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Electronic device

FIELD OF THE INVENTION
The invention relates to an electronic device with an input/output circuit and

method for evaluating a delay of an input/output.

BACKGROUND OF THE INVENTION

To evaluate the performance of input/output I/O circuits within an integrated
circuit, it is desirable to measure the delay between the input and the output of such a circuit.
The delay of an I/O circuit is an important parameter as it affects the overall timing of the
integrated circuit.

However, numerous difficulties are present to measure the delay of an 1/0 cell
as it is usually not possible to access the input terminals of such an I/O circuit because these
terminals are typically connected to a core side of the integrated circuit.

US 6,563,335 B2 discloses a test method for semiconductor device to evaluate
the delay of an input/output I/O circuit. A delay evaluation circuit is arranged in a basic cell
area of the chip core portion. A test cell comprises a first delay circuit with several stages of
inverters connected by an interconnect layer and a delay evaluation switching circuit. The test
cell can be switched between a first measurement mode for measuring a delay between the
input of the I/O circuit and the output I/O circuit and a second measurement mode for
measuring a delay between the input and the output of the I/O circuit via a first delay circuit.
However, according to this method, a test cell needs to be included on the semiconductor

device consuming a significant amount of the chip area on the semiconductor chip.

SUMMARY OF THE INVENTION

It is an object of the invention to provide an electronic device with an
input/output circuit within which a transition of input signals to the input/output circuit can
be determined without the need to directly access the input terminals of the input/output
circuit.

This object is solved by an electronic circuit according to claim 1 and a

method for evaluating a delay of an input/output circuit according to claim 6.
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Therefore an electronic device is provided. The device comprises an
input/output circuit in a first supply voltage domain and a buffer driving the input of the
input/output circuit. The buffer comprises a first and second switch. The buffer is arranged in
a second supply voltage domain. A control circuit is coupled to the buffer for controlling the
first and second switch of the inverter such that during the transition of the input signal of the
I/O circuit both switches are temporarily kept in a conducting state and a crowbar current
flows through the buffer .Accordingly, the switches are controlled such that a crowbar
current is intentionally provided in order to obtain a signal which is significantly higher such
that it can be easily measured. The detected occurrence of the crowbar current may be used to
determine the delay of an input/output circuit.

According to an aspect of the invention, the electronic device further
comprises a measuring circuit which is coupled to the buffer. The measuring circuit measures
the current in the second supply voltage domain and thus the crowbar current flowing
through the buffer which will only occur when both switches in the buffer are simultaneously
in a conducting state. This situation will correspond to approximately 50% of the transition of
the input signal driving the input of the input/output circuit either high or low. As the mid
point of the transition is determined at the input of the input/output circuit, this may be used
to determine the delay of the input/output circuit.

According to an aspect of the invention, the buffer comprises a first and
second resistor coupled between the first and second switch. The first and second resistor
serves to control the current flowing through the buffer and linearize the output of the buffer.
The output current of the buffer for driving the input terminal of the input/output circuit is
determined according to the values of the first and second resistor such that the value of the
driving signal for the input/output circuit can be set by selecting the first and second resistor.

According to a further aspect of the invention, a capacitance is coupled to the
output of the buffer. The capacitance serves to determine an input slew of an input signal
applied to the input/output circuit.

According to a preferred aspect of the invention, a second measuring circuit is
coupled to the output of the input/output circuit to measure the output signals of the
input/output circuit. The input/output delay of the input/output circuit is determined
according to the measurements of the first and second measurement circuit. Accordingly, the
delay of the input/output circuit can be determined without having to access the actual input

terminal of the input/output circuit.
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The invention also relates to a method for evaluating the delay of an
input/output circuit within an electronic device. The input/output circuit is arranged in a first
supply voltage domain. An input of the input/output circuit is driven by a buffer which is
coupled to the input/output circuit and comprises a first and second switch. The buffer is
arranged in a second supply voltage domain. The first and second switch are controlled such
that during a transition of an input signal of the input/output circuit both switches are
temporarily kept in a conducting state and a crowbar current flows through the buffer.

