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1 INTRODUCTION

The TDA9965 is an andog to digitd interface for CCD based cameras. This chip includes a clamp
and track& hold block (CTH), a programmable gain amplifier (PGA), acdibration clamp loop and a
12-hits andlog to digital converter (ADC). CTH bandwidth, PGA gain, ADC black reference and
other control pulses polarities are programmed through asmple 3 wires serid interface.

Clamp and N\ Pro_grammz_:l_ble N\ Calibration \| Analog Digital :

Track&Hold Gain Amplifier Converter
CTH V] PGA )| Clamploop 1/ ADC

eleq [enbig oav

reubis Boreuy @ood

Figurel.  Philips CCD preprocessor festures

2 CCD VIDEO SIGNAL

Light falling on CCD pixels generates charges, which are sensed with a capacitor. This sensing
capacitor must be reset to a reference level thanks to a MOS switch before being filled with pixel’s
charges. The video signd isthe voltage shift at the sensing capacitor.

The CCD output signd can be decomposed into three steps as described on Figure 2:

First the sensing capacitor charge is initialized to supply voltage (20V typ.) through the Ry, of
the output MOS switch. It resultsin areset peak often called reset feedthrough level.

Then, when the switch is opening, the switch parasitic capacitor is put in pardld with the
sensing capacitor. hence the reset voltage across those capacitors decreases to a level cdled
floating gate level.

At lagt, the sensing capacitor collects the electrical charges resulting from light integration. This
isthe active video.
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Figure2.  CCD video signd

3 INPUT BUFFER

The useful output data is the difference between the Black level and the Video leve. It will be
obtained thanks to the CDS stage which will store the analog Black and Video levelsin two internal
capacitorsthat are located at the device inpuit.

Many competitors advise to use an externa output buffer to drive those capacitors but taking care
of the current needed (3 mA and more) and of the power supply (more than 15 V), you have to
take into account more than 45 mW extra power consumption.

Thanks to its interna input buffer, TDA9965 doesn’'t need an additiona externd buffer in most
cases. If the output of the CCD is high impedance -depending on the CCD type and on the
connection length between CCD and the CDS input, only a very smdl externd buffer will be
needed.

4 CLAMP AND TRACK&HOLD (CTH)

4.1 The optical black clamp loop (CLPOB)

Usudly the video level coming out of the CCD is not equa to the floating gate level even if no light
has been collected by the pixel. Dark current and clock feedthrough noise cause this shift caled
DVgiack between floating gete level and what is called black level.
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Figure3.  Black Offset and Data

This offset shouldn’t be taken into account in video leve to know what is the amount of light the
pixe has collected. That is why it must be removed before amplification to preserve the video
dynamic range, especialy in low light conditions when DV para could become smdler than Vg ack.

To remove the DVpgack leve from the video signd, an optical black clamp loop circuitry is
implemented inside the preprocessor. In the pixd stream coming out of the CCD, some pixescaled
“opticd black pixels’ are used as reference to measure DV ack. The CLPOB signd indicates to the
preprocessor that DV ack cdlibration has to be done.

The principleis the following:
The reference voltage REF32 is used as the internd black level. REF32 is generated by the
regulator and has atypica vauearound 3.2'V.
During CLPOB, the STGE capacitor is charged up to the moment when the output voltage of
the CTH is equa to REF32. Then, the voltage on the STGE pin takes into account the offset
DVpiack. A typica value on STGE is2.4 V if there is no offset between the floating gete level
and the video black levd.

Depending on the application targeted, the capacitor associated with the black clamp loop (STGE)
must be adjusted:
To decrease clamp noise by afactor n, one can multiply by n* the clamp capacitor vaue.
The charge current is fixed to around plus or minus 800 PA up to the moment the clamp
capacitor voltage reachesits final value plus or minus 6 mV. Then the current depending on the
voltage error on the capacitor is linear. In order to avoid oscillations, the clamp capacitor must
be big enough to enter the linear area.
Increasing the clamp capacitor value aso increases the art up time of the system.
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4.2 Track&Hold

421 Acquistion
The principle of Clamp and Track&Hold (CTH) is to measure the difference between the floating
gate leve and the video level (DVpara) and to remove the offset DV ack.

