












































































































































In the past, the fastest bipolar devices used TTL and 
ECL. But as memories reach the 4K level , they generate 
more heat than the IC or its package can handle without 
extraordinary cooling methods. Therefore , is 4K the limit 
for TTL/ECL? It seems so. 

Bipolar memories with capacities greater than 4K will 
probably use some form of 12 L because of that logic fami­
ly 's lower power and higher packing density. Although 
static 12 L devices exhibit 20ns access times and 300 mW 
dissipation in lK versions, the breakthrough will be the 
tighter geometries that 12 L promises. 

HMOS and its sequel 
Different technological improvements have contributed to 
the MOS cause over the yea rs. MOS advances, such as 
HMOS (the H means "high performance"), introduced two 
years ago, are higher-performing processes that guarantee a 
host of faster and denser memories. A comprehensive ap­
proach to scaling was applied in developing the HMOS proc­
ess. Selective scaling of many critical physical and electrical 
parameters of the MOS devices maintained th e trend 
toward higher speeds. At the same time , reduced power re­
quirements significantly improved the power-delay product 
of MOS technology . 

HMOS II , a newer technology, goes a step farther, em­
ploying device-scaling principles to extend performance 
beyond any current MOS technology. HMOS II memory 
chips have 15ns typical address access times , twice the 
speed of HMOS memories. The fast HMOS lK and 4K parts 
appeal especially to cache-memory designers . MOS statics 
would be in the same speed range as equivalent bipolars , 
but won't dissipate nea rly as much power. HMOS II de­
signs could become a bargain once in production, since 
MOS processes are cheaper to implement than bipolar. 

A variation of the HMOS technique using a two-layer 
polysilicon HMOS structure results in a fully-static l 6K 
RAM with access times typically 45ns. The l 6K x I bit 
double-poly HMOS design does not use increased scaling. 
Its four fold density improvement over the standard HMOS 
process stems from tighter cell dimensions resulting from 
double-poly structures. 

Double-po ly HMOS J 6K static RAM s break new grou nd 
in system designs, offe ring mainframe memo ry designers a 
high performance cho ice over previous l 6K dynamic parts. 
These fully static J 6Ks operate at typically 45ns access and 
require less ove rhead circuitry than dynamics. Jn the future , 
many designers may turn to the fast statics for medium-size, 
high-performance main memory design, while moving up to 
64K dynamics for next-generation large-capac ity main frame 
app licatio ns. 

HMOS 11 is not the end of the road. With the introd uction 
of improved lithographic equipment such as direct-wafer­
stepping exposure systems, resolution well below one micro­
meter will soon be possible. But though the tech nology to 
produce submicrome ter devices is within reach , industry 
adherence to today's standard SV power supp ly cou ld delay 
introduction of such services in a commercial orocess. Al­
though HMOS II and possibly the next generation of sca led 
devices are achievab le without reducing supply voltage , 
industry acceptance of a new voltage standard - for exam­
ple , a 2- or 3-volt level - is inevitable. 

HMOS II has been in production for a while and the 4K 
by 1-bit static RAM designed to be fully opt imized for this 
process is availab le to systems designers. Not on ly is a large 
fam il y of static RAM s planned for the future, but HMOS 
II exh ibit s the same nexiblity for a broad design base en-

joyed by HMOS - it will be applied to high-performance 
µP s and a variety of peripheral chips. Because MOS is more 
suited to device scaling than bipolar technology, recent ad­
vances in photolithography and scaled wafer processing in­
dicates a bright future for MOS performance. 

More alphabet soup : CMOS and CCDs 
CMOS has a high-noise immunity , wide tolerance to power 
supply variation , low-tempera ture sensitivity and low-power 
dissipation. lts complementary nature holds the promise of 
its becoming the fastest technology. These static RAM s are 
strengthen ing their foothold in the military and high-reliabil­
ity areas with their extremely low supply-cu rrent drain and 
wide performance range. Several new high-density CMOS 
techniques will appear in 1980 in addition to the use of 
tighter lines and scaled geometr ies. Also, the use of silicon­
o n-sapphire (SOS) CMOS technology is increasing as the cost 
of producing the sapphire and processing the silicon drops. 

