC-SGND goes to the DC
GND of the MicroNator system. The
other signals go to/from the line driv-
er/receiver.

RS232 INTERFACE

The only output to the serid
communication PC cable, from the
MicroNator system, is the PC-RX
(RS-232 Receive Data of the PC). All
the other communication signals are
input from the PC to the CPU-11/64
system. So for the communication
signalswe need 1 driver and 3 receiv-
ers.

We don’'t want to use 12 Vdc to
keep the cost of the power supply as
low as possible.

For those reasons we will use a
MAXIM line driver/receiver. There
are many different kinds of them but a
good choice is the MAX236CNG
which is a 24DIP300, requires only
four small 1 uF capacitors to generate
the RS-232 voltage, and has a power
down pin to lower the power and still
be able to receive

It is possible to design a system
with aMCU and a RTC that use only
25 to 30 YA in power-down mode.

Why not the MAX232 which is
more standard? The MAX232 has
only 2 receivers and the circuit needs
three, meaning that two of those chips
will be required, and with them more
capacitors, meaning more than the 24
pins of the MAX236 plus the 8 pins
for the capacitors. The cost is almost
the same but not the footprint.

DC5 and DC5A are decoupling
capacitors. DC5A is for filtering the
high speed switching and DC5 is to
supply current when many or all inter-

VCC VCC

j _L_O__I_

ca DC5 DCS5A
10F 10F ;l; ;I; 0.1uF
9
Ulve Vo 88
10
Cl+
co-| 24 1uF

MAX236
1uE 12 c1- V- 15
us c7

XHTIOUT  TUN X L wr
x—-T20UT T2 2x
x—{130uT T2 [HEx

PC-RX 24 Ta0UT TAIN 19 urx

PCTX 4 5  1IRX
BTR* 23| RUN  RIOUT 55—pcN1t
RTS 16| RN ROUT =5—pcN3
S D IRIN R30UT H——
PDWN 21

G
20 SDWN

R9 ReNs N
47K JD:

Fig. 17. RS232 Drivers & Receivers

nal signals are al switching at the
same time. Capacitors C4, C5, C6,
and C7 are for the interna charge
pump circuit. They store the energy
for the RS-232 voltage level convert-
er.

It is not necessary to have pull-
downs on the unused pins of the
MAX236 for it hasinternal ones.

This is the reason why, when
there is nothing connected to the J2
connector  (stand-alone-mode), the
MicroNator system is still operating
properly.

Resistor R9 is for the user to be
able to drive this pin HIGH if he
wants to shut down the chip to use
minimum energy for special low pow-
er system.

Please, keep in mind that the ou-
puts of the MAX236 are inverted in
relation to their inputs.

The 11TX (HC11 SCI-Transmit-
ter) and the 11RX (HC11 SCI-Re-
ceiver) go directly to pins 21 and 20
of the CPU.

11TX and 11RX also go to pins
26 and 24 of the bus connector.

I recommend pulling up the TX
pin of the MCU as, under certain cir-
cumstances, port D is configured as
open drain output.

MCU I/O CONNECTOR
The main 1/0Os from the MCU are
brought to a DB25 connector at the
rear of the system.
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| chose a DB25 connector be-

P10[00..21] DB25/FEM
35
VCC
S F\z_i43
PAO 8 o
PAL1 20 o
PA2 7 o
PA3 19 o
PA4 6 o
PA5 18 o
PA6 5 o
PA7 17 o
PD5 16 o
PD4 SCK 3 o
RESERV2 13 o
RP1
PE7 AN7 o AN 9 o
PE6  AN6 10 7 10
A\ O
PE5 AN5 11 ANE 23 o
PE4 AN4 1 s 24 o
PE3 AN3 13 AN 21 o
PE2 AN2 14 3 22
A% O
PE1 AN1 s 2 11
A% O
PEO ANO 16 AL 12 o
IRQ* 1K 14 o
XIRQ* 1]y
PD2 MISO 2 o
PD3 MOS 15 o

Fig: 18 MCU I/O Connector

cause it is standard, everybody has
one to spare, it is guaranteed for 1
Amp, and is solderable. | chose a fe-
mal e connector as not to short pinsto-
gether when inserting awire, or apin,
into it when testing.