The principleisthe following (SHP and SHD pulses are indicated on Figure 4):
On the SHP pulse, the voltage vaue stored in the STGE capacitor is applied via a buffer at the
input pin INCCD. The typical value on INCCD isthen 3.35V if there is no offset between the
floating gate level and the video black level. Then the CTH ouput value is equa to REF32, the
internal black level (see Chapter 4.1). The voltage vaue on INCCD will be higher or lower if
DV ack differsfrom zero.
During the trangition at the CCD output, the input coupling capacitor transmits the voltage
difference between the floating gate level and the video level on INCCD.
On the SHD pulsg, this new leve is stored by he CTH and is tranamitted at the CTH output
whereit is compared to REF32. Because the offset DV ack has been taken into account during
the SHP pulse the difference between REF32 and the CTH output isPVpara,

ccoout A
20V—
Reset |
level | Floating gate \ E‘
Tevel - T ) >
—e Video Black level e :(é’
A I
Q >
< e
g 2 oy
>
a [a]
o Video level
shp [ 1 [ 1]
SHD | | | | -t

Figure4.  CCD sgnd sampling and limiting values

Sampl ing of floating gate and video levels should be adjusted to reach the best performances.
The sampling pulses width should be as large as possible to reach the highest step trangitions,
especidly for SHD. The SHP width is less critical because the CTH only refresh the input
capacitor, which hasasmall vaue.
The timings than-siey aNd thgn-sipy Must be respected. Those timings are due to the different
processing delays of the CCD signd and of the SHP and SHD signdsinside the chip.
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422 Rest noise

The reset switch generates noise which results in a shift of the reset reference level, as described in

Figure5.
ccoout A ~
20 V— >§
Reset | | (a]
level | .
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Video Black level
Video level
Video white level
Figure5.  Reset noise effect on two consecutive pixels

This shift affects smilarly the floating gate level and the video leve but it differs from one pixd to
the other. Because the CTH only measures the difference DVpara, it removes this offset and aso
every low frequency noise.

423 DC common-m

ccbouT A
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Video Black level

Video level

Video white level

Figure 6.

DC common-mode level of a CCD video sgnd
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The common-mode level of the image sensor’ s output signal could range from O V to more than 10
V. Fortunately, the CTH structure requests the TDA9965 to ac-coupled with the CCD.

During the SHP pulse, the CTH restores the video black level to a typival value around 3.35 V,
thanks to the seria capacitor, so the signd is automatically adjusted to a usable dc voltage.

5 ADC Cramp Loor (CLPADC)

The ADC Clamp Loop goal is to set an output code for the video black level. This code is
programmed through the serid interface over 10 bits, from O to 1023 in steps of one ADC ouput
LSB.

To st the clamp active during the black pixels will reach the best performance on ADC clamp loop.
The clamp performance isn't guaranteed for an output code for the video black level under 32 or a
PGA gain over 30 dB.

So thetiming diagram and the sgnds waveformswill be the following:

CCDOUT_I_JME' """"" _|— e LJ

DATA Y

Optical Black Pixels Dummy Pixels
CLPOB |
CLPADC | i
D I I L

‘\‘ Internal Black Level
OUT CTH
\
‘.\
“I‘_ DATA X DATA Z
R aliakaAl P
/
/

!

Figure7.  Timing diagram
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6 PROGRAMMABLE GAIN AMPLIFIER

The goa of the PGA isto amplify the data obtained thanks to the CTH to use the maximum input
range of the ADC. Full scae input (code 0 to 4095 at ADC output) will be reached with aDVpara
of 2V for thegain code 0. The desired gain setting is programmed viathe 3 wires serid interface.

