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Designers gain
new freedom as
options multiply

After 18 months of calm, in which microprocessor man-
ufacturers have consolidated the designs of their first
general-purpose families, a second big wave of activity
has begun. This time, however, it reaches a more so-
phisticated level.

Urged on by savvy users, whose concern is with sys-
tem design rather than chip architecture, the manufac-
turers are introducing second- and third-order refine-
ments aimed at boosting microcomputer capacity while
lowering system cost. At the same time, they are rushing
new devices to market to extend the microprocessor
performance range both at the low end, where existing
chips present an overkill solution, and at the high end.

Four trends are emerging. First, established families
are being enhanced. System throughput is being in-
creased and instruction sets enlarged as manufacturers
turn to new metal-oxide-semiconductor processing and
improved central-processer architecture. Input/output
power, too, is being increased with new sets of program-
able 1/0 chips.

Second, the new 16-bit single-chip processing units
are heading upwards. What they are aiming for is the
high-performance end of the microprocessor market,
where precision arithmetic and large memories must be
accommodated.

Third, the one-chip controllers, as their name implies,
contain enough computing power to handle many
stand-alone controller functions on their own. On the
same chip as the central processing unit sit control read-
only memory for program storage, random-access
memory for data storage, and input/output registers for
system manipulation.

Finally, there’s a host of single-board micro-
computers, beguiling alternatives to the do-it-yourself
approach of buying just the chips.

All these developments are changing the micro-
processor universe. In order to graph this change, Fig. 1
charts the various family types against the applications
spectrum.

Clearly, the 8-bit system covers the most ground,
being used in many more different designs than either
the 4- or 16-bit devices. Indeed, the 8-bit word seems
just about right for most of today’s microcomputer sys-
tems, in contrast to the 16-bit words that are the staple
of minicomputers.

How much overlap there will be between powerful 8-
bit general-purpose systems and the 16-bit high-per-
formance systems is still to be determined, especially in
large-memory process-control applications. The current
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E nhancements add lustre to the
capabilities of established families,
and new devices are extending the
performance range in both
directions. Low-cost
microcomputer boards offer
another alternative.

wisdom is that the 16-bit families will remain primarily
on the high-performance end of the application spec-
trum for several years, since the 8-bit families are so
well established.

Besides, enhanced 8-bit microprocessors are coming
along that are faster and can handle 16-bit word data
anyway, making it easy for a user to upgrade his 8-bit
system to a 16-bit design without much additional in-
vestment in software. Moreover, the use of single-chip
controllers in distributed processing systems boosts the
performance of 8-bit designs by taking much of the bur-
den off the central processing unit and, in many cases,
by making it unnecessary to move up to a higher-capac-
ity 16-bit CPU system.

Meanwhile the multichip 4-bit systems—the earliest
microprocessors to appear—are feeling increasing pres-
sure from the minimum-chip system designs. Rockwell’s
PPS-8/2 and PPS-4/2 two-chip systems, Fairchild
Semiconductor’s F-8, National Semiconductor’s SC/MP,
and Electronic Arrays’ 9002 can all handle many of the
jobs formerly done by the 4-bit Intel MCS-4 or Rock-
well PPS-4 but often with fewer packages and at lower
cost. Moreover, the single-chip 4- and 8-bit micro-
controllers already mentioned will increasingly elimi-
nate the need for multichip 4-bit designs.

Puts it all together. Activity in microprocessors is fast and furious,
as manufacturers make available a wide range of products, from
low-cost microcontroller chips to powerful, general-purpose families
and boards. This 16-bit microcomputer is from Data General.




The 8-bit mainstream

In the 8-bit microprocessor applications spectrum, Intel
Corp.’s 8080 family, with its enhanced 8080A cPU,
Motorola Semiconductor’s 6800 family, with its en-
hanced 6800D cpu, and Rockwell’s PPS-8 family cur-
rently rank one, two, and three in popularity among
users. The 8080 system is being used in a wide range of
industrial process controls, games, intelligent data ter-
minals, and so on. The 6800 has found its greatest pene-
tration in data-communications terminals and instru-
mentation. The PPS-8 has found strong acceptance in
skid-control automotive designs, as well as in other
high-volume systems. All are second-sourced—the 8080
by AMD, TI, NEC, and Siemens, the 6800 by AMI, and the
PPS-8 by National.

