EXCLUSIVE!

Features compact size, simplified construction,

buili-in TTY interface, and low cost.

ARGE-SCALE integration (LSI)

has provided many useful
IC chips for the hobbyist. One of
the latest LSI devices is the micro-
processor unit (MPU), which has
made it possible to build micro-
computers that are fairly easy to
assemble at moderate cost. The
most popular MPU’s are the 8008
and 8080 due to their reasonable
cost and wide availability in com-
puter kits.

However, many knowledgeable
hobbyists have been looking for a
microcomputer built around one
of a number of other MPU's avail-
able {just as some people would
like to try a diesel or steam engine
to replace the gasoline motor).
Most of these readers have told us
they were interested in the Mo-
torola M6800 MPU (for one rea-
sonoranother). Many also feitthat
the price of a microcomputer was
still too high. POPULAR ELEC-
TRONICS is therefore pleased to
introduce the first microcomputer
using the 6800 MPU in a design
that substantially reduces cost.

HE Altair 680 is a complete mi-

crocomputer built around the
6800 MPU available from Motorola
and American Micro-Systems, Inc.
Measuring a very compact 11 1/16"W
x111/16"D x 4 11/16"H (28.1 x 28.1 X
11.9 cm), the 680 is less than one-third
the size of the Altair 8800. Although

both computers have MPU's with the

same memory capacity, the 680's
smaller enclosure makes internal ex-
pandability significantly less. How-
ever, itis more than adequate for most
applications. More importantly, the
680 costs less than half the price of the
8800 when the two machines are con:
figured similarly in a minimum system
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Other attributes of the new compu-
terinclude ease of assembly (only one
large pc board), built-in TTY interface,
and high speed (4-us minimum cycle
time). The last is some 10 to 50 times
faster than earlier small computers
built around the 8008 MPU but half the
speed of the 8800. -

Another meaningful consideration
in a 6800-MPU computer design is the
raft of instructional material readily
available from Motorola Semiconduc-
tor Products, Inc., including the
“M6800 Microprocessor Program-
ming Manual.” Too, the 6800 is TTL

compatible and uses just one 5-volt
power supply.
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Index Index
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Vec =Pin8 i t t : t :;2 : Fig. 1. Basic internal arrangement
s 26 27 28 29 30 31 33 .
Vsg= Pins 1,21 o e SR B I3 B2 of 6800 MPU wused in computer

Basic System Philosophy. The
basic MPU, memory, 1/0 (input/
output), and power-supply circuits
in the Altair 680 are located on a
single printed circuit board. The addi-
tion of a compact power transformer
makes this assembly a complete com-
puter system. (Front-panel switch
programming can be used, but in the
absence of this assembly, PROM’s or
ROM’s must be installed for pro-
gramming.)

The front-panel assembly contains
all the logic needed to reset, halt, or
start the processor. Also, any memory
cell can be read or written into from
the front panel via 16 ADDRESS and
eight DATA switches. Mounted on the
front-panel circuit board is a 100-
contact edge connector that permits
the main MPU board to plug direct-
ly into the front panel, thus eliminat-
ing the need for a wiring harness.
(In systems that do not use the front-
panel assembly, the MPU board au-
tomatically starts running at an ad-
dress specified by either a PROM or a
hard-wired patch.) The front panel
contains 27 LED’s that indicate the
state of each switch. As a safety mea-
sure, the POWER switch is located on
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the back of the cabinet to obviate the
possibility of its being accidentally
operated during programming.

The basic computer contains 1024
bytes of memory and has provisions
for an additional 1024 bytes of PROM
or ROM memory. An I/O channel and
interface are also included in the basic
system. The I/O channel can be con-
figured to interface RS-232 or a 20-mA
or 60-mA TTY loop. This means that
anyone who can obtain an old five-
level Baudot-type Teletype—such as
the MOD-15, MOD-19, etc.—can use it
as a computer terminal. (Many such
Teletypes are available for less than
$100 and frequently for as little as $25
nationwide.)

The Altair 680 can be built with
either a full-programmability or a
“turn-key" front panel. The latter elim-
inates all controls except restarting
the processor. There are a number of
applications where this is desirable to
eliminate the possibility of having an
operator affect the contents of the
memory or the computing cycle. An
example might be in a sophisticated
intruder-detection system where the
only control provided for the operator
is essentially on/off.

- 1s shown here in block-diagram form.

Software. The software associated
with the 6800 MPU includes an editor,
PROM monitor, and assembler, as
contrasted to the editor, assembler,
monitor and basic for the Altair 8800
computer.

System Details. The Altair 680
computer is composed of five sec-
tions: MPU and clock, memory, con-
trol and indication, I/O port, and power
supply. .

