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(ENTRDDUCTIOQ)

BASYS/1 Single Board Microcomputer

The BASYS/1 Single Board Microcomputer is a versatile,
low-cost computer system on a single printed circult
board. It contains a COSMAC microprocessor, RAM and

ROM memory, and flexible 1/0 clrcultry for efficlent
interfacing to a wide range of devices, Features Includd
straightforward design and construction, simple pro-
gramming, small size, low power consumption, and wide
operating temperature and voltage ranges. As a single-
board system, BASYS/1 can be programmed for dedicated
applications in security systems, energy management,
automotive accessories, amateur radio, clock-timers,
portable and battery-operated computers, prozrammable
test equipment, and other electronic projects. When
combined with additional boards and accessories, BASYS/1
can form the heart of a powerful mlcrocomputer system,
comparable in performance to systems costing much more.

SPECIFICATIONS (optlons given in parenthesis)

Wicroprocessor:  COSMAC 1802 (or 1804)

RAM Memory: 256 to 2048 bytes static CMOS (or
NMOS). Accepts 2111, 2114, 511k,
6514 (UPD4L4LC), or 6561 series RAMs, -

ROM/EPROM Memory: 512 to 8192 bytes static CMOS (or
‘ NMOS). Accepts 2704, 2708, 2716,
2732, 2764, or 6654 series ROMs
or EPROMs,

Sertal 1/0: RS=-232C, 20mA current loop, or
audio FSK



PARALLEL INPUTS: 8 hits, CMOS (or TTL) Pompatihle,
with h.,7K pullup resistors

PARALLEL OUTPUTS: 8 bits, CMOS (or TTL) compatible
(optional high current/ high vol-
tage drivers or series resistors)

MULTIPLEXED INPUTS: 80 bits, in 8x10 matrix.
Accepts switches, photo-
transistors, hall-effevt
devices, etc.

" MULTIPLEXED OUTPUTS: 80 bhits, in 8x10 matrix,
Directly drive 10-digit 7-
segment displays, etc.

POWER: -6YDC @ 20mA max if all
CMDS (5YDC + 5% @ 309mA
max If NMOS and TTL is
used), |If RS$232C used,
needs + 5 to * 12VYDC @ 5mA.

BUS CONNECTOR: 44 pins on 0.156" centers,
Includes all CPU address,
data and control signals

/0 CONNECTOR: 40 pins on N,100" centers.,
Accepts discrete wire or
ribbton cable.

TEMPERATURE: -40) to +85°C if all CMOS
(D to +70°C if HMOS,TTL used)

PHYSICAL: 4.5"x6.5", stackable on
0.6" centers. Weight, 6oz
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~ ASSEMBLY NOTES
IMPORTANT—READ BEFORE BEGINNING ASSEMBLY

TOOLS

You will need the following tools to assemble
the BASYS/1 kit:

1. penclil soldering iron, 25 to 40 watts
2. diagonal cutters
3. long-nosed pliers

You may also find a magnifying glass and a small
screwdriver helpful,

OPTIONS

BASYS/1 includes a large number of assembly op-
tions. They allow the hoard to be customlzed to
meet specific user requirements (micro-power
operation, high current output drivers, etc.).
If you are building one of the standard config-
urations, an appropriate parts list and option
sheet is included. Follow the step-hy=step
assembly instructions carefully, noting any
special instructions for the version you are
building. For special confilgurations, you may
choose the options yourself. In this case, a
typical parts list and a blank options sheet are
supplied, which you must fill out yourself. In
some cases, options may be mutually exclusive;
such cases are clearly identified In the assem-
bly instructions.



ASSEMBLY NOTES

IMPORTANT—READ BEFORE BEGINNING ASSEMBLY

ASSEMBLY

Find a clean, well-lighted place to work. Take
your time and work carefully., |If you get tired
or bored, take a break and come back to It later.
While assembling the kit is not difficult, It is
tedious and exacting, and mistakes can be dlf-
ficult to correct.

Unpack the parts and check each one against the
parts list. Do not discard any packaging mat-
erial until all of the parts are accounted for.
Leave the Integrated clircuits in their protec-
tive foam until actually used, as they are easlily
damaged by static electricity. Each part is
identified by a Key Number, which is used on the
circuit board, the circuit diagram, and in doc-
umentation. |f any parts are missing, damaged,
or defective, please contact TMS! and they will
by replaced free of charge. When ordering re-
placement parts, please use the part numbers

and descriptions shown.

Read the entire step first, and then follow the
instructions carefully, Check your work, and
then place a mark in the space provided to the
left of each instruction (). Be sure to pos-
ition the parts exactly as shown in the i1lus-
trations. Do not solder parts until the instruc-
tions specifically tell vou to do so.

5/11/81



SOLDERING

Soldering is the most important skill you will need
to assemble the kit. Just one bad solder connection
can preuvent the kit from operating or make it un-
reliable. Soldering mistakes can also be very dif-
ficult to correct, |If you have not soldered before,
or are unsure of your soldering abilities, find
someone with soldering experience to help vyou.

1. Use the right type of soldering iron. It should
be rated from 25 to 40 watts and have a chisel
or pyramid tip.

2, Keep the soldering lron tip clean. Wipe it oc-
casionally on a damp sponge or cloth and keep
i't coated with a light coating of solder.

3. Use the solder supplied, or a good quality
rosin-core eutectic (60% tin/40% lead) solder.
Do NOT use acid core solder.

4, To solder a connection, place the soldering iron
tip against the component lead wire AND the foil
pad on the circuit board. Apply the solder to
the wire and the pad, and NOT to the soldering
iron tip itself. When the connection is hot
enough, the solder will melt and flow smoothly
onto the pad and lead, and into the hole that
the lead comes through. Apply just enough sol-
der to make a good connection. Then remove the
solder, 1ift the soldering iron straight up, and
let the connection cool.



A _GOOD SOLDER CONNECTION

~—1ead wire
solder
£ - foil pad
{ﬁ%%ﬁ%iékﬁﬁ%

tcircuit board

e
solder blends ™ .
with the foll and i b
lead, and completely
fills the hole.

solder formed a

blob on the lead
wire, and did 7
not flow ento foil ‘
or into hole.

Tgo mucb solder, or too little heat was used. Reheat the
connection, and add a little more solder If necessary.
Excess solder can be removed by holding the board upside

QOwn.and letting the excess solder flow down the solder-
ing iron tip. '

1 4

solder did not ~
fiow onto the

lead wire or %%ZZ%%%%% ;

Into the hole

AL

N
N

—

-Too little solder was used, or the lead wire was not heated

-sufficiently. Reheat the connection and add a little more
‘solder,
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UNSOLDERING

If you make a mistake in soldering, use the follow-
ing proceedures to correct it, Use great care when
unsoldering components as it is easy to damage the
circuit board from mechanical stress or excessive

heat. CAUTION: Heat travels fast., Do not touch a
part while you are unsoldering it.

1.

Solder bridges - A solder bridge is a short cir-
cuit formed by the solder between two adjacent
foil pads., They are usually caused by using too
much solder or by dragging the tip of the solder-
ing iron across the board when you remove it from
a connection. The circuit board is designed so
that no two adjiacent pads are connected together
on the non-component side; thus if you see any
such connection, it is a solder bridge. To re-
move a solder bridge, hold the board with the
non-component side down and heat the connection
from underneath. The excess solder will melt and
flow down the tip of the soldering iron.

Resistors, Capacitors, and Diodes - Grasp one of
the part's leads with long-nosed pliers and heat
the connection with the soldering iron. When the
solder melts, gently pull the lead out of the hole,
Repeat for the remaining lead. Remove the solder
from the hole with the desoldering wick (a fine
braided wire) by pressing it against the foil with
the tip of the soldering iron. When the solder
melts, it will be drawn out of the hole and into
the desoldering wick.



3.

Transistors and Integrated Circuits not in Sockets -
Do NOT try to unsolder these parts intact. It is

not worth damaging an expensive circuit board to save
an inexpensive part. Replacement parts are readily
available from TMS| and other electronic component
suppliers. Remove the part by cutting its leads with
diagonal cutters as close to the case as possible.
The remaining stubs can then be safely removed as
described in 2. ahove.

IC Sockets - High quality sockets are supplied for
all expensive ICs where their cost is justified. You
can replace a single pin or the entire socket using
the following method:

a. Single Pin.- Heat the connection and push on the
pin with the tip of the soldering iron. When the
solder melts the pin will be freed from the plastic
body of the socket and can be pushed out with the
soldering iron. Grasp the pin with long-nosed
pliers and pull it the rest of the way out. Remove
the solder from the hole as described in 2. above.
A new pin can then be prassed into place and re-
soldered,

b. Entire Socket - Do NOT try to unsolder the socket
intact, It is not worth damaging an expensive cir-
cuit board to save a socket. Remove the socket by
unsoldering each pin as described in La. above.
Replacement sockets are available from TMSI and
other electronic component suppliers. HNOTE: Use
high quality sockets or the reliability may be re-
duced, particularly in harsh environments.

5/11/81
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QTY PART NO.

PARTS LIST == BASYS/1K-3F«

DESCRIPTION

KEY NO

AN B b PO b e b PO = DO RO R B e

INTEGRATED CIRCUITS ~- The part number shown will be
on the integrated clrcult, but It may also have one
ot more letters or numbers as prefixes or suffixes.
For example, a 4011B may be marked "MC14011BCP". Do
not be concerned about the extra letters or numbers.

1802CE

6514
40018
4011B
40138
40208
40428
4069
45568
4N35
4UN30
74CL2
74C373
3-R470
1-R4, 7K
1-R22K

COSMAC CPU, HL-6Y (40=-pin)
-EPROM, AR

RAM, 1Kxh, CMOS 18-pin)
quad 2-Tnput NOR, CMOS (14-pin)
quad 2-input NAND, CMOS (14-pin)
dual D flip-flop, CMOS (14=-pin)
14-hit binary counter, CMOS (16-pin)
h-bit latch, CMOS (16=pin)
hex Inverter, CMOS (1h=-plin)
dual 1-of-h decoder, CMOS (16-pin)
optocoupler, transistor (6=-pin)
optocoupler, darlington (6-pin)
BCND~-decimal decoder, CMOS (16=-pin)
8-blt latch, CMOS (20-pin)

8x470 ohm resistor network  (16-pin)
13xh.7K ohm resistor network (lh-pin)
13x22K ohm reslstor network (l4-pin)

TRANSISTORS AND DIODES

2NLL03
IN914

translistor, PNP, signal
diode, switching

Ul-26 a1 D1-18

us

Ull
U12-15
u22
21,23
u20, 24
U2
us,?7
Ul

ul19
U26
125

U3
Uls,17
us

U9
un,10,18

oa
' D1-18

\E—lst cofor hand
ind
3rd |

bth (gold)



PARTS LIST =~ BASYS/1K-3Fu

QTY PART NO. DESCRIPTION KEY NO,
RESISTORS - All are 5% (4th band gold), 1/h watt

1 221R5.25 220 ohms (red-red-brown) - R7
1 102R5.25 1.0K ohms (brown-black-red) R5
2 182R5.25 1.8K ohms (brown-gray-red) R2,8
2 272R5.25 2.7K ohms (red-violet-red) Rh,6
1 224R5.25 220K ohms (red-red=yellow) R3
1 106R5.25 10 megohms (brown-black-hlue) R1
CAPACITORS
2 200C103 20pF, disc ceramic, NPO, 1KV c1,2
16 104C250 N.1uF, monolithlc ceramic, 25V ch,5,7-11,
' 13,15-22
3 156CT250 15uF, tantalum, 16VDC Ch,12,14
SOCKETS AND CONNECTORS
1 IC16.3 16=-pin 1C socket, gold, hi-rel. JU3
7 1C18.3 18-pin IC socket, gold, hi-rel. - Jus,12-15,
Jxpl, 2
2 IC20.3  20-pin IC socket, gold, hi-rel. JuUl6,17
1 IC2k.6  2h-pin IC socket, gold, hi-rel. Jull
1 .ICh0.6 h0-pin 1C socket, gold, hi-rel. Jus
1 P40.1RE h0=-pin header, rt.angle, ejector P2
MISCELLANEOQUS
1 SBC100-X3 PC board for BASYS/1 PCB1
1 2.000MHz crystal Y1
6" -- desoldering wick
60" - solder, eutectic, rosln core

Cl-5,7-11,
13,15-22 C6,12,14 Ju3-17 Y1l

5/11/381
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( START: )

(9~

(A

IC SOCKETS AND HEADERS

To insure reliable operation

in harsh environments, BASYS/1
uses high quality sockets for
all key integrated circuits
(CPY, memory, and 1/0) and for
frequently used jumpers. Soc-
kets are nat provided for the
remaining 1Cs. 17 you wish to
provide sockets for these ICs,
they should be of similar qual-
ity, or reliability may be ser-
iously lowered in harsh envir-
onments. '

PCR1: Position the PC board

as shown, with the sllkscreened
side up. All parts will be
mounted on this side, and all
soldering will be done on the
hack side.

