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Servicing vertical circuits without a schematic

Servicing IBM computer monitors




In Only 9 Short Months A New Standard
Has Been Set For Monitor Servicing!

What do so many technicians and business owners know that you may not?
Wity have these servicers already updated to the new CM2000?
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COMPUTER MO JITOR ANALYZER

Mavhe so nany servicers are using the CNR2000 ¢ ‘omputer Mon tor
Analyzer because it allows them to completely test and troublestnot all
high resolution and multi-sca monitors from the input connecter o
the CRT?

Veayhe it's becanse of the tully programmable scan vate and pinel
resolution?

Or mavhe it's the innovative performance testing patterns?
. il

And perhaps they discovered the extea value in signal substitntien and
being able to accurately fest vokes, THV TS and switching transformers?

Or could it be the casy-to-use design with built-in digital meter,
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exelusive “Hook-up™ adaptors, and portable troubleshooting Tor all field
service needs?

Find ot Tor yoursell, Call 1-800-SENCORE and we'll send vou a FREL,
video demonstration Gape and information package, Or, il vou'd like (o
get vout hiands on the CA2000 and use it on vour bench, we can
arvange for a *NO OBLIGATION™ 10 day sell demonstration.

CALL 1-800-SENCORE ext. 703, TODAY!

(7.36-2673)

SENCORE

3200 Sencore Drive, Sioux Falls, SD 5710/
Circle (48) on Reply Card
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——— Editorial

Did that hole move?

In this month’s ““What do you
know about electronics?’’ Sam
Wilson again tackles the concept of
“‘holes’’ in semiconductors. The
event that triggered this new men-
tion of the subject was a letter from
someone who wrote in and asserted
‘‘a hole is really nothing, right?”’

It sometimes seems that we who
have chosen electronics as a profes-
sion waste a great deal of time go-
ing over the same ground over and
over again. What makes it even
worse is that it seems that some-
times we look at things one way,
and other times we look at the same
subject matter a different way.
And it confuses the issue.

There are many subjects within
the study of electronics that seem
to crop up over and over again, and
never get resolved. No doubt it’s
the same in other professions and
in other branches of science and
technology. A good example is in
astronomy, where the scientists
can’t quite seem to decide whether
the universe started with a ‘‘big
bang’’ or if the universe is under-
going ‘‘continuous creation.’’ If I
remember correctly, the most re-
cent evidence uncovered added
credence to the big bang theory.

Here are a few examples of dif-
ficult subjects in electronics that
constantly occupy people and nev-
er quite seem to be resolved: hole
flow in a semiconductor, ‘“‘conven-
tional’’ vs electron current, rms
power.

I will make an unequivocal state-
ment based on the way I view the
subject: holes, the ‘‘things’’ that
are majority charge carriers in P
type semiconductor material, and
minority charge carriers do not
move. That’s based on my view

that the hole is there even when it
has been filled by an electron; it can
and most likely will lose an electron
again sometime later, and exhibit
its “‘holeness.”” Some would assert
that once it’s filled it’s no longer a
hole. OK.

I would like to quickly add that
if we could see ‘“holes’’ in a semi-
conductor under the influence of
an electrical gradient, they would
probably appear to move, and it
helps in understanding the concept
of holes to picture them as ‘‘mov-
ing”’, but holes are locked into the
atomic structure of semiconduc-
tors and do not move.

We have occasionally used the
concept of empty parking spaces in
aparking lot to describe the holes,
and that’s really a good concept,
but it has one problem. If you then
picture the parking lot empty, and
there are no lines on the pavement
marking parking spaces, then the
holes disappeared along with the
cars when the parking lot emptied.

Theholes in semiconductor ma-
terial would not disappear if there
were no electrons filling some of
them. The “‘holes’’ in semiconduc-
tor material are actually atoms of
the material that have lost one or
more electrons and consequently
have a net positive charge and
thereforetend to attract electrons.
To an electron, they appear to be
holes.

A good way to look at P type
material is that it may be conceived
to be like an egg box. To fill the
holes, the cavities that are formed
into the box to hold the eggs, let’s
put in some golf balls instead of
eggs. This is still an inadequate
model because the golf balls are not
attracted to-the spaces in the egg
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box as the electrons are attracted
to the holes.

Now if you remove one golf ball
from one end of the box, an emp-
ty space, a “‘hole’’ appears. If you
move the ball in the second position
into the ‘‘hole’’ vacated by the first
ball you moved, the second space
in the box becomes vacant. The
hole appears to have moved. Now
picture moving the next ball in line
into that space. Now a hole appears
further down. Again, the vacant
spotisin adifferent space. But the
egg boxisarigid structure and the
spaces have stayed exactly where
they were in the first place. But the
empty spot has moved.

To make this model really work,
you have to come up with some
kind of force that attracts the golf
balls to the spaces in the egg box,
and something that causes the golf
balls to move.

Of course, a lot of people ask
why anyone would spend so much
time trying to understand or ex-
plain such abstruse concepts. It
doesn’t help anyone service a TV
ora VCR. Actually it can. Under-
standing the operation of the cir-
cuitry of a TV or a VCR is en-
hanced when the concepts of oper-
ation of the components of that cir-
cuitry are understood. Operation
of the components is enhanced
when their actual physical, elec-
trical and/or chemical operation is
understood.

It would be nice, it seems,
though, if we could simply nail
these concepts down and get on
with the job. Sure; but it would be
a lot less fun.
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Multi-Channel Bargraph Eases
Comparison of Channels

Single Channel Display Includes
Digital and Analog Readouts

Pop-up Menus For Entry To
Special Functions

Auto Select AC/DC DVM

AUTO CRANNEL SEARCH

NEW CONCEPT IN CATV LEVEL METERS

Now there's no need fo preset
or manually tune through all
the channels. Let the Model 951
do an auto channel search for
active channels in your region.
The unit will detect 32 active
channels and display them
segmented by frequency from
four data storage registers that
can be saved as data results or
as programs for future mea-
surements

Start measuring right away

MODEL 9351

TV SIGNAL LEVEL wgren 951

without channel listings or
charts. The 951 can be used in
both simple and sophisticated
operation modes.

For simple operation use four
buttons in the MEASURE sec-
tion. Measurements will be dis-
played with auto-ranging and
scaling. Or you can program
the unit with pop-up menus
with soft key selection to guide
you through the unique fea-
tures and functions to facilitate

custom programmed measure-
ments.

