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Introduction 

2 

Key specifications: 
Å 20 GHz (17.5 ps) electrical bandwidth on 2 or 4 

channels 

Å 9 GHz optical bandwidth 

Å 64 fs, ~15 THz effective sample rate 

Å 14 GHz prescaled trigger, 2.5 GHz direct 

trigger and 100 MHz internal trigger 

Å 11.3 Gbps clock recovery trigger 

Å 5 ps/div to 1 s/div time base scales 

Å Pattern trigger of length 7 to 223-1 

Å Typical RMS Jitter <1.8 ps 

Å 16 bit, 60 dB dynamic range 

Å 55 ps rise time / 6 V TDR/TDT differential 

pulse generator 

Å 35 ps rise time / 200 mV TDR/TDT differential 

pulse generator 

Å 1 MS/s sample rate to 32 kS store 

Å Sequential equivalent time, Real time, 

Random equivalent sampling and Roll 

acquisition modes 

Å Automated direct or statistical measurements, 

Markers, Histogram, Math or FFT analysis, 

TDR/TDT analysis, Color-Graded Display,  

Parametric Limit Testing, Eye Diagram 

Measurements, Mask Template Testing  



Family Structure 
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The PicoScope 9300 family: Six models 

The PS9301: Dual-channel, 

20 GHz 

The PS9301: Dual-channel, 

20 GHz with 11.3 Gbps clock 

recovery trigger 

The PS9311: Dual-channel, 20 GHz 

with 55 ps rise time / 6 V TDR/TDT 

differential pulse generator 

 

The PS9312: Dual-channel, 20 GHz 

with 35 ps rise time/200 mV TDR/TDT 

differential pulse generator 

 

The PS9311: Dual-channel, 20 GHz 

with 9 GHz optical bandwidth and  

11.3 Gbps clock recovery trigger 

The PS9341: Four-channel, 

20 GHz 



The third Family of PC-Sampling Oscilloscopes 
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2001-2006: UDS-2000 2007-2014: PS9200 2012-2014: PS9300 



Sequential equivalent time sampling 
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1st Acquisition Cycle  

2nd Acquisition Cycle  

Nth Acquisition Cycle  

Reconstructed Waveform  

Sequential Sampling Technique 

means: 

u   Wide Bandwidth 

      Applications  (>20 GHz bandwidth 

u   Used with Repetitive   

      Signals, NRZ or RZ signals. 

u   One sample is taken for    

      each trigger 

u   Multiple Trigger Events   

      Build Up Waveform 

u   No Pre-Trigger    

      Information 

PS9300 Sequential equivalent time sampling: 5 ps/div to 3.2 ms/div  



Sequential equivalent time sampling (cont.) 
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Analog Bandwidth 

7 

-3 dB 

Frequency Hz (log) 

A
m

p
lit

u
d
e
 d

B
 

0 dB 

20 GHz 

Choose a scope with enough 
bandwidth for the application: 

Å Signal transition time      

Å Signal clock or data rate 

Å Signal rise and fall time 

Å Signal narrowest pulse 

 

Effects of too little bandwidth: 

Å Amplitude and timing errors 

Å Loss of high frequency aberrations 
and detail 



Electrical Rise Time Measurement 

Error vs. Oscilloscope Bandwidth 
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MEASUREMENT ERROR  

20 GHz,  
17.5 ps  

12.5 GHz,  
28 ps  

6 GHz,  
58 ps  

2.5 GHz,  
140 ps  

1 GHz,  
350 ps  

500 MHz,  
700 ps  

OSCILLOSCOPE BANDWIDTH/RISE TIME  

0.000 %  

TTL (5 ns)  

CMOS (1.5 ns)  

ECL (500 ps)  

SiGe (200 ps)  

InPhi (80 ps)  

When the Scope 

Bandwidth (BW) is: 

Rise Time 

Slowing  Error  is: 

Equal to Signal 

Edge BW 

u   41% 

Twice as fast as Signal 

Edge BW 

u   12% 

Three times as fast as 

Signal Edge BW 

u   5% 

Five times as fast  as 

Signal Edge BW 

u   2% 



Front and Rear Panels 
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PS9300 Modules 
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20 GHz Miniature Sampling Module 
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The PicoScope 9300 includes a dual-channel sampler. This sampler is designed for precise 

measurements on high speed, low amplitude signals and low-loss testing in applications such as 

microwave systems research and development, digital device characterisation, and high-speed 

digital communications circuit design. It provides an acquisition rise time of 17.5 ps, with a typical 

20-GHz equivalent bandwidth, and maximum RMS noise 2 mV to ensure clean, undistorted signals.  

