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This document describes the design of a new CCD camera controller
adapted to Schmidt telescopes. :

It contains the following sections :

Generalities ‘ ‘ .
Choice of the detectors DISTRIBUTION STATEMENTA
Implementation of a multi CCD camera - Approved for Public Release

Controller boards design requirements Distribution Unlimited

Controller design

Electronic components selection

Current status

Test system

Future readout system .

Performance of a 9 wide CCD camera in sky surveillance

the schematics of the controller can be found in appendix 1, and the data
sheets of all the major components in: appendix 2 '
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Generalities
A typical "big Schmidt” telescope focal plane is in the order of 30 to 35

cm wide, with a focal lentgh not too different from 3.15 meters, giving a
scale of 1 arc minute per mm, or 15 microns per arc seconds. Because of
optics, the focal locus is a sphere, and this requires to bend the
photographic plates in use, or to use field flattening elements in front of
flat detectors, unless they intercept a part of the sphere small enough to
be considered flat ( typically less than 10 mm wide ).

The very small size of CCD detectors has prevented their use inside
Schmidt telescope until now when technology and reduced price allowed
to design multi CCD cameras. On the other side, many photographic
plates have been discotinued by Eastman Kodak, and replacement
technology, even if less efficient have to be developed. It is already
impossible to make "V" photometry  using  currently available
photographic plates. -

Because these telescopes are usually not "hot new" telescopes, and
because of the high price of the technology used, it is important to find
ways to dramatically lower the price of these cameras so as to be able to
convert from photography to CCDs. For example, a typical price for a
thinned 2048%2048 pixel chip from Tektronix is in the order of $80,000
a piece. A detector which would require 8 such chips would already cost
$0.64 millions. A "normal" price for a camera and its controller without
CCD is in the order of $15,000 a piece. The complete price of such a
camera could easily cost several years of operating budget for these '
instruments using existing = technology. It is therefore necessary to
rethink this problem in the light of low costs off the shelf CCD chips, and
very compact camera electronics. Usual cameras are mounted at the
‘back of the telescope, and can be quite large without any particular
problems. A typical plate holder is only 5 to 10 centimeters thick, and
being in the optical path cannot generate much heat without affecting
the quality of the images. A final aspect of this design .is that the
controller have to be much faster than the typical astronomical CCD
controller. The reasons for this are discussed below.

Covering as much field as possible using this type of focal plane requires
using either relatively large individual CCDs or a larger number of
smaller one. Because this approach obliges to use a large number of
individual CCDs or multiplex the data, it is either an expensive one or a
slower one. ' :

Price considerations led to the use of off the shelf CCDs. In fact grade 4
CCDs are used. They usually have a relatively high number of cosmetic
defects, but most of these are hot spots ( pixels generating a very high
thermal signal ), and when the CCD is cooled down ( lower than -30° C),
“these hot pixels dissapears, and the CCD becomes almost as good as a
grade 1 CCD, with only a few defects such as dead lines and the like.
However, the price difference is such that 9 grade 4 CCDs are less
expensive than a single grade 1 device ( in fact the production of these
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CCDs have made such progresses that most of the chips sold as grade 4
are in fact grade 3 or better ).

- It could have been possible to put all the CCDs in a single dewar, but
the fact that the CCDs must be aligned very precisely tangential to the
focal plane, plus the fact that a field flattening lens must be used led us
to choose a different approach. If a single field flattening lens is used for
all the CCDs, it will be large, thick, expensive and moreover will have
poor optical quality ( chromatic aberration ). By using individual
compact modules, each CCD is covered by a single thin plano convex lens.
CCD alignement will be performed using a series of sky tests which will
provide for each module information on focus, alignement and tilt on the
optical axis.

To resume this section, a CCD controller adapted to Schmidt telescope
ought to be : :

- Compact ( 6*9 cm board in this design )

- Cool ( no heat generation in the optical path )

Fast ( 200,000 pixels per seconds )

Inexpensive

Self contained, so as to lead to multi CCD modules cameras

Fiber optics based so as to avoid cross talk between modules

Choice of the detectors
The approach chosen here is to use relatively large CCDs ( i.e. 2048+%2048

pixels ), and design a very compact electronic controller which is closely
coupled with its camera. In fact, we are able to build most of the camera
controller into a board which is merely 55*90 mm long. A power supply
and bias voltage board is outside the telescope and connect to this main
board via a flat ribbon cable. 5 fiber optics allow data exchange between
the readout system and the controller ( line start, master clock, A/D
clock out, A/D output 1, A/D output 2 ). The use of fiber optics
guarantees minimal crosstalk between individual camera modules.

After much searching and discussions, 2 vendors of inexpensive and
large CCDs were selected. From both of them we were able to obtain
prices in the order of $2,000 to $2,500 per grade 4 device, their data
sheet is in this report. Their main characteristics are listed below :

Brand name - Loral Kodak

Size _ - 2048*2048 2048*3072
Pixel size © 15 microns . 9 microns
Physical size 31.72 mm 18.43 *27.65 mm
Angular field of view 345 ' 20 -*30'
Number of CCDs/5 degrees 9 10

Pixel scale 0979 " 0.587"
Readout registers 2 2

Full well potential 120,000 e- 85,000 e-




We finally chose to use Loral CCDs because they presented several
interesting features. Their larger size allowed to implement = the
positioning scheme described below, the pixels larger size was not felt to
be a problem in normal seeing conditions at our observatory. Finally, it
is possible ot use them in a partially -inverted mode which doubles the
dynamic range ( to 220,000 e- ) while supressing the blooming around
bright stars. This didn't seem possible using the two phases of Kodak
CCDs, eventhough their smaller pixel size would have allowed a better
sampling of the images ( at the cost of an even larger number of data to
reduce ).

These Loral CCDs are produced in Milpitas ( CA - USA ) and are different
from the scientific Loral chips produced in Newport Beach ( CA - USA ).
The orientation of the Milpitas plant is toward commercial devices (

‘infact our chip's main commercial use is for "Hasselblad's camera OCD

backs ), the production plant is more "industrial® than the Newport
beach plants, and the yield of good chips is said to be much higher there.
These CCDs are thick front side illuminated chips, which do not have a
good blue sensitivity, but overall provide a quantum leap compared to
photography since a 2 minutes exposures detect stars which would have
required more than 30 minutes of exposures using a photographic plate.
On the other hand the blue sensitivity is so poor that a ITaO plate does
seem to give better results in the B band. In V the camera perform
already much better than plates, and in red and infrared, the "speed" (
as judged visually on the processed frames ) is much better ( 5 to 10
times ) than photographic plates. In Z band ( 1 micron band ), the CCD
sensitivity is not very high, but several 100 of times better than the 1Z
plates, leading to potentially interesting results ‘during the full moon,
where Schmidt telescopes are normally unused.

Implementation of a muiti CCD camera

The following diagram gives a rough idea of the mechanical
implementation of each camera module and their installation inside a
plate holder.

There is only a very shght overlap between each CCD ( more precisely
the distance between two sensitive surface is slightly less than the size
of a single CCD's surface ).

Several modes of observing are avallable with this positioning of the
individual CCDs, 2 are described in the previous page.

The RA shift mode will likely be the "normal" mode of the camera,
eventhough a scan mode will also be available. A version of the quad

“exposure. mode will wuse "shift and add" technique to allow deep

exposures to be made. While a filter wheel is currently used with our
mono CCD camera system, only - two filters will be available in
unnatended mode with this camera ( i.e. without having to bring the




telescope down and reload a new filter set ). These filters units will
contain 9 individual 50mm square filters on a single plate.

Indivi CCD m les - Simplifi 1 -0 r 1

Drawn in real size

Fiber optics
Plano connectors
convex lens _
aDb CCD controller board
Peltier =
- Cooling S I
" block Flexible printed circuit

\\\\\\\\\\\'\"

Vaccuum connector

Glycol connector

Base

This support base

provides adjustment
" in rotation, tilt and

focalisation

Thé positioning of the individual modules is similar to the way a horse
moves in a chess game. The CCDs are organised in 2 rows ( 4 others could
be put inside the telescope plate holder ).




Positioning of 9 CCD m les in

Schmidt telescope

Peltier power supplies

CCD power supplies

Master clocks + line
start generators

PC containing data

276 mm = 5 degrees

readout and storage
system

RA shift mode : Several
exposures with a 30 arc minutes
drift in right ascension give several
overlapping images of the sky.

Exp. #1 J

Exp. #2 -
Exp. #3
Exp. #4
etc...

Size of the Schmidt telescope
plate holder = 30 cm

Quad-exposure mode :
4 individual exposures

recreate a contiguous 11
square degrees exposure

5.4 degrees

é : ,
2.2 degrees




Controller  boards design requirements :

- The first requirement was space. The controller had to be as small as
possible, and because each camera had to be roughly 6 centimeters from
the next one, one of the physical dimension of the board had to be
smaller than this. It was chosen to use surface mounted components for
this reason ( SOIC packages ). At first, we thought we would have to
build two boards ( one for the logic signals, another for the analogic
parts, both boards being mounted on a common mother board ), but then
realised that it was possible to fit all the components on boht sides of a
single board. On the other hand, the power generation boards can be any
size, and for practical reason, we chose to implement them on euroboard
format cards ( 100*160 mm ).

- The second requirement was acquisition speed. While it is a known fact
that the readout noise grows as the square root of the readout speed, a
small model convinced us that because of the high photon flux provided
by our telescope it was a better use to have a fast readout controller so-
as to collect light as often as possible. The relative aperture is F/3.5, and
for an exposure without filter, we find a typical photon flux of 150
photons per pixel per second ( depending on wether or not the mooon is
in the sky, less than 150 if the sky is dark, and up to 5 times that value
during the full moon ). The detection of faint stars will depend of the
precision at which we can measure the sky background. If we compare
with the current controller which has a 110 seconds. readout time, with
19 electrons readout noise, not taking thermal noise into account ( 1 e-
/sec. ) , we can compare two situations where the acquisition of a single
image ( exposure -+ readout time ) will be done in 4 minutes :
~Slow__readout : 130 seconds, of exposure 110 seconds of readout time (
38130 pixels/seconds ).

During a 130 seconds, the photon flux per plxel is 19500 electrons, with
a photon noise of 139.64 e-. The quadratic sum of 19 e- ( readout noise )
plus 139.64 e- ( photon noise ) is 141 e-. The photometric precision on
the sky is thus 0.72% .

Fast readout : 230 seconds of exposure, 10 seconds of readout time (
using both CCD amplifiers, or a readout rate of 2x200,000 pixels/seconds,
or 5.5 times faster than in the preceding example ).

In this case, the photon flux is 34500 photons with a noise of 185.7 e-.
The readout noise. should be 2.34 times higher ( square root of 5.5 ) at
44.58 e-. The quadratic sum is 191 e-, and the final precision at which
one can measure the sky level is 0.55%, or a 30% increase compared to
the slow readout mode. Compared to other applications, it is clear that a
faster readout rate is better adapted to Schmidt telescopes. '

Cghtroller design
Generalities :
The typical orgamsatlon of an astronomical CCD camera is the following :




I Sequencer '

Bias voltages

Clock drivers \
ab :

A/D converter Readout signal

Double correlated
sampling ampliﬁer

The transfert of )charges inside the CCD is done with periodic signals (
referred to as "clocks” ), which have peculiar patterns and voltages (
-such as 1.5 volts to - 8 volts for examples ).

These clocks are generated inside a sequencer which usually uses TTL
signal levels ( O to 5 volts ), while the voltages used for the clocks as
well as for certain bias voltages used by the CCD amplifier stage are
generated inside a bias voltage generation system. It is the role of the
clocks drivers or "level shifters" to change the TTL clock levels to the
voltage levels required by the CCD, as well as to amplify these signal to
drive the CCD. Provided everything is correct with the clocks patterns -
and voltage values, the CCD generates a video signal during its readout.
This signal is amplified using a double correlated sampling amplifier
which - extracts out of the peculiar video signal generated by  the CCD
values which is then fed to an analog to digital converter. This sends
then data to a readout system, usually located relatively far from the
telescope.

