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The main reason leading to the replacement of photographic plates by CCD detectors in wide
field telescopes is the progréssive discontinuation of photographic plates by Eastman Kodak.
The second factor is that the larger and larger CCDs are manufactured, and the price of large
CCDs is decreasing. It becomes possible to build a large multi CCD camera for a relatively low
price. If several large CCD detectors can be adapted in the focal plane-of a large Schmidt
telescope, deeper digital images can be obtamed. the operaung cost of a CCD camera is also
several orders of magnitudes smaller than thit of glass photograp]nc plates.

This can also open new ways of using Schmidt telescopes, ie. real time detection of celestial
sources. This project has been mainly oriented toward the real time detection of Earth Grazing

Asteroids ( EGA).

Requirements analysis
The first step is to determine the dﬂferent propertl&s of the electronic system ( the "controller”

) required to drive several CCDs at the focal p]ane of a Schmidt telescope. These are examined
in detail in the following paragraphs.

Schmidt focal sphere : : : :
A typical "big Schmidt" telescope focal plane is in the order of 30 to 35 cm wide on a side,

with a focal length not too different from 3.15 meters, giving a scale of slightly larger than 1. .
arc minute per mm, or 15 microns per arc second.

In the Schmidt telescope optical design, the focal locus is a sphere, and this means that the
usual photographic plates are bent in a special chassis in order to obtain sharp images.

- In order to use flat detectors it is necessary to use field flattening optics, anless the detector is*"

itself small enough to intercept a part of the sphere small enough to be cons1dered flat (
typically less than 10 mm wide ). :
In our case, the CCDs have a 30.72mm side and this would lead to a defocalisation of +/- 37
microns across the CCD diagonal Such a defocafisation is usnally clearly visible in -focus -
plates, and could cause deterioration of image point spread fanction ( psf ) across the ﬁeld (
which in turn could give inaccuracies in psfbased photometry )- " S

Space requirement : : _
The small size of CCD detectors, combined with the large size of the camera dewars and

electronics have prevented their use inside Schmidt telescopes until now when technolo gy and-
reduced price has allowed to design multi CCD catueras for smaller telescopes.

The group working at the University of Tokyo is the current leader in the developement of
multi CCD arrays for wide field telescopes with an array of 8x8 1K CCDs in use at Las
Campanas Observatory in Chile. The same group is also involved in the large CCD camera
currently built for the Sloan Digital Sky Survey. :




Elsewhere, when- CCDs have been used .with. Schmldt telescopes, they have mamly been
conventionnal observatory cameras used:either at the “pewtonian” Schmidt focus ( Brorfelde .
CTIO, KPNO ) i.c. the camera being mounted.on the side the telescope's tube, and the opucal
path being sent outside the optical tube by.a flat mirror at 45° angle, or at the Cassegram focus
{ Uppsala ), an hyperbolic mirror bringing;the optical path. behmd the main mirror. o
A "true"” Schmidt CCD camera; ie. placed.directly at the focal plane, can contain many Iarge '
chips, using very compact electronics and non obstrusive cooling systems. Usual cameras are
mounted at the back of the telescope, and space is not 2. major problem. A typlcal plate holder
is less than 10 centimetres thick, and cannot generate much heat m the ~optical path thhout
affecting the quality of the images. ~ »
The CCDs can be mounted in individual cold bom, mh having its own ﬁeld ﬂattenmg lens. .
They can also be abutted, but these specially made CCD chips and packages are usually more
expensive than off the shelf CCDs, and finally the CCDs chips can be mounted on a smgle |
silicon substrate. For cost reasons, we have chosen the ﬁrst approach. I

Budget rgmrement
Because these telescopes are not. large telescopes thh nnportant budgets, and bemuse of the

- high price of the technology nsed, it is important to find ways to snbstmmally lower the price of

a multi CCD camera so as to be: able to, convert the teleecope from photograyhy to CCDs.

For example, a typical price : for a thnmed 2048%2048 pixel chip from SITE/TeklIonm is in the
order of $80,000. A typical commerc:al price for a single camera com:roller thhout CCDisin
the order of $20,000 or hlgher The complete price of such a. ol CCD mmera using
commercial hardware, not taking into account the price of the assocmted computer system
could easily cost several years. ofthe regular operating budget of thece mstrmnents.

Procuring 9 large CCDsmayalsobea dzﬁculttask, mamiylfthe CCDs arethmned back
fluminated models. We chose to use a "catalog CCD, i.é. oné 'which we ‘knew we “could order
off the shelf. The Loral CCD442A is such a CCD.-While grade 1 versions cost $20,000 each,
grade 4 is only $2,000 a-piece, and we felt we would-cover more sky ( ie. discover miore °
objects ) using 9 grade 4 than a single perfect grade 1 chip. Our experience has shown that
most of these grade 4 were quite useable wﬂronly a smaIl numbers of defects except one c]np
which we will have to replace.

Mechanical requirement :
Since flat field correction lenses should be used, it is preferred to place small plano convex

lenses in front of each CCD instead of a single large lens which would introduce a fiich larger *
chromatic aberration. Flat fielding a Schmidt telescope focal plane using plano convex lenses is
a techmque developed almost with the invention of the Schmidt telescope. We use silica plano
convex lenses of 1040 mm radius of curvature. Simmulations made by an optician at the O.C.A.




have shown that distorsion and other dberrations created by such a small;lens are negligeable.

Because the focal surface of a Schmiidt félescope is sphierical, each CCD must be positioned -

precisely tangent to this sphere This fuvolves a méchanism able to move precisely the CCD in
height ( focus ), local filt in X and Y, rotation ( in ordér to- get the CCD lines oriented in
respect of the right ascension and declination’ )»and translation in X and Y in order to place the
CCD correctly with respect to the other CCDs in case of a multi CED camera.

This mechanism has to be rélatively* compa_et iii-order to fit inside the telescope's focal plane.
This can be done either during assembly, the CCDs being glned in place, ( preferably: the right
one ), or the CCDs can be installed on adjustable support, which can be adjusted afterwards if

necessary. Test i images, similar to focus plates allow to measure the relative positioning of the -
CCDs and permit precise corrections to’ be made An iterative’ ahgnment process should be

completed in less than a week

The current camera systemis a single CCD module, and tilt adjustments are pro;,/ided by, the'

focalisation system of the regular photographic plate holder, which uses three separate
focussing screws of high precision. The picture above shows the modified plate- holder with

the camera cold box at its center. The CCD chip.is seen under the field ﬂattenmg lens. A _‘
vacounm valve is seen on the left of the box. A rotation system is seen at the upper left.( -

tangent arm with adjustment screw and counter spring ). Glycol pipes are seen going out of the

1ight. The “command” and "data acquisition” boards are contained in the small box in the lower -
right. Not seen here is a filter wheel and shutter assembly which covers the whole unit while

nside the telescope.

wD_LT@&@@.L
In the current camera, the CCD is placed simply at the middle of the field. Off the shelf CCDs,

are generally not buttable. When and if we will use several CCDs inside the plate holder, the
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logical choice will be to use a staggered array design ('see following picture ), which allows
independent assembly of each individual CCD camera. 9 CCDs could be used in this camera,

giving a vertical field of view of 5 degrees, ie. compatible with the regular field of view of a

Schmidt telescope.
In this design, each CCD is separated from the others in the matrix by exactly oné CCD ﬁeld

This way, a given CCD will image an area of the sky comprised in declination between the one
aboveitandtheonebelowitintheothercdhnmwithasmaﬂoveﬂap B
Dealing with the data flow of such a camera is possible using today's computer technology. .
‘While currently the Loral 442A is the 1& -expensive CCD ( as far as $/em? ), larger CCDs,
while more expensive allow to build chwper caieras, since less electronics and mechanical
hardware is requn'ed to use them. The loglml cho1ce is always to use the largest possible CCDs
available. For example, it would be easier to replace the current CCD in our camera with a
pewly produced Philips 7x9K chip ( 84x1 10mm of sensitive area, or almost 10 times the
sensitive area of a 2K device ) than to build a multi CCD camera using 9 individual 2K devices
requiring complex adjustment systems and several controllers. In this case, another type of

relative positioning of the CCD mmst be decided upon, but the general idea of staggering the -
CCD eases the non redundant coverage of wide sky areas.




- Positioning of 9 CCD modules in the focal plane of o
, the Schmidt telescope , ot

Peltier cooling System I
——— i
9 Bias generation and :
sequencer boards
controlled by a single
master board
276mm =5 degrees
Y
Size of the Schmidt telescope
-plate holder=30cm *
RA shift mode :  Several gZu_ad-e;gosuré;mode : ’
exposures with a 30 arc minutes 4 individual exposures
drift in right ascension give several . recreate a contigugus, 11
overlapping images of the sky. square degrees exposure

L
Exp. #4 ——T :

Exp. #3
Exp #-2
Exp. #1
Readout rate : A typical Schmidt telescope has a very fast F/ratio, leading to bright images
which are most of the time photon noise limited unless using inteference filters. When a small
amount of Moon and cirrus clouds are present in the sky, it becomes very difficult to obtain
images which are not saturated. Under these conditions, it can be proven that the readout time




of the CCD must be relatively short. Astronomers tend to read CCDs at a typical 40000 pixels
per seconds rate so as to preserve a Iow readout noise, Increasing this rate increases the
readout noise of the camera, but it is necessary to reahse that the value wlnch needs to be

improved is the final signal to noise ratio ( SNR ) of the i image.
Because of our fast F/ratio, time is better spent collecting photons than readmg them with the

uttermost precision. The slight loss in SNR is easily compensated by a slightly longer

mtegration, much shorter than would have required a longer readout time.. -

The total time required for the exposure is the-exposure time Te - plus the. rwdout time 77. The
1eadout time is equal to the total number of electrons collected divided by the electron flux per
second. This number of electrons.is equal to the number of incident photons_on the detector

times its quantum efficiency in the given passband.

T =Te +Tr ="‘E—+ Ir . (1)
14 _ .

A simplified expression for the Signal to Noise Ratio of the sky ma glven CCD exposure, not
taking thermal current into ‘account, is : . .

. z oL ; ‘(2).

- J E+RON 2

Where RON is the readout noise of 2 CCD controller. It decreases w1th the square root of the
readout time. If the readout noise has a given value at a given time, the readout noise for

_another time is given by :

T
RONt = RONo x ";"— 3)

Squarmg equatlon 2, and inputing equatlon 3 in orderto express E mn ﬁmctnon ofa "reference"
readout time glves equatlon 4:

T
E2=SWR2x(E+RONozx?o) 4)

Solving equation 4 in E gives equatibn 5:

SNR +SNRxJSNR + 4RONo * x X2

= T
E= . (5)




Usmg equatibﬁ 1 and 5, we can obtain equation 6 which ‘gives the total exposure time versus'
the photon flux, the controller * reference" readout noise and the readout time : =

SNR® SR

T= +

2y 2 y/

- To :
SNR +4RONo x ?+Tr ®)

I ran'a short simmlation using a spreadsheet. program using equation 6 with typical values in
order to plot the required observing time (* exposure plus readout ) versus readout time for
different sky signal-to noise ratio. To generate these tables, F'used the case of a controller with
a readout noise of ten electrons at 35000.pixels per second readout rate ( 28 microseconds per
pixel ). This would canse a 2K CCD to be readout in two -minutes. From this value, we can

- extrapolate other readout noise at faster conversion rate.

I chose 3 different electrons fluxes which are representative of the average sky bnghtnesses at
our site in different conditions ( without and with filters, depending of the filter ).

I obtained the data of the fourth plot using the optimum points obtained in each curve of the
first three. They show obvxously that a good CCD controller should be able to adjust its
readout rate with the expected sky flux of the exposure being read. It also means for example '
that an exposure taken with an optical filter should not use the same readout rate as'an -
unfitered image, provided that telescope time is considered inlportant‘or expensive. This
optimisation of telescope time should be mandatory on large telescopes. Most modem
- controllers are able to change their sequencing on the fly, and it is smpnsmg that the

adjustment of readout rate is not a widespread technique.
Total observing time required to obtain

a given sky SNR with 1 e-/sec flux

versus controller readout time
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" 'Scanmode : - -
. order to- decrease the effect of Ioss of observmg tlme caused by CCD readout penods while o L

" covering large sky areas, it is also possible to use the CCD in scan mode. In this mode, the
telescope stays at rest, with star images corssing the field of view at a regular pace. Electronic -

charges are shifted across the CCD in s§nchronicity with the drift of the stars across the CCD,
and a continuous readout is performed. This mode is also called Time Delayed Integration (
TDI ). In order to do this, the CCD needs to be preclsely aligned with the direction of the
motion of stars ( i.e. vertical register exactly perpendlcular to the celestial equator )

If the telescope -is at rest ( so called sidereal scanning ), the frequency of oharge shlﬁ ]S '

proportional to the pixel scale, and the sky's rotauon penod divided by the cosine of the
declination. : : :

In our case, the field flattened camera has a focal length of 3140mm, one p1xe1 equals 15
miicrons, or 0.98534 "/pixel, and we find that in order to shift the charges at the right speed, we
need a time interval between each line of 65510.06813/cos(declination ) microseconds.

From this, we can understand that this scanning frequency is different between the bottom and
the top of the telescope field of view which are 5 degrees apart on the sky. Hence, in a ki
CCD system, each individual CCD mmst be clocked at a different rate. Because of the
asynchronicity between each detector, great care must be taken in order to avoid crosstalk
between each CCD. In order to minimise this problem, the sequencer boards have a special
reset and clock circuitry which automatically synchronises all the sequencer boards to a fraction
of the microcontroller clocks. Also the master board which controls all the sequencers could
generate a pixel synchronisation line on which a sequencer could synchronise its pixel readout.




the angles are expreSsed m degrees ) is:

There are other effects which are to be taken ito account with the scan techmque The
scanning performs a projection of a curved sky onto a flat detector. Two eﬂ'ects occur because A

of this : differential trailing is caused by the fact that the ideal scanning speed should be
different between the top and the bottom ef 2 CCD, and field curvature occurs because at high
declination a star will not stay on the same line during its motion across the CCD. |
The beginning of the scan image shows a signal ramp caused by the fact that objects have
integrated during a time which depended on their position on the chip wh_en the s_hutter opened.
Similarly, there is a ramp down at the end of the scan. The following diagram plots the trailing
in arc seconds in the upper part of the CCD when clocked so that ‘the central plxels are

correctly drifted with 3140mm of focal length for 3 types-of: CCDs, ie. Loral 2K( 15 microns

. ’”:plxels 30,72 mm. on a side,.134 seconds of exposure, tlme in sidereal scauning < thh our .
" telescope ), Kodak 2K ( & microns pixels, 18.4rm, 81 secands ) and TI lK( 12 microns °

- pixels, 123mm,54seconds) : s

Kais the field of view of the CCD d the declmauon of the nnage the traihng in- arc second ( if -

< t-3600xaxcos(6+—)x .

cos(5+—) °°5(5

I practlce with the CCD we use dJ:&'erenual trailmg is wsible at dec]matxons hlgher than 10 -

degrees, and becomes unbearable at declinations higher than 25 degrees, as shown in the
following dmgram With" smaller CCD, the useable range is much thher but the hmiting

magnitude is also nmch smaller.
Trailing at the north edge of a CCD in scan mode with the OCA Schnndt telacope
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In our case, field curvature is not seen at declinations higher than 35 degrees, so is not a real
problem ' B S

A big advantage of scanning is related to the fact that since a given prxel m the ﬁnal image is
the average of all the pixelsin a grven line, mmges tend to be much cleaner in terms of cosmetic:
quality. | e

One of the requirements is that the readout time of a line be shorter than the time mterval 2
between two tine transferts. One can increase the readout time ( thereby decreasing readout
noise ) to the largest possible valee. On the other hand, it is possible to move the-telescope

eastward so that the line transfert interval decreases to line readout time. In our case ( pixel )
- acquisitionﬁme of 5.5 microseconds, line readout time of 11.35 milliseconds ), one canscan at )

the ‘equator at about 5 times higher than sidereal rate, and cover an area of 43 square degrees h

. 'per hour per CCD to'the expense of course of an mtegrauon time reduced 1026 seconds. This.

mode is very mterestmg in order to detect fast moving objects, which for longer nnegrauon
mnes would have trailed over several plxels Usmg 9 CCDs sm:mltaneonsly the coverage.on- ..
the equatorial zone can be of 4600 square degrees in a single 12 hours night, or-shout 9% of -

... the vrsible sky. Covenng the whole sky twice per run becomes theoritically feasible. .
. ~- -The main- problem is that the. deteouon softwate Bas to be able to handle very. large mdrvrduai
" . files, since we typically obtain 170 megabytes files in a matter of 45. minutes of obselvmg time. '
" ‘The main limitation in our case mtheﬁotthatﬂleskyzonewhlch can be scanned is Fmitedin . "

declination around the celestial equator.

In order to avoid these effects there could be three possible solutions :

- Scan along great circle ( any circle contammg the center of the celestial sphere )- ThJs is not
possible in our case smce the motorisation system of our telescope does not allow continuous
motion in declination. Replacing the declination drive for example with a direct motor drive is a
possible solution in that respect. B

- As shown above, use smaller CCDs; since this will limit the viewing angle of the CCD. This
solution is not practical since smaller CCDs provide shorter exposure times. :

- Use a faster readout controller, so that the proportion of time spent reading out: the CCD in
stare mode be relatively small compared to the exposure time. The limit of this system is that
readout noise increases with the square root of readout time, and that fast conversieﬁ time
analog to digital converters of high accuracy are very expensive, bringing the price of the
system mmch higher. I used a compromise by choosing a converter which main application is
aundio conversion, thereby allowing a low price, fast readout rate ( 1 pixel / 5 microseconds ),
and high accuracy ( 18 bits precision, tnmcated to 16 with 14 bits of linearity ). -

In term of time spent, scanning starts to be more efficient with our controller as soon as the

- length of the sky is larger than 6 degrees. Any speed. gain over the converter we have been led

to choose would become more expensive by a minimum factor of 6 (. See budget requirements

above... ).
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. ~starsmCCDrmages

e BSHTOTCAEIC: referencee are thase of the. Hipparcos mtalogue andxre :all bii -than th
- '-'magnrtude These stars are fullybloomed ané are not measnmble 'Ihe secon& best ch . ,
" an astrometric catalogue is the Space Teleecope Gmde Star Catalog, wlnch is known vae' R
' precxsronsofonlyo 3"inthebeeteasee,compm'edtoOOOI"forthempparcosstars SRt

Reliabili : - =
It seems clear to many users that the most. oﬁen encountered ﬁﬁlures are related to power

supphes and- to .connections inside the camera The actual desxga tendency Is to lmnt ﬂxe_ L
number of boards of the camera’ electromcs to the nmmnmn, and to use connectors soldered to :
the prmted ‘circuit board whenever possible . s L '

__i-o__nnng_

‘ Because the ﬁeld of view of each CCD at our telescope ( 34 arc. mmutes ) is quite Iarge and

because their hmlted dynannc range, there are always bnght stars in the ﬁeld of view which ead _
bemg satmated The charges | bleed alond the column grvmg ﬂle ﬁunihar aspect of bngrt, L

Apart from the purely cosmetlc problem, tlus may cause bﬂght stars to lude oﬂier famtstars

- and creates two more serious problems The detecuon soﬁ:ware will tend to detect ﬁrke sfars . : o
" across the’ Bloommg In turm,; this fake stars willtend 1o be alignedm success:y ﬁamee;wluch

will create’ fake asterords detections. The- second problem is even more s

These are 2 few reasons why a Schrmdt telescope camera controller ‘must mclnde a provxsxon o
for an anti bloommg system.’ Such a system mvolvec nsmg a peculiar clockmg pattem of the .
CCD during integration.: This mode, also calledpamally mverted modehasbeenmvented by ..
Jim Janesick at NASA's Jet Propnlsxon Laboratory w T R
Tested thoroughly on Loral CCDsby a group atthe Unrverszty of Bonn led by Dr Relss, it has 7
also the very, mterectmg property. of doubimgthe potentxal well of the CCD 'I'he penalty is that~ Lo
the thermal current is multiplied by 8 compared to the regular MPP mode operation.
For simplicity reasons, we chose to run the antiblooming frequency to a frequency just slightly
higher than the time taken by a horizontal line readout ( currently approximately 61 Hz ), so

that we would not have to invert the vertical lines while the horizontal register is being read.

This is a relatively low “pumping” frequency, but it was find to prevent serious blooming from
even magnitude 2 stars on a 30 seconds unfiltered exposure.' The readout noise has been found

to increase from 27 to 35 e-, which is still very adequate taken into account our average sky
background signal. This mode has become the standard mode of exposure. Efforts are currently
being made in order to use this mode during scanning.

Temperature control :
This leads to the last consideration of this "wish Hst", ie. that of temperature control. To

decrease the CCD thermal current it is necessary to refrigerate it. The rule of thumb is that the
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Same conditions as previous exposure, but using regular MPP ( non antibldoming ) mode: - ..

a

o




thermal current doubles every.7 degrees C. There are two classrcal waysof cooh"ng -a CCD

Thermoelectric coohng and liquid. mtrogen coolmg The ﬁrst techmque is able to lower the
CCD temperature to -50° in the best cases ( lower tempemtlrres can be obtamed w;th smaller e
CCDs, but 2K CCDs are relatwely large ) and the other is typlcally used at IOO wlnch _ 4
removes all the problems associated with, thermal current, smce it is vrrtnally mexrstent at such’
temperatures ( thermal carrent of 0.8 e-/hours have been measured fer partlally mverted CCDs
at such temperatures ). Whereas thermoelectric coolmg is mexpensrve _they are: hmrted m ‘their
lowest temperature and the heat generated by the Peltler modules has to be evacuated outsrde
the telescope. In our case, we evaluate that the total wattage pet CCD is i’ the order of 70

- ‘watts per module, leadmg to more than 600 watts to be- évacuated from the telescope tube. On .
... the otherhand, hqmd nitrogen systems are mofe: expensrve onthelongnm( up to 10 htersof._: L '. g
" LN2. may be used: per nighit ), but aré very easily temperature regulated‘. The ﬁrst mono, eep .
" camera built using this controller is Pelner cooled, ‘and- the’ nwiti CCD system could be erther .
Lo Tiqinid: mtrogen or Peltler cooled. . . - SR S

We- can- derrve ﬁom these oonsrderatlon ﬂm’e a CCD -camera- controller adapted to a Sclnmdt
telescope hasthe foIlowmg propertles ' e e e

- it has tobevery compact

- it should‘not generate excessiveheat & SEERPAE
- it should be able to clock andread its several CCDs ma totally mdependent marmer °f
- It should be built so as to mmmnzethe crosstalk“between eaeh CCD. . BT |
-1t should allow stare and scan mode with fast readout ( 200k prxels/seconds )usmg dynamrc L

'.1

anti bloommg mode.

- Finally, it must be relat:vely mexpensrve to bm’ld

Description of the Loral CCD442A CCD , o
‘We chose to use Loral 442A CCDs. Their characteristics are listed below

Size . ) 2048*2048

Pixel size 15 microns

Physical size 31.72 mm

Angular field of view 345"

Number of CCDs/5 degrees 9

Pixel scale 0.979 "

Full well potential 220,000 e~ in partially inverted mode
Price per sq. mm $2.12

These CCDs are produced in Milpitas ( CA - USA ) by Loral Fairchild.




These CCDs are thick front side illuminated chips, which do not have a gogd blue sensn:lvrty
but overall provide a quantum leap compared to photography smce a2 mmutes exposures
detect stars which would have required more than 30 mmutes of exposures usmg a
photographic plate. :

Price considerations led to the use of gmde 4 CCDs. The current pnce is $2 000 per chip. They
should have a relatively high number of cosmetic defects; but most of these are hot spots (
pixels generating a very high thermal s1gua1 ), which disappears when the CCD i is cooled down
( lower than -30° C ) 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 pnce difference is such that 9 grade 4

CCDs are less expensive than a single grade 1 device. In- fact the productlon of these CCDs "

. have made such progresses that most of the chips sold as grade 4 are in fact grade 3or better

These CCDs have two readout reglsters, but because ofa manuﬁxctunng options, on]y one can -

.be read ata ‘time, Le, it 1snot possibleto read the CCD as'two: 1k x 2k CCD. Their ampliﬁers
- have a peculiar double stage structure opmmsed for lower noise at-very fast readout time. -

While the package has 56 pins, a mmch smaller mumber needs to be brought out of the -

. .vaccmmln Aorder to stnplify eonneeuons, we: declded to. eonnect the ymused, ATG pms xo. the~ : i
Ce posmve rail of the vertical clocks; The.other one ( one.the side ofthe amphﬁer bemg used. )is... . '
. run'in paraIlel thhvettlcal clock #3 (A3 ) Thus the pms commg out ofthe eold box and them .

operating voltages are the following :
Vertical clocks :

- - Al +3to-8volts -

A2  +3to-8volts

A3 +3to-8volts

ATG -8volts ; ' : .
Horizontal clocks : '
Hl +5to-5volts

H2 +5to-5volts

H3 +5to-5volts

OSG +5to-5volts

Reset gate clock:

RG +8to Ovolts

Other voltages :

VSS Ovolts

VRD 13 volts

VRT 3volts

VOG 1volts

VDD 22 volts




This is a total of 14 wires coming out of the CCD cold box (plus 2 for thertemperatme control
and 4 for the peltler power supply ). : ' s
Descnptlon of the camera controller

In order to achieve a fast readout rate, it was decided to use individual low cost controllers for
each camera module linked together by a smgle mastér board able to give orders to and
synchronise each modules. In single CCD‘mode, the program on the sequencer board interprets
the data dn'ectly ﬁom the PC ( master board not needed ). o :

Extemnal backplane:

. Each controller is made of four main boards. One contains all the power supphes and bias
. generation for the CCD and is nsually located ontside the telescope's tube. Another boardisthe
. Seéquencer board, and is a]so aEuroboard_ These euroboards fits into a donble G64 rack havmg R
“two backplanes. Such backp]anes are eommercm]ly available. They - use DIN40162 comnectors. © .~
The connecuon of these backplanes are given in a-following ﬁgure 'A master board, able 1o
", interpret. orders ﬁom the PC and able to send orders toaliora smg]e sequencer «can also remde

onthJsbackplane

Pin - Name . New Pim - Name New - .o -0
b GND GND 1a GND - GND

126 A8 . . Reset . 2a A0 | 32MEz

3b A9 3a Al

4b AlO 4a A2

5b All Sa A3

6b Al2 _ 62 A4

7b Al3 ' . 7a AS

8b Al4 8a A6

% Al5 9a A7

10b *BRQ 10a BGRT

11b *RRQ 11a RGRT

12b *BGACK 12a *HALT

13b Enable 13a MCLK

14b *RES 14a *VPA

15b *NMI 15a RDY

16b *IRQ 16a *VMA

176 *FRQ 17a RAW

18b IACK 18a Halt Ack

19b *D12 192 *Dg

3]



20b ~ *DI3 ' 202 - *DY .

21b *D14 . 2la *D10

22b *D15 22a *DIl

23b *D4 232 - *Do

24b *D5 24a ~ *D1

25b *D6 ' 25a *D2

26b *D7 | 26a *D3

27 *Berr. ' 27a *Page

28b Chain In 282 .. ChainOut
.. |20b . +5Bat. .. 30v. - 29 . .._ -5V .

J30b. o -l12v.. . 420v. . 30a.. - +12V.-20v.

3Tb #v . Hoy a4V HOV
3% 0  GND . GND 323 GND GND
5 Notes = R

- Piis'1'a and’b, 293, '30,31 and 32 % and b are used for power supphes Please note the -

 inversion between the polarity of 12->15 volts s]gla]s( -12 becomes +15 and +12 becomes R
15v) -

- Never use pin 28 a and b. In the original G64 bus, theyareused as a way to daisy chain
signals (ie. 28b of a given board is connected to 28a of the next one on the backplane and so.
on). ' :

- All the other pins can be used to send reset, clocks and commmmication signals from the
master board to the power boards in a multi CCD system ( communication from the, master -

board to the sequencer boards ).

Sequencer board:

The sequencer is a 87C750 Philips microcontroller. In the early phases of deviopement of this
project, I chose to use an IFX780 Flexlogic circuit made by Intel, but it proved to be not
flexible enough to allow on the fly reprogrammation in the different modes required by the
camera. Moreover this particular chip is not made anyﬁmre The 87C750 is a Limited version of
the industry standard 80C51 microcontroller, with a master clock running at up to 40 MHz.
This allows to clock the 1/O ports with pulses as short as 300 ns. It is a small integrated circuit
(24 pin DIL ), having just the required function for our task. This part anditsprogramisﬁﬂly ,
described in Appendix 3. |

The microcontrofler commlmlcates via an asynchronous serial line implemented with 2 of the
I/0 pins to a PC interface board. In the case of a multi CCD system, these Iines would be




replaced by a synchronous line ( already implemented, but currently replaced by a simpler”<
asynchronous line ) generated by a Master board. This board would also be 80C51 based and

able to drive up to 15 camera. The comnmmnication to the sequencer board can be made either

directly through a pair of fiber optics emitter and receiver, or these can be disconnected and -
orders can be sent directly through the backplane. The connections to the backplane can be

made through wire wrapping, allowing to configure the lines used for each particular sequencer

board ( allowing to address several sequencer boards independently ). .

Other I/O pins generate the timing réquired by the CCD. Adequate chips are used to send and

receive these signals from the sequencer board and on the voltage tramslator.board. A 34

. conductor flat ribbon cable connects the sequencer board to a vokage translator board located
near the CCD. Signals between those two boards are TI'L levels The connectlon plan for ﬂus o

cable is given in the fo]lowmg ﬁgure B

- Connemon of the 34 ﬂat n’bbon cable ‘
1 VOD 2 VATG+

o3 - VR . R T .1 e T Pt s -

o vRG T 16 e

11  VOSG- 12 VH3-
J13 . +15va 0 14 15Va

15 VAl+ 16 GNDa

17  VHI+ 18  VH2-

19  VH2- 20  VA2+

21  VHI- 22 VAl-

23 GNDd 24 VA2-

25  GNDd 26  +5Vd

27  PO-1 28  P0-0

29  Reset 30 P02

31 GNDd 32 GNDd ' N
133 3:2MH: 34  GNDd L i
Notes :

The negative voltages ramps of the clock signals all connects to the NC ( norma]ly closed ) pins
of the Max333A analog switches. The positive ones connects to the NO ( normally open ) pins

of the switches.

| 7[6) port assignment :




port1:

pin 0 : H1 Horizontal clock 1
pin1:H2 Horizontal clock 2
pn2:H3 Horizontal clock 3

pin 3 : OSG Output Serial Gate

pin 4: RG Reset Gate

pin 5: CL1 First clamp, first channel
pin 6: CL3 Second clamp, first channel
pin 7 : Casc ... Cascade pin

Note

-Pins 3 to 6 of port 1 which are muscd are brought toa sma!l header wlnch could be used for - -
various purposes, such as cont:ollmg a shutter or rotating a filter wheel '

. ' Pin 7 is used fo put thé' AD' convertermthe cascade miode, this allows to-send-the Fesult of -~ - -
; """ 'thé conversion on ‘both channeIs as'a smgle 32 bns word.’ Tlns a]lows to read channel 2,887

R ~perform a temperatu:e réad
' port 3: .
pmn0: Al ~ Horizontal clock 1
pin1: A2 | | Horizontal clock 2
pmn2: A3 Honzontal clock 3
pin 3 : ATGU _ Upper Arrray Transfert Gate (in fact 1o connect )
pn4: ATGL Lower Arn'ay Transfert Gate (in fact, no connect )
pin 5 : CL2 1st Clamp, second channel ( also used as TRANS )
pin 6 : CL4 : . 2nd Clamp, second chaunel
pin 7: STCVT ‘ Start convert ‘

Port 3 drives the three vertical clocks, and port 1 drives all the signals related to horizontal
clocks and pixel conversions. In order to avoid jitter, it was decided not to use interrupts in the
program. Another reason for this was that the 16 bits timer is too fast for our puipoée | ,
The other bias voltages for the CCD come from the power supply board, and are Enked to the
CCD via an RC filter. We found out that several ideas we had about the sequencer ( such as
using binning modes, windowed modes, and other more exotic modes of operations ) have
never been used in practice. Recently, we cleaned up the software and removed all thes unused
features. It is likely that if the camera had to be rebuild, a 16 bits solution or higher ( ie. 16 bits




microcontroller or DSP system ) would be chosen. Having to count higher than 256 ( a line
count is 2048 ).is much simpler with a 16 bits system, whereras the 8 bit system requires a
double loop whose synchronicity can not be maintained easily.

Power supply board:
The power board contains voltage regulators to prov1de for +5v and +/- 15 volts. }t contains

also voltage followers to generate adjustable power supplies. This board is mspired by the
design of the Palomar controller ( Gunn et al 1987 ) which we have used at the OCA for many
years. It contains outputs which can be set between + and - 15 volts, and four others which can

be. set between 0 to 24 volts. We followed two suggestlons by Dr F. Harris at the U. S Naval .
Observatory Flagstaﬂ‘, ie. nstead of using LF347 as in the original desxgn, we use pm/pm. '
compatible OPA470 which have a mmuch lower norse The higher voltage " generators layout‘

have also béen shghtly modified . ’Ihe voltage reference is'still an 1.M399. A 64 wire ﬂat ribbon -

ground sxgna]s ) No penod1c s1gnalwhrch oould pertm’o the CCDs are on ﬂns cable

1t is likely that in the future. we will build a D/A based voltage board in. order to automatwa]ly.t R

... -test the. CCDs and, ﬁnd the best setting. of a given. €CD in ]aboratory Pnces of octuple. D/A'; ,;.:. o
..\ . COmVerters are nOw so econonncal that such a board nnght i fact be less expensrve ‘than. the. ,‘

" current imodel

Voltage translator board : : :
The voltage translator board is 60mm x 150mm long It contains all the electromcs receiving

the signals from the sequencer boards and driving the CCD A similar board is mounted piggy
back on this one and contains all the acquisition chain ( analog and digital power supphes tothe
acquisition chain go through the 64pins flat ribbon cable going to the voltage translator board
). Because of the anti blooming mode, it is required that the vertical drivers be relatively slow.
This allowed us to use simple analog switches to drive both the vertical and horizontal clocks
of the CCD. We chose Max333A quad SPDT swrtches which receive both voltage ramps of
the CCD clock from the power supply board, a logxc sngnal commg from the 87C750, and drive
the CCD pin through an RC filter. : .

