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ABSTRACT 

The main focus of this thesis is to investigate improvements to data transmission. 

Data transmission speeds and distances are limited by the amount of jitter in the system, 

and signal modificafions to reduce jitter are simulated. 

A solufion is sought to reduce the amount of system jitter, enabling the increase in 

the transmitfing speed and distance over the cable. Optimizing the pre-emphasis signal is 

determined by simulafion different parameters. In addition, alternative signaling schemes 

are invesfigated to compare the effecfiveness and find the signal that minimizes jitter. 
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CHAPTER I 

INTRODUCTION 

Data transmission has played an important role in computers and industry for 

many years. Data has always had to be transferred, even if simply from memory to the 

processor or logic unit. Compufing power was inifially isolated to large single 

computers, separated by great distance with little or no attempt to connect them. 

Computers eventually became smaller and cheaper, spreading their use and making them 

more common. Industry saw many potenfial uses and quickly adopted computer control 

and data logging, increasing the need for data transmission. As more and more 

applicafions were developed, data was transmitted at higher speeds and longer distances. 

As progress was made, the speed and amount of data transferred increased at large rates. 

It is now commonplace for a large factory, regardless of the size, to be controlled and 

monitored by computers. 

Advances in compufing and transmission speed have created some potential 

problems in transmitfing data long distances or at high speeds. To accurately transmit 

data, the signal must not be distorted to the point it cannot be received. Advanced 

applicafions with current data transmission standards are pushing speeds and transmission 

distances to the limit. Improvements must be made to further increase them. 

A modificafion to the current signaling methodology is invesfigated in this report, 

enabling increased speeds or transmitfing distances. Several alternate methods are also 

invesfigated as a comparison, and an opfimum signal is found. Chapter II describes the 



background of differenfial signaling in data transmission, its importance, and some of the 

limitafions to increasing transmission speed or distance. 

The differenfial standards and features used in the simulafions is given and 

discussed Chapter III describes the theorefical background to improvements to the 

transmitted signal, using pre-emphasis. Prior work has shown that this is an effecfive tool 

in achieving low jitter measurements.^"^ Further experimentafion will verify this in the 

simulafions, and is given in the results secfion. 

Chapter IV describes the simulafion setup, and the results obtained. Pre-emphasis 

is compared to two other implementafions as well as the differenfial signal for 

comparison, and the results of the simulafions are given. 



CHAPTER n 

THEORY AND OPERATION OF DIFFERENTIAL SIGNALING 

2.1 Differenfial Signaling 

Most data transmission over any reasonable distance or speed uses differenfial 

signaling to achieve higher noise immunity and reduced electromagnefic interference 

(EMI). The drawback to differenfial signaling is that two wires per transmission line are 

needed compared to one for single ended signaling, and more I/O pins are required per 

integrated circuit (IC). 

The two main common differenfial signaling standards are RS-485 and low 

voltage differenfial signaling (LVDS). RS-485 is a high voltage differenfial signaling 

scheme. Some of the differences between the two standards can be seen in Table 2.1. 

Table 2.1 Differences between differenfial data transmission specifications 11] 

Differenfial voltage 

Speed 

Distance 

RS-485 

3.5V 

<50Mbps 

<= 1200m 

LVDS 

350mV 

>400Mbps 

<=15m 

The widespread differences of these transmission standards suggest that large 

amounts of the data transmission market share can be covered by these alone, and this is 

not totally unrealisfic. 



2.2 Low Voltage Differenfial Signaling 

Low voltage differenfial signaling (LVDS) is used for many high-speed 

applicafions, and will be used as the basis for this work. The LVDS signal is specified to 

have a 1.2V common mode voltage and a typical 250mV differenfial voltage. The 

maximum differenfial voltage is around 500mV. The maximum speed is not specified in 

the standard, to allow for future growth and development, but some systems can currently 

achieve speeds as high as 655MBps.̂ ^^ Transmission distance is approximately 15 meters 

or less, dependent upon transmission speed. Minimum receiver sensifivity is lOOmv, but 

typical receivers have considerably better sensifivity often using hysteresis to allow good 

noise immunity. While the LVDS standard is discussed in this work, the results and 

applicafions are widespread and could be used for any single ended or differential 

signaling standard or implementafion. The maximum speed and maximum transmission 

distances are not mutually inclusive, of course, and this leads to the point of determining 

transmission capabilifies. 

