GETTING STARTED

The 2x4"'sTM series of computer boards were designed with low
power operation and minima sizeinmind. The 2x4"sTM are the
perfect building blocks when designing systems or stand aone
single-board computers.  They were named 2x4"sTM for their size,

2 x 4 inches, and to emphasis the similarity in concept to the
popular mechanical building block. The NMIS-0021 is the F68HC11
based CPU board for the 2x4"sTM board series.

The NM1S-0021, when purchased, is ready to run your dedicated ap-
plication. Only the addition of your program is required in its
internal EEPROM, or its battery backed RAM, or in a user supplied
ROM/EPROM/EEPROM.

If you wish to download code to the processor, or interactively
develop code, additional circuitry is probably needed. To "talk"
to the system with a standard RS-232 termina or a personal com-
puter with an RS-232 port, you must have alevel shifter to con-
vert the TTL serid in and seria out to RS-232 levels. Thiscan
easily be done if you have purchased aNMI1-0232 board. If you
don't have a NMII-0232 board, you will need to build alevel
shifter. See SERIAL 1/O for details on the construction of a
smple level shifter. After you have your level shifter con-
nected to the NMI1S-0021, connect atermina to the serid RS-232
DB25F connector. Most terminals should plug in directly, with a
straight through cable (i.e:: pinltopinl, 2to2, 3to 3,

etc.).

The termina must have the correct bit settings. The baud rate
should be set at 9600 baud for 2 Mhz systems (8 Mhz crystal),
4800 for 1 Mhz systems (4 Mhz crystal). The NMI1S-0021 sends and



receives a bit protocol of one start bit, eight data bits and one
stop hits.
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Bit Stream

When the terminal is set correctly, and the board is provided
with power, every time you cause areset to occur the NMI1S-0021
should respond with:

Max-FORTH V3.3
Seeing that message means the terminal can "talk” the NMI1S-0021.

Press "return” on your termina several times. If the NMI1S-0021
responds with "OK" each time, communications are established.



Now you will want to see the system do something. Type WORDS fol-
lowed by areturn. Thiswill cause the system to list its entire
vocabulary, some 200+ words. The listing can be stopped at any
time by pressing a key, like the space bar.

When the F68HC11 powers up, it assumes nothing else on the board
Isworking, so it defaults to its own interna RAM. Asaresult
thereisalimited termina input buffer area (16 characters) and
dictionary space. The NMIS-0021 provides externa memory expan-
son. You now need to tell the system to move its termina input
buffer and dictionary to external memory. If the RAM is in-
staled at 0100-1FFF (factory default for single 8K RAM) the fol-
lowing will accomplish that.

HEX

100 TIB !
S0TIB 2+!
200 DP!

Now try a simple program to exercise some of these words. Enter:

: TYPE-LETTERS 5B 41 DO | EMIT LOOP;
TYPE-LETTERS

to which the machine will respond:

: TYPE-LETTERSS5B 41 DO | EMIT LOOP ; OK
TYPE-LETTERS ABCDEFGHIIKLMNOPQRSTUVWXY ZOK

Now have alook at memory with the DUMP command. Type:

0000 80 DUMP



and examine the results (remember we put the machine in HEX).
Try another WORDS and observe the first word displayed. It has
become the word TY PE-LETTERS entered above.

Your NMIS-0021 is now running and communicating as it should.



PARALLEL PORTS

The F6BHC11 hasfive pardld ports, Port A, B, C, D and E. Two
ports of the F68HC11 are sacrificed to create an 64K address and
databus. Theremaining three ports, A, D and E, are available
on the edge of the board. Port A and E are on the right hand side
along with VRH and VRL. Port D ison the left hand side of the
board. Each of these ports has arow of eight pins to be used
for connection purposes. Although some port lines have special
multiplexed functions, they can all be used as inputs or as out-
puts according to their individual designs. Some of the port
lines have direction registers allowing them to be used as either
INputs or outputs.

The lines can be used asindividual inputs or outputs or in com-
bination. There are very few applications, however, where pins
are switched dynamically, sometimes used as inputs, sometimes as
outputs.

The smplest form of input device is a switch to ground, to
create alow level when the switch is closed, with apull up to
give a high level when the switch isopen. This switch can be
breaker points, reed switch, the contacts of arelay, micros-
witch, etc. To try an example of thistype input, hook up a
smple push button switch to Port A Line 0 (PAQ) with a 10K ohm
pull up resistor to +5.



Push Button | nput

The following program will show the current state of the switch.
Enter LOOK torunit.