As pinouts become further standardized, CMOS equiv­
alents will appear for available NMOS devices. However, un­
like the NMOS market , where prices for the next larger size 
started out as just above four times the cost, 4K CMOS de­
vices cost less than four times the cost of I K RAMs. Al­
though the order of the day for CMOS is 4Kx l and 1 Kx4 , 
few companies introduced l 6K CMOS RAM samples this 
year. Jn fact, there may even be a family of l 6K devices -
J 6Kxl , 4Kx4 and 2Kx8 organizations - to satisfy a wide 
range of memory requirements. CMOS RAM speeds now 
start at 70ns for 1 K parts and on ly 80ns for 4K units. This 
coming year , look for the emergence of another CMOS de­
velopment - CMOS ultraviolet-EPROMs. 

A few manufacturers think CCD memories have a definite 
market niche , and they fee l the 64K devices will give them 
an edge in both design experience and product recognition 
if tile 256K CCD makes its debut next year. CCDs are slower 
than semiconductor RAM , are volatile; and do not offer 
true random access operation. However, they can replace 
disk products, and act as staging areas for storage peripher­
als, thereby increasing CPU throughput. With them, a CPU 
does not have to wait for the storage device to deliver or 
accept data. 

Despite it s potential for a place in the memory hierarchy 
as a block-oriented storage of high speed and density , the 
CCD has not outdistanced the dynamic RAM far enough in 
cost or avai lability to succeed. Further dampening enthusi­
asm for CCD believers is CCD susceptibility to alphaparticle 
radiation , which exceeds even that of dynamic RAM s. 

evertheless, CCD tec;hnology shou ld survive because of 
imaging and filtering app lications. 

Static or dynamic 
To use static RAM or dynamic RAM - that is the question 
in the NMOS area. Static RAM s retain data even with power 
turned off; this memory is used for data base storage. Dy­
namic RAMS need a constant source of current to keep 
data. Choosing one over the other is usually decided by 
cost. 

Static is less expensive for small systems in which the 
cost of the extra refresh circuitry cannot be amortized over 
the sma ll number of RAMs. At the 4K level , a crossover in 
cost occurs somewhere between l 2- l 6K words in the sys­
tem . Some memory users include the larger engineering 
costs of dynamic RAM in their decisions , since statics are 
considerably simpler to design. Other users opt for static 
alone to save their engineerin g talent for designing features 
into their equipment that will enhan ce its position . 
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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: µP-based systems in which low 
power is desirable and I SO to 200 ns or slower speeds are 
acceptable, and add-on/in memories req uirin g high speed 
(SOns). The current art in N channel static RAMs is at the 
4K level with bo th I Kx4 and 4Kx 1 versions available. This 
year, sub- I OOns versions and 1 SOns or up versions of both 
the I Kx4 and 4Kxl organizations appeared - all with the 
chip select power down feature. In addition, some vendors 
have already developed J 6K static RAMs - the next genera­
tion for high-speed cache and co ntrol-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 ga ting is one such method. With thi s technique , 
power goes to high di ssipation elements only when the 
memory device is se lected. Another techniqu e, edge activa­
tion , reduces power consumption by eliminating DC paths ; 
power is only dissipated when chargin g and disch arging 
capacitors. Address activation primarily serves high-speed 
systems. 

Whether power-down modes are used or no t , a static 
RAM still uses a lo t of power in read o r write modes. How­
ever, investiga tors have modified the standard six-t ransistor 
cell configuration so that some RAM designs require only 
four cells and therefore dissipate less power. Phasing this 
and other power-reducin g techniques will eliminate the 
major drawback to usin g static devices in large memory 
systems. 

When dynamic RAM s first reached the market , they 
were viable choices only for minicomputer and mainframe 
applications; thus, IC makers concentrated on nxl 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 R AMs? 
Highlighting the memory developments over the past year is 
the single-supply 6S,S63-by-l-bit dynamic RAM - the heir 
apparent to the industry-standard 16K device and an ad­
vance resultin g 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 l 6K 
RAMs, design approaches to the 64K successor took many 
forms. 

Fujitsu's MB8164 and Texas instruments' TMS 4 164 
were the first 64K dynamic RAMs to reach the market. 
Many other manufacturers - including Signetics, AMD, 
Fairchild , lntel , 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 I SOns instead of the typical 120 to 2SOns. 

