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Cpneralities .        ^ on *     a« 
A typical "big Schmidt" telescope focal plane is m the order of 30 to 33 
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 mside 
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. „       i „„A 
Because these telescopes are usuaUy 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 P^^e 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 

Prire^onsi^derations 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 
erade 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 



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 piano 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 
Pixel   size 
Physical   size 
Angular  field  of  view 
Number   of  CCDs/5   degrees 
Pixel   scale 
Readout    registers 
Full   well   potential 

2048*2048 2048*3072 
15    microns 9   microns 
31.72    mm 18.43   *27.65   mm 
34.5   • 20   *30' 
9 10 
0.979   " 0.587" 
2 2 
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 OQ) 
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 IlaO 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 IZ 
plates, leading to potentially interesting results during the full moon, 
where   Schmidt   telescopes   are   normally   unused. 

Implementation   of   a   multi   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   slight   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   available   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    use    "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. 

Individual CCD modules - Simplified plans - October 1993 
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convex lens 
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This support base 
provides adjustment 
in rotation, tilt and 
focalisation 

The 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 modules in the focal plane of the 
Srhmidt telescope 
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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   pixel   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. 

Controller     design 
Generalities   : 
The typical  organisation  of an  astronomical  CCD  camera  is  the  following   : 
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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 ( 0 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 is 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 relatively 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 using 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 required 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 Brown's OPA627 
and  637 are  used in our design. 
- To supress the DC signal provided 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 PCM 1750, 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 fi-om 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   design 
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 ( i.e. 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   skv   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 

CCD 
port 1 

CCDl 

320C40 
CCD 
port 2 

CCD 2 

32 Meg. RAM 
+ SCSI driver 
expansion module 

CCD 
port 3 

CCD 3 

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 
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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 

16384 APE 
associative string 

processors 

Ethernet 

DSP 320C40 + 
Memory Buffer and 

Exabyte control 

GCDs 
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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 
OXJTPUT AMP SENSITIVITY 
EXTERNAL LOAD RESISTOR 
POWER DISSIPATION 
D.C. OUTPUT LEVEL 
PACKAGE 
DEVICE MOUNTING 
DEVICE MATERIAL 
PROCESSING 

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/MICR0J0ULE/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-4950S-1 
SILVER-FILLED EPOXY 
FOUR-INCH 30-50 OHM-CM EPI SILICON 
2.5 MICRON MINIMUM GEOMETRIES 
TRIPLE-POLY SINGLE METAL 

OPERATING MODES 

BURIED CH2^NNEL(MPP)     SURFACE CHANNEL 

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

100,000e- 
<25pA/cm**2 

SEE  TABLE 
25 C 

>0.99999 

400,000e- 
<2nA/cm**2 

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 instr\imentation systems. The FA2048 is 
organized as a matrix array of 2048 horizontal lines by 2048 
vertical columns of charge-coupled photoelements. The pixel 
spacing is 15 microns by 15 microns. 

Excellent low noise perf orinance 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  A1,A2, and A3 are polysilicon gates used to 
transfer charge down the buried channel to the horizontal CCD 



multiplexer. Vertical coliimns are separated by a channel stop 
region. Incident photons pass through the gate structxire, 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 xinder 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 CCOs 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 ASSAY 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 eunplifier. 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 cpaality 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. 

TOTAL ARRAY 
PIXELS     COLUMNS 

? FREE 
100 5 
300 30 
500 60 

CENTRAL ZONE 
GRADE PIXELS COLUMNS 

0 DEF 
1 40 2 
2 100 8 
3 300 15 
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POWER DISSIPATION 

i 
a: 
UJ 
$ o 
a 

RLOAD K-OHMS 



0.99998 

^   0.99984 H 

FREOUENCY(MHz) 

«5 
Z 
c 
cc. 
t- o u 

< a. < o 
_l 
-1 
u 
5 
-I 
_i 

la. 

HIGH ir/EL CLOCK VOLTAGE 



i o 
Ji. -in 

.^ O) 

< 
o -o 

^. 