2.3 Measuring Jitter with an Eye Pattem 

Regardless of the transmission standard used, data transmission ranges and speeds 

are typically limited by the amount of allowable jitter in the system. Jitter is defined as 

the deviafion of a signal edge from its nominal position. There are several factors that 

contribute to jitter, including skew and inter-symbol interference (ISI), which is media 

dependent. ISI is caused by transmitfing successive pattems of all ones or zeros followed 



by a change in voltage level. The transifion is then slower than would normally occur 

due to line charging effects of the transmission media, resulfing in increased jitter. The 

allowable jitter in a system is specified with respect to the unit interval (UI) which is 

signal rate dependent, or in terms of the percentage opening of an eye pattem. The limit 

for reliable data transmission is 10%.̂ ^̂  This low jitter limitafion is a requirement for a 

low bit error rate (BER). An eye pattem measures total jitter using an oscilloscope in 

infinite persistence mode or by represenfing this voltage measurement setup in a 

simulafion. The input to create an eye pattem is the combinafion of the worst-case 

signals, as seen in Figure 2.1, and consists of static transifions from high to low and low 

to high, and both low and high going pulses. 
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Figure 2.1 Worst-case input signals to create eye pattem. 



The output of the eye pattem is used to determine the jitter by measuring the eye 

opening, usually expressed in a percentage opening. Figure 2.2 shows an eye pattem as 

well as the jitter measurements. 
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Figure 2.2 Eye pattem with receiver threshold shown. "̂̂̂  

Typical receiver sensifivity is lOOmV, so the most important jitter measurement is 

at this reference voltage. Data transmission speeds are limited by not only the driver 

limitafions, such as slew rates and skews, but also by the transmission media, or cable 

environment. 



2.4 Transmission Line Properties 

Two main transmission line types are used, twisted pair cable and coaxial cable. 

Twisted pair is inexpensive, and thus commonly used for long cable mns. Lossy 

transmission line models are used and are available in PSpice to simulate losses incurred 

in long transmission line lengths. Almost all cable has a low-pass filtering effect, as well 

as resisfive losses. The frequency response plot in Figure 2.3 shows the attenuation, and 

a square wave would have harmonics well beyond the fundamental frequency. 
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Figure 2.3 Twisted pair frequency response. 15] 



Pre-emphasis adds high frequency components to the signal, overcoming and 

compensafing for this filter effect. A somewhat simplified transmission line model is 

shown in Figure 2.4, showing the elements cascaded to make up a length of cable. 

Figure 2.4 Transmission line circuit model 16] 

A number of these secfions would be combined to make up a length of cable in a 

simulafion. It would be unwieldy to create this circuit in the simulafion, especially if long 

lengths of cable or many different types of cable were to be used. Instead, an altemate 

means of modeling the transmission line is used. The method used is an Analog 

Behavior Model to be discussed in further detail in the next secfion. 

2.5 Analog Behavior Modeling of the Transmission Line 

Often, the actual circuit components that represent the device or part to be 

modeled are not of importance, just how the part behaves when used In this case an 

analog behavior model (ABM) is used, although some simplifications and 

approximations are often made in the model. An ABM of the transmission cable can also 



reduce the simulafion fime, and the model can also be changed from one type of cable to 

another quite simply. For example, all that is needed to change gauge of cable is a 

change of a few parameters, rather than changing many component values. 

Figure 2.5 shows the models used by the PSpice simulator to implement the 

transmission line models. From this, the familiarity to the previous circuit model can be 

seen, as well as the four parameters for resistance, capacitance, inductance, and 

conductance. 

ABMlossyTline 
* Near end hi 
* I Near end lo 
* I I Far end hi 
* I I I Far end lo 

I I I I 
.subckt ABMlossyTline Al A2 Bl B2 params: len=l r=0 l=lu g=0 c=lp 
* 

* This is a generalized Analog Behavioral Model template for a lossy 
* transmission line, implemented as a set of current sources across the 
* near and far ends of the line. It can be used for models that require 
* all of the line RLGC parameters to be functions of frequency. 
* 

