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MICROCOMPUTER MEMORY

LMOST from the start, memory has
played a major, if not dominant, role
in the practicality and cost of a hobbyist
computer system. In the very early days
{before 1972), the small “home brew”
group of computer hobhyists used any
type of memory that was available and
relatively low in cost, Telephone relays,
magnetic-tape loops, delay lines, sal-
vaged memory drums, and of course
core memory stacks were used. How-
ever, all of these devices were either ex-
tremely slow in speed, or were complex.
Along about 1972,. semiconductor
memories became low enough in price
to be used by someone brave enough to
tackle building a home computer. These
memory devices were as easy to use as
the rest of the logic within the system,
thus adding to their appeal.

So, when the home computer revolu-
tion began in 1975 with the introduction
of a low-cost microcomputer kit, semi-
conductor memories were right there
along with the microprocessor chips.
Even now, the main memory {as distin-
guished from external mass storage
such as a cassette), is the dominant cost
and performance factor in a home com-
puter. The speed and sophistication of
the MPU mean nothing if the main mem-
ory does not have ample capacity. Al-
though some MPU’s have more efficient
storage of programs, when it comes to
raw data storage, all systems are equal.

Types of Memory. Classical memory
devices are divided into two distinct
groups: random access and nonrandom
access. A random access memory re-
quires essentially the same amount of
time to read or write a particutar memory
cell regardless of which cell is ad-
dressed, or the order of consecutive ad-
dresses. it literally means that a random
sequence of addresses is handled just
as fast as an ordered sequence.

The very earliest memory IC's were
long shift registers that were serial ac-
cess rather than random-access de-
vices. When presented with a random
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address, a shift-register memory re-
quires a variable access time depending
on where the data is within the register.
Today's systems use random-access
memory exclusively for main memory.

Random-access semiconductor mem-
ories can be further broken down
into read-only, read-mostly, and read/
write classes. A read-only memory
(ROM} can only be read. The informa-
tion in the memory is placed there during
manufacture and can never be changed.
Read-only memories are typically used
for unchanging system programs such
as a monitor or BASIC interpreter. The
advantage of permanent memory is that
loss of operating power does not destroy
the memory contents.
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Six-transistor static memory.

The read-mostly kind of memory 1C
normally behaves just like a read-only
memory but it is possible, using special-
ized equipment and a procedure called
pregramming, to change the memory
contents. Such memory devices are
called Pregrammable Read-Only Mem-
ories or PROM's and the equipment is
called a PROM programmer. One type

of PROM is manufactured with all mem-.

ory cells containing “'0’s”. The program-
ming procedure can change selected
cells 10 '1's” to get the desired memory
contents. The PROM can be pro-
grammed again later to write additional
“1’s” but once set, a cell can never re-
turnto a 0",

Another type of read-mostly memory
IC can be erased to its ali-"0" state and
then completely reprogrammed as often

as desired. These are called EPROM's
for Erasable PROM. The erasure is usu-
ally accomplished with intense shorn-
wave ultraviclet light, although a couple
of types exist that can be erased with
voltage pulses. The EPROM costs more
than any other type of memory IC.

A read/write memory, which is usually
called just & RAM, can be writteninto as’
quickly and easily as it can be read from.
Most of the memory in a typical system
is of this type because such a memory
does not have to be dedicated lo any
single program or data table as ROM
and PROM are. User programs and data
are always stored in RAM and frequently
many of the system programs such as
the assembler and text editor are also
stored there. Of course, the very flexibil-
ity, and ease of writing, makes RAM
contents easily destroyed by errant pro-
grams or operating power failures.

Inside RAM. Since plain RAM is the
most popular kind of memory, let’s take
a closer lock at RAM operation and ter-
minology. Two hasic storage circuits are
used in modern RAM's. The first type is
a conventional flip-flop (as shown in the
diagram) made from MOS transistors
Q1 and Q2. Transistors Q3 and Q4 tunc-
tion as high-value load resistors and are
used because they are physically small-
er than an equivalent resistor wouid be.
Switches S1 and §2 connect the memo-
ry cell to the outside world and provide
the read and write data path.

