
          

  
Post Layout SI analysis Report of Load Board for Verigy 93000 Tester

Introduction:
The purpose of this document is to do the post layout SI analysis and verification of loard board that is 

designed for Verigy 93K tester. The board has been designed to test two DUT’s, each has 425 ball pins. The chip 
has interfaces like PCI, PCIE, GPIO and USB. In this analysis, single ended signals and PCIe signals have been 
verified, to see, if it meets the spec. Post layout SI verification has been carried out to verify the following.
Impedance Matching
Return & Insertion Loss Analysis
Crosstalk Analysis (NEXT & FEXT)
DC/AC Resistance Analysis
Propagation Delay Matching (skew)
Analysis of Coupled Differential pairs.
Interconnect Bandwidth Verification

Tools used:
1. Allegro PCB SI
2. Allegro SigXplorer

Stack up:
The board has hybrid stackup that uses both Rogers 4350 material and Nelco 4000-13 material. High speed 

signals like PCIe, USB are constrained to route with the Roger Dielectric. Low speed signals are routed with the 
Nelco 4000-13 dielectrics. This kind of hybrid stackup provides advantage of using low dielectric constant, low loss 
tangent material for high speed signal and also keeping the board cost to minimum by using low cost dielectric for 
low speed signal. 

Stackup has been designed for 50 Ohm Single ended impedance. The board thickness is around 160 mils. 
The layer span is 28 layers with 6 digital layers and 3 analog signal layer. The trace width and the dielectric height 
to achieve the required impedance are shown below:
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Differential signals are designed for 100 ohms differential impedance and trace width and spacing’s are controlled 
as shown below: 

PCIe signals are routed with 7.5 mils trace width and inter-spacing of 15 mils.

Impedance matching:
The reflection analysis is carried out to find any potential impedance discontinuity in the design. Stack up 

has been finalised in the completed design. Reflection analysis is done and the design is verified for positive noise 
margin, and Ringing. Dut has been modeled using TDR model and POGO pins are modeled as 50 ohm terminators. 
Reflection report for the address net taken for DUT 0 is shown below. Positive margins indicate that no significant 
reflections are present due to impedance mismatch.

Reflection Report

Return & Insertion loss analysis:
Dielectric and Skin effect losses dominate in the high speed designs. Return loss and insertion loss analysis 

are done for high speed PCIe signals,  to verify the required eye  opening, according to the spec.  The following 
picture shows the eye opening of around 9.5 inch PCIe signal at the receiver, generated with 1000 bits, 10% UI 
transmitted jitter. The eye opening is around 651 mV which is well above the spec of 175 mV, at the receiver. The 
maximum length of the PCIe signal has been constrained as 10 inches during Pre layout analysis and the design has 
been routed with approximately 9.5 inches trace length. The extracted topology in the SigXplorer is shown below:
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Eye diagram with 1000 bits simulation

Mixed mode S parameter was taken for the PCIe differential pairs to determine the performance of the 
differential pair under the following conditions.
1Differential signal in-Differential signal out (Insertion loss)

2. Indicates pure differential mode conversion.
3Differential signal in -Common signal out

4. Indicates the generation of EMI from the differential pairs.
5Common signal in -Common signal out

6. Indicates the performance of the device under common mode.
7Common signal in- Differential signal out

8. Indicates the susceptibility to EMI of the diff pairs.

As the following picture shows the differential pair of length 9.5 inches has insertion loss of around -1dB, 
for common and differential signal inputs.

Insertion Loss for Common and Differential Input
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Also the following picture shows that, with the value of around -42dB, the PCIe differential pair has good 
EMI susceptibility and generates less interference 

EMI generation and EMI susceptibility

The return loss of the 9.5 inch differential  pair at 1.25GHz is about -29.9 dB for differential input and 
-33.495 dB for common mode signal and the picture is shown below.

Differential and Common signal Return loss
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Crosstalk analysis:
The single ended traces in the design has been routed with 6.5 mils trace width and minimum spacing of 

2x.  Following  figures  shows  the  NEXT  and  FEXT  of  the  net  DUT0_PCI_AD<0>.  Coupled  Espice  model  is 
extracted from the Layout board to SigXplorer and S parameter has been generated. The NEXT and FEXT value is 
about -100dB, indicating that the routing for this net is immune to crosstalk. The topology used is shown below.

Topology used for Crosstalk analysis

  
NEXT and FEXT for the net DUT0_PCI_AD<0>
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DC/AC resistance and Delay analysis:
In order to decrease the losses in the trace, constant impedance and low DC resistance has to be maintained 

in the routing. The Parasitic report has been taken to verify the AC resistance (Characteristic Impedance) and DC 
resistance of the nets.   Parasitic report and propagation delay of the nets are shown below.

Parasitic report 

Propagation Delay Report

Propagation Delay Matching (skew):
Skew between the differential line traces generates common mode current in the return path [3]. In order to 

control EMI generation, common mode current must be minimized. For PCIe differential signals, skew of less than 
30 mils is allowed. The following diagram shows the eye contour of 9.5 inch PCIe signal, routed with skew of 
around 10 mils. 
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The channel analysis report of PCIe signals simulated with 10E5 bits with 8b10b encoding and 25% UI 
transmitter jitter is shown below. Eye width of .699 UI and height of 654mV indicates good signal reception at the 
receiver pins [1].

Eye contour simulated with 10E5 bits

 

The jitter distribution and the channel analysis report at the receiver are shown below.

Jitter Distribution
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Channel Simulation report

Analysis of three coupled Differential pairs:
The design has been analysed for three coupled differential pairs, to verify if the spacing between them is 

sufficient to avoid crosstalk. A snapshot the differential pairs in the layout is shown below.
Coupled differential pairs routed in the board

Espice model of the three coupled differential pairs are extracted from the board and taken to the 
SigXplorer, for channel analysis. The differential pairs are routed in the board with 6 mil trace width and 12 mils 
inter-pair  spacing.  The minimum intra-pair  spacing maintained is  30 mils.  The drivers  are modeled using Intel 
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81348 IO processor’s PCIe model, so that the results will be comparable to the real world scenario. The Espice 
topology is shown below.

Espice Topology of Coupled Differential pairs

Channel analysis has been done at 2.5Gbps, with 10%UI transmitter jitter and 1E6 bits. The length of the 
routed interconnect is about 9500 mils. The channel analysis report for odd mode crosstalk is given below.

Odd mode Crosstalk Channel analysis report
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Eye Contour for odd mode Crosstalk Channel analysis

Interconnect Bandwidth Verification:
Dielectric losses dominate in the Gigabit designs. Bandwidth of the interconnect is increased by Various 

techniques, such as using equalization technique in case of low cost FR4 material, using low loss tangent materials 
like Rogers. The -3dB bandwidth of the 9.5 inch PCIe interconnect is about 6 GHz. So this interconnect can transmit  
the PCIe signals faithfully, from DUT to POGO pins [2].

 
Bandwidth of PCIe Interconnect
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Conclusion:
Detailed analysis has been done for the load board designed for the Verigy 93K tester. Post layout analysis 

has been done to check if the DUT board performs well, so that the DUT can be characterised accurately in the 
tester. High speed signal like PCIe, which has got data rate of 2.5Gbps, has been analysed in an elaborate manner 
with the  mixed mode S parameter.  Analysis  showed that  the  DUT board  will  perform well  with good Signal 
integrity for both high speed and low speed signals.
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