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ABSTRACT 
 
 
For simpler implementations of ultra high bit rate systems, combined analog/digital techniques, 
described here in, provide implementations with the smallest number of component count utilizing 
minimal “real-estate” and smallest DC power.  While digital implementations with tradition Read 
Only Memory (ROM) and Digital to Analog Converters (DAC’s) have been proven in several 
commercial, NASA –CCSDS recommended, and U.S. DoD-IRIG standardized Feher’s QPSK 
(FQPSK) [2,3] products, such implementations can be further simplified, and in particular for ultra 
high bit rate product applications.  Several waveform generating techniques such as linear 
approximation, analog approximation and mixed analog and linear approximations are investigated 
using preliminary simulation results.  
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INTRODUCTION 
 
With the limitations on standard digital components at higher bit rates, particularly DAC’s, the need 
for investigating alternative means is justified.  For example, a system operating at 1 Gb/s has a 500 
mega symbol rate in both the I and Q channels and DAC’s in traditional systems operate at 8 
samples per symbol.   This system operating at 1 Gb/s would require DAC’s to operate at 4 GSamp/s, 
which is not practical in terms of power consumption, number of components or “real-estate”.   
 
For high data rate systems, which require fast DAC’s and ROM storage units, a proposal for 
alternative architectures is presented.  In particular, waveforms currently generated with ROM/DAC 
units can also be implemented with analog techniques such as using the processing of the clock 
signal to estimate sinusoidal functions with DC, increasing, and decaying exponential functions.  In 
particular, an innovative waveform generation technique using a hybrid of analog and digital 
techniques may be warranted.  The incorporation of the clock signal with passive components such 
as shown in Fig. 1 and 2 of this study is an example of a structure which can be implemented for this 
purpose. 
 
Using FQPSK waveforms as a reference, a combination of approximately 14 distinct waveforms 
(when constructed from one bit duration signals [1]) can be generated.  These wavelets are generated 
from sines, cosines, and DC signals.  Other wavelets can be formed such as cos2 and sin2 combined 
with DC signals.  In addition there are also other attenuated sine and cosine functions.  The samples 
for each of these functions are stored in a ROM lookup table in conjunction with DAC’s.  This has 
been the traditional method of generating FQPSK and other modulated signals [4,5]. 
 
With high speed switching, all of these functions can be generated with a passive network and/or 
individual analog function generators.  A detailed diagram of the analog function generators are 
shown in Fig. 1.  A system overview, shown in Fig. 2, provides one such architecture for hybrid 
analog waveform (or passive network) generation for high data rate structures.  This method 
eliminates the need for the use of ROM’s and DAC’s. 
 
 

ANALOG WAVEFORM APPROXIMATIONS 
 
Sine and cosine wavelets can be approximated using resistor and capacitor (RC) networks in 
conjunction with the clock signal.  For example the clock signal is used to simulate a step function 
inputted into first order RC network.  This produces a signal which approximates a sine wave 
segment from 0 to π/2 radians.  Figure 3 shows the comparisons of an FQPSK signal (generated 
from a ROM lookup table) with the “analog” waveforms generated by the combination of the 
modified clock signal and RC network.  The analog waveform segments illustrated in Fig. 3 were 
created using first order RC networks only.  This concept may be further enhanced with multiple 
order RC networks.  Figure 4a illustrates the time pattern (I channel) for the analog waveform 



 

segment, which approximates an FQPSK signal (ROM generated).  Note the differences from the 
time pattern waveform shown in Fig. 4c depicting the filtered FQPSK waveforms.  Note that there is 
more distortion of the analog time pattern versus the FQPSK time pattern.  This is expected since we 
are simply approximating the FQPSK waveform segments with simple analog components.  
However, a tradeoff is present in the form of spreading Power Spectral Density (PSD) when the 
signal is Non-Linearly Amplified (NLA) versus improved BER performance of the analog method 
from the FQPSK ROM lookup method.  As shown in Fig. 6, the PSD of the analog waveform 
generation method has a wider spectrum in a NLA environment compared to FQPSK.  From Fig. 7, 
we note that at 10-4 there is a 0.5 dB improvement in the BER. 
 
 

LINEAR WAVEFORM APPROXIMATIONS 
 
Another approach to simplicity in waveform generation is straight line approximations.  First order 
waveforms can be easily generated using a clock signal.  For example, first order linear 
approximations of ROM generated FQPSK wavelets are also shown and compared in Fig. 3.  Note 
that the first order approximations are generated using a mixture of various slopes and dc offsets.  
Figure 4b illustrates the time pattern (I Channel) for the filtered linear waveform approximation of 
ROM generated FQPSK.  Note that the waveforms generated using the filtered linear method 
produces very similar wave patterns as the ROM generated in FQPSK in a non-linearly amplified 
environment.  The power spectral densities of both the ROM generated FQPSK and the filtered 
linear methods are similar up to -50dBr even after spectral spreading caused by non-linear 
amplification as illustrated in Fig. 6.    Fig 7 shows that the BER of the linear method has less than 
0.5 dB degradation from FQPSK at 10-4.  Additional effort in determining the variations in slope and 
dc offsets may produce even better results.  
 