What makes these chip families so suitable for gen-
eral-purpose applications is the centralization of their
computing capabilities—an orientation borrowed from
minicomputer architecture. Unlike many newer designs,
such as the F-8, which distributes its computing power
among its family of devices, the 8080, 6800, and PPS-8
concentrate that power all on a single chip. In effect,
their central processing units act as their own peripheral
controlleis, using generalized bus lines to manipulate
external memories, interface chips, and input/output
chips.

These CPU chips are well equipped for their job. Both
the 8080A and 6800D have a 16-bit address bus, an 8-
bit bidirectional data bus, and fully TTL-compatible
control outputs. Besides supporting up to 65 kilobytes of
random-access memory, they can address a large num-

PPS-8/1 8048
]

SINGLE CHIP
CONTROLLERS 1

TMS 1000 3880

4040
J

4004
1
1 ||
PPS4
PPS-8/2 F8
] ]

A1 BIT FAMILY

PPS-4/2
§100°
]

ber of peripheral devices, providing for practically un-
limited system expansion.

Moreover, both CPUs show a considerable improve-
ment in architecture over the preceding generation of
8-bit designs. The 8080, for example, contains a 16-bit
stack pointer that controls the addressing of an external
stack located in memory. The proper instructions can
initialize this pointer to use any portion of external
memory as a last-in/first-out stack, so that almost un-
limited subroutine nesting becomes available. The stack
pointer in addition allows the contents of the program
counter, the accumulator, the condition flags, or any of
the data registers to be stored in or retrieved from the
external stack.

The 8080’s stack control instructions also permit mul-
tilevel interrupts. The current program or “status” of
the processor can be pushed onto the stack when an in-
terrupt is accepted, then popped off the stack after the
interrupt has been serviced, and this can be done even
when the interrupt service routine is itself interrupted.

Where the two families differ is in several of the sys-
tem requirements. The 6800’s single 5-volt power sup-
ply contrasts with the 8080’s +5 v and 12 v supplies.
The 6800 timing is quite simple. All instructions are ex-
ecuted in two or three cycles, which are identical in
length. Control outputs are real-time signals instead of
look-ahead instructions. Moreover, in the 6800 system,
separate 1/0 instructions are unnecessary since memory
locations can house either 170 or memory data.

On the other hand, the 8080 has more powerful in-
structions, with stronger branch and interrupt capabil-
ity. It can interface with a wide variety of peripheral de-
vices. It has tremendous software support, such as an in-

6502 PPSB  BOSOA
L1 1

8 BIT FAMILY
Y T | 1
SCAMP 9002

16 BIT FAMILY

BITSLICES

APPLICATION

AN CONTROLLER

TLCS-12* 1802 2650

DATA PROCESSOR

i 1 1
6800 280

PAIC E CP1600 9900

]
IMP-16  MCP 1600

3002 2901
Ll

T
6701

10800

AINICORIPUTERS

1. The universe. The 8-bit microprocessor families cover most ground, being found in everything from peripheral controllers to powerful
data-processing systems. The 4-bit systems handle the smaller controller jobs, while the 16-bit chips and bit slices rise to minicomputer work.
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2. The 8080. I'ntel's 8080 system can produce dozens of peripheral and 170 device configurations. Because all devices connect to a system
bus, hooking up parts into complex configurations becomes quite straightforward once the instruction program has been developed.
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SERIAL
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ADAPTER "ADAPTER

3. The 6800. A Motorola 6800 system, also designed around a central bus, keeps the package count to a minimum by using powerful pe-

ripheral devices, such as the peripheral interface and communication adapters. System works off standard ROMs and RAMs.
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INTERRUPT :
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4. The PPS-8. In Rockwell's PPS-8 microcomputers, general-purpose input/output, ROM, and RAM chips again hook up directly to address
and instruction data buses. Family contains a direct-memory-access controller and parallel and serial |/O data channel modules.

circuit prototype developing system and a large library
of user-generated instruction programs. All this ac-
counts for the 8080 system’s overwhelming success.

Rockwell’s PPS-8 differs from both the 8080 and the
6800 in the basic architecture of its CPU. Its CPU chip
has an arithmetic/logic unit, a control unit, accumula-
tors, and address registers, laid out much as in the 8080
and 6800, but interlinked quite differently from either
the 8080 and 6800 families (see Figs. 2, 3, and 4). For
example, the program and data memories in a PPS-8
microcomputer system have completely separate and
parallel address spaces, so that a memory address may
legitimately identify two different memory locations—
maybe a byte of program memory containing an in-
struction code and a byte of data memory containing
binary data. This double-duty memory address ac-
counts for the PPS-8’s high throughput, even though it
is built with p-channel MOS technology.