^ o 
-in <s ^^ 

CO 

o 

tys 
-o 

CO 

3D r o 
-lO 

^^^    ■"■ r N 
JL LL / C" 

51 < 
V 

-o c 

_I3 
' 

\ CO   CD 

\ 

CD 

-O   CO r < j 05 

3° k. 0 
-in 
in 

cc X^ 0 
-Jiii ■\ -0 

in N 0 
-in 

L 
^ 

0 
-0 

>■ 
\ 0 

^" 1 ■ -co 
CO 

C 
CC 

1        1        1        II         1 >         o         o         o         o         o          c 
)              lO             '^             CO             CM             T- 

> 

% Aou9!0!j|9 Luniueno 



TYPICAL OPERATING VOLTAGES 

Burried Channel (MPP) 

HIGH     LOW 

Ml +7 -4 

M2 +7 -4 

M3 +7 -4 

RG +8 0 

OSG +7 -4 

Al +2 -8 

A2 +2 -8 
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ATG +2 -8 

Surface Channel 

HIGH LOW 
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D.C. VOLTAGE LEVELS 

OD 20 

ORD 13 
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Substrate is Grounded 



/ ^ >\ k 

in 
UJ 
2 

j'N 1— 

t2 I o o 
cc  <^ " CM 
UJ   3 cn H; 

< 
LU 

%.• CL 05 
UJ UJ 
G: 

^ 
™ 

1  o ^o ' .« .«»... ....«....».—. .....*...*».... o > ̂  CVJ 

a. 
UJ 
Q: 

/-s 

UJ O 1 

-i   UJ 
-J    </3 
<   3 1— o: 
< o 
QL   '- 

1 
.„..,.. 

> \ 
j 

LU   >-x 

JJ 

2   w 
1 

\ ' - ' 

^.    ^           o                        o •-NWacOr-MWh. 
^ § g cc o < < < < 

2 
O 

LU 

o 
u. 
O 
ui 
O 
O 

OL 
QL 

2 
O 
2 



4\                                                                           '    "'  _ / ^ 

' CO 
LU 

2 
^■N 1— 

R
IA

L 

S
E

C
 

1 o 
o 

UJ   D e\j 
CO 

^ ^^ 
. 

-1 
LU 
Q.          cr 
LU              LL 

1 CV              2 

f= 
O 

y ■ \ o 

!< 
LU 
Q. 

2 
o 

LU < 

A
LL

E
L 

U
S

E
C
 

) 

1 

1 1 c: 
LU 
Q. 
O 

csi 
^2 u. 

-. O 
m 

> t 

. 

1 

V, 

Q 
O 

0. 
CL 

S 
UJ    .^ 
1-^ 

FE
G

R
A 

1 
S

E
C

 

^ 

CD 
S     ®     22 S     cc     o < < < 



OUTPUT (SERIAL) MUX OPERATIOIM 
WITH TYPICAL OUTPUT -l6pei^«^D ;ijLi GuXa 

0 / L ^:G    '-^   /. % 

I 

..   ■(        "O 

Ml \ 

M2 
!          i 

i 
I M3 \ 

RG 
i 

OSG \  '      ■ 

i 

ET LEVI a.^ 

1 

; 
\ 

DARK F '     SIGN^ W.-"^ tEFERE 



@ 

i 
© 

CM 

i 

o 
to 
X 

If 

i E 

OL  O) 

1° 
fi 

C 0. =• 

Et-i3 

(0 

u o 
^     m 

z 
o 

z 
3 u. 

£        U 
m 
< 

O 
u. 
z o o 

o 
o 
S 
o 
> 
CM 

" go. 
E oS 
S . <o 
** J2 a 
ts "5 "s S S o 
l|i 
?i| 
g5| 
If! 

?|f 

S«70 

SaSc 
_ o o o 

•s.Se . 
o E3 o^ 

c5 oS* o •- £ c X     o ^ ^ •* «- ^c      •- 

Mil si 
Sac 

— io ® 
»  t J3 
c< 2 

£ o ^ 

of® 
Ei-5 

o .i 

E080 

o • 

ii2< g «a: 

01 en M 
= 22 
Q)  Q.    <0 

£2§ 
<0   Q}   U 

00    " 

So.— 

o 
o 
3 
O 
o 
oc 
I- 

SS£0 

w ® CM 

10  O) 

m  O u 
Is 

u ® 
S = •"  ST 
S £ 
oc-g 
a. S 
uj-3 

O o 
AN 

<0 X 
ci2 

T5-6   "  g-~ 

C J3 O 
= C J3 

"  S  <" 
U; CO <d 

coOO 
J£ £ J£ 
O  o o 

■00 

S£ 
c o 

■S c 
§5 

E 1? 
<^ in o 

(L 2 

■= f- 2 

ga» 

9  £  O 

UE 0 

i >..2 c 
S-ff-g o 

O   W !S 

|lg| 

o o ^ © 
=5 8 c $ 
o S q> g 
S.Q.E S. 