MPU and Clock. As mentioned ear-
lier, the MPU and clock are the new
6800 LSI chip. Its basic internal ar-
rangement is shown in Fig. 1. The
main elements are instruction decode
and control, instruction register, data
and address registers and buffers,
16-bit index register, 16-bit program
counter, 16-bit stack pointer, two 8-bit
accumulators, condition code regis-
ter, and ALU (arithmetic logic unit).

The timing and control inputs and
outputs for the 6800 chip are:

Phase 1 and phase 2 clock
(¢1,92)—a nonoverlapping 500-kHz
clock at V...

Address bus AO through A15—16
high active outputs that determine
address or |/O sections to use.
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DISPLAY PARTS- LIST

'*Cl C4~—0 33- uF
.. ‘capacitor - =

. C2,C3—0.47- uF
©.capacitor -

" DAOO to DAI5, DD00 to DDO7, and DS 1

o O DS3——RL21 light-emitting diode

| kICA JICB,ICC,ICD, ICI——74LS()5
ICE,ICF; ICG lCH——4449 i
CJ--74L00 .
1ICK, ICL—-26L123 Tl
.Fol]owmg resistors ‘are l/z-watt 5% e

'R110 RI6,R20 to R27—1500 ohms

" R17 to'R19—20 0,000 ohms .

" R28 to R30,R33 to R37—4700 ohms ,,'. i

“R31to R38—-—1000 ohms , .
R39,R40—10,000 ohms= = - :
f"SCl to SC12——-0 1- uF 12-V dxsc ceramrc
_‘capacitor -
i SA()() to SA1S, SDOO to SD07 S24——Spdt
toggle switch: - ;

“"-’826 ,S27—Spdt: momentary toggle swnch -

stc ——100~c0mact edge connector i

Data bus DO through D7—eight high
active bidirectional lines for transfer
to and from memory and peripherals.

Halt signal (HLT)—low active input
that ceases activity in the computer.

Read/write signal (R/W)—in the high
state, signals the memory and
peripherals that the MPU is in the read
condition;in the low state, signals that
the MPU is in the write condition.

Valid memory address
—signals external devices (mem-
ory and 1/O) that the MPU has a valid
address on the memory bus.

Databus enable (DBE)—enables the
bus drivers.

Bus available (BA)—indicates ma-
chine has stopped and address bus is
available.

12 V dlSC ceramncf,

12\V dlSC ceramlc_.

(VMA)

Almost entire computer is assembled on a single large pc board
(left). Board at right is for front panel. Boards plug together.

Reset (RES)—resets and starts the
MPU from a power-off condition. A
positive-going edge on this input tells
the MPU to begin the restart se-
quence.

Interrupt request (IRQ)—when low,
tells the MPU to start an interrupt se-
quence (save the registers on the
stack, setinterrupt mask bithigh sono
other interrupts can occur, and vector
to the interrupt address). This type of
interrupt can only occur if the inter-
rupt mask bit in the condition code
register is low.

Nonmaskable

interrupt (NMI)—

. DATA LINES TOBUS =~ -~

I.l I.’I..I.l.IlHII

Y
ADDRESS LINES

——-ﬂ--————-——'
__———————————————

PROMS SET UP AS- 256 X 8 BITS
RAMS ARE l024 X1 Bl TS .

Fzg 2. There are ezght RAM ’s (RAM 0 thro’ugh RAM 7) and four PROM’S
( PROM 0 through PROM 3) in the computers memory system.
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essentially the same as the IRQ, ex-
cept it is not dependent on the condi-
tion code register.

The clock is a 2-MHz crystal-con-
trolled oscillator that uses a pair of in-
verters that drive flip-flops to form a
500-kHz, two-phase clock that is dis-
tributed to the MPU, memory, and 1/O
sections in the computer via inverters
and buffers.

Memory. The memory system con-
sists of 1024 words of 8-bit-wide RAM,
using 2102-type 1024 x 1-bit devices,
and up to 1024 words of PROM, using
ultraviolet-erasable 1702 devices. The
basic arrangement is shown in Fig. 2.
The low-order address bits are fed to
both the RAM’s and PROM'’s.

Front Panel. The front panel assem-
bly contains the RUN/HALT switch, with
a LED for each switch position; areset
switch with no LED indicator; and the
ac poweroN LED indicator (Fig. 3). The
16 ADDRESS switches and eight DATA
switches each have their own LED in-
dicator.

