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As space age technology advances,
oscilloscope users have been asking
for CRTs with increased bandwidth
and writing speed, and with larger
displays. Tektronix’ latest answer to
this problem is the T7100 CRT. This
CRT employs a mictochannel plate
to increase writing speed, and uses
distributed delay line deflectors in
both the horizontal and vertical
axes to provide bandwidths well in
excess of the specified 1 GHz scope
bandwidth (Fig. 1). The mi-
crochannel plate acts as an electron
beam amplifier. With a gain of over
10,000, the microchannel plate can
make a low intensity electron beam
appear very bright at extremely
high writing speeds. With the mi-
crochannel plate (MCP) placed close
to an aluminized screen, an addi-
tional high voltage of 10 kV applied
to the screen further enhances the
trace brightness without causing
excess beam spreading.

Excess bandwidth is needed in
the CRT because it is the last in a
series of components, all of which
individually have bandwidths well
in excess of 1 GHz. When connected
in series, however, succeeding
components slightly degrade the
input signal, so that a 1 GHz system
results. Thus, the amplifier driving
the CRT deflection plates also has a
very high bandwidth, but because
of power limitations, it can provide
only eight volts to the CRT for a full
screen display. Eight divisions of
vertical scan thus require a CRT
sensitivity of 1 div/volt. The sen-
sitivity required for the CRT used in
the 500 MHz 7904 scope was only
0.33 div/volt. Thus, a 3X increase in
CRT sensitivity is required for a 1
GHz system. This increase should
be accompanied not by a loss, but
(hopefully) by a gain in display res-
olution.

In addition, for user convenience,
the display must be large and have
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extremely good characteristics such
as linearity and geometry. A dis-
play with good linearity will have a
linear relationship between the spot
deflected on the screen and the
voltage applied across the deflector
pairs. A display with good geometry
will present raster lines as straight
lines without any wiggles or bow-
ing. Thus, when testing the CRT, an
electronically generated raster can
be superimposed in coincidence
with the CRT graticule in both the
horizontal and vertical directions.

Scan Expansion Methods

Scan expansion schemes such as
the domed mesh and quadrupole
lenses are known techniques, but
are not necessarily the best designs
to obtain optimum CRT com-
promises. For instance, the domed
mesh provides scan expansion
through the application of a high
voltage field, but optimum mi-
crochannel plate gains are achieved
when the electrons enter the chan-
nels at a relatively low voltage. In
addition, the electron beam inter-
cepts the mesh, generating secon-
dary electrons which, when multi-
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plied by the channels, could cause
a ghost spot to appear as bright as
the main beam.

A quadrupole scheme, while eas-
ily analyzed mathematically, would
require the addition of other quad-
rupoles to produce a round spot.
Placement of the extra quadrupoles
sets limitations on deflection plate
length needed to generate a large
scan envelope in order to minimize
spot magnification. In addition, it is
highly desirable that the expansion
lens (with its high magnification
factors that are critical for align-
ment) contribute as little as possible
to CRT misalignment rejects. The
electron gun, with distributed delay
line vertical and horizontal deflec-
tors. and the CRT bulb, with the mi-
crochannel plate (MCP), are some-
what expensive, and additional
costs because of CRT misalignment
could raise production costs prohibi-
tively. Therefore, it is desirable that
the lens incorporate some features
to correct for problems of slight
misalignments in the CRT gun or
expansion lens.

Box Lens Description
The box lens, shown in Fig. 2, is a
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Fig. 2. The box lens can pass and
magnify a large scan envelope, and
enables convenient correction of
bowing and keystone problems.

good answer to the requirements.
The box dimensions are made as
large as practical in order to pass a
large scan envelope and yet to gen-
erate a short focal length without
distortion for a large 6.8 x 8.5 cm
display. Functionally, the box lens
is the same as a quadrupole, with a
positive focal length in the vertical
axis and a negative focal length in
the horizontal axis. In addition, it
can generate, without distortion, a
wide range of focal lengths in the
horizontal and vertical axes by ap-
plying different voltages to the lens
electrodes or by changing the po-
sitions or radii of the semicircular
arcs.