Electronic _components selection : =
- Finding the right parts to use in this controller has been a long process,

and the final design of the main controller board is quite new compared
to existing models. It is very optimised for its purpose. . '




- The voltage generation board does not contain any “clocking” signals.
On the other hand, it generates heat, and is better located outside the
telescope tube. We used a very classical design which uses a voltage
reference, with source followers adjustable through multi turn trimmers.
Other classical voltage sources ( +/- 5 volts, +/- 15 volts ) are generated
using classical regulators. This board 1is connected to the main
controller's board by a flat ribbon cable. '

- The main controller board has to be very compact ( 5.5*9 cm at most ).
The smaller the number of connectors required, the higher the reliability
of the camera. All the parts had to be available in SOIC package ( surface
mount ). The only exception to this are the fiber optics connectors.

- To avoid crosstalk between the different camera modules, all
oscillating signals have to be brought in and out using fiber optics.
Because most fiber optics drivers are not directly TTL compatible, they
require separate circuitry. After some search effort we located Toshiba
parts which were fast enough for our purpose and directly TTL
compatible ( TOTX194 and TORX195 ). These parts alone cost almost one
third of the components cost of this board.

- In order to operate several CCDs in a relatlvely small space either
synchronously or asynchronously, it was necessary to have a single
sequencer per module. After very long delays searching for the right
part, we finally located Intel's new flexlogic IFX780 EPLD. This device
contains 8 blocks which can be configured as either RAM or EPLD. Its
development system can be purchased at low cost ( which is not the case
of the Altera part that we meant to use at first which costs around
$12,000 alone ). In our application, some of the modules are
programmed as a sequencer for the RAM, and the RAM part contains all
the clocking pattern required to operate the CCD. In anti blooming
integration mode, it is possible to drive one part of the IFX780 usiﬁg a
slower clock rate ( self generated from the master clock by a frequency
divider in an EPLD block). ' :

Once an IFX780 has been programmed, it can be reprogrammed on the
fly using a JTAG interface ( for a different clocking pattern for example ).
A prototype board has been built using such a device, and it is been
currently programmed to perform the requlred task. The schematics of
connection of the IFX780 attached to this report will maybe have to be
redrawn in the final version of the camera following the current tests.

- We chose to use Maxim DG333A quad SPDT analog switches as clock
. drivers. They were the only quad drivers available in SOIC packaging.
They have fast switching time as well as low Ron impedance..

- All signals going to the CCD have an adequately chosen RC filter
installed near the CCD. '

- In order to use both CCD amplifiers, it was necessary to have a double
acquisition chain .




- Because of the fast readout speed compared to normal cameras, a video
clamping amplifier was chosen. Using two ' operationnal amplifiers, it is
possible to obtain voltage gains as high as 100. Burr Browns OPA627
and 637 are used in our design.

- To supress the DC signal prov1ded by the CCD amplifiers, an input
clamp was also added.

- To provide the four clamps required ( two inputs, two for the level -
substraction ) we chose a DG445 quad SPST analog switch. It has
relatively low Ron, and very low charge injection characteristics ( 5 pC ).
- A double A/D converter with serial outputs was required. Conversion
faster than 5 microseconds was also required. Preferably an input stage
sample and hold amplifier as well as internal reference voltage source
was required. This plus the SOIC package and the low cost of the unit left
us with the choice of the Burr Brown PCM1750, which is a double 18 bits
( linear to 14 bits ) 4.5 microseconds converter.

- A separate master clock board has been built. It is simply a quartz:
oscillator, TTL drivers so as to provide drive capability for 9 fiber optics
transmitters.

- Another board has been built for the synchronous generation of line
start signals. It receives a line start signal from .a PC ( will may be
generated by a DSP in the final version ), and has similar TTL drivers to
drive 9 fiber optics transmitters. Both cards are installed inside the G64

rack which will also contain the bias boards.

- The Peltier elements power supply is current regulated. It is made
with a simple low cost circuit using off the shelf regulators.

Because it generates a lot of electrical power ( 18 sources of 2 to 2.5
amps ), this rack is located inside the machine room of the telescope.

Current status :

A camera using a Loral 2048*2048 CCD has been in use at our telescope
since September 1993, but very poor weather has limited the number of
nights used for real sky tests. Nevertheless, after 10 nights of
observations ( the telescope is mainly used for on going photographic
programs ) around 2 gigabytes of data have already been acquired with
this system providing us with a sufficient amount of experience in data
acquisition and reduction, as well as a large number of test images. This
allowed us to better refine the use of the CCD, and among other showed
very clearly that the anti - blooming mode was a necessity in our
application. '
As far as the new controller is concerned, we discussed about the de51gn
choices with several CCD experts, among which F.H. Harris ( U.S.N.O.
Flagstaff ) who have helped us to optimise some points in the design (
choice of the analog switches for example ).

After this design stage, electronic components are being procured, and
construction of a 'first prototype of bias board and controllers will be
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built. As soon as the programmation of the IFX780 is finished, sky tests
will be performed using this new design.

A mechanical prototype is also being constructed. Vendors for vacuum
connectors as well as connectors for glycol circulation have been located.
These two systems will consist of a main connection system and
distribution to every individual CCD module through a manifold.

Test system :
To test the first camera using this controller, we will use a 320C30 DSP

module currently in use with the existing camera. Because it relies on
the PC for data storage, it will be limited in readout speed. However, it
will use the controller at its nominal speed of 200000 pixels per second.
There will be a delay between each line so as to allow the PC to read the
data and store it on the Exabyte tape drive. Some funding has already
been found so as to buy a 320C40 DSP development system and it will
be put into operation as soon as possible. As soon as we get one 320C40
working, we can put three modules into operation. A new collaboration
is in progress with the "Planet Erkundung"group of the DLR ( Deutsche
Luft and Raum Fahrt ), so as to continue work on the DSP based readout
system.

" Future readout system :
The readout system which is envisioned is based on 320C40 Parallel

Digital Signal Processors ( PDSPs ) which control 3 CCD cameras each.
These PDSPs have a high speed 8 bit parallel port ( 20 megabytes per
seconds ). A specially designed CCD port allows the conversion of data
coming from a camera ( ie. 2 outputs from fiber optics in serial form )
into one of the high speed links of the PDSP. It was possible to find a
vendor that would add a memory extension to his PDSP modules, as well
as develop a SCSI interface for raw data storage. A typical performance
of this system will be to readout three CCD images into RAM in less than
10 seconds, and then transfert the images onto Exabyte tapes in 50
seconds during the following exposure. If the exposure is longer than 50
seconds, then some amount of image processing can be performed.
Otherwise the normal operating mode will be  to reload the images the
following day and process them so as to extract ‘the position and
magnitudes of the stars.

In the end the system will consist of a massively parallel processor so as
to perform real time star detection, as well as trailed objects detection.
The processing power of such a system will have to be higher than
several gigaflops. :

Performance of a 9 wide CCD camera in_sky surveillance :

This mode refers to a mode where the widest possible angular coverage
is required. It uses no filters. If one limits the exposure time to less than
2 minutes ( which is a good compromise between limiting magnitude
around 20.5. and sky .coverage ), then it is possible to take 30  frames per
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hour. This would be done using the RA shift method, where the telescope
is shifted one field to the east, while the CCDs are being readout in 10
seconds. This would allow to cover 75 square degrees per hour, or 600
square degrees per 8 hours night, corresponding to 18.1 gigabytes per
night, or almost 32 gigabytes, or 6 Exabyte tapes in the best ( or worse ?
) case of 14 hours winter nights. This corresponds to the price of half a
photographic plate.

Single triple CCD control module

CCD1

J2Meg.RAM | - | cCCD ~ CCD3
+ SCSI driver port 3
expansion module

Exabyte 8505

Pushing this system to its limit, it is possible to think to the detection of
fast moving near Earth objects where a long exposure time is
unnecessary ( an object with a 5 degrees per day motion stays on the
same pixel only 5 seconds ). The main limitation in- this system is the
Exabyte trasnfert time, which ought to be around 50 seconds, and which
we are aiming to reduce at only 25 seconds. Using the system at these
high speed would result in the following values : ‘

Exposure time hourly sky cov. 8 hours 14 hours

12




120 75 600 1050
60 150 1200 2100
35 257.5 2060 - 3605

It should be noted that the whole sky is. around 41000 square degrees,
so these high speed modes, provided a real time reduction engine was
available could cover one twentieth to one tenth of the visible sky per
night with a limiting magnitude around 20 or 19 respectively.

Such a system ought to be able to cover the whole sky visible from a
given observatory in a matter of a dark run ( or to generate this amount
of data, even if it takes 2 years of calculation for a workstation to go
through all the reduction... )

38 Megapixels camera with real time reduction

Workstation Ethernet
CCDs
DSP 320C40 +
16384 APE Memory Buffer and
associative string - Exabyte control

Pprocessors

DSP 320C40 +
Memory Buffer and
Exabyte control

DSP 320C40 +-
Memory Buffer and
Exabyte control

13




Appendix 1 : Electronic
Schematics_ of the controller
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Appendix 2 : Data sheets of the
main components of the |
controller
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CCD442 (FA2048) SPECIFICATIONS

ARRAY FORMAT

PIXEL SPACING

IMAGING AREA

CCD TECHNOLOGY

ARCHITECTURE

OUTPUT RATE

NUMBER OF OUTPUTS

QUANTUM EFFICIENCY

PIXEL UNIFORMITY

RESPONSIVITY

READOUT NOISE

OUTPUT AMP SENSITIVITY

EXTERNAL LOAD RESISTOR

POWER DISSIPATION

D.C. OUTPUT LEVEL

PACKAGE

DEVICE MOUNTING

DEVICE MATERTIAL
PROCESSING

BURIED CHANNEL (MPP)

CHARGE CAPACITY

DARK CURRENT
OPERATING VOLTAGES .
OPERATING TEMPERATURE
C.T.E.

2048 X 2048
15 MICRONS HORIZONTAL AND VERTICAL
30.7 MM X 30.7 MM '
THREE-PHASE BURIED CHANNEL NMOS
FULL FRAME

2.5 MHz MAXIMUM

TWO

SEE PLOT FOR FRONTSIDE ILLUMINATION
+/=5 PERCENT ,

1.0 V/MICROJOULE/CM#*#2

<5e- RMS (4E-6SEC S/H TIME )

>0.6 E-6 VOLTS PER ELECTRON

3-20 K OHMS

SEE GRAPH

14 VOLTS

AUGAT ISOTRONICS PI-4950S5-1
SILVER-FILLED EPOXY

FOUR-INCH 30-50 OHM-CM EPI SILICON
2.5 MICRON MINIMUM GEOMETRIES .
TRIPLE-POLY SINGLE METAL

OPERATING MODES
SURFACE CHANNEL

100,000e- 400,000e-
<25pA/cm*#2 <2nA/cm**2
SEE TABLE
‘ 25 C . s
>0.99999 SEE PLOT

The FA2048 is a 2048 x 2048 element solid state charge coupled
device area image sensor which is intended for use in high
resolution detector imaging systems and a variety of scientific and
industrial optical instrumentation systems. The FA2048 is
organized as a matrix array of 2048 horizontal 1lines by 2048
vertical columns of charge-coupled photoelements. The pixel
spacing is 15 microns by 15 microns. '

Excellent low noise performance is achieved by use of a buried
channel CCD structure and a ‘single stage low noise output
amplifier. An additional implant under one array phase allows
charge integration with all vertical array phases off which
decreases dark current 100 fold.

Device processing is done using 2.5 micron design rules. The
single-metal, triple-poly process allows three phase CCD layout
with smaller pixel geometries and fewer array blemishes.

VERTICAL ARRAY CLOCKS Al,A2, and A3 are polysilicon gates used to
transfer charge down the buried channel to the horizontal CCD




multiplexer. Vertical columns are separated by a channel stop
region. Incident photons pass through the gate structure, are
absorbed in the silicon crystal structure and create electron-hole
pairs. The resulting photoelectrons are collected by the
photosites during the integration time. An implant under one of °
the array phases creates a virtual well which collects the
photoelectrons even with all the gates in the low(collapsed) state.
This multi-pinned phase mode greatly decreases dark current
generation in the integration mode. To increase charge capacity,
the device may be operated by conventional methods by keeping one
of the array phases on(high) during integration. The CCDs may be
clocked at larger voltage levels, thus operating in surface channel
mode, to increase charge handling capability.