Call toll-free

1800 645-5104

In NY State
516 231-6900

LEADER

FOR PROFESSIONALS WHO KNOW
THE DIFFERENCE

Leader Instruments Corporation, 380 Oser Avenue, Hauppauge, New York 11788
Regional Offices: Chicago, Dallas, Los Angeles, Atlanta. In Canada call Omnitronix Lid., 416 828-6221

Circle 32 For Product Information Only

Circle 33 For Product Information and Demonstration.
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Computer and electronics catalog

Jameco Components and Compu-
ter Products just released a new Spring
Supplemental Catalog. The 48 page
full-color catalog features over 3,000
items from integrated circuits to com-
puter products, to electronic compo-
nents, to test and measurement equip-
ment. With this Spring Catalog,
Jameco announces its new Computer
Repair and Support Services.

If a computer is down or underper-
forming, the special service toll-free
800-number connects customers with
an experienced service specialist.
Repair or upgrade options can be dis-
cussed and the computer can be
shipped for speedy and economical
servicing.

The spring catalog also features a
special ““Guide To Computer Upgrad-
ing.”” This four page foldout has clear
educational information guiding read-
ers from the computer capabilities de-
sired to the components they can in-
stall themselves to do the job.

Circle (17) on Reply Card

RF power measuring equipment

catalog

Bird Electronic Corp. has released
its new 56-page 50th Anniversary full-
line catalog of RF power measuring
equipment and accessories. The cata-
log includes hundreds of photos plus
detailed descriptions, specifications
and ordering information for thou-
sands of precision products.

In addition to the extensive line of
wattmeters - including high accuracy,
peak reading, high power, low power,
multi-power and low frequency mod-
els - the new catalog presents com-
prehensive selections of RF loads, at-
tenuators, switches, directional coup-
lers, filters, and a wide range of
accessories.

Circle (18) on Reply Card

Catalog of electronic parts, computers
and accessories

The 1992 Spring catalog of elec-
tronic gadgets, computers, and related
parts and components is now available
from American Design Components
of Secaucus, NJ. Geared to meet the
various needs of today’s hobbyists
small and large manufacturers,
schools, universities, researchers,
engineers, and computer buffs, the
48-page fully-illustrated catalog, in-

cludes components such as: integrated
circuits and semis, LEDs, connectors,
switches, relays, fans rechargeable
batteries, pumps, motors, and power
supplies. Also featured are computers
and related products such as floppy
and hard disk drives, monitors, add-
on boards and game accessories. All
items are in stock and ready for im-
mediate delivery.
Circle (19) on Reply Card

Sealants and encapsulants brochure

*‘GE Silicone Sealants and Encap-
sulants,” a new brochure available
from GE Silicones, describes the
specific properties of, and recom-
mended applications for, room-temp-
erature-vulcanizing (RTV) silicone
sealants and encapsulants. These
products are widely used in industries
such as automotive and electronics
that require precise standards for
bonding, sealing, potting and coating.
The brochure covers two classes of
silicone products: one-part RTV ad-
hesive sealants, which are supplied
ready to use, and two-part RTV pot-
ting and encapsulating compounds,
which require the mixing of two com-
ponents. Quick-reference charts show
which sealants or encapsulants are
suggested for specific applications.
Tables also include standard product
specifications such as UL, Mil Spec,
and USDA listings.

In addition, the publication answers
many common questions about sili-
cone sealants and encapsulants. Also
provided are data on by-products,
cure rates, and primer requirements.
A chart aids in estimating the amount
of product required for specific tasks.

Circle (21) on Reply Card

Tools and test instruments

catalog supplement
A new, 48-page catalog supplement
from Jensen Tools Inc. features the
latest electronic tools and test in-
struments from Jensen, Fluke, Tek-
tronix, Beckman, Extech, Huntron,
Navtel, and other major manufac-
turers. Included are diagnostic tools
and tool kits, analyzers, monitors,
meters, circuit testers, magnetic field
detectors, and diagnostic software,
plus soldering supplies, ESD protec-
tion, benches, instrument carts, ship-
ping containers and more. |

Circle (22) on Reply Card
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NPEC ’92 management seminars

Featured management seminars at
the National Professional Electronics
Convention (NPEC) promote busi-
ness growth through advance plan-
ning and adapting to change. NPEC
’92 will be held Aug 3-8 at the Worth-
ington Hotel in Fort Worth, TX. A
dozen workshops led by instructors
and manufacturer trainers are free to
convention registrants.

“Dollars & Sense: A Profit Plan
For Your Business,’’ a seminar led by
Sandy McMillen Cloud, examines the
use of a cash flow approach for man-
aging a business. Financial manage-
ment, making a profit and loss state-
ment, and budgeting are also covered.
The seminar will serve as a study ses-
sion for anyone taking the Certified
Service Manager (CSM) test at the
convention.

Wayne Peterson will conduct a sem-
inar on ‘‘Developing a Strategic Plan
for Small Businesses.”’ Peterson, a
certified financial planner, empha-
sizes strategic planning as ‘‘the plan
before the business plan’’ for an
emerging business. For established
businesses, Peterson advocates put-
ting strategic planning to use in map-
ping out short or long term strategies.

“Growing Your Business’ employs
a dealer panel. Panelists will share
their experiences in businesses that
have achieved substantial growth in
the past year. Another industry panel,
“‘Customer Relations and Customer
Rights,”’ will define problem custom-
ers and show how to handle them.
Steve Hall, owner/manager of Telco
Electronics in Boise ID will be the
moderator. Panelists include: Sally
Browne, Executive Director of con-
sumer affairs for EIA/CEG in Wash-
ington, DC; Jack Hopson CET, First
Electronics Service, Omaha NE;
Gerry McCann CET/CSM, owner/
manager of McCann Electronics in
Metairie LA, and Kathryn O’Brien,
Sony Corp., Park Ridge, NJ.

Additional seminars and their lead-
ers are: ‘‘Best Business Idea Contest,”’
by Gerry McCann CET/CSM; ““The
Future of Consumer Electronics,’’ by
EIA’s Don Hatton, ‘‘Leadership
Styles,”’ by Bruce Fisher of Organiza-
tional Psychologists, sponsored by
NEC, and ‘‘Shifting Gears,’’ by Art

Weinenger, owner/manager of ABL
Electronics in Madison Heights MI.