The DEPOSIT, RESET, DATA, and
ADDRESS switches are enabled only
when the RUN/HALT switch isin the HALT
position, atwhich time, aretriggerable
one-shot multivibrator drives the halt
input of the MPU low. This, in turn,
drives the bus-available (BA) signal
high and also conditions the other
switches. To view the data in any
memory location, the RUN/HALT switch
must be placed in the HALT position
and the ADDRESS switches set to the
required address. The data at that
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ALTAIR COMPUTER COMPARISON CHART

Features Altair 680 Altair 8800
Maximum word size 24 bits (byte oriented) 24 bits (byte oriented)
Arithmetic unit 8-bit parallel 8-bit parallel
Minimum cycle time 4 us 2 us
Program instructions 72 78
Maximum memory size 65k bytes 65k bytes
Internal expandability 5 interface cards 250 interface cards
Interrupt 3 levels 8 levels
MPU 6800 (Motorola, AMI) 8080 (Intel, TI)

Approximate system cost

(Ik memory, /O, case, P/S)

$300

$600

Miscellaneous

Fewer parts
2 printed circuit boards
Smaller size
Built-in TTY interface

Minimum of 4 pc boards

MAIN BOARD PARTS LIST

.. « BDl—Bndge rectifier (VJ048)
- C1—3300-pF, 50-V electrolytic capacnor

Lean. C3-100- uF

50- V electrolytnc

~capacitor

G4 to! C9—0 33- pF SO-V dlSC cerach

. CH0.C 13-/ 1:UF, 162 V dise capacnor e
. C11,C12—0.33-uF, 16-V disc capacrtor

: capacrto

C14—0.01-uF, 16-V disc capacitor -

'D3'to D6—1N4739A, 9.1- Vzener dxode
Fl1—=1-A, 250-V ac, 3 AG fuse : ’

C15—1-pF, 50-V electrolytic capacitor -
D1,D2,D7 to D12-—=1N4004 diode

L ICA—T7404

1CB=27473. -

e ICUU—-7408‘

ICD.ICE, 1CS—-4449" ' _
CICRICGTALS0T.
 ICH,ICLICK,ICL.ICM,ICN, ICP

: -ICT ICU,ICGG, ICHH ICPP

IC R—2102 -
ICRR—74L3O

e
AVAILABLE
LINE:

1 CV—74 LO()

“ICW-—74L74 .

S ICX ICY ICTILAs0, e
" I€Z,ICAA,ICBB, 1ccc—1702
. ICDD, JCFF--74L04 -

. ICEE, ICMM——74L10
ICJJ—6800 :
S ICKKACLL ICSS-—-—74LSO5
ICNN_74E827 -

QLQ3,Q4—TIS s _
'Q2—EN3907 ' -
. Except where: noted followmg resrstors

. are Ya-watt; 5%:--

“ R1,R2-33 ohms. 2-watt, 5%
" R3,R4;RS; R7——100 ohmis -

R6~I30 ohms, 1-watt, 5%.

. 'R8,R11--800 ohms

R9-220 ohms, l-watt,5% .
R10,R28 to R51--7500 ohms

. RI2,R15,R16,R17—1000 ohms
e _R13—4700hm5 ik :
- RI14,R20,R21—390 ohms =
‘RIS, Rl9—~330 ohms
S .R22-——33 000 ohms o
L R23 R24 R25 R60——1() 000 ohms
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- Fzgé’ Front panel
. contains address

RETRIG
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. and data switches AQ

> Py DO through D7, reset:
(PONERS o saiteh, and LED:
'_ mdlcatms :
DOy
T
e
LiXTo 1
: BUS
o S
1

e R26 R27 R56, R57 R58 R59——not used
"R52to RSS—SOOO ohms g
. 'SP1—Spdt toggle switch %
-+ T1—5-volt, 1.2-A transformer

V. Rl-—7805 regulator

' XTAL==2-MHz crystal- = = v
" Misc.—Fuse holder (Buss HKP- CC line

cord, fan (IMC. 33", 1/O ‘socket
(DB 255), sockets(14—pm 22; 16-pin, 2_0 :

s 24-pin, 4; 40-pin, 1), case optlonal)
Note——The folf)

owing are available from -
‘MITS, 6328 Linn, N.E., Albuquerque
- 'NM 87108: complete kit (all'_parts)

" #680F at $293; complete kit except for |
. front ‘panel board #680T at $240; kit

© #680MPU, including: pc- board, 6800
“MPU, Ik memory, and all-main board
components except -power . supply “at :
'$180; front panel and MPU pc boards

. »#680PC at $48; 1/0 socket kit at $29; fan .
. kit at $16; 256 x 8-bit PROM kit at $4” ;
- - construction

information package .is -
free, with self-addressed stamped 9”

; 12” énvelope

memory address location will then
appear as lighted and unlighted LED’s
in the DATA display.

To change data in a location, the
desired data is written via the DATA
switches and entered by operating the
DEPOSIT switch. This triggers a one-
shot multivibrator, enabling the data
information to the data bus and caus-
ing the R/W signal to go low. Since the
address bus is already connected to
the switches by being in the halt state,
the write pulse causes the data to be
written into the selected RAM address.

When the RESET switch is operated,
the CPU resets. This, inturn, initiates a
restart sequence. That is, the address
bus is pulled to the high state and
causes the hard-wired data in the
board jumpers to be used as the re-
start address.

