Hearses and Hand-held Calculators:

The unlikely connections that shaped
modern technology and tech-culture
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A calculator with memory,

square root and other new features

by JAMES R. KELLAHIN®

FOR THE FIRST TIME EVER, IT’S POSSIBLE
for anyone who can operate a solder-
ing iron to assemble an electronic
desk calculator with a fully accessible
memory. The calculator is the MITS
1400, a commercially available kit,
and the memory can store any l4-digit
number fed into it.

Memory is but one of this calcu-
lator’s attractions, since in addition to
its ability to handle conventional

arithmetic functions it also has keys
far canare and canare roant These

build it yourself

memory capable of storing and recall-
ing a 14-digit bit.

To see how the various MOS LSI
chips are interconnected within the
machine, we’ll start with the keyboard.
Input to the calculator is provided by
a quality keyboard consisting of 27
switches connected in an X-Y array.

Depressing one of the keyboard
switches generates a start signal which
is received by the scanning action of
the INPUT chip. This chip serves sev-
eral roles. In addition to ignoring con-
tact bounce, it locks out further inputs
until an initial inmmt has bheen nro-

The calculator’s internally stored
program is contained in the ROM
chip, literally an electronic library.
Once the proper address for a micro-
programmed operational sequence has
been fed into the ROM chip, the chip
provides the instructions necessary to
cycle the problem through the calcu-
lator.

The CONTROL LOGIC chip con-
trols the microprogrammed sequences
found in the control ROM chip. The
chip includes point-position registers,
digit-storage register, iteration counter,
and a cvcle counter. The counters



DATA |
INPUT REGISTER DATA ARITHMETIC
Lok Bach INSTRUCTION 7002
[ 1
DATA SUM
CONTROL __BUSY I
_DATA DATA :
CONTROL = DTO CONTROL ROM INSTRUCTION OUTPUT
5013 7006 STROBE 5005
|__siGn |
BCD
ERROR [DECIMAL
|| A
BCD TO 7 SEG.
ALTERNATE CONVERTER
- DISPLAY
UPPER HALF SELA LOWER HALF
SELECT SELECT
TO ALL
DECIMAL TO ALL LED
LEDg - LED, 3 LEDg - LED; TO LED 14 POINTS SEGMENTS
T1 6.3 VRMS
D12 D13
= o -8vDpC
— c3 UNREG.
by 1500uF
6.3vRMs D14 D15 16V |+

E 28 VRMS

D20 D21
8 VRMS
:DZJ-."I D22
ON-OFF
NOTE
D12 - D23 1N4003

117 VAC
60 HZ

D24, D25, D26 - SPECIALLY SELECTED ZENER DIODES (SEE PARTS LIST)

ALL RESISTORS 5%
1440 POWER SUPPLY

T R65
25\ it
= P =
s rewn
16v |+

such fast operation that the results of
a calculation appear on the display
before the operator’s finger can be re-
moved from the EQUAL key.

Power for the calculator is fur-
nished by three secondary windings on
a custom made transformer. The
transformer supplies 8V for the
LED’s, 14 and 26V for the MOS
LSI’s, and 5V for the TTL IC’s. Regu-
lation is provided by selected Zener
diodes.

Let’s put one together

It’s not possible to include all the
details of assembling the 1440 in the
brief space allotted to a magazine ar-
ticle. So we will only skim over the
important highlights here. A complete
instruction manual does accompany
the kit.

Construction of the calculator is
straightforward. Probably the most im-
portant consideration is good soldering
practice, since sloppy soldering will re-
sult in cold connections and possibly
solder bridges.

The machine uses four circuit
boards which are mounted to a com-
mon frame when their assembly is
complete. First to be assembled is the
CAPACITOR BOARD. This small board
contains the seven power supply filter
capacitors and is the easiest to com-
plete.

The DISPLAY DRIVER BOARD is
assembled next. This board contains
22 transistors, 6 diodes, 37 resistors,
and 5 IC’s. The transistors are sol-
dered in place, but the IC’s plug into
low profile sockets. The sockets are
quickly soldered to the board and pro-
tect the IC’s from soldering heat and
simplify servicing.

The LED BOARD contains 15 LED
digital displays, 14 transistors, and
four resistors. It’s interesting to note
that all but one of the calculator’s
transistors are 2N2907’s. The LED dis-
plays are all installed in place and
aligned for straightness before being
soldered in place. Incorrect installation
is impossible, since the LED leads can
only be inserted into the board one
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SCHEMATIC OF A BASIC DISPLAY and photo of the assembiled display
fourteen are numeric readouts. The other is for “E" for error and "“C' for constant signals.

six LSI IC’s into their sockets. This
prevents the possibility of static elec-
tricity damaging the MOS structure of
the IC’s by shorting all the pins of
each IC to one another.