JUS5: 40-pin I1C socket at U5
Insert the socket with the
orientation mark on the

left (matching the dot on

the silkscreen). |If neces-
sary, bend the two corner

pins slightly to hold the
socket on the board until ,
it is soldered. Then sol-

der all pins to the foil.



(: CONTINUE::)

Mount the following sockets using
the same Instructions used for Jus:

(9 JUll: 24-pin IC socket at U1l
( > Jul2: 18-pin IC socket at U1l2
(U Julh: 18-pin IC socket at Ul

(<7 JU13: 18-pin IC socket at U13
(optional)

() JU15: 18-pin IC socket at U15
(optional)

(/4 JU16: 20-pin IC socket at U16

(~>JU17: 20-pin IC socket at U1l7

g/ijﬁus: 18-pin IC socket at U8
J

( P U3: 16-pin IC socket at U3

(V) JXD1: 18-pin IC socket at XD1

() JXD2: 18-pin IC socket at XD2

(WYW-P2: 40-pin right-angle header

(). Check to see that all of the
pins of each socket are soldered
and that no solder shorts or

"bridges'" are present between
adjacent pins.

11/11/81



(jf START: )

INTEGRATED CIRCUITS

NOTE: The Integrated circults
used in BASYS/1 are rugged and
reliahle components. However,
they can be easily damaged by
static electricity. Read thru
the entire proceedure first,
and then perform each step EX-
ACTLY as indicated for each IC.
The least sensitive parts will
be installed first. ,
pECHAAT

(&) Uh: 13x22K resistor network RZZK

1. Remove the IC from the pro-
tective foam and hold it in
one hand.

2. Straizhten any bent leads
with your other hand, The
leads should be parallel to
each other and at right an-
gles to the case,

3. Continue holding the IC in
one hand, and pick up the
clrcuit board in your
other hand. RYL;

4., Install the ICAwith pin 1
at the index mark as
shown below. Press it
into its socket or sol-
der 1t as appropriate.

.. SHALL : norcH
P P - B ‘»q

S CEit Sy

I 1))




(jCONTINUE: :)

Repeat this

roceedure for each
ing 1Cs:

¥

3x22K ollm resistor network

13x22K ¢ghm resistor network

13x4.7K ohm resistor network'

integrated circuit

(9 U3: 74ChH2 or TLLS1US

(¥ UG: H0K2

ONK U7: L0h2

(Y U19: 4556

(= U20: 4013

(D-U21: 40ll

(~)»"u22: 4001

(7U23: 4011

(L uU2u: 4013

(~Y.Ul7: 74C373 or TuLS373

( 5 Ul6: T4C373 or THLS3TS

(9 Check to see that every pin of
each IC is properly soldered,
or properly seated in its soc-
ket. Be sure there are no sol-

der shorts or bridges between
adjacent pins.

3/12/81
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(

)

SYSTEM CLNCK OPTIONS

The system clock can be obtained
from any one of four sources:

1. external clock, 2. RC oscil-

lator, 3. Schmitt-trigger oscil-
lator, or 4. crystal oscillator.

Check the Option sheet to see
which system clock was supplied
with your kit., Then perform
the steps described below for
that option:

EXTERNAL CLOCK
The external clock input is on
pin Y of the bus connector Pl.

( ) Cl: jumper wire (use scrap
component lead)
() Ul: 4069 or 74C1H
Caution: Static sensitive.
Follow IC installation in-
structions on previous page.
( ) R1, R2, C2, C3, Y1, and
X1 are not used

RC OSCILLATOR
frequency set by R2,C3
1
1.4R9(Kohms)C3 (uF)

R2: 1K to 10 megohms
Rl: 2x to 10x value of R2
C3: 300pF to 1luF, non-polar
X1: jumper wire (use scrap
component lead)
( ) Ul: 4OG9
Caution: Static sensitive.
Follow IC installation In-
structions on previous page.
( ) C1, €2, and Y1 are not used

f(KHz)=

Lan T Y an W an ¥
M Nl st



/0

(: CONTINUE:j)

3.

L,

SCHMITT-TRIGGER OSCILLATOR
frequency set by R1 and C1
1

f(KHz) =
*7 7 1.7 R{(Kohms) Cy(uF)

Rl1: 1K to 10 megohms

Cl: any value (no limits)

X1l: jumper wire (use scrap

component lead)

( ) R2: jumper wire (use scrap
component lead)

( ) Ul: 7uC1h ‘
Caution: Static sensitive.
Follow IC installation in-
structions on previous page.

( ) c2, €3, and Y1 are not used

L e Wan

CRYSTAL OSCILLATOR
frequency Is set by crystal Y1

Rl: 10 megohms (brown blk- blue)

) e 5
%/ﬁi}d~down wire for Y1 (use
scrap component lead)
(vy/Yl' jumper wire (use scrap
‘/romponont 1ead)
(¢Y UJ1: nh0h9
Caution: Static sensitive.
Follow IC installation in-
structions on previous page.
( ) C3 iIs not used

Solder all leads to the foil
and cut off the excess lead

length.
z/712/921
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)
)
)

)

)

RESET TIMER

The reset timer resets the com-
puter approximately 20mSec.
after power is first applied.
The time delay must be longer
than the time It takes for the
+5 volt power supply to turn
on. |f your power supply takes
more than 20mSec. to stabillze,
the value of capacitor C7 may
be increased as necessary.

C7: 0.1uf ceramlc capacitor
R3: 220K ohms (red-red-yellow)
D3: 1N91t diode (IN4I4E)
Install the diode with the

banded end matching the sym-
bol as shown below:

p1: 1n91y (1Naiee)
Install as shown above.

Solder all leads to the foil
and cut off the excess lead
length.



SERIAL INTERFACE

The serial interface provides an
R6-232C, 20mA current loop, or FSK
audio 1/0 for serial communications,

(\) C20: 0,1uF ceramic capacitor

¢y p6: 1M91L diode (INGIYE)
Install the diode with the banded
end matching the symbol as shown:

VR chms ¥ ) é}
R5: 220 ohnf (red g% 5réﬁ%

RG: 2.7K ohms (red-violet-red)
R7: 220 ohms (red-red-hrown)
\) R8: 1.8K ohms (brown-gray-red)

—7 U25: 4N30 or LN32 IC
Install U25 with pin 1 at the index
mark as shown below:

(
(
(
(
(

SMALL
INDENTATION NOTCH por

S S R

PIN PiN 1 PIN 1 PIN 1

RIDGE NOTCH

PIN 1

(“{<U26: QNBS Integrated circuit

Nl: 2N4LK03 transistor

fnstall Q2 with the case about 1/8"

above the PC board and with the flat
side of the case as shown on the '

Jllkscroon.

( ) Solder all leads to the foil and
cut off the excess lead length.

/2481  8/10/85



(: START: j)

ROM_MEMORY OPTIONS

ROM socket Ull can be wired
to accept ROM and EPROM in-
tegrated circuits from 512

to 8192 (8K) bytes via jumper
wires at X5. Note that some
older EPROMs will require

+12 YDC and -5 VDC power sup-
plies in addition to the +5
VDC normally used by BASYS/1.
If these parts are used, the
optional +12 VvDC and -5 VDC
bypass capacitors must be in-
stalled as well,

‘Locate the ROM or EPROM IC,

and find the corresponding
jumper diagram for X5 on this
page. Do not remove the IC
from its protective foam vyet.

()YX5: Insert jumper wires at

location X5 as shown for
your ROM or EPROM IC (use
scrap component leads). A

_A6-pin IC socket (not sup-

¢)

plied) may be used at X5
if you expect to change
the jumper configuration,

Solder eac *ﬂﬁﬁg?wto the
foil _a cut off the ex-

,eéggflead length,

L/{

Ull: ROM or EPROM IC
Insert the IC into Its
socket using the same pro-
cedure described earlier
for the other integrated

“¢ircuits,



X5 JUMPER CONFIGURATIONS

size jumpers EPROMs ROMs notes
512x8 2704 2304 1,3
OO 8704 8304 1,3
“ a oo Y 660“ 2
" /\/\ 6654 2
cepe 1832 3
CDPR512 3
1Kx8 )‘\ 2708 2308 1
e 2o b 87038 8308 1
2608 1
. t I\ 2758
~leolde 27C58 1834
2Kx8 t']'l\' 2716 (except TMS271E€
nl..l. 2516 2316
BKx8 E"I'K\’ 2732 2332
O dosds
8Kx8 \,I,\\ 68764 8364
' [ R X 6388 2
Notes: |
1. Requires +12 V¥DC and -5 VDC power

supplies and bypass capacitor options

in addition

to +5 VDC.

— 2. Has latched agdresées, and requires

ran additional

1N914 diode(D20). Install

Nquﬂit as shown at left, using:insulating
sleeving on each lead.
leads to the plated-through holes,

3. Partially decoded: Will

| TR S

-~

Solder the

occupy a 1K
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RAM_MEMORY OPTIONS

BASYS/1 can be assembled with 256
to 2048 bytes of RAM, using either
256xhk or 102uxh bit RAMs. A write-
protect option Is provided to dis~-
able RAM with an external switch.

(‘¥/Xh: Check the option sheet and
perform ONE of the following:

( RAM Writing Enabled:
Install a jumper wire between
pins 2 and 3 of X (use scrap
component lead).

( ) RAM Writing Controlled by an
External Switch:
Install a jumper wire between
pins 1 and 2 of X4 (use scrap
component lead).

( ) Check the Option sheet to see
which RAM ICs were supplied with
your kit. Then perform ONE of
the following steps (A or B):

A. RAM part number 2111 or 6561
(256x4) to provide 256 or 512
bytes of RAM memory:

( ) X6: Insert 4 jumper wlires
at location X6 as shown
below (use scrap compo-
nent leags).

qJII' 25§ihfg;Ms

( ) X3: Insert 5 jumper wires at
location X3 as shown below,.
(use scrap component leads).

K I X3 for
I,T\ 256xL4 RAMs




(CONTlNUE: )

( ) Solder each jumper to the foil
and cut off the excess lead
length. Do not solder the un-
used holes in location X3.

( ) Ul2: 2111 or 6561
Caution: Static sensitive part,
Follow the IC installation in-
structions given previously.

Ulh: 2111 or 6561
U13: 2111 or 6561 (optional)
Ul5: 2111 or 6561 {optional)

L S W
Nt s

B. RAM part number 2114L, 5114, or 6514
(UPDLLLC) (1024xk4) to provide 1024 or

20u§ bytes of RAM:

(”6 X6: Insert 4 jumper wires at
location X6 as shown below
(use scrap component leads).

e *9

X6 for
e s 1024 x4 RAMs

</§ X3: Insert 5 jumper wires at
location X3 as shown below
(use scrap component leads).

9 oo es e X3 for
1024 xh RAMs

[l ool

-~
A

Solder each jumper to the foil
and cut off the excess lead length.

(»A U12: 2114L, 5114, or 6514 (UPDLLLC)
Caution: Static sensitive part.
Follow the IC installation in-
structions given previously.

C)) Ulh: 2114L, 5114, or G514 (UPDLLLC)
(/) Ul13: 211u4L,5114,0r G514(UPDLLLC ) OPL
(\LJUIS: 2114L,5110h,0r 6510(UPDLLLC ) opt

e/17/70n
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MEMORY ADDRESS DECODING

ROM and RAM are located in the 64K memory map by the place-
ment of diode jumpers In sockets XD1 and XD2 respectively,
ROM and RAM addresses are fully decoded and can be indepen-
dently located at any multiple of the memory size used. For
example, a 2Kx8 ROM can he located at 0K, 2K, kK, 6K, etc.

XD1: ROM Address Décoding

NDetermine the ROM starting address (a L4-digit hexadecimal
number) from the option sheet, and write it in the boxes
of fig. 1 below. |If no address is specified, use 0000,

Fi6. 1 |plo| 9|

Convert the first two (leftmost) digits of the address into

hinary, using the Hexadecimal-to-Binary Table provided.

