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Abstract: For this portable processing terminal in the special environment, we introduced the purpose and 
technical requirements concisely, analyzed the relationship between the reliability in hostile environment and 
signal integrity, discussed the key signals in the design of portable processing terminals, described the ways to 
ensure the stability of signal transmission via establishing SI and PI model. In the process of engineering design, 
the clock source, DDR signals integrity and power integrity were modeled and simulated through CADENCE 
IBIS to avoid some invisible problems existing in the design, optimize indicators of the signal integrity, and 
guide the actual design of the products. In the end, we did the actual test for the signal transmission of product 
through using high-performance oscilloscope, verified simulation design, and gave the effectiveness of the 
design and reliability of the product. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

In harsh terrain and hostile environment, we 
usually need a processing terminal that can be carried 
by a person with mobile, portable, strong 
environment-adaptable and other outstanding 
characteristics, to complete remote data collection, 
control functions and some other corresponding 
functions [1-3]. In a certain area, the devices can 
implement same multi-function at different locations 
simultaneously, and the processing terminal is set in a 
predetermined position to ensure the stability of 
corresponding data communication by the wired or 
wireless way between the devices in different 

location, in order to achieve the whole device 
functions. So the processing terminal with light 
weight, stable performance and strong real-time, as 
well as can be well-adapted in complex and harsh 
environments, portable and easy to carry, can be 
widely used for signal communications in the field, 
mining, other special environment and distributed 
geophysical instruments [1-5]. For specific cases, 
high-speed, high-reliability and portable requirements 
are proposed in the hardware design of special 
portable processing terminal [2-5]. In order to meet 
the technical requirements, special processing 
terminal requires the high-frequency embedded 
processors, stable power supply design, and high-
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speed DDR chips to achieve the appropriate technical 
indicators [6, 7].  

In the hardware design of the special portable 
processing terminal, we need to design the 
corresponding signal flow based on the design 
requirements, consider signal integrity (SI) and 
power integrity (PI) in the PCB design, maintain its 
original waveform characteristics in signal 
transmission process, and avoid the receiving signal 
of receiver not meeting the product during signal 
transmission because of signal reflection, ringing and 
other interferences [7-11]. In high-speed PCB design, 
SI and PI problems are drawing more and more 
attention, as these issues directly relate to the final 
performance of the product [12]. These problems are 
mainly caused by characteristic impedance of the 
transmission line, inductance and capacitance [8-10]. 
It bases on high-speed hardware design requirements 
and proposes SI model and PI design principles for 
special portable processing terminal. And then 
according to the model simulation, verify the 
accuracy of the design through the actual test results 
finally. 
 
 

2. The Key Signal Integrity Design 
 

As shown in Fig. 1, the special portable 
processing terminal includes the high-speed DSP or 
ARM processors, DDR, the memory such as Flash, 
data interfaces, LCD and power system components. 
According to the actual needs, these processors 
should choose the high frequency, abundant 
interfaces, strong processing capability processor. 
DDR is chosen to match with the main processor chip 
and frequency. Power systems need to be stable  
to meet the power requirements of each load, 
otherwise it will affect the performance of the 
terminal subversively. 
 
 

 
 

Fig. 1. PCB module layout. 
 
 

This design uses processor with powerful 
processing capabilities and the frequency is greater 

than 800 MHz, such as AM335X, i.MX535. Interface 
adopts the form of WiFi and Ethernet. And the 
terminal is equipped with built-in storage and 
external SD card storage. 
 
 
2.1. The Key Signals Processing  

in the Terminal 
 

The key signals of the special processing terminal 
is mainly composed of the followings:  

1) Input clock signal: Select 24 MHz input clock 
and 33 MHz crystal clock. The frequency of the input 
clock signal is very small, but essential. The 
transmission and precision of the clock directly affect 
the stability and accuracy of the core unit in 
processing terminal. 

2) DDR module signal: DDR achieves buffering 
functions, and high-speed, dual-edge clock operation. 
If SI problems exist in DDR module, the misreading 
data will bring write crashes and other significant 
failures. And then it comes to a direct result of  
the function's not being achieved and software's  
not working.  

3) Power signal: Power module supplies energy to 
the entire terminal. It directly determines the quality 
of the performance of the terminal. 
 