BOOO CONSTANT PA

: SWITCH PA C@ 1 AND ;

: CHECK-STATE IF ." OPEN" ELSE ." CLOSED" THEN CR ;

: LOOK SWITCH BEGIN SWITCH 2DUP = IF DROP ELSE SWAP 0=
CHECK-STATE THEN ?TERMINAL UNTIL ;

LOOK

Whenever the switch changes state, open or closed, the computer
follows with a written report.

Other possible input devices are shown here.

Input Devices

Note that due to the 10K pull up on the port, the "switch" must
snk .5 ma to ground with no more voltage rise than an HC low
level (2/10ths of Vcc) at the pin. (A voltage of 7/10 Vcc will
always be recognized asalogical one.) Voltages applied above
Vdd or below 0 Volts can damage the computer.



The outputs of the F68HC11 can sink 1.6 mato ground while |et-
ting the pin go no higher than 0.4 Voltsfor a"zero" and source
about .8 maat 4.5 Voltsfor a"one". Intermsof control, this

Is avery smal signal. Most relays require over 50 times more
current to operate. LED'stypically take 5 mato bevisble. HC
levels are such that the output is sufficient to drive the input

on one pin of one TTL device or about a dozen of the lower power
LSTTL inputs. Theoutput is sufficient to drive VMOS FET's
directly, and Darlingtons with an externa pull up which canin
turn control several amps of current. Usually, however, a buffer
will be needed to do serious non-HC interfacing.



Output Devices






To test the output capabilities, wire one of the two circuits
shown here or use an oscilloscope or logic probe.

Logic Leve Indicators

When the output isa"1" the LED will beon. When the output is
a"0" the LED will be off. The following program will exercise
the outputs of the 68HC11.

: RUN-UP FF BOOO C! 0 BEGIN 8 + B0O00 C! 7TERMINAL UNTIL ;

Port A hashbits0,1 and 2 asfixed input and bit 3,4,5 and 6 as
fixed output. Bit 7 isbidirectiona and can be configured as an
output by writing abit in DDR7 of location BO26. Bit 7 is not
used inthisexample. Noticethat bit 3 and 4 are changing
faster than bits 5 and 6. They are changing so fast that the LED
appears to be continuously on at low brightness. Higher numbered
Port A lines, bits 5 and 6,toggle at dower rates. Each bit posi-
tion toggles at 1/2 the speed of the next lower hit.






SERIAL 1/O

The F68HC11 has two seria channels, one synchronous and one
asynchronous. Both operate at HC levels.  The synchronous port
Is designed for athree wire master/dave clocked channel. There

are many peripheral chips designed to work directly with this
port, such as A/D and D/A converters, display drivers, etc. The
asynchronous port isafull duplex hardware seria channel. To

use this seria channel with most standard communications inter-
faces, level converters are needed.

The NMIS-0021 uses only lines PDO and PD1 for the asynchronous
serid in and serid out respectively, and aground. Many ter-

minals require additiona handshaking signalsto work, the NMIS
0021 does not have these signals. In order to fool the terminal,

pins 4 and 5 can be hooked together on the DB25F connector, as
can pins6 and 20. In thisway the terminalsthat require the
additional handshake signa have their own" clear to send” /

"ready to send" and "data terminal ready" / "data set ready" sig-

nals wrapped back around, indicating "always ready".

Some systems use software protocols to control serial flow. They
generaly use the characters S to stop and *Q to continue trans-
mission. Thisis caled the XON/XOFF protocol. The Max-FORTH
firmware on the NMIS-0021 does not support this protocol, al-
though it can be added by ingtaling new low level seria

routines.

The diagram below isasimple level shifter to alow RS-232 com-
munication between the NMI1S-0021 and a video terminal.






Smple Level Shifter






POWER SUPPLY

The main power supply for the NMI1S-0021 should be a regulated 5
volt supply. The voltage can be 4.75 to 5.25 volts DC. The NMIS-
0021 normdly draws less than 50 ma.,, athough the addition of
other 2x4"sTM will increase the required current.

Theided voltage for the VBB supply is4.3-4.5Volts. (Seethe
next section for further details) VBB supplies may work as low
as 2.5 Volts. Current requirements are quite small, typicaly in

the 10ua. range. When the VBB supply is used on the processor,
it will retain its User Areathrough power down and remember its
linkages to the externd FORTH dictionary, etc..






BATTERY BACK UP AND RESET

The battery backup capability will allow data retention in other-

wise volatile CMOS RAMs and the processor's own interna RAM
through main board power downs. The backup power is supplied tem-
porarily by an on board capacitor or more permanently by a user
supplied battery. A termina has been supplied, marked VBB for
Voltage Battery Backup.

