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CCD SENSORS GIVE

LENSES SOMETHING

TO SHOOT FOR.

IN

he charge-coupled device

{CCD) has revolutionized

consumer and professional
video cameras. CCDs eliminate geo-
metric distortion and provide uni-
form light transfer over their sur-
face. They are morereliable, lighter
and smaller, consume much less
power, and are less susceptible to
picture degradation when shoot-
ing bright objects. The CCD made
truly lightweight professional
camcorders possible, and it has
eliminated some of the most oner-

ous problems of tube cameras.
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Figure 1. The new standard for cromatic aberration in #s-inch 3-CCD cameras defines a
reference lens and-pattern projector for positioning and fixing the CCDs to the prism.

However, the CCD camera is a
challenge for lens manufacturers,
because, unlike the tube camera, it
cannot be adjusted to match its
characteristics with those of the
lens. The lens must be superior in
every respect. and accommodate
the CCD's unyielding demands.

Sealed at the factory

Before the CCD was introduced,
professional cameras employed
three pickup tubes, along with
deflection yokes and associated
electronics: The procedure for
mounting a lens to these cameras
required adjusting the back focus
(by tweaking the physical distance
between each pickup tube and the
lens) to match lens characteristics,
and adjusting the camera registra-
tion of the red and blue tubes.
These steps minimized longitudi-
nal and lateral chromatic aberra-
tion, which are inherent charac-

teristics of zoom lenses.

The requirements of CCDs are
much different. Their position on
the prism is fixed at the factory and
cannot be adjusted for centering,
rotation or image size, Therefore,
the lens must minimize longitudi-
nal and lateral aberrations.

Toward a standard
With the tube camera, lens manu-
facturers didn't need uniform stan-
dards, because you could make
compensations in the camera for
differences among lenses. The CCD
has changed all of that, and users
pleaded with lens and camera
manufacturers for years to produce
a standard for lens compatibility. =
After months of negotiations,
NHK (the Japanese national net-
work) and lens and camera manu- .
facturers reached an agreement on
a standard optical reference for #/s--
inch 3-CCD cameras. (See Figure
1.} This standard allows optics
manufacturers to make a reference
lens and pattern projector for posi-
" (Continued on page 26)
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. Figure 2. Lateral chromatic aberration in a lens designed for tube cameras (A) and for CCD

cameras (B) shows that performance of the CCD lens is better throughout most of the zoom

range.
{Continued from page 22)

" tioning and fixing the CCDs to the

prism. (See Table 1.)
This reference lens has a fixed

~ focal length with minimum lateral

chromatic aberration. Longitudi-
nal chromatic aberration is manu-
factured into the reference lens
according to the standard. To in-
crease the accuracy of the focus

position, the aperture number is
set between 1/1.4 and /1.8, in ac-
cordance with the refractive index
of the glass.

Aberrations
A camera can perform no better
than the lens attached to it; the
lens ultimately determines cam--
era performance. One principal

-20 (A) obstacle to high performance is
chromatic aberration. There are
WIDE » TELE two kinds of chromatic aberration:

longitudinal and lateral. Efforts to
minimize them consume great
amounts of manufacturers’ re-
search and development budgets.

Light at different wavelengths
travels through glass at different
intervals, much like RF energy in

air. Because of their varying fre- .

quencies, red, green and blue im-
ages form at different points on the
camera’s focal plane. This is longi-
tudinal chromatic aberration, and
itchangesslightly asthelens zooms
from wide angle to telephoto. Lat-
eral chromaticaberration is caused
when various wavelengths of light
are magnified differently by the
lens elements. It is manifested as

{Confinued on page 30)
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"Hollywood Edge...
the best sound
effects library,

without a doubt!”

Oliver Stone, Director

{Born on the Fourth of July,
The Doors. Platoon)

"Excellent!”

Martin Scorsese, Director

(GoodFella's, Raging Bull,
Taxi Driver)

"Nothing else even
comes close!”

Shadoe Stevens

(American Top Forty)

Listen for yourself =

If you buy sound effects
for your Company,
| Call us for a
FREE SAMPLE DISC.

(That's over 80 production-
ready effects, FREE!!!

Call Toll Free
800-292-.3755

In CA Call
213-466-6723

Comprehensive sound effects
packages starting under $300,

7060 Hollywood Bivd. » Hollywood, CA 90028
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Figure 3. Geometric distortion is a more critical specification forlenses used withCGD cameras,
because, unlike tube cameras, the CCD camera inherently has no distortion.

{Continued from page 26)
changes in image size; in the cam-
era, it appears as misregistration.
When designing lenses for CCD
cameras, you must minimize aber-
rations to fall within the tolerances
set by the new standard. To meet
this standard, manufacturers have
needed a completely new approach
to lens design, as well as the use of
new materials for optical elements.
Currently, two types of optical
material — artificial fluorite and
extraordinary dispersion (ED)glass
— meet the criteria for high-qual-
ity optical use. CCD cameras re-

~ quire lenses with incredibly tight

optical and mechanical tolerances
to improve overall optical perform-
ance. Even the slightest deviation
from the specified tolerance can
ruin an otherwise superb optic.