Write the result in the boxes In fig. 2 below.
il , -

F1G.2 Q| ol 010 ﬁxﬁ Qe |0
ALS ALk A13 A12 /A1l A10 A9 /A8

<
v

Each box in fig. 2 (containing "1" or '"N") represents an ad-
dress hit (A15-A8). Some of these bits are decoded directly
by the ROM, and so are not decoded here. "Find the ROM size
you are using in fig. 3 and cross out the indicated address

bits in fig. 2.
Hexadecimal-to-Binary Table

FIG, 3

Hex Binary Hex Blinary
ROM size:|Cross qut boxasi 0 0000 3 1000
512x8 |A8,A9 1 0nnl 9 1001
1Kx8 |A8,A9 2 0010 A 1010
2kx8 |A8,A9,AlD 3 0011 B 1011
hKx8 |A8,A9,A10,Al11 " N 0100 c 1100
3kx8 |A8,A9,A10,A11,A12 5 0101 n 1101
6 0110 E 1110
7 0111 F 1111




/4

(;CONTINUE;j>

In the following steps a diode will be Installed
in XD1 for each remaining address bit in fig. 2.
The diode will be placed in either of two posi-
tions, depending on the value ("1" or "0") of the
address hit specified in each step. No diode is
Installed for address bits that were crossed out
in the previous step.

Cut the leads of each diode to 1/4" long and bend
them by hand to fit Into socket XD1 as shown in
the drawing for each step. Be careful not to bend
the leads too sharply or too close to the case of
the diode or it may break. Then carefully insert
the diode Into the socket exactly as shown, noting
the position of the banded end. '

Install at XD1
if A== is:

( ) D7/2 qulu .o e s 5 0 0 QQQ '- .o ¢
If Als ‘S: > o 6 0 5 % 00 s 8 &6 0 " 090

( ) 08: 1N91,' *t s v 00 .Q » '0 ¢ o s 0 g

) if Alh is: PSP, S NS P

( )‘ Dq: lNgl" "l..ﬁht. +03I00$.DC
‘f A13 ‘s: ¢ & 0 9 s & & * o s s ® 6 @

() D1N: 1N91K .q .Q D10 not used
If A12 'S: . 8 8 0 * 8 9 L 2 I ) ® ® & & &

crossed out:

1)
o
e

it
b

() D1l: IN91K ﬁ .ﬁ P11 not used
If A1l is: . celeennns

.
* s 0 0 00

( ) D12: 1IN9LH .{% E] P12 not used
if AlN 1Is: . cen e . .




(iw START:
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D2: RAM Address Decoding

( ) Determine the RAM starting address (a h-digit hexadeci-
mal number) from the Options page, and write it in the
boxes in flig. 4 below. |If no address is specified, use
0800 (this will place the RAM just above a 2K ROM at
address 0000).

FIG. &

( ) Convert the first two (leftmost) digits of fig. h iInto
binary, using the Hexadecimal-to-Binary Table on the
previous page. Write the result in the boxes in flg. 5.

i 7

FIG. 5

AT5 Alh AL3 A2 A1 K10 /A /A8

( ) Each box in fig. 5 represents an address bit. Some of
these bits are decoded elsewhere, and so are not used
here. Perform ONE of the following:

- |f 256x4 RAMs are used, cross out box. A8 in fig. 5.
- |If 1Kx4 RAMs are used, cross out boxes A8,A9, & Al0.

In the following steps a diode will be installed in XD?2
for each remaining address bit in fig., 5 (except for A9
which Is covered separately). The diode will be placed
in either of two positions, depending on the value ("1"
or "0") of the address bit specified in each step. No
diode is installed for address hits that were crossed
out in the previous step,

Cut the leads of each diode to 1/4" long and bend them
by hand to fit into socket XD2 as shown in the drawing
for each step. Be careful not to hend the leads too
sharply or too close to the case of the diode or it may
hreak. Then carefully insert the diode into the socket
exactly as shown, noting the position of the banded end.



<1CONTINUE: :)

Install at
if A-- is:

Xn2

=1

crossed out.

(‘{ D13: 1N91h
if Al5 Is:

(’4 D1lh: 1IN91H
1€ A1l is:

(Y) D15: 1N91h
T AL3 s

/

/
(-4 D16: 1IN914h
{If Al2 Is:

(vX/Dl7: 1NO14

if A1l is:

(V) D18: 1N91k
if Al0 is:

o

K

' ¢

N

‘E‘.““‘
. » s 8 8 8 0 9

LN ] LU Y IR
005‘01600

*® 5 86 09 0 0
[3 ¢ & 8 60 0w

¢ & 8 & 0 0 8
s 6 8 9 8 8 s s

D18 not used

Using the same proceedure described above,

install diode

D13 at location X3 as shown in the following drawings.

The position of D19

"0") of address bit A9 in fig. 5. Do not
box A9 Is crossed out.
Install at X3: if A9=0: if A9=1:

¢
//

(bj D13: 1N91h

U

lsoo.o.
L L3 R I

is determined by the value ("1" or

install D19 if

crossed out:

D19 not used

Solder both leads to the foil and cut off the excess

lead length.

3/12/381
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M1 CROPROCESSOR

BASY3/1 can be assembled with
either the COSMAC 1302 or 1804
microprocessor, or with no
microprocessor at all (oper-
ating as an expansion memory
or 1/0 board for a second
BASYS/1 hoard). Additionally,
the 1302 can be operated with
either one or two power supply
voltages.

Check the Option sheet to see

which microprocessor was sup-

plied with your kit. Then per-
formm the steps described below
for that option:

18302 microprocessor with one

pi;7r supply voltage:

( U5: 1802CD or 1302CE
Caution: Static sensitive,

Follow IC installation in-
structions given earlier,

(9 X2: jumper wire
Install a jumper wire (use
scrap component lead) be-
‘twveen holes 2 and 3 of X2.
Solder both ends to the
foil and cut ov¥f the excess.
lead length.



/6

( CONTINUE: >

2. 13802 microprocessor with two
power supply voltages:

( ) U5: 13020 or 1302E

(

)

Caution: Static sensitive,
Follow IC installation in-
structions given earlier,

£2: jumper wire

Install a jumper wire (use
scrap component lead) be-
tween holes 1 and 2 of X2.
Solder both ends to the
foil and cut off the excess
lead length.

3, 1804 Microcomputer:

( ) uU5: 130h

Caution: Static sensitive.
Follow IC installation in-
structions given earlier.

( ) X2 is not used

k., No Microprocessor (Memory or
1/0 Expansion)

( ) U5: jumper wire

Install a jumper wire (use
scrap component lead) be-
tween pins 1 and 39 of IC
socket U5, Pin 1 is in the
lower leftmost corner of U5,
and pin 39 is the second one
from the upper left corner.

() X2 Is not used

3/12/81
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OUTPUT PORT OPTIONS

The parallel output port can be
assembled to drive several dif-
ferent types of devices: 1. di-
rect drive for TTL and CMOS ICs,
2. series reslstors for driving
LEDs and transistors, or 3. high

-power driver ICs for driving mo-

tors, solenoids, high-voltage
displays, etc. The output port
is configured at location U8. An
18-pin IC socket (not supplied)
may be used at U8 If vou expect
to change options.

Check the Option sheet to see
which output port parts were
supplied with your kit (the di-
rect drive option uses no parts
and so can always be used). Then
select ONE of the following
steps (1, 2, or 3):

1. Direct Drive Outputs

( ) U8: Install 8 jumper
wires at location U3
as shown below (use
scrap component leads),
No jumper is installed
between the rightmost
palr of pins,

ML

( ) Solder each jumper to the foil
and cut off the excess lead
length,




i NUE: :)