 

HYBRID WAVEFORM GENERATION METHODS 
 
Another approach to waveform generation is a hybrid of linear and analog waveform approximation 
methods.  Sine and Cosine wave patterns can be divided up between analog and linearly generated 
waveforms.  By approximating these waveforms with cascaded analog and linear waveform 
components, we can approximate the ROM generated FQPSK waveform with minimum amount of 
error.  By selecting certain linear waveforms and certain analog waveforms, we can generate the 
FQPSK waveforms.  For example, in Fig. 3, certain linear approximations may provide better 
approximation than certain analog waveforms and vice versa.   
 
Fig. 4d shows the approximation of a FQPSK time pattern using the hybrid waveform generation 
method.  Comparing this time pattern with the FQPSK time pattern (Fig. 4c), these time patterns are 
very similar.  The hybrid method PSD is comparable to the FQPSK PSD down to -40dB in a NLA 
environment as show in Fig. 6.  The BER of the hybrid method is within 0.5 dB degradation of the 
FQPSK waveform at 10-4. 
 
 

 
 



 

CONCLUSION 
 
For ultra high bit rate systems, the use of DAC’s and ROM’s to generate FQPSK wavelets could be 
less efficient than alternatives presented in this paper.  The estimations of the ROM generated 
FQPSK using passive and analog components may be more practical.   Techniques such as step 
responses to an RC network and first order “linear” approximations require less power consumption 
and were presented.   
 
For certain FCC-15 regulated applications such as IEEE 802.11 WLAN, Wi-Fi and or Ethernet 
applications where spectral efficiency is specified to -20dBr, the analog waveform approximation 
method provides the best BER at 10-4.  For other ultra high bit rate systems using FQPSK-B, where 
spectral efficiency specified to -40dBr, a more practical waveform generation using linear or mixed 
analog and linear approximations is more practical than using digital waveform generation using 
DAC’s and ROM’s.  
 
While the analog method provided the best BER performance (0.5 dB improvement at 10-4 versus 
ROM generated FQPSK), the filtered linear method provided the best spectral efficiency 
(comparable to ROM generated FQPSK to -50 dBr) in a non-linearly amplified channel.  The mixed 
analog and linear approximation method provided similar spectral efficiency comparable to ROM 
generated FQPSK to -40dBr.  Tradeoffs existed such as the presence of significant spectral 
spreading in the analog estimation and BER improvement of 0.5 dB compared to ROM generated 
FQPSK at 10-4.  Combinations of the linear and the analog techniques were introduced as a potential 
method to mitigate both the spectral spreading and BER degradation.  Further improvements on the 
analog approximation method could reduce both spectral spreading and improve BER performance. 
 
 
 
 
 
 
 
 
 
 



 

    
 
Figure 1:  Mixed Analog and Digital implementation components for cross-correlated and/or Time 
Constrained Signal (TCS) – filtered data patterns and signals for bit rate agile and/or high bit rate 
applications are shown [1]. 



 

 
 
Figure 2:  Alternate implementations using passive components or standard analog function 
generators for high speed waveform generation.  Note that waveform generation can be performed 
with a free running oscillator or the clock signal [1]. 
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Figure 3:  Various waveform approximations of selected ROM generated FQPSK waveforms.  The 
thick line represents FQPSK ROM generated wavelets.  The thin line represents the analog 
generated wavelets.  The dotted line represents the wavelets using linear approximation.  The x-axis 
represents samples per bit duration. 
 

 
Figure 4:  This figure represents a sample data time pattern generated by the various different 
waveform approximations in a filtered and non-linearly amplified environment.  (a) Analog (b) 
Filtered linear (c) FQPSK-B and (d) Mixed Analog and Linear waveform approximations.  The x-
axis is in bits and y axis is in volts.   



 

 

 
Figure 5:  Constellations generated by the various waveform approximation generation methods in a 
filtered and non-linearly amplified environment.  (a) Analog (b) Filtered linear (c) FQPSK (d) Mixed 
Analog and Linear approximation methods. 

 

 
Figure 6:  Power Spectral Density of various waveform approximations of FQPSK-B in a filtered 
and non-linearly amplified environment.  Note the similar performances of the mixed analog and 
linear approximation and the linear approximation techniques compared to FQPSKB up to -40dB 
and -50dB respectively.  
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Figure 7:  Bit Error Rate (BER) plot of several implementation FQPSK alternatives in a filtered and 
non-linearly amplified environment.  Note the 0.5 dB improvement of the analog approximation 
method over FQPSK-B at 10-4.  Note that the other techniques used provided similar performance 
within 0.5 dB degradation of FQPSK at 10-4. 
 
          
 

Method of 
Approximation PSD to -20dBr PSD to -40dBr PSD to -50dbR BER at 10-4 

FQPSKB 0.4 fTb 0.7 fTb 0.8 fTb 9.8 dB 
Linear 0.4 fTb 0.7 fTb 0.8 fTb 10.2 dB 
Analog 0.6 fTb 1.6 fTb 2.4 fTb 9.3 dB 

Mixed Analog and 
Linear 0.4 fTb 0.8 fTb 1.2 fTb 10.2 dB 

 
Table 1: Table of results comparing performances in PSD and BER using various approximation 
techniques.   
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