The VBB termina and the backup capacitor are connected to the
VBB supply rail on the board by diode, D1. The VBB supply rail
supplies the two 28 pin JEDEC sockets, the 8054HN low voltage in-
dicator in the reset circuit, the 74HCO0 gate and the 74HC138
decoder. Under normal powered operation, if no power is applied
to the VBB terminal, the VBB rail is supplied fromthe +5 Volt

rail through the intrinsc diode of P channel FET, Q1, and the
signa diode D2, to within adiode drop of the suppling 5 volt

rail (~4.4Volts). (Thismay cause some problem with the Dalas
Semiconductor DS1223 battery sockets, as they "write protect"
their RAMs at 4.75 Volts and are dlow to come out of that protec-
tion state.  Thiswill usually manifest itself asafailure of a

program in the battery sockets to autostart on power up. Running
an elevated 5 Volt supply may be necessary to accommodate these
parts. The purpose of this new featureis, however, to do away
with the need for those devicesin final system configurations.)
When the 8054HN low voltage indicator releases the reset ling, Q1
Is turned on and the VBB comes amost completely up to the 5 volt
rail (~4.95 Volts).

When the 8054HN low voltage indicator holds the reset line low
(when VBB isbelow 3.8-4.2 Volts), Q1 isturned off and the ad-
dress decoder is disabled through the same input that is used by



MEMDIS. This"access' protects the memories during the power
down cycle.

To meet the full letter of the specifications of the partsin-

volved the correct backup voltage onthe VBB pin is critical.
This supply must be low enough to ensure that after the diode
drop of D1, the VBB rail cause the 8054HN to issue a reset (~4.0
Volts), otherwise Q1 will remain on and the whole system will be
powered by VBB. It must also be high enough to ensure that after
the diode drop of D1, the VBB rail will meet the processors re-
quired backup voltage (listed as4.0 Volts). Therefore, the

ideal voltage for the VBB supply is4.3-4.5 Volts. It should be
pointed out however that the Motorola specification appears to be
overly consarvative. By empirical test, VBB suppliesbelow 3
Volts appear to be quite adequate. Most CMOS RAMs will retain
data down to 2.2 Volts. Accounting for the diode drop under such
low currents, the VBB supply may work aslow as2.5 Valts.
Another consideration is that the 5V supply rail is hooked to the
VBB termind viathe D2 diode. There may be a problem if the VBB
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supply can not stand the application of ~4.4 volts. Three"AAA"
batteries might be an ided solution as this supplied voltage
would tend to keep them charged during powered periods.

The processor battery backup supply enters the chip viathe MODB
pin. Jumper block B controls the setting of MODB, either to
ground or to VBB. For backup of the processor's RAM to be suc-
cessful jumpers A and B must be in the Single Chip or Expanded
Multiplexed settings. When the VBB supply is used on the proces-
sor, it will retain its User Area through power down and remember
its linkages to the externa FORTH dictionary.

When the voltage at the 5v supply rail drops below 3.8-4.2 Volts
and no externa VBB is supplied, the NMIS-0021 0.1 farad
capacitor memory back up system starts a low discharge.

Depending on the amount of RAM on board and the power efficiency
of the individua devices, the capacitor system will back the
memory for days. Teststhat were performed suggest at least 4
days backup of asingle RAM and possibly aweek of storage with
out power can beredlized inided sStuations. Use of "mixed"
MOS RAM, non CMOS RAM or EPROM in one of the sockets can
reduce
the backup substantially. Most CMOS EPROMs will not affect the
discharge much more than aCMOS RAM. At any rate, thissystem
makes the board resistant data loss during black outs and tem-
porary power failures.

A point to remember with this feature is that a power cycle will

not clear a crashed system if the dictionary linkages are blown.

Use of aCNTL-G key combination followed by areset will force a
cold reset. Refer to the Max-FORTH User's manual on "After the
Crash" for more information.
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ADDRESS DECODING

The chip sdlects of the two JEDEC sockets are generated by a
74HC138. When the A13/+5 and A14/+5 jumpers are in the 8K posi-
tion, address linesA15, Al14 and A13 are brought to this part.

This means that each of the eight generated chip selects repre-

sent asingle 8K byte segment out of the 64K byte memory map.

When those jumpers are in the 16K position (not documented on the
slkscreen), addresslines A15 and A14 are brought to this part.

The A13 decoder input isheld high. This meansthat the upper
four generated chip selects represent asingle 16K byte segment

out of the 64K byte memory map.

When they arein the 32K position, addresslines A15 aone con-
trols the part. The A14 and A13 decoder inputs are held high.
This means that each of the two upper chip selects represent a
32K byte segments out of the 64K byte memory map.