. The imaging array is divided into an upper and lower half.
Each 1024 X 2048 half may be clocked independently or together. A
serial CCD along the top and one along the bottom make it possible
to clock each half out simultaneously or, if desired, the entire
array out one side. The packaging pinouts are arranged so that the
device may be rotated 180 degrees without changing timing by using
the other serial mux. The Array Transfer Gate is the final array
gate before charge is transferred to the serial multiplexer. For
simplified timing, and fewer clocked lines the ATG may be tied to

A2.

HORIZONTAL ARRAY CLOCKS M1,M2, and M3 are polysilicon gates used
to transfer charge down either of the two horizontal buried channel
CCDs to the output amplifier. The channels are twice the size of
the vertical CCD channel to permit binning of charge. With
binning, the array can be operated normally (2048 X 2048), as a 1024
X 2048 or binned as a 1024 X 1024 device. The transfer from the
vertical array is into phases two and three of the horizontal CCD.
The horizontal multiplexer has 16 additional "pixels"™ between the
array and the output amplifier. The output from these transfers
contain no signal and may be used as a dark level reference. The
last gate in the horizontal multiplexer is sized twice as large as
the other gates and can be used to bin charge from adjacent
columns. - :

OUTPUT AMPLIFIER The FA2048 has two output amplifiers, one at
the end of each serial multiplexer. Each is. a single FET floating
diffusion amplifier with a reset MOSFET tied to its input gate.
Charge clocked from the serial multiplexer changes the voltage on
the output amplifier gate. It is reset by use of the reset MOSFET.
The Output amplifier drain is tied to VDD. The source is connected
-to an external load resistor to ground. The source constitutes the
output of the device.

DEVICE GRADING Device grading helps establish a ranking for the
image quality that a CCD will provide. Blemishes are characterized
as row and column outages, hot pixels(excess response) and dark
pixels(reduced response). A blemish is defined as a deviation
outside the arrays' specification for photoresponse uniformity.




Blemishes are characterized in the central zone and for the total
array. The central zone is defined as the middle 1024 X 1024
pixels. No row defects are permitted for any of our graded

devices.

CENTRAL ZONE TOTAL ARRAY
GRADE PIXELS COLUMNS PIXELS COLUMNS
0 DEFECT FREE :
1l 40 2 100 5
2 100 8 300 30
3 300 15 500 60
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POWER MILLIWATTS

OUTPUT AMPLIFIER

POWER DISSIPATION

RLOAD K—OHMS




FULL WELL CAPACITY (M ELECTRONS)

CTE

0.99998
0.99996
0.99994
0.99992

0.9999
0.99988
0.99986
0.99984
0.99982

0.9998
0.99978
0.99976
0.99974

0.99972

0.9997
0.8

T T | — T T T | T T T T T
1.6 2 2.4

FREQUENCY(MHZ)

T T T =T T T T T T T
6 10 14 18 22

HIGH LEVEL CLOCK VOLTAGE

26
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TYPICAL OPERATING VOLTAGES

Burried Channel (MPP) Surface Channel

HIGH LOW HIGH LOW
M1 +7 -4 +16 0
M2 +7 -4 - +16 0
M3 +7 -4 +16 0
'RG +8 0 +12 0
. 0SG +7 -4 - +16 0
a1l +2 -8 +14 o
A2 | +2 -8 +14 0
s +2 -8 +14 0
ATG 2 -8 +14 0

D.C. VOLTAGE LEVELS

oD 20
ORD . 13
oTG ‘1.0

Substrate is Grounded
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OUTPUT (SERIAL) MUX OPERATION /
WITH TYPICAL OUTPUT = Abpanicde:

. . 9 L e - R
L6 ff;éx.!‘-.-_ﬁ R 53‘__«_‘),,. - N
: B Sy -

M1

M2

M3

RG

0SG

RESET LEVEL" ] -

' SIGNAL— ' DARK REFERENCE




*831Aep By} Jo Od) Byl UM SUq 21
0} dn jo esedwod e wsoped ued JBUY O|qejiBAR S|
1N0NO esediiod AlUep: ue 320iG OLAPZ YOBO LIYUM
‘(yoee JO} UONDO UOISIBAUI UB YIIM) SUU8} |05U0d
8|qeul INdINO OM} puB SWLB} [0JIU0D 185814 /1801D
SNOUOIYOUASB OM} BpIACId OSjB $HO0Iq QLAYS Ul

'11820108W LOBS JOj XUjBW 08U
*U02JBU) [eqOIB Y} WOJ) SOUY 196UUDIBN} 6|qB)|IBAR
ejow Buipiaosd Aq exmosyyase 08.LX 4! 8yl jo Ayoed
-82 Buliy ey seAcsdwy syl “(1:p°2) Oives ||ed0s0BW
O} ul-ue) Jouedns B eAey $3201q 830 OLAPZ OulL
‘Qd ejdwis © JO 8IN9eNY0JR JBjjie) ey} ul 9160) /)
PUB $300]0 $j|800I8W Q| ‘}INJI0 UOHBOO)Y W) -d
¥ ‘AeuB wie) 1onpoid B SUIBIUOD 00| OLAYZ Yoe3

SPON OLAVZ
$30078 NOILONNA 318VHNDIINOD

X|418H 199UV *} 9Bl

€-65r062

synduj puo sHY)

l

XON JoeuucdIeY|

N " ubisep xe|dwod ©
30 siomes Buunp swejqosd Bunnos seyeulwle $300iq
840 ueemieq Aiaposuuod jo eesBep ybly sy

‘(ve)
%00iq 8} JO UI-UB) WNWXBW 8y} 0} dn "§20|q 84D
Aue OJUI PEIN0S B©q UBD XLjBW By} U} S|BUB)S JO uoleu
-1qui03 AUy ‘8|qBIoeuUD %001 SI $400Iq 830 8yl Jo
4oBe S108UUOD JBUL XIB 108ULODIBIU| [BGO|S 8y}

LO3INNOJHILNI
‘suiopeld 91q

-jedwod-0d seybiy 1o ._.wmw_ U0 SUNI 8JBMHOS SIY )L,
‘9JBMIJOS wiSNId 118USQ1d S.ew Buipnjou) sjuew

-uvosnue Bunwwesbosd/Anue ubisep piepuels An
-snpu} Aq pepoddns si Ajlwe) vodd 01601X374 8yL

Hoddns sjoo] 9|qixa)4

‘8N uoponpoid Je peulwielep
q jouued jey sjuewesinbes ubisep o uopeziuebio
wejsAs U seBueyd joeyes 0 dn-semod uodn 082Xt
8y} 0} pepeojUMOp 8q ABw SsuopeING LoD MBN "paxy)
Jou 8] uoneINBLOI jBul BY) BIeUM SuolBldde spod
-dng ose ng ‘subisep meu BuidQyojoud ul Agixely
eyBwnn Joubisep ey) SMojje Ajuo Jou uoneinbijuooes
1Noxo-u) ‘sepow BupwweiBoid pue ‘uoneINBII0Oes
WN2JI0-ut ‘ueds Arepunoq poddns o} suid ejgnedwod
L'6YLL OVLF pejeoipep sepirosd osje 08LXd! eyl

BujwwesBoid pue Hupsal a|qixald

‘yiesy ubisep Jejjon
-u09 ey 1o} 2160} ey} 0} uonippe u) Blep Buneynq 10}
pexnbes si Aiowelw eJeym SJBJj0NUOD BOBUOI) SN
JO S18||0NUOD UoKBOUNWWOS Buubisep ueym ebey
-ueape 6|q e sewooeq 8olAep eibuis e u} 0)60] pue
WVHS JO uoneuiquos ey) ‘sieieydued AG 0) ejBolu
-NUIWOY O} Pesu IS AS'E I8 Buneiedo snNdD Bieym
swelsAs peppeqwe JO ejqepod SB yons Suoped
-ijdde ebeyjjoa pexiut ul pesn eq 0} 082Xl eyl mojje
SINAING AE'E/AS ©1qBIoe[es Jasn pue uoldwnsuod
Jemod MO| ABA ByL 'S10§59001d0IONL j9YU) JO uon
-eJoU8b IX8U PUB JUBLIND BY) JO} [05UOD WYHQ PuB
'|OIUOD BYOBD WIOISND [ONUOD SNQ SB LONS SUOHOUN}
voddns 0} peubisep ese papiacid suoido %000 8jql
-xe)) pue eoueunopued ybiy ey 'ejdwexe Jo4 suop
-golidde jo AjeieA epim B JO) jeep! |l OXBWw 08LXd!
By} U] B|gB|IBAR $8JNJB8} JO UOBUIQWOD enbjun By

saJnjead aqixald

‘uondwnsuod semod Agpue)s
pue aAnjjoB Mo Aiea sejqeue suondo yewebeuew
Jemod yum peuiquiod ABojouyos) ssedosd pesuea
-pe S|y, ‘sAejep uid-oj-uid su g} ejqelapasd yum Ao
-uanbay) %o0j9 jBusBIXe ZHIN 08 UB eplacid 0} ABojou
490} NOHJI SOWHO 1180 8,19 Sesn 082Xl ey}

@JuLLWIOLIad 9|qIX3|d

‘sebexyoed d40d 10 D1d Jeyue ut )
-60) jo se1eb 000's Aierewixoidde epiaosd jim uoneu
-IQUIOD SIYL ‘WVHS OL X 821 JO %00|q B SB 10 %00iq
2160] 0LAYZ © S€ 13yl paulep 8q ued 830 yoe3
*XUjBW B|qeI0BUU0D %004 € AQ pexull (sg30) $300Iq
uonoun; 8|qenbyuod ybie Jo SISISU0D 08X BYL
‘Awey (Aeuy ey sjqewwesbold pleld) vodd 9
-BoIX314 ielul 8y JO Jequaw IS 8y} S! 0BLIX! BYL

) NOILONAOULNI

NOILYREOINI SONVAAY

082X41

Pyl

200-659062 LOQUINN JOPIO

2681 JaqOo0 £e
‘voneiodio) 91U Jo ssadoxd pejusied ® st SOWHD.
€1 ot ] 4 44 08 08 d30d 2e
6 -8 ] 4 0 09 08 00d ¥8
aNo | 904 ddpasovar | Woid | sindup | o sjiad0s0ey abexorg suld
suopdo abexoed
L-65r062

J01d v8

sj00]) Sujwwestoid pue
ubjsaq psepueis Ansnpuj Aq pauoddng
uondo asedwod Ayyuapy 1g-z) 1sed —
sdoj3-diid HS/Mr/L1/Q 219e109j9S —
SuonRdo Je9]D/1953id QX3 —
suopdo Bupjoold L —

Ayjeuag aoueunopiad

ON YU |1220108y 134 sSwiay
onpoud g1 0} dn suoddng uopesoly —
Suld O/1 iV Uo ¥deqpaay |leng —
$9.njea ||a00108 | 0LAPZ
uoido IndinQ ujesg-uadg —
"SINAING AS 10 AE'E 21qe}93)3S g0 —
uonesnbyuod WyHS 0L X 821 —
sjj@d010ep xajdwo g o3 dn —
330ig WYHS

J0 91607 OLAYZ Joyl@ 9q ueo g49 Auy W

suBjsaqg xa|dwo? jo Bupyid saAodw) —
Xiew

ajqejoauuod 9,001 € Aq paxui (sg49)
s)390)g uopoung ajqesnbyuos ybig
bujwiwesbold/uoneinbyuosay 3nNaid
-uj pue uess Aiepunog spoddng —
Hod 189, aiqnedwo) L6pLL ODYLF

Aqpueys Jomod 0197 —

(zZHW/VW §°1)

uojIdwnNsSuoY JaMOd BA|OY SZIUHUIW
suopdo juawabeueyy Joamod —
ABojouysal ,SOWHO 8°0

WVHS jo sig oy’

(113

0} dn Jo sajen 9|60 usjeanb3 000's
Kouanbaiy %9010 waysAs ZHW 08 —

sAejag uopebedolyg

Ujd-03-Uid Su Ol afIsiujudag —
(Aessy ajen sjqewnwesborg

PIld) VDdd eouewiopad YbiH

NOILdO WVHS HLIM ATINVH vOdd 21601X37d su 0L
082X4d!