 
2.2. SI Analysis and Measures  

can be Adopted 
 

SI issues include voltage tolerance, ground 
bounce, signal rise time and bandwidth, and critical 
length of signal line. The key signal integrity design 
mainly needs to face the following two issues [6-15]:  

1) The reflection issue: In transmission line, as 
long as the signal encountered transient resistance 
mutation, the reflection occurs. In order to maintain a 
constant characteristic impedance between 
interconnect lines, there are many ways existing to 
achieve constant impedance. For the transient 
impedance of the two mutated regions, if the transient 
impedance closing to the output terminal is Z1, the 
transient impedance near the input end is Z2, then: 
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, (1) 

 
where Vreflected is the reflected voltage, Vincident is the 
incident voltage,   is the reflection coefficient, 

which plays a very important role for the reflected 
signal. When   in the formula (1) is close to 0, the 

lines have a suitable matching impedance to prevent 
the second reflection of the transmission line. And 
design signal lines as short as possible.  

2) Crosstalk issue: We mainly use ways of 
reducing the coupling length of signal lines, adopting 
3W guidelines of signal lines and applying vertical 
alignment in signal layer space to prevent crosstalk. 
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The experience tells that the distance between the 
two signal lines is 2 times greater than the width of 
the victim line, which can effectively reduce cross 
talk. By using these measures, the crosstalk can be 
reduced by 70 % between two signal lines. 
 
 
2.3. PI Analysis and Measures  

can be Adopted 
 

We adopt low-power design. The terminal power 
varies, and especially the core voltage amplitude of 
the processor is small, so that weak voltage amplitude 
fluctuations will affect the operational stability of the 
processor. So power integrity (PI) problems in the 
design have to be taken into consideration [16, 17].  

A lot of the capacitances, which play decoupling 
role in the power supply of the processor, are placed 
around the power supply interface. 
 
 

 
 

Fig. 2. The equivalent model of the capacitance.  
 
 

As is shown in Fig. 2, the impedance is [16-18]: 
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In formula (2), the frequency of the capacitor has 

a certain range. Only within operating frequency 
range, the capacitor can have a good capacitive 
decoupling effect. According to v = λf, the signal 
transmission speed in the transmission line is a 
certain value, and each frequency range corresponds 
to a decoupling, which should be paid special 
attention to, while do power decoupling. This design 
will control the distance between the decoupling 
capacitors and power consumption target in 1/4 
wavelength of the decoupling capacitors' operating 
frequency to achieve optimum decoupling effect [18].  

The impedance of the capacitor can be obtained 
from formula (2). But the design uses the method of 
power decoupling matching with the target 
impedance. Formula (3) is the target impedance 
formula [18]: 
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wherein DDV , which can presents 5 V, 3.3 V, 1.8 V, 

1.1 V and 2.775 V respectively, is the value of the 
decoupling power. Ripple  is the voltage fluctuation 

allowable of DDV , typically 2.5 %. MAXI is the 

maximum quantity of the transient current change to 
the chip.  

In order to obtain more precise power supply 
decoupling capacitance, we can get the desired target 
impedance decoupling from the formula (3), and 
determine the frequency response range of power 
supply in accordance with the specific use of the 
chip. And then calculate capacity below the 
resonance point through the formula (4) [16-18]: 
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When the frequency is greater than the resonant 

point of the capacitance, the impedance of the 
capacitor can be approximated as: 
 

 2CZ f ESL  , (5) 
 

The higher the frequency, the greater the 
impedance, which cannot exceed the target 
impedance. According to the actual situation, the 
maximum frequency MAXf  can be calculated 

through the formula (5). The power is expected to 
meet the requirements of the voltage fluctuations to 
the processor frequency. Bringing the calculated 

MAXX  and processor frequency into the formula (5) 

to calculate each power voltage's corresponding

MAXESL . According to the parasitic inductance 

produced by power decoupling capacitors dividing 
the response of MAXESL , you can get the number of 

capacitive response [18]. The capacity of capacitors 
divides the number of capacitors required equals to 
the capacity of each capacitor. 
 