According to the invention, the currents that are drawn by circuits connected
to the input and output stages of an I/O circuit are measured and the delay of the I/O circuit is
calculated accordingly instead of measuring the delays related to the voltages at the input and
the output of this I/O circuit. This may be performed by increasing the current in the input of
the I/0O circuit momentarily approximately at the mid point of the transition from high to low
or from low to high in order to detect the mid point of the input transition. This may be
performed by a combination of load and short circuit currents, which flow through the device

during the switching thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments and advantages of the invention will now be described with
reference to the Figures.

Fig. 1 shows a circuit diagram of a CMOS inverter.

Fig. 2 shows a graph of a simulation of the switching of the inverter according
to Fig. 1 without load condition.

Fig. 3 shows a circuit diagram of an inverter driving an I/O cell.

Fig. 4 shows a graph of the timings of the voltage and current measurement of
the circuit according to Fig. 3.

Fig. 5 shows a circuit diagram of the inverter INV and the I/O circuit with an
additional loading stage.

Fig. 6 shows a graph of the timings of voltage and current measurements for
the circuit according to Fig. 5.

Fig. 7 shows a diagram of the timings of voltages and current timings for a
circuit according to Fig. 5 with an additional supply and pin inductance.

Fig. 8a shows a circuit diagram of a driving circuit and an I/O cell according
to a second embodiment of the invention.

Fig. 8b shows a circuit diagram of a make before brake circuit MBB.
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Fig. 9 shows a graph of the timings of the voltage and current measurements
for the circuit according to Fig. 8.

Fig. 10 shows a graph of the timings of the currents in a circuit according to
Fig. 8 with an additional inductance.

Fig. 11 shows a graph of the input and output of the I/O cell for different input

slew.

DESCRIPTION OF EMBODIMENTS

Fig. 1 shows a circuit diagram of a CMOS inverter. The inverter comprises a
first and second transistor T1, T2. The gates of these two transistors T1, T2 are coupled
together. When such an inverter is switched, the current will have two components that are
drawn from the supply Vpp. The first current component serves to charge the load capacitor
and may be referred to as load current. The second current component is the short circuit
current which flows from the terminal of the supply voltage to the ground terminal, i.e. the
crowbar current. This current is at a maximum when the output swing is at the middle of the
supply voltage because at this point, the PMOS as well as the NMOS transistors of the
inverter have the maximum drain source voltage Vpg during the transition such that both
switches are conducting resulting in the crowbar current. In such a situation, the overall
current will be composed of the load current and the crowbar current.

Fig. 2 shows a graph of a simulation of the switching of the inverter according
to Fig. 1 without load condition. In particular, the switching waveform SW, the current Iypp
on the supply voltage path and the ground path Ignp are shown. The peaks of the currents
Ivpp of the supply voltage path occur substantially aligned with the center of the switching
waveform SW shown at the top of the graph of Fig. 2. Accordingly, by measuring the peak
current, the center of the switching waveform may be determined.

Fig. 3 shows a circuit diagram of an inverter driving an I/O cell 10. The
inverter of Fig. 3 corresponds to the inverter according to Fig. 1, wherein the supply voltage
of the inverter is a supply voltage VDD1/GNDI. The input slew of the input/output is chosen
as 0,2 ns. A load of 30 pF is provided at the output of the I/O cell.

Fig. 4 shows a graph of the timings of the voltage and current measurement of
the circuit according to Fig. 3. The first graph shows the switching waveform SW at the
output of the I0. The next graph shows the timing diagram of the current in the first ground
path GND1 and the third graph shows the timing diagram of the current in the separate
supply voltage path VDD1. Accordingly, the current pulse of the path of the supply voltage
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VDD is only of a short duration and comprises a very low amplitude, i.e. such a current
pulse will be difficult to detect or to measure.