For any given focal length, the
box lens can pass and magnify a
larger scan envelope than a quad-
rupole. This allows the centers of
horizontal and vertical deflection to
be greater distances from the lens,
and long deflection plates can be
used to achieve high deflection sen-
sitivity. If necessary, a quadrupole
could be placed between the hori-
zontal and vertical deflectors to fur-
ther enhance the vertical scan. The
voltages and the “adjust” features
in Fig. 2 will be discussed later.

One might ask how to obtain a
round spot by passing an electron
beam through the box lens with the
scan diverging in one axis and con-
verging in the other (Fig. 3). The as-
tigmatism lens (Fig. 1) and electron
beam interact to produce a real line

image in the vertical axis, while at
the same time producing a virtual
line image in the horizontal axis.
The box lens then reimages these
lines to appear as a round spot on
the MCP screen. Approximately 40
volts of negative bias are required
on the astigmatism control to pro-
duce the line image separation.
Apart from this small bias voltage,
the focus and astigmatism controls
required to obtain a best-focused
spot are the same as most classical
electrostatically deflected CRTs.

Optical Analogies

Using simple light optics formulas
for thin lenses (Fig. 4). one can see
how crossover magnification or total
spot magnification (Mts) is related
to scan magnification (Mscan).

Mbox =

Btana

where Mbox is the box lens mag-
nification.

Mscan = :
Ztan o

Therefore, we get

BMbox = = ZMscan.

tan

Total crossover or spot magnifica-
tion is the product of the focus lens
magnification and the box lens
magnification.

Mts = Mfocus Mbox.

Mts = ( —E%E)Mbox

Finally, if A is given a value of
unity, total magnification is

Mt = ZMscan +EMbox.

Mt = —2— + EMbox.

tan o

where Mt represents a normalized
Mts.

If E could be made zero by
superimposing the center of focus
over the center of deflection, then
spot magnification would be made
directly proportional to scan mag-
nification and independent of CRT
length for any desired scan size, de-
flection sensitivity and gun voltage.
Spot size would then be directly
proportional to half-scan size (D),
and inversely proportional to the
half-scan angle (a) generated by the
deflector pairs, where the angle « is
small enough to be considered
equal to its tangent. If twice the de-
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Fig. 3. The box lens reimages to a round spot

the vertical and horizontal line
images produced by the astigmatism lens.
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Fig. 4. The box lens enables scan expansion on the screen, while keeping the
length of the CRT reasonable (21 inches).
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The Chromaser™ Micrqbeam"‘ System,
for the first time, incorporates a
specially designed coaxial flashlamp
dye laser with different ty;ges of
microscopes. The purpose is to pro-
duce microbeam irradiation of
specimens such as micro-organisms,
organelle, centrioles and bacteria.
The various systems offered use a
coaxial flashlamp dye laser that has
been modified and redesigned for use
by biologists and other non-laser-
oriented persons.

The Chromaser™ systems are sim-
plified to a two-button operation with

variable energy control.  They in-
corporate a foot pedal flrm% switch
which allows the biologist to have

complete freedom with his hands for
manipulating his specimen under the
microscope.
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] I lasers,
which operate at a fixed wavelength,
the Chromaser™ produces light which
can be continuously tuned over the en-
tire visible spectrum.

The 'Microbeam"‘part of the system
consists of different types of
microscopes that have been fested for
laser compatibility.

Sun-Technology, using the Chromaser

I tunable dye laser (which has a

capability of 100mj output energy)

went through a testing qhase to deter-
]dio

: ™
One Chromaser Microbeam System
which uses a dissecting or stereo-

mine which general ogical resear- microscope has the _capability of
ch microscopes would be compatible roducing microbeam diameters down
with highly intense laser beams. Fo 100 microns at 1%’' working distan-
ce and a microbeam diameter of
0.3mm at the end of a 4" operatin
distance. When a general researc
microscope is used with 100X ob-
jective and Nomarski optics, 0.3
micron holes have been drilled into 1
micron bacteria.

Sun-Technology chose microscopes

which were found to have optics that

were compatible with highly energetic

laser beams and had sufficient quality
as to not affect the wave front of the
passing beam.

The_Migrobeam"‘s stems also have a modification to insure that no laser in-
tensity is scattered back through the eyepiece and into the operator’s eyes.