NOILYNEOLINI SONVAQY

‘P




9¢
8jeuB|S |0AU0D 'y 2Inbi4

9-65v082 ° .
° °
. °
o/1<4 oo "
|80
o/ < lieon e0duco
Kiuep
o/t | neon
275 T
Assry
woen
T QT »?
WPROIRN
T Laaed
730
130 T
[t
A0V
PUNEEEES——.
TSIV
3719 pekojeg ‘
AT I *
" $310 pekojeq
i 110

-ep o) Jo Gd) ey urm ‘sjeubls 2| o) dn jo esed
-woo Anuep) Ue op ued NAXO sy (G einbiy ees)
noIp Jojesedwod © sepiaoid %001q OLAFZ uoe3

9)60] Joj8s8dWOYD

‘pejuow
-ejdw) eq o} suopenbe |0Ruod uue} Jonpoxd . ejdy
-{NU SMOJ[B 1] ‘UORAO UOISIOAU) UB tiitm AeLe ONV
OLAYZ [B00] By} WOy uue} nposd ejbuis 8 Aq po
-jesoueb ) jeubis |oRuoo yoe3 ‘sjeubs 1eseld/see|)
snouosyoukse omy pue ‘sjeublis (30) eiqeu3 wd
<inO om} epnjou) esey ] (¥ enbi4 ees) 53000 ey 0}
uopIppe U 849 Yoee U sjeubis j0nuU0d @B 88yl

sjeubls lojuod

. “l1990:08W Yyoes Joj suojdo
3OO0 uBIelIP BAleM} O} dn sopinoid uoHBUIGWOD

s feubis yoo ey) jo eBpe Buye) Jo Buisy ey
UO JeLye PexOOIO ©q O} JeisiBel 1190008 By} MO8
0} papeAu} eq Asw epow Bupjoop yoee ‘uonippe uj

2l 1 H SNOUOIYOUASY
8 - [ S pekejeQ
9 0 g9 SNOUOIYOUAS

003 aioH) nsy opon
$BujwiL 9POI %0ID 1 SlqeL

"sune) 1onpoid WOV 8D [800) OM} 8y} JO U0 sesn
¥o0{0 JeisiBes ey ©JOUM S| BPOW SNOUCIYOUASY

- ‘sjeuBis %00} SNOUOJYOUAS OM}
o1 Jo Jeyye 0} (83D o) UUNM) peppe Aejep [e0; ®
8| ©IOAR INQ 'SIOUOKOUAS O} JBJIWIS §] YOO PeABIeg

“suid %000 jeqolb
OM} B4} JO BUO WOJY AjDBIIP USAUP §) %O J0y5180s
U} 810UM 6POUI 3OO0 PIBPUBLS BY} § SIOUONYIUAS

NOILVREOINI SONVAGY

082X

‘Pl

sz

*$J8JJ0 8pow 3o0Jo yore suondo
Buju Jueseyip eyl SMOYS | e|qe) "SNOUONOUASE
PUB ‘pehBlap 'SnouonjouAs (g einBi4 ees) ||eoosoBw
Kione 10) ejqejieAR sepow BUDOOD eeiy ese eley)

$9
PON u:_xoo_o $apop Bupidold ¢ ainByy
. S-85Y062
-mcg Abaay
-BjMue eJBMJOS SB B|qe|IBAR 8J8 SIo}siBal W/ pue A‘I—I_l T
M/ seysiBos-1 e 1o ‘JeysiBal-g e H400|q [BLOIBUIGWOD Hesoio0n v |9 YOS v
ise} B s Joyye penbyuod eq ued S||eo0IOBW oY) snouosyoudsy
"8|qe|[eAR S] 3OBqPes) Bwssju) 8ouls 0165} peung epia
-oid 0} pesn eq jins Aew sQ/f eseyy ‘ebexoed ey P ‘lA.loz& "o
epIsINo 1y6noiq eq J0u Aew SINAINO |[00I0BW BUIOS Ne30190p P
‘pesn eBexyoed ey) uo Bujpueda(g ‘sindu; se pesn ase oe pedpieq
suid O/1 ey} ejiym )60} paunq 10j pesn eq O} 8116202
-OBW SMOJJB SIY L ‘2 ©4nBig u) umoys syjed yoegpes) P A.IIIO Nid X0
(uid pue jeuselu)) [Bnp SBY BOMEP BY) JO O/ Yoe3 119301908
suonenbyjuo) jjaoosoep smovenuls
¥00i8 OLAYZ s€ §40 'Z 3nBig
r-85r062
/o Td/d
_l_ > VLN
_ 15q019
M vojsseau) uksy
» x0p)
°
+—d
o19g/5uks
1/0 A w
- ° susiel d0s
¥d
% I_
WO T/ __ullﬁﬁ%ugd
ON9
3%
NOILYINEOINI ZONVAGY P! P




sSuua} PNPoid 49 *9 einbid

8-65v082

S V1IN

\\'Iﬁ _ A " nu “N—

S» 10N

Lo 30N

08308

NOIWVRNEOINI SONVATY

08LXd!

‘pasn Buleq ese suuel-d
91 10 g Jayisym elwes ay) s) ||800108W AuB jO eoue
-wioped ey (9 einbiy ess) suopenbe wie)-d 9|
0} dn uoddns ueo pue suue} jonposd jeuon
-IPPB 0} $S8008 8ABY 840 YOES JO ,,SpUB,, 8U) )8 pe
=1800 §||920108W BY} ‘UONIPPB U) *8 JO WNLIXBW B 0}
Suue}-d 40 J6qUINU [BJ0} 6} BSBIIU) O} JBPIO U) S|j8d
-0J0BW JUBOB[PE WOY MOLOQ ABUS ||BI0IOBW YoB]

"liedosoBw Jod S188 OM) 818 Bsey)
pue ‘yoee suwe) Jonposd oM} JO §1es o) pednolb
AeodAy ese suuel-d eyl "sayoeoidde ey jo
Ayjeusd eousuuoped eyl INOYUM S8IINOSE) ULB}-d
ey} JO UOREZIAN J6NEq SEAIB LYOIUM ‘BUWeyIs UOHB0]
-8 uue} Jonpaid jeju) pejusied eyy sosn 082Xt By L

UOREOO|jY WIS ) JONPOId

e

. ndino
Jojesedwod ey} esn Ued g40 8L Ul S|j8o0IdBW U}
8y} JO 8UO AjUO ‘JOABMO} [|900108BU AuB U pesn eq
0} ynses esedwod eyl Bumoje 2160] uoneoo)s wuey
1onposd ey ut sired wuey yonpoid ey jo Aue jo eoeld
U pesn eq Aeww N0 Jolesedwod 8yl jo ndino ey j

‘uonouny ssedwod
ou} ynm jojesed u) 2160} JOS Wewejdus 0} pesn eq
osje Aew peredwod Buleq siq eyl ‘(8 = 91~p2) ui
-Uej ¥90|q ey} uo sjBubis JoYI0 g SEARS)| (NS 8sedwWOoD
uq-g ue Buiop ‘edueisul o4 ‘suonienbe u) pesn eq
UBD XUIBJ 196UU0DI8IU) BY} WOl BjqejeAR Sjeubis 1o
“4io ey ‘pesedwod Bujeq ese suq 21 UBY SSO| UBUM

‘e|qissod uonejuewe|d
Wi wnwxew oy} st Jojesedwod ug-2i e ‘speubis v
S1 ul-ue) ey} 8oUIS "B40 OU JO Ul-uB) eyl Aq peywi
Aluo s) pesedwiod eq ued Jey; Siiq JO Jequinu 8y}

91507 s.edwiod Apuep) Ug-zs °g 8:nBi3

4-65v082

113

043

NOIAYREOLNI SONVAGY

082X4! ‘Pt




04-2

wesBe)g 300id IBUOROUNJ WYHS "8 3nB1d

04-65v082
LM 1018
*jgou3 nding Noog
f %10 GIAVTITA/ONAS
o]
o
$°000 4—— ﬁ
— ¥300930 NHN10D ;.“
weibelq 39018 1iBIPA0 WYHS "2 9anBid
6-657062 °
°
[ J
o/t neon
[— N
30
38
on a s ;l.v%lls o0
¢+ sseIppy
or 4] :
j'lgml. XD pekojeq
N [335) Lo ’
1310 pekojeg
[$3)
[F35)
. . .
082X _o.—.c
NOIVRNEOLINI SIONVAAY

‘subisep we)sAs meu BuidA1010.d 10y
082X 841 Jo Sunse) feuonouny ¥NO9-ul SjdWIS WO}
-10d 0} pesh oq Aew enbiuyoo) ewes Syl @oAGpP
Joylo ayy jo sueynq Indul eyy Buiniesqo eym soA
-6p BUO JO S19}jnq INAINO 8L} UO BNjBA umouy e Bu)
-ov|d AqQ pJeoq YN0JD B UO SEOINGP DY L[ OM} UBOM}
-8q pauuoped eq Aew }s8) AINUKUO € ‘Bjdwexe 104

‘uonoedsu) Jo} elep asuodses
SO} 1IN0 YIys S8 ||om SB SNNWNS 158} uj YIys O} pesn
8q ued yoiym yied e sepiaoid ureyod siyy suld eAnoe
118 10} ureyd JeisiBes JIys B WO} O} pexull ese Sjeu
-Bis jewseixe 082X} e JO s|j8d UBdS Arepunoq ey

"(0Qy) o 'leg
1591 Indino euo pus ‘(40 1) %9010 1s81 Pue (IQ.L) vl
BleQ 1581 "(SNL) 1081eS OpOW 1501 :sindu; eaxy} jo
$ISISU0O edBMeBIU| dYL 6YL “(dVL) HOd $S80Y IS8
ey} ybnony pessecoe ese yoym 160} pejeidosse
pue ‘sjjed ueds ‘ie)s\Bey BieQq e ‘Je)siBey uononysuy
ue JO sjsisucd uoddns ueds Aiepunoq 082X 8yl

. ‘suoyeoydde
JuRIejO) )Ny JO} |eepl Si pue ‘lede) piey ‘Buyse}
uononpoid sedueyue pue [9Ag] Jusuodwod ey} 18
suBisep pieoq jo Bunss) uoye|ost ynej suoddns einy
-B9} SiYL "08.Xd! 6 Ul pejustueldwil s) eInjoajydIe
uedg Aiepunog prepuels L'6vLL 3331/DVLF 6uL

ALIMIGVLS3L L6bLL 3331/D9VLr

‘'Sepow AG pue
AE'E YI0g Ul eAltoe sAemje s) dnjjnd spy) “sindino ejq
-pedwod SOWD 10} pepinoid dnjind yeem e s) eley}

SINAINO SOND SNSIAA L

aueyd
HO [euonippe Uk ejejus o) Joisises dn-jind payddns
Areuwseixe ue yum sindino ulesp uedo ejdipinw Buy
-sn Aq psajuswe|dun eq ued suonenbe xajdwod eious
‘possep j| ‘uid Oyi yoee Joj uondo INAINO upBIp uedo
ue ejqeus 0} pesnbyuod oq Osje UBd BdMBP Byl

uopdo IndinQ ujesq uado

'82IN0S AG 6y) 0} jenbe 10 uBY) SSE| 8q JSNW 8IN0S
AE'S oy ‘umop-tlemod Buung ‘dn-semod Buunp
eoIN0s AE'E 8y} ueyl JejeasB 10 0) jenbe eq isnw
00IN0S AG 6Y) ‘0SB SIUl U} 'S|eAs] AC'E 18 8jeiedo
$840 I8 0 Aue uaym peuinbes sy Bupuenbes Jémod