Access to the I/O port is gained by
addressing location 17577 (in octal). A
sequence of events then occurs that

POPULAR ELECTRONICS



causes an output to the built-in TTY
output jack and at the Teletype itself.

Power Supply. The main 5-volt line
is generated within the computer by a
conventional bridge rectifier, filter
capacitor, and IC regulator circuit. A
32-volt winding on the transformer is
used to generate the unregulated =16
volts required for the TTY interface
system, while a —16-volt line is fed to

four zener-diode-regulated outputs to
provide four 9-volt lines for the
PROM's.

Construction. The actual-size etch-
ing and drilling guides for the compu-

ter boards are larger than our page

size. Rather than reducing or cutting
them up to fit our pages, a free con-
struction package is available. If you

wish to obtain a construction informa-
tion package, simply send a self-
addressed stamped 9” x 12" envelope
to the address given at the end of the
Parts List.

The construction package contains
full-size schematics, full-size etching
and drilling guides, component-
placement diagrams, and front-panel

layout. @

CRAMER ELECTRONICS ENTERS OEM COMPUTER KIT MARKET

HE major reason for the tremen-

dous success of the various
computer kits on the market is that
they save considerable time. One
doesn’t have to hunt down the MPU's,
memories, etc., that must be accumu-
lated before embarking on a home
computer project. Itappears that OEM
engineers are also spending consid-
erable time in hunting down computer
parts. Cramer Electronics, one of the
leading U.S. electronic parts dis-
tributors, has decided to enter the
computer kit business, with emphasis
on the OEM market.

Cramer is starting with three Kits,
separately based on the Intel 8080,
Motorola 6800, and Texas Instruments
TMSBOBO MPU’s. Each of the Kkits

shares a common $495 price tag.

You get a lot for $495: complete
color-coded schematic diagram; RAM
with 1024 (8-bit) bytes, expandable to
65 k bytes; erasable PROM with 1024
(8-bit) bytes; support circuitry, includ-
ing clock, complete buffering, control
and synchronization logic, interrupts,
DMA controls; etc. The PROM gives
you a program to run at the outset.
There are at least four 8-bit-wide input
and output ports, with expandability
to 512 ports, decoding for 16 of which
is included.

The PROM contains a system
monitor to permit the computer to be
used as soon as it is assembled. Pro-
grams can be entered, modified, ex-
amined, and executed'under switch

control or by typed-in commands. A
cassette program, included with the
kit, can be used to debug the compu-
ter. Finally, a complete user manual
gives hints on programming and how
to expand the computer.

All together, there are about 190
parts in each kit, adding up to a total
catalog value of some $700. Software
is included in the kits to help in pro-
gramming via front-panel switches
and LED’s, cassette tape, Teletypewri-
ter, or any RS-232-compatible termi-
na!. Not supplied are printed circuit
boards, power supply, and cabinet.

For more information about the new
computer kits, write to: Cramer Elec-
tronics, Inc., 65 Wells Ave., Newton,
MA 02159. ®©
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_,.CYou don t have to buy a new car to get an electronic |gmt|on>
adieie e e st e i Most of you know the evaluation of automotive electrical sys-
tems . . . an evaluation characterized only occasionallv by
efficiency and performance. | know that, and that's why | use
the Delta Mark Ten B CDI on all my cars, new and old. And
believe me, you don’t have to have a new car to appreciate

the best electronic ignition available today. Study these fea-
tures and you'll know what | mean.

. Mark Ten and Mark Ten B Capacitive Discharge Ignition
Systems are manufactured by Delta Products, Inc., a company
with a conscience, and with a proven record of rellablhty both
in product and in customer relations.

2. The Mark Ten CDI's really do save money by eliminating
the need for 2 out of 3 tune-ups. Figure it out for yourself. The
first tune-up or two saved pays for the unit, the rest is money
in your pocket. No bunk!

3. Because the Mark Ten CDI's keep
your car in better tune, you actually
can save on expensive gasoline.

4. With a Mark Ten, spark plugs stay
clean and last longer . . . fouling is
virtually eliminated.

No matter what kind of car you drive, it too can use a Delta
quality lift.

| want to know more about Mark Ten B CDI's. Send me complete 1
I no-nonsense information on how they can improve the performance I
| of mycar. |
I Name. ;
| Address I
| city State Zip |
| |
' 0DUCTS, INC
| DELTA PRODUCTS, INC. I

.0. Box 1147, Dept. PE, Grand Junction, Colo. 81501

I 3083-242-9000 J

Mark Ten B, Standard Mark Ten,
assembled . ... ..$64.95 ppd assembled ......$49.95 ppd
Mark Ten B, kit . ... $49.95 ppd Deltakit® .......$34.95 ppd
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