Port A is available, on the bus,
but please take note that PA3 is also

mand as explained further in the
“MONITEUR” paragraph.

Port PDO and PD1 are not on the
1/0 since they are reserved for the
communication with the PC.

All the pins of port E are for A/D
and have a 1 Kohms resistor in series
with each channel to limit the current
into each pin. Refer to section 12.16/
12.17 of the HC11 Reference Manual
for further explanations.

Pin 13 is reserved for future ex-
pansion. Most likely, in future ver-
sions, it will be E.

Pins 2, 3, and 15 are “reserved”
for the SPI communication on expan-
sion board. Pin 16 “PD5/SS*” is not
used for the Real Time Clock SPI
communication protocol so to be able
to have more than one master in the
system. That way, pin 16 is available
for 1/0.

IRQ* and XIRQ* are aso
present as they are frequently used in
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data acquisition.

None of the I/O are buffered (ex-
cept for ANO-AN7, with 1 K resis-
tors) and they are directly connected
to the MCU. So take special care
when working with them as you
might blow the CPU.

BUS CONNECTOR

| thought a lot about this connec-
tor but | still believe | have never
made a better choice than this one.

BUS[00..64]

/ N
E VIN

g 1% &P —wmooa
AS Je0 £9b_GND
MODB Jes oL _VRL
VRH 955 5[ _PE3 ANZ
PE7_ANT _Jos ool PE2 ANZ
PE6_AN6 o ol _PES ANS
PEL_ANL s 4ol PEA AN4
PEO_ANO a2 a7L A8
AQ 46 a5 A0
ALL 4 mb A2
AL3 99 mL A1
Als 40 390 _PAO
AL dm ogrp 2

J3
ESQ-132-14G-D

Fig: 19 BusDescription

All of the pins of the MCU are
available on the bus and 3 pinsarere-
served for future expansion (BUS11,
not dedicated at all. BUS10 and
BUS9 for 12C-SCL and 12C-SDA)
Some pins required special attention:
PDO #24, PD1 #26, PD2 #27, PD3
#28, PD4 # 29 and PA3 #31.

PDO0 and PD1 are the SCI receiv-
er/transmitter pins so they are aso
connected to U5 for communication
with the PC.

PD2 “MISO”, PD3 “MOSI”, and
PD4 “SCK” are used with other ex-
pansion boards for SPI communica-
tion protocol. The SPI
communication is quite popular and
there are a lot of good chips such as
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serial EEPROM and D/A, to name
just afew, that support it.

Finally PA3 is used as OC5 by
“MONITEUR” for the TRACE com-
mand as further explained in the
“MONITEUR” paragraph.

BOOTSTRAP MODE

The HC11 family has the most
marvelous feature of all the 8-bit mi-
crocontrollers on the market to-day:
the “BOOTSTRAP” mode of opera-
tion. The word comes from the early
days of computer, when the designers
wanted to boot a system. They strap-
ped with wires the address bits of the
first instruction to VCC or GND be-
fore cycling the system. In the good
old days, | saw this kind of operation
on a PDP-11 from Digital Equipment.

The HC11 enters the bootstrap
mode when both MODA and MODB
pinsare LOW and aRESET condition
occurs.

When the RESET pin goes from
LOW to HIGH thefirst thing the CPU
does is to sense the voltage level of
MODA and MODB pins. If those pins
are both LOW the CPU enters the
special BOOTSTRAP mode of opera-
tion.

“THE BEAUTY OF THIS SYSTEM”
FORCING MICRONATOR

TO ENTER BOOTSTRAP MODE

To enter the MicroNator system
into the bootstrap mode of operation
is a condition simple to achieve. All
the operations are done by the PC
through the COM port and the
PALCE22V10 under the control of
the TALK communication special
program.

TALK

Written in Borland C++, TALK,
is the communication program be-
tween the PC and the MicroNator
system. It takes care of the communi-
cation and downloading of programs.