, ‘pepod
-dns s1 sindui AG pue SINAINO AE'E Bupiw oS 8jes AS
o8 suid yndul |8 ‘uonippe uj ‘0160) jeseydued AG pus
NdD Ac'e © usemieq abpuq 0} eoBpBIU| UB SB Pasn
eq Aew odnep 08Xl ey ‘ejdwexe 104 ‘SwolsAs
abejjoA pexiw v} pesn eq o} 08Xt 6y} SMOJIB SIuL
“1001q 1ey} u) suid O/4 8yl Jo sebeljoa Indino eyt |on
-U0d O} AE’E JO AG JeUle O} PEjdeuUd oq Aew %20iq

6

¢ 8420 yoea yum pejeivosse uid 000 ayy ‘voyesedo
fewou Jop O0A AG sannbes NS 08X Yl BIIUM
‘Aiddns Jemod Ag'g © 0} suid OO0/ ajeudoidde syy
Butky Aq AS°€ 18 e1esedo UBD %00iq O/] Ue Ut suid ey}

NOILO313S AEE
uonesnBiuog ndino

‘suonisues induy
Buunp syueund abexes| esealou) Aew Ing sindul AG
10} uodwinsuod semod 9onpas 0} pesn 8q ued uon
-do syi Indur g4o Aue uo uondo dniind yoeqpee)
%eom B ejqeus O} panbyuod eq ued 08Xl YL

uopeinbyuo yndug

‘Kiowew ey} Jo Yidep
IO Wipim Byl eseesoul 0)-sgd4o eidujinus Buipeosed
Aq e|qissod ese suoneziuebio Wyds pezis ueselig

‘95N WYYS
0} PeLIBAUOD UBBY BARY SULIBY-d PUR §|j020I10BW BY)
40 1IV "400|q Jeu} Ul ejqejieABUN S| 91BO) 19NPOIJ-10
-wng sejnbes ‘WyYS © se peinbijuod s 4D © usym

‘(WOY) Lowsaws
Aluo pees se pesn 8q UBd %00|q WYHS 2wl ‘Aem
Siy) U} "S|I9D BINEIOAUOU B} JO AdOD B UIRIUOD JIM
WVHS ayt ‘pajndaxe eJe 320|q siy} 0} Sejum Aowaw
ou se 6uol] sy -ewn GunuweiBosd ye paimnbyuod
-81d eq UBD WYHS 8yl Ul ejep ey) ‘aio0jesey) ‘dn
-lomod Buunp syeo uonemnbyuos epejoa-uou diyd
-uo ey} Aq pezieniul ere s)q Aowew WYHS eyl

'snq Blep Indino pue snq eyep
ndul eyesedas B yum JO SNq BIEP O/] |RUONOAIPIG B
uim Jeyye Aiowsw WyHS ey} sulyep o} ejqissod st i

pajqeus BIUM 0 0 0
peiqesig olUM t 0 0
peiqeu3 peey 0 t 0
pajqesiq pesy 3 l 0
pejgesig | - euoN X X '
sud O/l | 910AD 2 sws =
8|qe uoyounj WYHS Z 9lqel
(2 elq

-8, ©65) S|04U0D 30 PUB ‘JM ‘38 J0) POSN 8Je SiG
©9Jy| "Ul-Blep SB S}Iq Q| PUB UOHBLLIOJU SS8JPPR S8
ui-uey jeubis pg ey} Jo s)q 2 Buisn £q Jsuuew jeuon
-UBAUOD B L) Pessadoe SI WyHS eyl (g pue z sen
-6y e6s) %201q WYHS (SHq 0L Aq Sp1om 821) O1X82ZL
® 58 painbyuod eq ued YOI 840 08.Xd! Yoe3

uopeanbYUOD WVHS

NOILYHNEOINI 2ONVAGY

082X41

"Pyul




‘suBisep jo uon

-ginwis peseq-Bupun Bujusoped Joj $j00} esem
108 JO seues imi|00L UORBINWIS/UOKBIYLEA —

“nd

-ul JO Suwo} ejdnntu pue uoyeseusd J0108A 158}
‘jue opBweyos Buipn|ou| JUBWUOIIAUG |00} BJ8M
“4os 00} uBiseg opeweyos @ §{00L QTd —

Qvdio o

‘uopeINWIS feuonoun; pue Buy
-uoiued OnBLIOINE ‘UOHOB|OS BJIABP JlBWOIN.
yum 0160} ejqewwesBoud jo sedAl ||e 10} pesn aq -
uEe J8Y) 100} UBISEP |NEMOd (W) IX-1euBiseQTd —

434

QUIN »

‘UOHBOYUSA BOUBWIOMEd pue UOKOUN} I}
Joyeinws 2160) eousunoped Yl T wISHOIND —

suBis

-op Bupmdeo 10} SIONPS 1XO) PUB '|OQUIAS ‘oW
-ayos JO weysis pejesBeju] :wweyydly ubiseq —

soydeIn JoJueyy

.w.awxomn
oremyos ubisep [esieAun ‘o) YOIH ‘w1 IdND —

soojae( (801607

‘uopesaueBb 10100A 150} onBW

-ojne pue Buipesb Jney yum 356} Jo ubisep Jepun

80IABP By} JO SiSAjBUR Al1l|qBISe). B SeUIqUIcD Jey)
obeyoed esemyos pejesbo snid wiseldld —

*suBjsep o180} Juswejdi) puB oqLIs

-op 0} noA Buwolw esemyos ubseg w138V —.

“o/neeq e

JuslIuONAUS Brigep eAndeIeIu) PUB SI018|
-nwis 9160} BB WL IX-TOHA PUB wu1X-Bojlep —

‘senyiqeded uopeuewnoop pue Bngep ‘An
-ue uBisep 30 eyns easueyeIdWO)) ‘xyiesodwo) —

5UBpRY »

‘seolrep 9|6oj ejqewiwelBosd
10} SIOJ90A 158} jeuoioun) ebesenod ybiy sele
-10ueB Ajjeoewoiny [UCKBISUSH 1561 yuNIOLY —

uebnoy e
:810pueA Bumoy
-0} o} Aq pepiaoid eq | woddns §j00} Aued payL

JHYMLIOS
NDIS3a 1HO0ddNS ALHVd-QHIHL

(1098} J0) 1°E SOQ —

" j01depe 1o uow YOA —

(wnwiunu) NvY 8NE —

ejqneduiod Od peseq 98¢ 1ol —

1sNid [194SQ1d O8N O} JePIO U} Wejshs

© 4o} sjuswesnbes wnWju By} B8 Mmojeq peisy]

sjuswalnbay wasis

ubis
-ep 10B1e} oy} 0} ejeudosdde seawep pejsebbns jo
Bunsy 8 st efy podes ey Ut peureluo) ‘peressust s
oy podel B snid fleysad Ybnoiy) pejewnse Jo pojd
-woo 1 ubisep © Joyy "seowep ejeudosdde jo Isi
8 39/d 0} 100888 B31AeD SNid {I1eUST1d et esn uey}
pue 4sn uBjsep 2)60) ey} dojeasp ued Jeubisep eyl

10}199]9S 99)1A3Q

o)y eoes) Asepuooes e o) sjeubls Jo jes
-gns © 1Ndin0 0} ANaE UWM ej AIoiSIy uoBjWIS —

o) DIQIr OU} Ul UOISNIOUY JO} SUNS

-0J UOREINWIS WOJ) SIO}OBA 156} JO UOREIBUSD) —
$Nq B 8jejnwIs 0}

(Jowen © uuoy) JeyieBoy sieubls dnoib o} Auay —
enjeA peydadxe ue ysuels ndino Aue esedwod

pug “seys1Be1 Aue peojeid ‘indut Aue jes 0} ANIKGY —
suBjsep eulyoBus 018]8 pue ‘pase}

-5i501 ‘BOJBUIGUIOD JO UOHBINWIS USAUP-IUBAZ —

:sepyiqed

-89 uonejnus Bupmoiio) ey sepinaid snid l1eYsQd

‘uogeoyueA ubsep

pides 10} @'d 10 YOS 181u] AuB JO uofoun) [euseiu)
ewp. ejejnwis 0} Jeubjsep eyl smolle snid HIBUSaId

uopeINWIS JeUoiOUN

suopdo AG PUB AE'E —

suondo Bupooly —

S|j000s08W poung —

uofjesedo esedwo)y —

uopemByuod WyHs —

:s® yons xeyuis ebenbue) meu jJo uop

-ejuswediu| ety YBNOIY 0B.LX ) OUY JO SOINES) I
-08}1L21E BARBAOUU) B4} JO |18 SModdns snid [I9YSTTd

poddng eineag [eINjOaNYdIY VYOI

NOIWREOINI SONVAGY

082Xl

"Pul

‘Q1d 40 yOdd 8due
-wioped-ybiy ‘ejbuis e ol sqid ejdunw eyepyos
-u02 0} siaubisep 10) Asee N saxew uoyouny ebleyy
8y "08.X4! 18w 8y Bupnjour *gd eIl Aue o
sajy ubisep Sqd aidninw ebiew ued snid yeysqid

abiap ubjsag
Joyejeg 8dneq —

uvoddng esnop jind —
UONBION JOJOBA —

V9d4 e} 10} uoddng uoneinwig —

uvoddng uoneiedQ eredwo) —
uoddng uonenByuod Wyus —
obiepy ubiseqg —

‘SUOISIOA JBIues
1OA0 SJUSWSIURLUS [BIOASS SOPN|oUl SNid [19Usald

'Sgd PUB SyDd4 191u] 10} subisep jueio
-ijjo egnuis pue ‘ojdwod ‘dojeasp ued noA ‘snig
11eusad UMM 'sySdd 18wl yum Bubisep uibeq
0} posu noA |je s pue 2160) ejqewweiboid ey 10}
100} euwdojorsp pajeansiydos e si snid j19usald

snid IIvYsad
1HOddNS IHYML40S

‘uoneinByuooes ynono-ui Aq pebueyd oq Jouues
pue ss8008 Sauluielep dn-1emod j1e yiq Aundes sy
-BIOAUOU BU} JO BIE)S BY ] ‘WYHS 8uj} JO Sjjed eejoA
-uou ey} Jo ino pees eq Jouueod ubisep eyl s si uq
Aunoes siy) 8ouQ ‘eaep ey} ojul powweiboid elep
Y} 0} SSE00R S|ONUOD NI Aunoes ejqewweiboid v

ALIHNO3S

*sejou uonediidde Gupoddns pue uoy
-eayeds uoneinbyuoosy Inoso-u) pue Buwwesb
-0i1d @dined 082! 6u) 0) sojel eseeld Buiwiwesbosd
puB uoneINGRUOOe) PNJID-U) UO S|IBIGP BI0W JO4

*(99A) ud ebejjoa BuiwwesBosd
oyi snjd wod 1se) DY L eyl Jo esn ey ybnosyy euop
0S|e S| SIYL "JO pawin; S| Jemod eyl UBYM UBAS 1SO}
4 Jou [)m uoneinbiuod By} 1eY) 0S )18 Oje|OA-UOY
oyl oy pawwesbosd eq Asw 3) peunyuoo st ubisop
8y} JO UOISIBA [eul ey} BouQ ‘oueusds BuidAioioid
® U) paJisop se sewn Auew SB 8uop eq Aew siyj

*aoiAep 8y} o
erep mou ayy Bunpys Aiduns Aq peysidwoosoe aq ued
uonenbyuoo meu v Buipeolumog “wod ise} ByIP
uid-p ey} Jo esn oy ybnosyy Sunswesbosd YndIO-UY
pue uopemByuoses ynosp-ul spoddns 082Xt 8YL

NOLLVHNDIANOD3Y LINOYID-NI

e

i ‘gje)s adue
-pedui ybiy B 0) SO/I e SI9S LONINASUI ZIH 8L

(Aseuig 00010 5p02dO Hi) ZIH

’ *OQL 10 In0 payIys
Alieuas eq 03 epod s3N 8y Bumone OaL pue IQL
0} pajoeuuod eq o} seisibes (S3n) eimeubis owon
-08{3 Jesn ey sjoejes uondnIsul 3000S3IN YL