Tuhe cameras compensate eclec-
tically and mechanically for indi-
vidual lens characteristics. GCD
cameras offer no such adjustment,
so lenses must have much tighter
mechanical tolerances. While ad-
vances in lens manufacturing tech-
niques continue, the best CCD
lenses use every bit of today's pre-
cision machining capability.

For example, consider the chro-

" matic aberration when zooming an

ENG tube lens and a CCD-compat-
ible ENG lens. (See Figure 2.) The
fluctuation of the aberration and
its absolute value at the mid point
in the zoom range are considerably
different. A tube-camera operator
can match camera and lens per-
formance, but a CCD-compatible
lens must maintain image devia-
tion of less than 6 for a 400,000-
pixel CCD with a 12y pixel pitch te
avoid apparent registration error.

More hurdles for lenses
Besides chromatic aberration, the

‘manufacturer of CCD-compatible

lenses must deal with other prob-

lems. For example, modulation
transfer function (MTF), which
defines the frequency response of
the lens, varies in tube cameras
from the center to the edge of the
picture. The MTF of CCD cameras
isthe same in allareas of the image
plane, placing the onus on lens
manufacturers to achieve the high-
est and most linear MTF,

The scenario is similar for geo-
metric distortion. CCDs have no
distortion, but lenses do. (See Fig-
ure 3.) Lens manufacturers strive -
to maintain a distortion level that
falls within the NHK guidelines to
optimize camera performance.

Ghosts and flares must also be
hetter controlled. An experienced
tube-camera operator would never
shoot a bright object, such as the
sun’s reflection from a car bumper.
However, because a CCD is much
more tolerant of bright light, cam-
era operators routinely point CCD
cameras at bright objects,

When light enters a lens and
reflects or is dispersed by the in-
side of the barrel or an element and
reaches the image plane in an un-
recognizable shape, it is called
flare. Ghosts occur when high-lu-:
minance light is similarly dis-
persed or reflected but reaches the
image plane inarecognizable shape
of a high luminance value. Flares
and ghosts cause additional prob-
lems for CCDs when the light re-
flects from the CCD face into the
lens and then back to the CCD.

The higher sensitivity and better
signal-to-noise performance of CCD
cameras allow use of zoom lenses
inlow light. Ghosts and flares com-
monly result when bright objects
are shot against dark backgrounds
in low light. They can be mini-
mized by improving the spectral
transmission of the zoom lens,
applying optical coatings, and im-
proving coating finishing tech-
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Figure 4. Light transmission in lenses designed for CCD camerasis high at mostwavelengths,
resulting in a near even distribution of RGB signals. - :

niques and lens barrel design. Op- signals. {See Figure 4.)
timally, these techniques dra- CCD cameras are much lighter

matically improve light transmis-
sion at all wavelengths, resulting
in a near even distribution of RGB

than their tube predecessors, mak-
ing lens weight more important,
especially for ENG use, where light

weight and balance are key design
goals., Unfortunately, optimum
performance and light weight are
conflicting goals because larger
optics — necessary for increased
light capture — are heavier.
Nevertheless, after thousands of
computer simulations and count-
less prototypes, CCD-compatible
lenses have been improved opti-
cally while becoming smaller and
lighter. Advances have been made
through improved MTF and pe-
ripheral light volume at full iris,
effective use of lightweight glass,
better parts manufacturing by com-

* puter-controlled equipment, and

the adoption of magnesium cast-
ings to reduce weight.

As CCD-camera performance
continues to improve, even greater
demands will be placed on lens
manufacturers. Fortunately, ad-
vances in materials and manufac-
turing technology, along with more
comprehensive computer-simula-
tion capability, promise to keep
progress climbing higher. ~ 'l
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Find out what European cameramen '
have known for 50 years

know
that the world’s best

valued, supetior
fluid heads are

See It. The handsome, hand-crafted Catoni
Beta features a rugged black scratch-proof
exterior, gold anodized engravings, & easy
access controls.

Feel It. Lift it, W's the lightest weight head in
its class. Pan it. Tilt it. Freewheel it. You'll love

IR - ihe exquisite Cartoni feel. :
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§  Uselt. And use it. Cartonis are buitt to stand
_ the test of time. Qur exclusive patented

leakproof modules are hermetically sealed for
- along life of silky-smooth-action.

‘Trust It. We are so sure the
k. - Cartoni Bata will exceed your
: expectations, it comes witha -

and save S600.
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" color brochure, plus a $600 savings
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or workmanship. -

Call by November 15 to Save $600.
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Head, a single-stage aluminum tripod with
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