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Abstract 
 
 The dependency of the signal behaviour of 
complex PCB  nets on the parasitic parameters 
(PP) of these nets has been determined by 
measurements and simulations. These nets 
can be grouped into the net-parts on the PCB, 
on the Chip Packages and on the Chips. This 
was done for  nets of several real life PCB 
designs. It was found that the impact of the 
chip package only on the signal behaviour of 
longer PCB nets ( multi-drop, at least 5cm) can 
vary from significant to not important for the 
same net. That depends on the signal rise 
times of the off-chip drivers (OCDs), the 
geometrical net configuration and the number 
of switching OCDs. When the OCDs of many 
board nets e.g. address lines are switching 
simultaneously, a considerable degradation 
and deformation of the slopes of the individual 
address line was observed..  
In the investigated cases where signal slope 
degradation was found  it could be shown that 
the coupling into/between the net-vias plays a 
key role and significantly determines the signal 
behaviour of the total net.  The energy which 
causes the via coupling is guided by the 
surrounding parts of the power plane pairs, in 
which the coupled vias are embedded. With 
other words: The coupling between nets and 
also the di/dt behaviour of groups of switching 
OCDs are in most cases  dominantly 
determined by the coupling between the vias 
involved and the - the vias surrounding - power 
planes. [2], [3] 
 
Introduction 
 
Not so long ago the interconnects were - when 
at all - only marginally considered by the 
capacitive load they represented. In the last 
ten years the on-board clock cycle times have 
decreased in many applications by more than 
a magnitude. With the corresponding 
increased clock cycle frequencies the signal 
behaviour of the corresponding high speed  
PCB nets are more and more dominantly 
determined by the parasitic parameters of their 
interconnects. 
Additionally modern PCBs become 
increasingly complex with e.g. 16 metal layers 
and more, containing thin film layers, micro 

vias, embedded decoupling capacitances and 
sophisticated surface mount component (SMC) 
techniques etc.. As a consequence the 
corresponding signal nets face many electrical 
discontinuities due to changing power plane 
structures, changing net neighbours, cut-outs, 
via holes with different anti-pads etc. . As a 
result the impedance of the signal lines is not 
constant and changes permanently along the 
total net. Each change in impedance along the 
signal line causes reflections. Multi drop nets 
suffer even more under these permanent 
changes of the net geometry.   
To determine all the parasitic parameters of 
the interconnects under test (IUTs) of multi 
layer boards became a challenging computing 
task, which exceeds in most cases today’s 
computing capabilities and especially the 
capability of most of today’s solution 
techniques like MOM, FEM, PEEC and 
corresponding computing algorithms.  
FDTD techniques applied to planar structures 
are presently the only method which can -
within today’s computer environment - handle 
such a task which tries to analyse complex 
PCBs as an entity. Such a planar FDTD 
solution is used in the analysis of this 
investigation. [1] 
The purpose of this paper is to evaluate 
quantitatively the influence of  the individual 
parasitic parameter groups like on-board nets, 
chip packages, on-chip parameters on the total 
net performance by simulation. The simulated 
results obtained with the planar FDTD tools [1] 
are checked by measuring the signal 
behaviour of the IUTs in the frequency or time 
domain. Three cases were analysed in the 
time domain,  one case  was investigated in 
the frequency domain. All examples are based 
on real product designs. 
The time domain examples belong to OCD rise 
times of 1.6ns, 1.1ns and 100psec. The 
frequency range of the frequency domain 
example goes up to 8GHz. 
 
Case 1 : Time Domain, OCD Rise Time 
1.6ns, Address Net A0B, 6 metal layer PCB, 
SMCs. 
In Case1 the behaviour of the address line 
A0B was measured ( red curve Fig.1) at the 
component U1 and compared to simulations 
with 3 different assumptions :  



a. The IBIS driver models of the 
commercial driver component and the 
U1 receivers of the memory 
components are applied to the 6 layer 
board directly, assuming that the IBIS 
package information describes the I/O 
circuits ( OCDs and Receivers (RECs)) 
and their packages sufficiently. Green 
curve, Fig.1 b. 

b. The IBIS driver model is 
complemented by estimated lumped 
parasitic circuits using known values of 
similar circuit packages. Black curve, 
Fig1 b. 

c. The IBIS driver was replaced by a 
sinus-square voltage source with an 
internal resistance of 13 Ohm and a 
rise time of 1.6 nsec. Blue curve. 
Fig.1b 

As typical circuit parameters were 
assumed, it can be concluded that in the 
cases a.,b.,c. the chip-package has no 
significant influence on the signal shape 
for a single switching net.   