Acqisition chain :
The acquisition chain is made of 2 OPA627 operational amphﬂers by Burr Brown. A load

resistor is connected to the video output of the CCD. Then comes a couplmg capacrtor hooked

‘to an analog swrtch to provide an input clamp currently used as a line clamp ( active during ° L

vertical time ). The first op amp has a gain which is set around 10. The output of this op amp
goes through another clamp active during the first video level. The second op amp is just a
voltage follower. The analog switch used for clamping is a Maxim DG445, which.we have




replaced recenrly with a faster, pin to pin c‘onrpai;ible_: DG412 switch from the same .

manufacturer. The Analog to Digital converter is a Burr Brown part labeled DSP102, and is
derived from the PCM1750, except its control is much simpler and its outputs are adapted to
Drgrtal Signal Processors ( DSP ). The DSP 102 is an 18 bits 5 microseconds conversion time
and 14 bits linearity double converter. Input level must be between + and - 2.75 volts. We use
it as a 15 bits converter. The clamp signals of the acquisition chain as well as the start convert:
signal are generated by the 87C750. While we have two acquisition channels on our camera
system, we also found out we were never using the second one since our CCDs cammot be used
with both amplifiers at a time. There is an option called "cascading" which zrllows reading of
both channels and emission of the converted values as a single 32 bit word. We use this mode

to read the temperature through a PT100 sensor connected to channel B of the converter ‘The

“cascade" pin which allows' this ‘mode is ‘controlled by the 87C750. It acttvates ‘both the

) "cascade" feature of the converter and an extra. Max333 analog switch in order to-connect the .
,'temperature system to the imput of the A/D converter. ’I’he DSP102- reqmres 3 and 16 Mhz o

clock to work at its maxinmum conversron rate. We drrve the 87C750 at 32 MHz and use a -
... binary divider ( 74HCT93 )to generate the 16. mds MHzﬁ'omthe 32 MHzmaster clock. The . o
.. A/D. converter requires +-and --5.volts which are. locally generated from the +.and - 15 volts - . . .

"~through low power 78105 and.79L05 voltage regulators. The three outputs of the converter. - -

being dJrectly TTL compatible. This board is actually routed using DIL circuits, ‘but could be

. are emitted through fiber optics emitters made by Toshiba. These parts have the advantage of L

rerouted in a mmch more compact size using Surface Mount Technology versions of the .

different circaits, except for the microcontroller and the DSP102, which would be purchased in

24 pins flat packages, and the fiber optics drivers which are not available in any other packages

than those actually used. It is also likely that if a faster converter becomes available ( but in the
same price and quality range than the DSP102 ), it will replace the existing one. ‘Analog Device
is said to sell sometimes in 1995 a 16 bits low cost 2.5 microseconds converter which will be
called AD7882. Maxim has another interesting A/D converter named Max121 which, while

only 14 bits in resolution, is faster ( 3 microseconds per pixel ) and would be an mterestmg

replacement.

Connexion to the CCD : :
The connection of the controller board te the CCD is made through a regular DB25 connector.
The connector on'the cold box side is a vaccuum proof 26 pins circular connector. Connexion
from the inside of the connector to the CCD is done using thin enameled copper wire.




Connexion of the DB25 connector to the CCD head

Pin number  Signal name Pin pumber CCD pin
DB 25 ‘CCD circular conn. :

1 Al ' P S 21,48

2 A3 +ATGu A 19,47, 12, 51

3 0SG - C 24,52 '

4 GNDa G 1-3, 13-18, 22, 26-31, 41-46, 50, 54-56 -

5 GNDa K idem : '

6 GNDa G jdem

7 GND2 - . K idem

8 VATG+=VATGL a 23,40

9 "VRT©T M 6,34

10 VOG e 25, 53

11 NC . '
12400 GNDas s X S e ea

13 - - PF100 F- - SV .. . PT160F-

14 - A2 R . 20,49 -

15  ATGU . NC S

16 RG D 4,32

17 ~ ATGL NC

18 H3 N 11, 39

19 H3 b 10, 38

20 HI' S 9,37

21 VOD N 8,36

22 VRD y4 533 -

23 NC - i

24 PT100 S- v PT100 S-

25 PT100 F+ E PT100 F+

Video out upper . H

Video out lower J

Peltier 1 L

GND Pettier 1 Y

Peltier 2 F

GND Peltier 2 w

(2]
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CCD clocking : .
It follows the manufacturer's documentation. Please refer to it in Appendix 2 for more

formation.
The antiblooming mode is done according to the few pubhshed papers on the subject. The

reference paper is "Preventing blooming in ccd images”, J. Janesick. NASA Tech Brief Vol. 16,
No 7, Item #71 from JPL Technology report NPO-18363/7886. Another more detailed one has
been published by Kohley et al from the radioastronomy institute- of the Bonn University
Bonn. our preprint is labeled - operatmg a large area MPP-CCD with anﬁbloommg

Implementatlon of a single CCD- camera
Using this set of board, we built a single CCD camera. The overall oonﬁgumuon is given in the

_following ﬁgure The control of the sequencer is done using a PC based interface board

connected to its fiber optics transmitter and receiver through a simple TTL to_fiber optics
interface. This board has an 8.5 megabytes memorybuﬁ’er large enough for a smgle 2K i _image.
This interface board sends commands to the sequencer board, which duves the CCD. The

Fr s video sxgnallssenttbxonghﬁberopucsto the mte:&oeboard. Whenﬁ:ctransfettlsdone the;.-_.___a';_'-_ .
e .mterfaceboardmemoryxsdmnpedmtothePCmmmemory Ceet L T el .

General la out of a single CCD stem :

Command board Flat ribbon cableﬁ - Sequencer board | |
Acquisition'board [ - || Bias gen. board -
Piate holder assembly  Rack located outside telescope tube
3FO . 2FO
 “Fiber optics to TTL interface
Buffer board with serial to // copverter

PC




The camera plate holder being installed inside the telescope : The filter wheel and shutter ‘ .

assembly covers the cameéra body ( this picture is an early assembly, now the electronic board
has been mounted at the lower right of the plate holder instead of being located below the

camera cold box as shown here ).

]
H

With the current system, we measured a signal chain gain of 4.6 e-/Data Number and a readout
noise of 27 e- using a dual flat/dual dark method ( the reduction method is described page 246




BB

of Volume 22 of the Astronomical Soclety of the Pacific Conference Senes "Astronomical
CCD Observmg and reduction techniques”. CCD Data The Good, The Bad, and the Ugly by

\/Iassey and Jacoby ).

Readout time is currently around 50 seconds.

This camera is currently imvolved in several programs and since its comnnssmnmg,
photography is now canceled at the telescope. We are using it 50% of the available time in
order to detect"Near Earth Asteroids. The detection software has been completed only recently
and has enabled us to perform more than 400 detections on 141 individual objects in a 3 nights

run ( Minor Planet Circulars, December 1996 ).

Implementation of 2 multi CCD camera
A system able to drive several CCDs can be implemented using the following design :

CCD control : ,

Each CCD has its own set of power and controller board located on the external rack, as well |
as its own voltage translator and acquisition chain. A master board, also on the backplane
supplies a synchronous 32 MHz clock to each power board, as well as a general reset and serial
interface to each module. Jt contains an 8051 microcontroller which is driven by an RS232C
terface by the control PC. The connection of each module to 2 given backplane signal is made
through wire wrapping connectmns On the master board, the clock and reset signals are driven
through TTL gates in order to get the required throughput. The clock line of the serial
interface is synchronous to all the CCDs hooked to the system and generated by an I/0O lne of
the microcontroller. The data line is generated using the other 15 I/O hines of the master board
microcontroller. When the PC sends an order to this master board, it tells whether the order is
relevant to a given CCD or to all the CCDs, the master board programs the CCDs adequately

and waits for other orders.
Since each command board + acquisition board module is located in a 50x76x165mm box,

such a camera would have to be installed in a specially designed holder ( not a regular plate .
holder ), with electronics board going on the side of the compact CCD cold boxes. The current
electronic rack is large enough to contain up to 15 bias generation boards and sequencer board

as well as the master board.




Command board Flat ribbon cable Séqueﬁcer boafd ~ _
Acquisition board | Bias gen. board |
Multiple pairs of board
Multiple modules - C

Master board -

Fiber opticsto TTL interface

- Buffer board with serial to-// converter

3xnFO . C -: }2FO -

»

i



Appendlx 1:
Electromc Schematlcs of the
controller o




The schematics for the camera ave been edited using the Orcad package. The routing of the

boards have been made either in Orcad's PCBH or using another package made by Protel. The

following figures have been printed using a postcript printer ( .ps extension )
For each design, there are several files with different extensions :

.sch -> schematics
.bom -> bill of material, these files have been edited in order to provide information about the

manufacturers and/or the adress of the retailer we used.
et -> netlist

Jbrd -> Board for Orcad

gbr files, including :

.tol

gnd -> ground plane layer :
. tOP

- There are seven orcad based desngns re]ated to tlns controIler

- CCDSEQ is the sequencer board. It can be used in single camera mode vmthout any master o

" board or can be slaved to a master board. - .
CCDMSTER is the master board, which receives order from the PC pnnter board usmg a serml

PWM communication protocol, .and which gives orders to individual sequencers and provides a

o synchromsaﬁon mgnal so that eventhough the vemaal transferts can be asynchronous, the plxel‘f' )

" acquisition $tays Synchronous. |
- -CCDPOW generates:all the bias clock: voltag&e reqmred by the CCD. - e S
" CCDACQUI is the board which ¢otitains the amplifier chain and the A/D converter T

CCDCMDE is the board which receives signals from the sequencer ( CCDSEQ ) and ﬁ‘oﬁ the ..

bias generation board ( CCDPOW ) to generate the clocks to the CCD It also generates its
own power supplies.

PELTIER is a schematics for a current regulated power supply in order to use peltier modules. |

Since the parts are mounted on a large heat sink, there is no printed circuit board for this

design.
CCDSUP relates to the CCD support, the small printed circuit board that supports the CCD

mside its cold box.

These, as well as information related to the programming of the sequencer and its use are also
available through anonymous ftp at taranis.obs-azar.fr as a single file called OCACCD.zp. This
file will be regularly updated as more functions are programmed into the sequencer.

It is highly recommended to ftp these files rather than to use the files decribed in this report.
Also it is better to take contact with us ( maury @ obs-azur.fr ) since we have already have
those boards fabricated and that the prices for these boards will be less expensive here since the
1equired tooling fee for their fabrication has already been paid for. This design is going to
evolve in the following months, and this is also why the latest version will be available from fip
or from us directly. We will improve it using faster converters, more elaborate sequencers and
will implement a multi readout CCD system relatively rapidly now. Also on the drawing board
is a low cost EPP ( extended printer port ) interface. We have been able to sustain 2 megabytes
transfert rates using this technique. A faster PCI parallel board interface system will also be
implemented if we change the camera system to mmch faster converters ( like 2 MHz

converters ).
FoIlowmg in the following pages are postscript prints of the schematics of the boards

composing this camera.
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Appendix 2 : Data sheets
of the maln components of the controller




This section contains the data sheets of the components used in this controller. It does omit

passive parts, as well as other usual parts as 78xx voltage regulators and the like.
- CCD442A
- 87C750

- MAX333A
- DG445

- OPA627

- DSP102

- TOTX195
- TORX194
- LM399

- OPA470

© ~This information is only available of course in the printed form of this report.In case you fip-ed
.. this file, here are the U.S. addresses of the manufacturers of these parts .

< CCD442A"

" 'Loral Faxrchild

MrI'nnJohnson 408 4332550 - -
1801 Mc CarthyBd- . - -
Milpitas - CA95035 USA .

: .‘l‘ax 408433 2508

U ererse T
* ‘Philips Semiconductors
'811 East Arques Avemue’

Sunnyvale - CA 94088-3409
1 800 234 7381
Fax : 1 708 296 8556

- MAX333A, DG445
Maxim Integrated products
120 San Gabriel Drive
Sunnyvale, CA94086

.1 408 737 7600

1 800 998 8800 for litterature and samples in the U.S.A.

- OPA627, DSP102

Burr Brown -

P.O. Box 11400

Tucson ~ AZ 85734-1400
Tel: 1602 746 1111
1800 548 6132

Fax : 602 741 3895

- TOTX195, TORX194:
Toshiba corporate headquarters
9775 Teledo way

Irvine CA 92718

Tel: 714 455 2000




- OPA470

Analog Devices

One Technology Way

P.O. Box 9106

Norwood - MA02062-9106
Tel: 1617 329 4700

Fax : 1617 326 8703

e



]

LORAL

Fairchild Imaging Sensors

CCD4d2A
2048 x 2048 Element
Full[Frame Image Sensor

FEATURES

8 2048 x 2048 Photosite Array
= 15:m x 15:m Pixe

s 30.72mm x 30.72mm {mage Area }
a Neer 100% Fiil Factor :
® Multi-Pinned Phase (MPP) Option !
= Readout Nolse Less Than 7 Electrons at 250k |
pixeis/sec

Oynamic Range 10000:1

Three Phsse Buried Channei NMOS

GENERAL DESCRIPTION ;

The CCD442A is 3 2048 x 2048 slement soiikd stats Charge
Couples Device (CCD) Futt Frame area image senaof which
is intended for-use in high resolution scientific, industrisl, ana
commerciai electro-optical systems, The CCD442A iB orga-
nized asa matrix amydmshommlbymmcct)
photosites. The pixel pitch and spacing is 15xm. For dark
referance the 100 and bottorn sight rows and tha-feft ang right
eight cclumns are covered by a light shisid. The agmhbto
imaging area 15 thus 2032 sows by 2032 columns. ; :

The imaging array may e operated in one of thres modes,
Buried Channei or Mufti-Finned Phase (MPP). The:Burieq
Channel operation offers low noise performance and excetisnt
charge transfer etficliencies. An additional implant under cne
vertical phase creates a virtual welf which cotiects the photo-
elactrons with all Verticat clocks low during irmmegratian. This
MPP moge decrsasas dark current gown to 25 pAicm2 @
25°C. Exceiient low noise performance is achieved by use ot
the butiea channel CCD structure ana a dual stage {ow noise
output amphfier with an output conversion of 3uV/el

EH o ESF OV v TS

205¢

Oewca processing is done us!ng 25 mmouoesagn rutes. The
single metal, triple-poly process aliows a ohozoahohyomwﬁh
smailer pixei geometries anc fewer array biemishes.
FUNCTIONAL DESCRIPTION

The OCDM cansists of the 1ollowmg 1uncnonal olomems
itustrated in the block diagram. -

Image Smdng Elements: Incident. mons pass through
a transparent polycrystatiine siiicon gate structure creating

steciron hole pairs. The resuiting pholo-eiectrons are cok-

lecteg in the photosites during the integration period. The
amount of charge accumulated in each photosie is a linear
function of the localized sncident mummauon mxensny ano

lmogratm period.

PIN NUMBER/NAME

1 NC : 20 oVay 3 oma -
2 NC 21 oviy 40 oVTQ,
5 Vsg 22 Ves 41 Vie
¢ &Ry 23 oVIG, 42 NC
% VRODy 24 oSG 43 NG
¢ vaos\V{Ty 25 voa, © 44 NC
T VIOEOgur 28 Vag 48 Vas
s VvODu 27 Vsy 48 Vps
9 onHie 28 Vas 47 OV
W oH2y 29 NC 48 &V
N oom3y 30 NC ) 49 oV
2 PVIGY ‘31 Ve 50 Vs
13 . Vss R oR S1  ¢IVTGy
12 NC a3 VAD, 52 oSGy
'5 NC a4 VAT, 53 VOGy
‘6 NC 35 VIDEOour 54 Vpa
"y Vasg 38 VOO 58 Vs
18 Vss 37 eng 56 Vb
"y OV, 38 oM2. . i

i

J

PIN CONNECTIONS R
(000000000000000\
wmea Q6
O i O
C O
O o
o O
o (o]
o} o
o O
Q 0o
o) o
0. o
o , O
o) o}
kOOOOOOOOOOOOOOO‘y

Lorsl Feirchud Smaging Senson,
1801 McCarthy Biva.. Milpitas, CA 95035
1 BOO 32<-8075. TWX 910-373-2110. (408) 433-2500

. © 1094 Lor! Fairchid 1eserves the Nght 10 Mass changes «

the olrcultry or s0ecifiCElions 8t &1ty UIMe without notice.
Prmeg in US.A.




CCD442A FUNCTIONAL BLOCK DIAGRAM ,

The photosie structure is made up cicormguous CCDetements
with novokis of inactive areas. in addition 10 sensing light, theae
elements.are used to shiftimage data vertically. Consequert-
ly. the device neeas 16 be shutiered during readout. }

Vertical Charge Shitting: The Fuli Frame architecture of the
. CCD442A pravides vigeo information as a gingte sequential
readout of 2048 lines containing 2048 photosita elemenits: At
the end of an integration period the oVi, @Vz. angd:oV, clocks,
are used to transter chiarge verticaity through the CCD array
1o the horizontal readout fegister. Vertical columns are
separated by a channel stop region to prevent cnarge
migrason. |

Theimaging area is divided into an Uppar and Lower half. Each
1024 x 2048 half may be clocksd independanity or togethet.
Horzontal Transport registers atong the top and bottom per
mit simuttaneous readout of both hatves, The CCD442A may
be ciocked such that the full array is réadout the “Upper. or
Lower Transport registers. The package pinouts are arranged
30 that the device may be cotated 180° without timing changes

The Verucai Transter Gate (@ VIG)is the final array’ gale before
charge 1s iranslerred 1o the serial horizonmtal shift registers.:

For simplified operation @ VIG may pe tied (o oVs !

Horizontal Chargc Shitting:. oH,, oH,, and OH: are poiy-
sllicon gates used 1o transter charge horizantally to the out’
put amphfier. The honzomal ransport regster is twice the size .
of the photosits to allow tor vertical binning. The array can be | i
operated normally at full resolution or some fower resoiution;
with binning, :

The transier of charoe into the horizontal regyster is the result .
of 8 veruca! shift sequence. This register has 16 additional ; i
reQister celis beiween the tirst pixet of each line and the oul- |
putampliier. The owutput trom these locatans comain nostgnal
ang may be uUsed as a dark leves reference. i

The last clocked gate n the Honizontal registers is wice as |
1arge &s tne others and can be usea 10 horizontally bin cnarge i

[ 4
et
ROW 1 V2 UPPER HALF ———]? V2
ov3 1 A ]
evi D“V‘ \
eV2 ; vz VIDECout
ovs : @V, vart
coLt COL 2048
i o
oVv3 i jova
#vi oVt
VRO ov2 :V§
vz v
or~] ROw 2048 :31 LOWER HALF eVt
Szog evz i ; jev2
e«cee . oV1G ) Vg
VDD T O 7
XYEE rggzyzzgg
*“‘"‘"ELS"’;:gi;E P
i
VIOEOouT s :
Thia pste-reguires its own ciock which shouid be tied to oH,

for normed fuli resolution reagout. The ocutput videg is tvwhble
tollowing the high 10 low transition of aSG - .

The.reset FET in the horizontst reacout. clocxad aopropnncfy
with @R, al(ows brnning ot agjgcent pixels.

Output Amplifier: The CCD442A has one output amplmor
at the Bn¢ ct the honzontal transport registers. They are dua)
FET fioatng gittusion amplifiers with a reset MOSFET ticd xo
the input gate.

Cnarga packets are clockedt a prechafged caoacnor vmooo
potentiat changes linearty in response.to the numrer of oloc-
trons delivered. This potential is apptied to the input pate of
an NMDS amofifiet progucing a signal atthe outpyt Nour pin.
Tne capacior is rese! with @R 10 a precharge Jevel prior
1o the arnval of the next charge packet except when hon_zon-
tally binaing. It is reast by uge of the reset MOSFET.

The output amplifier drain 15 tied to VOD. The source (Video
Out) is connected to an extemat load resistor to ground. The
source consttutes the video output from the cevica.

Mu!tl~P0nned Phese: MPP is a CCD technology which
significantiy reduces the dark current ganerationrate. CCDse
are sndowea with this capabitity by the aadition of en implant
during the semiconductor manutacturing procass.

This imptant cregles a virtusi well in the arcay which aliows
charge imegration whi.e maintainng pixel integrity with the
Vartical clocks in the jow state. Leaving the Vertical clocks in
the low State during the intagration cycle is the method used
to mplemcn! MPP mode.

A drawback to utilizing the MPP mooe is reouced tute well
capacity. The virtual well creatad by the MPP implant doas
not told 25 much charge as the normal buried channe!

operating mode which leaves one Vartical clock in the high
state during integration. The CCD442A may be operated in
the conventional buried channel mode wlth increase in charge
capacity over the MPP moge.

-
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Spectral Response Rango-—i’he sﬁéctrﬁt band over which

DEF!NIT!ON OF TERMS
- the response par unit of radiant power is rnore than 10% of
Chsarge-Coupled DMco—A charge-coup%ed device is 2 the perk response.
monotithic siticon structure in which discrete packets of eiec-
2= charge are transported from pogition to position by Photo-Aesponse Non-Unﬂomuy—-The difterence of the
sequential clocking of an array 01 pates. teaponse levels between the most and tha least senstive
) reglons under uniform illumination (exciuding blemished
Vertical Transport Clocks ov‘. @V, @V3—The iclock elements) expressed as & parceniage of the averagefesponse,
signals anplied to the vertical transport register. : )
- Dark Signa{— The output signai in the dark. caused. by ther-
Horizontal Transport Clocks oH:. ©Ha, ®Hy—Ths iclock | mally generated electrons. Dark signal is a linear function
signals-applied 1o the horizontal transport registers. | of Integration time and an axponem:at tunction of chip
Reset Clock @R-—The ciock applied 1o the reset switch of tsmperatute.
the output amplifier. , Vartical Transter Gate oVTG — Gate structures adjacent 10
Oynami Range—Thg rato ot srston out vodge 0 oSG IR ;;“’"::dmmmmm
RMS noise in the dark. The peak-10-peak random noise is -6 vertically through the array. Upon. reaching the end row of

phatositas, the charge is ransterred in paraliel via the transfer

times the RMS noise output.
ganes 10 the horizontal transport shift: regiaters whonevor the

Satunation Expgsure — The minimum exposure tevel that pro-

duces an output signal corresponding lo the maximum - transier gate voltage goss high.

photosnia charge capacity. Exposure is equal to the pmduc: —Picture elemant or sensor el |

of light intensity and integration time. moelemom or p ‘e sor element atso called

Responsivity — The output signal vonageper unitot exqoaure.

j
INTEGRATION SERAL . H -
X FLUSH, , SHIFT T READDUT |
. Bt . 1) 1]
N I3 . . 1 s . +
T S e
VIDEQ DU ] REEAT

TIMING DIAGRAM

ov

coaafranens

ove

ovy

|

ov1g .
v REPEAY 2048 TIMES

. . NWORIZONTAL READOUT ~
Uees - Tz 1. ueewes o
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TYPICAL CCD GUANTUM EFFICIENCY

31 coarep

-

-

_ BACKSIDE THINNED

450 3507 4SO %0 350 950 w50
WaresngIn in fer

QUANTUM EFFICIENCY ENHANCEMENTS
On a custom basis. our large area CCDs ¢an be backside
thinned for increased QE. The CCD is bump mated to a

fanout and thinned to spproximately 15 mcrons. The inci-
dent ilumination enters through the backside. of the arcay.

Since no photons are absorbed m the potysilicon gate struc-

tures, the QE increases. Wae can also coat trontside-ilflum-
nated devices with a fluorescent dye that absorbs UV light
and fluoresces in'the vigible range. Thia prowiges CCD

response at wavelengtns tess than 400nm.

TYPICAL DC VOLTAGES
SYMBOL PARAMETER . =~ RANGE UNIT REMARKZ
- S MiIN NOM MAX s
Voo DC Supply Voitage 20.0 25 v
Vap Resat Drain Voltage 12 13.0 16 . |V
Voo Output Gate- Voltage 1.0 v
Vgs Substrate Ground 0.0 N
TYPICAL CLOCK VOLTAGES s :
SYMBOL PARAMETER | MGy LOW UNIT REMARKS {
V@H 2 5) Honzontal Muttiplexer Clock Pl 5.0 \
VAV 23 Venical Array Clocks i +3.0 8.0 Y
VOR Reset Gale Clock ¢ +8.0 Q.0 \
VPVTG Array Transter Gate Clock i +3.0 -8.0 v
Note rHz400pF POVe6).000aF . i o .
FmaABIcs i - i
PERFORMANCE SPECIFICATIONS l
SYMBOL PARAMETER . i RANGE UNIT REMARKS
| MIN NOM - - 4.  MAX
Vsgar Saturation Oulput Voltags 300 1200 mv Note 1
Full Well Capacity ‘ 100.000 : 400.000 | e-
Output Amp Sensitivity 1 3.0 » uVre- . ]
PHNU Photo-Response Non-Uniforrmity | 10 %Vsat
Peak-to-Peak ! :
DSNU Dark Signa! Non-Uniformity 1.0 mv T
. Peak-lo-Peak . :
DC Dark Current 0.025 : 2.0 .| nAlem? Note 2
R Responsivity 1.0 . | Viupem?
Vopc Qutput OC Level 14.0 \% Note 3
b4 Suggested Load Register 1.0 5.0 20 kg) Note 3

RO 1 KMaomum wed ¢ag3cy (S schieves onerating i Buned Channgl Moos mwaimum CRDACIY 1§ in MPR moat

Hoe 2 vawes sPown 3-o tor 25 © Carx cutrent goubies tor every 4 - £ C )
hine 2 $13n0376 1651 conaticns Are nominal MPP cloeks and DC opersing vollages M2 tonizorinl Data Rato 6uSec vernca: Sheh Cycte

L1}

L1}

TN

e



- ; | CCDA442 PACKAGE OUTLINE
S6-Pin . Kovar Package _ .
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COSMETIC GRADING . WARRANTY . :
Within tweive months of delivery to the end customer, Loral

Device grading heips to establish a ranking for the image.

quatity that a CCD will provide. Blemishes are characterized
as spurious pixels exceeding 10% of Vsar with respact 10
neghbonng elements. Blemish content is determined in the
dark. at varous illumination feveis and for different device
temperatures. )

The CCD442A is available in various standard grades. as well
as custom selected grages. Consult the factory for available
grading information and custom selections.

Fairchild will repair of reptace. at our option, any Loral ‘Fair-
child camera product If any part is found to bé defective in
materials or workmanship. Contact factory for assignment of
warranty return number and shipping instructions to ensure
prompt repair or replacement.

CERTIFICATION
Lorai Fairchild Division certities that ait products ase carefully in-
specwd and tested at tha tactory prior to shipmentiznd will meet

' all requirements of the specification under which it is fumished.

LORAL.

Rairchild imaging Sensors

Loral Faerchvic cannot assume rssponsdility for use

of any circuitry 0e3cithed other Than circuiry empodied
n & Lorat Fechda Droguct. No other crcuit patent
licenses are :mpheo




Y ANALOG © VeryLow-Noise Quad '] -
« DEVICES . Operational Amplifier

( .
0P-470 | =

ATURES o insuring-excelient gain accuracy and linearity, even in high-
Very Low Noise............... snV/y/ Hz @ 1kHz Max gain -applications. Input ‘bias current is under 25nA which ‘
Zxcellent Input Offset Voltage R 0.4mV Max reduces errorsdue to signal source resistance. The OP-470's
~ow Offset Voltage Dritt ... .. el 2uV/°C Max CMR of over 110dB and PSRR of less than 1.8uV/V signifi-
Very High Gain . _.....0............ L, 1000V/mV Min. cantly reduce errors due to ground noise and power supply 1
Outstanding CMR ....... e 110d8 Min fluctuations. Power consumption of the quad OP-470 is halt
Slew Rate ..... Meeeeeieiieaiens TRTRRR R 2V/usTyp ~ that of four OP-27s, a significant advantage for power con-
Gain-Bandwidth Product .................... EMHz Typ h ‘
Industry Standard Quad Pinouts PIN CONNECTIONS
Available in Die Form ’ . , !
RDERING INFORMATION !
L, =925°C PACKAGE OPERATING
VosMAX  CERDIP TEMPERATURE

®v) 14-PIN PLASTIC Leee RANGE

400 - - OP4?70ARC/383 ML

500 OP470AY* - QP470ATCr823 ML

400 OP470EY -. - IND N

oy Ty orece - o 14-PIN HERMETIC DIP

1000 ~ OP470GS™ - XIND - (Y-Suffix) 8E . &
Fordevices processed in toml compliance 1o MIL- STD-883, dd /883 after pant 14-PIN PLASTIC MINI-DIP 20-LEADLCC

- {P-Sutfix)

number. Consuit factory for 883 data sheel.
Burn-in is available on commercial and industrial ternperature range parts in

CerDIP, plastic DIP, and TO-can pacxages.

For avaitability and bum-in informadon on SO and PLCC packages, contact outa [ }> 'uA 6h~r .
_ fyouriocal sales office. -iNa 3 A EE} -IND
] )y
-tN A 14f ~IND

"NERAL DESCRIPTION —
: OP-470 is a high-performance monolithic quaa opera- 2] ~INC

al_amplitier with exceptionatly low voltage noise. SN -
V// Hz at 1kHz Max, offering comparable performance to ) out.c =
I's industry standard OP-27. - ' oI D

OP-470 features an input offset voitage below 0.4mV, . -
: ; : 16-PIN SOL

AD LCC

cellent for a quad op amp, and an offset drift under 2.V/°C, o .
- : (S-Suffix) 281
rranteed over the full mititary temperature range. Open- ’ (TC;Su'fﬁx) S
P gain of the OP-470 is over 1,000,000 into a 10kQ) load L B
APLIFIED SCHEMATIC
—O v-

\‘_'l_
N 3
‘




Jp-470

lscious apptications. The OP-470 is unity-gain stable with a
3ain-bandwidth product of 6MHz and a slew rate of 2V/us.
The OP-470 offers excellent amplifier matching which is
important for applications such as multiple gain blocks, low-
1oise instrumentation amplifiers, quad buffers, and low-noise
active filters. ' v
The OP-470 conforms to the industry standard 14-pin DIP
sinout. It is pin compatible with the _OP-11, LM148/148,
4A4741, HA5104, and RM4156 quad op amps and can be used
Lo upgrade systems usina these devices: -

Sor higher speed applications the OP-471, with a slew rate of
3V/us, is recommendea. ’

ABSOLUTE MAXIMUM RATINGS (Note 1)

Lead Temperature Range (Soldering, 60 sec) eeereemienns 300°C
“Junctionr Temperature (T)) ..coeeveeersaarnn.e. werene =65°C to +150°C
Operating Temperature Range
OP-470A ..... ) -55°C to +125°C
OP-470E, OP-470F .......oooerermne ereeres e =25°C 10 +85°C
.OP-470G -40°C to +85°C
PACKAGE TYPE 8,, (Note3) 8, UNITS
14-Pin Hermeuc DIP {Y) Q4 . 10 ‘T
14-Pin Plastic DIP (P) 76 33 CW
20-Centact LCC (RC) 78 30 W
28-Contact LCC (TC) 70 28 “CW
16-Pin SOL (S) a8 23 TW .
NOT:S.