A unique feature of the PPS-8—its clock signals—adds
to its flexibility. These signals serve for both synchro-
nization and control. The four-phase clock generator
transmits two clock signals to every device in a system,
and every device contains logic to decode them, inter-

preting the contents of the data and address buses in
different ways during different phases of a machine’s
cycle. As a result, the CPU can program a wide variety of
peripheral devices—if the user is willing to learn his way
around the clocking scheme.

While the CPU or microprocessor chip is the central
controlling element in a microcomputer system, just as
vital are the ROMs, RAMs, and various input, output,
and interface circuits that make up the balance of the
design. Figures 2, 3, and 4 illustrate typical system con-
figurations for the 8080, 6800, and the PP-8: these, the
most established general-purpose microcomputer sys-
tems, have highly-developed system components- that
hook up directly with the CPU on simple bidirectional
bus lines.

The bus line configuration of the 8080 and 6800 fami-
lies generally has become the model for most 8-bit sys-
tems. Its three bus lines—a data bus, a control bus, and
an address bus—handle all elements of a system. Stan-
dard ROMs, which store the program data in the form of
lookup tables, are hooked up by connecting the ROM’s
output lines to the data bus and input lines to the ad-
dress bus. RAMs get their data written from CPU com-
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AVALL ABLE MICROPROCESSORS

Type Addre-ss Manufacturers*
No. Technology Capacity and
(bytes) Comments**
4-bit
4004 p-MOS 4-k Intel
4040 p-MOS 4-k  Intel (National)
PPS-4 p-MOS 4.k  Rockwell{National): SV
PPS-4/2 p-MOS 8k  Rockwell: CC, SV
PPS-4/1 p-MOS - Rockwell: CC, SV, RAM on chip
TMS-1000 p-MOS 8-k  Texas Instruments: SV, MP
8-bit
EA 9002 n-MOS 65-k  Electronic Arrays: SV
F-8 n-MQOS 65k Fairchild (Mostek): CC
8008-1 p-MOS 16k Intel
8080 A n-MOS 65-k Intel (AMD, TI, NEC, Siemens)
8048 n-MOS 2-k Intel: 512-bit RAM on chip
6502 n-MOS 65-k  MOS Technology — other versions are
available with lower address capacity
5065 p-MOS 32k  Mostek
6800 n-MOS 65-k  Motorola (AMI): SV
SCAMP p-MOS 65-k  National: CC, SV
1801 C-MOS 65-k  RCA: 2-chip CPU
1802 C-MOS 65k RCA
PPS-8 p-MOS 32-k  Rackwell (National): SV
PPS-8/2  p-MOS 32k  Rockwell: CC, SV
2650 n-MOS 32k  Signetics: CC, SV
300 TTL-S 8-k Scientific Micro Systems
Z-80 n-MOS 65-k  Zilag: SV
12-bit
6100 C-MOS 4k Intersil (Harris): SV, CC
TLCS-12 n-MOS 4k  Toshiba: MP
16-bit
CP1600 n-MOS 65-k  General Instruments: MP
MCP-1600 n-MOS 65-k  Western Digital: MP, MC
IMP-16 p-MOS 65-k  National: MP, MC
PACE p-MOS 65k  National: MP
PFL-1600A n-MOS 656-k PanaFacom: MC
TMS-9900 n-MOS 65-k  Texas Instruments: SV, general-
purpose registers in memory
Bit slices
2901 TTL 65-k  Advanced Micro Devices (Motorola,
Raytheon): MP
98400 TTL 65-k  Fairchild: MP, SV
3002 TTL 512 Intel (Signetics): MP, 2-bit slice
6701 TTL 65-k  Monolithic Memories: MP
10800 ECL 65-k  Motorola: MP, CC, ECL
SBPO400 1%L 65-k  Texas Instruments: CC, MP
NOTES
*Developing manufacturer listed first.
**Key: MP — microprogramable SV — single voltage
ECL — emitter-coupled logic CC — clock on chip
TTL — transistor-transistor logic MC — multi-chip central
12L — integrated injection logic processing unit

Assessing microprocessors

Making comparisons between the available micro-
processors on the basis of data sheets is a very tricky
business. Even a simple specification like cyclé time can
be highly misleading. In most cases cycle time by itself
tells you practically nothing—you must know how many
cycles are needed to execute what instruction. For ex-
ample, some microprocessors boast cycle times as low
as 1 microsecond but require multiple cycles to execute
even the simplest instructions. Others list longer cycle
times but require fewer cycles to do the same instruction.