 
3. The Key Signals Simulation 
 

In order to obtain a higher success rate, reduce 
design iterations, and shorten design cycle, the key 
signals simulation is necessary in the design stage of 
special portable processing terminal. We mainly use 
signal integrity tools (Allegro PCB SI) and power 
integrity tools (Allegro PCB PI) of the Cadence 
software for meeting design goals to simulate the key 
signals [7]. 
 
 

3.1. 33 MHz Clock Signal Simulation 
 

We use a crystal oscillator to generate a 33 MHz 
clock signal as the input clock, and transmit it 
directly to the processor module. When to the internal 
PLL clock multiplier become to the high frequency. 
The quality of this clock signal directly affects the 
stability of special portable processing terminal 
working, so simulation is significant to the design. 

We use Cadence software tool to simulate signal 
integrity after 33 MHz clock signal line layout 

CCESLESL ESRESR
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completing in PCB design. Firstly, open PCB design 
diagram, and import the IBIS simulation models 
which the chip manufacturer has set into specified 
design packages. And then use the Signal Analysis 
command to extract the topology structure of the 
clock traces, and simulation tool SigXplorer to start 
and analyze the structure of the signal, which as 
shown in Fig. 3. Allegro PCB SI tool combines PCB 
traces with stacked set to extract each ingredient of 

the 33 MHz clock signal trace accurately. Crystal 
oscillator clock signal output is the output end of 
simulation model, and the clock signal input is the 
simulation model input end. According to PCB 
stackup and line layout, we get the accurate 
simulation description of the microstrip, stripline, 
vias model [7]. In the topological structure, 50 Ohm 
resistors are the matching resistors of the signal 
output end. 

 
 

 
 

Fig. 3. The topology agencies of 33 MHz clock simulation. 
 
 

Fig. 4 shows the crystal oscillator output 
waveform. From observing simulation results, we can 
see that the whole 33 MHz clock output signal is with 
good quality, which displays as the rule waveform, 
steep rising and falling waveforms. The small 
overshoot jitter exist at the edge of signal. Using 
calibration tool SigWave measures jitter amplitude, 
which is too small little to have a huge impaction on 
the overall signal quality and result in sequential and 
logic errors during clock transmission. Fig. 5 shows 
the simulation results of a clock input end. There is a 
certain change in the signal after PCB wire 
transferring. Although the edge jitter amplitude 
increases, fluctuation amplitude is very small at the 
end. Good signal quality meet the requirement of 
signal integrity.  
 
 

 
 

Fig. 4. The crystal oscillator output terminal emulation  
of 33 MHz signal. 

 

Add 33 MHz pulse excitation to the crystal 
oscillator output model. We obtained the simulation 
data through the simulation tool SigXplorer, and used 
SigWave drawing tools to draw a graph of simulation 
data as shown in Fig. 4 and Fig. 5. 
 
 

 
 

Fig. 5. The crystal oscillator input terminal emulation  
of 33MHz signal. 

 
 

For the slight rush in the Fig. 5, it mainly due to 
the vias using stacked change in the alignment 
process, which results in transient impedance change 
and signal reflections. Coupling with the too long 
clock traces, it also causes a slight punch. Through 
analyzing the traces, it is inevitable for the physical 
size of the chip and alignment spacing to make the 
line too long. Considering the signal quality is in a 
completely acceptable range, there is little space to 
optimize, but may significantly affect other signals 
around. So we will do little improvements for the 
lines. 
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3.2. DDR Signal Simulation 
 

The rate of DDR memory of the special portable 
processing terminal is 1333 Mbps. From the PCB 
design perspective, it is such a high speed that it must 
achieve strict sequential matching to meet the 
integrity of the waveform. It must meet setup / hold 
time requirement, or make sure sampling point phase 
correct and on valid signal position to ensure the 
correction of the timing. For the trigger, it needs to 
maintain enough time, which is the setup / hold time, 
to guarantee the terminal to work normally.  

The frequency of the control signal in the memory 
controller is relatively higher. There exist a greater 
risk of signal integrity and enormous impact on the 
reliability of memory read. This control signal 
requires signal integrity simulation.  

After accomplishing the memory control lines 
layout on the PCB, we use Signal Analysis command 
to extract the clock traces topology, and use the 
signal simulation tool SigXplorer to analyze the 
structure, as show in Fig. 6. 

