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Astonishing Enhancements to Signal Integrity/EMI EDA Tools using Heterogeneous CPGPU



Attiya



Hany Fahmy Director, SI/EMC Engineering Nvidia Corporation



Amolak Badesha Application Expert Agilent EEsof EDA



Ahmed M. Attiya Associate Prof. King Saud University Electrical Engineering Dept. WORKSHOP EMEA 1



July 11, 2011



AGENDA •Why we need to study Signal Integrity, Power Integrity and Electromagnetic Interference ALL-AT-ONCE? •How can we simulate these problems? •What are the new features in ADS2011.01 which improve its capabilities to study SI/PI and EMI? • What are the advantages of using Heterogeneous CPGPU in Numerical Simulations? •What are the new features in ADS2011.01 which improve its capabilities to study SI/PI and EMI using Heterogeneous CPGPU? •Can MOM do it all? •What about PCB+Connector or SSO Radiated-Emission Problem?
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WHY WE NEED TO STUDY SIGNAL INTEGRITY, POWER INTEGRITY AND ELECTROMAGNETIC INTERFERENCE ALL-AT-ONCE?
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An Example of Dramatic increase in HSD Systems A look at Apple Macbook pro



  



USB 3.0 HDMI DVI DP PCIe SATA DDR3



4.8 Gb/s 5 Gb/s 8 Gb/s 8.6 Gb/s 5 Gb/s 3 Gb/s 0.8-2.133 Gb/s



Increased Density High-speed everywhere Pressure to Reduce cost WORKSHOP EMEA
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Co-SI/PI Modeling OF Multi-Giga-bit EMI effects



• Signal layer transitions: L1-2-L3 is it same like L1-2-L5? • Open-stubs of Vias • Stitching vias impact (# & Locality) 6



HOW CAN WE SIMULATE THESE PROBLEMS?
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No single methodology/technique can do it all MOM or Method of Moments: Claim: MOM is best full-wave technique for extracting Sparameters of Multi-layer PCBs n Packages, why? Do we need to discretizing the Multi-layer Substrate? Substrate dielectric properties are homogeneous in the spatialdomain: Green’s function is solved analytically in free-space or inside metallic-boxes if the substrate is homogeneous. If not, then we can compute the Green’s function numerically WORKSHOP EMEA 8
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Do MOM correlate to VNA measurements?



Courtesy of Gigatest



S-parameter modeling of PCB & package interconnects



N1930B Physical Layer Test System (PLTS) 99
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WHAT ARE THE NEW FEATURES IN ADS2011.01 WHICH IMPROVE ITS CAPABILITIES TO STUDY SI/PI AND EMI OF HIGH-SPEED DIGITAL SYSTEMS?
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SI/PI Requires New EM Models: Addressing the Need Momentum ADS2011.01 Package simulation



New Bond wire can be simulated using Momentum



h2.ImpResp h0.ImpResp



Causal substrate definition Impulse response



1.0 0.8 0.6 0.4 0.2 -0.0 -0.2 -2



New Frequency dependent dielectric loss model -1



0



1



2



3



4



5



time, sec



Surface roughness



New Surface roughness model WORKSHOP EMEA



Continuous Improvement in Performance for MOM to be NlogN instead of N3 Core simulation technology improvements



Release



solve time



load time



load time
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2005



2008



Storage



dense (N2)



direct (N3)



dense (N2)



2005A



dense (N2)



iterative (NpN2)



dense (N2)



2009U1



dense (N2)



direct (NlogN)1.5 sparse (NlogN)



sparse (NlogN) direct (NlogN)1.5 sparse(NlogN)



Example: PDN impedance Freq sweep 0-3 GHz Matrix size: 17.501 Output curves from all four version overlap exactly



load time



2003



Solve



2003A



2011



solve time



Load



2010 ADS 2011 Preview Agilent Confidential



BOSS: “I need your answer TOMORROW!!!” 10L or 12L GPU-card? 10-layer + 50-ohms + relaxed-spacing



12-layer + 40-ohms + strict spacing



GPU-card-1



GPU-card-2



Need to decide which way to go: 10L or 12L? And why? Constraint is to meet electrical performance target with min-cost WORKSHOP EMEA 1313
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Pushing performance to the edge! Finding the Cliff



Performance



As Data Rates go up Performance goes down!