Absplute maximum ratings apply 1o both DICE ang packaged parts, unless

cherwise noted.
2. The OP-470's inputs are protected by back-10-back diodes. Currem himiting

SUDPIY VOIRBOE cevcaeeecemniemsreoncnesreisencosasesssesesesssassrissans =18V
Differential Input Voltage (Note 2) ......cccccevcvcerrvsceneneee. 1.0V resistors are not used inorder toachieve low noise performance. I differenyal
. ; : . 1.0V, the input current should be limited 10 225mA. .
1rent (NOTE 2) ceveeveuceremeraererersesnaene 25mA vonage exceeds =
Differential input Current (Note 2) = Vol 3. @, is specified for worst case mounting conditions, i.e., 8.,is speclbed for
10U VOREGE ..o --- Supply Voltage cévice in socket for TO, CerDIP, P-DIP, ana LCC pacxages-e is specified
Dutput Short-Circuit Duratxon ................................ Continuous for cevice soldered 1o printed circuit board for SO and PLCC pacxages
Storage Temperature Range '
P, TC, Y-Package ..ccceeecrercreieaccncas —65°C to +150°C
ELECTRICAL CHARACTERISTICS at Vs = =15V, T4 = 25°C, unless otherwise noted.
L ' : OP-470A/E = OP-470F OP-470G
ARAMETER SYMBOL CONDITIONS MIN TYP . . MAX MIN TYP  MAX MIN  TYP MAX UNITS
:nput Oftset Voltage Vog - 0.1 02 —_ 0.2 cs - 0.4 1.0 T mv
~put Offset Current los Ven =0V - 3 0 — 6 20 - 2 30 nA
~put Bias Current iz Vey =0V — & 25 - 15 50 - 25 60 nA
i 2.1Hz t0 10Hz ) .
= . - 2 - 2 -
=ut Noise Voltage €np-p .Note 1) 0 200 &0 00 &0 200 nVa...
. te=10Hz B - 8 63 - 38 65 — 38 65
nput Noise . in=100HZ - - 33 558 —~ 33 &3 - &3 ss ';‘-
voltage Density ” a=iKHz - — . 32 50 - 3z 50 — 32 sp "R
Note 2)
aput Noise o= iomz - ' - - V7 B - Vi -
apU 1 - - ey
. 3 'n ‘e = 100Hz - o7 - - 07 - — o7 —  pA/SHz
Current Degsuy o= TkHZ - 04 - _— 04 _— —_ 0.4 —_
. N ) Sa =WV
'i'?e"‘gfan Ave R, = 10k 1000 2200~ 800 100 — 800 1700 - vimy
/oltage Gar ‘ R, = 2kf) 300 3200 - 200 200 - 400 200 -
npuyt Voltage Range IVR Note 3) =N 12 — =1n =12 - - =1 z12 - Ry
Tutput Voltage Swing Vo 3. 2 2kN =12 =13 - =12 =13 - =12 =13 -— v
sommon-Moae Rejection CMR Vo= =1V 110 "25 - 100 i20 - 100 120 — a8
Sower Supply PSAR e = =45V to =18V — 056 18 - 1.0 5.6 - 10 56 VAV
Rerection Ratio =
Liow Rate SR 2 2 - 13 z - 13 z —_ Vius
2-1006 OPERATIONAL AMPLIFIERS REV. B




; 0P-470
ECTRICAL CHARACTERISTICS at Vg = =15V, Ta = 25°C, unless otherwise noted. (Continued)
’ OP-470A/E OP-470F  OP-470G
LAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX .+ MIN TYP . MAX. UNITS
nply Current ‘ : T . e
1 N - 9 1 - 9 1n - ;
Amptifiers) Y otozg e mA
« Bandwidth Product GBW A, =10 — 6 - - & - - [ - MH2z
Vo= 20V, _ ' N
1 18 — 125 . 1585 - 12! 15 —_
nnet Separauon Ccs 0 = 10Hz (Note 1) 25 5 ‘ S 5 , ‘ds
.t Capacitance Cwy ) - 2 - -— 2 - —_ 2 - pF
cut Resistance ] - .
; —  0s - ~ 04 - .~ 04 -
terential-Mode R M
:t Resistance ' :
R — 1 - - 11 - —_ 1 -
b mmon-Mode INCM G
Ap= =1 , .
iing Time ty 10 0.1% — £S - - 55 - s £5 = us !
10 0.01% — 6.0 - - 6.0 - - 6.0 -
NTES:
-uaranteed but not 100% tested. .
ample tested.
[Guaranteed by CMR test,
| ECTRICAL CHARACTERISTICS at Vg = %15V, —55°C < Ta < 125°C for OP-470A, unless otherwise noted.
’ ) v OP-470A :
IAMETER SYMBOL CONDITIONS e : - MIN TYP  MAX' | UNITS
ut Otfset Voltage Vos ’ —~ 014 06 VR
~rage input ' s L B
'set Voltage Drift TCVes - a4 2 uV/"C.
ut Otfset Current los Vem =0V . — 5 20 ] aa . T k
~ut Bias Current ig Vem =0V - 5 50 - nA -
L Vo= =10V
:e-Signal
sE9IE A A =10k 7 - ‘
uage Gain vo L = 10k{} ‘ .750 1600 vimv
R = 20} 200 800 -
Jt Voltage Range IVR {Note 1) =N +12 - !
.Sut Vottage Swing Vo Ry 22k =12 =13 - \
:mmon-Mode CMR Vo= =19V o o T . .
ction M= - ’ 100 120 —_— a8
rer Supply _ . o H
etection Ratio PSRR ) Vg=z4.5V 10 18V - 1.0 56 Y .
;ply Current | N ’ . ;
. Amptitiers) s¥ o Load - 9.2 1 mA
OTE:
uaranteed by CMR test. -
-k
E
FV. B OPERATIONAL AMPLIFIERS 2-1007
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VOLTAGE NOISE DENSITY
vs FREQUENCY
ST R O
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: [ it
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{1l

"o wd

VOLTAGE NOISE {av/\/ 1z )
w

1 1k
EREQUENCY (H2)
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| & SN
o 1.0 -
-5 e R
- T 4\_...—"‘—"___.—._
H Tiiin] /. b e-ilwn L 11
] T mconnes-:oom‘—“—] v
! ::” ! :
O | |
g 100 i 0K
FREQUENCY (Hz}
XNPUT BIAS CURRENT
vs TEMPERATURE
X
Vg = z1SV oo {
Veu = OV : Lo i

IHPUT DIAS CURRENT {nA)
3

-75 -s50 -25 0 5 50 T3 ..100 125
TEMPERATURE (*C)

2-1010 OPERATIONAL AMPLIFIERS

TYPICAL PERFORMANCE CHARACTERISTICS

VOLTAGE NOISE DENSITY-

vs SUPPLY:VOLTAGE
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CMR vs FREQUENCY
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YPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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NNEL SEPARATION TEST CIRCUIT TOTAL NOISE AND SOURCE RESISTANCE
- The total noise of an op amp can be calulated by:

En=V(en)? + (in Rs)? + ()2

s000 where: »
[ VWA E, = total input referred noise
vy 20V,
~ ‘ e, = o0p amp voltage noise
i I . .
= = i, = Op amp current noise

e, = source resistance thermal noise -

" ‘Rg = source resistance , E '
Thetotal noiseis referred to the input and at the output would
be ampiified by the circuit gain. .

Figure 1 shows the relationship between total noise at 1kHz_

= CHANNEL SEPARATION = 201 < Vi o and source resistance. For Rg < 1k{] the total noise is domi- 1
0\ V00 | nated by the voltage noise of the OP-470. As Rg rises above

s0n

FIGURE 1: Total Noise vs Source Resistance (including
Resistor Noise) at 1kHz

100 e -
: 1 1
- A
ls i
e 4
2 op-11 el
8 1 fopaca il : }
g o
P [ OP-T - -
a RS T
I OP-470 -7 : ! H =
L nesiston : S
. / NOISE ONLY
LT l
1 . . !
100 10k 100K
Ry~ SOURCE RESISTANCE ()
E
FIGURE 2: Total Noise vs Source Resnstance (Including

‘Resistor Noise) at 10Hz

-:CATIONS INFORMATION

AGE AND CURRENT NOISE | o g 00 - =y =
OP-470 is a very 1ow-n0|se quad op amp, exhibiting a x ;%' T : = A

sl voltage noise of .only 3.2nV/y Hz @ 1kHz. The . | » ; _- '

tionally. low noise characteristics of the OP-470 is in : - 7 — ]

zchieved by operating.the input transistors at high col- S Loem "-'17 SaWa

¢ currents since the voltage noise is inversely propor- : oraoe | |11 44’ (i i

! to the square root of the collector current. Current g v T -]

. however, is directly proportional to the square root of £ FOP T T Z ——

:ollector current. As a resuit, the outstanding voltage z [P AT 7™ : T

i performance of the OP-470 is gained at the expense of - L : -

Nt noise pertormance, which s typical for low noise el ' ! -

ifiers. . ./i HowSE oy | ,;

' I RSTII -

»tain the best noise performance in a circuit it is vitat to 100 1® 10k 100k

rstand the relationship between voitage noise (e,). cur- Rs — SOURCE RESISTANCE (0]

noise (in). ana resistor noise (e,). B

&
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1KQ, total noise increases-and is dominated by resistor noise

rather than by voltage or current noise of the OP-470. When

Rg exceeds 20k(), current noise of the OP-470 becomes the
major contributorto total noise. '

Figure 2 also shows the relationship between total noise and
source resistance, but at 10Hz. Tota! noise increases more
quickly than shown in Figure 1 because current noise is
inversely proportional to the square root of frequency. In

Figure 2, current noise of the OP-470 dominates the total

noise'when Rg > 5k},

" the voltage noise of the OP-470 is the major contributor tg

peak to-peak noise with current noise the major contributor
as Rg increases. The crossover point between tne OP-470
and the OP-400 for peak-to-peak noise is at Rg = 17k

The OP-471 is.a higher speed version of the OP-470, wuth-a
stew rate of 8V/us. Noise of the OP-471 is onty slightly higher
than the OP-470. kae the OP-470, the OP-471 is unity-gain
stable. . '
For reference, typical source resistances of some signal
sources are listed in Table L.

FromFigures 1and 2it can be seen thatto reduce total noise,
source resistance must be kept to a minimum. In applications TABLE |
with a high source resistance; the OP-400, with lower current S SOURCE : »
noise than the OP-470, will provide lower total noise. DEVICE IMPEDANCE  COMMENTS
Figure 3 shows peak-to-peak noise versus source resistance Sirain gauge <so0q Typically used in low-treauency
over the 0.1Hz to0 10Hz range. Once again, at low values of Rg, 2pplications.
X B} Magnetic <1500(1 Low Ig very important 10 reduce
FIGURE 3: Peak-To-Peak Noise (0.1Hz To 10Hz) vs Source reoeneac :uerl(::n :g:::::n::.::?g:jxin
Resistance (Includes Resistor Noise) can be negtected. C
Magnetic <1500} Similar need for low lg in girect
1000 peres === gnonograph coupied applications. OP-470 will not
apegrey: e n cartridges introduce any seli-magnetization
_ . - —rt i : probiem.
z ! ,[ . s : Linear variable <150002 Used in rugged servo-feedback
] Cldnial o | ditterential applications. Bandwidth of interest is
2 I ] I : /a?" ' ! transformer 400Hz 1o - SkHz. - .
E 100 |-oPero Lttll !
s — e For further information regarding noise calculations, see
o T “Minimization of Noise in Op-Amp Applications, " Applica-
@ : lx ;:l; tion Note AN-15.
i Hi# NOISE MEASUREMENTS —
P PEAK-TO-PEAK VOLTAGE NOISE
The circuit of Figure 4 is a test setup for measuring peak-to-

100 Ik 10K
Ag ~~ SOURCE RESISTANCE (1)

FIGURE 4: Peak-To-Peak Voltage Noise Test Circuit (0.1Hz To 10Hz)

peak voltage noise. To measure the 200nV peak-to-peak

cea
1
L1
R10 -
65.4k0  65.4KD Ru Sour
AN ()
asoen | oo

Re
10K

1
} 1 10k0 GAIN = 50,000

5.9xQ

c2
. R12

0.033uF Vg =15V
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0P-470

ollowing precautions must be observed:

ne device has to be warmed-up for at least five minutes.
hs shown in the warm-up drift curve, the offset voitage

pically changes 5zV due to increasing chip temperature -

ter power-up. in the 10-second measurement interval,
ese temperature-induced effects can exceed tens-

of-nanovolts.
5r similar reasons, the device has to be well-shielded

om air currents. Shielding also minimizes thermocouple

“Hects. »
udden motion in the vicinity of the device can aiso “feed-

irough” to increase the observed noise.

RURE 5: 0.1Hz To 10Hz Peak-To-Peak Voltage Noise
Test Circuit Frequency Response

se speciﬁcat‘ion otthe OP-470in the 0.1MHz to 10Hz range, .

100

Ban
|
I

3

GAIN (dB)

5

T

o !
1 1

FREQUENCY (Mz2) T J

URE 6: Noise Voltage Density Test Circuit

. The test time to measure 0.1Hz-to-10Hz noise should not -
exceed 10 seconds. As shown in the noise-tester fre-
quency-response curve of Figure 5, the 0.1Hz corner is
defined by anly one pole. The lest time of 10 seconds acts
as an additional pole to eliminate noise contribution from
the frequency band below 0.1Hz. .

5. A noise-voltage-density test is recommended when mea-
suring noise on a large number of umts A 10Hz noise-
voitage-density measurement will correlate well with a

0.1Hz-to-10Hz peak-to-peak noise reading, since both :
results are determined by the white noise and the location E

of the 1/f corner frequency.
6. Power should be supplied to the test circuit by well

bypassed low-noise supplies, e.g. battenes These will
minimize output noxse introduced via the ampnfler supply

pins.

NOISE MEASUREMENT — NOISE VOLTAGE DENSITY

The circuit of Figure 6 shows a quick and reliable method of
measuring the noise voltage density of quad 6p amps. Each
individual amplifier is series-connected and is in unity-gain,
save the final amplifier which is in a noninverting gain of 101.
Since the ac noise voitages of each amplifier are uncorre-~

lated, they add in rms fashion to yield:’
eoyt = 101 (\/enAz + engz + e,.,cz +enp )

The OP-470is a monolithic devuce with four identical amplifi-
ers. The noise voitage density of each mdr\udua!ampllfnerwul

match, giving:

2oyt = 101 (\/4\9,,2_”) ;101 (2en)

[- ] ——0 *our

R2
AAA S S

_ ok

TO SPECTRUM ANALYZER

l”

€gur (AV/L M1 ) = 101(2e,)
Vge ISV

OPERATIONAL AMPLIFIERS 2-1015
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" FIGURE 7: Current Noise Density Test Circui

-

Vg = =15V

GAIN = 10,

€, OUT TO
SPECTRUM ANALYZER

000

NOISE MEASUREMENT ~ CURRENT NOISE DENSITY
The test circuit shown in Figure 7 can be used to measure
current noise density. The formularelating the voltage output
to current noise density is:

N -]

=
n Rs

where:

G = gain of 10000
Re = 100k() source resistance

CAPACITIVE LOAD DRIVING AND POWER

SUPPLY CONSIDERATIONS

The OP-470 is unity-gain stable ang is capable of driving
large capacitive {oads without oscilizung. Nonetheless, good
supply bypassing is highly recommended. Proper supply
bypassing reauces problems causea by supply line noise and
improves the capacitive load driving capabitity of the OP-470.

In the standard feedback amplifier, the op amp’s outpyt res-

iance combines with the load capacitance to form a low-
~ass filter that acds phase shift in the feedback network and
reduces stability. A simple circuit to eliminate this etfect is
shown in Figure 8. The added components, C1 anag R3,
decouple the amolifier from the ioaa capacitance and{q,rovide
additional stabitity. The values of Ci and Belshown'in"'fFigure
8 are for a load capacitance of up to 1000pF when used with
the OP-470. : : :

In applications where the OP-470's inverting or noninvernting

inputs are driven by a low source impedance {(under 1000} or-

connected to ground. if V+ is apptiea before V-, or when V-
is disconnecteo. excessive parasitic currents will flow. Most

2-1016 OPERATIONAL AMPLIFIERS

*SEE TEXT
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0P-470 |

lications use dual tracking supplies and with the device
sly pins properly bypassea, power-up wiii not present a
siem. A sourceresistance of atleast 1000} in series with all
uts (Figure 8) will iimit the parasitic currents to a safe level
- is disconnected. {t shouid be noted that any source
stance, even 100(), adds noise to the circuit. Where noise
Lquired to be kept at a minimum, a germanium or Schottky
de can be used to clamp the V- pin and eliminate the
:sitic current flow instead of using series limiting resistors.
most applications, onty one diode clamp is required per

rd or system.

TY-GAIN BUFFER APPLICATIONS
en Ry < 1000 and the input is driven with a fast, large-
al puise (>1V]). the autput waveform will look as shown in

re9.

ing the fast feedthrough-like portion of the output, the
‘1t protection diodes effectively short the output to the
it, and a current, limited only by the output shori-circuit
wection, will be drawn by the signal generator. With Ry =
(1, the output is capable of handling the current require-
ts (I < 20mA at 10V); the amplifier will stay in its active
le and a smooth transition will occur.

en Ry> 3k, a pole created by Ryand the amplifier's input
icitance (2pF) creates additional phase shiftand reduces
se margin. A small capacitor (20 to 50pF) in parallel with

elps eliminate this probiem.

LICATIONS
W NOISE AMPLIFIER

lifiers is shown'in F:gure 10. Amplifier noise, depicted in
are 11,is around 2nV/y Hz @ 1kHz (R.T.1.). Gain foreacn
slleled amplifier and the entire circuit is 1000. The 2000
stors limit circulating currents and provide an effective
out resistance of 500. The amplifieris stable with a 10nF
acitive load and can supply up to 30mA of output drive.

ITAL PANNING CONTROL
re.12 uses a DAC-5408, a quad 8-bit DAC, to pan a signal

"ween two channels. The complementary DAC current
»uts of two of the DAC-8408's four DACs drive current-to-
age converters built from a single quad OP-470. The
plifiers nzve compiementary outputs with the amplitudes
~endent upon the digital code applied to the DAC. Figure
hows the compiementary outputs for a 1kHz input signat
digital ramp applied to the DAC data inputs. Distortion of
- digital panning control is less than 0.019%

nerrordue tothe —ismatching betwes -~ = "internal DAC
jer resistors ana 1ne current-to-voltage teedback resis-

mple method of reducing amplifier noise by paralleling .

-tors is eliminated by using feedback resistors internal to the-

DAC. Ot the four DACs avaiiable in the DAC-8408, only two,
DACs Aand C, actually pass a signal. DACs B and D are used
to provide the additional feedback resistors needed in the
circuit. If the VgeeB and VgD inputs remain unconnected
the currrent-to-voltage converters using RegB and RegD are
unaffected by digital data reaching DACs B and D.

FIGURE 10: Low Noise Amplifier

Vin Ot

so0n

l”

b Visisr = 1000V

Noise Density of Low Noise Amplifier, G = 100D

FIGURE 11:

- .

MKR3 1.98 uVsSHT

HOISE DENSITY (0 58 nv/ /102 /DIV
‘nEfEﬂNED 10 iHPUT)

o 1_KHZ 4
BW iz.a Hz
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FIGURE 12: Digital Panning Control Circuit

SIDEAIN O

AOuT

SIDE B IN O

DAC DATA BUS
PINS 3{LS8)—16(MSB) ,

-5V ]

B ouUT

p—O Bour

=3 ;1
= DAC SELECT | w'm

FIGURE 13: Digt:al Panning Controt Cutbut

A OUT

SQUELCH AMPLIFIER
The circuit of Figure 14 is a simple squeich amplifier that uses

a FET switch to cut off the output when the input signal falls
below a preset limit. ‘

The input signz: is sampied by a peak cetector with 2 time
constant set by C1 and R8. When the output of the peak
detector, V,. falls below the threshold voltace, V1, set by R8.
the comparater tormed by op amp C switcni.s from v~ to V+.
This drives the cate of the N-channel FET high, turning 1t ON.
reaucing the gzin of the inverting ampithier tormed by cpamp

A to zero.

2-1018 OPERATIONAL AMPLIFIERS
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Z-3AND LOW NOISE STEREO GRAPHIC EQUALIZER
. graphic equalizer circuit shown in Figure 15 provides
of boost or cut over a 5-band range. Signal-to-noise

'RE 15: 5-Band Low Noise Graphic Equalizer

ratio over a20kHz bandwidth is-betterthan 100dB referred to
a 3V rms input. Larger inductors can bé réplaced by active
inductors. but this reduces the sigpal-to-noise ratio.

c1

Vi O]

0.47uF

Vour

Lz

TANTALUM

c3
]
. 600mM
6300 :
1uF na

1
" =1 el dsonz 3.3k0
- - H
L 6en 6.8uF a6
= TANTALUM w | .
2

A 200Hz2

®n
<
ce 13 Yeoors
4 180mH
0.224F po
x®0
< L Hz
i i 1 60emH
6500 poqruF az
®n i

\an cs L5 L 10emz
l 6800 goz22.F TomK

V.B
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for Immediate 'Assistance,'bab};:t Ybui'__‘tbcal Safespersan

OPA627
OPA637

AVAILABLE IN DIE

BURR-BROWN®

?,

llEEBIEE{I

Precision High-Speed
Difet® OPERATIONAL AMPLIFIERS

FEATURES

@ VERY LOW NOISE: 4.5nV/NHz at 10kHz

@ FAST SETTLING TIME:
OPA627—550ns to0 0.01%
OPA637—450ns to 0.01%

® LOW V: 100pV max

@ LOW DRIFT: 0.8:V/°C max

'@ LOW I_: 5pA max

® OPA627: Unity-Gain Stable
@ OPA637: Stable in Gain> 5

DESCRIPTION

The OPA627 and OPA637 Difet operational ampli-
fiers provide a new level of performance in a precision
FET op amp. When compared to the popular OPA111
op amp, the OPA627/637 has lower noise, lower offset
voltage, and much higher speed. It is useful in a broad
range of precision and high speed analog circuitry.

The OPAG627/637 is fabricated on a high-speed. die-
lectrically-isolated complementary NPN/PNP proc-
ess. It operates over a wide range of power supply
voltage—+4.5V 10 +18V. Laser-trimmed Difet input
circuitry provides high accuracy and low-noise per-
formance comparable with the best bipolar-input op

| APPLICATIONS

® PRECISION INSTRUMENTATION
@ FAST DATA ACQUISITION

@ DAC OUTPUT AMPLIFIER

® OPTOELECTRONICS

@ SONAR, ULTRASOUND

® HIGH-IMPEDANCE SENSOR AMPS ,
® HIGH-PERFORMANCE AUDIO CIRCUITRY

® ACT!VE FILTERS

High ~frequency complementary . transistors aflow
increased circuit bandwidth. attaining dynamic per-
‘formance not possible with previous precision FET op
amps. The OPA627 is unity-gain stable. The QPA637
is stable in gains equal to or greater than five,
Difet fabrication achieves extremely low input bias
currents without compromising input voltage noise
performance. Low input bias current is-maintained
over a wide input common-mode voltage range with
unique cascode circuitry. ’
" The OPA627/637 is available in plastic DIP, SOIC
and metal TO-99 packages. Industrial and military
temperature range models are available. '

amps. s T * T —c 7
Trim s @ é Trim J_ 1 +Vg
1o0MA~¢ ~W-o5 P
~ o T ® ®
1 ] o
’ T -
LGl id + Output
! T ;W ~ [
k ——
g = ;T
-in S - . =In ) 4
, 3o~y ' 2
. |
Ditet®, Bur-Brown Comp. ’ . :Vs
. ‘ + ‘ ) ﬁ
Intemational Alrport Industriat Park  +  Malfing Address: PO Box 11400 - Tucson, AZSST34 - Street Address:6730S. Tucson Bvd.  » Tucson, AZ 85706
Tol: (07) 745-1111 - Twx:910-852-1191 - Cable:BBRCORP - Telex:066-6491 - FAX:(602)883-1510 - Immediate Product info: (800) 5466132
“HURR-SORR
PDS-998E
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| Or, Call Eustamer Semce a1 1-800-548-5132 (USA Only)
SPECIFICATIONS o !
ELECTRICAL ~
T, = +25°C, V; = 115V unless otherwise noted. : . (a0
OPASZ7BMWBP/SM . OPABZZTAWAP/AY - g H
: OPASITEBMBPISM *__OPASSTAWAP/AU ~
| A :
PARAMETER conormons . | N | Ty | max | s | TYP | max | unms %
OFFSET VOLTAGE ™ S g
input Offset Voltage . : 40 100 , 130 250 v n_
AP, BP, AU Grades 100 250 280 500 pv
Average Drift - 0.4 08 12 2 rV/rC C
AP, BP, AU Grades . 0.8 2 25 RVPC
Power Supply Rejection Vg = +4.5 to 218V 106 120 100 | 116 dB X
INPUT BIAS CURRENT @ ' 4
Input Bias Current Vg =0V - ) 1 5 2 10 pA
Over Specified Temperature Ve, = 0V 1 2 nA
SM Graoe Ve = OV ] - 50 nA [dp
Over Common-Mode Voage Vo, = X10V 1 12 pA o
Input Offset Current S Ve = OV 0.5 5 ; 1 10 PA ; 1
Over Specified Temperature Ve, =0V ’ 1 , 2 nA LL
SM Grade . 50 | nA E
NOISE ] .
: input Voltage Noise " St
: Noisa Density: { = 10Hz ' 15 20 20 NVAFZ Q
f = 100Hz 8 20 ) 10 nVAHz o=
f= 1kHz 5.2 s | 56 nVAHz =
f=10kHz - 45 6 . 48 nVAHZ L~ §
Voltage Noise, BW = 0.1 1o 10Hz 0.8 1.6 0.8 . nvp-p -
Input Bias Current Noise . . '
Noise Density, { = 100Hz 1.6 25 25 1ANFzZ L~ §
Current Noise, BW = 0.1 1o 10Hz : 30 60 | E 48 o tAp-p Z
INPUT IMPEDANCE . A _ O .
Differentiaf ! 1024 8 * Qi pF —
Common-Mode 10°417 * Q| pf
INPUT VOLTAGE RANGE ‘ o : <
Common-Mode input Range =11 +11.5 - . ' v fn
’ Cver Specified Temperature +105 211 . - . . v m _
l Common-Mode Reiection Vg, = 105V 106 116 100 110 dB. a s
OPEN-LOOP GAIN . - C O
Open-Loop Voltage Gain Vo =210V R = 1k 112 120 106 116 T ] ¢dB
Over Specified Temperamre . ’ v =+10V. R = ﬂ@ 106 117 100 110 aB
SM Grade . . v =310V, R 300 114 dB
FREQUENCY RESPONSE L
Slew Rate: OPA627 G =~i, 10V Sten 40 £ - - Vius =
OPAE37 G = —4, 10V Step 100 135 . . Vips
Settiing Time: OPA27 0.01% ‘ G = ~1, 10V Sten | ss0 . ns
1% : G =~1, 10V Sten 450 e N ns
OPAS37 0.01% G = —4, 10V Step i 450, . ns
0.1% G =4, 10V Sten 300 * ns
Gain-Banawidth Product: OPAG27 G=1 16 M MMz
OPAE37 G =10 . . &0 * MHzZ E
Total Harmonic Distortion + Noise G ool f= TkHZ 0.00003 . s . . %
POWER SUPPLY ’ R g
Specified Operating Vottage . ) =15 . . Y
Operating Voltage Range . o =45 =18 LT * V.
Currert . : 7 *7.5 i M L mA
OUTPUT - . )
Voltage Output A = 1kQ *115 £123 * *
Over Specified Temperature =N +11.5 * . '
Current Outout Vo = 210V ) =45 N mA
Short Circuit Current =35 +70/-55 +100 ° * * mA
Output iImpedance, Open-Loop 1MHz 55 o . Q
TEMPERATURE RANGE . .
Specification: AP, BF, AM. 8M. AU ' -25 ~85 : ° C
SM -55 ) +125 °C
Storage: AM, BM, SM ~60 +150 * * C
AP, BP, AU —40 +125 ‘ - °C
8,0 AM. BM, SM . 200 - cwW
AP, BP 100 - . C/W
AU 160 ‘CwW E
° Specificatons same as “8" grade.
NOTES: (1) Ottset voltage measured fully warmed-up. (2) High-speed test at T, = 25°C. See Typical Pertormance Curves tor warmed-up performance.
The information provided herein is believed to be refiable; however, BURR-EROWN assumes no responsibility for inacer 8s or ¢ BURR-BROWN assumes
no responsibility for the use of this information. and all use of such intormason shali be entirely at e user's own risk. Prices and specifications are subject to change L
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant E
any BURR-BROWN: product for use in life support devices and/or Systems. .
BURR . GROWNE
Burr-Brown IC Data Book-—Lmear Products 2.181
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. DICE INFORMATION

| A Immedi-Assistne, Contst Your Locl

Salesperson
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OPAG627 DIE TOPOGRAPHY OPAE37 DIE TOPOGRAPHY
MECHANICAL INFORMATION
PAD FUNCTION PAD FUNCTION MILS (0.0017) - | MILLIMETERS

1 Oftset Trim 5 QOtfset Trim Die Size 117x8045 | 257 x20310.13
2 -n 6 Outout Die Thickness 2013 0514008
j *J". ; s +Vg Min. Pad Size 4x4 0.10x 0.10

- ubstrate N .

¥ NC No Connection | T:ar?w Count _ 46

Substrate Bias: Dielectrically isolated. See cata sheetfos coanection opions.

See *DICE PRODUCTS" Appendix C in Bur-Brown Dam

Book, or contact factory for current information.

ORDERING INFORMATION

ABSOLUTE MAXIMUM RATINGS

PACKAGE INFORMATION®™

PACKAGE DRAWING
MODEL PACKAGE _ NUMBER
OPAB27AP Plastic DIP 006
OPAB27BP _Plasuc DIP 008
OPA627AU SOIC 182
OPAG27AM TO-99 Metal . 001
QPAG27BM TO-99 Metat 001
OPAB27SM TO-99 Meal 001
OPAG37AP Plastic DIP 006
OPABI7TBP Ptastic DiP 006
OPAB37AU SO 182
OPAB37AM T0O-99 Metat 001
OPAGI7BM T0O-99 Metal 001
OPAG37SM TO-99 Metal 001

sheet, or Appenaix D of Bun-Brown (C Data Book.

~ T e

NOTE: (1) For detailed drawing ano dimension table, please see end of data

Rurr-Brown [C Data Book—Linear Products

‘i TEMPERATURE Supply Vottage . 418V
MODEL PACKAGE ’ ‘RANGE input Volage Hange +Wge VoV Z ¥

- - Differential input Range 2. Totat Vg + 4V
OPAB27AP Plastic DIP —25°C 10 +85°C Power Oissipation ... e 1000
OPAS278P Plastic DiP . =25°C W +85°C Operating Temperature :
OPA627AU sowe ~25°C to +85°C M Paciage ~55°C to +125°C
OPAG27AM TO-99 Metat ~25°C to +85°C P, U Package ~0°C 1o +125°C
OPAG27BM TO-99 Metat ~25°C 1o +85°C - Slzrige Temperaure . .
OPAB27SM TO-$9 Metat ~55°C to +125°C b Umpmge —65°C o 4150
OPAE37AP Plastc DIP ~25°C 10 +85°C Junction Temperarure
OPAS37BP Plastc OIP ~25°C to +85°C M Package AT
OPAG3TAU soc | ~25°C to +85°C P, U Package +150°C
OPAB3TAM TO-99 Metal —25°C to +85°C Lead Temperaxyre (soldennq. 10s) +300°C
OPAG37BM TO-99 Metal -25°C t0 +85°C SOIC (soidering, 3s). +260°C -
CPAG37SM TO-29 Metal -35°C to +125°C -

=1
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O, Call Customer Service af 1-800-548-6132 (USA Only)

o CONFIGURATIONS
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No intema Connection
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Top View

TYPICAL PERFORMANCE CURVES

1.« +25°C, Y, = £15V uniess otherwise noted.
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TOTAL INPUT VOLTAGE NOISE vs BANDWIDTH
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Fr (mnedie Assistane, Cotaet Your lﬁcal Salesperson
TYPICAL PERFORMANCE CURVES (conT)

T, = +25°C. V¢ = 215V uniess otherwise noted.

OPA627 GAIN/PHASE vs FREQUENCY

2.184
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Phaso (Dogreos)
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Or, Call Customer Servce at 1-800-548-6132 (USA Oaly)
fYPICAL PERFORMANCE CURVES (coNnn) -~

1 0e25C. Ve = £15V unless otherwise noted.
. .

Burr-Brown IC Data Book—Linear Products
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TYPICAL PERFORMANCE CURVES (com)

= +25°C, V¢ = £15V unless otherwise noted
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TYPICAL PERFORMANCE CURVES (ConT)

T, = +25°C, V, = £15V unless otherwise noted.
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APPLICATIONS INFORMATION

The OPA627 is unity-gain stable. The OPA637 may be used
to achieve higher speed and bandwidih in circuits with noise
gain greater than tive. Noise gain rerers to the closed-loop
gain of a circuit as if the non-invening op amp input were
being driven. For exampié. the OPA637 may be used in a
non-inverting amplifier with gain greater than five. or an
inventing amplifier of .gain greater than four.

When choosing between the OPA627 or OPA637. it is
important to consider the high frequency noise gain of your
circuit configuration. Circuits with a feedback capacitor
(Figure 1) place the op amp in unity noise-gain at high
frequency. These applications must use the OPA627 for
proper stability. An exception is the circuit in Figure 2.
where a small feedback capacitance is used to compensate
for the input capacitance at the op amp’s inverting ing Jl. In
this case. the closed-loop noise gain remains constant with
frequency. so if the closed-loop gain is equal to five or
greater. the OPA637 mav b used.

BURR - SROWN®
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FIGURE 1. Circuits with Noise Gain Less than Five Require

the OPA627 for Proper Stability.
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For Immedrate Asslstance -

OFFSET VOLTAGE ADJUSTMENT

The OPA627/637 is lascr-tnmmed for low offset vo]tagc'

and drift, so many circuits will not require external adjust-
ment. Figure 3 shows the optional connection of an éxternal
potentiometer to adjust offset voltage, This adjustment should
not be used to compensate for offsets created elsewhere in

system (such as in later amplification stages orin an A/D .

converier) becanse this could introduce excessive tempera-
ture drift. Generally, the offset drift will change by approxi-
mately 4uV/°C for imV of change in the offset voltage due
to an offset adjustment (as shown on Figure 3).

OPA637

i
R,‘f C, = Cw + Cmy
R, Cy
. Cy =z
= . 2 Rz
FIGURE 2. Circuits with Noise Gain Equal to or Greater than
Five May Use the OPA637.

NOISE PERFORMANCE

Some bipolar op amps may provide lower voltage noise
periormance, but both voltage noise and bias current noise
contribute to the toral noise of a system. The OPA627/637
is unique in providing very low voltage noise and very low
current noise. This provides opumum noise performance
over a wide range of sources, including reactive source
impedances. This can be seen in the performance curve
showing the noise of a source resistor combined with the

Contaet Your Local Salesperson

noisc of an OPA627. Above a 2kQ source resistance, the op
amp contributes little additional noise. Below 1k€2, op amp’
noise dominates over the resistor noise, but compares

favorably with pxecxsxon bipolar op.amps.

" CIRCUIT LAYOUT

As with any high speed, wide bandwxdth circuit, careful
layout will ensure best performance, Make short, direct
interconnections and avoid stray wiring capacitance — es-
pecially at the input pins and feedback circuitry.

The case connection (pin 8 of TO-99 metal package oniy)
should be connected to an AC ground for lowest possible
pickup of external fields. While DC ground wouid be the
most likely choice, pin 8 could also be connected to either
power supply. (The case is not mlemally connected to the
negative power supply as it is with most common op amps. )
For lowest possible input bias current, the case may- be
driven as a guard—see Input Bias Current section. Pin 8 of
the plastic DIP and SOIC versions has no internal connec-

tion.
Power supply connections should be bypassed with good
high frequency capacitors positioned close to the op amp

+Vg

10k to IMO -
. Potentiometer
(100x 2 pretemed)

OPA627/637
+10mV Typical
Trim Range
-V

FIGURE 3. Optional Offset Voltage Trim Circuit.

