Expand Your KIM

Part 5: A/D interfacing (for joysticks!)

John Blankenship N o matter what kind of com-
datamart, inc. puter you have, this article
30017 No. Fuiton Dr. N.E. can help you add four channels
Atlanta GA 30305 of analog input for a fraction of

the cost of other methods I've
seen. If you've been building
the KIM System, this analog
board will complete the project.

| designed the KIM System
with several requirements in
mind for the analog ports: | re-
quired four channels (so that
two joysticks could be inter-
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Fig. 1. Block diagram of the A/D converter.
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faced), with each sampled
often enough to provide rea-
sonable accuracy for use as
a video game input device. To
make the use of these ports
easy, | wanted each to be read
as a normal memory. Finally,
each of the A/D (analog-to-digi-
tal) channels had to be easily
switchable to other devices be-
sides the joysticks.

Besides the A/D ports, | also
wanted at least two D/A (digital-
to-analog) ports to experiment
with music, speech synthesis,
motor control, etc. | also
wanted a port for sense switch-
es to give me a full complement
of methods for interfacing with
my machine. | combined all
these circuits on one board and
labeled it External Interfacing
in my previous articles.

Photos 1 and 2 show the
board itself. Although | was
able to cram the circuit onto a
4%z-inch-square board, | would
recommend epoxying a vector
board on the top to give more
room for the components.

Fig. 1 shows the basic block
diagram for the A/D circuits.
The four-word memory is one of
the major secrets of making
this circuitry both inexpensive
and easy to use. This memory is
made up of two 74LS170 chips
composed of four 4-bit words
each. | chose these chips be-
cause they have separate read
and write controls, thus en-
abling read and write opera-
tions to occur simultaneously.

The A/D circuitry will update
each of these memory loca-
tions with a number that is pro-
portional to the analog input.
The output of the memory chips
is connected to the data bus so
that they appear as standard
memory to the processor.

The eight-bit counter contin-
ually generates sequential
numbers from 0 to 255. A D/A
converter converts these num-
bers to an analog voltage
which, for all practical pur-
poses, is an increasing ramp.
This ramp is fed to four com-
parator circuits that compare
the ramp voltage to the analog
inputs.

The comparators output a
level 1 when the ramp voltage
equals the analog input. Since

the ramp voltage also equals
the number in the eight-bit
counter, it is implied that the in-
stant a comparator fires, the
eight-bit counter contains the
digital equivalent of the analog
voltage being applied to that
comparator.

The remainder of the circuit
has one major function...it
must decide which comparator
fired, and form an address for
the four-word memory so the
eight-bit counter data can be
gated into the appropriate lo-
cation.

| chose to control the write

741504 +5

address with a two-bit counter.
Since this counter increments
every time the eight-bit counter
completes a full cycle, the ad-
dresses 0, 1, 2 and 3 are being
applied sequentially to the
write address, and each is held
there for the full cycle of the
eight-bit counter.
Additionally, this two-bit
counter is decoded and used to
enable only one of the four
comparators (the one corre-
sponding to the write address)
at a time. The level change in-
dication from the multiplexer is
converted to a narrow pulse

and used to activate the write
line on the memory chips.

As explained above, the four
memory locations are continu-
ally, and automatically, re-
freshed with the digital equiva-
lent of four analog inputs. The
processor needs only to read
these locations for the latest
updates.

Fig. 2 shows the actual sche-
matic of the A/D circuit. The
7493 simply reduces the fre-
quency to a trackable rate. The
1408L8, D/A converter, outputs
a current ramp that is convert-
ed to a voltage ramp by the 741
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Fig. 2. Schematic of A/D converters.
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Fig. 3. Schematic of D/A converters and input port for sense switches.

op amp. The 7400 labeled B
acts as a one-shot to perform
as the edge detector.

Half of the 7420 is used to de-
code the address bus for pro-
cessor reads. Address decod-
ing will be discussed in more
detail later in this article.

Since the 74LS170s are open
collector, rather than Tri-state
outputs, pull-up resistors are
required for interfacing with the
bus. The DIP switch discon-
nects the joystick inputs. Once
they're disconnected, you can
input other signals to the con-
verter by way of the backplane
jacks (see my earlier articles).