Data Rate
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Comparing S-parameter Performance One-byte lane (11-nets) 22-ports 10L-brd+50-ohms+relaxed-spacing:



12L-brd+40-ohms+strict-spacing:



1.5-hrs on 8-core machine: DL160



2.5-hrs on 8-core machine: DL160 (ADS2009U1)



(ADS2009U1)



GPU-card-2: Byte-Y: 11-bits



GPU-card-1: byte-Y: 11-bits



NlogN can even get it below 1-hr CPU time with ADS2011  Hard to judge electrical performance using S-parameters alone: Need GPU/Memory-packaging effect & ISI & non-linearity of driver/receiver WORKSHOP EMEA 15



Next Step is Co-circuit & EMI simulations using either IBIS or BSIM4 or Channel-Simulation Engine GPU-card-1



GPU-card-2



Memory Channel byte-Y Data-bit: D0



Memory Channel byte-Y Data-bit:D0



Bit Error Ratio Testers (BERTs)



Statistical Eye-diagram and BER in 3-mins with PRBS Equivalent Performance @ 1GB/s Plenty of Margin - provided that we hit worst-case corner WORKSHOP EMEA 16



OR BSIM4 Transistor Model Simulations in 3-hrs with CPU+GPU Acceleration GPU-card-1



GPU-card-2



Memory Channel byte-Y D0-to-D7 V.ps Opening is 225ps: 45% of UI



Memory Channel byte-Y D0-to-D7



V.ps opening is 235ps: 47% of UI



Using Transistor Level Driver Models



GPU Accelerated Simulation



Co-BSIM4 & EMI Simulations SDRAM-receiver is a Charge Accumulation Model: can SDRAM live with Setup+Hold 45% @ 2Gb/s? WORKSHOP EMEA 17
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WHAT ARE THE ADVANTAGES OF USING HETEROGENEOUS CPGPU IN NUMERICAL SIMULATIONS?
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Technological Bootstrapping: The Virtuous Circle



Better NVIDIA GPUs make Agilent ADS run faster and add advanced visualization



Faster and more advanced versions of Agilent ADS help NVIDIA design the next generation of GPUs
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Graphics Processing Unit (GPU) A GPU is essentially a commodity stream processor • Highly parallel • Very fast • SIMD (Single-Instruction, Multiple Data) operating paradigm



GPUs, owing to their massively parallel architecture, have been used to accelerate several scientific computations • Image/stream processing • Data compression • Numerical algorithms – LU decomposition, FFT etc
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Compute Unified Device Architecture (CUDA) Programming Model The GPU is viewed as a compute device that: • Is a coprocessor to the CPU or host  How many cores in a GPU? • Has its own DRAM (device memory)  What is the mem through-put? • Runs many threads in parallel much faster than running it on CPU Device (GPU)



Host (CPU)



Kernel



Threads (instances of the kernel)



PCIe



Device Memory
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CUDA Programming Model Data-parallel portions of an application are executed on the device in parallel on many threads • Kernel : code routine executed on GPU • Thread : instance of a kernel



Differences between GPU and CPU threads • GPU threads are lightweight – Very little creation overhead



• GPU needs 1000s of threads to achieve full parallelism – Allows memory access latencies to be hidden – Multi-core CPUs require fewer threads, but the available parallelism is lower
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WHAT ARE THE NEW FEATURES IN ADS2011.01 WHICH IMPROVE ITS CAPABILITIES TO STUDY SI AND EMI OF HIGH-SPEED DIGITAL SYSTEMS BY USING HETEROGENEOUS CPGPU?
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Need to model the following: • Real x-talk not pre-layout x-talk • Signal layer transitions: L1-2-L3 is it same like L1-2-L5? • Open-stubs of Vias • Surpentine routing for length-matching rules • Stitching vias impact (# & Locality) WORKSHOP EMEA 25
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Can we make low-cost GPU-card-1 better @ 2.5GB/s? Optimize Post-layout (Zo+RPD+X-talk) (3-hrs w/CPU+GPU) GPU-card-1



GPU-card-2



Memory Channel byte-Y D0-to-D7



Memory Channel byte-Y D0-to-D7



V.ps opening is 225ps: 56% of UI



V.ps opening is 200ps: 50% of UI



Slew-rate boosting + Improved Rise/Fall Mismatch + De-emphasis + ODT change (60) + Improved ViH/ViL-SDRAM. Training DQS-2-DQ gain is 50ps
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QUIZZ
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Assume we have 8L PKG: DDR3 mem channel routing: S/G ratio @ Die-bumps is ??
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S/G Ratio @ PTH is ??
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Impact of PTH GND stitching
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Impact of GND PTH stitching
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Impact of GND stitching @ die-side Reduced GND stitch @ die-side
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Impact of stitching on IL
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What about the x-talk impact?
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BREAK



35



Confidentiality Label July 11, 2011



CAN MOM DO IT ALL? ONLY FOR MULTI-LAYER PCB AND PACKAGES: S-MODELS AND ANTENNA-GAIN
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Current Solution! Put on band-aid to stop the radiation…. It is hardly optimal, does not always work, and costs lot of money



Copper band-aid



R4N Suppressor band-aid
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Which one is better? Is it E-coupling or H-coupling? Copper band-aid
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R4N Suppressor band-aid