Noninverting
P'-——————-‘—‘———v
~ + Caser!
- 2 8

[ ———
in v OPAG27

Soary Layout for input Guarding:
Guaru top and bottom ot board.
Alternate—use Teflon® stangotf for
senstlive input pins,

Tetion® £.1. du Pont gde Nemours & Co.

NOTE: (1) Case connected to pin 8 on
TO-99 package only—see text.

Out

QPAB27

TQ-99 Bottom View

To Guard Drive

FIGURE 4. Connection of Input Guard for Lowest I ..

2.188
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pins. In most cases 0.1F ceramic capacitors are adequate.

The OPAG627/637 is capable of high output current (in

' excess of 45mA). Applications with low impedance Joads or

capacitive loads with fast transient signals demand large

currents from the power supplies. Larger bypass capacitors

~ such as IpF solid tantalum capacitors may improve dynamic
performance in these appiications.

INPUT BIAS CURRENT

Difet fabrication of the OPA627/637 provides very low
input bias current. Since the gate current of a FET doubles
approximately every 10°C, to achieve lowest input bias
current, the die temperature shouid be kept as low as pos-
sible. The high speed and therefore higher quiescent current
; of the OPA627/637 can lead to higher chip temperature. A
simple press-on heat sink such as the Bumr-Brown model
SOTHS (TO-99 metal package) can reduce chip temperature
. by approxnmalcly 15°C, lowering the I, to one-third its
» warmed-up value. The 807HS heat sink can also reduce iow-
frequency voltage noise caused by air currents and thermo-
“electric effects. See the data sheet on the 807HS for details.

| Tempcxature rise in the plasue DIP and SOIC packages can
be minimized by soldering the device to the circuit board.
" Wide copper traces will also heip dissipate heat.

» The OPAG627/637 may also be operated at reduced power
supply voitage to minimize power dissipation and tempera-
wure rise. Using £5V power supplies reduces power dissipa-
- tion to one-third of that at +15V. This reduces the [, of TO-
99 metal package devicés 10 approxirmately one-fourth the
value at £15V.

Leakage curments between printed circuit board traces can
easily exceed the input bias current of the OPA627/637. A
circuit board “guard™ pattemn (Figure 4) reduces leakage
effects. By surrounding critical high impedance input cir-
cuitry with 2 low impedance circuit connection at the same

potential, leakage current will flow harmlessly to the low-

impedance node. The case connection (TO-99 metal pack-

Vg
N
sk
@ é

HP 5082-2811
»l

14 % 2D, Diode Bridge
[ ‘ ] BB: PWS740-3
( 1*Q § |
—— b -
= skQ Z0, : 10V INS61
s B
A\ Vg |
R, Vo
Clamps output

atVo = *11.5V

’ - OPAg27

FIGURE 5. Clamp Circuit for improved Overload Recovery.

BURKR - BROWN?

age only) may also be driven at guard potential to minimize

any leakage which mignt occur from the input pms to the
case. The case xs not mternally commected'to -V

Input bias current may ‘also be degraded by improper han-
dling or cleaning. Contamination from handling parts and
circuit boards may be removed with cleaning solvents 2nd
deionized water. Each rinsing operation should be followed
by = 30-minute bake at 85°C. .

Many FET-input op amps exhibit large changes in input bias
current with changes in input voltage. Input stage cascode
circuitry makes the input bias current of the OPA627/637
virtuaily constant with wide common-mode voltage changes.
This is ideal for accurate high input-impedance buffer appii
cations.

T

2RoCL Re»» Ro
Rr

Ce=

1

FIGURE 6. Driving Large Capacitive Loads.

PHASE-REVERSAL PROTECTTON
The OPA627/637 has internal phasc~rcvcrsa] protection.

Many FET-input op amps exhibit a phase reversal when the .

input is driven beyond its linear common-mode range. This
is most often encountered in non-inverting circuits when the

input is driven below —12V, causing the output to reverse

into the positive rail. The input circuitry of the OPA627/637
does not induce phase reversal with ‘excessive common-
mode voltage. so the output limits into the appropriate rail.

OUTPUT OVERLOAD
When the inputs to the OPA627/637 are overdriven. the

output volage of the OPA627/637 smoothly limits at ap-
proximately 2.5V from the positive and negative power
supplies. If driven to the negative'swing limit. recovery
takes approximately 300ns. When the output is driven into
the postitive limit. recovery takes approximately 6ps. Output

recovery of the OPA627 can be improved using the output.

clamp circuit shown in Figure 5. Diodes at the invernting
input prevent degradation of input bias current.

2.189
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CAPACITIVE LOADS “ Ry,
s

As with any high-speed op amp, best dynamic performance o .

can be achieved by minimizing the capacitive load. Stnce 2 . i ) v

Joad capacitance presents a decreasing impedance at higher A Sonezr

frequency, a load capacitance. which is easily driven by 3 7 Oox D 1N4145 — 250A Leakaop XM

slow op amp can cause 2 high-speed op amp © pesform Optional Rs 2) é . 2N4117A — 1pA Leakage - fig
e - - Siiconix - - __1—.&%

poorly. See the typical curves showing seuling tmes as 2
function of capacitive load. The lower bandwidth of the
OPA627 makes it the petter choice for driving lasge capaci-
tive loads. Figure 6 shows 3 circuit for driving very large
load capacitance. This circuit's 1wo-pole response can also
be used 10 ‘sharply fimit system bandwidth. This is often
useful in reducing the noise of 'systems which do not require

the full bandwidth of the OPA62T. -
INPUT PROTECTION |
The inputs of the QPA627/637 are protected for voltages .
between +V, + 2V and _V_ —2V. If the input voltage &an N )
S s { |RE e
exceed these limits, the amplifier should be protected. The FIG 7. Input Protection Circuls. ;ﬁ

diode clamps shown in Figure 7a will preveat the input i
voltage from exceeding onc forward diode voltage drop times larger than the input bias current of the OPAGIT/&H),
beyond the power supplies—well within the <afe limits. I Leakage current of these diodes is typically much lowerssl
the input sousce can deliver current in excess of the maxi- ™Y be adequate in‘many applications. Light falling on 8
rmum forward current of the protection diodes. use a series junction of the protection diodes can dramatically increiif
resistor. Ry, to limit the current. Be aware that adding leakage current. SO common glass-packaged diodes shodf
resistarice to the input will increase noise. The 4nV/NHz be shielded from ambieat light. Very jow leakage can i
theoretical thermal noise of a 1k& resistor wiil add 1o the achieved by using 2 diode-comnected FET as shown. Thk
+.5nVNHz noise of the OPAG27/637 (b¥ the square-Toot of IN4117A is specified at 1pA and its metal case shiclds 6
the sum of the squases), producing atotal noise of onV/VHz. junction from light. ‘ Y
Resistors below 100 add negligible noise. Sometimes input protection is’ required on I/V converersdl
otection diodas can increase the inverting amplifiers (Figure-7b). Although in normal op
total input bias current of the -circuit-The specified maxi- tion. the voltage at the surnming junction will be neas 28
murn leakage current for commonly used diodes such a3 the (equal to the offset ‘vohage of the:ampiifier. large il
INA4148 is approximately —m i transients Tay <ause this mode 10 exceed 2V beyond 81
. PR ) i : 4 B b v 13

{_zakage current in the pr

(L]

et

* ®

produce transient yvanatiohs in mputs S
edge 10 ©2 lower and faliing eoges 10 b2 {aster than normunal siew rates °

observeq I ugner-gain cireuits.

When used as @ unity-gain putfer, 1arge comman-mode input voltage Sieps
tage curtents. This causes the qsing F Ga=t
N

FIGURE 8. OPA627 Dynamic Performance. G=+1.
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suppnes ' In this case, the summmg juncuon should be

ccted with diode clamps connected to grounid. Even with

the the low voltage present at the summing junction. com-
mon signal dxodes may have excessive leakage current.

Since the ‘reverse voltage on these diodes is clamped. a
diode-connected signal transistor can be used as an inexpen-
sive low leakage diode, (Figure 7b). - - - RN

Vi (V)

5000

r—’i _ARGE-SIGNAL RZSPONSE
+10
s () Z o (0)
S §
>
-10
When drivenwith 3 very fast input step {feft). common-mode ;NOTE r?pm"m vak:yﬂ
transients cause a slight variation in input stage currents ‘which we"e"d" °‘°"’,b°a’dax o
will reduce output slew rate. f the input step Slew rate is reduced anq Sray capactance -
(right). output Stew rate will increase shightly. erung input. v ey
. o > " - \’,‘ ‘oo
vour
. oPAs27
FIGURE 9. OPA627 Dynamic Performance. G = —1.
. CPA637 ) C . CPAG3T:
LI‘\HGE SlGNAL HESPONSE ’ ' SMALL-S!GNAL RESPONSE

V““ ("‘v)

*NOTE: Optimum vaiue wil depend on circuit .
board layout and capacitance at invernting input.

FIGURE 10. OPA657 Dynamic Response. G = 5.
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Error Out
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High Quality

O—dl
Pulse Generator
510

oPAE2T OPASIT
R.R, xa sooQ
c BpF 4pF
EmorBand  0.5mV £0.2mv
(0.01%)

NOTE: G, is selected for best setting time performance
depending on test fixture layout Cnce optimum value is
detarmined, a fixed capacitor may be used.

-15V
FIGURE 11. Senling Time and Slew Rate Test Circuit.
Gain = 100
. CMRR =~ 116d¢B
- Sanawidth = TMHz
o e
2 25kQ 252 5
W W

input Common-Mode

w

Range = +5V
1010 < Rg 3pF
RF [
- 5kQ
+In
OPA837

Differential Voltage Gain = 1 + 2Re /R~

FIGURE 12. High Speed Instrumentation Ampilifier, Gain = 100.

+in

Gain = 1000
: OPAS3T CMAR = 11608
—in Banawiath = 400kHz
Re 1= - :
) SKQ 2l 10k 100k2 (5
Input Common-Mode LVVVf N VYW
- : !
Range = 10V y G: - ; :;mos :
10102 - ol U Differential t Outpul
| Amphifier - 16 '
3t ! .
A~ + !
: 10kQ 1
! 100kQ !

Differenval Voitage Gain = {1 + 2Rc /Ag) » 10

FIGURE 13. High Speed Insurumentation Amplifier. Gain = 1000.

Vo

R, 215002
for 10V Out

This composite amplifier uses the OPAG03 current-feedback op amp to
provide extended banowidth and siew rate at high closed-loop gain. The
feedback loop is closed around the composite amp, preserving the
precision input characteristics of the OPAB27/637. Use separate power

supply bypass capacitors for each op amp.

‘Minimize capacitance at this node.
GAIN A, R, R, R, R, -3dB SLEW RATE
v oP AMP @) () (Q) (kQ) (MHz) (Vis)
100 OPAB27 5050 4.99 20 1 15 700
1000 OPAB37 439 499 12 1 11 500

NOTE: (1) Closest 12% value.

FIGURE 14. Composite Amplifier for Wide Bandwidth.
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BURR-BROWN INT. s.a.
18, avenue Dutartre
B.P.90
78152 LE CHESNAY CEDEX
TEL : (1) 39.54.35.58
FAX : (1) 39.54.87.03

DSP-Compatible Sampling Single/Dual

- ANALOG-TO-DIGITAL CONVERTERS

FEATURES

® ZERO-CHIP INTERFACE TO STANDARD
DSP ICs: AD, AT&T, MOTOROLA, Tl

@ SINGLE CHANNEL: DSP101

©® DUAL CHANNEL: DSP102
Two Seriat Outputs or Cascade to Single
32-Bit Word

® SAMPLING RATE TO 200kHz

® DYNAMIC SPECIFICATIONS:
Signal/(Noise + Distortion) = 88dB;
Spurious-Free Dynamic Range = 94dB;
THD = -91dB

® SERIAL OUTPUT DATA COMPATIBLE
WITH 16-, 24-, AND 32-BIT DSP IC
FORMATS

DESCRIPTION.

The DSP101 and DSP102 are high performance sam-

" pling analog-to-digital converters designed for sim-

plicity of use with modem digital signal processing
ICs. Both are complete with all interface logic for use
directly with DSP ICs, and provide full sampling and
conversion at rates up to.200kHz.

The DSP101 offers a single conversion channel, with
18 bits of serial data output, allowing the user to drive
16-bit, 24-bit, or 32-bit DSP ports. The DSP102 offers
two complete conversion chanpels. with either two
full 18-bit output ports, or a mode to cascade two 16-
bit conversions into a 32-bit port as one word.".

Both the DSP101 and DSP102 are packaged in stan-
dard, low-cost 28-pin plastic DIP packages. Each is
offered in two performance grades to match applica-
tion requirements.

Analog . -
lput O 18-Bit Sampling ADC
.Channel A
-
Reference .
|
Y
: ,22';9 o— 18-Bit Sampling ADC

Convert
Command
1
Controt Select Sync Format
Logic
} ——— Channet A User Tag in
Channet A Dat/
Cascaden Data
~Sync
Bit Clock

| Channel 8

Channel B on DSP102 Only

le—— Cascade

< - Tucson, AZ8ST34 - Street Address: 6730 S. Tucson Bivd.  « Tucson, AZ 85706

International Airport industriat Park - Mailing Address: PO Box 11400
Tel: (602)748-1111  «  Twx:910-952-1111 - Cable: BBRCORP - Telex: 066-6491 - FAX:{602)883-1510 - Immediate Product info: (800) 548-6132

€1990 Burr-Brown Corporation PDS-1063B Printed in U.S.A. December, 1991
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ZLECTRICAL

SPECIFICATIONS

S

= 0°Cto70°C, 1-2.7sv input signal, sampling frequency (1.} = 200kH2, V,+ = V, = #aV V - --;V 1SMHz external clock on OSC1, CLKOUT nedtoCLKlN. BMHz

\ ‘ata transfer ciock on XCLK, data analysis band-tmited to 20kHz. uniess otherwise speclﬁed
‘DSP101JP DSP101KP =
Ao DSP102JP BSP102KP B
. PARAMETER 7 "CONDITIONS MIN ] . TYP MAX MIN TYP | MAX UNITS
RESOLUTION i 18 T . Bits
ANALOG INPUT ;
Vettage Range .75V * i v
Impedance 1 * [ kQ
Capacitance 20 - . b pF
THROUGHPUT SPEED i
Complete Cycie Acgquisition + Conversion s ] v s
Throughput Rate . 200 - * i kiHz
AC ACCURACY ™ i
Signal ta {Noise + Distortion) Ratio f,, = TkHz B3 - 86 86 a8 dB®
’ = 1kHz (~6008B) 32 - dB
- 25kHz 82 . b dB. .
Total Harmonic Distortion “t = 1kHz 50 -86 L] a8
Spurious-Free Dyramic Range f = 1kHZ €9 g2 Q2 a4 | dB
1_‘Sigﬂal to Noise Ratio (SNRY f_, = tkHz 84 &8 87 89 ! daB
' nC accuRacy Lo i b
Zain Ermror - e 5 ; * %
Zain Emor Mismateh DSP102 Channeis s 22 l - %
Wtegral Linearity +2.75V Input Range Sufficient to meet AC Acunacy Specifications
Differential Lineanty +2.75V Input Range Sufficient to 'mest AC Accuracy Spacﬁwuons
Integral Linearity Error +0.7V Input Range =0.003 %o
Differential Linearity Error 0.7V Input Range +0.002 | . %
No Missing Codes : 0.7V loput Range 14 i M Bits
Bipotar Zero Eror ® . 2 mv
Bipolar Zero Mismaich & DSP102 Chanwels 2 mv
Power Supply Senstivity ~5.25V < V,~ < =4.75V J -0 - a8
+4.75V < V,+, V.+ < 4525V -0 ® dB8
SAMPLING DYNAMICS i : ’
Aperwre Delay . 30 * ns
Aperture Jitter 100 . ! ps.ms
Transient Response 1 Doy -Bs
QOvervoltage Recovery i 5 M H Bs
DIGITAL INPUTS 1
~ogic Leveis (Except OST1) . !
\A I, = =10uA 9 - © 408 . ;oo v
' f, = x10pA 2.4 f +5 * i hd \'4
OSC1 Clock ' 74HC Compaible
Frequency 6 ’ MHz
Data Transfer Clock (XCLK) ) : |
Frequency 0.1 : 12 N N MHz
Duty Cycle <0 50 60 . ! ¢ %
Conversion Clock (CLKIN)
i‘ - Freguency 0.5 © 533 . M MHz
Duty Cycle z5 33 85 N M | * %
DIGITAL OUTPUTS H ; . i I
Format Serial; MSB first: 16/18-bit ana Cascaded 32-bit Mode
l Coding Sinary Two's Complement
Logic Levels (Excemt OSC2) i : . ) ]
Vo Y @ SMA 0 ! . 08 . i . v
V., Loce = SMA- “2a P4 . [ v
osc2 . Can only be used b drive crysial oscillator.
i Conversion Clock (CLKOUT) i . |
Drive Capability =2mA | - i mA
POWER SUPPLIES B
Rated Voltage .
Ve .75 +5 1 4525 . . . v
Ve -5.25 -5 1 a7 . bt : v
A : +3.75 -5 | 4525 . P : v
Power Consumption XCLK « CSC1 = 12MHz 250 425 } . M mw
Sunply Current XCLK = OSC1 = 12MHz o
I+ W . a5 . . mA
- 8  ; -28 . . . mA
N 5 1 15 . . mA
TEMPERATURE RANGE . ;
Specitication ¢ I N B P “C
Storage -35 P+125° J : ; . e
(2) All speciticavons n dB are referred to a full-

o

NOTES: (1) All dynamic spectiications are based on 2048-paint FFTs, using tour-term Blackman-Harris window.
scale input, +2.75Vp-p. (3} Adjustable 10 zero with external potentiometer.

BURR-BR ﬁme '
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TYPICAL PERFORMANCE CURVES

AT, = +25°C, V+ = Vot = 45V, V,— = V.~ = =5V, Sampling Freauency f; = 200kHz: External Clock Input at OSC1 = 80f; = 16MHz, XCLK = 401, 8MHZ Using
2048 Point FFT; Data anaysts limited to 0 1o 20kHz band; Unless otherwise specified. _

SINAD means Si gnal-to-(Noise + Distortion) Ratio. .- _ 'I'HD means Total Han:ponic Distortion thru 8th haim_onit:.
- SFDR means Spurious Free Dynamic Range, including

SNR means Signal-to-Noise Ratio excluding harmonics

thru the 8th. harmonics.
FRAEQUENCY SPECTRUM of +2.75V, 1kHz INPUT FREQUENCY SPECTRUM of £2.75V, 20kHz INPUT
(Average of 12 FF7s. No Window Used) 0 {Using Four-Term Blackman-Harris Window)
; , i
| ; f | |
| f ! = | '
—~ =50 - : — i '
o a i
2 = —40° T 1
(=3 o
g 8 i ’
=2 ! = . H
E 80 . e z 60 :
=] i l =3 H
< { i 3 H
= i i = ; ’
| ! , -60 :
I
-100 -~
—-120 * A
0 25 0 75 100, o 25 50, 75 100
Frequency (kMHz) . Frequency (kHz)
FREQUENCY SPECTRUM of £2.75V, 451kHz INPUT INTERMODULATION DISTORTION WITH 1kHz AND 3kHz iNPUTS
0 (Using Four-Term Blackman-Harris Window) 0 {Using Four-Term Blackman-Harris Window) -
' i
=20 i > ~20
i Undersampting |
@ ! I i
D 40 = -0
8 | 3 i
2 ! | =
£ -0 : Z 50
= : ] = , :
~80 :
I
B
~100 T
-120
Q 25 50 75 100
Freauency (kHz) Frequency (kHz)
DSP102 CHANNEL SEPARATION ON CHANNEL & WITH i .
w275V, 1kHz INPUT ON CHANNEL A DYNAMIC PERFORMANCE vs TEMPERATURE
G - - 80 — -80
i : j b = TkHz, £2.75V
20 - ) e i : :
— ; | S g5 bl -85
) ' ! g
o . ! -
; i SINAD{- @
E = l 2 . SN} é}l“ =
c -3 S 20 350 o
e | e N THD =
= . I 73 ‘ — =
-50 , A ; o SNR
i < g5 - < -95
: = i
e ‘ ' ? | \
20 L I : : 100 ‘ ————1_|SFDR 100
o} .25 30 - 75 100 -85 ~40 -25 0 25 70 85 125
Ambient Temperature (*C)

Frecuency (kHz)
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TYPICAL PERFORMANCE CURVES (CONT) |

A{T .¢ZSC V‘+-V.+--05v V--V -5V, Samplthrequencyf,

2048 Po:m FFT; Data analysis umned 10 0 10 20kHz band' Unless omemnsa specxf ied.

DYNAMIC PERFORMANCE vs TEMPERATU HE" ’

THO (d8}

(ls. 180kHz Asychronous to 12.288MHz -
‘Crystal Between OSC1 and oscz)
70 —— =70
! [ ’ r..,.m-tz. 275v |
g & \ ‘ ‘ L j - =73
8 \ N — 80
2 &0 - " :
2 N oo L
Rl
Z g5 e N e |_SINAD ; /4 -85
g N \._..__/
Z i \ .SNR )
& 95 . <] 95
- ‘ sma: /
100 ' ‘ . =100
55 4025 O " 70 85 125
Ambient Temperamra {°C)
HISTOGRAM OF 5k CONVERSION RESULTS ON DSP102
(Soth inputs Grounded)
3 2500
Q
(5]
2
£ 2000
fod .
k=]
k] [JcChanneta
> 1500 3 Channei 8
E - R
g— 1000
Q
«Q X
S 500 J
[ N
€ |
3 0L . r
Code FFF1 FFEY 000E
Voliage -1.26mV 1.17mY
Output Code and Equivalent Voltage
(Binnea at 16-bit levei)
SINAD vs INPUT FREQUENCY
{Dam Analysis over Full 0 10 100kHz Bana)
100 - e
105 276y inotn (0t i 1111
% £2.75V input (0dB) : :
g0 -"'1 —i_ [ fIHh
70 bt 111 20275V inout -2008) B
I IR
- JII RN ! s
Q 60 T T T T .
s . (H i sl R
< A s ol
& <0 TT1122.75mV Inowt (-6008) | 1 1)1}
30 = . :
2 )b P il i !
B i S Nk
10 Tiin B Y
o AT K
1 10 100

0.1

Input Frequency (kHz)

BURR-BROWNG? '
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Total Harmonic Distortion {4B)

SINAD, SNR and SFDR (dB)

iN]
w

[+:3
o

23
wn

w0
Q

w
v

~ 100

SINAD, SNR and SFDR (dB)

-55 4025 . 0

70

75

80

85

~70

-80

-100

DYNAM: : PERFORMANCE vs TEMPERATURE
{Daiz ~nalysis Over Fuli 0 10 106kHz Band)

= 200kHz; External Clock lnput 2t OSC1 = 80fy = 16MH2. XCLK = 40f; » 8MHz; Using

~75

L 1
1 = 1kHz, £275V

| |

-80

NS
S

1 | smap
R D SRR,

THD (uB}

35

" Ambient Temperature ('C)

{Data Analysis over Full 010 t/2 Band,
" OSC1 = 12288MHz. XCLK = 3.072MHz)

=100

DYNAMIC PERFORMANCE vs CONVERSION RATE '

R i S(NAD-‘ :

fne = TkHz, £2.75V (0dB)

SNR

&

.
[

THO (dB)

4

~-100

. 60

S0

120

150

Conversion Rate (kHz)

TOTAL HARMONIC DISTORTION
vs INPUT FREQUENCY

180

R EEEN
_z7sv Input iods)

|
|
i
|

|

1
-
i

10

100

input Frequency (kHz)

1000




MECHANICAL - B )
’ P Package — 28-Pin Plastic, Double-Wide DIP . . i 7

o | INCHES.  § MILLIMETERS| |- ~] INCHES | MILLIMEIERS |
{ OIM | MIN 1 MAX | MIN | MAX DIM_THMIN_ TMAX | MIN | WAX -
-3 A |55 | 250 13941635 | [ e [ .100BASIC | 2G4RASIC
} A 0151 070 | 381 ) 18] | eA | .600BASIC | 15.24 BASIC
€

f

,JIF~—'L-TJergrfL--p’LfHJI,J1,fL :,“r‘—“—.

A2 | 140 | 185 | 357 [ 470 )| eB [.600 |.700 | 1504 | 1728
8 1 .014) 02 | 35 | 9 ]-{ L 1.5 200 291 | 508

B o0 o0 {102) 178 NOTES:

& C 1081 055 120 1 261 | 1) Not JEDEC Stancard
} D_ ] 14351 1.480 | 3645 | 3759 {2) Comoliing dimefision; INCH. )
: O | 040 1 .100 11.020 { 2540 {3) Dimensioning and tolerancing per ANS!
A f E ] 600 | 625 | 1524 | 1588 Y145M-1982, -
1 ] S | 525 1 £65 11334 | 1435 (4)DwrmA,A,mdLammasmd
BT T e YR SR =y =J A= g v sT ! - mmmmJEDECSeamg
Pin 1 "] PraneGange 653, -
& Dand E, does not inciude moid flash,
i Mddhshshallno!emeed 010 nchas,
0.25tmm. :

(6} €8 and €C are measured at the lead
tips with the leads unconstrainea. eC
st be zero or greater.

NOTE: Leads in true position
within 0.01° (0.25mm) R at MMC
at seating ptans.
TYPICAL DSP102 FFT SETUP
DSP102 —l
Broel & Kiaer ® Pore, ———Flaer  casc 255w
Model 1049 | TKHZ | 50,7 O ‘ ssF 12
Digital Signal 3275\1 Low-Pass - L= 2 VINA ‘__——113 g & ’
Gengraior Filter (A spu osc1 -—%16MHzTTLOsd!IatorI
3 . cwour 2L - j S
- 10
VPOTA cLKIN =
VINB CONV 21 _200kHz
16 8MHz
XCLK y ) Burr-Brown
r votB  sYNG P o zggg‘_
if_ Hary souTta |20 : Processor
;FF—T
Software
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DSP101 PIN ASSIGNMENTS

JABSOLUTE MAXIMUM RATINGS
v, to Analog Common ¥7V PIN# | NAME |- -DESCRIPTION o
~ 1o Analog Common: 2 =TV 1 VPOT | Trim Aeference Out. 10uF Tantalum to AGND.
] V to Digital Gommon +7V 2 VIN | Analog in.
' Analog Common 10 Digitat Common £V 3 MSB MSB Adjust In.
Controt Inputs 10 Digital COMMON —.eecemce oo =35 to V. + 0.5V 4 VOS | VOS Adjust In.
Analog Input Voltage #5V 5 Ve -5V Analog Power.
Maximum Junction Temperatire 150°C 6 Vit +5V Anaiog Power.
Internal Power Dissipation 325mwW 7 - DGND ngnai Ground.
Lead Temperature (soldering, 10s) +300°C 8 i D(\B/ND D;%mgg;u;d.
Resistance, 8,,, Plastic DIP S50°CW 8 + igital Power.
Thermal & 10 | CLKN | Conversion Clock in.
. 11 CLKOUT | Conversion Clock Out Can drive muttipte
nsp101 PIN CONFIGURATION i DSP1 01/DSP1 02s to synchronize conversion.
: -~ 12 SSF Selea Synd'l Format {n. if HIGH. SYNC will be
.actve High! if LOW, SYNC wil be active Low.
- See timing diagram (Figure 1).
. N i3 QsCt Oscillator Point 1 input/Extemal Clock in. If using
VROt E . =28._’ AGND externat clock, drive with 74HC logic fevefs.
VIN E {27} rer _ Connect to DGND if not used.
’ S 14 Qsc2 Qsciliator Point 2 Output. Provides drive for
MSBE . |zs] cap crystal osciliator. Make no electrical connection if
vos 14 =0 15 | SYNC | Datm Synchronization Out. Active High when SSF |
Va | 81 24 ts HIGH; active Low when SSF is LOW.
g ' = 16 XCLX | Data Transfer Clock In.
! Vas E 231 17 No Internal Connection.
DGND E pseiot 22§ DGND 18 TAG | User Tag in. Data clocked into this pin is
= . appended 10 the conversion resutts on SOUT.
DGNDE 21} CONV Seo tming diagram (Figure 1.~ -
’ = 18 ) No Internal Connection. -
v [9] uT
o 2] ] s0 20 | SOUT | Serl Do Out MSB fst. Sy Two's
CLK]N-E . 1) _ ' »Complemm fommat. .
{ : 2t CONV . ConvenCoammldhLFalhgedgemconveaet
CLKOUT EZ ) TS_] TAG .| into hoid state, initiates conversion, and transmits
. — pravious conversion results to DSP IC with
SSF Ez: 117] " appropriate SYNC pulse.
osc E 16} .XCLK 22 | DGND | DigtaiGround. o
b— 23 No-internal Connection.
osc2 E 15§ SYNC 24 No tntemal Connection.
- s’ 25 No internal Connection.
28 CAP. Bypass Capacitor. 10pF Tantalum to AGND.
! 27 REF Reference Bypass. 0.1pF Ceramic to AGND.
28 AGND Anajog Ground.

BURR-BROWNG
DSP101/102

any BURR-BROWN proauct for use in e support devices andror systems.

The information provided herein is believed 1o be reliable; hawever, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
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DSP102 PIN CONFIGURATION -
VPOTA E g AGND
VINA [_z__ . -3__7] REF
wsea [3) %] veors
VOSA E _;s___[ VINB
v [5] 2] wses
v [6] 23] voss
DSP102
BGND E E cASC
DGND E _2-2’ CONV
v o] 20] souma
cun [ (53] e
CLKOUT [: E] TAGA
SSF E _1_2_, SOUTB
o5t E E’ XCLK
osc2 [: E'smc
ORDERING INFORMATION
NUMBER . SIGNAL-TO-
oF {NOISE + DIST.) RATIO
MODEL CHANNELS d8 min
DSP101JP 1 83
DSP101KP 1 86
DSP102JP 2 83
OSP102KP 2 86

. DSP102 PIN ASSIGNMENTS

PIN # NAME | DESCRIPTION
1 | VPOTA | Channel A Trim Referance Out 101.&F Taintam to
.- AGND.

2 VINA Channel A Analog In.

3 MSBA Chanqal A MSB-Adjust-in.

4 VOSA Channel A VOS Adjust in.

5 Ve~ ~5V-Analog Power.-

6 V,+ +5V Analog Power.

7 DGND Digital Ground. .

8 DGND | Digital Ground.

9 v, +5V Digital Power. -

10 CLKIN Conversion Clock in.

11 CLKOUT | Conversion Clock Out. Can drive multiple DSP101/

- | DSP102s to synchronize conversion. ‘

12 SSF Select Synch Format In. i HIGH, SYNC wili be

active High. if LOW, SYNC will be active Low. See
_timing ‘diagram (Figure 1).

13 0scC1 Oscillator Point 1 Input / External Clock In. {f using
extemnat clock, drive with 74HC logic levels.
Connect to DGND # not used.

14 0ose2 OsauatorPcmzomn.Prowdesmforcrystal
oscillator. Make no electrical connection if using
external clock.

15 SYNC Data Synchronization Out. Active High when SSF
is HIGH; active Low when SSF is LOW.

16 XCLK | Data Transfer Clock In.

17 SOUTB { Channel B Serial Data Out. MSB first, Binary
Two's Complemant format.

18 TAGA Channei A User Tag in. Data dlocked into this pin
is appended to the conversio results of SOUTA.
See timing diagram (Figure 1). ‘

18 TAGB | Channal B User Tag in. Data clocked into thils pin

. is appended to the conversion results of SOUTB
Sees timing diagram (Figure 1). )

20 SOUTA | Channel A Seriaj Data Out. MSB first, Binary
Two's Complement format. if CASC Is HIGH, 32
bnsowa:aoumwmﬁtstisbmbemmamel
Adata

21 CONV Convert Command In. Falling edge puts convarter
into hold state, initiates conversion, and transmits |
previous conversion results to DSP IC with :
appropriate SYNC puise.

22 CASC Select Cascade Mode In. if HIGH. DSP102~
transmits a 32-bit word on SOUTA, with the first 16
bits being data on Channel A. if LOW, DSP102

. transmits data for both channals simultanecusly.

23 vosB Channet B VOS Adjust In.

24 MSBB Channel 8 MSB Adjust in.

25 VINB Channet B Analog In.

26 VPOTB | Channel B Trim Reference Out. 10pF Tantalum to
AGND.

27 REF Reterence Bypass. 0.1uF Ceramic to AGND.

28 AGND | -Analog Ground.
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THEORY OF OPERATION

The DSP101 and DSP102 are sampling analog-to-digital
converters optimized for handling dynamic signals. They
have compiete logic interface circuitry for ease of use with
standard digital signal processing ICs, and transmit data
words in a serial stream. The successive approximation
conversion architecture is combined with an inherently sam-
pling switched capacitor array to provide maximum user
flexibility over sampling and conversion timing.

The DSP101 and DSP102 are pipelined internally. When the
user gives a convert command at time (t), two actions are
initjated. First, the internal sample/holds are switched to the
hold state, and a conversion cycle is initiated. At the same
time, the DSP101 or DSP102 transmits a synchronization
pulse and starts shifting out the conversion resuits from the
previous convert command at (t-1) using the system bit
clock. The data from the conversion at time (t) is shifted out
of the converter after the next convert command is received.

Both the DSP101 and the DSP102 are 18-bit A/Ds inter-
nally. When the DSP IC is programmed to accept 16-bit
word lengths, the processor will ignore the last two data bits
transmitted from the DSP101 or DSP102. A Cascade Mode
on the DSP102 can be invoked to transmit data for both
conversion channels over a single serial line as a 32-bit
word. In this mode, the first 16 bits of data transmitted after
the Sync pulse contain data from channel A, followed by 16
bits of information from channel B, allowing a single 32-bit
word to contain data for both channels.