The week-long NPEC offers servic-
ers additional benefits through tech-
nical seminars, industry relations
meetings, and an instructors confer-
ence. A two-day trade show houses a
comprehensive collection of new
product and service technology.
Manufacturers of products and test
equipment, service contract adminis-
trators, parts distributors, software
suppliers, and trade publishers show-
case their best products and processes.

NPEC ’92 special room rates are
only $69 for asingle or double. All pre-
scheduled meals and activities are in-
cludedin the full convention registra-
tion fee. Discounted rates for register-
ing prior to June 30 are $200 for the
first adult, $180 for each additional
adult from the same family or busi-
ness, and $115 for the special child-
ren’s program, ages 5-18. At the door
rate $275 for adults and $150 for child-
ren. Daily rates are available.

For more information contact
NPEC 92, 2708 West Berry St., Forth
Worth, TX 76109 (817) 921-9061.

NARDA forms distribution update

NARDA/NASD announces a new
distribution system for all NARDA
forms. Effective April 1, 1992, all
phone orders will be taken at a new
toll-free number, 1-800-242-8678,
Monday through Friday, 8:00a.m. to
5:00 p.m. easterntime. For fax orders,
the number is 1-717-697-0928 and is
open 24 hours aday for ordering con-
venience. The mail order address is
NARDA, Inc., P.O. Box 480,
Mechanicsburg, PA 17055.

All other NARDA/NASD member
services are at the same phone
numbers and address used previously.

NARDA/NASD has distributed
the various universal NARDA forms
since 1975.

Convention break-out session titles
announced

The Greencastle Indiana head-
quarters of SDA hasannounced titles
for 9 special-interest sessions for sat-
ellite dealers. The sessions occur on the
two days devoted to the satellite trade
show, July 10 and 11.

Prior to these 2 days for the New
Orleans National Convention and
Trade Show, ETA-I, the Electronics
Technicians Assn., Int’l, is producing
a 2-day Electronics Technology and
Servicing School; A Satellite-Anten-
na-MATYV 2-day school, and an all-
day Business Management Dealers
school. The special-interest breakout
sessions are in addition to the schools.

Prior to the opening of the trade
show five of the sessions take place on
Friday with two others occurring dur-
ing the show hours: The morning ses-
sions are: 1. Ten ideas guaranteed to
increase sales, 2. Be your own cable
company, 3. Zoning - you can win, 4.
DBS - Its effect on the dealer and
technician, 5. Signal compression -
What is it? For information contact
New Orleans convention 800-866-8262.

Video products sales rise

Total sales to dealers of video prod-
ucts rose 6.3% in the first quarter of
1992 versus the same period last year,
according to statistics released today
by the Electronic Industries Associa-
tion’s Consumer Electronics Group
(EIA/CEQG).

In a reversal against recent trends,
March sales of video products were led
by sales of color televisions less than
27 inches. Sales of this group of screen
sizes, which accounts for approxi-
mately 85.3% of all color TV sales
yearly, increased 6% in March 1992
versus March 1991, while sales of sets
27 inches and over rose 2.3%. Total
color TV sales sold at an annual rate
of over 20.9 million units during the
last four weeks of March 1992.

Two additional video products
posted increases in March 1992. Pro-
jection television sales rose 2.6%, and
laserdisc players rose 2.3%, over
March 1991. Also, sales of projection
TVs have risen 46.7 percent year-to-
date.

Total unit sales of video products
rose 0.4% in March 1992 compared to
March 1991. This slowing of video
product sales may have been caused in
part by the fact that the Easter holi-
day, traditionally a big early season
shopping weekend, occurs in April
this year, as opposed to 1991, when it
appeared in March.

(Continued on page 56)
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Color display systems

By Vaughn D. Martin

Nothing gives more life to certain im-
ages than a color display. Even the ap-
pearance of text is enhanced when it’s
displayed in color. In a color display
system, it is the CRT that determines
what predominant characteristic the
system will have. While other factors
affect visual systems, the CRT, more
than all other components combined,
affects the system performance.
While most TV servicing techni-
cians are intimately familiar with
shadow-mask picture tubes, there are

Martin is Chiefﬁgineér i_n the Automatic Te;t
Systems Division at Kelly Air Force Base.

Figure 1. The penetron phosphor CRT.

Figure 3. The shadow-mask CRT.

other types of color CRTs that are
used for other types of color display:
for example, storage oscilloscopes,
graphic displays for computer-aided
drafting, and the displays used by air
traffic control radar systems.

Because consumer electronics ser-
vicing technicians may at some time be
exposed to CRT technologies other
than shadow mask tubes, this article
is being published here. It will discuss
the technologies of the three main
types of CRTs as well as the three
methods of displaying color graphics
on color CRTs.

Also discussed are two experimen-

tal display technologies that service
technicians may one day encounter:
the liquid crystal field sequential col-
or display and the current-sensitive
CRT.

The three types of color CRT tubes
used in color systems are the penetron
tube, the color write through tube, and
the shadow-mask tubes.

The penetron tube
The penetron tube resembles a
monochrome CRT. It is different,
however, in that it has two phosphors.
These phosphors, red and green, are
distributed in separate layers (Figure

Figure 2. The color write through direct view storage tube (DVST).

Figure 4A. A delta gun arrangement.
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1). Each layer of phosphor requires a which the beam must penetrate to for such atube to have more than two
different energy level to activateit. In reach the green phosphors, thus name layers of colored phosphors, it has
one method, shown in Figure 1, the penetron. proven impractical to implement. A

red phosphor acts as an energy barrier Although it is theoretically possible low energy electron beam (6kV) ex-

Figure 4B. An in-line gun arrangement. Figure 5. A raster-vector display system.

M STORAGE CONTROL
4 ERASE CIRCUITS

Figure 6. A vector storage display system. Figure 7A. A refresh raster display system.

AASTER LINES

Figure 7B. A raster scanning pattern. Figure 8. A Gaussian spot profile.
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Figure 9. Scan line spacing.

Figure 10. Screen size versus pixels.

cites only the outer red phosphor. A
high energy electron beam (12kV)
penetrates the red layer and excites the
green phosphors.