BS EEPRM.BIN is used by
TALK for the downloading of pro-
grams from the PC into the system
memory. This special program hasto
be in the same directory as
TALK.EXE if you want to be able to

download any program. The same ap-
plies to UCT2.519 if you want to
download the “MONITEUR” pro-
gram.

The switches to be used with
TALK are[-7], [-1], [-f], [-p] and [-b].
They are always preceded by “-”.

e “Tak -7 will print a small help
screen giving a brief description of
the available switches.

“Talk -r-" will not reset the system
when establishing the communica
tion. The default (-r+) isto reset the
system after contact is made. It is
handy if you are in the middle of a
program and you want to return to
DOS for any reason. To go to DOS
you just have to exit “TALK” with
the standard “ALT X" command.
You do what you want in DOS and
then execute “talk -r-". A new white
screen will appear but you will be at
exactly the same place as you were
before executing the “ALT X” com-
mand.

“Talk -f" selects the French lan-
guage interface for the dialogue
boxes and the small help file, when
you are in “MONITEUR”. Default
is English. There is a Spanish inter-
face under development.

“Tak -pl” selects the COM1 port
(the default) of your PC for the
communication with the system.
“Talk -p2" selects COM2.

“Talk -b19200" sets the baud rate to
19,200 (the default). Other choices
are 2,400, 4,800, and 9,600 baud.
“Talk” with no switches will select
English language, COM1 port,
19,200 baud and will reset the Mi-
croNator system after having estab-
lished the communication with it.

“MONITEUR”

UCT2.519 is the binary file of
the “MONITEUR” program. It is al-
most the same as BUFFALO but has
more routines such as the one used to
write to the system externd
EEPROM.

To reload “MONITEUR", in the
event the user corrupts the RESET
vector or his program modifies “MO-
NITEUR” so much that the system
doesn’'t responds anymore, you just

(C) 1994 by: Michel-André Robillard T.SC.A.



press “ALT B”. TALK will take care
of all the necessary steps to re-initial-
ize the system to its factory settings.

After a user program is down-
loaded, you can use“MONITEUR” to
verify/change memory, insert break-
points, single step, etc... this is the
same as the BUFFALO monitor.

You can use the subroutines in-
cluded in “MONITEUR” with your
program. The jumps addresses start
at $FF65 and are all listed in the User
Manual. Those routines are compati-
ble with BUFFALO 3.XX except for
the VECTINIT

Talk is aways running on top of
the monitor and if you need some help
with the different commands offered,
press “F1”. A small help screen will
appear showing the available choices.

TRACE is a special command to
single step a program. Please take
note that it is not running exactly as
the one included in the BUFFALO
monitor. | use the OC5 to generate a
standard interrupt to the system in-
stead of using XIRQ.

There are three reasons for that
choice. First, it makes PA3 available
for 1/0O. Secondly, it liberates XIRQ,
which is avery important pin, in data
acquisition, to monitor the power.
Thirdly, | hate jumpers. | always for-
get which one is which and what they
are for. As you can notice, there are
none in the MicroNator system, so |
resolved the problem.

Thereisonly one small disadvan-
tage of using standard interrupt com-
pared to the XIRQ. To use TRACE,
the interrupts have to be enabled.
Theway around isto enableinterrupts
only when you are debugging and
when your program is running per-
fectly, you disable them if you have
to. Please remember that the re-
sponse, from the CPU, to the interrupt
service subroutine disables the inter-
rupts and that OC5 pin is the same as
PA3.

Itis always possibleto TRACE a
routine with “MONITEUR”, even an
IRQ one, as long as the interrupts are
enable. The IRQ routine doesn’t dis-
able the interrupts, it is the CPU who

does it, when responding to the inter-
rupt.

DOWNLOADING PROGRAMS

To download a user program to
the MicroNator system you just have
topress“ALT L” when you are run-
ning TALK. A dialogue box appears
reguesting the name of the file to load
into the system memory. You don’t
have to specify the extension of the
file. The name only is sufficient as
TALK will add the extension “S19”.
The format has to be the Motorola
S19. The user program can be loaded
anywhere into external RAM or exter-
nal EEPROM.