The other two functions, D/IA
and sense switches, are de-
tailed in Fig. 3. Since | felt that

Port Function
Dazzler Mode control

Dazzler ON/OFF, Address

Right vertical joystick

Right horizontal joystick

Left vertical joystick
Left horizontal joystick
Sense switches

D/A port A

D/A port B

the accuracy of the D/A conver-
sion was not critical, | chose
not to use the Motorola D/A
converter chip used in the A/D
circuit. If | had used the Moto-
rola chip, | would have had to
use two eight-bit registers to
hold the data, the two D/A chips
themselves and a current-to-
voltage converter.

| chose to use MOS registers
for my output ports. Since MOS
gates output exactly Vcc and
zero volts for their correspond-
ing high and low levels, | used
them to drive a resistive ladder
directly. Additionally, since
MOS chips represent a very
small load, they can be hung on
the bus without buffering.
(Note: MOS chips do represent

Page Loc
80 OF
80 OE
80 10
80 1
80 12
80 13
80 80
80 20
80 40

Fig. 4. Summary of special addresses used by the KIM-1 System.
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a relatively large capacitive
load, and hanging them directly
on the bus is not good practice
in expandable systems. In this
case, however, | knew exactly
what loads | would be dealing
with and was able to determine
that enough drive capability
was present.)

The 741s in Fig. 3 are used as

AID D
AD C
AD B
AID A
D/IA B
DIA A
-12
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Fig. 5. Pin-out designations fo

unit gain amplifiers for buffer-
ing purposes. The 7410 is used
to decode out the address lines
to determine which port is
being used. The sense switch-
es are connected to the inputs
of Tri-state buffers. The out-
puts of these buffers gate the
switch data onto the bus when
enabled.

1 ABO
2 AB1
3 AB2
4 AB3
5 AB4
6 AB5
7 AB6
8 AB7
9 RAM RIW
10 +12
11
12 +5
13 /O ENABLE
14 WIR
15 DB7
16 DB6
17 DB5
18 DB4
19 DB3
20 DB2
21 DB1
22 DBO

r the external interface board.



In order to better understand
the 1/O functions, you might re-
read my article {(“Expand Your
KIM!” Part 3, Kilobaud, Feb-
ruary 1978, p. 68) in which | ex-
plain how | decoded part of the
address lines to indicate an /O
operation, rather than a mem-
ory transfer.

All my 1/O ports (including
the four-word memory used for
A/D) are partially enabled by
this /O enable. Since | know
how many total ports | de-
signed for, | only partially
decoded the low-order address
lines. This drastically limited
the number of ports available
on the KIM System, but the
ease of implementation, as well
as the reduction in cost, made
it well worthwhile.

Fig. 4 summarizes the /O ad-
dresses used uniguely by my
system. If you convert these
hex addresses to binary, you
can see how the appropriate
address lines are used to en-
able each port decoder.

There are only two major dif-
ferences between input and
output decoding. The first is
that the R/W or the R/W line is
used to indicate the direction of
the transfer. Second, the write
puise for an output port must
be coincident with the trailing
edge of the 02 clock. Again, |
refer you to Part 3 of this series
for more details.

Fig. 5 shows the pin-out
designations for the external
interfacing board. These match i
the mainframe wiring done in Address Contents Label Mnemonic
Part 2 of this series. 00 00 LOC PAGE DATA STORE POINTER

In order to insure that :Set mode and starting address for the dazzler

N 02 A9 10 INIT LDA #5310
builders of the KIM Syslttlam ful- 04 8D OF 80 STA MODE
ly understand how to utilize the 07 A9 90 LDA #3$90
joystick interface, | have includ- 09 8D OE 80 STA BEGADDR
ed a short program in Fig. 5 that :Get horizontal joystick posilionI DA JOYHOR

< oC AD 11 80 START ) ]
f”'” epable you to draw with the :Place 4 MSB into 4 LSB and save
joystick on the TV screen. The OF 4A LSR
sense switches control the col- 10 4A LSR
ors of the two-color dot that is 11 4A LSR
moved by the joystick. 12 4A LSR