The equation of gain, described on Figure 8, is the following.

For code between O and 767 : Gaing, = ée%de* 36dB2
e

%]
For code between 767 and 1023, gainis set to 36 dB
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Figure8. PGA Gain=f(Code)

The main characteristics of PGA are:
Setting over 10 bits
Gain range = 36dB
Steps = 0.050dB

When the maximum DVpara Vaue in V (DataMax) on aframe is known, the code to be set in order
to have afull scaleinput is given by the following equation:

20 og?fi £
§DataMaxs -

36dB

Code =
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7 START-UP

The start-up sequence is the following:
First theregulator sets its reference voltages.
Next the optical black clamp loop use REF32 to set the STGE voltage.
At the end, the ADC clamp loop uses the result of the optical black clamp loop to set the Vref
voltage.

7.1 Regulator start-up time

The regulator start-up time depends on the andog supply ramp-up time and the capacitor on
REF32. To ensure alow clamp noise, acapacitor bigger than 100 nF is recommended on REF32.

to CTH

F 3
| INTERNAL [ o
REGULATOR [~ BUFFER-

-l

:

I

[

7z = &)
E B E B
z | ! !
J 1nF 1nF 2.2nF 1uF
77 77 77 77
VCC

Figure9. TDA9965 internd regulator and signals

In most cases, the Interna regulator charge will follow the analog supply ramp-up. In the worst
case (ramp-up in less than 100 ps), an extratime of 200 ps must be added to the ramp-up time for a
1uF capacitor on REF32. So the worst start-up time istypically around 300 ps.

7.2 Settings
When the power supplies increase from zero to VCC, the init-on-power block initidizes the circuit
asfollows
- Cut-off fregency of the CTH circuit is set to: code feycry =0
PGA gain control is set to: code Gpga =0
Clamp code of the ADC is set to: code ADCqp =0
SHP and SHD sample on High level; CLKADC active with rising edge.
CLPOB and CLPADC active on high leve.
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If the clock polarities are different in the gpplication, the new settings should be registered through
the serid interface before starting the clamp loops.

7.3 STGE start-up time

The STGE capacitor will be charged during the optica black clamp loop in three steps:
if V(STGE) <1.6V (t0totl), the clamp will charge the capacitor automatically.
if 1.6V <V(STGE) <24V (tl to t2), the clamp will charge the capacitor with a 700 pA
current when CLPOB will be active.
If V(STGE) reaches 2.4 V plus or minus 6 mV (t2 to t3), the clamp will charge the capacitor
with a115 pA/mV (referenced to 2.4 V) current when CLPOB will be active.

V(STGE)
/N

2.40 VH
2.34 V]

1.60 V

A%

totl t2 t3 time

Figure10. STGE dart-up asafunction of time

Then we have the following typica start-up time for STGE:
C(STGE)=47nF = t3=1us+ 685 us+ 1.5ps
t3=71ps(*)
C (STGE) =100 nF = t3=142 ps (*)

(*) Thistime supposes the supplies are able to drive the needed current between t0 and t1.

7.4 Vref start-up time
The Vref capacitor will be charged during the ADC clamp loop in three steps (example with code
ADCCLP =128):
if V(Vref) <1.0V (t0totl), the clamp will charge the capacitor automaticaly.
if 1.0V <V(Vref) < 158V (tl to t2), the clamp will charge the capacitor with a 400 pA
current when CLPADC will be active.
If 1.58 V < V(Vref) < 1.61 V (t2 to t3), the clamp will charge the capacitor with a 50 pA
current when CLPADC will be active.
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V(Vref)
/

1.61 V-
1.58 V'

1.00 V

>
totl t2 t3 time
Figure1l. Vref start-up asafunction of time

Then we have the following typica start-up time for Vref:

C (Vref) =47nF = t3=2us+ 725 s+ 30 us

t3=1045ps(*)

C (Vref) =100 nF = t3 =209 ps (*)

(*) This calculation supposes the supplies are able to drive the needed current between t0 and t1.