" "Aunique Tag feawre allows additional digital data to be
appended to the conversion results, so that a single data
word contains conversion results plus other signal informa-
iion, such as gain settings or multiplexer channel semnzs in
front of the converter.

The DSP101 2nd DSP102 are high-resolution A/D "i:onvert-
ers complete with sampling capability and on-board refer-
ences. They can acquire and convert analog signals at up to
2 200kHz sampling rate. Both operate from +5V supplies,
and have full-scale analog input ranges of £2.75V.

BASIC OPERATION

Figure 2 shows the minimum connections required to oper-
ate the DSP101. The falling edge of a convert command on
pin 21 puts the intemal sampling capacitor amay into the
_ hold state. The falling edge on pin 21 also starts the process
10 initiate a conversion and transmit data from the previous
conversion, synchronizing both appropriately to the 10MHz
clock input on pin 13. Figure 1 shows the timing relationship
between the convert command, the output data, and the
synchronization puise.
In this basic system, the 10MHz clock is used both to
generate a 3.33MHz conversion clock and as the data trans-
fer bit clock for outputting data. Per Figure 1, there must be
at least 72 clock pulses on pin 13 between convert com-
mands, so that this circuit can sample and convert at up 1

138kHz.

DSP101
.
\ S ;"’“F, — or s
6)@}«0\/. , V. Y yfvor aeND 28
I { 2] VIN REF ;.L—————_—_L
S - bz === 0.1pF
:275Analoglnptn@ ‘"E MSB Cap 35.1——-13
] -V —- ml 4| vos NC | 25(m —vr-muF
. 10pF = -
v - s | va- NG f2afm .
-5VO— - L__'e VA+ NG [z3|m :
o 10uF ' "7l oeno  peno j T
v % =-—]__-_— Conven Comeand
18| DGND  CONV |21 —0 — T
el =)
+5V O— o : 9| vD SOuUT |20 -
- - ITiopF == Sesiai Data Output .
- T 0] cuan NG _1__9_]0’
= s ,
. 1| cour  TAG _—1_;}—————3_
— ———
10MHz, 50% O — E—i 0sCt XCLK |16 -
{£10%) 74HC —= S: Bit Clock
Logic Level Clock Input ) mE 0sc2 SN [ 15— Pm’"‘”’ _

NOTE: (1) Leave Unconnected.

6 - Analog Ground "-E'-" ~ Digital Ground

FIGURE 2. DSP101 Basic Operation.

0 DSP101/102

Fl

mo

5!

il

El




" The convert command at pin 21 causes a Sync pulse to be

output on pin 15, followed by the data from the previous
conversion output on pin 20. The Sync pulse wiil be HIGH
for one bit clock cycle, since pin 12 is tied HIGH. (A LOW
Sync pulse will be output on pin 15 if pin 12 is tied LOW.)
Data is serially ansmitted in an” MSB-first dara stream, in
Binary Two’s Complemen: “ormat. Both the Sync pulse (pin
15) and the data stream (pia 20) are synchronized to the bit
clock (at pins 13 and I6), with the timing relationships
shown in Figure 1. .

After the 18 bits of data from the previous conversion have
been transmitted, pin 20 will continue to clock out LOWs
until a new convert command restarts the process, since pin
18 (the Tag inpur) is grounded. If pin 18 is tied HIGH, pin
20 will clock out HIGHs between conversion cvcles.

CONVERSION

A failing edge on pin 21 (CONV) puts the internal sampling
capacitors in the hold state with minimum aperture jitter,
initiates a conversion synchronized to the conversion clock,
and outputs the data from the previous conversion with an

" appropriate Sync pulse. On the DSP102, a single convert

command simultaneously samples both channels. The tim-
ing relationship between the convert command, Sync and
the output data is shown in Figure 1. Both Sync and the
output data are synchronized t6 XCLK, the systern bit clock.
Following a convert-command fallmg edze pm 21 must be
held LOW at least 50ns. -~ '~

Convert commands can be sent to the DSP101 and DSP102
completely asynchronous to other clocks in the system. This
allows external events 10 be ised to trigger conversions.

‘From Figure 1. it can be seen that two different clocking

conditions must, be considered i in determining the minimum
acceprable time berwecn conven commands. First, there
need t0.be 2 minimum of 24 XCLK periods between convert
commands, to aliow internal synchfonization and transmis-
sion of Sync and the data. (In the Cascade  Mode on the
DSP102. there need 10 be at least 40 XCLK periods between
convert commands. to allow transmission of the 32-bit-data
words.) When uséd with DSP | processors procrammed for

data words longer than 16-bits. the transmission time to the -
processor may determine the minimum time berween con-

vert commands.
The second limitation on convert commands is the require-
ment that the intemnal analog-to-digital convernter be given

enough time to complete a conversion. shift the data to the °

output register, and acquire a new sample. This condition is
met by having a minimum of 24 CLKIN periods between
convert commands, or a minimum of 72 clock cycles on

-OSC1.ifitis used 1o generate the conversion clock (CLKQUT

driving CLKIN).

SIGNAL ACQUISITION
After a conversion is completed. the DSP101 or DSP102
will switch back 10 the sampiing mode. With ar least 24

BURR-BRO wné N '
DSP101/102

- CLKIN periods between convert commands, the A/D will
- have had sutficient time 1o acquire a new mput samplc to full

rated accuracy.

'DATA FORMAT AND INPUT LEVELS

The DSP101 and DSP102 output seriat data, MSB first, in
Binary Two's Complement format. In the Cascade Mode on
the DSP102, the'serial data ‘will first contain 16 bits of data
for channet A, MSB-first, followed by channel B data, again

" MSB-first. The analog input levels that generate specific

output codes are shown in Table L

As with all standard A/Ds, the first output transition will
occur at an analog input voltage 1/2 LSB above negative full
scale (=2.75V + 1/2 LSB) and the last transition will occur
3/2 LSB below positive full scale (+2.75V - 3/2 LSB.) See

Figure 3.

1FFFF,
{FFFE,

00001,

40000,
3FFFF,

Digitat Qulpul (18-bit Words)

20001,
20000,

"FIGURE 3. Analog Input 0 Digiiz_ﬂ Output Diagram. ‘

. DIGITAL OUTPUT
(BINARY TWO'S COMPLEMENT)
- : 1 16817 | 18817
ANALOG : WORDS-{ WORDS
DESCRIPTION - INPUT | BINARY CODE|{ (HEX} | (HEX)
Least Significant 8it { - - : - 3
see =)
16-bit Words S3uv !
18-bit Words . oV |
Input Range =275V : ’ |
~ Full Scate ¥27IEIOV (| TFFE .
{2.75v-1L58) +2.749979V A l 1FFFF
Biolar Zero™ - », X i
(Midscale) ov 000...000 ll 0goo ooooo
One LS8 below ~SduV 111,111 ' FFFF
Bipotar Zero ~21uV H IFFFF
~ Full Scale -2.75V 100...000 | ‘8000 | ~20000-

TABLE L Ideal Input Voltage vs Output Code. -




, 18-bit Shift Regisier
——iD Channel A Conversion Resuits from SAR ‘
CLKIN
CONV ~——e> RCK 18-bit Register
- : : -
l HENEEN »-
] . 1 1 . \ A
- 18 D, , 14 12 |10 ’ 8 6 4 2 )1
ShityLoaa ——= sB) 16 - | i N MSBY )
XCLK > ! | ! fe—em SOUTA
- 1 :
TAGA ! D1 i e o | !
T f ".18-bit Shift Register
CASC - X
' 18-bit Shift Registér
TAGE ——i{D1 | f f !
ShifLoag" (LSB) j 1 MSBY
' 18 16 14 12 ‘10 | 8 6 4 2
i1 4 L 1 T R N A )
l l |
CONV ——=> RCK 18-bit Register
CLKIN ————e=p>
D Channel B Conversion Resuits from SAR ) :
_ - e 18-bit Shift Register
NOTE: (1) Signal intemal to DSP101/DSP102 which also generates SYNC pulse. o

FIGURE 4. Output Structure of DSPI02.

DATA TRANSFER

The intemal A/Ds generate 18 bits of data, transminting the.
data MSB first When read by a DSP IC programmed to
accept 16 bits of data. the first 16 MSB bits of-data from the
DSP101. or each channel of the DSP102, will be shifted into
the processor’s input shift register, and the last two Jeast
significant bits of data from the A/D will be ignored,
although they will still be present on the serial data line.

When the DSP processor is programmed to accept words of
more than 16-bit length (typically 2%bit or 32-bir), the
DSP101 and DSP102 will transmit the full 18-bit conversion
results. after which the inforrnation input on the TAG input
(or TAGA and TAGB on the DSP102) will be appended to
the ourput word. (See Tag Feature below.) ‘

In the Cascade Mode, the DSP102 will first transmit the 16
MSBs from channel A. followed by the full 18-bits from
channel B. although DSP processors programmed to accept

2 bits of data will ignore the final two bits of information

3 .
on Channel B. See the DSP102 Cascade Mode section below .

for details of the Cascade mode.

DATA SYNCHRONIZATION

A convert command both initiates a conversion and starts
the process for ransminting data from the previous conver-
sion. Convert commands can come at any time, completely
asynchronous to the conversion clock or the bit clock, and

11

the conversion clock may ‘also be mdcpcndent of the bit -

clock. The DSP101 and DSP102 internally synchronize the
output data, Sync pulse, and Tag inputs 16 the bit clock.

‘While the convert command, conversion clock and bitclock -

can be asynchronous. system performance is usually en-
hanced by synchromzmg all of them to a systerti miaster
clock, whenever. the apphcanon pcxmns. This minimizes

changes in. dxgnal loads and currents when thc critical S/H -
transition -and A/D bit decisions are oocumng. ‘Within-the - {°
DSP101- and DSP102 tbcmselvx, running asynchronous‘ o

convert commands, conversion clocks and bit clocks' typi-
cally degrades performance only several dB, as shown inthe
various typical perforrnance curves, but the system board

" design can easily have more effect. '
When a convert command is received, the internal logic -

generates an appropriate Sync pulse. synchronized to XCLK,
as shown in Figure 1. The output Sync pulse will be active

High or active Low depending on. whether a HIGH ora

LOW, rcspecnvely, is input at SSF (pin 12)

The convert'command also causes the conversion results
from the previous conversion to be loaded into the output
shift register, synchronous to XCLK. Figure 4 shows the
operation of the internal data shift registers on the DSP102.
The DSP101 is basically similar, but includes only the top of
the figure, showing the SOUTA path. '
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During the intemal succcssxvc approxlmanon conversion
process, the conversion results are shifted into the i input shift
registers of the ourput stage on the DSP102. A new convert
command latches that data into the 13-bit parailel iatches
shown. The internal __s_zgnal that also -generates the Sync
pulse, labeled “Shift/Load” in Figure 4; synchronously loads
the conversion data into the output shift register on the rising
: edge of XCLK. The convérsion results are then clocked out
of the shlﬁ mgxstcr on subsequent nsmg edges of XCLK.

| DATA TRANSFER CLOCK
XCLK is the data transfer clock, or bit clock, for the system,

TTL- and 74HC-level comparible, The serial data and SYNC
outputs are synchronized internally to this clock, with data
valid on the rising edge of XCLK, per the timing shown. in
Fieure 1. Data input on pin 18 (TAG) on the DSP101, or on
pins 18 and 19 on the DSP102 (FAGA and TAGB), will be
clocked into the output shift register on the rising edge of
XCLK, as discussed in the Tag Feature section.

CONVERSION CLOCK

The analog-to-digital converter sections in the DSP101 and
DSP102 were designed to provxdc accurate conversions
under worst case conditions of supplies, temperatures, etc.

] were designed to use a 33% duty cycle conversien clock
| (CLKIN on pin i0) 2s shown in Figure 1. The clock is LOW

and is an input for the DSP101 or DSP102. This input is -

In-order to achieve a full 200kHz sampling capability, they

- CLKIN.
L ]
' D e . Toother
DSP101 or DSP162 DSP10Z's CLKIN tor
synchronous operation
SAR Clock|__CLKIN 10

- FIGURE 5. DSP101 or DSP102 Conversion Clock Circuit.

“long enough for internal analog circuiry to semle suffi-

ciently between bit decisions to insure ratéd accuracy. Bit
decisions .in the A/D are xhen made on- zhc nsmg edgc of

Control

.3 CLKO

) QscCt 7 QscC2
T e
: WAA——
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R —
T I
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When a convert command is. received, the DSP101 or
DSP102 immediately switches the sampling capacitors to
the hold state, and then intemnally gates the conversion clock
to the A/D appropriately. Allowing a minimum of 24 CLKIN
pulses between conversions insures that there is sufficient
time for complete, accurate conversions, and allows the
input sampling capacitor to fully acquire the next sample,
regardless of the timing between the convert command and
CLKIN.

In most applications, CLKIN (pin 10) can be driven from a
50% duty cycle clock without performance degradation.
During characterization of the DSP101 and DSP102, the
periormance of a npumber of parts was measured under
various conditions with a 4.8MHz, 50% duty cycle input to
CLXIN at a full 200kHz conversion rate without noticeable

degradation.

OSCILLATOR INPUTS AND CLKOUT

The DSP101 or DSP102 can generate a 53% duty cycle
conversion clock output on CLKOUT (pin 11). This is
accomplished by dividing by three a clock from either an
‘extemnal 74HC-level clock or from a crystal oscillator.
CLKOUT can deliver 22mA, and can be used to drive
muitiple DSP101 or DSP102 CLKINS. See Figure 1 for the
timning relationship berween OSC1 and CLKXOUT.

To use an external 74HC-level clock, drive the clock into .

OSCI (pin 13), and leave OSC2 (pin 14) unconnected.

~ To use a crystal oscillator to generate the conversion clock,
refer 1o Figure 5. Connect the oscillator between OSC1 and

OSC2. OSC2 provides the drive for the crystal oscillator.

This pin cannot be used elsewhere in the system.

If CLKOUT is not used, both it and OSC2 should be left

unconnected, and OSC! shouid be grounded.

TAG FEATURE

Figure 4 shows the implementation of the TAG feare on |

the DSP10!1 and DSPN02.. When 2 convert command is

received, the internat Shift/Load signal loads conversion

result data into the output shift register synchronous to
XCLK. Between convert commands, the mfoxmanon input
on TAG (on the DSP101) or on TAGA and TAGB (on the
DSP102) will be clocked into the output shift register on the
rising edges of XCLK. Since this is an 18-bit shift register,
the data input on the Tag lines will be output on SOUT
(DSP101) or SOUTA and SOU'I'B (DSPIOZ) delayedby 18
bit clocks.

The Tag Feature can be used.in various,wa_vs. The Tag
inputs can be tied HIGH or LOW to differentiate berween
TWo converters ina system. As discussed in the Applications

section below, the Tag feature can be used to append to the -
serial output data word information on muitiplexer channei -

address, or other digital data related to the input signal (sech
as the setting on a programmable gain amplifier.) Another
option would be to daisy-chain muitiple DSP10] or DSP102
converters, linking the serial output of one to the Tag input
of the next. This can snnphfy the wansmission of data from
multiple A/Ds gver a smglc opucal xsolauon channel.

. DSP102 CASCADE MODE _

If pin 22 (CASC) is tied HIGH, thé DSP102 will be in the

" Cascade Mode. In this mode, when a convert command is

received, the DSP102 will transmit a 32-bit data word on pin

DSP101 or DSP102M

1] veora
< - VINA |

Anafog
fnput A

FEEEFFEEERER

REF |27
==  0WF =
VvPOTB | 26| :
L = -
e ——— e —————— .
viNg |25 N Analog |
Input B 1

8

e - — - —

Leave out on DSP101Y

© NQTE: (1) On DSP101, pin 25 is not internatly
connected. Pin 26 must still be bypassed with

TR e e e

! the 10pF Tantalum capacitor.
14 .
FIGURE 7. DSP101 or DSP102 Input Buffering.
BURR-BROWNS
DSP101/102

13

__——\-—\

n

L

i



20 (SOUTA) conzaining daLa for both mput channcls in two
16-bit words. Referring to Fi gure 1, the first 16 bits of data
will be the results for channel A. followed by 16 bits of
information for channei B. The daa will be transferred MSB -
first. A convert command at time (1) will initiate the trans-
mission of the results of the conversion initiated at time -

-1

From the descriptions above of the internal shift registers

shown in Figure 4, it can be seen that the DSP102 in the
Cascade Mode actually continues to shift out data after the

32nd bit of the data word. The next two bits clocked out will
be the last two data bits from the full 18-bit conversion on

channej B. after which the information output on SOUTA

‘will be the information clocked: into TAGB 35 bn clock

cycles earlier. ,
In the Cascade mode on the DSP102, SOUTB will still
output channel B conversion data and tag data as usual.

| ANALOG PERFORMANCE

LINEARITY )
The DSP101 and DSP102 are optimized for signal process-
ing applications with wide dynamic range requirements.
Linearity is trimmed for best performance in the range
around OV, which is critical-for handling low amplitude
signals. The DSP101 and DSP102 typically have integral
and differential non-linearity below +0.003% in the input
range of 0.7V, with there being no missing codes at the 14-
bit level in this range. Over the full £2.75V input range, the
largest non-linearities are centered around the bit #2 transi-
tion points at +1.375V and ~1 375V levels.

NOISE AND BIPOLAR ZERO ERROR
The equivalent input noise and bipolar zero error of .the
DSPlOI and DSP102 is shown in the typical performance -
section for both' channels on 2 DSP102. The inputs to-both
channels were grounded; and the results of 5,000 conver-
sions was recorded. The data-shown s binned at the 16~bn ‘
level” The noise results from all sources in the cm:mt. .
including clocks, reference noise, etc. ’
In a theoretically ideal converter with no offset and no noise,
the results of all 5,000 conversion for each channe] would lie - :
in the bin corrésponding to bipolar zero, code 0000. The
typical DSP101 or DSP102 will have offset errors in the
range of T to 2mV, and the two channels on the DSP102 will
be martched closer than 2mV. The DSP102 shown in the
typical performance section has the worst offset, -0.8mV,
on channel A, with channel B being less than 1mV different.
and the three sxgma noise on either channel bcmg less than

zsouv

INPUT BANDWIDTH .

From the typical performance curves, it can be seen thax
there is very little degradation in Slgnal-to—(Nome + Distor-
tion) forinput signalsup to 100kHz. The wxdeband sampling
input typically maintains a 60dB ngnal—to—(Noxsc + Dnstor—
tion) Ratio undersampiing 500kHz input signals.

LAYOUT CONSIDERATIONS

" Because of the high resolution, linearity and speed of the

DSP101 and DSP102, system design problems such as
ground path resistance, contact resistance and power supply
quality become very important.

DSP101 or DSP102W

,v<1—+
mmmmmmmwmmawmm

o . VPOTA
= 100F 2k isoka '
v 3
250 Py
.__‘ MSBA  VPOTB |26 fmocm——om—op——ce— 1.
; 001 F.__ 3 g 10pF 22
\va F VOSA ESI R oaganaz g
25k0 72 250 Vv
MSBB | 24 g~ t
C.O1uF —Z 1 t
vosB | 23 } o b !
AVARNEES 25k |
B :
j: “3014F V:
I V f

e
0.ApF. 2=
REF {27 '{‘7_

= Leave out on DSP101(}

e—
18 1
7 NOTE: (1) On DSP101. pins 23 and 24 are
16 l not intemally connected. Pin 26 must stili be
:] bypassed with the 10pF Tantatlum capacitor.
1

FIGURE 8. DSP101 or DSP102 Optional MSB and Offset Adjust.
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Optimal dynamic performmance is achieved by soldering the
pants directdy into boards, io keep the A/Ds as ciose as
_ possible to ground. The use of sockets wiil often degrade AC

performance. Zero-Insertion-Force sockets are,particularly
poor because longer lead lengths create mductancc.

Short traces on thé board, and bypass capacitors as close as
possible to the A/D, will further" xmprove dynamxc perfor-

mance.

GROUNDS

To achieve the maximum performance from the DSP101 or
DSP102, care should be taken to minimize the effect of
changes in current flowin- in the system grounds, particu-
larly while bit decisions _re being made in the successive
approximation converter’s comparator. Pin 28 (AGND) on
both the DSP101 and the DSP102 is the most critical, and

care should be taken to make this pin as close as possible to

the same potential as the system analog ground.
Whenever possible, it is strongly recommended that separate

analog and digital ground planes be used. With an LSB level

of 84V at the 16-bit level. and one-quarter of that at the 18-
bit level, the currents switched in a typicat DSP system can
easily corrupt the accuracy of the A/Ds unless great care is
taken to analyze and design for current flows.

POWER SUPPLY DECOUPLING

All of the supplm should be decoupled to the appropriate
grounds using tantalum capacitors in paraliel with ceramic
capacitors, as shown in Figure 6. For optimum performance
of any hlgh resolution A/D, all of the supplies shouid be as
clean as possible. If sgparate digital and analog supplies are

available in a system, care should be taken to insare that the

difference between the analog and the digital supplies is not

more than 0.5V for more than a few hundred milliseconds, |

as may occur at power - 1.

INPUT SIGNAL CONDIT!ON(NG

To avoid mtroducmg dmomon the DSP101 and DSP102
analog inputs must be driven by a source with low imped-
ance over the input bandwidth needed in the application. Op
amps such as the NE5532 or Burr-Brown’s OPA2604 work

well over audio bandwidths. Figure 7 shows an appropriate

input driver circuit. The 15002 and 220pF shown on the input
help reduce the dynamic load on the input signal condition-
ing amp in front of the A/D, since-all switched capacitor
array architecrures exhibit fast changm in input current load
as the input sampling switch is opened and closed. These
dynamic changes in the load can affect any signal condition-
ing circuit at-the input. OtherR and C combmanons ¢an be

DSP101 74HCS38M
14 -
20 Serial Data
souT , e QA ——ms ss) -
ssF (12 sv 0o sncLr 2o . -
= _ bV k
= -V o4 RCLR D12 -
=D ..
16 11 5 D10
XCLK =~ SR CLK =— D9
R iy _QH H——p8
— , N
SYNC L o 12
= Ciock / 2CK
_74HC164 7AHCS94M
i 14
X p I—c- Serial Data 15
: QA (207
: D6
- 2 to >
5Vt D2 - SRCLR S DS
+5ve-2] cuR Clkg2 -svo-sHdacla B—os
’ 13 503
a7 " p—o2
£>SR CLK 7 D1
' QH p—— D0 (MSB)
; 7aHC164 acK H2
i :
1] D1
2 HCO4 74HC74
o1 2 KA 3 s
-5vVo—2] CLR ClKg CLK1 Q1
2
ar 2 D1
=t By
svo—e] i
NOTE: (1) Substituting - I
74HC595s provides three __ 12 D2 CLK2<] 1
state outputs. with pin 13 (OE) ol 5
usec (o enable the parallel
cata ines. ) =12 02} Daa Valid Signal
FIGURE 9. Driving a 16-bit Parallel Port from the DSP101.
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used, but Lhc resxstor stiould not cxcced 2009, or-the output
settling time of thc signai condxuonmg ampnncr may be 100

long.

EXTERNAL ADJUSTMENTS

All of the specifications for the DSP101 and DSP102, plus
the typical performance curves, are based on the perfor-
mance of these A/Ds. without external trims. In most appli-
cations, external trims are not required.

OFFSET ADJUST

Where required by specific appiications, offsets can be
adjusted using Figure 8. When not adjusted,"VOS (pin 4) on
the DSP101, and VOSA (pin 4) and VOSB (pin 23) on the
DSP102, should be left open. If these pins are connected to
traces on the board, they should be bypassed to ground with
0.01pF capacitors, as ciose as possible to the A/D.

To trim offset. one altemative is to ground the analog input
while converting continuaily. Then adjust the trimpot (on
VOS for the DSP101, on VOSA and VOSB for the DSP102)
until the outpur code is toggling between the codes FFFF and
0000 (Hex) at the 16-bit level (3FFFF and 00000 at the 18-
bit level.) This will center the offset at 1/2 LSB below OV,

which is respectively —42uV or— lOpV at the 16- and 18-bxt
levels. . .

The offset can also be adjgsted by p’m’yidipg‘ a siné wave to - -

the A/D input. Using FFT, -- even simple averaging of
several thousand conversion results at a time, the trimpots
can be adjusted until there is no DC offset of the signal.

Grounding the iﬁput, or pro.viding\ the sine wave, as far in

~ front of the A/D as possible allows offset from intervening * - -
signal conditioning. components to bc also corrected by thxs T

' procedure.

MSB ADJUST

In most applications, adjustment of the Most Significant Bit

weight will not be required. When not adjusted, MSB (pin
3) on the DSP101, and MSBA (pin 3) and MSBB (pin 24)
on the DSP102, shouid be left open. If these pins are
connected to traces on the board, they should be bypassed
to ground with 0.014F capacitors, as close as possible to the
A/D. . -

MSB (pin 3) on the DSP101, and MSBA (pin 3) and MSBB

(pin 24) on the DSP102, are intemally connected 10 a

resistor divider petwork that is used to lascr-tnm the weight
of the MSB capacxtor in ‘the’ CDAC. These pms are :nomi-

NOTE: (1) Must be low source impeaance
with unusea inputs ted to ground.
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nally at+100mV afier laser-rimming during manufacturing.
They can handle external inputs up to about one diode drop
below ground (~0.6V) before internal clamping circuitry is
triggered. o
Figure 8 shows an appropriate circuit for adjusting the
weight of the most significant bit to minimize differential
non-linearity at the critical major-carry transition. To adjust.
provide a small amplitude sine wave to the selected A/D
input pin while converting continually, and adjust for maxi-
" mum Signal-to-(Noise + Distortion) ratio. using appropriate
_ signal analysis software,

GAIN ADJUST .
If circuit gain needs to be adjusted in hardware, rather than
in system software. appropriate trimpots shouid be included
in the analog signal conditioning section in front of the
DSP101 or DSP102. No specific gain adms: circuitry is

included in the parts.

APPLICATIONS
INTERFACING DSP101 0 PAHALLEL PORTS

Figure 9 shows a circuit for converting the serial output data
from the DSPI0! ‘into 16 bits of parallel data, within the
uming constraints of the serial bit-strearn from the DSP101.
In many appiications, this circuit can be easily incorporated
into gate arrays or other programmed logic circuits already
used in the system. since the extra gate count is not high.

This circuit adds an additional pipeline delay to the conver-

sion dara, so thar the paralle] data from a conversion at time

- {t) is valid one conversion cycle plus 17 XCLX clocks later

(at t+1 plus 17 times XCLK). A convert command at time
(1+1) generates a Sync and begins transmitting serial data
from SQUT. The serial data is shifted into the 74HC594
shift registers, and Sync is shifted through the 74HC164
shift registers. The Q1 output of the 74HC74 dual D-type
flip-flops clocks the conversion data into:the output register
of the 74HC594s and triggers a data valid'signal on its Q2
ourput. The user can then read the data at any time before the
next conversion is started, and the Read signal will reset the
data valid output from Q2.

In many systems, gaivanic isolation of signals is required:

' Using opto-couplers on the serial data lines in Figure 9

allows a fully isolated system to be built using a DSP101 and
only three couplers across the barrier (for serial data, XCLK

and SYNC.) -

MULTIPLEXING INPUTS TO THE DSP101
Figure 10 shows a complete-circuit for sequentially scanning

eight analog input channels with 2 single DSP101, and using
the Tag feature on the DSP101-to append the multiplexer

channel address to the serial output conversion resuits.

“The circuit in Figure 10 mcludes the’ requm:d digital logic
and timing logic. The 74HC163 coutiter provides the scan -
'sequence to the Burr-Brown HI-508A analog multiplexer. In
order to allow the HI-508A enough time to switch to thé next " -

channel and settle before the DSP101 begins a conversion,
a 74HC221 one-shot introduces a 3ps delay for the DSP101
convert command input

The Burr-Brown OPAG627 provides a low impedance source
for the DSP101, buffering it from the output impedance of

TTL Bit
Clock
Digital Signat .
DSP101 ! *rocessor IC psp201™"
xcLK <€ i CLKR XCLK |2 21 xeux
. . s
275V O—i] VIN sout |22 DATAIN DATAOUT B e vouT Zhe 13V Analog Outpet
Anaiog input — »
15 11" )
SYNG SYNC SYNC : SYNC
ssF 20 ssF® - 572 0—2-f sSF
swL® o2 swi
conv |4 Conversion Rate 15§ conv
Generator
T T (1) See Burr-Brown
DSP PROCESSOR SYNC FORMAT | SERIAL WOWORD | SSF® | swim [ [oo2s So o
DSP32C, DSP16 Active Low 16 Bits LOW | HIGH | product data sheet
DSPS56001 . - Active High 24 Bits RIGH LOW | for full descnption of
DSP56001 Active High 16 Bits HIGH | MIGH { this DAC.
TMS320C25/C30 Active High 16 Bits HIGH | HIGH
ADSP210172105 | Active High 16 Bits HIGH | HIGH
FIGURE 11. Analog Input and Analog Qutput System.
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the multipléxcr. This unity-gain buffer minimxfzcé distortion,

DSP101.

serial conversion results from the DSP101. This antaches the
channel address to the comrect conversion resuits. Since the
channel scanning shown in Figure [0 is sequental, this
delay latch could be left out and software could recognize
'} that the time (1) conversion results have the MUX address
from the time (t-1) conversion appended. However, for.
systems using non-sequential scan lists. this delay latch is
essential to mainzain the conversion data and channel ad-
dress integnity.
The 74HC166 synchronous loading shift register loads the
channel address 1ag data into the shift register on the rising
* edge of the bit clock. in conjunction with the Sync ourput of
the DSP101. The channel address tag data is then clocked
into the DSP101 Tag input (pin 18) by the bit clock, while

. taking full advantage of the resolution and bandwidth of the-

* The 74HC574D register delays the m;x_ltiple{ier address'data -
by one conversion before appending the channel data to the - -

the conversion data is clocked out the other end of the

- PR ~

- DSPi0t shift register. (discussed in another section of this
‘data sheet.)" R LT
'Figure 10 was developed and tested using-a Burr-Brown v

ZPB34 DSP board, which contains an AT&T . DSP32C, so

that the SYNC ourput is programmed to be active LOW. The
circuit needs to be modified for DSP precessors from AD],

- TI, and Motorola, which use active HIGH Sync pulses. For-

these processors, tie SSF (pin 12) on the DSP101 HIGH, and
use'a 74HCO04 hex inverter to invert the Sync signal to the
74HC574 and T4HC166.

The same basic circuit can be duplicated to drive two
channeis in a DSP102. or can be easily modified for more or
less than eight channeis of analog input.

'USING DSP101 AND DSP102 WITH
“TEXAS INSTRUMENTS DSP ICS

Figures 11 thru 17 show various ways to use the DSP101
and DSPI02 with DSP ICs frofn the Texas Instruments
TMS320Cxx series. For simplicity, all of these circuits are

’ TIL Bit
. Clock

psp102 TMS320C30
xck (S CLKR
syne 12 oo FSRO
1275V Anslog Input 2 20 Lwf FSRA
-Channel A ViNA  SOUTA = " DR-0
_+2.75V Analog Input _ 25 17 :
channel B - T ] VIN8  SOUTB - .D~R-A1“ _
cASC 2 -
ssF H2—o 45V - —
CONV 21 ‘Cenversion Rate
* Generator
FIGURE 12. Using DSP102 with TMS320C30.
TTL Bt
Ciock
DSP102 - TMS320C30
XCLK ~ CLXA 0
< 115 '
: SYNC FSRO
22.75V Analog Input 2 20 -
Channel A ——=] VINA SOUTA . DR-O
=2.75V Analog Input __ 25 117
channels | ——]VINS  SOUTB F——O NC
"casc 20 .sv
NOTE: Senal port 0 programmed . 12
for 32-bit cata. SSF ——0+5v - .
: CONV 21 Conversion Rate
Generator

BURR-BROWNS .
DSP101/102

FIGURE I3. Using DSP102 with TMS320C30 in Cascade Mode.




based on using the TME320Cxx in the mode where SSF
{Select Synch Format, pin 12) is tied HIGH, so that there is .
an active High synchronization pulse generated by the
DSP101 or DSP102 after receiving a convert command. The
synchronization puise can be changed to active Low simply
by making SSF LOW, -where appropriate, without changing

the basic operation of the A/Ds.

D/A.

system using the DS

;. In all cases, the DSP101 and DSP102 wiil transmit data
_MSB-first, and the TMS320Cxx needs to be programmed
for this. ) )

‘Figure 11 shows a circuit for using the TMS320C25 or
TMS320C30 in 2 complete analog input and analog output
P101 along with the Burr-Brown DSP201

f=—= ChannelA

2y 3V Analog Outout

|5 <3V Analog Outout
" Channel 8

\ TTLBit
Clack
DsP102 TMS320C30 osp202®
XCLK |48 L | CLKRO  CLKXO |m—e—1%] XCLK
Lo ClKR1 - CLKXA1 fed
20 . : 31 .
=2.75V Analog Input 2 SOUTA bRO %0 oroe Rl VOUTA
VINA 1 M1 sine
Channel A : souTs | DR-1 OX-1 "] SIN8
2275V Analog Input ., R : 1 Ne
ehaar & _.,_5‘.- VING SYNC 15 . ESR-0 ESX-0 ! SYNC vouTs
i F5Ra FSX-1 fwrd
12 X V ]
ssF 2 o.sv +5V o—— SSF
casc 22— - svo2] s
l-_- » 16 { casc -
CONV 21 Conversion Rate =5 CONV
Generatort) -

NOTES: (1) Sampie rate on DSP102 and DSP202 may diifer. (2) Anaiog Devices ADSP2101 may be'used. SPORT1 and SPORT2
are used for serial MSB first communication. (3) See Burr-Brown DSP2061/DSP202 product data sheet for full description of this DAC.

