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A method for signal equalization of high speed serial links transmitter is presented in this 

paper. To avoid signal losses and ISI effects besides receiver input signal equalization, trans-

mitter output signal pre-equalization is also needed right before transmission. One of the 

known methods is pre/post emphases with constant gains, which provides pre-equalization 

independent of frequency. The disadvantage of this method is frequency independency which 

means that the signal will propagate through the channel with pre-equalized high frequency 

regions but independent on the data rate. To validate the proposed architecture, experiments are 

conducted for example, with various injected faults, for which the conventional approach of 

examining the eye opening at the output of the equalizer results. When data signals in the in-

puts of receiver come with high frequencies without equalizer and with many low and high 

frequency harmonics, the output system can lose the data, because high frequencies of the data 

can be rejected by the channel. One of the main reasons of signal rejection by the channel is the 

low pass filter and it can filter high frequency data signals. That’s why in high speed serial 

links some data transferring and receiving process support blocks are used which provide sig-

nal reliable reading and help to avoid data errors and loss. 

The proposed transmitter equalization mechanism can be used in the high speed in-

put/output standards such as Universal Serial Bus (USB) which provides pre-equalization de-

pending on a data rate. 

Keywords: equalizer, receiver (RX), transmitter (TX), pre-emphases (P-MPH), analog 

front end (AFE), continuous time linear equalizer (CTLE). 

 

 Introduction. In high rate data transfer systems (Fig. 1) and interfaces [1,2], 

where the frequency of the signal going to GHz region and signal uncertainty becomes 

bigger and bigger, the receiver part mission of the link becomes very challenging. 

Many types of signal equalization methods came up to solve the problem with signal 

rejection from low bandwidth channel. Especially it appears in serial links, where 

signal transmitting with one serial channel and, as it is known, after parallel data 

serialization, frequency or data rate goes up. This mainly makes the data transmission 

process harder. 

So, there are several equalization methods which could be applied either in 

transmitter part after the signal transmission or in the receiver analog front end (AFE) 
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(Fig. 2) stage right before the signal arrival. Transmitter equalization is calling 

preemphases and is boosting high frequency regions right before the signal transmis-

sion. This compensates high frequency signal rejection by channel and equalizes the 

signal at the input of the receiver side (far end).  

 
Fig.1. Serial link 

 

Fig.2. High Speed Serial link with P-MPH and AFE equalizer structure 

 

Signal pre-emphases function is very important in high speed systems, where at 

the far end of the link signal, the eye opening could not be enough to read the true data 

with just receiver input equalization [3]. So, high speed parts should be pre-equalized 

at the right output of the transmitter to avoid the signal rejection impact on the signal 

eye opening at the link far end part.  

As a solution, there are several methods which could implement this pre-

emphases part and somehow compensate the channel rejection effect. But all the 
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known methods are supporting just static high speed part pre-emphases implementa-

tion which could not be enough in case of high frequency bands.    

As a conclusion, there should be a new approach which will provide pre-

emphases equalization in the output of the transmitter, and the boosting of high speed 

parts will dynamically depend on the frequency range of the data signal. This system 

will improve the data signal eye vertical and horizontal openings and will help to 

avoid wrong signal detection at the far end of the channel. This will decrease the bit 

error rate (BER) of the receiver input stage and will provide high reliability of data 

detection. Of course, it will make serial link performance better and will relax the re-

quirements of the RX input equalizer. 

1. Transmitter Dynamic Equalization Circuit Architecture. The structure of the 

proposed transmitter dynamic equalization for high speed serial AC links is presented 

in Fig.3.  

 

Fig.3. The proposed transmitter dynamic equalization circuit structure 

In this architecture, input serial data signal come to the control unit block which 

controls the sample-hold part switch. Beside that, Din signal is appled to the high pass 

filter (HPF) and its output sampling by sample/hold block (S/H). Each sampled 

voltage includes information about input frequency (Fig. 4).  

 

Fig.4. High pass filter response of signal different frequency 
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After sampling, ADC converts the sampled voltage to digital code. This code 

controls the transmitter output driver's active part numbers. Pre-emphases boosting 

coefficient depends on the active numbers of the TX driver matrix. As a result, the 

system (Fig. 5) detects the input signal frequency and dynamically controls the ena-

bled amount of output drivers and changes the pre-emphasis portion of signal swing, 

so because of that, the signal is transmited through the channel. This technique is 

called transmitter dynamic equalization method which provides good channel equali-

zation at the near end of the link and pre-equalizing signal for far end.   

 

Fig.5. The proposed transmitter control method 

 

   In high speed serial AC links, combinational solutions of receiver and transmit-

ter equalization should be applied to make RX input eye opening detectable.  