16K RAMs win popularity contest 
Perhaps partly because of this uncertainty in the 64K mar­
ket, customer demand for I 6K 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" l 6K chips with impressive specs. Most of these im­
proved l 6K devices need only +SY, and some will boast 
access times shorter than I 00 nsec ; used in memory systems, 
they will permit simpler upgrades to 64K parts than would 
three-supply devices. 

Most of th e coming crop of SY, 16K x l RAMs will per­
mit simple system upgrades to 64K units. However, they 
will require minor redesigns of current l 6K 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 SY-operation doubles 
the effort. That 's why several firms struggling with the 
power supply problem chose to develop a SY-only l 6K 
RAM as a stepping stone to the 64K part. 

Ironically , 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 
Motoro la Inc.) build single-supply I 6K RAMs with almost 
exactly o ne quarter of their 64K designs. Not only do these 
parts have be tter yields than next-generation devices , also 
they have so much more to offer than the three-supply l 6K 
RAM - super ior 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
ab le-type ROM s. 1979 saw the first 64K UV-erasab le 
PROM. The largest segment in the programmable market 
is the MOS UV EPROM. Current EPROMs are at the I 6K 
and 32K levels, and 64K devices are immin ent. All EPROM 
makers are trying for quicker access. EPROM s have the 
slowest access of all NMOS memory technologies (350 -
450ns). But problems occur with newer µP s which' lose 
their speed advantage if EPROM program storage cannot 
meet the I 00- to 200-ns cycle times. Will chip makers get 
access times down? They 're trying. 

Offering the fastest EPROM s available, the long-con­
troversial technology of amorphous semiconductors just 
headed for market. Besides storing I 000 bits and accessing 
any bit in I Ons, amorphous se miconductors allow each bit 
of data to be individually erased and reprogrammed . ECO 
Inc., developer of this technology , di stinguishes this capa­
bility with the acronym EAROM (electrically al terab le 
PROM) . 

The parts that will eventuall y dethrone UV EPROM s 
have sur faced - electrically erasable PROM s (EE-PROMs). 
Slow to develop because no forced electrical leakage has 
proven as reliable as the photon-generated leakage of the 
UV devices, EE-PROM s are researched in many chip manu­
facturer labs, though last year there were few commercia l 
announcements of EE-PROM s as EPROM replacements. 

EA ROM s and EEPROMs differ in app licat ion. EEPROMs 
replace UV EPROM s (EAROMs are aimed at app li cations 
requiring more program/erase cyc les) ; and, as such , perform 
differently. For instance, EEPROMs must have much shorter 
access times , compatible with EPROM s. EEPROM s can 
only be block erased and lack nexibility of being word 
erasab le like EPROMs. But si nce UV EPROM s aren ' t word 
erasable, this isn't bad. In add iti on , erase time is much 
longe r than that for the EA ROM , but still exceeds UV 
EPROM speed . 

A look in the crystal ba ll 

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 EPROM s; read-most ly memories 
that provide a fair amount of endurance for the daily 
power-down situat ions to which cash registers and TV 
tuners are exposed: and nonvolat ile RAM s that provide fast 
program and erasure and supe rl ative endurance of I 0 cycles 
or more. 

In add iti on, the trend toward pin-compatible ROM , 
PROM and RAM fami li es wi ll continue , all owing designers 
to substitute one device type for another at will. Also , 
expect increased activity in byte-wide memories as the semi­
conductor industry atte mpts 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-vo lume markets open up , expect 
semi makers to add specia l features - such as counters and 
timers - to their 4K and l 6K design s rather than squeeze 
more bits into the smallest possib le 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 lntellec 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 feat ures of 
the 8086 to provide use r debugging 
aids. One of these powerful features is 
the single-step interrupt. 

PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
MOY 

AX ; SAVE AX 
BX ; SAVE BX 
ex ; SAVE ex 
DX ; SAVE DX 
BP ; SAVE BP 
BP,SP ; INITIALIZE BP 

Fig 1 Save registers and initialize BP . 

