




















































































































































































































Two distinct paths emerging in static RAMs should give
system designers pause: very high-speed static RAMs for
cache and mainframe applications and word-oriented, slower
static memories for microcomputer applications.

In the N channel static RAM area the trend is toward
high speed and low power. There are two segments to the
static 4K RAM market: uP-based systems in which low
power is desirable and 150 to 200 ns or slower speeds are
acceptable, and add-on/in memories requiring high speed
(50ns). The current art in N channel static RAMs is at the
4K level with both 1Kx4 and 4Kx1 versions available. This
year, sub-100ns versions and 150ns or up versions of both
the 1Kx4 and 4Kx1 organizations appeared — all with the
chip select power down feature. In addition, some vendors
have already developed 16K static RAMs — the next genera-
tion for high-speed cache and control-store memory. With
an inherent speed edge over dynamic devices, static units
are now also pressing dynamic chips in the area of power
dissipation.

Static devices inherently dissipate relatively large
amounts of power through each cell’s latched gate resistors,
and buffers are also power hungry. Polysilicon resistors,
however, lower the former loss, while several newly devel-
oped circuit techniques minimize the latter loss mechanism.
Power gating is one such method. With this technique,
power goes to high dissipation elements only when the
memory device is selected. Another technique, edge activa-
tion, reduces power consumption by eliminating DC paths;
power is only dissipated when charging and discharging
capacitors. Address activation primarily serves high-speed
systems.

Whether power-down modes are used or not, a static
RAM still uses a lot of power in read or write modes. How-
ever, investigators have modified the standard six-transistor
cell configuration so that some RAM designs require only
four cells and therefore dissipate less power. Phasing this
and other power-reducing techniques will eliminate the
major drawback to using static devices in large memory
systems.

When dynamic RAMs first reached the market, they
were viable choices only for minicomputer and mainframe
applications; thus, IC makers concentrated on nx1 organiza-
tions to let large computers capitalize on the word depth
possible with these arrangements. But x4 and x8 organiza-
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tions, always possible with dynamic RAMs, are now appear-
ing. Part of the stimulus for these new organizations comes
from a desire to take advantage of current advances and
provide interim design alternatives until each new genera-
tion of denser memories appears. Also, dynamic NMOS
RAMs are now faster; they can compete with static devices
in many applications. However, the big development in
1979, and the thing to watch for in 1980, is the 64K dy-
namic RAM.

Will 64K RAMs kayo 16K RAMs?

Highlighting the memory developments over the past year is
the single-supply 65,563-by-1-bit dynamic RAM - the heir
apparent to the industry-standard 16K device and an ad-
vance resulting from pressure put on semimakers for higher-
density memories. With it, board capacities can be quad-
rupled with almost no power and performance penalties.
Although dozens of chip makers produce similar 16K
RAMs, design approaches to the 64K successor took many
forms.

Fujitsu’s MB8164 and Texas Instruments’ TMS 4164
were the first 64K dynamic RAMs to reach the market.
Many other manufacturers — including Signetics, AMD,
Fairchild, Intel, Mostek, Motorola, National Semiconductor,
OKI, Panasonic, Siemens, Toshiba, and Zilog — also devel-
oped 64K parts, so at least half a dozen viable sources will
appear this year.

With the technology used, on-chip transistors will be
closer and smaller, shortening propagation delays as well as
overall access times. That means 64K access should range
from 80 to 150ns instead of the typical 120 to 250ns.

16K RAMs win popularity contest

Perhaps partly because of this uncertainty in the 64K mar-
ket, customer demand for 16K dynamic RAMs has exceeded
many manufacturer forecasts, putting these parts in short
supply. As a result, the product lifetimes of 16K devices
have been extended, and some manufacturers have applied
their latest processing and design advances to produce
“new” 16K chips with impressive specs. Most of these im-
proved 16K devices need only +5V, and some will boast
access times shorter than 100 nsec; used in memory systems,
they will permit simpler upgrades to 64K parts than would
three-supply devices.