^ °- O  CO 

a o 

II. 

—:  O) 

iE8 
SM"C 

U  >  C  M 

«1 »  * 
•5- 
c o 

w  or 
S  •» a 
I   |.= 
^   li 
£      CO 
X      ^ "> 
«   fx 
iL     Hit 

5 o g c 
. O.C c 
.'O 3 q ID 
C  (0  O O) 

iiP 
E.2>E c 

■c-o a c 
SLsSg 
S,""o'3 
.S''o * „ 
mS o£ 
»> o w 
6 2 OS o 

at 
g is 

CO ^ fn 

3  3 

> 2^ 
*o 

O 

CO ij o I 
o 

"S- c 
S-o.g fr^Ss^S 

SB ' 

1-3 c 
eiE 
» « o 
•-> o 
O CO o 

o » „ „ ., o> o a » " 

»-?-.5, 

<0        « 

o-S fe 

22-or o-c aS E o"c 
CD '*s .C  O 

® 0=5 

£8 gOC^ E£ 
. -S .9 Q o 3 ^ ^ o S O " 
S»c?' 

_ cx 

E: 

0) a. g 
^ oS. 

3 ^ in 
0)0.": 

0)^ •" coo 
.9 oa 

o)2 "-r 
SH-2 o 
« 8 to 

i|if 
8B^I 0 •= o tr 
■oifeS 

.91*2 
1 82? ■D  "  O -O 

^.cl?   . 
0)*S ^ .^ •£ 
S o> g <a o 
"* o> " iS i2 
(DO 

2 o 

*" c 
O". 
■<§ 

a o S c 

'■0 o r,c 
C  CO  fe -g; 

o o r -c g 

Q. 
■o 
C 
fS 
O) 
c 
M «> 
H 
« 
X 

.9?  C£ 
w      -OS 

If 
M  0> 
M  C 

00  *** 

o E 

§26. 
0 0 3 
-.i 
c 3 8 
~ !K <• 
»> Se O  £.3 

c -o c 
090.9 
C £  0) 

is' 
a c 

8l|5 
» O » o 

.0 O c g 

|o5a ^3 TJ o c 
    A M   O 
■9S o F 

CM 

O g a. E 

s 

?'. 

JL   jES 

W OQ. 

§8t 
cc 2 
.9 .9 Q. 
^ ^,c 
=> = >. 
2*.9*.-tt 
c c 3 

o o 

ffi ^ o 
c -o 8 E   . 

£ ^ ~ o" .iS^sg 

.01 a. s - 
^ 8 c c " 
. & J = S c 
« ^ S -E E 
s o i< a>^ 

.0 £ 
O p c 

a li 
(0 <pg 
« 8:1 
O 0"D 
O '5)„ 
»" 51 o x€ 
•= lu c 
£ -I o 
V o 

^ 

1^ 
@ 

(UU) 

■52 

i 
z 
o 
Q. 
o 
< a: 
0) 
X 

i 

SI 
< 
O a. u. 
o 
"5) 
o 
X 
UJ 
ij 
u. 
0) 
c 
o 

4a 1                    c e 
O) 

0                                  0 ^                   3 M 
V                    3 a                   SI'S « 

he
r 

24
V

10
 L

og
i 

K 
M

ac
ro

ce
lls

 
on

fig
ur

at
io

n 
.3

V
 o

r 
5V

 O
ut

p 
Jt

 O
pt

io
n 

ea
tu

re
s 

sn
 A

ll 
I/
O

 P
in

s 
or

ts
 u

p 
to

 1
6 

P
r 

oc
el

l 
w

ith
 N

o 
na

lty
 

io
ns

 
C

le
ar

 O
pt

io
ns

 
JK

/S
R
 F

lip
-F

lo
p 

tit
y 

C
om

pa
re

 O
f 0 

(IS 

1 
I"! 

—     0 u CO a 2*- 
*     0.2 » 3 

S5w« 0 o)So- 

•o2 i|l^ iJIs 

yC
F

B
 

A
M

B
I 

U
p 

to
 

12
8 

X 
C

F
B

S
 

O
pe

n-
 

0 go Ito gillS ^8' 
at 
a-D 

5 1^ 1   1   1   1 3  C <(0 lilt CM   1     1                 1     1     1     1 (0 n 

3> ? 

s   H:   3 
«    6    ? 