With the helium-neon laser target indicator that comes with the Chromaser"
laser, the operator can align his specimen, hold it in alignment and follow its
motions before and during discharge of the Chromaser™ " All neceSSar¥ optics
are modified to the microbeam microscopes and maintain a constant focus of
the laser psam at the objective, no matter what the wavelength is of the
Chromaser.

For complete information, please call or write to:

Box 210

New Durham, N.H. 03855 603/859-7110
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flection voltage were available for
scan, then tan a would nearly dou-
ble and spot size could be half.
Likewise, if scan size were doubled,
then spot size would also double.
Since the vertical deflectors are
usually the critical deflector pair for
sensitivity and bandwidth, E is
usually chosen small, but not zero.
Thus. the box magnification, Mbox,
always adds to the spot magnifica-
tion.

For example, in the T7100 CRT,
Z = 13.4" and Mscan = 4.5, so that
ZMscan = 60.3. From Fig. 4 we get

where F is the focal length of the
box lens in the vertical direction.
With C=6", F=0.6", and E = 2,
we get EMbox = 18, and Mts = 78.3.

If no scan expansion lens is used,
Mscan = 1, and the required value
of Z is 60.3". With E = 2.0", we then
have Mts = 62.3. Thus. for any
given value of anode length A, the
spot size, neglecting the effect of
spherical aberration and space

charge, would be 0.8 times as large
if no scan expansion were used. To
obtain the same scan. however, the
CRT would have to be over five feet
long. Thus, to keep the value of
Mbox and resulting spot magnifica-
tion small, the CRT is made as long
practicable (21 inches).
Low-bandwidth, electrostatical-
ly-deflected CRTs, which do not
have high deflection sensitivity or
scan expansion lenses, are usually
about 16" long with Mts equal to 12.
Thus, the microchannel plate CRT
would have over 6.5 times the spot
size of a conventional CRT with
equivalent anode length if it were
not for the crossover demagnifica-
tion lens employed in the first
anode section. This lens forms a
second crossover which, after being
demagnified about four times, is
reimaged by the focus and astig-
matism lenses (Fig. 1). The demag-
nifying lens, however, creates a
highly divergent beam, the current
of which is mostly blocked out by
the current-limiting aperture- in the
anode section. Since only a small
beam current is required to excite

the microchannel plate. a bright
display with a high writing speed is
still the result.

Electron Optics

Plots of the equipotentials and
trajectories as they lie along the
center horizontal plane of the box
lens would show how the scan en-
velope is magnitifed and spread by
the lens, and would show how
nicely the equipotentials along this
plane follow generally the circular

_arcs described by the electrode

gaps. This makes lens design sim-
ple when trying to determine the ef-
tect of the circular arcs on the hori-
zontal scan. A wide range of hori-
zontal focal lengths can be de-
signed in this manner without dis-
turbing the vertical scan, since it
stays close to the axial plane and
crosses this plane along the line
shown (Fig. 3).

The vertical scan envelope be-
haves as if it were positioned inside
a cylindrical lens. The trajectories
are slowed and spread as they enter
the low voltage portion of the lens
(550 volts). See Fig. 2 and Fig. 3.

The UDT 181 PIC Radiometer/ Photometer offers a
unique and innovative concept — the Plug-In Calibration
(PIC) module — which extends its versatility far beyond
available radiometer/photometer instruments.

With multiple PIC modules and the universal detector
head, unlimited metric and/or customary calibrations are
possible—-—plus an R&D module is available for user
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programmable calibrations.
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*Plug-In Calibration

include:

Nothing can measure it like UDT’s

The UDT 181 PIC Radiometer/ Photometer features

¢ Unique Plug-In Calibration module, each with two
channels and programmable decimal points

« Universal silicon detector head for all measurements
* Power and energy capability
* Seven full scale decades of sensitivity
 Portable and AC operation

Downtime for recalibration is eliminated by using a
backup detector head and PIC module with your 181
instrument while other channels are being factory
calibrated to NBS standards. For additional information on
this exciting new concept, write for Brochure 9K-008 or
call us direct.

UNITED DETECTOR TECHNOLOGY, INC.

