CCD clock distortion studies

Problem description:  high distortion of the CCD clock signals Phi1 and Phi2 is observed

                                   while operating the detector at low temperatures (below 0 C deg.).

                                   The clock disintegration progresses without any threshold effects.
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                                            Fig. 1  Distorted sine wave of the CCD clock signal

Possible reasons:

1. Asymmetry of the analogue buffers operating at temperatures beyond

their absolute maximum ratings;

2. Cold soldering effects - contact loss due to thermal contraction of the

electronic components;

3. Conductive water condensate;

4. Temperature-dependant properties of the CCD detectors themselves

Test measurements: 

The CCD motherboard circuit was modified, fig.2, to check the properties of the clock

drivers LT1795 and their environment: cables, soldering contacts, passive components

etc. There was no signal shape deterioration observed at any temperature and for any

clock frequency. The sine wave reduced as expected in its amplitude with capacitive

load of the clock drivers, figure 3.

The dew point in the laboratory is around 0 C deg. (the relative humidity is 20+/-10%),

but it should be much lower for tested device which is kept in the nitrogen atmosphere.

The clock skewing becomes visible already at -10 C deg., therefore vapour condensing

should not cause this effect. Moreover an impact of any condensate on the motherboard

or detector surface should have a large time hysteresis that doesn't occur.

Being confident about proper motherboard functionality, the CCD properties have been

studied as a function of temperature and clock frequency. It was observed that the shape

of the clock signal recovers when the second clock, that has a phase shift of 180 degrees

with respect to the first one, is disabled, figure 4. Monitoring the output of this disabled

channel one could see an induced signal there whose amplitude depends on frequency,

figure 5. This is due to the parasitic capacitive coupling between the two clock signals that

develops as a function of the CCD temperature. The reactive coupling resistance obeys the

characteristic 1/f law, figure 6, as calculated from the ratio of two amplitudes for the circuit.

Equivalent capacitance: 0.4nF at -65 C deg. and 4nF at -130 C deg. was estimated from the

exponential fit to these curves. The systematic uncertainties of the measurement method are

-50% ... +100%. The nature of this effect has to be studied in more details.

Short summary of measurements:

Warm operation:

1. Test circuit: analogue buffers alone                                                      Result: OK

2. Test circuit: analogue buffers with 1nF and 10nF capacitive load       Result: OK

3. CCD driven by the analogue buffers                                                    Result: OK

Cold operation (-90...-120) C deg.:

1. Test circuit: analogue buffers alone                                                      Result: OK

2 .Test circuit: analogue buffers with 1nF and 10nF capacitive load       Result: OK

3. CCD driven by the analogue buffers:

     a.) both clock (Phi1 and Phi2) are present                                           Result: Bad

     b.) one clock is disabled            Result: the active clock recovers, the channel for

                                                                 the disabled clock shows an induced signal
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                              Fig.2 Modifications to the motherboard circuits to study

                                       the temperature impacts on the their components.
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                       Fig. 3  1nF and 10nF capacitive load for the clock signals Phi1 and Phi2.

                                   The CCD is disconnected from the circuitry.
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                       Fig. 4.  Recovery of the clock signal Phi2 with disabled Phi1.

                                   The signal at the output of Phi1 is due to an AC coupling

                                    between those two clock frequencies through the CCD.
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                              Fig. 5.  Amplitude induced in the circuit of the disabled clock

                                         signal as a function of the CCD operating temperature.
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                                  Fig. 6.  Reactive coupling resistance between the CCD clock signals

                                              Phi1 and Phi2 as a function of CCD operating temperature.