Two other signals control the decoder - Address Strobe (AS) and

On Board Memory Disable (MEMDIS). The Address Strobe (AS) signal
must be active low before any chip selects are enabled. Thisis

the processor's signal indicating the address on the busisvalid

for the off-chip memory. The On Board Memory Disable (MEMDIYS)
signal allows an offboard open collector source to disable the on

board decoder, so offboard components can disable amemory seg-
ment from on board memory, even if the entire 64K isfilled with

RAM on the main board.
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74HC138
Al3 +5V +----v----+
00o0-|A Vcc+5V +---—--- +
Al4d +5V | || |

00 0-B 0O0-00-|0 0|+U2CHIP SELECT

| |l
Al15|C 0O1]-01---|o o]+

S I N B

AS|E 02-02---|o o}+
MEMDIS [ I
PR E O3}-03--|o o]+

RESET | || |

E-E  04-O4-|0 o]+ U3CHIPSELECT
| |1 I
40707 O5}-05--|0 0 |-+

| |
| GND-[GND  06}-06---| 0 0 |-+

Address Decoder
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BOARD MOUNTING

The NMI1S-0021 has three mounting holes, one in the corner nearest
the 34 pin Vertica Stacking Connector which is main the mechani-
ca mounting hole, and two in the opposite corners used for align-
ment. Each holeisdrilled at .110 inches. Thiswill allow pas-

sage of a4-40 screw shaft.

If additional 2x4"sTM are to be used they may be stacked above or
below the CPU, as desired, on the female or male side of the Ver-
tical Stacking Connector respectively. A smple hex 3/4 inch
standoff with a male screw on one end and afemale threaded hole
on the other isthe ideal interboard connection device. The Ver-
tical Stacking Connector was designed to work with this size
spacer, giving reliable board to board connection.

The length of the standard spacer, .750 inches, plus the board
thickness, .061 inches, gives a nominal spacing board to board of
811 inches. If an exact spacing of .800 inchesis desired (some
standard mounting hardware have .800 inch mounting board guides)
.011 inches of the mounting surface at the female end of the soft
brass standoff can be removed by mill or metal file.

Only the mounting hole near the Vertica Stacking Connector has
sufficient clearance around the hole to allow for the head of a
screw or the flats of the standoff to rest on. The trace closest

to the holeis GND on the top side of the board. All 2x4"sTM are
designed with this same convention.

The two mounting holes at the other end board can be used for
alignment pins, but do not have sufficient clearance to allow the
use of screw. All 2x4"sTM attempt to follow the convention, main-



taining these two mounting holes. If, however, thereis suffi-
cient reason to use that board space they may not always be
preserved.

The extremely small size of the boards means there are no
guaranteed limits on how close components will be placed to the
edge of the 2x4"sTM. Board guides will be difficult to use and
designs should take thisinto account. They may be acceptable if
non conductive and very shalow. The main mounting hole remains
the best point of support.
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TROUBLESHOOTING

As awaysthe first thing to do when troubleshooting is to check

the power and ground connections. An oscilloscope should be used
to check signals. The mounting hole by VRH and VRL is a con-
venient place to hook aground clip. If +5Voltsis present at

the +5 pin and the board is not operational, the next item to

check is the oscillator. Putting the scope on EXTAL (Pin7)
should show a8 Mhz sine wave (4 Mhz for F68HC11 parts running 4
Mhz XTAL'S) running from about .5 Volt lowsto 4.5 Volt peaks.
XTAL (F68HC11 Pin 8) should have an identical signal, but of a
much smaller amplitude.  If the Sine waves are not present and
thereis 5V present at the power pin Vcc (Pins 26), and ground at
Vss (Pin 52), then either the F68HC11 or the crystal are bad and
require replacement. Thereis one exception. If the processor

has executed a STOP instruction, the oscillator will stop. When

the oscillator is functioning correctly a2 Mhz (1 Mhz) clean run-
ning square wave should be present at the E output (Pin5). The

E dgnal drivesthetiming for al externa memory transfers.

This signa should toggle nearly rail torail, a0.4Vv low and a

4.6V high arenormal. Less amplitude can indicate a board short

or an excessive load on the line externd to the F68HC11.

