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Generation of Novel Waveforms 
Using PSPL Pulse Generators  

James R. Andrews, Ph.D, IEEE Fellow      &      Bob McLaughlin 
PSPL Founder & former President (retired)        PSPL Sales Engineer   

  

Picosecond Pulse Labs (PSPL) has recently introduced a new 12000 series of very versatile pulse/pattern 
generators. The model 12000 is capable of producing adjustable rise/falltime, 10 V pulses up to 165 MHz. 
The model 12020 is capable of producing 2.5 V pulses at speeds up to 1.6 GHz. The oscilloscope screen 
image in Figure 1 below shows a couple of typical pulses illustrating the 1.6 GHz, model 12020 
pulse/pattern generator's performance.   

 

Fig 1  Typical pulse of the Model 12020 pulse/pattern generator   
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These generators share many common features. 
They can function as conventional pulse generators, 
but also are capable of generating user-
programmable words or PRBS data word streams in 
either NRZ, RZ, or R1 formats. They have a full 
compliment of pulse control functions, including: rep. 
rate, delay, width (duration), amplitude, offset, and 
polarity. Rise and falltimes are adjustable on the 165 
MHz, model 12000 (2.5 ns min.). They are fixed on 
the 1.6 GHz model 12020 (125 ps typical).  

An extra-cost, optional feature on these generators 
is a second output channel. The second channel 
output is more than just another output connector 
providing an extra, identical pulse to the main 
output. It is in reality a totally separate pulse/pattern 
generator with independently adjustable pulse 
parameters. Both pulse/pattern generator channel 
modules, however, share the same common rep. 
rate clock.  

Having the second, independent channel available 
in these generators allows the user to create some 
much more exotic, "novel" waveforms than just 
simple pulses like those shown on page 1. Because 
the pulse waveform coming from channel 2 can be 
manipulated and made much different from that of 
channel 1, adding these two waveforms together 
can create some dramatically different waveforms.   

 

Fig. 2  Addition of two waveforms using a 6 dB Tee 
power divider/combiner  

A means must be provided to add channels 1 and 2 
together. On the two-channel version of the 165 
MHz, model 12000, this can be accomplished 
internally with a simple push of a button on the menu 
"ChAdd". For the two-channel version of the 1.6 
GHz, model 12020, or the 800 MHz, model 12010, 
this must be accomplished externally as shown in 
Figure 2. A wide-band, 6 dB resistive Tee, power 
divider is used to combine the outputs from channels 
1 and 2. The Tee consists of three, 16.7 , 
microwave resistors. The 6 dB Tee provides 
excellent impedance matching to maintain the 
system's 50 

 

output impedance. A suitable 6 dB 

Tee is the PSPL model 5333 Power Divider (DC-25 
GHz). Using the 6 dB Tee will result in the output 
voltages being one half of the input voltages. Equal 
length cables should be used to connect the generator 
outputs to the 6 dB Tee. The generator's dual channel 
delay controls are independently adjustable and will 
allow the user to skew one pulse relative to the other 
pulse.   

DIFFERENTIAL SIGNALS:  While the examples shown 
in this application note are all single-ended pulses, 
differential signals can also easily be generated. The 
PSPL model 12020 (and 12010) pulse/pattern generator 
provides four outputs with differential outputs for each 
channel, i.e., True and Compliment. To generate 
differential versions of the various signals shown in this 
application note, simply add a second 6 dB Tee and a 
second pair of equal-length cables to the compliment 
outputs.   

DISTORTED PULSES:  To demonstrate what can be 
accomplished, we will first start with the two model 
12020 pulses shown in Figure 1 on the first page. The 
channel 1 pulse (yellow) was programmed to be a 250 
ps wide impulse with its delay set to 0 ps. The channel 2 
pulse (green) was programmed to be a 2.5 V, 2 ns wide, 
rectangular pulse with its delay set to 1 ns. When these 
pulses are combined in the 6 dB Tee, the result is shown 
in Figure 3. At this point, we have a pulse sequence of a 
narrow impulse followed by a rectangular pulse. The 
amplitude is now 1 ¼ V.  

 

Fig. 3  Two pulses from Fig. 1 combined using a 6 dB 
Tee. 250 mV/div & 500 ps/div 
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If one now starts to adjust the relative "Delay" 
between the two channels, the narrow impulse can 
now be added (or subtracted) onto the rectangular 
pulse to create various pulse waveform "defects" 
such as severe "OverShoot", Figure 4; severe 
"PreCursor", Figure 5; and trailing edge "Under-
Shoot", Figure 6. Positioning the impulse within the 
rectangular pulse width, one can simulate an 
interference "Spike" or "DropOut", Figures 7 and 8. 
The amplitude, polarity, offset, duration, and delay of 
the interfering pulse can be adjusted totally 
independent of the rectangular pulse.  

 

Fig. 4  Pulse with large controlled amount of 
"Overshoot". 500 mV/div & 500 ps/div  

 

Fig. 5  Pulse with large controlled amount of 
"PreCursor UnderShoot". 250 mV/div & 500ps/div  

 

Fig. 6  Pulse with large controlled amount of Trailing 
Edge "UnderShoot". 250mV/div & 500ps/div 

 

Fig. 7  Pulse with controlled interference "Spike". 
250mV/div & 500ps/div  

 

Fig. 8  Pulse with controlled interference "Drop-Out". 
250mV/div & 500ps/div   

MONOCYCLES:  If one sets the Width (duration) of both 
channel 1 and channel 2 pulses to the minimum of 250 
ps, a very nice, 600 ps, "MonoCycle" pulse can be 
generated. See Figure 9. In this case, the channel 2 
pulse's compliment (i.e., inverted) polarity was used. The 
channel 2 "Delay" was then adjusted to position the 
inverted, 250 ps impulse just behind the positive polarity, 
250 ps impulse. Figure 10 shows a 500 MHz train of 
MonoCycles. If the channel 2 delay is set to 1 ns, then 
the waveform becomes a 500 MHz train of "Bi-Polar" 
pulses, Figure 11.  

 

Fig. 9  A "MonoCycle" pulse. 300mV/div & 100ps/div  
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