Net under test : A0B

Driver position
Load L1 (U1)

    Fig1 a.  Case1  
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Case 1 :  A0B Address Line 
Measured and simulated Results

Measured signal at U1

Simulated Signal at U1
Using Ibis Driver Model 
attached to the Board

Simulated Signal at U1 
using IBIS Driver Model 

+ estimated Power Parasitics
+ estimated on-Chip Decoupling

Simulated Signal 
at U1 using
Sinsquar-Driver Model 

Fig1 b.  Case1 
 
 

Case 2 : Time Domain, OCD Rise Time 
1.1ns, Address Net A(3), 8 metal layer PCB, 
SCMs 
In Case2 the 7-drop net A(3) utilizes nearly all 
signal layers and the total length from the 
driver to the IC-module IC3 is more than 5cm. 
The driver output rise time of the IBIS driver is 
in the range of 1.1ns which increases at IC3 to 
4 nsec, if only A(3) is switched. Fig.2 d. 
Only single address nets can be switched in 
the experimental test set-up. In this case the 
agreement between simulation and 
measurement is good. 
However the A(3) signal at IC3 looks totally 
different , when all 26 address nets are 
switched  in first approximation simultaneously. 
In order to simulate a more realistic case, the 
drivers were switched with 100psec delay 
against each other. 
All IBIS I/O circuits were used without IBIS 
package parameters, additional package-
parameter and on-chip package-parameter 
information was not considered due to 
unavailable manufacturing data. 

 
  Fig.2 a.   Case 2 
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   Fig.2 b.  Case2 
 



IC1-Rec IC2-Rec

IC3-Rec : also A(3) 

IC4-Drv

26 Address Lines

21 GND IC Terminals at IC4-Drv

IBIS-Driver
of A(3)

A(3) Drv output

Gnd connections
of A(3) Drv

All Drivers of IC4 are layout correct connected / supplied by
the corresponding PCB terminals

 
   Fig.2 c.  Case 2 

A(3) Driver plus other 25 Address Drivers are switching :
This result could not be measured at the ProductHardware

No Chip Package considered
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         Fig.2 d.   Case 2 
 
 
Case 3 : Time Domain, OCD Rise Time 
<100ps, Net reva, 16 layer PCB, 4 layer BGA 
 
In Case3 an about 6cm long critical net was 
analyzed, which had to carry pulses shorter 
than 100psec. 
The net design naturally tried to minimize the 
discontinuities, which were mainly given by the 
fact that the net had to connect surface 
mounted components (SMCs). The short rise 
times provided the chance to evaluate the 
influence of the SMCs in relation to that single 
switching, about 6cm long PCB net.  
In opposite to the previous two cases 1 and 2 
Fig.3 b shows that the influence of the BGA 
involved generates a difference of about 100% 
in overshoot voltage. This underlines, that with 
decreasing OCD rise times the layout precise 
Spice analysis of chip packages becomes 
essential. 
 

    
  Fig.3 a.    Case3 
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     Fig. 3 b.    Case3 
 
 
Case 4 : Frequency Domain, 20kHz–8GHz , 
20MHz steps, PCB Delay-Standard 
 
In Case 4 a via with no return path ground-vias 
around it connects two 5cm long delay lines. 
With the help of a 50Ohm Network Analyzer 
(NWA) the frequency input signal to one side  
of the two connected lines was varied from 
20KHz to 8GHz in steps of 20MHz. The first 
5cm line, connected to the via ( = capacitive 
short ), has (with an assumed dielectric 
constant of 4)  an infinite input resistance at 
750Mhz, which explains the S11 = ~ 1  at 
around 750MHz in Fig 4. b. 
The discrepancy between the simulated results 
and the measurements (Fig.4 b,1), using the 
CAD data of the PCB alone, could be resolved 
after the additional capacitances of the SMA 
sockets and the capacitance of the blind parts 
of the 3 vias had been measured and 
considered in the simulations Fig.4 b,2. The 
SMA sockets could not be taken into account 
in the NWA calibration procedure as a special 
test unit would have been needed to include 
the SMA sockets in the calibration. 



3D View of sig_prop-newx.spd

Sig_prop-out : added :
1pF of  SM A socket
0.13pF of via

Sig_prop-out : added
1pF of  SM A socket
0.13pF of via

Sig_prop-via : added:
0.13pF of  7 Ohm via

 
Fig4. a.    Case4 
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        Fig.4 b.   Case4 
 
 
Conclusions  
 
The independence of the signal behaviour on 
the package parameters (PP) and especially 
the chip package parameters (CP-PPs) in 
Case1 and Case2 is true for single net 
switching activities only. In the case of 
simultaneously switching nets on the same 
chip package (CP), the CP parasitics as well 
as the PCB parasitics are definitely a source 
for considerable signal discontinuities and 
noise generation and that already at rise times 
of 1 – 2 nsec. See Fig.2 d. 

For rise times below 1 nsec, especially at 
below 100 psec of Case3, it is essential to 
consider the complete CP-PPs layout-precisely 
and with Spice in the time domain to meet the 
experimental findings. 
This very sensitive dependency is also 
confirmed by Case4, where the introduction of 
the measured parasitic capacitances of the 
SMA-sockets = 1 pF ( not considered in the 
NWA calibration) and the vias = 0.13pF 
change the simulated S11 data completely. 
With these small parasitic capacitances added 
to the simulation input data, the agreement 
between simulation and measurement is 
excellent. 
The remaining discrepancies for the S11 
amplitudes are caused by the fact that in the 
simulation the dielectric losses were ignored 
due to efficiency/workload reasons. 
But it has to be mentioned that the 
measurements do not verify the behaviour and 
the intensions of the delay standard, defined 
by its layout. 
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