Obtaining different penetron beam
energies

There are anumber of ways to reach
different energy potentials. Two of
these ways are in common use. The
first way to achieve different energy
potentials, as we have just discussed,
is to switch the target potential. In the
second method, two electron guns op-
erating at different potentials, are
employed. Current then is simply
turned on in one or the other of the
guns. In either system, each color re-
quires a different deflection voltage or
current to deflect the beam to a par-
ticular point on the screen.

The color write through system

The color write through system is
the second type of color CRT. This
tube is what is called a direct view

Figure 11. The color gamut of present color technologies

storage tube (DVST). Refer to Figure
2, and note that this type tube has a
writing gun operating at a large nega-
tive potential (6k V) with respect to the
target. The tube also has an array of
low voltage flood guns and a special
phosphor target.

The phosphor is separated from a
transparent conductor by an insulat-
ing layer pierced with an array of con-
ductive dots. Asinthe penetron tube,
there are actually two phosphors pre-
sent. Small particles of each phosphor
are mixed together. The normal green
phosphor for storage is mixed with red
phosphor particles that are surround-
ed by adead layer. The normal storage
operation of the DVST is unaltered by
this arrangement of phosphors.

The flood guns are kept at ground
potential and continuously flood the
entire phosphor target with electrons.
This maintains it near ground poten-
tial through the action of secondary
emission. When the DVST is in the
storage mode, the writing gun scans

8 Electronic Servicing & Technology July 1992

the target and writes by leaving a
charge on the phosphor dielectric.

Because the high energy beam pro-
duces a secondary emission greater
than unity, the written to areas charge
to a potential of about + 300V with
respect to the flood-gun cathode.
When the flood electrons strike the
written target area, they cause the
phosphor to luminesce. The unwritten
areas, which are maintained at or near
ground potential, do not luminesce.

To return the screen to the proper
condition for being written to, these
written-to areas are erased by pulsing
the conductive backplane and reset-
ting the phosphor potential to its lower
bistable state.

If the writing beam current is de-
creased below a certain threshold, no
information can be stored on this type
of CRT tube. When this occurs, the
phosphors illuminate briefly as a re-
sult of the writing gun’s high energy.
This phenomenon is called ““‘write
through.’’ With the penetration phos-

Figure 12. The current sensitive color CRT experimental technology.



phor in place the writing beam’s high
energy electrons penetrate the red
phosphor’s dead layer and excite both
phosphors. This produces a yellowish
green trace. This is referred to as *‘col-
or write through”’, thus the name of
this type color CRT.

While this occurs, the flood elec-
trons are at a much lower energy state
and excite only the green phosphors
where the image is stored. Only one
color is available for stored images but
other colors can be obtained in the
non-storage mode or by writing over
the stored trace with the write beam.

The shadow-mask tube

The shadow-mask CRT is the last
type color CRT. Itis the most popular,
and also, unfortunately, the most
complex. It is also, of course, the most
familiar CRT to TV servicing techni-
cians. Refer to Figure 3 for an illustra-
tion of its theory of operation. Note
that in the shadow-mask tube three
electron guns are used to address
either three primary color phosphor
dots or three primary color stripes.
The dots and stripes are grouped in
groups of three, called triads. They are
packed so closely together that they
appear as a single dot.

Color in a shadow-mask tube is the
result of a proportional mixing of the
luminescence from the individual dots
or stripes that make up thetriads. The
shadow mask assures that each beam
addresses only its assigned color dot
or stripe. The beams from the red,
green, and blue guns must be angled
properly to pass through the shadow
mask openings and strike the cor-
responding phosphor while all other
phosphor dots are shadowed.

Because the dot pattern permits
smaller horizontal spacing between
triads, dots are used when maximum
resolution is required. The guns are
typically configured in a delta or
triangle for dots, and in-line for
stripes: Figures 4A and 4B. Although
in-line guns can be used with dot
phosphors, less convergence circuitry
is required if a delta arrangement is
used.

Misconvergence typically occurs be-
cause the three beams pass through the
deflection yoke at slightly different
angles and locations. This deflects
them to slightly different spots on the
screen. Here is where correction cir-
cuitry comes in to ensure proper align-
ment or registration of the three pri-
mary colors.

Misalignment can be avoided by
displaying all three colors one at a
time. This technique is used by Tek-
tronix on their DAS color systems.
They also use a special CRT with red,
green and yellow dots.

Color display systems
Three methods are commonly used
to display color graphics on CRTs:

e vector storage
e refresh vector
e raster refresh systems.

The vector storage system must use
a DVST. Theoretically, both the re-
fresh-vector and the refresh-raster dis-
plays could use either the penetron or
the shadow-mask type CRT. How-
ever, the refresh vector is more easily
implemented with the penetron type
CRT. The refresh-raster is used almost
exclusively with the shadow-mask
CRT.

The principle of refresh vector isil-
lustrated in Figure 5. Note the use of
apenetron type CRT in this typical ap-
plication. Vectors are drawn on the
screen by deflecting the beam between
the specified end points of the vector.
Animage formed from a combination
of vectors can be rapidly changed by
merely changing the vector end points.

The dynamic capabilities of this
type of technology are very great be-
cause relatively few points are re-
quired to define images consisting
mainly of lines. However, the com-
plete image must be refreshed (repeat-
ed) often so you perceive a constant
luminance deflection speed. This us-
ually limits the number of vectors
which can bedrawn before flicker be-
comes apparent.

As you recall, the penetron CRT re-
quires a different deflection amplifier
gain for each of the two colors; there-
fore, field- sequential operation is
often used. In field-sequential opera-
tion, the red information is written in
the first field, then the deflection
amplifier gain is changed before the
green information is written in the sec-
ond field.

A third color may be obtained by
overlapping (registering). Displaying
a third color by this method is diffi-
cult, however, so it is sometimes done
by use of a third acceleration poten-
tial in a third field.

Vector storage
Storing vectors on the screen allows
the vector storage display to overcome

the limit on the number of vectors that
is inherent in a refresh-vector system
because of the flicker problem. A typ-
ical vector-storage display system us-
ing a DVST with color write-through
(CWT) is shown in Figure 6.

