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Two New Graphic Terminals
Expand Graphic Capabilities
High resolution, color-enhanced refresh, and
greater interactivity are combined in a new
19-inch DVST graphic terminal. A software-
compatible 15-inch raster-scan terminal pro-
vides zoom and pan functions, multiple view-
ports, and multiple-bit planes for gray scale
and overlays.

Software Innovations Increase
Productivity of Desktop
Computer Users

A new software library makes the graphic power
of Tek’s desktop computers available to users
with little or no programming experience and
enhances the productivity of skilled operators.

Three New Portable
Oscilloscopes Designed
for Field Service Use

Ruggedness, lightweight, and excellent EMI per-
formance characterize the new 100-MHz 2300

Series Oscilloscopes designed expressly for field.

service applications.

A High Resolution Color Picture
Monitor for Television and
Laboratory Use

The 690SR is a precise, stable, color picture
monitor with a unique color-convergence system
that makes set-up a simplified, straightforward
procedure. Plug-in interface modules and wide
range scan circuitry make the 690SR easily
adaptable to specialized applications.
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The 4114, 19-inch DVST and 4112, 15-inch
raster-scan computer display terminals increase
user productivity through the use of segments —
basic display elements that are used again and
again in a display and can be called up with a
single command.
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Two New Graphic Terminals
Expand Graphic Capabilities

Computer graphics users have varied re-
quirements — so varied that no single
display technology meets every need. The
new Tektronix 4110 Series of graphic ter-
minals offer users a choice of display
technology: for high-density graphics, the
high-resolution direct-view-storage-tube
(DVST) display; and for dynamic graphics,
the versatile raster-scan display.

Design goals for the 4110 Series were
to expand on the capabilities of the current
Tektronix 4010 Series, increase user pro-
ductivity, decrease host communications
traffic, and maintain compatibility with the
4010 Series and across the 4110 Series.

At introduction, two members of the
4110 Series were announced —the 4114
Computer Display Terminal, a 19-inch DVST
terminal with refresh graphics and fast re-
draw capabilities, and the 4112 Computer
Display Terminal, a 15-inch raster-scan ter-
minal with zoom and pan functions, mul-
tiple-bit planes for gray scale and overlays,
and multiple viewports (see Figure 1).

Compatibility maintained

The new capabilities of the 4110 Series
were achieved without sacrificing com-
patibility with the 4010 Series. Host soft-
ware designed for the 4010 can be used
without modification with any 4110 Series
terminal. As need for the expanded capa-

bilities of the 4110 Series arises, the soft-
ware can be modified accordingly.

Even though the 4112 and 4114 use dif-
ferent display technologies, host software
written for one terminal can be used
without modification on the other. Com-
patibility also extends to the hardware —
both terminals use an identical 16-bit mi-
croprocessor, a common bus structure,
and identical mass storage. Each terminal
includes firmware and 32K bytes of random
access memory (RAM), and memory can
be expanded up to 1M bytes of ROM/RAM.
Optional flexible disk drives add a perma-
nent storage capacity of up to 512K bytes
per disk.

Both terminals work with a common set
of peripherals, such as digital plotters, hard-
copy units, printers, and graphic tablets.
The 4110 Series are also supported by the
Tektronix PLOT 10 Interactive Graphics
Library.

The 4112 and 4114 allow the user a
device coordinate space of 4096 by 4096
addressable points; however, the actual
display resolution (the number of points that
can be displayed on the screen) depends
on the size and type of CRT. The 4112's
15-inch raster-scan tube provides a dis-
played resolution of 640 by 480 points, and
the 19-inch DVST of the 4114 a displayed
resolution of 4096 by 3131 points. The host
can send an identical picture to both ter-
minals in a coordinate space of 4096 by
4096 points, and each terminal will locally
map the picture onto the actual coordinate
space of its CRT.

Local picture segments

Both the 4112 and 4114 possess two of the
most significant features of the 4110 Series
terminals — local picture segments and a
scrollable dialog area. A picture segment,
as described in SIGGRAPH-ACM’s pro-
posed core system of computer graphics
standards, is an ordered collection of out-
put primitives (for example, vectors or text
strings) defining an image which is part of
the picture on a view surface. Let's illus-
trate the concept of the use of picture seg-
ments with an example.

An engineer is using a 4110 Series ter-
minal to design an electronic circuit. The
host computer sends the graphics data to
display representations of components,
such as transistors, resistors, and capa-

citors, on the terminal’s screen. Each com-
ponent is stored in the terminal’s memory
as a separate segment. The segment is

Fig. 1. The new 4112 raster-scan terminal (left) and the 4114 DVST terminal (right) provide users
a choice of graphics display capability with features designed to greatly increase the user’s pro-
ductivity. The 4112 and 4114 are software compatible with the 4010 Series terminals.



numbered and therefore can be specified
independently of the other segments. The
designer uses the terminal keyboard con-
trols or a peripheral graphics input device
(such as a graphics tablet) to select the
desired component and position it on-
screen. The component remains displayed
at that position, while the designer selects
and positions other components.

The capability to store and manipulate
segments locally provides several benefits.
Host communications traffic is substantially
reduced as it is no longer necessary to
retransmit the entire sequence of graphics
data to the terminal. The host need send
only a command that says, in effect, display
segment n.

There is a marked increase in repaint
speed (the rate at which an erased display
can be redrawn). This capability is particu-
larly valuable when working with DVST dis-
plays containing large numbers of vectors
or alphanumerics. For example, a diagram
containing 25,000 short vectors, stored in
RAM, can be redrawn and stored on the
4114 screen in less than half a second.

Refresh augments storage

The 4114 DVST terminal is given a substan-
tial interactive capability by employing local
refresh for up to 3000 short vectors. There
is no limit to the number of vectors that
can be displayed in the storage mode. In
contrast, the entire 4112 raster-scan display
is refreshed.

