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Design and Simulation of CMOS Circuit Structure for CTL-CTM
Crosstalk Cancellation Method in High-Speed Interconnects
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Abstract—A circuit module for coupled transmission line channel transmission matrix (CTL-
CTM) crosstalk cancellation is designed and simulated by using CMOS technology in a high-speed
interconnection system. The module consists of an adder and a subtractor to realize analog addition
and subtraction of digital signals. The adder is composed of CMOS transistor pair connected to an
inverter at the next stage. The subtractor is composed of a current mirror as the load of CMOS
differential pair. The crosstalk cancellation circuit module is simulated and verified by advanced design
system (ADS) software. The designed adder and subtractor work well and have no significant difference
with the ideal output, and the signal eye diagram recovered by the crosstalk cancellation circuit is of
good quality, which solves the circuit implementation problem in the CTL-CTM crosstalk cancellation
method.

1. INTRODUCTION

Crosstalk is a phenomenon of harmful noise interference from electrical signals in high-speed
interconnected systems to adjacent channels. The main reason for crosstalk is the presence of
electromagnetic coupling between the signals from different channels. A series of methods can be adopted
to reduce the crosstalk on victim lines, such as inserting shielding lines between transmission lines,
distributing decoupling capacitors, reducing the coupling length of transmission lines and reducing the
thickness of the medium layer [1-4]. However, most approaches are at the expense of hardware resources
allocation. In the background of smaller and smaller size of electronic products, the application range
of these methods has become increasingly narrower.

The method of eliminating the crosstalk between microstrip lines based on coupled transmission
line channel transmission matrix (CTL-CTM) in reference [5] is effective, but no specific circuit design
and implementation is carried out. In this paper, a metal oxide semiconductor field effect transistor
(MOSFET) is used to design the circuit for the proposed method. An adder and a subtractor are used
as basic units to realize a crosstalk cancellation circuit. MOSFET in microwave semiconductor devices
is widely used in radio frequency and microwave-integrated circuits due to its high performance, low
power consumption, high integration, and low cost [6].

For the circuit module of CTL-CTM crosstalk cancellation method, two units of the circuit are
first respectively designed by using four CMOS transistors. The adder [7-9] is composed of a CMOS
transistor pair connected to an inverter at the next stage. The subtractor [10, 11] is composed of a current
mirror as the load of CMOS differential pair. Then, the designed adder and subtractor are applied to
the CTL-CTM circuit to cancel crosstalk, and the necessary impedance matching is performed [12].
Finally, ADS software is used to simulate the effectiveness of the adder and subtractor and the quality
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of the signal eye diagram at the receiving end. The output effects of the adder and subtractor designed
with MOSFET devices are good, and the eye diagram quality of the transmitted signal recovered by
the crosstalk cancellation circuit is better than that of two normal transmission lines with the same
parameters. The crosstalk cancellation circuit using CMOS technology is accurate and feasible, and the
circuit is simple.

2. CROSSTALK CANCELLATION METHOD BASED ON CTL-CTM

The crosstalk cancellation method of CTL-CTM was proposed previously [5]. The fundamental is to
describe the signal relationship between the ports of the transmission channel according to the transfer
function of the channel model in Fig. 1, and to establish the CTL-CTM matrix reflected by Equation (1).
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where H(w) is the transfer function of microstrip lines, and C(w) is the transfer function of the far-end
crosstalk between microstrip lines.
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Figure 1. Channel model of two coupled microstrip lines.

Since the transfer function has the same physical meaning as the S-parameter in the interconnect
lines, under weak coupling, H(w) and C(w) are as shown in Equations (2) and (3) [5].

H(W) = Sy =Si=e "2 cos [@] 2)
C(w) = So3 =841 = —jew sin [%] (3)

where AS = G, — (; Be and [, are respectively the even mode and odd mode propagation constants,
and [ is the coupled length.

The transfer function in Equation (1) is converted into a diagonal matrix by the eigen value
decomposition (EVD) of CTL-CTM matrix, as in Equations (4) and (5). Then, transmission line
signals are linearly combined and transformed to form orthogonal mode. So, the crosstalk transfer
function is converted to zero. Finally, crosstalk cancellation effect is achieved.
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where A is the diagonal matrix formed by the eigenvalues of H matrix, and U is the unitary matrix
composed by the eigenvectors of A matrix.