The serid channel should send a sign on message if no autostart
ROM interferes. If not, the reset circuit could be bad, the
seria converter could have failed, or the F68HC11 could be defec-
tive. When the RST pinisshorted to ground and released the
reset pin (Pin 17) should drop to ground and rise back to 5 Volts
in afraction of asecond. If the reset pinisworking and still

no message is seen on the terminal, check PD1, the serial output
line (Pin 33). When reset is exercised, this line should go from
normaly high through a multitude of toggles back to ahigh



state. The periods of the toggle transitions are multiples of
approximately 100 microseconds. If thissignal is not present,
and there are no user ROMs in the board, the F68HC11 is suspect.
If the signal is present, check pin 3 of the DB25F connector. It
should normaly beat -V (-5 Volts nominaly) and should toggle
to +V (+5 Volts nominaly) at the same rate as the seria  output
line (this applies specificdly to the circuit in SERIAL 1/0 or

the NM11-0232). If thisis happening and no message is seen, the
RS-232 wiring or the terminal is suspect. Check to see if the
level shifter and NMI1S-0021 are connected to the DB25F RS-232 con-
nector as follows:
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DB25F Signad Name
1 Caseground
2 Serid in (toleve shifter then to NMI1S-0021)
3 Seid out (from level shifter then to NMI1S-0021)
7 Electrica ground

DB25F SIGNAL PIN OUT

Check the voltages on pins 2 and 3. If pin 3 is very negative and
pin 2 isfloating, both systems are trying to talk on the same
line. Pins2 and 3 need to be swapped. Usually this is done
with a"null modem™ inserted where the two systems connect.

If the -V/+V signa was not found at pin 3, the RS-232 converter
isnot working. Check the wiring of the RS-232 converter and
power and ground on the level shifter.

Check S which isthe serid into the board from the terminal.

It should normally be at a +5 Volts. When akey is pressed on the
termind it should pulseto O Volts. If it doesn't, the terminal

or the RS-232 wiring are suspect. The same signals should also
be a PDO, which isthe seria input line of the processor (Pin
34).

The most common eror intrying to use the NMIS-0021 is mis-
matched baud rates or bit settings.  Verify that the termind is

set for 9600 baud with one start bit, eight data bits and one

stop bits, with no parity generated. (Review thisdiscussionin

the Getting Started section.)
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MEMORY MAP

SV = = N — -
63 | RUN TIME |
62 | KERNEL |
61 | |
60  [NON RUN TIME| Max-FORTH ROM
50 | CODES |
58 I |
57 | HEADS |
56 $E000 | |
$DFFF | |

-~

- - - — 1

$B800 | |
$B600 | |EEPROM




| |
$1000 [$0B_AT_$103B|

5
4
3 $0C00 | |
2
1
0

3

$0800 | |
$0400 | |
$0000 +ON=CHIP=RAM=+

Memory Map
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VARIOUS JUMPERS

# SOURCE DESTINATION NORMALLY

Al13-A ADDRESSLINE 13 ADDRESS DECODER INPUT
A-5 +5VOLT RAIL

A13-A ADDRESSLINE 13 ADDRESSDECODER INPUT
A-5 +5VOLT RAIL

O0-U2 DECODER OUTPUT 0 U2 JEDEC SOCKET
O1-U2 DECODEROUTPUT 1 U2 JEDEC SOCKET
02-U2 DECODER OUTPUT 2 U2 JEDEC SOCKET
0O3-U2 DECODER OUTPUT 3 U2 JEDEC SOCKET
04-U3 DECODER OUTPUT 4 U3 JEDEC SOCKET
05-U3 DECODER OUTPUT 5 U3 JEDEC SOCKET
0O6-U3 DECODER OUTPUT 6 U3 JEDEC SOCKET
O7-U3 DECODER OUTPUT 7 U3 JEDEC SOCKET
A

GND-D GROUND MODA PIN OPEN

D-5 MODA PIN +5VOLT RAIL CLOSED
B

GND-E GROUND MODB PIN OPEN

E-5 MODB PIN +5VOLT RAIL CLOSED

XIRQ-B NMI INT FROM J4 OPEN

B-IRQ INT FROM 34 PA3 EDGE SENSITIVE LINE OPEN



U2 U2PIN 27 R/W LINE U2 PIN 28 SUPPLY OPEN*
U3 U3PIN 27 R/W LINE U3 PIN 28 SUPPLY OPEN*
*  Optional use of pull-ups on R/W lines can write protect RAMSs
in socket. Touse, install 100K pullup resistor & remove
jumper from JEDEC selection pin set for pin 27. If battery
backup isin use, RAM will then emulate ROM.

Miscellaneous Jumpers
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SOCKET PINOUTS

Jumper Assignments for JEDEC 28 Pin Sockets

+--—+
JUMPER 10 028+5 |o|*

A12 20 027\|JU!\/IPER o]

+--—+

A7 30 0 26 JUMPER

A6 40 025A8

A5 50 024 A9

A4 60 023 A1l

A3 70 022 OE

A2 80 021 A10

Al 90 020 CHIP SELECT

AO0100 019D7

DO11o 018 D6

D1120 017D5

D2130 o1l6 D4



GND 140 015D3

PIN1 PIN26 PIN 27
O--0 0--0 OO0

O OOOOO®Oo
Al4+5 +5 A13 A14 RR/W

*  Optional use of pullups on R/W lines can write protect RAMs
insocket. Touse, install 100K pullup resistor & remove
jumper from JEDEC selection pin set for pin 27. If battery
backup isin use, RAM will then emulate ROM.