Nor does it help too much to compare execution times
of simple instructions. Often the time to do a fetch or a
register-to-register ADD has little relation to the time re-
quired for executing more complex instructions, like call-
ing in a subroutine on the basis of various bit settings.

Even more misleading is ranking CPU complexities in
terms of numbers of registers, or 1/0 ports, or whether
the chip has built-in direct memory access, and so on.
Many powerful microprocessors, such as Tl's 9900 expel
all the general-purpose working registers from the CPU
chip and locate them in external RAM. But the chip is
more powerful than most CPUs with multiple general-pur-
pose registers. Likewise, a minimum-chip system design,
such as the F-8, has computation logic distributed over
two or three matched chips, so just looking at the CPU
doesn't begin to show the capability of the system.

The instruction set is another area that lends itself to
vendor specmanship. Repertoire size alone has little
meaning, unless you know how the supplier is counting
instructions. Are multiple, closely related instructions
counted as one or as many? What instructions are in-
cluded? And the various types of instructions that differ
only in their "'if"’ conditions, how are they counted?

That's why this microprocessor chart is kept fairly
simple. Breaking down the chips by word length gives an
idea of a processor’s range—but only a rough one, since
the efficiency of doing anything certainly does not de-
pend on word length alone. The technology is broker out
only because knowledgeable users feel more comfort-
able knowing what's in the device, but it too has to be re-
lated to design—whether processing is done serially or in
parallel, and so on. (All things being equal, deviceés built
with n-channel MOS are faster, smaller, and easier t0 in-
terface than those built with p-channel MOS, whereas de-
vices built with bipolar technology are faster and can do
more but are larger and cost more to build than MOS LSI
devices.)

As for addréss capacity, obviously the more mermory
that a chip can access, the larger thé system that can be
implemented. But again, watch out. Some processors
can access large amounts of memory directly. Others
need external devices to reach large bytes of memory.

Another area that concerns users is alternate sourcing
In general, the alternate sources of microprocessors are
proving well able to satisfy customers’ demand for mul-
tiple-sourced devices. For instance, AMD's 9080A series
claims speed and power specifications that in some re-
spects exceed Intel's 8080A specifications, and AMI un-
dertook considerable process development in building its
version of Motorola’s 6800 family. Mostek Corp. has
done a nice job supplementing Fairchild’'s F-8 support
and applications effort. Then too, there is the Na-
tional/Rockwell technology exchange that made their re-
spective microprocessor families available to each other.




mands that travel on the address bus, and their data is
read out to the CPU on the data bus. Peripheral inter-
face circuits receive their inputs on the control and ad-
dress bus and return their data outputs on the data bus.
Thus, this bidirectional bus system is the conduit
serving all members of the microcomputer family. New
interface and peripheral chips, regardless of their com-
plexity, will use these bus lines, ensuring a user a simple
and well-formulated method of upgrading his basic sys-
tem with more powerful 1/0 and peripheral chips.

The dedicated 8-bit types

Unlike the general-purpose 8-bit systems, which gen-
erally use at least a dozen chips, Fairchild Semicon-
ductor’s F-8, also supplied by Mostek Corp., and Na-
tional Semiconductor Corp.’s SC/MP families were
designed to realize controller-type systems with the few-
est possible chips at the lowest possible cost. Both fami-
lies can dish up useful designs with just two chips, al-
though the F-8 is a more powerful system, readily
expandable into memory-rich designs.

The dissimilarities of these two devices stem from dis-
similar design philosophies. The Fairchild F-8 designers
chose a configuration that is quite unlike the CPU ori-
entation of minicomputers. Instead they distribute pro-
cess and memory control throughout the system. The
F-8 therefore works best where two or three of its pow-
erful family members can do the job standing alone,
without a large number of external memory (although
they can be added if necessary).

Because they interact so intimately, a designer must
be familiar with the functions of the F-8 chips. Besides
the CPU chip, there’s a programable storage unit, which
provides read-only memory plus various logic func-
tions—it combines with the CPU to form a complete mi-
crocomputer if so desired. A dynamic-memory interface