The single-step inter rupt provides a 
way of examining processor operations 
while single-stepping through the user 
program . When the trap fla g (TF) in 
the flag register is set, a type I inter­
rupt is generated after each instruction 
is executed. The interru pt se rvi ce rou­
tine can then provide a user interface 
which performs a variety of diagnostic 
function s. It can simply display the 
contents of fla gs and registers, or, if 
desired , it can di splay se lec ted mem­
ory locations and input ports. 

provid e the diagnostic functions are 
saved . For example, assume that the 
AX , BX, CX and DX registers are used. 
Nex t the contents of the base pointer 

BP 
SP___. 

FLAGS 

cs 
IP 

AX 

BX 

ex 
DX 

BP 

+8 

+6 

+4 

+2 

St ack 
Grows 

l 
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
tin e 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 con ten ts of BP 
with an offset. For this example, BP 

MOY DX , [BP+ 8] 

CALL PRINT AX 

MOY DX , f BP+ 6] 

CALL PRINT BX 

MOY DX , [BP+ 4] 

CALL PRINTCX 

MOY 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 programmin g 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 
exec ute 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 providin g 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 

PRINTCX 

ACCESS AND 

PRINT DX 

After rece iving the single-step inter­
rupt , the 8086 pushes the fl ag register 
(FLAGS) , code segmen t register (CS), 
and instructi on pointer (IP) on to the 
stack and rese ts the interrupt and trap 
flags. Rese ttin g the trap fl ag all ows the 
single-step inte rrupt routine to run 
normally without single-stepping. 
When the diagnostic functions are 
complete, an interrupt return in st ru c­
tion is executed which pops data from 
the stack into IP , CS and FLAGS. This 
res tores FLAGS with TF set and al­
lows th e next users instruction to bee 
executed fo ll owed by a type l inter­
rupt. 

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

Upon enterin g the sin gle-step inter­
rupt ro utine, the state of the user pro­
gram must be preserved by saving the 
con ten ts of registers on the stack . 
Onl y th ose registers that are used to 

plus 4 allows access to the saved ex 
data. Fig 3 shows code that accesses 
and prints the saved values of AX, BX , 
CX and DX. Sepa rate print procedures 
are ca ll ed with the desired register value 
passed in the DX register. Note that 
the use of BP also allows procedures 
ca ll ed by the single-step ro utine to ac-

program execution since this interrupt 
occurs after each instruction . 

Hal Kop , Intel Corp., Santa, Clara, 
CA 9505 1. 

Rate this design : circle 9L, 9M 
or 9H on Reader Inquiry Card. 
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Automated Testing for Electronics Manufacturing 

June 16-18, 1980, Hynes Auditorium, Boston, MA 

Gill fDR PAPIRS 
We invite technical papers on these subjects 

for presentation in General Sessions and Workshops 

Field Testing 
Bare-Board Testing 
Loaded Board Functional and In-Circuit 
Testing 

LSI Board Test 
LSI Component Test 
Digital Diagnostics 
Microprocessor Bus Fault Isolation 
Analog Board Test 
Analog Diagnostics 
Bubble Memory Testing 
Burn-In/Temperature Cycling 

Electro-Optic Testing 
Test Requirements Analysis 
Interfacing Devices 
Simulation 
Automatic Test Generation 
Systems Support Management 
A TE Management 
ATE Acquisition 
Testability 
Economics of Loaded Board Testing 
ATE System Calibration 

Abstract deadline February 1, 1980 

·-------Alli~u!IlActU ~QJlll~UwU©~ lf©rD~-------· 
I Please attach this form with your abstract or paper idea. I 
I Name I 
I Title Phone No. ( ext. I 
1~~ I 
1~~ I 
I City State __ ip I 
I Paper Subject I 
I I 
I Please complete one: Abstract attached ___J..bstract to come by I 
I (date) I 
I 

Send abstracts (200-500 words) and short biographies by February 1, 1980, to Meg Bowen, ATE Seminar/Exhibit, c/o Benwill I 
Publishing Corp., 1050 Commonwealth Ave., Boston, MA 02215. Or call : (617) 232-5470. 1------------------------------· (Co-sponsored by Circuits Manufacturing, Digital Design and Electronics Test magazines) 
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Designers' Notebook 