The electrical channel has both a 20 GHz mode for better waveform fidelity, and a 10 GHz mode for 

optimum noise performance. Changing the bias on the sampling bridge alters the bandwidth of 

both channels.  

Key Specifications of the Sampler 

u   Number of Channels - 2 (Simultaneous acquisition) 

u   Bandwidth (-3dB) ï   Full BW: DC to 20 GHz, 

   Narrow BW: DC to 10 GHz 

u   Rise Time (10%-90%) - Full BW: ¢17.5 ps,  

    Narrow BW: ¢35 ps 

u   RMS Noise (maximum) - Full BW: ¢ 2 mV,  

        Narrow BW: ¢ 1.5 mV 

u   Maximum operating input voltage - 1.0 V p-p at  ° 1 V range  

u   Maximum Safe Input Voltage - 16 dBm, or °2 V (dc+peak ac) 

u   Nominal Input Impedance - (50 ° 1) W 

u   Input connectors - 2.92 mm (K) female, SMA-compatible 



Time Base 
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The PicoScope 9300 provides four acquisition modes: Sequential Equivalent Time Sampling, 

Real Time Sampling, Random Equivalent Time Sampling, Roll Sampling 

Sequential equivalent time:  

 5 ps/div to 3.2 ms/div 

Real Time Sampling:  

 2 us/div to 100 ms/div (1 us resolution) 

Random Equivalent Time Sampling:  

 50 ns/div to 50 us/div (4 ns resolution) 

Roll Sampling: 

  200 ms/div to 10 s/div 

  

 



Direct Trigger 
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The power of wide-bandwidth sampling oscilloscopes is largely useless without 

fast, low-jitter triggering. The PicoScope 9300 is equipped with built-in direct trigger 

for signals up to 2.5 GHz repetitive rates without using an external trigger unit. 

Key specifications of Direct 

Trigger:  

  u   DC to 2.5 GHz trigger 

bandwidth    

  u   100 mV p-p DC to 100 MHz, 

200 mV p-p at 2.5 GHz sensitivity 

  u   <1.8 ps typical RMS jitter 

A typical picture of 2.5 GHz signal by using Direct Trigger  



Direct Trigger Jitter 
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A typical picture showing 1.54 ps RMS Direct Trigger Jitter with 2.5 GHz sine wave 



Prescaled Trigger 

15 14-GHz Prescaled Trigger shown at 50 ps/div time base 

The PicoScope 9300ôs Prescaled trigger is an AC-coupled   14-GHz prescaler 

for triggering on high-speed data without cumbersome manual adjustment. 

The heart of the trigger is a low-noise GaAs frequency divider. Low RMS jitter 

<1.8 ps typ  is available. 



Prescaled Trigger Jitter 
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14-GHz prescaled trigger with less than 1.5 ps rms jitter 
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Pattern Test: Bandwidth and Data Rate 

Calculating bandwidth from data rate: 

17 t 

V 

1st harmonic 

3rd harmonic 

5th harmonic 

Application example 
PCIe R1.0a has a data rate of 2.5 Gbps (1.25 GHz frequency) 

Bandwidth required to see 5 harmonics is 1.25 GHz x 5 = 6.25 GHz 

3rd Harmonic = 3 x Bit rate 

          2 

5th Harmonic = 5 x Bit rate 

           2 



Data Pattern 
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6.25-Gbps data pattern 
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Programmable Data Pattern 

3-Gbps Data Patterns 



12.5 Gbps Data Pattern 
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12.5-Gbps Data Pattern 

acquired with Tektronix 

PPG1251 Pattern Generator 

77-ps pulse acquired with Tektronix 

PPG1251 Pattern Generator 



Eye Diagram Measurements 
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Why Eye-diagram? 

