
1. Abstract 
 

This analysis provides an efficient computational technique to optimize designs of 
PCBs. It uses CUDA acceleration to speed up numerical computations of 
electromagnetic fields associated with antennas and high-speed bus interfaces routed 
on same PCB. The technique uses CUDA's acceleration hardware in the finite-
difference time domain method to partition computational space and speed up 
calculations of electromagnetic fields both on the PCB and in the far-field regions.  
The fast calculations of the interaction on the PCB aids in optimizing routing density, 
minimizing copper losses, and enhancing signal transmission from transmitter to 
receiver on the PCB. The fast calculation of the far field helps to visualize 3D fields 
in space and minimizes emissions caused by unshielded connectors as is required for 
FCC compliance regulations. The main advantage of this technique is the significant 
reduction of computational time, which is possible by using GPUs over CPUs.  
 

2. Design Challenges 
 

Designing and implementing multiple-input-multiple-output on-board antennas leads 
to two major challenges: 1) making it crucial to co-design the printed circuit board 
with  the on-board antennas in a small PCB space; and 2) reducing the coupling noise 
on the PCB to make communication links more immune to interference problems. 
The first challenge is that these antennas have to be small, while still maintaining the 
required performance. Typical frequencies for which antennas have to be designed 
are 900 MHz and 1800 MHz (GSM), 1.57 GHz (GPS), and 2.4 GHz (Bluetooth). Due 
to their small physical size, the on-board antennas rely on the existence of a large 
ground plane on the PCB to aid in their performance. As will be shown in this 
analysis, changing the ground plane shape (width, height, slots, holes, stitching vias) 
as well as location can have a big influence on both the resonance frequencies and  
the resonance depths. Antenna currents are induced in a large part  of the PCB ground 
planes and can even reach regions that are physically far away from the antenna 
location.  The second challenge is that the PCBs contain a lot of high speed digital 
interfaces such as DDR or IO buses like USB3.0 or HDMI 2.0 which can easily 
interfere with other parts on the PCB. Fast computations as is possible with GPUs 
can overcome these design challenges. 
 

3. Full-Wave GPU-Accelerated EM Simulations  
 

In this analysis, all full-wave simulations are done with the CUDA enabled Finite- 
Difference Time-Domain (FDTD) solver. When taking advantage of GPU 
acceleration, structures with this level of complexity can be successfully studied in 
reasonable amount of time (e.g., less than a day), while previously this would have 
taken up to a week or even more to do. The full-wave FDTD method is very suitable 
for characterizing complex boards for wideband applications. As a time-domain 
solver it has the advantage that it can capture both broadband (e.g. S-parameters) and 
steady-state results (e.g. far-fields) in one single simulation run. Finally, due to their 
inherent parallel nature, the FDTD update equations are extremely well suited for 
GPU acceleration using Nvidia's GPUs which allow for massively parallel general 
purpose processor architecture called CUDA. CUDA-based GPUs are being used in a 
variety of applications ranging from oil and gas exploration to space explorations. 
The influence of the ground plane shape on the antenna characteristics is investigated. 
First, a rectangular ground plane is considered whose length and width is changed 
(Fig.1). Figure 2 shows layout picture of the antenna and ground plane. Figure 3 
shows the antenna insertion loss when the length of the ground plane is varied from 6 
cm to 11.5 cm, while the width of the ground plane is kept constant at  5 cm. Figure 4 
shows the antenna insertion loss when the length of the ground plane is kept constant 
at  8 cm, while the width of the ground plane is varied from 4.5 cm to 6 cm.  
 
 
 

 
 
 

 
 
 
 
Figure 1: Antenna mounted on a            Figure 2: Real -shaped ground plane. 
rectangular ground plane. 
Increasing the ground plane length influences the depth of the first resonance at 900 
MHz, where a longer ground plane equals a better matched antenna.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Influence of varying  ground            Figure 4: Influence of varying ground 
plane width  from 4.5cm to 6cm                      plane length from 6cm to 11.5cm 
(length fixed at 8cm).                            (width fixed at 5cm). 
 