Most of the coming crop of 5V, 16K x 1 RAMs will per-
mit simple system upgrades to 64K units. However, they
will require minor redesigns of current 16K systems — chang-
ing the bypass capacitors, strapping the supply pins, modify-
ing the address connections . . . perhaps even altering the
refresh timing.

Chip makers agree: the single-supply 64K RAM is a
double advance. Quadrupling density of today’s RAMs is
tough enough; redesigning for single SV-operation doubles
the effort. That’s why several firms struggling with the
power supply problem chose to develop a 5V-only 16K
RAM as a stepping stone to the 64K part.

[ronically, that interim measure could push back industry
acceptance of the 64K RAM by a year or two. Chip makers
(National Semiconductor, Intel Corp, Mostek Corp, and
Motorola Inc.) build single-supply 16K RAMs with almost
exactly one quarter of their 64K designs. Not only do these
parts have better yields than next-generation devices, also
they have so much more to offer than the three-supply 16K
RAM — superior access time that might fall as low as 80ns,
lower power and a scaled-down die size — that customers
might be willing to pay a premium for them.



ROMs, PROMs and relatives

Developments over the next few years will focus on eras-
able-type ROMs. 1979 saw the first 64K UV-erasable
PROM. The largest segment in the programmable market
is the MOS UV EPROM. Current EPROMs are at the 16K
and 32K levels, and 64K devices are imminent. All EPROM
makers are trying for quicker access. EPROMs have the
slowest access of all NMOS memory technologies (350 -
450ns). But problems occur with newer uPs which lose
their speed advantage if EPROM program storage cannot
meet the 100- to 200-ns cycle times. Will chip makers get
access times down? They’re trying.

Offering the fastest EPROMs available, the long-con-
troversial technology of amorphous semiconductors just
headed for market. Besides storing 1000 bits and accessing
any bit in 10ns, amorphous semiconductors allow each bit
of data to be individually erased and reprogrammed. ECD
Inc., developer of this technology, distinguishes this capa-
bility with the acronym EAROM (electrically alterable
PROM).

The parts that will eventually dethrone UV EPROMs
have surfaced — electrically erasable PROMs (EE-PROMs).
Slow to develop because no forced electrical leakage has
proven as reliable as the photon-generated leakage of the
UV devices, EE-PROMs are researched in many chip manu-
facturer labs, though last year there were few commercial
announcements of EE-PROMs as EPROM replacements.

EAROMs and EEPROMs differ in application. EEPROMs
replace UV EPROMs (EAROMs are aimed at applications
requiring more program/erase cycles); and, as such, perform
differently. For instance, EEPROMs must have much shorter
access times, compatible with EPROMs. EEPROMs can
only be block erased and lack flexibility of being word
erasable like EPROMs. But since UV EPROMs aren’t word
erasable, this isn’t bad. In addition, erase time is much
longer than that for the EAROM, but still exceeds UV
EPROM speed.

A look in the crystal ball

In the next few years, a hierarchy of these nonvoltatile
memory products will fall out: ROM types that are rarely
reprogrammed but offer high density and relatively quick
access times to replace EPROMs; read-mostly memories
that provide a fair amount of endurance for the daily
power-down situations to which cash registers and TV
tuners are exposed; and nonvolatile RAMs that provide fast
program and erasure and superlative endurance of 10 cycles
or more.

In addition, the trend toward pin-compatible ROM,
PROM and RAM families will continue, allowing designers
to substitute one device type for another at will. Also,
expect increased activity in byte-wide memories as the semi-
conductor industry attempts to achieve the next capacity
improvement above 64K. This increase will probably re-
quire a combination of process advances, new circuit design
and larger dies.

Finally, as new high-volume markets open up, expect
semi makers to add special features — such as counters and
timers — to their 4K and 16K designs rather than squeeze
more bits into the smallest possible space.
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Designers’ Notebook

8086 Single-Step Eases Software Debugging

Currently two execution vehicles, the
SDK-86 System Design Kit and the
iSBC 86/12 Single Board Computer
are avilable to test and debug 8086
software. Both of these are easily
interfaced to Intellec Development
Systems which allow the downloading
of user software into the execution ve-
hicle’s RAM for subsequent execution.
The SDK-86 and iSBC 86/12 board
utilize on-chip debugging features of
the 8086 to provide user debugging
aids. One of these powerful features is
the single-step interrupt.