U2, U3 Socket Pinouts
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DEVICE SELECTION
Jumper Settings for Standard JEDEC 24/28 Pin Devices

ALL 8K X 8 DEVICES
2764
28064
6264

PIN1 PIN 26 PIN 27

S S S S S S S

| XX | IX]*

| IXIX] | [X]

S S S S SN S S

Al4 +5V +5V A13 A14 RR/W

16K X 8 EPROM
27128

PIN1 PIN26 PIN 27

S BT ST S S S S

| IX] [ X] [X]

| IX] IX] [X]

o S S S S S S

Al4 +5V +5V A13 A14 RR/W

32K X 8 EPROM
27256
PIN1 PIN 26 PIN 27
S SIS I S S SN
| IX] XX
| IX] [ XX |
S SN SV SV ST SN S



Al4 +5V +5V A13 A14 RR/W

32K X 8 RAM
62256

PIN1 PIN26 PIN 27

S S SRS S S

| X1 X IX ]

[ X1 IXT X

S T U I S S

Al4 +5V +5V A13 A14 RR/W
*  Optiona use of pullups on R/W lines can write protect RAMs
in socket. Touse, install 100K pullup resistor & remove
jumper from JEDEC sdlection pin set for pin 27.  If battery
backup isin use, RAM will then emulate ROM.

General Purpose Sockets Device Selection
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SOCKET ADDRESSING

Jumper Settings for Various Addressing Schemes

(Thisis one example shown on silkscreen)

2 8K DEVICES
NMIS-0021 NMIL/S-0021B
8K 32K
S S— +  S— + -
A13 | XXXX 0]+5v +5V [0 o] |
omemees + e
AL3 | XXXXX | |
o + .
Al4 | XXXX 0]+5 +5V [0 o] |
omemees + ||
AL4 | XXXXX | |
N S— + -
S S— +

0000-1FFF O0 |0 O |-+

|l
2000-3FFF O1 |0 O |-+

|1l
4000-5FFF O2 |0 O |-+ 6000



|1l
6000-7FFF O3 | XXXX [-+-U2 CHIP SELECT 7FFF

|
8000-9FFF O4 | XXXX |-+-U3 CHIP SELECT 8000

|1l
AO00-BFFF O5 |0 0 |-+ OFFF*

|l
CO00-DFFF 06 |0 0 |-+

|
EQ00-FFFF O7 [0 o |-+

* Note on theRev 1.0 & 1.1 slkscreen thisislisted as AFFF
which isamisprint.

2 8K Devices Contiguous
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2 8K DEVICES

(Thisis default factory setting)

NMIS-0021 NMIL/S-0021B
8K 32K
S S— +  S— + ---
A13|XXXX 0]+5 +5V [0 o] |
omemees + R
AL3 | XXXXX | |
o + e
Al4 | XXXX 0]+5 +5V [0 o] |
omemees + ||
A4 | XXXXX | |
N S— + -
o — +

0000-1FFF OO0 | XXXX |-+-U2 CHIP SELECT 0100

|1l
2000-3FFF O1 |0 o |-+ 1FFF

|1l
4000-5FFF O2 |0 o |-+

|l
6000-7FFF O3 |0 0 |-+

|
8000-9FFF O4 | XXXX |-+-U3 CHIP SELECT 8000

|1l
AO00-BFFF O5 |0 0 |-+ OFFF

|1l
CO00-DFFF 06 |0 0 |-+




|
EQ00-FFFF O7 [0 o |-+

2 8K Devices Default Factory Settings
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2 16K DEVICES

NMIS-0021 NMIL/S-0021B
8K 32K
S Sa— + E L + -
Al3|0 XXXX |+5 +5V | XXXXX | |
Aot e 24
Al3|o o] |
bt freeeee]
Al4 | XXXX o]|+5 +5V |0 o] |
et ] B
Al4 | XXXXX | |
E ph— + ——-
S — +
O0|o o+
| || 0000
0000-3FFF O1 | XXXX |-+-U2 CHIP SELECT ----
| || 3FFF
O2|o o+

|l
4000-7FFF O3 |0 O |-+

O4]o o+
|l 8000
8000-BFFF O5 | XXXX |-+-U3 CHIP SELECT ----
||| BFFF
O6|o o+

|l
CO00-FFFF O7 |0 o |-+



2 16K Devices
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2 32K DEVICES

(Thisis one example shown on silkscreen)