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

PUSH 
CALL 
DB 
DB 
POP 

MSGXP 
MSGXl 

MSG EX 

H 
MSGXP 
'READ ERROR' 
0 
H 

POP 
MOU 
CPl 
JZ 
CALL 
INX 
JMP 
I X 
PC HL 

H 
A,M 
0 
MSG EX 
co 
H 
MSGXl 
H 

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 on ly one increment state­
ment. Second , if you simply need to 
test the A register for t'1e zero condi­
tion, it is shorter and faster to use 
"ANA A" instruction. Implementing 
these changes yields the following: 

MSGXP 
MSGXl 

MSG EX 

POP 
MOU 
INX 
ANA 
JZ 
CALL 
JMP 
PCHL 

H 
A,M 
H 
A 
MSG EX 
co 
MSGXl 

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

co MOY C,A 
COi IN UAR TS 

AN I 2 
JZ COi 
MOY A,C 
OUT UARTD 
RET 

By using the fact that CO returns A in­
tact, we get the following: 

The Tektronix Cot~~r1e(:i~<:~··· 
KMW Systems Introduces the BAC·3207T Protocol Converter 

The KMW Model BAC-3270T allows operation of Tektronix equipment 
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 . 

• Easy attachment to IBM Host System . no 
VTAM/TCAM "patches" 

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

• 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 
MSGXl 

POP 
MOU 
INX 
ANA 
CNZ 
ANA 
J z 
PCHL 

H 
A,M 
H 
A 
co 
A 
MSGXl 

Since most terminals ignore null char­
acters, one last byte can be removed 
from the routine. 

MSGXP 
MSGXI 

POP H 
MOY A,M 
lNX H 
CALL CO 

Thus , the 16-byte routine shown in the 
October Designers' Notebook can be 
reduced to only 11-bytes. While saving 
5 bytes may not be important in a 
"quick and dirty" application , these 
techniques may also be applied in time­
critica l 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! 
If your address label on the front cover 
is printed in red, you must requalify. 

Fill out and return form subscription on p. 11 
to continue your free subscription 
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Designers' Notebook 

Decimally -Programmable Divide-By -N -Counter 
Maintains Pulse Symmetry 
The divide-by- -counter with sym­
metrica l output can be programmed 
decima lly via thumb-wheel switches. 
The circuit consists of frequency 
doub les, divide-by -N-counter and a 
flip -flop for divide-by-two operation 
to get a symmetrical waveform at its 
output. The freque ncy doubler is used 
to obtain narrow pu lses, at both the 
lead ing and trai ling edges of the input 
waveform. These narrow pulses of fre-

quency 2F are then applied to the di­
vide-by-N-counter. When the counter 
(7490s) reaches a number equal to 
the set va lue , the NOR gate output 
goes to "l" level , thereby resetting the 
counter to zero. As soon as the 
counter is reset to zero the NOR gate 
output assumes "O" level. Thus a nar­
row pulse is generated at the NOR ga te 
output for every N count, resulting in 
a pulse train of frequen cy 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 . 

JLJl 2F / N 

lJlJlI1f 
2F 

R
0 

(2) R
0 

(2) 

11 2 3 2 3 14 
10 14 10 

F/ N 
7490 6 7490 6 

_n_r 
7 7 

12 9 8 11 12 9 8 11 11 -= -:-
F A B c D A B c D Q 

JUl_ 6 

t 
15 14 13 12 15 14 13 12 

I 1 / 2 7476 

7442 7442 

2 

1 2 123456791011 
5V 7486 

) Hl4!l 
0 Unit s 9 0 Tens 9 

1 /4 7402 

Frequency Doubler ----tlJJ>.il411!1-------- Divide-by -N- Co unter --------11JJ>.il411i!f--- Divide by -2 -

Decimally -programmable Divide by -N- counter with symmetrical output . 

XU Digital Design JAN ARY 198() 



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. Bas~ 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 
l l 5VAC or 230VAC operation, the MODEL 800 matches 
any system decor. 

As a note of further new world refinement, 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 aluminu'm 
construction is designed to stand the test of° time. 

Isn't it time you added a new masterpiece to your 
collection? 

Recommended retail price: 

Standard MODEL 800 

High.speed paper advance 

Tractor mechanism 

Terminal buffer memory 

$499 

50 

50 

50 

ba/e~ inc. .0. BOX 31548 FULL. , CAL. 92834 / l714J 992-4344 

Circle 13 on the Reader Inquiry Card 
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