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Abstract— Return current path is the most critical part of 
high-speed interconnection design in package and PCB. 
When the return current path is disturbed, significant 
amount of noise generation, coupling, and radiated 
emission problems occur. Signal via and power/ground 
via are producing the return current path disconnect 
problem. In this paper, we demonstrate that the via is a 
major source of the SSN generation, coupling, and edge 
radiated emission in multi-layer package and PCB 

I. INTRODUCTION 
 

High-speed digital multi-layer package and PCB have 
countless closely spaced metallic interconnection structures 
such as trace, via, pad, lead, partial plane, and plane cavity. 
Especially, when return current path is disturbed by such 
interconnection structures, these densely spaced 
interconnection structures become main sources of high 
frequency noise generation, noise coupling, and radiated 
emission, imposing serious signal and power integrity issues 
as well as EMI/EMC problems. These noises worsen noise 
and timing margin of digital and analog circuits, resulting in 
reduction of maximally achievable jitter, BER, and system 
reliability. Also, phase noise and SNR performance in RF 
and wireless communication circuits suffer the coupled 
noises from the fast switching digital devices.  

 
In the high-speed and high-density package and PCB, 

major element of the high frequency noise is Simultaneous 
Switching Noise (SSN) from the fast switching digital 
circuits, as clock frequency and amount of the switching 
current are significantly increased. [1] The SSN could be 
generated by power/ground return current path 
disconnection combined with the fast switching current. [2] 
Accordingly, power/ground via should be carefully designed 
to minimize the generation of the SSN. The SSN could be 
coupled to adjacent interconnections or be radiated into the 
free space.  The generated SSN constitutes standing waves 
inside the power/ground cavity at the cavity resonance 
frequencies, producing huge amount of the SSN spectrum 

and radiated emission spectrum from the PCB edge.[3] 
Furthermore, though-hole signal via structure is a 
considerable noise coupling structure, especially when the 
signal return current path is exchanging its reference planes. 
[2] In this paper, we presents major design cases where the 
return current path discontinuity at the signal and the 
power/ground network causes significant amount of noise 
generation, coupling and edge radiation problem. 

 
 

II. SSN GENERATION AND EDGE RADIATION 
 

A voltage fluctuation is induced across the power/ground 
cavity by the signal return current path discontinuity at the 
through-hole signal via. Frequency spectrum of the 
power/ground voltage fluctuation is depending on the 
position of the via as well as the signal current and the rise 
time. Also, the voltage fluctuation spectrum is determined 
by the resonance frequencies of the power/ground plane 
cavity of the package substrate or the PCB. The resonance 
frequencies of the cavity are decided by the dielectric 
constant and the cavity dimensions. Accordingly, the signal 
suffers huge amount of the signal loss at the cavity 
resonance frequencies when the signal via exchanges the 
reference plane, causing the return current discontinuity. 
Figure 1 illustrates the excitation mechanism of the cavity 
resonance by the through-hole signal via, and the edge 
radiation from the package or PCB edge. As noted in Figure 
2, it is found that significant insertion loss is produced at the 
resonance frequencies at the though-hole signal via. 

 
As a result, power/ground voltage fluctuation is generated 
and propagated toward the edge of the power/ground plane 
cavity, producing standing waves inside the cavity at the 
resonance frequencies. Consequently, as shown in Figure 3, 
the standing electromagnetic waves are distributed with a 
same behavior as impedance curve, and produce maximum 
magnetic current at the open edges of the power/ground 
plane cavity. Consequently, the magnetic current at the 
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open-ended power/ground plane cavity edge becomes the 
source of the radiated field emission. The generated SSN 
voltage waveforms are presented depending on the 
decoupling capacitor design in Figure 4.  
 
This is the mechanism of the radiated field emission from 
the power/ground plane cavity edge excited by the through-
hole signal via. The measured spectrum of the radiated 
emission is shown in Figure 5 and Figure 6. Especially, 
when the via is excited by a clock signal, the radiated 
emission spectrum becomes the harmonic frequencies of the 
fundamental clock frequency, and the peak radiation 
frequency is coincident with the resonance frequency of the 
power/ground cavity, as verified in Figure 6.. 

 

FIGURE 1. Radiated emission mechanism excited by SSN 
from via transition. 

 

 
FIGURE 2. Insertion loss by the signal via with reference 
plane exchange. 

 

 
 

FIGURE 3. Power/Ground cavity resonance mode(1,0) and 
(2,2) and field distribution of the voltage fluctuations. 

 
 

 

FIGURE 4. Measured SSN depending on decoupling 
capacitor design, and dielectric thickness with the embedded 
film capacitor. 
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FIGURE 5. Measured radiated emission spectrum excited 
by SSN from via transition. 
 