NMIS-0021 NMIL/S-0021B
8K 32K
S +  — + ---
Al13 |0 XXXX |+5 +5V | XXXXX | |
Aot | 24
Al3|o o] |
et o] -
Ald|o XXXX |45 +5V | XXXXX | |
Aot [ B
Ald|o o] |
e — + ---
S — +
O0|o o+
|1l
Ol|o o)+
|1l
O2|o o+
| ] 0000
0000-7FFF O3 | XXXX |-+-U2 CHIP SELECT ----
| | TFFF
O4|o o+
|1l
O5|o o+
|1l
O6|0 o+

|11 8000




8000-FFFF O7 | XXXX |-+-U3 CHIP SELECT ----
ommment FFFF

2 32K Devices
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CONNECTIONS

NMIS-0021 BOARD EDGE (TOP VIEW)

BB S S +

| O OO0OO0OOOO OO O o 0 |

| SO Sl +5 G VBB G RST G VRH VRL |

| |

lo PE7 o]

| SO - SERIAL OUT, TxD (PD1) |

lo Sl - SERAIL IN, RxD (PDO0) PEG O

| +5 - VOLTAGE SUPPLY, VCC |

oPD5 G - GROUND (RETURN FOR VCC) PES o]

| VBB - VOLTAGE SUPPLY FOR RAM BATTERY BACKUP
|

oPD4 G - GROUND (RETURN FOR VBB) PE4 o

| RST - RESET, ACTIVE LOW |

oPD3 G - GROUND (RETURN FOR RESET) PE3 0]

|  VRH-A/D VOLTAGE REFERENCE HIGH (TIED TO +5)* |
loPD2 VRL - A/D VOLTAGE REFERENCE LOW (TIED TO GND)*
PE2 o

|  PD5-PORT D PIN 5INPUT OR OUTPUT & SS |
loPD1 PD4- PORT D PIN 4 INPUT OR OUTPUT & SCK PE1 0|
|  PD3- PORT D PIN 3INPUT OR OUTPUT & MOS |
loPDO PD2- PORT D PIN 2 INPUT OR OUTPUT & MISO  PEO o
|  PD1-PORT D PIN 1INPUT OR OUTPUT & SO |

PDO - PORT D PIN 0 INPUT OR OUTPUT & S| |

PE7 - PORT E PIN 7 INPUT & ANALOG CH 8 |

PEG - PORT E PIN 6 INPUT & ANALOG CH 7 PA7 0|
PE4 - PORT E PIN 4 INPUT & ANALOG CH 5 PAG o]

|
I
|  PE5-PORT EPIN5INPUT & ANALOG CH 6 |
|
|

PE3 - PORT E PIN 3INPUT & ANALOG CH 4 |



PE2 - PORT E PIN 2 INPUT & ANALOG CH 3 PAS o
PE1 - PORT EPIN 1 INPUT & ANALOG CH 2 |

PEO - PORT EPIN O INPUT & ANALOG CH 1 PA4 0|
PA7-PORT APIN 71 ORO & PULSE ACCUMULATOR** |
PAG6 - PORT A PIN 6 OUTPUT & OUTPUT COMPARE 2** PAS3

| PAS5 - PORT A PIN 5 OUTPUT & OUTPUT COMPARE 3** |
| PA4 - PORT A PIN 4 OUTPUT & OUTPUT COMPARE 4** PA2

PA3 - PORT A PIN 3OUTPUT & OUTPUT COMPARE 5** |
PA2 - PORT A PIN 2 INPUT & INPUT CAPTURE 1 PA1 0|
PA1- PORT A PIN 1 INPUT & INPUT CAPTURE 2 |
PAO - PORT A PIN O INPUT & INPUT CAPTURE 3 PAO o

|

|

|

|

| I
| I

| I

| I

* ATTACHED BY FINE TRACE ON BOTTOM, CUT TO USE

REFERENCE SUPPLY
** ALSO OUTPUT COMPARE 1
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CONNECTIONS

NMISL-0021B BOARD EDGE (TOP VIEW)

|]o o o o o0o0O0OO0O O O0OOOGOO O]