2644 30th Street, Santa Monica, California 90405
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Then, under the influence of the
high voltage (4200 V) electrode, they
accelerate and cross over the center
horizontal plane to be projected onto
the screen.

Feasibility of the box lens was
demonstrated in a working CRT be-
fore the lens was modeled on the
computer. Because the lens was
chosen to have a box shape, it was
a simple matter to cut semicircular
arcs into a metallic box and mount
itonto a CRT gun.

Computer Modeling

Designing the lens, using actual
working models, proved to be easier
than computer modeling. In less
than six months and at a cost of less
than $3000, the lens described in
this article was shown to be feasi-
ble. In retrospect, it was the proper
choice of box dimensions that made
the project a quick success. Had any
other dimensions been chosen,
curves other than semicircular arcs
would have been necessary to ob-
tain an acceptable display. A box
as large as possible which would
still fit comfortably in the round por-

* Use of single or multipie segment LEDs

* Direct readout with sensitivity of 1.0g candela

* Accuracy within 5%

* Stability and repeatability better than 1%

* Seven full scale decades of linearity

From expediting design — to ensuring product integrity by
the manufacturer — to application evaluation and incoming inspection
by the end user, the UDT 111L is the ideal instrument. For detailed
information, write for Brochure 9K-001 or call us direct.

UNTED DETECTOR TECHNOLOGY, INC.
2644 30th Street, Santa Monica, California 90405
Telephone (213) 450-8585 Telex: 65-2413

European General Office:

tion of the CRT bulb behind a 5"
taceplate was needed. Various cir-
cular cuts were tried and a wide
range of voltages applied in an ef-
fort to determine a working pattern
for semicircular electtode shapes.

The lens was eventually modeled
on the computer, resulting in a re-
duction of the number of electrodes
from nine to four, although nine
electrodes are used in the T7100
CRT for correction of misalignment
problems encountered in the man-
ufacture of the CRT.

Because of two-fold symmetry (X
and Y), only one fourth of the vol-
ume of the lens needed to be con-
sidered for the solution of the La-
Place equation to determine the po-
tential inside the lens. A total of
27,742 (97 x 26 x 11) computer mem-
ory locations were required to
model the lens. Trajectories were
then run through the model which
gave 1% accuracy. A Liebman pro-
cedure with an overrelaxation factor
was used to iterate the array to re-
duce the greatest voltage difference
from the preceding iteration to less
than 0.01%. Using a CYBER 73 com-

Nothing can measure it like UDT’s

LED
MEASUREMENT
SYSTEM

The UDT 111L LED Measurement System is a dedicated
instrument capable of tetal flux measurement of any green,
yellow or red LED in terms of luminous intensity.

The UDT 111L LED Measurement System offers:

puter, less than 90 CPU seconds
were required to obtain the proper
electric field for each design. The
trajectory calculation took 15 CPU
seconds each.

Display Distortions

Fig. 2 shows how differential
voltages are applied across the
elements to correct for vertical line
bowing and vertical line key-
stoning. The keystone problem oc-
curs because of either misalignment
of the horizontal deflector pairs or
misalignment of the electron gun
and box lens. Normally, in CRTs
with solid deflection plates, it is
possible to adjust the side-to-side
plate spacing to be parallel after
gun fabrication. But, in the case of
the T7100 CRT, distributed delay
line horizontal deflector pairs are
comprised of 30 individual seg-
ments, and such adjustment is im-
practical.

Facing the CRT screen (Fig. 5).
one can see how random mis-
alignment of the horizontal deflec-
tors can cause the keystone prob-
lem. For example, when the beam is

UDT-UK 15 South Street, Farnham, Surrey, England GU9Y 7QU Tel: 0252 72 4907
Sale Offices Telephones: CANADA: 519-743-8571; DENMARK: (01) 744466; FRANCE: 657- 12-81
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KEYSTONE GEOMETRY RASTER
PATTERN DISPLAYED
ON CRT SCREEN
END VIEW OF
VERTICAL SCAN