(Areuig 04 101 @p02dO HI) 3G0IS3AN

‘001 10 N0 pays Ajjeuss eq 0} 6pooql
ey Bumoje OQL PUB |QL O} PeldBuUUCd Bq O}
1e181601 6pOO Q) OY} 5196]8S LOKONASU! IAOIAN BUL

(Aseuig 01000 2po2dO HI) 3002A8

‘uon
-onisut 1S31X3 ow Bupnoexe ueym pieoq INOND
wajsAs oyl 03 usAup oq 0} suid 08LX! BY) O} BjEp
speojesd (g pue Jeuuew eAISNIGOUN UB W) O8LXJ!
ey} Jo suid ey) Jo sanjeA ay} Jo ,J0ys-deus,, B SMO|
-{e (1 uononAsul G¥Q13Hd/31dNVS 8Y). 'suonduny
OM} 10} Pasn S| uonoNASU QYO 13U/ 1dNVYS eul

(Aseuig 10000 2p02dO HI)
avol3dd/ITdNYS

‘004 pue |g] O} peoeuund eq o} ‘(Hdg) “seisibey
$SBJAQ 119 BUO BY} 5199|865 UONONIISUI SSYJAS eyl

(Areuig L111LE @p02dO HI) SSVdASE

‘sjoeu
-uodielul pieoq Unaso pejuud o) AjleoidA) *ebexoed
08X} oy 0) Jewee Aninoso jo Bunse) smoje
UOIYM S[190 UBDS AIBpUNOq 8Y) Ul PeUrBjuod SenjeA
8y} 0} suid Indino ey} SaAUP uonoNASUl 1SI X Syl

(Areurg 00000 2p02dO HI) 1S31X3
suooNIISU] djiqnd

*SUORONUISU) 8jeAud 91U} [EUOHIDPE PUB ‘SOPOW
Auop/weiBoid oy Joj pesn sepoddo uononAsuy
Lougnd-jwes,, ‘sepoodo uononasu oyqnd suoddns
(d1) se1s1Boy uononAIsul s Arepunog 082Xt 8yl

suoyaonssuj uess Aiepunog

‘Buiuusesboid ynono
-u pue ‘uoneinbyuooes uNos-uy ‘BunwesBoid prep
-uels 1o} pesn os[e §) eoBueluUl IS8} DY LI uid-p Byt

NOILYNEOINI SONVAGY

082Xl

P




1451

“uewdinbe ejqeyns nouym senjeA esew ise} 0} iJdwene Jou oq
*PEPNIOUl @J8 BS|OU JBISE) PUB WBISAS 0) BNP SIO0YSIPUN PURB JBAO JjR ‘OND 9IAep O} 108dSe) YIM SONJBA NjosqY G
‘AS = A ‘0,52 = VY1 1v 8 senjea (8aidA) 'y

_'SALON
007 10 OND = NIp
‘Xe = J0A | o oL¥ weun) eBexes Indu i
Ul = 30A .
*oavioz =0/ A 20 oBejjoA INdINQ |ore] Mo AE
UIN = D07
“oavwoeL =0/ | A SP'0 o68lOA INAINQ jore MO AS LY
U = 307 : :
“ogvioz—- =0/ A 20— OO0 | eBejjop IndinQ jere] UBIH AE
Uy = J0A
Qv oz—- =0/t A 20— O%0A | nding 18Ae7 YBIH SOND AS
UN = O0A
"OQVWOYr— =0/ | A ¥2 nding |eAe YBIH 1L AS HOA
A 80 . . €0~ obejjoA induj joaeImoY | (g)TA
A |E0+ NN 02 ebeyoA induj jere uBiH | (@HIA
SUORIPUOD 1SOL sun p ] dAy un JojpwRieg joquis

(%S F A0S = 0A'0,02+ 10,0 = Y1) SOILSIHIALOVHVYHD *O0°'A

su 005 oWy} 18 induj Y
su 008 ew)] esiH nduj 4
Do oL+ 0 - eujesedwe] Bupeiedo vl
A O30 0 eB8)j0A INdinD OA
A O0A 0 eB8joA Indu) NIp
A 9 . .0¢ AE'E - ©6®)jOA Addng IndinO 0307
A S2'S Sty AS - eBe)joA Addng O30/ /90N

syun xen Ul 19j0weied loquisg

SNOILIONOD ONILVHIdO QIANIWNOOIH

‘e|qeyeAS O8[8 MR

$poped J0} AG'L+ O) IOOYRISAD J0 AQ'Z— O} J00USIEPUN ABw SINdU; oLy ‘suopsues Bupng ‘A0~ # m&:. 00 WhIN 2

«SuopipueD bunesedo,, eyl puokeq einsodxe pepuel
X0 PUR PEpUSWILIOOS) Jou §] ,Suoppuo) Bupeiedo,,
oy} puokeq uonRISID AUO SBUNBLI SSBAS /8 S8yl
‘obpwep Jueusuwed esned Aew ,SBupsY wWnuXEH
ojosqy,, &1 p

B,
Aoq eonep o) Buy

-6q 196Us ©18p 15618} ) BABY NOA JBY) 604JO SO[8S
{ew] 1800} JNOA Yum KLeA "eonou Inoyum ebusyo
0} 10elgns ©s8 suopedyPeds eyl Juewdojorep jO

Pepuelx3] ‘seq JepuN ‘e

“SUOHIPUOD PRO| OU JBPUN SU (Z UBL) $88|

P o () IOA *}
" :SIULON

- (yeormeiodwe)
AIqEISI SNNSP J0y8 Abus o | sa+ Jor- wequy | 8w
0. | 051+ |so- |emwedwe)ebraig| 915
" A |90+A |90~ |z 1yeBun0A Wndul OQ A

4 “ONINHVYM o (yebeiop
‘uBisep v Bupzyeuy 610} A | set+ |o2— | Addng BuwesBory ddp
A oL+ joz- yeBejoalidong | D07

sun| xew | uin Jneune,

oY) U} S}ONP ! d toawis

seseyd uononpoxd iUy pus Buyd

UO UORBULIOJ SU[BILUCD 100U ¥IEP SML :SOILON

+SONLLVH NNNIXVYIN 31nT0s8Y

NOIWREOLNI SNVAAY

084Xdl

Pyl

| ¢

. 0)BOIMBIA o
"s10)ejnwis jo Ajeusa B ybnoays uopeINwWS 18I0}
-Aeyeq 10} poddns jepows eaeQ IBpON Lewg —
uonesodio) Buyepop 91607 o

:SIOpUBA
Bumo)|o) ey AQ pepwoid eq | S|Opow uoRBIMWIS

S73AON 3D1A30

ei-¢

snid wuds —
SNS o

OddTY —
s9owe( |eotbo] o

0009 19PON —
uelg e

006€70062 eusiun —
-Q/1eeq o

00LL Qd —
SWeISASOINN d8 »
8Jop
-ueA Bumwo)|0) pepiaosd eq jm Loddng BulwweiBosg

1HOddNS DNINWVHDOud

JcaEpo.Sco uonejnwis pue exmded
OnBWeYDS pejesbeju) :nMOIAIEMOd B GTIMOIA —
0IBOIMOIA o )
"uBisep @ u) suonejoA ploy pue dnjes Buy
-Aiuep) Jo) seyuen Bupuy peoueApY :wiIALLOW —

uBiseq penD o

NOILVINYOLNI SONVAGY

082XdI

‘Pyul




Tk o

[AVIeN

-prdes 1008 Aew Jeyl 4000 SUONEONPOW ubisep JOYM PUB UONBZUBIDBIBYD [BINU) 18 P 818 SBNRA BSBYYL L

310N
d4d St 2t ZHNO'L =} aoueyoede) Ulg ddp ddAg
EL 8i -] ZHNO') = $'A2 = 1NOA | eduendede) uid 0010 bl
3d St 4} ZHW O’} = J ‘A2 = 1NOA souelede) O/) Olp
4d 2i oL ZHN O'L = ) ‘A2 = NIp edoueyoRdeD ndu) NIy
nun xew dAL ulN SUOIPUOD Jaewessd loquis
ININO UO AG") 18 POINGROWI 818  «— Z PUB H «~Z 40 G = T ’ (%S F A0S = 200,02+ 0100 = Y1) JONV.LIOVAVO Nid
Yim peinsBow sy 2Xd) ‘proj INAINO PeN0eds AQ uaaup B 6891104 1S ApReIS WOY AS'OF 18 paInsBow 018 ZXd) pue XZdy °g
%0019 sod Bujyoims SINAino jiey ‘g
531
: on ASO + OA:Z 1 pesolD :Z «— 1
su x4} - so ot poued ¥10 49 AS0 - HOAZ «—H Jdg uedD Z «—H Xy
su S L4 . 4 swi) YBH O]  HR PO 2 o
3 u :
oy S > o WL MO Y >m.p , ) 0d0 H «— Z
wa P ASL co.NN yoee Jdse pesoin Ody
1 -] Bo [ T .
su | vl [} st _|—nduj seisibey o yoeqpea Indinp Jeisibed | 1N} onieA INdING peunsesiy % s voneouoeds
1190008 [BLOYBLIGUIOD . . (LY. 5
su | 22 81 9l yBnoayl ped peAMINO AAN1D| 209 1INDHID 1S3L DNIHOLIMS
su |2t 8 9 PHEAIINO OINID| 1Oy
U ] 2 0 M0 woz ewit). PIOH O/1 40 Induj H
su (4 S s9 10 0 swiy dnjes O/} 40 ndu) nsSy 11-65¢062 -
‘ . %0BqpPes ON—(dN)/1 i
ZHN 08 626 00} (peuyiedig) Aouenbasg xey | (XYW ,_\
) (3ONYLIOVEYD L
¥oeqpeed [Buweiu—(IN%)/L i : I S3NTON) B2 4
ZHN viL 6'9L ) 08 Kouenbei 103uno) xep | (g)cLNO} 21-657062 |—| 3
¥oeapee ewepa—(*0%) + ASY/L ASI ) ~——S1H0d 152 —— z._XH 10410 el =g ¢ —
ZHN VL 6'9L 08 Kouenbei se1unog xe | (g)HLNO} . s
uun xeiwmi xew | ulg | XeW | UIN Jojewee WA . . 4.
N I —Gksy | ouks pekeieq | snouoiyouks d toquis a5t Y ——savod 1531 —— s..*ll“ 1w r—e
(%SF A0S = 0N 0.0L+ 0100 = Y1) i .
SOILSIHIALOVHVHO "0V NO0TO 04-08.X4H—3A0NW 4311934y WHOJ3IAVM LNdLNO ‘LNdNI ONILSIL *O'Y 1INDHID VO DNILS3L "0V
! ‘PUODSS | PEBOXE JOU PINOYS 158} JBYL JO UOHRING ‘ewn ® )8 PRISe)} eq pinoys Ao | uey 810w 10N '9
) PHBA INdINO 0} yoeqpos : ALON
su S ol 0/1J01nduy) J01es8dWoDH dWNOOy $I01UN00 NE-0Z M4 58
su (174 Sl 1959.1d/18010) SNOUOIYIUASY 03 O/) J0 Indu) 1O a.ﬂﬂm..&a._moi 8%0 .:on_o MM.Z ) ,
no ‘GND 20 = 1 - ua. dd MO, 20
su Ty ﬁ oSIo MG 01 ON O Wan | @ © 30 007 C&w vw 5 eun) Aiddng Jemod | eanoy 99
su_| 8 s eiqeu3 Inding 01 /1 sownduj | (@)% SINAING ‘OND 00N = NIA | v ' Jeung Addng semog AQpuels 8s)
su St ot PHBA ININO 01 O/} 0 Indu} (90 AS'0 = 1NOA ey = SO | vw | 021~ oe— BN YNOAD BOYS INAINO (91°S1
- xeps | dAy | vy | xew | dAL | uin R oquik T :
il Sk-08LXdI 01-08LX 4! ¥ d toquits J0AND = 4MOAxeN =30A | i | 01¥F wewn) ebexee INAINO 20
(%S ¥ A0S = 9O 'D0L+ 0100 = Y1) SUORIPUOD 1801, siun | xew | dAL | uin Jpweled toquAis
SOILSIHALOIVHVHO "0V AAON TVIHOLVNISBWNOD (penupuoD) (y)(%SF A0S = 9OA ‘0,02 + 01,0 = Y1) SOILSIHILOVHVHD "0°G

