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ABSTRACT

The design of the electronic system mostly enters the area of nano-sized high-sized high-speed. The clock frequency
becomes higher and higher, which makes even a very short wire becoming the transmitting antenna possible. Then
the wire radiates to the space as to form the electromagnetic interference(EMI). Along with the constantly improving
of electronic system property, the problem of electromagnetic property of PCB will be the key to the success of
high-speed circuit system design. In order to conquer the problem of electromagnetic interference(EMI) and explore
rational way of high-speed PCB design, the paper, using the field theory as the analysis method, together with the
electromagnetic simulation software Designer and HFSS and S-wave, it carried on the theoretical research and the
simulation analysis of the essence and condition of the cause of EMI in high-speed PCB and the method of
restraining interference. It selected the minimum control system of PCB built by TMS320VC5416 chip of IT
Company as the research object, conducted researches on the electromagnetic property. In the end, using the
actual high-speed circuit, a minimum control system of PCB built by TMS320VC5416 chip, the paper did field
simulation analysis and got the current distribution pattern and the EM near-far field distribution pattern. Based on
the analysis, PCB design is optimized to obtain products with better electromagnetic property. It provide a fantastic
approach to the high-speed PCB design.
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INTRODUCTION

As the information technology has a high-speed ldgweent, the electronic system has finish its heghed circuit
design, along with the increase of clock frequesueg integration level of integrated circuit as veslthe increasing
nature of multilayer PCB technology, because of civhihe electromagnetic interference problem appears
inevitably[1]. Nowadays, the clock frequency of mp®lectronic system has been over 600MHz, thegi$ailing
edge became more sharp together with a great nuwbdigh-frequency harmonic interference included i
electronic system or device themselves, all of éheause the difficult in the design of system owickss
electromagnetic property performance[2]. Traditicl@signing-processing-testing-modifying” desidavi cannot
meet the standard of electromagnetic property pedace of modern high-speed electronic system wviceld.0].

So, on the early stage of electronic system orcgévidesign, it is the future research orientatmifiorecasting

simulating. optimizing and improving the electromagnetic prap@erformance.

BASIC ELECTROMAGNETIC PROPERTY ANALYSISAND METHOD IN HIGH-SPEED PCB DESIGN
Electromagnetic property mainly studies the elentignetic compatibility performance of electricatiaiectronic
device. Electromagnetic compatibility (EMC) maimgfers to the situation that electrical and etagtr system or
device may not only radiate electromagnetic field teceive electromagnetic field interference frouatside[5].
Electromagnetic property performance design is aarthe electromagnetic field system or deviceatadi will not
go beyond the normative standard and can functielh ag expected with the electromagnetic fieldriieteence of
others.
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Electromagnetic compatibility contains two aspdt)system or device must have the anti-interferexigity when
working in a specific electromagnetic environmed)ihen a system or device working they cannot cause
irresistible electromagnetic interference to otbewice working in the same environment. Thus, fiasates the
EMC into electromagnetic sensitivity (EMS) and élemagnetic interference(EMI), EMI also includedezral
interference and internal interference. Intern&triierence is mainly resulted by inter-couplingadjacent circuits

in transmission line and field effect coupling beem internal components and high-frequency siguiaisy along
with the transmission line. The high-frequency hamnin wave of high-frequency periodic signal or &agignal
mainly results the radiation problem of externakiference. Internal interference sensitivity pesblreason has
close relationship with energy which couples to lfewire then conducts to the internal componerftstegrated
circuit[12].

Coupling line includes radiation coupling channed aransmission coupling channel[11]. The formeth& energy
from EMI source transmits to the sensitive systerdavice in form of electromagnetic field radiatidrhe later is
that there is complete path connection betweemfarence source and sensitive system or deviceorflargy to the
electromagnetic interference coupling line it caime up with three basic ways to restrain the edetaignetic
interference problem: (1) Restraining the radiatierference intensity of electromagnetic wavedaton source or
transmission source, thus its radiation energy mol cause unnecessary interference to other systedevice
working in the same environment. (2) Cutting oftipbng line between electromagnetic wave radiatonrce or
transmission source and sensitive system or dethess, there is no transmission way for high-fregqyenoisy
signal. (3) Enforce the receiver’s anti-interferemdility in electrical system or device.