MOTION IN CENTER
OF MISALIGNED
HORIZONTAL DEFLECTION

PAIRS. BEAM COMING

OUT OF PAGE.
MISALIGNED HORIZONTAL
DEFLECTOR PLATES
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Fig. 5. The keystone effect is corrected by differential
voltages applied across elements of the box lens (Fig. 2).
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Fig. 6. Vertical nonlinearity of the display, in percent, is
depicted as a function of position of the beam spot on the
screen, in scale divisions. Optimum condition is
achieved with 550 volts on the egg-shaped electrodes of
the box lens (middle curve).
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scanned to the lower half of the
screen, it passes through the closer
spaced portions of the deflector
pairs where deflection sensitivity is
greater. Conversely, when the beam
is scanned to the top half of the
screen, a smaller deflection sen-
sitivity is the result because of the
wider deflector pair separation. The
misalignment shown in Fig. 5 is
exaggerated for pictorial purposes,
but in an actual CRT the side-to-
side misalignment need only be
0.0005" to produce an objectionable
amount of keystone distortion.

The vertical line bowing problem
is a result of the imperfect align-
ment of the lens with the electron
gun. With high magnification val-
ues, small misalignment problems
are magnified and show up on the
MCP screen as slightly bowed lines.
Normally this slight bowing is ac-
ceptable if it occurs at the edge of
the screen; at screen center, how-
ever, where greatest accuracy is
expected, no perceptible bowing is
tolerable.

Vertical linearity is depicted in
Fig. 6 as a function of voltage on the
egg-shaped 550 volt electrodes
(middle curve). Ideally, the CRT
should produce a display so that
one volt applied across vertical de-
flectors will deflect the scan exactly
one division. In the case of the
T7100 CRT, when the beam is scan-
ned up or down 2.5 divisions, a 2%
nonlinear expansion occurs, so that
an additional volt will actually
change the scan 1.02 divisions.
Nonetheless, this is still a very ac-
ceptable nonlinear characteristic,
since the scan would have to
change 1.05 divisions to be notice-
ably objectionable.

At the edge of the scan (+ or —4
divisions), a one-volt differential
across the deflectors will change
the scan exactly one division (0%
nonlinearity). If the voltage on the
egg-shaped electrode is changed
from 550 volts to 680 volts, a one-volt
change on the deflection plates will
change the scan 1.08 division (8%
nonlinear expansion) at the edge of
scan (+ or -4 divisions). If the volt-
age is changed from 550 volts to 500
volts, the deflection will change 0.92
division (8% nonlinear compression)
at the edge of scan.

Thus. vertical linearity at the
edge of scan can be accurately con-
trolled, and can be made to com-
pensate for any nonlinearities in the
output amplifier simply by adjust-
ing the voltage on the egg-shaped
electrode. Further changes on this
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electrode will significantly alter the
total scan magnification.

In the horizontal axis, where tim-
ing accuracy is extremely impor-
tant, the lens is tailored to have a
2% expansion value at the edge of
scan to compensate for a 2% com-
pression in the output amplifier
(Fig. 7). Thus, the horizontal timing
accuracy provided by the combina-
tion of CRT and output amplifier is

Trope!'s coatings stand up to the rigors of the

most demanding applications.

Our proven experience in precision optics
from the near UV to the near IR is supported by

providing:

e High efficiency multilayer AR coatings for

broad-band coverage.
® V-coats for laser and narrow-band sources.
® High reflective dielectric coatings.
® Single layer MgF:.
* Enhanced metal coatings.
e Custom design and technical assistance.

You can expect durable coatings, stringent
quality control, fast turn-around and very com-

petitive pricing.

extremely good.

Box Lens Versus Mesh Lens
Operation at High Voitage

Another feature of the box lens is
that the final lens voltage can be
raised to as high as 24 kV without
significantly altering the scan ex-
pansion or display characteristics.
This permits the lens to be used in
place of a domed mesh expansion

Notice that our curves show excellent resuits
on high and middle index glass as well as on the
usual low index glass. -

WA T 1 R

S i i

:..'__ ,,,,,, PN —_——— e e

2 —BK 7 Ny 1817 |

2 o

P o ——SF N 1680 A

&

ax

i) -

M -

fou. i —
oo ea 3 sa em = s

WAVELENGTH N MICRONS
Shield your optics against sub-standard coat-
ing facilities. Trust your investment to a com-
pietely integrated optical house. Call or write
Tropel. Inc., 1000 Fairport Road, Fairport, N.Y.
14450, (716) 377-3200.