When the cell is unaddressed, both
switches are open and the cell is isolat-
ed. To read, both switches are closed
and the state of the flip-flop can be de-
termined by sensing the voltage level on
the data lines. To write, the switches re-
main closed and other circuitry forces
the data lines to voltage levels that will
cause the flip-flop to change state.

This type of cell is called static be-
cause once the flip-flop is set to a partic-
ular state, it will remainin that state until
instructed to change, or the power sup-
ply voltage drops. Switches S1 and S2,
arg in reality, MOS transistors and so
the memory cellin Fig. 1 is a 6-transistor
static memory cell.

* Another common data storage circuit
is just a capacitor and a switch which
again is really a transistor. When the cell
is unaddressed, the switch is open and
the voltage level on the capacitor deter-
mines the cell’s state. To read the cell,
the switch (transistor) is closed thus dis-
charging the capacitor into a sensing cir-
cuit connected to the data line. If a surge
of current from the discharging capacitor
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is sensed, then a 1 was stored—no
surge represents a 0. The data is then
restored to the cell by applying a high
voltage to the data fine if a 1 had been
previously sensed. When writing new
data, the initially sensed data is ignored.

This cell is called dynamic because
the charge will leak away from the capa-
citors if they are not written or read often
enough. At room temperature, the
charge remains for a second or so; but
at the top end of the rated temperature
range, the period may be only a few mil-
liseconds. Actually, in a dynamic memo-
ry IC, the capacitor is really just stray ca-
pacitance. Thus the entire memory cell
consists of just one transistar.

The small size of such memory cells
allows as many as 16,384 of them to be
placed on one chip, whereas only 4096
of the B-transistor type are diffused on
one chip. Even the lowest cost and most
popular dynamic RAM's pack 4096 bits
in a chip, whereas static types contain
only 1024 cells. .

Another advantage of the dynamic
cell is that power consumption is very
low. Celis just idling don't consume any
power. The dynamic RAM consumes
power only when being accessed while
a static RAM constantty draws current to
keep the thousands of internal flip-flops
powered. It is not unusual to see a 32k
static memory system require over 8
amperes while an equivalent dynamic
memory system might require less than
one ampere.

As previously mentioned, a dynamic
memory system must read or write ev-
ery cell occasionally to recharge the
storage capacitors. Since this does not
always happen during normat operation
of the system, a separate refresh opera-
tion is usually performed. Refreshing is
quite simple and amounts to nothing
more than sequentially reading through
a portion of memory using a counter to
generate addresses. Due to the internal
organization of the memory IC’s, only 64
addresses really have to be read to re-
fresh all the cells,

Early memory board designs using
dynamic RAM's would periodically stop
the MPU while refresh was being per-
formed. Modern designs look at the
state of the MPU and during those times
when memory access is not required, a
refresh cycle is slipped in.

Memory Boards. There are certainly
more different kinds of memory boards
for hobbyist systems on the market than
any other type of board. For Altair
(S-100) bus systems, the eariiest mem-
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ory boards contained conly 1024 bytes of
static RAM. Later, MITS introduced its
4k dynamic memory board using 22-pin
4k RAM'’s. It was quite power conserva-
tive but priced fairly high. Refreshing
was done by halting the MPU periodical-
ly. This opened the door for competing
brands of memory boards which, in the
interests of quick development and mar-
keting strategy, used 1k-bit static RAM
IC's and had a total capacity of 4k bytes,
While they worked well and were low in
cost due to intense competition, the
much greater power consumption of
static RAM's strained the computer’s
power supply and cooling system. Com-
puter manufacturers responded with
massive power supplies to satisfy cus-
tomers who plugged 32k and more of
memory into a system,

Later improvements in printed circuit
board fabrication allowed as much as 8k
on a hoard using the same 1k memory
components. Finally, the IC manufactur-
ers figured out how to put 4096 bits of
static memory onto cne chip and also
cut the power consumption per bit by a
factor of two to four, Thus, 16k static
memory hoards became available. Al-

though more expensive per bit than the
4k or 8k boards, these larger units are
becoming popular.

