The far-end crosstalk voltage for CMOS-1C load
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Abstract: The capacitance of nonlinear component
such as a CMOS inverter varies largely around the
threshold voltage. We measured the far-end crosstalk
of two parallel microstrip lines with the CMOS inverter
load near the threshold voltage of the CMOS inverter.
The negative voltage of the crosstalk agrees with that
for a 4pF capacitor load. The positive voltage of the
crosstalk hardly changes of the amplitude of the input
step voltage.

1. Introduction

Semiconductor device technology and high-speed digi-
tal signal processing techniques contribute much to high
speed, low voltage operation and downsizing of elec-
tronic equipments. It becomes more difficult and more
important to prevent the inducing faulty behavior in
integrated circuits. Crosstalk noise is one of causes of
faulty behavior. Crosstalk noise is induced by inductive
coupling and capacitive coupling from the pulse acti-
vated line to other lines. Far-end crosstalk waveform is
indicated on a V-t plane. The crosstalk voltage depends
on some parameters of microstrip lines, such as line in-
terval, coupling length, thickness of dielectric, dielectoric
constant and terminated load impedance {1]. In case
where the pulse activated line is terminated by a rated
load impedance element, the crosstalk voltage can be cal-
culated exactly. However, in most actual circuits, trans-
mission lines are terminated by nonlinear impedance el-
ements, such as CMOS-IC. It is difficult to calculate the
crosstalk voltage for microstrip lines with a nonlinear
impedance element because of its complexity {2]. Al-
though we can analyze the crosstalk waveform using a
simulator, such as SPICE, we require a highly efficient
hardware.

The purpose of this reseach is to study behavior of
crosstalk for the CMOS inverter load. The equivalent
capacitance of the CMOS inverter varies largely around
the threshold voltage. The change of the capacitance is
regarded as nonlinear impedance. Therefore, we took
notice of the variation of the crosstalk voltage, if the
input step voltage is near the threshold voltage of the
CMOS inverter. Firstly, The measurement system of
far-end crosstalk and the simulation method with 4-
port network are presented. Secondly, the calculation
of far-end crosstalk constant and the measurement of

far-end crosstalk for capacitor load are described. Fi-
nally, the experimental results of the far-end crosstalk
for the CMOS inverter load is shown.

2. Experiment method
2.1 measurement

Measurement system of far-end crosstalk and principal
parameters of the microstrip lines are shown in Fig. 1
and 2 respectively.
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Figure 1. Measurement system of far-end crosstalk

Figure 2. Parameters of microstrip lines

L; coupling length 200mm
h  thickness of dielectric material 0.3mm
s line interval 1.0mm
t  thickness of line 0.018mm
w  width of line 0.58mm
¢ Dielectoric constant 4.8

The coupling length of the microstrip lines is 200mm.
The line interval is set at 1.0mm, for which far-end
crosstalk constant obtained from pre-experiment is the
closest to that from Ref. [3] ( See Subsection 3.1 }. The
dielectric material is fiberglass epoxy, the relative per-
mittivity of which is 4.8. The thickness of the dielectric
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plate is 0.3mm. The microstrip lines are designed so
that the characteristic impedance of a single line may
be 5062.

For impedance matching, the near-end terminal of the
driven line is terminated with a 501} resistor. Three
kinds of loads are connected with the far-end terminal
of the driving line. One is a 500 resistor, and the others
are a 4pF monolithic ceramic capacitor and a CMOS
inverter (TC74HCO04A). The 5092 resistor is used in order
to confirm the impedance matching of microstrip lines
and to obtain the far-end crosstalk constant. The reason
why the 4pF capacitor load is selected is that the input
capacitance of CMOS-IC is about 4pF [4]. The CMOS
inverter IC has six inverter logic gates. Only one gate
is connected with the far-end terminal of the driving
line, the others are grounded. The output pin (No.2) is
grounded too. The input step voltage is set to 4.2, 3.7,
3.3, 2.9, 2.6, 2.3, 2.1, 1.9 and 1.5V by the attenuator.

2.2 simulation

The simulation model is shown in Fig. 3. This model is
called a 4-port network.
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Figure 3. 4-port network simulation model

The basic equations of this model are telegraphy
equations composed of common and differential mode
[5]. These equations can be solved with matrices.
We obtained numerical data of crosstalk waveform
by MATLAB® simulator. For example, V; (Far-end
crosstalk voltage) is expressed as follows.

E (¢t
Vi = __9£A_2{(C21 + Gsdz1) + Ga(ag1 + Gsbar)} (1)
Eq4(¢,t) : input step voltage function (driving line)

G3=-Zia- : admittance of far-end load on driving line

Gg:i}; : admittance of near-end load on driven line

A : coefficient determinant for crosstalk equation

1
C1 = 7 sinh 96

1
4W¢ - _W; sinh gd (2)
byy = W,sinhf, — EZ—d sinh 8, (3)
az1 =dp = %(cosh 6. — cosh8y) 4)

W, : characteristic impedance for common mode
Wq : characteristic impedance for differential mode
8. : phase velocity for common mode

04 : phase velocity for differential mode

3. Result of measurment and simulaion
3.1 matching resistor load

In order to confirm accuracy of our measurement, a
far-end crosstalk with a matching resistor is measured.
The crosstalk waveform for the matching resistor load is
shown in Fig. 4. The simulated waveform agrees with
the experimental result.
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Figure 4. Far-end crosstalk for matching resistor load

We can calculate the far-end crosstalk constant from
these results. According to Ref. [3], far-end (forward)
crosstalk constant is defined as follows,

K= (zocm - ’;—’:) (5)
_ VT, V()

Vil LA [Vin(t)lmas ©

Ky : far-end crosstalk constant

Zy : characteristic impedance of each line in the
presence of the other

C., : mutual capacitance per unit length between the

two lines.