* Al —[vA]—o o o o o o—tvB]— Bl 
I I I I I I 

* tgal] [ga2] tga3] [gb3] [gb2] [gbl] 
I I I I I I 

* A2 --0 -o --0 o o o B2 
* 

* near side: 
vA Al Ai 0 
gal Ai A2 laplace {v(Al,A2)} = {sqrt((C*s+G)/(L*s+R))} 
ga2 Ai A2 laplace {i(vB)} = {-exp(-len*sqrt((L*s+R)*(C*s+G)))} 
ga3 Ai A2 laplace {v(Bl,B2)} = 
+ {-exp(-len*sqrt((L*s+R)*(C*s+G)))*sqrt((C*s+G)/(L*s+R))} 
* far side: 
vBBlBiO 
gbl Bi B2 laplace {v(Bl,B2)} = {sqrt((C*s+G)/(L*s+R))} 
gb2 Bi B2 laplace {i(vA)} = {-exp(-len*sqrt((L*s+R)*(C*s+G)))} 
gb3 Bi B2 laplace {v(Al,A2)} = 
+ {-exp(-len*sqrt((L*s+R)*(C*s+G)))*sqrt((C*s+G)/(L*s+R))} 

Figure 2.5 PSpice transmission line models 



2.6 Determining Transmission Line Length from Models.̂ ^^ 

Since transmission distance is of high importance, several lengths of cable were 

tested. In order to preserve the integrity of the models, changes to parameters and models 

were not made, and secfions of cable were added in the schemafic. The minimum cable 

length was determined by experimentafion to be 1.64m, and was used for high-speed 

signal tests. Applying a voltage to the transmission line and closing a switch to a load 

results in a pulse on the output. The fime of the pulse width can be used to calculate the 

length of cable (Figure 2.6). 
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V1 R6 10k 

5V -^!= 

0 

Figure 2.6 Circuit to determine cable length [8] 
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The pulse width can be used to calculate the length of the cable, given by the equafion 

2.1, where c is the speed of light. ^̂^ 

^ pulsewidth 
length := 2 • 

(2.1) 

Since even LVDS can transmit as far as 15m, longer cable lengths were tested as well, 

although the requirement of reduced speed is necessary in longer cable mns. 

11 



CHAPTER III 

THEORY AND EXPERIMENTAL SETUP 

3.1 Signal Improvements to Reducing Jitter 

Studies of the market have shown a need for data transmission to take place at 

higher signaling speeds and at longer cable lengths. While error detecfion and correcfion 

schemes could be used to make up for errors in transmission, they increase the 

complexity of a system as well as require addifional bandwidth. To achieve a low BER 

requires reducing the data transmission speed, improving the cable media, or improving 

the transmitfing signal in some manner. Reducing speed is often not desirable, and 

changing the cable can be a costly solufion with limited opfions and minimal 

improvements. One way to improve the signal at the receiving end is to modify the 

transmitted signal to take into account the distortion caused by the cable. A possible 

solufion to meet this need is to create a driver integrated circuit that uses pre-emphasis. 

Driver pre-emphasis is a technique to allow for improved transmission capabilifies 

implemented by adding an intenfional controlled overshoot to a signal. An example of a 

pre-emphasis signal at the receiving end of the transmission line can be seen in Figure 

3.1. 

12 
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Figure 3.1 Pre-emphasis signal differenfial output voltage, a high going pulse. 

The typical cable system has a low-pass filtering effect on a square mixed signal 

environment, and results in rounding off of the signal for long cable distances or high

speed signals. The intenfional distortion by pre-emphasis results in the desired output 

signal after this filtering effect, resulfing in more accurate recepfion. The amount of 

voltage overshoot is limited by the data transmission standards of the particular 

implementafion. Simulafion can be used to determine the opfimum amplitude within 

these specificafions. The timing of the pre-emphasis signal is limited by the data 

transmission rate and is also determined from simulation using transmission line models. 

While pre-emphasis is a fairiy well-known technique in wireless applications, it is 

relafively new to data transmission. The limitations of the amount of voltage available to 

13 



overdrive the signal may limit the usefulness of the pre-emphasis, but both LVDS and 

RS-485 have reasonable amounts available while sfill adhering to the standards and 

specificafions. Typical applicafions currently use reduced data transmission rates to 

allow for long cable mns. Design goals include determining the opfimum signal 

amplitudes and fiming to achieve a lower BER, which will be determined by the 

allowable amount of jitter in the system. An eye pattem shows the system jitter, with a 

maximum of 10 percent allowed for accurate transmission. System designers commonly 

verify the operating speed and BER of a system using an eye pattem. 