Both the 4112 and 4114 can perform
local two-dimensional image transforma-
tions. A segment may be rotated, translated
(shifted in position), and scaled (made
larger or smaller). The user has the flexibili-
ty to define a picture segment of a stand-
ard size and shape, and after it is display-
ed, modify its image to fit the application.
For example, consider an architectural ap-
plication. The host sends a standard seg-
ment displayed as a square. The square
can be modified locally to become the ex-
terior outline of the building. The same
standard square, transmitted again by the
host, can be manipulated locally to become
a window or a door.

A user-defined cursor

As a convenience in graphic input opera-
tions, the user can replace the cross-hair
cursor with any picture segment. In the ar-
chitectural application just discussed, the
standard square could become the cursor,

making it very convenient for positioning
the square anywhere on the display.

Segments within segments

Another graphics convenience is the capa-
bility to include a copy of one or more seg-
ments within a segment. Consider, again,
the architectural example. First, the host
defines the exterior of the building as an in-
dividual picture segment and defines it as
segment 1. The standard square displayed
on-screen is defined as segment 2. Each
time the architect positions and scales the
square to create a door or window in the
building, the host program commands the
terminal to include a copy of segment 2 (as
it appears on the screen) within segment 1.
In this manner, segment 1 is progressively
modified to contain the exterior of the
building and all of its doors and windows.
The host, then, with a single command to
display segment 1, can redraw the exterior
of the building with all of its openings.

Classes of segments

In some applications, it is desirable to mod-
ify related picture segments as a unit. This
can be done by grouping several segments
into a segment class. A segment may be-
long to one or more of a maximum of 64
classes.

To illustrate the utility of segment class-
es, consider an application that involves
drawing a detailed block diagram of a com-
plex instrument such as an oscilloscope.
The block diagram could be constructed in
modular form with separate modules for
the trigger, timing, horizontal output, and so
forth. The segments in each of the modules
could be grouped into segment classes,
one for each module. Using the host the
user could then display or erase any
module by sending a single command to
the terminal.

A 4112 or 4114 equipped with the op-
tional disk drive has the capacity to store
locally-retained picture segments on the
disk. The disk drive enables the host to load
a segment from the disk into the terminal’s
memory directly. This is faster and less
costly than retransmitting the data from the
host.

The use of picture segments, segments
within segments, local refresh and segment
manipulation, and extensive local memory
all serve to greatly reduce host communi-
cations traffic and increase the user’s
productivity.

SCROLLABLE
DIALOG AREA

MLI: MAP OF POWER TRANSMISSION
LINE RIGHT OF WAYS

Fig. 2. Communications between the operator
and the host computer are displayed in the
dialog area. The size and location of the dia-
log area can be defined, to avoid interfering
with displayed graphic information.

The dialog area

In addition to displaying picture information,
a graphics terminal must provide a means
for the operator at the keyboard to com-
municate with the host computer and, con-
versely, for the host to communicate with
the operator. In some graphic terminals, the
alphanumeric dialog between the operator
and the host is sometimes written over the
picture, necessitating redrawing of the pic-
ture. The 4112 and 4114 restrict the display
of alphanumeric text to a defined dialog
area (see figure 2). Communications be-
tween the host and the operator at the ter-
minal are displayed in the dialog area;
graphics information is displayed on the
rest of the screen.

The dialog area on the 4112 and 4114 is
scrollable. When filled with text, the top line
is automatically moved up and out of view
to make room for the next line of text at the
bottom. Each line of alphanumeric text that
is scrolled out of the dialog area is stored
locally in RAM. This enables the operator to
read previously displayed text by scrolling
backwards with the keyboard thumbwheels.

The user can define the size of the
memory buffer used to contain scrolled
text, and can tailor the on-screen dialog
area to the application by defining its size
and position on the screen. The user can
also choose to turn the dialog area on
or off.

To provide for the scrolling capability, all
text in the dialog area is displayed in re-
fresh. In the 4112, the raster-scan tube pre-



The 4114 direct-view storage tube
(DVST) terminal is given substantial re-
fresh capability through the use of local
random access memory. However, with
flicker-free refresh it is sometimes diffi-
cult to distinguish between refreshed
and stored images on the screen. The
4114 Color Enhanced Refresh option re-
solves that difficulty by displaying all re-
fresh vectors in a second color. The
color-refresh DVST displays stored infor-
mation in the usual green color, while
refreshed objects appear as a yellowish-
orange hue easily distinguishable from
the stored information.

Fig. 1. A 4114 DVST display with color-enhanced refresh. The yellowish-orange hue of the re-

A Direct-View
Storage Tube
With

Color Refresh

Color refresh is accomplished by
using a mixture of red and green phos-
phors for the DVST screen. In refresh
mode, the writing beam excites both red
and green phosphors, resulting in a
yellowish-orange trace on the screen.
The refreshed information, however, is
displayed at a current density lower than
that required to store a charge image.

freshed information makes it easy to distinguish between stored and refreshed portions of

the display.

To remain visible, the information must
be continually refreshed.

In storage mode, the writing beam
also excites both red and green phos-
phors causing a momentary yellowish-
orange glow. In this case, the current
density is high enough to store a charge
image. After the writing beam draws the
image, only the green phosphor contin-
ues to emit light. The red phosphor does
not store because it requires a higher
charge level to luminesce than does the
green phosphor.

To achieve enough color shift to be
easily discernible, the red phosphor
must be 40 to 60 percent of the total by
volume. However, this results in lowering
the stored (green) luminance of the dis-
play. As luminance is also a function of
power input to the screen, luminance
can be restored by increasing this pow-
er. This is.accomplished by processing
the phosphor materials in such a way as
to raise the nominal operating voltage
level of the target, and changing the op-
tics of the DVST funnel to increase the
flood gun current density to the target.
These changes result in a stored lumi-
nance 60 percent higher than that of
conventional DVSTs.

Generally, an increase in the current
density to the screen means a decrease
in the life of the tube. In this instance,
the use of rare-earth phosphors yields
a 50 percent increase in tube life,
even with the 60 percent increase in
luminance.