Note the similarity to the refresh-
vector system. Deflection speed is not
critical when the DVST is set to the
storage mode, however, because green
vectors are stored on the screen. This
allows deflection speed to now only af-
fect the time required to draw a com-
plete graphics image. No matter how
many vectors are drawn there is no
flicker. The DVST is, therefore, an ex-
cellent choice when drawing complex
intricate images.

By using the capabilities of the
DVST with CWT, images with
another color can be added to the
display. When the write beam is oper-
ated at reduced currents, storage is
prevented from occurring and a yel-
lowish-orange spot appears on the
screen. This non- stored spot can be
deflected to produce refreshed vec-
tors. The number of vectors in this sec-
ond color however is limited by maxi-
mum deflection speed and flicker.

A third color is obtained by writing
the refresh vector on top of an iden-
tical stored vector. This mode pro-
duces a greenish- yellow color. Unlike
the penetron, no misregistrations oc-
cur, because the same writing beam
potential is used in all operating
modes. While a stored image must be
erased all at once, a refreshed image
can be selectively updated and can
even display motion, for example, the
motions of a mechanism in action.

Refresh vector

The refreshed vector is the most
common color graphics system. Refer
to Figure 7A for an example of this
system using a shadow- mask CRT.
This system uses three beams deflected
together over the phosphor screen in
a predetermined raster pattern (Figure
7B). A bit-map memory determines
when each of the three guns receives
current and how much. Thisresultsin
control of how much of each color is
produced at each pixel or point on the
screen.

The information in the bit map
must be read out repeatedly at a rate
fast enough to avoid flicker. Con-
versely, the time required to change
images on the screen is determined by
how fast scan conversion can reload
a bit map. The larger the bit map is,
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naturally, the slower this process oc-
curs. Therefore, raster scan images
with many pixels must trade off speed
of interaction and dynamic images.

As the number of pixels increases,
so does the rate at which information
must be clocked out of the bit map.
The deflection speed of the CRT beam
and the bandwidth of the CRT video
amplifier must increase accordingly
and ultimately limit the number of
pixels.

Characteristics of color graphics
displays
There are two characteristics of a
color display which are particularly
important:

¢ display quality
¢ information handling

Display quality encompasses a
broad range of factors, including op-
tical characteristics such as resolution,
edge sharpness, brightness contrast
and color quality. Also, temporal
noise adds such adverse effects as
flicker, jaggies and moire patters, all
to be explained shortly.

Information handling includes such
factors as display size, number of vec-
tors or pixels, number of colors, and
interactivity.

Image-quality characteristics

Resolution affects image quality
more than any other factor. In discus-
sions of raster displays the term reso-
lution is often incorrectly used as be-
ing synonymous with the number of
scan lines (addressability).

Resolution is the display’s ability to
resolve, that is, to separate, two close-
ly spaced points or lines. Resolution
is the essential characteristic that de-
termines image sharpness. It is not de-
pendent upon display size. Smaller
displays, however, need higher resolu-
tion than larger displays require to
resolve an equal number of lines or
pixels.

Addressability is the display’s abili-
ty to position lines or pixels anywhere
onthescreen. A display’s addressabil-
ity can exceed its resolution while not
affecting resolution. However, if the
addressability is not high enough, the
resolution of complex images will
either be not presented at all or will be
misplaced on the screen.

The electron beam spot size is the
primary factor in determining resolu-
tion of a vector type display. As vec-
tors are generated, images consist of
lines equal in width to the spot. The

current distribution in an electron
beam usually is Gaussian and circular-
ly symmetrical (Figure 8).

There are several methods to specify
resolution of displays. The modula-
tion transfer frequency (MTF), how-
ever, is a comprehensive method that
takes into account not only spot size
but also the minimum spacing be-
tween spots. Images can be thought of
as being made up of a set of pairs of
different spacings (spatial frequen-
cies) and contrast; much the same as
thinking of electrical signals as a set of
sine waves of different amplitudes and
frequencies.

The MTF measures how well a dis-
play passes the different spatial fre-
quencies in an image. MTF then can
be plotted as contrast versus spatial
frequency. Spatial frequencies where
the MTF is large almost always indi-
cates good resolution.

The most common method used to
measure CRT resolution is to display
a raster of lines and then shrink the
raster until the lines can no longer be
resolved. You can then divide the rast-
er height by the number of lines as a
measure of how close the lines can be
placed and still provide an acceptable
image.

This method, however, yields only
the upper limit of the MTF profile and
the shape of the spot must be known
before the MTF can be calculated.
Figure 9 shows the line spacing ob-
tained with this inethod for a Gaussian
spot shape and an idealized spot shape
which plots as a rectangle. In practice
the spot is somewhere between rec-
tangular and Gaussian. Whatever the
shape of the current distribution plot,
the perceived CRT spot is round.

Design trade-offs

You can improve resolution in both
refresh-vector and vector- storage dis-
plays by trading off brightness for a
smaller spot size. Spot size is the lim-
iting factor, and lower beam currents
produce a smaller spot. It is also possi-
ble, though, to exceed the eye’s resolu-
tion at normal viewing distances.

Video amplifiers
Video amplifiers, in addition to
spot size also determine resolution in
the horizontal axis. The time between
adjacent pixels is given by:

t(pixel) = T(frame)/[(Nv)}(Nh)]

where T(frame) is equal to the active
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frame time, Nv is the number of scan
lines and Nh is the number of pixels
per horizontal line. As the number of
pixels [ Nv x Nh ] increases, so does the
bandwidth required of the video amp-
lifier. To reduce bandwidth, some
raster display systems use a 30Hz
rather than a 60Hz interlaced raster.
The drawback with this approach is to
increase the tendency towards flicker.

Addressability revisited

As mentioned before, addressabili-
ty is necessary for high resolution and
many pixels or vectors, but does not
alone guarantee it. Vector displays
have inherently high addressabilities
which are limited only by D/A con-
verters and noise.

As an example, a vector display ca-
pable of resolving 1,000 lines may be
able to position vector end points on
a 4,000 by 4,000 grid. Generally, to en-
sureasmooth line, the D/A converters
limit addressability to about four
times the resolution. In a shadow
mask display, the number of resolv-
able pixels is a function of the screen
size (Figure 10).