Near-field scan results R4N Suppressor band-aid
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4-layer PCB with Memory Emission problem Problem: Investigate Emission problem at 1.25 of the memory clock frequency (1.623 GHz)



Notes: Address/Command Nets are routed on bottom-layer Referencing power plane (due to lack of real-estate)
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EMI Simulation Methodology Step-1: Simulate and Visualize Current-density plot*



Method-of-Moments (Momentum) Simulations showing current-density plots and hot-spot regions on the PCB Emscan measurements



*Using Agilent Momentum Field Solver WORKSHOP EMEA 41



EMI Simulation Methodology, Cntd. Step-2: Isolate Problem Observe hot-spot area closely, and identify root-cause



Root-cause: There is small λ/8 power-plane patch that is radiating like patch-antenna



Use the Antenna-Gain parameter to measure the merit of the PCB as non-intended antenna Develop EMI guidelines along with SI/PI Guidelines using Antenna-Gain Parameter to compare Layout guidelines WORKSHOP EMEA 42



WHAT ABOUT PCB+CONNECTOR OR SSO EMISSION PROBLEM? CAN MOM DO IT?
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Why FDTD is best for PCB+Connector? Or SSO Noise Simulations? Advantages:



• FDTD has an inherent parallel nature, which makes it extremely well suited for GPU acceleration • FDTD can capture both broad-band (e.g. Sparameters) and steady-state results (e.g. far-fields) in one simulation run • FDTD allows to directly include measured or simulated noise dynamic-current Icc(t) Profile
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Example # 1: Combining SSO Noise Source Extraction



Measured Icc(t) with FDTD simulations to study the critical on-board-decaps under the GPU Power Delivery Network



Current Probe @ VddQ pins



Drivers



Channel



Receivers



• SSO



current is obtained by a combined simulation of the power delivery network model and the memory IO channel model WORKSHOP EMEA



SSO Noise Measured



Dynamic-current profile Icc(t)



fft ifft steady-state frequencies



•Time-domain noise pattern directly imported into FDTD solver 47



WORKSHOP EMEA



Board Geometry Improting PCB



layout of the Memory-



Channel Stackup 8 cm



Signal Ground Signal



VDD Ground VDD 11 cm



board thickness: 1.57mm 48
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SSO Noise Source on Top Layer



Noise sources



IC
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Decaps on Bottom Layer



decaps
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Far-Field Radiation at 0.5 GHz



With Decaps



Without Decaps



Reduction of 3-4 dB
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Far-Field Radiation at 1.0 GHz



With Decaps



Without Decaps



Reduction of 3-4 dB
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Current Density at 0.5 GHz (1)



Without Decaps 53
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Current Density at 0.5 GHz (2)



With Decaps 54



54 WORKSHOP EMEA



Simulation Time With CUDA – one-GPU card: half-a-day With Four-GPU cards: 1-2 hours Without CUDA – more than one week (estimated) 55
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Example # 2: Board + Connector + Mate
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Combining CAD and Board Files



Precise landing of connector fingers on board signal pad
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Near-Field Radiation: Do we need Shielded Connector? Do we need cupper-tape under connector? • Simulated with FDTDsolver (Agilent EMPro)



• Accelerated on GPU system



Study if improved grounding & shielding of the connector improves EMI behavior



• Simulation time ≈ ½ day with one-GPU card and 2-hrs with 3-GPU cards
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Improved Grounding (1)



Extended bracket size
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Improved Grounding (2) What is the impact of a cupper-tape under the connector?



No copper tape



Extra copper tape
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Improved Grounding: Far-field impact of CU-tape



Reduction of 5 dB for EMI emission in direction of chassis
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Example 3: Location of ESD diodes
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Excitation at Connector Side (1)
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Excitation at Connector Side (2)
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Excitation at Connector Side (3)
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Termination at Board Side (1)
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Termination at Board Side (2)
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Voltages with no ESD Diode



> 1.2 kV!!
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ESD Diode Close to Connector



≈ 30 V
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ESD Diode Close to GPU



≈ 50 V
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Simulation Time With CUDA – 16 hours! One-GPU Card With CUDA – 5-hrs! 3-GPU card



Without CUDA – more than one week (estimated)
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Conclusion No Single Methodology/Technique can do it all. MOM is best Full-wave EM modeling for PCBs and Packages (why discretize the substrate if it is homogeneous?) FDTD is best for wide-band phenomena like SSO noise Emission, Conducted Emission and ESD especially if it is accelerated by GPU. FEM and FDTD for S-parameter modeling of PCB+Connector (Conducted-Emission  FDTD, S-parameter model  FEM) Combine all models (simulated or measured) with Circuit (BSIM4, IBIS, IBIS-AMI, Encrypted Hspice with ADS key)
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