<< n —      «y 

2<"5.o 
« n^ » e 
gOoOg 
E Z » o g. 

t- c t Ota 

xo. I     I 

O 

o 2 
°;? 
c(o 
«<^ go 
as cro 
o <» 
O N 
0.0 

E 
3 (» « 

g§ 
550. w 

o c o 

«i< 
X • E 

d 

l| 
u) 2: 

a> 

«;; 2 

•0 " »- 

|2i| 

o « - u£ o 
(Do 

3  n *« 

Z 
VI a 

OQ C 
e O 

CS 3 2 

"els (0  o s'g 
•- OS o 

c 
S 
M 
«l 
a 
>< » 
a. 
E 
o u 
o 
O) 

I     I t; 

1- 5.3 
o§-2 

^  CO 

3 ><    ^ 

I?     = 
•si   ? 
5i  s 
Is 51 

n 
z a> 
«9 

>8 CO 0 

a 
0. > 

(9 < 
t; 

j< 

0 CM CM 

u 

3 
O. 0 CM 

CM 
C 

0 0 0 
<D CO 

« 
^ 
^ 0 0 

CO CO 
0 
a 
3 

« 

a 
1 
8 1 1 

0 a 
« 
o> 
n 
u 
CO 

ai e 
a 2 

CM 

a 



i 
IS 
@ 

m 

X 

8 

I 

15 
z s 

SEg- 

si ciSt) I g 
W    — u;ts *^S 

5 ^Itaisili 

s 
(0 
o 

III! 

1 <0 «P CM 

« 
? 3 
c o o CM lO 
p 1^ 
9 

0 

^ ^ lO U) CM ^ 1^ 
y 

.• m § 

1 a 
1 

1 } 

lO 

• • • 

T  T   T   T 

II 

1 

^1? 

• • • 

■ c 
w 

S 
3 
tn 

II 

a = £ ^ o)S <9 

3  g   (SO  O  ^« 
O     ^ 3S «»= S"- 

S   •5SS«^S.£«g 

UJ 

oj iJ   C 
(o2 ® 
CO .!S 9 ^n 
® CO B 

|S8 

Ni 
2§2 
S?cc 

2 E-o c 
^8 is 

in 
CM 



6 

CO 

X 

I 
2 t;—        «w        «« ■*■♦        "Ort        <»M        Kr» M    « MO* 

O 

s m 
a. 

I 

C o 

o 

o 
I- 
u 
3 
■o 
O 

i"   o. 

-Si 

sis 

6|§8 

i s 9 ° 

1 1 
■g 

s is 
t 
8 O 

c f? 
8 
1 « 

s S" 
g If 

<o S*! 

■= 8 = 1 
U. -n i£ O 

"1st M -— 
w»   CO "-^ 

11 S § b 

•2 « S5 « -s 

£    S-S| 

•D  O <0  C T 
O *J3 «-   CO Q. 

CO S « o S 

S .£ Q-c o 

•3i£|c 
oSgoS 
? 13 "5  ■ m 

O o raS* 
o x: o S c 
jc ** ^ •" ** "5 c >* w 

W'l S-t5-r>  S 5 o« $ o -j 



P P o 

11 

u. 

? 

W 

I     I 

"   1  "   1  ^   1   " 

t 

ev ^  o ^ 

• • • 

i 1^ IS! I 

o 

8 8 a >.o S " 
O'O o n >, c <fi 
> o3 * = «^ o-« 

2 Eli 2ft 

feO|S<s.og 
£-  =LL  0=5   M 
<D 2 9 — as 

es 
r*. 

6 P£ as c> o 1 

? 
«s 
c 
o o 
S 
< a 
(0 

" 6)c 

||i 

en 00 **• 

2r§ 

JiE <» _      <» M  c  M 
C -T O)<0 i2 
"as 
o « o 

•R-oK 

r* CO 
O) c 
.5.9 
3 9 K 
|2       I o 

c 

:5ii>-is£^ s 
So 
2 .o 

« c 
a. 
% 

1 1 
1 
111 

1 3 
1 
Ui 

o 
Z 

1 cc 1 i 

1 a 

IS X T- o - o 

^ X - - o o 

g - o o o o 



.. c 

2  io! 8 ■£• fe 
§ sis it? 