Raster display limitations

Raster displays are more limited be-
cause of the fixed pattern of the beam.
The size of the bit map limits ad-
dressability because the number of
pixels is limited. Useful bit-map size
is determined by the number of scan
lines and the bandwidth of the video
Z-axis amplifier. The number of scan
lines limits addressability vertically
while video bandwidth limits it hori-
zontally. Increasing the number of
pixels in either the vertical or horizon-
tal dimension requires a correspon-
ding increase in the pixel clock rate and
a faster bit-map memory system.

Image artifacts

Vector displays present relatively
smooth lines. Raster displays, how-
ever, produce artifacts in addition to
the desired image. An artifact is any
unwanted image caused by the samp-
ling effects of the raster pattern.
Sampling produces high spatial fre-
quencies on the display which do not
exist in the intended image.

Higher frequency artifacts (alias-
ing) appear as noise on any edges
oriented in any direction which is not
vertical or horizontal. It is aliasing that
makes a sloping line look like a stair-
case rather than a smooth line. This
staircase is referred to as a *‘jaggie.”’



Moire patterns

A Moire pattern is an artifact pro-
duced by either the interference be-
tween the frequencies of image lines or
the interference of the raster lines with
the sampling frequency of the shadow
mask. When the spacing of raster lines
is close to the spacing of the mask,
brightness varies periodically across
what should be a uniformly colored
field unless the spot size exceeds the
shadow-mask spacing by a sufficient
margin.

Generally, you would select a spot
size from 1.2to 1.5 times the shadow-
mask pitch, with the raster spacing
about equal to the spot width. Resolu-
tion depends on spot size, as mention-
ed previously, which is related to the
mask pitch. Therefore, the shadow-
mask pitch is the primary limitation to
resolution of a shadow-mask display.

Color quality characteristics
The quality of color includes four
factors:

¢ brightness

® contrast

® purity

® convergence

Brightness
The brightness (B) of a CRT is
determined by the following formula:

B = kEIV/PA

where k = the attenuation factor due
to the glass faceplate and the shadow
mask, E = the phosphor efficiency,
I is the time averaging of the beam cur-
rent and V is the accelerating voltage
in volts. The scanned or written-to
area is A.

The brightness of the penetron CRT
in a refresh-vector system can be quite
high. It is limited only by the beam
current and the current saturation of
the phosphor. (The efficiency E de-
creases with high beam current.)

Conversely, the DVST with color
write through has limited brightness in
both storage and refresh modes. The
stored-image brightness is limited
because only the low-voltage flood
electrons excite the phosphor. The col-
or refresh image brightness is limited;
although it is produced by the high-
voltage writing beam, since the writing
beam current must be kept low to pre-
vent unintentional storage.

The brightness of a color raster dis-
play, although good for low resolution
CRTs, is limited by shadow-mask in-
terception of about 80 percent of the
beam current. The presence of three
beams partially compensates for this
loss.

Contrast

There are two ways to consider the
contrast of CRT displays: intrinsic
contrast and extrinsic contrast. Intrin-
sic contrast is the contrast of the writ-
ten-to parts of the image relative to the
unwritten-to parts of the image. These
are measured in a dark room. The in-
trinsic contrast, Ci is defined as:

Ci = Bw/Bunw

where Bw and Bunw are the bright-
nesses of the written-to and unwritten-
to areas of the screen respectively. This
contrast is quite high for both the re-
fresh-vector and raster color displays.
The DVST has low intrinsic contrast
because the unwritten to areas of the
target receive some excitation from the
flood guns.

The other type of contrast is extrin-
sic contrast and it much better relates
to the ‘‘real world”’ since it takes cog-
nizance of bothreflected and scattered
light as the following equation shows:

Cex = (Bw + R)/(Bunw + R)

where R is the reflected and scattered
ambient light off the phosphor and
screen surface. Since all three types of
color displays reflect, and in turn scat-
ter approximately the same amount of
ambient room light, their contrasts are
primarily determined by their bright-
ness. An optical glass filter is often
placed in front of the screen which im-
proves extrinsic contrast. These filters
obviously attenuate emitted light
while reflected light must pass through
the filter twice, and is therefore at-
tenuated twice.

There are more efficient filters
which are by design more selective in
that they absorb room light while
transmitting the light emitted from the
display. The CRT itself can haveeither
an ‘‘anti-glare’’ coating added to the
front, or a matte finish to prevent
specular reflections.

Color purity and convergence
Color purity generally refers to the
uniformity of color over a large area
of the screen. Purity is essentially a
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measure of whetheror not the color is
spectrally pure. Refer to the inset
‘““How the eye ‘sees’ color’’ for amore
detailed explanation.

Purity is not a problem with the
penetron and the DVST/CWT. Puri-
ty can, however, be a real problem
with the shadow-mask type color
CRT. This is because the three color
beams have to excite the entire phos-
phor dot, and only that dot. If the
beam spills over and illuminates dots
that should be illuminated by another
color beam then that color will not
have its proper clarity.

This all hinges upon how properly
aligned the electrons are which pass
through the shadow-mask hole. Slight
misalignment errors are unavoidable
as expressed in the tolerances associ-
ated with the very manufacturing
processes. Thermal distortions, once
the tube is heated, is also a culprit.

Convergence is a measure of wheth-
er or not each primary color image is
in perfect registration with the other
two primary color images. Converg-
ence usually differs from place to
place on the CRT.

Number of colors

The penetron CRT is limited to
three distinguishable colors at the
most. The DVST with CWT also has
a maximum of three colors. Only the
shadow mask CRT has a full range of
colors (Figure 11). The CIE is a French
acronym for ‘“Commission Interna-
tionale De L’Eclairage,’’ which trans-
lates roughly to The International
Commission on Lighting, and was an
attempt in 1931 at establishing a stand-
ard observer curve, also known as the
photopic curve.

This curve represents the eye’s re-
sponse to various wavelengths of light.
The curve peaks at 555 nanometers in
the yellowish- green region. Note that
the shadow mask CRT (SMCRT) is
the one with the widest color range.

Experimental color CRTs

Onetechnology that shows promise
for the future is the current-sensitive
CRT (Figure 12). This limited-color
display uses a mixture of two phos-
phors with different colors. The two
phosphors have different current-sat-
uration characteristics, so that as cur-
rent is increased, the color changes
from red to green.