The cable acts like a RLC circuit and distorts the transmitted square wave signal, 

rounding off the comers resulfing in delayed receiver switching. This rounding is 

prevented in pre-emphasis drivers by adding intenfional overshoot to the signal, 

essenfially adding more high frequency components to the signal, compensafing for the 

low-pass filter effect of the cable. The signal with 50% duty cycle has only odd-

harmonics of the fundamental frequency (the transmitfing frequency), while a signal with 

less than 50% duty cycle will have both even and odd harmonics of the fundamental 

frequency. The mathemafical Fourier series of these signals verify these results, as 

shown in Equafion 3.1 on the following pages. 

14 



For a square wave with less than 50% duty cycle, use 25% for convenience: 

f(x):=0 for-3*71/2 <x<0 

2 
hdx 

0 

2 

0 

n 

b : = l 
n 

n 

a .-— a :=— 
0 o n 

2 71 

f( x) := h for 0<x<7i*/2 

n 

2 

hcos(nx)dx 
1 

0 

hsin 

a .=-
n 

hi 
n-7i 

lisin(nx)dx b := 
n 

h-
I 1 ^\ 
cos n •— 

\ I 21 
n-7i 
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- ' ) 

a :=0 

for n ever 
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.. -H —• - + ^ ^̂  -H-

71 

which contains odd and even components 

(3.1) 
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For a square wave with 50% duty cycle: 

f ( x ) :=0 for-rt<x<0 f (x ) :=h forO<x<7i 

1 
'n 

hdxl a_:=0 a :=— 
0 n 

0 / T^ 

hcos(nx)dx " 
a ;=0 forn=1,2,3. 
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" M 

hsin(nx)dx 
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h h 
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-, , . h - h / . ^ ^ sin(3x) sin(5x) \ 
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Accurate PSpice models of the different cable types are available, and allow 

simulations to be made without using long lengths of cable and measurements in the lab. 

Simulafion allows comparisons to be made with the pre-emphasis signal compared to a 

normal signal, as they would be used in a real worid situafion. 

The eye pattem simulafion allows a direct comparison of the allowable signaling 

rate or distance that pre-emphasis will improve upon. The speed and range of 

transmission that customers want varies greatly from applicafion to applicafion. 

However, pre-emphasis should be useful over a broad range, from very high 

speed over a short range to low speed and extremely long distances. Fortunately the 

design does not differ for the two application extremes, and simulations are readily done 

for each. Worst case is easily modeled, and is simply the case where the signal has been 

high for a long fime in relafion to data rate, and then changes to a low. This transition is 

slow in relafion to the normal high to low switching. 

This worst case simulates quickly and easily, and gives a good representation of 

how the pre-emphasis will work. The eye pattem gives a good indicafion to system 

designers as to the usefulness in their present systems as well, making it a good 

markefing as well as design indicator. 
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CHAPTER IV 

SIMULATION RESULTS AND ANALYSIS 

This chapter explains the various simulafions that were conducted, the test 

condifions if applicable and the analysis of these results. Pre-emphasis is invesfigated to 

opfimize its parameters, as well as compared to other signaling methods, high pass 

filtering, and over driving the signal. 

4.1 Pre-emphasis Circuit Implementafion 

The circuit implementafion in Figure 4.1 is a pair of convenfional low voltage 

differential signal (LVDS) drivers connected in parallel. The first driver provides the 

differenfial signal, and the second uses fiming circuitry to provide the pre-emphasis of the 

waveform. The fiming circuit uses a pass transistor on the driver output lines to tum on 

and off the pre-emphasis portion of the signal at the desired time. The implementafion of 

the fiming circuit is a mono-stable mulfivibrator or one shot. Using known good device 

topologies and a relafively simple implementafion allows the device to be designed tested 

quite rapidly. This leaves the remaining tesfing to cover simulations determining the 

opfimum pre-emphasis signal properties and comparisons to convenfional drivers. The 

two differenfial drivers take a single-ended CMOS signal and convert it into a 

differenfial signal, while the one shot produces a signal to connect the second driver for 

the appropriate amount of fime. 

18 
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4.2 Simulafion Setup and Condifions 

Piecewise linear voltage sources are used to create a differenfial signal that is 

applied as an input to a transmission line model (twisted pair or coaxial cable). The cable 

is then attached to the appropriate load resistor (matched to the transmission line 

impedance) and a load capacitor that simulates the typical receiver input capacitance, 

seen in Figure 4.2. 

Vin+ 

Vin-

Figure 4.2 Transmission line with terminafion resistance and receiver capacitance. 

A common mode voltage is applied to each differential signal, as specified by the 

standards for LVDS. 