An additional benefit of the new flood
gun electron optics is improved hard
copy capability. A primary factor in hard
copy performance is the dispersion of
flood-gun electrons in front of the tube
target. The new design decreases the
noise around the edges of the screen,
resulting in consistently cleaner copies. M



sents no limits to the size of the scrolling
area; the 4114’s DVST displays up to 300
characters in the dialog area.

Raster-scan graphics with the 4112

For applications that do not need the large
screen and high resolution of the 4114, the
raster-scan 4112 offers users some unique
advantages: zoom and pan capability, mul-
tiple viewports, multiple-bit planes for gray-
scale and overlays, a greater degree of
operator interactivity, and lower cost.

The zoom and pan capabilities overcome
the resolution limitations of the smaller CRT
‘by allowing the user to isolate and magnify,
on-screen, any section of the 4096 by 4096
point device coordinate space.

To understand how the zoom and pan
features operate, it is necessary to under-
stand the graphics concepts of window and
viewport as they are used for the 4112. The
window is any rectangular portion of the
4096 by 4096 point device coordinate
space. The viewport is any rectangular por-
tion of the display screen. The graphic con-
tents of the window are mapped onto the
viewport. The contents of the window deter-
mine the picture that will be displayed on
the screen. The viewport determines the
size and location, on-screen, of the dis-
played picture (see figure 3).

MULTIPLE
VIEWPORTS

Fig. 3. Multiple viewports allow simultaneous
display of an entire picture and enlarged
views of selected portions of the picture.

Multiple viewports allow the user to dis-
play an entire picture on one portion of the
screen, while detailed views of individual
segments of the picture are displayed on

other portions of the screen. The user can
zoom and pan any viewport on-screen
without affecting the images displayed on
the other viewports. In addition, the user
can specify which segments can be dis-
played in a viewport and which cannot. This
feature allows the user to separately display
pictures that might overlap in the device
coordinate space, without the images
overlapping on-screen.

Another powerful feature of the 4112 is
the multi-bit plane capability that enables
users to work with a maximum of three
overlays, or up to eight shades of gray.
Overlays are separately-addressable
graphics surfaces. They can be compared
to the transparent overlays commonly used
in presentations made using an overhead
projector. One of the more common appli-
cations for multi-bit planes is in the design
of multi-layer printed circuit boards.

The gray-scale capability enables the
user to “color” a picture with up to eight
shades of gray to contrast various sections.
Panels (polygonal areas of a picture) de-
fined by the user can be filled with any of
eight levels of gray scale, or with a user-
defined pattern, or with one of 16 patterns
available from the local intelligence of the
4112. A typical application would be the
“coloring” of a map to mark differences
in rainfall, temperature, population, and
so forth.

Summary

The new 4112 15-inch raster-scan terminal
and 4114 19-inch DVST terminal provide
computer graphics users a choice of dis-
play technology, more versatile graphics
capability, increased productivity through
the use of picture segments and fast re-
paint, and lower cost through reduction of
host communications traffic.

Compatibility with the 4010 Series of
graphic terminals and between units of the
4110 Series allows users to expand their
current 4010 software to incorporate the
added capabilities of the 4112 and 4114,
as the need arises.

Acknowledgements

We would like to express our appreciation
to all who contributed to the 4112 and
4114 projects. Special thanks are due Lee
Boekelheide and Ned Thanhouser for their
outstanding work on the software. i

Dean Bailey is man-
ager of graphic ter-
minal development at
Tek. During his ten
years at Tek, he has
been manager of the
Host Software group,
had system responsi-
bility for a major revi-
sion of the 4081, and
currently is manag-
ing the 4100 Series program. Dean has a B.S.
in Math from Portland State University (1965).
The theater occupies much of his leisure time.
He currently is rehearsing for a role in the
Shakespeare-in-the-Park production of “As You
Like It."” Dean also enjoys astrophotography and
has a 14-inch portable telescope.

Jack Sterett, project
leader for the 4114,
has been with Tek
since 1960. His design
projects include the
422 and 323 portable
scopes, 4010 and
4014 computer display
terminals, and several
other display products.
Jack received his
B.S.E.E. from Portland State University and is a
Master’s candidate at Oregon State University.
For recreation Jack enjoys water and snow ski-
ing, hunting, and fishing.

Dave Squire is project
leader for the 4112
project. He started
with Tek in 1969, as a
member of the In-
austrial Engineering
group. During a stint
¥ with the Systems Divi-
sion he designed the
sector card logic for
the 3260 Semicon-

(<Y
ductor Test System. He is currently with the In-
formation Display Division. Dave received his
B.S.E.E. and M.S.E.E. from Oregon State Uni-
versity. He enjoys mountain climbing, jogging,
and playing guitar in a small “bluegrass”’ band.




Software Innovations

Increase Productivity of
Desktop Computer Users
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In 1975, Tektronix introduced its first desk-
top graphic computing system — the 4051.
This was followed by the even more versa-
tile 4052 and the graphically interactive,
large-screen 4054. Now, with the introduc-
tion of New Generation PLOT 50 Software,
we greatly enhance the usefulness of our
entire 4050 Series family.

Since the introduction of the 4051, there
have been major changes in what 4050
Series users want. There is a tremendous
demand for more applications-oriented soft-
ware to enable the user who has little, or
no, programming experience, to take ad-
vantage of the graphic power of the 4050
desktop family.

In 1975, users had more time to incorpo-
rate new computing techniques into their
problem-solving activities. For most users,
this is not so today. Interest centers on pro-
ductivity, not in the novelty of learning new
technology. For example, in the past, a de-
sign engineer often spent considerable time
creating, adapting, and programming statis-
tical routines on the computer because
such routines were not available from the
vendor. Today, new statistics packages
must be very easy to learn and incorporate
into an application. Statistical tasks are a
bottleneck in the design activity and need
to be completed in an expeditious and

-

Fig. 1. The New Generation PLOT 50 Software is the key to easy use of the graphic power

available in Tektronix 4050 Series desktop computers.

reliable manner. Although the products
must be simple to learn, they must also
contain sufficient power to help solve the
user's application problems.