<    §   T 
£■3 c m "=   fc m 

i~ — m < W »  t, e s 5 5 o 
»   « £  .   ,    I   I 

cs 

X 
u. 

t 

c 
<a 
B 
<D 

< 
a 

«: e "■ 

=  I- : c <o o 
0=0 <»c 

•c 
& ^ 

Q.   <0 
=   O 

a To 5. c 
»   i> 2 = = 
S"! O " S 5   S ° c o S » 
2 O £ .9 2 3 w 
o) 2 o- -s Q 2 o 

"B < E c o = > ffi a: Q .5 o 3 o 
Q  (0 U 10 > u. o 

I I I I I I I 

e 

o) S 

I I 
II 
Q   a. 

Q«Q.Q 

■3.91° 

.£ 2 M CO 

S = 

21 S 3 d 
S r "« - o 

CO    V. 

o    = 

« 
■o 
o o a 
O 

N 
Z 

I 
N S 
I <» 



@ 

i 
@ 

m 

m 

u. 

? 

I|ir§ 

M 
O 
z 

oc 
s 
3 
S 
X < s 
ui 

O 
(0 n < 

II 
I 

8 J 
o J 

d 
J 
d 

J 
d J .8 

1 1 1 t ? tc 
82 

o 

5 fi H ?i O..E 
S!2 2(3 

i; > « 1 « 1  ■ 1 ' ■  1 
? oR o« o« oH oH Hs 

is: i:> :i> i> i> >> 

s > > > > > > > 1 
_ 3 
5. 
■H 8 

o 
+ 00 

in CM 
O 

g s 8 
o o -H 

(O > 
1 o. 

^ ? 
evi cu ^ d 6 

+ i o 6 
1 s 1 1 

> > 
4) 
O) 

< ^ o. s P s 
t S) a. 5 :> § ^ ■e 

?? r' 5 ^ ■g ■g «n 

£ 
1 
1 

^ ^ 
1 

to 
1 1 a 

a 
1 

§ c ^ t 
O 

X 1 1 1 
£C i? > > > > > Q- 

< X -) (o io CO — 
X 
o s   
u 
d 

E S > 1 >^ .s- 

I? 

m 
O'TJ  «l 
•    O S to «2 

a® 

Jl g- a > E 

ZvuiO 



© 

i 
@ 

i 

1^ 
K 
11. 

? ZaoaO 

^ 

CO 

X 

O 
O z 

I 
> 
if 
2 
n 

a 
•3 
O 

z 
o 

I 
1  c 

1^ 

ois 

;i 

I 

a 

c 
S 

t: 

3 

o 
E 
S! 5^ z«> 

^ 

S2 §« 

1 

o >- 

9 il 
fc 

a- HI' 
Q 

« 
u 

K 
U 
n o 

q 
6 z 

d 
•4 

o 
5 > > 
5 in to > d d 

a. 1  + 

?> s ^ <^H 
O *- > > 

i 
I^N 

tt 
X -1 

s 

c 
■g K 8 
75 CM 

E 
F 
o a 
u E 

^ u. 
a "/i u in 

t 
3 
O 
flC 
(> 

M 
1 is 
" tt It 

NN X_J 

(0 

•- ^ 
o O 
z g 
X 5; 

^ 
% 

1 
(0 5 1 1 

» 

s 

zr-:: 



e 
cs 

X u. 

3> 

© 

I 
GO, 

owl 

<3 

o 
CO 

X 

? 

8 
(0 
£ 
ui 

< tr 
< 
X u 
u 
< 

u 
3 
«? 
lA in 

It 
CO 6 

5<"f 
T| UJ> 
Qo 
O^ 
= ■; 
OC o 
Ui ?^ Hi o 
O II 
111 < 
Kb 

1 2 3 

N 

S s s s g s s (0 c 

1 
1 ' rv ^ s 
£ 
S s s U3 

CO (C K 1^ T- 

i 

s s 
CM Si s 

c 
S s s S CO CM 1^ 1^ U) 

s 1 1 a 0) s 

i o 
lO s N 

S - o 1^ r» in 

1 ll 
h 
ll 

1 
I"! 
U.   o 

u 
P 

ll 

2 

O 

i 

55 o 

F 
1 
X 
5 
o 

I S 

d 

1 
S B 

fl 
o o 

s 

if 

1! 
ll 

1 
o 

P 

X 

1 
1 1 5 i J 1 3 1 i ^ 

X-F 

X 

3 M 



@ 

@ 

m 

S 

? 