2. Operation Principle and Equalization. The proposed method block diagram is 

presented in Fig.6. It shows the transmitter data path from the serializing stage to the 

channel. At first, the transmitter output serial data is appled to the control unit which 

controlls the frequency detection sampling part. The transmitter output serial data also 

goes to the final drivers’ stage. The frequency detection part at first apples data signal 

to the high pass filter to make intermediate signal with different slops. After that sam-

ple/hold stage samples this intermediate signal with correct data signal phase. Sampled 

voltage will be proportional to the initial data rate. It will give information about data 
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frequency for making a true decision about how much final data should be pre-

emphased right after final transmission [4].  

The proposed method will dynamically change the boost of high speed segments 

of data signal and will well equalize the data signal propagation at the far end of the 

link. Before data reading, it should be equalized with different gain in a large frequen-

cy spectrum and for this range, the channel and equalizer overall frequency response 

should be settled. If it is not close to constant, it should be calibrated from the equaliz-

er part of overall system frequency response. 

All these processes should be done to improve the receiver input signal eye hori-

zontal and vertical openings, and also reduce as much as possible the received signal 

BER.  

 

Fig.6. The block diagram of  the equalization method 
 

As it was mentioned above, the data signal coming from the channel and equaliz-

er is needed for compensating the channel low pass frequency response through lines 

that can bring data errors over PVT and poor signal eye opening. 

The equalization process starts from the far end of the channel (Fig.7). Control 

has a 3-bit output digital signal which is controlled by equalized RX equalizer output 

and is changing for overall frequency response calibration. After several iterations, 

when the loop is already locked, control generates an output final code to provide op-

timal overall frequency response for further processing of the signal. 

3. Simulation Results. Simulations have been performed, using circuit level sim-

ulator Hspice [5] for 20 PVT corners, including SS (slow-slow), TT (typical-typical), 

FF (fast-fast), SF (slow-fast), FS (fast-slow) with supply voltage and temperature varia-

tions to estimate the bit error rate (BER), and the channel far end RX input eye vertical 

and horizontal openings.  

Fig. 7 shows the transmitter output equalization definitions.  
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The table shows the simulation results accordingly for FF (-40
O
) and SS (125

O
) 

main PVT corners for BER and the eye horizontal and vertical openings for the 

10Gbit/s data rate. 

 
Table 

 Simulation results of the three main corners 10 Gbit/s 

Corner Horizontal opening Vertical opening BER 

Unit ps mV # 

TT (55) 85 120 5 

FF (-40) 87 150 7 

SS (125) 73 95 12 

 
 
 
 
 
 
 
 
 
 
 
 

Fig.7. TX dynamic equalization plots 
 

Conclusions. A high speed transmitter dynamic equalization method has been de-

signed to compensate the frequency response of the channel. A high-speed equalizer 

will open the far end eye, and will reduce the received data BER up to 40% in respect 

to static equalization.  

The method can be implemented for input/output protocols such as USB, PCI and 

other modern special I/O interfaces.  
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МЕТОД  ДИНАМИЧЕСКОГО ВЫРАВНИВАНИЯ  

ВЫСОКОСКОРОСТНОГО ПЕРЕДАТЧИКА С ПОСЛЕДОВАТЕЛЬНЫМ 

КАНАЛОМ ДАННЫХ 

А.А. Мартиросян 

Представлен метод эквализации сигналов преобразователя скоростных 

последовательных связей. Во избежание потерь сигнала и межсигнальных помех, кроме 

эквализации входного сигнала приемника, необходимо провести предварительную 

эквализацию выходного сигнала передатчика непосредственно перед передачей. Одним 

из известных методов является предварительное/дальнейшее акцентирование сигнала с 

постоянным коэффициентом усиления, который обеспечивает предварительную 

эквализацию независимо от частоты. Недостатком метода является независимость от 

частоты. Это означает, что сигнал будет распространяться по каналу с предварительно 

эквализированными высокочастотными областями, но не зависящими от скорости 

передачи данных. Для тестирования предлагаемой архитектуры были собраны 

экспериментальные примеры с различными ошибками, примеры различных подходов и 

измерений открытия глаза на выходе эквалайзера. В случае, когда сигналы данных на 

входах приемника поступают с высокими частотами без эквалайзера и со многими 

гармониками низких и высоких частот, выходная система может потерять данные, 

поскольку высокие частоты даты могут отклоняться по каналу. Одной из основных 

причин отказа сигналов по каналу через PVT является высокочастотный фильтр, 

который может фильтровать высокочастотный сигнал данных. Исходя из 

вышесказанного, в высокоскоростных последовательных каналах используются 

некоторые блоки передачи данных и приема, обеспечивающие надежное считывание 

сигнала во избежание ошибок и потерь данных. 

Предлагаемый механизм эквализации передатчика может использоваться в 

высокоскоростных стандартах ввода/вывода, таких как универсальная последовательная 

шина (USB), которая обеспечивает предварительную эквализацию, в зависимости от 

скорости передачи данных. 

Ключевые слова: эквализация, приемник, передатчик, предварительно 

напряженный, аналоговый интерфейс, непрерывное линейное выравнивание. 