Design problems

A number of design problems had to be
addressed early in the development of the
New Generation PLOT 50 Software. Our
market research indicated that few 4050
Series users’ applications were static.
Graphic computing system applications are
diverse, and we had to learn more about
application requirements in detail. Other
factors to be considered included user fa-
miliarity with the hardware, user interface
trade-offs between menus and commands,
and differences in the learning curves of
frequent-versus-infrequent users.

We decided that most 4050 Series users
know far more about their applications than
about their computing equipment. It was
our task to provide the conventions of the
applications to shorten the learning time for
uses. Further, it was essential to provide a
friendly interface with the software (and the
hardware). Many vendors advertise friendly
products; our challenge was to satisfy a
wide range of user needs efficiently. In tan-
gible terms, a first-time user should be able
to operate the software within two to four
hours after power-up, without having to
study a user’s manual.

Help and convenience for users

Most of the New Generation PLOT 50 Soft-
ware packages include help files, tutorials,
and menus. The tutorials quickly walk the
user through product functions to rapidly
achieve familiarity. The help files give de-
tails of program operation. For example,
with the 4052D10 Document Preparation
package, the user can display (with one
function key) the menu of editing and for-
matting commands. Upon selecting a com-
mand, the user sees (on-screen) a descrip-
tion and an example of operation for that
command. After obtaining the needed help,
the user can easily return to the portion of
the program where difficulty was encoun-
tered and then continue with the application
from that point.

Most users prefer to first concentrate on
solving their application problems and then
spend secondary effort familiarizing them-
selves with the hardware and software to
be used in that application. The New Gen-
eration PLOT 50 Software politely reminds
users to check peripherals (and what to
check for) to ensure proper operation.



In 4054D06 Picture Composition and
4052D07 Interactive Digitizing, the align-
ment of tablet menus and source docu-
ments is not important because easy and
quick reference points are established
which enable the software to make the

necessary adjustments. For example, skew-

ing errors are noted and automatically cor-
rected so plotter output is not skewed rela-
tive to the X and Y axes. In each of the ap-
plication packages there are many addi-
tional conveniences that help users to
quickly become productive.

Application conventions
To better understand application conven-
tions, we exchanged ideas with experts in

several application areas. As an example,
one exchange helped us to better under-
stand what statistical techniques many
users expect to employ when conducting
small-sample statistical analysis. These
“wants”’ then became the application con-
ventions. We integrated these conventions
into a simple-to-learn package that provides
users with state-of-the-art techniques that
key on graphics (through pattern recogni-
tion) to add meaning to users’ data.

The value of graphics

Most of the New Generation PLOT 50 pack-
ages are built around the power of graph-
ics. Conventional graphic techniques, such
as scatter plots (as used in statistics) are in-

New Generation PLOT 50 Software

Library

4050D02 Statistics
Tests and Distributions
(Disk)

4050D03 Statistics
Analysis of Variance
(Disk)

4050D04 Statistics
Multiple Regressions
(Disk)

4050D13 Statistics
Library
(Disk)

4054D06 Picture
Composition
(Disk)

Disk-based statistics for small sample and experi-
mental analysis plus exploratory plotting routines

ANOVA featuring one-, two-, and three-way classifica-
tion techniques plus exploratory plotting routines

Multiple, weighted, stepwise multiple, and polynomial
regressions and exploratory plotting

4050D02/4050D03/4050D04 (above) packaged as
a library at discount

Electronic ‘“‘sketchpad” using graphic primitives (line,
arc, circle, point, box, text) to create working drawings
or pictures and sub-pictures using 4050 Option 30

Dynamic Graphics

4052 Interactive
Digitizing

(Disk)

4052D10 Document

Preparation
(Disk)

4050D11 (Disk)
4050A17 (Tape)
MicroPert 2 - Project
Management

4050A16 Presentation Aids
(Tape)

For production (bulk) digitizing tasks in cartographic,
design engineering, and strip chart analysis applica-
tions including editing and basic calculations

Powerful command-driven package for formatting,
editing, and preparation of multi-page documents

State-of-the-art desktop offering of PERT and CPM
techniques including rich set of resource management
facilities, graphic charting, and reporting options

For the creation of overhead presentation materials
based on template construction including bar charting,

line graphs, pie charts, and text

cluded, as well as some unique new rou-
tines, such as box-and-whisker plots and
normal curve overlays for viewing data. A
brief review of some of these routines is
helpful in understanding the power of
graphic interpretation.

The statistics packages include routines
for producing a box-and-whisker plot (see
figure 2). The box represents the distribution
of data about some observable median,
while the edges of the box relate to quar-
tiles, and the fences (whiskers) mark the
range of most of the data in the distribution.
The user has the option of examining one
box at a time, or a number of boxes, to
view variables within a group, or to look at
a comparison of groups.

ADJACENT
VALUE

UPPER
QUARTILE

OBSERVED
MEDIAN

CONFIDENCE
INTERVAL

LOWER
QUARTILE

ADJACENT
VALUE E—

Fig. 2. Box and whisker plots enable the user
to quickly determine if a statistical sample
contains a high percentage of valid data. Use
of such plots can save valuable time other-
wise spent analyzing poorly-distributed data.

Recall that the purpose of the exercise in
this statistics package is to analyze a small
sample. Studying notches increases the
user’s productivity. Notched-box plots are
used to note significant differences be-
tween two sets of data. Two sets of data
whose notched intervals do not overlap are
significantly different at roughly the five per-
cent level (see figure 2). The value of this
graphic technique lies in the speed with
which the user can determine whether two
groups of data are significantly different
statistically.