Fig. 5 shows a circuit diagram of an inverter and an I/O circuit with an
additional loading stage. The input/output circuit according to Fig. 5 corresponds to the
input/output I/O circuit of Fig. 3. The inverter INV comprises a first and second transistor T4,
TS5 with their gates G1, G2 being coupled together. The inverter INV furthermore comprises
a first and second resistor R1, R2 coupled between the first and second transistor T4, T5.

According to the first embodiment, the crowbar current, i.e. the short circuit
current occurring when both of the switches T4, TS of the inverter are conducting, is
increased intentionally to be able to detect the midpoint of the input swing. This can be
obtained according to the first embodiment by the provision of an additional load capacitor
C, which is coupled between the output of the inverter INV and ground GND. It should be
noted that the current drawn by any other small circuitry connected to the supply of the I/0
circuit is dominated by the I/O driver current during switching. It should further be noted that
this statement is only correct for the output section but not for the input section as the input
section is connected to the supply domain of the chip core such that currents will be drawn in
the supply domain of the chip core. Accordingly, difficulties arise to measure the currents
drawn by the input stage of the I/O circuit when it is switching. However, these
measurements are required to determine the delay of the I/0 circuit 10.

As already mentioned according to Fig. 3, the inverter INV is coupled to a
separate supply voltage VDD1 and to ground GND1. This separate supply voltage VDD1
serves to only supply the INV cell such that a current in such a domain can be measured
separately to determine the mid point of the input transition. As the separate supply voltage
domain is easily accessible, by monitoring this separate supply voltage domain, a conclusion
can be made regarding the signals at the input stage of the input/output circuit IO.
Accordingly, an input measuring circuit IMC can be coupled to the separate supply voltage
domain VDD in order to detect the current flowing in the separate supply voltage domain
VDD1 which will correspond substantially to the crowbar current flowing through the
inverter.

At the output of the input/output circuit 10, an output measuring circuit OMC
can be provided for determining and/or measuring the output current of the input/output
circuit 10.

As mentioned above, in Fig. 5 an inverter INV is shown which drives the

output of a bi-directional I/O cell. The output of the inverter INV is coupled to a capacitor C.
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Thus, during nominal operating conditions, an input slew of 850 ps is provided to the input of
the I/0 cell. This inverter INV is connected to a separate supply voltage VDDI1 and a
separate ground connection GND1. The purpose of such a separate supply voltage is the
desire to measure the peak current of this supply in order to determine a mid point of an input
swing. The inverter INV comprises two resistors R1, R2 for controlling the current and the
duration of the current pulse. As an example, a load C of 30 pF is used at the output of the
I/O cell. The load and the two resistors R1, R2 are chosen such that a peak current in the
VDDI1 and GND1 domain is achieved preferably at about 2 mA and with a pulse duration of
more than 1 ns even in a worst case PVT condition.

Fig. 6 shows a graph of the timings of voltage and current measurements for
the circuit according to Fig. 5. The first graph relates to the voltage measurements Vio at the
output of the I/0 device. The second graph shows the voltage at the output node OUT of the
inverter INV, i.e. the input voltage of the I/O circuit. The next diagram shows the current in
the load connected to the output of the I/O circuit. Furthermore, the current in the ground
path GNDI1 Ignp; and the current in the voltage supply path Iypp; is also depicted.
Accordingly, the delay of the I/O cell may be determined according to the conventional
voltage method as well as according to the current measurement according to the invention.

Table 1 discloses parameters regarding the delay measurement according to
the conventional voltage method and according to the current measurement method

according to the invention.

Parameter Condition Slow PVT | Nominal PVT | Fast PVT Units
Rise delay Input to I0 50% | 2.09 1.41 1.01 ns
convention vddl to output of
method 10 50% of

vdde3v3
Fall delay Input to IO 50% | 2.26 1.55 1.18 ns
convention vddl to output of
method 10 50% of

vdde3v3
Rise delay Absolute Input 2.03 1.35 1.12 ns
according to current in VDD1
the invention | peak to absolute
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output peak
current in load
Fall delay Absolute Input 2.35 1.66 1.20 ns

according to

the invention

current in GND1
peak to absolute
output peak

current in load

Accordingly, the results of the conventional voltage method and the current

measurement method according to the invention are quite close and correspond substantially

to each other.