WRITE_EEPROM SUBROUTINE

As said earlier, the only disad-
vantage of EEPROM is that they go
tri-stated 100 uSec after being last
written to and then for 10 mSec you
have no more access to it, i.e you can
not read or write it. During those 10
mSec, the EEPROM is busy program-
ming the byte(s).

If the program is stored entirely
into only one EEPROM, you cannot
have access to it, for the 10 mSec de-
lay subroutine stored in it. You must
execute the delay from another de-
vice, usually asystem RAM.

If you want to keep the cost and
size of your system aslow as possible
and don’t want to add a RAM chip
you have to use, for the 10 mSec de-
lay subroutine, the only RAM avail-
able to your sysem: “THE
INTERNAL RAM”.

With the Motorola micros the in-
ternal RAM is part of the standard
memory map meaning you can use it
to execute code. So you store the de-
lay subroutine inside the CPU. You
have two choices:. store the routine at
fixed addresses or pass it through the
stack.

Let's say we want to store $55 at
address $A000. One way the code
might look is as follows:

0000 A7 00 EEWRI TE STAA 0, X
0002 CE OA 00 LDX #$0A00
0005 09 LOOP_EE DEX

0006 26 FD BNE LOCP_EE
0008 39 RTS

(C) 1994 by: Michel-André Robillard T.SC.A.

If you want the code at fixed ad-
dresses, you store those nine bytes at
$0000 after RESET when initializing
the system. When you want to write
to the EEPROM, you put the datainto
the accumulator ‘A’ and the address
into ‘X’ then you call EEWRITE by
the instruction “JSR $0000". On re-
turn, as seen from the above example,
$55 is stored at $A000.

While an EEPROM is busy pro-
gramming its data, it will output the
last byte written, in its complemented
form, when read. If the last byte was
$FF and you read the EEPROM, you
will read $00 and when the EEPROM
is finished programming, it will out-
put the exact data, $FF.

Usudly it will take much less
than 10 mSec to do its job, so you can
shorten the time by checking the last
byte. The following subroutine is
much faster:

0000 A7 00 EEWRI TE STAA 0, X
0002 A1 00 LOOP_EE CWA 0, X
0004 26 FC BNE LOCP_EE
0006 39 RTS

The danger with this routine is
that it might be an endless loop if the
byte doesn’t program properly. Please
remember that all the EEPROM are
not born equal. Some are better than
others. This routine will not work
with all EEPROM.

Y ou can use the COP to loop out
in 10 Msec if the EEPROM fails to
write properly.

With the first routine, you can
verify, at the end of the delay, if the
writing was successful and if not, you
can send an error message.

Without external memory RAM
in earlier MicroNator System and
since there were only 256 bytes of in-
ternal RAM in HC11AO0, | decided to
pass the delay subroutine through the
stack, which is a little more tricky. |
still keep the same strategy for ver-
sion 4.00 but this time the STACK is
in external RAM.

CONCLUSION
MicroNator is an easy to use
system with alot of potential. Itisbe-
coming astandard asit isso simple to
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expand. It is the perfect choice for
colleges and universitiesaswell asfor
the serious control designers._A “C”
language and a BASIC11 interpreter

it : . ol
To use the BASIC11 interpreter

you just download it with the “alter-
nate-L” and it is ready to be use. No
jumper to solder, no PCB traces to
cut, nor EEPROM chip to add. Just
download and enjoy...
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AT Advanced Technology.

CMOS Complementary Metal Oxide Semi-con-
ductor.

COM Communication Port.

CPU Central Processing Unit.

CTS Clear To Send.

DIP Dual In line Package.

DOS Disk Operating System.

DTR Data Terminal Ready.

E Enable, system clock.

EEPROM Electrically Erasable Programmable
Read Only Memory.

EPLD  Electrically Programmable Logic De-

vice.

EPROM Erasable Programmable Read Only
Memory.