FIGURE 14. Two-Channel Analog Input and Oqtput Systern with TMS320C30.

-

TTLEIt | -
Ciock
DSF102 - TMS320030 - - - - . .._DSP2024
_xcux |2 CLKRO  CLKXO ] xctx
souta |2 DR %0 +— ] siNA A
=2.75V Analog input 2 R Pt +3V Analog Output
Channel A VINA  SOUTB 20 e ] L—_.“ SINB  VOUTA |2 Crannet A
=2.75V Analog input a5 a0 23V Analog Output
~annel B VINS SYNC L FSR-0- =8X-0 - SYNC vOUuTB R Chamnel 8
12 . 3
SSF —=—0 45V ° +5V O~ewmrd SSF
casc F2 o usv v o] sw
sv o8] casc
CONV 21 Conversion R?te 15 CONV
Zenerator @

NOTES: (1) Program TMS320C30 for 32-bit mode. (2) Sémpde rate on OSP102 and DSP202 may differ. (3) DSP32C may be used in this mode.
{%) See Bum-Brown DSP201/202 procuct data sheet tor full descnonon of this DAC. ’

19

FIGURE 15. Two-Channel Analog Input and Output System with TMS320C30 in Cascade Mode.

BURR-BROWNE
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USING TMS320C31 TO GENERATE

ALL CONTROL SIGNALS

Figure 17 shows a circuit for usmg the ’IMS3’7OC3I witha
DSP102 and 2 Burr-Brown DSP202 D/A 10 provide a two

".clock. In this circuit, the DSP102 and DSP202 are used in

channel analog /O system. The flexibility of the TMS320C31 3

allows it to generate the data transfer clock (XCLK) and the
Convert Command, mmrmxzmg additional circuitry and syn-
chronizing the timing signals to the processor’s master

their Cascade modes, transmitting and reccxvmg two chan-
nels of data in a single 32-bit word (See the Cascadc Mode

‘section above. )

Table T'shows how to set up the circuit in Figure 17 fora -
44.1kHz conversion rate. for both channcls of the DSP102
A/D and both channels of the DSP202 D/A. Both inputs and
outputs will be simultaneously converted.

TIL Bit
DSP101 Clock TMS320C25
XCLK 16 . XCLK
SYNG 1 FSX
- 2 20
£2.75V Analog input ——emd VIN scut XD
12
SSF |0 45V
conv 21 Conversion Rate
Generator -
NOTES: (1) TMS320C25 FSR extemal, 16-bit data.

FIGURE 16. Using DSP101 with TMS320C25.

bl TMS3200C31 .
+2.75V Analog Input | VINA  XCLK CLKRO  CLKXO jw——s XCLK  VOUTA |—— 33V Analog Outpit
Channel A 'D i Channet A
SQUTA RO DXo g SINA
SOUTB |——ONC : —«f sing
2275V Analog input —— VINB  SYNC FSRO FSXO SYNC  VOUTB | 23V Anaicg Outout
Chznnel 8 TCLKO Channel B
o s e : 43V O~—] SSF
 0SC2 SSF |——0 45V - -
c eSVO-—— SWL
©SC1
‘ e ] CASC f——p 45V B +5V O—1 CASC
SVVV-e | ’
j CONV/ - CONV
T—*D—-‘ 2.288MHz
10pF_|_ “TicoF
FIGURE 17. Two Channel Analog /O Using TMS320C31.
SERIAL PORT
Port Global Control Register OxOEBCO40
FSXDOX/CLKX Port Control Register 0x00000111
FSR/DA/CLKR Port Control Register 0x00000111
Receive/Transmit Timer Control Register 0x0000000F
TIMER
Timer Global Contra Register 0x000002C1
Timer Period Register 0x00000085
NOTEZ: Assumes TMS320C31 has 32MHz Master Clock.

BURR-BROWNS

DSP101/102

TABLEIL. TMS320C31 Register Settings for 44.1kHz Con-
version Rate in Figure 17.




USING DSP101 AND DSP102 -
'WITH MOTOROLA DSP ICS

Figure 18 shows how to use the DSPIOI with a Motorola
DSP56001. Using the DSP102 requires using two
DSP56001s. The DSP56001 needs to be programmed to
receive data MSB-first wuh SYNC in the Blt Mode. .

SSF (pin 12) needs to be tied HIGH for usmg either the
DSP101 or the DSP102 with DSP56001s. This will cause
the DSP101 or DSPI02°to transmit an appropriate active
High synchronization pulse on SYNC (pin 15) after a con-
vert command is received by the A/D. T'mmg is shown in

Figure 1.

USING DSP101 AND DSP102 WITH AT&T DSPICS
Figures 11. 19, 20, and 21 show how to use the DSP101 and

, DSP102 with the DSP16 and DSP32C in different modes
. The AT&T processors need 10 be programmed to accept

data MSB-first, and the DSP101 or DSP102 needs to have
SSF (pin 12) tied LOW, so that an appropriate active Low.

synchronization pulse will be rm_nsmxttcd by the A/D aftera

convert command is recexved.
Figures 19 and 20 show the DSP32C and DSP16 respec-

tively used with the DSPIOI to handle 2 smgle analog mput .

channel.

Floure 21 shows how to transmit to" a single DSP32C
conversion results from both DSP102 channels in a singie
32-bit word, using the Cascade mode on the A/D. ‘

Figure 11 indicates how fo build a complete analog input and
analog output system using a DSP32C or DSP16 with a
DSP101 and a Bum-Brown DSP201 D/A.

12

TTL 8it
Clock o
DSP101 SP56001
XCLK |2 - SCK
svne 2 _FSR(SC2)
2 20
+2 75V Analog Input ~———e VIN souT SRD

SSF p——0 45V

" Conversion Rate

CONV |2

NOTES: (1) DSP56001 programmed for MSB bit first data. (2) DSP56001 datamay be either 16-bit or 24-bit.

. Generator

FIGURE 18. Using DSP101 with DSP56001.

12

SSF p——

21

- TTLBI
Clock
DSP101 DSP32C
XCLK [t IcK
1
SYNC 3 ILD
- 2 20
22.75V Analog Inpit  memd VIN SQUT DATAIN

Conversion Rate

CONV

NOTE: (1) DSP32C programmed for MS3 bit first 16-bit data.

Generator

FIGURE 19. Using DSP10! with DSP22C.

BURR-BROWNG®

DSP101/102




~ USING DSP101 AND DSP102 WITH ADI DSP ICS

When using the DSP101 or DSP102 with the fixed-point

ADSP21xx series, the processors need to be programmed to
receive data MSB-first.

" Figure 22 shows how to use the DSP102 with aﬁ;ADSP2101
to provide a two-channel simultaneous sampling system.

Figure 23 shows the connections required to generate an

analog input channel using an ADSP2105 with the DSP101.  ~

- The same basic Gircuit can be used to cqnnec£ a DSP]OI to

the ADSP2101.

Figure 11 indicates how to build a complete analog 1/O
system using either'the ADSP2101 or the ADSP2105 witha
DSP101 and a Burr-Brown DSP201 D/A.

The two s_cﬁalvpom on the ADSPZIQI can also be used with
the DSP102 and the Burr-Brown DSP202 D/A to make two
complete analog I/O channels, as indicated in footnote 2 of

Figure 14,

.
TTLRt
Clock
DSP101 ' DSP16
H ’
XCLK |+ -+ icx
sSouT 20 DATA IN
o= 2 .
275V Analog input __< ] VIN
SYNC 13 Ito
ssF 2
- conv 12! Conversion Rate
Generator
NOTE: DSP16 programmed for MSB bit first, 16-bit data.

FIGURE 20. Using DSP101 with DSP16.

TTL Bit
- Clock

}
DSP102 ,' DSP32C
XCLK 6 - ICK o
syne 2 ILD
22.75V Analog input 2f .. 20, :
Channet A —=] VviNa - SOUTA — DATAIN
=275V Analog npit 22 yine soute M —o NG
Channel 8 :
2
CASC =g - .
ssr (2 :
conv L2 = Consversim:ofate

NOTES: (1) DSP32C programmed 32-bit data MSB bit first. (2) Data format is Channet A, 16-bits, MSB first, then Channet B.

BURR-BROWNS

DSP101/102

FIGURE 21. Using DSP102 with DSP32C in Cascade Mode.
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0sSP102 ADSP-2101 . .
—————————-]1 [
: Xk (2 Scrk-g
4 s ———————f SCLK-1
SYNC , RFS0 ¥+
A ] RS-
=275V Anatog input 2t ymna souTa 122 DR
Channei A 5 7
=2.75V Analog input { VINB SQUTB .DR-1
Channet 8 N
casc (B— =
ssF 205y
CONV 2l Conversion Rate
- Generator

FIGURE 22. Using DSP102 with ADSP-2101.

DSP101 i ADSP-2105

XCLK . 1 vl SCLK

sout 12 DR

2 1.
+2.75V Analog Input ~———=] VIN
syne |2 RFS
ssF F2o .5y
cony 21 Conversion Rate T
: * Generator

i
FIGURE 23. Using DSP101 with ADSP-2105.

DEM-DSP102/202 EVALUATION BOARD

An evaluation fixture. the DEM-DSP102/202. is available to
simplify evaluation of the DSP101 and DSP102. and the
companion digital-tc-analog converters. the single DSP201
and dual DSP202. The DEM-DSP102/202 comes complete
with 3 socketed DSP102 and DSP202. a breadboard area.
TTL 1’0 headers and differential line drivers for data trans-

fer options. a complete clocking circuit for the conversion
ciock and bit clock. and anaiog filter modules. The board
makes it easy to go from design concept to working proto-
tvpe of a DSP-based svstem, offering two co:ﬁplete analog
I/O channeis.

Contact vour local Burr-Brown representative for a full data
sheet on the DEM-DSP102/202. '

BURR-BROWNG
DSP101/102 ,
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Philips ‘Semiconductors Microcontroller Products

CMOS single-chip 8-bit microcontroliers -

~Pr

oduct s; ; ‘li:atii:-n B

B3CTS0BTCTS0

k]
DESCRIPTION . I FEATURES PIN CONFIGURATIONS
The Philios 8XC750 offers the advantages of e goC51 based architecture - T I T ———
the 80C51 architecture in a small package praas( ~ @ v
and at fow cost. ’ T e-Wide oscitfator frequency range—up 10 .= o cc
40MHz . Pasmalz) 2 Pasuas
The 8XC750 Microcontrofer is fabricated with ' ) S .
Philips hign-density CMOS technotogy. ® Small package sizes e 0} 3| g PAGAS
Philips epitaxial substrate minimizes CMOS ~ 24-pin DIP (300 mil “skinny GiP") P3.1AVA9! 4 | 3‘3 P3TIAY
latch-up sensitivity. - 28-pin PLCC PIL.OAVASTS] comamic {20] Pr7TODY
- ; N T . -AND :
GTE 82 R”;& C:’;';‘SS’_:GL": 18:: ;OM' a ® 87C750 available in erasable quanz lid or Po2Npp (€] PLASTIC [15) F1.6/MTIDS
x . g - . L
' ne-time programmabie plastic packages = .
auto-reioad counterrtimer, a five-source, ° prog , plastc packag POVOEPGMLT] MUNE 16] Pr.5TODS
fixad-prionty fevel interrupt structure and an ¢ {ow power consumption: - PO.OASEL [_s— R E P1.4D4
on-chip cscillator. ~ Normal operation: less than 11mA @ 5V, et (3] g P1.303
12MHz . — =
~ Idle mode x2ie 15} P12D2
- Power-down mode ximf g prvot
® 1k x § SOROM (87C750) veg qﬂ i3 pr.oo
® 64 x 8 FAM - . I |
# 16-bit auto reloadable counterntimer ed 25
® Boolean processor &‘Dmuxsuc
: - CHIP
: CMOS andm @@bie ‘ ng ONRER Lo
. ® Well suited for logic replacement. 5 I;Te
- consumer-and industrial applications ’
Pn  Funcion Pin  Function
® | ED drive outouts 1. PIAA 15 PrODO
2 FI3A3 16 PLIDN
3 PRL2A2AI0 17 Pl2ame
‘4 PI.UAVAS 18- PLID3
5 NC. 19 PLAD4
§  PICAVAS 20 P1.&/INTODS
7 PO2Vas 21 NG ..
B PILUCE-PGM 2z NG
9 PODASEL 23 PLEANTIDS
~ 0 NG 24 PLIMOD?
it RST 25 PILVAY
N 12 X2 26 PIEAS
13 X1 .27 PASIAS
¥ veg S B vee
ORDERING INFORMATION ) ..
ROM EPROM! TEMPERATURE RANGE °C AND PACKAGE | FREQUENCY. | QRAWING
PE7C7S0EBF FA uv 0 to +70, Ceramic Dual In-line Package “.3.5%0 16MM2- - 05868
PB7C750EFF FA LV, .. =40 to +85. Ceramic Duat In-line Package 3.5t0 16MHz 05868
PB3CTI0EBP N PB7C7SCEEPN | OTP 0'to +70. Plastic Dual In-iine Package 3510 16MHz | T 0410D
PB3CTS0EFP N PB7C7SOEFP N oTP -0 to +85, Plastic Dual in-line Package 3.5t 182 0410D
PB3CTSO0EBA A PB7C7S0EBA A oTP 0 1o +70, Plastic Leaa Chip Carrier S.5t0 16MH2 0401F
PB3CTSCEFA A PB7CTSO0EFA A OTP =40 to +83, Plastic Leac Chip Carrier 3.5 to 16MHz 0401F
PB3CTSCPBP N PB7C750PBP N oTP 0 to +70, Plastic Dual in-line Package 3.5 10 40MHZ 0410D
PB3CT30PFP N PB7C750PFP N oTP —i0 to +85, Plastic Dual In-line Package 3.5 to 40MHz 04100
PB3CTS0PBA A P87C750PBA A oTP 0 to +70. Plastic Lead Chip Carrier 3.5 10 40MHz 0401F
PE3CTSOPFA A PB7C750PFA A OTP -0 to +85, Plastic Leaa Chip Carrier 3.5 to 40MHz 0401F
PB87C750PBF FA uv ! 0 to +70. Ceramuc Dual in-line Package 3.5 to 40MHz 05868
P87C750PFF FA Uv ¢ —310 10 +85, Ceramic Dual In-line Package 3.5 10 40MHz 05868
NOTE: :
1. OTP = One Time Programmable EPROM. UV = UV Erasable EPROM.
853-1683 12185

February 11, 1994
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Philios Sermiconductors Micsrocontroller Products

CMOS ‘si‘ngle‘-'chip 8-bit microcontrolers

83C750/87C750

*
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Philips Semiconauctors Microcontroller Products

R " Product specification

| CMOS sihgle-chib 8-bif fnicrocontrdlié-f“s"

83C750/87C750

PIN DESCRIPTIONS

MNEMONIC

PIN NO.

DIP/
} SSOP

tce

TYPE

NAME AND FUNCTION

Vss
Vee
P0.0-P0.2

P1.0-P17

P3.0-P3.7

RST

X1

x2

12
24
8-6

~l O,

13-20

«w

-
Py

10

~1

©

15-20.

23,24 1

20

23
24

4-1, 6,
27-25

il

12

o]

N/A

o

o

' { that are externalty pulled low will source current because of the intemat pull-ups. (See DC

Circuit Ground Potential -
Supply voltage during néﬁngl, idle, and power-down operation.

Port 0z Port 0'is a 3-bit open-drain, bidirectional port. Port O pins that have 1s written 10 them float.
and in that state can be used as high-impedance inputs. These pins are driven low if the port
register bit is written with a 0. The state of the pin can always be read from the port register by the

program.
P0.0 and P0.1 are open drau\ bidirectional /0 pins with the electrical characteristics hszed inthe
tables that follow. While these differ from “standarg TTL" characteristics. they are close enough for
the pifrs to still be used as general-purpose Q. Port 0 also provides altemate functions for
programming the EPROM memory as follows: .

Vpp.{P0.2) = Programming voitage input.

OE/PGM (P0.1) = input which specifies venfy mode (output enable) or the program mode
OE/PGM = 1 cutput enabled (verify mode).

OE/PGM = 0 program = ~de... .

ASEL (P0.0) ~ Input w. - .1 indicates whsch.bns of the EPROM addres are apphed to pon 3.

ASEL =0 tow agdress oyte availableonport3. -
ASEL = 1 high address byte available on port 3 (oniy the three least significant brts are useq).

Port 1: Port 1 is an 8-bit bad:recuonal VO port with intemal pu!l-ups ‘Port 1 pmmathave 1s written
tomemarepuliedhrghbyhenﬂemalpdlupsammnbeusedasmputs As inputs; port 1 pins

Electrical Characteristics: Iy ). Port 1 serves to"output the agdressed EPROM contents'in the verify

mode and accepts as inputs the vatue to program into the selected address during the program
mode. Port 1 also serves the special function features of the BOC51 famity-as listed below: -

INTO (P1.5):  External interrupt.

INTT (P1.6): External interrupt.” -

T0 (P1.7): T'mer 0 exxemal xnput. - ’ o

Port3: Port 3is an 8-bn budirecnonal YO port with intemal pull-ups: Port 3 pins that have 1swritten
10 them are pulied high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins |
that are externaliy being putled low will source current because of the pull-ups. {See DC Electricat
Characteristics: Iy ). Port 3 also functions as the address input for the EPROM memory-iocation to
be programmex {or veriiied). The 10-bit address is muitiplexed into this port as spec:t‘ ed by ]

PO.0/ASEL.

Reset: A high on this pin for two macnine cycles while thie oscillator is running, rese\s the device.
An intemal arffused resistor to Vgg permits a power-on RESET using only ar external capacitor to
Vee. After the aevice is reset, a 10-bit setial sequence, sent L= first, applied to RESET, places
the device in the programming state allowing programming adc: ess. data and Vep t0 be applied for
programmung or ventication purposes. The RESET sefial sequence must be synchronized with the

X1 input.
Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock genera:or c:rcmts.
X1 also serves as the clock to strobe in a serial bit stream into RESET to place the device in the

programming state.
Crystal 2: Outout from the inverting oscillator amplifier.

February 11, 1994
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Philips Semiconductors Microcontroller Products

S.. - - . Productspecification

CMOS single-chip 8-bit microcontroliers

83C750/87C750

OSCILLATOR
CHARACTERISTICS

X1 and X2 are the input and output,
respectively, of an inverting ampiifier which
can be configured for use as an on-chip
oscillator.

To drive the device from an external ciock
source, X1 should be driven wnile X2 is left
unconnected. There are no requirements on
the duty cycte of the external clock signal,
because tha input to the intemal clock
circuitry is through a divide-by-two flip-fiop.

However, minimum and maximum high and ..

low times specified in the gata sheet must be
cbserved.

RESET
A reset is accomplished by hotding the RST

pin high for at least two machine cycles (24
osciilator penods), while the oscillator is

running. To insure a good power-up reset, the '

RST pin must be high long enough to allow

the oscillator time to start up (normatly a few

milliseconds) pius two machine cycles. At

power-up, the voltaga on Vo and RST must

comne up at the same time for a proper
_start-up.

IDLE MODE

In idie mode, the CPU puts 1seff to sleep
while all of the on-chip penpnerals stay
active. The instruction to invoke the idle
mode is the last instruction executed in the
normal operating mode before the idie mode
is activated. The CPU contents, the on-chip
RAM, and all of the special function registers
remain intact during this moage. The idle -
_mode can be terminated eimer by any
enabled interrupt (at which time the process
is picked up at the interrupt service routine
and continuea), or by a haraware reset which
stants the processor in the same manner as a

cower-on reset.

February 11, 1994

POWER-DOWN MODE-

in the power-down mode, the osciltator is
stopped and the instruction fo invoke
power-down is the last instruction executed.
Only the contents of the on-chip RAM are
preserved. A hardware reset is the only way
to terminate the power-down mode. the
sontrof bits for the reduced power modes are
in the spedcial function reqister PCON.

External Pin Status
During ldle and .
Power-Down Modes

Table 1.

MODE | PortG | Port1 | Port2

Idie’ - ‘Data Data Data
Power-down | Data | Data | Data

DIFFERENCES BETWEEN THE
8XC750 AND THE 80C51

Program Melﬁory

' On the BXC750, program memory is 1024
-bytes long and is not extemnally expandable,

so the 80C51 instructions MOVX, LIMP, and

. LCALL are not implemnented. The only fixed

locations in program memory are the
addresses at which execution is taken up in
response to reset and interrupts, which are

as foltows:

: Program Memory
Event Address
Reset 000
External INTO ‘003
Counterftimer 0 coB
Extemal INTT 013

1009

%

--Counter/Timer Subsystem

The azcyéo ‘has one counterftimer called
timer/counter 0. ts operation is sirnilar to
mode 2 operation an the 80C51, but is
extended to 16 bits with 16 bits of autoload.
The controls for this counter are centralized
in & single register called TCON.

Interrupt Subsystem ~ Fixed
Priority

The IP register and the 2-leve! interrupt
system of the 80C51 are eliminated.
Sirnultaneous interrupt conditions are
resolved by a singte-level, fixed priority as
follows:
Highest priority:  PinINTO

' Countermmer flag 0
Pin INTT

Special Function Register
Addresses :

Speciat function registers for the 8XC750 are

identical to those of the BOCS51, except for the

. changes listed below:

80C51 special function registers not present
in the BXC750 are TMOD (89), P2 (A0) and
[P (B8). The 80CS1 registers TH1 and TL1
are replaced with the 87C750 registers RTH
and RTL respectively (refer to Table 2).

[ ]
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Table2.  87C750 Special Function Registers
1 symsoL DESCRIPTION A[[))ISI&EC;S | MSBBIT ADDR?S% SYMBOL. OR ALTERNATWE PORT FUNCTION LSB : CELSE;
7 FACCT Accumuiator SoH E7 £8 &3 Z4 E3 £2 E1 EQ ooH
Zler | Sregister’ 204 7 OFs 5 - Fe - F® F2 - Fi Fo |ooH
¥} DPTR: Data pointer
(2 bytes)
“DPH High'byte 33H 00H
orPL Low byte 2H 00H
- £E AE AD AC AB AA A9 A8
et Interrupt enable ad | z=a | - | - | - 1 - | Ext | e | Exo [ooH
- . £2 81 80
P PonO z0H -] - - - L= - - - oo
&7 Q5 S5 24 93 22 .81 90
qpP1* Port 1 20H O Mg NTD - - - - - FFH -
X p3: pont3 20H 57 B6 B5 B4 B3 B2 Bi BO |FFH
I PCONE | Power contro! 57H - I - i - [ - l - J - FPD ] IDL | 30000008
v D7 D6 Ds D4 D3 b2 D1 Do
¥]Psw | Programstatusword | D0H | CY | AC =5 | as1t {mso | ov | - | P oo
gP Stack pointer 3H e e - . 07H
ar 8E 8D 8cC 8B . BA 89 88
TCON# | Timericountercerrol | 38H {GaTE { e | TF | TR | €0 | o | €1 [ m Joow
Ti= Ttmer.k')yv byvte SAH 00H.
TiH= Timer high bvte :CH . 00H
ATL= Timer low reloaa €5H - 1.00H
Ky« ‘ﬁrner.hich reloac ZDH - 00H
* 'SFAs are bit agdressable. :
< SFRsare modmed frem or aaded to the 80C51 §FRs.
ABSOLUTE MAXIMUM RATINGS!. 2
PARAMETER RATING . UNIT
Storage temperature tange T .. L ot 85104150 °C
\ottage from Veoto-Vgg ~ ~0510 +6.5 v
“Vehage from any pin to Veg texcept Voo) - ..=0.5t0Vee+0.5 v
" Power dissipation o . ‘ o — 1.0
\'oltage on Ves pin to Vgg 710 +13.0 -V
Ltaximum Iy per /O pin TtTo10 " maA

NOTES: ) '
i. Stresses above those listed under Absolute Maximum Ratmgsmav cause permanem gamage o the device. ThlS is a stress rating only ang

1.

tunctional operation of the dewice at these or any conditions other than those descnibed in me AC and oC Elecmcal Characlensms section
of this specification is not imclied.
This product includes circuitry specifically designea-for the protection of its internal devices from the damaaing effects of excessive static
crarge. Nonetneless, it1s suggested that conventional precautions be taken 10 avoid applying greater than the rated maxima.

1
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DC ELECTRICAL CHARACTERISTICS - .
Tm =0°C to +70°C or ~40°C 10 +85°C, Vg = 5V-£10%. vss =oV!
: . T i © TEST L umis E
SYMBOL A PARAMETER ) CONDITIONS- MIN - MAX UNIT
ViL Input low voltage ~0.5 0.2Vpp-0.1 v
Vin input high voltage, except X1, ST 0.2Vcc+0.9 | Vec+0.5 v
Vius Inout high voltage, X1, RST 0.7Vee | Vec+0S A
Voo Cutput low voitage, ports 1 ana 3 loy = 1.6mA2 0.45 \
Veur Outout low voltage, port 0 lo = 3.2mA2 0.45 \%
Vey " | Output high vottage, ports 1 and 3 loH = ~60pA 2.4 v
: ’ lof = ~25pA G.75Vec v
Iny=~10gA 0.9Vee :
c Capacitance ' B B 10 =F
he Legical 0 input current, ports 1 ana 3 o Vi =0.45V : ~50 LA
IR Logical 1 to 0 transition cursrent. ports 1 and 33 Vin = 2V (0 to +70°C) —650 HA
- . Vin =2V (-40 to +85°C) =750 HA
It input leakage cutrent, port 0 045 < Vi < Vee =10 A
ResT internat pull-gown resistor ) ) 25 175 KkQ
) , ] Test freq = 1MHz, -
Cio Pin capacitance ) Tymp = 25°C 10 pF
lpp Power-down current® o . Veg = 2 10 Ve max 50 pA
. X Vgg =0V
Vep - Vpp program voitage e | Vee=5V:10% 125 13.0 v
- Tams = 21°C 10 27°C 1 .
lzo Pregram current ] Vop = 13.0V 20 mA
Iog Supelv current (see Figure 2)5- 6

NOTES: ’
Paramelers are valid-over operating :emperaxure rance untess otherwise specrf ied. All voltages are with respect to Vgg unless otherwise

1.
roted.
2. Under steady stafe (non-transient) conaitions. iop must be extemallv limited a.siollows
Maximum lg_ per port pin: 10mA {NOTE: This is 85°C spec.)

Maxirmum ig_ per 8-bit port: Z2BmA

Maximum total | for all outputs: 67mA
it 1o exceens the test conaition, Vop may exceed the related specification. Pins are not guaranteed to srnk current greater than the Ilsted

est conditions.
Fins of ports 1 and 3 source a transition current when they are being externally driven from 1 to 0. The transmon current reaches its

maxirmum value wnen V) is approximatety 2V.
Power-down Ioc is measurea with all output pins disconnected: port 0 = Vee: X2. X1 n.c.: RST = Vgg.
=Vgg'+ 05V, Vip =V =

©

4,
S. Activelec s measured with all output pins gisconnected; X1 driven with te cu, toner = 5ns. Vi
AST =pont 0 = Vee. I wilk be slightly higher if a crystal osciflator is used.
6. Idle lgc is measured with all output pins gisconnected; X1 driven with to e, loHeL = 5ns Vi =Vgg + 0.5V, Vi = Vcc ~0.5V; X2 n €2
cont 0= Vee: BST = Vgs.
AC ELECTRICAL CHARACTERISTICS o :
Tamg = 0°C 10 +70°C or —40°C t¢ +85°c Vee = 5V £10%, Vgg = OV 2 o o
B " VARIABLE CLOCK -
SYMBOL PARAMETER ~ "~ ] MIN - MAX MIN ] MAX. | uNIT
BB Osaillator frequency: ..35 16 .1 .35 | .40 | MHz
External Clock (Figure 1) - e e . o T :
toHex High tme . . - 20 10 " ns
tarex Low ume . . . 20 ! i 10 - ns .
toueH Rise ume . 20 20 ns
tomeL Fall tme [ 20 .1 20 ns i

NOTES:

1. Parameters are vahd over operating temperature range untess o:herwuse specified. All voltages are with respect to Vss unless otherwise
roted.

2. Load capacitance tor ports = 80pF.
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EXPLANATION OF THE ACSYMBOLS

n defining the clock wavetomm, caremustbe  H - Logic tevel high

taken not 1o exceed the MiN or MAX limitsof L - Logic levet low

the AC electrical characteristics table. Each Q- Outputdata

timing symbol has five characiers. The first T - Time -

character is aiways 1 (= time). The omer Vv - Valid -
characters, depending on their positions. X - Ho tongera valid fogic levet
indicate the name of a signat or the iogical Z - Float

status of that signal. The designatons are: ’

G ~ Clock

D ~ Inputdaia

VoS

02Veg ~0.3

c2vee—-0t
cesv CC

Figure 1. External Clock Drive

R T e T T ‘
= - : - lmxAcnvEuccs . » \ ' / MAX ACTIVE tecP

|
e N

i ¥ ACTVE loc” B !
o L / : o i
R -
d / : / ! TYR ACTIVE Icg®
& B pmmmemt
} i i
e i | ! !
// | !/ MaX IDLE icc®
: M i L maxioug ice®
2! : - : n
i " .TYPIDLE lec

: / TYPDLE ‘CCS

s 8 12 A3 . .
. o : 2 23 8 2 % «
) rque cy {(MHZ) Frequency (MH2)

- Figure 2. lecvs. Frequency
Maximum loe vatues taken at Ve max and worst case temperature.
Typical lec values taken at Ve = 5.0V and 25°C.

Notes 5 and 6 refer 10 OC Electrical Characteristics.
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87C750 PROGRAMMING
CONSIDERATIONS

EPROM Characteristics

The 87C750 is programmed by using a
modified Quick-Pulse Programming algorithm
similar to that used for devices such as the
87C451 and B7C51. it differs trom these
devices in that a serial data streamis used 10
place the 87C750 in the programming moge.

Ficure 3 shows a black diagram of the

" programming configuration tor the 87C750.
Port pin PO.2 is used as the programming
voltage supply input (Veo signal). Port pin
£0.1 is used as the program (PGM/) signal.
This pin is used for the 25 programming
pulses.

Pert 3 is used as the address input for the
byte to be programmed and accepts both the
high ana low components of the eleven bit
2ddress. Multiplexing of these address
components is performed using the ASEL
input. The user should drive the ASEL input
high and then drive port 3 with the igh order-
sits of the address. ASEL should remain high
tor at least 13 clock cycies. ASEL may then
be driven low which latches the high order
bits of the address internally. the high
address should remain on port 3 for at least
wo clock cycles atter ASEL is driven jow.
Port 3 may then be driven with the low byte of
the address. The low address will be
intemnatly stable 13 clock cvcles later. The
aodress will remain stable provided that the
‘ow pvte placed on pont 3is held stable and
ASEL is kept low. Note: ASEL needs to be
puised high only to change the high byte of
ihe agdress. i

Sort 1 is used as a bidirectional gata bus
auring programming and verity operations.
During programming mode, it 2CCepts the

tyte to be programmed. During verity mode, -

it provides the contents of the EPROM
location specified by the address which has

been supplied to Port 3.

The XTAL1 pin is the oscilfator input and
receives the master system clock: This clock
shoutd be between 1.2 and 6MHzZ.

The RESET pin is used to accept the serial
cata stream that places the 87C750 into
various programming modes. This pattem
consists of a 10-bit code with the LSB sent
first. Each bit is synchronized to the clock

input, X1.

Programming Operation
Figures 4 and 5 show the timing giagrams for
the prograrmvverify cycte. RESET should

February 11. 1994

initially be heid high for at teast two machine
cycles. P0.1 (PGMW) and P0.2 (Vpp) will be at
Vou s a result of the RESET operation. At
this point, these pins function as normal
quasi-bidirectional /O pons and the
programming equipment may pult these fines
low. However, prior to sending the 10-bit code
on the RESET pin, the programming
equipment shoutd drive these pins high (Vin).
The RESET pin may now be used as tne
serial data input for the data stream which
places the 87C750 in the programming
mode. Data bits are sampled during the clock
high time and thus should only change during
the time that the ctock is low. Following
transmission of the last data bit, the RESET
pin should be held iow.

Next the address information for the location
1o be programmed is placed on port 3and
ASEL is used to perionm the address
muttiplexing, as previousty descnbed. At this
tirme, port 1 functions as an output.

A highvoitage Vpp level is then applied 10 the
Vep input (P0.2). (This sets Port 1 as an input
port). The data to be programemed into the
EPROM atray is then placed on Port 1. This
is foliowed by a series of programming pulses
applied to the PGM/ pin (PQ.1). These puises
are created by driving P0.1 low and then
high. This pulse is repeated until a total of 25
programming pulses have occurred. Atthe
conclusion of the last pulse, the PGM signal
should remain high.

The Vpp signal may now be driven to the
Vo level. placing the 8§7C750 in the venty
mode. (Port 1 is now used as an outout port).
Atter four machine cvcles (48 clock periods),
the contents of the addressed location in the

“EPROM-array wiil appear on Port 1.

The next programming cycle may now be
initiatea by placing the address information at
the inputs of the multiplexed butfers. ariving
the Vpp pin 10 the Vop voltage level.
providing the byte 1o be programmeq to Port1
and issuing the 26 programming pulses on
the PGM/ pin, bnngmg Vpe back down to the
V¢ level and verilying the byte.

Programming Modes

The 87C750 has four prograrnming teatures
incotporated within its EPROM array. These
include the USER EPROM for storage of the
application’s coge: a 16-byte encrypon key

array ana two security bits. Programming and '

verification of these four elements are
selected by a combinanon of the senal data
stream applied to the RESET pin and the
voltage levels appliea *> port pins PD.1 and

'

1013
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P0.2. The various combinations are shown in
Table 3.