PUSH AX ;SAVE AX
PUSH BX ; SAVE BX
PUSH CX ;SAVECX
PUSH DX ;SAVE DX
PUSH BP ; SAVE BP
MOV  BPSP; INITIALIZE BP

Fig 1 Save registers and initialize BP.

The single-step interrupt provides a
way of examining processor operations
while single-stepping through the user
program. When the trap flag (TF) in
the flag register is set, a type 1 inter-
rupt is generated after each instruction
is executed. The interrupt service rou-
tine can then provide a user interface
which performs a variety of diagnostic
functions. It can simply display the
contents of flags and registers, or, if
desired, it can display selected mem-
ory locations and input ports.

After receiving the single-step inter-
rupt, the 8086 pushes the flag register
(FLAGS), code segment register (CS),
and instruction pointer (IP) onto the
stack and resets the interrupt and trap
flags. Resetting the trap flag allows the
single-step interrupt routine to run

normally  without  single-stepping.
When the diagnostic functions are

complete, an interrupt return instruc-
tion is executed which pops data from
the stack into IP, CS and FLAGS. This
restores FLAGS with TF set and al-
lows the next users instruction to be e
executed followed by a type 1 inter-
rupt.

Upon entering the single-step inter-
rupt routine, the state of the user pro-
gram must be preserved by saving the
contents of registers on the stack.
Only those registers that are used to

provide the diagnostic functions are
saved. For example, assume that the
AX, BX, CX and DX registers are used.
Next the contents of the base pointer

Stack

FLAGS Grows

CS

IP

AX +8

BX +6

CX +4
BP DX +2
s F | eP

Fig 2 Contents of stack.

(BP) are saved on the stack and the
stack pointer (SP) contents are trans-
ferred to BP. Figure 1 shows the 8086
instructions to accomplish this and
Fig 2 displays the contents of the
stack. Assume that the single-step rou-
tine now displays the register contents.
Copying SP into BP allows the 8086’s
based addressing mode to access all
saved data without popping data from
the stack. Access to this data is accom-
plished by adding the contents of BP
with an offset. For this example, BP

MOV DX, [BP + 8]
CALL PRINT AX
MOV DX, [BP + 6]
CALL PRINT BX
MOV DX, [BP +4]
CALL PRINT CX
MOV DX, [BP +2]
CALL PRINT DX

cess the saved data.

This technique displays diagnostic
data after each instruction is executed.
As the user software development pro-
gresses it is unnecessary and even un-
desirable to examine processor opera-
tions after every instruction. When
using top-down structured program-
ming techniques, it is desirable to
examine operations only for the new-
ly added software module. This can be
accomplished by programming the
single-step routine to provide diag-
nostics when instruction pointer values
are those of the new modules. The
single-step routine can be programmed
to print diagnostics and continue exe-
cution of the user software or suspend
execution until some external stimulus
is received, such as a prompt from the
system console. More powerful capabil-
ities can be programmed into the
debug routine such as providing notice
when a memory location or input port
has changed to a predetermined value
or when the processor attempts to
execute code outside of the user pro-
gram. The single-step routine can also
be programmed to execute a section of
code for a specified number of times
before providing diagnostics. It should
be noted that use of the single-step in-
terrupt does not allow real-time user

; ACCESS  AND
; PRINT AX
: ACCESS  AND
: PRINT BX
; ACCESS  AND
: PRINT CX
; ACCESS  AND
; PRINT DX

Fig 3 Access and print saved registers AX, BX, CX and DX.

plus 4 allows access to the saved CX
data. Fig 3 shows code that accesses
and prints the saved values of AX, BX,
CX and DX. Separate print procedures
are called with the desired register value
passed in the DX register. Note that
the use of BP also allows procedures
called by the single-step routine to ac-

program execution since this interrupt
occurs after each instruction.