In Table 2, the effect of a supply bounce on the conventional voltage method

and the current measurement method according to the invention are shown. An inductance of

5 nH is introduced at the I/0 supply. The same applies to the separate supply voltage VDD1

and GNDI.

Parameter Condition Slow PVT | Nominal PVT | Fast PVT Units
Rise delay Input to I0 50% | 2.09 1.41 1.01 ns
convention vddl to output of
method 10 50% of

vdde3v3
Fall delay Input to IO 50% | 2.26 1.55 1.18 ns
convention vddl to output of
method 10 50% of

vdde3v3
Rise delay Absolute Input 1.99 1.37 1.12 ns
according to current in VDD1
the invention | peak to absolute

output peak

current in load
Fall delay Absolute Input 2.32 1.66 1.23 ns
according to current in GND1
the invention | peak to absolute
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output peak

current in load

Fig. 7 shows a diagram of voltages and current timings for a circuit according
to Fig. 5 with an additional inductance. As in Fig. 6 the output voltage of the 1/O circuit,
namely Vio and the input voltage of the I/O circuit Vour are depicted.

Fig. 8a shows a circuit diagram of a driving circuit and an I/O cell according
to a second embodiment of the invention. The I/O circuit according to Fig. 8a corresponds to
the I/O circuit according to Fig. 5. An inverter INV is coupled to the input of the I/O circuit.
As in the circuit diagram of Fig. 5, a load capacitor C is coupled to the output of the inverter
INV. This capacitor C serves to obtain an output slew 1 ns in nominal conditions. As in the
circuit diagram of Fig. 5, the second inverter INV2 is coupled to a separate voltage supply
VDD1, GNDI. The provision of the separate voltage supply serves to measure the peak
current in this supply in order to determine the mid point of the input swing. The resistors R1,
R2 are used to control the current and to linearize the output. A load of 30pF is coupled to the
output of the I/0 cell. The Fig. 8a also has an extra circuit INV10, INV20 which drives the
INV which is explained separately in Fig. 8b.

Fig. 8b shows a circuit diagram of a make before brake circuit MBB which
can be connected to the first and second gate G1, G2 of the inverter INV. The make before
brake circuit MBB serves to control the inverter INV, i.e. the buffer to switch the first and
second transistor T4, TS temporarily both simultaneously into a conducting state for a
predetermined time period during the transition of the input signal of the I/O cell. The make
before brake circuit MBB comprises a first and second inverter INV10, INV20. The output of
the first inverter INV10 replaces one of the power supply lines of the second inverter INV20.
The output of the second inverter INV10 replaces one of the power supply lines of the first
inverter INV10. The make before brake circuit MBB controls the first and second transistor
T4, TS of the inverter INV such that one of the transistors only then goes to a non-conducting
state only after the other transistors has already assumed a conducting state. Accordingly, for
a time period (determinable by the make before brake circuit MBB) both transistors are in a
conducting state and a crowbar current is intentionally created.

Fig. 9 shows a graph of timing diagrams for the circuit according to Fig. 8.
Here the output voltage of the 1/O circuit, the current in the load connected to the cell I ; as
well as the current through the ground path GND1 Ignp; and the current Iypp; path VDD is

depicted. Measurements according to Fig. 9 relate to the short circuit current but not to the
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total current drawn from the supply. Accordingly, during the rise delay measurement, the

peak current in the GNDI1 path is taken into account, during the fall delay measurement, the

peak current in the VNDI1 path is taken into account.

Table 3 shows the results of the measurements according to the conventional

voltage method and the current measurement method according to the invention.