Thi :l r rJT\S; rves a useful 13 8% STA LOC

.S program serve s :Get vertical joystick position

function as an educational en- 15 AD 10 80 LDA JOYVER
deavor, and that’s about all. :Check for and set up proper page of screen
However, | do feel that builders display
of the KIM System will find it 11A8 3&0270 TOP E];)A\I( %;)ZTOTOM
useful as a reference. | have 1c 84 01 STY PAGE
tried to functionally describe 1E 4C 25 00 JMP CONT
each section with comments. 21 A0 21 BOTTOM LDY #321

This completes the hardware 23 8401 STY P?GE
serles on my KIM-1 system, " OA.Rcmove MSB g}l)leg_eep only the n;xl ‘our
which now contains 17K of 2% 29 FO ’ AND #$F0
RAM and supports both BASIC :Combine LSB and MSB into one word and save
and FOCAL. I'm also in the pro- 28 05 00 * ORA LOC
cess of implementing a new 2A 85 00 X . STA LOC
| ith f :Put color (sense switches) into accumulator
anguage with an ease of use 20 AD 80 80 LDA SENSE
and a speed of operation some- :Prepare for an indirect store using 00 and
where between assembly lan- 01 as pointer
guage and BASIC. 2F AZSOO ; LDX #3500

) :Store color

ngause my system is to be 1 81 00 STA LOC PAGE
multilingual, | have chosen to :Begin Again
avoid ROM in favor of RAM for 33 4C 0C 00 JMP START
all functions except the KIM
monitor. I'm also planning sev- Fig. 6. Sample program for drawing on TV using joystick.
eral surprises that | hope to
share in the future.®

North Star Software

Maillist

Maillist is a general purpose mailing label program capable of
producing formatted lists for tractor-fed or Xerox type labels.

Maillist will also sort lists for any field

Price $39.95 on diskette with manual/sfock to 14 day delivery.

In-out driver

Dos in-out driver is designed to set up mapped memory video.
boards in conjunction with hard copy device. The user may.
switch output under software control. Any file directory may be
listed while in BASIC without jumping to dos. Spacebar will stop
output for line by line listings. Designed for use with 3P+S and

any tv board.

Price $12.95 on diskefte with manual/stock to 14 day delivery.

Register

Register is a cash register and inventory control program. The
software will control a point of sale terminal and printer. it will
search inventory for an item, price and ticket it. Register has
pravisions for min-max, automatic reorder, and critical list.

Price $299.95 on diskette with manual.
All prices are FOB Santa Barbara, California.

Terms COD Residents add 6% sales tax and $1.00 shipping.

Alpha Data Systems ass
Box 267, Santa Barbara, Ca. 93102

/682-5693

Datapoint 2200 Computer

Full-Assembled
Operating

_ $995.

#2200 Vi used

* Add $25 packin

q
« Shipped FOB Washington, D.C. Terms chack, MO or

charge
» Guaranteed operating e Program package $49.50
e 8K memory e Upper and lower case ASCII Display
e Parallel I/0 e 80 col. screen e dual tape cassette
drives. The Datapoint 2200 VI is a complete self-con-
tained general-purpose computer. May be used as an
intelligent terminal. While they last, with each 2200 we
will ship, at no additional cost, a printer which may be
adapted to run with the processor (no guarantee on
printer).

ALSO AVAILABLE: Datapoint 3000
CRTs $675.00

TELECOMMUNICATIONS SERVICES CO.
Box 4117, Alexandria, Va. 22303 T2g
703-683-4019 / TLX 82623

RAINBOW COMPUTING INC.

Supplier of
Appla
Wave Mate
The Digital Group
Southwest Tachnical Products
Digital Equipment Corporation
Computer Products

Peripherals and Supplies from

ParSci Computar Devices
Contronix  Lear-Siegler
Diablo Multi-Tech

Maxall Taxas Instruments

*Scotch’ Brand Magnetic Media
Specialists in Design, Implementation and
Support of Custom Hardware/Software

for Business, Educational, and
Personal Use
Consulting/Contract/Programming
Operating Systems/Applications Software

Experts in most major computer
software including
CDC, 1BM, PDP
BASIC, COBOL, FORTRAN, PL1
Lisp, Simula, Snobol, SPSS, BMD's
COMPASS, MACRO, 6800, & Z80 assembly languages

10723 White Oak Ave., Granada Hills, Ca. 91344
{213) 360-2171 R10
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