Encryption Key Table

The 87C750 includes a 16-byte EPROM
array that is programmable by the end user.
The contents of this array can then be used
‘0 encrypt the program memory contents
duting.a program memory. verify operation.
When a program memory verify operation is
petformed, the contents of the program
memory location is XNOR'ed with one of the
bytes in the 16-byte encryption table. The
resulting data pattem is then provided 10 port
1 ds the verify data. The encryption -
rnechanisth can be disable, in essence. by
leaving the bytes in the encryption tanie in
their erased state (FFH) since the XNOR
product of a bit with a logicai one will resuft in
the originai bit. The encryption bvtes are
mapped with the code memory in 16-byte
groups. the first byte in code memory will be
encrypted with the first byte in the encryption
table; the second byte in code memory wilt be
encrypted with the second byte-in the ’
encryption table and so forth up to and '
including the 16the byte. The encryption
repeats in 16-byte groups: the 17thbyte in

" the code memory will be-encrypted with the

sirst byte in the encryption table, and so forth.

Security Bits .

Two security bits, security bit'1 and security

bit 2.-are provided 1o limit access to the

USER EPROM and encryption key arrays.

Security bit 1 is the program inhibit bit. and

once programmed performs the following

functions: I )

1. Additional programming of the USER
EPROMis inhibited. "

2. "Additional programming of the encryption
key is inhibited.

3. Verification of the encryption key is

inhibited. .
Verification of the USER EPROM and the
security bit levels may stiil be performed.

4o

ilf the encryption key array is being used. this
security bit shoutd be programmed by the
user to prevent unauthonzed parties from
r‘eprogramming the encryption key to ail
fogical zero bits. Such programming would
provide data during a verify cycle that is the
jogicat complement of the USER EPROM
contents). R :
Security bit 2, the verity inhibit bit, prevents
verification of both the USER EPROM array
and the encryption key arrays. The secunty
bit levels may stilt be veritied.

3 R
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Programming and Verifying
Security Bits

Secunty bits are programmed employing the

-Ports 1.7 contains the securnity bit 1 data and
" is a logicat one if programmed and a logical

zero if erased. Likewise, P1.6 contains the

security bit 2 data and is a logical one if

T+
erasure. For this and secondary effects, it
is recommended that an opaque label be
placed over the window. For elevated
temperature or environments where solvents
are being used, apply Kapton tape Fiouriess

samé technigues usea ta program the USER
ZPROM and KEY amays using serial data
streams ana {ogic levets on port pins
indicated in Table 3. When programming
either security bit. it is not necessaryto .
provide aoaress or data information to the
87C750 on ports 1 ang 3.

Verification occurs in a similar manner using
the RESET seral stream shown in Table 3.
Port 3 is not reguired 10 be ariven and the
results of the verify operation will appear on
pons 1.6 ang 1.7,

programmed ana a jogical zero if erased.

Erasure Characteristics

Erasure of the EPROM = :ns to occur when
the chip is exposed to tignt with wavelengins
shorter than approximately 4,000 angstroms.
Since sunlight and fluorescent lighting have
wavelengthsin this range, exposure o these
light sources over an exiended time (about 1
week in suniight, or 3 vears in‘room fevel
fluorescent lighting) cauid cause inadvertent

part number 2345-5 or equivalent.

The recommended erasure proceoure is
. expgsure to ultraviolet light (at 2537

angstroms) to-an integrated dose of at least

15W-s/cmZ. Expasing the EPROM 1o an

ultraviolet lamp of 12,000pW/cm? rating for

20 to 38 minutes. at a distance of about
1 inch, should be sufficient.

_Erasure leaves the array in an ail 1s state.

Table 3. Implementing Program/Verify Modes .
OPERATION ' SERIAL CODE P0.1 (PGM/) P0.2 (Vpp)
Program user EPROM 296H - Vpp
Verify user EPROM '296H Vin Vi
Program key EPROM 292H -1 Vpp
Verify key EPROM_ - 292H Vi . Vi
Program security bit 1 ~ T29AH = Vpe
Program securtity bit 2 - 298H -1 Vep
Verify.security bits " 29AH Vin Vin
NOTE: -
1. Pulseqirom Viu to Vy_and retumed to Vi,
EPROM PROGRAMMING AND VERIFICATION
Tamp = 21°COF27°C: Voo = 5V £10%. Vg = OV.7 -
SYMBOL . PARAMETER N MAX. . . __UNIT
Reren Oscillatorsclock-frequency. 12 8 MH2
tavel | -Address setup to £0.1 (PROG-) low 10us + 24t e
taHAX Aadress hold after P0.1 (PROG-) high T -
tovaL Cata setup to P0.1 (PROG-} iow S8toreL
tovaL Data setup.to PQ.1 (PROG-) low SSteren
SHEX Data ho!d after'P0.1 (PROG-) high Sterer
{SHGL Vop setup to P0.1 (PROG-) low 30 1s
tgusL Vee hold atter PO.1 (PROG-) 10. us
5L P0.1 (PROG-) width ) 20 110 ps .
tavavs Ves low (V) 10 gata valid 4Ble oL
tgHeL | P0.1 (PROG-) high to PO.1 (PROG-) low 10 ns
tsYnL £0.0 (sync pulse) low : AMorer
tSYNH £3.0 (sync pulsel high 8tereL
MaSEL ASEL high time - ' . 13tcieL )
Ak = _ Address hotd time oL ..
tyasSET Acdress setup to ASEL 12eeL
LADSTA Low address to valid data 48lereL
NOTES:

February 11, 1994

1. Adaress should be valid at least 23t ¢ belore the nsing eoge of P0.2 (Vpp).
2. For a pure venty mode. i.e.. no program mode in between. tayqy 1S 131¢ ¢ Maximum.,
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r - 1
; . " 27C750 i
i I
i AO-AZ P2.0-P3.7 vee 5V !
H H
! ADDRESS STROBE PO.0/ASEL . veg p———— |
! i 'f
i _ i
- . - |
f FROGRAMMING > Py ;
! PULSES S i

i VeRiViK VOLTAGE o -
, RV gou:ccs 3.2 PLO-P1Y : DATA BUS ’,
i £LK SOURCE - - XTALY '
. N 1
i B . . :
’ EECET ’ ;
| CSETROL RESET !
i LOGIC i
j :
! Figure 3. Programming Configuration !

MIN 2 MACHINE
le—CYCLES TEN BIT SERIAL CODE .y ,
RESET I [ sn'oJ BIT 1 Larrz l 8T l 374 ] arrsJ srrsl ey ] s l BITS ] R
! Poz TUNDEFNED ] N g
] !
PO.1 LUNDEFINED !
.- . Figure 4. Entryinto ProgramNenfy Modes L
' 278V T - :
. - 1
i R K ;
1 POZ(Vpp) v : - SR / H
i .. - [ . - |
' - - . [ - H
i e | " 'sHGL —'{ r"' GHSL | !
i . (.SPULSES o i
) L . ;
0.1 ¢ ot e el
FEm L_ _ L_f L — l
. . . 7 S B
IGLGH :‘——"- - l“ IGHGL

'*""“_—" BAASEL
\ aBus MIN must : _—

i PO O (ASEL) s N\ - -

|
HASET i | HAHLD

PORTa X HIGH ADDRESS X ' LowADDRESS - L :

. i ' 1o 1 : - 1
T “—"{ TADSTA ‘_'f DVGL ‘GHDX“‘_T—"—,. = ravav

|

i

I

|

[ : o - .

'| ¢ 1 1 -
!

|

|

Yuuo DATA X DATATO BE PROGRAMMED X INVALID DATA X VALID DATA

SORT 1 INVALID DATA

'
i

Figure 5. Program/Verify Cycle

. ) - - .
t‘—‘————‘—" VERIFY #MODE N PROGRAM MODE ——+_'——— VERIFY MQODE —““—'—‘—"‘1;
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80C51 FAMILY INSTRUCTION SET

80C51 Instruction Set Summary -

Table 7.
Interrupt Response Time: Refer to Haroware Description Chapter. : .
instructions that Affect Flag Settings{1)
Instruction Flag Instruction - Flag
C OV AC C OV AC
ADD X X X CLRC 0
ADDC X X X SLe X
SUEBB X X X <L C.bit X
MUL 0 X ANL Cbit X
v 0 X ANL C.bit X
DA X ORL C/bit X
RRC X - MOV C,bit X
RLC X CUNE - X
. SETBC 1
(Note that operations on SFR byte address 208 or bit addresses 209-215 (i.e., the PSW or bits in the PSW) will also affect flag settings.
Notes on instruction set and addressing modes: -
Rn Register R7-R0 of the cumrently selected Register Bank.
direct 8-bit intemal data location’s address. This could be an Intemal Data RAM location’ (0«127) ora SFR [ie., O port,
: . controt register, status register, etc. (128-255)).
ERi 8-bit internal data RAM location (0-255) addressed indirectly through regxster R1 or RO.
rdata 8-bit constant included in the instruction.
=data 16 16-bit constant included in the instruction
addr 16 16-bit destination address. Used by LCALL and LJMP. A branch can be anywhere wnhm the 64k-byte Program
Memory aadress space.
addr 11 11-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2k-byvte page of
) program memory as the first byte of the fottowing mstmctson
rel Signed (two's complement) 8-bit oftset byte. Used by SJMP and all conditional jumps. Range is—i28to+327
bytes relative to first byte of the follomnc nstruction. o _
bit Direct Addressed bit in Intemnal Data RAM or Special Function Hegister.
; OSCILLATOR
MNEMONIC DESCBIPTION ‘ BYTE PERIOD
ARITHMETIC OPERATIONS
ADD ARn Add register to Accumutator 1 12
ADD A direct Add direct byte to Accumuxazor 2 12
ADD AEGRi ' Add indirect RAM to Accumufator 1- 12.
ADD A.tdata Add immesiate data to Accumiusator 2 .12
ADDC ARn Add register to Accumutater with carry Bl 12
ADDC A direct Add direct byte to Accumutator with carry 2 -12
ADDC A.@Ri Add indirect RAM to Accumulator with carry 1 12
ADDC Atdata Add immediate data to Ac with carry 2 12
sues A.Rn Subtract Register from Acc with borrow 1 12
suBB Adirect Subtract direct byte from Acc with borrow 2 12
SUSB A @Ri Subtract indirect RAM from Acc with botrow 1 12
suBB A.#data Subtract immediate data from Acc with borrow 2 12
INC A Increment Accumulator o . 1 12
INC Rn Increment register 1 ‘ 12 ,
: ’ All mnemonics co_pyrigmed © Inted Corporation 1980
March 1994 85
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Table 7.  80C5t1 Instruction Set Summary (Continued) S
MNEMONIC DESCRIPTION BYTE Osgélﬁl;gg)ﬂ
ARITHMETIC OPERATIONS {Continueg)
INC direct 'acrement direct byte - 2 12
INC 2R increment indirect RAM 1 12
DEC A Decrement Accumulator 1 12
DEC An Secrement Register 1 12
DEC girect Secrement cirect byte A 12
DEC SRi Secrement indirect RAM 1 i2
INC DPTR increment Data Pointer 1 24
MUL AB *Aultiply A and B = 1 48
Div AB Divide Abv B 1 48
DA A Decimal Adjust Accumulator 1 12
| LOGICAL OPERATIONS .
ANL A.Rn AND Register to Accumutator 1 12
ANL Adirect AND direct byte to Accumulator 2 12
¢ ANL A@Ri AND indirect RAM to Aécumuiator 1 12
ANL Agdata AND immediate data to Accumulator - 2 12
ANL direct.A AND Accumulator to direct byte 2 12
ANL cirect.#data AND immediate data to direct byte 3 24
ORL AR OR register to Accumulator 1 12
ORL A direct 2R direct byte to Accumulator . 2 12
ORL A.@Ri OR indirect RAM to Accumulator 1 12
ORL Asdata OR immediate data to-Accumulator 2 12
ORL direct.A OR Accumulator to direct byte 2. T 12
ORL girect.#data ORdimmeaiate data to direct byte 3 , 24
XRL . ARN =xlusive-OR register to Accumuiator . ' 1 R V]
XRL Adirect " zxclusive-OR direct tyte to Accumulator 2 12~
XRAL A.GRi Exclusive-OR indirect RAM to Accumulator 1 12 -
XRL A.sgata =xclusive-OR immeaiate data 10 Accumulate: 2 12 o
XRL direct.A ; Zxctusive-OR Accumulator to direct byté’ N 2. 12
XRL direct.7data ‘Exclusive-QR immediate data to direct byte 3 24
CLR A Clear Accumulator ) - : ! 12
CPL A Complement Accumulator ) 1 12
RL A Sotate Accumulator feft R 12
ALC A Rotate Accumulator ez tarough the carry A 12
AR A Rotate Accumulator nght - ‘ o 1 12
RAC A Sotate Accumulator ight througn the carry 1 12
SWAP A Swap nibbles within the Acéurhulator 1 12
DATA TRANSFER ‘
MoV A RN Move register 10 Accumulator‘ . 12
MOV Adirect Move direct byte 1o Accumulator 2" 12
MOV AGRi Move indirect RAM to Accumulator . ) 12
' All maernonics copyrighted © Intel Corporation 1980
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Table7.  80C51 Instruction Set Summary (Continued)
MNEMONIC DESCRIPTION BYTE R
DATA TRANSFER (Continued) ’
MoV A#data Move immediate data to Accumulator S 2 12
MOV Rn.A Move Accumulator to register 1 12
MOV Rn,direct Move direct byte to register 2 24
MOV BN, #data Move immediate data to register 2 12
MOV direct, A Move Accumulator to direct byte 2 12
MOV direct.Rn - Mave register to direct byte 2 24
MOV cirect.direct Move direct byte to direct 3 24
MOV direct, @Ri Move indirect RAM to direct byte 2 24
MOV cirect.#data Move immediate data to direct 5yte 3 24
MOV SRi.A Move Accumuiator to indirect RAM 1 12
MOV @Ridirect Move direct byte to indirect RAM 2 24
MOV @Ri #data Move immediate data to indirect RAM 2 12
MOV DPTR, #datal6 Load Data Pointer with a 16-bit constant 3 24
MOVC A, @A+DPTR Move Code byte relative to DPTR to Acc 1 24
MOVC A QA+PC Move Code byte relative to PC 10 A~ 1 24
MOVX A, @Ri Move extemal RAM (8-bit addr) 10 Ace 1 24
MOVX A.@DPTR Move external RAM (16-bit addr) to Ace 1 24"
MOVX A @RiA Move A to external RAM (8-bit addr) 1 24
MOVX 2DPTR.A Move Acc to external RAM (16-bit addr) 1 28 - ¢ B
PUSH girect Push airect byte onto stack 2 24
POP direct Pop direct byte from stack 2 24
XCH A.Rn Exchange register with Accurnuiator 1 12
XCH 4. direct Exchange direct byte with Accumutator 2 12
XCH A @Ri Exchange indirect RAM with Ac'curnulator 1 12
XCHD A.@FRi Exchange low-order digit indirect RAM with Acc 1 T
BOOLEAN VARIABLE MANIPULATION » .
CLR C Clear carry 1 12
CLR bit Clear direct bit 2 12
SETB c Set carry 1 12
SETB bit Set direct bit 2 12
cPL C Comptement carry 1 12
CPL bit Compiement direct bit 2 12
ANL C.bit AND direct bit to carry 2 24
ANL C.hit AND compiement of direct bit to carry 2 24
ORL C.bit OR direct bit to carry 2 24
ORL C.mit OR complement of direct bit to carry 2 T 24
MOV C.bit Move direct bit to carry 2 12
MOV bit.C Move carry to direct bit 2 24
JC rel Jump if carry is set 2 24
JNC rel Jumpif carry not set 2 24
All mnemonics copyrighted © Intel Corporation 1980
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i
B0C51 Family and instruction set
3
ple 7.  80CS1 [nstruction Set Summary (Continued) =
MNEMONIC ‘ DESCRIPTION . BYTE OSF%;’TSBOR '
BOOLEAN VARIABLE MANIPULATION (Continued)
L JB ret Jumnp if direct bit is set 24
{ JNB rei Jump if direct bit is not set 24
JBC bit,ret Jump if direct bit is set and clear bit 3 24
PROGRAM BRANCHING
ACALL addril Absolute subroutine call 2 24
(CALL addri6 Long subroutine call 3 24
} RET Retum from subroutine 1 24
RET! Return from interrupt 1 24
AJMP addrl Absolute jump 2 24
LIMP addri6 Long jurmp 3 24
SJMP rel Short jump (relative addr) 2 24
IMP @A+DPTR Jump indirect relative to the DPTR 1 24
3z rel Jump it Accumulator is zero 2 24
JINZ rel Jump if Accumuiator is not zero 2 .24
CJNE . A direct,rel Carmpare direct byte to Acc and jurmp if not equal 3 24
CJINE A4datarel Compare immediate 10 Acc and jump if ﬁot eqhal 3 24
CJINE AN tdata.rel Compare immediate to register and jump if not ’ 3 24
equal
1 CINE @Risdatarel Compare immediate 10 indirect and jump if not 3 24
equal
DINZ Rn.ret Dacrement register and jurnp if not zero 2 24
DJINZ direct.rel Decrement direct byte and jump if not zero 3 24
NOP No oéeran‘on 1 : 12
Al mnemonics copyrighted © intel Corporation 1980
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-All information in this data sheet is preliminary - ’ ' M a x' M

ang supject o cnange... .

“ Precision, Quad, SPDT, CMOS Analog Switch

Y
L General Description  _ : Features
The MAXZ33A is a precision, quad. single-poie doubletnrow’ & U ded Reclacement for a DG211/DG212 Pair
(SPOT) araiog switch. The four independert swiiches ooer- or Two DG403s .
212 with bipotar supzies rangng from£4.5V o220V, or with + Low On Resistance < 22Q Typical (350 Max)
a singte-ended suppty between +10V'ang +30V. The + Guararised Matched On Resistancs Between
Woﬁas_wonresisxame(mmzﬁngm Channeis<2()
:eeamnmmwmm'mbemdmandfofmﬁm + Guaranteed Fiat On Resistance over Fuil Analog
over e full analog signat range (A3Q max). ft also offers - Signai Range s3Q Max - .

+ Guaranteed Charge injection < 10pC

.;reak-beforemake swaching (10ns typicay), with tum-off
smes less than 1450s ana tum-on times fess than 175ns. ‘G | Otf-Channet L <6RAat-

The MAX323A is ideal for portable operation Since quiescart . ; .
+ £3D Guaranteed > 2000V per Method 3015.7

VEEEXYIN

surrent s less than 1pA with all inputs hign of fow.
i . . ; w - + Single-Suppiv Operation (+10V to +30V)
This mongiithic. quad switch is fabricated with Maxim’s ai Suppry Ope : 4.5V 1o £20V)

~ew imorovea silicon-gate process. Design fmorovements i
cuarantee exrremely low charge injection (10pC), low + TTL-/CMQS-Lagic Compatibifity
+ Rail-to-Rail Anajog Signal Handiing Capabifity

~ower consumption (35uW), and efectrestatc discharge
{ESD) greater than 2000V. R . N
Logic inouts are TTL- and CMOS-compatible and guaran- - Ordering Information

PART TEMP. RANGE = PMN-PACKAGE n

-aed over a +0.8V:to +2.4V range, regaraless of supply
vottage. Logic inputs and switched analog ‘s_igna'!s can MAX33IACPP 0°Clo+70°C 20 Plastic DIP
range anywnere between the SUCPly voitages withou dam- MAXZ33ACWP 0*Cto+70°C_ 20 Wide SO
sge. This upgraded partis a replacement for a MAXZACD 0°C 10 +70°C Dice~

DG211/DG212 pair when used as a quad SFOT sSWIth. Of  Miumanepp 40Clo+85°C 20 Plassc DIP
20 Wide SO

w0 DE403 dual SPOT switches.
e . MAXZZIREWP  <40°C 1o +85°C
Applications [ axzaawP _ S5Cto+125°C__ 20 CERDIP

Test EGuipment *~ Contact raczory for Gice Specfications.

Cemmunications Systems . .
FEX. PABX ’ ‘ _________Typical Operating Clrcuit
Heaas-Up Disotays : .
Portatie Instruments . .. { INPUTS e 1 QUTPUTS -

Pin; Configuration

comz:” ‘O’«Q—@ coMa ,
NO2 a7 JV : ’
' : FLYING CAPACITOR
DIP/SO : LEVEL TRANSLATOR -
SWITCHES ARE SHOWN WITH LOGIC T =xPUT ‘ (2-CHANNEL)
MMAXIMN : Maxim Integrated Products 117

call tofl free 1-800-998-8800 for free samples or literature.
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Appendlx 3 : 87C750 based sequencer
software ,
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In order to write this software, ] used an 8051 public domain assembler which was found on
Jnternet. It can be found at several nodes, inchuding for example at csd4.csd uwm.edu in the
directory /pub/8051. Its author can be reached at markh@csd4.csd.uwm edu. It seemed to us
one of the best packages in its category. The distribution includes a complete documentation
on the use of this assembler, and we had no problems what so ever withit. -~

We also purchased a Ceibo DS750 devlopement system in order to program, simulate and
enmlate the 87C750.In order to run the camera at the telescope we-wrote a data acquisition
program, of course not described here which allows to take images, while sapporting the
standard astronomical image standard FITS. We started to develop this program in 1992 under
DOS, using 2 home made graphical environment. This is now quite old, and a new data _
acquisition program is being currently written under Windows NT and Visual C++. A typical

data acquisition screen is seen above :




LA TR TR T PR P R PR TR
AL T L T T I T T

:é’xz

Listing of the current sequencer code : .

CCD sequencer program — V1.0 Version du 28/04/1996

Alain Maury - Herve Viot
December 1994 -> November 1996

LY O RN
St oNe N Ny

This version of the controller program is asynchronous, i.e.
it is not synchronised using the pixel clock coming from the
master board. It is to be used only in single CCD cameras.

Al ways remember to increase the table limit when mclud:mg
ew functions in the program

Definition of terms

b A mhe e e e s o el

‘= Not Yet Imple.-mented
= Comment Debug Lines -

s %,
. =

Q
.
=)

Definition of the I/O port bits

RECV . equ . P0.O-

" -CLOCK. so.equ - . . PD.1:
SYNC : equ . ‘p0.2
H1 equ P1.0
H2 . equ P1.1
H3 equ ‘Pi.2
0sG equ P1.3
RG | eqa . Pl.4 . ’ i
CL1 equ P1.5 ;; First clamp, first-chamnel ~
CcL3 equ Pi.6 ;7 Second clamp, first :channel
CASC equ p1.7 T
Al equ P3.0
A2 equ P3.1
A3 equ . P3.2
ATGU equ p3.3
ATGL equ P3.4
CL2 equ P3.5
CL4 equ P3.6
CONV equ P3.7
TRANS equ P3.6 ;7 Fiber optic emitter

~

e SE N

Variables stored in Ram

e oW N

These are preloaded inside the functions
or by the serial link at the start of an exposure

seg data at O
RAM equ 30

i; At reset, the stack is at _07_. In order to avoid conflicts between
;; the stack and this memory table, it is shifted as high as possible

CIn 1 equ Ram ;; Current Line Number
C_ Ln W equ Ram + 1

L]

N

T



cCn 1 equ Ram + 2 ;7 Current Column Number
C Cn 2 equ - Ram + 3 T T
C Er_1 equ Ram + 4  ;; Current Counter erase
CEr 2’ equ  Ram + 5
CR 1 equ Ram + 6 ;; Current Column Read
CR2 equ Ram + 7 ‘
C_DELAY equ Ram + 8 ;; Cohstant used during vertical delays
C Id 1 equ Ram + 9 ;; Delay for vertical inversion
C_ Id 2 equ Ram + 10
Scan COunter 3 equ Ram + 11 ;; Scan High level bit counter
Scan_ _ Counter_ "2 equ Ram + 12 ;; Scan Middle level bit counter
Scan_ ~Counter__ "1 equ Ram + 13 ;; Scan Low level bit counter
seg code at 0

. INITIALISATION: ROUTINE -.:ulsi. O S

Functlon whlch load the ports’ wlth thelr lnltlal values

( camera at Test ).
It waits also that the data communlcatlon port goes Jow. -

Data in parameters :

Mr Ne WE NESRMS Np s %e NN Mo %o Ne wa N N Ny N.

NeONE N NS N NIING NENE NE N Ne Ne N Se SeoNe e Se e

none
) _ Data out parameters :
- = M - R N 2 - - N N ﬁbne '
“Registérs used-- - ' A T el - ~ .
: RO :
i R1 :
; R2 :
iz R3 :
i: R4 :
i: RS :
i RO :
32 R7 :
Init:
MoV . IE, #0x00 . #: Interrupts disabled
MOV PO, #0x07 ;; Initialise OUTPUT port
) ;7 P0.0 & 1 as Input
- ;; P0.2 as Output = 1
MoV P1l, #01100011B ;; CL1, CL3, Hl and H2 high.
N MOV P3, #10000000B ;; vertical lines at zero, conv active
ow ;

;; Debug test de la nouvelle carte horloge

;Debug_Clock:

ii SETB H1 ;; H1 High

i - ACALL Vt_Tempo . . .

i: SETB H2 ;#.Hl & H2 High
i: ACALL Vt_Tempo- . '

i; CLR H1i ;; B2 High

i; "ACALL - Vt_Tempo T _
H CLR H2 . ;; everybody Low
] ACALL Vt_Tempo .

HH AJMP Debug_Clock

Initi:




ACALL Wait_Zero  ;; Wait the Initialisation of the PC
;; This high level is

not a command

MAIN ROUTINE

Ne Ne Ne N S
NN NG N N

Function which waits for a command executes it when it is
recognised — waits another when not recognised.

~e
~

If A > table_length, AJMP Start,
table length is set in memory to be 9

Data in parameters :

LR VO T VT Vi O P S
LI T R T T O o,

N NEINE NS ND Ne N N N N N s, g N

. none
" Data out parameters :
- .;.; ie K S e e e e R 1 B R
’ . . .
i ..Registers used "t A : calcul of jump T . B -
s o . - . . RO : . . P ) M e R
H ~ R1 : s .
;. .R2 : safe of data receive :
;' - RB . { ‘ . . -
; R4 :
H RS :
i N . e R6- 2 . .
i ' R7 :
Start:
ACALL . . Comm ;7 Waiting for a command from the PC
CLR - [ : ;; Clear Carry
SUBB A, #0x09 ;; Substract 9 to A
Jc Calcul_Jump ;; —=> Carry set, correct selection
AJMP Start ;; Else wait a correct command

Calcul Jump: : v . o

MOV A, R2 ;; Restore Comm value R2 in A
;; Bach jump is 2 op codes
:: Acc is now loaded with a code which
;; should be the mode in which the
;; camera is going to be used

MoV DPTR, #Select.lon
JMP @A+DPTR

;: CCD controller command interpreter

Selection:
;; Selection table

Transmission error, return to start

AJMP Init ;i
;; Command 0
AJMP Stare_Up ;; Stare exp. without dithered clockmg AB
; ;" Command ‘1
AJMP Scan ;: Scan the sky
77 Command 2
AJMP Stare_ Ab ;i Stare exp. with dlthered clock:mg
i Command 3
AJIMP Stare Bin ;: Stare exp. with binning readmg mode
77 Command 4
AJMP Temp ;: Transmit some temperatu.re measure
) ;; Command 5 = . .
AJMP Test_Video :: Test modeo
;; Command 6
AJMP Test ;7 Continuous CCD readout

I

I

2 HT

i

M

i



AJMP

End_Selection :

Command 7
Stare exp. with low noise conversion

Low_Noise
Command 8 :

~ N we
LY VIR

End of the jump, end of the

-

~
.

Ne we oWy we W

Ne N4 N N N N w

NE N N e NaINE Ne NG N N N Ne S NE N SE N N N N N e 8y,

TNESNS N M e SE Ne N N N N

STARE exposure procedure using the upper amplifier

Data in parameters :

~

none
Data out parameters
P Lo e e -.none
-: -Registers used -« - ... A ': -Command dafa received .+ . ...... . ...
RO : - ’
Rl :
SR -
R3 :
R4
R6. :
R7:
Stare ‘upt - - N
ACALL - Erase _"#; CCD erase
ACALL Comm ;; 'Exposure Waiting data PC goes High
JINZ Stare_Up4 ;; Retour sur erreur integration
) ;; sans vidage de la cam,ra
ACALL Flush ;; Vidage derniere colonne
ACALL Readout_Up ;; Lecture des pixels
Stare_Up4:
- . . :
AJMP Templ This is the optimized end....

with the ouput of the last pixel
and followed with an init routine

LU TRR
o we N

LT THE TR TN TR TR PO T YR
YRR TR

P TR T

R T

LOW_NOISE exposure procedure using the upper amplifier

Data in parameters :

Data out parameters :

Registers used

none
none
: A : Command data received
RO :
Rl :




i: R2 :
i R3 : i
i R4
i RS :
;i RE :
;i R7 :
i;
;i
Low_Noise:
ACALL Erase ;: Erase of the CCD camera
Low_noisel:
ACALL Comm : ;7 Exposure Waiting data PC goes High
JNZ Stare_Up4 77 Retour 'sur erreur integration
.o o ;i sans vidage de la camra
S how moiseR: - v Lo 7T il e G e e B T
©. ACALL  Flush = ;; Vidagé derniere colonne
Low_noise3: - ]
. ACARLL - Nregdédt;ﬁp“ ‘i Lecture des pixels sans bruit
AJMP - Templ , - ;7 This is the optimized end....
i )
i; - — .
;; SCAN Function that read a column of pixels every 66 ms -
;i
;7 This time is programmed by the PC
i; ’ . ‘ N
i; Data in parameters :
i: none
i
i Data out parameters :
;i none
;i )
ii Registers used : A :
Y ’ ’ RO :
i Rl :
i R2 :
i R3 :
HA R4 :
HH RS :
iz R6 :
¥ R7 :
;i
ii
;i RXX
;7 R2 State Value Data PC Action
i ' = S
iz o] 0 PC = 0 => PC indique poursuite du Scan
; 0 1 PC = 1 => PC indique poursuite du Scan

R2 = 0 => Pas d'indication de data
Poursuite du cycle

N
Se Ne N

) 1 0 PC = 0 => PC indique poursuite du Scan
i 1 1 PC = 1 => PC indique poursuite du Scan
H R2 = 1 => Pas d'indication de data

Veg tere. T 2

®l

m

4]

m



iz Arret  du cycle .
. *
HY 2 0 PC = 0 => PC indique poursuite du Scan
iz 2 1 PC = 1 => PC indique poursuite du Scan
;i R2 = 2 => Pas d'indication de data
] Poursuite du cycle _ .
¥ 3 -0 PC = 0 => PC indique poursuite du Scan
i 3 1 PC = 1 => PC indique poursuite du Scan
i R2 = 3 => Pas d'indication de data
Y Poursuite du cycle
i . . -
i 4 ] PC = 0 => BC md:.que poursuite du Scan
H 4 1 PC = 1 => PC indique poursuite du Scan
:; ?C=0&R2—4—>PCpasprespour
HH reception DATA
HH Attente l:be;atlon PC . .
i PC =1 & R2. = 4.=> PC pres, indication DATA.
—;j.;- . . cer e R I IR ot ames ame ~- &
;i .5 '] BC = __0 => PC" J_ndlque poursuite du Sg:a:}
i 5 1 PC = 1 =>PC indique..arret du. Scan J
i; i _R2 = 5 => Test arret Scan -
i BC = 0 & R2 ='5 =>"PC poursuit Scan
ii PC = 1 & R2 = 5 =>"PC stop le Scan
i . .
Scan: - LN B ) -
' SETE TRANS™ ;; indicate’éntrance 'in Sc¢an mode ,
ACALL - .Comm’ nxa Wan.t:mg for-Msb- wart:_ng counter ) - -
INC - A ¥ A+l to simplify tempo equat:.on o ." R -
MoV _ Scan_ Cou.nter 3, A ,-; Save Msb in RS - : :
ACALL Comm ; Waiting for Middlesb wa:.t:.ng counter
INC A :: A+l to s_mpl:Lfy tempo equat:.on
MOV _ Scan_Counter_2, A ;; Save Middlesb in R4.
ACALL Comm ;3 Waiting for Lsb waiting counter °
INC a ;: A+l to simplify tempo equation
MOV ‘Scan_Counter_1, ;; Save Lsb in R3
ACALL Erase
Scan0:
MOV  R2, #O0XFF ;; Register of the state Scan mode-
Scanl_TransO0:
CLR TRANS iz Indlcate data don't be read by EC - -
AJMP Pose_Scanl S is
Scanl_Transl:
SETB Trans ;; Status of the sequencer = 1
AJMP Pose_Scanl ii
Pose_Scanl:
MOV RS, Scan_Counter_3 ;; Scan High level bit counter
MoV R4, Scan_Counter 2 ;; Scan Middle level bit counter
MOV R3, Scan_Counter_1. ;; Scan Low level bit counter
Pose_Scan2:
DINZ R3, Pose Scan2 ;; R3 - 1 until R3 =20
DONZ R4, Pose_Scan2 ;; R4 - 1 until R4 = 0O
DJNZ R5, Pose Scan2 ;; RS -~ 1 until RS = 0
Scan2:
CLR TRANS ;; Indicate data must be read by PBC




INC
Scan3:

Mov
ANL
XCH
ANL
RR
MOV
ADDC
RL
MOV
JIMP

Selection_sScan:

AJMP.

“ ROMP

LAME. .

AJMP

Run_Scan:
" ACALL
. ASMP

" Stop_Scan: ::

SETB

Write_Scan:

ACALL
AJMP

Readout_Scan:

MoV
MOV
MOV
MOV
AJMP

;

- .o
Run_Scan <. ¢
. <

A, R2

A, #00000011B
A, R2

A, #00000100B"
A

c, P0.O

2, #0

A

@A+DPTR

e Ne
~e

Stoé?Scan~

LK TR

Stop_Scan- .