According to the above analysis, a crosstalk cancellation circuit model is constructed to obtain
signal non-crosstalk transmission, as shown in Fig. 2. The transmission signal undergoes two linear
combination transformations at the transmitting end and receiving end of the two interconnecting
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Figure 2. The model of crosstalk cancellation circuit.

lines. Thus, the transmission signal forms an orthogonal mode, and finally, the transmission signal is
reconstructed.

Based on this model of crosstalk cancellation circuit in Fig. 2, the linear combination transformation
process of the transmission signals at the transmitting end and receiving end are found to require
addition and subtraction operation. So, adder and subtractor are important units in the entire circuit
design. As common units in circuit system modules, adders and subtractors have many design methods.
The crosstalk cancellation circuit is characterized by analog addition and subtraction of digital signals.
Thus, this paper uses CMOS components to design the crosstalk cancellation circuit.

3. THE DESIGN OF CROSSTALK CANCELLATION CIRCUIT

This paper proposes the adder structure shown in Fig. 3, where the CMOS transistor pair is connected
to an inverter at the next stage. It only needs four MOSFETSs to implement adder and to form an
inverter simply and easily, as follows: M; and Mg are NMOS transistors, and M3 and My are PMOS
and NMOS, respectively.
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Figure 3. Structure of the adder.

To make the circuit work normally at low voltage, an inverter is connected to the output port V
of the first stage, so that the final output port V¢ is a full swing output, that is, negative voltage to
positive voltage, which can better drive the next level and reduce time delay. This circuit structure of
adder is simple and easy to achieve. Furthermore, the circuit structure by four MOSFETSs is used to
implement circuit function with the advantages of low power consumption and low cost.

Subtraction based on addition has been widely used in very large-scale integrated circuits. Thus,
the current mirror load CMOS differential amplifier shown in Fig. 4 is used to form a simple subtractor,
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Figure 4. Structure of the subtractor.
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which can convert the differential-mode output signal into a single-ended output signal. M; and My
use NMOS as signal input pair tubes, and M3 and My use PMOS as current mirror tubes. This circuit
structure also achieves the required subtraction function by four MOSFET transistors, and the cost is

low.

To verify the effectiveness of the input signal through the circuit including the adder and subtractor
formed by MOSFET, a crosstalk cancellation circuit structure as shown in Fig. 5 is constructed.

The key of this circuit design is to match the characteristic impedance of the microstrip line to
ensure integral signal transmission and achieve a good crosstalk cancellation effect. Commonly used
impedance matching techniques include series terminal matching and parallel terminal matching. In
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Figure 5. The circuit structure of crosstalk cancellation.
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addition, the orthogonal transmission of the input signals between the two interconnects is reflected by
respectively carrying out two times of addition and subtraction operations in the circuit. In this way,
the input signals are reconstructed to achieve the purpose of crosstalk cancellation.

4. SIMULATION RESULTS AND ANALYSIS

The validity of the proposed circuit is simulated and verified by utilizing Keysight Technologies ADS2017
software. The output results of the adder and subtractor and the eye diagrams of the crosstalk
cancellation circuit are simulated.

4.1. Adder Simulation

The CMOS device in the circuit is to call the MOSFET components in Devices-MOS of ADS Software.
Then, simulation verification is performed according to the schematic diagram of the adder in Fig. 3.
The basic parameters are shown in Table 1, where L is the channel length of the transistor, and W is
the channel width of the transistor.

Table 1. Basic parameters of adder.

My | My | M3 | My | Vbp1 | Vbp2 | Ra Ry
L/ pm 1 1 1.05 | 1.32
W/um 330 | 330 | 255 | 424

oV 3V | 179Q | 179Q

Simultaneously, the amplitude of the two input signals is set to 1V. The transmission rate is
1 Gbit/s. The rise/fall time is 0.1ns. The input data is shown in Fig. 6 as a pseudo-random sequence.
The simulation results are shown in Fig. 7.
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Figure 6. Two input signals of the adder.

Figure 7 shows that the output result of the adder constructed is the same as the ideal output
result obtained by the equation Vout_ideal = Vin1 + Vine. The simulation shows that this circuit structure
can realize the addition function and work well. However, because the MOS tube is a nonlinear device,
even when it works in the linear region, a little distortion will inevitably occur due to the device itself.