Finally, memory board designers
have found ways to “hide” the refresh
cycles of a dynamic memory in the
MPU's idie time periods. Also, at the
same time that 4k static-memory IC's
became available, 16k dynamic RAM's
also became available, Using these, itis
now possible for 64k bytes to be putona
single board. The 16k IC’s are still quite
expensive, but an 8k version is being
used in very cost-effective memory
boards with a capacity of 32k bytes,

However the least expensive memory
boards on today's market still use the

© same 22-pin 4k RAM's that were used in

the original MITS 4k board. These have
a 16k capacity, utilize hidden refresh,
and are $300 to $400.

Memory costs are constantly decreas-
ing. In two years it will be possible to buy

.a 64k memory board for what a 18k

board costs now. Already the computer
manufacturers are introducing systems
that can address more than 64k of mem-
ory to make room for the never-ending
memory capacity spiral, <

_HOBBYISTS ! ENGINEERS! TECHNICIANS !

Write and run machine fanguage programs at diplay video graphics
on your TV set and design microprocessor circuits — the very first night
— even if you've never used a computer before! N

SPECIFICATIONS

ELF 1I features an RCA COSMAC
COS/MOS 8-bit microprocessor ad-
dressable to 64k bytes with DMA, in-
terrupt, 16 registers, ALU, 256 byte
RAM, full hex keyboard, two digit hex
cutput display, 5 slot pleg-in expansion
bus, stable crystal clock for timing pur-
poses and a double-sided plated-through
PC board plus RCA 1861 video IC to
display any segment of memory on a
video monitor or TV screen.

RCA COSMAC microprocessor/mini-

comutes‘

Ll
0:MUST
TEIN:

Usa ELF Il to ... PLAY GAMES usirsg
your TV for a video dispiay ... CREATI
GRAPHICS pictures, alphanumer-
ics, animated effects ... leam how to
DESIGN CIRCUITS usin? a
microprocassor ... the possibilities
are infinitel

 NOW AVAILABLE

ELF 11 explodes into a giant when you
plag the GIANT BOARD™ into ELF's
expansion bus. This powerful board in-
cludes cassette 17O, RS 232-C/TTY, 8-
bit P 1O and system monitorf
editor..,meaning your ELF 11 is now the
heart of a full-size system with unfimited
computing power! $39.95 kit, $2 p&h.
* 4k Static RAM addressable 1o any 4k
page to 64k. $89.95 kit. $3 p&h.

* Protetype (Kluge) Board accepts up to
32 1.C.'s of various sizes. $17.00 kit. $1

plh,

- Exgan.siun Power Supply. $34,95 kit.
$2 p&h.

® (old plated 86-pin connector. $5.7¢

postpaid,
Coming Soon!
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Tiny Basic
ASCIIKEYBOARD* CONTROLLER

BOARD * I>-A, A-D CONVERTER *
CABINET
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333 Litchfield Road, New Milford. CT 06776 Phone 203) 354-9375 I

Yes! I want to run programs at
howme and have enclosed!
[] $99.95 pius $3 p&h for RCA
COSMAC ELF II kLit. Featured
in POPULAR ELECTRONICS,
Includes all components plus
everylhing you need io write
and run machine language pro-
grams plus the new Pixie chip
that lets you display video
graphics on your TV screen. De-
signed to give enginecrs praclice
in computer programming and
micreprocessor  circuit  design,
ELF 11 is also perfect for college
and college-bound students {who
must understand computers for
any engineering, sciemtific or
business career). Easy instruc-
tions get you started right away,
even if you've never used a com-
puter before!

As your need for computing
power grows, five card expan-
sion bus (less connectors) allows
memory expansion, program de-
bugger/monitor, cassette 1,0, A
to B and D to A converters,
PROM. ASCII keyboard inputs.
Isom aacn TN T8 XD SRt PIER

controllers, etc. {(soon to be
available as kits). Manuab in-
cludes instructions for asscr{lbly.
testing, propramming, video
praphics and pames plus how
you can get ELF I User’s Club
bulleting. Kit can be assembled
in a sipgle evening and. you'll
still have time to run programs,
including games, video graphics,
conirollers, etc., befare pgoing to
bed! [} $4.95 for 1.5 amp 6.3
VAC power supply, Tequired for
ELF II kit. [} $5.00 for RCA E
1802 User's Manual, :

[ I want mine wired and tested E
with the power transformer and
RCA 1802 User's Manual Eor!
$149.95 plus $3 p&h.

Conn, res. add sales tax. .. E
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