L,, : mutual inductance per unit length between the
two lines.

V(£,t) : Voltage of driven line at = = ¢(far-end),
time t

T, : risetime of input step pulse

Vi : magnitude of input step voltage

¢ : coupling length

L Vin(t)]mae : maxmum derivative of the input step
voltage

The variables in Eq. (6), V(¢,t), Vi, ¢, and
%[Vm(t)],.,wc are measurable. We measured these pa-
rameters for the intervals of 2.0, 1.5, 1.0, 0.50, and
0.25mm. The comparison between the far-end crosstalk
constant in Ref. [3] and the experimental values ob-
tained from our measument is shown in Fig. 5, where
h is the thickness of the dielectric. The values of our
results are a little lower than that shown in Ref. [3].
In case where the line interval is 1.0mm, the measured
value is the nearest to that of Ref. [3].
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Thus, the results from our measurement agree with
the values of 4-port network simulation and the values
in Ref. [3].
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Figure 5. Far-end crosstalk constant comparison

3.2 capacitor load (mismatching)

The far-end crosstalk waveform for rated capacitance
load is shown in Fig. 6.
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Figure 6. the crosstalk waveform for 10-1000pF capaci-
tor loads

In case where a positive input pulse propagates
through the driving line which is terminated by the
matching resistor load, a negative crosstalk is induced
at the far-end of the driven line. However, for a ca-
pacitor load is terminated at far-end of driving line, the
terminal impedance are varied by input voltage. Thus,
the positive crosstalk is caused by mismatching refrec-
tive effect. It is difficult to solve the crosstalk equations.
Therefore we usually make use of computer to solve the
equations. Figure 7 shows the maximum and the min-
imum voltages of the crosstalk for capacitance of the
load. The simulated values obtained from 4-port net-
work simulation agree with measured value of maximum
and the minimum voltages of the crosstalk, roughly. As
the capacitance of the load increases above 15pF, the

positive crosstalk voltage is smaller than the magnitude
of the negative one and approaches to zero gradually.
Conversely, when the capacitance of the load is smaller
than 15pF, the positive crosstalk voltage is larger than
magnitude of the negative one. This means that mis-
matching refrective effect appears when the capacitance
of the load is smaller.
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Figure 7. Maximum and Minimum crosstalk voltage for
any capacitor loads

3.3 CMOS inverter load

Figures 8 and 9 show the crosstalk waveforms with re-
spect to 4.2V and 2.6V input step voltages, respectively.
For both, the negative voltage of the crosstalk similars to
the negative crosstalk part for the 4pF capacitance load.
However the positive voltage of the crosstalk never corre-
spond with the positive crosstalk for the 4pF capacitance
load. Further, It is found from Fig. 10 that the crosstalk
waveform for the CMOS inverter load agrees with that
for the 4pF capacitance load, when the magnitude of the
input step voltage is 1.5V.

Fugure 11 shows the relation between the input volt-
age and the crosstalk voltage. The measured results
for the CMOS inverter and the 4pF capacitor are de-
noted by closed circles and open circles, respectively.
The calculated crosstalk voltage through 4-port network
for the 4pF capacitance load is drawn by the solid line.
The lower part in Fig. 11 shows the minimum negative
crosstalk voltage. It is apparent that the experimental
result for the inverter accords with that for the capac-
itance load and the simulation result. The upper part
in Fig. 11 shows the maximum positive crosstalk volt-
age. It should be noted that the crosstalk voltage for
the inverter changes little even though the input step
voltage increases in the range higher than 2.3V, while
the crosstalk voltage for the capacitance is proportional
to the step voltage. Therfore, The waveform of 4-port
network simulation hardly agrees with the experimental
result.
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Figure 8. Far-end crosstalk (CMOS load V;,=4.2V)
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Figure 9. Far-end crosstalk (CMOS load V,=2.6V)
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Figure 10. Far-end crosstalk (CMOS load V,=1.5V)

4. Conclusion

We have obtained the following interesting results about
the crosstalk voltage for a CMOS inverter load:

o The negative crosstalk voltage agrees with that for a
4pF capacitance load.

e The positive crosstalk voltage is nearly constant, in
case where the input step voltage is larger than 2.3V,
while the voltage for the capacitance load is propor-
tional to the input step voltage.

Threshold switch occurs in the CMOS inverter, when
the input step voltage is between 2.3V and 2.6V. It
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Figure 11. Relation between input-V and crosstalk-V

is expected that threshold switch affects the positive
crosstalk voltage. As stated in subsection 3.2, the mag-
nitude of the positive crosstalk voltage depends on the
reflection at far-end of the driving line.

We conclude as follows. The far-end crosstalk wave-
form for the CMOS inverter load which never causes
threshold switch (the input voltage is below about 2.5V)
depends on the input capacitance of the CMOS inverter.
The CMOS inverter load which causes threshold switch
(the input voltage is above about 2.5V) has an effect in
suppressing the positive (reflectal) voltage of the far-end
crosstalk.

If the cause of the effect is clarified, it is possible to
improve the simulation model in order to reproduce the
crosstalk waveform for the CMOS inverter load.
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