4.2. Subtractor Simulation

The schematic diagram of the subtractor also uses ADS software for simulation and verification according
to Fig. 4. The basic parameters of the subtractor are shown in Table 2, where L is the channel length
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Figure 7. Output results of the adder.
Table 2. Basic parameters of subtractor.
My | My | Ms | My | Vop | Iss
L 2 2 | L 1.
/Hm 07107 ] 5y | 387maA
W/um | 6 6 | 100 | 100

of the transistor, and W is the channel width of the transistor.

Simultaneously, the amplitude of the two input signals is set to 1V. The transmission rate is
1 Gbit/s. The rise/fall time is 0.1 ns. The input data are shown in Fig. 8 as a pseudo-random sequence.
The simulation results are shown in Fig. 9.

Figure 9 shows that the output result of the subtractor constructed is the same as the ideal output
result obtained by the equation Viut_ideat = Vini — Vine. The simulation result shows that this circuit
can realize the subtraction function under high-rate signal input, and the effect is good.
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Figure 8. Two input signals of the subtractor.
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Figure 9. Output results of the subtractor.

4.3. Simulation of Crosstalk Cancellation Circuit

The above adder and subtractor are used in the structural layout of the crosstalk cancellation circuit
in Fig. 5. The MACLIN2 of TLines-Microstrip is used to create two microstrip lines in parallel.
The architecture parameters are as follows: width of the microstrip line w = 40mil, medium height
d = 22 mil, distance between adjacent microstrip lines s = 20 mil, line conductor thickness t = 2.8 mil,
dielectric constant e, = 4.5, magnetic permeability u, = 1, dielectric loss angle tangent tand = 0.02,
and length of the microstrip line [ = 16inch. The conductor is copper. The characteristic impedance is
50 Q. The transmission rate of input data is set as 1 Gbit/s. The rise/fall time is 0.1 ns, and the input
data are pseudo-random sequence. The eye diagrams of the receiving signal on the microstrip lines are
simulated before and after the method is used.

Before and after the method is used, when the signals of the input end are synchronized symbols,
the comparison results of the eye diagrams are as shown in Fig. 10. When the phase difference of the
two signals has a half symbol, the comparison results of the eye diagrams are as shown in Fig. 11.

In the above two cases, the results show that the designed circuit can improve the width and height
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Figure 10. Eye diagrams under synchronizing symbols. (a) Before using the method. (b) After using
the method.
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Figure 11. Eye diagrams under a half symbol. (a) Before using the method. (b) After using the
method.

of the eye diagram and reduce jitter. The eye diagram caused by crosstalk nearly is closed especially
when the phase difference of the transmitted signal has a half symbol. After the signal is processed by
the CMOS circuit, the jitter and noise are reduced.This proves that the method of forming a crosstalk
cancellation circuit based on CMOS technology is effective. Simulation shows that the adder and
subtractor designed with MOSFET work well, and the signal eye diagram recovered by the crosstalk
cancellation circuit is of good quality. The crosstalk cancellation circuit using CMOS technology is
accurate and feasible.

The circuit designed in this paper also has the advantage of low power consumption. The
addition circuit and subtraction circuit designed in this paper can achieve the required functions by
using only four CMOS transistors, which greatly reduces the power consumption. Furthermore, the
circuit structure adopts symmetrical structure, which reduces the parasitic capacitance and the power
consumption of the circuit.

For n > 3 transmission lines, the structure of CMOS circuit will be designed by the CTL-CTM
matrix in [13] in the following work.

5. CONCLUSION

A circuit for CTL-CTM crosstalk cancellation in high-speed interconnection system is designed and
implemented by using CMOS technology. The scheme is composed of two units, as follows: an adder
composed of a CMOS transistor pair connected to an inverter at the next stage and a subtractor
composed of a current mirror as the load of CMOS differential pair. Analog addition and subtraction
of digital signal in crosstalk cancellation circuit can be implemented. Then, the whole structure is
symmetrical, sharing 16 CMOS transistors to realize the circuit of crosstalk cancellation. The simulation
results show that the adder, subtractor, and crosstalk cancellation circuit based on CMOS have good
output results, and the circuit structure is simple and easy to implement.The proposed circuit can
be used in various signal processing applications such as oscillators, trans-conductance amplifier, and
sensor interface.
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