20 



With an actual receiver, the ability to receive the transmitted signal would depend 

on the range of the common mode voltage, but in these simulafions the differential output 

voltage is simply measured without use of a receiver. The voltage source used gives 

control over the voltages and fiming changes in discrete steps, and is sufficient to create 

single pulses (worst case condifions) with appropriate rise and fall fimes. The setup is 

shown in Table 4.1, and the resulfing pre-emphasis waveform in the simulation plot in 

Figure 4.3. 

Table 4.1 Piecewise linear voltage source setup 

Step 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Time 

lOn 

20n 

20.25n 

21ns 

21.25n 

22n 

22.25n 

23n 

23.25n 

33.25n 

Voltage 

-0.125 

-0.125 

{ Prehigh } 

{ Prehigh } 

0.125 

0.125 

{- Prehigh } 

{ - Prehigh } 

-0.125 

-0.125 
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Figure 4.3 Output voltage of source using Table 4.1 parameters 

The common mode voltage is applied with a summing block and a DC voltage 

source, allowing more flexibility in varying the pre-emphasis voltage levels without 

affecfing other voltage levels. Rise and fall times are chosen to match the transmission 

speed, but also to attempt to match what is reasonable from current device specifications. 

Appropriate setup fime to allow the line to charge to the inifial conditions is provided at 

the start of each pulse or transition, and depends on the length of cable tested. Typical 

delay fimes are 5ns per meter, and can be verified by reflecfions on the line or by the 

same simulafion used to determine the line length. 
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4.3 Varying Timing and Level of Pre-emphasis 

Tests with varying levels of pre-emphasis voltage levels indicate that the higher 

the voltage level, the better the resulfing received signal is, provided the rise fime remains 

the same or sufficiently fast. Voltage levels higher than the LVDS standard allows results 

in favorable output as well, and may have uses where strict adherence to the standards is 

not required. The standards limit voltage overshoot and deviation to 10%.̂ ^̂ ^ Figure 4.4 

shows pre-emphasis levels of 5 and the maximum level of 10 percent and a 100 percent 

pre-emphasis for comparison. 

19.0ns 19.5ns 20.0ns 20.5ns 21.0ns 21.5ns 22.0ns 22.5ns 23.0ns 23.5ns 

a :• v, m V(V010 + ,V010-) 

Time 

Figure 4.4 Varying levels of pre-emphasis on high going pulse. 
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Figure 4.5 Jitter values versus pre-emphasis levels 

The graph in Figure 4.5 shows decreased jitter for increasing amounts of pre-

emphasis voltage levels. This verifies that the more the high frequency content is 

emphasized, the less effect the cable will have on the received signal. 

Pre-emphasis durafion or fiming has little effect on the received signal at lower 

speeds,with the excepfion to the shape of the signal. Signal shape even within the voltage 

and fiming specificafions of the receiver does add to the noise and thus increases jitter, 

possibly making pre-emphasis a detriment at low speed or short distances. At higher 

speeds, pre-emphasis durafion had no measurable effect on jitter. Any timing value less 

than the unit interval will be beneficial. The insensifivity of the fiming on the amount of 

24 



jitter corresponds well with the theory that the added frequency components of the pre-

emphasis signal reduce the jitter, and not some over voltage effect or other factors. 

While different cable lengths have similar effects as changing signal speeds, 

addifional simulafions were done to verify the effects of pre-emphasis and the correct 

opfimizafion for longer cable lengths. Increasing the length of cable increases the amount 

of jitter for a given transmission speed, allowing the comparison for possible increases in 

speed. Figure 4.6 shows jitter values for a differenfial signal and a pre-emphasis signal 

for varying cable lengths and speeds. 

Jitter for varying cable lengths 

0 1 2 3 4 
Units of cable (1.64m per unit) 

•10Mbps 

50Mbps 

•250 Mbps 

• 10Mbps Pre-empahsis 

50 Mbps Pre-empahsis 

•250Mbps Pre-emphasis 

Figure 4.6 Jitter versus speed versus cable length. 
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4.4 Pre-emphasis with Varying Rise Times 

Since the direct comparison of a regular signal and a pre-emphasis signal cannot 

have the same rise fime and slope simultaneously, simulafion mns containing both were 

performed. A pre-emphasis signal with same rise time as the regular signal and one 

containing the same slope which results in a longer rise fime can be seen in Figure 4.7. 