<TCONT
2

. Outputs with Series Resistors

4

~~~

3.

'

x( ) U8: 8xLk70 ohm resistor network.

Install U8 in the leftmost end
of locatlion U8. The 2 holes
at the right end of location
)8 will not be used.

( ) Solder the leads to the foil.

Qutputs with High Power Driver
( ) Us: 2813, 2983, or 6118

Follow the IC installation
instructions given previously.

MISCELLANEQUS

Ri: 2.7K ohms (red-violet-red)

In each of the following steps,
install the diode with the banded
end matching the symbol as shown
above:

Di: 1N914 (INGIYE)
DS: 1N914 CINQIHS)
D2: IN914(/INYIHE)

Solder all leads to the foil and
cut off the excess lead length.

11/11/81
g/10/52.
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This comnletes the assembly of BASYS/1. The remalin-
ing holes do not need to be soldered, but you may

dno so now if desired for increased reliability. Be
careful not to solder the four rows of holes in the
hreadboard area, or any holes for options you may
later wish to install,

VISUAL INSPECTION

Carefully Inspect the board for errors, and correct
any that you find:

( ) unsoldered connections
( ) poor solder connections
( ) solder bridges hetween connections

( ) long leads which could bend and short to other con-
nections

( ) be sure the tantalum capaclitors are installed with
the (+) lead in the correct hole

( ) check the integrated clrcuits for proper type and
installation. Pin 1 on all ICs is to the left

( ) check transistor N1 to see that It is Installed
correctly

(, FINISH #;>




THEORY OF OPERATION

INTRODUCTION

The following section describes the circuitry and theory of
operation for BASYS/1l, revisions =-X1 through -X3. A knotw-
ledgze of basic electronics and the fundamentals of digital
logic is assumed. Since BASYS/1 supports a large number of
specialized options, each circuit is first described for a
"typical"” configuration., This is then followed by a sel-
ection of alternative configurations, each with its benefits
and drawbacks. The circuit descriptions cover both “how!
things are done, as well as "why'" they are done this way, to
ald the user in understanding the system and in optimizing it

for specific applications,

The circuitry on BASYS/1 can by divided into three functional
blocks (see fig.1): CPU, Memory, and 1/0. Together, they
form a complete microcomputer, reaquiring only an external
power supply and input and output devices., The three blocks
communicate with each other via a group of signal lines known
as a Bus, which is also routed to edge connector Pl for ex-
pansion. Additional memory and /0 boards connected to the
bus appear exactly like on-board memory and 1/0.

AN
P2-1/0
Connector
CcPU MEMORY 1/0
- - Inputs
Microprocessor ROM Serial
Power-on Reset RAM Parallel Outputs
P1 - Bus System Clock Hultiplexed
Connector
Address '
Data .
Control

- /

fig. 1 - BASYS/1 Block Diagram




CPU

The CPU (Central Processing Unit) is the system controller:
It reads the program, and executes the instructions. The
CPU also generates the timing and control sisgnals for the
rest of the computer. Virtually all of the CPU logic is
implemented by a COSMAC micronrocessor (U5, 1892 or 1304),
A hex inverter (U1, 4069) performs the remaining CPU func-
tions; Power-on Reset and System Clock, The address, data
and control signals of the COSMAC form the Bus, and are
routed to the onboard memory and 1/9, and to the Bus con-
nector (Pl) for offhoard use, Each Bus line is provided
with a pull=-up resistor (resistor networks U, U1l0, and
uisg). :

Power-on Reset
When power is first applied, the CPU and /0 circuitry
are in a random state, and must he reset to a known
state hefore beginning to execute the program, Some-
times it is also necessary to manually reset the system
if, for example, an error in the program causes all
other inputs to be ignored. The Power-on Reset circuit
performs these functions. :

Revisions =X1 and =-X2 (see fig.2): Capacitor €7 is in-
itially discharged when power is first applied, and so
it holds the input of inverter UIA (pin 13) equal to
the supply voltage, i.e. hizh. This makes the output
of UlA low, which pulls the Bus CLR line low through
diode D1. A low on Bus CLR resets the 1/0 circultry
(via pin 5 of U24) and the COSMAC microprocessor (U5,
pin 3). Current througzh resistor R3 gradually charces
C7, until the voltage at the input of UlA drops below
its switching threshold (approximately 1/2 of the sup-
ply voltage). At this point, the output of UlA switches
hizgh, D1 ceases to conduct, and Bus TLR is pulled high
by its pull-up resistor (pin 3 of Ul), Diode D3 in-
sures that C7 will be rapidly discharged to provide a
reset pulse even if the power sunply voltage drops
only momentarily. D3 also protects the input circuit
of UlA from the high discharge current from C7. A
manual reset can be performed hy discharzing €7 with

12/15/81
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a pushbutton switch connected between pins 22 and 24 of
the 1/0 connector (P2).

+5
(P2-21 4_2.__4
Manual B
Reset T STe V1A (wuns)
. 4063 D1 _____
IN91IN to Bus CLR
13 12 .
____<P'2_22/TR.ESET Dc l—— (US, pin 3)
‘ (u2h, pin 5)
R3 D3
100K % 1N914
(INHIUE)

fig. 2 - Power-on Reset (revisions =Y1 and -X2)

The lencth of the Bus CLR pulse is determined by the
time constant of R3 and C7:

t(msec.) == 0.7 X R3(K ohms) X C7(uF)

The pulse must he long enouch for a) the power supply
voltase to stabilize, b) the System Clock to start run-
ning, and c) counter U2 (4040 or 4N20) in the /0 cir-
cuitry to reach a stahle state (2304 System clock
cycles for rev, =X1; 10,240 for -X2). The pulse must
not he unnecessarily long, or Bus CLR will have a slow
rise time: Some 1802's are sensitive to this and may
not reset reliably. Typical values with a 2MHz system
clock are €7 = 0.1uF and R3 = 100K.



Revision =-X3 (sece fig. 3): Capacitor C7 is initially
discharged when power is flrst applied and so it holds
the input of inverter U1lD (pin 9) low. This causes

the output of UlD to be high, which is in turn inverted
to a low at the output of inverter UlA (pin 12). The low
on the output of UlA pulls the Bus CLR low through diode
D1, and thus resets the 1/0 circuitry (via pin 5 of U24)
and the COSMAC microprocessor (U5, pin 3). Current
through resistor R3 gradually charges C7 until the volt-
age at the input of UlD crosses its switching threshold
(1/2 of the supply voltage). At this point, the output
of U1D switches 1Tow, and UlA's output switches high.
Diode D1 ceases to conduct, and Bus CLR is pulled high
by its pullup resistor (pin 3 of U4). Diode D3 insures
that C7 will be rapidly discharged to provide a reset
pulse even {if the power supply voltage drops only momen-
tarily. D3 also protects the input circuit of UlA from
the high discharge current from C7. A manual reset can
be performed by discharging C7 with a pushbutton switch
connected between ground and the RESET pin on the 1/0
connector (pins 22 and 34 of P2).

+5
R3 D3 *
§220K Aqn91 ;
(1vY14%) (I”Si%)ﬁ
| 1N<31trt sus TOR
L RESET 9 8 13 12 O Bus
—<P2-22¢ >0 [>o = (us pin 3)
ulp UIA (U2t pin 5)
069 h069
¢ Manual
[>. Reset —_~ 7
0.1ufF
GND
P23 &
fig. 3 - Power-on Reset (revision -X3)

9/iolg3.  12/15/81



The léngth of the Bus CLR pulse is determined in the
same manner as for revisions =X1 and -X2, and the same
minimum pulse length limitations apply. However, the
addition of inverter UlD speeds up the transition time,
allowing all 1802's to bhe reliably reset even with a
500 msec. reset pulse. Typical values for rev. -X3

are C7 = 0,1uF and R3 = 220K. The =-X3 revision also
has reversed the logic level of the external reset
switch (now RESET instead of RESET), so it is con-
sistent with the DMA, Interrupt, and external flag
lines.

System Clock
The System Clock Is the master timing reference for the

computer, upon which all other timing is based. This
clock runs continuously and is unaffected by any other
control signals. BASYS/1 may he configured to use

any of three System Clock oscillator circuits, or to
use an external clock, supplied on the Bus CLOCK line.
“(Revision =-X1 must have the onboard clock disabled by
cutting a trace).

The standard System Clock is a quartz crystal oscil-
lator (see fig. h). Inverter UlB is biased to operate
as a linear amplifier by resistor Rl1, A feedback net-
work consisting of crystal Y1, resistor R2, and cap-
acitors Cl1 and C2 is also connected across UlB., The
circuit oscillates at the parallel resonant frequency
of the crystal. Resistor R2 reduces oscillator power
consumption and improves stability, Capacitors C1l and
C2 provide the crystal's load capacitance. Inverter
Ulc buffers the output of the oscillator and drives the
Bus CLOCK line and the CNSMAC clock input (pin 1 of
U5). Capacitor C3 is not used,



4069 4069
X1
1{>02 ~ 3i> b o\, to Bus CLOCK
(Us, pin 1)
R2
R1 1.3K
10 meg.
——ANAAS——
0—*—'Ul————‘-
Y1
2 MHz
Cl =< =~ C2
27pF 27pF

fig. 4 - Crystal-Controlled System Clock

The crystal oscillator provides excellent stability and
high speed operation. |t can operate from 32kliz to hMHz

at bSvdc (or to 8MHZ at 10vdec) with an accuracy and stabil-
ity as good as 1 part per million. For critical appli=-
cations, the series combination of Cl+5pF and C2+5pF should
match the crystal's load capacitance (typically 10 to 32pF).
For example, the crystal in fig. & will see a load capaci-
tance of (27+5)/2 = 16pF. The value of C2 may also be ad-
justed to trim the frequency up or down a few hundred
cycles, For micropower applications, R2 should be empiri-
cally chosen to optimize power consumption and stability.

12/15/81



For the lowest cost or for testing purposes, an RC-
oscillator can be used (see fig. 5). Inverters UlB and
UlC, capacitor C3, and resistors Rl and R2 form an RC-
oscillator. Crystal Yl and capacitors Cl1 and C2 are
not used. Below 100 KHz the frequency is

1

frequency (KHz) =~
equency 1.4 X RZ(Kohms) X C3(uF)

For the best results, C3 should be greater than 200pF,
and R1 should be from 2 to 10 times larger than R2. The
upper frequency limit is approximately 500 KHz. The
lower limit is below 1 Hz: The only practical difficulty
Is In obtaining a large, non-polarized capacltor for C3.
The stahility of a CMOS RC-oscillator is surprisingly
good -- with precision resistors and capacitor the freq-
uency can be stable to within + 1% despite wide variations
in supply voltage and temperature. For testing purposes,
the RC oscillator can be used even if the crystal oscil-
lator Is present: Temporarily add C3, and the oscillator
will run at the frequency of the RC oscillator components.

U1B U1C

4069 1069
X1
INC 2 3N b to Bus CLOCK
[:>ﬁ [:>C £ (5, pin 1)
R2
R1 c3
VN

fig. 5 - RC-0Oscillator System Clock



Fa\X to Bus CLOCK
; (us, pin 1)

T~

The third type of System Clock oscillator uses a hex
Schmitt=-Trigger (40106 or 7u4C14) In place of Inverter Ul
(see flg. 6). Only Rl and Cl1 are used: R2 is replaced
by a short circuit, and C2, €3, and Y1l are not used. A
Schmitt-trigger has a higher switching threshold when its
output is high, and a lower threshold when its output is
low. When the output of U1B is high, Cl1 charges through
R1 until the input reaches the higher threshold. The
output then switches low, and Cl Is discharged through
R1 until the lower threshold is reached. The cycle then
repeats, forming an oscillator with a frequency of:

1
1.7 X R1(Kohms) X C1l(uF)

fig. 6 - Schmitt-Trigger System Clock

frequency (KHz) ==

The range of frequency Is an amazlng 0 to 3 MHz at 5vdc,
and there are no restrlctlions oh the values of Rl and Cl.
This oscillator 1s the least stable of the three, and so
should be restricted to non-critical applications., For
testing and experimentation, a 1 megohm potentiometer can

be used for Rl so the clock frequency can be adjusted over

a 1,000,000 to 1 range. Cl can be a polar capacitor, so

frequencies below 1 Hz can readily be obtained for testing

or troubleshooting without an oscilloscope. Use of a

Schmitt-trigger for Ul also completely eliminates any pos-

& L

sible problems with long reset pulses on -X1 and -X2 boards.

12/15/81



External Clock (see flg. 7): Jumper X1 on board revi-
slons -X2 and -X3 is removed when an external clock is
to be used. This jumper is not present on =-X1 boards.

The requirements for an external clock are not critlical.

With a 5vdc supply and a standard 1802, Bus CLOCK is a

TTL and CMOS-compatible input, and will accept any ¢ to
2.5 MHz input with rise and fall times of less than 1lu§,
and a minimum high and low time of 250 nSec. A 22K ohm
pullup resistor Is connected on Bus CLOCK to insure TTL
compatibility (U4, pin 1). Faster clocks can be used
with faster COSMACs, or with higher supply voltages.

Bus CLOCK ‘5
P1-Y <&

14

i
X1 22K
{(open)

1 ,fUS, pin 1)

-
L 4
<

filg., 7 - External System Clock

COSMAC Microprocessor

The COSMAC microprocessor is the heart of a BASYS
computer system. |t is available in a bewildering
array of voltages, speeds, packages, and manufac-
turers. Since BASYS is compatible with all of

these variations, it is worth listing the various -
options (see fig. 8). '



1802 (COSMAC microprocessor only)

Standard Speed: IHi~Speed:
(2.51MHz2) QIQMiz)
package 4-6 Vdc h-12 VYdc 4-6 Vdc

ceramic:  CDP1802CD CDP1802D  CDP1302AD |
HCMP1802CD  HCMP1802D  HCMP1802CD<2
SCP1802LD SCP1802D

plastic: CDP1802CE ChP1802E ChP1802ACE
HCMP1802CP HCMP1802P HCIMP1302CP=-2
SCP1802LE SCP1802E

1804 (COSMAC microprocessor, timer, 2K ROM, Gh-byte RAM)

Standard Speed:
(4MHzZ)
nackage -6 Vdc 4-10 VYdc

ceramic cDP1304CD chbP1304LD
HCMP1804CD HCHMP1304LD

plastic CDP180LCE CNDP130LE
HCMP180LCP HCMP130OLP

Notes

1. Speeds assume operation on 5vdc over the -40 to +85C
temperature range. Ralising or lowering the supply
voltage changes the maximum speed accordingly.

