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5. Final remarks

There are two aspects concerning the multichannel ASIC design. The one is electronic
point of view on new solutions, quality of design and on taking the advantages offered by
VLSI technology. The other refers to a  more practical side, when the ASICs are used in
real multichannel systems, and then the question arises about the new possibilities in given
experimental technique thanks to the use of our ASICs.

From the electronic point of view the important aspects which have been solved for
the presented chips are as follows:
�   for RX64 IC:

� low level of noise, together with the low power consumption and high counting rate
performance which makes it possible to perform the measurements at a room tem-
perature using RX64 for low input amplitude signals appearing at the input with
high frequency;

� very good matching performance from channel-to-channel which is essential for the
quality of the multichannel system;

� implementation in chip digital blocks for data storage, control, communication and
testing which increases the functionality, testability and reliability of IC;

� minimisation in mixed-mode chip effects of crosstalk to the negligible level;
� small area of the chip and relatively low cost;

�   for NEURO64:
� low noise level due to proper 1/f  noise optimisation;
� new AC coupling of small area with a cut-off frequency at the order of mHz;
� new concept of continuous-time filters;
� minimised spread of main analogue parameters, as gain and cut-off frequencies,

from channel-to-channel;
� small area and small power consumption.

Both chips have found practical applications in scientific research carried out in phys-
ics and biology. They open new possibilities in experimental techniques. The RX64 chips
together with the silicon strip detector have been installed at the powder diffractometer with
the Bragg-Bretano focusing used for polycrystal and thin film structures investigations. The
obtained spatial resolution is comparable with the resolution offered by the conventional
detection system, while the measurement time is reduced by two orders of magnitude. This
is a new quality in diffraction experimental techniques making for example, observation of
dynamic processes like phase transitions possible. The NEURO64 chips are used in the
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Retinal Readout System to understand the processing and encoding of visual information in
the eye.  All commercially offered multichannel readout systems for these purposes do not
exceed one hundred channels. The NEURO64 chips due to low noise performance, low
power consumption and uniformity of analogue parameters from channel-to channel are
dedicated to build in the near future a readout system for imaging the neural activity of
retinal output neurones on a scale one order of magnitude greater than the existing so far.
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Appendix I

Let us consider a folded cascode amplifier shown in Figure A.1a. An equivalent small
signal circuit of the amplifier for the low frequency range is shown in Figure A.1b.

a) b)

Fig. A.1. Folded cascode amplifier: a) scheme; b) equivalent small signal circuit

Applying a voltage signal source vin at the input and summing currents at nodes v2 and
vout in circuit from Figure A.1b, we have

0)()( 22224121 ������� vggvvggvvg mdsoutdsdsinm (A.1)

0)( 22322 ���� vggvgvv mdsoutdsout (A.2)

 Solving the above equations one obtains
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Keeping in mind that in this particular project gm2 >> gds1, gds2, gds4 and gds3 � gds2 we obtain
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The equivalent small signal model of the folded cascode amplifier can be simplified as
shown in Figure A.2.

Fig. A.2. Simplified  small  signal  equivalent circuit of the folded cascode amplifier for the low
frequency range

Taking formulae for gm1 and gds3 equation (A.4) can be rewritten as
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Appendix II

Let us consider a simplified small signal diagram of the folded cascode amplifier with
two elements C1 and gds5 in the feedback loop, as it is shown in Figure A.3.

Fig. A.3. Simplified small signal model of the preamplifier from Figure 3.7

Let us connect two additional capacitors Cdet and Cgs1 at the input and two capacitors
C2 and C3 at the output. According to the scheme of the preamplifier shown in Figure 3.7
Cgs1 corresponds to gate-source capacitance of transistor M1, gds5 is a source-drain conduc-
tance of transistor M5, while C1, C2 and C3  are capacitors in the feedback and at the output
of the preamplifier. The capacitor Cdet in Figure A.3 represents the total capacitance of
detector connected to the input of the preamplifier.

Applying a current �-like  pulse of the amplitude iin at the input of the circuit in
Figure A.3 and summing currents at nodes vin and vout , we have

0))(()( 151 ������ sCgvvsCsCvi dsoutingsdetinin (A.6)

0)())(( 323115 ������� sCsCgvvgsCgvv dsoutinmdsoutin (A.7)

Solving above equations one obtains
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where a, b and c are equal

)()())(( 32111132 CCCCCCCCCCa gsdetgsdet ������� (A.9)

1332515311 )())(( CgCCgCCggCgb dsdsgsdetdsdsm ������� (A.10)

)( 315 dsmds gggc �� (A.11)

Dropping less significant terms in the above equations one can rewrite equation (A.8) as
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The above transfer function has one zero at high frequency z = gm1/C1 and two poles,
which are widely separated in frequency | p1| << | p2| and can be expressed as
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Appendix III

Let us consider the shaper amplifier in Figure 3.8. An equivalent small signal diagram
of this circuits is shown in Figure A.4. According to the scheme of the shaper (Fig. 3.8)
Cgs14 corresponds to gate-source capacitance of transistor M14, gm14 is a gate transcondu-
ctance of transistor M14, gds16 and gds18  are source-drain conductances of transistors M16
and M18, Cos is total capacitance to the ground seen from the drain of transistor M16, while
C4 and C5 are the same capacitors as shown in Figure 3.8.

Fig. A.4. Simplified small signal model of the shaper from Figure 3.8

Applying a voltage signal at node vin and summing currents at nodes vx and vout, one
can write following equations

0))(()( 418144 ������ sCgvvsCvsCvv dsoutxgsxxin (A.15)

0)())(( 1614418 ������ osdsoutxmdsoutx sCgvvgsCgvv (A.16)

Solving above equations one can find the frequency response of the shaper.
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Since in our case C4 is much bigger than Cgs14, Cos, C5 and gm14 is much bigger than
gds16, gds18 , neglecting less significant term one can write the frequency response of the
shaper as
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This response has two zeros z1 and z2
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with z2 being negligible as located in the very high frequency region. Since  in  our case
|p1| << |p2|, the dominant pole p1 and the second one p2 can be written as
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Appendix IV

Let us consider a simplified circuit diagram of the core part of NEURO64 filter shown
in Figure A.5.

Fig. A.5. Simplified small signal circuit of the band-pass filter

Applying a voltage signal at node vin and summing currents at nodes vx, vout  and vy ,
one can write following equations

0)()( 1283028 ������ vggvgvvGvv mmxdsxyhfxin (A.20)

0)()( 229303129 ������� vggvgvgvvGvv mmxdsoutdsoutylfoutin (A.21)

0)()( 2928229128 ������ dsoutydsxymm gvvgvvvgvg (A.22)

where  Ghf =1/(Rhf +1/sChf) and Glf =1/(Rlf +1/sClf).
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Voltages v1 and v2 can be expressed as
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