This mles out the possibility that the higher pre-emphasis voltage results in lower jitter 

solely due to the increased rise fime. Both pre-emphasis signals resulted in considerably 

better jitter measurements than the regular signal, and as expected the signal with the 

faster (same rise fime as differenfial signal) rise fime signal proved better. 
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Figure 4.7 Pre-emphasis signals matching rise and slope to differenfial signal. 
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4.5 Pre-emphasis Compared to High-Pass Filtered Signal 

Addifional tests were done using an overdriven signal through a high-pass filter, 

and this signal output compared to both the normal differenfial signal and the pre-

emphasis signal. 

The filter is slightly more involved than a high-pass filter as it needs to pass the 

DC common mode voltage as well as the signal. This allows for cases with inacfivity on 

the transmission line, and adds very little complexity to the filter. This simple high-pass 

filtered signal not only proved to be better than the normal signal, but almost as effective 

as a pre-emphasis signal. A more complex filter could be used to implement a signal 

closer to that of the pre-emphasis signal to achieve the same results. However, the 

purpose of tesfing a high-pass implementafion is to find a simple cost effective solution, 

and a more complex filter would negate the desirability to use this implementation. 

Capacitance and resistance values necessary to achieve this filtering would most likely 

take up more die area than adding a second driver circuit and the addifional fiming 

circuits. An implementafion off the integrated circuit is possible, but takes up circuit 

board space and adds to component cost, a drawback from a system designer's 

standpoint. 

Simulafion shows the high-pass filter constmcted in Figure 4.8 will create 

a signal capable of reducing the amount of jitter. 
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Figure 4.8 Simple high-pass filter 
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Figure 4.9 High-pass filtering test output 
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The green trace of Figure 4.9 is the overdriven input to the filter, while the blue 

trace is the output after filtering. While it does not resemble the pre-emphasis signal, it is 

equivalent in the amount of reduced jitter as well as frequency content. The frequency 

analysis is shown and discussed in the next secfion. The red trace is the output of the 

transmission line, and is shown for comparison. 

4.6 Overdriven Signal Compared to Pre-emphasis 

A square wave signal with increased amplitude (overdriven) equal to that of the 

pre-emphasis signal level was also tested, to insure that the reduction in jitter from pre-

emphasis is not due to the addifional voltage or some other effect. 

The overdriven signal proves to be more effecfive than all the other signal 

techniques. From the Fourier series representafion in the simulafion plots in Figure 4.10, 

the increased amplitude compensates for not using pre-emphasis. The overdriven signal 

has amplitude twice that of the differenfial signal (blue trace), and appears to have twice 

the amplitude in the frequency plot, as expected. 
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Figure 4.10 Signal comparison by Fourier analysis 

The overdriven signal does not contain as many frequency components, as 

determined in the previous Fourier equations, and this can be seen more clearly in the 

plot in Figure 4.11. 
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Figure 4.11 Frequency plot showing overdriven signal 

The results are somewhat unexpected, as the effect of addifional frequency 

components in the pre-emphasis signal does overcome the low-pass filtering effect of the 

cable, just not as much as the overdriven signal. From the frequency spectmm, it is clear 

that the overdriven signal should be effecfive in reducing distortion in the cable, but it is 

not evident if it will be more effecfive than the pre-emphasis signal. That determinafion 

was inifially resolved from the eye pattems used in previous experiments. The 

overdriven signal would be much easier to implement in a driver-integrated circuit, most 

likely only requiring different transistor sizes and biasing compared to additional circuit 

components required to implement pre-emphasis. 
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Twisted pair Jitter versus frequency 
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Figure 4.12 Comparison of signaling methods. 

Figure 4.12 shows the amount of jitter for the various signaling methods. The 

results for the high-pass filter are almost idenfical to the pre-emphasis waveform, 

showing this to be a valid technique to reduce jitter compared to the differenfial signal. 

However, the overdriven signal is the most effecfive at minimizing jitter. The eye pattem 

results have proved that jitter can be reduced by altering the signal characterisfics, as well 

as finding an optimum signal. 
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CHAPTER V 

CONCLUSIONS 

As higher and higher transmission speeds are desired, the need for techniques to 

reduce the amount of system jitter to increase the transmission speed and distance will 

become more and more prevalent. 

The simulafions show that while pre-emphasis is a useful technique in reducing 

jitter in data transmission systems, it is not the only method. Filtering can be equally as 

effecfive, and is simple to implement. However, simply over driving the signal actually 

reduces jitter by a larger amount than by using pre-emphasis. 
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