Parameter Condition Slow PVT | Nominal PVT | Fast PVT Units
Rise delay Input to 10 50% 2.15 1.43 1.02 ns
convention vddl to output of
method 10 50% of

vdde3v3
Fall delay Input to 10 50% 2.25 1.59 1.22 ns
convention vddl to output of
method 10 50% of

vdde3v3
Rise delay Absolute Input 2.34 1.44 1.07 ns
according to the current in GND1
invention peak to absolute

output peak

current in load
Fall delay Absolute Input 2.30 1.52 1.15 ns
according to the current in VDD1
invention peak to absolute

output peak

current in load

Now, a further inductance is introduced into the I/O supply and into the VDD1
supply. Inductance may have a value of 5 nH.

Fig. 10 shows a graph of the timings of the currents in a circuit according to
Fig. 8 with an additional inductance. As can be seen from the graph of Fig. 10, the width of
the current pulse can be controlled by adjusting the switching timings. Accordingly, current
probes may be used which work at a lower sensitivity for determining the currents flowing

through VDD1 and GND1 path.
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Fig. 11 shows a graph of the input slew of the I/O cell. Here, nine different
slews SLO — SL8 are depicted. The input slew applied to the I/O cell can be adjusted by
varying the capacitance applied thereto. The slews SLO — SL8 vary from 0,2 ns to 1,2 ns. In
the graph of Fig. 11, the effect of the different slews on the delay of the I/O circuit are
measured. This can be performed to verify that the methodology proposed is not sensitive to
the input slew value.

Table 5 shows the parameters associated to the different input slews. From the
table 5 as well as from the graph of Fig. 11, it can be seen that the delay of the 1/0 cell does

not vary significantly for different input slews.

Input Slew Rise delay Fall delay Units
0.2 1.35 1.51 ns
0.3 1.36 1.52 ns
0.4 1.37 1.53 ns
0.5 1.38 1.53 ns
0.6 1.38 1.53 ns
0.7 1.39 1.54 ns
0.9 1.41 1.55 ns
1.0 1.41 1.55 ns
1.2 1.42 1.55 ns

For example, a digital oscilloscope with a high bandwidth as well as high
speed current probes with good sensitivity may be used to measure the difference in the peak
currents in the VDD and in the I/O circuits in order to directly determine the delay of the 1/0
circuit.

According to the invention, the delay of an I/O circuit is measured using the
measurements of the current peaks. This can be performed with a reasonable accuracy. The
peak current within a CMOS circuit which occurs at the center of the transient switching
waveform is used to determine the mid point of such a switching on the core side of the I/O
circuits. The peak current measurement technique according to the invention is advantageous,
as the laws of physics indicate that the speed of electrons in a conductor is very close to the
speed of light. This the distance at which we measure the current in a small system where the
electrical length may not differ more than a few inches should not add to any inaccuracy in

the delay values. Thus we can measure the current in the VDD domain and the I/O domain at
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two different points and still have similar results. This may be another advantage of
measuring current instead of voltage, which has inherent dependency on the measurement
set-up.

In order to perform the current measurements according to the invention, a
separate voltage supply and ground conditions are required for an inverter stage, which is
teeding into the input circuit connected to the I/O circuit. The current peak measurement
according to the invention may be used in a scan chain wherein the inverter can be the final
part feeding into the I/O circuit. Such a technique may be part of the I/O cell which provides
a scan mux inside the I/O cell. As mentioned above, a separate VDD and GND rail needs to
be incorporated in such an I/O ring.

The above described delay measurements require that the time, when the input
signal to the I/O buffer has reached 50% in transition time needs to be determined in order to
evaluate the delay of the I/0 cell. This time may be obtained by measuring the time at which
the current peaks on the VDD supply is fed to the inverter INV. As the current fed to this
cell is externally accessible as the supply VDD is fed from the outside of the chip. The delay
can be determined by measuring the time difference between the current peak in the VDD1
domain and the current peak of the I/0O supply. Alternately the delay can be determined by
measuring the time difference between the current peak in the VDD1 domain and the time at
which IO reached 50% of I/O supply voltage as this signal is accessible externally.