chip links the first two chips to either dynamic or static
RAMs storing data, and a static-memory interface is for
use with state RAMs only. Finally, a direct-memory-ac-
cess chip implements the direct-memory-access logic in
conjunction with the dynamic-memory interface chip.
Because various logic functions are distributed
among the four peripheral chips, the CPU contains only
the arithmetic/logic unit, the control unit and instruc-
tion register, the logic associated with interfacing the
system bus with the 1/0 control signal, and the accu-
mulator register. It does not contain memory-address-
ing logic, memory-addressing registers, stack pointer,
program counter, and data counter, all of which reside
in the companion memory and memory interface chips.
This configuration has both advantages and disad-
vantages, the chief advantage being that fairly powerful
systems can be implemented with remarkably few chips.
Moreover, the lack of memory-addressing logic on
the CPU chip itself means that no address lines are
needed on the system bus, and the 16 address signals,
which CPU-oriented systems need to interface with the
bus, can instead be used for two 8-bit 170 ports on each
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5. Efficlency experts. SC/MP and F-8 carry off the prize for minimum-chip multiprocessor systems. This SC/MP configuration (a) from Na-
tional daisy-chains several microprocessors along one bus. The Fairchild F-8 disk controller has five F-8s operating as distributed proces-
sors. F-8 systems can readily be expanded to handle a wide variety of peripheral control and complex data communications applications.
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6. Relating. National's 16-bit PACE system reaches the TTL world with transceivers that interface directly with any RAMs or ROMs designed
with on-chip address latches. Standard memories can also be used if an 8-bit address latch element is included.

device. Better yet, the place on the CPU chip formerly
occupied by address registers and memory-addressing
logic can now accept 64 bytes of random-access
memory. It is this on-chip RAM that makes an F-8 mini-
mum two-chip configuration functionally useful.

Now for the disadvantages. Because of the removal of
memory-addressing logic from the CPU chip, external
memories can no longer be connected directly to the
system bus, which no longer has address lines, and the
family’s other devices must be used. Of course, this is
easily done with the memory-interface devices, but the
extra packages do add to the cost of the design. Worse
yet, this memory-addressing logic must be duplicated if
more than one memory device is present.

On the other hand, SC/MP (pronounced Scamp) cen-
tralizes its computing capabilities in the CPU, just like
the 8080 and 6800 families, so that systems can be con-
figured with standard memories directly. The SC/MP
chip can handle up to 4 kilobytes of memory with no
additional logic or interface packages. Systems requir-
ing more memory are also possible: a five-chip system,
handling up to 65 kilobytes of RAM, would consist of the
SC/MP, a two-chip bidirectional transceiver, an address
latch, and a buffer.

Internally, SC/MP is a programable 8-bit parallel pro-
cessor. It contains one 8-bit accumulator, four 16-bit
pointer registers (one of which is dedicated to the func-
tion of program counter), an 8-bit status register, and an
8-bit extension register. On-chip timing circuits elimi-
nate the need for external clocks, and TTL compatibility
allows easy interfacing with other system components.

Architecturally, SC/MP, again like the 8080 and 6800
families, employs a unified bus system, to which the
central processing unit, memory, and peripheral devices
are each connected. The common data bus enables
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memory-reference instructions to reference peripheral
devices. In addition, SC/MP architecture provides serial
data and control streamlining under software control
and has built-in programable delay.

Both the sC/MP and F-8 families lend themselves to
multiple processor systems. In SC/MP, the bus configura-
tion is responsible, allowing many SC/MPs to be tied to
the bus for daisy-chain operation (Fig. 5a). When one
SC/MP stops transmitting or receiving, it notifies the next
SC/MP in line that it may take over.

The F-8 CPU chips can serve either in a multiple pro-
cessor system or in two-chip peripheral controllers sub-
ordinate to a multichip processor-based system, such as
large point-of-sale terminals. The floppy-disk controller
shown in Fig. 5b contains five F-8s working in conjunc-
tion with floppy disks, a magnetic-tape unit, a cathode-
ray-tube display, a keyboard, printer, and modem.
While the low-speed devices (the keyboard, printer, and
modem) can be adequately handled by the programed
1/0 structure, the other, high-speed devices require sep-
arate F-8 CPUs and programable storage units.

The 8-bit newcomers

While established suppliers of microprocessors have
recently come out with upgraded products—most no-
tably the 8080A and 6800D—newcomers to the field are
trying to gain entry with still higher-performance ver-
sions of the earlier devices. A good example is Zilog
Inc.’s Z-80 chip. In a tribute to the success of the 8080,
designers at the Los Altos, Calif., company have based
their design on it, but have added more data-processing
and instruction-handling capability. At the same time,
they have tried to simplify the system configuration
along the lines of the 6800.