TROPEL

A COHERENT Subsidiary
Circle No. 32

33



SSRL

QUALITY IN OPTICS

OPTICAL TEST
STATIONS:

Mod #LUPI-110
Interferometer,
in Hindle Test

® S mw, 0.63u laser
® 3 axes lens vernier
@ Variable fringe magnification

® f/1tof/12 ... 20 ft. max. path A

+ Mod #10XC10100- SF

VISIBLE—CO, REFLECTIVE
COLLIMATORS ¢ o5 . 200mm

® A/5 @063 diameters
899% R ® Water-cooled
® 2x - 100x ® Spatial-filtered

IR LENSES ...
GERMANIUM/
SILICON

® IRWS48B . . .
3.2"fl, f/0.8-11, 11° fov Mod

® IRWS 2,8. #IRWS 48
3.0"fl, f/1.5-18, 12° fov

® IRWS285 ..
1.7* fl, f/0.85-8, 21° fov

OFF-AXIS PARABOLAS
l . & MOUNTS @ 4-100" fI's.

e := =~
—

Mod #0APOB-02-02

&

CEP 74 FOURIER SYSTEM
® 6" dia, f/3 fourier ienses f/5
collimator . . liquid gate,
camera back . .. 15 components
® FX15/5F System, 3" dia, /5, A/8 @
0.63u/1.5" dia. spatial Filter,
2 lenses and Manual

Circle No. 33

Fig. 8. Horizontal and vertical trace
widths are shown as functions of grid
drive voltage. A round spot is
achieved at 20 volts, an optimum
setting for normal viewing.

lens without a microchannel plate.

The only disadvantages of the box
lens are that it is more bulky than
the domed mesh and, when used
without an MCP, the voltage ap-
plied to the forward bowtie-shaped
electrode must be higher than the
screen voltage. In addition, it is dif-
ficult to maintain a high voltage
across the electrode gaps unless
special precautions are taken to
minimize field emission.

When operated at high voltage,
however, the box lens offers a per-
formance advantage over the
domed mesh because it eliminates
beam intercept and diffraction
caused by the mesh. In addition, the
scan magnification factor is about
two times what can be achieved
with a mesh. Thus, the deflection
plates can be more widely sepa-
rated with less flaring, or the gun
can be operated at a higher voltage
without losing deflection sensitivity.
This permits the passing of a larger
beam envelope, with reduced space
charge eftects, a feature used to im-
prove trace brightness and/or re-
duce spot size. The results show
that, for equal deflection sensitivity
and screen high voltage, the spot
size produced by the box lens is
consistently two-thirds the size of
that produced by the mesh lens for
all beam currents.

Fig. 8 shows the variation of hori-
zontal and vertical trace width as
the grid drive is increased. Space
charge, coupled with the difference
in positions of the horizontal and
vertical line images generated by
the focus and astigmatism controls
(Fig. 1), results in the horizontal spot
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size growing faster than the verti-
cal. In this case, the spot will be
round at 20 volts drive, which is
probably the most used drive set-
ting for normal viewing. Further in-
creases in drive voltage (trace
brightness) will cause the spot to
become eliptical with the long axis
in the horizontal direction.

A quadrupole, if it were to be in-
serted between the horizontal and
vertical deflection pairs to enhance
vertical scan, would reduce the
beam convergence in the vertical
direction, and would offset the ten-
dency for the spot to be elliptical as
grid drive and space charge are in-
creased. In the T7100 CRT no quad-
rupole is necessary, because only a
small amount of beam current is re-
quired to operate the microchannel
plate and because the gun is not
operated in a space-charge limited
mode.

Conclusion

If bulkiness is not a problem, the
excellent display characteristics,
the simplicity of design, the ability
to generate a variety of different
focal lengths in both the horizontal
and vertical axes, and the ability to
correct for gun-lens misalignment
problems should make the box lens
highly desirable for oscilloscope
displays that need high magnifica-
tion factors. Thus, the box lens, al-
though tailored for use in a high
bandwidth microchannel plate CRT,
should find, because of its versatil-
ity, some acceptance as a scan ex-
pansion lens for other CRT designs,
both with and without post-de-
flection acceleration.
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