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Fig. 1. 100Base-TX PHY transmitter block diagram 

To reduce radiated emissions on the unshielded twisted 

pair (UTP) cable, 100Base-TX requires scrambling. 
Scrambling and descrambling are implemented with linear-

feedback shift registers (LFSR) [5]. 

Moreover, 100Base-TX uses Multilevel Threshold-3 

(MLT3) signalling to transmit data. Three values (+1, 0, -1) 

are possible to code the signal. Logical ones are represented 

by a signal edge (Fig. 2). The benefit of the MLT3 

transmission is that it reduces the effective bandwidth from 

125 MHz to 31.25 MHz. 

The TX Driver is a waveform generator whose 

implementation varies between different PHY 

manufacturers. The purpose of this circuit is to shape the 
transmit output pulse. The waveform generator consists of an 

array of switched current sources to control the shape of the 

twisted-pair output signal. The reason behind this is to avoid 

sharp edges when the signal changes. It is achieved by 

controlling the rise and fall time of the output [6]. The rise 

and fall times are defined in the ANSI X3.263 standard. The 

required rise- and the fall time is 4±1 ns. 

 

Fig. 2. MLT-3 coding [5] 

The receiver, officially called Active Input Interface (AII) 

side, consists of the same building blocks in reversed order in 

addition to circuitry, which compensates for the effects of 
magnetics and long cables. Three additional functions are 

implemented by the receiver. First, clock information is 

recovered with the use of a Phased Locked Loop (PLL) or 

Delay Locked Loop (DLL). The cable, together with the 

magnetics, define the low frequency response of the channel, 

which has a high pass characteristic. DC information that the 

signal carries will be removed by the channel. This effect is 

called baseline wander, which is compensated by the AII. The 

receiver uses an adaptive equaliser and baseline wander 

removal circuitry. The signal is distorted and attenuated by 

the cable. To mitigate this effect, the transfer function of the 

cable is measured by the receiver, and the adaptive filter 

implements the inverse function of the cable on the signal. 

The distortion and the attenuation are the functions of the 

cable length. Thus, the receiver must accurately determine the 

cable length to avoid over- or under-equalization [7]. 

III. CONSTRUCTION OF THE SIMULATION ENVIRONMENT 

For the simulations, the main goal was to be able to 

predict the bit-error-rate. 

The simulation environment was created by the 

combination of MATLAB and LTspice. First, the analogue 

100Base-TX waveform is produced by a MATLAB script, 

and the transformer and transmission line model, along with 

the additive noise, is simulated with LTspice. Then, to create 

a fully automated simulation, the LTspice model is saved as 

a netlist file which can be executed in the background through 

LTspice launched from the command line. The inputs and 

outputs of the models are defined through spice directives. 
The MATLAB script runs this command during the 

simulation at each iteration. After the simulation, the 

resulting values are loaded into MATLAB again for decoding 

the signals. Finally, the resulting bitstream is compared with 

the initial bitstream to calculate the BER. The flowchart of 

the whole process can be seen on Fig. 3. 

 

Fig. 3. Flowchart of the whole simulation process 

At the beginning, the script creates a random bitstream. 

The data is then encoded according to the structure of the 

100Base-TX transmitter that was mentioned in the previous 

chapter. Before the MLT-3 conversion, the bitstream is 

resampled to simulate the analogue behaviour to a NRZ 

format which is then converted to the standard 100Base-TX 
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MLT-3 ternary waveform. I choose to represent each data 

point on 32 samples. A higher sample rate gives more 

accurate simulations but, with increased computational and 

memory costs. As it would still need a huge amount of RAM 

to simulate hundreds of millions of bits in one step, the 
program simulates a limited number of bits in multiple cycles. 

Finally, an additional gaussian filter is added to smoothen the 

edges and to meet the 4 ns rise and fall time requirements. 

The resulting signal can be seen on figure 4. 

 

Fig. 4. Simulated 100Base-TX signals. 

The simulation is carried out at different EB/N0 values. 
These values are -2dB, 4dB, 8dB, 12dB, 16dB, 20dB and 

24dB. To calculate the noise variance for each SNR value the 

EB has to be determined first. It can be done with the 

following equation: 

𝐸𝑏 =
1

𝑁 ⋅ 𝑓𝑏𝑖𝑡
∑𝑥2(𝑛)

𝑁

𝑛=1

 (1) 

where 𝑁 is the total number of samples of the signal, and 𝑓𝑏𝑖𝑡  
is the bitrate in bits-per-second [8]. With this N0 can be easily 

calculated by dividing the EB by the EB/N0 value. Lastly from 

N0 the variance 𝜎𝑛 of the noise can be calculated: 

𝜎𝑛 =
𝑁0 ⋅ 𝑓𝑠
2

 
(2) 

where 𝑓𝑠 is the sampling frequency of the signal [8]. 

To accurately simulate the Ethernet transformers in 

LTSpice, the SPICE model of the transformers was acquired 

directly from the manufacturer. The MLT-3 waveform is 

loaded into the simulation model with the noise. The Ethernet 

signal is coupled to the primary side of the transformer and 

the noise is coupled to the centre tap of the secondary coil to 
simulate common mode noise coming from a power supply 

possibly a DC-DC converter. 

 

Fig. 5. LTspice model of PoE channel 

IV. RESULTS 

The simulation was run with multiple Eb/N0 values from 

-4 to 20 dB with a step size of 4 dB. On each level, 20 million 

bits were generated, coded, modulated, sent through the 

channel, and then demodulated to get a representative view 

of the BER. The received signal can be seen on Fig. 6 

 

Fig. 6. Received waveform with low noise level 

After demodulating and decoding the received signal. The 
received bits were compared with the original bitstream and 

the bit-error-rate was calculated and depicted as the function 

of SNR. This can be seen in Fig. 7. Both BER and SNR are 

in dB. Since the amplitude of the MLT-3 signal contains the 

information the protocol is very sensitive to noise compared 

to other frequencies of phase modulations. 

 

Fig. 7. Resulting BER as the function of the SNR 

V. CONCLUSIONS 

The created simulation environment can simulate the 
100Base-TX signals through a standard twisted wire data 

connection cable used onboard a spacecraft alongside with 

the necessary magnetics. With the program, different 

spacecraft topologies can be simulated. As it was expected 

Ethernet cannot work properly in a noisy environment, thus 

it is crucial for PoE applications to ensure that the DC-DC 

converter does not couple significant noise to the data line of 

the spacecraft. 
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The next step is to modify the simulation environment to 

be able to add real noise measured from an actual DC-DC 

converter. Also at the current state, the simulation takes a lot 

of time. It would be beneficial to do the simulations with even 

greater bit numbers. In the future, the goal is to implement a 
more efficient simulation which can deal with a great number 

of bits transferred. To simulate even closer to the physical 

environment of a satellite a hardware in the loop approach is 

also considered. 
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