For example, the Z-80 is heavily CPU-oriented, like
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7. Thinking big. Texas Instruments’ 9900 16-bit microprocessor has full 16-bit data bus and 16-bit ALU on chip but exiles all general-pur-
pose registers to external RAM locations. A wide range of interrupt capability is included, making the chip very flexible.

the 8080A, and is completely compatible with 8080A
software. But thanks to depletion-mode technology, it,
like the 6800, has a single-phase clock on the chip and
requires only a single 5-v power supply.

The Z-80 can handle 158 different instructions and,
like the 8080A and 6800D, has an internal 16-bit-wide
data bus. Unlike them it contains both an 8-bit and 16-
bit external address bus, so that it can process either 8-
or 16-bit words in one cycle.

Architecturally, the Z-80’s CPU chip resembles the
8080A, where general-purpose registers perform basic
computation operations and special-purpose registers
perform various program operations, such as program
counting and stack pointing. Also as in the 8080A, the
CPU contains the accumulator and flag registers.

The Z-80s block of general-purpose registers has a
distinctive feature: it consists of two matched sets of six
8-bit registers. Now a programer can use them individ-
ually, as 8-bit registers, or in tandem as 16-bit register
pairs, depending on whether he is handling 8-bit or 16-
bit words, Moreover, the programer may select one set
of registers for a single exchange command while using
the other set for the rest of the sequence. This saves in-
terrupt time—and is especially useful in systems that re-
quire a fast interrupt response—because there’s no need
to transfer the register contents to an external stack dur-

ing the fast-cycle interrupt or subroutine processing.

As for the Z-80’s special-purpose registers, the pro-
gram counter and stack pointer function much as they
do on the 8080A. The program counter holds the entire
16-bit address of the current instruction just fetched
from memory, and the stack pointer keeps track of the
16-bit address of the current instruction. An external
stack memory, organized as a last-in/first-out file, al-
lows simple implementation of multiple level interrupts,
unlimited subroutine testing, and simplification of
many types of data manipulations.

Like the Z-80, another recently introduced micro-
processor that takes cognizance of established 8-bit gen-
eral-purpose designs is the 9002 from Electronic Arrays
Inc., Mountain View, Calif. But unlike the Z-80, which
is being supplied with its own set of dedicated support
devices, the 9002 has been conceived as a stand-alone
digital process controller that can interface with stan-
dard peripheral chips through ‘an 8-bit parallel TTL-
compatible data bus.

The 9002 timing and control signals allow a user to
bring the chip together with any bus-oriented periph-
eral devices he may choose. Examples are: Motorola’s
6820 peripheral interface adapter for general-purpose
controller applications; the asynchronous communi-
cations interface adapter and low-speed modem for
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Learning about microprocessors

In approaching the design of microprocessor systems,
the first requirement for the novice is to learn the special-
ized jargon. The basic terms defined below can help.
They are followed by some advice on the next steps in an
education in microprocessor theory and applications.

Ceniral processing unit: a group of registers and logic
that form the arithmetic/logic unit plus another group of
registers with associated decoding logic that form the
control unit. Most metal-oxide-semiconductor devices
are single-chip CPUs, in that the registers hold as
many bits as the word length of the unit (the 8080 and
6800, for example, are 8-bit devices and thus the basic
registers are eight bits wide). With bit-slice devices,
however, central processing units of any bit width can
be assembled essentially by connecting the bit-slice
parts in parallel. Externally, a bit-slice device will ap-
pear to be a coherent single CPU capable of handling
words of the desired bit length.

Register: logic elements (gates, flip-flops, shift registers)
that, taken together, store 4-, 8-, or 16-bit numbers.
They are essentially for temporary storage, in that the
contents usually change from one instruction cycle to
the next. In fact, much of the microprocessor’s oper-
ation can be learned by studying the registers, which
take part in nearly all operations.

Accumulator: a register that adds an incoming binary
number to its own contents and then substitutes the re-
sults for the contents.

Program counter: a register whose contents correspond
to the memory address of the next instruction to be
carried out. The count usually increases by one as
each instruction is carried out, since instructions gen-
erally are stored in sequential locations.

Instruction register: storage for the binary code for the
operation to be performed. Usually this instruction rep-
resents the contents of the address just designated by
the program counter. However, the contents of the in-
struction register or the program counter may be
changed by the computations. This, of course, repre-
sents ong of the key ideas of a stored-program com-
puter—inst _yctions, as well as data, can be operated
upon and subsequent operations will be determined by
the results.

Index register: some memories are organized by index
number (the contents of the index register). The ad-
dress of the next instruction may be found by summing
the contents of the program counter and the index reg-
ister. Increasing the index register by one will cause
the processor to go to a new section of memory.

