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Abstract 
Dynamic current variations in FPGA or microprocessors are major characteristics for 
analyzing noise in a power delivery network (PDN). Direct measurement of FPGA 
dynamic current variation is a very difficult problem, and is less studied than other PDN 
design questions. In this paper, a methodology to model the FPGA dynamic current 
waveform and its spectrum is developed and presented. Implementation of an impedance 
transfer function allows predicting noise at a remote point on the PCB. Using modeling 
results, the noise waveform and spectrum in the PDN on the PCB is estimated. 
Measurements at the remote point on the PCB help evaluate the proposed methodology 
and show a good correlation between theory and experiments. This research demonstrates 
also the implementation of a dynamic current modeling methodology for PDN analysis 
and PCB decoupling design. 
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1. Introduction 
Modern FPGAs, ASICs, and microprocessors are complex devices, which draw significant static 
and dynamic current during switching of internal components. The increased switching current of 
nm-sized devices is a new problem for system designers. The switching core logic and I/O 
currents inside the IC constitute sources of disturbance for the power supply voltages associated 
with the power delivery network (PDN). Voltage variations are consequences of such switching 
current that may affect all the ICs connected to the common PDN. Dynamic currents inside 
modern nm-sized IC represent numerous very short pulses, occurring at different times. That is 
why the IC’s total dynamic current has very wide spectrum )( fI  in a frequency domain, and 
causes wide spectrum )( fVPDN of PDN voltage variations (or PDN noise): 

)()()( fIfZfV PDNPDN ⋅=  
where )( fZ PDN  is a PDN impedance. 
 
Power supply voltage variations (or PDN noise) cause increasing logic-level variations  
[1-5] and jitter [6-9]. Increased noise and jitter decrease the voltage and timing margins, and limit 
the achievable device speed. Therefore, the increase in speed and power consumption of modern 
FPGAs requires more work on noise analysis and design simulation. In recent years, there has 
been an increased amount of literature on PDNs and related issues. These studies include three 
main fields of research associated with the three members in the above equation: PDN impedance 
and PCB transfer impedance, device current variations due to toggling of internal chip 
components, and study of the effects (logic variations and jitter) and developing decoupling 
methodology. 
 
Voltage and current variations are major features of interest when analyzing the noise 
characteristics observed within a PDN [10-12]. The dynamic current is less studied as compared 
to others, due to the difficulties of dynamic current measurement over a wide frequency range. 
These measurements require the placement of probes inside the chip, or as close as possible to it, 
to avoid the effects of FPGA package parasitics. Measurement devices inside the chip have even 
been inserted [5, 6]. While these solutions are desirable for research purposes, they are 
impractical for a standard IC. A methodology is presented herein for modeling the voltage and 
current variations for FPGAs, and can be extended for microprocessors and ASICs, as well. The 
proposed methodology determines the current variations by processing data from FPGA software 
pattern analysis with Altera® Quartus® II development software, which implements the FPGA 
programming and pattern design [13]. 
 
Two methods for dynamic current modeling are introduced in Section 2. One method is based on 
knowledge of device internal node signal timing diagrams. These diagrams are available with 
implementation of the standard FPGA tools Timing Analyzer, or TimeQuest, both of which are 
part of the Quartus II software. This method may be useful for a relatively simple pattern where 
one primary clock signal dominates. The second method is based on the implementation 
PowerPlay Power Analyzer [14], also part of the Quartus II software. This method can be 
implemented for any complex pattern.  
 
The dynamic current methodology test vehicle is described in Section 3. The methodology 
evaluation requires developing the impedance calculation of a system of die-package-PCB- 
decoupling. Section 4 is devoted to the system impedance calculation with respect to the die, and 
transfer impedance on the PCB. In Section 5, the data of dynamic current, system impedance with 
respect to the die, and transfer impedance on PCB are used for the prediction of voltage noise at 
any point on the PCB. Predicted noise is compared with the direct noise measurements for the 
evaluation of the proposed dynamic current modeling methodology. This evaluation is performed 



in Section 5 for both noise waveform and spectrum in remote points on the PCB. The 
experiments show a good agreement between theory predictions and measurement results, which 
proves the dynamic current waveform and spectrum modeling. 
 
Section 6 demonstrates the implementation of the developed methodology of the system 
impedance calculation (with respect to the die) and transfer impedance on PCB to the design of 
the decoupling and PDN. The results show a strong correlation between the calculated total 
impedance transfer function and the measured PDN noise spectrum on PCB. The results of 
Sections 5 and 6 have their own importance at system-level design for impedances simulations, 
developing the decoupling, and PDN design.  
 
2. Current Source Modeling 
Two methods for dynamic current modeling are developed. One is based on a device’s internal 
signal timing diagrams, and other is based on implementating the PowerPlay Power Analyzer. 
Both the timing diagrams and power analysis simulation tool are part of Quartus II software [13]. 
 
2.1. Routing Pattern 
For the methodology evaluation, a simple FPGA logic (pattern) was created (Figure 1) with a 
single frequency, a simultaneously toggling flip-flop (TFF) pattern with one clock input, and one 
testing output pin terminated using the LVTTL standard. This type of a pattern simplifies the 
methodology evaluation. 
 

 
  

Figure 1. TFF pattern to implement noise current on PDN study 
 
The clock input pin directly drives six parallel TFF modules, each module including 
approximately 2.7K TFFs, or 5% of the total FPGA logic utilization. A total of 30% of the FPGA 
utilization can be implemented using this pattern. The advantage of using all six blocks for a 
percentage between 0% and 30% utilization is to maintain a certain degree of routing and clock 
tree structure so that it is easy to quantize the core noise from the routing and clock tree noise. 
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