2. There is no electrical difference between ceramic and
plastic parts. A ceramic package makes the IC slight-
ly more reliable and increases the operating tempera-
ture range (-55 to +125C ceramic, -40 to +85C plastic).

3. "CDP-" parts are made by RCA
"HCMP-" parts are made by Hughes Aircraft Co. i
"SCcp-'" parts were made by Solid State Scientific, but

are no longer manufactured by them.

fig. 8 - Available COSMAC Microprocessors

12/15/81



+5 +5

|
yro, 1% é U4, 10
22k : 22K
5 vee /g ADDRESS
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fig. 9 - Microprocessor

The 1302 is the most common and widely-available version
of the COSMAC microprocessor. The 1802 is virtually a
complete CPU, and lacks only a power-on reset circuit.

It also includes a crystal oscillator, four input bits,
one output bit, and DMA (Direct Memory Access) logic.

The 1804 is a faster, improved 1802, with an expanded in-
struction set, a hardware timer, 64 bytes of RAM, 2K
hbytes of mask-programmable ROM, an Improved clock oscil-
lator, and a power-on reset circuit, Since the internal
ROM can only be programmed by the manufacturer, the 180k



is primarily of interest to large-quantity users. For
complete data on the 1802 and 1804, refer to their re-
spective data sheets. The following information is con-
cerned mainly with the hardware aspects of the COSMAC as
it Is used in BASYS/1, and applies to both parts unless
otherwise noted.

The standard COSMAC for BASYS/1 is the 4-6 vdc version

of the 1802 in a plastic package. It uses a standard

+5vdc power supply, which is by far the most common choice
for digital integrated circuits. The standard system clock
frequency is 2.000 MHz, which guarantees operation from

4-6 vdc over the entire -40 to +385 C. temperature range.
For these conditions, the 1802 will draw less than 2mA.

BASYS/1 does not use the COSMAC's internal clock primarily
for reasons of flexibility: It is designed only as a cry-
stal oscillator, and lacks sufficient drive for Bus CLOCK.

Like all CMOS, the performance of the COSMAC is directly
related to its power supply voltage. Increasing the supply
voltage proportionally increases supply current, output
drive, noise immunity, and speed of the internal logic.

Thus doubling the supply voltage will double all of these
other parameters as well. Power consumption would increase
by 4:1 since both supply voltage and current were doubled.
The power consumption is also directly proportional to the
clock frequency: |If the clock frequency in the above example
were doubled from 2MHz to 4MHz to take advantage of the high-
er speed in the internal logic, the power consumption would
again double (in addition to the previous 4:1 increase). The
reverse is true for a decreaslng supply voltage or clock fre-
quency. Thus BASYS/1 can be optimized for a particular set
of requirements simply by choosing the supply voltage and
clock frequency. COSMACs are also available in 3-12 vdc ver-
sions. The advantage of these versions is that they extend
the range over which such tradeoffs can be made.

For additional flexibility, the 1802 has two power supply
pins: VDD and YCC. These pins may be powered by any voltage
within the basic range of the part (i.e. 4-6 or 3-12 vdc), as
long as VDD is always equal to or greater than VCC. VDD
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powers all of the 1802's internal logic, while VCC powers
all of the Inputs and outputs. Normally, YDD and YCC are
tied together by jumper X2 (X2-2 to X2-3) and the entire
board operates from a single supply. Jumper X2 can also
be connected to use separate supplies (X2-1 to X2-2) for
higher speed or increased noise immunity. With vYDD=12vYDC
for example, the 1802 can be run at hMHz and yvet maintain
compatibility with other logic at 5VDC., The dual=-supply
capability can also be used to save data in the 1802's
registers with the help of a small battery or electrolytic
capacitor. When power is removed from the system, VYCC
goes to 0, and the clock stops. At 0 frequency, the power
consumption of the 1802 approaches zero, so no current is
drawn from YDD. If VDD is kept powered, all of the regis-
ter contents will remain valid., Care must be taken that
VDD is always greater than YCC, and that the battery is
not discharged by the normal operating current of VYDD.

The 1806h4 substitutes the EMS (External Memory Select) out-
put for the VCC pin, and has only one power supply on YDD.
The EMS signal is not used on BASYS/1, and therfore no
jumper is installed at X2. All other pinouts are identical
to the 1802, so no changes are necessarvy.

BASYS/1 can be configured to operate without a CPU, as a
memory and (/0 expansion board. For this application,
simply leave the COSMAC off, and Install a jumper between
pins 1 and 39 of CPU socket U5. The System Clock mav be
used by installing X1, or disabled by leaving X1 open.

The external CPU may be on another BASYS/1 bhoard, or on a
completely different system. In the latter case, cither
the BASYS Bus can be wirerd to the other system's bus, or

a UN-wire cable can be bullt to directly connect the BASYS
COSMAC socket (U5) to the COSMAC socket in the user's sys=~
tem.

BASYS/1 systems do not use bus drivers for the BASYS Bus.
The COSMAC provides much better characteristics as a bus
driver and receiver than most of the commanlv-used bus
interface ICs. Every line on the BASYS bus also has a
pull=-up resistor to provide additional static protection
and to eliminate floating inputs. This technique also
makes every fcature of the COSMAC available to any board
on the bus without exception. It also makes 1t possible
to usec a small, low-cost edie connector for the bus, and
saves space on the PC boards that would normally be need-
ed for bus interface ICs.



Memory

The memory on BASYS/1 stores information for use by the
CPU: Programs, or data to be manipulated by the programs.
Two different classes of memory ICs are used: RAN (Raqdom
Access Memory) and ROM (Read-Only Memory). Jumper options
permit use of many common memory |Cs from the CHOS, HMOS,
and TTL families, and allow for very flexible memory adf
dressing. A brief summary of the types of merory used in
BASYS/1 is given in figz. 10.

ROM (Read Only Memory) - A true mask-programmed ROM

is programmed during its manufacture, and cannot bhe
changed., The buyer pays a one-time 'mask' charge, and
can then buy production quantities at lnw prices,

PROM (Programmable RNOM) - a PROM employs fuses or other
non-reversible storage elements. A "PROM Programmer"
Is used to selectively blow fuses to store data. Once
programmed, a hit cannot be erased or unprogrammed,

EPROM (Eraseable PROM) - EPROMs use a reversible charge-
storage mechanism to store data. Like the PROM, it is
electrically programmed, but can be erased by strong
ultraviolet ligzht and re-used many times.

EEPROM (Electrically Fraseable PROM) - EEPROMs are
similar to EPROMs, bhut can bhe both programmed and
erased electrically. If the computer can control the
erasing, they become a '"read-mostly" memory, and can
store data for recovery after a power Tailure.

RAM (Random-Access Memory) - A better name would have
been "read-write memory'. You can both read and write
into RAM at high speed, so it is used to store ternpo-
rary data and programs that change often. However, RAMs
require power to hold information: |If the power is
turned off, all of the contents is lost.

fig, 10 - Types of HMemory
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RO Memory is used for non-volatile read-only storage.
Since ROMs are non-volatile, programs or data stored in
them remain valid even with the power off, and are ready
the instant power is turned on. |t is usually impossible
for the computer to alter the contents of a ROM; there-
fore, it cannot accidentally alter or damage such pro-
tected information. ROMs are categorized in fig. 10 by
the method used to store information into them.

The standard configuration for BASYS/1 uses a 2716 EPROM
(Ul1l) which stores 2K bytes (fig. 11). The 2716 uses a

single +5vdc +5% supply, is relatively low power (50mA),
is economically priced, and easily programmed.
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The COSMAC can address any one of 65,536 ( =216) memory
locations by outputing an appropriate 16-bit address
(Ag - Al5) and a memory read command (MRD). Since the
COSMAC is an 8-bit CPU, it tends to do things a byte

(8 bits) at a time: For addresses, it first outputs the
upper byte (A8 - Al5), then the lower byte (Ap - A7)

on the Memory Address lines (MAf§ - MA7). Two timing
pulses are also provided to identify which half of the
address s currently available: Timing Pulse A (TPA)
occurs when the upper byte is present, and Timing Pulse
B (TPB) when the lower bute is present.

This technique is called multiplexing, and although
somewhat confusing, it has its advantages. It frees

8 pins on the COSMAC, which were put to good use for
other functions. It matches the COSMAC instruction set,
which organizes memory into 256 pages of 256 bytes each
(the page address is the high byte). In systems with
rmore than one memory IC, address decoding logic de-
codes the high byte to determine which memory IC is to
be selected. This decoding logic takes time away from
memory access time, so having the high byte available
early is an advantage. Finally, BASY¥S/1l retains the
multiplexed addresses on its Bus, which saves wiring
and connectors, and so improves cost and reliability.

All memory cycles begin when the COSMAC outputs the

page address (high byte) onto the Bus MEMORY ADDRESS
lines (MAp - MA7), followed by Timing Pulse A (on Bus
TPA, see fig. 12). When TPA goes high, address latches
UG and U7 (4042) pass the page address through their

"D" inputs to their "Q'" and "Q" outputs. When TPA
returns low, UG and U7 latch the high byte. The outputs
of UG and U7 supply all 8 high address bits in_both
their true (A8 - A15) and inverted form(A8 - Al5) on
their "Q" and "Q" outputs, respectively.
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Jumper socket XD1 contains the address selection diodes,
D7-12. The number of diodes and their position decode
the range of addresses for which Ull will be selected.
The number of diodes equals the number of address lines
not used directly by %%1. A 2716 for example, contalns
2048 bytes: 2048 = 2*%, so it has 11 address lines.
Thus 5 of the COSMAC's 16 address lines are left over,
and so 5 diodes are used in XD1. The diodes and their
pull-up resistor (Uhk, pin 5) form a diode "AND" gate,
whose output is high only if the cathodes of all diodes
are high. In fig. 11 the diodes are shown connected to
All, Al12, Al3, Alhk, and AI5. The AND gate output will
go high for any address with all of these bits low i.e.
binary pppp pApp OB APAP to PPAP H111 1111 1111, hex
pppp  to PIFF, and decimal 0 to 2047). The remalning
address bits (Ap to Alf) go directly to Ull: AP - A7
connect to Bus MAp - MA7 since the COSMAC is outputting
the low address byte after TPA, and A8 - Alp come from
the address latch, UG. See the Assembly manual for de-
tails on setting the diodes and jumpers for other ROMs
or address decoding.

If the COSMAC wishes to read a memory location, it per-
forms a memory_read cycle. It generates an actlve-low
output on Bus MRD. This is inverted by U1D (or U21B on
-X3 boards) and enables one input of NAND gate U21A,

The other input comes from the address selection diodes
in XD1. When MRD Is active and the address is wlithin

the range selected for U1l1l, the output of U21A goes low
and chip-selects Ull (2716). Ull then fetches the con-
tents of the specified address, and places It on the Data
Bus, lines Dp - D7. At the end of the memory read cycle,
the COSMAC reads this data. MRD then returns to the In-
active state, and the memory read cycle ends,

Jumper socket X5 provides a number of jumpers to recon-
figure socket Ull for many different types of ROM, The
-X3 boards are even more flexible, and replace inverter
UlD with a NAND gate, U21B. The output of this gate

will go high for either a memory read or a memory write
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cycle. The Bus MWR line also goes to a previously unused pin
In X5. These changes now allow Ull to be used with byte-wide
RAMs, and make it easier to program PROMs, EPROMs, and EEPROMs
In BASYS/1.

Jumper socket X5 also provides for routing +12 and -5 vdc to
Ull. This iIs only needed for a few older EPROMs, such as the
2704 and 2708. Pins are defined on the Bus connector (P1l)
and bypass capacitors (C5, 6, 12, and 13) .are provided.

NMOS, CMOS, and TTL parts are available for Ul11., NMOS parts
are generally the most economical and come in the largest
variety. Most of them require +5 vdc #5% and operate over
only 0 to 70°C. CMOS parts offer very low power requirements,
high noise immunity, wide temperature range, and flexible
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power supply voltage selection. They are about twice as
expensive a. an equivalent NMOS part, and less available
in Iaryor memory sizes. TTL parts are similar to NMOS,
but require substantially more power and come in a limit-
ed range of sizes. TTL parts are also very fast; this
is of no importance in BASYS/1, however., TTL parts do
have one unique characteristic that sometimes justifies
their use in BASYS/1l: When the +5 power supply is dis-
connected from most Schottky TTL PROMs, all of thelr in-
puts and outputs become open circuits (instead of short
circuits to ground as in CMOS and NMOS). An appropriate
circuit can use the power supply pin as a chip-select.
The PROM then draws current only when it is actually
being sclected -- the rest of the time it uses no power.

