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1 Introduction 

Spread Spectrum Clocking (SSC) is a signal modulation technology used by interfaces for connecting various 

electronic parts within a product and by external equipment connections. 

To reduce electromagnetic interference (EMI), the U.S. FCC and EU guidelines establish the following rigorous 

rules concerning clock signal modulation, or in other words jitter addition, frequency distribution scatter, and 

the concentration of energy at specific EMI frequencies. 

Since PCIe also uses SSC technology, the above guidelines also explain the required standards. 

On the other hand, SSC is a factor causing jitter components degrading overall system communications quality. 

For example, confirming interconnectivity while applying SSC is a key subject because problems such as data 

loss occur when equipment peers cannot link-up due to interconnectivity issues. 

 

2 SSC Outline 

SSC standardized by PCIe is triangular-shaped modulation waveform. Generally, frequency modulation is 

applied as phase-modulation components, which are large stress components for electronic parts. 

When converting frequency modulation to phase modulation, the phase displacement ΔTTpp at the 

triangular-shaped frequency modulation is defined as follows: 

 

 

                      

 

 

 

 
    

 

 

 

 

 

As defined by PCIe, 5000 ppm frequency modulation at 30 to 33 kHz is equivalent to phase modulation of 

about 20 ns and is clearly a major high-stress source. 
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3 PCI-SIG Activities 

The PCI-SIG Base Specification regulates the following SSC modulation requirements.  

 

Table 1. Base Specification Rev 5.0 Ver 1.0 

 
 

 

Although the Base Specification regulates electrical requirements at the chip level, SSC was not a required item 

in the Compliance Test prior to Gen4. As a result, although the Receiver Test in the Compliance Test defines the 

worst-case conditions for other types of stress tests (SJ, RJ, DM-I, CM-I, Insertion Loss), there were no 

requirements concerning application of SSC. 

On the other hand, the many PCIe systems on the market support SSC application from the perspective of 

reducing EMI. As a result, although many systems validated by the Compliance Test claim to support 

application of SSC, since SSC application tests have not actually been executed, sometimes, there are 

SSC-related problems in the commercial market. 

In these circumstances, PCI-SIG revised the PHY Test Specification regulating the Compliance Test electrical test 

methods to specify worst-case conditions for SSC application and added clear SSC Application requirements to 

Draft 0.7 of the PCIe 5.0 PHY Test Specification. 

 

AIC (Add-In Card) Receiver Test Procedure 
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System Receiver Test Procedure 

 

4 Anritsu Solution 

4.1 Product Setup and Jitter Tolerance Standards 

For the Receiver test, the Anritsu solution uses a Pulse Pattern Generator (PPG) to apply SSC and measures the 

BER of the signal with applied SSC using an Error Detector (ED). 

 

 
PPG Jitter Tolerance Specification 

 

 
ED Jitter Tolerance Specification 
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4.2 Rx LEQ Test Support 

 The Signal Quality Analyzer-R MP1900A supports tests with the following clock architectures 

 ・Common Clock with SSC 

  ・Common Clock without SSC 

  ・SRIS (Separate Reference Independent SSC) 

  ・SRNS (Separate Reference Clock Non SSC) 

 Settings are made at the Option menu shown below. 

 
Rx LEQ Test Application 

 

 

 
 

  
Clock Architecture Settings 
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4.3 Rx LEQ Compliance Test Setup 

The Compliance Test specifies testing with a Common Clock. 

Although the measurement target can be either the Add in Card (AIC) or System, as shown in the following 

setup diagrams, the MP1900A supports SSC stress tests of both as the target DUT. 

 

 

 
 AIC Receiver Test Setup 
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System Receiver Test Setup 

5 Conclusion 

This application note has introduced the use of SSC in the PCIe market and the importance of testing under 

these environments. 

Sometimes, latent errors that are not a problem may occur at conventional Compliance Tests with applied SSC.  

At testing under these environments, pretesting to discover latent error factors is important to improve and 

assure product quality. 

These requirements dictate the specifications for a Bit Error Rate Tester (BERT) used for these particular tests. 

The measuring instrument itself must also be able to withstand higher stress signals than specified by the test. 

Anritsu’s MP1900A is currently the only measuring instrument supporting these conditions. 

Anritsu supports worst-case testing with timely solutions helping to improve customers’ product quality and 

contributing to the industry’s development 
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