Within typical CMOS circuits, the period during which the NMOS and the
PMOS transistors within an inverter are conducting at the same time is minimized in order to
restrict the crowbar current. This can also be performed for an I/O circuit, where it is called
brake before make. However, according to the invention, a higher crowbar current is required
to measure the current peaks in order to determine the delay of an 1/O circuit. Therefore, a
higher crowbar is intentionally provided to obtain a current within measurable limits. Such a
circuit may be referred to as a make before brake circuit. This is restricted only to the input
circuitry of the I/O cell and not to the drivers.

The invention also relates to an electronic device with an input/output circuit
within a first supply voltage domain. The electronic device furthermore comprises a driving
circuit coupled to the input/output circuit for driving the input of the input/output circuit. The
buffer typically comprises a first and second switch. The buffer is arranged in a second
supply voltage domain. A control circuit is furthermore provided which is coupled to the

buffer, for controlling the first and second switch such that during a transition of an input
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signal of the input/output circuit both switches are temporarily kept in a conducting state and
a crowbar current flows through the driving circuit.

The above described current peak measurement methods according to the
invention may be used in any chip testing equipment. The above described current peak
measurement technique may especially be implemented in a chip testing equipment for
measuring timing critical nets in order to determine the delay contribution of the I/O cells
with respect to the overall delay.

The above described peak current measurement technique may also be
automated in an ASIC design flow to enable the measurements of delays of 1/0 cells.

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many alternative
embodiments without departing from the scope of the appended claims. In the claims, any
reference signs placed between parentheses shall not be construed as limiting the claim. The
word "comprising" does not exclude the presence of elements or steps other than those listed
in a claim. The word "a" or "an" preceding an element does not exclude the presence of a
plurality of such elements. In the device claim enumerating several means, several of these
means can be embodied by one and the same item of hardware. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.

Furthermore, any reference signs in the claims shall not be construed as

limiting the scope of the claims.
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CLAIMS:
1. Electronic device, comprising:
- at least one input/output circuit (IO) in a first supply voltage domain (VDD,
GND);

- a buffer (INV), coupled to the input/output circuit (IO) for driving an input of
the input/output circuit (IO), having a first and second switch (T1, T2; T4, T5), wherein the
buffer (INV) is arranged in a second supply voltage domain (VDD1, GND1); and

- a control circuit (MBB), coupled to the buffer (INV) for controlling the first
and second switch (T1, T2; T4, TS) of the buffer (INV) such that during a transition of an
input signal of the input/output circuit (I0) both switches (T1, T2; T4, T5) are temporarily

kept in a conducting state and a crowbar current flows through the buffer (INV).

2. Electronic device according to claim 1, comprising:

- a first measuring circuit (IMC) coupled to the buffer (INV) for measuring the
current in the second supply voltage domain (VDD1, GND1) to determine the crowbar
current flowing through the buffer (INV).

3. Electronic device according to claim 2, wherein
- the buffer (INV) comprises a first and second resistor (R1, R2) for controlling
and for linearizing the current flowing through the buffer (INV).

4. Electronic device according to claim 2, wherein
- a capacitance (C) is coupled to the output of the buffer (INC) for determining

an input slew of an input signal applied to the input/output circuit (10).

5. Electronic device according to claim 2 or 3, further comprising:

- a second measuring circuit (OMC) coupled to the output of the input/output
circuit (I0) for measuring output signals of the input/output circuit (I0), wherein the
input/output delay of the input/output circuit (I0) is evaluated according to the measurements

of the first and second measuring circuit (IMC, OMC).