Another of the exploratory plotting rou-
tines in the Statistics packages is the Nor-
mal Curve Overlay. In this case (see figure
3), a normal bell-shaped curve is inverted
and plotted over a histogram representing
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Fig. 3. The Normal Curve Overlay plotting
routine enables even a casual statistics user
to quickly spot deviations from an arbitrarily
defined zero line.

the distribution of the data in the sample.
The dotted line represents an arbitrarily
defined zero-line as a reference point, so
that even a casual statistics user can quick-
ly see deviations from the zero-line. These
graphic techniques are included in our soft-
ware because they are easy to learn and
provide powerful insight into the data being
analyzed.

There are several of these plotting tech-
nigues in most of the New Generation
PLOT 50 Software packages. They are
available by answering only a few ques-
tions, by selecting an item from a menu, or
by selecting the appropriate key on the
4050 Series device. In other words, no pro-
gramming is needed. Access to the power
of these graphic techniques is simple and
quick.

Commonality

Each of the three Statistics packages
comes with a Function Key Overlay that fits
on the keyboard of the 4050 Series com-
puters. The same functions are located on
the same keys in every package. For exam-
ple, Master Menu is key 10, Data Entry is
key 1, Print and Plot are keys 7 and 8,
respectively. This is not a major product
feature but indicates the care employed in
designing the products so users will find
them easy to learn and operate correctly.

Fatal errors

Previous software offerings did not include
provisions to protect users who lacked
hardware familiarity, from destroying pro-
grams. For example, if you tried to plot a
set of data by selecting a histogram func-
tion, with no data present in memory, the
program usually crashed and you had to
restart. Today, the operating system checks

STATISTICS

D02-D03-D04

PICTURE COMPOSITION

INTERACTIVE DIGITIZING

PRESENTATION AIDS /

BPAII

USER
WRITTEN
APPLICATION

Fig. 4. Data exchange formats developed for the PLOT 50 software products provide for substan-
tial gains in user productivity. Standard File Format (SFF) files numeric data that can be ac-
cessed directly by other PLOT 50 programs having SFF capability. Graphic Model Exchange
(GMX) provides a similar capability for graphic information.

to make sure data is present before at-
tempting to create the graph. If no data ex-
ists, polite instructions appear on the
screen to guide the user to the next step
to keep the program going. This type of
design provides not only friendly software
but forgiving software.

PLOT 50 Software exchange formats
Two data-base-oriented standard filing tech-
niques were developed by Tektronix for
these (and future) software products. The
Standard File Format (SFF) is a technique
for storing data in such a manner that the
data can be accessed by other PLOT 50
programs having SFF capability. (We have
found few users who enjoy worrying about
marking files and fretting over file sizes.)
When data entry is complete, the user
need activate only one key or function for
SFF construction to occur automatically.

File creation is automatic and access easy
and logical. First, the software prompts
users to file data by name (not number)
because names we create are easy to
associate and remember. Second, the files
are called by name, and if you cannot
remember the names of all of your files,
directories allow you to recall the files one
at a time or to list all of them.

The Graphic Model Exchange (GMX) can
be considered the graphic complement of
SFF. In SFF, the user stores numeric infor-
mation. In GMX, the user stores graphic or
pictorial information. This means that a
graph created by one software package
can be called by name by another software
package (with GMX capability) and another
operation be performed on that same file
(see figure 4).



What SFF and GMX mean to the user
are tremendous gains in efficiency because
the data need be entered in the computer
only one time (as opposed to entering the
data for each different program).

Summary

For people who are not skilled computer
programmers, the New Generation PLOT
50 Software products provide the capability
to access the graphic power of the deskiop
4050 Series and apply it quickly to their
problem-solving tasks. The need for produc-
tivity gains takes precedence over the
novelty of learning new software or hard-
ware. For those who have the desire to use
it, the programming and computing power
of the 4050 Series is always available.
These New Generation PLOT 50 Software
products offer a wide range of users the
opportunity to unlock the power of the 4050
Series and use it to their own advantage.®
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Three New Portable
Oscilloscopes Designed
for Field Service Use

Figure 1. The Tektronix 2336 is one of three models available in the new 2300 Series of oscillo-
scopes. The 2336 features 100 MHz, dual trace, and delaying sweep operation, with delta-time
measurement displayed on the 4-digit liquid crystal readout located in the cover. Use of the cover
to contain auxiliary functions keeps the main front panel uncluttered for easy operation.

The concept of portability has changed
greatly over the years. Tektronix’ first os-
cilloscope, back in 1947, was portable. It

weighed only 55 pounds, and had a handle.

You could pick it up and carry it — but not
very far. It was portable, but it was design-
ed primarily for laboratory use.

Today, many oscilloscopes designed pri-

marily for portability are purchased for labo-

ratory use, and their design is optimized to
accommodate both functions.

The new Tektronix 2300 Series Oscillo-
scopes are designed expressly for portabil-
ity — and more precisely — for field ser-
vice. Small, rugged, and reliable — they
are built to work in adverse environments.

The 2300 Series includes three instru-
ments: the 2335, a dual-trace, 100-MHz
bandwidth, delaying sweep oscilloscope;
the 2336, identical to the 2335, with a B-

trigger function and delta-time measure-
ment capability; and the 2337, with all of
the features of the 2336, plus a general
purpose digital multimeter. Each of the
instruments weighs less than nineteen
pounds and measures just 5 by 12 by
17 inches.

Concentrating on portability
Because field service requirements were
the prime consideration, the designers of
the 2300 Series concentrated on reducing
size and optimizing ruggedness and reliabil-
ity, rather than introducing new features.
There were, of course, other important fac-
tors to consider, such as operating ease,
display size and resolution, and serviceabil-
ity, to name just a few.

The dimensions of the cathode ray tube
(CRT) usually dictate the minimum length
and height of an oscilloscope package.




Because of its mass, size, and complex
structure, the CRT is also the component
most vulnerable to physical shock. Thus,
work on the 2300 Series began with re-
design of our smallest, 100-MHz, high-
performance CRT. The result is a CRT

30 percent shorter than its predecessor,
having a 6.4 by 8.0 centimeter display area,
with trace intensity and spot size optimized
for a bright, sharp, high-quality trace.