The four calculator boards are
connected to one another by the inter-
connect leads soldered to each board
during preliminary assembly. The
boards are then mounted to the calcu-
lator’s base plate and the keyboard is
connected. Before the case is attached
the calculator must be throughly in-
spected for possible wiring errors, sol-
der bridges, and bits of stray wire

board. There are 15 LED"s,

vated for a preliminary operational
check. If everything works normally,
the case is installed and the calculator
is complete.

Using the 1440

Since operations are fed into the
calculator algebraically, using the 1440
is as easy as writing a problem out on
a sheet of paper. The machine is
cleared of all former entries and ready
for use as soon as the power switch is
activated. The machine can be cleared
at any time by simply pressing the C
key. To clear an incorrect entry only
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been loaded into the machine.

To perform standard arithmetic
with the calculator, the keyboard is
operated in a logical sequence. Since
each key has a single function, no spe-
cial keyboard manipulations are re-
quired as with some commercial cal-
culators on the market. Use of the
memory is as simple as pressing the
appropriate keys. To store a number
in the memory, simply enter the num-
ber on the keyboard and press M+.
The number can be recalled at any
time by pressing MR. Numbers can be
added or subtracted from the memory
by using the M+ and M- keys.

Flexibility of the 1440 is en-
hanced by the EXC key. This feature
permits the two numbers of an opera-
tion to be exchanged with a single key
stroke, a particularly valuable feature
when the memory is being used.

The 1440 is available as a kit for
$199.95. A completely assembled and
ready to use unit is $249.95. The as-
sembly and instruction manual that
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_HOW TO “READ” FM TUNER SPECIFICATIONS

opular Electronics
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© An Under-$90 Scientific Calculator Project
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Altair BASIC

* BASIC — highly coveted because of the “orders
of magnitude” productivity improvement over
machine language.

* Paul Allen and Bill Gates from Seattle, going to
Harvard at the time 1975.

* When they learned about the Altair from the
Popular Electronics article by Les Solomon,
they decided to make a BASIC for it. —in 4K

leaving operating space.



*Ed Roberts “[we’ll] ..buy the first guy that shows up with one”.
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SOFTWARE AGREEMENT
This software is copyrighted and the property of
Mi1TS, Inc., 2450 Blamo SE, Albuguerque, New Mexico,
and has been supplied by MITS tc you. This software
is furnished subject to the following restrictions:
It shall not be reproduced or ccpied without express

written permission of MITS, Inc.

To do any of the above without approval by MITS, Inc.,
will make you liable and open for MITS, Inc. to

tak=s lzgal action against you.

This agreement shall be censidered, accepted, and

binding upon your recsipt of tihis and any software.
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2450 Alamo SE Albuquerque, NM 87106 505-243-7821
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',.,,p DES:GN SERIES

Robert M. Grossman, Associate Editor

Sometime in the future, with the advantage of
perspective, it may be said that the introduction
of wP’s was one of the great events in electronics.
What historians will in all likelihood fail to
mention is how time-consuming it was to initially
design with them. Like all ““radical’”” highly tech-
nological innovations, this is assumed to be the
price one has to pay.

But not any longer! It was only a matter of time
before someone took his hard-earned knowl-
edge, assembled all the necessary components
and produced a complete pC—not just one
someone, but many. In fact, early signs indicate
that wC systems may surpass even the meteoric
rise of the wP.

COSMAC Microkit I
(RCA)

ing technology, wP’s are hard enough to keep up
with, let alone get started in using them. The main
problem stems from having to turn circuit design-
ers into programmers and vice versa.

Unfortunately, the only effective way of learn-
ing how to design with pP’s is by hands-on
experience. No amount of reading thick specifi-
cation, operator and application manuals can
adequately prepare a user to jump right in and
design a pC. He must work with the actual
device—and that requires time.

Where does this leave companies that can’t
afford the time, personnel, or money to reinvent
the wheel? What do they do when market
pressure forces them to incorporate a uC into
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" THE EDITOR ALWAYG SAYS ‘WHEN )

COMES TO BRAINSTORMS, JUST
CALL KURATD OSAKI!*S0 HE
CALLED ME AND 1 BLEW P THIS
BRAINGTORM-ALL ABOUT A MONKEY
THAT MONKEYED AROUND WITH THE
WRONG FORCES AND A MAN WHO VANISHED
CLEAN OUT OF 5IGHT! THE RESULT:
A BREATHLESS YARN THAT SHOULP

BE RIGHT UP YOUR ALLEY!
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CALL KURATO OSAKI!"50 HE
CALLED ME AND I BLEW UP TAIS
BRAINSTORM-—~ALL ABOUT A MONKEY
THAT MONKEYED AROUND WITH THE
WRONG FORCES AND A MAN WhO YANISHED
CLEAN OUT OF GIGHT! THE RESULT:
A BREATHLESS YARN THAT SHOULP
BE RIGHT UP YOUR ALLEY!