Eye Diagram is valuable because 

of comprehensive view of all 

signal integrity faults(except clock 

jitter): 

   ̧  Noise 

   ̧  Jitter 

   ̧  Reflections 

   ̧  Ringing 

   ̧  Inter-symbol interference 

   ̧  Power and ground coupling 

10-Gbps eye-diagram at 16.8 ps/div time base 

Eye Diagram Problems with 

Sequential Sampling Oscilloscope: 

   ̧  It is not possible to resolve 

pattern dependencies 

   ̧  Averaging is not available 

   ̧  Input Dynamic Range ± 400mV 

   ̧  Random Noise and pattern 

dependent, deterministic errors mask 

each other 



Eye Diagram with Jitter Insertion 
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3.3 Gbps Eye Diagram with Random Jitter Insertion 

3.3 Gbps Eye Diagram with Meander Jitter Insertion 3.3 Gbps Eye Diagram with Sine-wave Jitter Insertion 

3.3 Gbps Eye Diagram with PulseJitter Insertion 



Eye Diagram with  

different Crossing Level 
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Crossing Level = 50% 

Crossing Level = 76% Crossing Level = 28% 

PicoScope 9341 with 3.3-GHz 

Agilent 81134A Pulse Pattern 

Generator 



RZ Eye - Diagram Analysis  
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The PicoScope 9300 quickly measures more than forty fundamental parameters used to 

characterize an return-to-zero (RZ) signals. Up to ten parameters can be measured simultaneously. 

The PicoScope 9201 measures 5-Gbps RZ eye-diagram  



Mask Test 
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For eye-diagram masks, such as those specified by the SONET and SDH standards, the 

PicoScope 9300 supports on-board mask drawing for visual comparison. The display can create 

gray scaled or color-graded display to aid in analyzing noise and jitter in eye-diagrams. 

!    Mask Test 
quickly characterizes: 

   ̧  Noise 

   ̧  Jitter 

   ̧  Aberrations 

   ̧  Rise Time 

   ̧  Fall Time 

On-board mask drawing capability allows simple, operator-independent visual comparison of 

signal to standard mask. Picture demonstrates a 9.95 Gbps SONET/SDH (OC64/STM16) eye-

diagram compared with the standard mask, showing a compliant waveform. 



Mask Test with Margins 
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Mask Margins are used to determine the margin of compliance for a standard or scaled mask.  

The PicoScope 9300 goes beyond basic testing with mask margin analysis for process monitoring. 

Mask hits/failures 

are easily viewed 

with red pixels.  

!   Mask Test results 
show: 

  u   Total Waveforms  

  u   Failed Samples 

  u   Mask Hits 

  u   Mask Margin Value 

  u   Margin Hits 

  u   Margin Hits In 

Polygon 

Mask margins are used to determine the margin of compliance for a standard 

9.95 Gbps STM64/OC192 eye-diagram or scaled mask.  



Eye Line Mode 
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10-Gbps Averaged Eye Diagram acquired in Eye Line Mode 



Comprehensive Measurementsé 
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Defined Measurements 
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The PicoScope 9300 measures 92-ps width of selected pulse inside 11.3-Gbps pattern  



Horizontal Histogram 
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A histogram is a probability distribution that shows the distribution of acquired data from a source within a user definable 

histogram window. !   The information gathered by the histogram is used to perform statistical analysis on the source. 
The most common use for vertical histogram is measuring and characterizing noise and jitter on displayed waveforms.  

The list of histogram statistics includes: 

  u Scale lists the display scale in hits per 

division or dB per division. 

   u Offset lists the offset in hits or dB. Offset 

is the number of hits or dB at the bottom of 

the display, as opposed to the center of the 

display. 

   u Hits in Box-The total number of samples 

included in the histogram box. 

   u Waveforms - Displays the number of 

waveforms that have contributed to the 

histogram. 

   u Peak Hits - The number of hits in the 

histogramôs greatest peak. 

   u Pk ï Pk - The width of histogram.  

   u Median - 50 % of the histogram samples 

are above the median and 50% are below the 

median. 

   u Mean - Mean is the average value of all 

the points in the histogram.  

   u StdDev - The Standard deviation (s) 

value of the histogram. 

   u m ° 1 StdDev, m ° 2 StdDev, m ° 3 

StdDev - The percentage of points that are 

within ° 1s, ° 2s, or ° 3s of the mean value. 

The PicoScope 9300 measures 1.59 ps rms jitter 

of transient having near 40 ps rise time 



Vertical Histogram 
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The PicoScope 9300 measures vertical histogram of data pattern 



35-ps Differential Pulse Generator 
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