Unique CRT mounting improves
ruggedness

In designing a very portable oscilloscope,
CRT breakage is a vital concern. Conven-
tionally-mounted CRTs are supported at
both ends — a technique that has proven
reliable but which can result in high stress
being applied to the CRT if the instrument
is subjected to a severe drop.

The 2300 Series use a cantilever mount-
ing system that enables the CRT to with-
stand shocks three to four times greater
than conventionally-mounted tubes can han-
dle. The new mounting system consists of a
single mounting that fastens the front of the
CRT to the oscilloscope’s front subpanel,
using just four screws (see figure 2). A key
element in the mounting system is the Tek-
manufactured ceramic tube, which makes

it possible to tighten the mounting screws Figure 3. The hybrid preamplifier circuit used in all of the 2300 Series provides many of the
directly into the CRT's funnel. advantages of an integrated circuit but required considerably less development time.

Circuit boards add support

One of the challenges in portable-oscillo-
scope design is to pack in all the perform-
ance needed, yet make the instrument easy
to service. In the 2300 Series, this chal-
lenge was met by having the circuit boards
all face outward, forming a hox-like struc-
ture around the CRT. This arrangement pro-
vides excellent access for servicing. In ad-
dition, the circuit boards and their mount-
ings serve as internal structural support for
the instrument’s chassis. Irreqular-shaped
hoards were used where necessary, to
utilize the available space.

Circuit-board real estate was conserved
through judicious use of integrated circuits
and thick-film hybrid circuits. The preampli-
fier circuit (figure 3) is a hybrid consisting of
components silk-screened onto a ceramic
substrate, with transistors soldered directly
onto the substrate. This technique yields
much of the advantage of an integrated cir-

| | 4 O
Figure 2. Unique mounting system which supports the CRT only at the front panel reduces prob- cul, W'th,a shorter develo(ErPent time than
ability of damage to the CRT should the instrument be subjected to a severe drop. that required for custom ICs.
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Figure 4. Two-stage hybrid attenuator uses laser-trimmed resistance and capacitance values to
create a compact, preadjusted attenuator that requires no adjustment after installation in the in-
strument.

A laser-trimmed attenuator

The input attenuators in the 2300 Series
are also unique. Smaller than conventional
designs, the attenuators are compensated
by laser trimming prior to installation in the
instrument and never need adjustment. In
contrast, the typical attenuator has many
adjustments and must be adjusted after in-
stallation in the instrument. The new design
reduces instrument calibration time and is
more reliable than its predecessors.

Deep-drawn cabinet provides protection
The single-piece, deep-drawn cabinet hous-
ing the 2300 Series is a significant achieve-
ment. Pure aluminum could easily be form-
ed to the required depth but was not strong
enough. Working closely with experts in
deep drawing aluminum, Tek engineers
helped develop one of the deepest drawn
cans of 6061 T6 alloy ever manufactured.
This accomplishment was essential in mak-
ing the 2300 Series lightweight and strong.

The cabinet also plays an important role
in realizing the design goal for electromag-
netic interference (EMI). Portables often
operate within the strong radio-frequency
fields of radio and television transmitters,
industrial machinery, and so forth. Close
attention was given to EMI at every step of
the instrument design, resulting in an EMI
specification of 10 volts per meter (radiated
susceptibility).
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A new front-panel concept

In addition to the CRT, another factor that
determines instrument size is the front-
panel space needed for the controls. Con-
trols can be made small and closely
spaced but the instrument will be difficult
to operate. The 2300 Series designers use
a new approach that effectively doubles the
front-panel space without increasing instru-
ment size. Portables need a cover to pro-
tect the front-panel controls during transit.
Why not use the cover to house auxiliary
functions, such as delta time readout and
the digital multimeter?

The cover for the 2300 Series is drawn
from the same tough alloy as the main in-
strument cabinet. Depending on the model,
a panel is mounted in the cover to contain
additional functions. The 2335 has nothing
in the cover; the 2336 contains a liquid
crystal display and B trigger controls; and
the 2337 contains the same elements as
the 2336 plus a digital multimeter.

The cover is hinged to the main instru-
ment cabinet, and power and control leads
are coupled to the cover panel through a
flexible, flat cable. A beryllium-copper shield
provides EMI protection. One can expect
that the cover will be opened and closed
hundreds of times during the life of the in-
strument. To verify reliability, the cable was
tested up to 100,000 openings and closings
without an electrical failure.

Considerable thought was given to both
logical organization and spacing of the
front-panel controls to ensure straightfor-
ward, easy operation. All of the positioning
controls are in a row at the top of the
panel, mode switches are just below, and
the step attenuators and time per division
controls are lined up in the center. This ar-
rangement makes the oscilloscope easy to
use, even by inexperienced technicians.

A new target for innovation

Usually, in designing a new oscilloscope,
the bulk of the effort is applied to develop-
ing new circuitry. In the 2300 Series, the
focus has been on applying technology and
innovation, not so much to expand perform-
ance specifications, but to increase porta-
bility, reliability, ruggedness, and manufac-
turability, while maintaining a popular set

of features (100 MHz, dual trace, delaying
sweep, etc.). The 2300 Series represent a
substantial improvement in field service
instrumentation.
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Television stations, production studios,
development laboratories, and quality con-
trol facilities need precise color picture
monitors to accurately display every signal
detail, whether generated by a conventional
color television camera or by a computer-
based imaging system.

There are two particularly critical places
in the typical television program production
facility where a precise color monitor is
needed. One is the point at which the final
television product is displayed to the execu-
tive responsible for final approval of the
product. The monitor must accurately por-
tray the program material complete with
any compromises or defects that may be
present. A subjective judgment will be
made to determine whether the final prod-
uct is acceptable.

A second critical viewing position is at
camera-control positions where the quality
of the original signal is established. Regis-
tration of the three primary colors at the
camera is a critical task; the highest-
resolution monochrome monitors are often
used in making the initial setup. During pro-
duction, an accurate color display allows
the operator to observe slight adjustment
errors and make corrections while the pro-
duction continues. Only a monitor with ex-

cellent convergence can be used for this
task.