10

WO 2007/072398 PCT/IB2006/054919
14

6. Method for evaluating a delay of an input/output circuit within an electronic
device, wherein the input/output circuit is arranged in a first supply voltage domain (VD,
GND), comprising the steps of:

- driving an input of the input/output circuit by a buffer (INV) coupled to the
input/output circuit (I0) having a first and second switch (T1, T2; T4, TS), wherein the buffer
(INV) is arranged in a second supply voltage domain (VDDI1, GNDI), and

- controlling the first and second switch (T1, T2; T4, TS) such that during a
transition of an input signal of the input/output circuit (I0) both switches (T1, T2; T4, T5) are

temporarily kept in a conducting state and a crowbar current flows through the buffer (INV).

7. Method according to claim 6, further comprising the steps of:
- measuring the current in the second supply voltage domain (VDDI1, GNDI) to

determine crowbar current flowing through the buffer (INV).



WO 2007/072398 PCT/IB2006/054919

1112

vdd

g

vdd 16 | T1

A o
vadd  14.16/0.1

£

Z | T2

A@__E 8.24/0.1
gnd

gnd

W
B
Le;
o G
3

Fig.1



PCT/IB2006/054919

WO 2007/072398

2112

00b ‘dNFL 0'GZ ‘AN L 062l diNdL
Z Bi4 9'¢ "3AAA €€ '30aA 0'¢ ‘FAAA
€1 "Qan . & L -aaan VL iada
0'¢ {3dAL) X 0'Z {3dAL) X, 0L {3dAL X,
A S (1) e (0)
L (NITD) JeAgng
Ug'g UgzZ'Zz  uQz  ugti ug'y  uggL,  ugL dooss dooos doosz
\\ = oy // ngooe- aa
\h\.‘d\,.\wﬂhw.ﬂ.““q T .Hw,..w.puf...lr n0°00¢- A |
ng 00z
(NITD)
ng 00z-
I N s
N n0"00%
/,, aNoD |
WG L
Wz L
(NI
WO00Z-
\Jﬁa Ny
/ 0°'00%
amwn..n . >>mw
/H.....wm.”““,hHHHHHHHHHHHHHHHHHHHHHHHHHHHH Ow\
i
(NITD)



PCT/IB2006/054919

WO 2007/072398

312

£ b1

ﬁmﬁmg@ w\wﬂmmﬁm g

€0
-
Q.
-

RV LAY

¢l |

Lpub
pub

L3
N
N-ZL

LO/8L YL

bl B

¥

LPPA

<

(o}
&
2




PCT/IB2006/054919

WO 2007/072398

4/12

0'0F- 'dNEL 0’52 WAL 0'SZL dNEL
61 9'¢ :3AAA £'¢ '30aA 0'¢ FAaA
€1 :Qan A alel L'} 1QaA
0'¢ {3dAl) X, 02 (3dAL) X, QREEINIE'S
(@) " e () rmmm e ()
L (NI JeAgng
Lo'02 UG AL UGl ug'egl  ug'ol UG 2 Uo'G UGZ 00 Wz |-
A
| ng 009-
ng00Z
(NIT)
; N 00z
w m no 00V
H% WL LOND,
W
N T
Wo 008-
\%.. \u\‘
\\ /
" i / MS




PCT/IB2006/054919

WO 2007/072398

/12

G B4

dyowglidsq &

OWO

pub m -
voves |1y

1

N=L

<
joR
joR




PCT/IB2006/054919

6/12

WO 2007/072398

961 0'0p- ' WAL 0'6Z ‘dN3L 0'SZL dWEL
, 9'e ‘FAAA £'¢ 130aA 0'€ "3AAA
€1 :aaA '} :aan L1 IOaA
L (N 0'e (3dAL X, 0z (3dAl) X, 0L {3dAL X,
(@ W ememeeee- (1) e (0)
UG'0c UgLL uggl ug'ZL  uool ug'/ ug'g Ug'e U
\\M wa'e- LQaA,
00006
(N0 00
: nNO00S-
™ LOND |
W
(N
Wo 004~ o,
,,,,,, ,w.ﬁ,k e%www\w
)// Wwoeli
(NIT)
W 00¢-
i o
3 «Mw >
(naan‘.u;.nnus;u,..nhna..na..n‘au;. jooloigloifplotbaboliohobiok Solilulbulollofplutupputugiods nn“ .
N T
S S W 00G-
eae/ lf \XQ \% Om
BN e A
N L L \\\