Write_scan'

Readout_Scan
Scanl_TransQ

Trans
Low_noise3

Readout_Scan
Scanl Transl

C_Ln_1, #0x01
c Ln_z, #0x01
C R 1, #0x0A
C R 2, #0x10
Nvert Scan_Up

AU IR L R TR T

SCOmmand 3

State register + 1 .
" Prepare new state value

Masque all bits without lowest 2 bits
Save value in R2 and take old value
Masque all bits without Bit 2

Shift right Bit 2 to Bit 1

‘Reading the data of PC

ADD. R2-write flag with PC Data

Shift left to table jump

LK PR PR

N np N0 m,

DPTR, #Selection Scan ;; Initialise for table jump
"‘*JUmp in the table

CCD Scan state controler
table of state function

Stop-the Scan mode
Command 0

.Follow the:--Sean- mode functlon w v T e e e el s

Command 1 .
Stop the Scan mode e

COmmand 2- : = : .
fransfert a colonne of plxels

Etat 01

4§?-Read1ng of the CCD : S S by

=> Walt a pose tlme

ii Etat 10 & op.

Status of the sequencer = 1

This is the optimized end....
with: the ouput of the 1mage on CCD
that take about 1 mn

and followed with an init routine

LU VR PRRC T Y
YRR YR PRV

;; Btat 11

;; Reading of the CCD
;: ==> Wait a pose time

Sets one pixel to be read

Vidage 2065 pizxels

LYIE TRE T
e Ne N N

~
[NY

i

n

il

STARE BIN function wich add pixels in x and y axes
4 Pixels a added in only one pixel
( We never have used this function actually )

Data in parameters :
none

Data out parameters :
none

Registers used H A

Mo NE T NE SN N NI N Ne N e N N N N w8 . .

NN NG S N Ne NI NE N N N N Ny N Ny Ny wy N . L -

o :
e s . . )

i




R LI UL TR T VIR TL VL T TR N i TS  y

] R1L :
H R2 : ¥
i R3 :
HH R4 :
i RS :
i: R6 :
i R7 :
HH
i;
Stare Bin:
ii ACALL Erase
ii AJMP Exposure_Ab
s . ; .
STARE AB exposure procedure u51ng the upper ampllfler
" Stare exposure with antl bloomlng ’ o
Daté in"péfameters::
none
" Data ou£<paramete;s7; T et n o P
) . . _none : T

Registers used JE U
L T v

B 2

NeOSe SO N N SE N N S SeTR N e SN N N N Ne NG N we N Ay

Stare_2ab:

ACALL Erase

Stare_2bl:

Exposure Waiting data PC goes High
This is the optimized end....
With the read of the CCD

d the ouput of the last pixel
and followed with an init routine

AJMP Exposure_Ab

Ne we Ny N N
LR T P P Y

TEMP Temperature readout procedure

Function which sets the converter in cascade mode, and
starts a conversion wihch will read the temperature probe
The fisrt data conversion are lost to initialise the
converter, only the data issues of the second conversion

are send to calculate the temperature.

EYSR TRE YRR Y PR PRR P TR PRE TR TR PRR T}
Ns %e Ne M@ %s NE WE NP N N Mo N N

Data'in parameters :




iz none
;7 *
H Data out parameters :
i none
;i
i3 Registers used : A :
iz RO : Number of measures
i R1 :
i R2 :
iz R3 :
;i R4 :
Y RS
;7 R6 :
;3 R7 : temporisation counter
-
i
Temp:
v - WSETB- 7. --€ase .. .. 7:. Puts. the converter in .cascade mode. .. .. ..
ACALL " Mes_Temp ;7 Initialise la meSure de la temperature
_.SETB | . .Trans 77 On valide la transmission
‘ACALL © o Comm ;7 Waiting the card ready " ~
Templ: L
ACALL " Mes_Temp i; Temperature readout
AIMP "Init ;; this is the end
. Mes_Temp: | T iy
Mov - ‘ RO , #60 ;; 60 Measures to be done- .
Mes _Templ:
ACALL Conv_Low_Noise ;i Conversion and wait for low noise
DJINZ RO, Mes_Templ ;¢ D -> Compteur <> 0, lecture
temperature : : ' ’
RET v

LTI VIR VIR VR TR YRR
A R L L e e R I L T T T T T T O O .

N W,

e N a

AT

LY THR VIR TRL THE TR Y PRr

are send to calculate

Data in parameters

Data out parameters

Registers used

: A
RO
R1
R2
R3
R4
RS
R6
R7

TEST reading the CCD continuousl

the temperature.

none

none

Number of measures

8 se e 8 e ee 4o ss ge

‘temporisation counter

Test:

[}

ﬁwm



LI L L L T T T T P O S S U

LR TR T R TR TR Ve

SETB

Testl:
MoV
MoV
ACALL

AJMP

Trans ;; Transmission validated .

C'In_1, #0x01 ;; Sets one piﬁel to be read
C_In 2, #0x01 ii-
Vert_Stare_ Up i;

Recv, Testl ;; Test reception end of test -

Init ;2 This is the end....

" Notice that

e H

N Ne e N SO Ne % Ne o Ne N N we
1y

pata

L P I T T

in. p;rame&e:s :
Data

* .Régisters‘used "’ : A

R ST T N

Test_Video this permit to generate a video signal
and make a readout conversion with low noise

: 0x0800 = 08.% 256 = 2048 Number of lines. - .
. 0x0810 = 08 * 256 + 16 = 2064 pixels per line

:'ThiS'funétion transfer theuiineéfénd.iéa& aii.tﬁe éi&eis
of each lines. . ‘

&

* rione

out parameters S

]
. o .

®

x
tn

e
-

Test_Video:

Test_Videol:

ORL
ACALL

Mov
Mov
Mov

.
~e

2st_Video2:

NOP
NOP
SETB
NOP
NOP

Pl equal 00000110B at the beginning of this function

Trans ;; Transmission validated
Comm ;; Bxposure Waiting data PC goes High
Test_Video7 ;; Retour sur erreur integration

C_In 1, #0x08 :;
C_In_2, #0x00 ;;
Pl, #00001101B ;; CL1, CL3, H2, H3 & OSG high.

Long_Tempol ;: Video .. 5 V + sync. ligne

P1, #01101000B ;; Set CLl1l, CL3 & OSG

Tempo ;; Waiting input clamp effect
Pl, #10010111B ;; Reset CLl,. CL3 & 0SG
A, $#0x09 ;i Ads used as C_R 1

C R 1, #0x09 ;; Number of pixels reset
C_R_ 2, #0x10 ‘

CL3

Sets the number of lines to be read




CLR

NOP

Test_Video3:

Test_Video4:

‘Test_Video5: '
‘. H M DJNZ .
" i v

_for 255 lines

CcL3
pl, #00000111B

Conv_lLow_Noise
Pl, #00000111B

;7 CL3 Low .
;: Change H1 -> H3 *

;: Conversion with low noise

C R 2, Test_video2
A, #9, Test_Video4

Test_Video5

P1, #00000011B

"€ in 2, Test Videsl

-P1, $00000011B

’

~

OEOH, Test Video2 ;; A -1~

; Change H1 -> H3

‘Change H3

~

o

;7 Redo another line,
; Change-H3

#; times 8 =,2048 lines

This is:the optimized.endL.u.

-;- “with. the. ouput:-of theulast,pixél w0

; and followed with an dnit routine .

.

Data in

L VR TR IR TR W

Se wp .
TEONE N N NE NS NG NE N NS NG NG Ne Se N Ne N NG N Ne SN s N g N

Registers used

L PR VI T VI VIR VIR VO P e S

parameters :

Data out paraﬁeterS':

A
RO
R1
R2
R3
R4
R5
R6
R7

o ee

L A TR Y R T BTy

none

none

. ';
DJINZ C_In_1, Test_Videol
' 'Tést_Video?:" : a
- 4 . AJMP Templ P
.'r-. L R ERITC NI . & - - .. -

ERASE sequence, C_Cn ( 3 x 2048 ) vertical transfert

Full erase sequence of the CCD and lines all erased.

Brase:

MOV
MOV

Lp_Eras:

' : _ )
W T O O B O e . - e Ill!  ’||’ : - :Il!l N Ny S s W L 5

C_Cn_x are loaded with CE
C Cn_2 = 256

i



\

.

e

v

.

ACALL Vt_Erase

Start_Loop_Erase:

DJINZ C_Er_2, Lp_Eras ;; 256 vertical transferts
DJNZ C_Er 1, Lp_Eras ;; x 24 = 6144 vertical transfert
SETB Trans ;i On set la trans

RET

YRR PR TR
LU TR TR Y

VIDE_HOR erase the horizontal charges during erasé sequence

. This function erase the charges of the first lines whidh
©.. can saturate the CCD.,

LYRCTSEN
e N N

Data in parameters :

~ A Ny
LTI YRR

i . mone.
¥ . R o -~
i ~ Data' out parameters : .
iz : ' none
re .
HH Registers used Cos A
i B - RO
b A - RY =
b R2
i3 . R3:
i - R4 :
CFE ’ ‘ . RSz - - » La .- - . -
i: R6 : -
i R7 :
‘e
;:
Vide_Hor:
MOV C Cn_1, #0x1 ii C_Cn_x are loaded with CE
MoV c - Cn 2, #0x10
AJMP Trans_Hof' P - [ o

FLUSH_SEQUENCE , C_Cn ( 3 x 2064 ) horizontal transfer
Notice that : 32 * 256 = 8192 > 3 * 2064 = 6192

LTE TIE YO PRE W Vs

This function erase the charges of the first lines before

a readout sequence.
For optimisation this sequence must be follwed by

the Trans Hor functlon.

‘Data in parameters :
none

Data out parameters :
none

AL VIR DI A IR U VI TR VO DL TR THE TR TR PR R SO

Registers used :

LYRr I
L . T T e R N A T TR TR

A
RO
Rl

BE e te e

~e N




£ %0 e %o we Mg AT ag
e we

e % ow,

LT T P A P
L O PR

o
w

bod
()]

Flush:

;i

C_Ne = 3+2048

MoV
MOV

6144 = 3x0x800 = 0x2400

Cn_1, #0x20 - ;;

C.Cn_x are loaded with CE

"cn_2, #0x00 ;; ‘Poursuite sur Trans _Hor

Se wy wy

‘This functlon transfer the charges horlzontally

] TRANS HOR horlzontal transfer _sequence

r e . .
¢z Data in parameters :
2: : : nqne
s _ 'Data out ‘parameters : .
i: . Do . . rione
7:7° T URegisters used v 1 A <4 - . .
i: : .RO :
iz - -R1 o
E¥ R2 :
i: R3 : .
¥ R4 :
H RS : .
Vi R6 :
2 R7 :
i
i:
Trans_Hor:
CLR H2 ;i 1 H2 low
NOP
MOV Pl, #00011101B ;; 2 K1, H3, 0SG, RG high .
MoV P1, #00001100B ;; 3 H1 low, RG low ,
MOV Pl, #01101110B ;; 3 H2, CL1 & CL3 high
Nop . .
MoV P1, #00000010B" ;; 2 H3, CLl & CL3 OSG low
SETB H1 - ;7 H1 high
Trans_Hor2:
DJINZ C_Cn_2, Trans_Hor ;; 256 vert:.cal transferts
DJNZ C Cn_1, Trans_Hor ;; x 24 = 6144 vertn.cal transferts
ORL, P1, #01100000B
RET

s w5 N5 N,

e we we wa Ny

-

READOUT_UP chip full readout using the upper amplifier

i



08 * 256 = 2048 Number of lines

Notice that : 0x0800
08 * 256 4+ 16 = 2064 pixels per line

0x0810

nu

This function transfer the lines and read all the pixels

Ne NN N N NG N N N N Ny
Ne NG N N NE Ne N N % e A

of each lines.
Data in parameters :
Data out parameters :

Registers used : A
RO

NEONE NE N N % e N e % Y e N Ne e e % e
[ Y YR

NEONE N N N N N N NE N NE N N Ne Ny 8y A

x
wm
RTINIE

none

none

Readout Up: .
Mov . .. C_In'l, #0x08 ' ;; Sets the number of lines ‘to-be read -
MOV - ‘C_Ln_2, #0x00 s : e S
Vert_Stare Up:
ACALL Vt_Read i7 Vertical transfert .
MoV C_R_ 2, #0x10
Loop_Hor_ Stare_Upl:
CLR H2 i; 1 H2 low
MoV pl, #00011101B ;; 2 H1, H3, 0SG, RG high
i NOP .
ANL Pl, #11101110B ;; 3 Hi, RG low
MoV Pl, #01001110B ;; 3 HZ2, CL3 high '
i SETB CoNvV ;7 End of conversion
NOP
CLR CL3 i; CL3 Low
MOV pPl, #00000010B ;; 2 H3, OSG
NOP ‘
CLR CONV ;7 Start conversion
NoP ]
SETB CONV 7; End of conversion
SETB H1 - 37 H1l High
DJINZ C_R 2, Loop_Hor_Stare Upl
Loop_Hor_Stare Up2:
CLR H2 ] ;: 1 H2 low
MOV ‘P1, #00011101B ;; 2 H1, H3, 0SG, RG hLigh
iz " NOP ' ’
ANL Pl, #11101110B ;; 3 Hl, RG low
MOV P1l, #01001110B ;; 3 H2, CL3 high
i SETB CONV : ;: End of conversion
NOP ‘
CLR CL3 ;7 CL3 Low
MoV Pl, #00000010B ;; 2 H3, 0OSG
NOP o
CLR CONV ;; Start conversion
NOP _ '
SETB . CONV i End of conversion

; Mote: CL1 must be High at the entrance of this function.




B
f

.f

E

SETB
DJNZ

Loop_Hor_Stare_Up3:

CLR
MOV
Nop
ANL
MoV
SETB
NoOP
CLR
MoV
NOP
CLR
NOP
SETB
SETB
DJINZ

Loop_| Hor Stare Up4:
. CLR -

MOV
NOP

~
~

' SETB
DJINZ

Loop Hex_ Stare UpbS:

CLR
MOV
NOP
ANL
MoV
; SETB
NOP
CLR
MoV
NOP
CLR
NOP
SETB
SETB
DJINZ

~
~

Loop_Hor Stare Up6:

CLR
MoV
NOp
ANL
MOV
HH SETB
NOP
CLR
MOV
NOP
CLR
NOP
SETB

-~
~

H1 ;7 H1 High
C R 2, Loop_ Hor_Stare_Up2

H2

;; 1 H2 low
Pl, #00011101B ;; 2

Hl1, H3, 0SG, RG high

Pl, #11101110B ;; 3 Hl, RG low
Pl, #01001110B :;; 3 H2, CL3 high
;+ End of conversion

CONV

CL3 2:; CL3 Low

P1l, #00000010B ;; 2 H3, 0OSG

CONV ;: Start conversion
CONV ;; End of conversion
Hl ;2 H1 High

C_R_2, Loop Hor_ Stare Up3

H2 : ;: 1 low
pPl, #00011101B ;; 2 H3, 0sG, RG hlgh

H2
H1,

Pl, #11101110B ;; 3 H1, RG low
; H2,

Pl, #01001110B ;; 3 CL3 high
CONV ;;'End of conversion
CL3 is CL3 Low
P1, #000000108 ' ;; 2 H3, 0sG '
CONV -’ ’ C o #7 Start conversion
CONV :;: End of conversion
H1 ;; H1 High

C R 2, Loop_Hor_ stare Up4

H2 H2 low

P1, #00011101B ;

P1l, #11101110B ;; 3 Hl, RG low
Pl, #01001110B ;; 3 H2, CL3 high
; End of conversion

CONV ;

CL3 /7 CL3 Low
pl, #00000010B ;; 2 H3, 0OSG
CONV . ;; Start conversion
CONV HH End of conversion
H1 : ;; H1 High

C_R_2, Loop_Hor_ Stare UpS

H2

. 1 H2 low
Pl, #00011101B 2 H1

, H3, 086, RG high

Pl, #11101110B- ;; 3 Hi, RG low
Pl, #01001110B ;; 3 H2, CL3 high -
CONV " 2; End of conversion
CL3 ¢ CL3 IJOW
P1l, #00000010B ;; 2 H3, OSG -
CONV ;; Start conversion
CONV ;; End of conversion

1 .
2 H1, H3, 0SG, RG high




SETB
DJINZ

Loop_ Hor Stare_Up7:

CLR
MoV
NOP
ANL
MOV
SETB
NOP
CLR
MOV
NOP
CLR
NOP
SETB
SETB
DJINZ

e
~

~e
~5

Loop_Hor_ Stare UpB: |

CLR

MoV
i NOP
ANL
MOV
SETB
NOP
CLR
MoV
NOP
CLR
NOP
SETB
SETB
DJINZ

~
~

Loop_Hor_ Stare Up9:

CLR

MOV

i NOP
ANL
Mov
SETB

- NOP
CLR
MOV
NOP
CLR
NOP
SETB
SETB
DJINZ

~
.

DJINZ
AJMP

suitel:
AJIMP
suite2:

DJINZ
RET

;Readout Up:

Hl - L .+¢ H1 High
C_R 2, Loop_Eor_ Stare Upé .

H2 ;3 1 H2 low .

P1, #00011101B ;; 2 Hl, H3, 0SG, RG high
Pl, #11101110B ;; 3 H1, RG low

P1, #01001110B ;; 3 H2, CL3 high

CONV ;; BEnd of conversion
CL3 . f ;i CL3 Low:

Pl, #00000010B ;; 2 H3, 0OSG

CONV ;: Start conversion

CONV ;; BEnd of conversion

Hi ;7 H1 High

C_R 2, Loop_Hor_ Stare_Up7?

H2

P1, #00011101B . H3, 086, RG high

P1, #11101110B ;; 3 H1, RG low
Pl, #01001110B

;; 3 H2, CL3 high
CONV ;+ End of conversion
CcL3 ) ;i CL3 Low
Pl, #00000010B ;; 2 H3, 0SG
CONV ;; Start conversion
CONV 7; End of conversion
H1 ;7 Hl High

C_R 2, Loop_Hor_ Stare Up8

1 H2 low - i

H2
2 H1, H3, OSG, RG high

Pl, #00011101B

. w
N W

3 H1l, RG low

P1, #11101110B
-3 H2, CL3 high

Pl, #01001110B

S %o N
LYK PO ¥

CONV End of conversion
CL3 #; CL3 Low

Pl, #00000010B ;; 2 H3, 0SG

CONV ;; Start conversion
CONV ;; End of conversion
H1 ;; H1 High

C R 2, Loop Hor Stare_Up9

C_In_2, suitel

suite2 7; Redo another line, for 255 lines

Vert_Stare Up

C_In 1, suitel ;; times 8 = 2048 lines
;; return from subroutine




MoV C_In_1, #0x08
MOV c in_2, #0x00

Vert_sStare_Up:

ACALL Vt_Read
MOV C R 1, #0x%09
MoV C_R_2, #0x10

AT R U TIE YRR PR

A O L L T T A S e

Loop_Hor Stare Up:

;; Sets the number of lines to be .read
L ) *

#; Vertical transfert
;: Number of pixels reset

; CLR H2 ;s 1 H2 low

; MoV Pl, #00011101B ;; 2 Hl1l, H3, 0SG, RG high

] ANL P1l, #11101110B ;; 3 H1l, RG low

H¥ MOV Pl, #01001110B ;; 3 H2, CL3 high

2:i:i NOP i

i SETB CONV ;; End of conversion

i: CLR CL3 - ;i CL3 Low .

by MoV Pl, #00000010B ;; 2 H3, OSG

HE CLR CONV ;: Start conversion

iz SETB H1 ;; H1 High
;;Start_Loop Hor Stare Up:

i DJINZ C_R_2, Loop_ Hor_ Stare Up

i DJINZ C_R 1, Loop_Hor_ Stare Up

;:Start_Loop Vert_ Stare_Up: )

M DJNZ C_In_2, Vert Stare_Up

i o ;7 Redo another line,
for 255 lines .

ii DJINZ C In 1, Vert_Stare Up ‘
i ;; times 8 = 2048 lines
i RET ;; return from ‘subroutine

LU TR VRN

LN VI YRR TR S W

Notice that : 0x0800
0x0810

~

Ne N

of each lines.
‘Pata in parameters :

Data out parameters :

NEONE N Np N Ne N Ne N

Registers used : A
RO

Rl
R2
R3
R4
R5
R6
R7

LR TEE VR SO R TR TR YRR

$e as ss 08 es co e es es

WE N S NE N N Na NE NS NI NG NG NG N N NG % NG N A NG N N Ny %y

ne N W,

NREADOUT UP chip full readout using the upper amplifier
This sequence is the same as NREADOUT UP but with less noise

08 * 256 = 2048 Number of lines
08 * 256 + 16 = 2064 pixels per line

This function transfer the lines and read all the pixels

none.

none

Nreadout_Up:

0l

i

il

n



MOV
MOV

Nvert Stare Up:

MOV
MOV

Nvert_Scan_Up:
ACALL
Nloop Hor_ Stare Up:

CLR
NOP
MOV
MOV
MOV
NOP
NOP
CLR
MoV
NOP
NOP
ACALL
SETB

Nstart_Loop_Hor Stare_Up:

DJNZ
DJNZ

H2

P1, #00011101B
P1, #00001100B
P1, #01001110B

CL3
Pl, #00000010B

Sets the number of lines to be read
%

;:; Number of pixels reset

;: Vertical transfert

;; 1 H2 low

;; 2 Hl, H3, 0SG, RG high
;7 3 Hl, RG low

;; 3 B2, CL3 high

Conv_Low_Noise ;; Conversion with low noise

H1

;; H1 High

C_R_2, Nloop_Hor_Stare Up
C R 1, Nloop_ Hor_ Stare Up

Nstart_Loop_Vert_ Stare Up:

DJINZ

DJINZ

RET

C _In_ 2, Nvert_Stare Up

C_In_1, Nvert_stare Up

;¢ Redo another line, for 255 lines
;; times 8 = 2048 lines

;; return from subroutine

LT Y PR

NS Ne Mo N Ne N S N

Registers used

NE Mo Ne NI N5 NE NE %y N NG M % N NE W Ss We N %y Ny
Ne S N

Mo N Ne N N N N

LY T

“r N
e N

Data in parameters

Data out parameters

: A
RO
R1
R2
R3
R4
RS
R6
R7

2% se 55 es 48 45 es se e

Conv_Low _Noise function which execute a starting conversion
and wait to make the minimum noise as possible

none

none

Conv_lLow _Noise:

CLR '

CONV

77 Start conversion




Ne oar e wy ow

N Ne N

NEONe Ne Ne Ne N N NE Ny N N N A

e Ne N N N

Ny

ACALL
SETB

~ Temp_Less Noise ;; Temporisation for less noise sequence
CONV

End of conversion *

;i

AU PRE PR Y

Ne wp owy

NEON NS Ne N Ne Ve N e N Ny N o,

AIEE TR TRE VRO et

VT_ERASE function which execute an vertical transfer

During readout using the upper amplifier, the charges are
transfered in the 2->1->3->2->1->ATGU direction.

ATGL = 0.

Data in parameters

none
Data out parameters :
none
Registers used : A
RO :
Rl :
R2 :
R3 :
R4 :
RS :
RE :
R7 :
Vt_Erase:
SETB Al ;7 Al High
ACALL Vide_Hor
SETB A3 ;7 A1 & A3 High
ACALL Vide_Hor .
CLR Al ;i A3 High
ACALL Vide_Hor
SETB A2 ;; A2 & A3 High
ACALL Vide Hor
CLR A3 7; A2 High
ACALL Vide_ Hor
CLR A2 i/; Every body Low
RET :

We NE e Ne N N NE N N6 N N Ne N Ne % Ne W we

NEONE NE Ve NE Ne Ne NE N N Ne Ne M e N Ne g a,

VT_READ function which execute an vertical transfer

buring readout using the uppei: amplifier, the charges are
transfered in the 2->1->3->2-5>1-~>ATGU direction.

ATGL = 0.

Data in parameters

Data out parameters

Registers used ,

: A

none

none

i |

L

-

im

&



:; RO :
b¥ R1 : +
i3 R2 :
iz R3 :
7 R4 :
:: RS :
I R6 :
:: R7 :
Vt_Read:
SETB CLl1l ;7 Clamp High
SETB al ;s Al High
ACALL Vt_Tempo ‘
SETB A3 ;¢ Al & A3 High
ACALL Vt_Tempo
CLR Al ;; A3 High
ACALL Vt_Tempo
SETB A2 7 A2 & A3 High
ACALL Vt_Tempo
CLR A3 ;7 A2 High
ACALL Vt_Tempo
CLR A2 ;7 Every body Low
CLR CL1 ;; Clamp Low
RET
;; EXPOSURE_AB exposure with the anti_blooming mode
P This function does periodic Al and A2 inversions while
B checking the end flag exposure.
ii Line inversion frequency = 300 Hz, C_ID = 2300 = Ox08FC
i Data in parameters :
;i : none
H Data out parameters :
;i none
;i Registers used : A :
H RO :
i: Rl :
i RZ :
ii R3 :
G R4 :
] R5 :
HY R6 :
HY R7 :
Exposure_Ahb:
ACALL vii ;: Vertical line inversion
MOV C_Id_1,#0x09
MoV C_Id 2,#0=FC
Delay_Stare_l1:
DJNZ C_Id 2, Delay_stare_ 1l
DJINZ . C_Id 1, Delay_stare_1




JNB RECV, Exposure Ab ;; continue

End_Expo:

~»
~e

Gestion comm et gestion du vidage
;¢ Gestion comm et gestion du vidage
avec faible bruit de lecture

AJMP Stare_Upl i
AJMP Low_noisel

X2
i
;i
.o
rr
.o
rfr
)
.a
rrs
;i
ii
i:

SN N RO Ne N NG N NG NP N N S N N a A
AL T T T T YO VR O VR SR R Oy

V1i vertical line inversion

This function does periodic Al and A2 for the
anti_blooming mode.

Data in parameters :

Vii:

none
Data out parameters :
none
Registers used : A
RO :
Rl :
R2 :
R3 :
R4 :
.R5 :
R6
R7 :
MOV Cc, Al ;; Set carry bit if P3.0 == 1
ORL P3, #00000011B ;; Al and A2 set high
ACALL Vt_Tempo 7+ Waiting routine R7 = 0x30
MOV AZ2,C ;; A2 is set to Al former's value.
CPL C ;s Carry bit complement
MOV Al,C ;s Al is inverted
RET ;; return from subroutine

Ne N NE N N N N N
A O A N TR

~. % N

L R R T
LT T O R TRE TR TR T VIR PR

Temp_ Less_Noise tempo. to noiseless readout conversion

This function use the tempo function with R7 = 9
to wait a readout pixels time of 5 us.

Data in parameters :
none

Data out parameters :
none

Registers used :

s as ae 0s

A

RO
Rl
R2

"

]

ul

[

M

n

B



x
(4]
TR

Tempo counter

Ne Ne o wE N Ne Ny Ny,
Se N NE SooNe we o we

Temp Less_Noise:
;; Delay during vertical transfert

MoV R7, #0x03 v :
AJIMP - Tempol ;7. Loops three times then exit

~

VT_TEMPO temposisation for the vertical transfer

This function use the tempo function with R7 = 30
without reading the pixels.

Ne Mo N N N Ny a

Data in parameters

Data out parameters

R L T . T T T T Y PN

LTI TIPS

Registers used : A
RO
RrRi
R2
R3
R4
R5
R6E
R7

AN NS N ONE B NE e N Ne N
A I T L T T T

none

none

Se 00 te ab as ae

se ee aa

Tempo counter

Vt_Tempo:
;: Delay during vertical transfert

MoV R7, #0x30
AJMP Tempol

;; Loops three times then exit

TEMPO general temporisation for-

This function use the
Data in parameters

Data out parameters

LR . LR TR VIR TR YR P P P

~

Registers used :

NE Me Me Ne %o Ne Ne Ne e Ne N Ne N NG N Ne N N

i -¥-1e

we Wb %o Ne N

~

the sequencer '

tempo function with R7 = FF.

none

none

1

I

.




R4

~

~

R6
R7

N Ne Ne NN, N
LIRS

s te se ws
»

Tempo counter

Tempo:

;7 Delay during vertical transfert
MoV R7, #OXFF

Tewpol:
DJINZ R7, Tempol
RET

;; return from subroutine

rr

;; Loops three times then exit

This function use the

D R R R TR TET
R R T TR T

Data in parameters
Data out parameters

Registers used : A
RO

R1
R2
R3
R4
RS
R6
R7

UL THE TR P PR ST TS VO GGy
AL L e L I T P O N

1

LI T P
LT P P I

LONG_TEMPO1l general temporisation for the sequencer

tempo function with R7 = FF.

-none

none

L A T S TR TR

Tempo counter

Long_Tempol:
7; Delay during vertical transfert

MOV R6, #0xO0A

Long_Tempo2:
;7 Delay during vertical transfert

ACALL Tempo
DJINZ R6, Long T
RET

;; return from subroutine

empo2 ;; Loops three times then exit

Ne N2 N N Ny e N
Ne e Ne No e N6 N N Ny

~e e

ERROR general function wich treat the errors

This function must return A = 0 to indicate an error

of transmission or command.
This function is in comments because it take some place

e




and it is not useful in the real application.
We can validate it to debug temporarely.

Data in parameters :

;;

i:

;i

iz

ii

:: none

r e

HH Data out parameters :

;: none

iz Registers used : A : Transmission Return code

i RO :

i: Rl : ,

i R2 :: Data received is also 0

i R3

iz R4 :

i: RS :

i; R6 :

i R7 :

;s

;v

Exrror:

FH XRL Pl, #10000000B ;; D Set Pl.7 Indicate an Error

HH ACALL TEMPO ;7 D Wait for the visualisation

;i XRL Pl, #10000000B ;; D Reset Pl.7 after the error
CLR A ;:; Data receive is 00
Mov R2, A ;; Sets R2 to 0 initialisation
RET ;i

COMM commmication routine with the PC

LR

Ne N N N Ne

Function which receive commands to the host and permits to
run the appropriate routine after a correct reception
This function must be followed by the Wait_Zero function.

Communication between the PC and the secuencer is made

in Pulse Width Modulated mode ( PWM ). .Is it a single
wire communication protocol. Bits are transmitted in a
three step process. First communication bit is set,
second it is either set or cleared, depending on whether
the bit is high or low, and finally, the commmication
bit is cleared. in order to decode the bit, the program
counts the time when the communication is high and compares
it to the time it is low. If the first is larger than the
second, then the bit is 'a 1, otherwise it is a zero. Bits
are rotated right in a storage register, which after 8
bits contains the transmitted byte. It is stored in Acc
before returning.

|1 i This is a zero

NEONE NG N N N N NE S NE N NI N NG NS N N N S NG N ey
W N Ne NP Ne NS N S Ne N N N NS Ne Ne Ne NG N N Ne we N

I _i This is a one

I R The three time intervals
taken into consideration

There is a stop bit which is used to end the commumication.
In case of transmission error or timeout, the function
jump te the BRROR function that wait data goes low and
return with the falag A = 0 and data received R2 = 0.

No Ne wE % e N Ny NN,
Mo Me NE NG Ne we % we Wy

i




‘N Ne
NooN o

I

R L R T I T T T

|EONE N NS N N N % NP N Ne N we W Ne Wl A

Ne Ve Ne N N N

Data in parameters :

Registers used : A : Counter

none

Data out parameters :

none ( Return after the : : . .
reception of a data or
time_out on single level

Register A : Data received
or 0 if error

of high data level
Counter of low level
Counter of bits received
Byte received )

RO
Rl
RrR2
R3
R4
RS
R6
R7 :

Comm:

;7 Waiting for communication start o .

i XRL
MOV

Wait_Comm:

;7 Wait comm start
JNB

;i XRL

Start_Comm:
;; Bits are coming

CLR
MOV

Bit_High:
DINZ
AJMP
Bit Highl:

i AJMP
JB

Bit_Low:

DJINZ
AJMP

Bit_Lowl:

MOV
DJINZ

Pl, #00000010B ;; D Indicate waiting start
R1l, #0x08 i 5ets Rl to 8 ( bit counter )
;; in case of error

RECV, Wait_Comm ;; --> While Recv equals zero, wait
;; byte

Pl, #00000010B -;; D Indicate start reception

1 -

a ;; Clear acc. counter high level-
RO, A ;; Clear RO counter low level :

;; Recv is now high

OEOH, ' Bit_Highl ;; =--> Acc -1, test data if !'= 0
Error #; —=> Time out high level

Bit_High 7; D Test the high level t:.meout
RECV, Bit_High ;; —> Carry is h.1gh

;; Carry just turned low

RO, Bit_Lowl ;i -=> RO -1, test data if !=0-
Error ;i —=> Time out low level

RECV, Bit_Low ;; --> Carry is low
#7 Carry now high, bit transfered

Pl, #00000100B ;; D Indicate the end of a bit

c 77 Clear Carry

A, RO 7 soustract both counts

A, R2 7; R2'( temp. reception byte )} into acc
A i; rotate right through carry

R2, A 7: Put back into R2 till next time

R1l, Start Comm ;;

stop when 8 bits have been transfered

=




Wait_End _Comm: *
;: Because of stop bit, it is necessary to

;3 wait will Recv goes down

XRL P1, #00001000B Set P1.3 Indicate end comm routine

HY] ;: D

HH ACALL TEMPO ;; D Wait the visualisation

;2 XRL, Pl, #00001000B ;; D Reset P1.3

iz A Wait_Zero ;7 wait till Recv is still low

7: And return

WAIT ZERO function wich wait data reception goes low

This function wait reception data goes low and wait
a time and test another time the reception data.

I T N T T T
v e v we v e

Data in parameters :

re

i

HH none

Vi Data out parameters :

ii none

ii

i Registers used : A

ii RO :

i: Rl :

ii R2 :

i R3 :

i R4 :

iz RS @

i R6 :

i: R7 :

ii

ii

Wait_Zero:

;; Wait Code PC goes LOW
JB RECV, Wait_Zero ;; ~-> Recv equals one, wait
ACALL Tempo ;; Temporisation
JB RECV, Wait_Zero ;; --> Recv equals one, wait
RET : ; ;7 Recv really at 0%

i

|

i