Increasing  the width of the ground plane has no influence on the resonance at 900 
MHz, but does have an influence on the depth and width of the second, wide 
frequency band from around 1.7 GHz to 2.7 GHz. Next, the influence of the 
antenna location along the top edge of the ground plane was also investigated and 
did not result in significant change in the insertion loss. Figures 5 and 6 show the 
influence of the different large cut-outs on the antenna insertion loss when going 
from the simple, rectangular, solid ground plane to a U-shaped one and then to the 
-shaped one.  
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Influence of shape of solid ground plane (from rectangular to U-shaped). 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Influence of shape of solid ground plane (less metal in the U-shape) . 
 
It is seen that when going from a U-shaped to a -shaped ground plane, the depth of 
the first resonance decreases although the antenna is located at the opposite side of 
the leg that is being made shorter. Figure 7 proves that even adding a vertical piece 
of metal improves the antenna performance  at 900 MHz.  
 
 
 
 
 
 
 
 
 
 
Figure 7: Influence of an extra vertical piece of metal of the ground plane. 

This simulation technique proves the importance of co-designing the on-board 
antenna and the PCB ground planes. Moreover, these simulations can serve as a 
virtual  EMI design lab which allows for looking into PCB design and determine 
current distribution as  shown in Figure 8 for 900 MHz and 2.4 GHz.  
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Surface current distribution at 900 MHz (left) and 2.4 GHz (right) . 
 
The current distributions also show different current signatures and hot spots  at 
different frequencies. This aids board designer decide where to place components. 
 

4. Noise mitigation through phase-shifting 
 

One way to reduce the coupling from the digital interfaces to the on-board 
antennas without affecting the routing of an existing PCB layout is to intentionally 
apply a phase shift (time delay) between the different input ports. To investigate 
this, the input ports on the original PCB are divided into four groups: Group#1 
(reference group): The input ports connecting to the traces at the top layer and at 
the left side. Group#2 (delay Δ ): The input ports connecting to the traces at the top 
layer and at the right side. Group#3 (delay 2Δ ): The input ports connecting to the 
traces at the bottom layer and at the left side. Group#4 (delay 3Δ ): The input ports 
connecting to the traces at the bottom layer and at the right side. Figure 9 shows 
the frequency transfer function from the input voltage to voltage at the antenna 
port for Δ equal to 0UI, 0.25UI, 0.5UI and 0.75 UI(unit interval equal one-half the 
period). It is seen that for a time delay of 0.25UI and 0.75 UI, the coupling 
(crosstalk) is significantly reduced (about 50%) in frequency bands of the antenna.  
 
 
 
 
 
 
 
 
 
 
Figure 9: Antenna transfer functions             Figure 10: Speed advantage for using 
For several values of delay (Δ).                     GPUs over CPUs (7X). 
 
Computational results obtained using CUDA’s GPUs and CPU cores are shown in 
Figure 10. GPUs allow a speed  up factor up to 7X over  CPUs. 

 
5. Conclusions 

  
This analysis showed PCB design problems can be overcome by using fast 
simulations  possible by CUDA hardware which allow for visualization of currents 
and component performance. It was shown that the interaction between the return 
currents of the digital interfaces and the antenna current profiles in the ground 
planes of a PCB is the main contributor to crosstalk. This coupling between digital 
interfaces on the PCB is an important aspect for the overall performance of a PCB 
with on-board antenna modules. It can be minimized once it is observed in three 
dimensional PCB space. The crosstalk was studied for both the transmit and 
receive modes. During the design, the antenna current distribution has to be taken 
into account when deciding on the location of the digital interfaces. Current path 
discontinuities were  avoided. By visualizing the PCB hot spots. Finally, the fast 
simulations of multiple digital interfaces showed that applying an appropriate 
time-delay between the different byte lanes reduce noise levels about 50%. The 
visualization of the three-dimensional current distributions in PCB and the 
intensive computations of the antenna environment are made possible by using 
CUDA acceleration hardware. 
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