Hal Kop, Intel Corp., Santa, Clara,
CA 95051.

Rate this design: circle 9L, 9M
or 9H on Reader Inquiry Card.
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Designers’ Notebook

KMW Systems Introduces the BAC-3207T Protocol Converter
The KMW Model BAC-3270T allows operation of Tektronix equipment

8080 Routine
Displays Console
Messages

[ just saw the Little Program “8080
Routine Displays Console Message™
(pg. 94) in the October 1979 issue.
The routine is shown below.

PUSH H

CALL MSGXP

DB ‘READ ERROR’
DB 0

POP H

MSGXP POP H
MSGX1 MOU AM

CPI 0

IZ MSGEX
CALL CO
INX H

JMP MSGX1
MSGEX  INX H
PCHL

I noticed some things which could
shorten your MSGXP routine. First,
since you have to increment HL after
getting each character and also before
exiting the MSGXP routine, you can
get by with only one increment state-
ment. Second. if you simply need to
test the A register for the zero condi-
tion, it is shorter and faster to use
“ANA A" instruction. Implementing
these changes yields the following:

MSGXP  POP H
MSGX1 MOU AM

INX H

ANA A

1z MSGEX

CALL CO

JMP MSGX1
MSGEX  PCHL

If CO returns the register intact, more
reductions are possible. A typical form
for CO is as follows:

CcO MOV CA
COl1 IN UARTS
ANI 2
1Z COl
MOV AC
ouT UARTD
RET

By using the fact that CO returns A in-

tact, we get the following:

at high telecommunications data rates, and insures error-free
operation by utilizing the popular IBM binary synchronous
protocol instead of ‘‘TWX'' transmission. The KMW Model
BAC-3270T sends and receives EBCDIC data via IBM-3271
binary synchronous protocol, performs all required error-
checking functions, translates the data to ASCII, and

transmits it in serial asynchronous format to and

from most Tektronix 4000 series graphic and

alphanumeric devices.

e Easy attachment to IBM Host System, no

VTAM/TCAM *‘patches’”’

e Allows terminal to run up to 9600 Baud
with full error checking

e Allows attachment of multiple devices
on one communications line

® No more ““TWX support’’
headaches

KMW Systems Corporation, a
producer of protocol converters
for many manufacturers. For more

information, please call or write:

KMW
SYSTEMS

CORPORATION

8307 Highway 71 West ® Austin, Texas 78735 # (512) 288-1453

Circle 46 on Reader Inquiry Card

MSGXP POP H
MSGX1 MOU AM

INX H
ANA A

CNZ cO
ANA A

INZ MSGX1
PCHL

Since most terminals ignore null char-

acters, one last byte can be removed
from the routine.

MSGXP POP H

MSGX1 MOV AM
INX H
CALL €O

Thus, the 16-byte routine shown in the
October Designers’ Notebook can be
reduced to only 11-bytes. While saving
S bytes may not be important in a
“quick and dirty” application, these
techniques may also be applied in time-
critical programs.

Tim Quilici, Rockwell International,
M.S. 401-137, Dallas, TX 75207.

Rate this design: circle 11L, 11M
or 11H on Reader Inquiry Card.

ATTENTION!
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to continue your free subscription
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Designers’ Notebook

Decimally-Programmable Divide-By-N-Counter
Maintains Pulse Symmetry

The divide-by-N-counter with sym-
metrical output can be programmed
decimally via thumb-wheel switches.
The circuit consists of
doubles, divide-by-N-counter
flip-flop for divide-by-two operation
to get a symmetrical waveform at its
output. The frequency doubler is used
to obtain narrow pulses, at both the
leading and trailing edges of the input
waveform. These narrow pulses of fre-

13

5V 7486

Frequency Doubler .

quency 2F are then applied to the di-
vide-by-N-counter. When the counter
(7490s) reaches a number equal to
the set value N, the NOR gate output
goes to “1” level, thereby resetting the
counter to zero. As soon as the
counter is reset to zero the NOR gate
output assumes “0” level. Thus a nar-
row pulse is generated at the NOR gate
output for every N count, resulting in
a pulse train of frequency 2F/N. This

is further divided by 2 in a flip-flop to
obtain a squarewave output of fre-
quency F/N.