Electromagnetic property analysis in electronictetys design field is: forecasting the electromagnetioperty
performance and anti-EMI ability of electronic st or device. According to the difference of sindyon

electromagnetic theory basis, it separates the adetii studying high-speed PCB electromagnetic pitgpato:

field and path and field&path. The paper mainlyd&s field&path method, that is extracting the gits equivalent
electromagnetic model parameter firstly, then ddinge-domain analysis to the extracted equivaléncui model
using the path method. On the one hand field sinethod has accurate calculation but it is a gveeden for the
computer RAM, on the other hand path study methmasemes little computer RAM but its result is nbatt
accurate, combining the two method can gain higform in both accuracy and period.

HIGH-FREQUENCY ELECTROMAGNETIC RADIARION INTERFERENCE IN HIGH-SPEED PCB

There are some components which can be equivadransmitting antenna in most electronic systerdevice’s
hardware PCB in a specific environment; they trahemergy through electric field and magnetic fietsupled with
circuit. The antenna can not only radiate electrgnetic field but also receive electromagnetic meadata from
outside. There are near-field and far-field as é&ectromagnetic field, in the same way electronséign
measurement can be separated into near field arfiblidh measurement. Radiation effect mainly appea far
field environment and induction effect in near diednvironment, they both belong to EMI radiatiorit usually

takes A /271 as the demarcation point of far and near field rictical engineering application, field which is fa
beyond A /271 belongs to far field and within near field[4].

The electric dipole model is shown as Figurel()s ia short current carrying wire which is alsdlexh current
element, its lengthAl and lateral dimension is far shorter than electigmetic wave length. Suppose that the
current intensity is uniform along thAl orientation, on account of that the length &t is much shorter than that
of from any point to electric dipole in electromagjn field, so it can consider that the lengthame from any point
to electric dipole in the electromagnetic field.eDto that the length ofAl is much shorter than wave length or
radiation radius of field, it can use the electlipole model as equivalent when measuring and leing the
electromagnetic radiation problem along a certggnad transmission path in PCB. Figure 1 showspttieciple of
electric dipole radiation. It separates the fietdumd electric dipole into near field and transhoissfield and far
field according the length from observation pometectric dipole[6]. For near field:

H, = lmAl sindcosat
4rr

| Al .
E = ——5cosfsinat (1)
27Ier

E, :Im—Alasinesinwt
Armoer
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For far field:
H, = Mol Gingsin@t - kr)
a7
E-=H =H,=E;=0 2)
-K2l_Al . .
E, =—™ sindsin(at — kr
() 4 3 ( )

Magnetic dipole model is shown in Figure 1, it isn@ar magnetic element which is also called elecurrent loop.
From the electromagnetic field theory it is knovattelectric field with changing current producesgmetic field,
magnetic-south pole and magnetic-north pole exiteasame time, there is no magnetic monopoleit lmain take a
finite small current loop as a magnetic dipole. fésdifferent study object, it supports that whée current loop
radiusis I' ( 27tr << A ) the current is in uniform distribution. It takekce currentelement to current loop, puts
origin point of rectangular coordinate system at game position with center of current loop, makesxis

perpendicular to the current loop plane[7].

H, = 'K Gingcoset -K)
¢ 4”2
E-=E,=H, =H,=0 3

£ =~ 1ol K G gcosat —K)
" 4md

The main radiation source in high-speed PCB istingun PCB and I/O wire. In addition, the foremeatliation
source is from wire radiation. Though the frequen€ some transmission signal in wire is low, thieewis the
sending antenna possessing great ability of radiatso it may generate high-frequency radiationhvgteat
intensity when the high-frequency signal transmgttin PCB couples to the wire. High-frequency atidh can be
divided into common-mode radiation and differentiadde radiation on the standard that how interiegecurrent
transmit in wire[9]. As for the common-mode radhatand differential-mode radiation, it can analymeng the
equivalent electric dipole and magnetic dipole madeording to the difference of current’s transsiaa path in
PCB. In practical engineering application, EMHAGB mainly comes from radiation of common-mode extrr

Fig.1: The principles of electricand magnetic dipoleradiation

SIMULATION ANALYSIS AND OPTIMIZATION OF HIGH-SPEED PCELECTROMAGNETIC
PROPERTY

The paper dose simulation analysis to electromagm@bperty of high-speed PCB using the combinatidn
Cadence Designer Sl-wave and HFSS. The original minimum controlteys PCB board(main frequency is
160MHz,clock frequency is 6.67ns) is from TMS320MQ6 chip from TI[3]. The paper dose simulation ga&l
and forecast to the electromagnetic property proktethe PCB caused by current radiation interfeeen It also
improves the electromagnetic property performanc®©B according to the simulation current distribatand

electromagnetic field near field figure.
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As the DSP harmonic wave frequency performs asatiadi interference only when it is at high frequerstage
(30MHz-1GHz), so it sets the simulation frequenbyeshold as 200MHz-1GHz. It builds a new engimagri
project in Cadence 16.3 and draws the PCB schemiatiram, then convert it to PCB hardware diagrsimown as
Figure 2. It converts the PCB hardware diagram ibtd file which can be recognized by Allegro thieansforms
the .brd file into DXF format file which is need&den building the electromagnetic simulation moofePCB in
Ansoft Designer HFSS[8].

Fig.2: ThePCB layout of DSP control circuitand simulationmodel in Ansoft Designer

Imports the DXF file into Ansoft Designer and build new Planar EM project, then sets the excitammce and
scanning frequency of model, adds a 2.5D via hot®m@ling to the position and actual size. Thetsdetagnetic
simulation model of PCB built in AnSoft Designerds Figure 2. It sets six excitation sources(Pdtttt6) the
type of which is Single Strip Gap Source, the aureamplitude of Portl~Port6 are 3AA. 0A. 2A. 0A. 2A. The
frequency scan mode is linear stepped case, thingtacanning frequency is 100MHz and off frequetcbGHz,
the step length is 100MHz, 15 frequency pointslitaimports the electromagnetic model of PCBoir§l-wave,
harmonic distribution with different frequency ateown in Figure 3.
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Fig.3: Theresonance graphsof 1.5GHz. 3.6GHz and 5.1GHz

From the harmonic distribution figure it can bers#eat harmonic situation is not that serious,ttennharmonic
region is on the overlap part of upper and subrlaguting.
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After setting the parameter in AnSoft Designeddse analysis to the simulation model and getsdhesnt diagram
whose initial phase are all 0° of correspondingquiiency current distribution diagrams with frequency
200MHz~1GHz are shown as Figure 4.
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Fig.4: The current graphsof 200MHz, 600MHz and 1GHz

E Field[¥_per_m H Field[A_per_m
6. 9533:-007
2. 3993e-001 6. 5194e-0@a7
2. 1565e-aA1 . 6.8855e-0@7
2.8127e-001 5. 6515e-G07
1, 8698=-0011 Sr2libe-a )
4. 7E36e-BOT
1igasee=al 4. 3497c-@aT
1.5814e-001 3.9158e-a7 | | |
1. 4577e-B01 3. 4818:-887
1, 2939:-881 3. 0479e-00T
1,15@1e-881 2.6139:=-0a7
2. 1&0Ee-00T
LBl Bl 1. F4EBE-OBT
8. 6260e-B02 1. 3121e-0017
7.1883e-BO2 8, 7817e-008
5. 75@7c-0@2 4, b2 5e-B05
4. 3130e-p02 1. G255 -609
2, 8754e-B02
1, 4377e-B@2
5. 44@%e-aa7

Fig.5: The near field electric field and magnetic field distributions of 200MHz

The near field electric field and magnetic fielostdbution of each excitation source when the fesmy is
200MHz~1GHz are as Figure 5-Figure?.
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Fig.6: The near field electric field and magnetic field distributions of 600MHz
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Fig.7: The near field electric field and magnetic field distributions of 1GHz

From the above figures it is known that there are tegions with high intensity electromagnetic diéh the PCB,
that is there are high-frequency signal wire radieind high-frequency property components; By garimg the E
and M near field distribution figure simulating different frequency, it can be seen that when iheulsition
frequency is higher the electromagnetic radiatierisity of near field is greater and the regioffi@fl intensity is
bigger and its effect to components and circuitiatbis bigger and more comprehensive. The regiom rvaximum
intensity in near field may shift when it is onfdifent frequency points; the region where the wirilensity is big
has higher electromagnetic field near field radiatintensity; electromagnetic field intensity isgper as the
increasing of frequency and coupling wire effectsggreater in the region where wiring distanceoisgl Taking
the frequency point of 1GHz with maximum electrometic field intensity as the study object, it candeen that
Port3 and Port5 in current distribution figure ferm 5.7564e+00 excitation current intensity, they has a great
interference to neighboring signal, the currentensity radiated by the max-interfered signal wire i

5.7564e+00.
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Fig.8: The current graphsof 200MHz, 600MHz and 1GHz after optimal wiringdesign

Taking the 1GHz current distribution figure andctlemagnetic field near field distribution figuretiv maximum
radiation intensity as compared objects, it impsotiee distribution appropriately and adjusts thsitmm of signal
wire and sensitive components that are in the albeg®on with relatively great electromagnetic irgiéyn in PCB
simulation schematic diagram, making them far fithiat tow region with high electromagnetic intensityadjusts
the high-frequency excitation signal wires positioraking them move to PCB board edge slowly andréan the

signal wire which is easy to be interference,sbahcreases the length between signal wires acieases the rate of
bend design. If there must be a bend, it makesdémel smoothly. The PCB current distribution figudesigned
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according to above principles are shown as Figlife8near field electric field and magnetic diagrahPCB are
shown as Figure 9-Figure 11.
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Fig.9: The near field electric field and magnetic field distributions of 200M Hz after optimal wiringdesign
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Fig.10: Thenear field electric field and magnetic field distributions of 600M Hz after optimal wiringdesign
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Fig.11: The near field electric field and magnetic field distributions of 1GHz after optimal wiringdesign

From the above figures, it can be seen that regitim relative great intensity becomes small or tshif There are
basically no signal wire and sensitive componenictvlis easy to be interference in present regioth vaigh
electromagnetic field intensity. The magnetic fieldtensity on 1GHz frequency point decreases from
6.2986e- 00! to 1.3245e- 00!, about five times. The excitation current intépfrom Port3 and Port5
decreases td.1268et+ 00. , its effect to wire around becomes weak. The maxinalettromagnetic current
intensity radiated from current path decreases withalf. All of these show that the electromagngtioperty
performance of PCB improves a lot. Thedevelopmentency of the maximal current intensitglectric field
strength and magnetic field intensity along witlke filequency variation after optimal wiringdesigre as Figure
12.The near field electric field distributions ofcHz before and after optimal wiringdesign are shoas
Figurel3-Figurel4.
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Fig.12: Thedevelopment tendency of the maximal current intensity, electric field strength and magnetic field intensity along with the
frequency variation after optimal wiringdesign

E Field[Y_per_m E Field[¥_per_nm
7. 4595e-001 7. 7387e-801
7.B214e-061 7. 2475e-801
6.5533e-001 6. 7644e-a01
6.B852e-081 6. 2812e-201
5. 6171e-B01 5. 7950e-0a1
5. 1499e-0A1 5, 3149e-601
4. 68@9e-BEL Y. B317e-AA1
4. 2128e-081 4. 3485e-801
3. T447e-001 3. B6S54e-AA1
3. 2766e-001 3. 3822e-801
2. B086e-081 2. 899@e-B01
2. 34@5e-081 2. 4158e-801
1.8724%-001 1.9327e-884
1. 4k Se-an1 1. 4495:-B@1
9, 3619e-082 9, BE34e-B@2
4. E53@9e-aaz Yy, 83172882
8. a8 6. 53256-807

Fig.13: Thenear field electric field distributions of 1GHz before and after optimal wiringdesign
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Fig.14: The near field magnetic field distributions of 1GHz before and after optimal wiringdesign
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Fig.15: Thefar field electric field distributions of 200MHz, 800MHz and 1GHz

It dose simulation analysis to the minimum contsjstem PCB’s far field distribution built from the

TMS320VC5416chip from TI, the simulation resulte as Figure 15.

Compared with the near field of electrical fieldhsilation figure, it is known that the current indég on both upper
and sub layer is small, it is appropriate to platteer PCB board in these region. In far field fibv direction upper
and sub layer are the main radiation direction 6@BRelectromagnetic field, the maximum radiationuealwhen
frequency is 200MHz is2.4587x 10°V /m ,that is 22.46dBuV /m close to 32dBuV /m --the testing
threshold of electromagnetic property performante. the same way, the maximum radiation value
3.1027x 10°V /m corresponding t028.69dB VvV /m it also within the testing threshold of electrgmatic

property performance.
CONCLUSION

From the above current distribution figure and eeoagnetic far and near field simulation, it candeen that they
play a well guiding role in the optimization desighf high-speed PCB electromagnetic property peréoee.
After getting the electromagnetic radiation soyposition in PCB according to simulation currenttidimition and
electromagnetic far and near field distributionufig, it guides the wiring design based on the Isigbed
electromagnetic property performance design priacip adjusts the component and signal wire pasitvith high
radiation electromagnetic intensity, making them fimm the high electromagnetic field intensity i@y It
designs the signal wire as short-wire and makeslehgth between wires not that small, thus avoidihg
electromagnetic field radiation interference frodjagent wires. On this way, it can judge that & thesigned PCB
meets performance of system or device or not, dawgrto current figure and electromagnetic far aedr field
distribution. If not, it goes back to repeat th@wad step until that the whole design satisfy etaatignetic property
performance standard. This process can not orpyawe successful rate of PCB design but also rafseslesign
efficiency and reliability. As a result, it decses the design cost.
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