GAL Generic Array Logic.

GND Ground potential, 0 Volt DC, logic 0.

HC High Speed CMOS.

110 Input / Output.

JTAG  Joint Test Action Group.

Table 2.

LED Light Emitting Diode.
LIR Load Instruction Register.

LOW Low Voltage Level, 0 Volt DC, logic O.

MCU Micro Controller Unit.

PALCE Programmable Array Logic CMOS EE-
PROM.

PC Personal Computer.

PCB Printed Circuit Board.

PLCC  Plastic Leaded Chip Carrier.

RAM Random Access Memory.

RN Resistor Network.

ROM Read Only Memory.

RTS Request To Send.

SCI Serial Communication Interface.
SIP Single In-line Package.

SMT Surface Mount Technology.

SPI Serial Peripheral Interface

TTL Transistor-Transistor Logic.
VCC Voltage Continuous Current.
ww Wire-Wrapped.

Acronyms

PARTSfor MicroNator System
Resistors
R1 470, 1/8W, 5% //
R7 10M, 1/8W, 5% //
R9, R61, R62
47K, 1/8W, 5% //
R10, R63
1K, 1/8W, 5% //
R60  22M, 1/8W, 5% //
RN1 47K, 7-RESBUS, SIP-8 /DALE #4608X-
101-473 //
RN2  4K7, 7-RESBUS, SIP-8/DALE #4608X-
101-472 //
RP1 1K, 81SOLATED, DIP-16 /DALE
#4116R-001-102 //
Capacitors
C2,C1 33pF, 200V, CER., 0.200" / AVX-
CKO05BX330K //
C3, C4,DC5, C5, C6, C7, C62
1uF, 35V, Tantalum, 0.100" //
C60, C61
15pF
DC1, DC2, DC4, DC5A, C8, DC9, C10, C12,
C13, DC50, DC60
0.1uF, 50V, CER., 0.200" / AV X-
CKO05BX 104K //
C9,C11 47uF, 35V47, RADIAL.100// ACTIVE
Diodes
D2, D1 1N4001TR//
D3 Red LED, 1.0MCD, 1.6V FWD, T-13/4//
D4, D60
IN270TR, Germanium, 80V, 200mA,
DO-7 /IACTIVE

ICs
U1 CPU, PLCC 52 /MOTOROLA #
MC68HC11A1FN //
u2 SN74HC373N, OCTAL Demux., 3ST,
NON-INV /TI //

u4 32K x 8 EEPROM, 28DIP600 /XICOR
#X28C256D-25// ONLY XICOR

us RS-232 DRV-RCV, 4IN-30UT,
24DIP300 /MAXIM #MAX236CNG //

U6 Regulator, 5V/1A, TO-220/ Tl
#UAT7805UC /

u10 32K x 8 RAM, 350ns or better, 28DIP600
| #62256 //

Us50 PALCE22V10H-25, /| ACTIVE

U60  MCB8HC68T1P, //

X1 Crystal, 4.9152MHz, HC-49U / KDS,
FOX /I ACTIVE

X2 Crystal, 32.768 KHz, Watch //
Connectors & Switches

J2 DB9-RH, PCB, MALE 0.318//

J3 32x2/ SAMTEC # ESQ-132-14G-D //

J5 DB25, PCB, FEM, RH, 0.318" /SPC //

P1 2 PINS, 5mm, MALE / WECO
#90,871,012 //
For the female for Wall-power-supply /
WECO #20,873,102

SW1 SPST MOM-NO, 4 PINS, PCB, RH /
OMRON #B3F-3152 //

SW2  SPDT, 5Amp, 28Vdc, PCB, RH /
SWITCHCRAFT #A1010MD7AQ //

RF-232
1404 rue Galt
Montréal, Qc H4E 1H9
CANADA
Tél: (514) 761-4201

RF-232
21 rue André Gide
59123 ZUYDCOOTE
FRANCE
Té: 03 28 58 28 39

68hcl1@micronator.com
support@micronator.com
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On/Off

Pin #1
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