In these, and other applications, the
monitor is the quality standard and it must
be extremely stable so that it is not suspect
when picture defects are noted.

The Tektronix 690SR Color Picture
Monitor is designed for just such critical
viewing applications. With the appropriate
plug-in interface module, the 690SR can
display pictures originating in either a tele-
vision system or a digital image buffer.

Wide-range deflection circuits produce
horizontal scan rates from 15 kHz to
37.5 kHz. The 690SR accommodates con-
ventional interlaced raster display formats
including the standard 525-line and 625-line
television systems and can operate at more
than 1024 lines per frame for computer ap-
plications. Convergence circuits track pic-
ture size, aspect ratio and scan rate to
allow operation in special applications,
with only minor readjustment.

A high quality CRT

The key element in a high-resolution
monitor is a high-resolution cathode ray
tube (CRT). The 690SR uses a delta-gun,
dot-shadowmask CRT with an extremely
fine shadowmask structure; triad spacing is
0.31 millimeter as compared with 0.6 to 0.8
millimeter for home television picture tubes.
There are approximately 1800 phosphor
dots vertically and 1400 horizontally for
each color, in the CRT screen. Efficient
phosphors permit the use of relatively high
brightness levels without sacrificing picture
quality.

Inherent in current CRT technology is a
tradeoff between fine screen structure and
screen uniformity. For those applications
where the operator must be close to the
display screen, the fine screen is less ob-
jectionable than coarser screens. However,
for greater viewing distances a medium
resolution (0.4 to 0.6 millimeter) CRT pro-
vides better screen uniformity and adequate
fineness. The medium resolution CRT is of-
fered as an option for the 690SR.

Easy convergence adjustment
Complementing the high-resolution picture
tube are high-stability convergence circuits.
The specified convergence accuracy is bet-
ter than 0.5 mm; this is the maximum sep-
aration permitted between any pair of red,
green, or blue picture elements (center to
center) and corresponds to less than 0.1
percent of picture height anywhere on the
screen.

The convergence circuit adjustments are
precision potentiometers with large, easy to
set knobs located in a lockable front drawer
where they are easily accessible to quali-
fied personnel. Color coded graphics adja-
cent to each control provide a convenient
reminder of each control function. The con-
vergence signals are matrixed in such a
way that beam motions are approximately
up-down or left-right in response to control
movements. This greatly simplifies conver-
gence setup.

A solid white

One of the major concerns in a television
program production is that the color tem-
perature of “white”” be set accurately and
not drift. Drifting white balance causes un-
natural colors to appear, which is particu-
larly offensive to everyone if skin tones,
snow, or other light-colored areas are in-
volved. It is particularily objectionable to a
sponsor to see the color of the product
distorted in a commercial production.

To reduce the need for white-balance ad-
justment, the 690SR employs beam-current
feedback to offset changes in the CRT cut-
off characteristics as the tube ages. Care-
fully designed video circuits ensure that
tracking errors (differences in video gain
between red, blue, and green channels)
are held to less than two percent. While it
is not feasible today to eliminate white-
balance adjustments entirely, the 690SR
reduces these adjustments to the level of
routine maintenance. Such stability ensures
that if a problem is visible during critical
viewing of a television production, it is not
likely to be in the picture monitor.

Modularity for configurability

Modular construction makes it easy to con-
figure the 690SR for different applications.
The plug-in interface module processes the
video input signals for application to the
mainframe.

In the typical display of computer-gener-
ated pictures, a simple RGB interface can
be used because no color decoding is re-
quired. In this case, the red, green, and
blue signals are buffered and conditioned
to drive the 690SR mainframe inputs. Sync
separation is provided to obtain the horizon-
tal and vertical triggers needed by the
mainframe scan control circuits.

The NTSC television signal decoder is
the first interface available for the 690SR.
The NTSC decoder contains sync separa-
tion, color decoder, horizontal AFC, and
other functions necessary for operation of

13



VIDEQ
AMPLIFIER

RASTER
CONTROL

CONVERGENCE ~ REE

SUPPLY

VERTICAL
DEFLECTION

TOP & [
BOTTOM PIN
CORRECTION

HORIZONTAL
DEFLECTION

CONVERGENCE
OuTPUT 3

HIGH VOLTAGE
POWER SUPPLY

. Atg TS 3 £} AT

Fig. 1. Simplified block diagram of the 690SR. Convergence and high voltage circuitry operate independently of the horizontal and vertical deflection

circuitry to facilitate operation at different scan rates and scan sizes.

the 690SR as a television picture monitor.
The interface module also includes front
panel controls unique to its function.

A simplified block diagram of the 690SR
is shown in figure 1. The video ampiifier
module contains identical amplifiers for the
red, blue, and green channels. Each has
controls for low-level and high-level white
balancing. A feedback loop in each channel
senses CRT cathode current once per dis-
played field. This signal maintains the black-
level currerit at a preset level, thus minimiz-
ing changes in color balance caused by
CRT aging.

The video response is matched to the
high-resolution CRT to minimize moire pat-
terns caused by out-of-band signals bealing
with the sampling frequencies produced
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when the CRT beam scans the individual
phosphor dots.

Two factors — greater information densi-
ty and decreased scan times — require a
video bandwidth about five times greater
than that of conventional television systems.
The CRT in the 690SR can display about
1000 picture elements (pixels) per scan line
as contrasted with the 400 to 500 pixels
per scan line of conventional television.
(This resolution is not the same as the
number of phosphor dots along a horizon-
tal line, as the CRT beam spot size is larger
and determines resolution.) In addition, the
line-scan time can be shortened from the
coriventional 52 microseconds to as little as
20 microseconds, to achieve a cormnparable
improvement in vertical information density
wilhout fiicker. The video amplifier has a

{ORIZO|

CONVERGENCE
YOKE

2t i

Gaussian response with a risetime or fall-
time of about 14 microseconds, which cor-
responds to a minus 3dB point of 24 MHz.
The transient response is essentially the
same for large or small signals. The out-
put stages of these amplifiers utilize dual
MOS power FETs in a single-ended class A
configuration.