NOIVWYOINI 2ONvATY 0 ‘P NOILVINYOLNI ZONVAGY 84X Pl




L1

1NdLNo aNYA

i
T\

0,

su S € Z Mo unnding 0} 81qeu3 IO He%
su st ot Z uBiH v INdInQ 0} sigesIq %0018 (2'17H8
su S € Z Mo U INAINE O3 8iqBu3 %00I8 (128
su € 4 abueyo sse1ppy woy PIoH INAINO HO
su S ol PiIBA InAINQ O} 8iqeu3 Indino 3%
su (174 st o] $S800Y ejqeul] %20ig 38v)
su [/ 13 8w} SSOO0Y SSeIPPY w
su 02 St o 0jok0 pesy oty
e N el uiN
syun Jojoweied joquAs
SL-08Xdl 04-08LX3!
(%S F A0S = A '0,0L+ 010,0 = Y1) §DILSIHALOVHVHO "O'V—QAV3H WVHS
71-65r062

('Y

SWHOJ3AVM JAOW a34H3LSID3Y

NOIVYREOLINI BONVAGY

082Xl

Pl

Lo

£1-65062 .
S&:ow»:u%.wo._nnwuw% 1A4INO ONYA
1%
1NdLAO QYA Eri i S
xN}
. 1Nd1N0 Q3YILSIOIY
' NVIS-E Y0 TVIHOLVYNINOD
3ONYQ3dNI HOIH IXdy
M VT 104100 TVIYOLYNIBNOD
Ody
’ VA 0/1 40 104Nt
SWHO43AVM 3A0ON TVIHOLVYNIGNOD
su St St St poued 10 L3
su L L L owit UBIH 10 HO
su L L L eunl Mo %10 Ly
yied jewsjup—indu)
su | o2 02 oz JeysiBey 0} yoegpsed Inding seisibey 1NOy
1180008 N [eLIOJBUIQWOD
su | 22 22 6i ybnosy) pe4 piEA INdinO 0} X110 200
H su Ll cl (] PIBA INAIND 01 H10 100y
su 9 1 0 W1 WOy ewiy PIOH O/| 10 Induj H
su € 8 1 W10 01 suny dnjeg O/i 10 nduj ns,
. %oegpesd oN—(¢)/1
ZHN 529 $29 2'99 (paunadig) Aouenbaij xen XV
HoBqPee [Bwajul—(INDy)/
ZHN 0s 05 0S Aouenbaeig Jeunog xew 2INO)
yoeqpeed fewexg—(100) + NSy,
ZHN 0S 0s 0S - Kouenbe.y se)unod xeW HIND)
sjun oW | W | xew b b un Jpwesed joquis
osuhsy sukg peAejeq | snouosyouks

(%S F A0S = 0N 004+ 0100 = Y1)

SOILSIHILOVHVHO "0V HI01D §1-08.Xd—3GON H31SiD3Y

NOIYINEOLNT SONVAGY

[02:74 €]

P




0g¢

*$NQ N0 BIEP PUB U} BIBP UOUIIOD JO} §f UMOYS 8j0AD

ILON
41-65P082
s N * 1n0 ﬁmmz_
et oty o} 2Ho,
PR Y 8, v, o
A \ '}
’(c
;ﬂll +30
X X SS3¥00Y
oy
(BujwL, payioauod 38) 2# FTOAD FLIHM 4O WHOIIAVM ONINIL
*SNQ IO WIBP PUR U} BIBP LOWWIOD JO} $) UMOLS 61940
310N
1-0659r062
—t W * ) La0/m
o-HO) ol MOy } _ZHO,
Yy 47 ETY
. ” Cr—
— N
(A
Lﬁll K
X X ss3¥0av
D}

(Bujwil PalioRuod M) T1DAD FLIHM 30 WHOJIAVM ONINIL

NOILYNEOINI SONVAGY

082Xl

*$8SNq N0 BIEp pUB W B1EP Bjesedes o) Aldde Jou $80Q €
40§ = 1O Y ponseaw ase sfeubrs esayy 2

“ININO UO AG'} 1B pOMNSBOW a1

7 <~ Z PUR H «— Z "PEO) INdINO pauoads Aq ueAup 5B eBElI0A 018]s ApBajs wos AG'0F 18 pemseau ore speubis esoyl “L

:S3LON
su €l oL u} B1EQ PYIBA O} 0iqesig Indino €'z 12HO
su [ [) eun} pjoH eieq HGy
su 9l 4 8jUM JO pu3 O} PIEA BleQ MGy
su 0 0 o} AIBACORY BIUM umy
su 9l 2 UIPIM 8SINg 1M amy
su 14 € ew) dn-jeg ssesppy SV
su oz Sl B1UM JO pUT O} DIIBA SSOIPPY (2]
su 9l 4! 81M JO PU3 0} BjqEUT %00|g My
su 4 St owi ] 8|9AD BIUM oM
siun N an b o Jajawede, oquwA
S1-082X3 01-082X41 ’ d loquifs
(%5 F A0S = 20N 0,04+ 010,0 = Y1) SOILSIHILOVHVHO "O'V—ILIHM WVHS
*HIA 8 ploy IMm
‘310N
$1-685Y082
ino
. vivg
= e i—
|
o7,
e,
30
™
i ) A
o
FT10AD AV3IH 40 WHOJIAVM ONINIL
NOLYWEOINI SONVAGY 904X Pyul




‘084Xl
oy} J0} }08|8S BpOW IS8} UBds Alepunoq

oy} s1Indu) joxuo) AuiiqeiseL eul | SWL

*ZHW 02 $1 %200 16} uBos Aigpunoq

oy} Jo Aouenbe.y Buneiedo wnwiew ey)
‘sepow BujwwesBoid 1o uess Aepunoq
Buunp 082X ©u} JO N0 pue o) EYEP
PUB UOHBWLIOJU| 8181S YOO0|D O} Pasn Sy
HO1 "082Xt 8} J0} %00j0 uedS Aiepunoq

ey} sepiroad Induy %00I0 AligeiseL oYy | MOL

"MOL1 jo ebpe Buyre; ewy uo ndino

OQL 84} Uo 082Xl 8} JO INO payIys

38 BB PUB SUOIIONIISU! DY LI 082X
ey} woy indino Biep |Bues ueds Alepunog
o 81 INdInO vleq Alliqelsa ) eyl

MO jo eBpo Buisy ey

uo uid indu |G, eY) Uo 082Xl eyl ol
PolIys ©Je Bjep pUB SUOHONISU) BYLF
*082Xd! 8y} 0} Induy Blep jeues ueds

Asepunoq ey si induj ejeq Aiqeiser eyl | 101 |,

-sebexoed || uo ejqejiene

6q jou Aew suid esey | ‘suid Ajuo nduj XNI

“ndino ue Jo Snu_
uB sB Jayyie peinbyuod eq ued jey) suid

*QND 10 30 0} pe1dsuLc

eq Asw uid sy ‘epow BuunwuesBosd

_ upjou ueym "uid siyp o) peyiddns
eqisnw AGZ g} ‘BuiwweiBosd Buung

"08.X) 04} 10} 068310A BuiwwesBoid | ddp

"$3§90}0 (830D

*s|gubis A€'€ INdiNo 0} §40 8Y)

$08NBO AS'E + 0O} suid esey) Bupdeuuo)
sjeuBis AG IndINO 0} g4D ey} sesned
AS + 0) suid esey) Bupoeuuo) "sg40
ey} Jo sindino 8y} 1o} eSe1joA Alddng

XQO0A

“QND O} P8IoBUU0O 8q 1SN

- IV "084X! O} J0) SUOIIOBUUOD PUNDID SSA

*AS O} pajosuuod 6q

1snw |l ‘082Xt ©u} 20} ebejjoa Aiddng | J0A

uopyduoseq

sweN
uid

uopduoseq uid

$ujd pauljeg-108n 'S @qeL

‘suonduos
-ep pue sewsu uid peuyep Jesn ey} SISy § OIqBL.

Suld PAEdIPaQ 'y 3lq8L

‘suo
-duosep pue sewsu uid pejBoipep ey sisy ¥ e|qe)

SNOILdIHOS3a Nid

NOILVREOINI SONVATY

082Xl

Pyl

-di} 118 Yey) emnsue suNoJ 19504 n:...w;on _wEoE_
UNASLY 66-lj0A uQ-win). NOA
- ° wz_u> NOA oy mo:uwo. Q0 Jeye
xepy s 004 | ewry jesey dn-temod ey Hdy jo >n_ou € uiynm e3e)dwod s) 819ho dn-semod ey
anep 1910wsIeg joquiAg “ouoloUOus 8q IS esl IO ‘seyiour O} uoeoyd
-de euo Eoc Apuedy .::w.m Area ued osi 00 esnedeg
SOILSIHALOVHVHO .
13S3H dN-HIMOJ hmmmm_ dn-43amod
SIOWUNCO sa.,oN 004 TILON
AS = 7’052+ = V1 SUOHPUOD co
81-659062 N fy T
(znm) 1N
08 0L 09 0S Or oOf 0T oI
D ot I
[
- o
09
(vu) 23
o o8
06
0ol
A ot
oz1
AON3NDIUA 8A I9)
3 h ®
NOMVRYOIN] SONVAQY 004X P

1]

- .2.3.«. Josay-01607-1s8 oy owi ynd
9q M JBJI05U0D gV DVLI 8yl ‘osly ‘dn-pasemod
sey 891A0p ayy-Jeye g 2160 B 0} jeses eq jm sdoy




¥ee

02-85r062

s oo o
s (SSA)
134
1 14
(14
oS
137
s (sm1)
£s (1) «
a4 L1
s : '
. 0]
113 ot
“ G D K=)rvedd N %
(1] o
" o
1 >
" r

=

-

m

D

(2]

[e]

=

<

m

0

-

(1) 1t
(oa1) o1
1 IOVAIVd D07d Nid-+8

NMONAWIMKIO NN SIDNMWACY

o8Lxd ‘P

61-65r062

(L]
(37

(ss8)

(sm1)

[T
90
%0
£901

(

g

)

Il

2901 e

9 840

£301
2901

(ss4)

290! b

290! e

LN >
[ >
(L
mwm

o
T
(1]
rINE
sin

L]
n
P o8
™ -
" »
” i
" ”
” ”»
- "
[ ] L4
1 »
» w
- o
" -
» "
» 'S
19 ”
” t d
™ "
o ™
[73 -3
n M
173 o
"’ 50 [ 4
™ = w "
" sso0 P
P sado—N 9 =
L3
“ v ”
o g -4
1. - -3
™ < (o0 »
] - (ro0n) ox
" m (zv0a)
™ 3 (ssh) »
" (¢} (ssa) &
" (o] [}
L] -4 "
L] N "
P m .
T 'S
™ - o«
” .
» .
» 4
™ .
™ s
“ on ’ “w v
ook oM > s ¢
oosw > o 3
] > [T
[ > o)
v oM > (001) s
0 =l G0l o
o —tti0 ©
o ——— 100 -
0 20 @
.« S10t <
o (s5A) I €40 AHV =
[ s [T v
o fior o
€ el 710 m
e — | (O} -}
0 ————toiot o
% (1930A) (an)
(32 'Y
{0%20A) 2
- ’ FOVIOVd d40d Nid-ZEL
voradl .—@hc_