O) c 
1 
i= 
•a 

c o u 

I 
u 
-i u > 
U 
Ul 
H 
E 

IL 
O 
s 
oc 
2 
Ul 

I 
a z 

-=^ 

T 
2     h    I-     l»     Si 

^ 

i& 

(UU) 

o 
•^ 

CO 

X u. 

I 

1 
1 

ft. 

1 
1 

s 
-1 

J 

i 1 
^ 

1 p 
^ 

V                  ^ "V 

I'' ^, 
t g 

i 

a ^ i 
UJ 

\ 
i 
j 3 

o < 
EC 

t 
s 
oc 
2 

1 
•^ itf 

1 
m 1 s 

o z 
s 

V 
t IS            IS           p •a 

• 
s g g c 

(0 c g s (0 c s 

-H u> 1 
0 e 

a s <o O 
CM ■«r (O o <0 o 

+ 
s 

H 

o 
K 

£ 
S 

in CM U) CO CM o CM o o 

8 

< 

z o 

1 
oc 

s 
< 
oc 
(0 

1 

1 

5 

o 
•o 
c 

UJ 
a 
1 n 
& 
8 

CD 

1 

Ul 
2 
1 

1 

<s 
E 
F 

1 
1 

i 

2 

O 

UJ 

3 

5 1 
I 

1 

£ 

1 
s 

(0 , 1 1 V) 1 IT 1 i 

c? 
CM 

i 



e 
s 
X 

a 

"I 
^1 

£ E 
o.- 

•* —   -   DUCT 

SOI 3 c ~ 

c 
•5. 

1     "8 

5 

(0 z 
o 

u 
V) 
lU 
Q 

Q.    P£ 

o 
o. r o 
« 
Q 

£ E 
0.- 

li 
5° 

o 8 

C9 E 

»r!: c «J-Q 
g M o « Z 

o>SS ?s 

iSilll 
a. a w a. S 

-I 

(0 

Q.Q-0 

111 
M C «> 

in 
IP 

o o 
O ffi 

£.g 

iSgt;.!^ 

E <5(-, 

„•§!§ • 

pill 
02 tSC; 0) 
S g 2 £ o) 
5  »   M   m = 
° •> .S 5 O 

■c o (7 x: 3 

<>>d £ 

If I 
£££ 
J£ j£ S 
882 
00" 

j5 

•il 

t§8 
•S " " S >.o 
m n-o 
1- S o 
«§§ 

X P 2 « 
— S» do 

* 2 «3 o 

O C c c 
l8iS 
« " E " 
^ CO (0 CB 

iS § ID § 
a o £ o 

<D£ 

iaj 
>^ o 
S » 

li 
8s 
P •S 01 s >. 
O  CO o 

o> §& 
i£2t 

X 

I 

« 
at 

i 

\ « 
V 0 N 
\ 0 

40 > S, 
tfl 1 « V > 0 1^ \ :          + \ 0 1 

y > 0 1 \ 
V 0 \ 

S 
oooooeoooooo 
•^••©••P-ifiift^Mr* — 
'■'•'" ^^ 

E 

J! 1 
-    8 

■   1' 
1; £' 
n 
s 

a.uj 

?^ 
ox 
OLU 

s 
5 

s 

§ 

S 

s 

E 

1 5 
c 

l2 

1 £ 1 

UJ 
■ (/) 

UI 
oc 
Ob 
3 

1. 
OC 
III 

o a 

i..H £ 
<o c * 

ill fii- 

"•CO.' 

c    .«^ 
S ^ ffl ~ 
o>£u 9 Ig&l 

CD  Q.P  CO 

A 2 ® 

=: 0) '*; « o > 
a*' © ® 

m <D  ^ 

2 te "    ■ 

a a 2 a 

s s s §> 
. a© 0*2! 
? a— w 

«'51 2 
• ffl a IH- 



1 

o 
CO 

X 

tu 
O 
< 
u < a 
u 

a 

? 