 

FIGURE 6. Measured radiated emission spectrum excited 
by a clock driver with via transition. 

 
II.  SSN COUPLING THROUH VIA TRANSITION 

 
When signal trace exchanges its reference plane though 

via, return current path can be severely interrupted and the 
interrupted return current can cause considerable signal 
integrity problems. As a result, the via could be a receptor of 
the SSN from the power and ground plane cavity. 

 
We have designed and tested a series of test PCB vehicles. 

The size of the test vehicles is 80 mm ⅹ 190 mm, and has a 
6-layer stack-up. The size and the stack-up of the test 
vehicles are commonly used in commercial DDR memory 
module. The layer structures of the test PCB are shown in 
Figure 7. Then, we have executed a series of time-domain 
and frequency domain analysis and measurement using 
these test vehicles.   

 

 

FIGURE 7. Four different interconnection structures in 6-
layer package or PCB to study the effect of the signal 
transition through the via.  (a) microstrip line with reference 
to ground plane (Type-1). (b) microstrip line to strip line 
transition without reference plane exchange (Type-2), (c) 
microstrip line to strip line transition with reference plane 
exchange to power plane (Type-3), and (d) microstrip line 
with reference plane exchange to power plane (Type-4). 

 
Figure 8 show the measured SSN coupling coefficient, 

S21, obtained to evaluate the SSN coupling effect. The 
coupling coefficient of the Type-1 layer structure is 
neglected since the signal trace does not have the via 
transition in the Type-1 layer structure. It is noted that the 
Type-3 and the Type-4 layer structures have much higher 
SSN coupling compared to that of the Type-2 layer 
structure. It is understood that the Type-2 layer structure 
maintains a same reference plane(layer 2) even after the via 
transition. On the other hand, the Type-3 and the Type-4 
layer structures suffer the reference plane exchange and the 
interrupted return current path by the via transitions. From 
these simulation and measurement, it is well confirmed that 
the signal via becomes a significant receptor of the SSN 
coupling when its return current path is disconnected.  

 
To generate the SSN, we mounted a clock driver chip(TI, 

CDCVF2310) at the port 1 location, and the output drivers 
consumes totally 200 mA simultaneous output driver 
current with a 200 MHz clock frequency. And a precisely 
controlled 200 MHz clock source signal is supplied to the 
clock driver chip from a port of a two-channel pulse pattern 
generator. In order to complete the series of the time domain 
measurements, we have monitored distorted clock 
waveforms and eye patterns interfered by the SSN coupling 
at the via transitions and the strip line inside the cavity for 
the case of the four different layer structures of Type-1, 
Type-2, Type-3, and Type-4 as illustrated in Figure 7. 
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FIGURE 8. Measured coupling coefficient, S21, to evaluate 
the coupling of power/ground noise to the signal trace. Port1 
is placed between power plane and ground plane at port 1 
and port2 is located at the end of the signal trace. Type-1 
(dotted line), Type-2 (dash-dotted line), Type-3 (dashed 
line ), and Type-4 (solid line) 

 
 
 

 

FIGURE 9. Measured output clock waveforms at the port 2 
with the 200MHz input clock of 500 mV peak to peak 
voltage, depending on the layer structure when a 600 mV 
SSN exists at the power/ground cavity, excited at the port 1. 

 
The SSN of a 600 mV peak-to-peak voltage was produced 

at the port 1 location by the clock driver chip and the 
distorted waveforms were measured at the port 2. The 
measured clock waveforms are plotted in Figure 9. It is 
manifest again that the Type-3 layer structure produces the 
worst waveform distortion, in which the strip line has a 
reference plane of the power plane(layer 5) inside the 
cavity, and has a via transition with the reference plane 
exchange from the ground plane(layer 2) to the power 
plane(layer 5). The SSN coupling occurs not only at the via 
transition with the reference plane exchange, but also at the 
strip line inside the cavity. However, the SSN coupling at 
the via transition is the major coupling mechanism 
compared to that at the strip line inside the cavity.  

 
III. CONCLUSION 

 
High-speed digital multi-layer package and PCB has 
countless closely spaced metallic interconnection structures 
such as trace, via, pad, lead, partial plane, and plane cavity. 
It is well demonstrated that these densely spaced 
interconnection structures become sources of high 
frequency noise generation, noise coupling, and radiated 
emission, imposing serious signal and power integrity issues 
as well as EMI/EMC problems, especially when the signal 
or power/ground return current is disconnected. Furthermore 
it is confirmed the SSN is heavily generated, coupled, and 
radiated caused by the via structure in the multi-layer 
package and PCB through a series of experimental 
demonstrations..  
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