RAM Memory is primarily used to store changeable programs

and data. It is just as easy for the computer to write
into a RAM as it is to read it. However, the information
stored in a RAM is volatile: |If power is lost, the data

is lost. RAM also costs more than an equivalent amount
of ROM, and uses more power,

The standard RAM for BASYS/1 is the CMOS 6514 (UPD4LLC)
(or its NMOS equivalent, the 2114). Both are 1Kxh de-
vices, and so contain 1024 locations of 4 bits each.
Since BASYS/1 is an 8-bit system, the RAMs are used in
pairs. There are four RAM sockets (U12-15) thus pro-
viding 2K bytes of on-board RAM. The 6514 (UPD4LLC)
operates on b-6vdc at less than 1lmA each (operating).
The 2114 requires 5vdc +5% at approximately 50mA each.

RAM circuit operation is very similar to the ROM clrcuit
oporation, discussed above (see fig. 13). A memory cycle
begins with the COSMAC placing the high byte of an address
on the Bus MAp - 7 lines, and then generating a timing
puulse on TPA. Address latches U6 and U7 (4042) tatch the
hizh byte, and provide both the true (A8 - Al15) and com-
p]pmented (A8 - Al5) address bits to diode AND gate XD2.
The numwber of diodes used and their positions determine
the RAIY addressing exactly the same as for the ROM. The
circuit in fig.13 shows one possible arrangement. The
five diodes are positioned so that the output of the
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diode AND gate is high for A15-11 = ppppl. RAM is then
selected for any address from binary 2989 1989 pPAD P8P
to APPP 1111 1111 1111, hex P8PP to HFFF, and decimal 20438
to 4095, See the assembly manual for details on setting
the address decoding for other starting addresses.

When writing data Into RAM, it is important that the ad-
dress not change afterthe RAM has been selected: Other-
wise data may be written into the wrong address. Some
RAMs (like the 6514) prevent this problem by latching the
address on the falling edge of their chip-select input.
Flip-flop U20A (a 4013) delays the RAM chip select long
enough to insure that the full address (both high byte
and low byte) is ready when the RAM begins its cycle.

Initially U20A is in the reset state, and its @ output
(pin_2) is high., When Bus TPA occurs, it sets U2UA and
its Q@ output goes low. U20A remains set when TPA returns
low and the COSMAC changes MAp - 7 from the high byte to
the low address byte. At the next falling edge of Bus
CLOCK the COSMAC's XTAL output goes high and clocks flip-
flop U20A. At that time TPA is low, so U20A is reset and
Q returns high. This high is routed to one input of HAND
gate U21C (a 4011). If XD2 has decoded a RAM address, the
other input of gate U21C is already high. Then the output
of U21C will go low, enabling decoder UIL9A (a 4556) and
chip~-selecting the appropriate RAM,

NAND gate U21B (4011) has its two Inputs connected to
Bus MRD and Bus MWR through jumper X4, With a jumper
between Xhke2 and Xh-3, the output of U21B will be high
for either memory read or memory write cycles. With

a jumper between Xh-1 and_Xh-2, memory write cycles are
inhibited unless the Bus ROM line is externally con-
nected to Bus MWR. This permits using an external '"Mem-
ory Protect" switch or logic, for applications such as
front panels. When the output of U21B is high, it
selects the "2" or "3" outputs of decoder U19A, as deter-
mined by address line Al0, in the "A" input of U19A:

A10 = P selects the "3" output, and thus U13 and UI5.
Once selected, the RAMs perform a read cycle if the
write-enahle input (pin 10) is not low (i.e. inactive),
and a write cycle if write-cnable is low (i.e. active).
The data for read and write cycles is communicated via
the Bus DATA lines, Dp - D7,
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Toe 1/0 circuits are the computer's method of communicating
with the outside worltd, BASYS systems provide a variety of
tynes of 1/0 lines which can directly control serial, paral-
lel, and multiplexed devices.

Serial /0
Serial /0 transfers blocks of data one bit at a time
via a single line or data path. Special '"start" and
"stop' patterns are used to mark the beginning and end
of each data block. Because only one bit at a time is
manipulated, serial 1/0 is simple, but slow. It is
usually used for human-interfaced devices, such as
printers, data terminals, Teletypes, tape recorders,
telephone lines, etc.

BASYS/1 has an optically-isolated serial input and out-
put which can be used for the industry-standard RS§-232C
or 20mA current loop interfaces, for audio FSK (freque-
ncy shift keying), or for special applications requir-
ing an is~lated single-bit input or output, The
COSMAC's "0" output and "EF4" flag input are used, to-
cether with software, to make the baud rate (data rate
in bits per second) and data Tormat completely program-
mahle. For BA3YS/1 boards sold with software, refer to
the software documentation for a description of the
serial 1/0 formats supported.

RS-232C (0 to 1200 baund)

Receive (see fiz. 15): BASYS/1 receives R5-232C data

on Serial-In Common (P2, pin 37); Serial-In (P2, pin 40)
is connected to the RS5-232C signal ground. When not
receiving data ("idle") or when a data bit "1" is being
received, Serial-In Common will be at a negative vol-
tagze. Current will Tlow through R6 and the LED in
optocounler U26 (4430-35). The 1ight from the LED

turns the nhototransistor_in U26 on, which pulls the
COSMAC microprocessor's CFh input Tow (U5, pin 21).
When a data hit "p" or "break" is received, Serial-In

3
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Common will be at a positive voltage. Current through
R6 is shunted through D6, the LED in U26 does_not light,
and the phototransistor will turn off. The EF4 line
(U5, pin 21) is then pulled high by pullup resistor

U188, pin 9. Capacitor C20 works with RG to suppress

noise pulses.,

Transmit: The COSMAC's "0" output is low during "idle"
or to transmit a data byt "1". This pulls the base of
emitter follower N1 (2NL40O3) low. Current then flows
through the LED in optocoupler U25 (4HN30-35), resistor
R5, and throuzh Q1 to ground. Light from the LED turns
on the phototransistor in U25, pulling Serial-Out (P2,
pin38) down to within 2 volts of Y- (P2, pin 35). Re-
sistor R7 limits the short-circuit current to an ac~
ceptable level. To output a data bit "#", the COSMAC's
"O" output is set high. 01 turns off, current stops
flowing through the LED in U25, and the phototransistor
turns off. Serial-Nut (P2, pin 33) is then pulled up to
V+ (P2, pin 36) by resistor RS8.

1 20mA Current Leop (0 to 1200 baud)

Receive (see fig. 16): BASYS/1 uses TTY-IN (P2, pin 39)
and Serial-In Common (P2, pin 37) to receive current-loop
data. When not receiving data ("idle") or when a data
bit "1" is being received, the 20mA current will flow
into TTY-IN, through the LED in the optocoupler U26

(4N26 - LN35) and back out Serial-In Common. The light
from the LED turns the phototransistor in_U26 "on",

which pulls the COSMAC microprocessor's EFl input low
(U5, pin 21). When a data bit "p" or "break'" is received,
current will cease flowing through the LED in U26, it's
phototransistor turns off, and the EFh line is pulled
high by pullup resistor U138, pin 9. A_software program
can then interpret the serial data on EFh.
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fig. 15 - RS-232C Interface
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RS§-232C Interface

GENERAL: Used to exchange serial data between two devices
up to 50 ft, apart. 0 to 9600 baud, synchronous or
asyvnchronous, anvy character length or code. Recommen-
ded connector, TRW Cinch DB-25S (female) or DB-25P
(male) or equivalent.

POWER SUPPLY: Requires #5 to +15vdc @ 5-15mA (typical).
May be available on DB-25 connector.

DATA (TXD and RXD) : active low

1 = MARK (Idle) = -5 to -15vdc (from transmitter)
-3 to -25vdc (at receiver)
0 = SPACE (Break) = 45 to +15vdc (from transmitter)

+3 to +25vde (at receiver)

Terminals and computers output data on Transmit Data
(TXD, pin 2); connect them to BASYS/1 as shown. Mo-
dems output data on Receive Data (RXD, nin 3); connect
to BASYS/1 with pins 2 and 3 interchanged at the DB-25
connector,

CONTROL (CTS, RTS, DSR, DTR): active high

1 = 0ON (true) = +5 to +15vdc (from transmitter)
+3 to +25vdec {(at receiver)
0 = OFF (false) = =5 to -15vdc (from transmitter)

-3 to =25vdec (at receiver)

Some R5-232C devices mav require that one or more of
these control lines be held ON to operate. Try con-
necting CTS (pin 5) to RTS (pin 4), and DSR (pin 6) to
DTR (pin 20) on the DB-25 connector.
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fig. 16 - Current Loop lnterface
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Current lLoop Interface

GENERAL: Used for serial communications between two or more

devices over 16ng distances. Data is asynchronous,
ASCIl or Baudot. The most common format is 7-bit ASCII
with even parity, 1 start, and 1 stop bit (2 at 110
baud), There is no generally accepted connector,

The simplest arrangement is a 2-wire loop (half-duplex),
All transmitting and receiving devices are connected

in series with a constant current source. Data sent by
anv transmitter is received by all receivers; thus any
key typed on a terminal is immediately printed.

A b-wire Toop (full duplex) adds a second 2-wire loop
so that two data transmissions can take place at once.
I f one station is designated as the master, it can con-
trol more than one slave device. The slaves receive
only what the master transmits, while the master re-
ceives everything transmitted by any slave.

EXTERNAL POWUER REQUIRED: 20mA current source; 30vdc max.

NDATA:

Two such current sources for full duplex.

MARK (ldle)

current flowing
# = SPACE (Break)

current not flow

Wou

ng

CONTROL: No separate control lines, Holding a SPACE (cur-

rent not flowing) for more than a few character times
is a BREAK, used to get the attention of a device on
the other end. MNormal ASCll control codes ean then
he used. '

R
Fo e ANAA -+ + — N LM- ouT +
choose R 10-30 |+ L399 ]
vde in loop vae .
—— . o 250 ohms _
Simple Current Source Regulated Current Source
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Transmit: The COSMAC's "n" output is low for "idle" or
to transmit a data bit "1". This pulls the base of
transistor 01 (2H4403) Tow, turning it on. Current then
flows throuzh the LED in optocoupler U25 (4N30-35), re-
sistor R5, and through N1 to ground. Light from the LED
turns the phototransistor in U25 "on", and the 20mA from
the current loop flows into Seria]fﬁut (P2, pin 38),
through U25 and R7, and out V- (P2, pin 35). R7 Is cho-
sen to limit the current to 20mA when using a 5vdc power
supp]y for the loop. When the COSMAC's "0" output goes
high, 01 turns off and current stops Tlowing through the
LED in U25. The phototranststor turns orf and interrupts
the flow of current in the loop.

Audio FSK (0 to 2.5 KHz)

Receive (see fig, 17): The audlo input is connected to
Serial-In (P2, nln 40) and Serial-In Common (P2, plin 37).
Since the input is optically isolated, the lpada are in-
terchangeable and need not be ground referenced. During
the positive half cycle (Serial-In + with respect to Ser-
ial-1n Common) current Flows through R6 and the LED in
optocoupler D26 (4N23-35). Light Trom the LED turns U26's
phototransistor "on", and pulls the COSMAC's EFL input
tow. During the negative half cycle (Serial-In - with
respect to Serial-In Common) current flows through R6

and diode DG, bypassing the e LED in U26. The phototran=
sistor turns off, and the FFL input of the COSMAC micro-
processor is pu]]ed high by its pullup resistor (u1s,

pin 9). Software can then determine the input frequency
by monitoring L.

Transmit: The COSMAC's "0" output can be programmed to
generate a square wave audio output with the approprlatv
software. The high ¥Frequency content (above 2.5 KHz) is
attenuated by the fyequency response of the optocouolor.
When "0" is low, transistor Q1 (2HL4D3) is turned "on",
Current then flows through the LED in optocoupler U25
(4N26-35), resistor R5, and through 01 to ground.



Light from the LFD turns the phototransistor "on". lhen
"N" zoes high, transistor N1 turns off; no current Flous
through the LED in U25, and the phototransistor then
turns of f, Sufficient drive is avallable For small loud-
speakers when a photodarlington optocoupler is used for
u2s,

General Serial Aoplications: The primary purpose of the
serial 1/0 is to provide at least 1 bit of Lighly-iso-
lated 1/0 for data communications in harsh environments.
The serial input can withstand up to +G0mA and/or +25
volts continunusly without damaze, The serial output can
withstand 30 volts in the "off" state and 100nA in the
"on" state continuously without damage. The isolation
voltage is limited by the spacing between traces on the
printed circuit hoard and should not exceed +500 volts
(peak). Isolation is not sufficient Tor dircct connec-
tion to the AC power line.

The optocouplers chosen for U25 and U26 are a compro-
mise between operating speed and dnput sensitivity.

Hith low input current (RS$-232C using +5 volt power sup-
plies), a high gain coupler must be used (CTR > 50%;
4N29-33, 35~37)., High gain couplers tend to he slow,
especially if they have darlington phototransistors. The
baud rate should be 300 or less for the LN29-33, 1200 for
the 4N35-37. With higher input currents (R5-232C at

+12 volts, current loops, etc.), any.optocnunler with a
CTR > 10% can be used (4N26-33, 35-37). Baud rates can
be up to 2400 baud for the WN26-23. Speed can also be
increased by lowering the resistance of pullup resistor
network U18: A h4:1 change (from 22K to 4.7K) will in-
crease the maximur baud rate by approximately 409%.