Stack pointer: a register which comes into use when the
microprocessor must service an interrupt—a high-pri-
ority cgll from an external device for the central pro-
cessing unit to suspend temporarily its current oper-
ations and divert its attention to the interrupting task.
A CPU must store the contents of its registers before
it can'-move on to the interrupt operation. It does this in
a stack, so named because information is added to its
top, with the information already there being pushed
further down. The stack thus is a last-in first-out type of
memory. The stack-pointer register contains the ad-
dress of the next unused location in the stack.

Flag: usually a flip-flop storing one bit that indicates some
aspect of the status of the central processing unit. For

example, a carry flag is set to one when an arithmetic
operation produces a carry. A zero flag is set when the
result is zero. These flags aid in interpreting the results
of certain calculations. Others are sometimes provided
to permit access by interrupt request lines—for ex-
ample, if a CPU is engaged in the highest priority of
calculation, it may set all status flags to zero—which,
loosely translated, means ‘‘don’t bother me now." If
only some of these flags are set, then only certain in-
terrupt lines will be able to get through according to
their priority.

Direct memory access: a technique that permits a periph-
eral device to enter or extract blocks of data from the
microcomputer memory without involving the central
processing unit. In some cases, a CPU can perform
other functions while the transfer occurs.

In going beyond these definitions, an engineer will
probably find that there's not an abundance of good
basic information on microprocessors. However, the gap
is filling.

Certainly, a first source on the details of a particular
product is the manufacturer's product descriptions.
Some of them are quite readable. Most provide easily un-
derstood introductions to the microprocessor, with just
enough information to get started. Best known are Intel’s
‘8080 Users Manual," Motorola’s mammoth ‘‘Micro-
processor Applications Manual’’ and 6800 System de-
scription, Fairchild’s "‘F-8 Circuit Data Book,"” Signetics’
2650 manual, Rockwell’s microprocessor family descrip-
tions, and the descriptive literature National puts out on
SC/MP, PACE, and IMP-16 families.

Independently produced sources also are available,
but they're of varying quality. A useful one is a monthly
publication on a variety of microprocessor subjects
called ‘New Logic Notebook,” edited by Jerry L. Ogdin
of Microcomputer Technique Inc., 1120 Reston Inter-
national Center Office Bldg., Reston, Va. 22091. A
monthly compilation of microprocessor news and prod-
uct introductions is a newsletter called ‘‘Microcomputer
Digest," P.O. Box 1167, Cupertino, Calif. 95014.

One of the best books is a paperback called ‘“‘An Intro-
duction to Microcomputers,” from Adam Osborne and
Associates, 2950 Seventh St., Berkeley, Calif. 94710. It
has a compact tutorial section on basics, followed by
good comparisons of key families.

Then there’s ‘‘Microprocessors,” first volume in the
Electronics Book Series. It is a compilation of all the origi-
nal articles on major microprocessor designs that ap-
peared in this magazine—from the first 4004 to today's
complex 8- and 16-bit designs. It also contains detailed
design and application material. It's available for $8.95
(see page| Vi).

A good source of basic information is the independent
seminars that are becoming widely available. One of the
most successful is Integrated Computer Systems’ three-
to-five-day courses held across the country. A schedule
is available from David Collins at ICS, 4445 Overland
Ave., Culver City, Calif. 90230.

An opportunity for hands-on experience is the sup-
pliers’ seminars. These are manned by applications spe-
cialists who travel around regularly, offering a good re-
view of a particular microprocessor line. Finally, there are
the courses offered by the IEEE and the universities.
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communications-controller applications; or any of In-
tel’s new programable interface devices, such as the pro-
gramable peripheral or communications interfaces. This
means that a system designer can use the 9002 as a
powerful controller chip, managing the operation of any
TTL-compatible peripheral device.

The 9002 designers also picked the best features of
existing processor designs. The CPU combines the on-
chip 64-byte scratch-pad RAM of the F-8, the push-pop
subroutine stack of the Intel 4040, the simplified timing
concepts of the PPS-4, the straightforward peripheral
addressing techniques and single 5-v-supply require-
ment of the 6800, and the general-purpose registers of
the 8080.

To these borrowed features the 9002 adds some
purely its own. It contains a seven-level subroutine
stack for multiple interrupt capability and eight 12-bit
general-purpose data registers. With its 64-byte scratch-
pad memory it can handle many stand-alone controller
jobs without requiring additional RAM. Moreover, one
of the 9002’s internal flags allows the user to perform ei-
ther 8-bit binary arithmetic or packed binary-coded-
decimal arithmetic (dual 4-bit operands) with built-in,
automatic decimal correction. To choose, he simply sets
the flag in one state or another. This is useful for pe-
ripheral controllers where CRT displays need BCD data.