|G RX TX G+5 GVBB GRST G +R -R+T -T H L |

| *

| +5V 0 0 GND |

|PD500PD4 TX - SERIAL OUT, TxD (PD1) |

|PD300oPD2 RX - SERAIL IN, RxD (PDO) |

|PDlooPDO +5-VOLTAGE SUPPLY, VCC |

|PA700PA6 G- GROUND (RETURN FOR VCC) |

| PAS500PA4 VBB -VOLTAGE SUPPLY FOR RAM BATTERY
BACKUP |

|PAS00PA2 G- GROUND (RETURN FOR VBB) |

|PA1looPAO RST - RESET, ACTIVE LOW |

|PE7T00PE6 G- GROUND (RETURN FOR RESET) |

|PESooPE4 H-A/DVOLTAGE REFERENCE HIGH (TIED TO +5)*

|

IPE300PE2 L - A/D VOLTAGE REFERENCE LOW (TIED TO
GND)* |

| PE1 0 0 PEO PD5 - PORT D PIN 5 INPUT OR OUTPUT & SS

| +5V 00 GND PD4 - PORT D PIN 4 INPUT OR OUTPUT & SCK

| J2 PD3-PORTD PIN3INPUT OR OUTPUT & MOSI |
| PD2 - PORT D PIN 2 INPUT OR OUTPUT & MISO |
| PD1 - PORT D PIN 1 INPUT OR OUTPUT & SO |

| PDO - PORT D PIN O INPUT OR OUTPUT & S |

| PE7 - PORT EPIN 7 INPUT & ANALOG CH 8 |

| PEG - PORT E PIN 6 INPUT & ANALOG CH 7 |

| PE5 - PORT EPIN 5 INPUT & ANALOG CH 6 |



PE4 - PORT E PIN 4 INPUT & ANALOG CH 5 |

PE3 - PORT E PIN 3INPUT & ANALOG CH 4 |

PE2 - PORT EPIN 2 INPUT & ANALOG CH 3 |

PE1 - PORT EPIN 1 INPUT & ANALOG CH 2 |

PEO - PORT EPIN O INPUT & ANALOG CH 1 |
PA7-PORT APIN710ORO & PULSE ACCUMULATOR** |
PAG6 - PORT A PIN 6 OUTPUT & OUTPUT COMPARE 2**

PA5 - PORT A PIN 5 OUTPUT & OUTPUT COMPARE 3**
PA4 - PORT A PIN 4 OUTPUT & OUTPUT COMPARE 4**
PA3 - PORT A PIN 3OUTPUT & OUTPUT COMPARE 5**

PA2 - PORT A PIN 2 INPUT & INPUT CAPTURE 1 |
PA1- PORT A PIN 1 INPUT & INPUT CAPTURE 2 |
PAO - PORT A PIN O INPUT & INPUT CAPTURE 3 |
+R - RS-422/485 + DIFFERENTIAL INPUT |

-R - RS-422/485 - DIFFERENTIAL INPUT |

+T -RS422 + DIFFERENTIAL OUTPUT |

-T -RS422 - DIFFERENTIAL OUTPUT |
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EXPANSION JACK

MEMDISoo N.C.
E oo RST
Al15 oo INT
Al4 oo +5
Al2 oo R/W
A7 oo Al3
A6 00 A8
A5 o0 A9
A4 oo All
A3 oo OE
A2 oo A10
Al oo AS
AO oo D7
DO oo D6
D1 oo D5
D2 oo D4
GND oo D3

The Expansion Connector was designed to follow the JEDEC standard for
byte sized memory partsin the 8, 16 and 32K Byte varieties. The M4
connector on these boards are made to most closely match the more
recently available 32K JEDEC parts.

Expansion Jack (same as J1 of NMIS/L-0021B).
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PARTSLIST

NMIS-0021 F68HC11 PARTSLIST REV 1.1

PART# GENERIC DESCRIPTION
Ul 52 PIN SOCKET

F68HC11 FORTH CPU
U2 28 PIN SOCKET

2064 8K x 8 RAM

U3 28 PIN SOCKET
2064/20256 OPTIONAL MEMORIES U3

U4 74HCO00 NAND GATE
Us 74HC138 3 TO 8 DECODER
U6 74HC573 8 BIT LATCH

Y1l 8 MHZ XTAL
N 34 PIN VSC HEADER .1" DUAL INLINE

R1 1Meg /8 WATT RESISTOR

R2-6 10K /8 WATT RESISTOR

CL2 20pf CERAMIC DISC

C36 .1uf MONOLYTHIC BYPASS

C7 AF ELECTROLYTIC STORAGE CAPACITOR
LVI1T  8054HN POWER ON RESET MONITOR

Q1 VPO300L P CHANNEL FET

D12 1N4148 OR IN914 SIGNAL DIODE

PCB NMIS-0021 PCB REV 1.0
JUMPER PINS BERG STYLE .1" CENTER JUMPERS
JUMPER SHUNTS  BERG STYLE .1" CENTER SHUNTS



NMIS-0021 F68HC11 Parts List Rev 1.1
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SILKSCREEN



NMIS-0022 Rev 1.1 Silkscreen

29



MECHANICALS



NMI1S-0022 Rev 1.1 Mechanicas
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SCHEMATIC



NMIS-0022 Rev 1.1 Schematic
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