* «»      <« M < M  M   m tfl     «»  M      «> 

@ 

i 
9 

m 

3> c 

28SESESSSSSSS8SS8(ttS«SX88BS(IBItIS8s8eeC:BI!Sef!i:f!tS&>SS88s8tS6SSS8as 

1 
sssss   asgss 

S S S X S s 

Ci:«|i»a*b»CXi;aax«xti)|8gsai|xxsi;888«83I<*«8tS 



w   ft   c 

.so-5 

illi 
* « «* 

C  B  _ "O = e e c: 
°l 

< 

3 

< 
a 
o. 

g E E 

s J. .S 5 o 

8li|fi aas g § g 

•a !f § § S .1 I 
gj5 g o E 5 °' 6." .S a « o « 

J E ■ 2 3 >^ s|«i||& 
3 E a o o.tax 

o 
X u 

».S.£ 
.11 i- 

« 8 

? 
e 
w 
M 
0) 
o 

SI! 

o 
"5 

.s 

e + 
U 

(0 

3 
I- 
< 
o 
Q. 

3> 

•S i S 0 i .52 

S-25.8|lC 

■a o S .a a>g J 

ti«"a « 

U, 
-   C   -^ 3 

illif 

'aK!2.2ii 

o >» ■p t) .i 

" o S " = 
n (I* V c •£ 
a _j .S -3 is 

iao-t- 

S - a .> * 

S « g<2 , 

»-2 
Si5 8^ : 

S'S-s.J 

60^ 
C "^ 

go 

S<i: 

es  3 

§s 
u cs 
o c 

•se. 

-E 
** c 

in 
Z c 
18. 

o „ E « S u > " •! 
Ji «t >* 

«2l 

>• 9 s a -a U. -a 

I 2 1^ I 

2cgf * 

g,H u g.SP 
8 i e o 8 

1.1 s* ea J5f    »-3 gI „ 

H.§S- 

I Hi-at 
■ —.2 8 .2 3 

E-a. 

= .f So 

>J -C u § .J e su. o-u. 

o 
\ 

o 
\ 

(/> 
1— 

a. 
z 

o 

o 

1 
O 

O 
\ 

o 

♦ 

w 4 

> ffl 
o 

1— 

Z 
Z 
o 
o a: 
UJ 
(- 
z 
_j < 
m 
o 
—I 
o 

ffl 
u. 
o 

^ r 

-t ffi 
o 

ffl 
u. 
o 

J r 

-« ^ 

■^ 

^ 

4 

w 

ffl 
LI. 
o 

ffl 
Ll. 
o 

■ 

■^ 4- ^ ffl 
Ll. 
o 

ffl 
Ll. 
o ^   r 



< 
s 
o 
f- 

< o & u. 

ai 

? 

M H _j 

& ^ ^ 
> 

■| 

> •5 
•5 i 

•a < a s al 
aojs 

> S ** 

11 > i 
:3 S 

I'll* 

em
an

d 
th

at
 

gr
am

m
ab

le
 

V
 lo

gi
c 

by
 t

 
ni

tio
n 

al
lo

w
 

a 
•D 0 « 1= 

si
lic

on
 

fir
st

 p
r 

.3
V

or
 

pi
n 

de
 > 

to 
10 

fc.   U <->   M 

io
n

so
 

ar
et

h 
re

d 
as

 
ro

ce
ll s 

0 

0 

> 

ly
si

ca
l 

lim
ita

t 
:io

gi
c 

F
P

G
A

s 
;a

n 
be

 c
on

fig
u 

O
L

T
 t

o 
a 

m
ac

 

■-I 

§ (0 
M 

lA 2 n 
> ''•ffim> m u. 

0 

t* I 

d 
1 

1   T 0  w 

C4  1 

t 
II 

^ IS IS 1^ 

3    •! 
i i , , 

Si    * 

< 
a 

3 
I- 
< 
O 
Q. 
U. 

? 

(S a 
E 
o 
o 
>« 

gs^^ 

•8 a e 
•a H 

O    if ^ 

e-«3 
" g 2 
c     « 
tit 
all 

_    aS-S 
— 3  ** — 

c « •o 

6 
O 
II 

d 
3 
O 

la' 
a,- 

8 s.§ 
3.S ar 
SIS. 
Si 
!•=■ is|| 

H .S .S .S 

..S 

c 
E 

i-2 

2 S" -I 
S.S 

ll 
fl 
jE .0 

m 01 «> to      u =51 T 3  ftO-O 
0 •a tt     •o 
Bo           « 

a 0 ^ 
b cio c      «a 

f^" 3 tJ 

X fi a -H      u a 3 ^ 
U -H fH ^   0 »> a a 
C   CQ  rH    0    C 1 = 3 c c 
>«<H    01    0    4> 0  <H    0 
M    »<  Vt  fH    «0 

0 •o -o -u 
01 a c     a S  0. 000 

s 0 0 .0 0 

5 *^ c ^ M >*«> a 0 .H 
j^ 

•H   0   0   «   0 
L ^   0   0 1-4   Q ■0 13  1 

9 f~t ft   0   d 3ji 0    0  <H 
«    0    U  ^   «4 •0 ^ ja 

2 i ^ 
0 ■* 
X a 0 Q- 

M to 1§ CO 
c 

.-<         »4 
M M i-l * 

re
su

lt,
 e

ith
er
 r

eg
i 

ri
x.