0y



PCT/IB2006/054919

7112

WO 2007/072398

Nmmm O0b- ‘dNFL 0°GE ‘dNHL 0'GlL diNFL

9'€ FAAA €'¢ IJAaA 0'€ *IATA
£1 :Qan 2’4 100A V'L iQaA
o' {3dAL) X, 0’z {3dAl) X, 0L (3dAl) X,
(@ e (1) e (0)
Ug'ge uglL uggL UGzl udol UG ug's ug'e 0o
¥ we'e" LQaA,
N onG
000
: no 006-
™/ LAND |
Wa'e
(N
Wwo 00 L- o,
W Wo'szL
(NI
WG 00Z-
i £ o
D mw >
J.P,P,nu.nnn:xn.‘n.;npsn!,nhnu, jatgeighhbglualebololl Salololuiolubgalbgot u.uun .
N 7
- — e W 00g-
ce./ /./ \%\ \.. Gm
O e A
‘ffﬁunnuuwnnnuununnﬂnnunnwa,.k\\\

0v



PCT/IB2006/054919

WO 2007/072398

8/12

eg'bi4

O

ObL
canl

QW

,i,.=,i=.=!i=!=wwwmw




WO 2007/072398 PCT/IB2006/054919

9/12

MBE

Exj/f“iNV10
mmmm% Ti}@@ ;

B (52

p G

i TINV20



PCT/IB2006/054919

WO 2007/072398

10/12

0’0~ :dWHL 0'SZ ' dNFL 0'6ZL dWIL
6 614 9'¢ FAAA £'¢ 'I3AaA 0'€ ‘FAAA
. €1 100A Z'L 1GaA CLLIaaA
0'€ {3dAL) X, 0’z {3dAL) X 04 (3dAL) X,
(@ e (1) e (0)
1 (NIT)
g 0¢ Uug /i UGGl uG'egl ug gt ug'/ ug'g ug'e 00
\ wgg-
, x%uw xu%,\ wg' -
NG 004
(NI'D)
— ng 004~
N
W'
(NITD)
wo00L-
.,/_/M wo'sz
WGl
(NITD)
. S— O WO 00s-
,:.:x.f// \x \\ /
K:L%MﬂﬂunnnnwHHHHHHHHHHHHHHHHMM\\ ] oc
Oy

FAUA,

LOND,

10,

Ol



PCT/IB2006/054919

WO 2007/072398

11/12

ugge

JRE s o -
0°0b- dWAL 0'6Z ‘WAL L TARE T
9'¢ IFAAA €€ 1FAAA 0°¢ 3AAA
€1 aan 2L aan L} 1aan
(NI) 0 {FdAL) X, 0z {3dAL) X, 0L HAdAL X,
@ e 18— )
UG li uggl ug<i ug oL Uug'z ug'g ug'¢ 0’0
\x
A7 . P
(NID)
/ W
,, S
(NIT)
o P-HIV/_”‘MH\
(NID)

Ws'g-
WG L-
o 00%-
ngoo0s

LAaA |

g 004-
WoL
WG'g
Wo'e

LOND |

WgooL-
Wg'Ge-
Wo0g
Wwo'gl



WO 2007/072398

PCT/IB2006/054919

12/12

L1 B do'o09 :MITS PIS
()
Uz L MITS 'S doroos M318 €18
(g) {¢)
oL MINS LTS dooop M3TI8 28
(£) (z)
doogs MEIs 9% dooog MEIS LIS
(9} e (1)
1 (NI dooos AMM3T1S 6718 doooz METS 018
(8} . (0}
ug 08¢ UGzt Ug'GlL UGzl Sl RN ug 4

I

N

/////// N

/f’
/
/
s
o

L
X

(NITD)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings

