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Key Points■ “Right the First Time” is an optimum way to design
 equipment■ Design requires modeling and simulation■ EMI-EMC is harder to do because of faster ICs■ Advanced bypassing needed for PI and I/Os■ Advanced crosstalk control versus split planes
 Verify design assumptions with measurements■ Verify design assumptions with measurements■ Verify measurement assumptions■ Be curious, dig until you get answers!■ Be curious, dig until you get answers!
 2 EMI-EMC, March 2011
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Current EMI-EMC Testing
 ■ Problems found late in development causes “shock and awe”■ Problems found late in development are costly, sometimes too
 costly to ever fix – only band-aid
 3 EMI-EMC, March 2011
 3
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Partial Redesign of a Microprocessor Board
 OriginalOriginal BoardBoard
 RedesignedRedesigned BoardBoard
 Wh t d Cl k t•What was done: Clock nets were simulated and terminated. Floating planes were grounded and layout improved. Result.Wh t i d li i ti•What was missed: elimination
 of moats and splits, proper bypassing, and replacement of single, unshielded connector for ll I/O Do you think more could have been accomplished?
 4 EMI-EMC, March 2011
 all I/Os. Do you think more could have been accomplished?
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An Example of a Complex Network
 An 18-Slot Bi-Directional Backplane Bus. Courtesy of 3Com. Used with permission
 5 EMI-EMC, March 2011
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Simulation Results from too Simple a Modelfrom too Simple a Model
 ■ Complex nets are hard to terminate and have many reflections
 ■ Simple dV/dt modeling and device behavior isand device behavior is inadequate for accurate resultsV T d t b■ V-T curves need to be modeled for correct results in GTL/GTLP busses
 6 EMI-EMC, March 2011
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Better Models Give Better Results
 “Everything should be as simple asbe as simple as possible and no simpler.”
 ─Albert Einstein
 7 EMI-EMC, March 2011
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Test Net for SI and EMI
 66MHz Clock Topology as Modified
 8 EMI-EMC, March 2011
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How SI is Affected by Overshoot
 Before TerminationBefore Termination After TerminationAfter Termination
 Before termination, SI and stress on the receiver is not a high concern Before termination, SI and stress on the receiver is not a high concern –– the real payoff will be in EMI control as shown in the next slide.the real payoff will be in EMI control as shown in the next slide.
 9 EMI-EMC, March 2011
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How EMI is Affected by Overshoot
 ff ffBefore TerminationBefore Termination After TerminationAfter Termination
 The SI Engineer has to manage harmonics out to about the 5The SI Engineer has to manage harmonics out to about the 5thth . . The EMI engineer has to manage harmonics out to, perhaps, the 100The EMI engineer has to manage harmonics out to, perhaps, the 100thth..
 10 EMI-EMC, March 2011
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Example of Virtual Test BoardThe board on the left has the following stackup:
 top: 1.2 mil Cu signal Zo = 89Ωnext: 12 mil FR4 (εr = 4 5)next: 12 mil FR4 (εr 4.5)next: 1.2 mil Cu shield Vccnext: 12 mil FR4next: 1.2 mil Cu shield GNDnext: 12 mil FR4next: 12 mil FR4bottom: 1.2 mil Cu signal Zo = 89ΩEtch width is nominally 6 mils
 For the shielded version outer shield layers of 1 2 mil Cu spaced by 12 mils of FR4of 1.2 mil Cu spaced by 12 mils of FR4 were added
 The nominal 6 mil etch on such an inner layer results in Zo = 59.6 Ω
 The board is about 3 inches long.
 Layout of the Test Board Stackup of the Test Board
 11 EMI-EMC, March 2011
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Virtual Test Board Before and After EMI Treatment
 U hi ld d U t i t d Shi ld d T i t dUnshielded, Unterminated, Non-Constant Impedance Net
 Shielded, Terminated, Constant Impedance Net
 12 EMI-EMC, March 2011
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Power Bounce (& Ground) Basics
 R XL
 load
 powerplane
 XC
 R Xreturnpower
 X
 R XLpowerplane
 ■ Distributed:
 XC
 vR = iR, vC = iXC, vL = iXL, XC = -j/2πfC, XL = j2πfL■ Switch characteristics: V-I & V-T curves, pin parasitics,
 etc. See the IBIS Model.
 13 EMI-EMC, March 2011
 etc. See the IBIS Model.
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Splitting Ground Planes: An Example
 ■ Analog ground plane
 A stitch with 30 GA wire
 and digital ground plane were “stitched” together at 9 locations
 thi PCBon this PCB
 ■ This change was done to impro e bothto improve both radiated emissions and susceptibility (300 – 400 MHz)– 400 MHz)
 14 EMI-EMC, March 2011
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Before StitchingR Radiated Emissions
 15 EMI-EMC, March 2011
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Stripline Crosstalk
 ■ Slide courtesy of Lee Ritchey, Speeding Edge. Used with permission.
 16 EMI-EMC, March 2011
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Observations About Crosstalk■ Above audio (10kHz) electromagnetic energy stays
 very close to a wire it is flowing on when its reference plane is closeplane is close.
 ■ Electromagnetic near field coupling strength falls off t b t 1/(di t )3 At 10 il f t 5at about 1/(distance)3. At 10 mils away from a trace 5
 mils from a reference plane less than 5% crosstalk coupling is detectable.
 ■ Split planes, rows of ground vias around a PCB perimeter, guard traces, and edge plating to control p , g , g p gcrosstalk coupling and EMI should be closely critiqued when frequencies are above audio.
 17 EMI-EMC, March 2011
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Near Field EMI Simulators■ A compact model
 (E-H vectors, etc.) is extracted for use in CEM tools at the next level up amongst ll i tall mainstream
 EDA vendors
 S l■ See also: EMScan
 Image Courtesy of Johnson Controls Automotive, Inc. Used with permission
 18 EMI-EMC, March 2011
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3D Full-Wave EMI SimulatorsBaseline Ground Pins Only
 Standoffs Only Pins and StandoffsStrong Coupling
 to Slot-WHY?
 19 EMI-EMC, March 2011
 Slide courtesy of FloEMC/CST and David Johns. Used with permissionSlide courtesy of FloEMC/CST and David Johns. Used with permission
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Simulation vs. MeasuredBare PCB w/ cable vs. Shielded PCB w/ cable
 Bare PCB w/ Simulated emissions (broadband source)
 Shielded PCB w/ cable
 Bare PCB w/
 cableSimulated emissions (broadband source)
 cable
 Increased highhigh
 frequency emissions
 Shielded PCB w/ cable
 Reduced low frequency emissions
 Measured emissions (30 MHz CLK)Slide courtesy of CST of America. Used with permission.P t d t IEEE EMC 2008 S i
 20 EMI-EMC, March 2011
 Measured emissions (30 MHz CLK)Presented at IEEE EMC 2008 Symposium
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Experiment #1 in the 10 Meter Chamber
 Grounding Strap(s) to Chamber Floor
 ■ Setup near south wall in 10m chamber. Experiment to see if ferrite tiles are better than foam absorber cones.
 21 EMI-EMC, March 2011
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10 Meter Chamber South Wall ResultRadiated Emissions
 ■ Initially, HF band spurs are 25 dB worse than in MIL461 chamber!!!
 22 EMI-EMC, March 2011
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Experiment #2 Test Bench Grounding in MIL461 Chamberin MIL461 Chamber
 ■ Test bench copper top is 2.5 x 7 metersp
 ■ Copper top ¼λresonant near 15 MHzMHz
 ■ Corners are high impedance points
 ■ Solution: ground corners to inner metal wall of chamber
 23 EMI-EMC, March 2011
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Initial Results Without Corner Ground StrapsRadiated Emissions
 ■ Active Rod and BiCon: 150 kHz to 200 MHz
 24 EMI-EMC, March 2011
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Experiment #3 Effect of Tight Cable Bends
 Tight cable bends stretch gthe braid apart on the outer part of the bend
 Standard calling for “cable gzigzagged on table” is MILSTD 461E paragraph 4.3.8.6.1
 ■ Here diameter of bends is approximately 1 to 1.5 cm
 25 EMI-EMC, March 2011

Page 26
                        

Tight Cable Bends: ResultRadiated Emissions
 ■ The high emissions from about 20 MHz to about 100 MHz did not exist before the TTP cables were bent
 26 EMI-EMC, March 2011
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A 5 m = Lambda Antenna has a Frequency of 59 958 MHzFrequency of 59.958 MHz
 ■ Inductive impedance of 4cm of ground lead at 60 MHz is about 360 ohms. This is close to the open circuit impedance to free space of 377 ohms.
 ■ Both the 28 VDC return wire and its shield are then copper tape shorted to the bench at that termination
 27 EMI-EMC, March 2011
 the bench at that termination
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Death to Pigtails!Radiated Emissions
 ■ Results of copper tape short to bench of of 5 m shielded return
 28 EMI-EMC, March 2011
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Instrumentation Illusions*■ During test and debug in the partial anechoic
 chamber at times the RFI spectrum measurements didn’t make any sense when a fix was tried
 ■ When we looked real-time we saw spur levels modulating up and down by 7 to 9 dB!
 ■ Two noise frequencies, 800 Hz and 4 MHz, were beat-q , ,frequency modulating with each other
 ■ Depending on spectrum analyzer settings and intermodulation phases along the noise signal the p g gdetected level would vary by 7 to 9 dB!
 ■ *More consistent measurement results were obtained with an averaging spectrum analyzer measurementg g p y
 ■ The two noise frequencies provide clues as to where to look to implement noise lessening improvements
 29 EMI-EMC, March 2011
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Where Do We Want to Go?■ “Right the First Time (RFT)” for EMI-EMC ■ Cost optimization in addition to RFT■ Cost optimization in addition to RFT■ Minor and infrequent Test-And-Fix (TAF)■ Must change: Hero badges too often awarded for■ Must change: Hero badges too often awarded for
 TAF instead of problem prevention■ EMI-EMC Engineers analyze design challenges
 and provide alternative solutions very early-on■ Hardware / Software groups intimately involved
 in the EMI Setup and Test from project proposalin the EMI Setup and Test from project proposal onward
 30 EMI-EMC, March 2011
 30
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How Do We Get There?■ Perform modeling and simulation plus design
 reviews throughout project■ Emphasis on solutions (“what-if”), not reviews■ Use Computational Electromagnetic (CEM) tools■ Acquire enabling CEM infrastructure for SI, PI, &
 EMI-EMC simulation■ Do performance reviews for processes and
 software tools, not just employees
 31 EMI-EMC, March 2011
 31
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Page 32
                        

How Can a Consultant Help?■ Provide support in design, test,
 troubleshooting training and educationtroubleshooting, training and education— Modeling and Simulation: SI, PI, & EMI-EMC ―
 Plus debug and problem resolutiong p— Training courses in CEM software tools— Process improvement and infrastructure— Documentation: writing and speaking for
 understandingEnthusiasm delivery and follow through— Enthusiasm, delivery and follow through
 — Experience
 32 EMI-EMC, March 2011
 32
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