With all this computing power, ample control signal-
ing, and on-chip RAM capability, the 9002 can realize
many fairly powerful designs with only two or three
packages. For example, a controller can be built with
the 9002, a 1,024-by-8-bit ROM, such as the EA 4700,
and two Intel 8212 peripheral interface chips, or else it
can be built with the 9002, a 2,028-by-8-bit ROM, such
as the EA 4600 and Motorola’s 6820 PIA chip.

C-MOS: another choice

Another enhancement of an existing device is RCA
Solid State division’s single-chip version of its 8-bit
C-MOS microprocessor. Designated the 1802, the chip is
three times faster than the old two-chip design, has one
third more instructions—a total repertoire of 91—and
costs less. This came about thanks to RCA’s new silicon-
gate process that yields C-MOS devices almost half the
size of metal-gate designs and also increases transistor
switching speed. As a result, a C-MOS microprocessor
becomes as fast, cost-effective and flexible as today’s
p- and n-MOS mMiCroprocessors.

To illustrate, the 1802 has a cycle time of 1.25 micro-
seconds and takes only one or two cycles, plus a fetch
cycle, to execute any instruction. This gives it an in-
struction time of either 2.5 or 3.75 microseconds that
puts it well in the speed range of either the 8080 or
6800. Moreover, with its 91 instructions, it is as pow-
erful and as flexible. Yet RCA designers were careful to
retain the architecture of the two-chip design, so that
the 1802 is software-compatible with its predecessor.

What distinguishes the 1802 CPU from other 8-bit de-
signs is its separate instruction and address registers.
The address data is placed in an array of sixteen 16-bit
scratch-pad registers, each of which can point to either
data or program. That means that a user is not forced to
provide an address with each memory reference instruc-

What it costs

Like all semiconductor chips, microprocessor prices
are coming down. Here’s a rough guide to how much
it costs to do some typical jobs at today's prices (in
appropriate volumes):

Job
General-purpose

Number of packages Cost

minicomputer emulation 30andup $1,000
Dedicated minicomputer 20-30 600
Process controllers 15-20 400
Smart terminal (i.e.

communications, etc.) 10-15 300
Complex general controllers (i.e.

traffic lights, medical, machine

tool, etc.) 10-15 200
Complex peripheral controllers,

industrial 10 150
Point-of-sale terminals 10 150
Games, instruments, etc. 5-10 75
Simple controllers, hobby gear,

appliance control 1or2 10

tion—something he must do with other processors.

As address pointers, individual scratch-pad registers
in the array are selected by any one of three 4-bit regis-
ters, so that the contents of any address can be directed
to any one of three destinations. As data pointers, the 16
scratch-pad memories are equally flexible. They can be
used either to indicate a location in memory or as point-
ers to support a built-in direct-memory-access function.

The only other C-MOS microprocessor is Intersil’s 12-
bit device. By using the same software as the PDP-8A,
the device lets users of that popular computer imple-
ment their systems in low-power easy-to-use C-MOS
technology. The 40-pin package has an instruction ca-
pacity of about 40, can access 32-k bytes of external
memory, and can control 64 1/0 parts. For the 1600, In-
tersil plans to supply a complete set of C-MOS peripheral
devices, such as C-MOS ROMs, RAMs, and UARTS.

Two n-channel 8-bit microprocessors that have begun
to make headway for general-purpose applications are
the Signetics Corp. 2650 and the MOS Technology Inc.
6500 family of microprocessors. The Signetics part,
available only in sample quantities about a year ago,
lately gained momentum—especially in Europe, thanks
in part to Philips’ recent acquisition of Signetics.

The 2650 is a single 5-v parallel 8-bit binary proces-
sor capable of performing 75 instructions in a machine
cycle time of 2.4 microseconds, which puts it in the same
general class as the 8080 and 6800 families. The chip
can address up to 32 kilobytes of external memory
(compared to 65-k for the others). But its ability to exe-
cute variable-length instructions makes it somewhat
more efficient, since a one- or two-byte instruction may
often be used for memory addressing. Moreover, most
instructions require only 6 of the first 8 bits, so the re-
maining bits can be used for the register field.

MOS Technology’s family is unique in that it includes
a number of software-compatible microprocessor chips
differing primarily in the amount of memory they can
address. The 40-pin 6502 can handle 65-k bytes of
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