When we add al the start-up times, we obtain atotal start-up time around 700 pis.

8 INPUT STAGE ATTENUATION

The TDA9965 input stage is equivalent to a high-pass filter C-R. Because the coupling capacitor is
small, the Sgnd is attenuated after the input stage.

TDA9965

Figure 12. TDA9965 input buffer equivaence

This attenuation can move from 5 % to 15 %, mainly depending on the coupling capacitor vaue.
The higher the capacitor will be, the smdler the attenuation will be.
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9 LAYOUT AND IMPLEMENTATION INFORMATION

The TDA9965 is a high speed and high precision analog circuitry combined with an analog to
digital converter. To get the best performances this IC has to be treated as an analog component
and should be properly decoupled from wideband noise generated by digitd circuitry:
For the front end integrated circuit, the basic rules of printed-circuit board design and
implementation of analog components (such as classca operational amplifiers) must be taken
into account, particularly with respect to power and ground connections.

The connection between CCD interface and CDS input should be as short as possble and a
ground ring protection around this connection can be beneficia. It is recommended to protect
the input sgnal with a shield made of a clean ground which will be connected to input pins 1
and 3.

Separate analog and digital supplies provide the best performance. If it is not possible to do this on
the board then the analog supply pins must be decoupled effectively from the digital supply pins
with 0.1uF ceramic chip capacitors. The decoupling capacitors must be placed as close as possible
to the IC package. Short leads length and low ground impedance are important to reach the best
performance.

In a two-ground system, in order to minimize the noise through the package and die parasitics, the
following recommendation must be implemented:

The ground pin associated with the digital outputs must be connected to the digital ground
plane and specia care should be taken to avoid feedthrough in the analog ground plane. The
analog and digita ground planes must be connected together with an inductor as closdy as
possible to the IC in order them to have the same dc voltage.

The digital output pins and their associated lines should be shielded by the digital ground plane
which can then be used as areturn path for the digitd signals.

Specid care has to be taken when driving inputs with high-speed digital 1Cs. Due to their very high
dew rate, high-speed digita circuits generate high frequencies. Those, due to bad impedance
matching, are able to generate overshoots and undershoots beyond power supply potentias. In
generd adding resistors in series with digita sgnas will remove offending transients and prevent
them from disturbing interna circuitry.

The digitd lines that this IC will have to drive towards the DSP may be highly capacitive. In this
case high intengty instantaneous current will flow through output buffers to charge the parasitic
capacitance. Those currents could feed back into the analog region and affect the performances of
the circuit. Either using damping resistors or buffersin series with each data line may help to reduce
the surge current.

In case of the use of severd devices with only one regulator for al of them, specid care has to be
taken to connect together the regulator pins Vrs (respectively Vrr, REF32) of the devices.
Because REF32 is used interndly as the black level reference, this sgnd must be protected
from the noise of the others signas and the board.
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Because Vgr from the active regulator will drive a lot of current (up to 8 mA for each
TDA9965), resistive connections should be avoided.

It is recommended to add decoupling capacitors for each TDA9965 on the pins Vgg, Vg and
REF32.

10 APPLICATION DIAGRAM

Ax Image section_
vertical clocks

i Bx Storage section

Vertical vertical clocks

CCh 10-bit
Driver Polarisation CCD output TDA9965 data bus

VNS and SFD
Polarisation
RD, OG and PS

R Cx horizontal register T
Horizontal Clocks

Driver Reset Gate

Ax Image section vertical clocks

Bx Image section vertical clocks

Cx horizontal clocks

Clamp signals CLPOB and CLPADC

_| Pulse Pattern
Generator Sampling signals SHP, SHD and CLKADC

Figure13. Imaging chipset example
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