Another display which shows even
greater promise is the liquid crystal
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Figure 13. The liquid crystal shutter color TV.

field sequential color display. An elec-
tronically controlled color filter is
placed in front of a single color
(monochrome) CRT. By synchroniz-
ing the red information written on the
CRT during phases, you have in es-

sence a color switch. Refer to Figure
13 and note the color polarizers and
how varying degrees of color polariza-
tion are possible. This enables the
display to show all red, all green, or
varying hues in between. [ ]

How the human eye ‘sees’ color

Within the Brain

The psychological aspects of color
perception originate in the brain. The
brain has two separate regions. These are
the chromatic and achromatic regions.
In most instances, both regions help pro-
cess visual data. If data is in black and
white, one whole region (the chromatic
region) of the brain is deprived of its abili-
ty to process data, especially complex
visual information.

The Ergonomics of Color

Obviously, color is a product of
human perception. It is the result of the
eye reacting to ‘‘visible’’ wavelengths of
electromagnetic radiation. The optical
and sensory mechanics of the eye give
color its three basic qualities: hue, satura-
tion, and lightness.

Hue identifies the color in relation to
other colors within the light spectrum.

¢ Saturation defines the “‘purity”’ of the
color. As colors within the spectrum
become less pure, they start to appear
gray or white.

* Lightness refers to the relative strength
of the light coming from the color, as
perceived by the viewer.

® Pure colors can be desaturated by in-
creasing lightness until the color is almost
entirely ‘‘washed out.”’

Color distribution and saturation play
an important role in color perception.
Colors widely separated in the spectrum,
such as red and green, are easier to
discriminate than neighboring colors.
Also, “‘grayish’’ colors of low saturation

become difficult for the brain to
separate.

Conversely, colors with high satura-
tions, which are also widely separated in
hue, require the eye to refocus. This can
be a source of fatigue. Lastly, the eye’s
foveal region, which yields maximum
visual resolution, is essentially ‘‘blind”’
to blue. This makes blue a poor choice
for presenting detailed information. But
let’s further investigate the anatomy of
the eye.

The anatomy of the eye

The lens of the eye is adjustable, like
a camera. It enables light images to be
focused on the retina at the back of the
eye. The pupil is also adjustable to ad-
just the brightness or intensity of the light
reaching the retina. These adjustable
qualities make the eye very ‘‘forgiving’’
of ambient light colors.

Continuing with the eye’s anatomy,
the aperture or hole of the pupil is small
when viewing brighter light images and
larger for viewing dimmer images. This
aperture allows the average intensity at
the retina to be held constant over ap-
proximately a 16:1 ratio variation in the
brightness of the object being viewed.

The Retina has approximately 100 mil-
lion rod-shaped cells and seven million
cone-shaped cells. The rods respond to
dim light (below 0.001 candela per square
meter) and the cones require brighter
levels (approximately 10 candelas per
square meter). However, therods do not
sense color whereas the cones do. Also,
the cones, which reside in the central part
of the retina, can distinguish between
very small objects.
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Conformal coating removal

By Jay W. Parton

Has thisever happened to you? You
open up a product that was brought
into your service center for service,
perform a few preliminary checks, iso-
late the problem down to the board
level, then begin checking out the com-
ponents on the board, only to find that
the board has been encapsulated in
some kind of plastic skin?

What do you do now? One choice
is to button the unit back up and tell
the owner that you can’t serviceit. The
only problem here is that if he does
find someone who is able to fix the
unit he may bring all of his other prod-
ucts to that other company for service
in the future.

Another possibility is to try to phys-
ically cut, or abrade your way through
the coating, but this might wind up
damaging the board, then you’re lia-
ble for correcting the problems that
you introduced.

Throughout the electronics indus-
try, more and more electronic devices
are protected by a plastic or resin. For-
tunately, manufacturers of products
for the service industry have been at
work coming up with products to
solve the problem of getting through
the conformal coating. In many cases,
ease of removal of the plastics used in
the coating will determine the best
system to be used.

What are conformal coatings
and why are they used?

Conformal coatings are thin layers
of synthetic resins or plastics that are
applied to electronic devices for pro-
tection against a variety of environ-
mental, mechanical, electrical and
chemical problems, such as:

¢ humidity and moisture
¢ fungus and mildew

Parton is Vice President of Dynaloy, Inc., a manufac-
turer of chemicals for removal of coatings used in elec-
tronics manufacture.

e dust and dirt

¢ alpha particles

® stress

¢ mechanical shock and vibration

¢ thermal cycling

® corrosion

* process solvents, fuels,
hydraulic fluids, other fluids

While most conformal coatings are
used on printed circuit boards (PCBs),
they are also used to protect discrete
components, such as transistors, di-
odes, rectifiers, resistors and LEDs;
integrated circuits (ICs); and hybrid
circuits, including multi- chip modules
(MCM) and chip on board (COB).

Originally developed for military,
aerospace, and marine applications,
conformal coatings are now finding
widespread use in telecommunica-
tions, industrial controls and in-
strumentation, consumer electronics,
and the automotive industries, all ap-
plications in which product reliabili-
ty is of primary importance.

Types of coatings
Currently six major types of confor-
mal coating chemistries are available:

® epoxies

e acrylics

¢ urethanes

e silicones

¢ parylenes

e ultraviolet-cured materials

The military specification for coat-
ing printed circuit assemblies, MIL-
1-46058, recognizes 5 types of confor-
mal coatings:

¢ Type AR (acrylics)

¢ Type ER (epoxies)

¢ Type SR (silicones)

e Type UR (urethanes)

¢ Type XY (paraxylylenes)

Ultraviolet (UV) cured materials are
also recognized, but are not listed as

a separate group; they are included
within the above five categories. While
each of these coating types exhibits
properties that make it the best choice
for a particular application, special at-
tention should be paid to the tech-
niques used for removal of the confor-
mal coating. These techniques include
mechanical, thermal, and chemical
methods.

Mechanical removal

Mechanical removal methods in-
clude cutting, abrading, sanding or
blasting the area of coating to be
removed. However, most of the con-
formal coatings are very tough and
abrasion-resistant, making the prob-
ability of damage to the board high.

Thermal removal

Thermal removal methods (includ-
ing burn-through techniques) are
somewhat more effective than me-
chanical methods, but in many cases
require very high temperatures and/or
long exposure times. These, in turn,
can cause discoloration, leave resi-
dues, and adversely affect solders
and/or other materials used in the
construction of the board or its com-
ponents. Also, temperature-sensitive
components may be damaged.