NOILVINEOINI IONVAGY




¥eo

UOREIOJY WIS L JONPOId T inbiy

2-501262 S
®
. -
-_— .
H— -
e TI0N ‘
<=
=
-.-..- v
U
£o T3IN
-.l- @l
- -y
-|-.- aey
H—
T T3N ‘
i+
- =y
-_- =y
H—
i» TI3ON
-.I.- ‘ . T
- =y '
-_.- [
o TIION ‘ - ‘ . 14
@
1y axnbas m._o:o.:_._ 150 “uonenba sponpoid-jo-ums
“SuLIa} «o_.vo._a 91 2 dn yum suon sj3uis ¥ Ul popnpouy 2q uvd suudy jonpoxd 91 03 dn
-ounj 3 dun 03 S qy8iou sit 0)
[[900308W U0 Eo.c PRIIS e aE._o- aoavc._n 3o saeg oju, 6ul , U1, Lul, gut, Ut , pUl 4
3y uSisop pus uonwzZnN o) Y gut , jUl = [IN0

uoNEIO|[®  ULy-jonposd sapvAOuU Ue sosn w8
-0|Xd1d "suonouny 5_9:8 JE EoEo_nE_ o o_ﬁ
3q os[® IS S[f; nq 9 pus [n)

suonouny |i¥ 3 jdwi 0y 1 43 __ooc..oqE
youva Juialo :.qu_nE. 03 suuss jonposd asow Auvws
a1nbos suonouny swos Ing ‘suizy onpoxd 1ImIY Jo

“Juspeamnbo opewRYos A3 129ud Jo 9jqel Yl € do
-joA9p ‘suopyenba [eodo] oy 3 Ajduns sq1d ISRIIeR
Y sv im uBisop 0} am.co s% 218 SYDJJ w1 SoIXA TS

o160IX3 74 YMm Bujubiseg

WIHOLNL VOdd

Pl

100-501Z6Z JaquINN J3p10

lee

wesbe)|Q %90|8 082Xd! °} 2614

1-501262

0/1 0/

o/1 o/l

F N h

A F N

40
A L 4 4 A 4

:E )
Y A h 4 4

LO3INNOOJY3LNI TVE8019

.* A * F. N

A A v F v
840 8490 840 840
A 4 A \ 4 A 4
0/ 0/1 S1NdNI 0/ 0/!

As 100} doj;
Kyed-panyy 1sow uo pauoddns aie syndq o.mo_vmm‘_.._
9sn mou noA ey} 5[0} Juawdojaadp Y3 Suisn suBissp
91801} T 18I0 OS[8 UBD NOX SN [[PYsId Suisn
udisop [dwis v 918210 0} MOY NOA MOYS [[IM [ELIOINY
SILL “j003 JudwdoIAIP SN [IPYSATd 94) 8,]93u] Juisn
mou o3orxgTd yum -3uidopasp wws ued nox

' NYES
o_nwn—._oxoo_aanuvo._smccooopuoﬂ._anEou

Knuapi 158y uopad osfe ued sg.g) N0jXY TS ‘suon
-oun} oo} 19s18a1 pue syonposd-jo-wins jeuOHIpEN)
SIPISg “301Ap Asudp y3iy e up 2ouvuntopad -a'1d
SMOJ[8 181} XLIIBJA] 199UU0DIANU] [BqO[D Paods-y31y s, 19
-UJ 1A POIRULOSIANUL B SEID AL VS 10 ot30]
M-I APT S¥ uoBdUD] LD 3etyy (4:3D) sYo0Id d

s[quandyuo)y yia poudissp are sypdd NFoXI 1
‘shepap 2180] uid-o3-uid su Q] 9qeIopaId Yim sdduInb
-21) waysAs ZHW 08 3¢ vwaado uwd Lpwey s1B8orx g 1d
o_: JO ssoquidwt 1831 Y | ‘siudwasinbas udisop jusuwns

[3uiseaIout 10w 03 poudisop d19M sYD I oao—vnm.—m

*X0q ¥o%[q I[QIx2ay) New
EHOED uucm_ﬁv © A1 Apwie} yOJ4g 130[XI Ty U
pue ‘suonouny 9130] ss1A1p JwdwWRldWI 0) YOq NOElq
paradaui-Ajydiy ‘981e] sk uonduny o3 pedo[aAdp oM
SVDJd ‘POYIRI S1 [9A3] dwoo a3 nun urese
pue urede popIAlpqQNS 2T YOIYM ‘SIX0q NOe[q WIsksqns
OJUl USNOIQ ST XOQ NOr[q WISAS ) PUE ‘PIULIP e
savjowesed 1949 WRSAS °, $9x0q Yoe[q,, Sunudwsidu

14 -3

8 d v useq sey udisop SrEONMF

[eloInL vod4

pue 3utuyop jo
93:—
g




0e-2

WVUS 88 840 'y 9B}y

r-501262

uid
o/

67000 Aoszy Krowen e

8. k
Jnimibes ,— o1 x 921

[l_']

109019

WVHS se g40

upd Ag°s$!  IT0AS TINO 2T NId

"[9AS] 01801 Jwiws ) YA {199 JaYI0 Yna 3t dnoad o3 Jopdwoo Ay smoe uonjuyap uid $,[1300108W ¥ 0} JOAS 40
LTOAE 3uippy -o8wjoa Addns aysudosdde 31 0y urd 0004 531 Buiks £q 21801 AS 30 A¢'€ 58 posndyuoo 3q ued g.40)
yovg 9130f AC PUR AC'E JOJ SPRU SIUBISIP SSAIPP 03 SIAP 0180] JqewwwiSoad 151y Y3 31w SYDJ.] N0IXT LI
*$93%1[0A JIMO] JO AE'E 01 240U SUSISIP (RIS FousuLsopsd-ySiy 1vy) PUBIISP VOIS JO suonwIwI [eoIsAyd sy |

O/IAS/AE'E
9TqBUe~ 93 TIA = FM*WVNIANG
Ut = 4 AVIIING

[6'0INIQ = VIVQ'[6:0)Nvyding
o<.n<.v<.n<.ﬂ<.—<.o<uﬁnn—<.—o"8=<xmgn

WYd  [60JNVELINg NId
"NVUS Su ¢} se paan8yuoco N_Eov.._&ov:._ aq usd gD yoeg
WVHSs se a4

. IVIHOLNL VOd ‘Pt

622

TBUOTIPBITP-TQqQ! SUTsTUT = ISyr°cine
induy pejedypept aNd = Isyur-zino
ndino peaeoypep! 00A = IS¥I°TIn0

. LB 109UU0DINU]
180D 34} 0} [qE|IBAR SAeME SI puv ‘[euonoaIIp-19 10 ‘Indus IndINo ut 3q ued wid O/] S,{[990IIBMW YL XIS

13UUODINU] (890D Y} O} JORQPIR) SABM[® SI [[90I0BW YOE JO ‘[uL QIO 10 P PYIR nsas Ay
X00T0 pevssued uoyjoung? PUTLCUTLBUT = INTO*HINO
0070 pehetep! NTOXVIIA TATO = INTI°CINO
o3pa Juyire) uo Y0OTO! AT/ = ANTH°2IN0
ofpe Fuysya uo Yooyo! TXT2 = N0 1IN0
%2072 snouoaysuds v euyjep: TATd NId
11920108 3160|X314 '€ 9anBidy
€-501262 j
JosuUdINU)
> 109049
#90qpeey L
1ong
— I
4
s ° L\U Juisy
+—
pekoeg/ouks
o o T/
p—
3
uid 0/1 - T g0
L
04/
£033u0) 30 -
10A87 33018
OND
L)

SuondUN [RLIOIBUIqUIOD [[e Ased Afenbo s1 sjuswannb
-31 3unwn ok 1w ued MBOIXFTL N Fulmwag

Bupwgy

§20J> pareausd uon
-JUny ¥ JO ‘AOO0[D [BIINXI PIARIIP ¥ “PO0[O [SWINXD UL Su Q[ ut
Jo 93po Juyiey Jo Suisu oY) uo PaxOO[O 9q UBD uAsidoy 1[NSA1 Y1 J2ALPRP (s pue ‘suonenbo ooy ur vov:_u..m
‘sjuowaanbol Sunwuy Jo Auea v Sunepowwosoe ‘9o 3q ued sored 183 05 ‘plesed Ut sysom puw “xg0]
0108wl Youd uf djqewwesBord asn st Jupjood s9si3ay 410 1Yo se sindut swws ayy sosn 10)msvdwoo m__.-.
PAIBINWD 9q 0S| ued S1s1831 M puv Y 1sidar 1
10 (1 ® s¥ pasndiyuod Ajenpraipur 3q ued JnsiSar yoeg
"1I3151821 [[30030%M OJUL PIPRO] 3q UES SHNSII UORIUNY

[iola} == [[11:0}0) = dWD im0

suonduny sdop
*sasedwiod Kiuapt 31q-z| pue suon 3330 fm payjered up pouydp 3q ued sasedwoo Kinuspy
-enbs wi23-1onpoid 91 sopnous sIqY ‘su o] er yooig )

uopduny djquindyuo) v y3noys ssed suo Suuinboz aiedwoy Anuapy

IVIHOLNL VOdd ‘P




ADVANGE INFORMATION

All information in this data sheet is preliminary
and subiject to change.
8m3

The MAX333A is a precision, quad, single-pole double-throw
(SPDT) analog switch. The four independent switches oper-
ate with bipolar supplies ranging from £4.5V to+20V, or with
a single-ended supply between +10V and +30V. The
MAX333A offers low on resistance (less than 35Q), guaran-
teed to match within 2Q between channels and to remain flat
over the full analog signal range (A3Q max).- it also offers

break-before-make switching (10ns typical), with tumn-off .

times less than 145ns and tum-on times less than 175ns.
The MAX333A is ideal for portable operation since quiescent
current runs less than 1pA with all inputs high or low.

This monoiithic, quad switch is fabricated with Maxim's
new impraved silicon-gate process. Design improvements
guarantee extremely low charge injection (10pC), low
power consumption (35uW), and electrostatic discharge
(ESD) greater than 2000V. .

Logic inputs are TTL- and CMOS-compatible and guaran-
teed over a +0.8V to +2.4V range, regardless of supply
voltage. Logic inputs and switched analog signais can
range anywhere between the supply voltages without dam-
age. This upgraded part is a replacement for a
DG211/DG212 pair when used as a quad SPDT switch, or
‘wo DG403 dual SPDT switches.

Applications

Test Equipment
Communications Systems
PBX, PABX
Heads-Up Displays
Portable instruments

Pin Configuration

General Description

MAXIM

Precision, Quad, SPDT, CMOS Analog Switch

: . Features
* U ?mdod Replacement for a DG211/DG212 Pair
c':rp wo DG403s '

4 Low On Resistance < 22Q Typical (35Q Max)
4 Guearanteed Matched On Resistance Betwesn
Channels <2Q :

¢ Guaranteed Flat On Resistance over Full Analog
. Signal Range A3Q Max

4 Guaranteed Charge injection < 10pC

¢ Guaranteed Off-Channei Leakage < 6nA at +85°C

4 ESD Guaranteed > 2000V per Method 3015.7

4 Single-Supply Operation (+10V to +30'
Bipolar-Supgy Operation (£4.5V to £20

¢ TTL-/CMOS-Logic Compatibility .
4 Rail-to-Rail Analog Signal Handling Capability '
Ordering Information

VEEEXVIN

DIP/SO

SWITCHES ARE SHOWN WITH LOGIC °0° INPUT

PART TEMP. RANGE PIN-PACKAGE
MAX333ACPP 0°C to +70°C 20 Plastic DIP
MAX333ACWP 0°Cto +70°C 20 Wide SO -
MAX333AC/D 0°Cto+70°C ___ Dice”
MAX333AEPP -40°C to +85°C 20 Plastic DIP
MAX333AEWP -40°C to +85°C 20 Wide SO
MAX333AMJP -55°C to +125°C 20 CERDIP

* Contact factory for dice specifications.
Typical Operating Circuit

QUTPUTS

INPUTS e

°§°o——-»—[>-
> i

FLYING CAPACITOR
LEVEL TRANSLATOR
{2-CHANNEL)

MAXIMN

Maxim integrated Products 1-17

Call toll free 1-800-998-8800 for free samples or literature.
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