T
h

e 
m

ac
ro

ce
ll 

Fc
on

ne
ct
 M

at
ri

x.
 M <-l M to U 0 r4 

rH   0 rH   B OSS 
0 ^ 0 *< 

11    II    II    II 

> U 'rt 

II   11   II 
r4 h (M PH (M H H H 
M :i$ » :<: ;<: 
r-i 9 iJ >9 iJ 

u) VI in 
« « as 

0 u u u u » H H 

W CO w * MN n 
V TS  V ** *» ^ 

M g 3 3 3 
04     0     0     0     0 

|5s^ 3 3 3 
000 



ADVANCE INFORMATION 
All information in this data sheet is preliminary 
and subject to change. 
a/93 

Precision^ Quad, SPOT, CMOS Analog Switch 
J¥iAXlJ¥i 

 General Description 
The MAX333A is a precisian, quad, singie-pole dcubl&4hrow 
(SPOT) analog switch. The four independent switches oper- 
ate with bipolar supplies ranging from ±4.5V to±2GV, or with 
a single-ended supply between +10V and +30V. The 
MAX333A offers low on resistance (less than 350), guaran- 
teed to match within 2Q between channels and to remain flat 
over the full analog signal range (A3a max). It also offers 
break-before-make switching (10ns typical), with tunvoff. 
times less than 145ns and tum-on times less than 175ns. 
ITie MAX333A is ideal for portable operation since quiescent 
current runs less than IfiA with all inputs high or low. 

This monolithic, quad switch is fabricated with Maxim's 
new improved silicon-gate process. Design improvements 
guarantee extremely low charge injection (10pC), low 
power consumption (SSfiW), 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 signals can 
range anywhere t^etween the supply voltages without dam- 
age. This upgraded part is a replacement for a 
DG211/DG212 pair when used as a quad SPOT switch, or 
iwo DG403 dual SPOT switches. 

 J^pllcations 
Test Equipment 
Communications Systems 
PBX, PABX 
Heads-Up Displays 
Portable Instruments 

_Pin Configuration 

 ■ FeaUires 
♦ Upgraded ReplaceiiMnt for a OG211/DG212 Pair 

orTwoDG403s 
♦ Low On Resistance < 22a Typical (35a Max) 
4 CuMMiluoiJMntciiodOn nmiulmcu nntwoon 

Chaniwlt<2a 
♦ Guaranteed Flat On Resistance over Full Analog 

Signal Range ASa Max 
♦ Guaranteed Charge injection < lOpC 
♦ Guaranteed Off-Channel Lealcage < 6nA at +85*^ 
♦ ESO Guaranteed > 2000V per Method 3015.7 
♦ SIngie-Supply Operation (-i-l OV to •fdO>A 

Bipolar-S(4)pty Operation (±4.5V to ±20v) 
♦ TTL-ZCMOS-Logic Compatibllily 
♦ Rail-to-Rail Analog SignallHandllng Capability 

 Ordering Iniormatlon 
PART TEMP. RANGE PM-PACiCAGE 

MAX333ACPP 0»Cto+70^ 20RasticOIP 
MAX333ACWP o^;to+70"C 20 Wide SO 
MAX333AC/D CC to+70-0 Dice- 
MAX333AEPP -40°Cto+85'C 20 Plastic DIP 

MAX333AEWP -40^;to+85"C 20 Wide SO 

MAX333AMJP -SS"Cto+125"C 20CERDtP 
Contact factory for dee sfjecHications. 

 T^qtleal Operating Circuit 

INPUTS 

ViO- ¥ OUTPUTS 

-t-O Vi - V2 

VjO- 

osc. 
IN 

JUl 

H>-- 
-t>-- 

3/"H 

V30- h 1 T -O V3-V4 

V4O- i=i7H 
FLYING CAPACITOR 
LEVEL TRANSLATOR 

(2-CHANNEL) 

/M^XIVM  
Caff toff free 1'800-998'8800 for free samples or literature. 

. iWnfln Intagrmtad Producta   1-17 
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