 
 

 
 

Fig. 6. The topology agencies of DDR3 signal simulation. 
 
 

Allegro PCB SI tool combines PCB traces and 
laminate set to extract each component of the control 
signal in the memory. Memory control pin is the 
signal output end, as well as the driving end in the 
simulation. The input end of memory module 
SODIMM is the receiving end of the simulation 
model in the simulation. The microstrip, stripline, 
vias, and other components, whose impedance 
characteristics can be calculated based on the 
corresponding parameter of PCB traces, are described 
in the topology successively.  

Pour 287 MHz pulse excitation signal into the 
signal model of the memory controller in processor. 
The simulation results are drawn by SigWave and 
shown in Fig. 7 and Fig. 8. 
 
 

 
 

Fig. 7. The drive end signal simulation DDR  
memory signal. 

 
 

Fig. 8. The signal receiving terminal emulation  
of DDR memory. 

 
 

From the waveform analysis of the simulation 
results, we can see that the input and output 
waveform has been affected by the switching 
frequency of the gate circuit, because of the higher 
frequency. Meanwhile, that the driving load is large, 
and the driving ability declines, reduces the edge 
steepness of the output waveform. The waveform 
edge driving of the end signal is smooth. A slight 
fluctuation exists in the signal edges of receiving end 
in the simulation results, but the waveform is with no 
overshoot phenomenon overall. So signal quality  
is acceptable. 
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3.3. DDR Differential Signal Simulation 
 

Due to the higher clock rate of the DDR memory 
and the clock signal's being differential signal, we 
firstly use memory clock end IO model of the main 
processor, and observe the signal edge change of the 
model port. The processor integrates with DDR 
memory controller. Fig. 9 is a typical rising and 
falling waveform of DDR clock gate circuit model. 
 
 

 
 

Fig. 9. The typical DDR3 rising and falling edges  
of the clock gate circuit model. 

Using the same method of extracting topological 
model of the memory's differential clock, as shown in 
Fig. 10. That the differential clock output of memory 
controller integrated inside of the processor, is the 
signal driving end of the input and output port in the 
topology, as well as the input port of the memory 
module is simulation. When we do the PCB layout, 
differential constraint is applied to the differential 
clock. SigXplorer extracts topology to accomplish the 
differentially constraint of surface traces, which are 
described as coupled microstrip lines. According to 
the width, spacing and stack parameters, which are 
set by the SigXplorer under the differential constraint 
of traces, calculate to achieve 80.38 Ohms impedance 
of the coupled microstrip lines belonging to the 
differential lines, which is very close to the design 
requirement of 80 Ohms. So the result is in the 
acceptable range. In the vicinity of the port pin, a 
small piece of traces is not completely coupled, 
because of the physical arrangement of BGA pins. 
We regard microstrip line model as the simulation 
object to describe. Because the length of the 
uncoupled is extremely short, the impact of these 
traces on signal quality can be ignored. 

 
 

 
 

Fig. 10. The topology of Memory differential clock. 
 
 

Pour 287 MHz pulse excitation into the clock 
model of the processor memory, and the simulation 
results have been shown in Fig. 11.  
 
 

 
 

Fig. 11. The eye diagram of memory differential clock 
simulation results. 

Through analyzing the eye characteristics, we can 
see that the eye openness is good, the overlap part of 
the difference signal is narrow, it has no zero-
crossing distortion, and the threshold voltage is large. 
We can conclude that inter-symbol interference and 
signal noise are smaller, and differential signals are 
with better quality. 
 
 
3.4. Target Impedance and Power  

Integrity Simulation 
 

Since the transient current can be very large in the 
chip, and low impedance is provided for power 
planes in the effective frequency range, we use 3-4 
levels of capacitance for capacitors in the circuit. In 
fact, capacitance level has more choice, then the 
impedance characteristic is more flat. However, too 
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many capacitance levels will bring increased 
difficulty of wiring and larger cost. Flat impedance is 
welcomed. As long as the target impedance has been 
designed to meet the requirements, the design  
is qualified. 

Before simulation, we complete the description of 
simulation parameters for the power through the 
extraction of circuit PCB stack parameters, setting of 
the power plane, selection of capacitance model, and 
setting of the simulation library. The chips using in 
processing terminal are complex and power plane 
varies, but the terminal has similar simulation results. 
Then take 1.1 V power plane simulation as example. 