Resistor R5 sets the LED current to 15mA for optocoupler
U25. If BASYS/1 is assembled as an all-CHNS board, this
15mA is approximately 2/3 of the total power consumed,
For micropower operation, R5 s increased to 1K, and a
darlington optocoupler is used for U25,
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fig. 17 - Audio FSK Interface
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Audio FSK Interface

AUDIO [INPUT
input impedance: 3K ohms
frequency response: DC - 5KHz
minimum input voltage: 2Vems (5Vpeak-peak)
AUDIO QUTPUT (high-level)
uses external +5 to +24LVDC supply
-9(V+ = V-)-1 volts, roneak

output voltage:
frequency response: DC - 5KHz

AUDIO OQUTPUT (low-level)

isolated output - no power supply
output impedance: 1.8K ohms
output voltage: 20 mVpeak-peak
frequency response: DC - 100KHz
12/4/81
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Parallel 1/0
Parallel 1/0 is simple, straizhtforward, and fast. It

assions an 1/0 line to every switch, light, motor, re-
lay, or other device that the computer is to monitor

or control. Many devices will have more than one line:
For example, ASCIl is a 7-bit code, so an ASCll-encoded
keyboard requires at least 7 parallel input lines.
Since the COSMAC is an 8-bit microprocessor, it handles
its parallel 1/0 8 bits at a time. The BASYS/1 board
has one 8-bit parallel input port with optional pullup
resistors, and one parallel output port with optional
high~-power drivers.

Parallel inputs (see fig., 18): The 8-bit parallel in-
put port accepts dixgital logic levels from TTL or CMOS
outputs, open-collector transistors, mechanical switch-
es, or any equivalent sources. Optional pullup resis=-
tors can be used, which also help protect against
damage from static electricity. The input port on
BASYS/1 is read by the COSMAC microprocessor's IN3 in-
struction. This instruction sets the COSMAC's M lines
to N=3 to enable the input port, and writes its con-
tents into the COSMAC's D register and into the memory
location specified by R(X).

At the beginning of the IN3 instruction's "execute'" cy-
cle, bus SCP and MRD will go high, and the bus "M" lines
(N2, N1, NP) will change from # to a binary 3 (=p11).
SCP = 1 goes to the "set" input of flip-flop U20B (1/2
L013) and insures that its Q output is high, N2 = p
enables decoder U19B (1/2 4556); N1 and NP are then de-
coded and the '"3" output of U19B goes low. This low Is
inverted by gate U23A (1/4 4011) and applied to one Iin-
put of NAND gate U23B (1/4 40l11l). The other input of
U23B (from MRD) is already high, so the output of U23B
goes low and enables the data bus drivers of input latch
Ul7 (pin 1, 7LC373 or 74LS373). If multiplexed 1/0 is
not being used, the Enable input of U17 (pin 11) will

be high, and the data bus (D§-D7) will change to the 1
logic levels present on parallel inputs INp-IN7 (pP2,
pins 25-32). If multiplexed 1/0 is being used (see



"Multiplexed 1/0"), the Enable input of Ul7 will be a 1KHz
square wave (approximately), and the data bus (Dp-D7) will
change to the logic levels present on INA-IN7 the last
time the Enable input of Ul7 was high. The IN3 instruc-
tion loads the data bus into the D register, and simul-
taneously performs a memory write cycle (bus LR=p) to
write this data into memory (refer to the section on RAM
memory for a description of the memory write cycle).

+5
|
U9
ul7 all 4.7kK
J4C373
DATA Bus | Q@ 0P| INp - IN7
Dp - D7 Qj"”“‘{ﬂ"“‘ R T WO T po-95 to P2~32
Q7 D7
- =1 p
Bu s MRD - U238 ..0_5 .
(ﬁu011
=]
Bus Np ﬁ
Bus N1

(From muitiplexed
1/0 control logic.
Inactive during
paralled input).

Bus M2

Q
_Juz2o8

R Q4013

fig. 18 - Parallel Input Port
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The input characteristics of IN@ - 7 are determined by
the input latch Ul7 and pullup resistor network U9, If
Ul17 is a CMOS part (74C373), the equivalent circuit of
each input is simply a resistor to +5 vdc., CMOS switch~
ing thresholds are quite stable and well-matched between
inputs of the same IC, and so INp -~ 7 can be used as
voltage conparators or level detectors for non-critical
uses. The pullup resistors serve several purposes: They
insure compatibility with any CMOS or TTL device, allow
sensing switch contacts or open-collector output status,
guarantee that unused inputs will not be left flgating,
and add protection from static electricity. With CMOS,
the input voltage must not exceed the positive supply
voltage (usually +5 vdc) or go below ground unless the
current is limited to less than 10mA.

A 74LS373 may be used for Ul7, provided that a +5 vdc
+5% power supply is used. The input characteristics of
It - 7 will now be one low-power Schottky TTL load,

plus the pullup resistor. The 74LS373 inputs are com-
patible with all TTL inputs, but may not be acceptable

to some CMOS devices. Some CMOS parts don't have enough
drive to reach a TTL "low'" logic level, even without a
pullup resistor. The 74LS373 inputs are much tougher
than CM0S, however: They are diode clamped and can with-
stand -1.5 to +7 vdc without damage.

Parallel Qutputs (see fig. 19): The parallel output port
provides eight CMOS and TTL=-compatible outputs, each with
substantial drive capability. An output driver socket is
also provided that can hold series resistors for directly
driving LEDs or power transistors, or can hold driver ICs
rated at up to *110 vdc or 600mA per output. Data is
written to.-the output port by the COSMAC's QUT3 instruc-
tion. It sets N=3 to select the output latch, and then
reads the memory location specified by CPU register R(X).
The contents of this memory location is written into the
latch, and then R(X) is incremented by one. The parallel
output port is also used by the multiplexed 1/0: Refer
to the next section for details,




An output cycle begins during the "execute" state of
the OUT3 instruction., Bus SCP and HRD 4o high, and
the Bus N lines (M2, N1, and Hp) change from p to a
binary 3 (=f11). SCP goes to the "set" input of flip-
flop U20R and insures that its "Q" output stays high.
M2=p enables decoder UlcB (1/2 4L55€): Mp and N1 are
then decoded and the "3'" output of UL9B goes low. This
low is inverted by U23A and applied to one input of
MAND gate U23C (1/4 4011). The other input of this
pate connects to Bus TPB. Since TPBE is low at this
time, the output of U23C remains high.

Meanwhile, Bus MRD goes low, and a memory read cycle
begins (see the section on "memory"). \VWhen Bus TPB
goes high late in the cycie, the data bus will carry
the data to be written into the output port from mem=
ory. The high on TPB enables U23C, which enables the
output of U22A to go high. This enables the output
latch UlE to capture the data, thus ending the cycle.

U16 U8
74C373 all 3300
Data BuS mee—— mwhthm%\gg A . ouTp -7
Dp - D7 = TR EERTWR s P21 to
. . - 8
L - _.|a7 07 P2-1
I
Bus ‘
=p
Bus
Bus
Bus
From multiplexed
Bus I/0 control logic
(inactive during
Bus parallel output)

R
J: fig, 19 - paralliel Output
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With the right choice of components, the output port
can directly drive a wide variety of loads (see fig.
20). The CMOS 74C373 has a fan-out of 1 driving
standard TTL, and an internal NPN emitter-follower
that can source over 20mA at 5 volts. For a modest
increase in power supply current, the 74LS373 can in-
crease the fan-out to 10 TTL loads, and source a mini-
mum of 30mA. A 7u4S373 has even higher drive, but at

a much higher power supply current.

With series resistors at U8, the output port can di-
rectly drive LEDs, the base of power transistors,
SCR's, and other similar devices, Since the CMOS out-
puts can go from rail-to-rail (within millivolts of +5
or ground) simple resistor networks can be installed
at U8 for D/A (digital-to-analog) conversion.

For higher voltages or currents, a selection of power
drivers is available for U8, Most of these contain a
darlington power output transistor, and some have
snubbing diodes for inductive loads. The output volt-
age can be as high as 110 volts, and currents up to
600mA per output, either positive or negative. Drivers
are also available to meet the special requirements of
fluorescent and gas-discharge displays.

Multiplexed 1/0

Multiplexing is a technique for sharing 1/0 lines be-
tween more than one function. It is the most useful
when the number of inputs or outputs gets too large to
be easily handled by parallel 1/0., For example, an 80-
key keyboard with a parallel interface would need 80
input lines, or ten 8-bit input ports. Multiplexed 1/0
solves this problem by arranging the switches into an

8 by 10 matrix, with 10 rows of 8 switches each. Each
of the 8 columns goes to one line of an 8-bit input
port, and each of the 10 rows is driven by one of 10
output bits. The computer can now select one row of
keys at a time, and the input port reads the status of
only the keys in that row. Thus the number of 1/0 lines
is reduced from 80 to 18,
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BASYS/1 provides multiplexed 1/0 for 80 Inputs (from
switches, keyboards, etc.) and for 80 outputs (to 10
digits of 7-seament displays, etc.). The parallel
input and output ports are shared between the multi-
plexed and parallel /0 functions. Special logic

has been added to automatically scan the 10 rows and
transfcr the data to and from memory without software,
using the COSMAC's DMA capabilities. This logic also
provides a simple hardware timer, useful for real-
time applications. The operation of the multiplexed
/0 involves inputs, outputs, memory, DMA, and the
timer all at once, so it can get quite complicated

to follow. Therefore, we'll begin with a simplified
explanation, and work up from there.

A simplified block diagram of the multiplexed 1/0
circuitry is shown in fig. 21. Only four rows are

QUTPUT LATCH

N _-_g > “ARAA
DATA Pus r—‘\ 4~ -
. e -
e z -
ors—m T
" A
FULLUP 45 N R o -DiGIT
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fic, 21 - Multiplexed 1/0 (Simplified)
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shown, and a 16-key keyboard and b-digit LED display
(with 7 segments per digit) are used. Action begins
when the computer starts a scan cycle with an 0UT1
instruction. This resets the counter to p, which in
turn sets the row decoder switch to position f. The
common cathode of the LEDs in digit #p is now grounded.
The computer can now control each LED in digit #p wi th
an OUT3 instruction. To light the lower left segment,
for example, the computer would set bit p of output
port 3 high. Current flows out of the bit p output,
through the series resistor, the LED, and to ground
via row §. No LEDs in digits #1 - #3 can light be-
cause thelr cathodes have no path to zground.

Meanwhile, all & inputs to the input latch are held

high by its pullup resistors. Closing any of the keys
in rows 1, 2, or 3 won't change this because they won't
provide a path to ground. But if a switch in row p is
depressed ("A" for example) the corresponding input

will be pulled low. The computer can thus read the
status of the switches in row § with an IN3 instruction.

After a short time (approximately 1 mSec.) the counter
will advance, and the row decoder switch will ground

row 1. The LEDs in digit #p turn off because row @ is
no longer grounded. The computer now outputs the bits
for digit #1, and can read the keys in row 1. 1 mSec.
later the counter advances again, and the process is
repeated for row 2, then row 3, and finally row L,

WWhen row 4 is reached, no LEDs or switches are selected,
and the counter is inhibited from advancing any further.
The scan is over, and must be started again by another
QUT1 instruction from the computer.
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There are a number of subtleties involved in making
this process work properly, The entire scan must be
repeated often enoush so that the displays appear to
be continuously active, and the keyboard doesn't miss
lkeys. This requires that the scan be repeated at
least 30 times per second. Also, the computer must
perform the data inputs and outputs at exactly the
right time. |If for example, the output latch is up-
dated slizhtly late, the information to be displayed
in digit #1 will appear faintly in digit #2 as well.
While the COSMAC could maintain such tight control,

it would have little time to do anything else. There-
fore the multiplexed 1/0 circuits were modified to
minimize the amount of CPU time that was required to
maintain a flicker-free display. This was done by
using the COSMAC's built-in DMA capability (see fig.22).

OUTPUT LATCH

DATA Bus < 5 i
QUTPUT +5 ,
EMABLE| | | [ E E B E DISPLAY
IW % 2| s
| PUT LATCH l l ,
DMA-QUT —} — e i
DMA - - [A] (2] | kerzearp
CONTROL 2 EER NP L6]
DMATN < INPUT_ENABLS, ~ el 110 [E [3)
‘ o1 [E] [F] (%)
NEW Row
INTERRUPT <t '
L COUNTER. ) b )
« NH | s ! 2 3 4
Bus CLOC g S 3 3
out1 »{RESET i Raw DECODER

fig. 22 - Multiplexed 1/0 with DMA (simplified)




DMA (Direct Memory Access) is a way to transfer infor-
mation directly between memory and 1/0 without passinz
through the CPU., The CPU is thus free to excécute its
program without interruption. DMA works Ly momen-
tarily suspending CPU operation, doing one (or more )
simultaneous memory and 1/0 cycles, and then letting
the CPU resume normal operation. Other than the time
lost during the DMA cycles, the CPU is unaware anything
unusual has happened. The COSMAC has two DMA control
inputs, DMA-TN and DMA-0OUT. Register RY is used as a
pointer to the next memory location for DMA. When
DMA-QUT goes low, the COSMAC reads the location speci-
fied by RP and outputs it on the data bus. DMA-IN
inputs data from the data bus to the location specified
by RPI RP is incremented after each DNA cycle so suc-