In the 690SR, wide-bandwidth video re-
sponse and fast scan rates combine with
the beam profile and fine-pitch phosphor
pattern of the CRT to provide a display
system suitable for both conventional tele-
vision and high-definition television and
graphics.

The raster-control module
The 690SR operates over a wide range of
vertical and horizontal scan rates. The key



to wide-range operation is the raster-control
module. This module translates the interval
between successive horizontal and vertical
triggers, and horizontal and vertical size in-
formation, into signals that represent linear
displacement across the CRT screen. From
this positional information, all scan and cor-
rection signals are developed. This unique
architecture minimizes readjustments for
scan size, linearity, convergence, and dy-
namic focus when scan rates are changed.

The conversion from time to position
across the CRT screen is accomplished
using horizontal and vertical constant-
amplitude ramp generators. The ramp
generators are unique in that ramp ampli-
tude is independent of control signal fre-
quency. Further, the slope of the ramp is
changed without changing the integrator
timing components.

The basic ramp generator circuit (figure
2) consists of a comparator, Miller integra-
tor, switching transistor, and peak detector.
A control signal (the horizontal retrace
blanking pulse) turns on the switching tran-
sistor, thereby discharging the integrator
capacitor. The high period of the control
pulse corresponds to the horizontal retrace
time. When the control pulse goes low, the
transistor turns off and the Miller integrator
produces a linear ramp whose amplitude is
determined by the reference voltage set-
ting. The slope of the ramp is determined
by the values of R; and C; and the output
voltage of the comparator. The peak detec-
tor detects the peak voltage of the output
ramp. If the peak voltage is less than the
reference voltage, the output voltage from
the comparator decreases, increasing the

current flowing through the Miller integrator.

PEAK DETECTOR

AAY)

INTEGRATOR
B(B")

Fig. 2. Simplified schematic of ramp generator with constant-amplitude output independent of
control signal frequency. Output of peak detector provides feedback signal to adjust Miller in-
tegrator current as needed to maintain constant output amplitude.

The slope of the ramp increases to restore
the peak of the ramp to the level of the
reference voltage. Thus, the amplitude of
the ramp is determined by the reference
voltage, independent of the control pulse
frequency.

The raster control module also provides
pincushion and tilt correction signals to the
horizontal and vertical deflection modules.
A dynamic focus signal, sent to the high
voltage supply, maintains a sharp focus
over the entire screen. The horizontal and
vertical ramp signals are sent to the con-
vergence module to provide beam-position
information.

The convergence circuits

The convergence circuitry uses low-power
active technigues with quality potentiome-
ters and other components to ensure stabil-
ity and reliability. The convergence module,
located in the front drawer, provides the
precision correction waveforms, and the
convergence output module provides the
driving signals for coils in the convergence
yoke.

The convergence circuitry drives two
sets of coils — one set in the main con-
vergence yoke, and a second set in an aux-
iliary yoke. In the main convergence yoke,
the red and green coils control both the
horizontal and vertical positions of their
respective beams. The blue coil, however,
is positioned such that it controls only the
vertical position of the blue beam. Horizon-
tal positioning of the blue beam is con-
trolled by the blue-lateral signal, which
drives the auxiliary yoke. The coils in this
yoke are oriented such that the magnetic
field created provides horizontal positioning
of the blue beam but has little affect on the
red and green beams (figure 4).

Four convergence-correction signals are
generated to drive the convergence cails:
red convergence, green convergence, blue
convergence, and blue-lateral convergence.
Each of these four signals is a combination
of convegence-correction signals. The pri-
mary correction signals consist of essential-
ly half parabolas, which, when their ampli-
tude and polarity are adjusted, change the
convergence linearity of a given area of the
display. The secondary convergence-
correction signals consist of “B" shaped
and “S" shaped waveforms that affect the
symmetry top-to-bottom and left-to-right.

The convergence matrix is made up of
divider networks that allow various magni-
tudes of the signals to be picked off to
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kV to the CRT, along with other CRT oper-
ating potentials. Output ripple is synchro-
nized to the horizontal frequency. The dc
(static) focus output is adjustable independ-
ent of the anode voltage.

A rugged design
Another unusual feature of the 690SR is its
physical design. The 690SR is designed to
withstand severe shock and vibration, and
relies mainly upon convection cooling to
maintain conservative operating conditions
for its electronic components. The structure
and cooling method are interrelated, with
the structural supports also serving as ther-
mal guides to direct convection heat flow.
The 6908SR is listed under Underwriters
Standards 478 and 1244 (Pending, June
1981), certified per Canadian Standards
Association bulletin 556B, and complies
with European safety standards IEC 348
and IEC 435.

Summary

The 690SR is a new type of high perfor-
mance color monitor for professional use in
television production facilities and develop-
ment laboratories. It has features which

make it adaptable to both conventional

Fig. 3. The 690SR Color Picture Monitor is a high-resolution monitor suitable for both color tele- television and digital computer environ-
vision production and digital imaging applications. The Option 01 NTSC decoder interface is in ments, and has builtin potential for expan-

use in this photo.

drive specific convergence coils. These in-
dividual signals are then summed to create
the four convergence-correction signals.
The signals are matrixed in such a way that
beam motions are generally up-down and
left-right in response to control movements,
thus greatly simplifying convergence setup.

The deflection amplifiers

The horizontal deflection module contains
resonant-scan circuits for driving the hor-
izontal deflection yoke windings. Unlike
many display deflection circuits, the 690SR
horizontal deflection circuits operate in-
dependent of the high-voltage supply, thus
avoiding compromises in deflection per-
formance and making the high voltage (and
picture size) independent of scan rate.

The vertical deflection module contains a

sion to serve these rapidly merging tech-

linear power amplifier to drive the vertical nologies for years to come.
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