1.1 V power plane impedance simulation results 
have been shown in Fig. 12 through using the power 
integrity simulation tool. Doing analysis for power 
plane impedance shows that the impedance increases 
with the increasing of the frequency rapidly without 
the use of decoupling capacitors in a certain 
frequency range, which is as shown by the black line, 
and the resonance peak appears at 228.948 MHz, 
which will cause great pressure drop and energy loss. 
By using decoupling capacitors, as shown in the 
green line, we have effective control of the 
impedance plane, which is smaller than the target 
impedance (blue line). Then it comes to the 
conclusion that the power integrity measures we have 
adopted have already met the design requirements. 
 
 

 
 

Fig. 12. The 1.1 V power plane impedance  
simulation results. 

 
 

4. Test Result  
 

After finishing the design, we do the actual 
measurement by virtue of model DSO7104B made by 
Agilent (Agilent) company to these key signals. The 
oscilloscope has four channels and its sampling rate 
can reach 4GSa/s. 

The measurement results of the 33 MHz crystal 
oscillator output have been shown in Fig. 13. It can 
be seen that the clock signal has overshoot, but not in 
the 0.3~0.8 range, which indicates that the signal is 
within the range of the design margin of the clock 
and can meet the requirements of the processor clock. 

Do the measurement to the differential clock of 
the memory. Because the clock signal is differential, 

without the differential probe, eye diagram of the 
differential signal can not be measured. Only one 
road differential signal waveform can be measured, 
and the measurement results have been shown in 
Fig. 14. Although it is a single-ended test, it can still 
draw a conclusion that the frequency and amplitude 
of the signal is stable, and has no larger overshoot 
and oscillation. 
 
 

 
 

Fig. 13. The 33 MHz clock test results. 
 
 

 
 

Fig. 14. The memory differential clock single test results. 
 
 

Finally, we adopted AC coupling mode to 
measure 1.1 V power output waveform. The 
measurement results have been shown in Fig. 15. The 
figure shows that, although errors of some power 
spikes are large, the mean square error is under 
2.5 %, which meets the power design requirements. 
 
 

 
 

Fig. 15. The 1.1 V power output test results. 
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Fig. 16 is the product testing image. When we do 
2 hours continuous playback of the Garfield, the 
video playback is very clear and smooth, which 
indicates the effectiveness of SI and PI design. Due 
to the high reliability of the product, it also can be 
used in some field communication control terminal. 
 
 

 
 

Fig. 16. The final product. 
 
 

5. Conclusion 
 

After finishing simulating and testing the signals, 
we can see that simulation results are very close to 
the results of actual test through comparison. The 
simulation indeed can give an effective prediction, 
and has a good guiding significance to the final 
design. However, we should notice the limitations of 
the simulation design as well. Due to these 
limitations, engineering design had better reserve 
sufficient redundancy to avoid signal integrity issues 
beyond the scope of the design requirements. Only 
ensure the integrity of these key signals effectively, 
the reliability of the product from the design aspect 
can be guaranteed.  

Comparing the results of simulation and actual 
measurement, it easily finds that their wave contours 
and overshoot distortions are roughly consistent, 
though there exist some differences. Simulation 
results of the 33 MHz clock have had appeared small 
overshoot and undershoot phenomenon of the 
amplitudes, which also showed in the actual 
measurement results. For the actual measurement, the 
overshoot and undershoot amplitudes are slightly 
greater, the edge steepness is more gentle and is with 
less jitter than those of simulation results.  
The comparison of the simulation and actual  
test results for the memory differential clock has 
similar situation. 

The actual measured overshoot and undershoot 
value is slightly greater than that of the simulation 
results, which shows the actual circuit impedance 
matching is weaker than simulation circuits'. The 
transient impedance change of the actual circuits is 

greater than that of simulation model, which mainly 
due to the not ideal PCB manufacturing process, the 
interference from the environment, limitations of test 
equipment, and other causes. And only the design 
indicators are up to the standard under ideal 
conditions, the actual design can be qualified. 

According to experimental and the final results 
related to the actual product, it shows that  
the simulation is effective, and guide to the final 
design success. 
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