V.L. Patil and Dilsukh Jain, NRSA,
Hyderabad, 500 037, India.

Rate this design: circle 10L, 10M
or 10H on Reader Inquiry Card.
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Divide-by-N- Counter

Decimally-programmable Divide by -N- counter with symmetrical output.
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Sometimes the true value of a product fails to relate to
its selling price. Van Gogh'’s paintings once sold for less
than $1,000. Base 2's MODEL 800 printer sells for lots
less than $1,000, but it does more than printers costing
twice its price (and a lot more than a Van Gogh
painting).

Besides being beautiful to look at, the MODEL 800
prints up to six different character fonts with embedded
elongation in any of five line densities (72, 80, 96, 120
and 132 characters per line), prints up to three copies
and is equipped with a long-life cartridge ribbon. With
such versatility as four interface modes (IEEE 488, in-
dustry standard parallel, 20ma current loop and RS232),
baud rates up to 19,200, and with accommodations for
115VAC or 230VAC operation, the MODEL 800 matches
any system decor.
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" As a note of further new world reﬁnemen*, the MODEL

800 can be optionally equipped with high speed paper
advance and graphics output, a versatile tractor feed
mechanism, terminal buffer memory, tabs and form feed.

Requiring only a square foot of space, the MODEL 800
is smaller than its contemporaries; its rugged aluminum
construction is designed to stand the test of time.

Isnt it time you added a new masterpiece to your
collection?

Recommended retail price:

Standard MODEL 800 ' $499
High.speed paper advance 50
Tractor mechanism 50
Terminal buffer memory 50

| P.O. BOX 3548 FULL., CAL. 826834 /

(714) 992-4344 |
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ing’s possible
- with a WHIZZARD 7000.

Fast refresh graphics throughput. Unequaled vector
quality. Dynamic display versatility. You get it all with a
WHIZZARD 7000.

Draw the most sophisticated pictures you can imagine.
Quick as a blink. The secret's in a 32-bit microprocessor with
its own refresh memory. There's one inside every WHIZZARD
7000.

Get constant vector intensity and perfect end-point match-
ing with maximum vector throughput. The best in the industry.
The WHIZZARD 7000’s advanced vector generator and
unigue Adaptive Timing'” technology guarantee it.

Pictures show up sharp. Even under the strongest office
lights. That's because you can choose from 16 brightness
levels. And, WHIZZARD alphanumerics are easy to read,
too. Its stroke-generated characters can appear in eight
programmable sizes.

When it comes to real-time graphics, the WHIZZARD
7000 is unearthly. Hardware translation, 16-bits of line texture,
and blinking are standard.

For even mightier magic, you can add hardware rotate,
scale, clip, zoom, and multi-viewports. You can even work in
3-D or color.

Choose the WHIZZARD 7000 that solves your graphics
problem. A basic monitor/processor that'll connect to any
16-bit or 32-bit computer. An intelligent refresh terminal with
computing power already built-in. Or a stand-alone graphics
processing system, complete with peripherals and software.

Pick from lots of WHIZZARD 7000 graphics peripherals.
Joysticks with push-button interrupt. Data tablets, digitizers
and light pens. Pen plotters and electrostatic printer/plotters.
And, more.

To find out the whole amazing story, just call the WHIZ-
ZARD. He'll send you a brochure. Or if you prefer, he'll bring
you a magic show.

For full WHIZZARD details, write or call Pat Burke,
MEGATEK, 3931 Sorrento Valley Blvd., San Diego, CA
92121.(714) 455-5590. TWX: 910-337-1270. (European
office: 14, rue de I'Ancien Port, 1204 Geneva, Switzerland.
Phone: (022) 32.97.20. Telex: 23348.)

The Visible Difference
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