Chemical removal

Chemical removal methods offer
the highest probability for complete
coating removal without adversely af-
fecting the board or its components.
However, there is no one perfect sol-
vent for all applications, and in some
cases no solvent will be suitable.

Of course, the first problem faced
by someone in product service who
must remove a conformal coating is
determining the composition of the
coating that is to be removed. If infor-
mation concerning the nature of the
coating isn’t included in the product
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TABLE 1

Solvent Selection Guide
For Removal of Conformal Coatings

RECOMMENDED SOLVENTS AND APPROXIMATE TIME FOR REMOVAL
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GE ECC 440

GE ECC 450

McGhan Nusil R-107§ .

SwsT.81

WR Grace & Co.
Amicon SC-1204

W.R. Grace & Co
Amicon $C-3613

WR Grace & Co
Amicon $C-930

PARYLENE

.
30 min,

30 min
30 min,
.
1.5 his,
.
30 min

2hs. | Sh
15 min

Dow Cotning 03-6614 . .
Dow Corning Q3-66 14 UVI . .

.
30 min

15 min
30 min

15 min

30 min.
. .

1 hout [ 1 hour
. .

45 min 15 min

15 min. | 15 min
. 3

. .
30 min_{ 30 min,
. .

Novalran Parylene C 0012
Para Tech Parylene C 01| 2~

NQOTE: © means solvent is recommended but time data is not available

literature, the only recourse that a ser-
vicing technician has is to contact the
manufacturer and ask.

The following sections discuss the
chemical removal methods for each of
the above mentioned conformal coat-
ing types. For the purposes of general
information, these solvents are
available in quantities from one pint
right on up to 55-gallon drums.

Polyurethanes
Offering good dielectric properties,
with excellent humidity, abrasion, and
chemical resistance, polyurethane
conformal coatings are the most cost-
effective and widely used coatings.

Currently available for removal of
polyurethane coatings are several
solvents which provide a wide range of
speed and selectivity that can be
matched to a specific application.

These solvents include: methanol
base/alkaline activator solvents,
which are the slowest and most selec-
tive; other methanol base/alkaline ac-
tivator solvents that are somewhat
faster acting and are the most popular;
and ethylene glycol ether base/alka-
line activator solvents, which are the
fastest and least selective.

Complete removal of the coating is
accomplished by immersion of the
board into the solvent at room temp-
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erature. The amount of time required
for coating removal will vary with the
solvent being used, the particular
coating used, and coating thickness.
Typically, most polyurethane coatings
of 0.004-inch thickness can be re-
moved in one to three hours.

The use of ultrasonics, or any agita-
tion of the solvent will help to reduce
the time required. The board should
be removed from the solvent periodi-
cally; if it has a milky-white appear-
ance, coating removal is not yet com-
plete, and it should be returned to the
solvent. Occasionally, light brushing
or wiping may be required to remove
any last traces of coating.

To be certain that no residue remains
from either the coating or the solvent,
it is extremely important that the board
be thoroughly washed in alcohol
(isopropanol or methanol) immediate-
ly after coating removal is complete.
The board may then be rinsed with
deionized (DI) water and dried.

Because all of these solvents contain
small amounts of ionic materials, it is
advisable to test the rinse water for
ionic contamination with a conduc-
tivity meter.

If you only need to remove a small
area of the conformal coating to get
at a few components or circuit traces,
you can use a spot removal technique
to remove polyurethane conformal
coatings. Inthis case, you usea higher
viscosity, or gel, form of the solvent,
and apply it with a brush, cotton pad
or a cotton-tipped swab. All of the
solvents discussed here are available in
gel form for spot removal.

Silicones

Silicone conformal coatings offer
high humidity, corrosion, and thermal
resistance, which make them the pre-
ferred choice for high temperature ap-
plications. Over the past several years,
chemical companies have developed
solvents that are effective in removing
silicone conformal coatings. Of these,
the fastest and most popular is a meth-
ylene chloride based system. Several
hydrocarbon-based solvents are
alternatives to the methylene chloride
based solvent.

While not as fast as the methylene
chloride, the hydrocarbon based sol-
vents are more selective, and when not
contaminated by water, will not attack
epoxy-glass PCBs, their components,
metals and most plastics.

Asinthe case of the polyurethanes,
the coated board is immersed in the




TABLE *2

Solvent Selection Guide

For Removal of UV-Cured Conformal Coatings

L RECOMMENDED SOLVENTS AND APPROXIMATE TIME FOR REMOVAL
UV-CURED )
CONFORMAL g
K
COATING N
TYPE s
S
S
URETHANE ACRYLATE
Dow Corning X3-6765 0or 4 hours
30 min Followed By - 15 hours
Dymax Multi-Cure 984 006" [1Smin 15 min 1 nour
Dymax Multi-Cure 984F 006" 15 min, 15 min 1 hour
Dymax Multi-Cure 984RF 006 |15Smin 15 min 1 hour
Loctite Shadowcure 361 N/A NO SOLVENT WAS FOUND SUITABLE FOR REMOVAL
WR. Grace & Co
Amicon UV-820 N/A 2.5 hours 24 hours|
ACRYLATED EPOXY
URETHANE
OuPont Quickcure B-565 003" 1Smin. | 15hours 45 min
DuPont Quickcure B-566 00 [15min | 1.5hours 45 min.
Westinghouse Electric Corp
UVCC-10 BS6S hicy 15 min 1.5 hours 45 min,
Westinghouse Electric Corp
UVCC-11 BS66 008 |1Smin | 15hours 45min
SILICONE
Dow Corning X-4013 oy 15 min 4Smin | 1Smin | 4Smin
Dow Corning X3-6760 004 30min | 1 hour 45 min 125hrs

Note: Although more than one of the chemical formulations at the top of these charts appears to be the same, 1hey
may not be. There may be lesser or grealer concentrations of the materlals, depending on the particular conformal
coating 10 be dissolved. Consult a manifacturer of the coating material, the manufacturer of the solvent, or both

1o determine which particular solvent to use.

solvent at room temperature and al-
lowed to stand until the silicone has
dissolved or can be easily brushed off.
The time required will vary with the
solvent used, the type of silicone coat-
ing, the coating thickness, and the
amount of surface area<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>