cessive DMA cycles can bLe done.

Now ve're ready to explain fiz. 22. In this simplified
example, the COSMAC sets up an 8-byte table in RAM,

and points Rf to its base (lowest address). This

table will become memory-mapped /0 for the keybaard
and display status. Bytes 1, 3, 5, and 7 in the table
are set to the values to be displayed in digits i, #1,
#2, and #3 respectively. Bytes 2, 4, €, and 38 are for
the keyboard status, and need not be initialized.

The COSMAC then starts a keyboard/display scan with

an OUT1 instruction as before. OUT1 resets the counter
to B, and the row selector grounds row p. The counter
also sends a NEW ROW signal to the DMA control logic.
I't immediately performs a DMA-OUT cycle to read byte 1
in the table (= digit #p) and place it on the data bus.
The OUTPUT ENABLE signal captures it in the output
latch, where it is displayed in digit #p. MNext the

DMA logic performs a DMA-IN cycle. INPUT ENABLE reads
the status of the keys in row § and places it on the
bus: The DMA-IN cycle then writes it into byte 2 in
the table (remember, RP was incremented after the pre-
vious DMA cycle).
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About 1 mSec. later the counter advances to row 1, and
another MEW ROV signal is generated. The DMA control
logic performs a DMA-OUT cycle from byte 3 in the table
to display digit #1; then a DMA-IN cycle from key row

1 to byte L4 in the table. This process is repeated

for rows 2 and 3. When row U is reached, the scan ends;
it inhibits the counter from advancing any further and
cenerates an interrupt to the CPU, The interrupt tells
the computer that the scan is finished, and that the
table in RAM now contains the latest keyboard status.
To maintain scanning, the interrupt handler need only
reset RP to the bhase of the table and execute another
QUT1 instruction. And since each interrupt follows the
OUT1 by a precise number of cycles, it can be used as a
real-time clock.

But we still need a few more improvements to make this

a practical circuit., First, there is always some delay
between selection of a new row and the DMA-QUT cycle
with data for that row. This would cause the data from
the previous digit to be momentarily displayed in the
new digit., To fix this, we must disable the output
latch's outputs during the row change. Second, it isn't
practical to read a row of keys immediately after select-
ing it -- many keyboards just aren't that fast., We
should read the key status at the end of the row select
time. Finally, the circuit must work with the Bus WAIT
and CLEAR signals, and not conflict with other uses of
DMA-I11:, DMA-0UT, and INTERRUPT.

The final circuit diagram of the multiplexed 1/0 is shown
in fig. 23, It has been expanded to handle 10 rows with
8 bits per row, and uses a 22-byte table in RAM for DMA,
As before, an OUT1 instruction begins a scan cycle. It
sets the Bus "N" lines to 1 (N2=p, N1=p, Np=1) and then
pulses Bus MRD low. Decoder U198 decodes the "N'" lines
and scts its "1'" output low to enable one input of gate
U22B. The Bus MRD pulse enables the other input, so the
output of U228 (labelled "OUT1") is a positive-going
pulse. This pulse goes two places: It resets the scan
counter, and starts the DIMA control lorcic.
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The scan counter is a straightforward binary counter,
running at the CPU's clock frequency. It contains an
initial divide-by-two stage (U24A) followed by a 1h-
bit binary ripple-counter (U2). Initially, U2 will
be outputting Q10=1, Q12=1, and Qlh=1. The INHIBIT
signal will be high, U24A will be held "set", and the
XTAL clock pulses will be ignored. OUT1 resets the
outputs of U2 to B; INHIBIT goes low and U24A is
free to count (assuming that Bus WAIT is also high).
On each subsequent clock pulse, U2LA inverts its own
output, since its "D" input is tied to its "Q" output.
The "Q" output is therefore a square wave at 1/2 the
XTAL clock frequency. U2 counts these pulses, and
its most significant &4 bits (Ql1 - Ql4) are the Row
number. It starts at @ (following OUT1) and is in-
cremented once every 2048 XTAL clock pulses (1.024
mSec. at 2 MHz). The Q10 output of U2 is the NEW ROW
signal: It pulses once per row, and has its falling
edge just prior to each change in the Row number.

Once started, the scan counter advances from Row [
through Row 9. Row decoder U3 decodes each Row num-
ber and grounds the selected row of the keyboard and
display (ROWP - ROW9). At the end of each row, the
falling edge on NEW ROW captures the status of that
key row in input latch Ul7. Finally Row 10 is reach-
ed. Decoder U3 has no ROWIO output, so no key row or
display digit is selected. Ql12=1 and Qli=1, so the
output of NAND gate U21D goes low. U2 continues to
count until Q10=1. This is inverted by UlF (so NEW
ROW =p). Both inputs to U22D are now low, so INHIBIT
goes high. The scan counter is now inhibited from
counting any further, and the scan is over.

The DMA control logic is responsible for performing
two DMA cycles at the beginning of each new row. The
first is a DMA-OUT cycle to update the output latch,
and the second is a DMA-IN to read the input latch.
The timing for these cycles is shown in fig. 2u.



The OUT1 pulse starts the process by setting the DMA Re-
quest flip-flop (U24B). Its "Q" output goes high, which
enables one input of gate U23D, and disables the outputs
of latch Ul6 (OUTP - OUT7) until it can be loaded with
data for the new row. Simultaneously the "Q" output of
U24B goes low, and pulls Bus DMA-OUT low through diode
D5. The CPU completes its current instruction, and then
performs the requested DMA-OUT cycle: Bus MRD goes low,
the location specified by Rf is read and placed on the
data bus, and the bus state code lines indicate a DMA
cycle (Bus SCP=p, Bus SCl=1).

The DMA Acknowledge flip-flop (U20B) is normally “set",
and is waiting for this DMA cycle. When it occurs, the
low on Bus SCP removes the "set" input, and the high on
Bus SCl1 enables the remaining input of gate U23D to make
the "D" input low. (It also pulls Bus DMA-IN low through
diode D4 to make the following cycle a DMA-IN.) Shortly
after TPA the rising edge of CYCLE (from the RAM control
logic) clocks U20B, and its "Q" output goes low. This
enables the output of gate U23A, just as if an OUT3 in-
struction were being executed. Thus the information on
the data bus is written into the output latch (Ul6) as
described earlier for the parallel output port. At the
end of the DMA-OUT cycle, Bus MRD returns high and Rp is
incremented,

The CPU next performs a DMA-IN cycle (although Bus DMA-IN
and DMA-OUT are both low, DMA-IN has a higher priority).
The state code lines continue to indicate a DMA cycle, the
Bus MWR line goes low, and a memory write cycle is per-
formed to the memory location specified by Rf. The data
to be written into memory comes from input latch Ul7: The
"Q" output of U20B is still low and Bus MRD is hizh, so
the input latch places its contents on the data hus just
as if an IN3 instruction were being executed. Additionally,
the low on Bus MWR enables the output of gate U22C to go
high. This resets the DMA Request flip-flop (U24B) and
enables the outputs of output latch Ul6 (OUTP - OUT7).
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It also lets Bus DMA-OUT and Bus DMA-IN be returned
high by the pullup_resistors in Uk, At the end of the
DMA-IN cycle, Bus MWR returns high and Rg is incremen-
ted. The "D input of U20B is high, so it will be
set to its idle state at the next rising edge of CYCLE.
The first pair of DMA cycles is now completed, and the

CPU resumes normal program execution where it left off.-

This process is repeated at the end of each successive
row. Each time the scan counter advances to the next
row, NEW ROW goes low. This is inverted by UlF into a
positive-going edge, which sets the DMA Request flip-
flop (U24B) to begin another pair of DMA cycles. When
the scan counter finally reaches row 10 and inhiblts
itself, a total of 22 DMA cycles have been performed:
2 for the initial OUT1, and 2 more for each of the 10
rows.

An entire scan takes 11 x 2048 = 22528 clock cycles
(11.264 mSec. at 2 MHz). To maintain scanning to pro-
duce a continuous display, the computer will have to
execute OUT1 instructions this often. There are two
ways of accomplishing this: WIth a software polling
technique, or with interrupts. Polling is the most
straightforward approach. The computer starts a scan,
and then goes on to perform the next task. When done,
it azain checks to see if the scan is finished, and if
it is, it is restarted. |[f the scan is not done, the
computer waits for the end, and then restarts it.

While simple, there are two drawbacks: (1) tasks being
performed between scan restarts must take less than the
time for a scan, and (2) the excess time after each
task is lost waiting for the current scan to end. The
status of the current scan is read by looking at Rg.

Interrupts may be used to maintain scanning without

any significant loss of time. This is done by tying

the Bus TNT or 1/0 connector THT line to ROW9. Use

of the 1/0 connector TNT allows multiple interrupt
sources for larger system applications. There will be
precisely 2048 x ROW# clock cycles from QUT1 to INT.
Register RP functions as a status register to determine
the source of the interrupt if multiple sources are used.
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ADDRESS

DATA

(Rp @ start:) BASE
+1
+2

— +3

+h

—m +5
+6

—p +]
+8

= 40

+10

- +11

+12

TO KEYBOARD —7% +13

+14

e +15

+16

- +]7

+18

- +19

+20

- 4+ 2]

(Rg @ end:) +22

digit p

(undefined)

Y

digit 1

keyrow #

' 4

digit 2

keyrow 1

digit 3

keyrow 2

digit b

keyrow 3

(lowest address)

digit 5

keyrow U4

digit 6

keyrow 5

Y

digit 7

keyrow 6

digit 8

keyrow 7

digit 9

keyrow 8

(digit 10)

keyrow 9

(unused)

> TO DISPLAY

(highest address)

Fig. 25 - Typlcal DMA Table for Multiplexed 1/0




0

There is one potential source of problems if multiple
interrupt sources are used with multiplexed 1/0 inter-
rupts. If a bus interrupt. cycle (Bus SCP=1, SCl=1)
happens to occur just prior to the DMA-OUT cycle for
any row, the DMA-0UT cycle will NOT BE PERFORMED. All
subsequent DMA's for that particular scan will then be
off by one. The odds of this happening are very low,
but nevertheless possible. The consequence of this
situation would be a momentary flicker in the display,
and one scan of erroneous data from the keyboard. The
keyboard data should be debounced anyway, so it should
not cause errors.

Fig. 25 shows the typical DMA memory assignments for
multiplexed 1/0. At the beginning of the scan Rp points
to the base of the DMA table, which contalns the byte to
be displayed by the digit In row . Bytes with an even-
numbered offset (2,4,6, etc.) contain the bytes for suc-
cessive digits. After a DMA scan, the contents of the
address Base+3 contains the status of the keys in row f.
Successive odd-numbered addresses contain the status of
the successive key rows. At the end of a scan, Rf is
left pointing at Base+22. The contents of Base+l is un-
defined: It holds the status of IN@-IN7 as read at the
time of the OUT1 instruction, when no row was selected.
Similarly, the byte at Base+20 will be output for row 10
when no ROW output is active.

The row decoder (U3) is normally a 74C42 for CMOS boards,
or a 74LS145 when low power is less important. The CMOS
part will drive only small calculator-type displays, or
off-board drivers. The 74LS145 has high-current open-
collector outputs that can sink up to 24mA at Vg,¢t=0.5V,
or 80mA at Vg5,¢=3v (max.), and up to 15v. in the off
state. The 7LLSL45 is similar, but good for 7v max.

The =X1 revision boards have only a 9-row multiplexed
1/0, and U2 is a 12-bit counter. Each row takes 512
clock cycles, and a complete scan takes 10 x 512 = 5120
cycles. The ROW9 output is low at the end of a scan.
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Technical Micro Systems, Inc.
90 Day Limited Warranty

A1l Technical Micro Systems, Inc. parts and products
carry a ninety (90) day limited warranty. |If you have
any questions or problems with our products, parts,
or service please call or write to us at the address
ziven below and we'll do our best to help. Sorry, no
collect calls.
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For a period of ninety (90) days after purchase, Tech- '
nical Micro Systems, Inc. will repair or replace free :
of charge any part or product found defective in !
elther materials or workmanship. We further warrant i
that our products will meet the published specifica~- '
tions for a period of ninety (90) days after purchase !
when assembled and used according to our published '
instructions. |f a defective part or a design error '
on our part causes a part or product to fail during !
the warranty period, we will repair or replace it '
free of charge. Send It to us postpaid and we will :
reimburse you for the shipping charges. '
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Our warranty does not cover and we are not responsible
for damage caused by abuse, incorrect assembly, defec-
tive tools, or unauthorized modifications. Our war-
ranty does not include reimbursement for inconvenience,
loss of use, or customer labor.

This warranty includes only parts and products sold

by Technical Micro Systems, Inc. and does not cover
equipment to which our parts and products may be con-
nected. We are not responsible of accidental or con-
sequental damages. Some states do not allow exclusion
of incidental or consequental damages, so this may not

apply to you.

Technical Micro Systems, Inc.
366 Cloverdale
Ann Arbor, Ml 48105

(313) 994-0784
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